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Preface and Acknowledgments

Ungulates are special among European mammals. They comprise the largest
(terrestrial) European mammals, they are important ecologically as well as
economically, and they are fun to look at or watch. Humans have been
fascinated by deer and wild cattle for millennia and, going back to cave
paintings, have found artistic and spiritual inspiration in them. For all these
reasons and more, they are also among the best-studied of all mammals. The
present volume of the Handbook of the Mammals of Europe contains chapters
on each European ungulate species, depicting and celebrating their diversity. A
diversity which has been reduced considerably compared to former times and
ages when recently and not so recently extinct species like the auerochs, the
woolly rhino, or wild horses roamed the European plains and forests. Today,
only even-toed ungulates (Cetartiodactyla) remain in Europe (not counting
feral horses), and it is these that this volume covers. The somewhat awkward
title “Terrestrial Cetartiodactyla” is due to one of the most interesting (although
not necessarily surprising) insights into the evolutionary relationships of
ungulates: whales are derived even-toed ungulates, and their closest living
relatives are the two extant species of hippopotamus. Because whales are
therefore nested within the other artiodactyls, the name Artiodactyla has
been changed to Cetartiodactyla, and since the whales (Cetacea) are dealt
with in a volume of their own, we are left with the terrestrial cetartiodactyls
in this volume.

The question of where the boundaries of Europe are is an eternal one that
has no definitive answer. Although Europeans might not like to hear this,
Europe is a political construct, not a geographical continent, and therefore any
delimitation will be arbitrary to a degree. We discuss this briefly in the
introductory volume to this handbook, but the consequence is that some
readers might miss certain species that are not covered here.

Chapters cover taxonomy, systematics and paleontology, distribution, mor-
phology, physiology, genetics, life history traits, habitat and diet, behavior,
parasites and diseases, population ecology, management and conservation, and
future challenges for research and management for each species. We strove to
maintain this structure as strictly as possible across chapters, with few excep-
tions, mainly those covering non-native species.

This handbook is a great opportunity for mammalogy and mammalogists
alike, and we are grateful to Springer Publishers for inviting us as editors. In
particular, we would like to thank Barbara Wolf, Lars Koerner, and Veronika
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Mang for their constant support and enthusiasm in making this handbook
happen. Further, a big thank you to all chapter authors for their time and effort
and, last but not least, to the external referees of the species chapters who
shared their time, knowledge, and expertise with us and greatly increased the
quality of this volume.

Bormio, Italy Luca Corlatti
Vienna, Austria Frank E. Zachos
October 2022
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Common Names

English (Eurasian) wild boar

German Wildschwein

French Sanglier

Spanish Jabalí

Italian Cinghiale

Russian Кабан

Taxonomy, Systematics
and Paleontology

The origin of Sus scrofa (Fig. 1) is in Asia, where a
radiation of the genus Sus into several different taxa
has occurred during the last 5 million years (Frantz
et al. 2013a). In particular, an evolutionary engine
for such suids (like the Rift Valley for hominids)
was represented by the islands of South East Asia,
where a vast number of related taxa occur nowa-
days. According to genomic data, the speciation of
the Eurasian wild boar started during the Pliocene
(4–4.5 million years ago (mya)), accompanied by
its spread across the Asian continent and the radi-
ation into regionally diverging populations (Frantz
et al. 2013a). The spread of the species to the west
was belated and its appearance in Europe,

according to the first fossil records, goes back to
the late Early Pleistocene around 900-800 thousand
years ago (kya) (Cherin et al. 2020) during a period
of great woodland expansion. During the Late
Pleistocene, the wild boar was severely affected
by cooling periods, restricting its range to southern
regions. Converging paleontological and genetic
data revealed refugial areas in southern Europe
where the species survived during the last glacia-
tion (Vilaça et al. 2014; Veličković et al. 2015). The
following postglacial recolonization restored the
species in almost the whole continent. An impor-
tant role in the species’ history was played by pig
domestication, a long-lasting process that started in
Asia about 10 kya and received a tremendous boost
during the last centuries (White 2011). The rele-
vance of pig domestication resides in the parallel
evolution of the wild ancestorwith its domesticated
form, manipulated by humans. Their persistent
contact and crossbreeding have shaped populations
of the two forms over time (Frantz et al. 2013a) and
still represent a powerful evolutionary force for the
Eurasian wild boar.

High levels of intraspecific variation led to a
repeatedly revised taxonomy. The first compre-
hensive assessment distinguished 16 subspecies,
clustered into four groupings based on geograph-
ical and morphological criteria: Western, Eastern,
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Indian, and Indonesian “races,” the first one
occurring in Europe (Groves 1981). Later on,
Genov (1999) reviewed the variation in cranial
morphology and confirmed the wild boar as a
single polytypic species. This view was then
questioned (Groves 2007) and more recently
revised, elevating most of the 16 originally iden-
tified subspecies to species rank (Groves and
Grubb 2011), although this splitting approach
has received severe criticism. Under this classifi-
cation, Sus scrofa represents a narrower taxon
ranging from the Iberian Peninsula and Maghreb
to Central Asia and is the only wild pig occurring
in Europe. Here, four different subspecies were
proposed on the basis of morphological and kar-
yological data (Groves 2007):

S. s. scrofa Linnaeus, 1758: western subspecies
(from Iberia to Belarus); variable size from
south (smaller) to north (larger)

S. s. attila Thomas, 1912: from central Belarus
and the Carpathians to Western Russia; a large
subspecies

S. s. meridionalis Major, 1882: endemic to the
islands of Sardinia and Corsica, formerly

believed to include the wild boar inhabiting
the south of Spain; a small subspecies

S. s. lybicus Gray, 1868: from the Balkans to the
Near East; a small subspecies

Recent phylogeographic studies weakly
supported this partition, confirming the genomic
peculiarity of S. s. meridionalis from Sardinia
(Iacolina et al. 2016) and suggesting some levels
of differentiation for the populations inhabiting
mainland Italy (where the endemic subspecies
S. s. majori De Beaux and Festa, 1927 had been
proposed in the past, see Scandura et al. 2008) and
the southern Balkans (where several endemic lin-
eages occur, Alexandri et al. 2012). On the other
hand, no sharp genetic discontinuity emerged in
Eastern Europe between putative S. s. scrofa and
S. s. attila (Vilaça et al. 2014).

Current Distribution

The wild boar, also thanks to human action, has
one of the widest distributions among terrestrial
mammals and is abundant in many parts of its

Fig. 1 Wild boar (photograph by and courtesy of I. I. Serval)
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range. Such a broad range relies on the presence of
individuals at different domestication stages, from
wild to domestic, going through feral and hybrid
forms. The species is now present on all conti-
nents but Antarctica, including many oceanic
islands. In Europe, wild boar are present in most
continental areas and on many islands (see Fig. 2).
Being a thermophilic species, the northern bound-
ary of its distribution is limited by snow depth and
winter temperature, and in the last decades, it has
notably expanded northwards in consequence of
climate change (Danilov and Panchenko 2012).
Island populations have been strongly influenced
by humans. Historical populations occur in Cor-
sica and Sardinia, where the species was intro-
duced during the Neolithic. Once extinct, wild
boar were recently reintroduced in Sicily and
reappeared in Great Britain and Ireland, where
the local populations proved to be represented

by hybrid individuals, likely escaped from farms
or illegally released (Frantz et al. 2012; McDevitt
et al. 2013). In Cyprus, the species was illegally
reintroduced in 1994, but went extinct again in
2004 (Hadjisterkotis and Heise-Pavlov 2006).
Many other minor islands host populations of
doubtful or admixed origin. In continental
Europe, after a reduction in both distribution and
abundance till the beginning of the twentieth cen-
tury, especially after World War II the species
experienced a strong recovery. Also thanks to
milder climatic conditions, it has naturally
recolonized regions like Estonia and Denmark,
despite the attempts to prevent it in the latter
country (Apollonio et al. 2010). A hybrid stock
escaped from farms is the source of the present
population in Sweden (Lemel et al. 2003), whose
spread has recently reached southern Norway
(Østfold county, VKM et al. 2018).

Map template: © Getty Images/iStockphoto

Fig. 2 Distribution map of the European wild boar, based on the IUCN Red List of Threatened Species. Version 2018–1
with kind permission. (Map template: © Copyright Getty Images/iStockphoto)
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Description

Wild boar distribution covers a wide range of
habitats and significant variation in coat color
and size can be observed (Fig. 3). The general
trend sees the smallest animals (maximum 70–
90 kg) in the south and on Mediterranean islands,
while larger animals (maximum c. 300 kg) are
present in the northern and north-eastern parts of
its range. Accordingly, other body measurements
also show wide variation. One of the most striking
is the head. Skull size has been a key trait for
taxonomy, ranging in length between 30 and
47 cm across European wild boar (Keuling et al.

2018). Body length goes from 90 to 200 cm, but
tail length (15–40 cm) and shoulder height (55–
110 cm) are also highly variable (Keuling et al.
2018). The species is strongly built, with moder-
ately short tail and legs, with the anterior legs
longer than posterior ones, and the frontal part of
the skull is more developed than the frontal area.
Additionally, females are smaller than males, on
average around 40% (Keuling et al. 2018). Coat
color varies with age. Piglets are striped up to
about 4 months, then they turn into a reddish
color and, around one year of age, they display
the adult pelage. The latter goes from brown to
almost black and, with age, it can turn into grey.

Fig. 3 Wild boar from different areas in Europe. (a) Sardinia, Italy (photograph by M. Scandura); (b) Coto Doñana,
Spain (photograph by J. Vicente); (c) Bulgaria (photograph by and courtesy of F. Morimando)
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Winter pelage, which includes a conspicuous dor-
sal mane in adult males, starts growing in the
summer, the change is complete by the autumn,
and it is then lost in late winter early spring. Upper
and lower canines are well developed in the form
of tusks. In males, upper canines curve out and
upward and lower canines are long, protruding
from the mouth and kept sharp by rubbing against
the upper ones; they have a predominant role of
defense. At birth, wild boar have eight primary
teeth, while adults have 44 permanent teeth.
Changes in dentition are commonly used to esti-
mate age of individuals (Table 1).

Physiology

The wide distribution of the species highlights its
ecological and physiological plasticity, enabling it to
adapt and exploit the opportunities offered by awide
range of environments. Physiologically it is, there-
fore, a “generalist” animal. The wild boar is the
ancestor of domestic pig (Sus scrofa domesticus,
the most important animal species used for meat
production worldwide), which has been often used
as a model to biomedical research. This species has
highly developed auditory and olfactory senses for
the detection of predators, communication, and for-
aging. Wild boar do not differentiate all colors
(Fulgione et al. 2017) and do not have a tapetum
lucidum (residual light amplifier), and therefore, the
ability to see in the dark is less relevant than the

olfactory and auditory senses to perceive informa-
tion about the environment. The tactile sense is well
developed, especially in the oral and lip regions in
order to detect food during rooting. A variety of
scent glands secrete odorous compounds: preputial,
anal, metacarpal, mandibular and salivary, tusk, lip,
Harderian, and eyelid. Steroid pheromones in the
saliva and preputial secretions inform on the repro-
ductive status of males and may induce females in
estrus to stand for copulation (Vandenbergh 1988).
Digestion is rapid, adapted to the fast transition of
food, and efficient for a large variety of nutrients
(can be classified as dietary generalists), although
the fermentation of cellulose, occurring in the cae-
cum, is only partial. During late pregnancy and
lactation, females experience higher protein and
energy requirements, which may affect the survival
of piglets (Vetter et al. 2015).

Wild boar prefer warm temperatures and do not
tolerate extreme cold and hot dry environments.
This species shows a limited metabolic capacity to
produce heat without shivering and has very few
sweat glands. Therefore, cold winters may impact
survival, especially among piglets, since mass-
specific metabolic rate is low and thermoregula-
tory costs cannot be compensated by the available
resources when energetic food is scarce. In south-
ern latitudes, hot summers, together with seasonal
scarcity of food, can also impact survival. How-
ever, wild boar have developed behavioral ther-
moregulation strategies to cope with cold and hot
conditions (Vetter et al. 2015). Climate change

Table 1 Estimated tooth eruption. Teeth in parentheses might be absent

Age Incisors Canines Premolars Molars

Birth i 3
3

c 1
1

2 months i 1
1

3
3

c 1
1

p 3
3

4
4

2–4 months i 1
1

2
2

3
3

c 1
1

p 2
2

3
3

4
4

5–6 months i 1
1

2
2

3
3

c 1
1

p 2
2

3
3

4
4

M 1
1

7–8 months i 1
1

2
2

3
3

c 1
1

p 2
2

3
3

4
4
, P 1

1

� �
M 1

1

8–9 months i 1
1

2
2
, I 3

3
c 1
1

p 2
2

3
3

4
4
, P 1

1

� �
M 1

1

10–12 months i 1
1

2
2
, I 3

3
C 1

1
p 2

2
3
3

4
4
, P 1

1

� �
M 1

1
2
2

� �

12–15 months i 2
2
, I 1

1
3
3

C 1
1

p 2
2

3
3

4
4
, P 1

1

� �
M 1

1
2
2

15–18 months i 2
2
, I 1

1
3
3

C 1
1

p 2
2

3
3
, P 1

1

� �
4
4

M 1
1

2
2

20 months c. I 1
1

2
2

3
3

C 1
1

P 1
1

� �
2
2

3
3

4
4

M 1
1

2
2

22–28 months I 1
1

2
2

3
3

C 1
1

P 1
1

� �
2
2

3
3

4
4

M 1
1

2
2

3
3
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may favor wild boar population growth by buff-
ering the negative effect of cold winters on sur-
vival and reproduction and increasing food
availability (Vetter et al. 2015). Wild boar may
store large amounts of fat, which helps to survive
when food is scarce (Merta et al. 2014). Body
condition (the amount of energy stored in organs
and tissues) is especially relevant to health, repro-
ductive performance, and population dynamics of
the species (see section “Life History”). Conse-
quently, kidney fat index and other measures of
fat deposits (e.g., brisket, rump fat thickness) and
different biometrical procedures (including
regression approaches based on multiple biomet-
ric measures) have been used to assess it (e.g.,
Risco et al. 2018). Hematological and biochemi-
cal parameters in wild boar sera can be used to
obtain insight into its metabolism and physiology.
Nonetheless, reference values often differ among
studies and with that of domestic pigs, evidencing
a wide range of factors may affect them, such as
environment, season, diet, age, and stressors
(Casas-Díaz et al. 2015).

Genetics

Chromosomes

2n¼ 36–38, shared with domestic pigs. The num-
ber of chromosomes is variable because of a
Robertsonian translocation involving chromo-
somes 15 and 17 (McFee et al. 1966). 2n ¼ 36 is
the basic condition of western populations,
whereas 2n ¼ 38 is typical of Asian wild boar
(from South-East Asia to Turkey and Russia).
Crossings between the two groups produce fertile
hybrid individuals with 2n ¼ 37, which are com-
mon in admixed European populations (see
Table S1 in Scandura et al. 2011a and references
therein).

Phylogeny and Phylogeography

Phylogenetic relationships within Sus scrofa
have been reconstructed by the analysis of

mitochondrial DNA (mtDNA) and, more recently,
by genome-wide analysis, contributing to disclose
complex evolutionary interactions, including
long-lasting introgressive hybridization with
domesticated pigs and interspecific gene flow
with other related suids in South-East Asia
(Groenen 2016).

Whole-genome sequencing data provided a
high-resolution phylogeny of the genus Sus, giv-
ing insights into the chronology of divergence
between European and Asian populations, dated
back to around 1 mya (Groenen et al. 2012; Frantz
et al. 2013a). Genomic data are also informative
on the demographic history of the European pop-
ulation, which reached a minimum during the last
glacial maximum, around 20 kya, in parallel with
the species’ retreat to southern refugia (Groenen
et al. 2012).

Different mtDNA clades are observed in the
Eurasian wild boar, most of which occur in south-
ern Asia (Larson et al. 2005), according to the
abovementioned evolutionary history of the spe-
cies. Only a few lineages are found in Europe,
namely a pan-European clade (E1), an endemic
Italian clade (E2), and an East Asian clade (A),
whose occurrence in European wild boar is com-
monly attributed to genetic introgression from
domestic pigs belonging to international commer-
cial breeds (Scandura et al. 2011a; Vilaça et al.
2014). In fact, pig breed amelioration in past cen-
turies involved the intentional crossbreeding of
European pigs with Asian breeds (White 2011).
Some Near Eastern (NE) haplotypes are also occa-
sionally found in Eastern Europe and seem the
result of natural gene flow (Alexandri et al.
2012). The overall phylogeographic pattern of
the species in Europe is consistent with a major
impact by Quaternary peri-glacial dynamics
rather than by recent human-induced events
(Scandura et al. 2008; Vilaça et al. 2014). Accord-
ingly, a higher genetic diversity in southern pen-
insulas (i.e., glacial refugia) and a gradient of
decreasing diversity northwards are observed
(Alexandri et al. 2012; Vilaça et al. 2014;
Veličković et al. 2015), as well as the signal of a
postglacial population expansion (Scandura et al.
2008).
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Genetic Diversity and Structuring

The genetic diversity of European wild boar is low
compared to that of the Asian wild boar, mostly as
a consequence of the ancient colonization history
and of the bottlenecks undergone during the Qua-
ternary glaciation (Groenen et al. 2012). Nonethe-
less, the genetic diversity of local populations can
vary remarkably as a consequence of demo-
graphic fluctuations, degree of isolation, hybridi-
zation with domestic pigs, and human-mediated
gene flow (Scandura et al. 2011a). Only a few
studies have assessed genetic variation at a conti-
nental scale, while a number of investigations
have explored local situations that are not directly
comparable because of the use of different molec-
ular markers and sampling designs. As expected
on the basis of glacial/interglacial dynamics,
southern peninsulas (Iberia, Italy, and Balkans)
host a large amount of the overall diversity
observed in European wild boar, showing
endemic mtDNA lineages and haplotypes
(Scandura et al. 2008; Alexandri et al. 2012;
Vilaça et al. 2014; Veličković et al. 2015). High
genetic variation in some wild boar populations
may be affected by the local degree of anthropo-
genic introgression (see section “Hybridization”).
At mtDNA, the effect of introgression from
domestic pigs is reflected by the occurrence of
Asian haplotypes, whereas at autosomal markers
(i.e., microsatellites and single nucleotide poly-
morphisms (SNPs)), the assessment of the impact
of introgression is more challenging. Therefore,
genetic variation in wild boar populations should
be evaluated with caution and only the richness of
its endemic component can be interpreted as
really informative under an evolutionary and con-
servation perspective. For example, populations
like Castelporziano, Maremma, and Sardinia in
Italy (Scandura et al. 2008; Iacolina et al. 2016),
central Greece and the Dinaric region in the Bal-
kans (Alexandri et al. 2012; Veličković et al.
2015), and Southern Iberia (Alves et al. 2010)
show a remarkable proportion of endemic genetic
variation.

Though the present status of the species depicts it
as overabundant and almost continuously distrib-
uted in Europe (see section “Current Distribution”),

the wild boar underwent a period of strong range
fragmentation and local bottlenecks in the past cen-
turies. This, along with the impact of land use mod-
ifications and human infrastructures, has left a
detectable genetic signature in many European
populations. As a result, many populations appear
genetically structured (Scandura et al. 2011b;
Goedbloed et al. 2013; Renner et al. 2016). None-
theless, factors determining genetic discontinuities
are not always easy to interpret and contrasting
patterns of gene flow are observed in different
areas (Renner et al. 2016).

Island populations deserve a separate mention,
as most of them arose from one or multiple intro-
ductions in historical or more recent times. Con-
sequently, their status varies greatly, as does their
genetic variation, quite often diverging from the
closest continental populations and possibly
affected by hybridization with domestic pigs
(McDevitt et al. 2013; Canu et al. 2018).

Hybridization

Hybridization, between the wild boar and its
domestic counterpart, has been assessed in several
European countries, using a variety of molecular
and morphological markers. Wild x domestic
hybridization levels vary greatly across Europe,
from absent (Iberia, using mtDNA; Alves et al.
2003) to very high (England, using microsatellite
and mtDNA; Frantz et al. 2012) and so does the
geographic distribution of the phenomenon. For
example, it was reported to be widespread in the
Netherlands (Goedbloed et al. 2013) and Luxem-
bourg (Frantz et al. 2013b), whereas in Greece and
in Sardinia, it appeared to be limited to a few areas
(Koutsogiannouli et al. 2010; Scandura et al.
2011b). Gene flow between the two forms is usu-
ally related to human practices, be it release of
admixed individuals or free-ranging farming prac-
tices (e.g., McDevitt et al. 2013). Consequences of
hybridization are not fully understood: Canu et al.
(2016) argued that coat color changes due to cross-
breeding can lead to a lack of camouflage that
might increase the chances of being spotted by
hunters or natural predators; Goedbloed et al.
(2015) reported decreased resistance to pathogens,
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whereas Fulgione et al. (2016) noticed a fitness
increase. Additionally, an improvement in meat
quality was observed after introgression of wild
genes into the domestic population (Matiuti et al.
2010). Nonetheless, the most commonly reported
effects were alterations to the local gene pool,
possibly leading to a loss of adaptation, increased
population size or invasiveness, and morpholog-
ical changes (Koutsogiannouli et al. 2010;
Fulgione et al. 2016). An issue in assessing
hybridization in natural populations is
represented by the choice of diagnostic markers.
Although mtDNA has been largely used, it can
only enable the detection of alleles introgressed
in the matriline, while autosomal markers (like
microsatellites and SNPs) are needed to identify
hybrid individuals and to correctly estimate their
prevalence in the population. Furthermore, some
quantitative trait loci (e.g., melanocortin 1 recep-
tor, nuclear receptor subfamily 6, group A, mem-
ber 1) can be useful to track the introgression of
nonneutral domestic alleles (Frantz et al. 2013b;
Canu et al. 2016). In addition to the wild x
domestic hybridization, introgression between
different putative wild boar subspecies has
resulted from animal translocations, mostly car-
ried out for hunting purposes (e.g., in Sardinia,
Scandura et al. 2011b).

Life History

Growth

The two sexes exhibit a similar growth rate during
their first year of life (reaching approximately 30–
45 kg), after which males grow faster than
females; they reach 90% of their asymptotical
mass, respectively, at around 3 and 2 years of
age (Spitz et al. 1998; Brogi et al. 2021). Growth
continues throughout their lifetime, with local
differences depending on variations in food avail-
ability. Such differences are less pronounced in
males, which adopt compensatory strategies
according to the environment, and affect more
strongly females whose energy reserves are used
to support pregnancy and lactation more than
growth (Spitz et al. 1998).

Reproduction

The wild boar life history strategy is very uncom-
mon among similarly sized ungulates, with a very
high reproductive potential (Table 2). The repro-
ductive biology of wild boar is a very complex
process that depends on intrinsic and environmen-
tal factors, and involves highly plastic breeding
tactics and allocation strategies in different eco-
logical scenarios. Female wild boar have a higher
reproductive effort than most other ungulate spe-
cies. Therefore, they are highly dependent on food
availability to compensate the energetic invest-
ment and ensure survival of both mother and litter.
In hunted populations, most females normally do
not live for longer than two or three mating sea-
sons, reaching early sexual maturity (Gamelon
et al. 2011).

Although changes in climatic conditions influ-
ence the reproductive pattern, the wild boar gen-
erally shows several estrus cycles per season
(seasonally polyestrous) and normally does not
mate during the summer to avoid giving birth in
winter when low temperatures impair the survival
of the piglets. The main breeding period typically
occurs in autumn-early winter (between October
and December) in temperate regions (Fonseca
et al. 2004; Ježek et al. 2011), with peaks in
November–December when most of the repro-
ductive females come into estrus and males
show increased testes size, testosterone levels,
and semen quality (Kozdrowski and Dubiel
2004). Piglets are born in spring, but births may
occur throughout the year (Maillard and Fournier
2004). In northern areas, the mating season is
shifted, starting in November and may continue
until January. In years with high availability of
food resources, births are earlier and significantly
more synchronized than in poor years (Maillard
and Fournier 2004). In areas with a stronger cli-
matic seasonality, with a short period of high food
abundance, births are highly synchronous com-
pared to areas with high food diversity all year
round (Santos et al. 2006).

Female sexual maturity depends on age and
body mass (Gethöffer et al. 2007): a female must
reach a threshold body mass to be able to repro-
duce (typically between 25 and 35 kg,
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exceptionally 20 kg or less, Servanty et al. 2009;
Table 2). Males may physiologically be able to
mate at 10 months of age, possibly related to body
mass, but normally gain access to females later.
Once females become sexually active, they try to
reproduce every year under any environmental
conditions.

Fecundity ranges between 1 and 14 embryos,
with average litter size highly variable among
areas (e.g., Servanty et al. 2007; Bywater et al.
2010 and references therein). The mean litter size
for adult boar in Europe is 6.28 (Bywater et al.
2010), the largest litters occurring in Central
Europe, where their average size varies between
4 and 7 (Frauendorf et al. 2016; Náhlik and
Sandor 2003; Servanty et al. 2007), compared to
average litters between 3 and 5 in Southern
Europe (Fonseca et al. 2004). Females produce
one litter per year. Though hypothesized, there is
no confirmation that under certain circumstances

they can produce two litters (Bieber and Ruf
2005). The number of embryos increases with
age, body size, and body condition (e.g., Náhlik
and Sandor 2003; Fonseca et al. 2004; Frauendorf
et al. 2016). Litter sizes and the proportion of
pregnant females are higher in good mast years,
which also result in earlier start of estrus and a
higher proportion of females breeding during their
first year of life (Groot Bruinderink et al. 1994).
Furthermore, predictability of seasonal resources
may relate to litter size increases with latitude
(Bywater et al. 2010), whereas in Mediterranean
ecosystems, rainfall positively affects breeding
parameters (Fernández-Llario and Mateos-
Quesada 2005).

Gestation is about 115 days, and piglets, which
can see immediately after birth, remain close to
the nest for 4–6 days. Sex ratio of foeti seems not
to be biased (Keuling et al. 2013). Maternal con-
dition (i.e., body mass) and resource availability

Table 2 Wild boar life history traits

Trait Parameter Value

Gestation (days) Mean
(min-max)

115 (112 to 130)

Weaning (months) Range 3–4

Litter size (nr) Mean range
(min-max)

3.05–6.91 (1 to 14)

Litters per year (nr) Min-max 1

Mass at birth (g) Min-max 670–1090

Proportion of breeding females (%)

Juvenile (<1 year)
Yearling (1–2 years)
Adult (>2 years)

Min-max
Min-max
Min-max

0–90
35–100
65–100

Female age at 1st
reproduction (months)

Mean range
(min)

8–22 (4)

Female body mass at 1st reproduction

(kg)
(% adult body mass)

Mean range
(min)
Mean range

24.6–33 (17)
33.3–40

Age at natal dispersal (months)

Female
Male

Min-max
Min-max

7–22
9–20

Dispersal distance (km)

Female
Male

Max
Max

20
250

Longevity (yr)

In captivity
In the wild

Max
Max

27
13
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appear to relate to litter size but, as known so far,
not to the sex ratio in the litter (Servanty et al.
2007). Contrary to juvenile females, adult ones
can adjust their relative allocation to littermates,
according to the amount of available food
resources. In mast years, a high variance in off-
spring weights is observed within litters that is
matched by the variation in milk production
among teats, leading to a lower rivalry among
siblings. This way more piglets can be raised,
maximizing female reproductive success
(Gamelon et al. 2013).

Survival

Although wild boar over 10 years were reported
living in nature, the average life expectancy is far
lower (Gamelon et al. 2014). In fact, in hunted
populations, the average life span may not extend
longer than 24 months. Sexes display similar
senescence rates (Gamelon et al. 2014). Yearly
survival rates under different environmental and
management conditions are variable (juveniles:
0.06 to 1.00 with an average in hunted populations
of 0.46; yearlings: 0.11 to 1.00, on average 0.41 in
hunted populations; adults: 0.03 to 1.00, on aver-
age 0.64 in hunted populations; see Keuling et al.
2013). Under good environmental conditions
(namely tree seeding, access to crops and mild
climate), yearly survival of juveniles may double
(Bieber and Ruf 2005). Recruitment of piglets
to the female population has been reported to be
low; and only less than half of the piglets may
survive till the end of September (Náhlik and
Sandor 2003). Survival differs between areas,
sex, and age (Keuling et al. 2013). Based on telem-
etry data, piglet survival averaged 0.5 (with
181 days reference period), and overall survival
in hunted populations was similar over 1-year
period (specifically 0.47 for female piglets, 0.44
for male piglets, 0.46 for yearling females, 0.29
for yearling males, 0.66 for adult females, and
0.59 for adult males; Keuling et al. 2013). In
Spain, survival rates for adults ranged from 0.44
in hunting grounds to 0.66 in protected areas
(Barasona et al. 2016).

Habitat and Diet

Habitat Selection

Wild boar are flexible in their habitat use, and their
ecological plasticity explains the broad distribu-
tion and wide range of occupied habitats (Segura
et al. 2014). Primary habitats of wild boar are
characterized by well-developed vegetation and
include forests, shrublands, marshes, and river
valleys. Food and shelter availability are the
main factors shaping wild boar occurrence
(Segura et al. 2014) and highest densities are
observed in highly productive areas dominated
by rich deciduous forests and agricultural areas
(Melis et al. 2006). Agricultural landscapes,
which provide abundant shelter and food, have
become important secondary habitats for this spe-
cies in the last decades. Standing crops of maize,
rapeseed, and cereals can provide optimal habitats
utilized partially or exclusively during the culti-
vation period (Dardaillon 1986; Keuling et al.
2009; Thurfjell et al. 2009). Open and exposed
farmlands outside of cultivation season are gener-
ally avoided, but linear vegetation elements, such
as rows of trees/shrubs, within the fields can be
utilized for movement all year round (Thurfjell
et al. 2009). Grasslands and pastures shared with
livestock provide attractive foraging habitats
(Dardaillon 1986). Finally, wild boar have
become increasingly present in urban and peri-
urban areas of most European cities (Podgórski
et al. 2013). Wild boar use natural corridors (river
valleys, tree- and bush-covered areas) to enter and
move within cities, while permanent presence is
often observed in city parks and woodlands
(Stillfried et al. 2017; Castillo-Contreras et al.
2018).

The effect of natural predators on the habitat
use of wild boar is poorly understood. Presence of
wolves (Canis lupus), the species’ main natural
predator, does not seem to be perceived as a high
predation risk and evokes few behavioral
responses in wild boar (Kuijper et al. 2014).
Human hunting can have stronger impact on hab-
itat use and can lead to home range shifts from
exposed to refuge areas (Tolon et al. 2009),
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dispersion of resting sites (Scillitani et al. 2010),
and greater randomness in habitat use as com-
pared to nonhunting period (Saïd et al. 2012).
Females tend to seek safe habitats away from
disturbance, while males are more risk-tolerant
and can remain hidden close to hunting activities
(Saïd et al. 2012). Habitat use patterns may vary
according to seasonally changing availability of
resources, such as water, food, and shelter (Singer
et al. 1981; Keuling et al. 2009). For example, dry
season in the Mediterranean can drive wild boar
from dried-up marshes into cultivated areas
(Dardaillon 1986).

Movement Ecology

Foraging and social interactions are usually
performed in a relatively small area (approx.
25 ha) where animals move short distances at
low speed, rarely exceeding 1 km/h (Spitz and
Janeau 1990). When travelling between habitat
patches (foraging spots, resting sites), wild boar
move directionally and at faster pace, that is,
trotting at 1–10 km/h (Spitz and Janeau 1990;
Briedermann 2009; Morelle et al. 2015). When
fleeing, they can gallop in short burst of up to
40 km/h. Daily distances travelled are usually
shorter than 10 km (Podgórski et al. 2013). Lon-
ger daily distances were observed in fragmented
environments, where between-patch movements
are frequent (e.g., urban areas; Podgórski et al.
2013), and during intensive hunts (Scillitani et al.
2010). Over a 24-h period, wild boar can cover
45–90% of its annual range (Podgórski et al.
2013). This indicates that home range size of
wild boar is relatively small given the movement
capacity of the species, which can be thus consid-
ered sedentary.

Wild boar exhibit remarkable intraspecific var-
iation in home range size across a wide range of
habitats. Size of annual home range varies
between 400 ha to 6000 ha with an average size
of about 800 ha (Boitani et al. 1994; Keuling et al.
2008; Podgórski et al. 2013). The smallest ranges
are observed in urban areas and in rich habitats,
while the biggest ranges occur in mountainous
areas and poor habitats (Singer et al. 1981;

Podgórski et al. 2013). Range shifts between hab-
itats were observed in heterogeneous landscapes
offering seasonally changing resources (e.g.,
mountains, field-forest mosaic) (Dardaillon
1986; Keuling et al. 2009; Thurfjell et al. 2009).
Sexual differences in home range size are ambigu-
ous, some studies reported larger home ranges
in males (Morini et al. 1995), whereas others
observed no sex-related differences (Boitani et al.
1994). During the rut, adult males roam widely in
search of receptive females and may temporarily
extend their home ranges (Singer et al. 1981),
whereas movements of pregnant females decrease
around parturition (Morelle et al. 2015).

The majority of young wild boar (70–80%) do
not disperse further than 5 km away from their
natal ranges (Truvé and Lemel 2003; Podgórski
et al. 2014a). Longer movements (5–30 km) are
observed less frequently and are undertaken more
often by dispersing males than females. Natal
dispersal is most frequent during the second year
of age (Podgórski et al. 2014b). Occasionally,
long distance movements of 50–250 km in
straight line are performed by young animals,
adult males, and adult females with offspring
(Andrzejewski and Jezierski 1978; Truvé and
Lemel 2003). Hunting disturbance, particularly
intensive methods such as frequent drive hunts,
may induce escape movements resulting in
greater distances travelled, larger ranges, and dis-
persion from resting sites (Scillitani et al. 2010).

Diet

Wild boar are omnivorous and opportunistic in
their food preferences and their diet reflects local
and seasonal food availability. Plant matter con-
stitutes over 90% of the diet on the annual scale
and dominates in terms of frequency and volume
over other food sources (Briedermann 2009;
Barrios-Garcia et al. 2012). Plant food in the
wild boar diet is very diverse and includes seeds,
fruits, leaves, stems, shoots, bulbs, and roots
(Schley and Roper 2003). Agricultural crops are
heavily used when available, particularly during
the summer and autumn when their nutritional
value is at its peak. Consumed agricultural food
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items include cereals, vegetables, legumes, fruits,
and others (Genov 1981; Herrero et al. 2006).
Maize is one of the preferred crops (Herrero
et al. 2006; Schley et al. 2008) and is commonly
used as a bait by hunters (Schley and Roper 2003).
When availability of agricultural crops or supple-
mentary food is low, natural forage, such as her-
baceous plants, browse, roots, and tree seeds (e.g.,
acorns, beechnuts, chestnuts), becomes an impor-
tant dietary component (Groot Bruinderink et al.
1994; Herrero et al. 2005; Merta et al. 2014).

Diet composition is dominated by agricultural
crops (>70% of stomach content volume) in wild
boar living in the mosaic landscape of woodlands
and farmlands (Genov 1981; Herrero et al. 2006;
Merta et al. 2014) and, together with plant roots,
constituted over 70% of the wild boar diet in the
Mediterranean wetlands (Giménez-Anaya et al.
2008). Herbaceous plants, browse, roots, and
tree seeds (up to 40% of the diet during mast
years) make up most of the diet in mixed lowland
forests and mountainous areas (Groot Bruinderink
et al. 1994; Herrero et al. 2005; Merta et al. 2014).

Animal material is consumed by wild boar all
year round and includes at least 40 animal species
and genera. Wild boar consume animal matter
frequently (occurs in 90% of analyzed stomach
contents), but at low total volume (about 3% of the
stomach content with >2% invertebrates and the
rest vertebrates; Schley and Roper 2003; Herrero
et al. 2006). Invertebrate prey includes mainly
earthworms, insects, and snails, whereas con-
sumed vertebrates are small mammals (rodents,
shrews), fish, amphibians, reptiles, and birds
(Schley and Roper 2003). Animal food can be
obtained by wild boar by scavenging or predation
(Herrero et al. 2006; Giménez-Anaya et al. 2008;
Barrios-Garcia et al. 2012). Large mammals are
consumed as carrion, whereas small mammals
(rodents, shrews, hares, rabbits) are also taken
directly as prey (Schley and Roper 2003). Wild
boar eat eggs and chicks of ground nesting birds
(Barrios-Garcia et al. 2012). The composition of
animal items in the diet varies greatly among
seasons. In the case of small mammals, it is higher
in autumn and winter, whereas earthworms are
mainly consumed in spring and summer (Schley
and Roper 2003). The use of carrion can increase

during autumn and winter due to the greater avail-
ability of carcasses (Briedermann 2009).

Behavior

Social Behavior

Wild boar societies are centered around family
groups composed of one to several adult females
and their offspring from the last or second last
breeding season (Dardaillon 1988; Podgórski
et al. 2014a). Most members of the groups are
genetically related to each other at the level of
first- or second-order relatives (Kaminski et al.
2005; Poteaux et al. 2009; Podgórski et al.
2014a). Size of social groups usually ranges
between 5 and 10 individuals (Gabor et al.
1999; Poteaux et al. 2009; Podgórski et al.
2014a). Social groups are generally stable and
coherent but may temporarily merge to form
larger units (up to 30 animals) and single indi-
viduals may occasionally shift between groups
(Poteaux et al. 2009; Podgórski et al. 2014a, b).
Wild boar are not territorial and undefended
home ranges of neighboring groups partly over-
lap, with individuals from different groups
interacting regularly (Boitani et al. 1994;
Podgórski et al. 2014b).

Male offspring leave maternal groups early in
their life, usually around one year of age, and
become solitary boars, rarely found within groups
outside of the breeding season (Hirotani and
Nakatani 1987; Dardaillon 1988). Adult males
engage in dynamic and short-lived intraspecific
relationships (Podgórski et al. 2014b), involving
interactions with mating competitors or assess-
ment of females’ reproductive status and mating.
During the rut, which takes place in late autumn
and early winter, males temporarily join female
groups for mating (Graves 1984; Dardaillon
1988). Female offspring show stronger fidelity to
maternal groups and most of them do not disperse
far (Hirotani and Nakatani 1987; Dardaillon 1988;
Kaminski et al. 2005; Podgórski et al. 2014a).
New groups can be formed following the perma-
nent separation of yearling females from their
maternal group or the split of a larger social unit
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(Kaminski et al. 2005; Poteaux et al. 2009). Adult
females maintain stable, long-lasting relationships
and rarely shift between groups for long periods of
time (Gabor et al. 1999; Poteaux et al. 2009;
Podgórski et al. 2014b).

Mating Behavior

Breeding activity of wild boar is seasonal and the
mating system is polygynandrous (Pérez-
González et al. 2014). During the mating season,
boars actively compete for access to estrus sows,
which can mate with more than one boar within
the 2–3 days of estrus, resulting in litters with
multiple paternity (Poteaux et al. 2009; Gayet
et al. 2016). Similarly, a single boar can fertilize
several sows, which tend to synchronize their
estrus locally (Canu et al. 2015). Farrowing
takes place mainly in March and April (Gethöffer
et al. 2007; Ježek et al. 2011; Rosell et al. 2012).
Prior to parturition, pregnant females temporar-
ily separate from their group and choose
secluded sites for building a farrowing nest, in
which piglets remain for a few days after partu-
rition and then join the maternal group. Piglets
are weaned at around 4 months of age but already
at 4 weeks they start rooting and processing solid
food (Špinka 2009). Due to synchronized estrus
of sows within a group, multiple litters of similar
age may be present in a group at the same time,
and females may participate in cooperative nurs-
ing (Graves 1984).

Senses

Wild boar have a well-developed olfactory sense
which is used in foraging, communication, naviga-
tion, and predator avoidance. Scent signals are used
to locate food items at close distance (Suselbeek
et al. 2014), assess predation risk (Kuijper et al.
2014), locate familiar individuals (Kittawornrat
and Zimmerman 2011), stimulate reproductive
activity (Kirkwood et al. 1983), and navigate
within the home range. Wild boar also have a
good auditory capacity and a rich repertoire of
vocal signals used in social communication.

There are around 20 types of calls, such as grunts,
squeals, and trumpets, which may vary in ampli-
tude, frequency, and modulation depending on the
behavioral context (Špinka 2009). Vision is poorly
developed and its role in communication is limited.
Visual signals, usually displayed by competing or
threatened animals, include ears and body position-
ing, erection of the dorsal mane, tail wiggling,
bristle rising, and back arching (Graves 1984).

Activity

Wild boar activity typically lasts between 6 and
12 h a day. In natural and undisturbed conditions,
wild boar are active during day and night, with
alternating periods of activity and rest (Podgórski
et al. 2013; Brivio et al. 2017). In human-
dominated landscapes, wild boar have become
largely nocturnal (Lemel et al. 2003; Keuling
et al. 2008; Brivio et al. 2017). In urban environ-
ments, wild boar are mostly nocturnal, indepen-
dently of the seasonal changes in day length, in
order to minimize interference with humans
(Podgórski et al. 2013). In rural areas, activity
usually peaks around dawn and dusk and drops
in the middle of the night. Seasonal variation in
the activity patterns is generally low (Lemel et al.
2003; Keuling et al. 2008), but daily adjustments
are observed in response to changes in tempera-
ture, precipitation, and humidity (Brivio et al.
2017).

Parasites and Diseases

Pathogens and Parasites

Their demography, ability to cross-breed with
pigs, wide distribution, adaptability to a variety
of habitats and to suburban areas, feeding habits,
sociability, and high contact rates with many
species, all expose wild boar to a plethora of
pathogens. Their infectious and parasitic dis-
eases have extensively been studied, mainly
descriptively, because they are shared with:
(1) humans (e.g., Trichinella spp.), (2) live-
stock-domestic pigs are susceptible to the same
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pathogens but other species might be involved
(e.g., cattle – Bos taurus – Barasona et al. 2014);
(3) endangered species (e.g., Aujeszky’s disease
with Iberian lynx – Lynx pardinus – Masot et al.
2016), and also because of pathogens’ impact on
its population dynamics (Barasona et al. 2016).
The knowledge on wild boar diseases (based on
long-term studies) has increased markedly dur-
ing the last two decades. A recent review ranked
the most frequently studied pathogens and host
species in long-term studies on wildlife, and
with respect to Europe and Asia wild boar was
the most studied host (Barroso et al. 2021). Wild
boar are thus relevant in the One Health context,
due to their role as a true reservoir host for
pathogens shared among wildlife, livestock,
and humans (Fig. 4 provides details on the num-
ber of studies including wild boar as host
species.

The list of infectious and parasitic diseases of
wild boar is long and includes several zoonoses
(see Ruiz-Fons et al. 2008; Jori et al. 2017 for a
review). The most significant infectious diseases
involving wild boar over the last two decades
have been highly host-specific viruses: African
swine fever (ASF) and Classical swine fever
(CSF). There are also some remarkable multi-
host pathogens such as tuberculosis (TB), foot-
and-mouth disease virus, and zoonotic nema-
todes like Trichinella spp. Parasitic diseases,
including ectoparasites, are normally of lower
concern because many of them are usually
adapted to one host species and rarely transmit
to others. Wiethoelter et al. (2015) reported the
top 10 diseases at the wildlife–livestock inter-
face of which wild boar may host nine: two
viruses (avian influenza and rabies), four
bacteria (salmonellosis, TB, brucellosis, and

Fig. 4 Bi-annual number of georeferenced papers on
long-term epidemiological studies including wild boar as
host species in Scopus + Medline + Pubmed from 1993 to
2018. Databases were accessed on April 15, 2018. The
keyword used was “wildlife diseases.” We initially
retrieved 6541 references, which resulted in 535 papers
once duplicates and spurious results were removed and the
following conditions applied: study longer than three con-
secutive years, annual sampling minimum of 10 individ-
uals, same study area and populations over time, and wild

animals in their natural environment (excluded lab and
captive animals as well as clinical trials). Studies exclu-
sively focusing on passive surveillance were also
excluded. Finally, we filtered the papers which included,
at least, wild boar as host species, and classified records
according to the nature of the main conclusions: 1)
zoonosis-related, 2) diseases shared with livestock, 3) pop-
ulation dynamics and/or ecology, and 4) conservation.
Totals over the study period (proportions) are indicated in
a pie chart
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leptospirosis), one protozoon (toxoplasmosis), and
two helminths (echinococcosis and trichinellosis).

Wild boar may function as a disease reservoir
when they are able to maintain an infection in a
given area in the absence of transmission from
other hosts. In some cases, wild boar just main-
tain the infection secondarily to the main
reservoir or are accidentally infected. The
epidemiological role of wild boar is not easy to
determine and requires compiling sound
evidence about epidemiologic associations
between reservoirs, genetic characterization of
pathogens, and intervention studies (Naranjo
et al. 2008). The possible transmission routes
from and to other hosts are highly variable and
can happen through both direct (contact with
infected animals or carcasses, consumption of
meat, oral, respiratory, conjunctival and trans-
dermal routes, skin wounds) and indirect expo-
sure (there is an indirect step or media: aerosols,
consumption of contaminated food or water,
through bites of arthropod vectors). Foodborne
pathogens and antimicrobial resistance in indi-
cator bacteria have been reported in urban wild
boar, causing concerns for public health
(Navarro-Gonzalez et al. 2013).

Pathogens can have direct or indirect (e.g.,
body condition mediated) impacts on the repro-
ductive performance of wild boar (Ruiz-Fons
et al. 2006), which can be partially compensated
by an earlier return to estrus. Co-infections with
multiple pathogens with different characteristics
are frequent in wild boar, resulting in complex
effects. For instance, some viral infections (e.g.,
porcine circovirus type 2) may impair the ability
of wild boar to respond to other infections,
including TB (Díez-Delgado et al. 2014). Popu-
lation effects can also be relevant, as some dis-
eases can lead to high mortality (e.g., CSF and
ASF, Lange et al. 2012; Cortiñas Abrahantes
et al. 2017). TB causes 30% of deaths in adult
wild boar in endemic areas of Southern Spain
(Barasona et al. 2016), which contrasts with a
total natural death rate of 3% in Central Europe
(Keuling et al. 2013).

Epidemiology

The factors involved in the maintenance and
spread of pathogens by wild boar are varied and
interdependent. Individual factors include sex,
age, body condition, reproductive and immuno-
logical status, and genetics (e.g., genetic mecha-
nisms are involved in susceptibility to TB,
Queirós et al. 2018). Pathogen prevalence in
wild boar is driven by changes in population den-
sities and aggregation, sometimes caused by
implementation of management practices (e.g.,
supplementary feeding, Vicente et al. 2013 for
TB, Oja et al. 2017b for helminths and intestinal
protozoa). Assessing how wild boar use their
environment and how this affects interspecific
interactions with wildlife and humans is therefore
essential to estimate the risks for disease transmis-
sion and maintenance (e.g., Barasona et al. 2014,
for scavenging: Carrasco-Garcia et al. 2018). The
parallel growth of urban areas and wild boar
populations in recent decades has contributed to
increased interactions between wild boar,
humans, and other animals alike. The removal of
predators, recreational hunting (often under non-
sustainable managements schemes resulting in
overabundance; Gortázar et al. 2006), transloca-
tions, consumption and movement of wild boar
meat and meat products without previous sanitary
inspection, all increase the chances of spreading
and sharing wild boar pathogens.

Population Ecology

Population Dynamics

Population dynamics of wild boar are driven by
both natural and anthropogenic factors, and the
most important natural drivers include mast of
deciduous trees (such as acorns, beechnuts, and
chestnuts), winter severity, and predation. Long-
term data on wild boar population numbers in
central and eastern Europe show that abundance
of mast has a dominating positive effect on the
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population growth rates (Jędrzejewska et al. 1997;
Bieber and Ruf 2005; Briedermann 2009; Vetter
et al. 2015; Frauendorf et al. 2016). During the
mast seeding years, when trees synchronously
produce large seed crops, wild boar take advan-
tage of the abundant food to accumulate energy
reserves which enhances overwinter survival and
subsequent reproduction (Jędrzejewska and
Jędrzejewski 1998; Servanty et al. 2009; Canu
et al. 2015; Frauendorf et al. 2016). Another nat-
ural factor strongly limiting wild boar numbers is
winter severity, that is, the combination of average
winter temperature and snow cover duration and
depth. Deep snow and frozen soil make it difficult
for wild boar to root and forage on vegetation and
invertebrates. Harsh winters can cause marked
declines in wild boar populations as a result of
starvation and diseases which are responsible for
most (73%) of natural mortality (Jędrzejewska
et al. 1997; Jędrzejewska and Jędrzejewski
1998). This weather stochasticity mechanism
shapes wild boar densities and dynamics across
Europe, resulting in higher densities and faster
population growth rates where winters are milder.
Food abundance, however, can offset or even
outweigh the negative effects of cold winters.
Thus, winter severity will have weaker limiting
effect on wild boar populations in highly produc-
tive regions or during mast seeding years (Melis
et al. 2006; Vetter et al. 2015). The third and least
important natural factor shaping wild boar num-
bers is predation. Wolves are the main natural
predators of wild boar, contributing 50–100% to
the predator-caused mortality across the species
range, depending on the presence of other large
carnivores that prey upon wild boar, such as
brown bear (Ursus arctos) or lynx (Lynx lynx).
However, impact of wolves on wild boar
populations appears limited. Where wild boar
and wolves co-occur, wolf predation makes up
on average 16% (maximum 30%) of the natural
mortality (Okarma 1995). Impact of wolves varies
locally depending on the composition of ungulate
communities and wild boar abundance. Wolf pref-
erences may also change and wild boar can either

represent the selected prey in some areas (Mattioli
et al. 2011) or an auxiliary prey in others (Okarma
1995). The impact of natural predation is heavier
on juveniles and yearlings (over 70% of kills),
while adults can defend themselves effectively
and are rarely attacked (Okarma 1995; Bassi
et al. 2012).

Anthropogenic Impacts

Anthropogenic impacts on wild boar populations
include direct effects of management and indirect
effects related to climate change. Hunting is the
main cause of wild boar mortality across Europe
(Toïgo et al. 2008; Keuling et al. 2013). Hunting
pressure can significantly affect life-history traits,
for example, earlier age and timing of reproduc-
tion (Gamelon et al. 2011), and demographic
structure of the populations by targeting mostly
adults, in contrast to predation by wolves
(Okarma 1995; Toïgo et al. 2008; Keuling et al.
2013). However, hunting does not seem to limit
the currently observed growth of wild boar
populations in Europe (Massei et al. 2015; Vetter
et al. 2015). Supplementary feeding, which is com-
mon management practice across most European
countries, can also shape population dynamics
(Andrzejewski and Jezierski 1978). Food availabil-
ity contributes to increased overwinter survival and
buffers the negative effect of cold winters (Vetter
et al. 2015). This effect will be greater at northern
latitudes, where the limiting effect of cold winters
is stronger. For example, wild boar densities in
Estonia, where supplementary feeding was com-
mon (before the arrival of ASF), were much higher
than in Finland, where climatic conditions were
similar but supplementary food was never pro-
vided. Wild boar abundance in Estonia was
strongly related to the number of supplementary
feeding sites (Oja et al. 2014). Climate changes
influence two major factors limiting wild boar pop-
ulation growth: winter severity and food abun-
dance. First, winter temperatures increased
throughout the twentieth century and these changes
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are associated with increased size of wild boar
populations across central Europe (Vetter et al.
2015). The most likely mechanism driving this
relationship is the increased survival during mild
winters. Second, rising temperatures have also
been shown to increase the frequency of mast
seeding years (Bieber and Ruf 2005; Vetter et al.
2015), which have a positive effect on growth rates
of wild boar populations (Bieber and Ruf 2005).
Finally, changes in agricultural practices led to
increased availability of energy-rich crops, such
as maize, which is associated with higher repro-
ductive output of wild boar and, often coupled with
supplementary feeding in winter, contributes to
population growth (Bieber and Ruf 2005; Servanty
et al. 2009; Rosell et al. 2012).

Population Trends

Wild boar populations all over Europe have
grown considerably during the last decades,

despite large variation in climatic conditions and
management across the continent (Fig. 5; Sáez-
Royuela and Tellería 1986; Apollonio et al. 2010;
Massei et al. 2015; Vetter et al. 2015). The
increasing trend in wild boar numbers in Europe
started in the 1960s and is continuing today (Sáez-
Royuela and Tellería 1986; Massei et al. 2015).
From 1982 to 2012, the average five-year popula-
tion growth index, based on the hunting bag sta-
tistics from 18 European countries, varied
between 1.4 and 1.7 (with 1 ¼ no growth; Massei
et al. 2015). This increase in population numbers
is accompanied by geographical expansion
towards the north (Apollonio et al. 2010). Other
indices of wild boar abundance, such as crop
damage, vehicle collisions, and environmental
impacts, also show an increasing trend and con-
firm real growth in wild boar populations (Massei
and Genov 2004; Schley et al. 2008; Apollonio
et al. 2010; Morelle et al. 2013). Despite an
increase in hunting bags (+150% from 1992 to
2012) and over 3 million wild boar annually

Fig. 5 Trends in wild boar hunting bags from selected
European countries (1980–2020). Data provided from
national/regional administrations to the Enetwild

consortium (www.enetwild.com). Symbols in red indicate
the year of the first African swine fever outbreak in the
country

18 M. Scandura et al.

https://www.enetwild.com


harvested in Europe, hunting seems to be not
sufficient to limit wild boar population growth,
which is thus expected to continue (Massei et al.
2015; Vetter et al. 2015). This is partly due to a
declining number of hunters (�18% from 1992 to
2012) and their general unwillingness to reduce
wild boar densities (Keuling et al. 2016). Other
factors discussed above, such as increasingly
milder winters and greater availability of natural
and anthropogenic forage, are likely to continue to
boost the growth of wild boar populations.

Conservation Status

The wild boar is the most abundant and widespread
suid species in the world. Accordingly, it is classi-
fied as Least Concern by the IUCN (Oliver and Leus
2008). If the species, as a whole, is overabundant
and does not raise any conservation concern, differ-
ent situations may emerge at a local scale. The only
threatened subspecies (or species, according to
Groves and Grubb 2011) is S. s. riukiuanusKuroda,
1924, living in Ryukyu Islands, Japan. The main,
probably underestimated, issue in Europe is
represented by the extensive anthropogenic hybrid-
ization leading to genetic homogenization and to the
erosion of local genetic diversity. The current lack of
sharp taxonomical units (see section “Taxonomy,
Systematics and Paleontology”) is likely to have
been enhanced by human-mediated gene flow.
Even where long-lasting isolation has favored
genetic divergence, as in the case of the Sardinian
wild boar, the introgression from commercial pig
breeds and introduced non-native wild boar has
impacted the local gene pool, jeopardizing the status
of the S. s. meridionalis subspecies (Iacolina et al.
2016). At a regional scale, the genetic structure
observed today often arises from different histories
of releases by humans, hybridization, and human
exploitation, artificially leading to diverging allele
frequencies among local stocks (Goedbloed et al.
2013).

It is likely that the positive trend of the species
has concealed the loss of native adaptive genetic
variation across its European range. The ban of
animal translocations and of the release of captive

stocks, yet mainly associated to sanitary risks, will
also help preventing further loss of adaptive
potential.

Management

Introductions, Reintroductions,
and Restocking

The Eurasian wild boar represents one of the most
managed ungulate species in the world. Its present
distribution is the result of introductions outside its
native range, local extinctions due to over-
exploitation, restocking with animals translocated
from other areas, farming, and escapes or releases
of captive stocks. In Europe, the establishment of
new populations by intentional introductions has
only affected some minor islands (e.g., Canu et al.
2018), while previously extinct populations have
been restored by reintroductions (e.g., in the Neth-
erlands, Denmark, Serbia, Italy, and Greece;
Apollonio et al. 2014) or by escapes from captivity
(e.g., in Great Britain, Sweden, Ireland, and Slove-
nia; Apollonio et al. 2014). Restocking of depleted
populations has been also a common practice in
some areas (Apollonio et al. 2010) and has contrib-
uted to the recovery of the species across the con-
tinent. In many cases, human actions were not
documented, and both the origin and number of
released animals are unknown. Introductions and
reintroductions were mostly successful, an excep-
tion being the wild boar in Cyprus, where the
species was illegally restored in 1994, after a pre-
vious extinction, and died out again in 2004
(Hadjisterkotis and Heise-Pavlov 2006).

Impact, Conflicts with Humans,
and Damage Control

Sus scrofa is listed by IUCN among the 100 worst
invasive species in the world, because of its biol-
ogy (i.e., rapid population growth rate) and over-
all impact on human activities and on the
environment. Conflicts with humans are mainly
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associated with damages from feeding activity
and the number of traffic accidents involving the
species. The main impact is represented by crop
damages that mostly affect cereals, especially
maize, and are due not only to consumption but
also to trampling (Schley and Roper 2003). In
warm regions, heavy losses are also caused to
vineyards and rice paddies (Calenge et al. 2004)
and in continental regions to vegetables and grass-
lands (Schley et al. 2008). The main factors affect-
ing the amount of damages are density of wild
boar, distance of crops from natural refuges (e.g.,
woodlands), species cultivated, availability of nat-
ural food, and crop ripening period (Calenge et al.
2004; Schley et al. 2008; Thurfjell et al. 2009).
Furthermore, damages are seasonally distributed
according to geography and crop type (Schley
et al. 2008). In Mediterranean areas, they peak in
summer, induced by the shortage of water,
whereas in temperate climates a maximum occurs
in late winter, when food resources are scarce
(Licoppe et al. 2013). Together with roe deer, the
wild boar is responsible for most of the wildlife-
vehicle collisions in Europe, especially in highly
urbanized areas (Morelle et al. 2013). An annual
peak in wild boar-caused accidents is observed in
autumn-early winter, likely induced by an
increased mobility during the rut and the hunting
season (Morelle et al. 2013). Additional conflicts
with humans arise from the habit to dig up the
ground, looking for hypogeal food. Recreational
areas like city gardens and parks or golf courses
can be severely impacted by rooting, as can graz-
ing areas for livestock (Licoppe et al. 2013).
Besides, wild boar can occasionally affect live-
stock farming directly, by predation on lambs or
new-born calves (Seward et al. 2004). Finally, a
serious concern is represented by the transmission
of diseases and zoonoses, which can affect live-
stock, pets, endangered wildlife, and humans (see
“Parasites and Diseases”).

In addition to the impact on human activities, at
high densities, wild boar can represent a threat to
local ecosystems, because of its trampling, rooting
activity, and opportunistic feeding behavior
(Massei and Genov 2004). Feeding on whole
plants, fruits, bulbs, and tubers can alter the abun-
dance and richness of plant species (Cuevas et al.

2012), and feeding on seeds and seedlings of forest
trees can impact forest regeneration (Bongi et al.
2017). Predation on eggs and chicks can compro-
mise the reproduction of ground-nesting birds (Oja
et al. 2017a); grubbing and predation on earth-
worms, grubs, and small ground-dwelling mam-
mals can modify animal communities and soil
properties (Laznik and Trdan 2014).

Several methods are used to mitigate such
impacts, differing in effectiveness, feasibility,
costs, and social acceptance (Massei et al. 2011).
Although not always true, a high impact by wild
boar is often interpreted as a consequence of an
overabundant population, so actions are under-
taken to reduce their number. Traditional control
methods include culling, as the main option, but
also trapping (followed by suppression or translo-
cation). In addition, methods of fertility control
have been developed, based on immuno- or oral
contraception (Massei et al. 2012). Other mitiga-
tionmeasures are intended to limit wild boar access
to sensitive sites by metal fencing, electric fencing,
diversionary feeding, and the use of chemical
repellents and acoustic scarers. No eradication pro-
gram has been successful in Europe, but experi-
ences in the Americas suggest that a combination
of different methods is more effective.

Hunting and Hunting Regulation

Besides being considered a pest, the wild boar is
an important game species. It has been estimated
that more than 3 million wild boar were harvested
in 2012 in Europe (Massei et al. 2015). Traditional
cooperative forms of hunting are based on drive
hunts and are practiced especially in southern
Europe (like the “braccata” in Italy and the
“monteria” in Spain), while individual hunting
(e.g., stalking, standing or high-seats) is more
common in continental Europe. In some coun-
tries, harvest quotas are imposed by local author-
ities. Baits (mostly maize or other vegetables) are
used in many areas as attractants during the hunt-
ing season. Hunting is generally allowed to
licensed hunters from summer to early winter,
with huge differences among countries; in some
of them (e.g., in Portugal, Austria, Croatia, and
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Estonia), wild boar hunting is allowed all year
round, with possible restrictions to specific
sex/age classes (Apollonio et al. 2010).

Although hunting is the main cause of wild
boar mortality (around 85% of deaths, Keuling
et al. 2013), it appears insufficient to counteract
the positive trend of wild boar populations. More-
over, this population growth is paralleled by a
general negative trend in the number of hunters
which poses serious doubts on the capacity to
effectively manage this species in the future
(Massei et al. 2015).

Economic Value

Due to its size, abundance, current distribution,
and the high level of interaction with human
activities, the wild boar has enormous economic
repercussions. In Poland alone, over a 5-year
period, the compensation for damages amounted
to 34.2 million €, whereas the revenue from the
sale of the meat of shot animals amounted to 9.5
million € (Frackowiak et al. 2013). In Italy and
France, the wild boar was reported as responsible
for 90% of damages to crops and forests, causing
an estimated annual loss exceeding 30 million €

(Apollonio et al. 2010). A recent study, measuring
the willingness-to-pay by hunters in Sweden, esti-
mated at 113–529 SEK (10–50 €) the value of a
wild boar, with large differences among hunter
categories (Engelman et al. 2018). However, the
value attributed to this game is context-dependent
and may vary a lot among countries. Maximum
values are reached by trophy hunting which is
practiced in several countries, especially in
central-eastern Europe. According to the Interna-
tional Council for Game and Wildlife Conserva-
tion (CIC) evaluation system, tusk size is the
reference parameter to assess the quality of boar
trophies. On this basis, a single harvested boar can
be worth up to more than 1500 €.

Health Management

The control of wild boar diseases is a major
challenge, especially for those shared with

livestock, and takes advantage of the establish-
ment of surveillance and monitoring schemes,
together with health surveillance in domestic
pigs. Suitable diagnostic tools, designed for
pigs, are available. However, biosecurity mea-
sures should be implemented to prevent patho-
gen transmission, which can be bidirectional at
the wild boar-livestock interface (Carrasco-
Garcia et al. 2016). Additionally, wild boar man-
agement constitutes an essential aspect to pre-
vent risk factors for many pathogens, since
excessive densities and aggregation favor dis-
ease spread and maintenance (Gortázar et al.
2006; Cano-Terriza et al. 2018). Effective dis-
ease management requires tools from several
fields which should be combined in an integrated
control strategy. Different options can be applied
and combined; however, a proper surveillance
and monitoring scheme (for both disease and
population; Sonnenburg et al. 2017) is always
required to make the best decisions. Disease con-
trol can be achieved by different means, includ-
ing (1) preventive actions (especially at the
wildlife-livestock interface), (2) arthropod vec-
tor control, (3) host population control through
random or selective culling, habitat manage-
ment, or reproductive control (Massei et al.
2012), and (4) vaccination (Rossi et al. 2015;
Díez-Delgado et al. 2018). Wild boar population
control is performed through random or selective
culling. However, despite a decline in population
size of approximately 50% during the period
2014–2017, it did not prevent ASF spread in
the Baltic States and Poland during the first
years after detection (Cortiñas Abrahantes et al.
2017). Reproductive control is being researched
(Massei et al. 2012), and field vaccination
against certain pathogens has proved to be a
potentially effective tool in some cases (for
CSF, Rossi et al. 2015; for TB, Díez-Delgado
et al. 2018) which should be integrated in control
strategies. After a cost/benefit assessment, the
alternative options of zoning or no-action should
also be considered. Finally, the success of any
disease control strategy in this species, which is
part of the European hunting culture, also
depends on stakeholders’ collaboration and
attitudes.
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Future Challenges for Research
and Management

The population growth and the spread of wild
boar across Europe have brought the species to
increase its interaction with humans, leading to a
combination of worrying issues:

1. Urban wild boar: Once absent, wild boar are
now a regular presence in the periphery and in
green areas of cities like Berlin, Barcelona, and
Rome. The management of these (peri-) urban
populations is a real challenge, encompassing
aspects like public education, species monitor-
ing and control, public safety, and disease
surveillance.

2. Population monitoring: An effective manage-
ment of wild boar impact on human activities
and natural systems, as well as the prevention
of disease transmission, would require a reli-
able estimation of local population abundances
and trends. However, estimating wild boar
numbers is difficult to achieve because of
their clumped distribution, social structure,
use of resting sites in dense vegetation, and
nocturnal activity. Although several methods
have been proposed (see ENETWILD consor-
tium et al. 2018), no standard exists so far and,
in the common practice, science-based
approaches give way to “guesstimates” or,
quite often, to the use of (biased) hunting bag
statistics. Nonetheless, great advances have
been recently achieved by the ENETWILD
consortium (https://enetwild.com/), which has
produced suitability maps of wild boar occur-
rence and relative abundance in Europe by
harmonizing hunting bag data. This project
has also pointed out that hunting statistics can
be suitable to determine wild boar density esti-
mates, if a calibration with accepted rigorous
methods is performed. This, however, deserves
further research in a variety of contexts
throughout Europe.

3. Hunting effectiveness: though hunting is rec-
ognized as a fundamental tool of population
control, its effectiveness turned out to be
constrained by social and legal aspects. In
order to counteract more effectively the

demographic trend and growing impacts of
wild boar, new generations of specialized
hunters and modifications to the current regu-
lations are invoked (Apollonio et al. 2010;
Massei et al. 2015). Professional hunting can
also be of help in the future, especially in
specific situations (e.g., in urban areas).

Given the present status and invasiveness of the
species, the role of research on wild boar biology
and management will be of utmost importance.
Response to climate change, biological and ecolog-
ical effects of different hunting regimes, biological
consequences of the introgression of domestic pig
genes, the genomic basis of the species’ plasticity
are among the most stimulating topics. Further-
more, a special effort should be devoted to techni-
cal aspects, like the development of more suitable
and cost-effective monitoring procedures, the
refinement of methods of population control (e.g.,
sterilization), or the development of vaccines
against the most dangerous transmissible diseases
(e.g., ASF). Finally, an important goal would be
the dissemination of good practices and standards
to reduce the current discrepancies among regions
and countries in the management of the species.
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Common Names

English Reeves’ muntjac or Chinese muntjac

German Chinesischer Muntjak

French Muntjac de Chine, muntjac de Reeves

Spanish Muntíaco de Reeves

Italian Muntjak della Cina

Russian Китайский олень мунтжак

In England and in France, this deer is often referred
to as Chinese muntjac, but that is confusing as
several species of this genus occur in China. It has
also been called Barking deer, which again could
apply to all species in this genus. Named after John
Russell Reeves (Flower 1929), the correct name is
Reeves’ muntjac (Ellerman and Morrison-Scott
1951); Reeves’ muntjac is also used.

Taxonomy, Systematics
and Paleontology

All muntjacs are native to southeast Asia, China, or
India. Nine species are recognized, three having
been discovered since the late 1980s (Heckeberg
2020; Lister 2020; Smith-Jones 2022). M. reevesi
dates back to the Early Pleistocene (Ma et al. 1986).
Reeves’muntjacMuntiacus reevesi (Fig. 1) is split
into two subspecies, M. r. reevesi Ogilby, 1839,
from China, and the slightly smaller and darker
M. r. micrurus Sclater, 1875 (Formosan muntjac)
from Taiwan. They share almost identical results of

cytogenetic analyses, but Southern blot and Fluo-
rescence in situ hybridization studies revealed
some sequence divergence of satellite 1 DNA
between these two, supporting the classification
of the Formosan muntjac as a separate subspecies
(Chiang et al. 2004). A new subspecies, M. r.
jiangkouensis (Gu and Xu 1998), from Guizhou
Province, China, was proposed from seven animals
on minor phenotypic differences, but further infor-
mation is lacking.

The origin of the lineage of Muntiacus can be
traced to the Late Miocene in China, and it has
been suggested that Eostylocerus from Early
Pleistocene deposits in Yunnan, China, had a mor-
phology approaching that ofMuntiacus (Ma et al.
1986). The earliest known muntjac is Muntiacus
leilaoensis from southwestern China (Croitor

Fig. 1 Mature buck, third head of antlers, molt to summer
pelage beginning May 13 (photograph by N. Chapman)
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2018). Traditionally,Muntiacuswas considered to
be a primitive forerunner of modern deer, but
Croitor (2018) regarded it as a quite specialized
taxon of the modern evolutionary radiation of the
subfamily Cervinae. There are bone fragments
possibly of Muntiacus from Poland, Ukraine,
and France, so early forms may have extended
into Europe (Czyzewska 1968).

Eight paleontological taxa were recognized by
Groves (2016) who considered M. atherodes (Bor-
nean yellowmuntjac) to be the oldest extant species,
followed by M. reevesi, but Geist (1998) regarded
reevesi as the older, based on analysis of
mitochrondrial and ribosomal DNA. These two
forms occupied the edges of the range from which
Groves and Grubb (1990) believed that a centrifugal
geographic pattern of evolution occurred, with
M. crinifrons and M. rooseveltorum evolving from
the reevesi line.M. reevesi attained a wide distribu-
tion, mostly south of the River Yangste and reached
Taiwan when there was a land bridge from the
mainland in the Late Pleistocene.

The rapid and parallel chromosome number
reductions, mostly resulting from tandem fusion,
were analyzed by Wang and Lan (2000) for seven
species. They concluded that the Giant muntjac,
M. vuquangensis, discovered in 1994 (Schaller,
Vrba 1996) is rightly placed in this genus.
Heckeberg (2020), from mitochondrial and
combined molecular analyses, placed this species
in the same clade as M. reevesi together
with M. putaoensis, M. truongsonensis, and
M. rooseveltorum. A separate clade consists of
M. feae, M. muntjak, and M. crinifrons. The latter
is considered by some to be the same species
as M. gonshanensis (Amato et al. 2000).
M. atherodes was placed in a polytomy with
these clades (Heckeberg 2020).

Current Distribution

Native Populations

In China, Reeves’ muntjac occurs mostly within
the subtropical southeast, extending from approx-
imately 102� longitude to the east coast and from
latitude 32� to the south coast taking in the

Provinces of Shanxi, Gansu, Hubei, Anhui,
Jiangxi, Fujian, Zhejiang, Hunan, Guizhou,
Guangxi, Sichuan, and Yunnan. Snow cover
limits its dispersal further north (Sheng 1991).
Muntjac are heavily hunted, about 650,000
being taken annually (Ohtaishi and Gao 1990;
Sheng 1991). Under such high pressure and deg-
radation of the habitat, the population has
decreased. The species is also present on three of
the islands in the Zhoushan archipelago including
the largest, Putuo. In Hong Kong, Reeves’ munt-
jac is listed under Schedule 2 of the Wild Animals
Protection Ordinance Cap 170 (2012) and the
IUCN Red List 2016 (Timmins and Chan 2016)
which suggests that this deer may still be extant
here, but information is lacking.

M. r. micrurus is endemic to Taiwan occupying
nearly all the broad-leaved forest in the mountain-
ous zone above the intensive agricultural land and
below the winter frost line. Much of their habitat
is tall grassland (Miscanthus sinensis) and dense
bamboo, shrubs, and herbs (McCullough et al.
2000). Formerly a captive colony of Formosan
muntjac was maintained at Bielefeld University,
Germany (Laurien 1997).

Introduced Populations

Reeves’ Muntjac is very widely distributed in the
United Kingdom, mainly in England (Fig. 2). Their
history here began as imports from 1894 to 1906 to
Woburn Park, Bedfordshire, subsequent releases,
and numerous later translocations (Chapman et al.
1994b; Chapman 2021). In the 1960s–1970s, they
were still regarded as a benign introduction (Dansie
1970). Release of muntjac in the UK was not
completely illegal until the Invasive Alien Species
(Enforcement and Permitting) Order 2019 was
enacted (Moore 2021). An intensive survey in
1994 revealed the presence of muntjac in
745 10-km squares, almost half of the National
Grid squares in England and Wales (Chapman
et al. 1994b). Since 2002, the British Deer Society
has organized surveys to monitor all deer species at
roughly 5-year intervals. Range expansion seemed
to peak at 12% per year between 2002 and 2005
(Ward et al. 2008, 2021). By 2016, reports came
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from 887 10 km squares, an expansion of 8.7%
since 2007 (Smith-Jones 2017). Almost all records
were from the southern half of England with a gap
only at the southeast tip, and few confirmed reports
from the south-west peninsula. In northern
England, definite records were sparse. In Wales,
apart from along the border with England, reports
were unconfirmed. From Scotland, confirmed
records were received from only three widely
scattered 10 km squares, fewer than in previous
surveys which suggested that liberated or escaped
animals did not prosper. For Northern Ireland, a
road traffic casualty in 2009 was the first record,
not far from a known captive population in County
Down. Appropriate surveillance was put into force
as the authorities were aware of the potential seri-
ousness should the species become established
(Dick et al. 2009, 2010; Hogg et al. 2013). East
of Belfast in the forested vicinity ofMount Stewart,
on the Ards Peninsula, one muntjac was shot in
2011 and another 2 years later. Camera trap photo-
graphs showed that the deer were present along at

least a 3 km stretch of suitable habitat (Hogg et al.
2013). By 2016, records were received from six
more 10 km squares at locations spread east to west
across the southern part of Northern Ireland as far
as County Fermanagh: These can be explained
only by human agency as can isolated reports
from the north, near the coast of County Coleraine
(Smith-Jones 2017). By 2020, detections remained
low and population sizes appeared to be small
(Freeman and Hogg 2020). The UK muntjac pop-
ulation in 2018 was estimated at 115,000–147,000
(Matthews et al. 2018), but assessing population
size is an imprecise science (Smart et al. 2004). The
National Game Bag Census indicated an increase
in culling of between 152% and 325% in the two
decades up to 2015, but that only records animals
shot on large private estates. In the Republic of
Ireland, the first record was a male shot in 2008 in
County Wicklow, south of Dublin. Further reports
followed in that area, then from four other counties
also in the east or south and from County Donegal
in the northwest of the island. By 2014, almost

Map template: © Getty Images/iStockphoto

Fig. 2 Distribution of muntjak in the British Isles. See text for localized scattered reports in some other western European
countries. (Map template: © Copyright Getty Images/iStockphoto)
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30 records were reported, rising to over 130 within
35 10 km squares by 2020 (National Biodiversity
Data Centre, Ireland).

For continental Europe, in 2000 the Invasive
Species Specialist Group of the IUCN prepared
Guidelines for the Prevention of Biodiversity loss
caused by Alien Invasive Species. When the
European Regulation 1143/2014 came into force
in 2019, the aim was to ensure that the establish-
ment of A.I.S. is avoided throughout Europe.
Muntjac was one of eleven mammalian species
listed. Possession, exchange, trade, and release
are all prohibited, and where they are present erad-
ication is the aim. Before this Regulation came into
force, muntjac were already present in several
countries, having been imported from England
decades before such translocations became illegal.
Ward et al. (2021) mapped the range of land cover
that muntjac might achieve across western Europe
although extremely low-winter temperatures
would likely be a limiting factor in northern
areas: In unusually severe winters in the UK,
heavy mortality was reported (Southern 1964).
However, predicted climate warming (Metzger
et al. 2008) could make northern parts of Europe
more favorable, but some southern parts may
become too arid. In the Netherlands, the first con-
firmed sightings, dating from 1997 to 1998, were
from the Veluwe (Province of Gelderland) and
from east of the river Ijssel (Achterhoek, Province
of Overijssel). In, the estimated number reported to
the Conseil de la Chasse was 50–100. The muntjac
had very probably been imported from the
U.K. and released with the intention of establishing
a shootable population: Dutch and other European
hunters had been coming to England for many
years to shoot muntjac. Hollander (2013) had pre-
pared a risk assessment and documented available
information in 2015. By then, 153 reports had been
received. Field research in 2016 indicated that a
few muntjac remained at the Veluwe near Apel-
doorn, and in the Province of Noord-Brabant there
was a population, at Landgoed de Utrecht,
suspected of having immigrated from Belgium.
However, as some reports were from the middle
of the country, it seems that the law of 2000 for-
bidding the trade and possession of muntjac was
still being ignored. As in most countries, zoos need

a license to keep them (Hollander 2015, La Haye
pers. comm. 2019). Other sightings were from
Hilvarenbeek, possibly Ossendrecht near Eindho-
ven, and the Maashorst region. In the eastern
Zeeuws-Vlaanderen, a few muntjac were reported
from the Westdorpe, Heikant area (Hollander
2016). In the 12 months up to June 2020, 42 obser-
vations of muntjac were reported from the prov-
inces of Gelderland, Limburg, and Noord-Brabant
(waarneming.nl website) indicating an established,
growing population. Muntjac from Hertfordshire,
England, were exported to Belgium in the 1980s
(F. Marshall, pers. comm.), and in 1989 a prospec-
tive buyer, living half-way between Ghent and
Antwerpen, was trying to source muntjac for cap-
tive breeding (M. Clark pers. comm.). Isolated
sightings of muntjac were increasingly reported
between 2008 and 2013 from localities near
Brugge, Mol-Neerpelt, Hasselt, and also Braschaat
where the deer came from a captive population, and
some movement across the border to and from the
Netherlands was postulated. In 2013, when munt-
jac were not considered as truly established, a very
comprehensive Risk Analysis Report was pre-
pared, drawing on the decades of experience from
England (Baiwy et al. 2013). A best practice doc-
ument followed (Casaer et al. 2015), and in 2019
the Feasibility of Eradication and Spread Limita-
tion for Species of Union Concern sensu the EU
IAS regulation (EU 1143/2014) (Adriaens et al.).
Up toMay 2019, nearly 400 observations had been
submitted, mostly from East Flanders and Antwerp
(www.waarnemingen.be/species/7700), and from
2018 to 2020 more than 220 muntjacs were confis-
cated or destroyed by nature inspection services in
Flanders. From 2005, newspapers began to report
muntjac in Denmark, near lake Røbæk in central
Jutland and later from the island of Læsø, 19 km off
the coast of Jutland (www.netnatur.dk/muntjac).
Here, eight had been kept in captivity until the
owner discovered that was illegal: He said all had
been shot. In 2020 in Fyn (between Odense and
Middlefart), one was shot. No specific risk assess-
ment has been made, but the policy is to shoot as
soon as a report is received (Environmental Protec-
tion Agency 2020). The presence of muntjac at
Rambouillet in France in 1872 was mentioned by
Dansie (1970). Introductions around 1891 to some
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private estates and forests (probably Chambord and
Rambouillet) did not succeed in becoming
established in the wild (Whitehead 1993), but col-
onies have been maintained in some animal parks
including Clères in Normandy since before 1940
(Dubost 1970, 1971). In the late 1950s, escapees
from Clères established a localized population
which was present in 1982 (F. de Beaufort pers.
comm.). No further escapes occurred from that
park between 1966 and 1995 (P. Ciarpaglini pers.
comm. 1995). Three muntjac from Woburn Park,
England, were taken in about 1975 to an estate on
the Seine, half-way between Paris and Le Havre,
owned by a shooting enthusiast (editor of La
Chasse) where they were to be placed in a large
enclosure which previously had held hares (Lepus
europeaus). Progeny from here were later passed to
someone else, but the deer moved onto a neighbor-
ing estate (F. Marshall, pers. comm.). Richard
(1982–1983) described the skull of a Reeves’
muntjac killed in the woods at Bonnmare which
may have escaped from a small zoo at Pitres in
l’Eure, south of the Seine. In 1995, to the knowl-
edge of the spokesman for the Association
Nationale des Chasseurs deGrandGibier, nomunt-
jac were present in France, except possibly in a few
zoos (A.J.H. de Boislambert, pers. comm.). Either
this statement was in error, or further introductions
occurred. In 1998, someone in France was sourcing
muntjac from one or more wildlife parks in
England (A. Bullimore pers. comm.). One muntjac
was killed on a road in Brittany in 2012 (Belloy
2013) and another far away in Moselle in 2017.
From 2000 to 2019, there had been sightings and a
number shot in localized areas within three central
Departéments southwest from Paris (Loir et Cher,
Indre et Loire, Indre) (INPN 2020). The origin of at
least somewas from a captive collection which had
held 30 muntjac, descendants of a male and four
females imported fromMagdeburg Zoo, Germany.
Sightings 80 km away indicated an additional lib-
eration/escape point (Hurel et al. 2019). Some
muntjac from a wildlife park in eastern England
were taken to Germany in the 1980s, but no details
are available. Free-living muntjac were first
reported inGermany in 2004, then followedmostly
single sightings within five states, some of which
were shot (Nehring and Skowronek 2017). Later

reports came from widely scattered areas within
Rheinland-Pfalz, including Bad Kreuznach,
Kusel, Birkenfeld, Mayen, and near the towns of
Trier and Koblenz (Hofmann 2018), but may have
persisted only briefly. In Lower Saxony, in a forest
near Hildesheim, a skull was found (U. Kierdorf.
pers. comm.) In Northern Friesland in July 2020,
one was shot on the order of the Federal State of
Schleswig-Holstein within 2 days of being
reported. A private deer park at AItenfelden in
Oberosterreich, Austria, received some muntjac
from Woburn Park, England, in the latter part of
the nineteenth century (F. Marshall, pers. comm.).
About 90 km to the southeast around 2018, there
were reports of sightings of muntjac close to
Mondsee, not far from where some had been held
privately (pers. comm. anon). No established pop-
ulation was reported in 2020.

Many thousands of Reeves’ muntjac are at
liberty on two islands of Japan, following escapes
from zoos after typhoons in 1960 and 1970
(Asada 2009). Control measures have been
implemented (Tokyo Municipal Office (2017).

Abundance

No estimates of the population sizes in its native
range are available. The UK muntjac population in
2018 was estimated at 115,000–147,000 (Matthews
et al. 2018), but assessing population size is an
imprecise science (Smart et al. 2004). Elsewhere in
Europe, where the aim must be to eradicate the
species, reports (in 2020) are mostly of scattered
individuals or a few hundred sightings over a period.
Freeman et al. (2016) showed that the UK
populations are descendants of a small number of
founding females.

Description

Reeves’ muntjac is the smallest cervid free-living
in Europe. Summer pelage is a rich, glossy
red-brown over most of the body, but buff ven-
trally with a variable amount of white on the chin
and inner aspect of the thighs. Neck, ears, and
crown of males are often golden brown. Ears are
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broad, rounded, and 8.5 cm in length and almost
black on some individuals. The rhinarium is
black. Over the nasal bones, the hairs are short
and dark. Males (bucks) have conspicuous black
stripes over the frontal ridges, forming a Vusually
extending up the pedicles. Females (does) have a
dark/black kite-shaped pattern on the forehead.
The preorbital (suborbital) gland below each eye
is a distinctive feature in both sexes.

Dorsal and flank hairs are 25–28 mm, but hairs
on the edge of the rump are >40 mm. The tail is
rich chestnut dorsally, white ventrally, and is very
conspicuous when an alarmed deer flees, with tail
erect. Forelegs are often almost black on the front,
especially on males. The cleaves of the hooves are
about 23 mm long: 66% of 262 animals assessed
had at least one pair of unequal cleaves, almost
always the outer being slightly longer (author’s
own data).

A black nuchal stripe may be present or absent
in both sexes. Winter coat (achieved in
September–October in England) is duller, darker
brown. In England, molting occurs in April–June,
beginning at the head and shoulders. At birth, the
pelage is heavily spotted with buff spots which
gradually fade away by about 8 weeks. Males
develop their facial stripes by about 9 months.

Measurements

The values of the main measurements are reported
in Table 1 (Author’s own data). Very similar mea-
surements of body and skull for animals in China

are given by Sheng (1991) and Ma et al. (1986)
who compared them with four other species of
muntjac. The Formosan subspecies is slightly
smaller, body mass given as 12 kg for males,
8 kg for females (McCullough 2000). The lateral
(second and fifth) metacarpals are short (<30mm)
thin splints. Of the tarsal bones, the cubonavicular
and external and median cuneiform are fused into
a single bone (Hershkovitz 1982).

Skull

They are immediately distinguishable from any
other genus by the very large, deep preorbital
fossae and, on males, the frontal ridges which
merge on to the long pedicles (Fig. 3). Antlers
are streamlined, following the slope of the head.
For animals in England aged at least 2 years,
dimensions are given in Table 2 (Chapman 2008).

Dentition

Deciduous teeth 0.1.3.0 / 3.1.3.0, permanent den-
tition 0.1.3.3 / 3.1.3.3. The lower canine is
incisiform and abuts the third incisor. The last
deciduous premolar has three cusps, but its per-
manent replacement has only two, a useful guide
when assessing age. Deciduous premolars two
and three and permanent premolars two, three,
and four are lophodont but all permanent premo-
lars and molars are selenodont. Order of eruption
of permanent mandibular teeth: molars, first and

Table 1 Measurements for muntjac at least 2 years old, shot or killed on roads from King’s Forest. Suffolk, England

Males Females

Mean Range (n) Mean Range (n)

Whole body mass (kg) 14.9 12.3–17.0 (41) 13.3 10–16.0 (30)

Carcass mass (kg)a 9.8 8.5–12.25 (32) 8.5 6.75–10.25 (25)

Head and body length (cm) 84 78–91 (34) 82 77–91 (23)

Tail to end vertebra (cm) 13 10.3–17.0 (36) 12 10–14.5 (25)

Tail incl. terminal hairs (cm) 16 13–17.5 (31) 15 13–18 (22)

Ear length (cm) 8.2 7.5–9.0 (43) 8.1 7–8.5 (29)

Hind foot length (cm) 22.7 21.5–24.5 (40) 22.4 20–23.5 (28)

Shoulder ht. (cm) 48.5 46–52 (27) 47 45–50 (20)

Girth (cm) 58 29–65 (29) 55 50–61 (20)
acarcass mass ¼ head off, feet off at proximal ends of cannon bones, all viscera removed
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second incisors, premolars, third incisor and
canine. For maxillary teeth: first molar, canine in
males c. 21 weeks, second and third molars,
canine in females c. 53–57 weeks, premolars.
A full set of permanent teeth is achieved by
83–92 weeks (Chapman et al. 1985a).

Sexual dimorphism of the upper canine is
extreme. In the male, it is a curved tusk with a
sharp point and up to 60 mm long, of which a third
is within the alveolus: It is slightly mobile with
fore and aft movement of about 7 mm and laterally
4 mm. The root closes by about 5 years. The
outermost layer is enamel, as in Chinese water
deer, Hydropotes, but unlike the rudimentary
upper canines in other cervids. The tusks are
very efficient weapons, capable of slashing
another buck or potential predator, e.g., dog. Of
83 free-ranging bucks aged 3–5 years, 51% had
one or both canines broken. In females, the canine
is insignificant, only 17 mm of which two-thirds
are within its alveolus: One or both were congen-
itally absent in a few cases (0.02%, n ¼ 247)
(Chapman 1997).

Antlers

Detailed antler data are available from daily
observations over many years of a captive colony

of muntjac kept under seminatural conditions in
southeast England. Pedicles are first recognizable
from 20–32 weeks. By 32–46 weeks of age, ant-
lers appear and remain in velvet until 46–
76 weeks.

The first antlers are small knobs or short spikes
lacking a coronet. Young males subsequently syn-
chronize with the antler cycle of older bucks by
casting their first antlers in May or June (median
date May 26) when they may be 51–112 weeks
old. Thereafter, a regular pattern is established
with new antlers growing during the summer
(79–130 days, mean 106), velvet is cleaned from
August to October (median date September 14),
and hard antlers are retained until cast in late April
to mid-July (median date 27 May) (Chapman and
Chapman 1982). Second and subsequent antlers
have a coronet and typically a short brow tine
although its presence in 1 year does not necessar-
ily mean it will be present the next year. Casting of
both antlers on the same day occurred in 13.2% of
121 cycles: The longest intervals were 9–13 days
(Chapman and Bartos 2014).

From the captive bucks, the heaviest pair of
antlers (each 20 g) was an 11th pair, each just over
11 cm and had a brow tine <1 cm. Longer and
heavier antlers occur in some free-ranging
populations, e.g.,>13 cm. The antlers curve back-
ward and slightly inward, the span between the

Fig. 3 (a) Skull of adult female; (b) skull of adult male (photographs by B. Soper)

Table 2 Skull length and width (n ¼ 23 in males, n ¼ 19 in females)

Males Females

Range Mean Range Mean

Greatest length (mm) 162–176 167 154–169 162

Zygomatic width (mm) 73–82 78 71–78 74

Mandible length 123–135 129 122–133 127
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tips mostly 90 to 120 mm on mature bucks. The
pedicles of the first antlers are slender (30-70 mm
long), but subsequently remodeling of bone
results in shorter, thicker structures, but even in
old age it represents 19–43% of the total length of
the cranial appendage so is long in comparison
with pedicles of other deer.

Various morphological parameters of antler
velvet in eight species were investigated by
Bubenik (1993). The hairs of muntjac and roe
velvet closely resembled skin hairs, were the
most pigmented, and had the least complex seba-
ceous glands. Hair density was lowest in muntjac:
The hairs were 0.04–0.010 in diameter.

Scent Glands

On the head, the position of the pair of preorbital
sacs is very obvious. The opening is a curved slit
below the corner of each eye, leading to a sac with
strong semicircular sphincter musculature (Bar-
rette 1976) which lies within a large fossa. The
sac is composed of two pockets: The posterior
contains a cream-colored paste of sloughed epi-
dermal cells and lipids; the anterior pocket has
fewer sebaceous and apocrine sweat glands and
lacks paste. There is some sexual dimorphism –
males having larger multilobed sebaceous glands
and thicker hairs in the posterior pocket (Rehorek
et al. 2005). During urination, defecation, and
courtship, the slits are opened wide or the sac
everted. Often at the same time, the long, very
mobile tongue (14.5 cm) is flicked in and out of
the mouth, so its tip (5.5 cm) passes over or into
the open gland. The gland is active from an early
age: Young fawns sometimes open the sacs while
being groomed by the dam. Analysis of volatiles
from the preorbital gland of muntjac showed the
secretions to be individually distinct and with the
potential for conspecifics to identify sex and pop-
ulation origin (Lawson et al. 2000, 2001).

The frontal glands, present in no other cervid,
are shallow, almost hairless grooves 3–4 cm long
on the forehead, within the black stripes of males/
at edge of dark marking of females, which are
frequently wiped on the ground or vegetation,
especially by bucks. Males also fray the bark of

young trees with their incisors and rub the area
with their pedicles. Scent-marking, mating, and
social interactions are well illustrated by Dubost
(1971) and also discussed by Barrette (1977c).

A third pair of scent glands, the interdigital, lies
in a hair-lined cleft (about 3 cm long) between the
cleaves of the hind feet. The secretion produced
here may be deposited when walking. A chin
gland (15-28 mm) is listed in a comparison of
characteristics of five extant species ofMuntiacus
(Ma and Wang 1991).

Anterior orbital gland. Within the anterior
aspects of the orbit, closely associated with the
nictating membrane, lie the red-brown Harderian
gland and the white nicitans gland now shown to
be one bilobed gland, the anterior orbital gland. In
males, it is significantly larger than in females
(mean mass 7.62 g males; 1.42 g in females,
n ¼ 25). The white lobe secretes mucus: The
other lobe produces serous and lipid secretions
(Rehorek et al. 2005, 2007).

Feces also serve as scent markers. Fecal pellets
are shiny, black, cylindrical, or nearly spherical,
5-16 mm long, 82% in 8-11 mm range; decompo-
sition periods for 82 samples voided in February:
100% by 122 days (Chapman 2004a). Typically,
20–120 pellets are voided per defecation. The
same spot may be used repeatedly, creating a
latrine heap and leaving scent signals about the
depositor(s).

Both sexes have paired paraurethral glands,
respectively, alongside the vagina and proximal
urethra. In males, their secretion may contribute to
marking territory. Vulval licking by males is fre-
quent: The secretion from the female may have a
role in recognition of bonding between the sexes
(Dansie and Williams 1973).

Age Determination

For field observations, the following categories
were found useful: Fawns: up to 8 weeks old,
coat spotted, or spots fading. Juveniles: indetermi-
nate sex, 2–5 months, and up to 3/4 grown. Imma-
ture females: 5–8 months, 3/4 to full-grown.
Mature females:>8months, full size, and breeding
age. Subadult males: 5–26 months, antler status
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varies from having pedicle bumps to hard first
antlers. Adult males: enter this class between
14 and 26 months, after casting the first set of
antlers (Claydon et al. 1986). The sequence of
eruption of the teeth (Chapman et al. 1985a) and,
for older deer, the pattern of wear on the molars can
be a useful guide to age (Chapman et al. 2005).

Physiology

Muntjac are classed as concentrate selectors,
having frequent feeding bouts, taking easily
digestible plant parts, low in fiber, which are
rapidly broken down by bacteria (Hoffman
1985). They have larger salivary glands relative
to body mass than red deer or Chinese water deer
(Kay 1987). The rumen has just two blind sacs
and measures approximately 22 cm � 20 cm.
Density of ruminal papillae varies with the sea-
sons and position on the mucosa, but overall
average density, from 113 rumina from free-
ranging muntjac in England, was 66.96/cm2. Aver-
age papilla length was 2.53 mm and width
0.86 mm (Pfeiffer 1993).

The thymus consists of two cervical and two
thoracic lobes. Fetal development is rapid, and its
mass does not change significantly between birth
and 1 year. From then, it declines and by 6 years is
very small. It seems less responsive to sexual
changes than in fallow deer Dama dama, perhaps
because of the year-round breeding. Involution
occurs in old age or with trauma (Chapman and
Twigg 1990).

From the pituitary gland, removed immediately
after death, the ultrastructure of the adenohypoph-
ysis was observed (Young and Chaplin 1975).
Thyroid ultrastructure was also described by
Young (1976).

Genetics

M. reevesi has the highest number of chromo-
somes within the genus, 2n ¼ 46 for both sexes:
All are acrocentric except for the small

submetacentric Y. Chromosome studies on feral
muntjac in England confirmed their specific iden-
tity asM. reevesi at a time when their status was in
doubt (Chapman et al. 1983).

Hybridization in captivity between M. reevesi
and M. m. vaginalis gave 2n ¼ 26 for a female
and 27 for a male (Shi et al. 1980). Old records
from London Zoo reported that such hybrids were
fertile (Gray 1971), but Shi and Pathak (1981) found
that in a hybrid male spermatogenesis was arrested
at an early stage.

All the other species have much lower diploid
numbers, including those discovered in the 1980s
and 1990s (i.e., M. putaoensis in Myanmar
(and more recently in Tibet Li et al. 2017),
M. truongsonensis in Vietnam, and M. vuquan-
gensis in Laos, Vietnam, and Cambodia) but the
lowest is in the Indian muntjac M. muntjak where
2n is 7 for a male and 6 for female – the lowest
known for any mammal (Wang and Lan 2000).

Life History

Growth

The mean body mass within 24 h of birth was
1209 g (range 900–1500 g), n¼ 53 (male 27, female
26), in a captive colony maintained in grass pad-
docks and fed, according to season, on carrots,
potatoes, acorns, horse chestnuts, ivy Hedera helix,
browse cut from deciduous trees, and large umbel-
lifers (Anthriscus sylvestris and Heracleum
sphondylium), sometimes supplemented with flaked
maize. By 29 weeks and 33 weeks, two male fawns
attained the mass of 7 kg and shoulder height of
40.5 cm. Some males before the age of 1 year
achieved a body mass and shoulder height within
the range for males two or more years old (see
Table 1). Year-round breeding means that not all
young are born in the same season, a factor which
may influence growth rates in feral populations. For
Formosan Reeves’ muntjac, Pei (1996) gave infor-
mation for postnatal growth using data from animals
trapped in Taiwan. Age was assessed for 383 deer
from eviscerated bodymass, diastema length, and in
males, upper canine length.
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Reproduction

Unlike cervids native to Europe, muntjacs are
aseasonal breeders with a postpartum estrus.
Although adult muntjac have a synchronous antler
cycle, there is little seasonal variation in the size
and activity of testes, epididymides, or accessory
reproductive glands. Spermatogenesis continued
when antlers were in velvet, and year-round fer-
tility was achieved (Chapman and Harris 1991) as
it was for M. r. micrurus in Taiwan (Pei and Liu
1994; Pei et al. 1995). There is a disseminate
prostate gland, and paired seminal vesicles.

If a doe does not conceive within a few days of
giving birth, she will come into estrus at intervals
of 14–15 days until mated successfully. A singleton
is the norm, but there are rare reports of twin fetuses
and a doe seen with two fawns. Implantation is
almost always in the right horn of the uterus as
first reported by Chapman and Dansie (1969) who
also described the genital tract and fetal develop-
ment (1970). The placenta is polycotyledonary.

First conceptions in the captive colony in the
south of England occurred at 5–6 months, but
more usually at 7–10 months with the potential
to give birth at intervals of about 7 months. The
minimum inter-birth period recorded in the same
captive population was 211 days: mean for
12 does from 47 births was 219 days (author’s
own data). This fecundity can be maintained over
many years, e.g., 22 fawns by the time one doe
was 14 years old. Productivity is likely to be 1.6
fawns/year. Birth occurs in all months (Chapman
2020), and the sex ratio is close to parity (n ¼ 53
captive births, and 200 uteri with sexable fetuses:
author’s own data): parity also reported from Ber-
lin Zoo (Frädrich 1997). Neonates within 24 h of
birth weighed 900-1500 g (n¼ 30), mean 1209 g,
and have a length of about 42 cm, shoulder height
26 cm, girth 24 cm, hind foot 13 cm, and ear 5 cm.

Survival

In the aforementioned captive colony, both sexes
attained ages in the midteens and elsewhere a doe
died at 19 years 11 months. The oldest record in a

zoo is given as 23.2 years (Müller et al. 2010). In a
free-ranging population in the King’s Forest,
England, the oldest known survivor (female, ear
tagged when young) lived until 13 years, but in a
sample of 85 females killed on roads adjacent to
the area, only 20% were estimated to be 5 or more
years old (author’s data).

Habitat and Diet

Habitat Selection

In many locations in the U.K., muntjac are sympat-
ric with one or more other species of deer, most
usually roe (Capreolus capreolus) and/or fallow
(Dama dama) but in some areas red (Cervus
elaphus), sika (Cervus nippon), or water deer
(Hydropotes inermis) (Cooke 1998). Their preferred
habitat includes a diversity of plant types, especially
highly nutritious herbs, shrubs, and nut-producing
trees (Chapman et al. 1985a; Chapman and
Tutchener 2017). However, muntjac also utilize
pine forests with less diversity where they favor
older stands and areas with greater cover (Hemani
et al. 2004). In England now, the range of habitats
occupied by muntjac extends beyond woodland to
fenland, arable landscapes, and series of gardens
within villages and towns (Cooke 2019).

Diet

In England, but not on the continent, there have
been many studies of the effect muntjac have on
vegetation. However, many of the herb and tree
species are the same or similar in western Europe,
so the impacts would be expected to be similar.
Direct observations (Cooke 1997, 2001; Diaz and
Burton 1996), identification of plant epidermal
cells from fecal pellets (Harris and Forde 1986),
and inspection of rumen contents have all shown
that muntjac browse on wide range of shrubs and
graze on herbs. Grasses such as Agrostis tenuis,
but not coarse grasses, can be important in winter
and when sprouting early in spring (Jackson et al.
1977). Ivy (Hedera helix) is especially taken in
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winter, and bramble, Rubus fructicosus agg., is
taken all-year, but some of its many species are
not eaten (Chapman 2015/16). Where muntjac
lived in a mosaic of deciduous woods and arable
land, their diet included leaves from a wide range
of trees, berries, and fungi. Wheat grains ingested
in four winter months had been taken from feeders
provided for pheasants (Chapman and Tutchener
2017).

Spatial Movements

The home range of an individual deer must vary
according to the quality and diversity of the hab-
itat. During a 5-year-long radio-tracking study in a
mainly coniferous forest with about 12% broad-
leaved trees (the King’s Forest, Suffolk, England),
home ranges of adults (calculated as minimum
convex polygons) were 20–28 ha for males and
11–14 ha for females (Chapman et al. 1993).
Subsequent to a serious gale, the habitat became
more diverse, the muntjac population doubled,
and ranges halved (Keeling 1995). Ranges of
males encompassed ranges of several females
with no or very little overlap with that of another
male. Ranges of females did overlap. The same
pattern of virtual separation of ranges of males but
considerable overlap of female ranges has been
reported in semicaptive situations (Dubost 1970;
Miura 1984; Harding 1986).

In contrast, in southern Taiwan, where M. r.
micrurus is heavily exploited by local hunters,
studies of radio-collared muntjac were undertaken
within 4.2 km2 in the Central Mountain Range.
Muntjac used all the microhabitats, but most
activity was within the densely vegetated gaps in
the forest which are created by wind throws
caused by typhoons. The home range for four
males ranged from 63 to 161 ha, and for three
females the ranges overlapped, 68 to 168 ha
(McCullough et al. 2000).

The ranging behavior and activity pattern of
radio-collared adult muntjac (11,000 radio fixes)
and adult roe (3000 fixes) were analyzed by Forde
(1989). There was no significant seasonal change
in home range size nor diurnal or seasonal shifts.
On average, muntjac were active for 69% of each

24-h period. Activity peaked around dawn and
dusk but was reduced at – 4 �C. Distances traveled
were 0.7–1.1 km/day.

Behavior

Social Organization

Muntjac do not aggregate into groups. Most
sightings are of a lone animal, or a doe with her
fawn, buck and doe together, two females
together, or both sexes with a fawn. An adult
buck defends his home range which is likely to
encompass the ranges of several females. Some
overlap of their ranges is permitted by does
although they have exclusive core areas. When
moving unhurriedly within its home range, a
muntjac potters along, often with nose toward
the ground. When two are together, the second
follows behind, on the exact route of the other.
Muntjac are competent swimmers and have been
seen crossing lakes.

Age of dispersal from the natal area is variable.
In the King’s Forest, some males moved on before
growing pedicles, some much later. Some females
established their mother’s range overlapping.
Most known relocations within the Forest were
less than 4 km, but the longest known dispersal
was of a tagged adult killed on a road 21 km away.

Foraging

Feeding periods peaked early in the morning,
middle of the day, and dusk but could be at any
time. Five active periods/24 h were typical (Forde
1989). Camera traps have shown that much feed-
ing takes place at night (Cooke 2019). A feeding
bout is followed by ruminating while lying up in
cover, such as a tunnel within dense bramble.

Mating Behavior

A buck defends his home range within which he
has the opportunity to copulate with any doe,
irrespective of the stage of his antler cycle or
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time of year. In low density populations, a buck
and doe may form a bond, frequently seen
together whatever her reproductive state. An
estrus doe often barks as she walks with her tail
raised. Chases by a buck can be relentless, with
neck stretched low with nose to her vulval area,
licking her urine, exhibiting flehmen, and mount-
ing her frequently: These activities are illustrated
in the comprehensive account of social behavior
by Barrette (1977a). The buckmay lift the rump of
the doe with his forehead or antlers and self-
groom between these activities. Afterward, the
female walks away or feeds (Yahner 1979).

Parental Care

A concealed spot is selected to give birth, in a
dense patch of vegetation. The hiding phase lasts
about 4 weeks. Thereafter, activity bouts by the
fawn becomemore frequent (Yahner 1978). When
a fawn is being suckled (there are two pairs of
nipples), the dam frequently licks the anal area to
stimulate defecation and thoroughly grooms other
parts of the body. Yahner (1978) reported weaning
to occur at 8 weeks although lactation has been
observed in captivity up to 118 days after giving
birth (author’s own data).

Aggression

A dominance display precedes fighting between
two bucks. Shoving, twisting, and clashing of
antlers leads to a position whereby one male can
rotate his head sideways and upward to deliver a
downward blow with a tusk, inflicting cuts to the
neck, side of the face, or ears of the other buck
(Barrette 1977b). In England, a mature buck that
was shot had 16 mm of antler protruding from
close to the right ear, a further 11 mm was embed-
ded in the skin. The thickness of the dermal shield
in the neck area had prevented damage to the
underlying muscle (Chapman 1996). Sparring, a
harmless form of combat, has been observed in
captivity. Two bucks make nose to nose contact
before antler contact: A bout of allogrooming
sometimes follows (Barrette 1977b).

Senses and Communication

As befits a solitary species whose natural habitat
is densely vegetated, with very limited visibility,
vocalization and olfaction are both of the utmost
importance for communication. Barks of a munt-
jac are less gruff than those of roe deer but might
be mistaken for those of a fox (Vulpes vulpes).
These vocalizations are very loud, often repeated
in rapid succession for many, even hundreds of
times, by either sex. In Taiwan, the duration of
1467 bouts of barking by M. r. micrurus lasted
from <1 s (one bark) to 27 min (262 barks)
(Chen and Wang 1994). Yahner’s (1980a) obser-
vations of a captive population concluded barks
were mostly solicited when a strange object or
potential threat was detected. Females bark when
in estrus, utter a submissive squeak during court-
ship, and whimper when pursued by an over-
amorous male. A fawn caught by a predator
squeals and bleats. Both sexes scream extremely
loudly when, for example, trapped in a fence
or gate.

Scent Marking

Observations during 4 months of four males and
four females in a large enclosure showed that
scent marking, with open preorbital glands and
wiping with frontal glands, was performed more
by males than females, and dominants more than
subordinates. Deer repeatedly marked over their
own marking places and feces but sometimes
over the spots where conspecifics had left urine
or feces, so communal latrines developed (Bar-
rette 1977a). The odor profile is different for
individual deer so acts as social communication,
informing conspecifics who is where (Lawson
et al. 2000).

When facing a potential threat, the deer may
stamp a fore foot with sufficient force to produce
an audible thump. Grinding of teeth as part of a
threat display by captive adult male Formosan
muntjac was noted by Stadler and Hendrichs
(1987), and Clark (1981) described this sound as
clicking, usually produced by a buck when
anxious.
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Parasites and Diseases

In England, one species of biting louseDamalinia
indica (¼ Cervicola or Tricholipeurus indica) is
more common than the sucking louse Selenopotes
muntiacus, but the burden is usually very light,
occurring mainly in the groin and on the chin.
Muntjac are also host to the tick Ixodes ricinus:
The burden on muntjac was observed to be very
much lighter than on roe deer (Capreolus
capreolus) in King’s Forest in England. The orange
larvae of the mite Neotrombicula autumnalis have
also been recorded (author’s own data).

Lungworms have not been reported from
muntjac in England although 120 lungs and tra-
chea from five counties have been examined. Nei-
ther liverfluke nor bladderworm cysts have been
recorded. Abomasal washings from 40 muntjac
yielded small numbers (maximum 25) or no
nematodes: Spiculopteragia asymmetrica and Tri-
chostrongylus spp were identified (author’s own
data). In Japan, three species of exotic nematodes
have been identified in a feral population (Setsuda
et al. 2020).

Reports of infectious disease in muntjac in
England are extremely rare. One case of Myco-
bacterium bovis was confirmed in southwest
England (Delahay et al. 2001). In a survey of
wild mammals in that region, 3 of 55 muntjac
were culture positive for bovine tuberculosis
(Delahay et al. 2005). At densities as low as
<6/km2, muntjac could be spill-out hosts and
above 56/km2 could be maintenance hosts (Ward
and Smith 2012).

Blood samples from 196 muntjac from
Thetford Forest, England, were tested for patho-
gens. Two were positive for Anaplasma
phagocytophilum (Duscher et al. 2020). In North-
ern Ireland, a novel gammaherpes virus (genus
Rhadinovirus) was detected in wild muntjac
(McKillen et al. 2017).

Muntjac are susceptible to foot-and-mouth dis-
ease (Gibbs et al. 1975). Pneumonia appeared to
be the final cause of death for 46 starved muntjac
in a dense, unmanaged population in England
(Cooke et al. 1996). Hypertrophic osteopathy
(Marie’s disease) on lower limb bones has been
observed (Chapman 2004a), and diseases of limb

joints have also been reported from free-living
muntjac (Green and Chapman 1993; Middleton
1975). Examples of scoliosis, spondylosis, man-
dibular and maxillary bone lesions, intervertebral
disc disease, and carcinomas have been seen
(author’s own data). A possible poisoning by
oxalic acid from eating leaves of sugar beet
(Beta vulgaris) was reported (Chapman 1988).
Hydromyelia was diagnosed in a 24-day-old cap-
tive fawn in the USA (Dutton et al. 2002). A novel
gammaherpes virus, genus Rhadinovirus, was
detected in a wild muntjac in Northern Ireland
(McKillen et al. 2017).

If a captive muntjac requires veterinary proce-
dure or a field study necessitates attaching a radio-
transmitter on a collar, immobilization will be
required. This can be achieved by injection of
xylazine or methohexitone. The latter was more
appropriate for use in the field but xylazine, giving
a slower but calmer recovery period, and is suit-
able for a captive animal recovering in a small
enclosure (Cooper et al. 1986). Designs for a
suitable holding crate and examination crate
have been described (Chapman et al. 1987).
Deaths from exertional myopathy have been
reported (Wallace et al. 1987). A veterinary
review of keeping Chinese deer was given by
Seidel (1993). Erythrocytes of many cervids
exhibit sickling, forming a variety of bizarre
shapes, burr-shaped in the case of Reeves’ munt-
jac. Sickling is a hereditary physiological charac-
teristic of the blood but does not result in
hemolytic anemia or vascular occlusion as it
does in man (Chapman 1977).

Population Ecology

Competition

Any competition for resources for muntjac in
England is most likely to be with roe deer, and
this would be expected in much of Europe. Both
species are concentrate selectors seeking a wide
range of herbaceous plants, shrubs, and fruits, but
in winter both species especially exploit bramble
(Rubus) (Forde 1989; Hemani et al. 2004). In the
King’s Forest, great spatial overlap, but low
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temporal overlap, was observed between these
two species (Chapman et al. 1993; Forde 1989;
Wray 1992) as was the case in Thetford Forest
where there was apparent displacement of roe
when muntjac densities increased (Hemani et al.
2005).

When muntjac and roe deer are sympatric,
some reduction in roe density is to be expected.
That was the conclusion of Forde (1989) whose
research was in the King’s Forest when muntjac
density in his study area was believed to be
15/km2 compared with 11.4 roe/km2. In a similar
habitat, Hemani et al. (2005) found areas where
muntjac density was three times that of roe. His
data also showed substantial reduction in body
mass across the age classes for roe and a reduction
in fertility (Hemani 2003; Dolman and Waeber
2008). Muntjac were more active by day and roe
by night, so this reduced any interference compe-
tition (Forde 1989).

A high degree of dietary overlap between
Brown hares (Lepus europaeus) and muntjac
was seen in winter within the King’s Forest as
shown by the identification of plant-epidermal
fragments in fecal pellets (Wray 1994), but in
spring/summer hares moved to surrounding
arable land.

Predators

The only wild predator of muntjac in the U.K. is
the red fox (Vulpes vulpes). In the King’s Forest
study area, it was believed that about 50% of
fawns were taken by foxes before reaching
2 months of age (Chapman and Harris 1996),
and when foxes became resident in Monks
Wood, Cooke (2014) observed a decline in the
recruitment to the muntjac population. The level
of predation will depend upon the density of both
the muntjac and fox populations and the availabil-
ity of alternative prey including roe deer fawns,
small mammals, and rabbits. Muntjac would be
suitable prey for wolves if the European distribu-
tion of the two overlapped. Dogs chase and maim
or kill some muntjac and may receive serious
injuries from the upper canines or antlers of a
buck trying to defend itself.

Conservation Status

The IUCN Red List 2018 categorized Reeves’
muntjac as Least Concerned although in its native
range it is decreasing because of high hunting
pressure and degradation of habitat (Sheng and
Xu 1990).

Management

Where muntjac are present in continental Europe,
the aim is to eradicate them, but in the U.K. that
would be impossible because they are so long-
established, numerous, and widely distributed.
Small size and concealing habits mean that munt-
jac may pass unnoticed while their population
increases and their reproductive potential enables
a population to build up rapidly. Early control is
essential to prevent the establishment of new
populations.

Since 2002, the British Deer Society has orga-
nized surveys to monitor all deer species at
roughly 5-year intervals. Between 1972 and
2002, muntjac range, expressed in 10 km2, was
estimated to have expanded at a compound rate of
8.2% a year (Ward 2005) and peaked at approxi-
mately 12% between 2002 and 2005 (Ward 2021).
The 2016 survey reported muntjac in 887 10 km
squares, an increase of 8.7% since 2007 (Smith-
Jones 2017).

Population density depends on availability of
diverse food sources year-round, cover, presence
of other herbivores especially other deer species,
level of predation, and disturbance factors such as
forestry work and shooting. Several methods of
assessing density have been tried. Assessing num-
bers by methods used for herding species is not
appropriate for small, secretive muntjac. To esti-
mate approximate densities in several deciduous
woods in eastern England, Cooke (2019) scored a
suite of field signs indicating the presence of
muntjac: foot prints, paths, fecal pellets, scrapes,
resting places, frayed woody stems (20-60 cm
from the ground), and woody stems bitten through
at 70–200 cm above ground level. His highest
score suggested a density of 110 per km2. For
206 ha, in which no culling took place, within

2 Reeves’ Muntjac Muntiacus reevesi (Ogilby, 1839) 43



the King’s forest, a census figure for the total
population (excluding fawns) was derived from
intensive observations by experienced observers
traversing the blocks and watching the perimeters.
Over three consecutive winters, the population
remained remarkably constant, with an average
of 15 muntjac per km2 but then increased to
27 per km2 (Blakeley et al. 1997). Estimates of
density can be misleading if no account is taken of
deer which commute to feed in areas beyond their
known woodland home base. Density has also
been estimated by counting the standing crop of
dung along transects (Hemani and Dolman 2005)
or by thermal imaging (Hemani et al. 2007). In
2001 for one mainly coniferous block (13 km2) of
Thetford Forest, density was estimated by thermal
imaging to be 20 muntjac per km2. By this method
in 2002, for the whole of that Forest (185 km2) the
estimate was 64 per km2. On an adjacent 102 km2

of heathland used for military training and sheep
grazing, thermal imaging indicated a density of
about six muntjac per km2 (Waeber et al. 2013).
Camera traps may be deployed to confirm identify
and record behaviors and proved useful where
muntjac were suspected of colonizing a new area
in Northern Ireland (Dick 2017).

Snow impedes movement, and severe winters
with persistent deep snow covering all available
forage would be a limiting factor for muntjac to
establish in some parts of Europe. Such winters
are rare in England but occurred in 1962–1963
when many muntjac starved to death. Climate
warming may enable muntjac to extend their
range. When windchill was less than 0 �C Yahner
(1980b), observing muntjac in large enclosures at
the National Zoological Park, Virginia, noted that
the deer stayed in a shelter or adjacent to tall
vegetation.

Impact on Conservation Habitats

Impacts in conservation woodland can be serious
where muntjac densities are high (Cooke 2004)
with direct effects seen on woody vegetation
(Tabor 1993; Cooke and Farrell 2001) and ground
flora (Cooke 1994, 1997, 2006, 2021; Diaz and
Burton 1996; Tabor 1999).

Rackham (1975) and Tabor (1993) highlight
damage to woodland ground flora (especially
oxslip Primula elatior) which they attribute to
high grazing pressure from fallow deer and munt-
jac. Cooke has also reported comprehensively on
the effects of muntjac at high densities on other
elements of the ground flora (primroses, Primula
vulgaris; bluebells, Hyacinthoides nonscripta;
dog’s mercury, Mercurialis perennis; and com-
mon spotted orchid,Dactylorhiza fuchsia), within
Monks Wood (Cooke 1994, 1995, 2006) although
these impacts were recorded at extremely high-
population levels. The extent to which these
heavy impacts are more widely representative is
uncertain.

Heavy impacts on the field and ground layer in
woodlands may have a pronounced effect on
diversity of plant species present, and with indi-
rect effects on other fauna including invertebrates
(e.g., Pollard and Cooke 1994; Cooke and Farrell
2001; Flowerdew and Ellwood 2001; Fuller et al.
2005).

After many years with little management in
many areas of the U.K., muntjac are now con-
trolled to some extent by culling (Smith-Jones
2004; Downing 2014). They have no Closed Sea-
son because they breed at any time of year. In
managed populations in England, for humane rea-
sons, shooting a heavily pregnant female is good
practice because her previous fawn will have
become independent. Each European country
has its own legislation relating to shooting (rifle
caliber, etc.). Since 2019 under the Invasive Alien
Species (Enforcement and Permitting) Order, any
injured muntjac taken into care must not be
released.

Fencing, at least 1.5 m high, may be erected
round new plantations or areas needing special
protection (Cooke and Lakhani 1996; Putman
1996a), and individual saplings can be protected
by tree shelters (1.2 m tall). Removal of muntjac
from residential areas remains a challenge.

Economic Value

In England, some land owners gain income from
letting shooting rights or accompanying guest
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stalkers. The venison is gradually gaining in pop-
ularity and can be purchased from some game
dealers. In the UK, little use is made of the pelts,
but in China they are processed for high-precision
polishing leathers.

Conflicts with Humans

Damage to forestry is localized though muntjac
may seriously compromise establishment and
may cause significant damage to coppice
regrowth through browsing and stem breakage
(Tabor 1993; Cooke 1994, 1998, 2006; Cooke
and Farrell 2001). In the U.K., reports of damage
to horticultural and agricultural interests are
relatively few although some farmers have expe-
rienced localized damage (Putman and Moore
1998). Retail garden centers and market gardens
need very secure perimeter fencing. In recent
years, the presence of muntjac in villages and
towns in the U.K. has brought them into conflict
with residents. Their impact on garden plants and
vegetable plots can be severe, distressing, and
expensive for the owners (Chapman et al.
1994a). Access may be gained under or through
a hedge or fence, over a wall (an adult doe jumped
a 1.52 m wall adjacent to a road when disturbed)
or through a gate. There are examples of immature
and adult deer becoming stuck between vertical
bars (8 cm apart) of metal gates (Chapman 2010).
In these locations, control by shooting is rarely an
option, and exclusion is often difficult to achieve.
Deer vehicle collisions are a serious problem in
the U.K., and those involving muntjac have been
estimated to be around 18,600/year (The Deer
Initiative).

Future Challenges for Research
and Management

In the UK, constant surveillance and control are
required to prevent further increase of this alien
species which is so well established. In other
countries, action needs to be taken immediately
if a feral muntjac is reported: A population can
build rapidly. Any country in a temperate or

warmer zone where muntjac are present in captiv-
ity should be very vigilant regarding biosecurity
and aware of the potential serious problems
should any escape or deliberate liberations occur.
Nentwig et al. (2018) regarded muntjac as one of
the “100 worst” alien species in Europe. Under the
Convention on Biological Diversity (1992), the
Bern Convention (1979), and the European Hab-
itats Directive (EEC 43/920), there are interna-
tional obligations to address issues regarding
Alien Invasive Species.
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Common Names

English Red deer

German Rothirsch, Edelhirsch

French Cerf élaphe

Spanish Ciervo común, ciervo rojo

Italian Cervo rosso, cervo nobile

Russian Благородный олень

Now that the Central Asian red deer have been
classified as a distinct species (see section “Tax-
onomy and Systematics”), the name red deer is, on
a global scale, somewhat ambiguous. Therefore,
the species dealt with here is sometimes called
Western or European red deer, but in a European
context, red deer will suffice.

Taxonomy and Systematics

Eurasian red deer (Fig. 1), Asian sika, and East
Asian/North American wapiti or elk are very
closely related taxa that are able to interbreed
freely, which they do in captivity or where they
co-occur naturally or through human introduc-
tions (see ▶Chap. 4, “Sika Cervus nippon
Temminck, 1838,” in this volume). There is as
yet no final consensus on species boundaries and
taxonomy. For a long time, red deer and wapiti
were combined into Cervus elaphus with various
subspecies, to the exclusion of sika. A general
problem, apart from interbreeding, was that in
many analyses based on mitochondrial DNA
sika and wapiti are sister taxa to the exclusion of

52 S. Mattioli et al.



the Eurasian red deer (for recent studies, see
Lorenzini and Garofalo (2015), Doan et al.
(2018) and Meiri et al. (2018)). This is in clear
contradiction to the morphology of the three taxa,
and the first comprehensive nuclear genetic study
has indeed found a sister group relationship of
wapiti/elk and red deer to the exclusion of sika
(Hu et al. 2019). There also seems to be a consen-
sus today to treat wapiti/elk as a distinct species
(Cervus canadensis), leaving the name red deer
for the European, West and Central Asian taxa.
Even this latter group shows evidence of compris-
ing two divergent taxa that could be and have been
classified as distinct species: Western red deer
Cervus elaphus, (Fig. 1) and Central Asian red
deer Cervus hanglu. The latter, according to the
most recent genetic datasets (Lorenzini and
Garofalo 2015; Meiri et al. 2018), comprises the
subspecies (formerly classified under C. elaphus)
bactrianus, yarkandensis and the critically endan-
gered hanglu.

The position of C. hanglu relative to
C. elaphus and C. canadensis also depends on
the molecular marker system used. Mitochon-
drial DNA yields a sister group relationship
between C. hanglu and C. elaphus to the

exclusion of wapiti (Lorenzini and Garofalo
2015; Doan et al. 2018; Meiri et al. 2018),
while nuclear markers favor C. hanglu as sister
to C. canadensis to the exclusion of C. elaphus
(Hu et al. 2019).

For Europe, this does not changemuch – all red
deer still belong to Cervus elaphus. The intraspe-
cific taxonomy of the red deer in Europe, as would
be expected for an animal as iconic and wide-
spread, has a long history, and a large number of
subspecies have been described (see Grubb
(2005) for a detailed list). A thorough revision
based on all available evidence and, importantly,
comprehensive quantitative morphological data is
long overdue. For Europe as defined here the
following subspecies are often listed (for details
and descriptions of their morphology, ecology,
and behavior, see Dolan (1988), Geist (1998)
and O’Gara (2002)):

C. e. elaphus Linnaeus, 1758 – Southern and
Central Sweden

C. e. atlanticus Lönnberg, 1906 – Southwestern
Norway

C. e. scoticus Lönnberg, 1906 – British Isles

Fig. 1 Red deer herd: a stag with females and calves (photograph by Andrea Dal Pian)
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C. e. hippelaphus Erxleben, 1777 – continental
Europe

C. e. hispanicus Hilzheimer, 1909 – Iberian
Peninsula

C. e. italicus Zachos et al., 2014 – Nature Reserve
“Bosco della Mesola,” Ferrara province of
Italy, at the southern edge of the Po river delta

C. e. corsicanus Erxleben, 1777 – Tyrrhenian
islands (Sardinia and Corsica)

C. e. maral Gray, 1850 – Anatolia, Caucasus,
Northwestern Iran

Depending on taxonomic predilections, some-
times C. e. elaphus is taken to include all
European red deer except for the subspecies
corsicanus, italicus, and maral; or the hippelaphus
subspecies only includes Western European main-
land deer, while the Eastern populations are
classified as C. e. pannoniensis Banwell, 1997
(sometimes called montanus, which is a preoccu-
pied name); or scoticus is included within
hippelaphus; and so on. The Barbary stag of Algeria
and Tunisia, C. e. barbarus Bennett, 1833, occurs
outside Europe but is closely related to C. e.
corsicanus (see “Genetics” section).

Traditionally, subspecies classification was
based on size, antlers, and pelage characteristics
(including the rump patch and the neck mane)
but recently bioacoustic analyses have also
found differences between subspecies, particu-
larly confirming the phenotypic distinctness of
the Tyrrhenian and the Mesola red deer (Kidjo
et al. (2008), Della Libera et al. (2015)) as well
as the Iberian red deer (Volodin et al. 2013;
Passilongo et al. 2013) that also shows a unique
behavior of tongue protrusion while roaring (Frey
et al. 2012). At least some of the populations
classified as subspecies have also been shown to
be genetically distinct (see “Genetics”).

Paleontology

European red deer have a highly abundant and
widespread fossil record, from their first occur-
rences around 800 kya or possibly as early as one
million years ago (around the Early to Middle
Pleistocene boundary) to the Holocene. The

genus Cervus is believed to derive from
Pliocervus of the Pliocene (c. 5.0–2.6 mya), the
earliest representatives of the Cervus genus dat-
ing toward the end of that interval (Vislobokova
2008). The direct ancestor or sister group of the
Cervus elaphus/canadensis clade is uncertain,
but several species of the Late Pliocene to Early
Pleistocene (3–2 mya) have been proposed,
including C. nestii, well known from the Early
Pleistocene of Italy and Britain, a fallow-deer-
sized species with four-point antlers resembling
those of small modern red deer subspecies such
as C. e. barbarus (Croitor 2018). The earliest
representatives of the C. elaphus/canadensis
clade, with their characteristic pair of lower
tines (brow and bez), occurred widely in Europe
between 800 and 500 kya and have been named
C. e. acoronatus as they lack the antler “crown”
and resemble extant Bactrian deer in possessing a
simple transverse terminal fork. They are
replaced in Europe by coronate red deer from
400 kya onward (Lister 1986).

Throughout the sequence of Middle and Late
Pleistocene interglacials in Europe, red deer were
a consistently widespread and abundant element
of the large mammal fauna. The species’ range at
different times extended from the Iberian Penin-
sula to the western flanks of the Urals (Meiri et al.
2018). In the intervening glacial phases, its range,
like that of many temperate mammals, was
reduced; this is best understood for the last glacial
period (c. 100–12 kya) when the European range
was largely restricted to the south, before
expanding rapidly northward in the early Holo-
cene (Sommer et al. 2008). Nonetheless, there are
clear indications of more northerly populations,
perhaps during brief warm periods (interstadials),
represented, for example, by the deer fossils from
Kent’s Cavern (c. 40–30 kya) and Gough’s Cave
(c. 14 kya) in SW England. Niedziałkowska et al.
(2021) suggest that winter cold was the main
limiting factor to their distribution. Recent studies
based on dental wear have shown the broad die-
tary flexibility of red deer through its Pleistocene
record, with mixed feeding as the dominant mode
but populations varying from browse dominated
to graze dominated at different times dependent
largely on the vegetational environment (Rivals
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and Lister 2016). The species also shows very
significant variation in mean body mass, from
150 kg in some interglacial populations to
300 kg in the last glaciation (Saarinen et al.
2016). Nonetheless, a remarkable recent discov-
ery is that the European range of C. elaphus was
invaded during the last glacial phase by Siberian
wapiti (C. canadensis) extending its range west-
ward at least as far as the Crimea and Romania
(Doan et al. 2018; Meiri et al. 2018). There is as
yet no evidence of hybridization between the
forms and they were probably separated ecologi-
cally and geographically, but more evidence is
needed on this question.

Red deer, like other large mammal species in
the Pleistocene, showed morphological diver-
gence and often body size reduction when isolated
on islands. On Jersey in the English Channel
during the last interglacial (c. 120 kya), red deer
dwarfed to approximately 20% of mainland body
mass (Lister 1995). A somewhat reduced form on
Sicily in the last glacial phase had remarkably
long, gracile antlers, while on Malta size reduc-
tion went further, to individuals with estimated
body mass of only 25 kg (d’Souza and Lister
2016).

Current Distribution

Red deer have a patchy but wide distribution in
the Western Palearctic, occurring in most of
Europe, North Africa, part of the Near East (Tur-
key), and Northern Iran (Caspian coast). In Levant
red deer were exterminated in Middle Age
(Uerpmann 1987, Tsahar et al. 2009). In Europe,
the species is present from Great Britain and Ire-
land to the Iberian Peninsula through Central
Europe and Scandinavia (up to 65� N) to the
Balkans, European Russia, Crimea, and the Cau-
casus (Fig. 2). It is present also in Corsica (where
it went extinct in 1970 and was reintroduced in
1985) and Sardinia. Red deer are extinct in Alba-
nia and are not present in Iceland and Finland.

Between the sixteenth and early twentieth cen-
turies red deer declined or disappeared from many
parts of their historical range due to overhunting,
deforestation, and competition with livestock.

Especially since the second half of the twentieth
century red deer have recovered in most of the
continent due to law enforcement, changes in land
use, reduction of predators and domestic compet-
itors, reintroductions, restocking operations,
escapes from farms, and recolonization from adja-
cent countries. In the early 1980s, the total popu-
lation size in Europe (USSR countries excluded)
was estimated at around 1.1 million individuals
(Gill 1990; Burbaitè and Csányi 2010), with a
yearly total harvest of at least 0.275 million. In
2005 the global population estimate grew to some
2.4 million individuals, with an annual hunting
bag of about 0.43 million (Belarus, Ukraine, Mol-
dova, and W Russia excluded; Burbaitè and
Csányi 2010; Apollonio et al. 2010; Deinet et al.
2013). The yearly total harvest grew to at least
0.73 million in 2017 (Linnell et al. 2020). The
highest numbers occur in Spain, the UK, Ger-
many, and Austria.

Densities typically range from 2–10 deer/km2,
but may reach values of 10–20 deer/km2 in Scot-
tish moorlands (Clutton-Brock and Albon 1989;
Staines et al. 2008), 25–30 deer/km2 in Sardinian
maquis scrub (Lovari et al. 2007), and as high as
30 deer/km2 on average in hunting estates in
Mediterranean habitats of the Iberian Peninsula
(Torres-Porras et al. 2014). In protected areas of
the Central Italian Alps, minimum densities are
recorded in summer, when animals are more dis-
persed, while densities up to 31 deer/km2 may
occur in winter-early spring, when the deer are
concentrated at lower elevations in the valley
floors (Corlatti et al. 2016). Though higher densi-
ties are locally possible, higher values can be
typically reached only with intensive supplemen-
tary feeding.

Description

General Appearance

European red deer are large-sized deer, with a
slender build and long legs (Fig. 1). The head is
large and long; the eyes are relatively large; the
ears and the neck are long. The tail is relatively
short. Red deer have been classified as a saltatorial
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and cursorial runner typical of wooded grasslands,
an endurance runner only slightly inferior to the
wapiti of the open and wooded grassland (Geist
1998). Sexual size dimorphism is pronounced in
adults, with males quite markedly heavier and
larger than females (Fig. 1).

The antlers are long, cylindrical, and well
branched, typically with two basal points, the
hook-like brow tine and the bez tine, a middle
point called trez tine, and a terminal cup-like
crown or royal of three or more tines. Between
the trez tine and the crown an additional point can
be present, the dagger (Wolfssprosse in German).
It is also known - less properly - as surroyal, an old
and slightly ambiguous term often used to indicate
points of the terminal crown or simply an above-
standard trophy.

Skull

The skull is elongated with a narrow, well-
developed rostral region and rudimentary, pear-
shaped upper canines. The preorbital cavity is
large, the short premaxillary bone in the upper
part extends caudally, the nasal ends far from the
interorbital region and articulates with the maxil-
lary without indentation (Bützler 1986).

Pelage

The lower lip and chin are whitish, and a black
stripe (labial spot) runs down from the back of the
mouth. The creamy rump patch is bordered on
either side by a band of dark brown hair. There

Map template: © Getty Images/iStockphoto

Fig. 2 Distribution range of red deer in Europe, based on data from the authors. (Map template: © Copyright Getty
Images/iStockphoto)
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are some regional variations in color patterns of
the rump patch: in the Swedish red deer it is
yellowish without dark lateral border, in the Nor-
wegian one it is entirely framed by a dark brown
marking. The summer coat is typically reddish
brown, with a whitish belly. The winter coat is
prevailingly grayish brown, and adult males have
a thick neck mane and a black-stained belly. The
neck mane is less developed or even absent in
Iberian and Pannonian stags. Moults occur in
late April to May and in September–October.
Newborn calves have a brown coat with many
whitish spots which disappear at the age of
two–three months. In some populations, for
example the Mesola red deer (C. e. italicus),
adults also show yellowish spots in their summer
coat. Very pale to white coat color is occasionally
observed and has been associated with a mutation
in the tyrosinase gene (Reiner et al. 2020).

Glands

Metatarsal glands are present on the external side
of the hind legs. Interdigital glands are rudimentary
or absent. Antorbital or preorbital glands are pre-
sent below the eyes. The ventral side of the tail has
two modified subcaudal sweat glands. Antorbital
glands are markedly open in adult stags at the peak
of the rut (Bützler 1974), while in calves their
secretion seems to be involved in establishing
bonds with the mother (Hatlapa 1977). Open
antorbital glands in calves signal stress or hunger
(Bartoševa et al. 2012). Scent secretions of
antorbital and metatarsal glands seem to convey
information on sex, age, and individual (Lawson
et al. 2000, 2001). The black belly spot or dark
ventral patch of adult stags in autumn is an impor-
tant scent area, with many volatile compounds
originated by secretion of sebaceous glands and
by the oxidation of urine (Martín et al. 2014).
Urine sprayed during the rut contains very high
concentrations of a catecholamine, and one of its
metabolites, oxidized by air, forms dark pigments
staining the belly pelage (Galván et al. 2019). This
ventral patch has been shown to be a sexual signal
during the rut (de la Peña et al. 2021).

Antlers

Pedicles generally begin to develop in male calves
by the age of 8–10 months, in January–March.
The start of pedicle growth is related to the attain-
ment of a threshold body mass of c. 50–60 kg
(Fennessy and Suttie 1985; Gaspar-López et al.
2008). In low-performance populations of the
Scottish Highlands, Mesola Wood and Sardinia
(Italy), the pedicle may sometimes not be visible
until 14–20 months of age (cf. Mattioli 1993).
Typically, at 9–12 months of age the first antlers
start to grow, mostly simple, unbranched spikes of
20–40 cm, which are cleaned off velvet in
September–October and cast from late April to
June. The initiation of the first antler set is associ-
ated with reaching a threshold body mass of some
60–70 kg and a pedicle length of about 5–6 cm
(Fennessy and Suttie 1985; Gaspar-López et al.
2008). In scarcely productive habitats some stags
do not develop their first antler set until 3 or
4 years of age. Stags with very small rudimentary
pedicles may not develop antlers for all their life
(these animals are known as hummels in the Scot-
tish Highlands, and asMönche, literally “monks,”
in German-speaking countries). Antlerless and
small-antlered males in Spain have been found
to be associated with high levels of homozygosity
(Pérez-González et al. 2010).

When close to their highest potential, antlers of
Western European red deer tend to be slightly
shorter than those of Carpathian and Pannonian
ones, but with a richer distal branching; Eastern
European red deer tend to have longer basal tines
(brow and bez) and a well-developed dagger (Geist
1998). In Mesola red deer antlers have a simplified
conformation; a crown is rare, three-tined, cup-like,
or fan-like (Mattioli and Ferretti 2014). Tyrrhenian
red deer of Corsica and Sardinia also show simpli-
fied antlers, with a tendency to palmation (Caboni
et al. 2006). Adult stags usually cast their antlers
from late February to early April. After one week
the new set begins to grow, generally reaching the
final length in late June or early July. Velvet shed-
ding occurs in July–August, 130–160 days after the
previous casting. Older stags tend to cast antlers
and clean velvet slightly earlier (Raesfeld and
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Reulecke 1988). Increase in length follows a typi-
cal sigmoid curve, with the most rapid increase (on
average 0.67 cm per day) occurring between 28
and 112 days after the previous antler casting; most
of the mineralization occurs between days 91 and
112 (Muir et al. 1987). Antler production is costly
in terms of tooth wear and expected longevity
(Carranza et al. 2008) and stags can modulate
their investment in antlers according to the social
environment, i.e., the proportion of rivals and
potential mates (Carranza et al. 2020). Antler size
and antler branching complexity are associated
with testicle size and the speed of spermatozoa
(Malo et al. 2005). Antlers are therefore a clear
signal not only of fighting ability but also of
fertility.

Dentition and Age Determination

The dental formula for milk teeth is 0.1.3.0/
3.1.3.0; for the permanent dentition, it is 0.1.3.3/
3.1.3.3. The permanent bicuspid third premolar
typically erupts at around 25–30 months of age.
Patterns of eruption and replacement can
differ among individuals and populations
(Wagenknecht 1984; Azorit et al. 2002a). For
animals older than 2–2.5 years, age can be esti-
mated by examining the tooth wear of the lower
cheek teeth (Wagenknecht 1984; De Marinis
2015). At about 11–12 years of age, the infundib-
ulum of the first molar tends to disappear. Males
often show a higher wear rate than females (Loe
et al. 2003; Carranza et al. 2004), which is
explained not only by different strategies of
tooth depletion (Carranza et al. 2008) but also
because sexual selection favored body size more
than teeth size (hence underprovisioning teeth) in
males of sexually dimorphic ungulates (Carranza
et al. 2004; Carranza and Pérez-Barberia 2007).
This sex difference in tooth wear was not found on
the Isle of Rum (cf. Nussey et al. 2007). Tooth
wear may vary markedly among areas, with con-
sequences on senescence and longevity (Pérez-
Barbería et al. 2015). Exact age determination is
possible by sectioning incisors or molars (Mitch-
ell 1967; Azorit et al. 2004; Veiberg et al. 2020).

Measurements

Mean whole body mass of adult males in Europe
ranges between c. 100 and 220 kg (pre- and post-
rut figures pooled, see Table 1). The heaviest
recorded stags can reach a mass of 350–425 kg in
August to early September (pre-rut) and of
270–320 kg in late October (post-rut, or lean
mass) (Szunyoghy 1963). On average, the
rut-induced body mass loss is around 15–25%.
Mean body mass of adult females normally ranges
from 55–130 kg (Table 1), with upper extremes of
160–190 kg. Adult males are generally 40–70%
heavier than adult females. Some three or four
centuries ago red deer were apparently larger,
with Central European stags reaching summer
body masses of 450 kg, and possibly also 500 kg
(Mager 1941; Geist 1998). The greatest body
masses are now attained in the Carpathian Moun-
tains and in the Pannonian lowland (Table 1). Evis-
cerated body mass (without thoracic and
abdominal organs) with the head represents around
72–79% of live mass in adult stags and around
69–73% in adult hinds (Dzięciołowski 1970;
Mattioli and De Marinis 2009).

Mean head-trunk length ranges from 180–210
cm in adult stags and from 160–195 cm in adult
females. Mean height at the withers ranges from
105–140 cm in males and 90–120 cm in females;
mean tail length is 13–15 cm and ear length
18–21 cm (cf. Langvatn 1986; Raesfeld and
Reulecke 1988; Mattioli and Ferretti 2014).
Mean mandible length ranges from 260–330 mm
in males and 235–306 mm in females. Mean
condylo-basal skull length ranges from 320–435
mm in males (with records of 450–466 mm;
Szunyoghy 1963; Szaniawski 1966) and from
290–385 mm in females (with a record of
410 mm). Body mass and measurements of skel-
etal traits, however, greatly depend on habitat
cover and climatic conditions experienced by
deer in specific areas (cf. Vannini et al. 2021)

Mean antler length of adult European stags
ranges from c. 60–100 cm, with the longest
recorded antlers reaching 130–144 cm (S. Csányi,
pers. comm.) (Table 2). Antler mass tends to be
related to body mass (Huxley 1931). Antler
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Table 1 Examples of mean whole body mass of adult male (�5 years old) and female (�2 years old) red deer across
Europe (in kg) (for males mostly pre-rut and post-rut mass pooled, for females mostly winter mass)

Males Females Source

Sardinia (Italy) 98.0a 52.2a Mandas L., unpublished

Mesola Wood (Italy) 108.7 76.2 Mattioli and Ferretti 2014

Rum, Scotland (United Kingdom) 112.0 78.6 Mitchell et al. 1976

SW Spain 116.4 81.4 Carranza J., unpublished

E Alps, Tarvisio (Italy) 148.4 86.2 Colombi D., unpublished

S Norwayb 149.7 107.9 Mysterud A., unpublished

WAlps, Piedmont (Italy)c 164.9 105.7 Meneguz P. G. and Tizzani P, unpublished

N Apennine, Prato (Italy) 168.1 100.2 Becciolini et al. 2016

Massif Central, Charente (France) 170.1 107.7 Gervais P. and Chaland C., unpublished

Baranja, Slavonia (Croatia) 176.4 101.1 Tucak 1997

N Apennine, Casentino (Italy) 182.0 102.2 Mattioli L., unpublished

Backa (Serbia) 182.0 105.8 Tucak et al. 1999

Poland, lowland 199.9 116.7 Dzięciołowski 1970
Poland, Carpathiansc 206.7 123.7 Tomek 2002
aMean figures from only seven animals for both sexes, possibly not fully representative of the population (see Beccu 1989,
with a range of around 95–120 kg for stags and 50–75 kg for hinds)
bWinter mass only
cEstimated from eviscerated mass (conversion factors 1.29 for males and 1.38 for females; see Mattioli and De Marinis
2009)

Table 2 Mean antler length (in cm) in adult (�5 years old) red deer across Europe. n: sample size

Mean n Source

Sardinia (Italy) 63.0 157 Caboni et al. 2006

Rum, Scotland (United Kingdom) 68.4 1142 Peters L., unpublished

Mesola Wood (Italy) 70.2 271 Mattioli and Ferretti 2014

Massif Central, Charente (France) 72.0 146 Gervais P., unpublished

S Norway 72.5 62 Røskaft 1978

Sierra Morena (Spain) 75.6 333 Azorit et al. 2002b

SW Spain 80.6 1092 Carranza J, unpublished

Harz Mountains, Lower Saxony (Germany) 81.3 4388 Drechsler 1980

Western Alps, Piedmont (Italy) 82.7 2127 Meneguz P. G. and Tizzani P., unpubl. 2018

Hohenbucko, Brandenburg (Germany) 83.7 40 Neumann 1968

Masuria (Poland) 84.6 423 Zalewski D., unpublished

Carpathian mountains (Slovakia) 86.5 712 Šmehyl P., unpublished

N Apennine, Prato (Italy) 88.0 76 Becciolini et al. 2016

Carpathian mountains (Poland) 88.6 185 Wierzbowska 1999

Eastern Alps (Slovenia) 89.5 285 Hafner 2011

Bükk Mountains (Hungary) 91.3 4024 Csányi S., unpublished

N Apennine, Pistoia and Bologna (Italy) 92.0 171 Mattioli 1996

Baranja (Croatia) 96.8 1595 Bečejac et al. 1984
Baranya (Hungary) 97.5 4959 Csányi S., unpublished

Baranja (Croatia) 98.2 382 Degmečić and Florijančić 2014
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investment is generally high, with a mean produc-
tion of around 3.6–4.8 kg of bony tissue for adult
males with a mass of 165–185 kg after the rut
(corresponding to a mass 4.5–6.2 kg of both ant-
lers and the whole skull combined). Net antler
mass (mass of both antlers without the skull) of
medium-sized stags represents on average
2–2.6% of post-rut body mass (cf. Mattioli et al.
2021). The heaviest antlers of top trophy stags can
reach 16–18 kg (Botev 1990, S. Csányi, pers.
comm.), representing 5–6% of the body mass.
From the sixteenth and early eighteenth centuries,
antlers weighing 18–19.5 kg are known (Geist
1998). In contrast, adult males of maintenance
ecotypes from Sardinia and the Scottish moor-
lands on average allocate only 1–1.2% of their
body mass to antlers (Mattioli et al. 2021). Mean
number of tines per antler pair ranges from 6–14
(cf. Mattioli and Ferretti 2014), with records of
32–35 under natural conditions (Mattioli 1996,
S. Csányi, pers. comm.). Selective breeding and
supplementary feeding including minerals in
semi-captivity can strongly affect antler
branching, with records of 47–50 tines in total
(Warnham Park, the UK).

Physiology

Red deer exhibit consistent seasonal fluctuations
in reproduction, metabolic rate, appetite cycles,
fat deposition and depletion cycles, somatic
growth, antler growth, and moult, regulated by
endogenous signals related to the photoperiod
(cf. Arnold 2020). In spring and summer, food
intake increases in both sexes. Functionally, this
allows males to accumulate fat resources before
the rut and females to support late pregnancy and
lactation. The peak in body mass is attained by
stags in August to early September and by hinds in
October–November (Mitchell et al. 1976). During
the rut, adult males strongly reduce their food
intake (hypophagia). In winter the energy require-
ments of both sexes decrease, thanks to the reduc-
tion of locomotor activity and of the endogenous
heat production. The subcutaneous temperature of

the peripheral parts of the body decreases during
the night and in the early morning in winter (“noc-
turnal hypometabolism”) (Arnold et al. 2004).
Mean heart rate declines from 50–70 beats/min
in the warm season to 40 beats in the cold season
(Turbill et al. 2011; Arnold 2020). With the winter
decline in food intake, the gastrointestinal tract
decreases in size but the extraction of nutrients
becomes more efficient (Arnold et al. 2015).
Despite a lower energy expenditure and a better
nutrient assimilation, by the end of winter animals
often show a severe depletion of fat reserves and
generally reach their lowest levels of body mass
(Mitchell et al. 1976). As a consequence of their
faster growth, higher food requirements, and the
effects of androgen catabolism, males appear
more sensitive to resource limitation than females
(Clutton-Brock et al. 1982). Hormones strongly
control breeding cycles in both sexes (Lincoln
1971; García et al. 2002; Gaspar-López et al.
2010). Estimates of daily metabolizable energy
requirements for maintenance in free-ranging ani-
mals in summer are around 940 kJ per kg of
metabolic weight (BW0.75) (Jiang and Hudson
1992), which means 42–47 MJ per day for males
of 160–185 kg, and 27–32 MJ for nonlactating
females of 90–110 kg. Lactating females approx-
imately double their energy expenditure
(cf. Mitchell et al. 1977; Clutton-Brock et al.
1982).

Genetics

The red deer is among the European mammal
species that have been studied in greatest detail,
and only a short summary of our knowledge
pertaining to its phylogeography and genetic
structuring at various geographic scales, as well
as its genetic diversity and the anthropogenic
impacts on its gene pool(s) is possible in the
scope of a handbook chapter. We can therefore
only cite a small fraction of the available studies
and refer the reader to the original publications we
draw information from and to the literature cited
therein.
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Chromosomes

The karyotype of the red deer is the one typical of
cervine deer: 2n¼ 68 with a fundamental number
of NF ¼ 70. Only two of the 66 autosomes are
metacentric, all others are acrocentric as is the X
chromosome; the small Y chromosome is sub-
metacentric (Fontana and Rubini 1990).

Phylogeography

A large number of studies have addressed the
distribution history of red deer by means of
molecular approaches, from early studies based
on allozymes and restriction fragment length
polymorphisms (RFLPs) to microsatellites and
DNA sequences, including several studies based
on ancient DNA sequencing. Together with
detailed analyses and dating of fossil and subfossil
material and its spatiotemporal distribution these
have yielded results of a resolution normally not
available for other European mammal species.
The most comprehensive genetic studies are
based on mitochondrial DNA sequences (Ludt
et al. 2004; Skog et al. 2009; Niedziałkowska
et al. 2011; Meiri et al. 2013, 2018; Doan et al.
2018, 2022; Queirós et al. 2019), and the major
publications on distribution history in Europe
based on the fossil record are Sommer et al.
(2008) and Niedziałkowska et al. (2021). The
following summary is based on these references
unless stated otherwise.

Extant European red deer belong to one of five
mitochondrial lineages (haplogroups) whose geo-
graphic ranges are largely as follows:

A – Western and Northern Europe from Iberia
through France and the British Isles to Scandi-
navia and Central Europe

B – with a few exceptions (in all likelihood going
back to translocations), this haplogroup is con-
fined to the Tyrrhenian islands (Corsica and Sar-
dinia) and to the red deer in Tunisia and Algeria

C – Eastern Central, Eastern, and Southeastern
Europe

D – Po delta region in Italy; also found in South-
eastern Poland (Borowski et al. 2016).

E – Caucasus, Turkey, Iran and formerly also W
Russia (see Baskin and Danell 2003, p. 53,
who cite other authors according to which red
deer in European Russia were all exterminated
by 1750; so present populations in that part
would go back to reintroductions, mainly
from Central Europe)

While there is no precise match between
haplogroups and the subspecies mentioned
above, it is nonetheless obvious that at least
some of the subspecies are reflected by the
phylogeographic results. Lineages D and E
correspond, at least partly, to C. e. italicus and
C. e. maral, respectively, and lineage B com-
prises C. e. corsicanus and C. e. barbarus.
The other European subspecies are mostly part
of lineage A, but if the Eastern European
populations are acknowledged as C. e.
pannoniensis, there is a certain coextension
between that subspecies and lineage C. The two
main lineages A and C co-occur in admixed
populations in Central and Eastern Central
Europe (for example, in Austria, Czechia, and
Poland), but to what extent that is a natural mito-
chondrial suture zone or due to anthropogenic
reintroductions after local and regional extirpa-
tion is not always clear. Within lineage A, Iberian
red deer C. e. hispanicus have been shown to
include at least two genetically distinct lineages,
one of them more related to the rest of lineage A
possibly due to northward recolonization after
the Last Glacial Maximum (LGM) (Carranza
et al. 2016). Analyses of past red deer distribu-
tion yielded the classical southern glacial refugia
in Europe (Iberia, Italy, and Balkans), but they
also occurred further north during the LGM, in
Southern France in the west but increasingly also
more northerly the further east one goes. Lineage
A contributed most to the recolonization of the
European range (probably from Southern
France and, pace Queirós et al. 2019, Iberia),
possibly preventing a further expansion of
lineage C.

3 Red Deer Cervus elaphus Linnaeus, 1758 61



Lineage B today is confined to Sardinia, Cor-
sica (where Sardinian red deer were reintroduced
after extinction on Corsica in the second half of
the twentieth century), and North Africa. These
three populations are known to go back to human
introductions several millennia ago. Recent
ancient DNA analyses have shown the historical
Italian mainland population to be the geographic
origin of lineage B (Doan et al. 2017). This pop-
ulation became extinct in historical times when all
red deer except for the Mesola population were
extirpated, making the Tyrrhenian islands and
North Africa “genetic museums” of the lost Italian
glacial refugial lineage. Like the refugial lineages
of many other Italian taxa, it probably never man-
aged to cross the Alpine barrier after the LGM,
contributing to the well-known high occurrence of
endemism in Italy.

It is important to note that this is a very short
and superficial summary of red deer
phylogeography and recolonization after the
LGM and that the past distribution pattern of the
various lineages was much more complex than it
is today. For example, lineage D occurred as far
west as England, and both D and E and an extinct
lineage were present in Crimea, where today only
A is found. Wapitis were distributed as far west as
Romania, and Western red deer as far east as the
Urals. Also, in light of a tradition of translocating
red deer across Europe for centuries, the fact that
there is a relatively clear-cut geographic structure
in their mitochondrial genome is perhaps some-
what surprising. This is particularly true given that
the available translocation records do not suggest
a strong bias toward stags and that the nuclear
genetic analysis based on biparental micro-
satellites confirms the overall mtDNA structure
in European red deer (in particular with respect
to haplogroups A, B, and C, Zachos et al. 2016).

Genetic Diversity and Population
Structure

Population genetic studies have been performed
on red deer throughout the continent, from the
British Isles and Scandinavia in the north to the
Mediterranean in the south and from Iberia and

the British Isles in the west to European Russia in
the east. Arguably, we know more about the pop-
ulation genetics of red deer than of most (if not all)
European large mammals. Even more than for the
taxonomy and phylogeography of the species, the
reader should keep in mind that the following is a
very short and superficial overview of our knowl-
edge on red deer genetics.

One of the problems with these studies from
the last almost 40 years is that the choice of
molecular markers varies, from early allozyme
studies to studies based on RFLPs and then
DNA sequences (mostly mitochondrial), nuclear
microsatellites, and, most recently, genome-wide
approaches. Diversity values are therefore usually
not directly comparable, although the relative
diversity when comparing different populations
often holds across different marker systems.
Zachos and Hartl (2011) give an overview of
studies (including diversity values) until 2010.
The only continent-wide population genetic
study yielding directly comparable diversity
values (including estimates of effective popula-
tion sizes Ne) based on highly variable microsat-
ellite data is the one by Zachos et al. (2016).
Expectedly, they found a wide range of genetic
diversity across Europe, but the two heavily
bottlenecked subspecies that only narrowly
escaped extinction – the Tyrrhenian C. e.
corsicanus and the Mesola red deer C. e. italicus
– consistently showed the lowest values for het-
erozygosity and allelic richness (a measure of
allelic diversity corrected for differences in sam-
ple size), followed by populations in Scandinavia
(representing the Norwegian and Swedish subspe-
cies), which are also known to have experienced
bottlenecks (e.g., Haanes et al. 2011). Similar
results were also found for estimates of effective
population sizes, with Sardinia and Mesola
exhibiting critically low values of between 2 and
8, populations in Sweden, Norway, and parts of
Germany showing low values of between 20 and
50, and the rest of Europe having larger values.
Populations in Central and Eastern Europe seem
to harbor higher levels of genetic diversity, which
may be due to the admixture of regional gene
pools in the contact area of the glacial refugial
lineages A and C, human introductions of
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allochthonous red deer, larger stretches of natural
habitat and thus lower fragmentation, or a combi-
nation of these.

Given that in large parts of Europe red deer
occur in human-dominated landscapes, anthropo-
genic impacts on local and regional gene pools
have been a frequent target of population genetic
analyses. Habitat fragmentation is one of the most
important drivers of population structuring in red
deer, and a number of studies have dealt with it at
various levels and testing for effects of highways
and human infrastructure in general (see, for
example, Frantz et al. (2012), Edelhoff et al.
(2020)). Often clear signals of anthropogenic iso-
lation have been found, sometimes in combina-
tion with signs of inbreeding depression such as
shortened lower jaws (brachygnathia inferior) as
commonly found in a long-term isolated popula-
tion in Northern Germany (Zachos et al. 2007).
Translocations are another frequent impact on
gene pools and have been addressed by a number
of studies, usually when trying to estimate the
genetic signature of these translocations or (re-)
introductions or when trying to identify autoch-
thonous gene pools (e.g., Niedziałkowska et al.
2012; Pérez-Espona et al. 2013; Frantz et al. 2017;
de Jong et al. 2020). Overall, in many parts of
Europe, signals of genetic introgression through
translocations can be found, but this did not blur
the underlying phylogeographic structure (see
above), suggesting that most translocations
occurred within the respective ranges of the
major genetic lineages rather than among them.
In a large-scale study on more than 2000 red deer
from Belgium and other European countries as
potential sources for translocations, Frantz et al.
(2017) found that c. 3.7% of all Belgian red deer
were nonautochthonous animals or their descen-
dants. Whether that is a representative value also
for other countries remains unknown due to the
lack of comparable studies elsewhere.

Apart from the type of studies mentioned so
far, red deer genetics has also been studied exten-
sively in at least two additional contexts. The
change in allele frequencies at loci putatively
linked to those determining antler traits as an
inadvertent by-product of selective trophy hunt-
ing regimes has been demonstrated in French red

deer (Hartl et al. (1995) and references therein).
The famous long-term study of red deer on the Isle
of Rum in Scotland includes high-resolution pop-
ulation genetic studies through space and time in
an evolutionary ecology research framework,
addressing small-scale genetic structuring,
inbreeding depression, and heterozygosity-fitness
correlations in which heterozygosity was posi-
tively correlated with lifetime breeding success
(Slate et al. (2000), Nussey et al. (2005), Huisman
et al. (2016), references therein and other publica-
tions by the group).

Hybridization

Red deer freely hybridize with several other
Cervus species. Since sika deer C. nippon have
been introduced in many European countries, this
is the main species of concern for the dilution of
red deer gene pools, and in several countries
hybridization between the two has been found,
sometimes to an extent that threatens the integrity
of the native species. For details on red deer/sika
hybridization, see ▶Chap. 4, “Sika Cervus nip-
pon Temminck, 1838.” Another species that has
repeatedly been introduced to Europe, mostly
with the aim of increasing body and trophy size
in local populations, is the wapiti. However, none
of the phylogeographic or population genetic
studies have found wapiti sequences, and where
potential wapiti introgression was analyzed in
detail, the level of admixture was found to be
zero or close to zero e.g., in Scotland, Pérez-
Espona et al. (2013).

Life History

Growth

Newborn calves weigh on average 8.0–8.8% of
their mother’s body mass (cf. Landete-Castillejos
et al. 2003; Ceacero et al. 2018): For example, a
hind of 80 kg in the Scottish Highlands or in
Mesola Wood would give birth to a calf of c.
6–7 kg, while a 100 kg hind in the Polish lowlands
or in the Italian Apennine would produce calves of
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c. 8–9 kg. In Sardinia the mean birth mass is
4.2–4.5 kg (Beccu 1989). Male newborn calves
are on average 5–10% heavier than females.
Weaning usually occurs at 6–8 months of age.

As expected in a highly dimorphic species,
body mass growth greatly differs in the two
sexes. Females generally attain their full mass at
3–5 years of age, while males continue to grow up
to 6–8 years. A clear decline in body mass is
noticeable in females very late, sometimes not
before 20 years of age, while in males it can be
already observed when they are 12–14 years old
(Mysterud et al. 2001b). Local variations in the
pattern of body mass growth can nonetheless
occur, possibly in response to site productivity
(Putman et al. 2019). In males, antler size usually
peaks at c. 10–12 years of age (Drechsler 1980;
Raesfeld and Reulecke 1988). A decline in antler
size (mass and number of tines) is often evident
from the age of 14–15 years onward (Raesfeld and
Reulecke 1988; Drechsler 1988), sometimes
slightly earlier (Mysterud et al. 2005). In red
deer populations living in poorly productive hab-
itats, where antler investment is less pronounced,
a clear regression of antlers can sometimes be
scarcely noticeable (Lemaître et al. 2014).
Habitat-specific patterns in the expression of ant-
ler investment may also occur at a fine, intrapop-
ulation scale: In Apennine red deer, for example,
antler investment of males increased in areas char-
acterized by relatively higher habitat heterogene-
ity and greater availability of open habitats
(Mattioli et al. 2021).

Reproduction

Physiological sexual maturity is generally reached
in both sexes at an age of c. 16–18months. Females
are polyestrous, with a mean estrous cycle of
18–20 days (Guinness et al. 1971; García et al.
2003). Estrus lasts c. 12–24 h and tends to be
synchronized within the same female group
(Iason and Guinness 1985). Over 80% of all con-
ceptions occur within a time frame of 3–4 weeks,
mostly in September–October. Small yearlings and
females older than 13 years tend to ovulate later
(Langvatn et al. 2004; Mysterud et al. 2008). In

conditions of low population density and favorable
habitat, most females will ovulate for the first time
as yearlings and give birth as two-year-olds
(Kröning and Vorreyer 1957; Ratcliffe 1984;
Borowik et al. 2016). With high population density
and low habitat productivity (e.g., Scottish High-
lands, Alps), the age of primiparity may be delayed
by a year or more. Body mass and fat reserves
generally have positive effects on hind pregnancy
probability in Scottish populations (Albon et al.
(1986), but see Borowik et al. (2016) for Central
Europe). Consequently, puberty is normally
attained only when the female reaches a threshold
body mass of around 70–75% of the final adult
mass (Albon et al. 1983, 1986; Langvatn et al.
1996; Bertouille and de Crombrugghe 2002;
Bonenfant et al. 2002). Pregnancy rate among
prime-aged females is normally higher than 95%.
Mean gestation length is 231–236 days (Guinness
et al. 1971; Clutton-Brock et al. 1982). Prenatal
growth follows a common pattern (Valentinčić
1958; Wenham et al. 1986). At low densities and
in high-quality habitats, adult females tend to
breed (almost) every year. At high densities and
in poor habitats, females may struggle to recover
from pregnancy and lactation and may therefore
reproduce every other year (Mitchell et al. 1977;
Clutton-Brock et al. 1982). Pregnancy probabil-
ity is largely affected by density dependence in
British red deer (Putman et al. 1996), while no
effects of density-independent factors such as
winter and summer temperature were found in
Poland (Borowik et al. 2016). In a population of
the Italian Alps, however, higher spring-summer
temperature had negative, indirect effects on the
probability of being pregnant, mediated by
decreasing values of kidney fat index, a proxy
of body condition (Corlatti et al. 2018). In
females, a decline in fecundity is apparent only
from the age of 14 years onward (Langvatn et al.
2004; Nussey et al. 2009). On the Isle of Rum in
Scotland, female lifetime reproductive success
varied between 0–9 (mean ¼ 5.03, variance ¼
9.09) and was mainly influenced by winter calf
survival, which in turn was influenced by mater-
nal condition (Clutton-Brock et al. 1988). Red
deer usually give birth to a single calf; twins are
rare, less than 1% (cf. Sadleir 1987).
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Males only have realistic chances to mate for
the first time when they are able to hold a harem,
usually not earlier than at an age of 4–5 years,
though harems can be attended by subadult males
who try to mate with estrus females when the
harem-holder is distracted. In adult males there
is strong competition for the access to mating
and high individual variation of breeding success,
with males of 8–10 years having the highest mat-
ing probability. On the Isle of Rum, some stags
failed to breed during their complete lifetime,
while others fathered more than 30–80 offspring
surviving to one year of age; and most of the
harem-holders are able to successfully mate for
no more than four seasons (Clutton-Brock et al.
1988; Pemberton et al. 1992). Breeding success in
males is related to body size and condition, which
affect their fighting ability, while in females it is
mostly connected with access to high-quality
resources (Clutton-Brock et al. 1982). Males
show a rapid reduction in breeding success from
11–12 years of age onward (Clutton-Brock et al.
1982; Nussey et al. 2009). On the Isle of Rum,
male lifetime reproductive success varied
between 0–32 (mean ¼ 5.41, variance ¼ 41.9)
and was largely influenced by the stags’ fighting
abilities, i.e., by their body size (Clutton-Brock
et al. 1988). Though variation in reproductive
success is greater in males than in females,
sex-related differences tend to decrease when off-
spring survival is accounted for (Clutton-Brock
et al. 1988).

Survival

Sex ratio at birth is close to parity, but at low
densities heavier mothers produce more sons
than daughters, while with increasing population
densities and weather severity the proportion of
males born each year declines (Kruuk et al. 1999;
Borowik and Jędrzejewska 2017). In unmanaged
populations, the overall sex ratio is slightly
female-biased, around 1:1.2–1.5. Highly skewed
sex ratios are mainly the consequence of high
density, poorly planned hunting, or trophy-
oriented poaching (cf. Langvatn and Loison
1999; Corlatti et al. 2019a). Higher mortality and

emigration rates of males contribute to a bias in
adult sex ratio of natural populations toward
females. Information on mortality patterns is still
fragmentary. For both sexes, the most critical
stage is the juvenile phase (up to 2 years of age)
when high density, harsh weather, or natural pred-
ators can lower survival rates (Clutton-Brock et al.
1982; Kamler et al. 2007). Adult survival rates are
generally high, but with differences between
sexes: As expected for a strongly polygynous
species, males tend to be more sensitive than
females to food shortage and intense competition
for food. In Scottish deer, after reaching a plateau
in middle-aged animals, at 9–10 years of age
survival probabilities rapidly decline in males,
while they tend to have a slower decline in
females (Clutton-Brock et al. 1988; Catchpole
et al. 2004). A similar pattern occurs in Alpine-
dwelling deer in Italy (Corlatti et al. 2019a)
(Fig. 3).

Red deer can normally live up to 16–18 years
of age, with records of 22 and 26 years, respec-
tively, for males and females (cf. Mysterud et al.
2001b). Very old females frequently have an ema-
ciated head and a grizzled facial area. Very old
males often have a long saggy dewlap and simpli-
fied antlers and they move keeping their head and
neck almost horizontal. Longevity (and associated
sex-specific difference) is variable among
populations; for instance, longevity for males
and females is, respectively, 14 versus 15 years
in Scotland and 10 versus 14 years in Spain
(Pérez-Barbería et al. 2015).

Habitat and Diet

Habitat Selection

Red deer are classically considered an ecotone
species, associated with open woodlands, wood-
land edges, or the interface between woodland
and grassland (Mitchell et al. 1977). They rarely
occupy large tracts of dense and unbroken forest.
Red deer, however, are surprisingly adaptable and
may be associated with many climatic and vege-
tation types from semiarid Mediterranean areas,
such as the maquis scrubs of Andalusia and
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Sardinia, to the rich floodplains of the Danube, the
summit meadows and high snowfall areas of the
Alps and Scandinavia, the treeless moorlands of
Scotland, and the steppes of Southern Ukraine.
Red deer move easily in fresh snow of
20–30 cm, but prolonged snow cover can nega-
tively affect calf mortality (Loison et al. 1999).
Red deer tend to avoid terrains with snow cover of
>50–60 cm, threshold levels that limit its northern
distribution (cf. Baskin and Danell 2003). In the
Alps, red deer can reach elevations of over
3000 m a.s.l. in summer and autumn (Büntgen
et al. 2017), while in the Caucasus they have
been observed at altitudes up to 5000 m a.s.l.
(Danilkin 1999). In the last 50,000 years, a
major limiting factor the distribution range has
been the mean temperature in January (particu-
larly when it was below �10 �C) (Niedział-
kowska et al. 2021).

Movement and Space Use

To meet their seasonal and annual requirements,
red deer need relatively large areas. Animals can

be sedentary when their seasonal home ranges
overlap, or migratory when winter and summer
ranges are distinct in which case they can be close
to one another or further apart. In some
populations, animals are all residents (Kamler
et al. 2008), while in others both tactics may
occur. In mountainous habitats a variable propor-
tion of deer are short-distance switchers or long-
distance migrants, moving seasonally between
low-elevation winter ranges and high-elevation
summer ranges (Staines et al. 2008; Mysterud
et al. 2011; Bocci et al. 2012; Kropil et al. 2015).
Spring movements toward higher altitudes follow
the forage maturation, while autumn movements
toward the valley floors appear to be triggered by
early snowfalls, decreasing temperature, forage
senescence, and sometimes by the onset of the
hunting season (Rivrud et al. 2016). In the Swiss
National Park (central Alps), some adult males
during winter remain at high elevations (up to
2800 m a.s.l.) on steep and snow-free slopes
(Haller 2002). In Norway migratory stags move
on average c. 30 km and hinds c. 20 km, with
records of c. 100 and c. 75 km, respectively; the
mean annual home range is 150 km2 for migratory
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stags and 115 km2 for migratory hinds (Rivrud
et al. 2016; Meisingset et al. 2018). Mean annual
home ranges of resident individuals are smaller,
generally varying between 5–35 km2 in stags and
2–8 km2 in hinds (Kamler et al. 2008; Meisingset
et al. 2018). Sedentary animals are particularly
efficient in finding and exploiting variations in
food resources at fine spatial scales, which allows
them to avoid long-range movements, while
switchers and migratory animals seek for large-
scale spatial heterogeneity and predictability of
resource productivity (Martin et al. 2018).

Diet

Red deer are classified as “intermediate feeders”
(sensu Hofmann 1985) based on their digestive
anatomy and physiology as well as their feeding
style. Diet composition varies markedly,
depending on the availability of plants in different
habitats. On a continental scale, a literature review
(Gebert and Verheyden-Tixier 2001) showed that
red deer have a mixed diet of grass and sedges and
concentrate food (forbs, leaves of shrubs and
trees, fruits, and seeds). Deer can also adapt to
seasonal changes in the quantity and quality of
available food, e.g., by feeding alternatively on
grasses or on browse. In winter, when most of the
browse tends to be rich in indigestible lignine, red
deer can shift to grasses when they are richer in
soluble sugars and proteins (Verheyden-Tixier
et al. 2008). In floodplain forests in Moravia
(E Czechia), despite the relative abundance of
grass and forbs, red deer prefer to eat woody
plants from shrubs and trees the whole year (Pro-
kešová 2004). In an Alpine Swiss area, red deer
largely rely on graminoids throughout the year,
while in winter they depend on good quality grass
of farmed meadows in the valley floors (Zweifel-
Schielly et al. 2012). In the Mediterranean maquis
scrubs and woods, because of the scarcity of
grasses and forbs and the rapid decrease of their
nutritional value during the hot and dry summer,
red deer primarily act as browsers, selecting
shoots of woody plants with lower phenolic con-
tent (Bugalho andMilne 2003; Casula andMurgia
2017). In Great Britain, throughout the year

grasses are the most important item in diet,
together with heather and other dwarf shrubs
such as bilberry, at least for upland deer
populations. In winter, the contribution of dwarf
shrubs to the diet increases and both sexes also
take brambles, holly, and ivy when available.
Ferns, lichens, and both deciduous and coniferous
browse may also form a more significant part of
the diet in autumn and winter.

Partly as a consequence of spatial segregation
(Bonenfant et al. 2004a), but also as a result of
differences in body size and nutritional require-
ment, significant differences between the sexes in
diet composition may occur. The larger body size
of males, with associated higher food require-
ments, leads to males feeding on different forage
species or shifting their foraging style toward bulk
even when not spatially segregated from females;
at the same time, a larger ruminal volume allows
males to digest bulk forages of poorer quality
(Clutton-Brock et al. 1982). These differences
may be intensified by competition from smaller-
bodied females, which have significantly
narrower muzzles, enabling them to crop pre-
ferred swards so short that males are unable to
forage effectively. On open moorlands in Scot-
land, stags eat more heather and fewer grasses
than hinds, especially in winter (Clutton-Brock
et al. 1982; Staines and Crisp 1978; Staines et al.
1982).

Behavior

Social Behavior

The red deer is a gregarious species. The strongest
and most stable social unit is the matrilinear
group, usually formed by a grandmother, her
daughters, and granddaughters. Stags either form
unstable small groups with unrelated males, or are
solitary. For most of the year females and males
are socially and spatially segregated (Mitchell
et al. 1977; Bonenfant et al. 2004a; Alves et al.
2013a). The degree of social and sexual segrega-
tion, however, is highly variable depending on
population density and adult sex ratio. Mixed
sex groups occur almost exclusively in early
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spring, during the vegetation green-up, and in
early autumn, during the rutting season
(Bonenfant et al. 2004a). In woodland habitats,
red deer are generally solitary or in small groups
(Staines et al. 2008; Dzięciołowski 1979, 1991);
different groups may aggregate in open areas, but
split up again into family groups when returning
to forested areas. In open habitats, where larger
groups may persist over long periods, complex
social structures may establish within kin-related
groups of hinds and among stag groups. Among
females, a dominance hierarchy may develop,
which appears to be primarily but not exclusively
related to age (Clutton-Brock et al. 1982). In the
first few days of their lives, newborn calves are
hiders, i.e., they are often left alone by the mother,
and if disturbed they “freeze” in a crouched pos-
ture. At 7–10 days they begin to follow their
mother and join the group. Calves seem to inherit
from their mothers at least part of their dominance
status as adults (Veiberg et al. 2004).

Daughters’ home ranges overlap with those of
their mothers, while sons, when one or two years
old, abandon their family group, wander widely
and eventually settle in some area far from their
birth place (Clutton-Brock et al. 1982). Pre- or
postweaning orphaning increases mortality in
both sexes; orphaning after weaning can also
affect the physical development of juvenile
males (Andres et al. 2013).

Mating Behavior

At the end of summer adult stags leave the bach-
elor groups and move to the traditional rutting
grounds, and in early autumn they begin to com-
pete for access to mates. The timing of the rut
differs widely across Europe. For example, the
peak of the rut occurs at around 5–15 September
in Sardinia, 10–15 September in Southern Spain,
10–20 September in Southwestern Hungary,
20–25 September in the Northern Apennine
(Italy), 20–30 September in Northeastern Hun-
gary, 3–10 October in the central Alps, and
5–25 October in Scotland. In France the peak of

conceptions is around 20–30 September, while in
Norway it is around 15–30 October. Red deer are
highly polygynous, with male mating success
strongly dependent on fighting ability (Clutton-
Brock et al. 1988). During the rut adult stags show
several behavioral patterns (Bützler 1974;
Clutton-Brock et al. 1982). They advertise their
strength, challenge and evaluate potential con-
tenders by means of roars, and exhibit direct and
indirect threats such as canine display, ground
pawing, vegetation thrashing and soil raking
with antlers, wallowing, and urine spraying.
They also wipe the urine-soaked neck and the
antorbital gland against trees and rocks, herd
females which attempt to leave the harem, and
chase yearlings and subadults that try to approach
the harem. Two rivals of comparable size often
perform the so-called parallel walk, a slow march
side by side, 5–20 m apart, maintaining the pos-
ture for a considerable distance, in order to assess
the opponent’s strength and avoid physical
aggression. Challenges can escalate to a semi-
ritualized fight as the two males, with antlers
interlocked, push, twist, and wrestle trying to put
the opponent off balance (Fig. 4). The dominant
stag tests female receptivity by sniffing and lip
curling (flehmen). The courtship approach or
chivying consists of an outstretched neck posture,
with slightly lifted antlers and frequent tongue
flicking.

The most frequent male mating tactic appears
to be the group guarding (i.e., “harem” defense).
Harem size varies according to habitat; small fam-
ily groups are common in woodlands (Bobek et al.
1992; Bonenfant et al. 2004b), 10–15 hinds are
typical in open areas (Clutton-Brock et al. 1982;
Staines et al. 2008). Behavioral variations within
mating systems, however, are common and
largely dependent on environmental structure,
resource distribution, and density of males and
females (Carranza et al. 1990). In Southern
Spain, for example, the traditional mating tactic
coexists with an alternative mating tactic, i.e.,
resource-based territoriality, where stags guard
the scarce and patchily distributed food resources
sought by hinds after the summer drought (Car-
ranza et al. 1990, 1996).
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Communication

For most of the year males are almost mute,
uttering only some nasal sounds or soft grunts
during sparring fights or when in proximity to
other deer. But from August, under the influence
of testosterone, vocal folds grow and thicken,
and adult stags begin to emit loud low-pitched
calls, generally bouts of 3–8 roars, which at the
peak of the rut can reach mean rates of 2 per
minute in harem-holders (Bützler 1974;
Clutton-Brock and Albon 1979). During the
rut, males engage in very intense vocal activity
as a means of attracting females and threatening
opponents. Roaring rate is related to body size,
fighting ability, and reproductive success, and

roar characteristics appear to reflect male quality
(Clutton-Brock and Albon 1979; Reby and
McComb 2003). Red deer have a descended
and highly mobile larynx which, during the roar-
ing bouts, can be pushed further down toward the
sternum, thus extending the vocal tract. The sub-
stantial extension of the head and neck region
and the descent of the larynx create an elongated
resonance chamber (Frey et al. 2021). Larger
stags with longer vocal tracts tend to produce
stronger calls. European red deer stags exhibit
roaring variants, for example, in Spain
(Passilongo et al. 2013), Corsica (Kidjo et al.
2008), Mesola Wood, Italy (Della Libera et al.
2015), and in the Pannonian Lowland (Volodin
et al. 2019). Spanish stags extend their tongue

Fig. 4 From top to bottom:
sparring yearling stags,
sparring subadults, and
fighting adults
(photographs by Andrea
Dal Pian)
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during the roaring bout, possibly a cooling strat-
egy in hot and arid ruts (Frey et al. 2012). Roars
can influence female reproductive status, syn-
chronizing and advancing the estrus (McComb
1987). Roars can be heard until January or early
February. During the rut, adult stags frequently
also use the chase bark (Sprengruf, or explosive
call, in German), a threatening vocalization
toward young males which try to intrude the
harem, and toward hinds during herding behav-
ior (Bützler 1974). Hinds utter a gruff bark or
series of barks when alarmed and may also pro-
duce a low “mooing” sound when trying to
locate young calves. Calves emit at least
seven types of vocalizations, two nasal bleats
(when asking for milk and when receiving mater-
nal care) and five different high-pitched squeals
for alarm, fear, and need of contact (Wölfel
1984).

Foraging Behavior and Activity Budget

Red deer are active by day and night. In
undisturbed habitats such as the primeval forest
of Białowieża, they have 12 bouts of activity of
about 42 min throughout day and night, for a total
of 8 h daily (Kamler et al. 2007). InMediterranean
habitats in Spain, radio-collared red deer showed
some decrease in activity in the middle of the
night (c. 2:00 h) and a much more marked
decrease during the day (from c. 8:00 to 17:00 h;
Carranza et al. 1991).

In the hunting-free areas of the Isle of Rum, red
deer spend a total of 10–12 h per day feeding,
usually divided into 6–10 bouts. In habitats with
some human disturbance, they show between
5 and 9 feeding cycles daily, with the longest
activity periods at dusk and dawn (Bubenik and
Bubenikova 1967; Georgii and Schröder 1978).
When frequently disturbed, red deer may become
increasingly nocturnal. In open-hill country in
Scotland, they are often found at high elevations
during the day, descend to lower areas at dusk and
return to higher areas by dawn. In forested habitats
they tend to remain in, or close to, woodland cover
during the day, venturing into open areas from
dusk till dawn.

Parasites and Diseases

The majority of studies have been carried out on
farmed deer, because of the economic significance
of infections. Free-ranging red deer are generally
thought to be relatively free of major diseases,
partly because they usually occur at compara-
tively lower densities. However, risks of infection
are not necessarily directly related to actual pop-
ulation size since aggregation of animals, usually
due to human activities (e.g., artificial feeding),
can increase the risk of pathogen transmission
even in low-density deer populations (Milner
et al. 2014).

Ectoparasites

Hard ticks (e.g., Ixodes ricinus, Hyalomma
lusitanicum,Dermacentor spp., andHaemaphysalis
spp.) are common (Valcárcel et al. 2016) as are deer
ked Lipoptena cervi, nasopharyngeal bot fly larvae
Cephenemyia auribarbis and Pharingomyia cervi, a
sucking louse Solenopotes burmeisteri, the biting
lice Bovicola longicornis and B. tibialis, as well as
deer warble maggots Hypoderma actaeon and
(much less frequently) Hypoderma diana (Boch
and Schneidawind 1988). Their effects on individ-
ual condition and performance can be important if
linked to other stressful events such as winter star-
vation (Charleston 1980; Fletcher 1982; Vicente
et al. 2004). Red deer may also suffer from sarcoptic
mange by the burrowing mite Sarcoptes scabiei.
Usually, infection derives from direct or indirect
contact with scabietic domestic goats or mountain-
dwelling Caprinae (Capra spp. and Rupicapra
spp.). Deadly outbreaks in red deer have been
reported in Spain since the last decade of the past
century, whereas cases and clusters are rare events in
the Alps (Iacopelli et al. 2020; Oleaga et al. 2008).
The protozoan Besnoitia besnoiti causing a severe
chronic dermatitis in cattle, has also been reported in
asymptomatic red deer (Gutiérrez-Expósito et al.
2016). Midge-transmitted species-specific nema-
todes of the genus Onchocerca are well known to
produce large subcutaneous nodules on the dorsal
parts and the external thigh of infected individuals
(Boch and Schneidawind 1988).
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Endoparasites

The digestive tract of red deer is home to ten species
of protozoa (Giardia duodenalis, Cryptosporidium
parvum, plus eight host-specific taxa of the genus
Eimeria) and a number of helminths, including the
generalist tapeworms Paramphistomum cervi,
Moniezia expansa, and M. benedeni, and approxi-
mately two dozens of roundworms (Boch and
Schneidawind 1988; Hamnes et al. 2006).
Among the latter, the cervid-specific Ostertagia
leptospicularis and Spiculopteragia spiculoptera,
with their respective minor morphs O. kolchida
and S. mathevossiani, are the dominant abomasal
species, while Nematodirus roscidus is prevalent in
the small intestine (Rehbein et al. 2002; Zaffaroni
et al. 2000). Most protozoa and helminths of the
gastrointestinal tract are only mildly pathogenic and
rarely cause overt disease, but type II ostertagiasis-
like episodes have been recorded in farmed deer
(Connan 1991). The generalist liver flukes Fasciola
hepatica and Dicrocoelium dendriticum may be
present in red deer co-occurring with domestic
ruminants, but the level of parasitism is usually
low (French et al. 2016). The respiratory system
frequently harbors deer-specific nematodes,
Dictyocaulus cervi n.sp. (Pyziel et al. 2017) and
the snail-transmitted Varestrongylus sagittatus,
located in the large and small bronchi and in the
lung parenchyma, respectively. The former is recog-
nized as the single most important nematode para-
site in farmed red deer, causing growth retardation,
bronchitis, and respiratory distress in calves and
yearlings (Alexander and Buxton 1994; Charleston
1980). The mosquito-transmitted nonpathogenic
filarial worm Setaria cervi may be observed in the
abdominal cavity during dressing. The highly
prevalent snail-transmitted tissue nematode
Elaphostrongylus cervi occasionally produces a
clinical cerebrospinal disease in red deer and in
sympatric small domestic ruminants (Alberti et al.
2011). Larvae of Echinococcus granulosus, a zoo-
notic tapewormwith a canid-ruminant life cycle, are
occasionally found in the liver or lungs of red deer in
Europe. A sylvatic cycle involving wolves, large
cervids (though apparently not red deer), and the
G8 and G10 strains of E. granulosus occurs in
circumpolar countries (Davidson et al. 2016).

Larvae of the canid-transmitted Taenia hydatigena
are found on the serosae of the thoracic and abdom-
inal viscera, though less frequently than in other
wild ruminants (e.g., Caprinae). In the heart and
muscles, 12 species of Protozoa (Toxoplasma gondii
and 11 species of Sarcocystis, the latter occasionally
causing a grey-greenish discoloration of carcasses)
and the cystic larval stage of the canid-transmitted
tapeworm Taenia ovis krabbei have been reported
(Basso et al. 2020; Formenti et al. 2015; Letková
et al. 2008). Blood protozoa include three species of
Babesia and two of Theileria (Zanet et al. 2014).

Translocations of exotic deer species into
Europe have incidentally caused the introduction
of alien pathogens. In particular, wapiti and white-
tailed deer Odocoileus virginianus have intro-
duced the large American liver fluke Fascioloides
magna, which has proved deadly in red deer,
fallow deer Dama dama, roe deer Capreolus
capreolus, and small domestic ruminants. Severe
recurrent die-offs have been reported in a fenced
hunting reserve in Northern Italy since the second
half of the nineteenth century after the release of
wapiti imported from the Western USA. Decades
of attempts to control this alien parasite in free-
ranging deer have not impeded the (still ongoing)
spread of F. magna from the Czech Republic,
where white-tailed deer were initially introduced,
to Poland, Germany, and several countries along
the Danube (Balbo et al. 1989; Malcicka 2015).

Infectious Diseases

While antibodies to a range of livestock and wild-
life pathogens have been revealed in several sero-
surveys throughout Europe, only a handful of out-
breaks of transmissible infectious diseases are
known in red deer. Ocular disease caused by
bovine herpesvirus-1 has been recorded in farmed
calves (Nettleton et al. 1986). Farmed deer are also
particularly susceptible tomalignant catarrhal fever
caused by ovine herpesvirus-2, which is thought to
be carried by sheep (Heuschele and Reid 2001). A
deer-specific parapoxvirus is the agent of a conta-
gious stomatitis, producing proliferative lesions on
the lips and erosions, vesicles, and ulcers in the
mouth (Scagliarini et al. 2011). Hemorrhagic
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septicemia, an acute highly fatal disease caused by
Pasteurella multocida, results in considerable
(though sporadic) deer losses in Southern Europe.
Climatic triggers have been called into question to
explain the sudden virulentation of this opportunis-
tic bacterial pathogen (Robinson et al. 2019).
Chronic proliferative enteritis and mass loss
(up to starvation) characterize Johne’s disease
caused byMycobacterium avium paratuberculosis,
affecting a wide range of ruminant and non-
ruminant hosts, including red deer and livestock.
Increased mortality in young stock, occasional
deaths among adults, reduced growth, and lower
pregnancy rates have been reported (Carta et al.
2013). Red deer are occasional victims of anthrax,
a lethal bacterial infection caused by exotoxins of
Bacillus anthracis (Fasanella et al. 2007). Red deer
have been marginally affected by chronic wasting
disease (CWD), a transmissible spongiform
encephalopathy (TSE) caused by prions, affecting
cervid hosts in North America and, recently, in
Northern Europe (Vikøren et al. 2019). However,
the closely related wapiti is among the most fre-
quently infected deer in CWD outbreak areas in
North America.

No significant role has been attributed to red
deer in the medium- to long-term maintenance of
major livestock diseases in Europe such as foot-
and-mouth disease, brucellosis and, more
recently, bluetongue disease (Rossi et al. 2019).
However, there are examples of bovine tubercu-
losis foci maintained by red deer in the absence of
infected livestock. The spillback of Mycobacte-
rium bovis andMycobacterium caprae from these
deer to Tb-free livestock is also well documented
(Delahay et al. 2007; Nigsch et al. 2019; Zanella
et al. 2008, 2012).

Zoonoses

No major risks to human health derive from han-
dling red deer or dressing their carcasses, although,
as in other ungulates, the zoonotic agent T. gondii
has been reported. Accordingly, pregnant women
and immune-compromised patients should pru-
dently refrain from consumption of unfrozen raw
or rare venison. Deer keds Lipoptena cervi have

been occasionally reported as the agent of a local-
ized pruritic dermatitis in humans (Härkönen et al.
2009). Red deer are noncompetent hosts for the
causative organism of Lyme disease, Borrelia
burgdorferi, with evidence that the bacterium
may actually be killed in infected ticks feeding on
deer (Kurtenbach et al. 1998). Red deer are thus not
directly involved in the transmission of Lyme dis-
ease to humans. However, red deer may act as a
reservoir for adult ticks and may help maintain
their abundance in the environment (Gilbert et al.
2012).

Population Ecology

Population Dynamics

Red deer population growth rate is strongly
affected by both density-dependent and density-
independent factors (Putman et al. 1996; Coulson
et al. 2004). At low density, in productive habitats
with no predators, red deer populations can
increase up to 30–35% yearly. Low quality of
food resources and high density tend to negatively
affect traits such as age at first reproduction, calf
survival, fecundity, and adult survival, although
these parameters respond differently to different
values of density, as predicted by Eberhardt’s
model (Clutton-Brock et al. 1985; Albon et al.
2000; Coulson et al. 2004). At high density post-
winter recruitment can drop from 65–75 to 30–35
calves per 100 hinds (Mitchell et al. 1977) or even
less (17 per 100 hinds in Mesola Wood, Mattioli
et al. 2003). Red deer dynamics generally appears
to be severely limited by adverse winter condi-
tions, at least in more extreme environments, e.g.
in Norway or in the Alps, especially at high den-
sities (Forchhammer et al. 1998; Bonardi et al.
2017). The synergistic effect of density and
weather conditions impacts red deer dynamics
largely through the offspring female segment of
the population, e.g., by lowering juvenile mass at
birth and the subsequent reproductive success as
adults (Albon et al. 1987), or decreasing calf sur-
vival and female reproductive performance
(Albon and Clutton-Brock 1988; Clutton-Brock
et al. 1988).
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In most of the intact European forest ecosys-
tems, the wolf (Canis lupus) is the main predator
(Okarma 1995; Jędrzejewski et al. 2000). In
Foreste Casentinesi National Park (Central Italy),
red deer make up only one-third of wolf prey, with
wild boar (Sus scrofa) and roe deer being the other
most important prey species (Mattioli et al. 1995).
Calves and sometimes hinds can be killed by the
Eurasian lynx (Lynx lynx) (Jędrzejewski et al.
1993; Belotti et al. 2015; Heurich et al. 2016).
Golden eagles (Aquila chrysaetos) and foxes
(Vulpes vulpes) are known to prey on young
calves. Humans can also severely impact red
deer population dynamics through hunting
(Coulson et al. 2004; Putman et al. 2019),
although in sustainably managed populations,
density and winter weather conditions still appear
to be the major determinants of numerical fluctu-
ations (Bonardi et al. 2017). The role of poaching
in limiting red deer dynamics is still unclear and
likely depends on the target of poachers, e.g.,
whether they focus on the male or the female
segment of the population (Corlatti et al. 2019a).

Competition with Other Ungulates

Red deer are superior competitors to roe deer and
chamois (Rupicapra sp.). For roe deer, interspe-
cific competition has been suggested based on
inversely related densities (Latham et al. 1997),
habitat displacement (Danilkin and Hewison
1996), and lower body mass of roe deer fawns
(Richard et al. 2010). For Apennine chamois
(Rupicapra pyrenaica ornata), the exploitation
of summit meadows by an increasing red deer
population has negatively affected the diet of
female chamois with a subsequent decline in kid
survival (Lovari et al. 2014; Ferretti et al. 2015).
In the Swiss National Park, higher red deer den-
sity has caused spatial displacement of Alpine
chamois (Rupicapra rupicapra rupicapra) to
less productive meadows and steeper slopes,
with a clear decline in horn growth of kids and
yearlings (Anderwald et al. 2016). In the Stelvio
National Park (central-eastern Italian Alps), the
increasing densities of red deer, alongside the
synergistic effect of winter weather conditions,

caused a strong numerical decline in Alpine
chamois (Corlatti et al. 2019b), mainly acting on
the female-kid segment of the chamois population
(Donini et al. 2021a).

In several areas of Europe, there is habitat and
diet overlap between red and fallow deer, with no
direct evidence of competitive effects on behavior
or population dynamics. In the enclosure of
Žehušice (Czechia), fallow deer are more aggres-
sive than red deer and may displace them from the
feeding sites (Bartoš et al. 1996). In Mesola Wood
(NE Italy), fallow deer proved more flexible and
less density-dependent than red deer, increasing to
levels that put the native red deer population at
risk (Ferretti and Mattioli 2012), which led to the
culling of fallow deer as part of the conservation
measures to protect the Mesola red deer. Red deer
are thought to be adversely affected by high num-
bers of introduced sika with which they easily
hybridize (Ratcliffe 1987).

Red deer compete with sheep (Clutton-Brock
and Albon 1989), while cattle appear to be com-
plementary grazers with evidence of active facil-
itation of grazing, in particular for hinds, by the
removal of coarser vegetation (Gordon 1988).

Effects of Climate Change

In some parts of Europe, climate warming trans-
lates into a lengthening of the vegetative period
and an increase of food availability in spring and
early summer for red deer. On the Isle of Rum,
during a 38-year period from 1980–2007, higher
temperatures in spring influenced the timing of
reproduction and the antler cycle: mean parturi-
tion date advanced by 12 days, estrus date by
7 days, beginning of the rut by 6 days, end of the
rut by 12 days, antler casting by 6 days, and velvet
shedding by 7 days (Moyes et al. 2011). Climate
change may also decrease the digestibility of
plants in late summer and autumn, with negative
consequences on body growth of juveniles and
physical conditions of adults.

In mountainous habitats, increasing tempera-
tures have caused an upslope shift in plant species,
and subsequent behavioral adaptations in wildlife,
including red deer, which significantly increased
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the elevations occupied over the past decades
(Büntgen et al. 2017). The consequences of this
upslope shift are difficult to predict: In the Italian
Alps, the increase of spring-summer temperature
tended to worsen body conditions and in turn
reduced pregnancy probability, although the
impact on population dynamics may be negligible
(Corlatti et al. 2018). Conversely, the interactive
effect of increased deer numbers at higher eleva-
tions and higher temperatures may accelerate the
depletion of resources for chamois, e.g., in the
Apennines (Ferretti et al. 2018). With global
warming, habitat suitability of Western Norway
will increase with an expansion of summer and
winter ranges for both male and female migratory
red deer (Rivrud et al. 2019). Climatic changes
could also trigger resource-mediated effects on
body mass or skeletal traits, resulting in smaller-
sized deer with increasing temperature and
drought (Vannini et al. 2021).

Conservation Status

At a continental scale, red deer are still increasing
and are classified by the IUCN as “Least Concern”
(Lovari et al. 2019). However, some populations are
at risk. The Tyrrhenian red deer (C. e. corsicanus) is
strictly protected under Appendix II of the Bern
Convention and Annexes II and IVof the EU Hab-
itats and Species Directive. In 2017, there were
about 1400 red deer in Corsica and about 7000 in
Sardinia (Murgia et al. 2017). Mesola red deer (C. e.
italicus) are in danger of extinction, being restricted
to a single small natural reserve. In Northern Mac-
edonia and in Greece, red deer continue to be rare
due to poaching, predation by feral dogs, and habitat
degradation.

Management

A close relationship between humans and red deer
has existed since prehistoric times. In the wake of
their migrations, Neolithic farmers brought deer
to new regions as a source of venison, skin, bones,
and antlers. For example, red deer were trans-
located from peninsular Italy to Sardinia at least

4000–5000 years ago (Vigne 1992; Doan et al.
2017, 2022), from the Scottish mainland to the
Hebrides and Orkney around 5000 ya (Stanton
et al. 2016), and from Britain to Ireland in the
same period (Carden et al. 2012). From the Mid-
dle Ages to the end of the eighteenth century, red
deer were considered “high game” (Hochwild) in
all of Europe, i.e., they were the exclusive quarry
of kings, princes, high aristocracy, and high
clergy. For centuries, royal and noble families
continued to exchange deer, in the firm belief of
improving the stock, a practice which has never
completely disappeared even in modern times
(Beninde 1940). Extensive deforestation, expan-
sion of livestock farming, and poaching caused a
dramatic decline of the species throughout
Europe, and the species started to recover only at
the beginning of the twentieth century or after the
second world war (Deinet et al. 2013). Today, red
deer have reached high numbers in much of
Europe and pose serious management issues.

Large body size, consistent impact on agricul-
ture and forestry, great mobility, sensitivity to
disturbance, and hunting errors make correct man-
agement particularly challenging. Present man-
agement regimes differ considerably among
countries, but models with high levels of artifici-
ality (highly unnatural densities, fencing, and sup-
plementary feeding) tend to prevail (Mysterud
2010). In some countries, for example, in Spain
and Scotland, hunting can provide important rev-
enue or boost property values and, consequently,
extremely high densities are encouraged. In some
regions many deer live in fenced areas (for exam-
ple, Spain), and in some mountainous regions of
central Europe, deer are kept in large enclosures
during winter due to the lack of available winter-
ing areas in the valleys, i.e., areas that are neither
urbanized nor sensitive to potential damage. In
many parts of the continent, supplementary feed-
ing is the rule, e.g., during winter in Central and
Northern Europe, and during summer in Spain.
Born as an emergency measure to buffer climate
extremes or to limit animal movements, expensive
supplementary feeding has become essential for
maintaining very high densities, although its
effectiveness has often been questioned (Katona
et al. 2014). In some countries and regions, red
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deer occurrence is legally permitted only in a few
large forested areas, in others it is allowed almost
everywhere without precise planning. The spatial
scale of hunting management can be vast: In Ger-
many, the special red deer management units
cover around 300 km2 (Wotschikowsky 2010);
in the Northern Apennines, Italy, a red deer man-
agement unit includes a whole population,
encompassing two regions and four provinces,
covering 1700 km2 and consisting of seven coor-
dinated macro-districts (Mattioli unpubl.). In
other countries, deer counts and shooting plans
are independently made for small management
units (small ownerships, small landowner consor-
tia, and municipal hunting reserves) (Meisingset
et al. 2018). Hunting bags are sometimes still
male-biased, and excessive hunting pressure can
dangerously lower the population mean age
(Langvatn and Loison 1999; Milner et al. 2006;
Skonhoft et al. 2013; Torres-Porras et al. 2014). In
some countries, hunting halts in correspondence
to the peak of the rut, in others it does not
(Apollonio et al. 2011). In many countries,
counting deer is not mandatory and shooting
plans are based on rough estimates, on damage
levels or simply ruled by local customs.

Most of the current management regimes
should be extensively reformed. Given the poten-
tially high impact on crops and forest regenera-
tion, it would be beneficial to have a large-scale
planning process (for example, at regional level)
and use habitat suitability models to help decide
where, and at what densities, the occurrence of the
species can be tolerated, which will usually be far
from urbanized areas in regions with large forest
tracts. Given the high mobility of red deer, large
enough management units (based on, e.g., moni-
toring of GPS-tagged animals) should be
established and close cooperation between adja-
cent districts should be ensured (Meisingset et al.
2018). Counts should be mandatory, planned on a
large scale and undertaken simultaneously to
avoid multiple counts of the same animals, and a
unique general shooting plan should be prepared
for the whole large management unit, then sub-
divided among the different hunting grounds.
Supplementary feeding should be discouraged
because of the negative consequences on the

populations (reduced natural selection, semi-
domestication; at high concentrations of animals,
increased aggression and stress, enhanced trans-
mission of parasites and diseases, heavy local
browsing, etc.) (Schmidt and Hoi 2002; Putman
and Staines 2004; Milner et al. 2014). For
counting, researchers have proposed or adopted
several techniques (Mayle et al. 1999; Daniels
2006; Morellet et al. 2011; Grignolio et al.
2020), but not all appear sustainable in the long
run. In the Scottish treeless moorlands, direct
counts covering discrete blocks of land are regu-
larly used (Clutton-Brock and Albon 1989). In the
open woodlands of Central Europe, drive counts
would be appropriate, but only at relatively high
deer densities and at least on 10% of the total area
(Pucek et al. 1975; Borkowski et al. 2011). In
mountain regions with a sufficient presence of
open areas (meadows), spotlight counts are advis-
able (Garel et al. 2010; Corlatti et al. 2016). In
scrubwoods and in dense mountainous forests
with scarce accessibility and low visibility, the
use of pellet group counts, infrared camera dis-
tance sampling (Acevedo et al. 2008; Alves et al.
2013b), or roaring surveys (Mazzarone et al.
1991) should be preferred. Despite some criticism
(Ciucci et al. 2009; Douhard et al. 2013), the
nocturnal count of roaring stags with the recon-
struction of the population structure by observa-
tion sessions, when compared with other counting
methods (Dzięciołowski et al. 1996; Lovari et al.
2007), has provided consistent results and is cur-
rently used in Sardinia and the Apennines, Italy.
Simple, deterministic cohort analysis also proved
useful to reconstruct population size (Donini et al.
2021b). Besides knowing the absolute number of
deer, culling plans can be improved by periodic
estimates of demographic indices such as ovula-
tion rate and calf winter recruitment. Shooting
plans for selective hunting should be prepared
according to technically sound methods, trying
to maintain the natural structure of the population,
with lower pressure on adult stags and slightly
higher on hinds and calves. At least four age
classes should be preferably recognized for
males (calves, yearlings, subadults of 2–4 years
of age, and adults of 5+ years) and three for
females (calves, yearlings, and adults of 2+
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years) (Drechsler 1988). Some simple biometric
measurements on culled animals should be man-
datory, with at least body mass and foot length for
all animals, and mandible length for representa-
tive samples (Buchli 1979; Suttie and Mitchell
1983). Body size measures are good ecological
indicators of change in demographic parameters,
abundance, and habitat quality (Morellet
et al. 2007).

Since bark stripping and heavy browsing not
only depend on population density but also on
forest type and structure and on silvicultural prac-
tices, the best solution for decreasing damage to
forests cannot simply come from a control of red
deer density levels, but also from a substantial
change in silvicultural systems, moving from a
timber production perspective with the prevalence
of even-aged monospecific plantations to a more
nature-oriented forest, able to guarantee a better
distribution and a higher abundance of trophic
resources for herbivores (Kuijper 2011).

The value of pure indigenous populations
should be emphasized, also promoting their
expansion at the expense of non-native or
admixed stocks (see, for example, Spain, Greece,
and Sweden). Reintroductions and restocking
should be carefully planned. Finally, to minimize
the risks of genetic erosion, landscape connectiv-
ity between isolated management units should be
guaranteed (Edelhoff et al. 2020; Reiner et al.
2021).

Future Challenges for Research
and Management

The red deer is certainly one of the best-studied
mammals in Europe. Most of the research has
been carried out in marginal habitats such as
moorlands, or in somewhat artificial situations
(fenced areas, forest plantations with supplemen-
tary feeding), often in unnatural high-density con-
ditions. Furthermore, thus far most of the studies
have been performed in Western and Central
Europe. Treeless areas have been fundamental
for behavioral observations, and overabundance
has enabled research into how food restrictions
can affect body growth and fertility. A more

balanced and complete picture of red deer biology
is desirable and requires to plan studies in more
natural situations, also more frequently involving
Eastern and Southeastern European countries.
The recent expansion of large predators will
offer exciting opportunities to investigate their
impact on deer populations, their behavioral adap-
tations, and how their pattern of habitat selection
will affect abundance and distribution of other
components of European ecosystems. A regular
standard collection of biometric data across the
continent could improve our limited knowledge of
the high plasticity of this species. Finally, a shar-
ing system of up-to-date, open data on distribu-
tion, population abundance, and hunting bags
collected in a standardized manner within each
country should be promoted at a continental scale.
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Common Names

English Sika

German Sika(-hirsch)

French Cerf sika

Spanish Sika

Italian Cervo sika

Russian Пятнистый олень

While commonly referred to in English as sika
deer, the addition of the word “deer” is tautolo-
gous, since the word “sika” in Japanese itself
means deer.

Taxonomy, Systematics
and Paleontology

Sika deer (Fig. 1) originated in the mainland of
Northeastern Asia (the Southern Ussuri, Korea,
Manchuria, and Northeastern China) and subse-
quently spread to Southeastern China, Vietnam,
Taiwan, and, about 0.43 mya, also to the Japa-
nese Archipelago (Cook et al. 1999; Kawamura
2009; Nagata 2009; Wilson 2000). A small

number of fossil records (primarily antlers) of
sika C. nippon have been dated to the Pleisto-
cene, while numerous fossils of this species have
been dated to the Holocene (Kuwabara 2004;
Takahashi et al. 2003; Takakuwa 2004, 2006;
Kawamura 2009). Based on the dating of the
fossil records it can be concluded that
C. nippon inhabited China since the early Middle
Pleistocene and Japan since the Middle Pleisto-
cene (Kawamura 2009).

Based on morphological characters, sika deer
in the world were originally classified into 13 sub-
species (Ellerman and Morrison-Scott 1951;
Whitehead 1993). Six of these subspecies are
found in Japan (Ohtaishi 1986): Cervus nippon
nippon (Kyushu Island, Shikoku Island, and Goto
Island), C. n. yesoensis Heude, 1884 (Hokkaido
Island),C. n. centralisKishida, 1936 (Honshu and
Tsushima Island), C. n. mageshimae Kuroda and
Okada, 1950 (Mageshima and Tanegashima
Island), C. n. yakushimae Kuroda and Okada,
1950 (Yakushima and Kuchinoerabu Island), and
C. n. keramae Kuroda, 1924 (Ryukyu Island).

According to Geist (1999) and Groves and
Grubb (2011) three different subspecies were
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recognized in the Northeastern mainland Asia:
C. n. hortulorum Swinhoe, 1864, C. n.
mantchuricus Swinhoe, 1864, andC. n. dybowskii
Taczanowski, 1876. However, the problem with
nomenclature of these subspecies is that onlyC. n.
dybowskiiwas described based on the wild animal
from Ussuri region. The other two subspecies
were described based on captive animals: C. n.
hortulorum based on animals from Imperial Sum-
mer Palace Beijing (delivered from Altai deer
farms, where animals from Far East Russia had
been imported) and C. n. mantchuricus on indi-
viduals fromHarbour city of Jingkou. Currently, it
is widely accepted that C. n. hortulorum and C. n.
dybowskii are the same and that the correct Latin
name for the subspecies is C. n. hortulorum.

There remains some dispute as to whetherC. n.
hortulorum and C. n. mantchuricus are also the
same or not; in the study of Ba et al. (2015; see
further below) genetic differentiation between
their haplotypes was only 1%, less than that

revealed between two different cyt b haplotypes
detected in the native range of C. n. hortulorum in
Primorsky Krai (Krojerová-Prokešová et al.
2013), so it is probable that C. n. hortulorum and
C. n. mantchuricus also represent the same sub-
species. There are similar discrepancies in English
names used for this/these subspecies – three
names are used: Manchurian sika, Dybowski’s
sika, and Ussuri sika. In this handbook chapter
we consider all northeastern mainland sika as
Dybowski’s sika (C. n. hortulorum) as these are
the names mostly used for mainland Russian
forms of sika.

BesidesC. n. hortulorum, two other subspecies
are described in Southern and Western China:
C. n. sichuanicus Guo, Chen, and Wang, 1978
and C. n. kopschi Swinhoe, 1873 (Guo and
Zheng 2000). Further, distinct subspecies were
present in Vietnam (C. n. pseudaxis Gervais,
1876) and on the island of Taiwan (Formosa;
C. n. taiouanus Blyth, 1860). While the

a b

Fig. 1 Sika deer (Cervus nippon). (a) Female, (b) male (photographs © Andrea Dal Pian)
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population in Taiwan have subsequently been
reintroduced (McCullough 2009a, b), in Vietnam
only captive populations survive, with a rather
low, but not dangerously low, genetic diversity
(Thévenon et al. 2004).

Overall, however the taxonomy is somewhat
confused. There has clearly been much mixing of
stocks, particularly on the mainland, and more
recently in transfer of animals between the various
islands of Japan and there is thus in effect a con-
tinuum of intermediate forms. Some authorities
have also suggested, based on its morphological
features and its karyology, that many of the main-
land forms may themselves represent ancient
hybrids between sika and red deer or sika and
Manchurian wapiti (Cervus canadensis
xanthopygus) (Bartoš and Žirovnický 1981;
Goodman et al. 2001; Herzog 1987, 1995; Lowe
and Gardiner 1975). This theory was also
supported by the fact that that these taxa can natu-
rally hybridize in the wild as well as in captive and
introduced populations (Bartoš 2009; Bartoš
and Žirovnický 1981; Geist 1999; Mirolyubov
and Ryaschenko 1948; Prisyazhnyuk 2005;
Sokolov 1959). However, recent phylogenetic ana-
lyses rejected this hypothesis and mainland forms
of sika are considered to be a clear sika subspecies
(Cook et al. 1999; Krojerová-Prokešová et al.
2013; Nagata et al. 1999; Pitra et al. 2004; Randi
et al. 2001).

Subspecific classification based on morphol-
ogy is not completely supported by genetic stud-
ies. Mitochondrial DNA (mtDNA), especially the
most variable D-loop region, was used as a pow-
erful genetic marker for analyzing the population
structure of sika deer in Japan (Cook et al. 1999;
Nagata et al. 1995, 1999; Tamate and Tsuchiya
1995; Tamate et al. 1998; Yamada et al. 2006;
Yoshio et al. 2008; Yuasa et al. 2007). The mater-
nally inherited markers clearly split Japanese sika
populations into two distinct mitochondrial line-
ages, the southern and the northern group (Nagata
et al. 1999), which does not reflect the morpho-
logical classification. The present boundary
between these two lineages does not correspond
to one of the sea channels separating the Japanese
islands, but is located in the western part of the
Honshu and Shikoku Islands (Nagata et al. 1999;

Yamada et al. 2006), where there is no obvious
geographical barrier to dispersal. This separation
of Japanese sika into these two lineages has sub-
sequently been confirmed also by studies of
nuclear DNA, although the border between the
two lineages seems to be moved southward due
to male-biased dispersal (Krojerová-Prokešová
et al. 2017). Furthermore, analyses showed that
the Southern Japanese lineage is more closely
related to the mainland sika subspecies, than to
the Northern Japanese lineage (Nagata 2009) and
thus the divergence of these lineages probably
occurred before the colonization of Japan from
China (Kawamura 2009).

There have been relatively few genetic studies
offering reevaluation of the status of putative sub-
species on the mainland of Asia. Some kind of
distinction between South China sika C. n.
kopschi, Vietnamese sika C. n. pseudaxis, and
Dybowski’s sika C. n. hortulorum was confirmed
by studies dedicated to particular subspecies
(Barančeková et al. 2012; Wilson 2000; Wu
et al. 2004), while Ba et al. (2015) is the only
study simultaneously to analyze specimens of all
known subspecies together, suggesting two main
lineages across mainland Asia (a northern main-
land group formed by C. n. hortulorum/
mantchuricus and a southern mainland/Taiwan
group consisting of C. n. sichuanicus, C. n.
kopschi, C. n. pseudaxis, and C. n. taiouanus)
and supported closer relationship of Southern Jap-
anese lineage to mainland Asian subspecies pre-
viously detected by Nagata (2009).

In a rather more radical review of the taxonomy,
Groves (2006) and subsequently Groves and
Grubb (2011) have suggested that sika should be
divided into four distinct species: C. nippon of
Southern Japan,C. yesoensis of Central and North-
ern Japan (styled C. aplodontus by Groves and
Grubb 2011), C. taiouanus of Taiwan, and
C. hortulorum of the mainland range. A recogni-
tion of two distinct genetic types among mainland
forms and two in the Japanese islands conforms to
a degree with Groves (2006) and Groves and
Grubb’s (2011) proposal of four distinct “species.”
However, this specific status is not widely accepted
and in these pages we consider all taxa as subspe-
cies of C. nippon, pending further information.
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Current Distribution

Sika in their native range within Asia have greatly
suffered due to the habitat changes (Yuasa et al.
2007) and due to uncontrolled hunting, which led
to the extinction of local wild populations in Viet-
nam, Taiwan, and South Korea (McCullough
2009a, b). The historical range of Dybowski’s
sika was primarily in Primorsky Krai extending to
the borders of China (Aramilev 2009). According
to scarce historical records, the population numbers
of Dybowski’s sika in Far East Russia were sub-
stantially reduced at the end of the nineteenth and
the beginning of the twentieth century, primarily by
overhunting and the capture of animals for deer
farms (Makovkin 1999). In the 1940s, the popula-
tion was estimated to be at about 300 individuals
(Bromley 1956), 160 of which were located in
the present Lazovsky Reserve (Voloshina and
Myslenkov 2009). The population numbers started
to increase in the 1970s and by the end of the 1980s
the abundance of sikawas two to three times higher
within the whole area of the Primorsky Krai than
when at its lowest ebb. Reoccupation of the origi-
nal native range consisted of both wild and farm-
escaped sika deer, but it is considered that all
should be part of the original genetic stock
(Aramilev 2009; Krojerová-Prokešová et al.
2013). At present, the Russian population is the
most numerous one, estimated at>20,000 individ-
uals and appears to be relatively stable (Aramilev
2009). The size of the current population in China
is uncertain and probably consists of sporadic iso-
lated individuals that are likely dispersers across
Russian and North Korean borders (McCullough
2009a). Wild sika deer are extinct in South Korea
(Won and Smith 1999) and the current status of
North Korean population is likewise unknown
(McCullough 2009a).

The South China sika deer (C. n. kopschi) and
Sichuan sika deer (C. n. sichuanicus) are the only
remaining subspecies occurring in significant
numbers in the wild of China. Currently, the Sich-
uan sika deer is distributed in three unconnected
areas located in Northwest Sichuan province and
Southwest Gansu province. Sichuan is occupied
by the largest population, consisting of about
850 individuals (Guo 2000; Guo and Zheng

2000; He et al. 2014). The South China sika deer
population of around 300 individuals currently
exists in three isolated populations (Jiangxi,
Anhui, and Zhejiang province).

Even though the Japanese island forms of sika
are both widespread and abundant in their native
Japan, deforestation and uncontrolled hunting in
the second half of the nineteenth century together
with severe winters in 1879 and 1903 led to the
extinction of many local populations (Nagata et al.
1998). Sika markedly increased in numbers and
extended its geographic distribution in Japan over
the last few decades; the range of sika deer
expanded by 1.7 times from 1978–2003 (Saitoh
et al. 2015).

Sika have been reintroduced in places within
their natural range where populations have
become locally extinct (especially island
populations: e.g., Taiwan). In addition, they have
become introduced into adjacent territory within
their natural biogeographic range (e.g., more
widely in Russia and in the Ukraine). In addition,
over the last two centuries, sika have been intro-
duced into many other parts of the world. Outside
Asia, free-ranging populations are established in
Australasia (New Zealand); North America (Ken-
tucky, Maryland, North Carolina, Texas, and Vir-
ginia); and Europe (Austria, Czech Republic,
Denmark, France, Germany, Ireland, Poland, and
the UK).

Altogether, sika were introduced to 35 different
European countries at the end of the nineteenth
century and the beginning of the twentieth century
(Bartoš 2009). Most of these introductions date
from the last years of the nineteenth century
(1890s) through to 1930s, although some have
continued until more recently. The most authori-
tative reviews of distribution, history of introduc-
tions, and current status can be found in Banwell
(2009), Bartoš (2009), Feldhamer and Demerais
(2009), McCullough et al. (2009), Swanson and
Putman (2009), and Apollonio et al. (2010),
which document dates and history of introduc-
tions/reintroductions. See also Eick et al. (1995)
for Continental Europe and Ratcliffe (1987) for
the UK.

The geographical origin and subspecies status
of most of the introduced individuals can no
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longer be ascertained as the archives of the main
supplier, the Hagenbeck Company from Ham-
burg, were destroyed (Bartoš 2009). Recent phy-
logenetic studies using mtDNA markers have
however confirmed that the majority of
established feral populations is of Japanese sika
origin (both northern and southern genetic
groups); fewer successful introductions would
appear to have been made of sika from mainland
Asia and the majority of these (usually from Far
Eastern Russia) have remained in enclosures
rather then becoming established in the wild
(Apollonio et al. 2010). For example: of sika
introduced to the Czech Republic, recent
mtDNA analyses have revealed that introduced
individuals belonged to at least four different
sika subspecies: C. n. yesoensis and C. n. nippon,
both from Japan, and C. n. hortulorum and C. n.
kopschi from mainland Asia (Barančeková et al.
2012; Krojerová-Prokešová et al. 2013).
Although over the years, a number of individuals
escaped, forming two free-living populations,
which are believed to be essentially of Japanese
sika (Vavruněk and Wolf 1977); mainland
populations of sika have been maintained until
now entirely within deer parks and enclosures
(Krojerová-Prokešová et al. 2013).

A significant complication arises from the fact
that many introductions were not made directly
from Asia but from captive populations where
sika had been held in common with other cervids
(captive). The analysis of mtDNA in Czech
enclosures uncovered that almost one-third of
the individuals bred in captivity contained
mtDNA haplotypes of other sika subspecies,
although these individuals were morphologically
determined as Dybowski’s sika. These haplo-
types clustered with haplotypes of subspecies
from Northern Japan, Southern Japan, and
Southeast China. This definitively confirms that
there has been hybridization between various
sika subspecies within the enclosed populations
either in the Czech Republic or possibly even
among animals imported from other central
European collections (Krojerová-Prokešová
et al. 2013). In many cases sika are known to
have hybridized with red deer or other species

before release and, in consequence, many intro-
duced animals may have been of hybrid status
when released to form feral populations. Due to
this and to subsequent continuing hybridization
among wild populations (see section “Genetics”:
Hybridization) the sika of many free-ranging
European populations are known to comprise a
mix of genetic stocks and in some cases to be
distinct genetic hybrids between sika and red
deer. This will be developed further below, but
it should be noted that for this account the term
“sika” is used to refer to animals of supposed sika
phenotype and such animals are not necessarily
genetically of a single genetic type, nor neces-
sarily purebred sika.

As well as those populations established in the
wild or feral state, sika are widely maintained in
deer parks, farms, and other captive collections.

Current distribution of free-ranging populations
in Europe is summarized in in Fig. 2 and Table 1.

Clearly, occurrence in most countries is at rel-
atively low density; within Europe the most sig-
nificant populations are present in the UK and
Ireland (estimated at c. 50,000), Czech Republic
(>10,000), and European Russia (estimated at
around 2400), although it is probable that many
of these individuals are of hybrid status (see
below). Historic populations in Estonia and Lith-
uania are believed extinct.

Description

Sika deer are medium-sized deer, intermediate
between red and roe deer, but even within subspe-
cies are extremely variable (presumably de-
pendent on founder source). Manchurian and
Formosan strains are perhaps more uniform in
size, but Japanese sika in particular show marked
variation in size, with some populations extremely
small and stocky (females as little as 50 cm at the
shoulder, males 70–80 cm) and others more nearly
approaching fallow deer in size (100–120 cm
at the shoulder). There is also a pronounced
variation in body mass (see below section
“Measurements”).
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All races and subspecies show pronounced
sexual dimorphism with adult males some
30–40% larger than females on average.

Pelage

In all sika, the summer coat is chestnut or fawn,
marked with distinct white spots; in the mainland
Manchurian race this base color is a very distinct
deep chestnut red. Formosan sika retain their spot-
ted pelage throughout the year; in other races the

distinct spotting is lost in winter coat which is grey
to almost black. The winter coat is notably thick
and dense and mature stags develop a pronounced
cape or mane. Newborn calves are various shades
of brown ranging from dark chocolate to nearly
yellow, marked with white spots; this calf coat is
partially retained until the first winter moult in
October–November.

Most characteristic is a white caudal patch
outlined in black, which may be erected or flared
in alarm. The tail, which is white with a black stripe
of variable thickness, extends only partway across

Map template: © Getty Images/iStockphoto

Fig. 2 European distribution range of Cervus nippon in Europe. Please see table caption for distribution data source.
(Map template: © Copyright Getty Images/iStockphoto)
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this caudal patch. The facial appearance of sika is
also distinctive, with dark lines above the eyes and a
contrasting paler area between them emphasizing
the anterior raised margins of the frontal bones.
Metatarsal glands on hock are usually white and
very distinct.

Moult

Moult starts in May and complete by July. Winter
coat develops in September and coat change com-
pletes by early November. Stags develop thick
manes during the rut which persist throughout win-
ter. The first, calf moult occurs 2–3 months from
birth, but is inconspicuous and calf coat may be
partially retained till first winter coat develops in
October–November.

Measurements

There is marked variation between populations in
body size with recorded differences in shoulder
height for sika as: females: 50–100 cm; males:
70–120. All races and subspecies show

pronounced sexual dimorphism with adult males
some 30–40% larger than females. There is simi-
lar variation in recorded body mass for Japanese
sika (Table 2).

Table 2 shows average whole-body mass in
kilograms for a number of British populations.
Values given are estimates only, recalculated
from cull statistics. In general, mass actually
recorded derives from culled animals and is
taken as carcase mass, measured after the
removal of the viscera, or dressed carcase mass,
after removal of viscera, head, and feet. There is,
however, a fairly precise relationship between
these different body masses, with carcase mass
approximately 87% of whole carcase mass for
males and 90% for females and with dressed
carcase mass approximately 76% of actual live
body mass for both sexes (Zejda and Horáková
1988). For this table, mean body mass has been
recalculated from carcase mass recorded for Dor-
set and Killarney sika, and from data for dressed
carcase mass from New Forest and Scottish
animals.

Such variation in mass is not atypical; body
mass of Killarney (Birkett, original data) and Dor-
set animals (Putman and Clifton-Bligh 1997) are

Table 1 Current distribution and abundance of free-living sika populations in Europe

Country Number of populations Estimated total number

Austria 2 850a

Czech Republic 3 10,000b, c

European Russia 2400a

Denmark Scattered 500a

France 4–6 200d

Germany 7 1500a – 2500e

Hungary 1 100a, f

Poland 2 220a

Switzerland Immigrant from Hochrbein, Germany 250g

UK Widespread in Northern Scotland; localized population in England Scotland 25,000h

England 2000h

Ireland 20,000–25,000h

Sources:
aBartoš 2009
bHunting statistics of the Czech Republic 2015 (www.uhul.cz)
cKrojerová-Prokešová et al. 2017
dMaillard et al. 2010
eWotschikowsky 2010
fCsányi and Lehoczki 2010
gImesche-Bebie et al. 2010
hPutman 2010
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very similar to those reported from populations at
Mohnesee (West Germany; Konig and Eick
1989), or from Northern Moravia in the Czech
Republic (Zejda and Horáková 1988), while
body mass of animals from the New Forest, or
from Scottish forests (Ratcliffe 1991), is very
similar to published body mass for sika in Mary-
land, USA (Feldhamer et al. 1985).

In the larger mainland Dybowski’s sika deer
(C. n. hortulorum), Danilkin (1999) summarizes
results from a number of studies, reporting that
height at the withers ranges from 96–120 cm for
males and 85–106 (extreme 115) cm in females.
Males can weigh up to around 170 kg but more
commonly are between 86 and 138 kg and
females weigh up to 80–90 kg (63–98 kg;
Danilkin 1999).

Comparisons of body mass of animals of
known age suggest that hinds may not reach
actual full body size until 2 or 3 years of age.
Stags continue to gain mass for a further 2 years,
maturing fully at 5 years (Kaji et al. 1988; Konig
and Eick 1989).

Skull and Teeth

The skull is notably shorter than red deer, with
short pointed rostrum. For Dybowski sika, within
their native range, Danilkin (1999) reports that the
maximum length in males is 318–330 (limit 349)
mm, in females it is 287–302 (limit 310) mm; the
maximum width is 143 (155) mm and 121
(129) mm.

Dental formula: deciduous teeth 0.1.3.0/
3.1.3.0; permanent dentition 0.1.3.3/3.1.3.3.
Eruption sequence identical to red deer, and as
with that species used to estimate age.

Antlers

Sika stags have relatively simple antlers, which
characteristically develop up to four points only
on each side; the bay tine (bez tine) is absent.
Brow tines present at an acute angle to the main
beam (cf. red deer where angle between brow tine
and main beam is >90�; characteristic).

Stag calves begin to develop pedicles at 6 or
7 months. These produce simple single-spiked
antlers in the second year. These unbranched
spikes are replaced in the third year by antlers
bearing brow, trez, and top tines; the full head of
eight points is developed in the following sea-
son. Antlers are cast each year around April/May
and the new growth remains in velvet through
May to August. Antlers are cleaned during the
latter part of August and early September, and
with a tendency for older stags to finish the
development slightly earlier than younger
males. It is considered a diagnostic characteristic
of Dybowski’s sika that the velvet covering the
antlers during antler growth is a distinctive red
coloration.

Scent Glands

Pronounced metatarsal gland (hock gland) exud-
ing a waxy material impregnates surrounding hair.
Also very obvious preorbital gland appears par-
ticularly active in rutting males, when it secretes a
milky fluid which may appear clearly on cheeks.
No interdigital gland, but whole tail is believed to
be glandular. Secretions of metatarsal (and possi-
bly preorbital) individually distinctive; metatarsal
secretion may also contain coded information of
sex and age (Lawson et al. 2000, 2001).

Table 2 Mean body mass, in kilograms, of sika deer from a number of different British populations

Males Females

Yearlings Mature Yearlings Mature

[Age in months] 16–20 > 20 16–20 > 20

Lulworth, Dorset 42 63 35 40

New Forest, Hampshire 33 50 – 31

Scottish populations, average – 40 – 31

Killarney, Ireland 39 57 34 44
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Physiology

Physiology of European sika (reproductive cycle,
control of antler growth, ruminant physiology of
an intermediate feeder, etc.) is similar to that of
red deer. Specific reviews of endocrine physiol-
ogy and nutritional physiology of sika are offered
by Yamauchi and Matsuura (2009) and Masuko
and Souma (2009).

Genetics

Chromosomes

2n ¼ 64–68 in both pure sika and red x sika
hybrids; number variable due to Robertsonian
fusions (Ohmura et al. 1983; Zima and Král
1984). The modal number in Northern Japanese
sika (C. n. yesoensis) from Hokkaido is 68, with a
pair of metacentric chromosomes, which is usu-
ally considered to be the basic chromosome num-
ber in the Cervidae (Slate et al. 2002).

Phylogeography

Phylogenetic studies support diversification of
sika within their native range to four different
lineages: two present in mainland Asia (Ba et al.
2015) and two in Japan (Cook et al. 1999; Good-
man et al. 2001; Krojerová-Prokešová et al. 2017;
Nagata et al. 1995, 1999; Tamate and Tsuchiya
1995; Tamate et al. 1998; Yamada et al. 2006;
Yoshio et al. 2008; Yuasa et al. 2007). The diver-
sification of sika to a significantly greater number
of morphological subspecies (Ellerman and
Morrison-Scott 1951; Whitehead 1993) is uncer-
tain. For further details see section on (Taxon-
omy). The situation is really complicated due to
possible admixture among subspecies and further
taxonomic revision is required.

It has been established that all four known sika
lineages are also present in introduced sika
populations in Europe (Barančeková et al. 2012;
Biedrzycka et al. 2012; Krojerová-Prokešová

et al. 2013; Pitra et al. 2005) although the majority
of populations are of Japanese genetic types.

Genetic Diversity

Genetic variability of native as well as introduced
sika populations is relatively low (Table 3) in
comparison to, e.g., red deer (Feulner et al.
2004; Hajji et al. 2007; Hmwe et al. 2006;
Krojerová-Prokešová et al. 2015; Kuehn et al.
2003; Nielsen et al. 2008; Sanchéz-Fernandéz
et al. 2008). Generally, lower values of genetic
diversity of sika in their native range would
appear to be primarily due to their evolutionary
history, in relation to the colonization of different
Japanese islands during the Pleistocene, as well as
secondarily due to human-mediated demographic
changes at the turn of nineteenth and twentieth
century (Lu et al. 2006; Nagata et al. 1998; Wu
et al. 2004). Deforestation and uncontrolled hunt-
ing in the second half of the nineteenth century led
to the extinction of many local populations and
possibly put others through bottleneck events.

Genetic variability of Japanese sika differs
within Japanese islands and is the lowest in South-
ern Japan (Nagasaki) and in Hokkaido Island
(Table 3; see also Kaji 1995; Krojerová-Prokešová
et al. 2017; Nagata et al. 1998; Tamate et al. 2000).
The highest genetic diversity was detected in the
population occupying Honshu Islandmaybe due to
contact between the two known maternal lineages
of Japanese sika (Goodman et al. 2001; Krojerov-
á-Prokešová et al. 2017; Nagata et al. 1998; Tamate
et al. 2000; Yoshio et al. 2009).

Introduced European sika populations gener-
ally have lower genetic diversity than the native
populations, but some populations, e.g., popula-
tion in Wicklow (Ireland), in the Czech Republic,
or in Kintyre (Scotland) have been found to have a
higher genetic variability, possibly due to the
crossbreeding with native red deer population
(below) or the fact that source populations for
such introductions have subsequently lost some
of their original genetic diversity in bottleneck
events (Table 3).
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Hybridization

Where distribution of sika overlaps with that of
congeneric red deer, both species can hybridize to
produce fertile offspring thus potentially threaten-
ing the genetic integrity of native red deer.
Hybridization between red and sika has been
documented in both the UK and the Republic of
Ireland (Diaz et al. 2006; Goodman et al. 1999;
Harrington 1973, 1982; Lowe and Gardiner 1975;
McDevitt et al. 2009; Pemberton et al. 2006;
Pérez-Espona et al. 2009, 2013; Ratcliffe et al.
1992; Senn and Pemberton 2009; Senn et al.
2010a, b; Smith et al. 2014), in the Czech Repub-
lic (Bartoš 2009; Bartoš et al. 2010; Bartoš and

Žirovnický 1981; Krojerová-Prokešová et al.
2013, 2014, 2017; Zima et al. 1990), and in
Poland (Biedrzycka et al. 2012), and there is con-
cern about the potential for hybridization else-
where (e.g., Germany: Wotschikowsky 2010;
Austria: Weisz et al. 2002).

The genetic evidence suggests that the most
common mode of hybridization is that of sika
stags mating with red hinds. This is because
early-generation hybrids (as detected by micro-
satellites) mostly have red deer mitochondrial
(maternal) DNA (Goodman et al. 1999;
Pemberton et al. 2006; Senn and Pemberton
2009; Smith et al. 2014). In fact, where substantial
populations of both red and sika occur in the wild,

Table 3 Genetic diversity of nuclear DNA of several native and introduced populations of Japanese as well as mainland
Asia subspecies

Location Population N NA He Ho Nm Source

Native populations

China Captive 113 5.93 0.685 0.568 14 Shen-Jin et al. 2014

China (Tiebu NR) Wild 149 6.56 0.562 0.756 9 He et al. 2014

Japan Wild 122 8.36 0.53 0.36 22 Krojerová-Prokešová et al.
2017

Japan (Hokkaido) Wild 93–108 3.67 0.22 0.21 – Nagata et al. 1998

Wild 68 2.19 0.28–0.32 – 9 Goodman et al. 2001

Japan (Honshu) Wild 39 3.67 0.28 0.23 3 Nagata et al. 1998

Wild 135 4 0.516 0.524 9 Tamate et al. 2000

Wild 122 3.38 0.42–0.6 – 9 Goodman et al. 2001

Wild 177 – 0.58 0.59 17 Okada et al. 2005

Wild 9 6.22 0.53 0.52 9 Yoshio et al. 2009

Wild 274 6.65 0.64 0.51 10 Konishi et al. 2017

Japan (Kyushu) Wild 95 2.55 0.19–0.45 – 9 Goodman et al. 2001

Japan (Shikoku) Wild 23 2.33 0.39 – 9 Goodman et al. 2001

Russia (Primorski
Krai)

Wild 109 10 0.74 0.6 13 Krojerová-Prokešová et al.
2013

Vietnam Captive 144 4.07 0.59 0.57 9 Thévenon et al. 2004

Introduced populations

Czech Republic Feral,
captive

221 7.27 0.467 0.373 22 Krojerová-Prokešová et al.
2017

Czech Republic Captive 84 10.32 0.710 0.617 13 Krojerová-Prokešová et al.
2013

England Feral 10 2 0.21 – 9 Goodman et al. 2001

Ireland Feral 45 – 0.21–0.56 0.4 9 McDevitt et al. 2009

Scotland Feral 49 3.19 0.13–0.38 – 9 Goodman et al. 2001

Scotland Feral 213 3.05 0.15 0.14 22 Senn et al. 2010

Abbreviations: N number of samples, NA average number of allele/locus, HE expected heterozygosity, Ho observed
heterozygosity, Nm number of microsatellite loci used in the study
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both species seem to breed true and hybridization
appears to be rather uncommon, with an estimate
of perhaps one in 500 to one in 1000 matings
estimated in an area of species overlap in Argyll,
Scotland, by Goodman et al. (1999). However,
where populations are expanding their distribu-
tional range into areas where red deer are already
present, hybridization may be more frequent. At
the leading edge of a wave of expansion young
sika stags are encountered at a considerable dis-
tance away from the main population center and
stags may typically become established in an area
from 10–15 years before the first hinds are noted
(Ratcliffe 1987; Staines 1998). These individuals
usually join red deer groups (Bartoš 2009;
Bennetsen 1977). It is interesting that red deer
males usually ignore the presence of sika stag
and only chase away other red stags (Bartoš and
Žirovnický 1982). Moreover, some studies report
aggressive behavior of sika males toward young
red stags during the rut (Matuszewski and
Sumiński 1984).

The best working hypothesis for the circum-
stances under which hybridization occurs in areas
of distributional overlap therefore is that dispersing
sika stags on the edge of expanding sika range find
themselves in areas that contain red deer hinds but
no sika hinds. Once a first cross has been
established, further hybridization or backcrossing
to either parental type is rapid, resulting in rapid
gene introgression. In areas of distributional over-
lap, an appreciable proportion of red and, particu-
larly, sika deer have a small number of alleles
thought to be characteristic of the other taxon (typ-
ically at one or two loci of a panel of 10–20 loci:
Goodman et al. 1999; Pemberton et al. 2006). It is
notable that in such admixed populations, propor-
tion of sika incorporating red deer genetic material
is characteristically higher than the proportion of
red deer displaying introgression of sika genes
(e.g., Swanson and Putman 2009).

The situation is further complicated by the fact
that many introductions of sika to the wild were
not direct imports from Japan or mainland Asia,
but derived as escapes or deliberate releases from
deer parks where the animals had commonly been
kept in mixed collections with other species of
Cervus and where hybridization may have been

facilitated by the confined conditions so that indi-
viduals subsequently released were already of
hybrid status (Bartoš 2009; Powerscourt 1884).
Certainly many of the releases in Britain and
elsewhere in continental Europe were secondary
introductions from one of the earliest introduced
populations at Powerscourt Park at Enniskerry in
Ireland, where these animals had been maintained
in close proximity to populations of red deer and
other cervid species within the same park. Pérez-
Espona et al. (2009), however, have suggested
that the sika introduced around the British Isles,
even those deriving from Powerscourt, seem
unlikely to have been extensively hybridized
prior to release, arguing that if the sika had exten-
sive red deer admixture, they would be unlikely to
cluster in genetic studies of nuclear DNA, within
Japanese sika, and would appear more distant
from all true sika, possibly clustering toward the
red deer samples included in the same analysis.
This is not the case (Goodman et al. 2001). Sec-
ondly, in a search for diagnostic markers
distinguishing between red and sika (Goodman
et al. 1999; Slate et al. 1998), it was relatively
easy to find microsatellite markers with large or
fixed allele frequency differences between Scot-
tish red and sika deer. Similarly, even though
allele frequencies in introduced sika populations
in the Czech Republic were clearly differentiated
from those detected in native populations
(Krojerová-Prokešová et al. 2013, 2017), Czech
sika still cluster with native sika if red deer sam-
ples are included in the analysis (Krojerov-
á-Prokešová et al., unpublished data).

The most detailed analysis of hybridization
between red and sika deer in wild populations
has been carried out in Argyll, Scotland
(Abernethy 1994; Goodman et al. 1999;
Pemberton et al. 2006; Ratcliffe et al. 1992;
Smith et al. 2018; Swanson 1999). The pattern is
generally one of a moving wave of hybridization
related to the expansion of sika into resident red
deer areas showing locally high proportions of the
population carrying small amounts of hybrid
DNA (Pemberton et al. 2006, Smith et al. 2018).
In most cases, once the initial wave had passed,
although there may be some introgression of
genetic material characteristic of the other taxon,
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there has been little disruption of the overall
appearance of each species, which still phenotyp-
ically resemble on one or other parent.

The same is noted for hybridization between
Dybowski’s sika (C. n. hortulorum) and Manchu-
rian wapiti (C. canadensis xanthopygus) which
occasionally hybridize in the area of their natural
contact along the Ussuri River on the Russia-China
border (Flerov 1952; Heptner et al. 1961; Sokolov
1959). According to an unpublished study by
S. Goodman (reported in Aramilev 2009), in the
rare cases when this hybridization occurs, the
hybrid individuals retain the phenotype of one or
other parent, indicating that natural selection may
be acting against hybrids with intermediate pheno-
types. Recent genetic research conducted in this
area during 2007–2013 also revealed only small
nuclear gene introgression (Krojerová-Prokešová
et al., unpublished data) and no introgression of
mtDNA between both species (Krojerová--
Prokešová et al. 2013).

In other areas, however, hybridization is
followed by a breakdown of assortative mating
resulting in development of a “hybrid swarm”
with up to 50% of animals in the population
showing hybrid characteristics – e.g., in Wicklow,
Ireland (McDevitt et al. 2009), in West Loch Awe,
Scotland (Goodman et al. 1999; Senn and
Pemberton 2009), in Kadyny forest, Poland
(Biedrzycka et al. 2012), and in Doupovské hory
Mts, the Czech Republic (Krojerová-Prokešová
et al. 2014). This last area is one which expanding
sika populations reached at the end of 1980s, at
the same time as numbers of red deer also started
to increase. Thus the contact occurred at the wave
of expansion of both species. After 30 years of
co-occurrence population numbers of sika have
exceeded the numbers of red deer and approxi-
mately 10% of the population is formed by
hybrids (Krojerová-Prokešová et al. 2014).

The fact that in some areas red deer and sika
appear to coexist without recent and/or past hybrid-
ization, e.g., in Killarney, Ireland (McDevitt et al.
2009; Smith et al. 2014); in other areas early hybrid-
ization events tend to be masked by repeated back-
crossing into one or both parental species (Diaz et al.
2006; Senn and Pemberton 2009) and yet in other
areas again there appears to be a breakdown in

assortative mating leading to this development of
hybrid swarms, is curious and has been described as
a “mottled hybrid zone,” in which the occurrence of
hybridization is determined by demographic and
environmental stochastic forces (Senn and
Pemberton 2009). Swanson and Putman (2009)
suggest for the British Isles that the outcome
depends in large part on relative population sizes
and genetic provenance of the local populations of
both red and sika (and the extent to which they
might already be of hybrid origins). Further, also
extensive body size differentiation between red deer
and sika might have played a role in the number of
successful crossbred events (Biedrzycka et al. 2012;
Krojerová-Prokešová et al., unpublished data;
McDevitt et al. 2009).

Life History

Growth

There is no published information on sex-specific
growth patterns in European populations.

Reproduction

Sika are seasonal breeders with the rut beginning
toward the end of September or early October,
depending on location and latitude. However, the
sika rut is often more protracted than that of other
species and whistling stags may be heard from the
end of August through until mid-December or,
exceptionally, as late as mid-February. Large varia-
tion in timing of rutting activity of sika deer has been
reported across Europe and also within very small
areas (Bennetsen 1977, Bartoš 2009). Variation in
timing of rutting activity results in long calving
period. Calves are born from early May to late
June after a gestation of 220 days; however, since
sika have a less well-synchronized breeding cycle
than many other native European species, it is not
uncommon to find newborn calves in August or
September or even, although infrequently, as late
as October. Normally a single calf is born, but
infrequent cases of twin births have been reported
(Clinton et al. 1992; Davidson 1990).
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Most hinds breed successfully for the first time
as yearlings, and thereafter breed each adult year
with high pregnancy rates maintained till aged
10 years or older. In three English populations
(New Forest, Lulworth [East Dorset], and
Bovington) conception rates among yearling
females were around 80% and those among
adult hinds 80% (New Forest) and 90% (Dorset
populations), respectively (RP own data; Putman
and Clifton-Bligh 1997). In six sika populations
studied across Scotland, fertility rates were
equally high with yearling conception rates 80%
or above, and pregnancy rates among adults
mostly between 85% and 100% (Chadwick et al.
1996). Pregnant calves are not uncommonly
recorded among animals culled throughout most
Scottish and many English populations (Chad-
wick et al. 1996; Chapman and Horwood 1968)
– although whether or not these precocious
breeders would have been able to maintain the
pregnancy to its full term or successfully rear the
resultant calf is perhaps less certain.

Reproductive rates are clearly extremely high
and no evidence for any density-dependent reduc-
tion in fecundity among British sika was detected
(e.g., Chadwick et al. 1996; Putman et al. 1996;
Putman and Clifton-Bligh 1997) with recorded
densities up to 35 ind./km2. From a long-term
study of an unculled sika population on the
Muckross peninsula of Southern Ireland however
over 12 years, Raymond (2008) found a reduction
in the number of adult females observed pregnant
in night counts, and in the number of culled
females found pregnant; with increasing popula-
tion density, density of mature sika accounted for
52% of observed variation in pregnancy rates in
culled animals (Raymond 2008). Population den-
sity also affected the proportion of yearling
females becoming pregnant. In this population,
sika numbers increased from 62 (32 km2) to
106 (54 km2) between 1992 and 2000 and this
was followed by a sharp rise to 181 (92 km2)
in 2003.

Recruitment rates to the adult population are
not however as high as high fecundity rates
reported might suggest.

Survival

Studies in their native habitat in Japan and in
Ireland (O’Donoghue 1991; Raymond 2008) sug-
gest there is a high early juvenile mortality and
only 40–50% of calves born may survive to the
beginning of their first winter. Density of foxes
and badgers were found by Raymond (2008) to be
significant predictors of calf mortality suggesting
predation as the major factor in juvenile survival.

Further information on survival rates can be
found for Japanese populations in Ohtaishi
(1978) and Ueno et al. (2018).

Habitat and Diet

Habitat

Characteristically sika are woodland animals, pri-
marily associated with coniferous or mixed wood-
land. However, they are intermediate feeders
(sensu Hofmann 1985) taking grasses and dwarf
shrubs as well as browse; both in their native range
and where introduced they may feed out into clear-
ings within woodland, or commonly onto heath-
land or grassland areas beyond the forest edge. A
good review of habitat relations in their native
range is offered by Takatsuki (2009a, b).

Sika are opportunistic species however and
where introduced, while usually still associated
with forested habitats, they may secondarily adapt
to reedbeds or saltmarsh vegetation (e.g., Diaz et al.
2005; Feldhamer et al. 1978). Studies in the UK
suggest that British sika seem primarily associated
in their distribution with acid soils, with the major-
ity of populations established in areas of coniferous
plantations and adjacent heath. The deer do appear
to be dependent on some degree of woodland cover
however and seem less able to adapt to completely
treeless conditions than red deer in upland Scotland
(Staines 1998).

In their most “typical” British habitat of acid
coniferous woodland, sika show a very predict-
able pattern of habitat use, lying up in dense
thickets during the day and moving out to feed at

100 R. Putman et al.



night in the more open communities within the
forest itself or on open ground beyond. This reg-
ular pattern is maintained throughout the year;
indeed, the overall pattern of use of available
habitats changes little between the seasons
(Mann and Putman 1989a). Within the New For-
est and associated range in Southern Hampshire,
sika occupy a more varied environment of acid
grasslands, heathland, and extensive areas of
broadleaved as well as coniferous woodland.
While the general pattern of habitat use remains
much the same, the animals make greater use of
these deciduous woodlands for feeding and make
far less extensive use of open fields and heaths
(Mann and Putman 1989a). Use of cover increases
in heavily disturbed areas especially during day-
light (Putman and Mann 1990).

In Killarney, Southern Ireland, sika preferen-
tially selected areas of open canopy high forest
and successional habitats (regenerating
broadleaved woodlands or coniferous plantations
of <15 years (Burkitt 2009). Sika significantly
avoided closed canopy forest and open habitats
such as grasslands and areas of open heath and
there was neither selection for, nor avoidance of
woodland edge or other ecotone habitats. Sika
selected open canopy high forest in spring, sum-
mer, autumn, and winter and successional habitats
in summer, autumn, and winter. They avoided
closed canopy forest in all seasons and more
open habitats in summer, autumn, and winter.

Diet

Sika are intermediate feeders (sensu Hofmann
1985) taking grasses and dwarf shrubs as well as
browse. There are numerous studies of diet in their
native Asia, most recently summarized by Taka-
tsuki (2009a, b). Outside Asia most studies of diet
have been carried out for sika of coniferous forest
and heathland habitat in Great Britain. All show a
high intake of grasses and heather in all seasons,
although the actual proportion of grasses to
heather differs between studies (64:20 Burkitt
2009; 70:20 Mann 1983; 30:50 Mann 1983;

Mann and Putman 1989b; 60:20 Quirke 1991).
A variety of other dietary components contributes
to the remainder of the diet (pine needles, bark,
and gorse) but rarely contribute significantly.
Where broadleaved browse is available, however,
it may comprise a significantly higher proportion
of the diet (up to 23% of the total food intake,
Mann and Putman 1989b) although of course this
tends to be more significant during the spring and
summer, while the proportions of coniferous
browse become greater in autumn and winter
(Burkitt 2009; Mann and Putman 1989b). Few
comparable data are available for, e.g., reedbed
populations or others (but see Diaz et al. 2005).

In the Czech Republic studies of diet have
mostly been restricted to the winter period
(Heroldová 1990; Obrtel et al. 1985a, b), except
for Kamler et al. (2007) who studied annual diet of
sika. All these studies were done in areas where
free-living sika deer do not coexist with red deer.
Based on all available data, sika deer diet in the
Czech Republic consists mainly of grasses (24%)
and forbs (10%), with high amount of grains
(20%) and coniferous browse (20%) throughout
the year. This indicates high dependence of sika
deer on field crops and on artificial feeding over
winter.

Behavior

Social Organization

Outside the breeding season, adult males and
females are strongly segregated; in most
populations stags and hinds occupy distinct geo-
graphical ranges for much of the year. Although
commonly considered a “herding” species, sika
are actually one of the less social of the deer
species (Putman and Mann 1990).

From the end of winter through until
September, the majority of animals are generally
encountered alone, or in the case of hinds, a single
animal accompanied by a calf and perhaps a year-
ling. Thus in studies in Southern England 95% of
females seen through spring and summer were
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encountered as solitary hinds or single females
and followers and most males were also encoun-
tered individually (Mann 1983; Putman andMann
1990). The rut in September causes an increase in
aggregation and increases the number of groups
encountered containing adults of both sex; these
larger aggregations persist through until March or
April, when females drift away from the groups to
calve. Even during this winter period, however,
sika are rarely observed in groups of more than
five or six.

Groups appear very temporary associations
formed as animals coincide in favored feeding
areas. Observations on marked sika hinds in
Wareham Forest in Dorset showed little consis-
tency of group composition or individual associ-
ation from one day to the next (Horwood and
Masters 1970, 1981); these social “groups” are
thus extremely fluid in composition. Group size
appears very responsive to habitat; mean group
size in denser habitats, such as coniferous wood-
land or closed oakwoods, tends to consist of one
or two individuals, with larger groupings gener-
ally being encountered in more open habitats
(Table 4; Putman and Mann 1990). Group size
even varies in relation to density of different
growth stages within commercial coniferous plan-
tations (Chadwick et al. 1996).

Home Range

Individual deer has relatively small home range
areas. In the Killarney National Park in Ireland
(a semi-agricultural landscape with open mixed
woods of 150–250 ha bordering on larger areas of
mixed conifer/broadleaved plantations) mature

hinds were found to use ranges of only 18–22 ha;
adult stags had somewhat larger ranges (between
45 and 55 ha) and young stags ranged more widely
still, within ranges of between 60 and 70 ha
(Burkitt in Putman 2000). Based on a sample of
animals with movements recorded for seven years
or more Raymond (2008) reports somewhat
smaller ranges still with ranges estimated for stags
at between 13 and 41 hectares and those for adult
hinds from 4–9 hectares. Radio-tracking studies in
two areas of coniferous forestry in Northern Scot-
land suggest range areas of similar extent
(C. Maclean, unpublished data in Putman 2000).
On the Arne peninsula of Southern England
(an area of coastal heathland and saltmarsh), Uzal
et al. (2013), using kernel estimation methods,
report significantly larger ranges with 90% ranges
of mature hinds from 35.51–159.85 ha (median
87.67 ha; n ¼ 21); in a similar area further inland
(HartlandMoor) 90% ranges extended from 58–52
to 137.49 ha (median 107.76; n ¼ 10) with an
overall median for both sites extending to
89.98 ha (n ¼ 31). Much larger home ranges are
reported from GPS studies in the Doupovské hory
Mts in the CzechRepublic. Here the average size of
male home range was 819 � 827 ha and varies
from 114 up to 3018 ha based on kernel estimation
method (Dvořák et al. 2014).

Activity

Sika appear to be active throughout the 24-hour
period where undisturbed, with peaks of activity
at dawn and dusk; however, populations become
more markedly crepuscular or nocturnal in areas
of high disturbance (Putman and Mann 1990).

Table 4 Typical group sizes recorded in a range of different habitat types in England. (From Mann 1983; Putman and
Mann 1990)

Habitat Winter Spring Summer Autumn

Deciduous woodlands 2–3 2 1–2 2–3

Plantation conifer 1–2 2–3 1–2 1–2

Prethicket conifer 2 2 1–2 1–2

Polestage conifer 2 1–2 1–2 1–2

Rides and clearings 2 2–3 1–2 1–2

Heathland 2–6 2–4 2 2–3

Agricultural fields 2–7 2–7 2–5 2–7
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Senses and Communication

Both sexes utter a brief, high-pitched squeal when
alarmed, with the call directed toward the object
of suspicion. At the same time the alerted animal
often moves gradually toward the source of alarm
to investigate more closely; a deeper alarm “bark”
precedes immediate flight. Young calves offer a
high-pitched wavering bleat, not unlike the
mewing of a buzzard, when calling for their
mothers, and hinds themselves use a deeper,
stronger bleat when themselves searching for
their calves. Young stags also make a submissive
bleat when threatened by the approach of a dom-
inant male, while mature stags may make a sub-
dued “mee-mee-mee” call as they approach and
follow hinds at the time of the rut (Smith 1996).
Male vocalizations are at their peak in this time,
and in sharp contrast to the roaring or belching
calls of red stags or fallow bucks, rutting male sika
produce a characteristic high-pitched whistle,
audible up to a kilometre away. Whistles are
repeated and tend to consist of three to five in
any one bout lasting perhaps from seven to ten
seconds overall. Stags may commonly also make
a deeper, moaning call, during the rut (more like
that of fallow deer or red), although this call does
not carry over such distances.

Sika also communicate by scent. The pre-
orbital gland of males is particularly active during
the rut, when it may visibly secrete a white milky
fluid which trickles down the cheeks, but the
gland also secretes a simple series of volatiles at
other times of year. Analysis of the odor profile
from this secretion and that from the metatarsal
gland shows that the odors given by different
individuals are individually distinct (and thus
individually identifiable) and that the secretions
from the metatarsal gland also contain coded
information about sex and probably age of the
signaler (Lawson 1996; Lawson et al. 2000,
2001).

Reproductive Behavior

Early records of rutting behavior of sika deer in
Britain suggested that stags mark and defend

mating territories in woodland within the hind
range (Horwood and Masters 1970, 1981). These
territories are marked by fraying and bole-scoring
of perimeter trees and thrashed ground vegetation
such as heather bushes. More recent evidence
makes it clear that mating strategy within sika is
extremely flexible, with stags adopting a number
of different strategies depending on circumstance
(Putman 1993; Putman andMann 1990; Thirgood
et al. 1998). In various different populations now
studied males have been found to defend rutting
territories, as described, but in other cases to col-
lect and defend a harem, as do red deer, or simply
patrol areas of superior food quality within the
female range and cover oestrus hinds when
encountered (Putman and Mann 1990; Thirgood
et al. 1998; see also Endo 2009).

The development of a simple breeding “lek”
has also been reported in certain central European
populations (Bartoš et al. 1992). It seems probable
that, as in other deer species, stags adopt differing
strategies depending on the male’s own age and
dominance status, the density and distribution of
females, and the degree of competition experi-
enced from other breeding males (Endo 2009;
Langbein and Thirgood 1989; Thirgood et al.
1998).

Endo (2009) and Minami et al. (2009) report
that almost all copulations are followed by a
period in which the male guards the female from
other stags but multiple matings by females with
more than one individual male are common.

Parasites and Diseases

Rehbein (2010) provides a comprehensive review
of both internal and external parasites affecting
sika within their native range across the former
Soviet Union and in Japan.

Within Europe, sika may carry a number of
external parasites but in all studies the primary
ectoparasites are ticks, Ixodes ricinus, and deer
keds Liptotena cervi (Adams and Dannatt 1989;
Rehbein 2010; Sleeman 1983). From Ireland,
Sleeman (1983) also reports infestations of suck-
ing and biting lice (Solenopotes burmeisteri and
Damalinia meyeri sikae).

4 Sika Cervus nippon Temminck, 1838 103



Systematic reviews for species of helminths
associated with European populations of sika
have been presented for, e.g., Poland (Drozdz
1966), Great Britain (Dunn 1967; Hawkins
1988), the Czech Republic (Kotrlá and Kotrlý
1977, 1980), Germany, and Austria (Rehbein
2010). Hawkins compiled a list of some 50 differ-
ent gastrointestinal helminths recorded from sika
overall across their European range, although not
all are recorded in all localities and animals rarely
carry a heavy individual burden.

In the Czech Republic, Kotrlá and Kotrlý
(1977) recovered 16 species of gastrointestinal
helminths while in Rehbein’s survey of sika culled
in six different localities in Germany and Austria,
19 species were recovered (18 different species of
gastrointestinal nematodes and one cestode,
Moniezia benedeni). In all cases, the abomasum
was the most heavily parasitized part of the gas-
trointestinal tract, followed by the small intestine
and the large intestine. No parasites were recov-
ered from the rumen. Overall, however, in both
studies, both prevalence and individual burdens of
different parasitic species were not high, in com-
parison to the helminth burdens recorded in other
cervid species sampled in the same localities.
Gastrointestinal burdens of calves were found to
be significantly higher than those of deer >1 year
and, among adult individuals, males tended to
have higher parasitic burdens than females
(Rehbein 2010).

In all localities, within Great Britain, Czech
Republic, and Austria/Germany, in addition to gas-
trointestinal burdens,Cysticercus spp. were reported
from the mesenteries of the gut. Some individuals
were suffering from lungworm (Dictyocaulus spp)
and some were affected by the liver flukes
(Dicrocoelium spp. and Fasciola hepatica) but
such infections were generally at low prevalence
(e.g., F. hepatica reported from 2/139 [1.4%] car-
cases examined in the New Forest of England;
Adams and Dannatt 1989; 2.3% of carcases
examined in Austria and Germany by Rehbein
2010). (The species of trematodes recorded differ
between studies. Kotrlá and Kotrlý [1977] report
Cysticercus (Taenia), Dicrocoelium dendriticum,
and Dictyocaulus viviparus, while Rehbein [2010]
records Taenia hydatigena (Cysticercus tenuicollis),

Dicrocoelium chinense, and Dictyocaulus eckertii,
but it is probable that reports in fact refer to the same
species. There is some argument as to whether
Dictyocaulus eckertii is a different species from
D. viviparus, and Cysticerus tenuicollis and
C. taenia are also homonyms. While Dicrocoelium
chinensis and D. dendriticum are distinct species
based on mitochondrial and nuclear ribosomal
DNA sequences [Liu et al. 2014] it is unlikely that
they would be accurately distinguished from mor-
phological examination.)

All authors report that the diversity of species
found in any individual animal and levels of infes-
tation (actual worm burdens) are significantly
lower than those recovered from native herbivores
in the same areas. It would seem that most para-
sites attack sika only opportunistically and are
perhaps in general not well adapted to this novel
host, despite the fact that they may be regular
parasites of the congeneric Cervus elaphus. Only
Spiculopteragia (syn. Ostertagia) asymmetrica
has been widely reported in all European studies
at high frequency (Drozdz 1966; Dunn 1967;
Hawkins 1988; Kotrlá and Kotrlý 1977, 1980;
Rehbein 2010).

Kotrlá and Kotrlý (1977) recorded
Ashworthius sidemi as the otherwise most abun-
dant helminth parasite in Czech populations: a
species introduced with sika from their native
range; Rehbein (2010) recovered specimens of
Spiculopteragia houdemeri and S. (syn Rinadia)
andreevae in Germany/Austria, again species
recorded for the first time outside their natural
range of East Asia. Kotrlá and Kotrlý (1977)
reported infestation by the trematode Fascioloides
magna, a species from North America introduced
into Europe alongside introductions of North
American wapiti (Cervus canadensis) and white-
tailed deer (Odocoileus virginianus) and highly
pathogenic in the red deer and in roe deer
(Novobilsky et al. 2006).

Rehbein (2010) reports oocysts of eight
morphotypes of the protozoan parasite Eimeria
spp. in rectal feces and isolated cysts of
Sarcocystis spp. in the cardiac and/or diaphrag-
matic myocytes of 32.9% of the sika deer sam-
pled. Sarcocysts were significantly more
frequently observed in the muscle samples from
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sika>1 year (41.4%) than in those from sika deer
calves (19.6%). Both bovine and avian tuberculo-
sis (TB) have been recorded from sika in Europe;
2 cases of bovine TB were identified in Knapdale,
Argyll (Scotland), between 1990 and 2000 and
5/240 sika culled in the south of England between
1971 and 1996 (Delahay et al. 2002). In Ireland,
6 positives were found among 153 carcases taken
in Co. Tyrone [Northern Ireland] in 1996/7 season
but 0/28 from C. Fermanagh (again, Delahay et al.
2002); 5 individuals of sika shot in 1984 in Co
Wicklow were tested positive (3.8% of sample;
Dodd 1984).

Sika also seem particularly prone to a form of
white muscle disease – a wasting dystrophy of the
muscles, appearing in its most acute form as a
post-traumatic myopathy following physical
stress such as chases by dogs or live capture
operations (Adams and Dannatt 1989; author’s
own data). This can result in mortality rates over
a period from a few hours to as much as 48 h
following the incident of stress.

Population Ecology

Throughout most of their European range sika
populations are largely controlled by human inter-
vention and mortality imposed through the cull is
probably the major source of loss among adults.
Maximum recorded lifespan in the wild is
15–16 years, while animals may live upto
26 years in captivity (Ohtaishi 1978). Annual
mortality rates for male and female sika in an
unculled population in Southern Ireland were
respectively 19.75% and 18.05% (Raymond
2008). Studies in Japan and work in Killarney
National Park, Ireland (O’Donoghue 1991;
Raymond 2008), suggest there is a high juvenile
mortality, with only between 40% and 50% of
calves surviving to the December following their
birth.

Reproductive rates are extremely high and
there is no clear evidence for any density-
dependent reduction in fecundity (Chadwick
et al. 1996; Putman and Clifton-Bligh 1997;
Putman et al. 1996) even at densities as high as
35 ind./km2, although, as reported above,

Raymond (2008) detected a reduction in adult
pregnancy rates and in the proportion of yearling
females found pregnant in an unculled population
in Southern Ireland as densities rose from 32 deer
per km2 to 54 per km2 and then to 92 per km2. As
noted, however, calf mortality may be as high as
50%; density of foxes and badgers were found by
Raymond (2008) to be significant predictors of
calf mortality suggesting predation as the major
factor in juvenile survival. Predation by foxes is
not only strongly seasonal but also varies mark-
edly from year to year, dependent on the density
of fox populations, the density of roe or sika
populations, and the relative availability of
alternative prey.

Competition with Other Ungulates

In most parts of their introduced range, sika deer
are sympatric with red deer. They are commonly
also sympatric with roe deer and with fallow deer.
In all these cases there is potential for feeding
competition, and with red-sika populations there
is also the possibility of mate competition.

Anecdotal evidence has been presented to sug-
gest that there may be some impact on native deer
species as a result of competitive interactions. The
potential interaction between red and sika has been
indicated by correlative results by several studies,
suggesting suppression of productivity, or geo-
graphical displacement of red deer by sika
(Abernethy 1994; Dzieciolowski 1979; Feldhamer
and Armstrong 1993; McKelvey 1959), but com-
petition was not unequivocally demonstrated in
these cases.

In long-term studies of the ecology of
populations of both sika and red deer in different
management blocks in Killarney, Ireland, Burkitt
(2009) reported that when sika density was high,
calculated overlap in habitat use with sympatric
red deer was lower than in sites where sika density
was low, suggesting some degree of niche shift at
high densities. Both species continued to use their
preferred habitats but in significantly different
proportion. Proportionally, sika made most use
of successional habitats (regenerating woodland
or coniferous plantations <15 years) and open
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high forest, while red deer used more open habi-
tats and actively clearly avoided successional hab-
itats, suggesting that increased numbers of sika
were leading to competitive interactions between
red and sika causing habitat shifts for both species
but most markedly in red deer. Higher levels of
resource overlap were found in blocks where the
combined density of both species was relatively
low in comparison with other sites (Burkitt 2009).
The effects of sympatry, even in sites where the
density of one or other species was higher than the
other, did not alter diet selection of either red or
sika deer.

While shifts in habitat use in relation to
increasing density of both species were more
marked in red deer, there would nonetheless
appear to have been an actual competitive effect
in terms of suppressed productivity. Raymond
(2008) reports for the same populations that
body condition of adult male sika, yearling male,
sand yearling females (as reflected in kidney fat
index: KFI) was affected more significantly by
density of red deer in the same area than by
density of sika, with density of red deer explaining
respectively 13.5% (adult males), 52% (yearling
males), and 34% (yearling females) of variance in
KFI. As already noted, both pregnancy rate and
annual post-winter recruitment of juveniles also
showed significant negative correlation with den-
sity of red deer in a given block (Raymond 2008).
The magnitude of the effect of sika on population
demography of sympatric red deer is unfortu-
nately not reported.

Makovkin (1999) has suggested a potential for
competitive displacement of wapiti by an expan-
sion of sika deer in Primorsky Krai, Far East
Russia, but data are largely anecdotal. In addition,
a number of authorities have suggested that both
roe and red deer decline in forests inhabited by
sika, and some data show lower than expected
densities of roe in sika-inhabited forest (e.g.,
Chadwick et al. 1996; Danilkin 1996).

Analyses of overlap in resource utilization with
red, roe, and fallow deer (as well as with free-
ranging cattle and horses) in the New Forest of
Southern England in relation to both habitat use
and diet (Putman 1986, 1996) have shown con-
siderable potential for competition with fallow,

although no evidence of direct influence on pop-
ulation numbers (Putman and Sharma 1987), per-
haps because population numbers of all species
are strongly controlled by (human) management.

Conservation Status

Listed by IUCN (2017) in its native range as of
Least Concern because of its abundant, increasing
population in Japan, and stable population in
Russia, the subpopulation in Taiwan is evidently
holding steady. However, the large subpopulation
in Japan masks all population trends from else-
where within its range, resulting in this overall
listing as of Least Concern. All other free-ranging
subpopulations within Asia are very seriously
threatened. We note however that within Europe,
the species is an introduced nonnative; at present
there is no suggestion that European populations
represent a significant “reserve” population in
case of need for reintroductions within the native
range, nor necessarily a valuable repository of lost
genetic material, particularly in the light of wide-
spread hybridization between stocks. Purebred
populations of Japanese sika are reported in Brit-
ain from Dawyck, Peebles-shire, andMorar, Scot-
land (Ratcliffe 1987), the New Forest in
Hampshire (Diaz et al. 2006), Killarney in Ireland
(McDevitt et al. 2009), and Bouzovsko, the Czech
Republic (Krojerová-Prokešová et al.,
unpublished data).

Because of the known potential for damage to
commercial forestry and natural habitats, as well
as fears that continuing hybridization may
threaten the genetic integrity of native red deer
stocks (Pérez-Espona et al. 2009), movement and
release of an animal of genus Cervus is now
prohibited in Scotland (Section 14 of the Wildlife
& Natural Environment Act, Scotland, 2012).

Management

As noted, throughout their European range all sika
populations derive from introductions largely
through the latter part of the nineteenth century
and early part of twentieth century, although some
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introductions continued to a later date. Almost all
introductions outside their native range have been
deliberate, although subsequent release to the wild
may be accidental (through escape from captivity)
or deliberate. Once established in the wild patterns
of dispersal and range expansion seem to be of three
main types. Some introduced populations appear to
remain contained and localized with minimal range
expansion (e.g., Morar or Dawyck in Scotland);
others appear to be constrained by barriers such as
railways and canals, building up high population
densities in areas of release and only later showing
irruptive expansion of range (e.g., Kintyre peninsula
in Scotland; New Forest in Southern England, and
Southwestern Bohemia in the Czech Republic). In
other cases (in continuous areas of good habitat),
they may show a steady expansion in range, esti-
mated in mainland Scotland at between 3 and 5 km
per year (Putman 2000).

Rates of expansion appear to be related at least
in part to continuity of suitable habitat but may
also be related to degree of hybridization with red
deer C. elaphus.

Impact on Forestry, Agriculture,
and Conservation Habitats

Where established at high density, sika may have
considerable impact. In areas of local high density,
sika may have significant impacts on ground veg-
etation (Takatsuki and Ito 2009) and where they
have been introduced they may have substantial
impacts on open heathland and/or wetland areas
(reedbeds, saltmarshes) causing significant change
in vegetation structure and species composition as
well as significant erosion/exposure of soil (Diaz
et al. 2005; Uzal et al. 2013; Uzal Fernandéz 2010).
In the Killarney National Park of Southern Ireland,
sika were found to cause significant browsing
impacts on both wet and dry heaths (Calluna
vulgaris and Erica spp.) as well as to Vaccinium
myrtillus and broadleaved trees such as Betula
pubescens, Ilex aquifolium, and Fagus sylvatica,
with degree of damage significantly related to sika
density (although we may note as above that pop-
ulation densities in this area are particularly high).

Sika will graze on agricultural fields that border
woodlands in which they are resident; local

populations have been recorded as causing damage
to arable crops in England as well as in the Czech
Republic but, because populations are only locally
distributed, damage to crops is likewise only likely
to be of very local significance (e.g., Kamler et al.
2007; Packer et al. 1999; Putman and Moore
1998). By contrast, sika may cause considerable
damage to commercial forestry (Abernethy 1998;
Chadwick et al. 1996; Lowe 1994; Ratcliffe 1989).
Damage may be caused through browsing of both
lateral and leading shoots, much as by red deer in
similar contexts, and also by bark-stripping in hard
winters. The economic significance of such dam-
age may be locally very considerable. An assess-
ment of bark-stripping damage by sika in Craggan
and Loch Coire forests, Sutherland, showed that
the percentage of damaged trees varied between
10.0� 9.3% and 75.5� 6.9%, dependent on forest
block. Lodgepole pine (mean 51.8% damaged)
appeared more vulnerable than Sitka spruce (10%
damaged) or Scots pine (0.0% damaged) (Swanson
and Putman 2009).

Mature trees may also suffer additional dam-
age in some areas through “bole-scoring” when
sika stags gouge deep vertical grooves into the
bole of particular trees during defence, marking,
and advertisement of mating territories in the rut.
Such bole-scoring damage appears to be a pecu-
liarity of sika (Carter 1984; Larner 1977).

Most European populations are controlled by
man and subject to similar legislation in each of
the countries where they are established, as applies
to other species of ungulates. In many countries
they are regarded as regular hunting quarry and
sales of stalking and venison may contribute sig-
nificantly to the overall income received from deer
populationmanagement (Csányi et al. 2014). Hunt-
ing seasons in different European countries are
summarized in Apollonio et al. (2010).

Future Challenges for Research
and Management

This is a species capable of irruptive growth. Evi-
dence from the rapid recolonization, under protec-
tion, of former range in mainland Russia and in
Japan, coupled with documented rates of expansion
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when introduced to free range in Great Britain,
Ireland, and the Czech Republic – as well as in
New Zealand – establishes sika as a species with a
very high invasive potential. Where they become
established in the wild state it is clear that sika can
reach extremely high density in suitable habitat and
at such densities may have serious impact on com-
mercial forestry as well as (more localized) impacts
on agricultural crops and native vegetation. There is
growing evidence of a significant potential for com-
petition for native species of ungulates from sika
and the potential risk of hybridization with native
stocks of red deer when expanding sika populations
colonize areas already occupied by this latter
species.

At present sika are established as free-ranging
populations only in nine countries in Western
Europe (outside Russia) but the species is held
by many zoological gardens and other captive
collections of exotic species. It is of utmost impor-
tance that high levels of biosecurity are observed
over such captive collections and that any escapes
are quickly contained. As already noted, move-
ment and release of an animal of genus Cervus is
now prohibited in Scotland. For the most part,
European populations of sika do not represent an
important genetic resource in support of the con-
servation of the species in its native range.
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Common Names

English Common fallow deer

German Damhirsch

French Daim

Spanish Gamo

Italian Daino

Russian лань

Taxonomy and Systematics

The International Commission on Zoological
Nomenclature with the Opinion 581 (China and
Melville 1960) validated Dama Frisch, 1775 as
the generic name for fallow deer. However,

several authors (e.g., Corbet 1978) have contin-
ued to consider it congeneric with Cervus. Molec-
ular analyses support the monophyly of the genus
Dama (e.g., Gilbert et al. 2006). Different diver-
gent times were estimated for this genus in rela-
tion to the selected calibration point, for example
5.1 mya, just after the start of the Pliocene, or
3 � 0.4 mya, during the Pliocene, according,
respectively, to Pitra et al. (2004) and Gilbert
et al. (2006).

The genus Dama includes the common fallow
deer and the Mesopotamian fallow deer. These
deer can be distinguished on the basis of body
size (Mesopotamian is larger) and antler shape,
and by some minor differences in coat and tail
color, rhinarium, and skull morphology. The com-
mon and Mesopotamian fallow deer Dama dama
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(Linnaeus, 1758) (Fig. 1) and Dama meso-
potamica (Brooke, 1875) have been regarded as
sister taxa on the basis of molecular and morpho-
logical analyses (e.g., Heckeberg 2020, Pitra et al.
2004). On the contrary, Masseti et al. (2008),
estimating a divergence time of 423,021 years
(95% CI¼ 430,000–116,000 years) between hap-
lotypes of these two taxa, supported the subspe-
cific classification of D. d. dama and D. d.
mesopotamica. At present, the taxonomic debate
is still open.

Paleontology

The ancestry of the modern fallow deer (Fig. 1)
has been tentatively traced back to several Plio-
cene/Early Pleistocene forms whose relationships
to Dama are still unclear (see Heckeberg 2020).

The common fallow deer belong to the group
of Asian biota that immigrated to the European
regions. At the beginning of the Late Pleistocene,
fallow deer lived in continental Europe and com-
monly occur in faunal assemblages from the last
interglacial (c. 130–115 kya) of mid-latitude
Europe (Masseti and Vernesi 2014). During the
last glacial period, common fallow deer retreated
into the southern areas of its former distribution,
and survived in southern Anatolia and perhaps in
southern Italy, Sicily, and the southern Balkan
Peninsula (Uerpmann 1987; Stuart 1991; Masseti
1996; Masseti and Vernesi 2014). There is no

clear archaeological evidence of the early coloni-
zation of the Iberian Peninsula. Davis and
MacKinnon (2009) suggest that the species was
absent in this peninsula before Roman times and
that the Romans were responsible for its introduc-
tion. Osteological remains from the island of
Mallorca, Spain, recovered in Iron Age (Talayot
culture) settlements, could instead suggest a
pre-Roman introduction chronology for the spe-
cies, but these remains “came from insecure con-
texts more likely associated with Roman activity”
(Valenzuela et al. 2016). Paleontological evidence
of deer presence in glacial refugia is very frag-
mentary. As far as is presently known, several
artistic Epipaleolithic representations of the com-
mon fallow deer from southern Italy and Sicily
constitute the latest chronological evidence for the
persistence of this cervid in Italy during the Late
Glacial Maximum (Masseti and Rustioni 1988;
Masseti 1996). Subsequently, the fallow deer did
not return as far north as its previous range, unlike
many other temperate species (Masseti and
Vernesi 2014). This lack of expansion from south-
ern refugia is atypical, but not unique (see Bilton
et al. 1998).

Post-glacial expansion of the genus Dama was
limited almost exclusively to the northern Medi-
terranean and the Near East (Chapman and Chap-
man 1997; Masseti and Vernesi 2014), where,
despite the contiguity of their native geographical
distribution, the common and Mesopotamian fal-
low deer were not sympatric. Fallow deer of the

Fig. 1 Common fallow deer. A male (left) during the rutting season and a group of females with fawns (right)
(photographs by A. M. De Marinis)
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Taurus range belong to the common form (Harri-
son 1968), while the original distribution of the
Mesopotamian deer ranged from southeastern
Turkey and the Levant to eastern Persia
(Uerpmann 1987).

Archaeozoological evidence suggests that
translocations of fallow deer began early in the
Pre-Neolithic Cyprus and in the Neolithic of con-
tinental Greece and several Aegean islands
(Masseti and Vernesi 2014). Translocations
increased during the Bronze Age when this spe-
cies also began to spread into the western Medi-
terranean (Masseti and Vernesi 2014). The
artificial occurrence of the genus Dama in north-
ern Africa, as reported by Chapman and Chapman
(1980) and Kitagawa (2008), is questionable.

The Mesopotamian fallow deer qualify as
Endangered (EN) in the IUCN Red List under
criterion D, due to very small and restricted pop-
ulation numbers in Iran and in Israel. However,
the population trend seems to be increasing
(www.iucnredlist.org). Reintroduction projects
have been undertaken in different Iranian loca-
tions and in Israel (Fernández-García 2012; Saltz
et al. 2011) and today are still ongoing.

Current Distribution

The common fallow deer are the most widespread
deer species in the world (Chapman and Chapman
1997). From as early as the Pre-Neolithic period,
the species was exported around the Mediterra-
nean, later to central and northern Europe and,
more recently, to the rest of the world. Free-living
herds have been established in North and South
America, South Africa, New Zealand, and
Australia. Fallow deer were introduced on small
and medium-sized islands in different parts of the
world. Many fallow deer are also maintained in
captivity for exhibition, commercial production of
meat and antler velvet, or hunting. The distribu-
tion of the common fallow deer is, therefore, a
direct consequence of human activity, to the point
that it can provide information on past patterns of
human migration and trade (Masseti 1996, 2002;
Sykes et al. 2011).

The common fallow deer are also one of themost
widespread introduced mammals in Europe (as it

has been established in over 10 countries; Genovesi
et al. 2009).At present it is difficult to define in detail
the distribution of the species because of many
introductions and re-introductions over the course
of centuries. Distributional data which has been
published in some European countries are poor,
especially for free-ranging populations, often refer-
ring to different spatial and temporal scales and
sometimes conflicting. Hence the distribution map
of the species reported in Fig. 2 can be affected by
the heterogeneity of the data sources.

The only geographical area where common
fallow deer have persisted as a native form is
southern Anatolia (Masseti 2002; Masseti et al.
2008). Here its historical range extended from the
Marmara region through the coastal mountains to
the southeast till the first half of the twentieth
century (Borovali 1986; Danford and Alston
1880). This range has drastically decreased during
the second half of the last century, when the spe-
cies was reported only from Antalya and Adana
provinces (see Durmuş 2019). Illegal hunting and
environmental changes caused by human activi-
ties and increasing urbanization have led to the
progressive disappearance of the fallow deer from
Anatolia. Today a small number of deer have
survived in a single site in Düzlerçamı Wildlife
Development Area (Antalya province).

Description

Size and Morphology

The common fallow deer is a medium-sized deer.
Adult males can reach more than 100 kg while
adult females more than 50 kg. As the mass ratio
of males to females is between 1.7 and 2.4
(McElligott et al. 2001), this deer is probably the
most sexually dimorphic cervid (see Table 1).

Body mass varies throughout the year in rela-
tion to reproductive activity. Male body mass
changes dramatically during the rutting period,
decreasing by 15–30% (Berlioz et al. 2017). In
females, body mass changes during gestation and
lactation are related to higher energy requirements
which in female ungulates are c. 40% during late
gestation and 150% during peak lactation, com-
pared to maintenance (Loudon 1985). Body mass
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Map template: © Getty Images/iStockphoto

Fig. 2 Distribution map of the common fallow deer in
Europe based on the IUCN Red List of Threatened Species.
Version 2021–2 modified according to Chapman NG and
Chapman DI 1980, Chapman DI and Chapman NG 1997,
Masseti 1999, 2012, Apollonio 1999, Long 2003, Apollonio
et al. 2010, Ilie and Enescu 2018, and data available from
https://species.biodiversityireland.ie/profile.php?taxonId¼11

9294&taxonDesignationGroupId¼25, https://www.bds.org.
uk/index.php/research/deer-distribution-survey; https://ias.
biodiversity.be/species/show/25, https://globalspecies.org/
ntaxa/901536#cite_1, https://www.gbif.org/species/5220136
? ¼ Country with data deficiency (Map template: © Copy-
right Getty Images/iStockphoto)

Table 1 Body and skull measurements of adult males and females of the common fallow deer

Measurement

Females Males

n Mean Min Max n Mean Min Max

HBL (cm) 9 141 114 167 11 159 138 177

SH (cm) 8 81 67 95 11 94 87 101

CBL (mm) 46 247 231 267 47 263 241 283

ZW (mm) 54 109 102 118 69 127 115 140

ML (mm) 49 191 175 203 68 200 185 216

Data from Ueckermann and Hansen (1994) for body measurements of free-ranging deer (8–10 years old) from Germany,
and Feldhamer et al. (1988) for skull measurements of free-ranging and park deer (2 years old and over) from England and
Scotland
n sample size, meanmean value, minminimum value, maxmaximum value, HBL head-body length, SH shoulder height,
CBL condylobasal length, ZW zygomatic width, ML mandible length
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varies also from year to year depending on food
availability, local density, habitat, presence of
other ungulates, and management strategies, espe-
cially in park deer (Putman and Langbein 2003).
Interpopulation variation can be very marked,
considering that the species was introduced
throughout the world. Insular populations show
a reduction in size in comparison to their mainland
source population; body size shifts are more pro-
nounced for populations with longer residence
times on the islands (van der Geer et al. 2018).

Pelage

The common fallow deer have the most variable
pelage coloration of any deer species because of a
long history of semi-domestication. Four main color
variants (common, black, white, and menil; Fig. 3)

and many intermediate color variants have been
described (Chapman and Chapman 1997).

The common color variant has a rich yellow-
brown summer coat with many white spots on the
back and flanks, and a dull gray-brownwinter coat
with spots indistinct or absent. Through the year, a
black dorsal stripe extends from the nape to the tip
of the tail; the lower flanks and the belly are
whitish; the rump patch is white bordered by a
black curved line and the tail is white with a
central black stripe. The menil variant is paler,
retains spots in winter, and lacks the black border
on the rump patch and the black on the tail, the
upper surface of which is light reddish-brown.
The black variant is usually slightly dappled,
especially in summer, and has no white at all.
True albinos with pink eyes and pink nostrils are
very rare, while individuals with white or
off-white coats are common. The velvet color

Fig. 3 Color variants of pelage in the common fallow
deer: common (upper left), black (upper right), white
(bottom left), menil (bottom right, file n. 505984862,

www.istock.com, all other photographs by A. M. De
Marinis)
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tends to match the pelage. Coat colors are alike in
both sexes. The fawn coat is similar to the summer
coat of the adults except for fawns of white fallow
deer which are sandy colored without any spotting
at birth and become white in a period of one to
several years (Chapman and Chapman 1997).
Selection for or against color variants is often
practiced in parks (Chapman and Chapman
1997). All the color variants can interbreed, and
the offspring are sometimes different from either
parent. Spots are dominant over no spots, and
white coat color is controlled by a recessive allele.
However, the genetics of coat color in fallow deer
remains a wide and complex field of research.

A rare variation concerning the hair length was
observed in Mortimer Forest (Shropshire,
England) where both sexes have unusually long
and curly hairs that are the expression of a dom-
inant, autosomal gene. No similar polymorphism
in hair length has been reported in any other
species of deer (Chapman and Putman 1991).

Males have a prominent brush of hairs from the
penis sheath visible from c. 3 months while
females have a tuft of long hairs (c. 12 cm)
below the vulva (Chapman and Putman 1991).

The dorsal guard hairs are shielded. A dichot-
omous key based on macroscopic and micro-
scopic features of the dorsal guard hairs
(De Marinis and Asprea 2006) allows the identi-
fication of the species and the age class (young
prior to the first molt and adults). These data can
be used in feeding ecology studies of large
predators.

Molt takes place twice a year in spring (April–
June) and in autumn (late September–November).
The molt period varies in relation to body condi-
tion, sex, age, and population, while the sequence
of molt changes in relation to the individual
(Chapman and Chapman 1997). The fawn coat
is retained until the first winter coat develops.
Small birds as finches can collect tufts of hair as
nesting material (Chapman and Chapman 1997).

The summer coat ofMesopotamian fallow deer
has spots blending together to form a continuous
line along each side of the brown dorsal stripe, and
a white rump patch not completely bordered by a
dark curved line with a white tail. It is difficult to
find substantial differences in the coats of the

common and Mesopotamian fallow deer because
of the extremely wide range of the pelage colors of
the common fallow deer (Chapman and Chapman
1997).

Skull

The fallow deer skull, as that of other cervids,
shows numerous adaptations to support an herbiv-
orous diet, such as a long rostrum providing solid
anchorage for masseter muscles, a thin and long
mandible, and a dentition able to grind herbaceous
as well as woody materials. This species has a
slender skull whose width is usually less than
one half of the length (see Shackleton 1999).
Nasal bones are considerably longer than the
upper teethrow with anterior ends showing deep
notches and posterior ends reaching and even
surpassing the line of the forward edges of the
orbita; size and shape of nasal bones are species-
specific in cervids. The premaxillary bones artic-
ulate with the nasals, as observed only in some
deer species. Rostral fenestrae are large and dis-
tinctive as in cervids generally. Orbits protrude to
either side of the skull and are larger than in
Cervus. Zygomatic arches protrude less than the
orbits, as in other cervids. The braincase is large,
rounded, and convex with developed occipital
crests. The palate is somewhat wider than the
length of the row of the upper molars and equal
in females and males. Posterior nares are not
divided by the vomer. Pterygoid processes are
weakly bent forward and the hooks of the ptery-
goid bone lie behind the posterior processes of the
superior jaw. The auditory bullae are small,
inflated, and rounded with short auditory tubes.
The foramen magnum has stout occipital con-
dyles. The mandible is long and slender with a
high and recurved coronoid process, a small con-
dyle well above the tooth rows, and a large and
rounded angular process not projecting behind the
condyle. Most of the cranial measurements of
adult males exceed those of females by 4–14%
(Feldhamer et al. 1988), as reported in Table 1.

Skulls of the common and Mesopotamian fal-
low deer show some minor differences: the Mes-
opotamian fallow deer have different sutures
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between zygomatic and maxilla bones, nasal
bones with blunt and much broader anterior ends
and a more strongly convex lateral profile (Harri-
son 1968).

Antlers

As in all cervids, antlers develop from permanent
outgrowths of frontal bones called pedicles. When
fully grown, fallow deer antlers show a broad
flattened “palm” and have only two frontal tines,
the well-developed brow tine, just above the cor-
onet, and the small trez tine, just below the palm;
the upper and rear edges of the palm end in a series
of points or spellers, directed posteriorly, with the
longest at the bottom of the palm (Chapman and
Chapman 1997). Antlers of the Mesopotamian
fallow deer differ distinctly from those of the
common fallow deer, being flattened in their
basal part, immediately above the short brow
tine, and not at all or only slightly palmated in
their distal part (Harrison 1968).

Antler size, mass, and complexity are very
variable, depending on age, body condition, hab-
itat quality, and genotype and seem to be nega-
tively associated to the degree of teeth wear
(De Marinis 2015). The maximum average antler
size occurs before 10 years of age (Chapman and
Chapman 1997).

The growing antlers are covered with velvet, a
specialized skin transformed from pedicle integu-
ment, most likely due to a mix of chemical and
mechanical induction (e.g., Li 2013). Velvet is
thickened in comparison to pedicle epidermis,
contains hair follicles without arrector pili mus-
cles, and is connected to extremely large seba-
ceous glands, but lacks sweat glands. Velvet is
richly supplied with arteries and veins and,
hence, is the main nutritional source for antler
formation.

The antler cycle is closely associated with the
photoperiodic regulation of the reproductive
activity. Antlers grow during the late spring and
early summer, they mineralize before the rut and
are cast thereafter. A cascade of events involving
several hormones such as melatonin, prolactin,
luteinizing hormone, and testosterone mediates

the primary effect of the photoperiod. Histogene-
sis and ossification of antlers were described by
Kierdorf H. et al. (1995) and Kierdorf U. et al.
(2003), and the mechanism of casting by Goss
et al. (1992). In Mediterranean habitats, that are
the native environments of the species, velvet
shedding occurs in mid-August while antler cast-
ing occurs between mid-March and mid-April,
with older bucks losing antlers 2 or 3 weeks earlier
than younger ones (Ciuti and Apollonio 2011).

Pedicles usually start to develop from 5 to
7 months. First antlers vary from small knobs to
spikes and are clean of velvet by about 15 months
of age. Some second and third sets of antlers have
porous tips because the velvet is shed before min-
eralization of the antler is complete. Antler growth
is faster during the velvet period in territorial
males (about 10 g/day per antler) than in
non-territorial males (3.6–5.2 g/day per antler),
likely because the first adopt better foraging strat-
egies (Ciuti and Apollonio 2011). When the ant-
lers are growing, the diet of males should be richer
both in species diversity and nutritive value with
increased protein content due to a higher energy
requirement (Robbins 2013). Males can be
grouped in age classes in relation to antler devel-
opment. In Mediterranean habitats males show
spike antlers when younger than 23 months,
branched antlers between 29 and 34 months of
age, and palmate antlers when older than
41 months (De Marinis 2015).

Antlers, as other secondary sexual characters,
should reflect the condition of their possessors; in
particular the symmetrical development of antlers
should signal male quality. Fluctuating asymme-
try (random difference in size observed between
bilateral structures, FA) should reflect the individ-
ual capacity to cope with stressful situations
(Palmer and Strobeck 1986). Therefore, FA
could be used as a measure of ecological stress
and give useful information on individual quality.
It is this visual asymmetry that would be assessed
by potential mates and rivals. Antlers are hypoth-
esized to demonstrate decreasing levels of FAwith
increasing trait size and decreasing level of FA
with increasing age. The studies of FA patterns in
fallow deer reported conflicting results: some
studies have found a relationship between
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asymmetry and measures of individual quality
while others have not (e.g., Ciuti and Apollonio
2011; Putman et al. 2000). However, the studies of
FA pattern in fallow deer, carried out mainly in
enclosed populations, could probably be biased
by the small sample size and the use of linear
measurements to quantify asymmetry of complex
structures like antlers. On the contrary, directional
asymmetry, DA, which occurs when the character
on one side is larger than on the other, is not
considered a signal of developmental instability
and hence of individual quality (Palmer 1996). In
fallow deer DA toward the right side has been
reported in several antler measurements (Alvarez
1995; Pélabon and Joly 2000).

Abnormal antlers in size and shape occur due
to genetic or physiologic causes or injuries to
pedicles, growing antlers, contralateral hind
limb, or same-side front limb (Chapman and
Chapman 1997). Double-head antlers have been
observed in the common fallow deer as in other
deer species; this malformation is the result of a
new antler growth without the previous casting of
the old antler; the double-head’s second antler
generation develops as a periosteal exostosis of
the distal pedicle bone (Kierdorf U. et al. 1994).
Antlerless or perruque heads (i.e., with antlers that
continue to grow year after year without casting)
are rare (Chapman and Chapman 1997).

Dentition

Fallow deer dentition is 0.0.3.0/3.1.3.0 for decid-
uous teeth and 0.0.3.3/3.1.3.3 for permanent teeth.
Incisors and incisiform canines are spatulate; the
first permanent incisor is twice as wide as others.
There is a thick pad of fibrous connective tissue
instead of upper incisors. Several dental eruption
sequences were recorded (see De Marinis 2015,
Bowen et al. 2016) according to the different
criteria adopted to describe the eruption pattern.
Teeth wear rate changes in relation to sex, as
shown by the variation of I1 crown height with
the age class (De Marinis 2015). Male tooth row
length is not significantly different from that of
female (Chapman and Chapman 1970) contrary to
what one might expect considering that the fallow

deer is a strongly dimorphic species. Males con-
sume a higher amount of food compared to
females, even of lesser quality, hence the male
wear rate is higher. The relatively early depletion
of male teeth could be associated to a sex-specific
strategy of dentine depletion, as already observed
in red deer (Carranza et al. 2008).

Morphological characters for the discrimina-
tion between red and fallow deer teeth from
archaeological and paleontological remains were
described on permanent dentition by Lister
(1996).

Dental anomalies have been found very occa-
sionally, except in the population of Richmond
Park (England), where the following incidence
values were recorded for congenital dental anom-
alies: absence of one or two lower incisiform teeth
in 19% of fawns and 18% of adults and presence
of one or two upper canines in 25% of fawns
(Chapman and Chapman 1997).

Age Determination

A protocol for estimating the age till 8 years was
developed recording the epiphyseal sutural states
in known-age deer of an enclosed population
(Carden and Hayden 2006). Skeletal development
in terms of epiphyseal fusion can be delayed by
malnutrition, diseases, and trauma.

The chronology of mandibular tooth eruption
varies in relation to the population due to environ-
mental and genetic factors as well as material and
methods adopted to study the eruption process.
The following data identify the eruption times in
months of each mandibular tooth according to
several authors (see De Marinis 2015): 4–7 (M1),
7–12 (I1), 13–20 (M2, I2), 15–20 (I3, C), 18–28
(M3, P4, P3), 20–30 (P2).

Scoring schemes were developed from known-
age specimens coming from park deer population.
A first scheme, based on radiographs of develop-
ing permanent molariform teeth, allows age esti-
mation up to 3 years (Brown and Chapman 1990).
A second scheme, based on eruption and wear
stage of the fourth premolar and molars, should
allow age estimation up to 10 years, but there is
considerable overlap among wear stages at the
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upper end of the age spectrum (Bowen et al.
2016). Photographic reference systems and
dichotomous keys were developed separately for
males and females from known-age specimens
coming from a Mediterranean free-ranging popu-
lation. Taking into account that teeth wear rate
depend on sex and habitat, these systems and
keys can be used to age estimation of males and
females living only in Mediterranean habitats
(De Marinis 2015).

Glands

Fallow deer have several scent glands (areas of
specialized skin rich in secretory cells) which play
an important role in communication among mem-
bers of the species. Males have preputial glands
associated with the penis sheath. They consist of
modified sebaceous glands. In fallow deer these
glands are associated to sweat glands, unlike in
other deer (Odend’hal et al. 1996). The preputial
glands become active during the rut, and their
secretion is responsible of the strong rutty smell
of the urine during this period. Urine scattering,
attained by a series of vigorous side-to-side penile
movements, is used by fallow deer bucks for
habitat and self-marking. Urine odor provides
specific information about reproductive state,
physical condition, and energy level that is impor-
tant for both sexes to assess the social and phys-
ical status of bucks (Apollonio and Di Vittorio
2004). The pungent smell is believed to help
synchronize female estrus (Chapman et al.
1981). Morphological changes in the preputial
gland of immature fallow deer start at about
9–12 months of age (hypertrophy of the epidermis
of the transition zone, together with some kerato-
sis) and then recommences at about 15 months
(hyperkeratosis). Eversion of the transition zone,
which is a rutting characteristic of the adult,
occurs for the first time when the deer are about
17 months old (Chapman et al. 1981). Accessory
glands of reproduction were described by Chap-
man and Chapman (1979) in male fallow deer;
these glands undergo an annual cycle of growth
and regression, reaching their maximum develop-
ment at the time of the rut.

Both sexes have suborbital, rear interdigital,
and metatarsal glands. The suborbital glands are
situated just below the corner of each eye and
consist of pockets of skin, which fit into depres-
sions of the skull (lacrimal fossae) next to the eye
sockets. Lawson et al. (2000) highlighted the total
lack of detectable volatiles in suborbital gland
secretions between November and March, unlike
what has been observed in other cervids. Consid-
ering that the presence of particular volatiles has
been related to the possibility to carry information
about individual identity, suborbital gland secre-
tions of fallow deer do not seem to be individually
characteristic outside the reproductive period.
Rear interdigital glands are situated in pockets of
skin between the two cleaves of the hoof. They
start their activity within 2–3 weeks of birth and
remain active throughout life. The glucidic con-
tent of their secretions does not change in relation
to sex and age, suggesting that the interdigital
glands may play only an accessory role in the
production of odoriferous signals in fallow deer
(Parillo and Diverio 2009). The metatarsal glands
are located on the hock. Changes in their activity
are documented in rut and post-rut periods only in
adult males (Apollonio and Vailati 1996). Fallow
deer have more complex gas chromatographic
profiles of volatiles in metatarsal secretions than
in suborbital secretions (Lawson et al. 2000).
Only metatarsal gland secretions contain coded
information about the individual identity of the
signaler, and this information remains consistent
over time, as shown in individuals sampled in
successive years (Lawson et al. 2000). The scent
profile of metatarsal gland secretions of cervids
seems to change as a function of habitat type and
sociality. Species habitually associated with open
habitats and living in social groups, like fallow
deer, show more complex scent profiles in meta-
tarsal than in suborbital secretions (Lawson et al.
2000).

Physiology

Fallow deer can live in many different habitats
showing great adaptability; for this reason, this
species does not have any particular physiological
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adaptation to a specific environment. Body tem-
perature depends on health, season, and activity
patterns. The average tympanic temperature is
38.6 � 0.7 �C, range 37.4–40.8 �C and the aver-
age rectal temperature is 40.1 � 0.8 �C, range
37.5–42.0 �C (Drew 1998). Tympanic tempera-
ture seems to be superior to rectal temperature as
an indicator of normothermia in fallow deer and
may be a better method to assess the individual
health status during capture and handling (Drew
1998). Heart and respiratory rates are 24–52
beats/min and 6–28 breaths/min, respectively
(Galka et al. 1999).

Different values of blood parameters were
recorded in relation to sex and age, as well as
genetic, environmental, nutritional, and physio-
logical factors (e.g., Poljičak-Milas et al. 2009).
Management practices, capture methods, and
blood sampling techniques also result in differ-
ences in blood parameters values (e.g., Vengušt
et al. 2006): for example, variations in leucocyte
count and serum proteins were recorded in rela-
tion to transport stress (English and Lepherd
1981). The relative proportions of fetal and adult
hemoglobins were recorded in fawns captured
during their first week of life in a free-living
population of fallow deer in Coto Doñana
National Park, southwestern Spain (Schreiber
et al. 1992). The percentage of adult hemoglobin
at birth seems to be correlated with the survival
rate of the fawns. The exact age when the transi-
tion to adult hemoglobin is completed remains
unresolved. The relative amount of persisting
fetal hemoglobin is an indicator of the age of
fawns. Blood coagulation parameters were
reported by Siroka et al. (2011). A significant
difference was found in the average activated
partial thromboplastin time between males and
females. It may be hypothesized that the differ-
ences in clotting times represent a physiological
advantage for females to deal with delivery-
associated bleeding but a physiological disadvan-
tage for males to deal with injuries (e.g., due to
fighting in the rut period).

The male and female reproductive cycle
depends on seasonal variation in day length
through the hypothalamus and pituitary control.
The importance of light in determining the

breeding season is confirmed by the fact that in
the southern hemisphere fallow deer mate
6 months later than in the northern hemisphere.
The male reproductive cycle is characterized by a
variation in testes mass. The first stages of sper-
matogenesis occur at about 7 months of age, while
the appearance of spermatozoa is only at about
14–16 months when the testes and epididymes are
ten times larger than those of fawns (Chapman
and Chapman 1997). Adult deer appear to be in
breeding condition over a period of about
6 months with a peak in spermatogenic activity
in October/November and are fertile as late as
February or March (Chapman and Chapman
1997). There is no apparent age effect on the
seasonality of testes and epididymes size fluctua-
tions (Gosch and Fischer 1989). These cyclical
changes are positively associated with changes
in body mass (Chapman and Chapman 1997).
Velvet shedding and antler casting occurred at
about 80% and 25%, respectively, of maximal
testis volume (Gosch and Fischer 1989). The
male sexual activity is dependent not only on
spermatogenesis but also on seasonal changes in
hormone secretion. Testosterone induces rutting
activity, but it is of short duration compared with
the length of spermatogenic activity. Thus, high
testosterone levels are not essential for fertiliza-
tion to occur.

The ovaries of fawns are inactive and small
and increase in size gradually until the females
reach puberty that is at about 16 months of age.
The length of the estrus cycle is 20–27 days. The
highest percentage of fertilization occurs gener-
ally during October in the northern hemisphere,
although females are receptive between
September and January. Females are polyestrous
and, in the absence of pregnancy, may cycle up to
six times (Asher 2007). Most of females conceive
during their first cycle. The absence of mature,
high ranking, older bucks, or even the larger
representation of younger bucks can prolong the
fertile period of females (Komers et al. 1999).
The reproductive state of females is assessed by
males through the behavior known as flehmen.
Multiple successive silent ovulations and short-
lived (8–10 days) corpora lutea leading up to the
start of the breeding season have been observed.
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The transient nature of the preliminary corpora
lutea may serve to promote within-herd syn-
chrony of the first estrus of the season (Asher
2007).

The mammary glands undergo an annual cycle
of growth and regression. The mass of these glands
at the time of parturition is about 400 to 800 g
(Chapman and Chapman 1997). Lactogenesis is
strongly influenced by prevailing photoperiod dur-
ing the last fewmonths of pregnancy (Asher 2007).
The energy requirements of lactation exceed those
of pregnancy (Loudon 1985). The chemical com-
position of milk (Malacarne et al. 2015,Wang et al.
2017) changes over the lactation period, as found in
other ruminants, and may also change among
populations living in different habitats and having
different diets.

Genetics

Chromosomes

The diploid number of chromosomes in Dama
dama is 2n¼ 68, and the number of chromosomal
arms is FN¼ 70 (Rubini et al. 1990 and reference
therein).

The karyotype of the fallow deer was described
by studying various captive or introduced
populations (Arslan and Zima 2014 and reference
therein). It includes 32 acrocentric autosomal
pairs of diminishing size and one medium-sized
metacentric autosomal pair. The sex chromo-
somes are acrocentric (X) and metacentric (Y);
X is the largest chromosome and Y is one of the
smallest. There are significant amounts of hetero-
chromatin at all autosomal centromeres as well as
at X-chromosome, while the metacentric auto-
some pair shows only slight C-bands and the
whole Y chromosome is relatively heterochro-
matic. The C-banding pattern is apparently rather
uniform in the Cervidae family (Arslan and Zima
2014 and reference therein).

The results of the karyotype comparison
between red and fallow deer are surprising
because their karyotypes differ much less than
those of red and sika deer, two easily interbreed-
ing species (e.g., Herzog 1990). This means that

the reproductive barrier between red and fallow
deer may not primarily be caused by karyological
incompatibility but by other physiological (e.g.,
immunological) or behavioral factors.

The localization of the nucleolus organizer
regions (NOR) at the telomeric position in the
two largest acrocentric autosomes was described
by Mayr et al. (1987). A similar number and
distribution of the NORs were reported in other
deer species.

Fontana and Rubini (1990) discussed the chro-
mosomal evolution of the Cervidae, pointing out
that Robertsonian fusions took part in the karyo-
typic differentiation of Cervinae.

Phylogeny and Phylogeography

Baker et al. (2017) studied the relative influence of
natural as well as anthropogenic processes in shap-
ing the evolution of genetic diversity among
European populations using microsatellite and
mitochondrial DNA loci. The results confirmed
very low levels of diversity within regional
populations and revealed a high degree of differen-
tiation among them. These data are consistent with
populations being founded by low numbers of
individuals and affected by strong genetic drift.
The northern and central populations could
descend from animals captured in Anatolia and
translocated in Europe, while the southern
populations could descend from animals forced
into Italian, Iberian, and Anatolian peninsulas dur-
ing the last glacial period. However, the origin of
the Iberian lineage and the identification of refugia
remain open questions. Marchesini et al. (2021)
criticized the methodological approach adopted
by Baker et al. (2017) with particular reference to
sampling scheme, mitochondrial DNA, and micro-
satellite dataset, and contested that the genetic “sig-
nature reflecting postglacial refugia can still be
detected” in the extant populations. By means of
a reanalysis of the data, they concluded that the
genetic expectations of the glacial refugia hypoth-
esis cannot be found in current fallow deer
populations which derive from extensive human-
mediated translocations. Baker et al. (2021)
revisited the study published in 2017, taking into
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account the comments by Marchesini et al. (2021).
Some further analyses reinforced the original con-
clusions of the earlier paper: the low levels of
diversity within populations and the strong struc-
ture among populations due to a combination of
natural and anthropogenic processes, and the con-
servation implications of these data.

Genetic Diversity and Population
Structure

Despite the wide distribution of the species and the
availability of the samples, fallow deer genetic stud-
ies are very few. Initially, enzyme electrophoretic
analyses revealed a very low level of genetic vari-
ation in British, German, and Italian populations
(Hartl et al. 1986; Pemberton and Smith 1985;
Randi and Apollonio 1988).

Subsequently, DNA variation analyses con-
firmed very low levels of diversity within
populations and showed a high degree of differ-
entiation among them (Ludwig et al. 2012;
Masseti et al. 1997, 2008).

In particular, the analysis performed using the
RAPD fingerprinting technique by Masseti et al.
(1997) on two historical stocks that still survive in
Central Italy showed that a fairly high percentage
of the variability is due to differences between
populations (75.54%). The Castelporziano stock
revealed a higher level of genetic variability in
contrast to San Rossore stock. The higher rate of
within population genetic variability of the
Castelporziano stock may be the result of multiple
introductions even in very recent historical times.
San Rossore stock generated populations with a
low level of genetic variation (e.g., Maremma
Regional Park, Central Italy; Scandura et al. 1998).

Moreover, Masseti et al. (2008) analyzing mito-
chondrial DNA sequences revealed that the Rho-
dian fallow deer population, founded by humans in
Neolithic times, possesses a set of mitochondrial
lineages, never found in any other population. Two
highly distinct groups of haplotypes can be identi-
fied with a divergence time of at least 31 kya. The
presence of these haplotypes could be due to trans-
location from Anatolia to Rhodes of two groups,
already well differentiated in the mainland.

Rhodian fallow deer are distinct even from the
extant deer surviving in Düzlerçamı. The persis-
tence of these haplotypes is particularly significant
because human-mediated processes (e.g., domesti-
cation) usually result in genetic depletion and ero-
sion of an ancestral genetic pool. Masseti et al.
(2008) hypothesized that humans unknowingly
preserved a remarkable portion of the original
genetic diversity of the source population in the
Rhodian fallow deer.

Hybridization

In captivity, the common fallow deer hybridized
with the Mesopotamian fallow deer and produced
fertile offspring (Zuckerman 1952; Gray 1972).

Hybridization between two different genera of
deer is rare. In captivity, the hybridization between
the common fallow deer and Axis porcinus has
been recorded, but it is unknown if the offspring
was fertile or how long it survived.

Life History

Growth

As in other cervids, maternal condition plays a
determining role in prenatal growth (Pélabon
1997). Fetal body mass is linearly and negatively
related to maternal kidney-fat-index and body
mass during pregnancy (Ács and Lanszki 2017).
Prenatal growth is faster for males (Birgersson
and Ekvall 1997). Thus, male fawns appear to
have higher body mass at birth than females
(4.7 kg vs. 4.3 kg, Putman and Langbein 2003).
However, the literature data on body mass by sex
are quite different. Significant birth mass differ-
ences were recorded between fawns born to year-
lings, around 3.5 kg, and those born to adult
females, around 4.5 kg (Putman and Langbein
2003). Males grow faster than females, but male
fawns of primiparous mothers have a slower
growth rate than male fawns of multiparous
mothers, whereas no such difference exists for
female fawns (Birgersson and Ekvall 1997).
According to Braza et al. (2000), male-biased
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maternal investment exists in fallow deer and it is
affected by the environmental conditions such as
the earliness of autumn rainfall, and the level of
extra-investment made by mother in male fawns
during the previous breeding season.

Average birth mass was revealed greater in the
middle of the fawning period in a free-ranging
population (Ács and Lanszki 2017), but it turned
out greater at the beginning of this period in a
fenced population (Birgersson and Ekvall 1997).
According to Putman and Langbein (2003), the
mass of fawns that were born in the first week of
June were significantly greater at the beginning of
winter than those that were born later. Moreover,
pre-winter body mass was constantly greater and
more strongly correlated to subadult body mass in
males than in females and was positively related
to maternal body mass (Birgersson and Ekvall
1997). Fallow deer seem to quadruple their birth
mass by 3 to 4 months. Females attain the maxi-
mum body mass when about 3 years old while
males continue to increase in mass, not reaching
their maximum until at least 6 years old; the
greatest body length (from head to rump) is not
reached until 7–8 years in both sexes, and the
shoulder height shows a similar growth pattern
(Chapman and Chapman 1997). Mandibles are
fully grown by about 2.5–3 years in females and
5 years in males (Langbein 1991).

Reproduction

Puberty occurs in males between about 7 and
14–16 months. Although yearlings are physio-
logically capable of breeding, males generally
do not breed until they are about 4 years
old, except in heavily hunted populations
(McElligott et al. 2001). The complex social
structure of the herds appears to preclude mat-
ings until a male reaches social maturity when it
can actively compete for reproductive opportu-
nities. Fallow bucks usually get most of the
matings between 5 and 8 years of age (Farrell
et al. 2011), when males are considered prime-
aged (McElligott et al. 2003). Unlike males,
females reproduce for the first time when they
reach puberty (at around 16 months of age). To

date, reproduction in females has been reported
until 23 years of age (Farrell et al. 2011).

The gestation period is 225–237 days long;
there is no embryonic diapause (Harrison and
Hyett 1954). The development goes slowly until
the embryo establishes a placental circulation
(between 3 and 4 weeks of age). The common
fallow deer give birth to a single fawn, twins occur
in <1% of births, and, even if a doe carries twins,
there is no guarantee that both will survive to term
(Chapman and Chapman 1997). The neonatal sex
ratio is 1:1 (Asher and Adam 1985). The sex ratio
of adults depends on several factors, including the
management regime.

In deer park populations yearling does have a
fecundity consistently lower than that of adults,
mate and give birth later, and produce fawns ligh-
ter at birth (Putman and Langbein 2003). The
mean winter live body mass at which 50% of
yearling does give birth to fawns was estimated
at 32 kg (Putman and Langbein 2003). The aver-
age fawning rate varies a lot in yearlings (from
12 to more than 90%) and less in adult females
(>80%). The pattern of rearing success reflects
that of fawning success with yearlings achieving
lower rates than adults (Putman and Langbein
2003). The rearing ability of old females declines
with age due to a loss in grazing efficiency caus-
ing insufficient milk production.

The effects of age and body condition on
female reproductive success have been studied in
several fallow deer park populations (Putman and
Langbein 2003). In general, the reproductive suc-
cess is consistently lower in parks that have exten-
sive public access and where are present mixed
herds with red deer. A higher level of postnatal
mortality could probably explain this low repro-
ductive success. Disturbed does may leave neo-
nates immediately after parturition before they
have a chance to establish the mother-infant bond.

Survival

Prenatal mortality is around 10% (Chapman and
Chapman 1997). The highest mortality is
recorded among neonates. Kjellander et al.
(2012) found a death rate of 23.6% without
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significant differences between sexes in a free-
ranging population of southern Sweden. The sur-
vival probability of adult females is relatively high
until old age. Survival probabilities of males
resulted highly variable with age, and have been
described in a park deer population using a model
incorporating four phases: yearling, pre-reproduc-
tive, prime-age, and senescent (McElligott et al.
2002). Yearlings had a survival rate of 70–75%.
Pre-reproductive males (2–3 years old) had the
highest survival rate (85%) compared to all other
males. Prime-aged males (4–9 years old) had a
slightly lower rate (between 70 and 80%) due to
the intense intrasexual competition, and this rate
remained stable up to 9 years of age. Considering
reproducing and non-reproducing males sepa-
rately, there were differences in the survival prob-
abilities, with reproducers consistently surviving
better than non-reproducers. The higher survival
probabilities of reproducing males could indicate
their generally higher phenotypic quality. Sur-
vival probabilities declined sharply after 9 years
of age. The decrease also in reproduction proba-
bilities, body condition, and antler size indicates
that senescence had begun (McElligott et al.
2002).

The lifespan recorded in the fenced
populations of Castelporziano estate (Rome,
Italy) and Phoenix Park (Dublin, Ireland) is
respectively 11.5–13 years for males and
19–23 years for females (see De Marinis 2015).
The lifespan in captivity is over 20 years.

Natural mortality is mainly determined by cli-
matic conditions. Severe drought and heavy
snowfall can induce abrupt variations in popula-
tion density; high rainfall can affect the fawn
survival in summer when they are more easily
chilled and risk hypothermia (Putman et al.
1996). Overwinter losses represent a considerable
proportion of the annual mortality among wild
populations (Putman and Langbein 2003). Length
of the growing season of the previous year, days
of snow, late winter temperature, and mean body
mass in autumn are significantly correlated with
winter losses in park deer populations (Putman
and Langbein 2003). A threshold dressed body
mass in autumn of 24 kg for adult females and
yearling males is suggested as critical for

overwinter survival (Putman and Langbein
2003). Mortality due to carnivore predation is
low. The vigilance behavior and herding help to
protect deer from predation. The contribution of
fallow deer (mainly fawns and youngs) is less than
5% to the diet of Iberian lynx Lynx pardinus (Coto
Doñana National Park, southwestern Spain,
Delibes 1980) and less than 3% to that of wolf
Canis lupus (the Apennines, central Italy, Mattioli
et al. 2011; central and western Poland, Nowak
et al. 2011). Foxes Vulpes vulpes may sometimes
predate neonates; eagle Aquila sp. and golden
jackal Canis aureus should be mentioned as
other potential predators of fawns. During an
experimental evaluation of predator avoidance in
Sweden, fallow deer completely avoided areas
with bear scent (Sahlen et al. 2016). Hunting,
poaching, and to a lesser extent road accidents
are other causes of mortality. Few individuals
may die for injuries from conspecific during the
rut or other accidents (e.g., entanglement of ant-
lers in fences); chases by free-ranging and feral
dogs may cause injuries and deaths (Langbein and
Putman 1992), especially in those countries where
these potential predators can reach high numbers.

Habitat and Diet

Habitat Use

Fallow deer live in a variety of climates ranging
from cool-humid to hot-dry areas. However, most
populations are found in a hot-humid climate. The
most suitable habitats are plains and slightly rug-
ged or hilly areas with a combination of vegeta-
tion types. Fallow deer prefer deciduous or mixed
mature woodland with established understory,
interspersed with grassy and brushy open areas,
but can live in a wide variety of environments
from Mediterranean forests to conifer plantations
(Feldhamer et al. 1988). Fallow deer do not com-
monly live in high-altitude areas or regions with
long snowy winters. Populations are currently
expanding into areas composed of a mosaic of
housing, gardens, orchards, parks, farmland, and
pastures. Deer may be attracted to human envi-
ronments because of the lack of predators and
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hunting threats as well as the availability of edge
habitats where find food supply and tree cover. In
such habitats, human activity may greatly affect
the distribution, dynamics, and behavior of deer
(Duarte et al. 2016). Habitat use changes season-
ally with food availability (deer can feed mainly in
open areas during spring and summer and in
woods during autumn and winter, Thirgood
1995), differs between daytime and nighttime
(woodland are used more by day while open
areas more at night, Borkowski and Pudelko
2007), and varies strongly according to sex and
age classes (Apollonio et al. 2005).

Sexual segregation is widespread among sexu-
ally dimorphic ruminants. Several hypotheses have
been formulated to explain this phenomenon.
Recent studies have provided evidence that only
more hypotheses simultaneously may explain sex-
ual segregation because they account for factors
operating at different spatial and temporal scales.
Ciuti and Apollonio (2008) analyzed a long-term
dataset using a multitemporal (among years and
between night and day) and multispatial (among
and within habitats) approach to investigate sexual
segregation in a fenced population of fallow deer.
The predation risk hypothesis (females select safer
areas to reduce predation risk even at the expense
of nutrient intake) and the indirect competition
hypothesis (males are forced into suboptimal for-
aging habitats through indirect competition by
females) can explain segregation on large spatial
and temporal scales. The forage selection hypoth-
esis (differences in foraging efficiency and hence
food selection between sexes) provides a general
explanation of small scale sex differences in habitat
use. The predation risk hypothesis and the indirect
competition hypothesis give a valid interpretation
of the sexual segregation on small temporal and
large spatial scales and large temporal and small
spatial scales, respectively. The influence of human
activities could be a strong drive to sexual segre-
gation, forcing the more vulnerable or sensitive sex
into suboptimal habitats. This, in turn, may lead to
a not natural browsing pressure on environments,
causing habitat deterioration (Apollonio et al.
2005). Contrasting results were found in parks
subjected to high public visitor pressure, where
human disturbance increased levels of vigilance

mainly in females, without changing patterns of
habitat use and overall daily time budgets
(Langbein and Putman 1992).

Home Range

Fallow deer do not establish territories except
males during the rut. Home range size can vary a
lot among populations and within the same popu-
lation among seasons in relation to the availability
and distribution of food and shelter, climatic fac-
tors, density of animals, and degree of distur-
bance. Home ranges can overlap extensively. In
general, males have home ranges larger than
females due to higher energy demands. Female
home ranges are usually smaller during summer
(e.g., Ciuti et al. 2003) because their movement
patterns are restricted by the presence of fawns
(Ciuti et al. 2006). As in other cervids, mothers
seldom move further than 400 m away from their
fawns in the first 2–3months following parturition
(Kjellander et al. 2012). Males have usually larger
home ranges during the rutting period (e.g.,
Davini et al. 2004) due to the movements between
breeding and non-breeding grounds. As in other
deer, inter-seasonal home range fidelity proved to
be remarkably high (Ciuti et al. 2003; Davini et al.
2004).

In Mediterranean habitats, that are the native
environments of the species, the mean size of
annual home range resulted larger (some hun-
dreds of hectares, e.g., Ciuti et al. 2003, Davini
et al. 2004) than those reported in northern Europe
(some tens of hectares, e.g., Chapman and Chap-
man 1997, Putman 1996), mainly because these
Mediterranean environments are characterized by
a fragmented distribution of trophic resources.

Spatial Movements

The common fallow deer seem to be one of the
least dispersive deer species. Large-scale
one-directional movements that could be classed
as dispersal are unusual. Most dispersal move-
ments tend to be of juvenile males leaving family
groups, before the birth of the next fawn. For this
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reason, the proportion of males among juveniles
killed in road accidents is very high. This species
is tolerant of very high local densities and hence
colonization of new areas is gradual.

This cervid is not noted for any migratory
behavior. Erratic movement may occur up to
15 km or more and on these occasions, fallow
deer can cross large rivers. Bucks are often respon-
sible of wide movements during the rut and may
visit more than one lek or rutting stands. Females
move from their home ranges to lek and can travel
also more than 8 km, as recorded in a Mediterra-
nean habitat (Imperio et al. 2020). It seems to be a
distance threshold over which females are no lon-
ger able to compensate travel costs; this distance
should change with population, depending in a
complex way on topography, vegetation type,
physical barriers (roads, channels), presence of
predators, hunting, and human disturbance.

Diet

Anatomical considerations based on the ratio of
small to large intestines suggest that the common
fallow deer is an unselective bulk-feeder (sensu
Hofmann 1985). Field studies confirm that this
deer is both browser and grazer. Fallow deer
show morphological adaptations in the mouth,
teeth, and salivary glands for processing and
digesting the chemical compounds of the plant
cell wall (Pérez-Barbería 2020). Herbaceous
monocots contribute to more than 60% of forage
intake from March to September, and more than
20% even in winter (e.g., Caldwell et al. 1983).
The browsing of young broadleaved trees gives a
significant contribution to the diet in autumn and
winter. Acorns, chestnuts, beech mast, and other
fruits are characteristic food through autumn and
early winter. Increasing amounts of dwarf
brushes, sedges, rushes, brambles, forbs, mosses,
and conifer browse are mainly consumed in win-
ter, if graze material is limited (e.g., Caldwell et al.
1983). The barking of trees occurs in winter; bark
is stripped using incisiform teeth and dental pad
(Chapman and Chapman 1997). Fallow deer
appear to drink rarely, taking water from dew
and vegetation.

The quality of the diet and the nutrient compo-
sition (protein, digestible fiber, and lignin) depend
on food resources, change with the season, year,
and habitat, and vary across age and gender clas-
ses. Bucks have a higher quality diet in autumn
and winter whereas does have a higher quality diet
in spring and summer (Putman et al. 1993).
Sex-related differences in the diet can be
explained because of different metabolic demands
(Barboza and Bowyer 2000). In the rutting sea-
son, a low diet similarity was found between non-
reproductive males and females despite the sex
spatial overlap (Azorit et al. 2012).

Food choice is based on constant sampling and
evaluation of the variety of food available as
recorded in cafeteria (multiple-choice) experi-
ments (Bergvall and Leimar 2005). Deer seem to
be more selective when food types are limited in
number, occur relatively close to each other, and
are characterized by distinct tastes or other cues
used for food selection. Therefore, fallow deer
should be more or less selective based on the
spatial distribution of food resources (Bergvall
et al. 2007).

Behavior

Foraging Behavior

Fallow deer tend to lie up by day in cover, where
they drowse and ruminate, and to move by night
in open areas where they graze. The movements
from forestry to foraging areas are usually along
well-marked tracks. Peak feeding periods are gen-
erally at dusk and dawn. This activity pattern is
influenced by many factors, such as cyclical
changes in the environment, food availability, for-
aging efficiency, predation risk, mating activity,
intraspecific and interspecific interactions, and
last but not least human disturbance. In little dis-
turbed areas fallow deer graze and ruminate in
open areas at all hours, with a pattern of alterna-
tion between feeding and rumination roughly
every 3–4 h (Caravaggi et al. 2018).

Foraging decisions are conditioned by the trade-
off between the benefits of gaining more food and
the costs of reduced vigilance or increased toxin
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ingestion. This trade-off reflects personality dimen-
sions such as boldness (Bergvall et al. 2011). Bold
females will raise heavier fawns but these females,
and their fawns, will be more prone to predation.
On the opposite, shy females and their offspring
will be less prone to predation, even though the
fawns will be lighter and at greater risk of starva-
tion. Different personality types coexist in a popu-
lation. Selection pressures on boldness should
depend on environmental variation and predator
density (Bergvall et al. 2011).

For group-living animals as fallow deer, forag-
ing decisions are probably taken at the hierarchi-
cal level: at the higher level the group chooses
where to forage, at the lower level the individual
chooses what to eat (Stutz et al. 2018), becoming
less selective due to the competition for food
especially in large groups (Bergvall et al. 2006).
Group foraging may prioritize other critical needs
such as the management of predation risk rather
than foraging efficiency (Stutz et al. 2018). The
protection against predators and foraging interfer-
ence decreases from the center to the periphery of
the group. The conflicting requirements among
group members can determine the instability of
large groups (Focardi and Pecchioli 2005).

Social Behavior

The common fallow deer present a very flexible
social organization strongly influenced by envi-
ronmental context and closely linked to the annual
cycle.

Adult females spend most of their time in family
groupsmainly composed offive or fewer individuals
with one or two adult females with their current and
sometimes previous year’s offspring (e.g., Thirgood
1996). Males may remain in the family group up to
20 months of age. These groups are very stable in
time and space and are generally led by a dominant
doe (Apollonio et al. 1998). Female groups tend to
be two to four times larger in more open habitats
than in woodland and larger in winter/spring than in
summer/autumn (e.g., Thirgood 1996). When living
in heterogeneous environments, group sizes fre-
quently change as animals move between closed
and more open habitats, thus few permanent social

associations develop. In more homogeneous envi-
ronments, changes in group size are less apparent
and more permanent groupings may persist, devel-
oping dominance hierarchies. The groups can reach
the size of several hundred individuals where food
resources are abundant, but such large aggregations
are mostly transient. In general size of herds and
social dynamics depend on habitat type/quality,
deer density, food resources, degree of disturbance,
time of year, and weather conditions. Males are
solitary or form unstable groups with unrelated indi-
viduals (“bachelor groups”). Groups of adult males
and females are separated for much of the year in
most populations. The degree of social and spatial
segregation shows great variability in relation to
habitat, population density, and sex ratio (e.g.,
Thirgood 1996, Apollonio et al. 2005, Focardi and
Pecchioli 2005). For example, where male density is
high, bucks tend to remain in single-sexed groups;
where it is lower, they tend to form mixed-sex
groups; these groups have a high probability of
splitting up into single-sex groups (Villerette et al.
2006).

Social interactions such as mutual grooming
are relatively rare, except between does and their
fawns. Play behavior, such as sudden chases and
jumps, is common among young fawns in sum-
mer, and sometimes adult females join in.

Inter-male mounting is restricted to the first
3 months of antler regrowth (Holečková et al.
2000). It is typical for young animals and signif-
icantly decreases with age, suggesting that the
animal needs the experience to cope with chang-
ing hormonal states or that the behavior is a form
of learning. There is no evidence of bonding
between individuals involved in mounting and
no apparent dependence of mounting activity on
testosterone levels. Inter-male mounting cannot
be clearly linked to the roles of a dominant actor
and a subordinate recipient. Female-female and
female-male mounts are very rarely observed
(Holečková et al. 2000).

Mating Behavior

The common fallow deer is a polygynous breed-
ing species. The mating season occurs in October
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in the northern hemisphere and in April in the
southern hemisphere (Chapman and Chapman
1997). The rut period changes with location and
latitude as the photoperiod is the key stimulus
controlling the deer reproductive processes by
neurohormonal changes. The rut lasts approxi-
mately 135 days. The time of the mating season
is influenced by several factors such as the sex
ratio, population structure and density, spatial dis-
tribution of animals, and weather conditions
(Sándor et al. 2014).

At the beginning of the mating season males
start to scrape the ground, mark trees, thrash
bushes, and groan. The buck vocalization may
serve for threatening males and attracting females.
McElligott et al. (1999) identified a strong corre-
lation between the time invested in vocal display
and mating success. Bucks use acoustic cues such
as call rate and overall call structure to gain infor-
mation on the dominance rank, motivation, and
condition (fatigue) of competitors (Pitcher et al.
2015). Therefore, groans are the product of sexual
selection driving the buck vocalizations to trans-
mit multiple data on the caller quality (Pitcher
et al. 2015). Since bucks have individually dis-
tinctive vocalizations, it was proposed that they
may call repeatedly to familiarize females with
their vocal characteristics (McElligott et al.
1999). However, the familiarization hypothesis
has yet to be tested in fallow deer. Groaning is
not fixed over time but is modified dynamically
according to male age and rank. Therefore, groans
are individually distinctive only within each
breeding season (Briefer et al. 2010). However,
changes in the structure of groans and groaning
rate occur also during the same breeding season
and are associated with the declining body condi-
tion of males and variation in the availability of
mating opportunities (Vannoni and McElligott
2009). The bucks who achieved most of the mat-
ings are those who had initiated vocal activity
early in the season (also more than 3 weeks before
any matings occur) and who had remained vocal
on most days. Dominance relationships are
established during this pre-rut period, largely by
non-contact agonistic interactions depending on
body size and body mass. These relationships are
in turn tested and modified by fights during the rut

to produce the dominance ranks that influence
mating success (McElligott et al. 1998, Moore
et al. 1995). In summary, the number of matings
gained by males is highly variable and is related to
factors such as age, body size and mass, vocal
display, social dominance rank, fighting success,
and spatial strategies together with the experience
from previous mating seasons, and that gained as
subadult males (see McElligott et al. 2003). Mat-
ing success peaks between the ages of 6 and
7 years, when males usually have the highest
numbers of matings (McElligott and Hayden
2000, McElligott et al. 2002). Successful males
do not appear to suffer a decrease in survival
probabilities or a reduction in fecundity, despite
the high investment required to gain matings
(McElligott et al. 2002).

Rutting activities are linked to pronounced
hypophagia among adult males, starting weeks
before the mating period and resulting in an
important mass loss. Hypophagia and scent urina-
tion occur at the same time. The physiological
processes inducing preputial gland activity and
scent-urination may be the same as for appetite
suppression (Apollonio and Di Vittorio 2004).
These processes are possibly linked to hormonal
changes recorded during the breeding season.
Prime-aged males (5–8 years old) lose on average
26% of their body mass. This mass loss is posi-
tively correlated with initial mass and not with
mating success or activities associated with mat-
ing success (McElligott et al. 2003). Foraging
strategies adopted before the mating season affect
mass loss. All other age and sex classes are unaf-
fected in their feeding behavior by the rutting
season. Females and young males even show a
marked increase in grazing in response to a higher
forage quality from summer to autumn.

Mating System

Langbein and Thirgood (1989) distinguished
three main mating strategies: single male territo-
rial strategy (classic rutting stands and temporary
stands), multi-male territorial strategy (multiple
stands and leks), and non-territorial strategy
(dominance within mixed-sex herds, harem
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holding, and rowing males). Lekking is by far the
most demanding mating strategy for males but is
also the most successful strategy in terms of mat-
ings achieved within the population (e.g., Ciuti
et al. 2011). A lek is a communal male display
area that females visit for the sole purpose of
mating and leave soon after mating. Many differ-
ent models have been proposed to explain how
leks initially form (Beehler and Foster 1988;
Bradbury and Gibson 1983; Höglund and Alatalo
2014; Stillman et al. 1993). Leks are usually
located in the same area year after year, and mul-
tiple factors are thought to be responsible for the
persistence of a lek in a specific location, the
combination of which depends on local ecological
conditions (Apollonio et al. 2014). Therefore,
habitat manipulations can affect the use of these
traditional mating sites (Apollonio et al. 1998).

The mating system of a population can be
single or mixed. The density of bucks and breed-
ing females, as well as habitat structure (environ-
mental heterogeneity, resource distribution, and
tree cover) exert the greatest influence on the
dominant mating strategy within a population or
during a year. A greater variety of concurrent
mating strategies was observed in the wild com-
pared to park populations (Thirgood et al. 1999).
The mating system adopted by a male appears to
be determined primarily by the male’s age and
dominance status, the density and degree of
aggregation of females, and the degree of compe-
tition experienced from other breeding males
(Langbein and Thirgood 1989).

Individual male reproductive success is highly
skewed in all systems (e.g., each year three males
accounted for 60–90% of copulations in a lek,
Apollonio et al. 1989) as confirmed by paternity
assessment based on genetic data (Say et al.
2003). The asymmetry in copulatory success
may be associated with male dominance rank
and/or female choice. High skew in male repro-
ductive success may contribute to the low genetic
diversity recorded in fallow deer, mainly in
enclosed populations. Assortative mating can
help explain the persistence of genetic variation
for male traits associated with reproductive suc-
cess (Farrell et al. 2011). A small but consistent
proportion of females (mainly yearlings) do not
mate with the most successful males each year.

Yearling females mate later in the rut than older
ones and hence they are more likely to mate with
younger and low ranking males. The timing of
matings by young males coincides with the peak
of yearling female matings, while low ranking
males attempt to mate at a later stage when highly
successful competitors show fatigue. Alterna-
tively, yearling females may not be able to pay
the potential costs associated with mating with
high quality males or could be less experienced
at discriminating between males of differing qual-
ity or at avoiding mating with young and low
ranking males. Therefore, there is a strong behav-
ioral difference between young and adult females
in mate choice (Imperio et al. 2020).

Different reproductive strategies have been
reported in female fallow deer. During 10 years
of study in a large urban park in Dublin, Ireland,
polyandrous and monandrous multiple-mating
females as well as single-mating females were
observed in a non-lekking population (Briefer
et al. 2013). Each year, on average, 12% of all
females were polyandrous females. This small but
consistent proportion suggests that monandry and
polyandry are alternative female strategies in fal-
low deer. Polyandry was not related to female age,
stage of the rut, dominance rank of mates, or
number of matings achieved by males during the
rut and did not increase offspring viability and
quality. The hypothesis of fertility insurance,
where females remating if fertilization from the
first mating is uncertain due to the possible sperm
depletion, could explain polyandry in fallow deer.
This strategy is more costly in terms of increased
predation risk, energy and time spent searching
for mates, selecting mates, and copulating and
involves a complex trade-off between fertility
success, preferences for high-quality males, and
potential costs (Briefer et al. 2013).

Aggression

Studies on the aggressive behavior of territorial
males were carried out primarily in enclosed parks
where live lekking or non-lekking populations.
Before the start of the rut, males become more
and more intolerant to the presence of rivals
resulting in a marked increase in aggression.
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Many agonistic interactions are non-contact dis-
plays (such as groaning, parallel walk, antler
displaying, or thrashing against vegetation) to
avoid combat situations that may result in physi-
cal injuries (Bartoš et al. 2007). Nevertheless,
direct fights are not uncommon between animals
of comparable size and can last several minutes
(Festa-Bianchet et al. 1990). There is no evidence
that body mass and antler length are important
factors in either the duration or intensity of fight-
ing (Jennings et al. 2004). Fights are longer when
at least one of the males had previously experi-
enced a victory (Jennings et al. 2004). Lateral
palm presentation serves to de-escalate fighting
between mature bucks (Jennings et al. 2002).
Damage likelihood is associated with dominance
status and not with fight duration/number or mat-
ing success (Jennings et al. 2017). Chapman and
Chapman (1997) described a thickening of the
integument of the forehead of fallow bucks (der-
mal shield) during the rut that gives resilience
against knocks, preventing severe damages to
the skull. However, death and serious injuries
can occur, especially toward later stages of the
rut when the most actively rutting bucks lose
their strength (e.g., Festa-Bianchet et al. 1990,
Moore et al. 1995). As the number of estrus
females increases during the rut, there is an
increase in fighting (e.g., Jennings et al. 2013).
The resulting hierarchy of dominance is linear
(see Jennings et al. 2010), and mating success is
highly skewed in favor of high ranking males
(Moore et al. 1995).

Although most fights tend to involve only pairs
of males, approximately 10% of contests are
disrupted by the intervention of a third-party
male, as recorded in a large enclosed city park in
Ireland (Jennings et al. 2009). High ranking males
engage in these triadic interactions against lower
ranked individuals to prevent the advancing of
subordinates in the hierarchy and at the same time
to achieve a limited increase in dominance rank
(Jennings et al. 2018). Suffering third-party inter-
ventions duringfightingmay reduce the probability
of mating during the day on which the interven-
tions occur. Therefore, intervention and suffering
intervention might represent an interrelated strat-
egy for which males that suffered an intervention
are also highly likely to engage in third-party

interventions (Jennings et al. 2017). This kind of
behavior is highly variable between and within
individuals over days and between years. However,
further studies are needed to provide a more com-
plete understanding of the evolution of third-party
intervention behavior in fallow deer.

Parental Care

Fawns are born from mid-May to July with a peak
in June (Chapman and Chapman 1997). Occa-
sionally fawns can be born as late as November,
but they are lighter and have higher mortality rates
compared to early-born fawns (Ács and Lanszki
2017). As maternal age increases, fawns are born
earlier in the breeding season. After parturition,
the doe eats the afterbirth to prevent the attraction
of predators.

The fawn is active within few minutes of birth,
and suckling occurs within an hour or so. The doe
establishes a mother-infant bond immediately
after the birth, cleaning and drying the newborn
by licking it. After parturition, the females do not
return to the herd for 2 to 10 days. The type of
mother-infant relationship can be categorized as
“hider” type where the mother and the infant stay
separated and out of contact for long periods,
during which the infant stays hidden in the vege-
tation, near where it was born. Although the
change of hiding place is typically initiated by
the female, the exact position of the bed-site is
chosen by the fawn. Selected bed-sites show sig-
nificantly lower visibility and a higher amount of
canopy cover than random sites. Fawns seem to
select these two bed-site variables independently,
perhaps for thermoregulatory reasons (see
Kjellander et al. 2012). The newborns generally
rest most of the time; the dappled coat provides
excellent camouflage. If disturbed, the fawn
“freezes”; after a period varying from an individ-
ual to the other, the “freezing” behavior changes
in “fleeing” behavior. The doe remains separate
from the fawn for much of the day but within
hearing distance of a fawn distress call. At least
for the few days after the birth, the mother recog-
nizes the fawn apparently by smell, later it seems
that the recognition is by the mother as well as by
the fawn. The doe nurses the fawn on average
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once every 4 h until it is at least 4 months of age.
Fawns to primiparous mothers suckled relatively
longer, with no corresponding increase in mass,
compared to multiparous mothers (Birgersson and
Ekvall 1994). However, during the first 2 weeks, it
seems that the transfer of milk is poorly reflected
by suckling time since the inexperienced mothers
do not terminate the lactation when the udder is
empty. Grasses may be eaten a few days after the
birth, but rumination does not begin until 2 to
3 weeks of age (Chapman and Chapman 1997).
After about a month from birth, youngs and their
mothers form small groups. The fawns may be left
in the care of few adults while the other does feed.
The mother begins weaning the fawn when it is
around 20 days old, but weaning continues until
the fawn is about 7 months old and can be pro-
longed up to January–February, even if sporadi-
cally. Mothers begin decreasing maternal care by
decreasing the duration of tactile contacts (Chap-
man and Chapman 1997).

Allosuckling (i.e., suckling from a female other
than the mother) was observed in captive and wild
populations. The onset of allosuckling behavior
seems to be related to the increasing ability of the
fawns to move around after the first 2 weeks of life.
Birth date affects allosuckling, with late-born
fawns performing fewer and shorter allosuckling
bouts. No difference was found between sexes
(Pélabon et al. 1998). Allosuckling was positively
correlated with the age of the females and nega-
tively correlated with the rate of their aggressive
behavior and it was common between related
members in a stable social unit (Ekvall 1998).
Allosuckling could be a result of kin selection
and/or reciprocal altruism (Ekvall 1998) or could
be a mean for offspring to gain important immuno-
logical benefits by acquiring antibodies from vari-
ous lactating females (Roulin and Heeb 1999).

Senses and Communication

The common fallow deer have an acute sense of
smell as would be expected in a species well
endowed with scent glands and a good sense of
hearing. The large ears can be swiveled together
or separately through circa 180 degrees, picking

up sound from any direction without turning
the head.

The eyes, set on the side of the head, give a
wide field of vision but poor depth perception.
Discrimination of distant stationary objects is
very poor, but any movement is quickly detected.
Dissection of the eye reveals that deer do not
appear to possess a UV filter, suggesting that
they may be sensitive to ultraviolet light. Two
classes of cone pigments together with a high
concentration of rod pigments are present in the
retina, with sensitivity in the blue-green part of the
electromagnetic spectrum (Jacobs et al. 1994).
Fallow deer possess a tapetum lucidum, common
to all nocturnal mammals. These cells reflect light
that would otherwise be lost when it passes
through the retina back into the eye, increasing
the amount of available light. This combination of
adaptations allows a good dichromatic vision both
by day and by night. Fallow deer can discriminate
colors in the blue-green part of the spectrum
(Birgersson et al. 2001). This dichromatic color
vision may allow distinguishing between different
plant species or different parts of plants that might
be of variable nutritional (or toxic) value.

Communication and recognition make use of
whole-body odor as well as vocal and visual cues.
Tactile signals such as touching, licking, pawning,
nipping, and butting occur mainly between
mothers and their fawn, but also between adults.

Fallow deer use different types of vocalizations
in mother-offspring interactions, during the rut and
in a situation of danger: bleating is a short medium-
high pitched sound produced by females close to
parturition or with their young; peeping is a high
pitched sound produced by fawns when are in
distress or to establish contact with their mothers;
wailing is an intense distress sound produced by a
fawn older than 2 days; barking is a short, loud, and
explosive alarm call used by females, sometimes
repeated several times; mewing is a higher pitched
sound given by any deer during submission pos-
tures; and groaning is a low belch like the sound
produced by rutting males [rarely by subadults
(2<years<4) and yearlings] composed by a series
of single events up tomore than 3000 vocalizations
per hour, lasting 0.35/0.5 s and ranging from about
100 to 8000 Hz (Stachowicz et al. 2014).
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Visual communication is essentially based on
body posture as well as on the position and move-
ment of the tail and the appearance of the rump
patch (Alvarez et al. 1976). Alarm signals are one
of the most common visual cues and pronking is a
characteristic alarm gait of fallow deer as of other
ungulates. Pronking is also a signal of the animal’s
fitness which should deter any pursuit by a pred-
ator as well as a play that may prepare young
animals for adult life.

Parasites and Diseases

Current knowledge of the common fallow deer
diseases is likely to be biased in favor of those
pathogens and host populations viewed as impor-
tant by interest groups as for other deer species.
Moreover, the European countries hardly have
systematic national disease surveillance for wild
ungulates except for epidemic diseases (Putman
et al. 2011). Data available are not suitable for the
assessment of the possible long-term effects of
pathogen infection on deer population dynamics
(East et al. 2011).

Ectoparasites

The most common ectoparasites reported for this
deer species in Europe (Chapman and Chapman
1997; Pavlásek and Minár 2014; Sleeman 1983;
Szczurek and Kadulski 2004) include: lice
(Solenopotes burmeisteri, Bovicola tibialis, and
Damalinia sp.), keds (Lipoptena cervi), warble
flies Hypoderma diana, flies (Cephenemyia multi-
spinosa and C. auribarbis), ticks (Ixodes ricinus,
Haemaphysalis punctata, H. concinna, and
Dermacentor reticulatus), fleas (Paraceras melis),
and mites (Sarcoptes scabiei, Chorioptes texanus,
and Demodex kutzeri).

The percentage of deer infested varies with
locality and times of the year. For example, the
percentage is high in late winter, spring, and early
summer for Damalinia tibialis, and from August
to December for L. cervi (Chapman and Chapman
1997). The extent of the infestation is species-
dependent. For example, in Poland, the highest

percentages were reported for L. cervi (76%) and
I. ricinus (29%), while the lowest for C. texanus
(<1%); despite the percentage value, the infesta-
tions were symptomless (Szczurek and Kadulski
2004).

Fallow deer are among the most widespread
ungulates in the world and so are their parasites.
Mertins et al. (2011) described the impact on
native species of deer of Bovicola tibialis, a
chewing louse brought to North America with
fallow deer. This louse causes a pathologic hair
loss syndrome that is most evident in winter and
spring. The most severe cases may progress to
morbidity and mortality, mainly in young deer.

In the last decades, an increasing incidence of
tick-borne zoonoses has been reported in Europe.
This trend regards in particular pathogens
(viruses, bacteria and protozoa) transmitted by
Ixodes ticks. Like other deer species, the common
fallow deer are becoming more and more impor-
tant as a tick maintenance host. This deer can
reach high density in potential tick habitats such
as deciduous and mixed forests or green periurban
and urban areas (Jaenson et al. 2018). However, at
high density, fallow deer can destroy the ground
vegetation to such an extent to reduce tick abun-
dance (van Wieren and Hofmeester 2016). Hence
the relationship between deer density and tick
abundance is complex, due to a large number of
climatic and environmental factors acting simul-
taneously, and still unclear (Gray et al. 2021).

Lyme borreliosis and tick-borne encephalitis are
the two tick-borne diseases with the largest impact
on human health (Hönig et al. 2019). Lyme
borreliosis is caused by spirochetes of the Borrelia
burgdorferi sensu lato complex, while encephalitis
is caused by the tick-borne encephalitis virus (Fla-
vivirus, Flaviviridae) (Hönig et al. 2019). Deer are
not reservoirs for B. burgdorferi s.l. and encephalitis
virus (Gray et al. 2021;Michelitsch et al. 2019). The
presence of the zoonotic bacterium Anaplasma
phagocytophilum, the causative agent of granulo-
cytic anaplasmosis in both humans and animals, has
frequently been reported in fallow deer from differ-
ent regions of Europe with infection rates ranging
between 1.5 and 95.4% (see Kazimírová et al.
2018). This variation is mainly due to the locality,
examined tissue, and the sensitivity of the detection
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method used. The fallow deer may act as reservoir
host for A. phagocytophilum (Kazimírová et al.
2018). Piroplasms are tick-borne protozoa, infecting
red and white blood cells of their hosts. The com-
mon fallow deer have been identified as susceptible
to Theileria and Babesia infections (e.g.,
Kazimírová et al. 2018, Yabsley and Shock 2013).

Endoparasites

Chapman and Chapman (1997), Kowal et al.
(2012), Rehbein et al. (2014), and Vengušt and
Bidovec (2003) provide a review of internal para-
sites (mainly nematodes, cestodes, and trematodes)
affecting fallow deer. These parasites have different
prevalence and intensity of invasion in relation to a
different susceptibility of fallow deer to infection.
The presence of eggs, larvae, and oocysts of gas-
trointestinal and pulmonary endoparasites was
investigated in fecal samples of fawns and year-
lings of farmed fallow deer by Rehbein and
Bienoschek (1995). Outbreaks of parasitic diseases
are rare (Vengušt and Bidovec 2003).

Ashworthius sidemi, an abomasum nematode
of Asiatic cervids introduced in many European
countries via sika deer, was observed in fallow
deer from Poland, Sweden, the Czech Republic,
and Russia (Kowal et al. 2012; Kuznetsov 2021;
Magdalek et al. 2017). This parasite can cause
chronic abomasitis and infection can have health
consequences, especially in young animals
(Kowal et al. 2012). This nematode may be able
to infect cattle and sheep feeding together with
deer on the same meadows or pastures (Kornacka
et al. 2020).

Even not showing any significant clinical sign if
not a moderate decline of physical conditions, fal-
low deer may be affected by the following trema-
todes: the common liver flukes Fasciola hepatica, a
native European endoparasite and the giant liver
fluke, Fascioloides magna, an alien endoparasite
of American origin introduced in Europe in the
nineteenth century, probably together with North
American elk (e.g., Nagy et al. 2018). The giant
liver fluke has established in three permanent natural
foci: northern Italy, floodplain forests along the river
Danube, and the Czech Republic with southwestern

Poland (see Králová-Hromadová et al. 2016). How-
ever, the European distribution of F. magna is per-
manently growing and its emergence is expected in
new areas (Nagy et al. 2018). This alien species has
already replaced the endemic one in some areas
(Houszka et al. 2016). Fallow deer is a definitive
host of the liver flukes (Malcicka 2015). Fasciolosis
is an emerging/re-emerging zoonosis in many coun-
tries as a consequence of environmental changes as
well as anthropogenic modifications (Mas-Coma
et al. 2005). The strong dependence of liver fluke’s
incidence on weather factors (such as high rainfall)
indicates that climate changemay have a remarkable
influence on the future evolution of this disease
(Iglódyová et al. 2017).

Neosporosis caused by Neospora caninum is
among the main causes of abortion in cattle now-
adays. However, many aspects of the life cycle of
this protozoan parasite are unknown, and the role
of wildlife as reservoirs in this cycle is still not
completely explained. The seroprevalence of
N. caninum in wild and farmed fallow deer varies
greatly: from 1% (Bartova et al. 2007) to 13%
(Moskwa et al. 2018). Seronegative results were
obtained in Spain (Almería et al. 2007) and in
Belgium (De Craeye et al. 2011). A fatal case of
meningoencephalomyelitis caused by N. caninum
was diagnosed in a 3 weeks fallow deer in a zoo in
Switzerland (Soldati et al. 2004). A study
conducted at a fallow deer farm (Cabaj et al.
2017) revealed that the mean vertical transmission
ratio of N. caninum in naturally infected deer
seems to be comparable to those observed in cattle
and showed a significant reduction in birth rate.
Bucks naturally infected by N. caninum cannot
transmit the infection to females by natural
fertilization.

Toxoplasmosis and sarcosporidiosis (sarco-
cystosis) are other protozoal diseases causing
abortion. The seroprevalence of Toxoplasma
gondii varies from 10% (Moskwa et al. 2018) to
24% (Bartova et al. 2007). Seronegative results
were obtained in the Czech Republic and Belgium
(De Craeye et al. 2011; Hejlícek et al. 1999).
Coinfections with N. caninum seem to be rare
(Moskwa et al. 2018). Compared to sheep and
goats, fallow deer appear to be at less risk of
infection by T. gondii and N. caninum through
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the ingestion of food contaminated with oocysts
excreted with feces because of the different feed-
ing habits (Moskwa et al. 2018).

The prevalence of Sarcocystis infection in fal-
low deer is very high (>90%, e.g., Poli et al.
1988) and comparable to the prevalence reported
in other cervids in Europe (see Prakas et al. 2016).
No significant difference between fawns and
adults was recorded (Poli et al. 1988). The clinical
disease is rare. A detailed microscopic investiga-
tion of the ultrastructure of the cyst wall morphol-
ogy of Sarcocystis sp. was carried out by Poli
et al. (1988).

Viral Diseases

Foot and mouth disease FMD affects even-toed
ungulates, both domesticated and wild. The virus
responsible for FMD is a non-enveloped RNA
Aphthovirus, belonging to the Picornaviridae fam-
ily. The common fallow deer are susceptible to
natural and experimental infection with FMD
virus. The disease is mild or inapparent and is
characterized by the formation of vesicles and
ulcers in the mouth, nose, teats, and feet. Fallow
deer are unlikely to play a significant role in the
maintenance and transmission of FMD in the long
term in the absence of FMD infection in domestic
ungulate populations (Weaver et al. 2013). To
date, the European countries are recognized as
free from FMD without vaccination (https://www.
oie.int/en/disease/foot-and-mouth-disease/).

Rabies is a fatal viral infection that causes
encephalitis in warm-blooded animals. In deer
rabies occurred infrequently. Only one case is
reported for fallow deer: an outbreak affecting
more than 20 fallow deer in a farm of Mongolia,
caused by rabid dog bites (Zhu et al. 2015).

Bacterial Diseases

According to EFSA and ECDC report (2021), in
European Union the first and second most reported
zoonoses in humans are campylobacteriosis and
salmonellosis, respectively. No Campylobacter or
Salmonella species were isolated from wild or

farmed fallow deer (Carbonero et al. 2014). Shiga
toxin-producing Escherichia coli (STEC) infection,
yersiniosis, and listeriosis are the other most
reported zoonoses in humans (EFSA and ECDC
report 2021). Yersinia (Syczyło et al. 2018) and
Listeria (Pomilio 2016) species and Shiga toxin-
producing Escherichia coli (STEC) strains
(Sánchez et al. 2008)were isolated from fallow deer.

Tuberculosis (TB) is a worldwide disease
caused by members of the Mycobacterium tuber-
culosis complex. It may cause zoonotic disease in
humans; to date, it is a rare zoonosis in the
European Union (EFSA and ECDC 2021).
Bovine tuberculosis (bTB) has complex epidemi-
ology, which may involve multiple hosts. For
example, in Doñana National Park (DNP) in
southern Spain, wild boar Sus scrofa, red and
fallow deer, domestic cattle, and to a lesser extent
carnivores as Iberian lynx contribute to the
maintaining of M. bovis circulation (Gortázar
et al. 2008). Infection prevalence in DNP was
13.0% in fallow deer, lower than that recorded in
red deer. Differences in grazing patterns and feed-
ing areas as well as use and aggregation around
watering areas, especially during summertime,
could determine a different exposition to
mycobacteria (Gortázar et al. 2008). Deer may
be long-lived reservoirs of infection having the
potential to initiate new outbreaks well outside
currently infected areas or to reinitiate infection
after bTB has been eliminated through selective
culling of all positively tested animals (Gortázar
et al. 2008). bTB may contribute to the periodic
die-offs that occur among deer during severe
droughts (Gortázar et al. 2008). The importance
of wildlife in the epidemiology of M. bovis infec-
tion in domestic animals may continue to grow in
the near future (Gortázar et al. 2010).

Mycobacterium avium subspecies para-
tuberculosis is the etiological agent of para-
tuberculosis. It is one of the most serious
diseases affecting dairy cattle worldwide. The
frequency of detection in fallow deer reported in
different areas of Europe (see Álvarez et al. 2005)
is low, suggesting that free-ranging deer
populations are rarely infected by the pathogen,
unlike farmed animals. However, deer might con-
tribute to the persistence and spread of the
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pathogen, particularly where higher densities of
animals occur (such as at drinking points and in
dens and shelters).

Brucellosis is an infectious disease caused by
bacteria of the genus Brucella, being considered
one of the most important zoonosis worldwide.
The fallow deer like other deer have not been
identified as a significant brucellosis reservoir
for livestock in Spain (Muñoz et al. 2010).

Prion Diseases

Chronic wasting disease (CWD) is the most conta-
gious prion disease affecting wild and farmed
cervids; it is a neurodegenerative disease that is
always fatal once the clinical signs appear. CWD
is enzootic in some areas of North America. The
first cases of CWD inEuropewere documented in a
wild moose and a wild reindeer in Norway (Ricci
et al. 2017). In addition to its increased geographic
distribution, the known host range of CWD is also
expanding (Ricci et al. 2017). The fallow deer seem
to have reduced susceptibility to CWD. The
absence of clinical disease in individuals exposed
to a contaminated environment and infected mule
deer for 7 years suggests that a relatively strong
species barrier against CWD infection may exist in
fallow deer (Rhyan et al. 2011).

Population Ecology

Population Dynamics

Size fluctuations of a population are a result of
temporal variation in survival, fecundity, and dis-
persal rates. This variation can be associated with
density-dependent and -independent processes,
which primarily affect recruitment rates and levels
of mortality within a population (Putman et al.
1996). For example, analyzing the performance
of park populations of fallow deer in Great Britain,
the first response to density-resource limitation
seems to be an increased age at first breeding and
a reduction in the proportion of yearlings
ovulating and subsequently maintaining preg-
nancy. Neonate mortality is directly related to

weather conditions in the first week of life
(Putman et al. 1996).

The importance of each density-dependent and
-independent process may vary with latitude and
habitat.

In northern/central Europe, resources are
scarce in winter because vegetation stops grow-
ing, and snow cover renders food inaccessible.
The scarcity of resources, combined with high
thermoregulation costs, high costs of movement
in deep snow, shorter length of growing season,
and high susceptibility to predation, constitutes
limiting factors for survival. Therefore, the com-
bination of these density-independent factors
should represent a crucial determinant of fluctua-
tions of population size. To date, the population
dynamics of fallow deer has received poor atten-
tion in northern/central Europe.

Some insights in Mediterranean areas come
from a fenced estate of central Italy, where a
combination of density-dependent and climatic
factors plays a relevant role in regulating fallow
deer population (Imperio et al. 2012). The intra-
specific density-dependent factors are stronger
than interspecific ones. The fallow deer appear
not to be much influenced by the other herbivores
occurring in the same area, probably due to its
trophic position (between intermediate and rough-
age eaters, Hofmann 1989). In Mediterranean
environments, the only important climatic factor
is presumably associated with spring and summer
precipitation. For example, very wet conditions in
May–June appear to play a negative role in fawn
survival, probably due to the insurgence of ther-
moregulatory problems (VanMoorter et al. 2009).
On the contrary, water availability during the
spring of the previous year has a positive effect
on fallow deer population size. It improves body
conditions in young females and their fecundity,
presumably through the increase of primary pro-
ductivity (Imperio et al. 2012).

Studying fallow deer population dynamics for
nearly two decades in two enclosed game reserves
of southern Spain allowed a better assessment of
the effects of density and hunting pressure in the
same climatic regime (López-Montoya et al.
2017). Density-dependent mechanisms have a
stronger effect than hunting and climatic factors
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whereas the populations are close to their carrying
capacity. Density-dependent mechanisms com-
pensate for harvest extractions. Hunting causes a
reduction in population that in turn relieves intra-
specific forage competition, increases perfor-
mance and reproduction, and leads to subsequent
rapid population growth. The weather effect is
more important the more abundant the deer are.

Effects of Climate Change

There is a growing concern about the potential
negative effects of climate change on the behavior
and ecology of deer populations (Root et al. 2003;
Parmesan 2006, for reviews).

TheMediterranean Basin is facing the effects of
climate change more than ever. During the twenty-
first century temperature will warm 20%more than
the global average andwarmingwill be particularly
large in summer, approximately 50% larger than
the global average (Lionello and Scarascia 2018).
Fallow deer populations with densities far from
their carrying capacity and less competition for
resources could take advantage of these climatic
changes to reach autumn in better body condition.
The worst effects of climatic constraints have been
detected when populations are closer to their car-
rying capacity. The importance of weather factors
could become much greater if both densities of
fallow deer and aridity increase. Therefore, popu-
lation densities must bewell controlled tomodulate
the negative effects of climatic constraints on fal-
low deer condition (López-Montoya et al. 2017).

Furthermore, climatic changes could increase
the ecological overlap between deer species,
emphasizing the negative effects of interspecific
competition, for example between fallow and roe
deer (Ferretti and Fattorini 2021).

Competition with Other Ungulates

Several studies suggested a potential interspecific
competition among the common fallow deer and
native/introduced deer species based on behavioral
interferences and/or overlapping in habitat and
resource use (e.g., Ferretti et al. 2012, Putman

1996). A few studies analyzed changes in deer
population density to look for evidence of actual
competition among deer. Inverse numerical trends
were recorded for fallow and roe deer populations in
the New Forest (southern England) over more than
30 years. These changes in deer population density
appear to be, for the most part, independent of one
another and hence cannot be considered an
uncontroversial effect of competition (Putman
1996). On the contrary, the decline of the endemic
subspecies of roe deer Capreolus capreolus italicus
observed in a Mediterranean area can be mainly
explained by the increased numbers of fallow deer
(Focardi et al. 2006). This species could have
changed the vegetative cover in the long term and
fragmented the distribution of suitable habitats for
roe deer, contributing to the variations in home
range size and phenotypic performance of the
endemic subspecies. Only when the fallow deer
density has increased above some threshold, is it
possible to detect the effects of this density increase
on roe deer population. These results provide evi-
dence of the real existence of interspecific competi-
tion between fallow and roe deer. Evidence was also
collected in the State Nature Reserve of Bosco della
Mesola, northern Italy, where occurs the only native
red deer population of peninsular Italy, recently
recognized as a distinct subspecies (Cervus elaphus
italicus) by Zachos et al. (2014). Modest body size,
simplified antlers, and a low reproductive perfor-
mance characterize Mesola red deer. The common
fallow deer was reintroduced in the same area after
the SecondWorldWar and in the following decades
outnumbered the red deer, decreasing the availabil-
ity of habitat and food resources. In the last decades,
actions were conducted to reduce the population
size of fallow deer by capture and culling with
positive consequences on the Mesola red deer pop-
ulation (Mattioli et al. 2003). However, additional
efforts are required to eradicate fallow deer (Lovari
and Nobili 2010).

Conservation Status

The common fallow deer are not globally threat-
ened and is categorized as Least Concern (LC) in
the IUCN Red List. However, the last
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autochthonous population in Anatolia and the
Rodhian population, the oldest still surviving on
a Mediterranean island, are of the utmost
importance.

To conserve the Anatolian population, in the
1960s the Turkish government began a breeding
program at Düzlerçamı. In 1964 an area of 1750 ha,
in which seven individuals were living, was desig-
nated as Fallow Deer Conservation Area (see
Arslangündoğdu et al. 2010). In the following
decades, the conservation area was gradually
expanded until when the Düzlerçamı Wildlife
Development Area was designated in 2005
(Arslangündoğdu et al. 2010) with a surface of
more than 28,000 ha. The fallow deer number of
the last autochthonous stock, reported by
Arslangündoğdu et al. (2010) from 1966 to 2009,
shows strong fluctuations throughout the years. A
combination of several factors (increasing human
pressure due to urbanization and recreational activ-
ities, poaching, poisoning by local people, as well
as the presence of shepherds and stray dogs) may
have had a negative impact on the fallow deer
number (Arslangündoğdu et al. 2010). As far as
we know, the latest study carried out in the breeding
station using camera traps (Ünala and Çulhacıa
2018), identified 80 adult individuals on the base
of spot distribution and antler structure, and esti-
mated a population density of 20.1 deer per km2.
Attempts to reintroduce fallow deer in the former
ranges of the species (Gökova and Adaköy, Muğla
province; Ayvalık, Balıkesir province and
Pos-Çatalan, Adana province), translocating ani-
mals from the Düzlerçamı Breeding Station in the
1980s and 1990s, have not been successful
(Masseti 1999, 2002). Reintroduction projects, car-
ried out in the second decade of twenty-first cen-
tury, have instead successfully translocated fallow
deer in the National Park of Dilek Peninsula and
BüyükMenderes Delta, Aydın province, and in the
Köyceğiz Dalyan Special Environmental Protec-
tion Area, Muğla Province (Durmuş 2019).
Reintroductions result to be an important tool for
the conservation of the Asia Minor population.

The number of fallow deer on the island of
Rhodes is reputed that today do not exceed a few
hundred. Spotlight counts, carried out in the
northcentral part of the island, gave a mean

value of Kilometric Abundance index of 1.4
deer/km (De Marinis and Masseti 2021). The
Rodhian fallow deer appear to be seriously threat-
ened by poaching and by the continual habitat
reduction.

Management

Introductions

Movements of fallow deer by humans, including
introductions/translocations and release/escape of
animals from fenced areas, were a common prac-
tice in past centuries and determined the establish-
ment of the populations currently living in Europe
and in other countries. The Romans introduced
the common fallow deer to most of Europe, from
the Iberian Peninsula to Britain (Baker et al. 2017
and references therein). Medieval introductions
gave rise to many of the extant populations
today. There is historical evidence confirming
that, during the 1400s, common fallow deer
were still captured in Anatolia and taken to west-
ern Europe to embellish palaces and game parks
(Masseti 1996). Still today, humans contribute to
change the distribution of this species all over the
world.

Impact on Human Activities
and Collisions

An analysis of methods and systems for assess-
ment, prevention, and control of deer damage in
different European countries is reported in
Apollonio et al. (2010). This analysis reveals
that an ecosystem management approach, instead
of a single species approach, become more and
more necessary to manage conflicts among rele-
vant stakeholder groups in reaching decisions
about the use and conservation of biological
resources (Kviberg and Craig 2006).

Fallow deer-vehicle collisions are not distrib-
uted randomly in space and time and show daily
and seasonal peaks (Langbein et al. 2011; Valente
et al. 2020). Deer cross the roads during daily
movements to or from foraging areas within
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their home range, especially at dusk and dawn
when they are more active. These movements
are rather regular and distributed throughout the
year. In addition, there are peaks in road-crossing
coinciding with larger-scale dispersal movements
of juveniles in late spring and early summer and
mating movements of adults in autumn.

The common fallow deer have a rather patchy
distribution and therefore might be less vulnerable
to traffic than other ungulates. Moreover, major
roads or railways seem to be recognized as barriers
to movement; the boundaries of home ranges
appear to coincide with these major routes. Vehicle
collisions involving fallow deer represent only a
low percentage of all collisions involving ungu-
lates reported per country. Traffic mortality rates
are low in relation to the fallow deer population
size. In the UK, the total mortality due to vehicle
collisions is estimated to lie between 7 and 13% as
a proportion of the spring population size of fallow
deer (Langbein et al. 2011). In Finland collision
and traffic mortality rates are 3.2% and 2.1% of the
winter population, respectively (Niemi et al. 2015).
The behavioral responses of fallow deer when
crossing roads to some mitigation measures are
reported in Langbein et al. (2011). Fallow deer
seem to use underpasses more frequently than
overpasses and begin using the underpasses a few
months after their construction. The ratio between
the size of the aperture and the total length of an
underpass appears critical: fallow deer seem to
avoid the underpasses with a ratio of less than
1.5. Wildlife warning reflectors and auditory deter-
rents seem ineffective at modifying fallow deer
behavior due to habituation. However, the potential
effectiveness of these deterrents would be expected
to be quite different in different contexts.

Farming

The common fallow deer have become one of the
most commonly farmed deer in Europe to the point
that its farming significantly contributes to the meat
industry (Ward et al. 2014). The ratio of lean meat
produced per kg of livemass is high and the meat is
highly nutritious, and with a low cholesterol con-
tent (e.g., Daszkiewicz et al. 2015).

Velvet antler is regarded as a by-product of
fallow deer farming, used in traditional Chinese
medicine, and in some countries as a dietary
supplement.

Hunting

The legislation regarding hunting (organization,
methods, seasons and management objectives),
the effectiveness and problems of the current strat-
egies, and the monitoring techniques in different
European countries are summarized in Apollonio
et al. (2010). However, a brief comparative review
of some of these issues based on available data is
reported in Table 2 for most of the European
countries.

The meat quality of hunted animals is quite
different in relation to different hunting methods
like dog-driven hunting and harvest culling,
which imply different animal stresses before
shooting (Cifuni et al. 2014). The value of the
carcasses is also influenced by the age of the
deer shot. Carcasses of young fallow deer
(18–30 months), compared to older animals, are
characterized, for example, by a higher dressing
proportion, a higher percentage of the most valu-
able commercial cuts (the saddle, haunch, and
shoulder), a high meat yield with the lowest per-
centage of bones and a lower percentage of skin
and head (Żochowska-Kujawska et al. 2019).

Fallow deer are also a popular trophy hunting
species because of their “exotic” antlers.

Future Challenges for Research
and Management

The common fallow deer are a species capable of
rapid population growth, although its spatial dis-
persal rate is low. This species can reach a high
density in suitable habitats where it can have an
impact on forestry, crops, and native vegetation.
Fallow deer are potential competitors for native
ungulates. The attendance of urban areas can result
in increasing the likelihood of vehicle collisions
and disease transmission to humans, livestock,
and pets. This can lead to increased human-deer
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Table 2 Hunting bags, use of artificial feeding, monitoring types and techniques, hunting methods, and seasons in
different European countries

Country

Number
of culled
animalsa

Artificial
feeding Monitoring

Hunting
methods Hunting plans Hunting period

Austria 2 Obligatory Estimation
based on
hunting records

Hunting
from high
seats;
stalking;
rarely
driving
(hunting
dogs
allowed in
most
provinces)

Minimum and
maximum
number to be
culled

Buck: 01–08/31–12;
doe-fawn: 01–08/15–01

Belgium 1 Sporadic Estimated
spring
population
(no rules exist
concerning
methods)

All hunting
methods

Escaped
individuals

01–10/31–12

Czech R. 4 Obligatory Visual survey Hunting
from high
seats;
stalking,
usually with
dogs

Shooting
plans

16–08/31–12

Croatia 2 Obligatory Counts at
feeding sites;
vantage point
counts

Stalking;
tracking;
hunting
from high
seats or
from the
ground

Shooting
plans

Buck: 16–09/14–01;
doe-fawn: 01–10/31–12

Denmark 4 Sporadic Estimation
based on
hunting records
and hunters
questionnaires

Driving;
stalking

Suggested
hunting
quotas

Buck: 01–09/31–01;
doe-fawn: 01–10/31–01

Estonia 0

Finland 1 Common Counts at
feeding sites;
estimation
based on
hunting records

Hunting at
feeding
sites,
agricultural
fields or
flushing by
beaters

No shooting
plans; number
of hunting
licenses based
on estimated
numbers

25–09/31–01

France 3 Usually not
used for
this species

Total or partial
drives

Hunting
drives with
dogs;
stalking;
hunting
from high
seats

Minimum and
maximum
number to be
culled, in
some
departments
no shooting
plans
according to

01–06/28–02

(continued)
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Table 2 (continued)

Country

Number
of culled
animalsa

Artificial
feeding Monitoring

Hunting
methods Hunting plans Hunting period

the attempt to
eradicate this
species

Germany 5 Obligatory
(part);
common
(part)

Estimation
based on
hunting records
and on amount
of damage to
forest regrowth
and forest stand

All hunting
methods,
even night
hunting

Shooting
plans

Buck and doe: 10–08/
31–12; yearling female:
10–06/31–12; yearling
male: 10–06/31–01; fawn:
10–08/31–01

Greece 0

Hungary 5 Common No standardized
methods
(usually
vantage point
counts; counts
at feeding sites;
roadside
counts)

Stalking on
foot or by
horse cart;
hunting
from high
seats;
females and
fawns also
in drives
without
dogs

Shooting
plans

Prime-aged male: 01–10/
31–12; male yearling and
low quality buck: 01–10/
31–01; doe, female
yearling, fawn: 01–10/
28–02

Ireland 3 Sporadic No standardized
methods (drive
censuses;
vantage point
counts; pellet
surveys)

Hunting
from high
seats;
stalking

Shooting
plans
prepared by
some
landowners
on voluntary
basis

Northern Ireland ¼ male:
01–08/30–04, female:
01–11/31–03; Ireland ¼
male: 01–09/31–12,
female: 01–11/28–02

Italy 3 Usually not
used for
this species

No standardized
methods
(usually
vantage points
counts, drive
censuses,
spotlight counts
in 45% of
provinces)

Stalking Shooting
plans

Two months, usually
01–10/30–11, but also
60 days before and after
this period, exceptions in
Eastern Alps and Emilia
Romagna region (longer
periods)

Latvia 0

Lithuania 0

Luxembourg 2 Not
available

Not available Not
available

Not available 15–08/15–12

Macedonia 1 Not
available

No censuses
performed, only
fenced animals

Not
available

No shooting
plans; no
harvest data
exist

16–09/31–01

Netherland 2 Forbidden Drive counts;
vantage point
counts

Hunting
from fixed
places

3 types: (1) no
management;
(2) culled
only for
public health,
public safety,

01–09/15–02

(continued)
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Table 2 (continued)

Country

Number
of culled
animalsa

Artificial
feeding Monitoring

Hunting
methods Hunting plans Hunting period

safety of air
traffic, to
prevent
damage to
crops, cattle,
forests;
(3) shooting
plans

Norway 0

Poland 4 Obligatory No standardized
methods

Stalking;
hunting at
high seats or
blinds; silent
drives

Shooting
plans

Male: 01–10/31–01;
female and fawn: 01–10/
15–01

Portugal 2 Sporadic Estimation
based on
hunting records;
censuses in few
areas (usually
open hill
counts, drive
counts, pellet
surveys)

Stalking; sit
and wait
hunting;
spear
hunting;
drive
hunting
(only from
October to
February)

Shooting
plans

01–06/31–05 (but usually
01–09/28–02)

Romania 2 Common Counts of
footprints in the
snow and other
complementary
methods
(vantage points
counts; counts
at feeding sites)

Stalking;
hunting
from high
seats

Shooting
plans

Buck: 10–10/01–12; cull
buck: 01–09/15–12; doe
and fawn: 01–09/15–02

Serbia 1 Not
available

Estimation,
methodology
not very
scientific

Not
available

Shooting
plans

Male: 01–02/15–09;
female and fawn: 01–02/
30–09

Slovakia 4 Obligatory Transects;
vantage point
counts; counts
at feeding sites

Stalking;
hunting
from high
seats

Shooting
plans

01–09/31–12

Slovenia 2 Common Estimation
based on
hunting records

Hunting
from high
seats

Shooting
plans

Bucks: 16–08/31–12;
does and fawns: 01–09/
31–12; yearling: 01–07/
31–12

Spain 5 Sporadic Linear
transects;
counts at
feeding sites

Stalking;
Montería
(Spanish
system)

Shooting
plans, except
for Montería
system based
on hunting
records

01–10/28–02

(continued)
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conflicts. Further introductions, translocations, and
escapes from fenced areas should be avoided.

This species needs a broader consideration that
allows developing a countrywide standardized
system to monitor population densities, damages
to ecosystem and human activities, vehicle colli-
sions, and disease impacts.

Actions to contrast factors threatening the con-
servation of the native population in Turkey
should be considered a priority. Other introduc-
tions should be carried out to establish new stable
nuclei in Turkish territory, avoiding interbreeding
of different genetic lineages.

Further interdisciplinary researches, based on
ecological, genetic, morphometric, historical,
archaeological, and archaeozoological data, are
needed to increase the knowledge of the origin,
history, genetic variability, and status of the most
ancient populations present in some southern
European areas such as Castelporziano and San
Rossore (central Italy) and in the Aegean island of
Rhodes to ensure their conservation.
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Common Names

English Axis deer, chital, spotted deer

German Axishirsch

French Cerf axis, chital

Spanish Ciervo axis, Ciervo moteado, chital

Italian Cervo pomellato, chital

Russian Аксис

Taxonomy, Systematics and
Paleontology

The earliest known fossils of Axis are dated to the
Late Miocene of China. The axis deer is usually
considered monotypic (Fig. 1). The monophyly
of Axis (besides the chital, there are three
other acknowledged species: A. calamianensis, A.

Fig. 1 (a) Axis deer from
Dugi Otok Island; bucks
with and without antlers;
(b) axis deer hind from
Dugi Otok Island
(photographs by Igor Ilić –
Serval)
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kuhlii, and A. porcinus) has been corroborated by
recent molecular and morphological phylogenetic
studies. There seems to be a sister group relationship
between Axis on the one hand and the barasingha
Rucervus duvaucelii and the extinct Schomburgk’s
deer Rucervus schomburgki on the other, to the
exclusion of Eld’s deer which is usually also classi-
fied in this genus as Rucervus eldii (Gilbert et al.
2006; Hassanin et al. 2012; Heckeberg et al. 2016;
Mennecart et al. 2017; but see Price et al. 2005 for a
somewhat different phylogeny).

Current Distribution

Axis deer are naturally distributed in India,
Sri Lanka, Bangladesh, southern Nepal, and
southern Bhutan but have been introduced to
many regions all over the world (Duckworth et
al. 2015). Axis deer occur in Armenia, the
Andaman Islands, Pakistan, Papua New Guinea,
Australia, the United States (California, Texas,
Florida, Hawaii), and South America (Brazil,
Uruguay, Argentina). In Europe, the only success-
ful introductions were to a few Adriatic Islands in
Croatia resulting in three free-ranging populations
on the Brijuni Islands, on Rab, and on Dugi Otok
(Kusak and Krapinec 2010; Šprem 2015) (Fig. 2).
Introductions to Ukraine and Moldova as well as
to the British Isles are sometimes mentioned, but
there is no reliable information available about
this or any free-living populations resulting from
these alleged introductions.

The first introduction of axis deer to Croatia
occurred on the Brijuni Islands in 1911 (Kusak
and Krapinec 2010). The genetic origin of the
introduced individuals is unknown, but they are
believed to have been imported by the German
wild animal merchant Carl Hagenbeck (Bojović
1987; Šprem et al. 2008). Several attempts to
introduce this species to continental parts of Cro-
atia (Macelj, Posavlje, Božjakovina, Sljeme,
Zelendvor, Lukovo, and Bribir Forest above the
town of Crikvenica) failed due to the poor adap-
tation of this species to the continental climate
(Krapinec 2001).

The Brijuni National Park (743 ha) is located
in the northern Adriatic Sea (44�5403500N,
13�4601200E), off the western coast of the Istrian
Peninsula. Most of the deer population (c. 95%)
lives on Veliki Brijun Island (literally “large
Brijun”); the remaining 5% live on Mali Brijun
Island (“small Brijun”). Some axis deer swim
from one island to the other. Veliki Brijun, the
largest island of the Brijuni archipelago, is also
partly cultivated in a landscape of grasslands,
and it contains exceptionally valuable architec-
tural heritage and protected vegetation commu-
nities of the Western Istrian climatic type. The
deer introduced at the turn of the twentieth cen-
tury have established a permanent population in
a new environment (Kolić 1990). However, the
spring of 1960 was an extreme season for the
axis deer, with some 550 individuals dying due
to a sudden cold spell accompanied by gale
force northern winds (bura), snow, and
rain (Fig. 3). Some 100 axis deer survived,
and fallow deer Dama dama became the domi-
nant ungulate species up to the present day
(Bojović 1987). The axis deer population in
Brijuni National Park is stable, with about 150
individuals in 2017 (E. Kolić 2018, pers.
comm.). Several cases have been reported of
axis deer swimming from Brijuni Islands to
the mainland (c. 3 km), but establishment of
new populations was unsuccessful (Frković
2004).

The Rab Island population in the northeastern
Adriatic Sea (44�4702400N, 14�4001000E) was
founded with eight axis deer captured on the
Brijuni Islands (two males and six females) and
released in 1974. This population is maintained
for hunting purposes (Španjol and Skorup 2007).
The current distribution extends over 846 ha
on the Kalifront Peninsula (Centore et al. 2018).
This area is a forest ecosystem with scrublands
and woodlands of Euro-Mediterranean vegetation
(Ugarković and Ugarković 2013). The population
size is increasing slightly and during the
2015/2016 season, it was estimated at 78 axis
deer (15 juveniles, 14 yearlings, and 49 adults)
(Tomljanović 2016).
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The origin of the axis deer population on
the island of Dugi Otok in the central Adriatic
Sea (43�5705600N, 15�0602400E) goes back to 15
December 2012, when 13 individuals from the
Brijuni Islands escaped from a fenced area
(Šprem 2015). The total area of the island is
113.3 km2, but the deer are currently only pre-
sent in the southern parts. The population is
increasing slightly and has been estimated at
about 60 individuals (J. Tomljanović 2018,
pers. comm.).

In 1953, further introduction attempts occurred
on several Adriatic Islands (Cres, Plavnik, Mljet,
Jakljan and Lokrum), but numbers gradually
declined over the years, and the last individuals

were observed in the early 1990s (Frković 2004,
2014).

Description

Axis deer are medium-sized deer with a head-body
length of about 140–155 cm, a shoulder height of
70–95 cm, a tail length of 25–30 cm, and a body
mass between 45 and 85 kg (though it may reach up
to 100 kg in Croatia: Janicki et al. 2007). Males are
40–60% heavier than females (Mattioli 2011). The
coat is reddish-brownwith small white spots present
in all seasons and a white patch on the throat. Males
show a dark chevron over the face; does have a paler

Map template: © Getty Images/iStockphoto

1 2

3

Fig. 2 Distribution range of axis deer; (1) Brijuni Islands, (2) Rab Island, (3) Dugi Otok Island (Map template: ©
Copyright Getty Images/iStockphoto)
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color on the face and on the neck. Axis deer have
well-developed antorbital, metatarsal, and rear
interdigital glands; the antorbital glands have a
peculiar hair tuft. They have 32 teeth with the
upper canines usually missing. Antlers are three-
tined and lyre-shaped, with a long brow tine
and a trez tine. The latter is inward-oriented
(Mattioli 2011). Antlers are up to more than 90 cm
in length, usually with six tines in three characteris-
tic shapes: pear-shaped (most common), parallel, or
rounded with a larger volume (Šprem et al. 2009).

Genetics

The karyotype of the axis deer is 2n = 66 (funda-
mental number NF = 70) (Khongcharoensuk et al.
2017). Genetic diversity and structure have rarely
been studied in axis deer, and as yet there are no
genetic analyses on the Croatian axis deer. One of
the few (and unfortunately somewhat confusing)
molecular studies is the mtDNA analysis of 25
Pakistani axis deer by Abbas et al. (2016). Hybrid-
ization with sika deer has been verified in a deer
farm in the USA. A female’s hybrid origin was
confirmed by means of gel electrophoresis of
blood proteins as well as through karyotypic analy-
sis (Asher et al. 1999). Gray (1954) lists hybridiza-
tion between axis deer and hog deer as well as

alleged hybridizations between axis and red deer
and between axis and white-tailed deer (Odocoileus
virginianus).

Life History

In axis deer, there is no strictly defined mating
season, and mating can occur year-round primarily
due to the tropical climate of its native habitat.
Does are polyestrous with a cycle of 18–19 days.
The antler cycle of the axis deer is not strictly
linked to seasons but with mating season, and it is
thus possible to meet deer in different antler phases
(Loudon and Curlewis 1988). Similarly, mating
season and birth season periods are not defined
(Šprem et al. 2008). Regarding reproductive activ-
ity in Brijuni National Park, both young andmature
bucks are equally fertile when the antlers have lost
their velvet, as also suggested by Chapple et al.
(1993). The youngest bucks present during the
mating season are 4-year-olds, and the youngest
ones that are actively involved in rutting activity
are 5-year-olds. Buck battles during rutting are
uncommon, and no serious injuries have been
recorded. Rutting activities recorded during the
night suggest a behavioral shift due to daytime
disturbance by tourists. Gestation lasts for
7–8months, and 85% of the does calve in the warm
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seasons, i.e., between the beginning of March and
the end of September (Šprem et al. 2008). Kirk-
wood et al. (1987) report different results for cap-
tive axis deer born in an enclosure at the Zoological
Society of London, with a similar number of births
occurring in winter and summer, but with higher
mortality of fawns born in winter. After a gestation
of 231–235 days, does normally give birth to twins
(but the number can vary between one and three
fawns) (Frković 2004). Body mass at birth is about
3–4 kg, and it is common for does to have two
litters within 15 months (Janicki et al. 2007).

Habitat and Diet

Due to the influence of the Mediterranean cli-
mate, the most food-limited seasons are summer
and early autumn when the lack of precipitation
causes the islands to simply “dry up.” Most of
the axis deer’s daily activities are spent in search
of food and feeding. In Brijuni National Park, in
addition to grazing grounds, they also seek out
leaves of laurel Laurus nobilis, ash Fraxinus
ornus, and holm oak Quercus ilex as well as
acorns. They occasionally feed on leaves of
myrtle Myrtus communis, scrape moss off
rocks, and take cedar seeds Cedrus spp. Unlike
European mouflon (Ovis gmelini musimon) and
fallow deer, axis deer on the Brijuni Islands
regularly consume supplementary feed (hay,
corn), regardless of the quality of the grassy
areas, and come in for supplementary feed
much earlier than the other two ungulate species
(Šprem et al. 2008). On the contrary, on the
island of Rab, axis deer did not consume the
provided supplementary food such as hay
(Krapinec 2002a).

Based on a study on the island of Rab, axis
deer change their preference for plant species
over the seasons but mainly feed on shoots from
stumps (Krapinec 2002b). During winter, they
prefer young shoots of butcher’s broom Ruscus
aculeatus, Spanish broom Spartium junceum,
wild madder Rubia peregrina, and green briar
Smilax aspera. During spring, the most preferred
species was the tree heath Erica arborea, while in
summer and autumn the most preferred plant

species were laurustinus Viburnum tinus and
black nightshade Solanum nigrum.

Behavior

In Brijuni National Park, axis deer live in herds of
10–30 individuals (Šprem et al. 2008). A similar
herd size was observed in Whipsnade Park in
southern England (Loudon and Curlewis 1988).
Herds usually comprise does with fawns, while
bucks gather in smaller groups after casting the
antlers. Sometimes a young buck (2–3 years of
age) can join the female herds. Females within
herds are closely related, while relatedness in
male groups is low (Šprem et al. 2008). On the
island of Rab, axis deer were observed in smaller
groups (up to five head) than on the Brijuni
Islands due to lower population density (Krapinec
2002a). Herd-living behavior in axis deer is also
characteristic in other areas (Choudhury 1966;
Miura 1981; Khan and Vohra 1992). After
cleaning the antlers, bucks approach the female
herd in pursuit of does in estrus (Shankar Raman
1998; Govindhaswamy et al. 2007). Axis deer are
very shy andmostly active in the early morning, in
the evening, and at night (Krapinec 2002a; Šprem
et al. 2008). During the day, they usually rest
hidden in the shadows of forests and are only
rarely found in open areas. The activity of axis
deer reduces in winter and during cold days. With
low temperatures and strong northerly wind, they
often remain near the feeding stations (Krapinec
2001). On Brijuni Island, axis deer are tolerant of
the sympatric European mouflon and fallow deer,
and no agonistic behavior has been observed so
far. However, on the island of Rab, European
mouflon show aggression toward axis deer
(Krapinec 2002a). It has been observed that tour-
ism may affect axis deer in their daily activity, and
at the peak time of tourist presence, the animals
avoid open areas and remain in the forest (Šprem
et al. 2008).

Axis deer show a distinct bipedal territorial
marking behavior called “preaching” (Schaller
1967; Geist 1998, p. 67f.) in which the bucks
rise on their hind legs and mark overhanging
branches with their preorbital glands as
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“signposts.” During preaching the trampling of
the hind legs creates a distinct spot in the soil.

Parasites and Diseases

There are as yet no studies of parasites and dis-
eases in the Croatian axis deer. Limited data from
another allochthonous stock of axis deer in Texas
showed that they had low parasite load and that all
parasite species (nematodes and arthropods)
found in axis deer were known from the native
sympatric white-tailed deer (Richardson and
Demarais 1992). Based on endogenous fat
deposits, body condition in the Texan axis deer
(and two other co-occurring introduced species,
sika Cervus nippon and fallow deer) seems to
have been physically better than in white-tailed
deer (Richardson and Demarais 1992). Meshram
et al. (2008) reported helminthic infections from
200 axis deer in their native range in India, and
Basso et al. (2014) report on perinatal mortality in
captive axis deer due to infection with the proto-
zoan Neospora caninum.

Population Ecology

A camera trap survey was performed on the
island of Rab to determine the movement activ-
ity pattern of axis deer and European mouflon
and the temporal overlap between these two
ungulate species. The results indicated similar
activity patterns and a high overlap coefficient
(Centore et al. 2018). Axis deer showed
a bimodal activity pattern with increasing and
decreasing movement activity during the day,
which is a typical behavioral pattern of cervids
(Náhlik et al. 2009). The two activity peaks in
axis deer occurred in the morning (between 7:00
and 9:00 am) and in the evening (between 5:00
and 11:00 pm), while activity at midday was
avoided throughout the year, but with seasonal
variations. During spring and summer, the activ-
ity of axis deer increased and was fairly evenly
distributed over the day, while in autumn and
winter two marked peaks of main activity were
found (Centore et al. 2018).

Conservation Status

Axis deer are classified as Least Concern in the
IUCN Red List, and they are not listed by CITES.
In the Croatian hunting legislation, axis deer are
listed as game animals with a regulated hunting
season (Official Gazette 2018).

Management

A certain number of axis deer (up to 20) are
removed each year from Brijuni National Park
for population control. Two main methods are
used to reduce population numbers in the park:
hunting and capture of live animals and their
subsequent sale or transport to other habitats.
Both methods are conducted by specialized park
staff in accordance with the game breeding pro-
gram and the game protection program. Hunting
is done with hunting rifles, and the venison is
offered on the menus of tourist resorts within the
park (Grignolio et al. 2014). For the capture of
live animals, specially adapted stalls are used.
Depending on the requirements of the buyer in
terms of sex and age of the live animals, selection
and categorization are done, and animals are pre-
pared for further transport. In addition to the reg-
ular removal of animals, there is often the need
for culling in the case of problematic animals.
Problems primarily arise due to the large number
of tourists and constant contact with humans,
when the animals change their behavior and
become habituated to people. Such “tame” ani-
mals approach and disturb people during their
regular visits to the park, on beaches, in restau-
rants, and on the golf course. There have been
cases where animals approached open restaurants
and ate the salad from the tables. Brijuni National
Park is a unique example of a strictly protected
area where game management (i.e., hunting, feed-
ing) is permitted in Croatia.

Contrary to Brijuni National Park, the aim of
game management on the islands of Rab and Dugi
Otok is to completely eradicate the axis deer
populations by hunting in accordance with the
Croatian Hunting Act (Official Gazette 2018).
Bucks may only be hunted when they have clean
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antlers, does only when they are not close to
giving birth late in the gestation period, while
fawns are always protected and may never be
shot (Official Gazette 2017).

With regard to forest regeneration, axis deer
pose less of a risk than European mouflon, but
they still damage both terminal and lateral shoots.
Increase in shoot diameter was directly propor-
tional to shoot length and to the length of the
bitten part of the shoot (Krapinec et al. 2000).

Future Challenges for Research and
Management

Future genetic studies should shed light on the
genetic structure of Croatian axis deer and poten-
tial signatures of the small number of founding
animals (“founder effect”). Comparison with
genetic data from animals in the native range
(which is also still largely missing) is required to
identify the geographic origin of the introduced
deer. Further research should also be conducted
on the ecological impact of the non-native axis
deer on the island ecosystems.
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Common Names

English European roe deer

German Europäisches Reh

French Chevreuil européen

Spanish Corzo europeo

Italian Capriolo europeo

Russian Европейская косуля

Taxonomy, Systematics
and Paleontology

In the family Cervidae, the roe deer Capreolus
spp. is placed within the clade of Old World tribes
of Odocoileinae (Alceini, Capreolini, and Hydro-
potini), which may have originated from the early
LateMiocene, about 10 mya, up to the late Middle

166 R. Lorenzini et al.



Miocene, some 14 mya. In line with fossil evi-
dence, molecular data suggest that the lineage
leading to the ancestor of Capreolus (genus Pro-
capreolus) diverged from its sister taxon
Hydropotes inermis (Chinese water deer) around
11–10 mya, in the Late Miocene (Randi et al.
1998a).

All known fossil roe deer are distributed, like
the modern species, in temperate latitudes of
Eurasia (Lister et al. 1998). Early species of roe
deer are placed within the genus Procapreolus.
Nine or so fossil species of Procapreolus have
been named, six of them present in Europe, rang-
ing from around 10–2.5 mya (Late Miocene to
Early Pleistocene), and distributed from China to
Britain and as far south as the Caucasus (Valli
2010; Croitor 2018). In body mass, they were
broadly similar to modern roe (c. 25–30 kg),
though some species were a little larger (esti-
mated up to 50 kg). The antlers of Procapreolus
show the general capreoline form with three tines
high above the base. Their form varied between
species but in general differed from those of
modern Capreolus in being slenderer (up to
40 cm long), often somewhat laterally flattened,
a little more divergent, and lacking the strong
pearling, especially near the base, that character-
izes modern roe. Those fossil species for which
the cranium is preserved show, in contrast to
modern roe, strongly emergent upper canines
(up to 50 mm long) and enlarged fossae housing
the preorbital glands. The metapodials (distal
limb elements) were relatively somewhat shorter
than in modern roe.

The latest species of Procapreolus, P. cusanus, is
known only from France, Italy, and maybe England
and lived between around 3.0–2.5mya. It appears to
have overlapped in time with the earliestCapreolus,
C. constantini, known from the Late Pliocene of the
Trans-Baikal (Vislobokova et al. 1995). It seems
very likely that Capreolus arose from within Pro-
capreolus (rendering the latter genus paraphyletic),
but the precise relationships are unclear. A nother
species, C. cusanoides, has been described from
deposits around a million years old in central Ger-
many; this form had reverted to weak antler pearling

and flattened beam reminiscent of Procapreolus
(Kahlke 2001).

Fossils referred to the modern species,
C. capreolus, are known from many sites in Europe
starting around 700 kya (Lister et al. 2010). In the
sequence of glacial and interglacial stages since that
time, roe deer extended their range into northern
Europe during forested interglacials and were gen-
erally absent there in the colder, mostly open-habitat
cold stages. Studies of dental wear indicate a con-
sistent tree/shrub browsing diet with a minimal herb
or grass component (Rivals and Lister 2016; Saari-
nen et al. 2016). The pattern of distributional change
has been mapped in most detail for the last glacial/
interglacial cycle, based on fossils from almost 3000
sites across Europe (Sommer et al. 2009). In the
early part of the last glacial period, between about
60–21 kya, finds are mostly concentrated in the
Mediterranean peninsulae and up to central latitudes
of Europe, none extending beyond 50 N. From the
maximum of the last glaciation at 21 kya, until
around 14.5 kya, the range was compressed further
south to around 45 N except for isolated records
from the Carpathian Mountains. With subsequent
warming and northward spread of forests, roe deer
expanded from these refugia and by around 14 kya
had reached the latitude of Britain. The range
contracted southward again during the Younger
Dryas cold interval (12.8–11.7 kya) and then rapidly
expanded in the early postglacial, reaching northern
England, southern Sweden, and the Baltic states by
around 11 kya.

Both traditional systematics and recent
molecular-based phylogenies recognize two liv-
ing species, the European roe deer C. capreolus
and the larger Siberian roe deerC. pygargus Pallas
1771. Since their divergence some 2–3 mya
(Randi et al. 1998b), they have probably lived in
allopatry for most of their evolutionary history,
due to climatic barriers during glaciations. In pre-
historical times, however, because of alternating
contractions and expansions of their overlapping
areas, they must have come into contact more than
once. Although possible in captivity, interbreed-
ing between European and Siberian roe deer has
never been documented in the wild, so that the
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formation of successful hybrid populations in the
suture zones might have been prevented by high
levels of reproductive isolation developed during
and after speciation.

Traditionally, the European roe deer (Fig. 1) is
distributed in the western Palearctic, from Europe to
the Caucasus and Near East, while the Siberian roe
deer extends from the Pacific coast to eastern
Europe. Their current contact zone appears to lie in
far eastern Europe, in a narrow range between the
rivers Volga and lower Don in Russia. Recent
DNA-based studies (Lorenzini et al. 2014;Matosiuk
et al. 2014; Olano-Marin et al. 2014) have
documented the substantial presence of Siberian
mitochondrial lineages in the natural area of
C. capreolus, for example, the Baltic coast (Poland,
Lithuania), Hungary, Ukraine, much farther west
than previously thought for the westernmost limit
of the C. pygargus distribution (Fig. 2). A plausible
explanation is the occurrence of Pleistocene/Holo-
cene migration waves from the east that might have
naturally expanded the Siberian roe deer westward,
into the alleged range of C. capreolus, due to

environment-dependent factors, with null or mini-
mal impact of anthropogenic changes (Lorenzini
et al. 2014). There remain uncertainties as to
whether there had been introgression through
hybridization during population expansion(s), or
whether the two species simply coexist(ed) in the
same areas.

In C. capreolus, the diploid number of chro-
mosomes (2n) is constantly 70 (68 acrocentric
autosomes, the Y chromosome, and a submeta-
centric X chromosome), while C. pygargus has
2n ¼ 71–84, due to the presence of additional
heterochromatic B-chromosomes that clinally
increase (1 to14) fromwest to east in the distribution
range, varying in number in different tissues of the
same individual (mosaicism) and in different indi-
viduals from the same population. This feature,
together with different body size, could act as a
strong reproductive barrier between the two species.

The nominate subspeciesC. c. capreolus occurs
in most of the species range. However, the exis-
tence of different southern forms of roe deer in Italy
and Iberia was observed due to some peculiar

Fig. 1 Male and female roe deer (photograph by Andrea Dal Pian)
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morphological (e.g., skull shape and color pattern
of the coat) and behavioral (e.g. food preferences)
traits, consequences of adaptation to the diet in
Mediterranean environments. Their subspecific
status, later confirmed by molecular studies, was
suggested as C. capreolus italicus Festa 1925 and
C. c. gargantaMeunier 1983, respectively (see the
Genetics heading for details).

Current Distribution

In Europe, the roe deer occurs in most of the
continent, excluding Iceland, Ireland, and the
Mediterranean islands, from Great Britain and
the Iberian Peninsula to western Russia (Fig. 2).
It also occurs in the Caucasus, northern Turkey,

Map template: © Getty Images/iStockphoto

Fig. 2 Current distribution range of Capreolus capreolus. (Distributiosn is based on the IUCN Red List of Threatened
Species. Version 2019. Map template: © Copyright Getty Images/iStockphoto)
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north-western Syria, northern Iraq, and northern
Iran (Caspian coast). It is extinct in Lebanon,
while in Israel, after the extirpation in the early
twentieth century, a reintroduction with animals
of European origin took place from 1997 to
1999 at Mount Carmel. The distribution range is
generally more fragmented in the Mediterranean
countries than in northern and central Europe, and
especially in southern Italy, Northern Macedonia,
and Greece, where the species is still rare. In
Scandinavia, roe deer occur up beyond the polar
circle at around 70 N.

Between the eighteenth and early twentieth cen-
turies, the roe deer declined in range and numbers
due to over-exploitation and habitat loss. Strict reg-
ulations in hunting and forestry practice, changes in
land use due to the abandonment of rural areas, the
scarcity of natural predators, and reintroductions led
to a general recovery of roe deer in most of Europe,
especially from the second half of the twentieth
century. In the early 1980s, the total population
size in the continent (Russia excluded) was esti-
mated at around 6 million head (Burbaite and
Csányi 2009), with a yearly total harvest of about
1.7 million. In 2005 the European estimate of pop-
ulation grew to around 10 million animals, with an
annual hunting bag of about 2.7 million (Burbaite
and Csányi 2009; Apollonio et al. 2010). In
European Russia, the roe deer increased from
about 80,000 head in 1990 to 98,000 in 2007
(Burbaite and Csányi 2009). The highest numbers
are recorded in Germany, France, and Austria, with
an overall harvest of 1.87 million animals in 2005
and 2 million in 2015.

According to a review at a continental scale,
population densities in 72 localities of 19 countries
from theUK and Spain toBelarus andRussia range
between 0.1 and 54 individuals/km2, with an aver-
age of 14.5 roe deer/km2 (Melis et al. 2009).

Description

General Appearance

The European roe deer is a small-sized deer, with
a slender build, a relatively short trunk, a rounded
rump, and long legs. The head is relatively short

and broad, the eyes are relatively large, the ears
are large and oval, and the neck is long. The tail is
rudimentary, very short, and inconspicuous. The
hind limbs are longer than the fore limbs, the
posterior part of the body is slightly taller than
the anterior one, and the musculation of haunches
is particularly strong. The roe deer has been
defined as a “duiker,” a deer able to dive in the
undergrowth (Bubenik 1986), and a “saltatorial”
deer, able to jump and to do relatively short sprints
(Geist 1998). Hoofs are short and narrow.

Sexual size dimorphism is low, with males
only slightly heavier and larger than females.
Males appear somewhat stronger, with a relatively
shorter head and more robust neck and chest.

In males, the frontal pedicles are close together
and the antlers are short and normally three-tined,
with a front tine in a central position facing
upward and with a terminal fork. They are typi-
cally slightly bent in an oval, basket, or lyre shape.
The main beam is rich with parallel ridges and
pearling. Antlers appear to provide an honest sig-
nal of male health and vigor (Vanpé et al. 2007;
Lemaître et al. 2018).

The skull is broad at the orbits with a blunt
rostral portion. The lacrimal bone is reduced and
the lacrimal fossa is small. The auditory bullae are
very small.

The muzzle has a black nose, a black band
round the nose, a black upper lip with two white
spots, and a white chin. The metatarsal gland area
is distinctly darker than the surrounding part of the
hind foot.

Measurements

Mean whole body mass of adult males ranges from
around 18 to 32 kg (pre- and postrut figures pooled,
Table 1). The heaviest recorded bucks can reach
40–50 kg prerut mass in June–early July and
34–43 kg postrut mass in late August–early
September or winter. This suggests an average
loss of mass due to the rut of 7.5–11% (Mattioli
and Spada 2009; Apollonio et al. 2020). Mean
body mass of adult females normally ranges from
17 to 30 kg (Table 1). Adult males are generally
only 5–10% heavier than females. Eviscerated
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bodymass with head (without thoracic and abdom-
inal organs) represents around 79–80% of live
mass in adult bucks and does (Mattioli 2003).
Mean head-trunk length ranges from 105 to
120 cm, height at wither around 68 to 80 cm, and
hind foot length from 35 to 40 cm. Mean length of
the mandible ranges from around 145 to 167 mm,
the mean condylo-basal length of the skull from
177 to 196 mm in adult males and 175 to 191 mm
in females (cf. Danilkin and Hewison 1996).

Re-analyzing data from Aragon et al. (1998),
and taking into account 21 craniometric measures
of eight different European populations, skulls are
on average 2.5% larger in adult males than in
females (0.4–4%, according to the population).

In the northern Apennines, mandibles are on aver-
age 1.1% longer in adult males than in females
(Mattioli 2003).

Mean antler length of adult males ranges from
16 to 22 cm (Table 2), with the longest recorded
antlers reaching 30–34 cm (Csányi, pers. comm.).
Antler investment is relatively low, with a mean
production of around 100–220 g of bony tissue for
males weighing after the rut on average 23–28 kg
(260–440 g for both antlers and the whole skull).
Net antler mass (dry mass of both antlers without
skull) represents on average 0.5–0.7% of body
mass (almost four times less than an average red
deer). Antler mass is correlated with body mass
(Stubbe 1990) and linked to habitat quality. Since

Table 1 Mean whole body mass of adult male and female roe deer (in kg). For males, mostly pre- and postrut summer
mass pooled; for females, mostly autumn and winter mass

Males Females Source

SW Spain 19.8 17.1 Aragón et al. 1995

Bavarian Forest N. P. (Germany) 20.4 20.4 Wotschikowsky 1981

Passiria Valley, E Alps (Italy) 21.2 21.2 Wotschikowsky and Schwab 1994

S Bavaria, lowland (Germany) 22.2 21.7 Lang, unpubl.

Hackel, Saxony (Germany) 23.3 21.6 Stubbe 1990

Dourdan, N France 23.4 21.4 Vincent et al. 1995

Great Britain (United Kingdom) 23.9 22.3 Staines and Ratcliffe 1991

Central Spain 23.9 22.9 Horcajada-Sánchez and Barja 2016

Aurignac, SW France 24.0 22.4 Hewison et al. 2009

Slovakia 24.0 22.6 Danilkin 1999

Massa Carrara, Central Italy 24.6 21.7 Orlandi et al. 2006

Dorset (United Kingdom) 24.6 23.1 Gill 1994

Chizé, W France 23.8 22.8 Douhard et al. 2017

Pistoia, C Italy 25.4 22.9 Visani 2009

N Spain 25.5 23.2 Costa 1992

Grosseto, Central Italy 25.8 22.4 Bruno, unpubl.

S England (United Kingdom) 26.0 24.0 Prior 1968

Trois Fontaines, E France 25.6 24.8 Douhard et al. 2017

Arezzo, Central Italy 26.2 25.3 Mattioli et al. 1995

Bulgaria 26.3 23.9 Danilkin 1999

WAlps, Piedmont (Italy) 26.6 25.1 Meneguz and Tizzani, unpubl.

Serbia 27.3 25.5 Milośević-Zlatanović 2001
Bologna, N Italy 27.8 25.1 Mattioli and Spada 2009

Estonia 28.4 26.7 Danilkin 1999

Bogesund (Sweden) 28.8 27.0 Cederlund and Liberg 1995

Lithuania, woods 29.2 26.1 Bluzma 1976

Storfosna (Norway) 29.4 28.8 Andersen et al. 1995

Grimsö (Sweden) 29.9 27.9 Cederlund and Liberg 1995

Sweden 30.7 27.1 von Essen 1983

Lithuania, fields 31.0 27.7 Petelis and Brazaitis 2003
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antlers grow in winter, annual antler mass can be
strongly affected by the harshness of winter
weather. Trophy-sized antlers can reach 800–
1000 g of gross mass (Csányi and Sorensen,
pers. comm.).

Pelage

The summer coat is typically reddish brown to
bright orange, paler underneath, and with a small
and undefined yellowish rump patch. The dorsal
area of the face is darker and unevenly colored,
especially in males. Some individuals can have
grayish eye rings, some a white rim above the
nose, many a brownish or dark grey forehead
and nasal area. The winter coat is mainly grey or
greyish brown, with a conspicuous whitish rump
patch and generally one or two pale patches on the
throat. The rump patch is heart-shaped in females
and kidney-shaped in males, flared when the

animal is alarmed. Females have a vulvar tuft of
hair 5–7 cm long, and males have a distinct pre-
putial tuft of hair 10 cm long.

Newborn fawns have a brown coat flecked by
many white spots, which begin to fade at about
6 weeks of age and disappear by 5 months with
their first molt. Molting occurs around May and
October, starting from the head and neck region.

Glands

Metatarsal glands are present on the outer side of
the hind legs. The interdigital glands are present in
the front and hind feet, but particularly developed
in the hind ones (Stubbe 1990). The skin of the
forehead, between the pedicles under the eyes, at
the base of the ears and possibly of the chin of
males has a diffuse glandular system (“frontal
organ,” as defined by old literature), with many
sebaceous and apocrine glands (Adams and

Table 2 Mean antler length in adult roe deer from different areas of Europe

Mean (cm) n Source

Jeseniky Mountains (Czechia) 15.6 180 Zejda and Koubek 1988

E Germany 16.4 569 Stubbe 1966

Amsterdam (Netherland) 17.2 305 Pélabon and van Breukelen 1998

Chizé, W France 17.3 171 Lemaître et al. 2018

E Alps, Belluno (Italy) 18.2 799 Ramanzin and Sturaro, unpubl.

Cracow region (Poland) 18.2 401 Wajdzik et al. 2007

Andalusia (Spain) 18.6 137 Caro et al. 2008

Lublin region (Poland) 18.7 5781 Dziedzic 1991

Bogesund (Sweden) 19.0 201 Kjellander, unpubl.

Serbia 19.0 625 Milośević-Zlatanović 2001
C Spain (Spain) 19.4 86 Horcajada-Sánchez and Barja 2016

Cantabrian Range (Spain) 19.4 206 Caro et al. 2008

S Moravia (Czechia) 19.5 642 Zejda and Koubek 1988

Lithuania 19.8 277 Sabalinkiene et al. 2017

Carniola (Slovenia) 19.8 182 Hafner 2004

N Apennine, Massa Carrara (Italy) 19.9 288 Orlandi et al. 2006

N Apennine, Pistoia (Italy) 20.0 624 Visani 2009

Trois Fontaines, E France 20.0 26 Lemaître et al. 2018

Grimsö (Sweden) 20.1 58 Kjellander, unpubl.

WAlps, Piedmont (Italy) 20.4 2909 Meneguz and Tizzani, unpubl.

Rába-Kemeneshát, W Hungary 20.5 10,174 Csányi, unpubl.

N Apennine, Arezzo (Italy) 20.6 127 Mattioli et al. 1995

Baranja, Slavonia (Croatia) 21.3 2086 Degmečić et al. 2010
N Apennine, Bologna (Italy) 21.5 4850 Mattioli and Spada 2009

Nagykunság, C E Hungary 21.5 6748 Csányi, unpubl.
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Johnson 1980). Forehead skin glands and
interdigital glands are used by adult bucks during
the territorial period when rubbing stems and
scraping ground. Preorbital glands are missing, a
rare condition in deer.

Antlers

Pedicles begin to develop in male fawns at
3–4 months of age, around September, and indi-
viduals in good conditions at 4–5 months of age
start to grow small bony buttons 0.5–2 cm, which
are cleaned of velvet in December and cast in
January. A new antler set is produced in February–
Marchwhen the fawn is 8–9months old, cleaned in
May and cast in November. Kids of low bodymass
do not develop buttons in their first autumn andwill
grow their first set of antlers (mainly buttons or
spikes 3–5 cm long) only the following spring
(Sempéré 1990). Yearling antlers are typically sim-
ple spikes 6–15 cm long, but can be also two- and
more rarely three-tined antlers. In adults, velvet
shedding occurs around March–April and antler
casting around October. New antlers begin to
grow 7–12 days after the previous casting, with a
rapid and regular growth phase of 60 days (with a
speed of 2.6–3.6mmper day), followed by a period
of mineralization of 30–45 days (Sempéré 1990).
The culmination of antler development, quite var-
iable and unpredictable, in many cases is attained
between 4 and 6 years of age (Stubbe 1990).
Improved nutrition can bring forward the peak. A
decline in antler size can be seen in senescent males
8 years and older (Vanpé et al. 2007).

Dentition

Milk teeth 0.0.3.0/3.1.3.0; permanent dentition
0.0.3.3/3.1.3.3. The permanent bicuspid third pre-
molar typically erupts at around 13 months of age.
Eruption patterns can be influenced by body con-
dition (De Marinis et al. 2018). For animals older
than 13 months, age can only be estimated by
examining the tooth wear of cheek teeth of the
mandible. At about 6–7 years of age, the infun-
dibulum of the first molar tends to disappear. The

average estimation error is relatively small
(� 1 year) but accuracy decreases with age
(Hewison et al. 1999; Høye 2006). Sectioning
the incisor or the molar for counting annual layers,
a reliable method in many species, in roe deer,
when tested on known age mandibles, proved to
be not sufficiently accurate.

Physiology

In terms of physiology and hormonal cycles,
including reproduction and antler cycle, roe deer
are quite different from other cervids. The resting
metabolic rate is relatively stable, without distinct
seasonal rhythms. In the temperate zone, sexes
tend to accumulate low body fat reserves. The
seasonal differences in body mass and physical
condition are normally of modest amplitude
(Hewison et al. 1996). Adult bucks tend to have
nearly 7.5–10% mass loss during the rut (Mattioli
and Spada 2009; Apollonio et al. 2020) and adult
does face a higher metabolism per kg of body
mass only in late spring and early summer during
lactation, but over-winter decline in body mass
and fat levels can be negligible (Mauget et al.
2003). Only in the boreal zone, roe deer accumu-
late significant fat supplies in September–
October, which become depleted in early January
and can cover only about 20% of winter energy
requirements (Holand et al. 1998).

Normally, cervids of the temperate zone give
birth in spring and mate in autumn: In males,
testosterone is controlled by decreasing daylength,
and antlers grow in spring-early summer and clean
their velvet in late summer; females are polyestrous
and the ovulation is induced by the shortening of
the daylength after the autumn equinox. On the
contrary, roe deer give birth in spring but mate in
summer. Testosterone is stimulated by the length-
ening of photoperiod after the winter solstice in late
December and antlers grow in winter and clean in
spring (Sempéré et al. 1998). Females are mones-
trous (with a period of receptivity of just 36 h) and
the ovulation is induced by the long photoperiod
after the summer solstice. Roe females are the only
ungulates with an embryonic diapause. The embry-
onic reactivation, induced by the short winter
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photoperiod, occurs in late December–early
January. Therefore, long photoperiods have oppo-
site effects on males and females, stimulating the
sexual cycle in bucks and inhibiting the sexual and
ovarian cycles in does. Testosterone increases from
February to July and testicular activity is present
from March to late August coinciding with territo-
rial defense and mating. Minimum levels in
October induce antler casting.

After fertilization in mid-summer, the blasto-
cyst, a 20- to 30-cell organism less than 1 mm in
diameter, enters a 5-month diapause. During the
last 6 weeks, it grows to a 100-cell stage and
prepares for implantation in the uterine endome-
trium. The true pregnancy lasts around 150 days.

The release of a specific “pregnancy-associ-
ated glycoprotein” (PAG) from the trophoblast
cells might trigger the implantation by stimulating
the mother’s hormonal response (Lambert 2005).
Mass-specific resting metabolic rate is higher in
newborns and young fawns than in mothers, with
a maximum in the first week. Due to very rich
milk, fawns grow rapidly (linear in the first
6 weeks) (Mauget et al. 1999). Mass-specific
metabolism is higher in primiparous females
than in fully grown adults, due to the additional
costs for body growth (Mauget et al. 2003).

Genetics

For information on karyotype, see above (Taxon-
omy, Systematics and Paleontology).

Genetic Variability
and Phylogeography

Roe deer are widespread in the Palaearctic and
have always been a popular game species, under-
going frequent local extinctions, reintroductions,
and translocations due to human activities, basi-
cally through hunting and habitat modifications.
For these reasons, the genetic structure of roe deer
populations in Europe has been extensively studied
to address questions concerning the level of intra-
specific genetic variability and phylogeography in
relation both to natural population dispersal,

focusing mainly on the Pleistocene, and to anthro-
pogenic impact in the Holocene.

Below species level, the roe deer harbors an
overall high genetic diversity, as revealed by bio-
chemical and molecular results (cf. Hartl et al.
1991; Randi et al. 2004; Lorenzini and Lovari
2006). Molecular information, in particular, told
us much about historical dynamics and contem-
porary demography of populations, their connec-
tivity, as well as the uptake of interactions with the
environment, within a so-called landscape genet-
ics framework, that is, the integration of landscape
ecology and population genetics. In this context,
human impact has played, and still plays, an
important role in shaping the genetic structure of
contemporary roe deer in much of its current
distribution. At small geographic scale, anthropo-
genic land-use changes (habitat fragmentation)
and direct impact on populations (overhunting,
translocations) can lead to extinction of local
gene pools, hybridization with allochthonous
forms, and large genetic distance between
populations due to high resistance barriers to
functional connectivity (e.g., roads) that reduce
gene flow (Coulon et al. 2006a). Landscape
genetic tools have been recently used to map the
fine-scale distribution in Italy of C. c italicus
populations and locate their admixture zone with
reintroduced European C. c. capreolus (Mucci
et al. 2012). Furthermore, there is evidence for
an impact of anthropogenic barriers, like road
and motorway density, on genetic divergence,
dispersal and persistence of spatially structured
roe deer metapopulations in many areas of the
distribution (Breyne et al. 2014; Burkart et al.
2016).

Recently, molecular phylogeographic investi-
gations revealed that the European roe deer har-
bors high genetic variation and a complex
population structure across the entire range. Data
from different mitochondrial and nuclear
DNA-based studies (Randi et al. 2004; Lorenzini
and Lovari 2006; Lorenzini et al. 2014) concor-
dantly suggest the existence of four major genetic
lineages of roe deer in Europe (Fig. 3). One central
lineage of mitochondrial haplotypes is widely dis-
tributed across the whole European continent
(from northern Iberia to Scandinavia, down to
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Germany and central Alps), Ukraine, and Crimea.
An Eastern lineage is found in the Balkans up to
Lithuania, through the eastern Italian Alps to east-
ern Europe (Romania, Bulgaria, Slovakia,
Poland). A third Southern Iberian (or Western,
cf. Randi et al. 2004) lineage comprises the roe
deer populations from central-southern Spain and
Portugal, that is, the south-western limit of the
species’ distribution, where the subspecies
C. c. gargantawas proposed (see below). A fourth
lineage, or alternatively a subclade within the
Central main lineage (cf. Randi et al. 2004),
includes roe deer from central southern Italy,
supporting the existence of the endemic subspe-
cies C. c. italicus (see below).

According to genetic data, the observed
phylogeographic patterns have been influenced
most strongly by demographic processes due to
the climatic dynamics of the Pleistocene. From
estimates of coalescent times, the extant mito-
chondrial lineages predate the Last Glacial Max-
imum (23–18 kya), and the distribution of this
preexisting genetic variability would result from
population migrations during the Pleistocene. In
this scenario, human interference only minimally
affected the natural distribution of variation
between roe deer populations. Anthropogenic fac-
tors might have played a role only in the last
centuries, limited to the local level (Mucci et al.
2012).

The evolutionary history of roe deer, as
suggested by molecular evidence, is very similar
to what the fossils say. During the glacial stages of
the Pleistocene, roe was absent from the northern
regions and high altitudes of Europe. In such cold
episodes, both fossil remains and genetic data indi-
cate the presence of roe deer in the Mediterranean
region (Italy, Iberia, and the Balkans) and several
eastern European areas (e.g., the Carpathians),
where it existed as refugial populations, along
with other temperate species (Lorenzini and Lovari
2006; Sommer et al. 2009). In the interglacials,
taking advantage of ice melting and climatic
warming, roe moved west- and northward mainly
from the eastern refugia, accompanying the spread
of woodland, and eventually recolonized central
and northern Europe (e.g., Britain and Scandina-
via). Movements of populations to the north and

their retreat to the south probably occurred several
times during the glaciation/interglacial transitions,
and this must have considerably affected the
genetic architecture of the roe deer in Europe.

According to the traditional models of Quater-
nary radiations of populations, the Italian and Ibe-
rian peninsulas, as well as the Balkans, have been
the main glacial refugia for temperate species in the
Mediterranean area. Here, the ice sheets of glacial
periods probably covered the highest peaks of the
mountainous chains, leaving the low altitudes and
the southern regions free from ice. The Pyrenees in
Iberia, and the central-western Alps in Italy, partly
limited the dispersal of populations from southern
areas, preventing their massive advance to the
north. Thus, the southern regions functioned as an
effective refuge, but the roe populations, rather
than spreading northward later, remained as geo-
graphically independent isolates, failing to act as a
main source for postglacial recolonizations, and
continued to diverge genetically. Consequently,
recolonization routes to northern Europe were
probably due to range expansions from one or
more refugia in central and eastern Europe (e.g.,
the Carpathian region), rather than proceeding
from the Mediterranean areas. In this scenario,
only the Balkans, with mountain chains extending
in a north–south direction, appear as a suitable
corridor for northward postglacial expansions (but
see Sommer et al. 2009).

In the last century, based on morphological
observations, C. c. italicus and C. c. garganta
were suggested as different subspecies for the
European roe deer of the Mediterranean area
(Festa 1925; Meunier 1983). Later, genetic ana-
lyses and phylogeographic inferences based on
mtDNA diversity (Lorenzini et al. 2002, 2003)
revealed high differentiation for the central-
southern populations of Iberia and Italy, thus
supporting the previous morphological observa-
tions. Nuclear data at microsatellite loci further
confirmed their genetic uniqueness, explained as
a result of prolonged isolation and genetic drift
(Randi et al. 2004; Lorenzini and Lovari 2006;
Royo et al. 2007). Estimates of divergence time
revealed an ancient genetic lineage for the
southern Iberian populations, that diverged on
average some 92–46 kya, while C. c. italicus

176 R. Lorenzini et al.



differentiated more recently, splitting about 17–
8 kya from the central European clade (Lorenzini
et al. 2014).

Traditionally, the Italian subspecies was confined
to the historical populations of the Castelporziano
Estate, near Rome, and the Gargano and Pollino
National Parks. Recent molecular findings revealed
the presence of italicus mtDNA haplotypes also in
Tuscany and Emilia Romagna, much further north
than formerly thought (Lorenzini et al. 2002; Gen-
tile et al. 2009; Mucci et al. 2012; Biosa et al. 2015).
Reintroductions and natural expansions from south-
ern populations were responsible for the presence of
the subspecies in the northern Apennines, where no
roe deer had previously survived. Over the last few
hundreds years, however, massive restockings in
much of the italicus range (e.g., Calabria) for hunt-
ing purposes have led to wide zones of sympatry
with nonnative roe deer from central and eastern
Europe. Currently, they highly threaten the genetic
integrity and survival of the Italian subspecies, with
great detriment to local biodiversity. The risk of
gene flow with allochthonous populations also
exists for the garganta subspecies in Iberia, where
translocations of roe from northern Spain and cen-
tral Europe are still under debate due to strong
hunting pressure.

These two endemic subspecies can be consid-
ered full-fledged Evolutionarily Significant Units
(ESUs, sensu Moritz 1994) and their genetic struc-
ture should be constantly monitored. Furthermore,
anthropogenic admixing of roe deer from different
gene pools, through further reintroductions and
translocations, should be avoided both in Italy
and Iberia.

Life History

Roe deer are medium-sized ungulates with a wide
geographic range. Originally a forest-dwelling
species, roe deer have markedly expanded their
distribution in terms of habitat and are currently
occurring in most of terrestrial ecosystems, from
sea coasts to high mountain ranges. The life his-
tory traits and tactic of roe deer facilitates this
pronounced ecological plasticity. Roe deer life
history is characterized by a high level of

iteroparity, a limited intensity of sexual selection,
a high female allocation to each reproductive
attempt, and low body reserves. Iteroparity
describes a tactic of lifetime allocation to repro-
duction by an individual or a group of individuals
(e.g., populations or species) that consists to
spread the total lifetime reproductive output
throughout several reproductive attempts, leading
the reproductive lifetime to match the total life-
time in the most iteroparous species. This is
opposed to the allocation tactic of semelparity in
which individuals produce the total lifetime repro-
ductive output within a single reproductive event,
often after a long maturation period (e.g., bam-
boos). Iteroparity thus measures the number of
reproductive bouts during the lifetime of an
organism. The overwhelming prevalence of
iteroparity among living organisms (cf. Cole’s
paradox) is nowadays interpreted by most evolu-
tionary ecologists as an adaptive response to the
unpredictability of environmental conditions.

Growth

Roe deer fawns are born between late April and
mid-June and births are highly synchronized, with
80% of births typically occurring within about
3 weeks. Median birth date is earliest in lowland
forests (mid-May) and latest in the most northern
and high elevation areas (early June). Birth dates in a
given population are normally distributed. Roe deer
fawns are precocial at birth and weigh on average
1.6 kg, with a huge individual variation both within
and among populations (e.g., from 0.7 to 2.2 kg at
Trois Fontaines, France). They are hiders during
most of their first month of life and grow fast
(i.e., 100–250 g/day). While they are fully weaned
in October, the strict lactation period (sensu Pontier
et al. 1989) ends in late July–early August. Roe deer
reach about two-thirds of their full mass at the onset
of their first winter and their final mass at 3 or
4 years of age. Body mass decreases from 6 to
7 years of age onwards due to senescence (Douhard
et al. 2017). Sexual size dimorphism is limited as
adult males are only 5–10% heavier than adult
females. Birth timing, birth mass, and early growth
do not differ between the sexes.
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Reproduction

Roe deer females are unique among ungulates in
displaying delayed implantation and unique
among ungulates in temperate areas in mating
during summer. From their third spring onwards,
roe deer males establish a territory that they
patrol and defend from March to August or
September. A very few, typically large, males
start defending a territory during their second
spring. Rut occurs between mid-July and
mid-August, during which most females older
than 1 year mate. Females are monestrous and
are very active during the rut. Around half of
them perform breeding excursions and most
mate repeatedly, often with several males, so
that sperm competition is likely to be high and
multipaternity occurs within litters. A few days
after mating, embryonic development stops
(at the blastocyst stage) and embryos enter dia-
pause until the winter solstice, when the first
embryo implantations take place. Females that
go on to give birth in spring will have success-
fully implanted before mid-January. Implanta-
tion failure can be substantial and is more
pronounced in old females (i.e., older than
7 years of age; Chirichella et al. 2019), but
resorption of implanted embryos is rare. The
pregnancy rate is very high, at >0.95 in most
populations for does between 3 and 10 years of
age. Two-year-old females display similarly high
pregnancy rates in populations with abundant
resources, but primiparity is delayed by 1 year
for up to one third of females in populations with
limited resources (i.e., high population density or
poor habitat productivity). Pregnancy rates
decrease sharply with increasing age from
10 years onwards. The longest-lived females
(i.e., 13 years and older) often stop reproducing
1 to 4 years before dying. Most roe deer females
that give birth in spring produce between 1 and
3, exceptionally 4–5, newborn fawns (Flajšman
et al. 2018a). Litter size increases from 2 to
5–6 years of age and then decreases with increas-
ing age. There is a clear latitudinal cline in litter
size, with roe deer females mostly producing 1 or
2 fawns in South Europe, most often 2 around
latitude 45�, and 2 or 3 fawns in Scandinavia
(Flajšman et al. 2018b). Female reproductive

performance is closely related to body mass.
Under most environmental conditions, females
lighter than 18–20 kg are not pregnant, and litter
size increases with female mass. Less is known
about male reproductive output. Male roe deer
cannot monopolize reproduction of a large num-
ber of females, which limits their annual repro-
ductive success. Further studies are required to
assess variation in male reproductive success in
relation to age, body mass, and environmental
conditions.

Survival

Roe deer display the age-specific survival pattern
typical of vertebrate species, which includes three
distinct stages: a first stage (juvenile) with low and
variable survival, an intermediate stage (prime-
age) with high and constant survival, and a third
stage (senescent) with decreasing survival with
increasing age.

The critical stage of roe deer survival is the first
summer of life. Depending on the maternal home
range (HR) quality, on the abundance of fawn
predators such as red fox or lynx, and on climatic
conditions during the spring, the yearly summer
survival of fawns varies tremendously, typically
between 0.20 and 0.80 (Pettorelli et al. 2005). At
the individual level, the earlier a fawn is born, the
faster is its early growth, and the heavier and
longer-lived its mother is, the higher its chance
to survive until the onset of the winter (Plard et al.
2014a). Fawns that survive to the onset of the
winter have high subsequent survival prospects.
Winter fawn survival is typically high, at around
0.85, but in populations with strongly limited
resources or in years with particularly severe win-
ters, high fawnmortality occurs. Yearling survival
(i.e., survival between 1 and 2 years of age) is high
in roe deer except in populations that are inten-
sively hunted or in the presence of large predators
(Nilsen et al. 2009). From birth to 2 years of age,
survivorship is remarkably similar in male and
female roe deer. From 2 years of age to around
8 years of age, yearly survival is high and quite
constant in female roe deer, typically being
around 0.90 and decreasing to less than 0.80
only in exceptional situations of intense predation,
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hunting, or exceptionally harsh conditions (e.g.,
disease outbreaks, climatic events). Due to senes-
cence, yearly survival of females older than
8 years decreases with increasing age, so that
females only exceptionally reach 16 years of age
or more in the wild. Prime-age survival of males is
lower (on average about 0.80–0.85) and more
variable among years than that of females.
Throughout the adulthood stage (i.e., from
2 years onwards), females outlive males and the
between-sex difference in yearly survival consis-
tently increases with age (Gaillard et al. 2004).
This means that males reach 12 years or more only
exceptionally in the wild. These age-specific sur-
vival patterns lead to a balanced sex ratio at
recruitment, but an increasingly female-skewed
adult sex ratio with increasing age. On average,
the adult sex ratio is about 1 male/1.20 females.

Life History Strategy

Roe deer have a life history strategy centered on
high female adult survival, high reproductive out-
put, and highly variable early survival. As females
do not store body reserves to meet the increased
energy expenditure caused by late gestation and
early lactation (i.e., income breeder tactic, Ander-
sen et al. 2000), the abundance of high-quality
resources in spring in the maternal HR is key to
yearly reproductive success (Pettorelli et al.
2005). As roe deer are highly sedentary, a positive
autocorrelation of reproductive success occurs
throughout a female’s lifetime, leading to marked
differences in individual fitness (Gimenez and
Gaillard 2018). As a general rule, being born
early and growing fast generates high survival
prospects during early life (Plard et al. 2015),
and living in a high-quality HR is key to adult
roe deer performance (McLoughlin et al. 2007).

Habitat and Diet

Movement and Space Use

The roe deer was initially described as highly sed-
entary, with strong spatial fidelity throughout the
year (Hewison et al. 1998). However, movement

tactics vary over its geographical range and partial
migration is common (Cagnacci et al. 2011).
Migration propensity increases with the presence
of snow, or the presence of snow in interaction with
terrain roughness and forest cover (Cagnacci et al.
2011; Peters et al. 2017). Behavioral plasticity in
movement tactics is pronounced, with most indi-
viduals adopting a multirange tactic, occupying a
number of subseasonal functional HRs, particu-
larly when the environment is spatially heteroge-
neous and/or temporally unpredictable (Couriot
et al. 2018). The multirange tactic is widespread,
allowing roe deer to track spatio-temporal variation
in resource distribution and, thereby, to cope with
changes in their local environment (Couriot et al.
2018).

Variations in HR size of roe deer have been
widely studied and have provided contrasting
conclusions. For example, some authors found a
positive link between annual reproductive success
and HR size (Saïd et al. 2005), whereas others did
not (Bongi et al. 2008). The use of different track-
ing methodologies, time schedules, HR metrics,
or sample size could explain inconsistencies
among studies (Borger et al. 2006a). In general,
there is no difference in HR size between the
sexes, although males may have larger ranges in
summer (Kjellander et al. 2004). Range size
decreases with the availability of woodland edge
(Saïd and Servanty 2005) and increases with
increasing landscape openness (Lovari et al.
2017) so that roe deer may occupy a minimum
surface area of woodland (Cargnelutti et al. 2002).
Home ranges are consistently smaller at high den-
sity compared to low density (Kjellander et al.
2004). From a comprehensive analysis of varia-
tion in HR size among and within populations
across their geographical range, we have now
broadly consistent findings across the distribu-
tional range of roe deer (Morellet et al. 2013).
Among populations, HR size decreases with
increasing forage abundance, but increases with
increasing seasonality, temperature variation, lat-
itude, and snow cover. Within populations, roe
deer HR size is generally greatest in winter and
smallest in spring and decreases with increasing
forage abundance (Kjellander et al. 2004;
Morellet et al. 2013). In a study in Italy, HR size
(kernel estimates at 90%) varied from 29.9 to
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63.8 ha for biweekly and yearly estimates, respec-
tively, (Borger et al. 2006b). Across populations,
HR size varied from 38.6 to 77.4 ha at a weekly
scale and from 51.4 to 136.0 ha at a monthly scale
(Morellet et al. 2013).

Dispersal

Natal dispersal is a presaturation process in roe deer,
highly variable among populations (Wahlström and
Liberg 1995a), with no density-dependence (Gail-
lard et al. 2008) and equally prevalent in both sexes
(Debeffe et al. 2012), although females may dis-
perse slightly farther (Coulon et al. 2006b). Dis-
persal is condition-dependent (Debeffe et al. 2012,
2014b; Hewison et al. 2021), more frequent in more
open landscapes (Debeffe et al. 2012), and occurs
during spring at around 11 months of age, although
some may disperse in the second year (Wahlström
and Liberg 1995b). Dispersal may be facilitated by
the availability of wooded habitat during transience
(Coulon et al. 2004). Rut excursions occur in
around half of adult females (Lovari et al. 2008)
and may be considered as a form of breeding dis-
persal (Debeffe et al. 2014a), but otherwise adults of
both sexes are highly sedentary over their lifetime
(Linnell and Andersen 1998).

Habitat Selection

The roe deer is classically considered a species
adapted to wooded habitat (Hewison et al. 1998),
with woodland providing important resources like
access to cover (Mysterud and Ostbye 1999) and
forage, particularly at edges with open areas
which provide good feeding resources for
browsers (Saïd and Servanty 2005). It is present
from the Mediterranean maquis scrub of Andalu-
sia to the boreal forest of Scandinavia. However,
roe deer show pronounced behavioral plasticity in
habitat selection, as habitat composition, avail-
ability, and distribution of resources markedly
affect habitat selection (Morellet et al. 2011;
Dupke et al. 2017). For example, roe deer strongly
select woodlands substituting this habitat by
hedgerows when the availability of woodlands

decreases, providing roe deer with similar
resources (Morellet et al. 2011). This behavioral
plasticity has led some authors to define two “eco-
types”: forest roe deer and field roe deer. The latter
lives year-round in open fields and forms large
groups during winter (Bresiński 1982). However,
there is no real support for genetic differentiation
between these two ecotypes (Kamieniarz et al.
2017). Roe deer often face a trade-off between
food and safety in situations where food availabil-
ity and predation risk peak in the same habitat
type (Benhaiem et al. 2008). In particular, roe
deer decrease the use of risky habitats during
periods of high human disturbance (Padie et al.
2015; Martin et al. 2018). In some parts of its
distribution, roe deer are sympatric with large
predators such as the lynx, an efficient stalk-and-
ambush predator, which can constrain roe deer to
spend more time in open areas further away from
forest edges in order to reduce the risk of encoun-
tering lynx (Gehr et al. 2018, but see Ratikainen
et al. 2007). Under additive risk of predation by
large carnivores and human hunting, multiple
predators may create areas of contrasting risk, as
well as increasing the level of risk in a given
landscape (Lone et al. 2014). However, there is
substantial inter-individual variability in how
individuals manage risky situations which impose
constraints on how they are able to exploit high-
risk habitats, suggesting the existence of a risk
management syndrome (Bonnot et al. 2015).
Roe deer tend to avoid snow >30–40 cm deep,
and snow >50 cm deep is a limiting factor (Bas-
kin and Danell 2003). In the Alps, they reach
2700 m asl in summer and autumn (Büntgen
et al. 2017).

Diet Selection

Roe deer are medium-sized herbivores with a
moose-type digestive tract, feeding accordingly
as a typical browser (Clauss et al. 2010). It selects
food with high concentrations of soluble sugars
and low fiber content (Tixier et al. 1997; Lechner-
Doll et al. 2008), with some tannins (Verheyden-
Tixier and Duncan 2000), presumably for their
antiparasite properties and benefits for protein

180 R. Lorenzini et al.



assimilation. However, food intake is highly plas-
tic and mainly determined by the habitat in which
they live (Cornelis et al. 1999). The roe deer is
apparently granivorous or frugivorous when seeds
and fruit are sufficiently abundant, but switches to
a browser diet when these preferred foods are rare
(Tixier and Duncan 1996). For instance, culti-
vated seeds and acorns are widely consumed
when available (Duncan et al. 1998). In agricul-
tural systems, individuals with access to open
habitats (Morellet et al. 2011) feed on cultivated
plants and have a higher diet quality than the
individuals restricted to more wooded habitats
(Abbas et al. 2011). Although a typical browser,
roe deer may also eat a certain amount of grasses
during winter, particularly in open landscapes
(Abbas et al. 2013). This dietary flexibility is
related to plasticity in gut morphology, with an
increase in the size of the distal fermentation
chamber compensating for the lower quality of
food in winter (Holand 1992) or in very poor
habitats (Serrano Ferron et al. 2012). Diet compo-
sition varies little with respect to sex, age, or
reproductive status (Tixier et al. 1997), but varies
markedly among seasons in relation to availabil-
ity: In woodland habitat, evergreens (bramble,
ivy, etc.) dominate in winter, whereas herbs and
tree leaves and buds (hawthorn, hornbeam, etc.)
are preferred in summer (Cransac et al. 2001).

Roe deer live in sympatry with other wild
ungulates, red deer (Cervus elaphus), fallow deer
(Dama dama), wild boar (Sus scrofa), moose
(Alces alces), and mountain ungulates (northern
chamois Rupicapra rupicapra, southern chamois
R. pyrenaica andmouflonOvis gmelini musimon).
Even though there is substantial diet overlap, the
ability of each species to select for different food
resources and different bite size may limit poten-
tial competition.

Behavior

Foraging Behavior and Activity

Roe deer are small-sized selective feeders with
proportionally small rumens (Duncan et al.
1998). Hence, they have relatively short and

frequent rumination bouts, approximately every
3 h, but this is highly variable among seasons in
relation to forage availability and quality
(Cederlund 1989). Activity peaks at dawn and
dusk (Pagon et al. 2013), but is also generally
higher during night than day, particularly in
human-dominated landscapes (Benhaiem et al.
2008; Bonnot et al. 2015). Roe spend around
10–20% of their active time in vigilance (San
José et al. 1996) and readily take flight (Bonnot
et al. 2017).

Roe deer forage between ground level and
around 120 cm, eating between 1.5 and 4 kg of
green vegetation per day, depending on season
(Duncan et al. 1998). They often move while
foraging for dispersed, high quality items,
selecting the largest possible bite sizes so that
intake rates are limited by food processing (Dun-
can et al. 1998). Fawns can begin ingesting veg-
etation at only a few days of age and quickly
develop dietary preferences (Tixier et al. 1998).

Social Behavior

Roe deer are typically weakly gregarious and are
generally observed alone or in small family
groups (Dzięciołowski 1979). However, group
size is variable, particularly during winter, and
increases with landscape openness (Hewison
et al. 2001), cover distribution (San José et al.
1997), and density (Vincent et al. 1995). In inten-
sive agricultural landscapes, they may form
groups of up to several hundred animals in winter
(Bresiński 1982; Gerard et al. 1995), but associa-
tions are often weak and temporary, driven by
fusion-fission of family units (Pays et al. 2007).

Roe deer males are highly seasonally territo-
rial, from March to the end of August or the
beginning September, maintaining exclusive non-
overlapping mating territories (Bramley 1970)
which they mark (Johansson and Liberg 1996)
and actively defend against rival intruders by dis-
play and occasional combat (Hoem et al. 2007).
Territory limits often coincide with physical fea-
tures of the landscape such as paths, roads, habitat
edges, or streams (Bramley 1970). Roe deer
females are not territorial, but are particularly
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solitary just prior to and following giving birth
(Danilkin and Hewison 1996) with little range
overlap, even at high density (Maublanc et al.
2012).

Communication

Roe deer communicate vocally, particularly
mother and fawn, but adult males also use barking
as a territorial signal, which may have an individ-
ual signature (Reby et al. 1999). Barking also
serves as an alarm call to a perceived threat, occa-
sionally accompanied by stamping (Danilkin and
Hewison 1996). From late winter onwards, adult
males mark their territory with olfactory and
visual signals, rubbing and fraying young trees
and bushes with their antlers and forehead, and
scraping the ground to produce bare patches of
earth (Johansson et al. 1995). Both these behav-
iors likely leave scent marks, which may also
carry an individual signature (Lawson et al.
2000). Marking occurs throughout the territory
and is most intense at the beginning of the territo-
rial period and just prior to the rut (Johansson et al.
1995). Olfactory signals in urine, feces, and from
the metatarsal and interdigital glands also likely
communicate individual information, but are little
studied to date.

Aggression

Male-male aggression is frequent during the terri-
torial season, particularly towards nonterritorial
intruding males, but is less common between ter-
ritorial neighbors once boundaries are established
(Danilkin and Hewison 1996). Conflict is often
resolved by display and pursuit, while fighting is
relatively rare. There appears to be site-specific
dominance such that a male generally wins any
contest within his territory limits (Hewison et al.
1998; Hoem et al. 2007). In addition, adult males
are aggressive towards yearling males at the onset
of spring (Strandgaard 1972), particularly those
with large antlers (Wahlström 1994), which may
drive natal dispersal. Two to three weeks prior to
giving birth, females become socially intolerant

and may be aggressive towards their young of the
previous year. They may also react aggressively
towards other unrelated does in the weeks follow-
ing birth (Roviani 2014). Infanticide has been
observed by adult males which may attack fawns
with their antlers and/or trample them (Hewison
et al. unpubl. data).

Mating Behavior

The mating system is site-defense polygyny
where males attempt to maximize the size of
their territory so as to overlap with the HRs of
as many females as possible (Vanpé et al. 2009a).
However, because variation in the number of
female HRs within a male territory is generally
low (typically maximum of 5, Strandgaard
1972), the level of polygyny in this mating sys-
tem is also low (Vanpé et al. 2008). This may be
increased by female rutting excursions (Richard
et al. 2008) which appear to be motivated by
active female mate searching (Lovari et al.
2008), perhaps for inbreeding avoidance
(Debeffe et al. 2014a). Indeed, multiple paternity
within a single litter occurs, but infrequently
(Vanpé et al. 2009b).

The rut occurs in mid-summer (second half
of July and first half of August, Liberg et al.
1998). Males can become territorial for the
first time during their 4th summer (Bramley
1970), but the best-quality individuals may do
so a year earlier, so that their first fawns are born
when they are 3 years old (Vanpé et al. 2009c).
Young nonterritorial males may adopt satellite
or peripheral mating tactics (Hewison et al.
1998). Mating involves frequent pursuit of a
female in estrus, occasionally including aggres-
sive behavior, forming circles, or a figure of
eight (Danilkin and Hewison 1996). Repeated
copulation occurs during heat and may involve a
second male.

Parental Care

While males provide no parental care, females
suckle young frequently (approx. 6–8 times per
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day) over the first two months of life with 30–
80 ml of milk per bout (Espmark 1969). Suckling
frequency then decreases, although it can continue
sporadically until autumn. Roe deer fawns are
hiders for the first 2–3 months of their life,
remaining concealed in the vegetation while the
mother feeds at a distance, and freezing when
initially approached (Linnell et al. 1998). Females
may actively defend their young against predation
attempts (Jarnemo 2004). Fawns mostly remain
associated with their mothers through the winter
until emancipation the following spring, although
if they remain philopatric, they may re-form a
loose family association with their mother as year-
lings (Linnell et al. 1998).

Individual Heterogeneity

A number of personality traits have recently been
documented in roe deer. Both behavioral and
physiological traits are consistent for a given indi-
vidual (Debeffe et al. 2015; Monestier et al. 2016)
and describe among-individual variation in risk
management (Bonnot et al. 2015), dispersal pro-
pensity (Debeffe et al. 2014c) and neophobia
(Monestier et al. 2017). Individuals vary widely
in their degree of vigilance and tolerance of threat
(Bonnot et al. 2015, 2017).

Parasites and Diseases

Ectoparasites

Insects. Roe deer are often subclinically or mildly
clinically affected by strictly host-specific chewing
lice (Damalinia meyeri) and by Lipoptena cervi, a
widespread blood-sucking ked of Old World deer.
Subcutaneous infestation by larvae of the oestrid
fly,Hypoderma diana (and to a lesser extent the red
deer warble fly, H. actaeon), may result in painful
nodular skin lesions on the back and hips. Subclin-
ical to deadly (by respiratory failure) infestation
may be caused by the pharyngeal bot fly,
Cephenemyia stimulator, whose developing larvae
remarkably grow in size within the throat pouches
during springtime (Pewsner et al. 2017).

Arachnida. Roe deer are common maintenance
hosts of the “wood tick,” Ixodes ricinus, and
some related tick-borne pathogens, namely, the
protozoan Babesia capreoli and the bacterium
Anaplasma phagocytophylum, both deemed
emerging zoonotic agents (Overzier et al.
2013). Regionally, infestation by hard ticks of
the genera Dermacentor, Haemaphysalis, and
Rhipicephalus has also been recorded. Severe
crusted mange by Sarcoptes scabiei has been
observed in outbreak areas in which northern
and southern chamois (Rupicapra rupicapra
and R. pyrenaica) were the main affected reser-
voir hosts. Localized to generalized alopecia
associated to heavy infestation by the follicular
mite, Demodex spp., has been sporadically
reported.

Endoparasites

The digestive tract of roe deer is home to nine
species of protozoa (Giardia duodenalis, Crypto-
sporidium parvum, plus seven host-specific taxa of
the genus Eimeria) and numbers of helminths,
including the generalist tapeworms, Moniezia
expansa and M. benedeni, and approximately
two dozen roundworms. Among the latter, the
cervid-specific Ostertagia leptospicularis and
Spiculopteragia spiculoptera, with their respective
minor morphs O. kolchida and S. mathevossiani,
are the dominant abomasal species while
Nematodirus europaeus is prevalent in the small
intestine (Rossi et al. 1997). Most protozoa and
helminths of the gastro-intestinal tract are only
mildly pathogenic, with the exception of the
large-sized blood-sucking Haemonchus contortus,
a generalist species also harbored by sheep, goats,
and other wild ruminant hosts, which may cause
severe anemia and death (Aguirre et al. 1999).

Roe deer in contact with infected livestock may
infrequently harbor the liver flukes, Fasciola
hepatica and Dicrocoelium dendriticum. Severe
to deadly infestation by the great American liver
fluke,Fascioloides magna, accidentally introduced
to Europe with imported elk and white-tailed deer,
is reported for roe in contact with resilient red and
fallow deer in countries of the Danube basin, where
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this “alien” fluke is currently actively spreading
(Malcicka 2015). Larvae of Echinococcus
granulosus, a zoonotic tapeworm with a canid-
ruminant life cycle, have been occasionally found
in the liver or lungs of roe deer sharing range with
infested moose or livestock. The mosquito-
transmitted nematode Setaria tundra is common
in the abdominal cavity of roe deer throughout
Europe. Spill-over to semi-domesticated reindeer
(Rangifer tarandus) with associated mortality epi-
sodes have occurred in Scandinavia (Laaksonen
et al. 2007).

The respiratory system of roe deer is home to
the host-specific nematodes Dictyocaulus
capreolus and the snail-transmitted Varestrongylus
capreoli, located in the large and small bronchi and
in the lung parenchyma, respectively. While often
subclinical, in case of severe and often mixed
infections, they may be cause of mass loss, respi-
ratory distress, and gross pulmonary lesions
(Simpson and Blake 2018).

In the heart and muscles, five species of Pro-
tozoa (Toxoplasma gondii and four nonpatho-
genic species of Sarcocystis) and the cystic
larval stage of the canid-transmitted tapeworm
Taenia ovis krabbei are commonly found.

Infectious Diseases

While antibodies to a range of livestock and wild-
life pathogens have been detected on occasion of
several serosurveys throughout Europe (Boadella
et al. 2010), no wide-scale outbreaks by transmis-
sible infectious diseases are known. An unresolved
etiological diagnostic dilemma is the so-called
“spring diarrhea,” occurring in several countries
on recurring local scale. Among other suspected
agents, enteropathogenic strains of the bacterium
Escherichia coli (EPEC) have been implicated. In
these small foci, mortality may reach 10% (Guberti
et al. 2004; Pewsner et al. 2017).

No significant role has been attributed to roe
deer in the medium to long-term maintenance of
major livestock diseases in Europe such as foot-
and-mouth-disease, tuberculosis, brucellosis, and
bluetongue disease. Roe deer is rather deemed an
accidental spill-over host (hence an occasional
“victim”) of these feared transmissible infections.

At the time being, there is no evidence that roe may
contribute to the spread of emerging chronic
wasting disease (CWD) in Europe.

Zoonoses

No major risks to human health derive from han-
dling roe deer or dressing their carcass, although
the zoonotic agent T. gondii has been reported
similarly as in other ungulates (see above).
Accordingly, pregnant women and immune-
compromised patients should prudently refrain
from consumption of unfrozen raw or rare veni-
son. Deer keds (Lipoptena cervi) have been occa-
sionally reported as the agent of a localized
pruritic dermatitis in humans.

Population Ecology

Population Growth and Demographic
Metrics

The roe deer life cycle is typical of long-lived
iteroparous vertebrates and is characterized by a
strong age structure. In productive populations,
we can expect female roe deer to produce on aver-
age 1 fawn at 2 years of age, 1.3 fawns at 5 years,
and 0.5 offspring at 12. Assuming a mean annual
survival of 0.85 for yearlings, 0.90 for prime-aged
deer, and 0.70 for animals older than 10 years of
age, the asymptotic rate of increase of a roe deer
population would be 1.282. On average, a 2-year-
old female can expect to successfully raise around
three fawns during its lifetime. This corresponds to
a rapidly growing population, typical of roe deer in
the late twentieth century which steadily increased
between the 1980s and the early years of the
twenty-first century, making the roe deer a success
story (Andersen et al. 1998). The maximum rate of
increase so far reported in a roe deer population is
1.44 on the Storfosna island (Norway). Some
populations facing both hunting and predation by
large carnivores in Scandinavia display markedly
negative growth rates and cannot persist without
immigration (Nilsen et al. 2009). The stable age
structure of a productive roe deer population
includes about 30% fawns, 20% yearlings, more
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than 45% prime-aged adults, and less than 5%
females of 10 years of age and older. The genera-
tion time, which corresponds to the mean age of
mothers and is a reliable metric of the pace of life
(Gaillard et al. 2005), is slightly more than 4 years.
The generation time of a roe deer population pro-
vides a reliable indicator of demographic perfor-
mance (Nilsen et al. 2009) because it increases
from fast-growing populations (less than 4 years)
to declining populations (more than 6 years).

Relative Contribution
of Demographic Rates

As observed in most long-lived iteroparous spe-
cies, the growth rate of roe deer populations ismore
sensitive to a given change in prime-age adult
female survival than to the same change in any
other demographic parameter. Using the same
parameters as above, which represent an average
performance in Europe, the demographic impact of
changing annual adult survival of females between
2 and 10 years of age by 1% is about twice the
impact of changing recruitment of all females by
1%. However, in populations of roe deer, by far the
most variable parameter over time is early survival
(Gaillard et al. 2013). Summer fawn survival is
thus the driver of roe deer population dynamics in
most cases, except in situationswhen adult survival
decreases (i.e., in the presence of large predators or
high hunting pressure). Temporal variation in early
survival generates pronounced cohort effects in
recruitment. In particular, high population density
and occurrence of drought in spring depress
recruitment. In addition to this numerical effect,
there is also a long-lasting effect of being born in
a good or poor year (Garratt et al. 2015).

Factors Influencing Population
Dynamics

Both density-dependence and environmental con-
ditions strongly influence roe deer population
dynamics. These factors generally target recruit-
ment. At high density, roe deer fawns have lower
survival, grow less, and have thereby a lower body
mass, which jeopardizes survival and decreases the

reproductive output of primiparous females. Spring
and summer droughts have very similar effects on
roe deer population dynamics. Populations sub-
jected to lynx predation grow less than populations
that face no large carnivores (Andrén and Liberg
2015), but the exact demographic mechanisms of
this decline remain unknown.

Interspecific Interactions

When resources are scarce, a potential for compe-
tition may occur between roe and red deer. In a
French forest, high density of red deer was
suggested to negatively affect body mass of roe
deer fawns (Richard et al. 2010). In Scottish conifer
plantations, roe and red deer densities were
inversely related (Latham et al. 1997). Partial over-
lap in resource use (food, habitat) and inverse
numerical trends between roe and fallow deer
have been recorded, with an increase in fallow
deer and a decrease of roe deer abundance (Ferretti
and Fattorini 2020). High densities of the former
may reduce habitat quality for the latter, resulting in
roe achieving smaller body size and larger HRs
(Focardi et al. 2006). A significant behavioral inter-
ference from fallow to roe deer, including also
aggressive interactions, has been reported as a
mechanism of competition (Ferretti et al. 2011).
Roe deer may outcompete mountain hare (Lepus
timidus) (Hulbert and Andersen 2001).

Future Trends and Climate Change

The rapid increase of hunting bags observed in the
1980s and 1990s in most European countries has
slowed since the beginning of the new century
(Apollonio et al. 2010). The inability of roe deer
females to track the earlier onset of spring caused
by global warming might provide an unanticipated
limitation of roe deer performance in forest habitat
(Plard et al. 2014b). Indeed, contrary to a large
range of animal and plant species, birth timing of
roe deer females at a given location has not
changed over the last decades, maybe because
photoperiod rather than food resources determines
the phenology of roe deer reproduction. Under the
current climate change, one might thus expect roe
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deer to increasingly leave forest habitats to colo-
nize more widely open areas that offer a greater
temporal distribution of food resources.

Conservation Status

There are no less than 15,000,000 roe deer, distrib-
uted all over Europe and the Near East. The species
is listed in the Bern Convention (Appendix III) and
it has been classified in the IUCN Least Concern
risk category since 2008, but before that was listed
as Lower Risk/Least Concern from 1996 (Lovari
et al. 2016). Therefore, it cannot be considered as a
species at risk of extinction. However, the subspe-
cies C. c. italicus (central and southern Italy) and C.
c. garganta (southern Iberia) show relatively narrow
ranges and are of conservation concern.C. c. italicus
numbers less than 10,000 mature individuals and
faces serious threats such as cross-breeding with
introduced C. c. capreolus (southern Tuscany and
Pollino National Park, Calabria, and Basilicata),
poaching and predation by free-ranging dogs
(Gargano National Park, Puglia; Castelporziano
Presidential Estate, Latium), as well as some com-
petition with fallow deer (Castelporziano Presiden-
tial Estate, Latium; Maremma Regional Park,
southern Tuscany) (Lorenzini et al. 2002; Focardi
et al. 2006; Ferretti et al. 2011). The small remaining
populations in Greece and Northern Macedonia
need serious monitoring and deserve conservation
actions, as they are currently declining due to
poaching and habitat degradation (Papaioannou
2010; Stojanov et al. 2010). Overall, the main threat
throughout all Europe is themixing of different gene
pools as a result of translocations (Lovari et al.
2016). Presently, the success of conservation mea-
sures looks rather grim for all subspecies at risk.

Management

Probably humans began to impact on roe deer in
the Neolithic when they started to clear-cut and
fragment forests, favoring the expansion of a spe-
cies able to benefit from the ecotone between
woods and meadows. Small body size, territorial
and predictable behavior, and high reproductive

potential made roe deer one of the most preferred
quarries. During the Middle Ages and Renais-
sance, roe deer were considered “small game”
and therefore were not hunted exclusively by
kings and aristocracy. So the species thrived,
with humans probably supporting its expansion.
However, the diffusion of efficient weapons, lack
of strict regulations on hunting, and deforestation
were responsible for a dramatic decline and local
extinctions up to the nineteenth century.

Restrictive hunting rules (shorter open sea-
sons, harvesting quotas), scarcity of large preda-
tors, recovery of bushy vegetation, and woods in
areas abandoned by agriculture and pastoral farm-
ing, as well as reintroductions, permitted a rapid
increase of roe deer in most of Europe. In recent
decades, roe deer have further expanded, coloniz-
ing highly cultivated areas of lowland with scarce
vegetation cover and, more recently, the periphery
of urban areas with dense road networks. Species
recovery was difficult only in some Mediterra-
nean areas (Andalusia, southern Italy, Northern
Macedonia, Greece) where feral/stray dogs and
poachers are common.

Roe deer have a relatively low impact on cul-
tivated fields (Kałuziński 1982) and forests (Gill
1992), mainly concentrating on orchards,
vineyards, horticultural crops, and conifer planta-
tions. In many parts of Europe, the main objective
is to maintain roe deer densities at economically
tolerable levels. Compared to other ungulates, roe
deer are easy to manage and resilient to errors. The
limited HR size facilitates small-scale manage-
ment (i.e., areas of 500–1500 ha), while general
planning is better done on a larger scale.

A significant difference exists between the
approach of game managers and the suggestions
of researchers. Game managers often rely on guess
estimates, sometimes not based on direct observa-
tions, and find by trial and error the most appropri-
ated culling quotas that do not impair the
population. The purpose is to maintain density
levels sufficiently high to exploit in terms of veni-
son and trophies, but low enough to prevent risks to
agriculture and forestry. By contrast, researchers
advocate a more technical approach, based on
counts to provide estimates of abundance, fertility,
mortality, and dispersal.
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Roe deer are however not easy to count: Espe-
cially in the presence of natural predators and high
hunting pressure, they can become quite secretive.
The most common count methods are 1) direct
observation by vantage point at twilight in early
spring on pastures and 2) the drive counts on sample
areas in late winter or early spring (Meriggi et al.
2008). The first method requires a limited number of
surveyors (1–2 / km2) and is typical of open land-
scapes with relatively small woodland patches and
large fields and meadows. The main risk of this
method is the under-estimation of population size,
due to a variable proportion of roe deer that do not
come into the open. The drive count is typical of
forests, most suitable for densities higher than 5–7
animals per km2 (Borkowski et al. 2011). It requires
more personnel (at least 2–3 persons per ha, in dense
woods) and a final total coverage of at least 10% of
the district extension. Both count methods are often
criticized by researchers, who prefer techniques like
capture-mark-resighting, the kilometric index, pellet
group counts, and thermal imagery (Morellet et al.
2010). Recently, distance sampling (line transects
statistically treated through detection functions,
cf. Focardi et al. 2002) and camera trapping
(Rowcliffe et al. 2008; Marcon et al. 2019) have
met the interest of many researchers (cf. Focardi
et al. 2002). Most of these count methods are useful
in scientific projects, but they are difficult to adopt
for game managers and hunters, due to their com-
plexity and high costs.

Given the difficulties of counting roe deer, the
use of ecological indicators such as measures of
body size, that is, mandible length (Ellenberg
1974), hind foot length (Zannèse et al. 2006),
body mass (Maillard et al. 1989), antler mass
and antler length, has been suggested instead of
population size estimates (Morellet et al. 2007).

Reproduction-based indices, like ovulation or
fawn recruitment rates, reveal useful insights into
the relationship between roe deer and habitat and
into health conditions of the populations. Yearling
fertility rates are particularly sensitive to density
changes. Unfortunately, all these body size and
demographic indicators are still rarely used in
routine management practice. However, an effort
to know the actual population size should be
made, including alternating simple methods and

more sophisticated techniques to adjust the
estimate.

Simple biometric measurements (body mass,
foot length) should be mandatory on all culled
animals, while mandible length could be mea-
sured for representative samples.

The so-called “selective hunting,” that is, the
single-hunter hunting with rifle by sex and age
classes according to a predetermined shooting
plan, should try to maintain the natural structure
of the population. Furthermore, strong manipula-
tions of sex ratio may affect genetic variability.

Typically, three age classes are recognized for
both sexes: fawns, yearling, and adults.

The possibility to distinguish in the field young
adult, fully mature, and senescent bucks is illusory,
given the unpredictability of antler development,
once used as the discriminating criterion. It is sim-
ilarly unrealistic to think that removing certain
individuals (with abnormal or below-average ant-
lers) by hunting can improve the overall quality of
the roe population, which actually is strictly related
to density and the quality of the habitat. Hunting
seasons should close for males during the peak of
rutting and for females and fawns during the period
of juvenile dependency (Apollonio et al. 2011).

Drive hunts and hunting with dogs should be
prohibited or at least discouraged, due to the dif-
ficulty to select sex and age classes of a fleeing
animal, the high distress on the deer, and the
potential impact on no-target species.

At a small scale, it is easily possible to enhance
the habitat quality by planting highly palatable
species (Fladenhofer 2013). At a larger scale,
only a substantial change in silvicultural systems
toward a more nature-oriented forestry can secure
higher food supplies.

Future Challenges for Research
and Management

The roe deer is a species with pronounced ecolog-
ical and behavioral plasticity and high dispersal
potential and is capable of reaching high densities
in different habitats. In spite of being one of the
most important game animals in Europe, this spe-
cies cannot be considered at risk of extinction.
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However, predetermined shooting plans based on
estimates of abundance, fertility, mortality, and
dispersal are desirable to maintain a balanced
sex and age structure and sustainable densities of
hunted populations.

Noteworthy, local populations, corresponding to
the subspecies C. c. italicus (central and southern
Italy) and C. c. garganta (southern Iberia), show
relatively narrow ranges and are of conservation
concern, with possible extinction of their gene
pools, due to cross-breeding with the expanding
introduced C. c. capreolus. Appropriate manage-
ment/conservation actions (e.g., translocations of
the threatened gene pools to areas where over-
lapping with the European roe deer is unlikely to
occur), assisted by specific research projects, could
be of great help to prevent the genetic disappear-
ance of these unique taxa.On the other hand, further
genetic studies are needed to show in detail the
genetic structure of populations dwelling in the
contact zones of European roe deer with the Sibe-
rian roe deer, currently lying in a narrow range
between the rivers Volga and lower Don in Russia
(and possibly elsewhere in north-eastern Europe),
to gain more insights into the issue of hybridization
between C. capreolus and C. pygargus and the
possible existence of successful hybrid populations
in those suture areas.
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Common Names

The species is commonly referred to in Britain as
the Chinese water deer (Fig. 1). Those introduced
to England in the latter part of the nineteenth
century originally came from China (Fautley
2013; Putman et al. 2021), so they are correctly
named. The species is, however, more numerous
on the Korean peninsula (Kim et al. 2011; Kim
2017; Chun 2018), and it is referred to below as
the water deer.

English Chinese water deer

German Chinesisches Wasserreh

French Hydropote, hydropote chinois

Spanish Ciervo acuático

Italian Idropote, capriolo d’acqua

Russian Водяной олень

Taxonomy, Systematics
and Paleontology

Two subspecies have been recognised:Hydropotes
inermis inermis Swinhoe 1870, the Chinese water
deer; and H. i. argyropusHeude, 1884, the Korean
water deer. However, Schilling and Rössner (2017)
reviewed the evidence for two subspecies and
found it inconclusive as the available genetic data
were insufficient for confirmation.

The water deer is the only cervid to lack ant-
lers. The monospecific subfamily Hydropotinae
was considered to be a sister group of the antlered
deer, the Cervidae (Groves and Grubb 1987).
Later phylogenetic analysis by Randi et al.
(1998) indicated that water deer were closely

related to roe deer Capreolus species, and their
antlers were lost secondarily. A broader genetic
study by Gilbert et al. (2006) placed the species in
the tribe Capreolini in the subfamily Capreolinae.
This remains the most accepted interpretation of
available information (Schilling and Rössner
2017).

Well-characterized fossils attributed to the spe-
cies have been found in China but remain scarce
(Dong 1993; Schilling and Rössner 2017). Spec-
imens that might be direct predecessors of water
deer or intermediate forms between it and other
cervids are unknown.

Current Distribution

The first known written record of the species in
China dates from about 238 BCE in the Qin
Dynasty (Zhang 1996). In historical times, water
deer were found in good numbers in wetlands in
eastern China (Sheng and Ohtaishi 1993; Zhang
1996). These deer now occur in just a few
fragmented locations dispersed across hundreds
of kilometers of the country (M. Chen in Fautley
2013; Chen et al. 2016; Putman et al. 2021).
Korean water deer remain fairly widespread
through the peninsula and are locally abundant,
at least in the De-Militarized Zone and in parts of
South Korea (Won and Smith 1999; Kim and Cho
2005; Harris and Duckworth 2015; Jung et al.
2016; Kim 2017; Chun 2018; Choi and Lee
2019). In 2019, a water deer was recorded on a
camera trap in the Khasansky district of eastern
Russia (Darman et al. 2019). The same authors
also recorded the movement of water deer from
North Korea into northern China.
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Water deer were introduced to captive situa-
tions in England at the end of the nineteenth
century and a feral population resulted from deer
escaping or being released from the middle of the
twentieth century (Chapman 1995). In 2016, in
the most recent survey organized by the British
Deer Society, water deer were found to have sig-
nificant populations in parts of Norfolk, Suffolk,
Cambridgeshire, Bedfordshire, and Buckingham-
shire with sporadic records from areas between
and on the fringes of these main concentrations
(Smith-Jones 2017; Fig. 2). Efforts to determine
total numbers in England were reviewed by
Cooke (2019), the population being estimated to
be in the range 5000–10,000. Further range
expansion has been predicted (Acevedo et al.
2010; Croft et al. 2019).

A small feral population was established south
of Limoges in France during the second half of the
twentieth century after abandonment of a park

where they had been kept (Cooke 1999; Haffner
and Savouré-Soubelet 2015). This population
died out after several decades (G. Dubost, pers.
comm.). Several populations remain in France
confined within parks (Schilling and Rössner
2017; Putman et al. 2021).

Description

Size and Morphology

Water deer are typically 50–56 cm at the shoulder
(Sheng 1992; Cooke and Farrell 2008). Cooke
(2019) reviewed mean whole body mass for five
samples of deer collected from the wild in China
and England, reporting 14.3–15.9 kg for males
and 15.2–16.3 kg for females. Mean mass for
females was consistently greater than that for
males. At Branféré Zoo in Brittany, France,

Fig. 1 A male water deer poised to attack a rival (photograph by and courtesy of M. McKenzie)
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mean whole body mass was 14.0 kg for males and
15.2 kg for females, and non-gestating females
were heavier than males (Dubost et al. 2008). A
few deer introduced to the area around
Woodwalton Fen in Cambridgeshire in about
1950 (Chapman 1995) developed into a popula-
tion which has been studied for more than
40 years (Cooke 2019); deer at the Fen have
weighed up to 19 kg, but individuals of 20 kg or
more occur elsewhere in England.

Water deer have powerful hindquarters and
their rump is higher than their shoulders. The
back is concave when deer stand upright. The
tail is short and brown, being typically 6–7 cm
in length. Ears are large, often held erect and are
distinctively close together. Eyes and nose can
appear as three black buttons when animals are
in their thick winter coats.

Mean skull length was found to be 172 mm in
China (Sheng 1992) and 167 mm at Woodwalton
Fen (Cooke and Farrell 2008). The auditory bullae
are unusually large (Allen 1940). The second and
fifth metapodia are reduced to distal splinters, the
telemetacarpalian condition. This is the only cervid
with inguinal glands. The pre-orbital glands are
small, and interdigital glands occur on the hind
feet and forefeet (Pocock 1923; Ni et al. 1993).

Pelage

In winter, coat color is variable but most are pale
brown or a peppery grey-brown (Cooke and Far-
rell 1998, 2008; Cooke 2019). The obvious spring
molt is during April–June, when deer often have
an unkempt appearance. Summer coat is usually

Map template: © Getty Images/iStockphoto

Fig. 2 The main range of water deer based on the British Deer Society’s survey in 2016 (Smith-Jones 2017). (Map
template: © Copyright Getty Images/iStockphoto)

200 A. S. Cooke



pale red-brown, with deer molting back into win-
ter coat during September–October. Hair is often
shed in tufts when the males fight during the
winter rut. It is coarse, hollow, and 40–55 mm in
length, being mainly white, but with a dark brown
band and a tip of pale brown, buff, or ginger. A
band around the top of the nose may be white,
grey or black.

Dentition

Permanent dentition is 0.1.3.3/3.1.3.3. Males do
not have antlers, but develop long upper canine
teeth (tusks), which are obvious in the field
(Figs. 1 and 3a). These are loose in the sockets
and are held back when the animal is grazing on
short vegetation. Maxillary gum tissue is movable
and its thickened inferior marginal band loops
around the canines (Aitchison 1946). In alterca-
tions with rival males, the animal snarls and leva-
tor muscles around the lips lift the upper lip,
drawing the tusks, which are effectively hinged,
forward and inward. Tusks are a male’s main
weapon when fighting conspecific rivals,
although they do not seem to be used in defense
if attacked by other species (Cooke and Farrell
2008; Cooke 2019). Females have small canine
teeth up to 8 mm in length (Fig. 3b). Tusks erupt
around November when a male is 5–6 months of
age. By March, tusks are usually approaching
about half their final length. In most males, these
teeth become close-rooted by or during the second
winter. In the reserve at Woodwalton Fen, mean
exposed tusk length on mature males was 60 mm
with a maximum recorded length of 72 mm. For
animals based outside the reserve, the mean length
was 48 mm (Cooke 2019), while in China it was
53 mm (Sheng 1992). Broken canines are not
unusual, and loss of a tusk is a drawback when
fighting.

Age Determination

Dubost et al. (2008) considered that tooth erup-
tion and replacement occurred earlier in captive
water deer than in ruminant species of similar or

lower body mass; the first molar erupted at
60–65 days, the second at 170 days and the
third at 10–12 months. These authors developed
a method for ageing water deer based on tooth
eruption and wear. Seo et al. (2017) described
and illustrated the eruption of posterior teeth
in traffic casualties up to 15 months of age.
A technique for ageing based on counting
cementum layers on the first permanent molar
showed promise in a preliminary study (Cooke
2019).

Physiology

Zhang (1996) compared the climate in the spe-
cies’ range in China with that in Bedfordshire and
concluded that, although China had hotter and
wetter summers, the English climate was evi-
dently suitable. Young deer in Europe have been
reported dying from heat stress in poorly-
vegetated, artificial habitats in hot summers,
whereas those in well-vegetated, semi-natural
habitats enjoy good survival in such summers
(Chaplin 1977; Dubost et al. 2008; Cooke
2009a, 2019). Thick coats of hollow hair would
be expected to offer good protection against cold
winter weather, but the winter rut can be disrupted
by spells of exceptionally wet or mild weather
(Cooke 2009a, 2019). The short tail conforms to
Allen’s rule that species in cold climes have
stumpy tails.

The species offers no resistance to attackers,
apart from rival water deer, so that it needs its
large, muscular hind legs to permit a rapid escape,
although there seems to be no evidence that it can
maintain a high speed for very long.

Genetics

Chromosomes

Chromosome number was reported by Zima and
Král (1984) as 2n ¼ 70. The X chromosomes are
acrocentric, this species being one of only two
telemetacarpalian cervids with this condition
(Groves and Grubb 1987).
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Genetic Diversity

Designation of the two subspecies was based on
morphology, including pelage color (Koh et al.
2009). These last authors reported two sympatric
mitochondrial DNA clades, a major clade from
China and Korea, and a minor one solely from
Korea; a reconsideration of classification was
proposed. Recent genetic advances have been

reviewed by Schilling and Rössner (2017). Hu
et al. (2006), Fautley (2013), and Putman et al.
(2021) reported on genetic studies of relevance
to conserving the species. In China, populations
on the Zhoushan Islands differed genetically
from those on the mainland, indicating
long-term separation; while genetic diversity
was lower in English populations. Introduced
populations in England were thought to be

Fig. 3 Skull of Hydropotes inermis. (a–c) Lateral and dorsal views of skull, (d) lateral view of left mandible (view from
outside), (e) ventral view of skull, (f) dorsal view of mandible (photographs © Franz Müller)
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descended from an extinct population on the
Chinese mainland close to Shanghai.

Life History

Growth

May and June are the main months for giving
birth, with most births occurring at the end of
May or the beginning of June at Whipsnade Zoo
in England, Yancheng Reserve in China, and at
Branféré Zoo in France (Zhang 1996; Dubost
et al. 2008). Body mass at birth is in the range
0.6–1.1 kg, with an initial gain of about 0.1 kg/day
(Chaplin 1977; Cooke and Farrell 1998). Neonate
body mass at Branféré Zoo decreased as litter size
increased from one to three (Dubost et al. 2008).

The pale spots on the dark brown fawns have
disappeared by 2 months of age (Cooke and Far-
rell 1998; Cooke 2019). Fawns then have a
shaggy appearance which lasts for about another
2 months. At the age of about 6 months, they are
slightly smaller, slimmer versions of full adults,
with a live body mass of 9–12 kg (Chaplin 1977),
roughly 60–80% of their eventual size. By the
time they are 1 year old, they are largely indistin-
guishable in the field from older deer.

Reproduction

Young deer reach sexual maturity at 4–7 months
in England (Chaplin 1977) and 5–8 months in
China (Sheng and Lu 1984), in time to participate
in their first rut. Rutting behavior occurs in
mid-winter from November until January, gener-
ally peaking in December in different populations
in Asia and Europe (Cooke 2019).

Water deer produce litters of young. Chaplin
(1977) working on populations in the Woburn
area of Bedfordshire recorded that, as number of
ova per ovulation increased, so implantation rate
decreased. He reported as many as seven fetuses,
but average number per pregnant female was 2.3.
Estimates of length of gestation ranged from 165 to
210 dayswith an average of about 170 days (Zhang
1996; Dubost et al. 2008; Cooke 2019).

Mean litter size at Poyang Lake and on Zhou-
shan Island in China was 2.5, and was 2.9 in
captive deer (Sheng 1992). Litters of six have
been reported by hunters in China, but were
exceptionally rare (Sheng and Lu 1984). In
England, four was the maximum litter size found
by Chaplin (1977), while six litters studied by
Zhang (1996) at Whipsnade Zoo were all com-
posed of twins. Childerley (2014) reported that
litters of five were not uncommon in a managed
population in Bedfordshire. At Branféré Zoo,
mean litter size decreased from 2.3 in 2003, to
1.9 in 2004, and to 1.7 in 2005; this decrease was
associated with an increase in density in the
already high-density, captive population (Dubost
et al. 2008).

Survival

Sex ratio at birth has been reported not to deviate
from parity (Zhang 1996; Dubost et al. 2008). Sex
ratios of adults in wild and captive populations
have varied with the widest range being reported
for samples from Whipsnade Zoo: females:males
1:0.81 (Middleton 1937) and 1:1.46 (Zhang
1996). The mean reported sex ratio for seven
situations was 1:0.97 (Cooke 2019).

In the study at Branféré Zoo, 48% of fawns
died during their first month, including 41% dur-
ing the first week (Dubost et al. 2008). At 3 and
6 months, mortality was 57% and 70%, respec-
tively; after 6 months, mortality rates lessened.
Females at Branféré produced on average 0.7
young alive at the age of 1 month (Dubost et al.
2008), whereas, in coastal populations in Jiangsu
Province in China, mean production of young per
adult female by August was 1.5 (Xu et al. 1996).
During the 42-year study at Woodwalton Fen, the
average estimate for young deer per female sur-
viving in the population until winter was 0.6 with
a maximum of 1.7 (Cooke 2019).

Annual adult mortality at Branféré Zoo was
20% (Dubost et al. 2008), similar to losses expe-
rienced at Woodwalton Fen (Cooke 2009a, 2019).
At Branféré Zoo, 8 years was the maximum age of
a sample of 32 dead yearlings and adults (Dubost
et al. 2008); from the rate of tooth wear, deer older
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than 8 years would be expected to have difficulty
grazing. Potential longevity was given as 11 years
by Dubost et al. (2011a).

Habitat and Diet

Habitat Selection and Movement

In Yancheng Nature Reserve in China, water deer
selected quiet wetland areas with tall vegetation
(Zhang et al. 2006). At Dafeng, they left the cover
of wetland or grassland at night to feed on arable
fields (Zhang and Zhang 2002); and behavior was
evidently similar on islands in the Zhoushan
Archipelago (Sheng and Lu 1984). In South
Korea, Kim et al. (2011) found they occurred at
highest densities in lowland areas and came into
conflict with farmers over damage to crops. Won
and Smith (1999) referred to attraction to forested
areas and early successional vegetation. A Habitat
Suitability Index was developed and successfully
tested by Jung et al. (2016); Korean water deer
avoided roads, preferring wetlands and forest
areas. Because of its abundance and the extent of
knowledge of its habitat requirements in South
Korea, the water deer was chosen as a model
species to examine the environmental impact of
a road construction project (Choi and Lee 2019).

In England, water deer are recorded from a
range of inland and coastal habitats including
fens, grazing marshes, grassland, arable farmland,
and woodland (Cooke and Farrell 1998; Cooke
2019). Their greatest concentrations occur in wet-
lands in eastern England. Such sites provide cover
in the form of woodland, scrub dominated by
sallow Salix species, beds of common reed Phrag-
mites australis, and areas dominated by grasses
and sedges. Optimal territories in wetland also
have open feeding areas. Dense populations
often have access to better feeding on nearby
farmland at critical times of year when food is
scarce inside the wetland. In counties such as
Bedfordshire and Buckinghamshire, many deer
live out their lives on predominantly-arable,
sparsely-wooded farmland, and aggregations can
be seen at certain times of year feeding and resting
on open fields (Nau 1992; Childerley 2014;

Cooke 2019). In the fens of Cambridgeshire,
other populations live in quiet arable areas, mak-
ing use of cover, such as dry ditches, patches of
scrub, and farm crops (Cooke 2010, 2019). Large
tracts of woodland do not comprise good habitat,
but water deer will readily utilize woodland as
part of their home range. In many situations they
are “edge” animals moving regularly between
cover and feeding areas.

As their name suggests, water deer are good
swimmers in both fresh and sea water (Sheng and
Lu 1984; Cooke 2019).

At Poyang Lake in China, mean seasonal home
ranges in grassland and hills varied between
18 and 46 ha, depending on season and method-
ology, deer being forced by summer flooding to
migrate to the hills (Xiao and Sheng 1990; Sun
and Sheng 1990; Sun and Xiao 1995). At
Whipsnade Zoo, mean annual home range was
21 ha (Stadler 1991). In contrast, mean seasonal
home ranges of deer introduced to a large wildlife
sanctuary at Shanghai were 100–300 ha (He et al.
2016). In South Korea, short-term tracking of four
individuals revealed home ranges varying from
16 to 643 ha (Kim and Lee 2011).

Rate of dispersal is highly variable.Woodwalton
Fen was until recently surrounded by arable farm-
land; its water deer population was well established
by the 1970s, but even by 2014 the area where
resident deer could be found was only 10 km by
15 km (Cooke 2019). This can be contrasted with
Broadland in eastern England where there are large
areas of interconnected wetland. In 1970, the spe-
cies was still rare there, but it had colonized an area
more than 20 km across by 3 years later; and by
2000, deer were more than 30 km away from the
center of the Broads in some directions (Cooke
2019).

Feeding

Water deer have been placed between the concen-
trate selectors and intermediate feeders on the
basis of structure of their digestive tract and feed-
ing behavior (Hofmann 1985; Putman 1988). On
the Zhoushan Islands off the coast of eastern
China, Guo and Zhang (2005) reported that 60%
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of plants eaten were forbs, 30% were woody spe-
cies, 8% were ferns and 2% were grasses. Deer
tended to focus on the tender tips of plants with
woody stems being ignored. At Whipsnade Zoo,
Zhang (1996, 2000a) examined rumen contents
and found the diet comprised 66% grasses, 22%
forbs and 4% woody species plus 8% unidentified
fragments. In Cambridgeshire, rumen contents of
eight deer revealed that 34% of drained mass was
of browse-species, 62% of graze-species (includ-
ing 36% of grasses and sedges), and 4% was
unidentified (L. Farrell and A. Mitchell-Jones in
Cooke 2019). Dietary composition differed in the
various studies, indicating that the deer will make
use of what is available – although at Whipsnade
Zoo, choice appears to have been insufficiently
varied (Hofmann et al. 1988).

Behavior

Social Behavior

Chaplin (1977), Stadler (1991), and Zhang (1996,
1998) described in detail maternal behavior
toward young fawns. Immediately after the fawn
is born, it is groomed, which may impart recog-
nizable scent. A dead fawn elicits no maternal
response. Live fawns are initially left in sheltered
places and their mother returns four to five times
per day to suckle and groom them. Older fawns
may be seen accompanying their mothers. There
is no significant difference in the attention given
to male and female fawns. Amount of suckling
decreases from about 3 weeks of age, and they are
weaned by 3 months. No durable bond exists
between mothers and their young (Dubost et al.
2011b).

There is no mutual grooming by adults, phys-
ical contact between individuals being restricted
to what is necessary for reproduction and rearing
young (Dubost et al. 2011b; Cooke 2019). For
much of the year, water deer tend to be solitary.
During the midwinter rut, females may shun the
company of other females. Published information
on group size varies according to circumstance
and season. In China, for example, 85% of obser-
vations were of solitary animals in early summer,

whereas this figure dropped to 55% during the
midwinter rut (Sheng 1992). Year-round observa-
tions at Woodwalton Fen and Whipsnade Zoo
gave figures of 78% and 34% of single animals,
respectively (Cooke and Farrell 1981; Stadler
1991), reflecting the artificially-high density at
the latter site. At Woodwalton Fen, males tend to
be solitary apart from during the rut and when
gathering to feed communally on the best grazing
grounds in the early months of the year. This latter
activity can result in loose associations of 10–20
deer of mixed ages and sexes. For deer resident on
farmland, aggregations can also be seen at other
times of year.

Mating Behavior

Males defend territories for much of the year, but
territories may change in position during that time
if the population moves seasonally or because of
disturbance or other factors (Cooke 2019). At
Poyang Lake in China, water deer returned in
early winter to breed on grassland by the lake
shore (Xiao and Sheng 1990; Sun and Sheng
1990; Sun and Xiao 1995). Farming activity
caused further small-scale movement, with males
following the females to good grazing; this was
interpreted as female density dictating where the
males set up territories. At Whipsnade Zoo, Stadler
(1991) described males defending an area during
the rut of about 1 ha with resources that were
attractive to the females. At Woodwalton Fen,
there are usually a number of relatively small,
stable territories of up to 15 ha bounded by ditches
and containing a mosaic of habitats providing good
cover and forage (Cooke 2019). Any buck with
such a territory will probably find one or more
females based there. There are also areas charac-
terized by substantial open habitat with adjacent
patches of sallow that will be occupied by a number
of bucks, which emerge to joust at dusk.

As midwinter approaches, males repeatedly
test the estrous state of females living and feeding
within their territories. When advancing toward a
female, the male gives a soft whistle with neck
outstretched and head rotating so there is a slap-
ping movement of the ears (Stadler 1991). If the
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female is not in estrus, she may move away. How-
ever, if she is receptive, the pair is likely to stay
together for several hours with the male courting
and repeatedly mounting the female. Mating has
been witnessed as early as mid-November at
Branféré Zoo in France (Dubost et al. 2011b)
and as late as early January in England
(S. Plummer, pers. comm.). Mating lasts less
than 20 s (Sun and Dai 1995; Zhang 1996; Dubost
et al. 2011b) and is rarely seen in (semi-)natural
habitat as it may occur in deep cover and/or at
night. The mating system is polygynous (Sun and
Dai 1995).

Analysis of fecal androgen levels in males
indicated that they peaked when various types of
rutting behavior were most frequent (Mauget et al.
2007; Yu et al. 2013). The first authors concluded
that the sexually receptive state of females might
only last a few hours, but they have earlier peaks
in levels of progesterone metabolites without any
apparent change in behavior. These observations
may explain why males continually assess the
females’ state of estrus during the rut.

Communication

Males mark territories in a variety of ways. Com-
monly, there is scraping with urine and dung added;
in the rut, pellet group size is reduced to increase the
number of places marked (Sun et al. 1994). When
defecating, deer adopt an exaggerated posture with
the back arched. Males rub their foreheads against
vegetation (Feer 1982; Sheng and Lu 1984; Stadler
1991), but the process of marking is not clear. An
apparently different method of marking vegetation
involves the tusk being hooked around a thin stem
and the head being moved up and down (Harris and
Duff 1970). It is possible that both methods result in
scent being applied from the pre-orbital glands
(Sheng 1992; Cooke 2019). The gas chromato-
graphic profiles of scent profiles derived from the
pre-orbital glands of 53 water deer were all different
indicating that deer can leave their own individual
signals (Lawson et al. 2000).

The bark of alarm has been variously described
as a growl, scream, or grumble (Cooke and Farrell
1998). Deer are more likely to bark in the summer

months (Cooke and Farrell 1981; Stadler 1991)
perhaps because barking is associated with mater-
nal care of fawns or because it is an effective
method of communicating when vegetation is
tall and dense. At Woodwalton Fen, individuals
are also more likely to bark in winters when the
population is relatively low. A mechanical whick-
ering noise, probably made using the molars, is
often heard when a male chases a rival and is
occasionally uttered by females (Cooke and Far-
rell 1981; Stadler 1991). Other sounds include
squeaking by males following females, soft
squeaking by submissive deer, gentle whistling
by mothers to fawns and loud screaming by
injured or trapped individuals (Cooke and Farrell
1998).

Activity and Foraging Behavior

Zhang (1996, 2000b) found that deer at
Whipsnade Zoo had two main periods of feeding
during the day – in the morning and the late
afternoon; feeding bouts lasting roughly 20 min
were interspersed with periods of rumination. Ma
et al. (2013) reported similar findings after study-
ing time budgets and activity rhythms of captive
water deer in a park at Shanghai. Recent studies at
Woodwalton Fen have demonstrated that much
feeding can also occur at night (Cooke 2012a, b;
unpublished observations).

Water deer grip palatable vegetation between
their incisors and the dental pad, and bite, tear, or
pull it off. When feeding in the open on low
vegetation, they typically continue to walk slowly.
Movement is more limited when tackling a mass
of taller vegetation, such as bushes of bramble
Rubus fruticosus or patches of comfrey
Symphytum officinale. Water deer have not been
reported as standing erect on their hind legs in
order to feed on higher vegetation (Cooke 2019).

Aggressive Behavior

Most of the aggression seen in water deer is
between males, but females also display aggres-
sion and attempt to avoid other deer around the
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time they are giving birth (Stadler 1991; Dubost
et al. 2011b). Chases were most often recorded at
Woodwalton Fen during December and from
March to May (Cooke and Farrell 1981, 1983,
2001). For much of the year, a male endeavors to
maximize his distance from other males. Rivals
entering a territory are approached by the resident
male with a stiff gait and most are then chased
away. If they do not back down, the two rivals
may begin parallel walking, which can be a pre-
lude to a fight. Deer attempt to land blows with
their front legs and particularly to strike with their
tusks (Stadler 1991; Dean and Cooke 2015;
Cooke 2019). Fights are rarely seen in
semi-natural habitats as they are usually over
within a minute and may take place in dense
cover. Males can sustain serious injuries when
fighting, and death has occasionally been
recorded (Stadler 1991). Ear damage is very com-
mon and occurs on the left ear more frequently
than the right, suggesting that rivals tend to move
anticlockwise during a confrontation (Cooke
2013); this suggestion is supported by recent pho-
tographic and video evidence (Cooke 2019).

Vigilance and Escape Behavior

Senses of smell, hearing, and, probably especially,
sight are important to water deer to avoid danger.
Stadler (1991) described deer regularly scanning
their immediate environment, while staring
behavior helps to evaluate a potential threat.
Head bobbing sometimes occurs (Cooke and Far-
rell 1998; Tian et al. 2012). Deer may stand and
bark at a perceived threat or crouch low trying to
take advantage of any cover (Cooke 2019). More
typically, however, they will run away – not nec-
essarily moving quickly into the nearest cover, but
often running straight or in wide arcs to distance
themselves from the threat. Sometimes, particu-
larly in open habitats, they bound in an exagger-
ated fashion flinging their hind legs high into the
air. Korean water deer have been found to favor
habitat that permits earlier detection of
approaching predators (Eom et al. 2018). Simi-
larly, in England, deer in open fields tend to keep
away from the edges (Childerley 2014); in

addition, being in groups confers extra protection
via improved vigilance.

Parasites and Diseases

Ectoparasites reported from England include ticks
Ixodes species, keds Lipoptena species, and
unspecified lice, with park populations carrying
higher burdens than wild animals living at lower
density (Chaplin 1977). Several deer were exam-
ined from the mortality incident at Whipsnade
Zoo, mentioned above, and were found to contain
large numbers of nematodes: cause of death was
given as enteritis (Middleton 1937). Survivors
were sampled for post-mortem examination, but
were found to be in excellent condition. In the
study at Branféré Zoo, 25% of dead adults suf-
fered from advanced periodontal diseases (Dubost
et al. 2008). At Woodwalton Fen, deformed front
legs have been noted on several adults that has
made running and even walking difficult (Cooke
and Farrell 1998).

Population Ecology

Density

Signs of deer were first seen inWoodwalton Fen in
1962 and, by the winter of 1976/1977, the popula-
tion was reasonably stable with an estimated den-
sity of 40–50 per km2 (Cooke and Farrell 1981).
Density for deer based in the Woodwalton Fen
reserve peaked at an unsustainable level of >100
per km2 in 2011/2012 following destruction of
fields of elephant grass Miscanthus species on
adjacent farmland (Cooke 2019); previously a
metapopulation had built up in the area. Densities
up to 40 per km2 have been reported from other
English wetlands (Nobbs 2002; Cooke 2019). On
farming landscapes in Bedfordshire, published
estimates of density have included 0.2–0.5 per
km2 (Nau 1992) and 8–9 per km2 for a maintained
and managed population (Cooke 2009b). How-
ever, localized counts on one particular estate in
Bedfordshire, where deer are managed for hunting,
substantially exceeded 100 per km2 (S. Plummer,

8 Chinese Water Deer Hydropotes inermis Swinhoe, 1870 207



pers. comm.). Densities in populations in China up
until the 1990s were 3–90 per km2 (Wang and
Sheng 1990; Sheng 1992; Zhang 1996), but have
declined since then (Chen et al. 2009). Across
South Korea, landscape densities were 2 per km2

in upland areas and 7 per km2 in lowlands (Kim
et al. 2011).

Population Dynamics

Zhang (1996) concluded that the water deer has
many life-style characteristics that mark it out as
being, relative to other cervids, r-selected in the
sense discussed byMacArthur andWilson (1967).
Dubost et al. (2011a) collected data on growth,
age at maturity, reproduction, and length of life for
the water deer for comparison with data for
22 other artiodactyls of similar size and 8 large
rodents. They found this species to be the most
precocious and prolific ruminant, being compara-
ble to large rodents.

Because of high productivity, a population of
water deer can increase very quickly. During 1929
and 1930, 32 were released onto about 60 ha of
undeveloped pasture at Whipsnade Zoo, and had
increased to about 200 by 1933 (Middleton 1937).
At Woodwalton Fen, periods of population
increase occurred when the area of suitable habitat
increased, and were characterized by high levels
of recruitment (Cooke 2009a, 2019). This might
have been due to better breeding and/or to reduced
dispersal of young deer. During periods of relative
stability, mean annual loss and recruitment to the
winter population both averaged roughly 20%.

Currently, in England, shooting and road traffic
are two major mortality factors for deer aged at
least 6 months (Cooke 2009a, 2019). Apart from
man, the only predators on adult water deer in
England are dogs, including those that are used
illegally for coursing purposes (Childerley 2014;
Cooke 2019). Significant mortality incidents
involving the death of more than 100 deer have
been recorded at Whipsnade Zoo due to enteritis
(Middleton 1937) and at Yancheng Reserve due to
inundation (Zhang 1994; Xu and Lu 1996).
Populations in China have been exposed to high
levels of hunting; on the Zhoushan Islands during

the winter of 1982/1983, 84% of deer were less
than 3 years old (Sheng and Lu 1984). Large nat-
ural predators are now much rarer in China and
Korea, and this is one reason for the recent increase
in the deer population in South Korea (Jung et al.
2016; Kim 2017). In South Korea, one third of
water deer may die annually from hunting, perse-
cution or in traffic accidents (Kim 2017; Chun
2018). The water deer is the most frequently
recorded species of roadkill in the data assembled
annually by the South Korea Highway Corporation
(Choi and Lee 2019). Water deer are prone to
capture myopathy (Cooke and Farrell 1998; Kim
and Lee 2011; Smith-Jones 2017).

High mortality of fawns has been found in
many situations and has been blamed on a variety
of factors including birthing difficulties, exposure,
and predation (Chaplin 1977; Zhang 1996;
Dubost et al. 2008; Cooke 2019). In England,
small fawns are killed by a range of predators,
especially the red fox Vulpes vulpes, and including
avian species, such the carrion crow Corvus
corone. In China, poaching of fawns for the colos-
trum in their stomachs to use as a traditional
medicine has been a serious problem on the Zhou-
shan Islands (Zhang and Guo 2000).

At Woodwalton Fen, the main periods of adult
mortality during the first 4 years of the study
coincided with hard weather, with 64% of dead
deer being found during January–March (Cooke
and Farrell 1981). Snow cover and flooding
forced deer out of the reserve onto the adjacent
farmland. There were indications in this study of
weather affecting breeding and recruitment
(Cooke 2009a, 2019). Thus, both very cold, wet
winters, and exceptionally mild winters could dis-
rupt the rut and decrease recruitment the following
year. High summer temperatures were associated
with good recruitment during the following rut.
Conversely, hot summers could lead to death of
fawns from heat stress in less well-vegetated situ-
ations (Chaplin 1977; Dubost et al. 2008).

Numbers of water deer in woodland in three
nature reserves in Cambridgeshire decreased as
introduced Reeves’ muntjac Muntiacus reevesi
became established (Cooke 1998, 2006; Cooke
and Farrell 2002). The reason for interaction was
unclear but camera trap studies in winter revealed
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that water deer rarely browsed where Reeves’
muntjac had previously fed (Cooke 2012b, 2019).

Conservation Status

During the twentieth century, numbers and range
were reduced considerably in China by a combi-
nation of factors, especially habitat loss, coastal
inundation, and hunting for food and traditional
medicine (Xu et al. 1998; Harris and Duckworth
2015; Chen et al. 2016). The total population in
China appears to have more than halved from at
least 10,000 in the early 1990s (Sheng 1992;
Sheng and Ohtaishi 1993) to less than 5000 in
2020 (Putman et al. 2021). The species has been
reintroduced into the Shanghai area (Chen et al.
2016). Declines also occurred in the past on the
Korean peninsula because of hunting and habitat
loss (Won and Smith 1999; Kim et al. 2011; Harris
and Duckworth 2015). However, the population
in South Korea has increased since 1970 and may
now be as high as 750,000 due to loss of predators
and competitors (National Institute of Biological
Resources 2017; Kim 2017; Chun 2018). Never-
theless, the level of persecution plus road deaths
in South Korea was said to give cause for concern.
Since 1994, the water deer has been categorized
globally by the IUCN as Vulnerable (Harris and
Duckworth 2015) and now has the same status on
the Chinese Red List (Jiang et al. 2015).

Although there is no official recognition in
Britain of the global conservation status of water
deer, a substantial proportion of its English popu-
lation resides in wetland reserves protected for
other species (Cooke 2019). Water deer in
England should be viewed as a valuable conser-
vation resource as the source population in China
appears to be extinct (Fautley 2013; Putman et al.
2021). It is conceivable that translocations back to
China may take place in the future.

Management

In England, 19 individuals were introduced to
Woburn Abbey in Bedfordshire between 1896
and 1913 (Chapman 1995). These bred well and

were moved to other collections. Over the years,
deer escaped from several sources and there were
releases (Chapman 1995). By the early 1960s,
small feral populations were established in a num-
ber of locations (Whitehead 1964). When the
British Deer Society conducted a distribution sur-
vey in 2002, the species was well established in
parts of eastern England, but isolated populations
well away from this main range had failed to
prosper (Ward 2005).

In parts of their native range, water deer are
considered a pest on farm crops (Harris and
Duckworth 2015; Jung et al. 2016; Chun 2018).
A risk assessment for the species has been under-
taken for the UK Government’s Non-Native Spe-
cies Secretariat (Cooke 2011). In England,
observable damage to crops can occur on arable
and grass fields, such as those beside dense wet-
land populations. While this probably does not
currently translate into significant economic loss,
it is of some concern (Cooke 2009a, 2019). Water
deer have not been recorded damaging forestry
interests, but they will contribute to road accident
costs and to the risk of transmission of diseases to
man and livestock. There are no reports of water
deer being culled in England to protect conserva-
tion interests. Nevertheless, at Woodwalton Fen,
they have affected the outcome of conservation
management by destroying palatable coppice
regrowth at densities estimated to be at least
80 per km2 (based on the area of the reserve rather
than their entire range), and the survival of scarce
ground flora could also be at risk in such situations
(Cooke 2012b, 2019).

England is one of the few countries outside
China and Korea where there are opportunities
to hunt water deer, and there is a limited market
among trophy hunters for males with long tusks.
On a few estates in eastern England, wild
populations are managed for shooting (e.g.,
Childerley 2014) which can result in densities
comparable, or even higher, to those in wetland
sites. Because the deer are rare and small, the
market for their venison is very restricted. In
England, a close season for the hunting of water
deer during April–October was introduced in
2007 by an amendment to the Deer Act of 1991.
In 2010, the species was added to Schedule 9 of
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the Wildlife and Countryside Act, 1981, which
lists animals that may not be released into the
wild without an appropriate license.

Future Challenges for Research
and Management

The species is viewed by Government and con-
servation authorities in England with some suspi-
cion regarding its future status and impact. Many
observers are independently monitoring its expan-
sion and possible impacts, so it is unlikely to
become a serious problem without people notic-
ing. However, it is important that such observa-
tions are communicated and collated. Impacts on
farmland need to be assessed for their relevance to
economic yield and frequency of occurrence now
and in the future. Management methods are likely
to be the same as are used for other deer species.

Estimation of the national population requires
knowledge of distribution through the country
and density in utilized habitats. Average or typical
densities are poorly researched, especially for a
widely-available habitat such as arable land.

Our knowledge of the species would benefit
from landscape scale studies of water deer
through a range of habitat types and over a period
of several years, monitoring movement, coloniza-
tion and population change, interactions with man
and other species, and responses to weather con-
ditions and climate.
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Common Names

English Moose (earlier referred to as Elk in Europe
and Moose in North America)

German Elch

French Élan

Spanish Alce

Italian Alce

Russian Лось

Taxonomy, Systematics
and Paleontology

The moose tribe (Alceini) is most closely related to
New World deer and diverged in the Plio-
Pleistocene in Europe (Lister 1993; Geist 1998).
The earliest form is Alces (Libralces) gallicus
which occurred between 2.5 and 1.2 mya in Europe

andWesternAsia (Lister 1993). It has plesimorphic
skull morphology, great length of its antler beams,
and smaller body size than modern A. alces (Lister
1993). A larger moose species Alces (Cervalces)
latifrons (Lister 1993) dated to the early Middle
Pleistocene was also found in Europe and Asia.
Probably in the middle Pleistocene, it entered
North America. In eastern North America, the
remains of an endemic form Alces (Cervalces)
scotti dated to the Wisconsinan age was found. It
is probable that A. scotti was an endemic offshoot
from A. latifrons in North America (Lister 1993
and references therein). The dental and postcranial
anatomy, skull structure, and basic antler plan of
A. latifrons was similar but its size was 50% larger
and the length of antler beam was shorter in com-
parison with A. gallicus. The transition from
A. latifrons to A. alces occurred in Eurasia in the
late Middle or early Late Pleistocene. The
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contemporary moose species A. alces (Fig. 1) is
known from remains dated from the early
Weichselian (last) cold stage (c. 100 kya) up to
the present day. In comparison to A. latifrons,
A. alces is smaller, its antler beam has become
substantially shortened and the skull architecture
is changed (the facial region having deepened and
the nasals shortened) (Lister 1993).

The genus Alces contains one species, divided
into six (according to Whitehead 1993) to eight
(Dzięciołowski and Pielowski 1993; Hundertmark
2016) or nine subspecies: Alces alces alces (Lin-
naeus, 1758) in Europe and Asia: A. a. cameloides
Milne-Edwards 1867, A. a. pfizenmayeri Żukowski
1910,A. a. buturlini (division according toHundert-
mark 2016), and A. a. caucasicus Verestsagin 1955
(extinct since the nineteenth century) in Asia, and
the other four in North America (Peterson 1955).
Hundertmark and Bowyer (2004) provided a distri-
bution map of the eight extant subspecies. This
division into subspecies is based on morphology
and geographic distribution. Geist (1998) suggested
that the species should be separated into two sub-
species: Alces alces alces Linnaeus, 1758 and Alces
alces americanus Clinton, 1822. Boeskorov (1999)
treated the alces and americanus subspecies (sepa-
rated by the Yenisei River) as species; however,
according to the analyses of mtDNA there are
three forms of moose: the Asian inhabiting Asia,
the European occurring in Europe and Western
Asia, and the American in North America
(Hundertmark et al. 2002). See the Genetics sub-
chapter for more details. Moose in Europe and
Western Siberia have 2n ¼ 68 chromosomes and

moose in North America, the Far East and Eastern
Siberia have 2n ¼ 70 chromosomes (Boeskorov
1997).

Current Distribution

The range of the moose extends to both eastern and
western hemispheres and is found north of latitude
40� N. In Eurasia the range of the European moose
Alces alces alces extends fromNorway in the north-
west, through Sweden, Finland, Baltic States, Bela-
rus, Poland, and Russia (including Western Siberia
to the Yenisei River in the east), south to Ukraine
(Fig. 2), vagrant in Croatia, Hungary, Romania, and
Slovakia (Wilson and Reeder 2005; Jensen et al.
2020). Stable moose population reach their south-
western limit of their geographical range in Poland
(Apollonio et al. 2010). Small, isolated populations
occur also in southeastern Germany and western
Czech Republic (Jensen et al. 2020). The distribu-
tion range of Asiatic subspecies of moose extends
from western Asia through N Kazakhstan, N China
(N Sinkiang), and possibly adjacent parts of Mon-
golia to Yakutia, Eastern Asia (Hundertmark 2016;
Jensen et al. 2020), and Kamchatka.

Description

Moose are very well adapted to cold temperatures,
with their anatomical and physiological features
in the form of a large body size, long legs, thick
fur, and long snout. Next to adaptation to the cold

a b

Fig. 1 Moose (Alces alces): (a) a female with a calf; (b) a male (photographs by: K. Górecki)
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climate, moose are also well adapted to water
conditions. They can swim large distances (sev-
eral kilometers), both in lakes and in marine sys-
tems. Their long legs with splaying hooves give
effective support for both swimming and moving
on muddy terrain. They can close their nostrils
when diving and feeding with heads under water
for aquatic forage.

Size and Morphology

Moose are the largest of the deer family. Differ-
ences in body size between sexes, however, are
negligible at birth. On average, calves weigh
between 13 and 15 kg, and as for adult moose,
individuals are generally heavier at higher latitude
compared to lower latitude (Ericsson et al. 2002,

Ericsson, unpublished data). Adult moose weigh
between 200 and 550 kg, but can reach a living
mass of up to 650 kg and can have a shoulder
height up to 2 meters. On average, male moose are
about 20% larger than female moose, being both
taller and heavier and having a coarser neck and a
larger chin beard (Garel et al. 2006). Female
moose are fully grown at an age of 3–4 years,
whereas male moose grow for a longer period
and can become heavier until an age of 8 years
(Ericsson and Wallin 2001; Ericsson et al. 2001;
Garel et al. 2006; Svensson 2008). Depending on
harshness of their environment, morphological
characteristics vary among areas. More specifi-
cally, moose have larger hooves and longer legs
in areas with more severe snow conditions than
expected from their size (Lundmark 2008). Long
legs may help moose to move easily through snow

Map template Europe: Getty images/iStockphoto

Map template: © Getty Images/iStockphoto

Fig. 2 Continuous range of the European moose (Alces
alces alces). Distribution is based on the IUCN Red List of
Threatened Species. Version 2017–2 and modified
according to data published in Niedziałkowska et al.

2014 and Niedziałkowska 2017. Please also consult
https://www.iucnredlist.org/about/citationinfo. (Map tem-
plate: © Copyright Getty Images/iStockphoto)
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(Lundmark 2008). In areas with cold winters,
moose are heavier and have shorter ears compared
to moose in areas with milder winters (Lundmark
2008). On population scale, vegetation quality
and phenology, as well as winter harshness and
population density, are important factors that
shape geographical gradients in moose body
mass (Herfindal et al. 2006a, b). It is important
to note, however, that variation in body mass in
relation to environmental conditions was largest
for moose at the borders of the fundamental niche
space (Herfindal et al. 2006b). Next to environ-
mental conditions (i.e., habitat diversity, season-
ality, and winter harshness), however, the genetic
background influences the variation in moose
body mass as well (Herfindal et al. 2014). In
moose, sexual size dimorphism is higher in areas
with short growing seasons, whereas it is indepen-
dent of population density (Garel et al. 2006). Yet,
in strongly female-biased populations, the
strength of female-biased sex ratios affects the
sexual size dimorphism with lower male body
growth in populations that show a high female to
male ratios (Garel et al. 2006). In moose calves,
body mass is positively related to the length of the
vegetation period and negatively to altitude with a
larger altitudinal effect observed for female calves
(Ericsson et al. 2002). Following annual variation
in weather conditions, the positive relation of calf
body mass to length of growing season can gen-
erate cohort effects in female moose born at higher
altitude (Ericsson et al. 2002). In line with the
close link to vegetation length, calving date is an
important factor affecting calf body mass next to
mother age, thereby generating cohort effects
(Solberg et al. 2007).

The moose skull achieves its characteristic
elongated shape as animals mature (Svensson
2008). In premature moose, the profile of the
skull looks short and juvenile, which grows longer
and stronger at beginning of maturity, but still
lacks the long and parallel headlines of a mature
moose (Svensson 2008). At an age of 3–4 years,
the skull of a female moose has attained its typical
shape but continues to grow as the individual ages
(Svensson 2008). In male moose, the shape of the
skull is fully developed by an age of 3–5 years but
continues to grow and to become coarser with

growing age. In adult moose, skull height
(26.1 cm vs. 24.5 cm), width (21.9–22.9 cm
vs. 20.7–21.1 cm), and total skull length
(58.4 cm vs. 56.8 cm) are on average longer in
male moose compared to females, and there are no
differences between lower and higher latitudes,
except for skull width, with moose at higher lati-
tude having on average wider skulls (Ericsson,
unpublished data). Timing of senescence and
deterioration of body features vary between the
sexes, and are closely related to individuals’ tooth
wear (Ericsson and Wallin 2001; Svensson 2008).
Compared to females, male moose experience a
greater rate of tooth wear with age (Ericsson and
Wallin 2001). Yet, it is important to note that tooth
wear depends on the amount of silicates in the diet
and the environment. As a result, moose that e.g.,
live in sandy environments, or have access to
supplemental feed on the ground, have a fast
tooth wear.

Pelage

Moose calves are born with a reddish coat, which
will transform stepwise into the typical coloring of
moose after about 3 months at the beginning of
fall (Svensson 2008). The pelage of adult moose
can vary in color, from dark brown and almost
black to light brown and gray. In extremely rare
cases, entirely or partially white moose can occur,
which is, however, not indicative of albinism, but
is caused by a recessive gene that lead to white fur
with specks of brown. The color of the long legs is
always light gray, otherwise independent from the
individual’s hue (Svensson 2008). The bright
streak female moose have along the inside of
their hind legs during all seasons and which is
easily visible from behind as a vulval patch, dis-
tinguishes them from male moose year around.
Seasonally, moose change their coat only once in
late spring/early summer. During the following
months, the coat grows to a well-insulated winter
pelage. The pelage has two layers – a top layer of
long guard hairs and a soft woolly undercoat. The
guard hairs are hollow and filled with air, which
aids insulation. Generally, thermal radiation is
very low in moose (Svensson 2008).
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Dentition

Moose have 32 teeth with the following dental
formula on each side: Milk teeth 0.1.3.0/3.1.3.0
(Svensson 2008); permanent dentition 0.0.3.3/
3.1.3.3 (Bubenik 2007). Calves are born with
three incisors, one canine, and three premolars, all
being deciduous teeth (Svensson 2008). In sum-
mer, the first (permanent) molar adds on. During
the deciduous tooth period, the third premolar has
three sections, but it is two-crowned as a permanent
molar. During normal teeth development, an addi-
tional molar grows between December and
February, and in the following summer, the year-
ling will develop its permanent rear molar. During
its second fall, most moose have their final perma-
nent dentition (Svensson 2008).

Age Determination

When not handling the animal, the shape of the
skull together with body appearance can aid to
estimate age class of a moose in the field.
Counting cementum annuli requires removal of a
tooth, normally the first incisor, and although
tooth removal is possible while handling,
counting annuli requires lab equipment. The
only age determination method for use on live
moose is tooth replacement and wear, which is
subjective and can be site-specific (Rolandsen
et al. 2008; Boertje et al. 2015). In dead moose,
section of the first molar to count the annual rings
allows for exact age determination (Skuncke
1949; Ericsson et al. 2001).

Antlers

In moose, only males have developed antlers
which are replaced regularly. Antlers consist of
the same bone tissue as the skeleton, and due to
increased blood supply by the blood vessels at the
pedicle, the antlers are regrown annually, pro-
tected by the velvet (Svensson 2008). Daylight,
hormones, and forage control antler growth.
While the growth hormone – which dominates

between April and September – favors antler
growth, testosterone – which increasingly domi-
nates as the rutting period approaches – inhibits
growth and promotes calcification (Svensson
2008). Just before the onset of the rutting period,
the male removes the velvet skin, which at that
point of time has become dry. With the end of the
rutting period, levels of testosterone decrease and
the growth hormones regain dominance (between
December and March), which loosens the antlers’
attachment to the pedicle and finally results in the
dropping of the antlers (Svensson 2008).
Dropping of the antlers has been observed
between December and March with older bulls
generally losing their antlers first (Svensson
2008). Although being less energy-demanding
than gestation and milk production in females,
male antler growth is resource-demanding,
where phosphorus next to energy are likely the
most limiting factors for growth (Moen and Pastor
1998).

Antler size is sensitive to selective harvest with
increasing antler growth in young males when
released from high harvest pressure, but maybe
less affected by the biased sex ratios (Solberg and
Saether 1994; Tiilikainen et al. 2010). Geograph-
ically, Russian moose antler morphology can vary
largely, distinguishing four different groups:
European, Siberian, the north of the Far East, the
south of the Far East, and suggesting a distinction
between the European and the Siberian group at
the Ural Mountains (Kolesnikov and Kozlovskii
2014). Within European male moose, three phe-
notypes of antler exist – non-palmated (also
referred to as cervina), intermediate, and palmated
– and occurrence of a given type is correlated to
age, body size, and antler size characteristics as
well as to latitude (e.g., in Finland, Nygren et al.
2007). In younger and very old age groups, the
cervina type dominates, whereas male moose at
prime age (6.5–10.5 years) carry prevalently the
intermediate and palmated types (Fig. 3, Nygren
et al. 2007). Older (> 6.5 years) and heavier
(> 270 kg carcass mass) bulls produce larger
antlers with an average spread of 95 cm to
117 cm, depending on antler type (e.g., Finland,
Nygren et al. 2007).
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Physiology

Moose are browsers, and like all other rumi-
nants, they are dependent on microbial fermen-
tation in the rumen to utilize the energy in the
forage. They are effective in metabolizing car-
bohydrates, mostly in the form of cellulose
(Solden et al. 2018). In late spring, summer,
and early autumn, moose are anabolic and rely
on a high protein content in their diet to increase
their body condition prior to the winter months.
During late autumn, winter, and early spring,
they are in a catabolic state, as they rely on a
diet rich in fiber.

In Scandinavian female moose, mean daily body
temperature ranges between 38.03–38.64 �C with
lowest body temperatures recorded in late winter
and highest in summer (Græsli et al. 2020). Next
to seasonal changes in body temperature, heart rates
also vary seasonally with average rates of 40.5 beats
per minute (winter) and of 71.9 beats per minute
(summer). This results in a decrease of the animals’
metabolic rate with 60% from summer to winter
(Græsli et al. 2020). Thus, lowered body tempera-
tures and heart rates demonstrate hypometabolism
in moose, suggesting a strategy to reduce energy
expenditures during a period when resources are
limited (Græsli et al. 2020).

Fig. 3 Illustration from Nygren et al. 2007 (Fig. 1) show-
ing the stylized drawing of three antler types in young
(left), middle-aged (middle) and prime (right) bulls. Pal-
mate type (top row), intermediate (center row), and

non-palmate (bottom row). (Drawing by Maija Wallén,
Nygren et al. 2007). (Reproduced with kind permission
from Maija Wallén and Tuire Nygren, 10 Nov 2021)

9 Moose Alces alces (Linnaeus, 1758) 221



Genetics

Chromosomes

Two chromosomal forms exist in moose with
moose in Europe and Western Siberia having 2n¼
68 chromosomes and moose in North America, the
Far East and Eastern Siberia having 2n ¼ 70 chro-
mosomes (Boeskorov 1997), although our knowl-
edge of the Asian karyotype is based on a small
sample size.

Phylogeny and Phylogeography

There are three mtDNA lineages of moose: Asian,
European, and American (Hundertmark et al.
2002). Moose belonging to the European mtDNA
genetic lineage inhabit Europe and western Asia
and consist of three clades (the eastern the central
and the western, Niedziałkowska et al. 2014;
Świsłocka et al. 2020). The eastern clade is divided
further into four haplogroups (Niedziałkowska
2017). The clades evolved before the Last Glacial
Maximum (LGM) and their further evolution took
place before, during and after the LGM and during
the postglacial expansion (Niedziałkowska et al.
2014; Niedziałkowska 2017; Dussex et al. 2020).
The eastern clade is much more complex and its
range is much larger than the range of the central
and western clades and covers almost the whole of
Europe, except Scandinavia (Niedziałkowska
2017, Fig. 4). Also, the effective population size
of the eastern clade is much larger than that of the
western and central clades. Two of the four
haplogroups of the eastern clade are common and
occur in the entire mainland part of the continent.
The other two have narrow or scattered distribu-
tions. The western clade occurs only in Scandina-
via and in the south-western range of moose in
Europe, and the central clade is endemic and was
found almost entirely in eastern Poland (mainly in
the Biebrza River Valley, Świsłocka et al. 2008)
and western Belarus and their surroundings
(Niedziałkowska et al. 2014, Niedziałkowska
2017, Fig. 4).

The highest haplogroup diversity was detected
in the contact zones of different clades and
haplogroups in western Siberia, the Ural

Mountains, northern Finland and in the south-
western part of moose range, and the lowest in
Scandinavia, where only the western clade was
found (Fig. 5, Niedziałkowska 2017). In the
Urals, and western and central Siberia, the contact
zone of European and Asia-American lineages of
moose was identified (Moskvitina et al. 2011;
Niedziałkowska 2017; Meiri et al. 2020). In the
Ural Mountains individuals belonging to all four
haplogroups of the eastern clade were found. In
northern Finland, close to the Norwegian and
Swedish borders, the contact zone between the
western and eastern clades was detected. In the
south-western European moose range (in Poland,
Belarus, and northern Ukraine) specimens
representing the eastern and western and central
clades meet in the secondary contact zone
(Niedziałkowska et al. 2014; Niedziałkowska
2017). It is also highly probable that the genetic
hotspots within the European range of the species
represent refugia, where moose survived the
recent bottlenecks occurring during the last
3000 years (Niedziałkowska et al. 2014).

Genetic Diversity

Microsatellite DNA studies showed that in most
study sites, the hetorozygosity (expected hetero-
zygosity He) of European moose was relatively
high (range He ¼ 0.57–0.75, Haanes et al. 2011,
Kangas et al. 2013, Niedziałkowska et al. 2016a)
in comparison with other common European
ungulate species as red deer Cervus elaphus
(e.g., Niedziałkowska et al. 2012; Zachos et al.
2016) or roe deer Capreolus capreolus (Lorenzini
and Lovari 2006; Olano-Marin et al. 2014) and
slightly higher than in moose populations in North
America (He ¼ 0.45–0.64, Hundertmark 2009,
Schmidt et al. 2009). Within European
populations the highest heterozygosity He was
detected in Karelia (He ¼ 0.75, Kangas et al.
2013) and in Archangelsk, Nizhni Novgorod,
Vladimir, and Tver regions of Russia (He ¼
0.73–0.74, Niedziałkowska et al. 2016a) and the
lowest in Scandinavia (He ¼ 0.53–0.66, Haanes
et al. 2011, Niedziałkowska et al. 2016a).

Overall diversity of mitochondrial DNA
sequences (haplotype diversity – Hd) was greatest
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Fig. 4 The proportion of different mtDNA haplogroups
(here including also clades and lineages) of moose (Alces
alces) in 20 local demes in Europe and western Asia.
Numbers inside the circles – number of haplotypes of

each of the haplogroups, in grey – the range of the contin-
uous European moose lineage, black line – the border of
Europe. (Source: Niedziałkowska 2017, modified)
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in Asian populations (Hd ¼ 0.94) followed by
North American (Hd ¼ 0.86) and European
populations (Hd ¼ 0.74, Hundertmark et al. 2002,
Niedziałkowska et al. 2014). The overall nucleotide
diversity (π) was also the highest in Asian moose
population (π ¼ 0.019, Hundertmark et al. 2002)
in comparison with European (π ¼ 0.013,
Niedziałkowska et al. 2014) and North American
(π ¼ 0.007, Hundertmark et al. 2002) populations,
which is probably a result of the ancestral character
of the Asiatic population of the species
(Hundertmark et al. 2002; Meiri et al. 2020). More-
over, both European and the North American
populations suffered from founder effects and
bottlenecks in the past as consequences of climatic
oscillations and overhunting (Hundertmark
et al. 2002; Hundertmark and Bowyer 2004;
Niedziałkowska et al. 2014; Dussex et al. 2020).
Also, the European moose mtDNA lineage differs
from Asian and American mtDNA lineages by
a 75-bp length mutation (indel, insertion in
European sequences or deletion in Asian-American
sequences) within the control region of mtDNA
(Hundertmark et al. 2002; Niedziałkowska et al.
2014; Meiri et al. 2020).

In Europe the highest haplotype diversity of
mtDNA was detected in moose populations in
western Belarus and eastern Poland (Hd ¼ 0.86)
and in south-central Norway (Hd ¼ 0.70). The
haplotype diversity of Swedish, western Finish
and northern Norwegian moose populations
were the lowest (Hd ¼ 0.04, 0.009, and 0.29,
respectively, Niedziałkowska et al. 2014, Kangas
et al. 2015). Nucleotide diversity was the highest
in populations of western Belarus and eastern
Poland (π ¼ 0.014) and north-eastern Poland and
Kaliningrad region in western Russia (π¼ 0.013).
The lowest π was detected in moose populations
inhabiting Sweden (π ¼ 0.00), northern Norway,
and southern Finland (in both study sites π ¼
0.003) (Niedziałkowska et al. 2014).

Genetic Structure

There are two major genetic populations of moose
in Europe: one inhabiting the Scandinavian Pen-
insula and the second occurring in the mainland
part of the continent. There is a high concordance
between genetic structures assessed by analyses

Fig. 5 The genetic diversity (B index) of 20 local moose
populations in Europe and western Siberia, in grey – the
range of the continuous European moose lineage, black

line – the border of Europe (for details, see Niedziałkowska
2017). Higher values of B index mean higher genetic
diversity
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of microsatellite and mtDNA (Niedziałkowska
et al. 2016a). The time split between these two
genetic clusters/mtDNA clades was estimated at
approximately 28,000–29,000 years BP
(Niedziałkowska et al. 2014, 2016a) indicating
the beginning of the Last Glacial Maximum
(LGM, Clark et al. 2009) and suggesting different
glacial refugia. The main barrier to gene exchange
between these two subpopulations is the Baltic
Sea and an area near the border between Sweden,
Norway, and Finland, where also the contact zone
of two mtDNA clades of moose was identified
(Niedziałkowska et al. 2016a, b). The admixture
rate within the Scandinavian moose subpopula-
tion is lower and gene flow distance is shorter in
comparison with gene exchange within the conti-
nental moose subpopulation (Niedziałkowska
et al. 2016b). However, lower level microsatellite
structures were indicated both within the Scandi-
navian and continental subpopulations. Within the
continental subpopulation the genetic structure
assessed by microsatellites was also concordant
with the distribution of different mtDNA clades.
The substructuring of the European population of
moose is an effect of several events and processes
such as survival in different glacial refugia, post-
glacial expansion, and mixing of the continental
refugial populations, more recent bottlenecks
(approximately 3000–1200 years BP) and histor-
ical (eighteenth to twentieth centuries) decline in
moose numbers (Niedziałkowska et al. 2016a).

Hybridization

There has been alleged hybridization between
moose and wapiti Cervus canadensis and moose
and domestic cow Bos taurus but such cases are
not well documented (comp. Whitehead 1993)
and almost certainly never occurred. Hybridiza-
tion of European, Asian, and American mtDNA
genetic lineages of moose is possible as several
hybrids of these lineages were detected in Estonia
(according to mtDNA they belong to the Asiatic
or American lineage of moose, Niedziałkowska
et al. 2014) and according to microsatellite DNA
to the European (Niedziałkowska et al. 2016a,
Fig. 4). Moreover, two mtDNA genetic lineages:

European and Asiatic co-exist in the Urals and
western Siberia (Moskvitina et al. 2011;
Niedziałkowska 2017; Meiri et al. 2020).

Life History

Growth

At birth, moose calves average 13–15 kg,
depending on latitude, and the body mass of a
single calf is higher than body mass of twin
calves, on average (Ericsson et al. 2002). There
is no difference in the body mass of female and
male offspring (Schwartz 1997; Ericsson,
unpublished data). A young moose, which feeds
on milk and forage diet, grows rapidly (self-
accelerating phase), while after weaning
(c. 5 months after birth) its growth rate decreases
and continues at a slow rate for several years
(Schwartz 1997). In the beginning the growth
rate of calves depends predominantly on quality
and quantity of the milk consumed. After
weaning, due to adverse environmental condi-
tions in the first winter, most of the calves lose
mass and body dimensions. The first winter is the
time when animal growth switches from the accel-
erating phase to the self-inhibiting phase. The
decline in growth rate, however, is much lower
for males than for females. Hence, females com-
plete their body growth earlier in life and have
lower body mass than males (4 and 7–9 years,
respectively). After reaching reproductive senes-
cence, moose body size decreases (Schwartz
1997).

Reproduction

Moose are short-day breeders, and thus breed
seasonally. For most European populations, the
rut spans from late August until mid-October
(in northern Scandinavia) with the peak occurring
in September, depending on latitude (Serafiński
1969; Baskin and Danell 2003; Veeroja et al.
2013; Malmsten et al. 2014a; Neumann and Erics-
son 2018). Most females conceive during the first
estrus; however, consecutive estruses also occur
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(Markgren 1969; Kozhukhov 1989; Malmsten
et al. 2014a). Female moose that do not conceive
during the first estrus usually ovulate again. As a
result, ovulating female moose can also be found
considerably later in fall (Malmsten et al. 2014a).
Male moose are polygynous and actively fight for
access to females (Mysterud et al. 2004). The
rutting period corresponds with high testosterone
levels, which increase in preceding months caus-
ing testicle and antler growth (Schwartz 1997;
Malmsten et al. 2015). Low variation in the rut
length results in a relatively short calving period
occurring from early May to beginning of June
(Serafiński 1969; Baskin and Danell 2003).
Corresponding to latitudinal difference in timing
of estrus and conception, however, moose calves
are born earlier at lower latitudes compared to
higher ones (Neumann et al. 2020). In moose,
the mean length of gestation is 231� 5 (SD) days
(Schwartz and Hundertmark 1993). Most often
single calf or twins are born (Markgren 1969;
Kozhukhov 1989). The birth of triplets occurs
but is a rare event that usually comes with a low
survival chance of the calves (Neumann et al.
2011a).

In males, puberty is reached by yearlings
although body growth is continued. Nonetheless,
young bulls are outcompeted by older, prime-aged
(7–9 years) males and do not actively breed, unless
age ratios are skewed toward younger males by
hunting practices (Mysterud et al. 2005). Moose
become reproductive at an age of 1.5–2.5 years,
depending on body mass (Malmsten et al. 2014a,
2015), which in turn is positively associated to the
mass of the testes. In hunted populations, data on
male moose of higher age (> 8 years) are limited,
but the few examples suggest that senescence starts
at 12 years of age and older in male moose (Erics-
son et al. 2001; Mysterud et al. 2005). In Sweden,
Sand and Cederlund (1996) documented traces of
previous reproductive activity in 31.2% of females
in the second year of life and 99% in females older
than 5 years. The ovulation rate on a population
level varies highly across populations and is driven
mainly by the greater variability of this parameter
in yearlings than in older females. While the prob-
ability of ovulation of adult, prime-aged females is
usually very high (97% in 4–5-year-olds: Sæther

and Haagenrud 1983), the proportion of breeding
yearlings can vary considerably (Malmsten et al.
2014a). In Sweden, Markgren (1969) found that in
populations from coastal regions 51% of yearlings
had reached sexual maturity (passed puberty),
while in an inland population it was only 8%.
Female moose are reproductive until an age of
15 after which fertility usually decreases (Ericsson
et al. 2001). The reproductive onset, ovulation, and
twinning rate are positively associated with female
bodymass, and the effect is higher in yearlings than
in adult females (Sand 1996). This relationship
varies among populations and habitats exhibiting
diverse carrying capacities (Sæther and Haagenrud
1983; Sæther et al. 1996; Sand 1996). However,
twinning rate does not seem to be related to ovula-
tion rate in adults (Schwartz 1997). In yearlings,
even well-nourished individuals usually produce a
single calf but such early reproductive effort can
reduce further growth and life time reproductive
output (Markgren 1969; Sæther and Heim 1993).
Twinning rate of adults varies across European
populations (from 1.1 to 1.6 embryos per adult
female; Markgren 1969, Baskin and Danell 2003)
and increases with female age and habitat quality,
reaching a maximum level in prime-aged females
(Sæther and Haagenrud 1983).

Sex ratio of calves at birth varies across
populations. Although observed in other polygy-
nous ungulates, the sex ratio of moose offspring
seems not to be affected by maternal condition or
dominance. Nonetheless, Sæther et al. (2004)
found that the age composition of males in the
population can affect offspring sex ratio. The pro-
portion of male calves increased with the age of
their fathers.

Survival

Moose survival is shaped by human-induced and
natural factors including hunting, road accidents,
predation as well as parasitic and bacterial infec-
tions. Annual survival of adult moose ranged from
75% to 94% depending in majority on the site-
specific hunting intensity (Van Ballenberghe and
Ballard 1997). Nonetheless, in populations with
limited hunting harvest natural mortality factors
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can prevail (Carstensen et al. 2018). The survival
of adult moose remarkably differs between sex
and age classes (Ericsson and Wallin 2001). For
example, in Norway harvest mortality of adult
moose increased with age, while in females the
highest mortality was indicated among young and
old (post-prime) females (Solberg et al. 2000). In
calves, stochastic mortality is about 10% during
summer (e.g., in system without large predators,
Ericsson 1999). Mortality of calves depends on
population density and weather conditions, which
operate directly and indirectly through plant phe-
nology and maternal body condition (Filonov and
Kaletskaya 1988; Stubsjøen et al. 2000; Grøtan
et al. 2009; Monteith et al. 2015). In systems
where large carnivores occur, mortality of the
calves in the first year can be highly influenced
by wolf or brown bear predation. Brown bears are
effective predators on calves up to a month of age
and reduce calf summer survival by 26%,
resulting in overall calf mortality rates of about
36% in bear areas (Swenson et al. 2007). Older
calves are usually too fast to be killed by a brown
bear. In wolf areas, annual calf survival ranges
between 56–76% with a summer survival of
87–100%, which suggests that wolves may affect
calf survival more strongly later in the year
(Sivertsen et al. 2012).

Habitat and Diet

Spatial Movements

In many moose populations, individuals track the
changes in food resources and migrate seasonally
between winter and summer ranges (partial
migration). Moose migration most often occurs in
spatiotemporally seasonal heterogeneous environ-
ments, while non-migratory behavior is more com-
mon in populations inhabiting homogeneous or
isolated habitats. At broader geographical scale,
latitudinal change in the scale of landscape hetero-
geneity and forage predictability causes different
movement behaviors of moose – from long-
distance migrations at higher latitude to short-
distance migration or nomadic and resident behav-
ior at lower latitude (Bunnefeld et al. 2011; Singh

et al. 2012; van Moorter et al. 2013; Borowik et al.
2020a). However, migration tendency can be
affected by other intrinsic and extrinsic factors,
e.g., individual age, snow cover, predation risk,
human hunting, population density, and road infra-
structure (Ball et al. 2001; Seiler et al. 2003; Singh
et al. 2012, 2014). There are no differences
between the sexes in migratory behavior, but
migration distances and thus average home range
size can be larger for males (Singh et al. 2012;
Allen and Singh 2016). Migration parameters
(i.e., migration distance, timing and duration) differ
significantly between moose populations. For
example, in Sweden, individuals from northern
populations migrated up to 122 km in 16 days on
average, while in the south it was around 5 km in
half a day (Singh et al. 2012). Migration timing is
strongly affected by snow cover. In spring, start of
migration is related to snow disappearance, while
in autumn to snow accumulation (Ball et al. 2001;
Singh et al. 2012). Moose from the same popula-
tion have overlapping home ranges. The size of
annual and seasonal home ranges depends on a
set of different factors, including: individual sex,
age, browse quantity and quality, reproductive sta-
tus, as well as weather conditions. Home ranges are
usually smaller in females, in young individuals, in
high quality habitats, and under harsh snow condi-
tions (Cederlund and Sand 1994; Bjørneraas et al.
2012; Allen and Singh 2016). Moreover, due to
mobility constraints, females accompanied by off-
spring tended to have smaller summer home ranges
compared to barren females (VanBeest et al. 2011).

Habitat Selection

In Europe, moose occur in a great variety of
habitats. Most often moose occupy different
types of coniferous and mixed deciduous forests
but they can also be found in willow and birch
shrubs of the river floodplains and in tundra or
subalpine shrub communities (Dzięciołowski and
Pielowski 1993; Baskin and Danell 2003; Allen
and Singh 2016).

The habitat selection of moose is shaped by a
set of interactive factors, i.e., food availability,
predation risk, hunting, and weather conditions
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(ambient temperature, snow cover) (Dussault
et al. 2005; Bjørneraas et al. 2012; Van Beest
et al. 2012; Mathisen et al. 2018). Moreover, the
strength of effects of these factors is different at
two spatiotemporal scales. Dussault et al. (2005)
found that at the landscape scale moose selected
habitats reducing predation risk and providing
increased food availability, at the cost of exposure
to harsher snow conditions. At the home range
level, solitary moose faced a trade-off between
snow avoidance and forage availability, whereas
females with calves searched for habitats with a
lower predation risk. Other surveys found that at
the landscape level moose choose habitats provid-
ing a high supply of low-quality forage while at
the within-home range level moose select for
high-quality food (Van Beest et al. 2010) or seek
habitats offering cover and low human impact
(Herfindal et al. 2009). Moose show also state-
dependent habitat selection where reproductive
females trade-off cover against forage availability
(Bjørneraas et al. 2012). The scale-dependent dif-
ferences in habitat selection can also express sea-
sonal variation. In Finland, in summer there was
only a slight difference between habitat selection
at both spatial scales, while in winter, at the land-
scape level moose preferred habitats providing a
high food supply (young successional forests) but
within home ranges moose selected areas with
diverse habitats (Nikula et al. 2004).

Moose, a concentrate selector (sensu Hofmann
1989), prefer highly productive habitats providing
a diverse food supply (Danell et al. 1991). In
winter, moose forage is primarily low quality,
moose select young forest successional stages
(especially pine plantations Pinus sylvestris),
which are abundant in preferable browse
(Bergström and Hjeljord 1987; Bergqvist et al.
2018). In harsh snow conditions, in turn, moose
often switch to older tree stands with thinner snow
cover and an abundant shrub layer (Peek et al.
1982). In snowless periods, beside young succes-
sional forests, moose utilize older pine or other
non-pine-dominated forests where they can find
important forage plants and where shading facili-
tates vegetation quality (Hjeljord et al. 1990;
Olsson et al. 2011). In many areas, in spring
moose move from forest winter ranges to open

or semi-open marshlands located around lakes or
in river valleys (Gębczyńska and Raczyński
1984). Despite greater exposure to heat stress
and insects, moose frequently use wetland habi-
tats, as they offer the high biomass of easily pal-
atable forage which is high in sodium. Moose
cope with high ambient temperature and thermo-
regulatory problems by looking for shelter in
higher and denser canopies or cool themselves
by wallowing in the water (Van Beest et al.
2012; Melin et al. 2014; Borowik et al. 2020b).
Thermoregulatory strategies, however, differ
among moose, and those individuals that best
adjusted the cost-benefit trade-off of different hab-
itats in relation to variation in thermal conditions
generally optimized their body conditions (Van
Beest and Milner 2013).

Moose exhibit a distinct sexual size dimor-
phism that causes different nutritional require-
ments and habitat selection (Spaeth et al. 2004;
Bowyer 2004). Outside the rut period, male and
females are spatially segregated. Females select
for habitats of high forage quality and low preda-
tion risk, whereas males choose habitats offering a
high forage supply (Miquelle et al. 1992; Oehlers
et al. 2011).

Diet

According to feeding type, moose are selective
browsers. Moose have a relatively small rumino-
reticular chamber and they have limited ability to
digest low-quality food (Hofmann 1989). This
physiological constraint, along with high body
mass, forces animals to consume large amounts
of a high-quality forage that can be easily digested
and quickly passed through the digestive system.
To meet their nutritional demands, moose con-
sume a variety of plant species. Besides dietary
seasonal variations, moose vary their diet also on
a daily basis to balance their nutritional intake
(e.g., intake of protein versus non-protein macro-
nutrients such as carbohydrates, lipids and fer-
mentable fibers, Felton et al. 2016, 2018). In
Eurasian moose, diet consists of around
250 plant species (Dzięciołowski and Pielowski
1993). Baskin and Danell (2003) reported about
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83 plant genera eaten by moose in the European
part of Russia and Belarus including trees, shrubs,
herbs, grasses, ferns, and lichens. Yet, moose con-
sume high quantities of only a few species
(Renecker and Schwartz 1997). The most impor-
tant are woody plants providing browse through-
out the year. In European woodlands, these are
leaves and twigs of trees and shrubs from these
genera: Salix, Betula, Populus, Pinus, Quercus,
Alnus, Padus, Corylus, Sorbus, Acer, Tilia, Rosa,
Ribes, and Vaccinum (Dzięciołowski and
Pielowski 1993; Spitzer et al. 2020, 2021).
Moose diet matches the geographic variation in
habitat used, thus its diversity grows southward
with increasing habitat fertility.

In the temperate zone, a high forage biomass in
the growing season is succeeded by scarcity of
food in winter. Hence, moose diet is clearly sea-
sonal and more diverse and nutritious in the grow-
ing season than in winter. In the growing season,
moose consume young tree shoots and leaves, as
well as shrubs, herbs, and grasses. When available,
they search for wetland and aquatic vegetation
providing moose with a highly palatable and nutri-
tious forage (Tischler 2004). In Scandinavia, berry
bushes, e.g., blueberry (Vaccinium myrtillus), ling-
onberry (Vaccinium vitis-idaea), and heather
(Calluna vulgaris), are important food sources in
spring and autumn (Mathisen et al. 2010). Leaves
from different deciduous trees and different herbs
dominate the diet in summer, and twigs of conifer-
ous trees (e.g., pine Pinus sylvestris) comprise the
diet in winter. In summer, moose diet is dominated
by only a few species, i.e., birches (Betulus spp.),
rowan (Sorbus aucuparia), and bilberry
(Vaccinium myrtillus) among herbaceous forage
(Shipley et al. 1998; Wam and Hjeljord 2010). In
Norway,moose consumed overall only 15 different
browse and 31 herbaceous species (Wam and
Hjeljord 2010). From late summer, vegetation
senescence (and thus decreasing protein concentra-
tion) and lignification cause a deterioration of food
quality and a gradual decrease in the diversity of
moose diet. In winter, moose rely on browse (up to
99% according to Morow (1976)) and eat predom-
inantly tree and shrub twigs and bark. In Scandina-
via, winter diet is dominated by birches, rowan,
willow (Salix spp.), and pine (Pinus sylvestris)

(Heikkilä and Mikkonen 1992; Shipley et al.
1998; Wam and Hjeljord 2010). In Poland, at the
south-western edge of the species’ range, from
December to March moose consume predomi-
nantly pine, comprising a proportion in moose
diets of 92% (Morow 1976; Czernik et al. 2013).

Moose are strongly selective herbivores that can
make choices on the basis of both plant morphol-
ogy and concentrations of plant secondary
chemicals (Löyttyniemi 1985; Shipley et al.
1998). However, selection intensity depends on
plant abundance and varies between habitats and
populations. Many plant species that dominate
moose diet are not preferred ones. In winter, low
forage availability often forces moose to forage on
the most abundant, not necessarily preferred food
(Hofmann 1989). For example, although pine con-
stitutes the main share of the winter diet in many
locations across Europe, this species is not selected
by moose, which prefer trembling aspen (Populus
tremula), rowan, or buckthorn (Rhamnus
cathartica) instead (Dzięciołowski and Pielowski
1993). In Scandinavia, in winter moose selected for
birches, rowan, willows, and trembling aspen and
avoided Norway spruce (Picea abies) (Bergström
and Hjeljord 1987; Shipley et al. 1998; Wam and
Hjeljord 2010). Interestingly, the strength of selec-
tivity for a given species is related to availability of
the other preferred species. Wam and Hjeljord
(2010) reported that in southern Norway selectivity
for birches was negatively associated with avail-
ability of more preferred rowan, willows, and trem-
bling aspen.

Moose also utilize human-supplied feeding
stations within their home range, in particular
during winter, which affects their nutritional bal-
ance and habitat utilization (Sahlsten et al. 2010;
Mathisen et al. 2014; Felton et al. 2017).

Behavior

Social Organization

Moose are solitary with individuals ranging sepa-
rately through the landscape, except for female
moose and offspring of the year (Månsson et al.
2017). If a female does not reproduce in a given
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year, she can be accompanied by her offspring
from the previous year (Svensson 2008). During
certain periods of the year, e.g., in winter when
forage availability is limited, moose can accumu-
late locally by gathering in loose temporary
groups formed by animals that occur simulta-
neously in favored foraging areas. Those moose
groups can vary in size from a few to several
individuals without any obvious set-up or group
structure. Groups can consist of mixed sexes or
one sex only (Månsson et al. 2017).

Antipredatory Behavior

In Central Scandinavia, moose are the major prey
for wolves (Canis lupus, Sand et al. 2012). In
contrast, moose contribute considerably less to
the diet of wolves in Eastern Europe, where red
deer are a sympatric deer species and moose occur
in lower densities (Jędrzejewski et al. 2002,
2012). In general, European moose have experi-
enced varying overlap with top predators such as
wolves and brown bears Ursus arctos over time.
Whereas wolves and moose are sympatric in East-
ern Europe and Finland without any major tem-
poral disruption, wolves were functionally extinct
for more than 100 years in Scandinavia and started
to recolonize the peninsula by the end of the
nineteenth century (Wabakken et al. 2001). In
Norway and Sweden, in particular, hunting has
replaced natural predation by wolves and bears
during the decades of their absence on the penin-
sula. Today, Scandinavian moose show no or little
behavioral adjustment in their anti-predator
behavior toward wolves in spite of the increasing
predation risk by wolves (grouping behavior,
Månsson et al. 2017; habitat use, Nicholson
et al. 2014; wolf predation success, Sand et al.
2006; activity pattern, Eriksen et al. 2011; move-
ment behavior, Wikenros et al. 2017). In contrast,
Scandinavian moose reduced the predation risk by
brown bears on moose calves within one genera-
tion (Berger et al. 2001). Hunting accounts for the
major source of mortality in adult moose, also in
wolf areas, which seems to constrain the ability of
wolves to generate behaviorally mediated trophic
cascades, and thus ecosystem effects, through

alterations in anti-predator behavior in Scandina-
vian moose (Gervasi et al. 2013; Nicholson et al.
2014; Sand et al. 2006).

Activity

Based on movement data (meters per hour),
moose show distinct diurnal and seasonal activity
patterns. Diurnally, moose follow a bimodal activ-
ity pattern with higher activity during dusk and
dawn (Neumann et al. 2012). Male moose become
increasingly more active during autumn,
September until mid-October (Neumann and
Ericsson 2018). In areas with distinct seasonal
changes in timing of sunset and sunrise over the
year, diurnal peaks of activity thus can be consid-
erably different over the year. Seasonally, moose
are most active in May, September, and October,
and show lowest levels of activity during winter
(Neumann et al. 2012). Corresponding to their
diurnal activity pattern, moose show a temporal
shift in habitat use with using more open habitats
during the night and habitats with more cover
during daytime (Bjørneraas et al. 2011). Moose
are heat-sensitive and move less with increasing
ambient temperature with a decrease in movement
activity starting when ambient temperatures
exceed 14  C (using GPS-collar sensor tempera-
ture as a proxy, Ericsson et al. 2015a).

Senses and Communication

Moose have an excellent sense of smell and hear-
ing (Svensson 2008), which are thus their major
senses to scan their surrounding environment.
When resting, moose select often for minor hills
in the landscape that provide better overviews as
winds contribute olfactory information from the
surroundings. Studies of the visual capability of
moose are limited (but see Schiviz et al. 2008). As
other deer species, moose can see colors (Schiviz
et al. 2008). A higher number of rods than cones,
however, suggests better visual capacity for dis-
criminating contrasts rather than colors in moose
compared with other deer species (Schiviz et al.
2008).
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Reproductive Behavior

During autumn, male moose visit areas that over-
lap or are separated from areas that they utilize
during the summer. Male moose increase their
movement activity considerably for about
3 weeks between September and October,
whereas female moose do not show such change
in movement activity (Neumann and Ericsson
2018), indicating that male moose actively search
the area for females to breed with. For calving,
female moose select forests with low amounts of
vegetation that are below five meters of height and
select for forests with dense vegetation following
calving (Melin et al. 2016). In predator-free areas,
females show site fidelity to their calving areas
(e.g., in Norway, Tremblay et al. 2007).

Response to Human Activity
and Infrastructures

In contrast to North American moose, female and
male moose in Scandinavia are less bold and
generally do not show an aggressive behavior,
when confronted with humans and human activi-
ties. More specifically, moose show a short-term,
but distinct behavioral response with moving
faster and generally leaving the area when dis-
turbed by humans (recreational activity: Neumann
et al. 2010, 2011b; hunting: Ericsson et al. 2015b).
Experimental disturbances did not indicate any
signs of habituation to disturbances by recrea-
tional or hunting activity (Neumann et al. 2011b;
Ericsson et al. 2015b). On a temporal scale, moose
adjust proximity to human infrastructure such as
roads and cabins by remaining at farther distances
during daytime (Lykkja et al. 2009; Neumann
et al. 2013). Moreover, moose trade off foraging
against road proximity with smaller roads having
less impact compared to larger roads (Eldegard
et al. 2012). Linear infrastructural objects (e.g.,
roads and power lines) create both barrier and
corridor effects in moose moving through the
landscape, even though topography and forest
cover have larger effects on how moose move
(Bartzke et al. 2015). Moose show an avoidance
of crossing roads or power lines in forests and are

more likely to move along those linear objects
when getting closer (Bartzke et al. 2015). In con-
trast to roads, power lines have no or little impact
on moose movement (Neumann et al. 2013;
Bartzke et al. 2015). In moose populations with
a large portion of migratory individuals, moose
road-crossings peak in May and June, and
between November and January, corresponding
to timing of migration (Neumann et al. 2012;
Allen and Singh 2016). On a diurnal base,
moose pass roads preferably during twilight
when they shift habitat (Neumann et al. 2012;
Neumann and Ericsson 2018).

Parasites and Diseases

Ectoparasites

Moose can be a host for many ectoparasite
species. The most prevalent are: ticks (Acari:
Ixodidae) (Holmes et al. 2018); chorioptic
mange mites (Acariformes: Psoroptidae:
Chorioptes) causing skin disorders (Bochkov
et al. 2014; Hestvik et al. 2007; Kadulski 1996),
and a haematophagous parasitic fly, the deer ked
(Lipoptena cervi) (Madslien et al. 2011, 2012;
Paakkonen et al. 2012). Ticks, fleas, and mites
have been indicated as vectors for numerous
viral, bacterial, and protozoan infectious diseases
(Puraite et al. 2015, 2016; Tonteri et al. 2016; Vera
et al. 2016; Malmsten et al. 2018).

Endoparasites

European moose are hosts for many endoparasite
species of different pathogenicity and diverse
impact on the health status of the species on both
individual and population levels.

The following protozoan parasites were discov-
ered in moose: Sarcocystis spp., Eimeria spp.,
Toxoplasma gondii, Neospora caninum, and Babe-
sia spp. (Dahlgren and Gjerde 2008; Moskwa et al.
2014; Puraite et al. 2016; Pyziel and
Demiaszkiewicz 2013; Vikøren et al. 2004). Free-
ranging cervids are commonly infected by various
Sarcocystis species (Dahlgren and Gjerde 2010).
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In Norwegian moose, several distinct species of
Sarcocystis were confirmed: Sarcocystis ovalis,
S. alces, S. scandinavica (Dahlgren and Gjerde
2008). Eimeria in moose are rare and come from:
Lithuania where Amastauskene (1974) reported
these coccidia for the first time; Belarus, where
Soshkin (1997) found Eimeria alces in moose;
Poland, where the presence of E. alces was con-
firmed and the first report of E. caturbina in moose
– a parasite typically infecting roe deer (Capreolus
capreolus) – was documented (Filip and
Demiaszkiewicz 2016; Kuligowska et al. 2014;
Pyziel and Demiaszkiewicz 2013); and from Nor-
way (Davidson et al. 2015). Another protozoan
parasite infecting moose is the zoonotic Toxo-
plasma gondii (Malmsten et al. 2011; Vikøren
et al. 2004) – consumption of raw or undercooked
meat can be a source of toxoplasmosis in humans.
Another protozoan parasite (Neospora caninum)
was also detected in European moose (Gondim
2006; Moskwa et al. 2014). This parasite is the
causative agent of neosporosis and causes high
rates of abortion in cattle (Hemphill and Gottstein
2000). In addition, Babesia-positive moose
(infected by B. capreoli and B. odocoilei) were
found in Norway (Puraite et al. 2016) and in Swe-
den (B. venatorum and B. divergens, Malmsten
et al. 2018).

Helminth parasites of moose are widespread,
prevalent, and exhibit different pathogenicity.
Nematodes, particularly species of lungworms
and filarioids, are known to cause morbidity and
mortality in free-living moose populations. In Nor-
way, Davidson et al. (2015) reported high aboma-
sal gastrointestinal nematode burdens (up to
56,000 parasites in the total abomasal contents).
The most prevalent were Ostertagia antipini and
Spiculopteragia alcis – which infected 87% and
80% of studied individuals, respectively (Davidson
et al. 2015). Other helminths confirmed in Norwe-
gian moose were: O. leptospicularis, Teladorsagia
circumcincta, Moniezia sp., Trichuris sp.,
Nematodirus sp., Strongyloides sp., Dictyocaulus
sp. (Davidson et al. 2015). Lungworm infections
with Dictyocaulus sp., Varestrongylus alces, and
Elaphostrongylus alces were confirmed in Poland
(Kowal et al. 2016; Pyziel et al. 2015).
Varestrongylus alces was also found in Norway

(Verocai et al. 2014). In addition, larval forms of
cestodes, such as Cysticercus sp., Echinococccus
canadensis, and Moniezia sp. were detected in
moose (Davidson et al. 2015; Grandi et al. 2018;
Haukisalmi 2015; Lavikainen et al. 2006).

In Poland, a pathogenic and invasive blood-
sucking nematode of abomasa –Ashworthius sidemi
was found in moose (Demiaszkiewicz et al. 2013)
and in other ruminants, e.g., European bison (Bison
bonasus) (Demiaszkiewicz et al. 2009; Kołodziej-
Sobocińska et al. 2016). This species was probably
introduced to Europewith sika deer (Cervus nippon)
from their native range in Asia (Kotrlá and Kotrlý
1973). Prevalence of A. sidemi infections in moose
was 20% and intensity reached up to 120 and
200 nematode specimens per animal in Poland and
in Russia, respectively (Demiaszkiewicz et al.
2013). This is relatively low when compared with
its invasion in the European bison: prevalence
89–100%, infection intensity up to 44,310 nema-
todes per animal in the wild European bison popu-
lation from Białowieża Primeval Forest, NE Poland
(Kołodziej-Sobocińska et al. 2016). Quite probably,
we are observing the beginning of the invasion of
this blood-sucking nematode in European moose,
which may spread during the next years, as hap-
pened in the case of European bison (Kołodziej-
Sobocińska et al. 2016).

Apart from nematodes and cestodes, moose
can also be infected with trematodes. Giant liver
fluke (Fascioloides magna) is a trematode of
North American origin located in the liver
(Pybus et al. 2015). It was found in moose in
British Columbia, Canada, in the early 1950s
(Cowan 1951). Molecular examination confirmed
multiple introductions of F. magna to Europe from
translocated elk and white-tailed deer (Odocoileus
virginianus). Its distribution continues to expand
(Kralova-Hromadova et al. 2011). The other liver
flukes found in moose are Parafasciolopsis
fasciolaemorpha and Dicrocoelium lanceatum.
These trematodes were found in eastern Poland
and in the Russian Kirov Region (Filip et al.
2016; Maslennikova and Shikhova 2017).
P. fasciolaemorpha is an obligatory parasite for
moose; infection prevalence in Russian moose
reaches 70% and the infection intensity has
been even up to 48,984 parasite specimens per
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animal. For the facultative parasite of moose –
D. lanceatum prevalence was only 2.5% and the
infection intensity only up to 102 helminths per
animal (Maslennikova and Shikhova 2017).

Infectious Diseases

Vector-borne infectious diseases are an important
threat to moose. Vectors for viral diseases of
moose can be ticks, e.g., for tick-borne encepha-
litis virus (TBEV) (Tonteri et al. 2016) or midges,
e.g., for Schmallenberg virus (SBV) (Larska et al.
2013). TBEV is a zoonotic arbovirus causing up
to 13,000 annual reported human cases of tick-
borne encephalitis (TBE) (Süss 2011). Large
mammals are secondary hosts for TBEV, and
TBE is usually subclinical for them. However, in
Sweden, a moose calf with severe behavioral
abnormalities was found to be TBEV-positive
(Svedmyr et al. 1965). TBEV presence in moose
has been recently confirmed in Finland (Tonteri
et al. 2016). SBV is a novel Orthobunyavirus
infecting ruminants that emerged in Germany in
2011 (Hoffmann et al. 2012). For the first time
SBV was detected in a moose calf in Poland in
Białowieża Primeval Forest (Larska et al. 2013).
In the same territory, a high proportion (over 80%)
of seropositive European bison was recorded to
date (Kesik-Maliszewska et al. 2018). In Sweden,
SBV-seropositive moose were detected in 2012
and 2013 (Malmsten et al. 2016), during the first
SBVoutbreak in domestic animals. Moose may be
also infected with foot and mouth disease (FMD)
– a highly contagious transboundary and econom-
ically devastating acute viral disease of global
importance caused by foot-and-mouth disease
virus (FMDV) (Frölich 1999; Pal 2018). It is
characterized by high morbidity and lowmortality
(Frölich 1999). Natural infections in Europe were
recorded, among others, in UK in five deer species
(Gibbs et al. 1975) and in wild boar (Sus scrofa)
(Croft et al. 2019). Early European case of moose
FMD came from the late 1930s from Germany
(Magnusson 1939). In Russia, moose is one of the
main hosts of FMDV together with roe deer
(Capreolus capreolus) and saiga antelope
(Kruglikov et al. 1985; Kuvshinov 2002). Herpes

virus infection leading to malignant catarrhal
fever is rare in moose but has been reported in
Norway (Vikøren et al. 2006), and in Sweden
(Warsame and Steen 1989). Other viral diseases
of moose are: malignant catarrhal fever (MCF)
diagnosed in Scandinavian and North American
moose (Vikøren et al. 2015) and hepatitis E-like
virus found in Swedish moose (Lin et al. 2014).

Tick-borne fever (TBV) caused by Anaplasma
phagocytophilum is a widespread bacterial zoo-
notic disease of wild and domestic animals
(Woldehiwet 2010). A. phagocytophilum was
detected in moose from Norway (Milner and van
Beest 2013; Puraite et al. 2015), Sweden
(Malmsten et al. 2014b, 2018), and Poland
(Karbowiak et al. 2015). The second vector for
TBV could be deer keds (Vichova et al. 2011), as
they are for the other zoonotic bacteria –
Bartonella spp., which were detected in moose
in Norway, Finland, and Sweden (Duodu et al.
2013; Vera et al. 2016; Malmsten et al. 2018).

Chronic Wasting disease (CWD) is an inevita-
bly fatal, zoonotic, infectious neurodegenerative
prion disease (Saunders et al. 2012). For the first
time, CWD was identified in the late 1960s and
recognized as a spongiform encephalopathy in
1980 (Williams 2005). Recently, from 2016–2019
almost 100,000 cervid individuals in Norway were
tested for CWD and 26 cases were confirmed: six
inmoose, one in red deer, and 19 in Eurasian tundra
reindeer (Rangifer tarandus tarandus) (Norwegian
Veterinary Institute 2019). In Sweden, 1500 wild
cervid (moose, red deer, roe deer) individuals have
been tested since 2018, of which four moose cases
were confirmed (Swedish National Veterinary
Institute 2020).

Zoonoses

Moose, as other wild mammal species, serve as
reservoirs for many zoonotic pathogens and may
be a reservoir for human-affecting diseases like
toxoplasmosis (Malmsten et al. 2011; Vikøren
et al. 2004), babesiosis (Puraite et al. 2016;
Malmsten et al. 2018), TBE (Süss 2011), TBV
(Malmsten 2014b; Woldehiwet 2010), borreliosis
(Malmsten et al. 2018), and hepatitis E
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(Lin et al. 2014). The food-borne transmission of
bovine spongiform encephalopathy (BSE) to
humans indicates that the species barrier may not
protect humans from animal prion diseases.
Although there is no known link between the
consumption of CWD-affected meat of wild
cervids and human health, hunters are advised
against consuming meat from CWD-infected ani-
mals (Truong et al. 2018).

Non-infectious Diseases

Non-infectious diseases in moose include selected
trace element deficiencies that cause secondary
disease in different organs or organ systems. Oste-
oporosis (bone loss) has been reported in moose
from Norway (Ytrehus et al. 1999), and
molybdenosis with secondary copper deficiency
was reported in Sweden by Frank et al. (2000). In
most cases, limited access to forage is suspected to
be the cause. Malignant tumors can occur in the
ethmoidal bone, located between the brain and the
nose, according to Ågren et al. (2014).

Population Ecology

Population Dynamics

Land use such as intensive forestry and agricul-
tural activities shape moose habitats and thus for-
age ability throughout their Eurasian geographical
range. Highest densities occur in Fennoscandia
(Jensen et al. 2020). In Fennoscandia (Finland,
Norway, and Sweden), a sex- and age-specific
harvest over several decades has generated
young- and female-biased populations with a
very high reproductive potential. Intensive for-
estry (i.e., high availability of young coniferous
forest stands) that produced forage-rich land-
scapes further increases the reproductive potential
of the population (Tiilikainen et al. 2012). Com-
monly, female moose produce 1–2 calves annu-
ally in areas with sufficient suitable habitat
(i.e., forest, including young successional forest).
In moose, population growth is closely linked to
forage availability. Areas with low amounts of

suitable habitat and forage (e.g., high amounts of
agriculture land compared to forest) decrease
female body condition and reduce calf survival
(Allen et al. 2017). Specifically, whereas
pre-winter conditions influence pregnancy, the
females’ nutritional condition in winter and
over-winter loss in body mass affect reproductive
success (Milner et al. 2013). Nutritional stress can
lead to delayed first reproduction, pause in repro-
duction, and lower twinning rates, with a paused
reproduction enhancing reproduction the subse-
quent year (Boertje et al. 2019). Next to forage
availability and females’ nutritional conditions,
recruitment rates correlate also with moose den-
sity and adult female-male ratio, with higher rates
in areas and years with lower moose densities and
more even adult sex ratios (females per males,
Tiilikainen et al. 2012). It is important to note
that density-dependent factors alone, however,
do not have a strong regulatory effect on moose
population growth, and without the presence of
predators, population fluctuations are likely to
surpass carrying capacity (Saether et al. 1996).

In fact, density-dependent factors are less influ-
ential on local recruitment rates than climatic con-
ditions (e.g., Norway, Grøtan et al. 2009). On a
large scale, moose abundance follows patterns in
ambient temperature in addition to habitat quality
(e.g., in Russia, Razenkova et al. 2020). Predic-
tion of climate change forecasts higher ambient
temperatures, altered precipitation patterns, more
frequent extreme weather events, advanced vege-
tation onset, and longer vegetation periods.
Whereas longer vegetation periods likely affect
moose positively, estimating the effects of
changed precipitation patterns and extreme
weather events on moose population dynamics is
more difficult. Given moose’s heat-sensitivity,
warmer environments likely affect moose dynam-
ics negatively, by affecting individual moose both
directly (physiologically) and indirectly (altered
habitat utilization for thermoregulation affect
individuals’ body conditions, Van Beest and
Milner 2013). Advanced vegetation onsets may
have negative effects too. For herbivores like
moose that depend on high-quality forage, timing
of reproduction is closely linked to peaks in forage
availability (i.e., start of vegetation onset,
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Neumann et al. 2020). Earlier vegetation onset
may thus generate a temporal mismatch as timing
of calving and the window of high-quality forage
diverge, because females’ capability to adjust par-
turition timing to annual climatic variation seems
to be limited (Neumann et al. 2020).

So far, it is difficult to make predictions of the
cumulative effects of these altered environmental
changes on moose population dynamics in the
future. In North America, moose populations at
the southern limit of their geographical range
show reduced reproductive potential and survival
(Lenarz et al. 2009; Ruprecht et al. 2016). Thus, a
combination of decreased body condition, lower
resilience to environmental stress, increased inter-
specific interactions, and higher parasite loads
affect population dynamics negatively, suggesting
a reduction of the species’ southern distribution
(Weiskopf et al. 2019). For moose in Europe,
similar distribution changes may occur, even
though recent research documents distribution
gains in central Europe (Poland, Germany,
Czech Republic, Slovakia, Jensen et al. 2020).
Still, most viable populations occur in the north-
ern part of the distribution range (i.e., boreal forest
ecoregion, Jensen et al. 2020).

Mortality Factors

In most European countries where moose occur,
large predators are functionally extinct, spatially
restricted and/or limited in their ecosystem
impact, leaving harvest as the major source of
mortality in adult moose even in areas where
large predators occur (Apollonio et al. 2010;
Linnell et al. 2020). Brown bears can kill an
adult moose, but only if the moose is in poor
condition such as at the end of the winter. In
areas without large predators, calf survival during
summer is high and may reach up to 90% (Erics-
son 1999; Swenson et al. 2007). In contrast to
adult moose mortality, large predators can affect
calf survival considerably, but the mortality
caused by brown bears and wolves usually does
not exceed 44% (Swenson et al. 2007; Sivertsen
et al. 2012). Wolves are more successful in killing
all age categories of moose compared to bears

(Sand et al. 2006, 2012; Tallian et al. 2017).
Wolf predation on adult and subadult moose
(one-year old) can be high in areas with
established wolf packs, but still, harvest accounts
for the major source of mortality in those age
classes (Sand et al. 2006; Gervasi et al. 2013).

In Fennoscandia, moose are harvested on an
annual quota system, which is based on an area
controlled or leased by collective hunting groups
(Apollonio et al. 2010). Hunting pressure is high
and the hunting season is long (from September to
December/January), and on average one-third of
the population is removed annually. In
Fennoscandia, harvest usually focuses on the low
reproductive part of the population (i.e., males and
younger females, Apollonio et al. 2010). As a
result, reproductive female moose experience
lower mortality risk through harvest compared to
other moose categories (Solberg et al. 2000; Erics-
son and Wallin 2001). In contrast, male moose
experience a high harvest mortality, and few
populations have males older than 8 years (Solberg
et al. 2000; Ericsson and Wallin 2001). The high
turnover and the selective harvest has generated a
very skewed age and sex ratio with an overall
young moose population and a high proportion of
females, and few, but young males (Ericsson 2001;
Apollonio et al. 2010).

Interspecific Interactions

Geographically, moose in Europe are sympatric
with four other deer species (i.e., roe deer
Capreolus capreolus, red deer Cervus elaphus,
fallow deer Dama dama, and semi-domesticated
reindeer Rangifer tarandus). In some areas
moose also co-occur with introduced deer species
such as white-tailed deer Odocoileus virginianus
in Finland and sika deer Cervus nippon in Poland
and Czech Republic (Apollonio et al. 2010). For-
age behavior overlaps with all of them, although
to varying degrees (Mysterud 2000; Merceron
et al. 2014; Spitzer et al. 2020). The largest over-
lap occurs with roe deer. Yet, considerable overlap
also occurs with the mixed feeder, the red deer
(Spitzer et al. 2020). In areas with higher density
of several ungulate species, competition seems to
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occur between moose and smaller ungulate spe-
cies over the browse on Vaccinium ssp., driving
moose to increase usage of pine Pinus sylvestris
instead of Vaccinium ssp. (Spitzer et al. 2021).
Lowest forage overlap is found with reindeer
(Mysterud 2000). In their mountainous summer
range, niche overlap of reindeer and moose is
negligible, but species may overlap in their use
of the mountainous birch forest (Neumann et al.,
unpublished data).

In spite of their considerable overlap in forage
behavior, moose and roe deer differ in the selec-
tion of their winter habitats (Torres et al. 2011).
Although both species were positively associated
with cover of Vaccinium sp. in the ground layer,
moose and roe deer occurrence differed in habitats
connected to human disturbances (Torres et al.
2011). In areas with livestock, moose habitat use
can overlap with sheep and cattle with photope-
riod and weather conditions affecting the variation
in niche overlap (Herfindal et al. 2017).

Conservation Status

IUCN Red list of Threatened Species status: Least
Concern (LC)

Population Trend: increasing
The moose is listed in Appendix III of the Bern

Convention. It is protected under national legisla-
tion in some countries (e.g., in Germany). The
major conservation concern is extensive regional
and landscape-scale habitat change (Hundertmark
2016).

Management

In Europe, moose occur in heavily human-
modified ecosystems, where humans largely
define both moose forage availability and mortal-
ity. In high density populations moose can cause
economically significant damages to forest plan-
tations, especially in pine and middle-age spruce
forests (e.g., Apollonio et al. 2010). The species is
intensively hunted in northern and eastern Europe
for meat, skin, and antlers as trophies and to
reduce the damages caused by the species in

forests (e.g., in Sweden, Finland, and Russia,
Apollonio et al. 2010, Baskin and Danell 2003).
In Poland it is a game species but hunting is
prohibited since 2001. Except harvest, another
significant human-made causes of moose mortal-
ity are collisions with cars and trains (e.g.,
Apollonio et al. 2010).

At the beginning of the twentieth century,
moose were at low numbers in all of the countries
where reproductive populations exist today
(Apollonio et al. 2010). In Fennoscandia,
populations recovered to high numbers during
the second half of the twentieth century due to
changes in hunting regulations that favor harvest
of the non/low reproductive part of the population
and an increase in forestry activity (Lavsund et al.
2003; Apollonio et al. 2010). In the twentieth
century, there were several moose reintroduction
attempts in mainland Europe (e.g., in Germany
and in Poland) but only one of them in the
Kampinos National Park in Poland in the 1950s
was successful (Dzięciołowski and Pielowski
1993; Schönfeld 2009). Recently (after the serious
decline of the moose numbers in 90ies), popula-
tion numbers have increased in Poland, Estonia,
Latvia, and to a smaller degree in Lithuania. Mod-
est population numbers exist in the Czech Repub-
lic and Ukraine (Apollonio et al. 2010; Jensen
et al. 2020).

Future Challenges for Research
and Management

Like for other cold-adapted species, higher ambi-
ent temperature following climate change likely
will challenge this large-bodied herbivore physi-
ologically and ecologically. The future geograph-
ical distribution of European moose will thus
probably decrease with higher ambient tempera-
ture reshaping their southern distribution limit and
shifting it northwards.

Preliminary results from on-going Swedish
research indicate that in some multiple ungulate
species systems moose populations do not per-
form very well (i.e., low reproductive output,
lower survival; Ericsson, unpublished data). In
those systems, preliminary results suggest that
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moose can be sensitive to competition with other
deer species, probably having worse competition
ability compared to smaller deer species.

In areas with populations that have high
proportions of migratory moose, browsing
damage on pine in concentration areas during
winter generates conflicts with forestry, as the
majority of moose are not in their winter areas
during the hunting season (Singh et al. 2012;
Allen and Singh 2016; Ericsson, unpublished
data). A major challenge here is to improve
the balance of forage in the landscape in rela-
tion to ungulate densities (www.naturvards
verket.se). On higher latitudes in particular,
the flow of individuals over large areas
requires collaboration of many different stake-
holders, challenging resource management
(Allen and Singh 2016).
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Common Names

English Reindeer (in North America known as
Caribou)

German Rentier

French Renne

Spanish Reno

Italian Renna

Russian Cеверный олень

Taxonomy and Systematics

Rangifer tarandus (Fig. 1) is the only species
within its genus. An array of Rangifer subspecies,
and even species, were described in the 1800s and
early 1900s without any sound taxonomic plat-
form. Banfield (1961), in his classical work,
revised the taxonomy based on morphological
(mainly skull measurements) and historical data.
He classified Rangifer as one species, divided into
nine subspecies of which two are extinct. This was
followed up by Whitehead (1972) and later by
Grubb (2005) and Groves and Grubb (2011)
who listed 14 subspecies of which two are extinct.

Three of these subspecies are found in Europe,
namely:

• Eurasian tundra reindeer, Rangifer tarandus
tarandus (Linnaeus, 1758)

• Eurasian forest reindeer Rangifer tarandus
fennicus Lönnberg, 1909

• Svalbard reindeer, Rangifer tarandus
platyrhynchus (Vrolik, 1829)

In 2001, the Novaya Zemlya reindeer Rangifer
tarandus pearsoni Lydekker, 1903 was included
in the Red Data Book of the Russian Federation as
a separate subspecies (Mizin et al. 2018). See
pictures of the four subspecies below.

The current subspecies classification based on
morphological characters is outdated and predates
the current understanding of Rangifer phylogeny
and biogeography based on DNA techniques
(Gravlund et al. 1998; Flagstad and Røed 2003;
Kvie et al. 2016). However, we have to acknowl-
edge the taxonomists’ tedious and systematic
work through centuries, combining morphologi-
cal measures with ecological, behavioral, life his-
tory, physiological, and geographical information.

Banfield (1961) had applied a functional
approach and divided the species into three
major ecotypes – the tundra/barren ground, the
forest/woodland reindeer, and the high Arctic
island type as followed up by Whitehead (1972).

248 Ø. Holand et al.



In Europe, all three ecotypes are represented and
comply with the subspecies names: Eurasian tun-
dra reindeer represents the tundra type, the Eur-
asian forest reindeer complies with the forest type,
whereas the Svalbard reindeer and the Novaya
Zemlya reindeer are representatives of the high
Arctic island type.

This ecotype classification combined with
modern DNA techniques enable us to appreciate
today’s distribution in Europe. Flagstad and Røed
(2003) argue that the morphological differences
among the types have evolved as adaptive
responses to postglacial environmental change.
The behavioral and ecological specialization is
therefore more recently derived and sets the
stage for understanding the adaptive history of
Rangifer in Europe (Røed et al. 2008).

Rangifer has evolved primarily as a tundra-
adapted species. After the last glaciation, as the
species was pushed north, some populations
stayed behind in higher elevated pockets, and
were able to adapt to the growing taiga belt
(Matiskainen 1990). Røed et al. (2005) argue

that the forest reindeer have adapted to the taiga
quite recently after the postglacial forest
expansion.

The forest tree line has been dynamic after the
last glaciation. Pollen records show that both
deciduous and coniferous taxa grew beyond their
present northern limits in the Early Holocene
(Binney et al. 2017). It is therefore difficult to
draw a borderline between the distribution of Eur-
asian tundra reindeer and the Eurasian forest rein-
deer.With no clear geographical barrier, there has
obviously been introgression and gene flow
between the ecotypes. Indeed, their range may
partly overlap in space and time, and the genetic
structure between the European tundra and forest
type is not clear (Røed et al. 2018).

At the northern fringe of the tundra, the ani-
mals met the White and Kara Sea. From there, the
reindeer were able to colonize Svalbard by trek-
king over the ice, possibly with Novaya Zemlya
and Franz Josef Land as stepping-stones
(Syroechkovskii 1995). The strong genetic link
between today’s population on Svalbard and

Fig. 1 The four European Rangifer subspecies. Upper left:
Eurasian tundra reindeer Rangifer tarandus tarandus (pho-
tograph by O. Natalskaya), upper right: Eurasian forest
reindeer Rangifer tarandus fennicus (photograph by

V. Mamontov), lower left: Svalbard reindeer Rangifer
tarandus platyrhynchus (photograph by Ø. Holand), and
lower right: Novaya Zemlya reindeer Rangifer tarandus
pearsoni (photograph by I. Mizin)
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Novaya Zemlya and ancient samples from Franz
Josef Land (Kvie et al. 2016) supports that the
Archipelagos were colonized by reindeer from the
Eurasian mainland after the Last Glacial Maxi-
mum. Their limited genetic diversity (Kvie et al.
2016) indicates that the populations have been
exposed to severe bottlenecks.

Paleontology

Early fossils date to the Early Pleistocene glacia-
tion period (Harington 1999) where a circumpolar
periglacial tundra belt evolved (Kahlke 2014).
However, other evidence indicates that by the
Middle Miocene, Rangifer was distinct from
other deer in the Cervidae subfamily
Odocoileinae (Heckeberg 2020; Chen et al.
2019). This tundra landscape opened niches
where a number of cold-adapted mammalian spe-
cies, including Rangifer, were able to thrive
(Kahlke 2014). The Pleistocene, spanning from
about 2.6 mya to about 12 kya is characterized by
marked climatic fluctuations with several overlay-
ing levels of periodicity resulting in glacial and
interglacial cycles as well as interstadials and
stadials within these cycles (Hayes et al. 1976).
In this dynamic environment, Rangifer evolved.
Geist (1999) referred to Rangifer as a typical Ice
Age mammal.

The two oldest Rangifer fossils date to the
Early Pleistocene, with an estimated age of 1.8
and 1.6 million years, respectively, and have been
found in the eastern part of Beringia (Harington
1999). This suggests a Beringian origin. The
Beringia refugium is known to have played a
key role in Rangifer evolutionary and biogeo-
graphical history (Flagstad and Røed 2003;
Weckworth et al. 2012). During the major glacial
periods when the sea levels were reduced by up to
120 m (Rohling et al. 2014), Beringia included
Eastern Siberia and Alaska joined by a massive
land bridge.

The oldest reported European reindeer fossils
(but see Croitor 2018) date back to about 620 kya
and have been found in Süssenborn, Germany
(Kurtén 1968), representing remains from
populations living in the periglacial zone south of

the fluctuating ice sheet. During the glacials, the
tundra steppe stretched throughout Eurasia, south
of the ice sheet, all the way to the Iberian Peninsula,
and Rangifer expanded deep into Eurasia (Kahlke
2014). During the interglacials, Rangifer moved
north as the ice sheet retreated and probably met
the Beringia populations colonizing deglaciated
areas from north-east. Although Beringia has
been a highly dynamic refugium (Hopkins et al.
1982), it has been the core area of Rangifer
(Harington 1999).

During the Eemian interglacial (127–117 kya),
prior to the last glaciation period (about 115–12
kya), called Weichselian in Europe, the climate
was warm (Hofreiter and Stewart 2009). As the
cooling started at the border between Eemian/
Weichselian, the Euro-Beringian lineage expanded
rapidly (Flagstad and Røed 2003; Yannic et al.
2014; Polfus et al. 2017; Taylor et al. 2021) and its
maximum distribution during periods of the last
glaciation covered most of the Northern Eurasian
continent (Fig. 2).

The Weichselian glaciation, which culminated
about 18 kya (Patton et al. 2017), contributed to the
division into two main genetic lineages (Flagstad
and Røed 2003; Yannic et al. 2014). The Euro-
Beringian lineage, which is the most diverse, and
regarded as ancestral to Rangifer in Europe (Flag-
stad and Røed 2003). Members of the lineage
expanded also south in North America as the ice
retreated, where they encountered the North Amer-
ican lineage, which had survived south of the
extensive North American ice sheet, moving
north (Weckworth et al. 2012; Polfus et al. 2017).
The woodland caribou seems to originate from this
North American lineage (Flagstad and Røed 2003).
A third lineage, probably nested within the Euro-
Beringia lineage, seems to have a more recent
origin in one or several European refugium/refugia
expanding north around 15 kya (Flagstad and Røed
2003, Weldenegodguad et al. 2020). Genetic sig-
natures of this lineage are implied to be present in
contemporary European reindeer, most pro-
nounced in Fennoscandian reindeer (Flagstad and
Røed 2003).

During the Last Glacial Maximum (LGM) (25–
20 kya), when the Scandinavian ice sheet
extending south to 52� N in Germany (Clark et al.
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2012), the reindeer and the reindeer hunters thrived
in southern Europe (Fontana 2017). The figurative
cave paintings in Chauvet-Pont-d’Arc Cave, south-
ern France, are reminders of this blooming culture
(Clottes 2003). Also, the Russian plain and
stretching up to Ural, hosted people relying heavily
on reindeer (Pavlov 2017).

The global warming, although interrupted by
cooling events (Clark et al. 2012), following the
LGM, extirpated reindeer from southern Europe
(Sommer et al. 2014; Costamagno et al. 2016). As
the tundra steppe expanded north (Finalyson and
Carrion 2007), the cursorial reindeer moved north,
and reindeer hunters followed. This expansion
north continued into Early Holocene (12–10 kya).
The youngest fossils in Denmark date back about 9
kya (Aaris-Sørensen et al. 2007). Reindeer also
disappeared from The British Isles (Coard and
Chamberlain 1999) and Southern Sweden (Björck
et al. 1996) during this period. In the eastern Baltic
region, Ukkonen et al. (2006) reported that reindeer

vanished around the Pleistocene-Holocene bound-
ary. They argue that this also happened further east
at the same latitudes in the European part of Russia
as supported by Volokitin and Gribchenko (2017).
This rather synchronous disappearance was driven
by a continuous warmer climate that affected the
environmental conditions for Rangifer negatively
and pushed the reindeer even farther north and set
the stage for today’s distribution of Rangifer.
Lorenzen et al. (2011) estimated that the potential
reindeer range decline by 84% between 21 and 6
kya.

As the warming continued the Scandinavian
ice sheet withdrew, the reindeer herds spread
along the Norwegian ice-free coast where they
met members of herds pouring into northern
Fennoscandia from the east. Hunting people
followed these two main postglacial migration
routes (Günther et al. 2018). Physical remains,
camp sites (Bang-Andersen 2012), stone-built
archery (Selinge 1974), and hunting gear (Pilø

Fig. 2 Last Glacial (Weichselian) maximum Eurasian distribution of Rangifer (Kahlke 2014, with permission from
Elsevier)
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et al. 2018), of their hunting activity are well
documented.

Current Distribution

Rangifer has a circumpolar distribution
inhabiting high arctic, the tundra and taiga region
of northern Europe, Siberia and North America,
and currently number millions across the Holarc-
tic (Gunn 2016). However, in Europe, the heavy
exploitation with organized mass trapping oper-
ations during the Medieval time (Indrelid and
Hufthammer 2011) paid its toll. The parallel
expansion of reindeer pastoralism reduced their
number and range (Vorren 1973). Moreover, with
the introduction of firearms reindeer was exter-
minated from most parts of Fennoscandia and
large part of Russia. Today European reindeer
are found in small pockets in central Norway,
eastern Finland, and in the northern European
part of Russia, as well as on Svalbard and
Novaya Zemlya (Fig. 3).

Indeed, the range of tundra reindeer has
contracted during the last centuries. The tundra
type was extirpated from Northern Norway in the
late 1800s and only remnants were found left in
south-central Norway. In Fennoscandia, about
35,000 wild tundra reindeer thrives in mountain-
ous area of southern Norway in 23 populations
(Reimers 2018, Fig. 3). Only remnants of tundra
dwelling reindeer are found in the Kola Peninsula,
the western population considered mountain-
tundra reindeer may be classified close to a tundra
type (Mizin pers. comm.) with an estimated pop-
ulation size of about 7,500 (Panchenko et al.
2014; Baranova et al. 2016). According to Mizin
(pers. comm.), there are no typical wild tundra
reindeer in the Arkhangelsk and Komi regions in
Russia. Indeed, the taxonomic status of wild rein-
deer of Arkhangelsk province and Komi Repub-
lic, where probably both tundra and forest
reindeer are found, remains open.

Forest reindeer was exterminated from
Sweden in the late 1700s, and in Finland, the
subspecies disappeared in the early 1900s

Map template: © Getty Images/iStockphoto

Fig. 3 Main distribution in wild reindeer in Europe. See text for further information. (Map template: © Copyright Getty
Images/iStockphoto)
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(https://www.suomenpeura.fi/en/wild-forest-rein
deer/range.html). They were pushed back and sur-
vived in the vast taiga area of western Russia.
After the Second World War, forest reindeer
were introduced to Finland and the population
has gradually increased in number and range.
According to the most recent surveys, there are
approximately 2300 wild forest reindeer in Fin-
land https://www.luke.fi/en/natural-resources/
game-and hunting/finnish-forest-reindeer/. In
Russia, the forest reindeer are now separated into
two isolated populations: Karelia and East
European, estimated to 4,000 and 6,000 head,
respectively, based on Mizin et al. (unpublished)
and Danilov et al. (2018), those populations them-
selves being considerably fragmented. However,
population estimates are not available for many
smaller populations because of insufficient sur-
veys during the last decades (Mizin et al. 2018).
Today we find only scattered populations concen-
trated in the northern areas of Karelia and a
smaller population in south east in the Pudozh
region extending into Onezhsky district,
Arkhangelsk Region. Further, there are scattered
population in Arkhangelsk Oblast, mainly living
east of the Northern Dvina River. In Nenets
Autonomous Okrug, small herds reach the shore
of the Chyoshskaya Bay of the Barents Sea. In the
Komi Republic, the wild reindeer is widespread,
but is not found south of Syktyvkar, and rarely
reaches the forest tundra in the north. In the
European parts of the Urals, forest and forest-
mountain types reindeer (Red Book of the Komi
Republic 2019) are common on the slopes of the
Nether-Polar Urals and North Urals. On the Kola
Peninsula, two reindeer populations are found
(Fig. 3), the eastern is classified as forest reindeer,
whereas the western is called mountain-tundra
reindeer. This is probably a form of native wild
reindeer of Kola Peninsula (Mizin pers. comm.).

In European high Arctic, humans took their
share. Reindeer inhabiting the Svalbard archipel-
ago were hunted in the 1600s, 1700s, and 1800s
by expeditions mainly exploiting the rich marine
mammal resources along the coast (Kovacs et al.
2004). In 1925, at the brink of extinction, hunting
was banned, and the population has recovered
(Kruse 2017) and counts today around 22,000

animals (Le Moullec et al. 2019). They occupy
almost all non-glaciated areas of the Archipelago
(Fig. 3), with the highest densities in
Nordenskiöld Land, Edgeøya, and Barentsøya.

The reindeer on Novaya Zemlya have also
been heavily exploited and partly mixed with
semi-domestic animals (Mizin et al. 2018).
Today the population counts around 5,000 ani-
mals (Mizin et al. 2018), found both at the south-
ern and northern island (Fig. 3).

As early as in the late 1700s, domesticated
reindeer were brought from Norway to Iceland.
Today this feral population numbers around 5,000
winter head (Skarphedinn 2018) situated in East
Iceland (Fig. 3).

Description

Rangifer are cold-adapted, medium to large-sized
deer. The between and within subspecies variation
in morphology, as well as ecology and behavior,
reflects the species adaptive potential and plastic-
ity, essential for its wide distribution. Rangifer are
highly sexual dimorphic, with adult males
weighing up to twofold of females (Banfield
1961; Reimers 1982). Both sexes wear antlers.
The pelage is thick and furry. The main hooves
are big and crescent shaped, well adapted for
cratering through snow to reach forage. When
spread out they function like snowshoes – floating
on top of the snow.

Body Size

All subspecies show pronounced sexual dimor-
phism with adult males being 30–100% heavier
than females (Geist 1999). Additionally, eco-
types and populations vary in body size with
recorded shoulder height range of females:
50–100 cm and males: 70–120 cm and body
length range of 160–205 cm and 180–215 cm,
respectively (Geist 1999). Adult females nor-
mally weigh between 60 and 130 kg in fall,
whereas for males the range is 120–280 kg. Sval-
bard reindeer is small and stocky. The subspecies
is relatively short-legged, and adult may have a
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shoulder height of as little as 50 cm in females
and 70 cm in males with a body mass in autumn
of around 80 and 120 kg, respectively (Reimers
1984), whereas forest males may reach
100–120 cm at the shoulder with a maximum
body mass of 250 kg. Tundra reindeer is in
between as reflected in variation in height and
body mass, normally not exceeding 250 kg in
males and 110 kg in females, (Reimers 2018).
No measurements of Novaya Zemlya reindeer
are available.

Antlers

Reindeer are unique among cervids because
females also possess antlers. However, antlerless
females are observed in many populations. Its
frequency seems to vary over time (reviewed by
Reimers 1993; Jacobsen et al. 1998). Antlerless
females are rare in populations in good condi-
tions, whereas populations in poor condition
seems to have a higher frequency. Lack of antlers
in males is very rare. The antlers are the most
rapidly growing tissue (Nieminen 1985). In
prime males, their growth and regeneration
require large quantities of minerals. At the start
of the growing season, calcium and phosphorus
must be mobilized partly from the skeleton (Moen
and Pastor 1998). The increased energy require-
ments during antler growth in adult males are
estimated to 8–16% (Moen and Pastor 1998).
Indeed, antler growth is related to nutritional qual-
ity of the diet as well as genetic makeup and age,
especially in males.

Adult male antlers are characterized with a
kink-beamed, a large crown and distinct brow
and bez tines (Geist 1999). The structural pattern
is among the most complicated among deer spe-
cies with great variability of the upper zone
(Bubenik 1975). The brow tines are well devel-
oped usually with one palmate tine dominating
(Bubenik 1975). The bez tines are also well devel-
oped. The third tine is normally spiked and less
advanced. The upper zone is relatively variable
and both monopodium and forked appearances
are found. The degree of palmation in this termi-
nal zone does vary.

The male tundra ecotype is characterized by
long, and cylindrical beams with many tines,
whereas the forest type is more massive and
show more palmation (Geist 1999). The antlers
of male Svalbard and Novaya Zemlya reindeer
resemble the tundra form but are smaller and
spindly. Energy requirements for antler growth
in females are low relative to other energy require-
ments (Moen and Pastor 1998) because of their
much smaller size and simpler antler form, seldom
reaching more than 1 kg and a beam length of
50 cm (Skjenneberg and Slagsvold 1979). They
reported that semi-domestic males’ ossified ant-
lers could weigh up to 10 kg. Geist (1999) sug-
gests that male Rangifer have the largest antlers
relative to body size among living deer species,
pointing towards a highly polygynous mating
strategy (Holand and Weladji 2019).

Reindeer males’ antlers normally reach their
maximum size around 4–7 years, thereafter the
relative size is reduced although their main form
is kept from year to year (Prichard et al. 1999).
They argue that female antlers grow for up to
10 years. However, Melnycky et al. (2013), fol-
lowing individual semi-domestic females over
years, found that the growth in females appeared
to reach a plateau at age 3 years.

Calves begin to develop pedicles during early
post-calving and produce simple single spiked or
forked antlers the first fall. Yearling males’ antlers
resembled fully grown females. Differences in
antlers growth, as in body mass, continued to
increase between male and female reindeer until
at least 5 years of age, and the relative allocation
toward antlers tend to increase in males but
decrease in females (Melnycky et al. 2013).

The antler growth and casting cycles of
females remain out of phase with those of male
reindeer (Espmark 1971a; Høymork and Reimers
1999). Adult males cast their antlers after rut
normally in early December. Young males and
nonpregnant females shed their antlers in
March–April (Reimers et al. 2013). Pregnant
females normally keep their antlers longer and
shed them within a week after parturition
(Reimers et al. 2013). The new growth starts in
May–June with lactating females being the latest
to initiate antler growth. Antlers remain in velvet
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through the summer until the velvet is shed before
the rut in adult males, a little later in young males.
The females clean their antlers around rut,
whereas the calves keep the velvet on a little
longer to the end of the rut.

Pelage

Tundra reindeer have a greyish appearance, char-
acterized by a dark back, dark frontal parts of the
legs, a white large rump patch, a small white tail, a
white belly and neck with long neck mane, espe-
cially pronounced inmales, white withers, and dark
flank strips (Geist 1999). The stout head is rather
dark with a broad muzzle covered by fur and short
ears well furred. The two other ecotypes carry
basically the same coloration pattern, Svalbard
reindeer being paler, while the forest ecotype, is
typically darker. The Novaya Zemlya subspecies is
lacking the dark side stripe (Mizin et al. 2018). In
winter, reindeer get a more whitish appearance as
the overcoat is worn (the tips of the hairs break off)
and lose some of their pigmentation.

The coat has two layers: a dense woolly under-
coat and a fairly long and dense overcoat
consisting of hollow, air-filled hairs (Skjenneberg
and Slagsvold 1979). While the hollow hairs add
buoyancy when reindeer swim, the fur is well
adapted to withstand cold and wind, especially
the winter pelage of Svalbard reindeer (Cuyler
and Øritsland 2002). Although the summer pelage
is short and less dense, reindeer can be heat-
stressed during warm and sunny summer days.
They try to cool down by seeking wind-exposed
terrain and snow patches. They also get rid of heat
by panting. Newborn calves have a brownish
woolly undercoat. The calf’s overcoat develops
during the summer months and during fall a nor-
mal coat is established.

During the molt, which normally starts in May
and ends in July, earliest in animals in good condi-
tion, the animals look shabby. The thick winter coat
is shed as the new shorter darker summer coat come
through with males shedding earlier and lactating
females later and during the peak of the warble fly
season. The later shedding of leg hair may contrib-
ute to why females have lower warble infection

rates (Cuyler et al. 2012). The summer coat keeps
growing and in fall extra overcoat hair is added, and
thewinter coat is fully developed before the onset of
winter (Skjenneberg and Slagsvold 1979).

Skull

Traditionally skull measurements have played an
important role in Rangifer taxonomy (e.g.,
Banfield 1961). Nieminen (1980) reported mean
basilar length, the length from the median position
of the ventral margin of the foramenmagnum to the
prosthion, in adult females and males, respectively,
to be 254 and 267 mm in Svalbard reindeer,
281 and 300 mm in tundra reindeer, and 305 and
363 mm in forest reindeer. This is in line with
Banfield (1961) measurements. Based on discrim-
inant analyses of 13 skull measurements, Nieminen
(1980) was clearly able to distinguish the three
ecotypes, both in females and males. Indeed, the
longer and slender skull of forest reindeer com-
pared to the tundra type and the shorter and com-
pact Svalbard reindeer is apparent.

Scent Glands

The antorbital, tarsal, and interdigital, both on the
forefoot and hind foot, glands of reindeer were
described by Schaffer (1940). Müller-Schwarze
et al. (1977) described the caudal gland. In addi-
tion to these dermal glands, reindeer possess
sudoriferous glands of the apocrine type in the
hairy skin (Müller-Schwarze et al. 1979). Their
functional importance of intra-herd communica-
tion is elaborated in the Behavior section.

Teeth

The calves are normally born with 22 milk teeth
(two of the premolars erupt normally after some
days); 0.1.3.0/3.1.3.0. The permanent dentition is
comprised of 32 (34) teeth; 0.0(1).3.3/3.1.3.3, and
is fully developed at age 2 year (the canine teeth in
the upper jaw are reduced). The eruption pattern can
be used to visually classify: calves, yearlings,
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2 years ages, as well as older individuals. Older
individual can be aged by cementum layers
(Reimers and Nordby 1968). Age related tooth
wear has significant consequences for digestive
efficiency by affecting rumen particle size (Veiberg
et al. 2007). Poor winter foraging condition amplify
the wear as seen in Svalbard reindeer (Veiberg et al.
2007). The same has been found on Novaya
Zemlya (Sokolov et al. 1996) and under extreme
bad winter range condition in Norway (Skogland
1988). They simply wear out their teeth by scraping
the vegetation and are susceptible to ingest sand and
other mineral particles that accentuate the wear
during mastication, affecting old females’ body
reserves negatively (Kojola et al. 1998).

Hooves

The anatomy of reindeer hooves and lower limbs is
complex due to the unusual flexibility of the dew
claws (Hull et al. 2021). Their hooves function like
snowshoes and when spread out reduce sinking
depth and save energy when walking in heavy
snow. Floating on top of the snow crust is also
important for outcompeting predators. The dew
claws contribute to the low hoof loading which is
the hoof area relative to body mass and Rangifer
has an unusually low loading compared to other
members of the deer family. The hooves’ sharp
edge makes them well suited for cratering in snow.

Physiology

Rangifer show a circannual body growth, activity,
and bioenergetics as adaptive responses to the
highly seasonal environment. The seasonal
adjustments harmonized by endogenous signals
partly related to the photoperiod, determine the
variation in appetite and basal metabolism
reflected in their pattern of cyclic growth with
maintenance in winter and rapid growth in sum-
mer (Klein 1996; Reimers 1983a; Reimers et al.
1983; Skogland 1989). In comparison to summer,
the basal metabolic rate in winter is 20–30% lower
in non-activity functions (Rusell and Martell
1984).

The different physiological and morphological
adaptations (Blix 2016) are most pronounced in
the high arctic island representatives where selec-
tion pressures have produced phenotypically
distinct characteristics and extreme adaptations.
Svalbard reindeer is a compact small-bodied
subspecies with short legs. Combined with well-
developed counter-current heat exchange system
in their extremities, elaborate structures in the
nasal cavity for restricting evaporative heat and
water losses and an extremely well-developed
underfur (Blix 2016), they are able to withstand
effective temperatures down to �50 �C without
having to use extra energy to keep up the core
body temperature (Nilssen et al. 1984). Also, the
thick subcutaneous fat layer gives extra insula-
tion. In summer, they may exhibit problem to get
rid of surplus heat. The fat reserves can amount to
30–40% of their ingesta free body mass (Reimers
1982) and may together with the protein reserves
contribute up to 25% of their winter energy
requirement (Tyler 1986).

At the other end of the geographical range,
Eurasian forest reindeer is found. They are large
bodied and long legged, hence well adapted to
movement through deep snow and wooded and
marshy habitats. Their antlers are big but narrower
V-shaped which ease movement in dense forest.
Their body reserves in fall are small and not
comparable to the high Arctic form.

The tundra form has evolved in open land-
scape, primarily tundra and alpine habitat. The
security in open landscape put pressure on run-
ning and endurance. Their traditionally long
migration routes enable them to exploit the sum-
mer rich lush tundra and alpine areas and to seek
refuge in the northern taiga zone in winter. This
seasonal cycle has put selection pressure on
energy efficiency of locomotion (Fancy and
White 1986). Indeed, their relative long legs and
low foot loading contribute to their low locomo-
tion expenditures (Fancy and White 1986).

Rangifer is one of the very few ruminants that
can utilize lichens effectively as an energy
resource, suggesting microbiota adaptations
(Salgado-Flores et al. 2016). Their adherence to
this energy rich lichen-based winter diet, which is
highly digestable but extremely low in protein,
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has also induced efficient N-cycling mechanisms
(Wales et al. 1975).

Genetics

Nes et al. (1965) established the karyotype of
Rangifer t. tarandus L. followed by Gripenberg
et al. (1986) of Rangifer t. fennicus Lönnb.; 2n ¼
70, FN ¼ 74. They found that the autosomes
consist of 33 acrocentric pairs and one submeta-
centric pair. The Rangifer karyotype conforms to
the basic karyotype of the cervid family (Fontana
and Rubini 1990). However, its sex chromosomes
are unexpectedly large compared to other cervids
(Fraccaro et al. 1968).

Population genetic analyses suggest that the
diversity between Eurasian tundra reindeer (R. t.
tarandus), Eurasian forest reindeer (R. t. fennicus),
and the Svalbard reindeer (R. t. platyrhynchus) and
Novaya Zemlya reindeer (R. t. pearsoni) reflects
both their refugial origins and the colonization of
circumpolar regions after the Last Glacial Maxi-
mum (Kvie et al. 2016; Weldenegodguad et al.
2020). Svalbard and Novaya Zemlja reindeer,
both high arctic ecotypes, clustered separately
from the two other subspecies (Weldenegodguad
et al. 2020). Their limited genetic diversity (Kvie
et al. 2016), especially in the Svalbard reindeer
(Weldenegodguad et al. 2020), compared to the
two others, makes themmore vulnerable to climate
change. It indicates recent geographic isolation and
genetic bottleneck(s), and supports that the Archi-
pelagos were colonized by reindeer from the Eur-
asian mainland after the last glacial maximum
(Kvie et al. 2016).

Rangifer has adapted to an environment charac-
terized by short daylight and sparse forage resources
during the long and cold winter and prolonged
daylight and affluent green biomass during the
short summer. Weldenegodguad et al. (2020) argue
that the changes in their genetic makeup as com-
pared to closely related species are linked to unique
phenotypic and functional adaptations to these envi-
ronments. Comparative genome analyses with other
wild and domestic ruminants revealed several
expanded gene families related to vitamin D metab-
olism, retinal development, circadian rhythm, and

tolerance to cold temperatures. Indeed, several of
these genes show signatures of positive selection
(Weldenegodguad et al. 2020).

Life History

Growth

Sexual dimorphism is strong in reindeer with
males being larger in both body size, body
mass, and antler size (Geist 1999; Høymork and
Reimers 1999). For both males and females,
body mass grows steadily and reach a plateau,
earlier in females than in males (Eloranta and
Nieminen 1986; Reimers 1983a). At birth, the
calves weigh around 5 kg, the male calves being
around half a kg heavier than female calves
(Eloranta and Nieminen 1986). The birth mass
is positively correlated to the mother’s body
mass before parturition. In September, the calves
reach a body mass of around 40 kg, male calves
around 4 kg heavier than female calves, averag-
ing a daily growth rate of around 300 g (Eloranta
and Nieminen 1986). Reimers (1983a) reported a
growth rate in tundra reindeer calves between
275 and 400 g/day. Indeed, this will vary
between subspecies as well as summer range
conditions (Reimers 1983a). The females reach
fully body size at 3–4 years of age, whereas
males continue to gain mass for at least 2 years,
maturing fully at 5–6 years (Reimers 1983a). As
described in the section “Body Size,” mature
males may reach a body mass up to twofold
mature females. Body mass varies considerably
between seasons. Males may lose as much as
30% of their mass during rut (Mysterud et al.
2003) and during extreme winters females may
lose up to the same percentage of their autumn
body mass (Reimers 1982). Indeed, compensa-
tory summer growth occurs in reindeer, reviewed
by Reimers (1997).

Reproduction

Reindeer are strongly polygynous. Dominant
males can impregnate several females in a single
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breeding season, up to 30 under certain circum-
stances (Røed et al. 2002), while females will give
birth to a single calf. Females are normally sexu-
ally mature at the age one-and-half year (Reimers
1983b). After the age at first reproduction is
reached, female ovulate (and may conceive)
nearly every year in the absence of severe food
limitation (Skogland 1989). A decrease in repro-
ductive effort (senescence) has been reported after
about 10 year of age (Weladji et al. 2010). Varia-
tion in age at maturity has been attributed to the
difference in body mass within cohort. Generally,
females will need to be between 45 and 60 kg to
be able to reproduce (Reimers 1983b; Ropstad
2000). The fertility rate is normally above 80%
among mature females but can be as low as 10%
among 1.5 year old females (see Reimers 1997).
Males can breed successfully the first time as
yearlings, but their reproductive success is higher
between 3.5 and 6.5 years of age. Males with
higher social rank control larger mating groups
and therefore have higher reproductive success
(L’Italien et al. 2012). Selection for antlers in
male reindeer is very strong, due to the direct
benefit of breeding success via access to females
through intrasexual combat (Kiltie 1985). In con-
trast, antlers offer an indirect benefit to reproduc-
tion in females through acquisition and protection
of food resources, because larger antlers corre-
spond to increased rank during agonistic intraspe-
cific interactions over craters dug through the
snow (Skogland 1989). Indeed, the factors affect-
ing social rank in male and female reindeer
include body mass, antler size, and age (Geist
1999; Holand et al. 2004a, b), strongly influence
their reproductive fitness.

Reindeer are seasonal breeders with the rut
spanning from mid-September to mid-October or
even end of October depending on the location as
well as the latitude. By taking advantage of the
summer forage, both male and female ensure
good body condition before entering the breeding
season. While prime age females tend to reach
estrus earlier, it appears that within an age class,
females on better condition (body mass) are at
advantage. Approximately 90% of females are
successfully copulated in a 10–21-day period,
with calving occurring in a highly synchronized

manner the following spring (Ropstad et al. 1996;
Rowell and Shipka 2009). Being fertilized earlier
will allow longer gestation time as calving is
highly synchronized, this will often also lead to
those females giving birth to calves that are above
average body mass (Eloranta and Nieminen
1986). Gestation length vary between 203 and
240 days depending on ambient conditions
(Ropstad 2000; Rowell and Shipka 2009). In a
semi-domestic reindeer population in Kaamanen,
Finland, gestation length mean was 221 days, and
it increased with female age and was longer for
male than female offspring (Mysterud et al. 2009).

Survival

Indeed, there is a strong correlation between birth
mass of calves and their neonatal survival
(Eloranta and Nieminen 1986). Moreover, the
conditions at birth may provide long-lasting
advantages, leading to improved fitness. Reindeer
grow fast and mature early, relative to most ungu-
lates (Pedersen 2019). This may secure higher calf
survival for Rangifer. Nevertheless, as seen in
many northern ungulates, mortality is highest dur-
ing the early life stages during the summer and the
first winter (Pedersen 2019; Reimers 2018). Calf
mortality during the first 5 months following birth
in tundra reindeer varies greatly from almost zero
to around 50% (Skogland 1985). A calf’s chance
of survival appears to be strongly influenced by its
mother’s body mass, and hence condition, at the
time she gives birth (Skogland 1985). The life
span of a reindeer may range up to 15–20 years
(Syroechkovskii 1995), being shorter for males
than for females. Females adopt a conservative
strategy to favor own survival and hence secure
the potential for future reproduction (Bårdsen
et al. 2008). The females’ risk-averse life history
strategy (Bårdsen et al. 2008) is essential to under-
stand the herd dynamic, which is primarily driven
by female body mass and condition (Reimers
1997). The highly variable reproductive success
among males implies a bolder strategy which
implies combat injuries during rut and depleted
body reserves at start of the winter and less
resources for winter survival as compared to
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females. In extreme winter conditions, a winter
mortality of around 25% has been reported in
Svalbard reindeer population hitting the calf seg-
ment hard with an estimated loss of 65% (Reimers
1982). Under such extreme conditions, fetal sur-
vival is low (Ropstad 2000) and females may
abandon the newborn calves to secure own
survival.

Habitat and Diet

Reindeer are medium-sized ruminants classified
as intermediate feeders, i.e., flexible in their diet
(Hofmann 1989). They are, together with
muskoxen (Ovibos moschatus), the only truly
permanent Arctic ungulates. Reindeer have
adapted to these low productive but highly sea-
sonal environments (Bliss et al. 1981) by devel-
oping foraging (Blix 2016) and behavioral
strategies, including, e.g., seasonal movements
(at different scales) in relation to forage quality
and quantity. Indeed, their habitats span parts of
the northern taiga, tundra, alpine areas, and the
high arctic desert. Reindeer are selective for-
agers, following the phenology progression that
is facilitated by movements, aggregation, and
dispersal (Skogland 1989). During winter,
reindeer feed heavily on lichens (ground lichens
like Cladonia sp., Ceteria sp., as well as aboreal
lichens like Alectoria sp. and Bryoria
sp. (Staaland and Nieminen 1993), if available.
Ground lichens typically occur as clumps and
carpets and can be foraged efficiently when
uncovered from snow and ice.

Lichens supply energy to maintain the reindeer
over winter but do not prevent undernutrition with
a negative balance of nitrogen (Ryg and Jacobsen
1982; Soppela et al. 2008). The exception being
Svalbard reindeer, mainly feeding on dried
sedges, shrubs, and mosses in winter. Standing
biomass of ground lichens tends to decrease at
high densities, with resulting negative impact of
the animal winter conditions (Skogland 1989;
Kumpula et al. 2014). Summer forage contains
grass, sedges, herbs, and leaves of willows,
while in autumn, they also feed on mushrooms
(Staaland and Nieminen 1993). Summer forages

are of high quality and allow reindeer to accumu-
late protein and fat, thereby increasing their body
mass. Variation in life history and population
parameters of reindeer are related to both winter
(Kumpula 2001; Skogland 1985) and summer
(Reimers 1997; Reimers et al. 1983) resource
availability and accessibility.

Behavior

Social Behavior

Rangifer, mainly the tundra reindeer, is highly
gregarious (Geist 1999), forming group of vari-
able sizes being generally smaller during the win-
ter. They have been preyed upon by predators and
parasitic insects and evolved an adaptive defense
mechanism by clustering. Tundra reindeer herds
use specific sites for calving (calving grounds),
and most herds move between summer and winter
ranges, to find adequate sites to satisfy their nutri-
tional needs, leading to relatively larger groups.
Group size also varies by ecotypes. Indeed, Sval-
bard and Novaya Zemlya reindeer as well as forest
reindeer live in small groups have a relatively
small home range and remain stationary when
conditions are favorable. In their predator-free
environment, the high artic populations operate
in small groups and spend a high proportion of
their time foraging, with short resting/ruminating
bouts throughout the bright high arctic summer
days (Pedersen 2019; Mizin et al. 2018). Forest
reindeer predator defense is based on living in
scattered group with only short seasonal migra-
tions within dense taiga habitats (Kojola et al.
2009).

There are advantages but also costs, of living in
groups. As group size increases, there are more
individuals watching for predators, and each indi-
vidual can therefore devote more time to foraging
without increasing their predation risk. During
insect harassment, the animals respond by
clumping to reduce the per capita burden
(Skogland 1989). The most obvious cost of
grouping is competition for food (Skogland
1989). Hence, groups are smaller in the winter
when food is sparser and rarer.
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Although the hooves are well adapted for
cratering snow, cratering for food costs energy
(Fancy and White 1985) and is time consuming.
Defending craters may therefore pay off, espe-
cially for pregnant females and their calves.
Their intrasexual rank is influenced by the size
of the antlers (Holand et al. 2004a). Indeed, they
keep their antlers throughout the winter as
opposed to the males and are therefore higher in
rank than males in the winter herd.

Energy-Saving Behavior

Rangifer show not only physiological and mor-
phological bioenergetic responses to their highly
seasonal environment, but also behavioral plastic-
ity. In winter, they move less to save energy
(Skogland 1989; Cuyler and Øritsland 1993). At
low effective temperatures, they seek shelter from
wind and may clump together to reduce heat
losses. During spring migration, strings of ani-
mals can be seen along the tundra when the
snow often get heavy. Indeed, they may line up
to save energy (Skogland 1994). During warm
summer days, they may be heat stressed and
respond by congregating at snow patches and
wind exposed ridges to cool down (Skogland
1989).

Communication and Signals

Reindeer use alarms signs, mother-young fol-
lower signals, threat and display (Skogland
1989), typical for herd living species. The scent
glands all play important roles in communication.
Also, urine is a source of chemical stimuli and the
caudal scent is probably incorporated in the
female urine. Indeed, males are often seen sniffing
the females’ anogenital area and the ground where
females have urinated during rut to check their
estrus status. The caudal gland also plays an
important role in mother–infant bonding and
often the mother is seen to smell the tail of her
calf (Källquist and Mossing 1982). The chemistry
of different scent gland secretions has been
described by Müller-Schwarze et al. (1977). On
the summer range, all female age classes live

together in herds. With many calves’ present,
individual recognition by smell and sound is
important at that time. Indeed, in large groups,
mothers can recognize their calves by the calves’
calls (Espmark 1971b). Raising their tail is also a
typical alarm signal in Rangifer (Skogland 1989).

Parental Care

Maternal care occurs during gestation, lactation,
and post-parturition care of offspring (Holand
et al. 2006a). Even postweaning maternal care is
documented during the calves’ first winter
(Holand et al. 2012a), as the mothers protect
their calves’ position within the herd and by
defending and sharing craters (Espmark 1971b).
Male reindeer do not provide parental care so
male reproductive investment is restricted to the
well-defined rutting period.

Mating Behavior

Rangifer is a strongly polygynous species and has
a mating system primarily driven by male ability
to monopolize access to females in estrous. This is
achieved using harem defense, tending and
defending individual females, and a mixture
between harem and territorial defense depending
on the spatial and temporal distribution of recep-
tive females (Espmark 1964; Holand and Weladji
2019; Kojola 1986). Reindeer mating strategy
varies considerably between subspecies, demon-
strating adaptations to the highly variable envi-
ronments Rangifer inhabits. In the non-migrating
high arctic ecotype (Svalbard reindeer) where
resources are patchy, female groups are spatially
stable and dominant males defend harems at fixed
locations (Hætta 2009). Migrating tundra reindeer
form large groups during fall migration, which
coincide with the breeding season. Dominant
males are therefore not able to control these
mobile female bands and show a tending strategy
following one specific estrous female at a time
(Skogland 1989). When resources are more
evenly distributed, the mating system is harem-
based (Skogland 1989). These mobile harems are
unstable due to female movement between
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groups, creating fission-fusion group dynamics
(Body et al. 2015). In addition, instability of
male hierarchies (Holand et al. 2012b) may
amplify the females’ grouping dynamic. The for-
est ecotype of Rangifer forms small groups and
dominant males show a combined strategy in
defending a territory with a small harem (Kojola
1986); this is close to what is observed in the high
arctic ecotype. Males start rutting earlier and end
it later than females. The adult males are eagerly
fighting for dominance in the early phase of the
rut. The fights, with clashing of antlers, probably
trigger the females into entering mating mode. In
contrast to male mating strategies, females mate
choice is less conspicuous and not well under-
stood. Indeed, it is difficult to demonstrate female
choice, as male-male competition and male coer-
cion and harassment may override female mate
choice or limit its expression. Females may, how-
ever, choose their mates on a fine temporal scale.
Indeed, during their receptive phase which last
only 1–2 days (Ropstad 2000), females court the
dominant male to capture his attention (Djaković
2012). Females’ major reproductive investment
relates to producing and raising their offspring.
Accordingly, female Rangifer will normally
spend more time foraging during the rut to keep
up their body condition necessary to overcome
harsh winter conditions. Simultaneously, they
have to avoid harassment by young males and
capture the dominant males’ attention to secure
early fertilization by good quality males,
suggesting there might be some female choice in
the process (Body 2014; Holand and Weladji
2019). Indeed, female reindeer are reluctant to
mate with young males (Holand et al. 2006b). At
the start of the mating season, mature reindeer
males drastically reduce feeding and establish
dominance hierarchies through aggressive inter-
actions; young males typically do not participate
in this capital breeding strategy (Kojola 1991).

Parasites and Diseases

Reindeer health is a holistic and highly dynamic
concept, which can be studied at individual and
population scales. Both infectious and non-
infectious agents may play important roles and

interact with other extrinsic and intrinsic factors at
the individual level. Indeed, a healthy population
may include unhealthy individuals.Rangifer health
is reflected in their fitness and ability of individuals
or populations to cope with disturbances, natural
and anthropogenic (Macbeth and Kutz 2019). Also
parasites may take their toll. For in-depth informa-
tion about the theme, we refer to the comprehen-
sive newly published book “Reindeer and Caribou
Health and Diseases” edited by Tryland and
Kutz (2019).

Much knowledge about reindeer biology,
including diseases, comes from experimental,
observational, and diagnostical studies of semi-
domestic animals. The herding, corralling, and
feeding practiced in reindeer husbandry lead to
concentration of animals and hence the potential
emergence and outbreak of diseases. Indeed,
many diseases are connected to semi-domestic
herds (Josefsen et al. 2019) and may be spread
into wild populations, in areas where they overlap
spatially.

Rangifer populations host a variety of infec-
tious agents: viruses, bacteria, helminths, proto-
zoa, and arthropods. They can be classified into
parasitic infections and diseases, bacterial infec-
tion and diseases, and viral infection and diseases.
A prion-related disease (chronic wasting disease)
has been diagnosed in one Norwegian population
(VKM 2018). In addition, noninfectious diseases
and trauma, related to predators, human distur-
bance, and pollutants, may occur.

Parasitic Infections and Diseases

Parasites, helminths, protozoa, and arthropods, are
all important in Rangifer biology. Their lifecycles
vary, and the transmission may be direct, indirect
through vectors, intermediate hosts, and predator-
prey interactions. Normally they have a clumped
distribution; a few animals being heavily infected.
Under such conditions, predators present, stochas-
tic weather events and population fluctuations,
these animals will have a higher propensity to die.
Thus, there is natural limitation to parasite
abundance. However, the parasite load is partly a
function of animal density (Bye 1987) and under
certain conditions parasites may influence vital
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rates and hence population dynamics (Albon et al.
2002; Carlsson et al. 2019). The finding of reindeer
nematodes in sheep hosted together (Manninen
et al. 2014) indicates a risk of nematode cross-
infections. This should be investigated further,
especially in Norway where overlapping alpine
summer grazing ranges between large populations
of domestic sheep and small wild reindeer
populations are common.

Helminths, roundworms, flatworms, and tape-
worms, may infect most organs and their impact
varies from subtle to severe.Ostertagia gruehneri is
the most common nematode in the gastrointestinal
tract. The parasite may influence body condition
and based on field experimental treatment in Sval-
bard reindeer, the parasite reduced fecundity
although the effect interacted with winter weather
suggesting the complexity of describing parasite
effects (Albon et al. 2002). Elaphostrongylus
rangiferi, meningeal worm, is widespread in Eur-
asian Rangifer and may infect other ruminant spe-
cies as well. The infection is normally
symptomless. However, in heavily infected ani-
mals, the development of larvae to adult in the
central nervous system may cause severe disorder.
The temperature-dependent gastropod life stage
results in higher clinical disease occurrence after
warm summers (Handeland and Slettbakk 1995).

Several arthropods harass Rangifer. Ectopara-
sites, lice, mites, ticks and oestrids, may deplete the
animals for resources. Blood-sucking insects, espe-
cially mosquitoes and black flies, may drain the
animals (Skogland 1989). They are also potential
vectors for diseases. Lice, mites, and ticks may
cause severe hair breakage and loss during winter,
reducing the pelage insulation (Kutz et al. 2019).
Blood-sucking deer ked (Lipoptena cervi) is
spreading north and has been found on forest rein-
deer (Kynkäänniemi et al. 2014) causing pelage
damages.

Two oestrids species, the reindeer warble fly
(Hypoderma tarandi) and the reindeer throat fly
(Cephenemyia trompe), parasitize Rangifer. In
Europe, the flies are found in Fennoscandia and
Russia, the exception being Svalbard Archipelago
(Halvorsen 2012) and Novaya Zemlya (Mizin
et al. 2018). They are also absent from the

Icelandic feral population (Sigurdarson and
Haugerud 2004).

Heavy invasion of reindeer warble and throat
flies, up to several hundred larvae may be found,
imposing a heavy physiological load in winter when
the larvae are growing rapidly (Halvorsen 2012).
The infection load is generally higher on calves
and young animals than on adults while bulls tend
to be more heavily infected than females (Cuyler
et al. 2012). This could partly be due to less anti-
bodies during summer (Åsbakk et al. 2005), which
may render them more susceptible to invasion, as
well as their lower social status, which may expose
them more often to attacks. Mosquitoes and black
flies amplify the effect and may render calves and
young animals’ anemic (Skogland 1989). Both
oestrids and blood-sucking insects cause reindeer
to aggregate andmovemorewhich reduces foraging
activity (Folstad et al. 1991; Anderson et al. 1994)
and thereby mass gain (Helle and Tarvainen 2010).
Indeed, heavy insect summers may induce high
die-offs, especially among the youngest age classes,
and this may have population consequences
(Ballesteros et al. 2012).

Bacterial Infections and Diseases

Bacterial diseases occur in wild reindeer but are
not often detected. Here, some of the most com-
mon are mentioned.

Anthrax has historically hit the Russian semi-
domestic herds hard (Josefsen et al. 2019). The
summer 2016 a massive outbreak infected thou-
sands of animals in the Nenets-Yamal Autonomous
Okhrug (Josefsen et al. 2019). A major vaccination
program and extensive environmental decontami-
nation efforts were initiated. Bacillus anthracis,
when faced with inhospitable environmental con-
ditions, may form spores that are capable of sur-
viving for decades in soil and water. Thawing
permafrost during heat waves, amplified by climate
change, may allow the spores to reactivate, spread
across the tundra and infect animals (and humans)
through ingestion, inhalation, or colonizing open
wounds. Biting insects may spread the disease
rapidly and within weeks thousands of animals
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are infected. Indeed, this may hit wild herds with
overlapping or adjacent ranges.

Pasteurellosis, caused by Pasteurella
multocida, outbreaks have been seen in semi-
domestic herds in Scandinavia with high mortality
and sporadic cases have also been reported in wild
tundra reindeer in Norway (Josefsen et al. 2019).
Indeed, the disease has the potential to cause epi-
zootics. Brucellosis, caused by Brucella spp. in
reindeer, is prevalent in Siberia (Zheludkov and
Tsirelson 2010), but not reported in wild
European populations. Necrobacillosis, caused by
Fusobacterium necrophorum, attacks primarily the
digits and distal feet (Josefsen et al. 2019), and
often seen in reindeer husbandry, but occasionally
seen in wild reindeer (Handeland et al. 2010).

Viral Infections and Diseases

Parapoxviruses, among them Orf virus is distrib-
uted worldwide in small domestic ruminants and
may be transferred to reindeer indirectly through
sharing pasture and or visiting the same salt blocks.
The virus attacks the nose and mouth area and
causes contagious ecthyma, diagnosed mainly in
semi-domestic herds. Papillomaviruses are rather
seldom diagnosed in reindeer but may cause pap-
illomas in the skin. Herpesviruses are rather com-
mon and infect the mucosal layer. They have little
clinical impact, but mucosal damages may induce
secondary bacterial infections (Tryland et al.
2019a). Rangifer are susceptible to foot and
mouth disease, but has not been reported in wild
reindeer. Rabies has been diagnosed in Svalbard
reindeer. Arctic fox is themain reservoir (Mørk and
Prestrud 2004) and rabies is transmitted to reindeer
mainly by bites from infected foxes.

Chronic Wasting Disease

Chronic wasting disease (CWD) is the only prion
disease diagnosed in Rangifer (Tryland 2019).

In 2016, the first CWD case in free ranging
cervids outside North America was detected in a
wild (mixed-feral) reindeer population in Southern

Norway followed by several more cases. A deci-
sion to exterminate the whole population, which
border other wild populations as well as a semi-
domestic herd, was taken to minimize the risk of
spreading. Indeed, CWD in cervids are contagious,
spreading between animals via environmental con-
tamination (soil and feces). Mysterud et al. (2020)
suggested that the risk of spreading could be ampli-
fied by antler chewing. During the winter
2017–2018, the wild reindeer population was
culled. Altogether 18 CWD positive reindeer
have been diagnosed (out of around 1000 animals).
Most wild reindeer shot during the regular hunting
seasons 2017–2019 have been tested, in addition to
many slaughtered semi-domestic animals, all being
negative. The characterizations indicate that the
wild reindeer cases are somewhat different from
the strains found and investigated in North America
(VKM 2018; Pritzkow et al. 2021).

But during the hunt 2020, an 8-year-old Rangifer
male was diagnosed positive on Hardangervidda,
(https://kommunikasjon.ntb.no/pressemelding/
bekreftet-funn-av-skrantesjuke-pa-hardanger
vidda?publisherId¼10773547&releaseId¼178
$91694), hosting the biggest wild populations.

If CWD is established in Norwegian reindeer
populations, this will represent a drastic threat to
them as well as other cervids. The reindeer indus-
try will be seriously threatened (Maraud and
Roturier 2021). The authorities are therefore
reconsidering the strategy.

Population Ecology

Population Dynamics

Many studies have assessed changes in reindeer
population size and composition (sex and age)
and identified the causes of these fluctuations
both in wild (e.g., Reimers 1997; Uboni et al.
2016; Albon et al. 2017) and semi-domestic
herds (e.g., Tveraa et al. 2014; Weladji 2003). A
combination of factors influences reindeer popu-
lation dynamics, including climatic variability,
food limitation, predation, hunting, insect,
parasites, disease, competition, and human
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developments (Klein 1991; Reimers 1997). The
combined effects of density dependent and den-
sity independent factors have been reported to
also affect survival rate, in both juveniles and
adults (Skogland 1985; Reimers 1982). Variation
in life history traits and population parameters is
related to both winter (Kumpula 2001; Skogland
1985) and summer (Reimers 1997; Reimers et al.
1983) resource availability and accessibility. Var-
iable environmental conditions experienced by
individuals around birth have the potential to cre-
ate fitness differences among cohorts (Tyler
2010). As a result, individual reindeer born during
favorable conditions may gain consistent selective
advantages not shared by individuals born under
less favorable conditions. Climatic variations
(local and global) affect several life history traits
(e.g., body mass, calving date, etc.) and popula-
tion parameters (e.g., offspring sex ratio) (Weladji
2003). Climate effects on reindeer may be direct
(e.g., energetic costs of thermoregulation caused
by severe cold, increased energetic costs of mov-
ing through deep snow and in accessing forage
through snow). Climate also acts indirectly on
reindeer life history traits and population parame-
ters (e.g., effect on forage plant biomass and qual-
ity, increase level of insect harassment and
associated parasitism due to increase temperature
during summer). Increasing density significantly
reduced body mass and growth rate of reindeer
calves, and the effect of climate accentuate this
negative effect (Skogland 1984;Weladji andHoland
2003). Because they are density dependent, impor-
tant driving variables for reindeer population
dynamics include animal body size and growth
rate, and their relationship to reproduction and mor-
tality (Reimers 1997). Among reindeer, reproductive
performance (Reimers 1983b), calving time
(Reimers 1983a), calf birth mass (Skogland 1984),
and neonatal mortality (Skogland 1984, 1985) are
strongly correlated to maternal mass.

Warm summers negatively affect reindeer
because of insect harassment (Colman et al.
2003; Hagemoen and Reimers 2002; Weladji
et al. 2003b). Indeed, insect harassment reduces
the ability of reindeer to feed optimally during this
critical period of high forage quality and availabil-
ity (Hagemoen and Reimers 2002) and could

therefore have a negative effect on their body
condition and productivity (Reimers 1997;
Weladji et al. 2003a).

Intra- and Interspecific Interactions

Among large herbivores, food limitation is
reported to be the primary mechanism behind den-
sity dependence (Skogland 1985). Indeed,
increased density limits per capita food availability;
this may cause a reduction in individual’s size, one
of the most apparent aspects of an organism’s life
history. Moreover, long-term grazing by
populations with stocking rate above carrying
capacity may be detrimental for the pasture
(i.e., overgrazing), resulting in reduced forage
availability and quality; this will also affect herbi-
vore body condition and productivity (e.g.,
Kumpula 2001). Nevertheless, the effect of rein-
deer on the vegetation can be either positive or
negative, depending on environmental conditions
(Bernes et al. 2015). In addition to life history traits
(e.g., Forchhammer et al. 2001; Pettorelli et al.
2005), population parameters are also affected by
density dependence (e.g., see Post and Stenseth
1999, see also Weladji and Holand 2003).

In Southern Norway, hunting is the dominant
top-down mechanism controlling the populations
and allowing to avoid food limitation by dampen-
ing the effect of harsh winters in population with
generally good winter conditions (Reimers 1997).
The Svalbard and Novaya Zemyla reindeer live in
an area free from predators and oestrid flies, and
limited hunting, making the populations being
driven mostly by limited food resources and by
climatic variability (Aanes et al. 2003; Hansen
et al. 2013). Forest reindeer population dynamics
in Finland seems limited by predation from
wolves Canis lupus (Kojola et al. 2009), the
other potential predators being brown bear Ursus
arctos and lynx Lynx lynx and also golden eagle
Aquila chrysaetos (Norberg et al. 2006).

Tundra reindeer overlap to a limited degree
with other wild ruminants as they are the only
arctic and alpine dwelling large herbivore. Sval-
bard and Novaya Zemlya reindeer are roaming
their Archipelagos without any other large
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herbivore present. Forest reindeer overlap in time
and space with moose and roe deer, both typical
browsers (Hofmann 1989). We therefore expect
limited interspecific foraging competition.

On Norwegian rangelands, domestic sheep is
the most prevalent ruminant during summer, shar-
ing alpine summer ranges with both wild and
semi-domestic reindeer. Reindeer and sheep over-
lap in preferred habitat types and graze onmany of
the same plant species (Mysterud 2000; Skogland
1984). Several studies have addressed behavioral
interactions between the two species (e.g., Moe
et al. 1999; Colman et al. 2012). But no real
interspecific competition (affecting vital rates)
has been documented, although body mass of
both reindeer and sheep vary from year to year,
and there is a positive relationship between
autumn body mass of sympatric reindeer and
sheep (Weladji et al. 2003b).

Effects of Climate Change

There is increasing evidence that the globe is
currently warming, with changes being more pro-
nounced at northern latitudes (Uboni et al. 2016).
Understanding the ecological effects of climatic
variability is therefore important. There is recent
support for the idea that large-scale atmospheric
phenomena, such as the North Atlantic Oscillation
(NAO) or Arctic Oscillation, through their effects
on vegetation and regional weather conditions,
influences several aspects of life histories and
population dynamic processes of several mammal
species, including reindeer (Aanes et al. 2002;
Weladji and Holand 2006). For example, Post
and Stenseth (1999) reported effects of the winter
NAO index on reindeer calf body mass and adult
female fecundity, while Aanes et al. (2002)
showed that high values of the Arctic Oscillation
index were associated with reduced plant growth
and reindeer population growth rate in Svalbard.
Reindeer are components of complex ecosystems,
which might also be undergoing change in
response to climate change. Thus, there will be
other ecosystem changes than those known today
that are likely to influence reindeer, such as inva-
sion of southern species that may be predators,

parasites, or competitors for forage or transmit
diseases and parasites. Also, shifts in vegetation
distribution or changes in ecosystem processes
may influence lichen growth rates and their com-
petition with vascular plants. Effects of global
warming on plant productivity and onset of spring
is likely to positively affect sub-Arctic reindeer
(Tveraa et al. 2013), while its effect through sum-
mer heat stress and the related reduction in forag-
ing activity may be negative (Reimers 1997;
Weladji et al. 2003a; Weladji and Holand 2006).
Although it is shown that local and global climate
affect reindeer directly and indirectly, we argue
that it is difficult to predict a general pattern of
how future climate change will influence reindeer
(Weladji and Holand 2006; Albon et al. 2017;
Mallory and Boyce 2018). Indeed, the undergoing
large changes in climate have already caused
unprecedented consequences in the phenology of
many plant and animal species, but the magnitude
of the phenological responses differ between areas
(Elmendorf et al. 2012; Prevéy et al. 2017).

Conservation Status

According to IUCN (Gunn 2016), Rangifer is
globally classified as Vulnerable. The wild
European populations are small and fragmented,
and some are threatened. This may be amplified
by changing climate (Vors and Boyce 2009;
Uboni et al. 2016).

During the last centuries, European wild tundra
and forest reindeer have yielded territories for the
expanding reindeer pastoralism. Indeed, over-
lapping spatial and temporal pastoral reindeer
herds and wild reindeer are regarded incompatible
(Baskin 2005). The last century we have further
witnessed a rapid encroachment and exploitation
of Rangifer ranges, inducing habitat fragmenta-
tion and disturbance (Vistnes and Nellemann
2008; Panzacchi et al. 2013; Danilov et al. 2018)
detrimental for several populations.

Forest and tundra reindeer in the European part
of northern Russia, Murmansk, Karelia,
Arkangelsk, and Komi region, have suffered severe
to moderate declines the last decades (Danilov et al.
2018; Mizin et al. 2018). However, the population
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estimates are inconsistent partly due to lack of a
unified monitoring system and lack of regular sur-
veys. Their status appears in the Red Book of
Russian Federation (2020) as well as in regional
Red Books. In the Red Data Book of Murmansk
region (2014), both tundra and forest reindeer are
classified as Near Threatened. In Karelia republic
Red Data Book (2020), forest reindeer is classified
as Least Concern,while they are Vulnerable (Mizin,
pers. comm.) in Arkhangelsk Red Data Book
(2020), and in the Nenets Autonomic District
Book (2006, amended in 2019), forest reindeer is
classified as Vulnerable. In the Red Data Book of
Komi republic (2019), forest reindeer is classified
as Rare species. Reindeer of Novaya Zemlya has
also declined the recent decades (Mizin et al. 2018).
This subspecies is listed in the Arkhangelsk Red
Book (2020) as Uncertain.

In Finland, forest reindeer is classified as Near
Threatened (https://www.suomenpeura.fi/en/
wild-forest- reindeer/conservation-status.html).
The eastern Finnish population decreased at the
start of the millennium probably due to the return
and increase in number of wolves in the area
(Kojola et al. 2009). The same happened in the
bordering western part of Arkhangelsk oblast.
Indeed, such small populations are susceptible to
the predator-to-prey ratio and may be “trapped”
(Kojola et al. 2009).

Svalbard reindeer live in a predator and insect
harassment-free environment but face other chal-
lenges. The low genetic variation as compared to
the other subspecies (Kvie et al. 2016) makes it
vulnerable to climate change. Indeed, an
increased frequency of rain on snow events may
hit hard causing extreme die offs (Aanes et al.
2002). The total population on the Archipelago
has been increasing the last decades and the sub-
species is classified as Least Concern (https://
www.artsdatabanken.no/Rodliste).

In mountainous area of southern Norway,
35,000 winter head of wild tundra reindeer are
found divided into 23 populations (Reimers
2018). Only about 6,000 of these, divided into
4 populations, are regarded not mixed with semi-
domesticated reindeer or feral (Røed 2005). They
were collectively assessed as Least Concern in
2018 (http://data.artsdatabanken.no/Rodliste).

However, their range has contracted the last
decades and is confined to rather small and partly
fragmented areas (Panzacchi et al. 2013).

The Icelandic feral population, today account-
ing around 5,000 head, dating back to the late
1750s is thriving (Skarphedinn 2018). Interest-
ingly, in a proposed bill of Nature Conservation
in 1999 reindeer was classified as an alien species
to Iceland (Skarphedinn 2018).

Management

Rangifer is a key species of the tundra and northern
taiga. The formerly continuous reindeer habitat
through northern Europe is heavily fragmented
being continuously encroached by expanding
human activity. Therefore, management and con-
servation of the reindeer center on conservation of
landscapes and their extensive use of grazing lands.

Rangifer central role in the pastoralism liveli-
hood of many indigenous peoples makes it an
integrated part of their culture. Today reindeer pas-
toralism plays an important role for northern people
in Eurasia (https://reindeerherding.org/world-rein
deer-herders). In Europe, Sami, Komi, and Nenets
people are heavily involved in the industry. In
Finland, many Finnish people are involved.
Locally Norwegian and Swedish farmers are also
engaged. In Fennoscandia, we find around 600,000
semi-domesticated reindeer, equally distributed
between Norway, Sweden, and Finland. In
European part of Russia, semi-domestic reindeer
are found in the Murmansk Oblast (~50,000 winter
heads), practiced by Sami and Komi and in the
Nenets Autonomous Okrug of the Arkhangelsk
Oblast (~200,000 heads), practiced by Nenets and
Komi and in the Komi Republic (~100,000 heads),
where reindeer herders are predominantly Komi
(Istomin and Habeck 2016). Indeed, conflicts
between wild reindeer conservation and reindeer
pastoralism are seen where the ranges overlap in
time and/or space. In Europe, such conflicts are
seen regionally on the Kola Peninsula (Baranova
et al. 2016) and further east, on the border between
forest reindeer and domestic herds in Finland and
betweenwild and semi-domestic reindeer in South-
ern Norway.
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Today most European Rangifer populations
are embraced in management or conservation
plans and their conservation status are nationally
and regionally assessed. Indeed, Rangifer is a
high-profile species given high priority in all
three European countries hosting them: Russia,
Finland, and Norway.

Finland has, in line with EU’s Habitat Directive,
established conservation areas for protection of
forest reindeer. Animals have been reintroduced
to former habitats and plans are made for new
reintroductions. This may create increased risk of
interbreeding between wild forest reindeer and
semi-domestic reindeer as documented by Røed
et al. (2014). Fencesmaymitigate further introgres-
sions. Some animals cross seasonally between Fin-
land and Russia and a joint Finnish-Karelian action
plan has been developed (www.suomenpeura.fi/
media/metsapeura-tiedostot/enpi-dokumentit/
wild-forest-reineer-action-plan-en.pdf). A Finnish-
Russian Nature Reserve has been established to
secure the border population. In Russia, several
State Nature Reserves host forest reindeer. In
Norway, several of the wild tundra populations
roam within National Parks. Most of the Svalbard
Archipelago is protected as National Parks
and Reserves, making the Svalbard reindeer a
well-protected population area-wise. In Russia,
the northern part of Novaya Zemlya is part
of the Russian Arctic National Park, probably
encompassing native Novaya Zemlya reindeer
(Mizin et al. 2018).

In 2002, commercial hunting of forest reindeer
was banned in Karelia, Archangels, and Komi
region. However, poaching is a severe threat to
these small populations (Mizin et al.
unpublished). In Finland, hunting is strictly regu-
lated and enforced, and only few licenses are
issued yearly. In Norway, management systems
emphasize tracking population trends and vital
rates, and adjusting hunting quota accordingly.
For the moment, hunting takes place in all
23 available herds. The total yearly cull has varied
between 4,000 and 8,000 animals the last decades
(Reimers 2018). Indeed, hunting is the main mor-
tality factor. It is argued that hunting is critical to
keep the numbers below carrying capacity in these
confined and almost predator-free environments.

In Svalbard, limited hunting take place nearby
the main settlements, Longyearbyen and Barents-
burg. About 150–250 Svalbard reindeer are culled
yearly (Reimers 2018).

In Norway, landscape changes, especially
transportation infrastructures, hydroelectric
power plants, dams and lines, and tourist resorts,
may act as barriers for migration and induce fur-
ther fragmentation of the already small ranges
(Panzacchi et al. 2013). Hence, landscape man-
agement is important and may include regulation
and diversification of land use. Recently an expert
group commissioned by the Ministry of Climate
and Environment has developed an environmental
quality standard for wild reindeer management
(Kjørstad et al. 2017). In Svalbard, the situation
is somewhat different with large protected areas.
Both on Norwegian mainland and on Svalbard,
the tourist industry is rapidly expanding and has to
be regulated to reduce human disturbances
(Gundersen et al. 2021).

In the European North of Russia, the species’
habitat is presented by fragments of areas with
separate populations different in size, located in
the northern taiga and tundra belt. Indeed, the gas
and oil industry as well as mining activities are
rapidly expanding in northern Russia and pose a
real threat to the tundra. Old growth forests,
important winter habitats, have dramatically
decreased in the recent decades due to large-
scale forest cutting operations. The emphasis has
been on establishing protected areas (Panchenko
et al. 2021). Such areas have to encompass the
animals’ annual range. Baskin (2005) reported
that the migration from the taiga to the tundra
has ceased in Arkhangelsk and that the forest-
reindeer south of the Nenets reindeer husbandry
area (in the Nenets Autonomous Okrug) has
almost become extinct. In Komi region, the wild
reindeer is almost never found in the forest tundra
and tundra, mainly because this territory is inten-
sively used for grazing of domesticated reindeer.
OnKola Peninsula, separation of the wild reindeer
population into the eastern and western parts
occurred more than 60 years ago with the con-
struction of the railway and car road between
Murmansk and St Petersburg (Baranova et al.
2016; Mizin et al. unpublished) and hampers
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their expansion. Therefore, the effectiveness of
protected areas, including the Lapland State
Nature Reserve, securing key habitats as calving
grounds and old growth forest winter habitats,
will depend on planning a network and corridors
to shelter migration routes.

Future Challenges for Research
and Management

Conservation and management must rely on rec-
ognizable and functional units with high degree of
genetic diversity important for their robustness
and adaptive capacity. New genomic tools are
surfacing and the reindeer genome has recently
been mapped (Li et al. 2017). This will help us to
integrate diversity below the species level relevant
to its evolutionary legacy. This will also enable us
to link genetic differentiation and environmental
variation and to study whether genetic divergence
among populations have resulted from morpho-
logical, life history, and/or behavioral adaptations
to different ecological constraints.

However, fragmented populations present a
dilemma – whether to keep them separate to con-
serve local adaptations and minimize the risk of
outbreeding – or to manage them as a meta-
population to reduce loss of genetic diversity and
minimize inbreeding (Allendorf and Luikart
2009). This can be accentuated in high arctic
where the melting sea ice may reduce the connec-
tivity between populations.

Feral and mixed populations also pose chal-
lenges. The Hardangervidda herd, accounting for
almost one-third of the total Norwegian popula-
tion (Reimers 2018), is a mixed wild-feral popu-
lation dating back to the early 1900s when semi-
domestic herds were let loose and mixed with the
severely depleted wild population. The question
remains – is a time span of 100 years enough for
treating the Hardangervidda herd as a wild popu-
lation? Parts of the western European Russian
populations may be hybrids (Mizin et al.
unpublished), including the populations on
Novaya Zemlya and need further investigations.
Indeed, introgression between forest reindeer and
semi-domestic herds in Finland and Russia, as

well as between wild tundra and semi-domestic
herds in southern Norway may change the genetic
structure and accentuate the “hybrid” manage-
ment discussion and generate mitigations actions.
Actually, in Finland, fences are constructed in an
attempt to separate forest and semi-domesticated
reindeer (http://www.suomenpeura.fi/en).

In Norway, many herds are monitored. How-
ever, lags in management actions, especially pop-
ulation estimates, and the number of hunting
licenses issued, may lead to fluctuations (Strand
et al. 2012). This is often amplified by weather
condition during the hunting season, which influ-
ences the harvest heavily. A conservative carrying
capacity approach is therefore warranted.

The mechanisms behind the declines in many
Russian populations are not well understood, espe-
cially the role of predation, migration, nutrition,
disease, and parasite interactions (Gunn 2016). Fur-
ther, the forest reindeer that live in the eastern part of
the Arkhangelsk region and Komi republic are not
clearly defined and delineated and whether there is
gene exchange between them is unknown. Some
populations, perhaps mixed with semi-domestic
reindeer, migrate north to the tundra in summer
and their routes have to be mapped and secured.

Enforcement of the strict hunting regime is
essential to reduce poaching. Indeed, sociopoliti-
cal factors influencing level of poaching seem to
be a main population driver in Russia
(Kolpaschikov et al. 2015; Mizin et al.
unpublished). In Svalbard reindeer, hunting is
not playing an important role in the population
dynamic. The same is true for forest reindeer in
Finland. Here, the predation pit is a major concern
(Kojola et al. 2009).

Domestic reindeer may function as a reservoir
of infection for wild reindeer and vice versa
(Tryland and Kutz 2019). Impact of infectious
agents are often subtle. Nevertheless, they may
influence vital rates and hence population dynam-
ics. Monitoring program of reindeer health and
disease status are therefore essential. Especially,
in a climate change perspective where new para-
sites and disease vectors are intruding the north
(Altizer et al. 2013; Tryland et al. 2019b).

Environmental change due to anthropogenic
influence is an increasing threat to many species,
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especially cold-adapted species (Post et al. 2009).
Infrastructure development and new and intensi-
fied land use impose landscape changes. Obvi-
ously, this will lead to cumulative effects and
may influence populations dynamic. But the
mechanisms are poorly understood, but progress
is being made (Russell et al. 2021). Successful and
effective mitigation actions need therefore
in-depth knowledge of the drivers involved.
Although Rangifer show substantial adaptive
capacity and phenotypic plasticity, more informa-
tion is needed to understand how Rangifer
populations will respond to the ever-changing
landscape.

Indeed, reindeer is a key stone species (Olofson
et al. 2004) and play an important role in the socio-
ecological system of sub-Arctic and Arctic Europe.
Their physiological, morphological, and behav-
ioral adaptation render them the dominant large
herbivore of the north, hopefully allowing them to
thrive and persist across an ever-changing environ-
ment. Rapid environmental change may challenge
their ability to adapt. Therefore, population moni-
toring must be given priority. Further, the need for
international cooperation, in research and manage-
ment at all levels, are therefore pressing.
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Common Names

English White-tailed deer

German Weißwedelhirsch

French Cerf de Virginie

Spanish Ciervo de Virginia

Italian Cervo della Virginia

Russian Белохвостый олень

Taxonomy, Systematics
and Paleontology

Within the family of Cervidae, the white-tailed
deer (Fig. 1) belongs to the subfamily of
Capreolinae. Its closest relative is the mule deer
Odocoileus hemionus. The species is native to the
Americas. Within its native range, 38 subspecies
are commonly recognized, although more have
been described (Heffelfinger 2011). In Europe,
the white-tailed deer subspecies introduced
in Finland is O. virginianus borealis. In the
Czech Republic, repeated introductions were
made involving several subspecies. The oldest
fossils identified as Odocoileus date to the middle
Pliocene, about four million years ago (Oelrich
1953).

Current Distribution

The white-tailed deer is an American species with
a native distribution that spans a remarkably broad
latitudinal range, from the equatorial part of South
America to the boreal zone of North America. The
distribution, biology, and management of the
white-tailed deer have been the subject of consid-
erable research across its native range, as

summarized in the edited volumes of Halls
(1984) and Hewitt (2011).

The species was introduced to a number of
European countries, but most introductions failed
(Heffelfinger 2011) (Fig. 2).

The most successful introduction of white-
tailed deer in Europe was in Finland. Finnish
emigrants who had settled in Minnesota (USA)
shipped white-tailed deer fawns from Minnesota
as a gift to their motherland (Nygren 1984). One
male and four female white-tailed deer fawns
were released in Finland in 1934 and were kept
in an enclosure until 1938. One female died before
reproducing in 1937 and the maximal number of

Fig. 1 Male white-tailed deer (photograph © Mikael
Wikström)
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individuals in the first introduction therefore was
four (one male and three females). A potential
re-stocking consisted of four 1-year-old individ-
uals released in 1949. These individuals are, how-
ever, thought not to have survived for a long
period after their release (Nygren 1984). In any
case, after the 1934 introduction, the white-tailed
deer rapidly increased in numbers and public
records detail their steady increase in numbers
from four in 1934 until there were about 1000
individuals in 1961 when harvesting became
legal (Kekkonen et al. 2012). The species is
slowly expanding its range from the point of
introduction, although also a number of translo-
cations within Finland were conducted to increase
the white-tailed deer’s range. At present, white-
tailed deer is found in Finland as a free-ranging
population occurring primarily in the south-
western part of Finland, with occasional observa-
tions outside this core region. The distribution
range covered approximately 40% of Finland’s
surface in 2019. The post-harvest white-tailed
deer population was estimated to approximately
111,500 individuals with an average density of

approximately 0.5 individuals per square kilome-
ter (Kukko and Pusenius 2019). In the core area,
densities of roughly 5–10 individuals per square
kilometer occurred (post-harvest population). In
terms of habitat, this part of Finland is mainly
covered by managed boreal forest interspersed
with agriculture and human settlements. Com-
pared with boreal forests in the white-tailed deer
native range, the European boreal forests are rel-
atively poor in plant species. The most common
tree species are pine (Pinus sylvestris), spruce
(Picea abies), and birch (Betula pendula and
B. pubescens) with usually one tree species dom-
inating a forest stand. A number of dwarf shrubs
are common, including (in the “dry forest type,”
typically dominated by pine) heather (Calluna
vulgaris), lingonberry (Vaccinium vitis-idaea),
and ground species like reindeer lichens
(Cladonia spp.) and red-stemmed feather moss
(Pleurozium schreberi). In the “moist forest
type” (dominated by spruce), the dwarf shrub
billberry (Vaccinium myrtillus) and feather
mosses (e.g., Hylocomium splendens) dominate
the undergrowth.

Map template : © Getty Images/iStockphoto

Fig. 2 White-tailed deer distribution in Europe. Distribution data source – see text. (Map template: © Copyright Getty
Images/iStockphoto)
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White-tailed deer introduction in the Czech
Republic was as early as the latter half of 1800s,
with main releases in 1853 (7 animals) and
1892–93 (15 animals) and 1906 (16 animals). Pri-
marily, releases were made in Central Bohemia,
between the Vltava and Berounka river (Dobris
Forest). This introduction was far less successful
than the Finnish one, marked by poor reproduc-
tion and small sized white-tailed deer. White-
tailed deer from Finland have also been success-
fully introduced in the eastern part of the Czech
Republic in a park in Frycovice (Moravia). A
small population of wild white-tailed deer of at
most 1000 individuals persists in the Czech
Republic, in the Brdy Highlands and the eastern
foothills of the Krkonoše Mountains.

Introductions of white-tailed deer are also
documented to have taken place in some other
European countries, including the British Isles,
Austria, Bulgaria, and in Serbia and Croatia and
western Russia (Heffelfinger 2011). None of these
introductions produced populations that are cur-
rently persisting; many of the populations intro-
duced early in the nineteenth century did not
survive the world wars. The white-tailed deer
released in Bulgaria (in 1977) and western
Russia (early 1970s) came from Finland.

Description

Size and Morphology

White-tailed deer are medium-sized ungulates with
reddish-brown pelage in spring and summer and a
more gray-brown winter coat. Fawns have spots
until September. Appropriately named, when star-
tled white-tailed deer will raise their long tail in an
upright position thereby displaying the tail’s white
underside. White-tailed deer in Finland are
90–110 cm in height, with a body length of
150–180 cm. Bucks’ body mass can be up to
150 kg (typically 70 to 130 kg), and the smaller
sized does’ body mass is less than 100 kg (typically
40–90 kg). The length of the hoof print is 7–12 cm.
In a study considering 451 individuals harvested in a
single hunting season in southern Finland, the dis-
tribution of age-specific body, skull morphology,

and male antler sizes corresponded with published
records of white-tailed deer in North America (Kek-
konen et al. 2016). White-tailed deer in the Czech
Republic are smaller (does around 35 kg and bucks
around 55 kg).

Dentition and Age Determination

Deciduous teeth 0.0.3.0/3.1.3.0; permanent denti-
tion 0.0.3.3/3.1.3.3. Aging can be performed on the
basis of teeth (Severinghaus 1949), in three age
groups (Gee et al. 2002). Fawns (½ year old)
have 4–5 teeth in their lower jaw with the third
premolar having three cusps. Yearlings (1½ year
old) have six teeth and the third premolar normally
has three cusps during the hunting season. In older
animals (i.e., 2½ years and older), the third premo-
lar has been replaced and has two cusps.

Antlers

Males cast their antlers in winter and regrow them
annually from February to March onwards. White-
tailed deer antlers have a main beam with single
points emerging directly from the main beam typ-
ically pointing up (Fig. 1). The two main beams
gently curve towards each other. Although antlers
increase in size with age, antler growth is highly
variable; already yearling males (1½ year old) can
have many antler points (up to 8 points) under
favorable conditions. Antlers can grow in size
until the males are 6½–7½ years old (Häkkinen
1986; Kekkonen et al. 2016). A prime-age deer
(�4½ years old) typically has antlers with an
inner width between the antler beams of at least
50 cm, the beam length is at least 54 cm, and the
circumference of the antler beam is at least 12 cm.
A very low proportion of females (1:10,000) grow
small antlers (Kekkonen et al. 2016).

Physiology

The current knowledge of physiology of white-
tailed deer is based on North American studies
(reviewed e.g., by Ditchkoff 2011). We here focus
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on reproductive physiology. The endocrine cycle
of does follows the usual hormonal cycle of mam-
mals controlled by the hypothalamus and ovaries.
The onset of reproduction is under photoperiodic
control and hence varies considerably across lati-
tude. Estrous commences with an increase in
gonadrotopin releasing hormone (GnRH) which
stimulates a sharp peak in luteinizing hormone
(LH) which in turn stimulates ovulation. Peak
concentrations of LH in serum on the day of
ovulation reported vary from 25.4 ng/mL to
60.1 ng/mL (Plotka et al. 1980; Knox et al.
1992). Usual level of LH is about 1 ng/mL (Plotka
et al. 1980), although elevated levels some days
before ovulation and even prior to estrous have
been reported (Knox et al. 1992). Estrogen levels
are normally 5–30 pg/mL and rise to peak at the
day of estrous. In case the doe does not get preg-
nant, the corpora lutea decrease and progesterone
levels increase until about 1 week prior to the next
ovulation. The estrous period lasts typically about
24 h, although estrus may be prolonged for up to
48 h if the doe remains unbred (Knox et al. 1988).
The doe can re-enter estrus 25–30 days later
(Plotka et al. 1977); this estrous cycle can be
repeated up to seven times in a breeding season
(Knox et al. 1988). A number of studies testing
different substances for hormonal birth control of
white-tailed deer have been conducted in the
USA, but their use as a means to limit population
reproduction of wild populations is limited due to
challenges in administrating these drugs
(Ditchkoff 2011).

Gestation length is about 200 days (ranging
between 190 and 220 days) (Kairikko and Ruola
2004; Verme 1965). Near the end of gestation,
mammary tissue responds to a rise in prolactin
and starts to develop milk. The first few days of
a newborn critically depend on the mother’s milk
for nutrition, but also for the development of its
immune system. The colostrum, which is present
in the milk provided to the fawn during its first
24 h post-partum, contains immunoglobulins pre-
senting the mother’s antibodies. This transfer of
antibodies hence provides the newborn with a first
line of passive immunity. Indeed, compromised
transfer can lead to immune system deficiencies
with consequences for survival of newborn

white-tailed deer (Sams et al. 1996; Ditchkoff
et al. 2001a). The composition of white-tailed
deer milk has been analyzed by Silver (1961)
and depends primarily on the age of the fawn,
with fat content increasing toward weaning. Mal-
nutrition of females does not alter composition,
but lowers the quantity of milk produced.

The rut, growth, and development of antlers in
thewhite-tailed deer are under photoperiodic control
and hence show considerable variation across the
species’ native range. In general, the testosterone
levels in bucks start to increase in July–August and
reach the highest peak at the end of October stabi-
lizing again on the lowest levels in the middle of
December (Verme and Ullrey 1984). Peak levels of
testosterone circulating can be 20 ng/mL (Mirarchi
et al. 1978) but the peak concentration level also
increases as amale ages until the age of five to seven
years (Ditchkoff et al. 2001b). In response to testos-
terone, secondary sexual characteristics such as
neck swelling and aggressive behavior increase
and testes and epididymides, which are atrophied
outside the breeding season, increase in size. Older
males develop larger testes and epididymides
(Lambiase et al. 1972) and typically produce more
spermatozoans (Mirarchi et al. 1977).

Genetics

White-tailed deer karyotype is 2n ¼ 70. White-
tailed deer are an introduced species in Europe. In
their native range, white-tailed deer show consid-
erable genetic diversity, both within and between
populations. However, at the beginning of the
1900s they were severely overharvested in many
parts of North America, and restoration of the
North American populations was achieved by
restocking with white-tailed deer from a diverse
set of source populations. As a consequence, there
has been considerable admixture in North Amer-
ican white-tailed deer (e.g., DeYoung et al. 2003).

There occurs no hybridization between white-
tailed deer and other ungulates in Europe.
According to an individual-based population
genetic model, the current genetic diversity of
white-tailed deer in Finland is consistent with
being founded by the three females and one male
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which were originally introduced in 1934 (Kek-
konen et al. 2012). Despite being originated from
only a few individuals and living in isolation
without gene flow from other populations, the
white-tailed deer population in Finland has
retained a high heterozygosity thanks to its rapid
population increase (Kekkonen et al. 2012). Nev-
ertheless, the founder effect of the introduction
has reduced allelic diversity compared to the
North American source population (Kekkonen
et al. 2012). There is some evidence of inbreeding
depression for body mass in Finnish white-tailed
deer (Brommer et al. 2015). In general, however,
the Finnish white-tailed deer population is genet-
ically diverse and shows little evidence of being
adversely affected by genetic factors.

Life History

Growth

After the first 40 days of gestation, the fetus grows
about 3 mm in a day (Armstrong 1950). The gain
in fetal body mass is fastest during late gestation.
When the fetus is about 150 days old it has
reached half of the birth mass (Armstrong 1950,
Hamilton et al. 1985). Females increase clearly in
size (skull and body mass) until they are 2 years
old when growth levels off. Males increase in
skull and body size until 4 years of age (Kekkonen
et al. 2016), and are in their prime age between 4½
and 8½ years.

Reproduction

In Finland, the rut starts around November.
Females give birth to one or two fawns, sometimes
triplets (Koivisto 1986) between the end of May
and the beginning of July (Lahtinen 1996; Kairikko
and Ruola 2004). Fawns weigh about 2.5–3.5 kg at
birth (Haugen and Davenport 1950; Kairikko and
Ruola 2004). During their first summer fawns gain
about 250 g per day and this growth starts to
decrease during their first autumn. Fawns reach
their maximum mass in their first December after
which the mass decreases a bit.

White-tailed deer females are reproductively
most productive at 3–7 years old (Verme and
Ullrey 1984) after which fecundity starts to
decrease. Some very well-developed females can
get pregnant already during their first winter but
usually this happens at the age of one year. About
10%–15% of 5- to 7-year-old female white-tailed
deer give birth to triplets. The mean number of
fawns per mother is often between 1.6 and 1.9
(Häkkinen 1986). Depending on the age structure
of the population, this reproductive potential trans-
lates to an average of 1.1 to 1.4 fawns per adult
female per year (Häkkinen 1986). Because of the
high reproductive output of white-tailed deer,
yearly huntable net productivity of the population
can be 50–60%, provided the density and the age
and sex structure of the population is suitable.

Survival

The ratio of X:Y sperm is 1:1 in white-tailed deer
(DeYoung et al. 2004), but at birth, 50–55% of
fawns are males. A slightly higher adult mortality
of males equalizes the sex ratio in adults. Thus, sex
ratio of unharvested white-tailed deer populations
is considered to be approximately one female per
one male, possibly slightly female-biased. Clearly,
in hunted populations adult sex ratio may deviate
from parity. There is, however, a lack of research
studying possible biases in sex and age ratio of the
white-tailed deer populations in Europe. Kekkonen
et al. (2016) found a deficit of older males among
white-tailed deer harvested, but because this study
only considered one hunting season its relevance
for the age structure in the white-tailed deer popu-
lation remains unclear. Usually, white-tailed deer
live up to 13–15 years in the wild but can even
reach the age of 20 years.

Habitat and Diet

Space Use

The size of the white-tailed deer home range
needs to be sufficiently large to encompass the
individual’s need for cover, food, and water;
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white-tailed deer depend on woody vegetation for
cover and food. The size of the white-tailed deer
home range furthermore depends on the density of
the population: the yearly home range size is
smaller in high density populations and larger
when the population density is lower. Male
white-tailed deer in low density populations
(e.g., less than approximately 1 individual per
square kilometer) in Finland have yearly home
ranges of 50–70 km2 measured as minimum con-
vex polygons while in higher density populations
(e.g., approximately 1.5 to 4 individuals per
square kilometer) yearly home ranges of males
are 10–40 km2. Females have slightly smaller
home range sizes than males. The annual home
range is often from 5 to 50 km2 depending on the
density. In North America, where white-tailed
deer density is higher than in Finland, the yearly
home range of white-tailed deer varies from 1 to
10 km2 (an overview of studies is presented by
DeYoung and Miller 2011). White-tailed deer
often occupy the same areas in consecutive years.

In Finland, fawns mainly disperse from their
natal areas during their first March or April
(Wikström 2012) although some fawns still
move with their mothers at that time (Kairikko
and Ruola 2004). Studies on white-tailed deer
movement in North America have found that
59–86% of males and 0–29% of females disperse
from their natal areas (Nelson and Mech 1984,
1987; Dusek et al. 1989; Nelson 1993; Kilgo et al.
1996). A meta-analysis of dispersal studies
conducted in North America found that dispersal
distances of male white-tailed deer were mainly
determined by forest cover: dispersal was longer
in open and fragmented landscapes (Long et al.
2005). A study on Finnish white-tailed deer
showed that dispersal distance from the natal
area varied considerably, from only a few kilome-
ters up to 44 km (Honzová 2013). Nevertheless,
home range, space usage and movement of white-
tailed deer in Finland remain poorly studied.

Daily Movement

White-tailed deer are most active around dusk and
dawn. Daily movement distances vary with the

age and sex of the individuals but are also depen-
dent on, among other things, season and habitat.
In North America (Oklahoma), GPS-collared
white-tailed deer males moved about 7.4 km/day
during the rut and about 6.2 km/day after the rut,
whereas females moved 2.6–3.3 km/day
depending on parturition (Webb et al. 2010).
Daily movement can decrease during the winter
depending on the weather and food availability.
Deep snow can hamper movement and a decrease
in food consumption during the winter time can
deteriorate the body condition of deer which may
affect movement (Andersson and Koivisto 1980).
During the whole year, the daily movement
among GPS-collared adult white-tailed deer in
Southern Finland varied from approximately
1.5 km/day to 3.5 km/day (Wikström 2012). Nev-
ertheless, the number of daily GPS locations in
this study was considerably lower than in the fine-
scale movement study conducted by Webb et al.
(2010) which may partly explain why a lower
daily movement distance was observed in Finland
compared to the USA.

Diet

White-tailed deer are an adaptive species
inhabiting a large variety of terrestrial habitats
from forest and savannas to deserts and coastal
marine habitat, and it can feed on various vege-
tation types. Diet quality is, nevertheless, very
important. In particular, white-tailed deer are
relatively small ruminants and cannot digest
fiber efficiently. In general, in Finland, white-
tailed deer diet consists of twigs of dwarf shrubs
(e.g., bilberry Vaccinium myrtillus, lingonberry
Vaccinium vitis-idaea, heather Calluna
vulgaris), as well as lichen and grass. Different
cereal crops (wheat, barley, rye) are likely an
important food source in autumn. White-tailed
deer also feed on trees (seedlings, crown, leaves,
buds, and – in winter – branches and bark), for
example, juniper Juniperus communis, European
aspen Populus tremula, willows Salix ssp., Scots
pine Pinus sylvestris, and rowan Sorbus
aucuparia (Andersson and Koivisto 1980).
Snow cover and temperature during winter affect
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the availability of food. In Finland, providing
supplementary food to white-tailed deer and
other deer is allowed. Supplementary food is
typically provided throughout the winter and is
considered an important winter food source for
the population.

Behavior

Mating Behavior

White-tailed deer do not defend territories nor
have harems. Males search mating partners
actively inside their home ranges, but GPS-based
studies found that male white-tailed deer do some-
times make long-distance excursions outside their
typical home range during the rut (DeYoung and
Miller 2011). Males prepare for the rutting season
already in September when they start leaving
scent marks. Gland secretions are an important
aspect of olfactory communication in white-tailed
deer. Seven regions with glands are identified, and
the chemical composition of some of the gland
secretions has been studied in some detail (Gassett
et al. 1997).

White-tailed deer males show signpost behav-
ior; theymake rubs (by rubbing their antlers against
trees and bushes) and scrapes (by scraping the soil)
combined with scent from urine, saliva, or secre-
tion from a number of glands to present both visual
and olfactory cues to conspecifics (DeYoung and
Miller 2011). During the rut, adult males usually
move more slowly and cautiously and threaten
other males. They fight each other by using the
antlers to determine a hierarchy among bucks
(Hirth 1977). When females are fertile, males
tend their partners for up to 3 days minimizing
does’ copulation with other bucks. Bucks may
mate with several does during the rut, and a single
pair may mate several times. That is, white-tailed
deer have a polygynous mating system. Neverthe-
less, the demanding combination of multiple-day
tending of females that are spatially scattered
makes it unlikely that dominant males can monop-
olize matings, and results in paternity being distrib-
uted acrossmales in the population (DeYoung et al.
2006). Genetic paternity assignment inwhite-tailed

deer in the USA showed that older bucks
(�3½ years) were not able to monopolize matings,
and that younger, physically immature, bucks man-
aged to sire 30�59% of the offspring (Sorin 2004;
DeYoung et al. 2002; DeYoung et al. 2009; Turner
et al. 2016). In addition, white-tailed deer does can
be promiscuous; in some (captive) populations
about 20% of twins have multiple fathers
(DeYoung et al. 2002; Sorin 2004), although such
polyandry has not been found in other populations
(Turner et al. 2016). At present, genetic studies of
the mating system of the white-tailed deer in
Europe have not been conducted.

Grouping

The sexes are segregated for much of the year.
Research conducted in the USA shows that
white-tailed deer form small matriarchal social
groups, typically staying associated with each
other throughout the year, except during fawning
season (e.g., Hirth 1977; Aycrigg and Porter
1997). The matriarchal group is composed of
relatives, a female and her offspring of one or
multiple breeding seasons, although genetic ana-
lyses revealed that not all members in the social
group are necessarily closely related (Miller et al.
2010). Males are solitary during the breeding
season, but form so-called bachelor groups out-
side the breeding season which consist of multi-
ple unrelated males (Hirth 1977). This male
grouping behavior starts when a male is about
1½ years old, after dispersal from its natal range.
These bachelor groups start to break up toward
the rutting season.

Parental Care

As newborns, fawns stay hidden for 4 to 8 weeks
after which they start to move around with their
mothers. Siblings are usually hidden at separate
places (Halls 1984). Lactation lasts from the
fawns’ birth to their first September or October
but they start gradually eating plant material and
ruminating already at 2 weeks old (Plotka et al.
1977; Short 1964).
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Parasites and Diseases

One factor behind the successful introduction of
the white-tailed deer in Finland is likely that sev-
eral parasites and diseases are absent. In particular
the meningeal worm or brainworm Parelaphos-
trongylus tenuis, which is a common nematode in
white-tailed deer in North America, did not
become established in Finland (Andersson
1964), either because the introduced deer were
not infected or because there was no suitable
intermediate host (a gastropod) for the parasite in
Finland. Czech white-tailed deer are commonly
infected with large liver flukes, Fasciola hepatica.

A relatively newly described parasite for Finn-
ish white-tailed deer is a lymphatic dwelling
filarioid nematode, Rumenfilaria andersoni, but
the effect of this nematode on white-tailed deer
health is not well known (Laaksonen et al. 2015).
This parasite (which is nowadays found in all
Finnish cervids) likely was introduced to Finland
as part of the introduction of white-tailed deer to
the country (Laaksonen et al. 2015). Other para-
sites found in Finnish white-tailed deer include
Toxoplasma gondii (Jokelainen et al. 2010) and
deer ked Lipoptena cervi. Of future concern is
chronic wasting disease (CWD), which is a lethal
disease caused by a prion protein in which the
infected animal loses mass and wastes away
even if it eats. CWD is found in cervids in North
America, including white-tailed deer. CWD was
recorded in 2016 in Norway. The first case of
CWD was found in moose Alces alces in Finland
in 2018 (Finnish Food Authority 2019).

Population Ecology

In Finland and in the Czech Republic, white-tailed
deer co-occur with the native roe deer Capreolus
capreolus. Both white-tailed deer and roe deer are
concentrate selectors, and their diet has many
plant species in common; these cervids are hence
likely competing. However, roe deer occur in
Finland only locally and in small numbers,
although the roe deer population is increasing in
the southwest of the country. Overall, competition
with the smaller roe deer is therefore not

considered to be a main factor affecting white-
tailed deer populations, but more detailed wildlife
studies on the competition between these species
are needed. Finland also locally has low numbers
of fallow deer Dama dama, which is another
potential competitor. Natural predators for white-
tailed deer in Finland are gray wolf Canis lupus,
Eurasian lynx Lynx lynx, and brown bear Ursus
arctos. Wolf and lynx prey on both adults (lynx
only occasionally) and fawns, and bear prey
mainly on small fawns. The major cause for
white-tailed deer mortality in Finland is hunting
as well as traffic collisions.

In the Czech Republic, white-tailed deer are
part of a larger community of cervids including
sizeable numbers of red deer Cervus elaphus and
fallow deer, as well as locally abundant numbers
of introduced sika deer. Competition with these
cervid species likely has been a factor hindering
the white-tailed deer establishment in the Czech
Republic. At the same time, the white-tailed deer
is thought to also receive some benefits from the
coexistence with roe deer, red deer, and fallow
deer in terms of antipredatory group advantages
during foraging (Bartos et al. 2002).

Conservation Status

The white-tailed deer is classified as Least Con-
cern in the IUCN Red List (Gallina and Lopez
Arevalo 2016). In Finland and the Czech Repub-
lic, the species is considered an alien species and
hence has no conservation status.

Management

The white-tailed deer is an alien species in Fin-
land. The National Strategy on Invasive Alien
Species by the Finnish Ministry of Agriculture
and Forestry (2012) considers white-tailed deer
as potentially or locally harmful and in need of
monitoring. The strategy states that the spreading
of the white-tailed deer from Finland to other
countries must be prevented. Deer-vehicle colli-
sions are one of the damages that the white-tailed
deer cause in Finland. The vehicle collision rate
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(i.e., percentage of the population that is involved
in a traffic accident) of white-tailed deer is the
highest (8%) of all cervid species in Finland
(Niemi et al. 2015). In the densest population
areas, white-tailed deer also cause damages to
agriculture and forestry by eating, for example,
vegetable crops and tree seedlings as well as caus-
ing damage to people’s gardens in populated
areas.

To minimize economic damages and traffic
accidents the Finnish population size is regulated
through intensive hunting. White-tailed deer are
the second most important game species in Fin-
land (after moose), and its management is regu-
lated by the Finnish hunting legislation. The
white-tailed deer population in Finland is
managed via annual licenses. During the hunting
season 2018–2019 approximately 53,000 white-
tailed deer were harvested in Finland. The meat
value of the harvest was calculated to be about
14 million euros, and the recreational value was
calculated at approximately 20 million euros,
which makes a total calculated value of approxi-
mately 34 million euros. In those parts of southern
Finland where the white-tailed deer is common,
hunting of white-tailed deer is nowadays equally
or more economically important than moose
hunting.

In the Czech Republic, the white-tailed deer
population is small in numbers compared with the
abundance of other cervids (red deer, fallow deer,
roe deer, sika deer). The white-tailed deer also
occurs in very local populations. As a conse-
quence, there is no overarching white-tailed deer
management scheme in the Czech Republic, but
the species is managed locally.

Future Challenges for Research
and Management

White-tailed deer population numbers have rapidly
increased in Finland over the last decade. The chal-
lenge for management is to develop ways to control
the population growth in a sustainable manner.
Compared with the body of research on white-tailed
deer in its native range, the European populations of
white-tailed deer remain understudied. While many

aspects of white-tailed deer biology in Europe likely
are similar to the species’ biology in its native range,
it is also clear that white-tailed deer ecology and
behavior is very adaptable to its environment. From
that perspective, future research challenges for the
white-tailed deer include improving our understand-
ing of diet and habitat selection, dispersal, mating
system, competition with roe deer and other deer
species, and the population’s age and sex distribu-
tion across its European range.
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Common Names

English European bison

German Wisent

French Bison d’Europe

Spanish Bisonte Europeo

Italian Bisonte Europeo

Russian Зубр

Taxonomy, Systematics and
Paleontology

The European bison (Bison bonasus, Linnaeus,
1758) is a large herbivore belonging to the order
Cetartiodactyla, suborder Ruminantia, family
Bovidae, and genus Bison that also includes the
American bison (Bison bison, Linnaeus, 1758)
(Fig. 1). Some authors suggest the European
bison species to be within the Bos genus due to
its close association with other species of wild
cattle (Groves and Grubb 2011; Soubrier et al.
2016). Despite a rich fossil record, the taxonomy,
evolutionary history, and paleobiogeography of
the European bison are still being developed and
debated (Massilani et al. 2016; Soubrier et al. 2016).

The genus Bison experienced several intervals of
expansion, contraction, and local extinction during
the last 50,000 years in Europe, culminating in
reduced genetic diversity during theHolocene (Gau-
tier et al. 2016; Massilani et al. 2016). The oldest
skeletal remains of European bison are dated to
>50 kya. The temporal distribution of genotyped
individuals reveals that European bison mitochon-
drial lineages are observed before 50 kya and after
34 kya, when steppe bison (Bison priscus) appear to
be largely absent from the European continent
(Soubrier et al. 2016). Paleontological and
archeological findings suggest that the species dis-
tribution during the Late Pleistocene and Holocene
extended east from France to the Ural and Northern
Caucasus, and north fromBulgaria to southern Swe-
den and portions of the North Sea that were
unflooded during the Late Pleistocene (Benecke
2005; Soubrier et al. 2016; Hofman-Kamińska
et al. 2019) (Fig. 2).

Traditionally, it has been considered that
the European bison developed within one single
phylogenetic line (including Bison priscus,
B. schoetensacki, B. bonasus); or at least two
parallel lines, with one being the line of
B. schoetensacki (Freudenberg, 1910) called also
forest bison, which evolved to the recent
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B. bonasus, and the other being the line of the
steppe bison B. priscus. However, validity of
B. schoetensacki is questioned (Drees 2005), and
recent genomic analysis place B. schoetensacki in
one of the B. bonasus clades (Soubrier et al. 2016;
Massilani et al. 2016; Palacio et al. 2017) and

should be renamed accordingly (see details in
“Genetics” section). During the Holocene, the
species distribution range declined extensively
due to meta-population extirpation through an
interaction of human persecution and broad envi-
ronmental change from extensive open

Map template: © Getty Images/iStockphoto

Fig. 2 Historical (Late Pleistocene and Holocene) distri-
bution of European bison in Europe. Dots show locations
of historical skeletal remains. (Based on Soubrier et al.

(2016) and Hofman-Kamińska et al. (2019)) (Map tem-
plate: © Copyright Getty Images/iStockphoto)

Fig. 1 Male (left) and female with calf (right) of European bison (photograph © Rafał Kowalczyk)
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landscapes to forested habitats (Hofman-
Kamińska et al. 2019). Since the sixteenth century
following the medieval period, the European
bison persisted in the wild only through royal
protection. By the nineteenth century, wild, free-
ranging European bison were limited to only the
Białowieża Forest of northeast Poland and west-
ern Belarus, and Caucasus mountains (Pucek et al.
2004).

Presently, two subspecies are recognized as the
Lowland (Białowieża) European bison (Bison
bonasus bonasus) and the Caucasian (mountain)
European bison (Bison bonasus caucasicus,
Turkin and Satunin, 1904). Some authors earlier
recognized the Carpathian (Transylvanian)
European bison (Bison bonasus hungarorum,
Kretzoi, 1946), though that description was
based on the morphological identification of
only a single bone, and this subspecies has not
been recognized in genetic analysis conducted on
fossil material (Soubrier et al. 2016; Massilani
et al. 2016). Lowland bison were distributed
across western and eastern Europe (Węcek et al.
2017; Hofman-Kamińska et al. 2019), while the
Caucasian bison occurred only in the northern
Caucasus mountains and foothills (Heptner et al.
1966). Compared to the Lowland bison, Cauca-
sian bison morphology included smaller body
size, darker coloration, more hairy head and
body front, and shorter and more rounded hooves,
being attributed to geographical isolation and
local adaptation (Flerov 1979). During the nine-
teenth century, royally decreed translocations
ensured that the European bison survived in cap-
tivity at several locations across Europe
(Krasiński and Krasińska 2017). Yet, by the
early twentieth century, the species was increas-
ingly imperiled in the wild, with the Lowland
bison becoming extinct in the wild in 1919, and
the Caucasian bison extinct in the wild by 1927
(Pucek et al. 2004). As the species was going
extinct in the wild, 54 remaining European bison
were registered in captivity in the early 1920s
(Raczyński 1978; Pucek 1991). A detailed pedi-
gree analysis of these 54 bison indicates that all
contemporary European bison are descendants of
only 12 founders with individual genotypes
(Slatis 1960). Among the bison that survived in

captivity there was only one Caucasian male.
Captive breeding was then undertaken to create
two isolated genetic lines of the European bison,
being a Lowland line through seven founders and
aLowland-Caucasian hybrid linewith 12 founders
(Pucek et al. 2004). Restoration of the species into
native habitat started at the Białowieża Forest in
1929 and the history of the many challenges,
failures, and successes of this restoration program
have been well described (Pucek et al. 2004;
Krasińska and Krasiński 2013; Krasińska et al.
2014; Krasiński and Krasińska 2017). In 1950,
following sufficient expansion of the Białowieża
Forest population, all known individuals of the
Lowland-Caucasian hybrid line were removed
from the Białowieża breeding center in order to
focus only on the Lowland line. Subsequent DNA
analysis of the extinct Caucasian bison has shown
that some Caucasian bison genetic variants were
still detectable in the bison population that
occupies the Białowieża Forest in Belarus
(Tokarska et al. 2015). This is likely due to an
unknown extent of breeding between Lowland
and Lowland-Caucasian bison in the Belarusian
part of the Forest during initial restoration
(Bunevich et al. 2006). The vast majority of
European bison herds in Belarus originate from
the Belarusian part of the Białowieża Forest with
uncertain affiliation to the Lowland line.

Current Distribution

The current distribution of free-living European
bison derives largely from multiple reintroduction
programs sourced from captive breeding, as well as
some recent translocations from wild, free-ranging
herds (Fig. 3). In 1952, the European bison was
first restored as free-ranging wildlife to the
Białowieża Forest in NE Poland, with successive
successful reintroductions to locations in Belarus,
Lithuania, Poland, Russia, and Ukraine. More
recently, free-ranging European bison herds were
created in Slovak Republic (2004), Germany
(2013), Romania (2014), Bulgaria (2019), and Lat-
via (2019). In 2019, there were 6244 wild, free-
living European bison (EBPB 1987–2020) distrib-
uted in 47 herds isolated by geographical distance
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or barriers (e.g., border fence) (Fig. 3), with addi-
tional new reintroductions being planned. Another
2217 European bison occur at over 200 captive
centers and semi-captive herds in nearly 30 coun-
tries (EBPB 1987–2020). The Lowland bison line
is generally the focus of restoration in Belarus,
Lithuania, and northeast Poland, while the

Lowland-Caucasian line is the focus in Germany,
southern Poland, Romania, Russia, Slovak Repub-
lic, and Ukraine (EBPB 1987–2020) (Table 1).

Description

Size and Morphology

The European bison is the largest terrestrial
mammal of Europe. A compact body and large
head set on a strong neck, combined with a
pronounced hump and horns twisted inwards,
give the European bison a widely recognized
iconic appearance (Fig. 1). The European bison
displays a distinct sexual dimorphism, with
males 33% bigger than females (Krasińska and
Krasiński 2002). Bison cows are characterized
by a more delicate construction of the front part
of the body, less pronounced hump, narrow head
with thinner and more twisted horns, compared
to males (Fig. 1). Body mass of mature males is
436–840 kg, and 340–540 kg for mature females
(Krasińska and Krasiński 2002). New-born
calves weigh an average 26 kg with an observed

Table 1 Distribution and abundance of 47 free-living
populations of European bison (EBPB 1987–2020 and
Plumb et al. 2020)

Country
Number of
populations

Total population
size

Belarus 10 2020

Bulgaria 1 7

Germany 1 26

Latvia 1 5

Lithuania 2 284

Poland 6 2048

Romania 3 107

Russia 16 1381

Slovak
Republic

1 48

Ukraine 6 315

Total 47 6244

Map template: © Getty Images/iStockphoto

Fig. 3 Distribution and ranges of free-living European bison populations (Map template: © Copyright Getty Images/
iStockphoto)
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range of 15–35 kg (Krasińska and Krasiński 2002).
Head and body length of adult males vary
between 258 and 323 cm, whereas that of
females varies between 222 and 292 cm, with
shoulder height of mature males reaching
188 cm and 167 cm for mature females
(Kowalczyk R., unpublished data on file at zoo-
logical collection of the Mammal Research Insti-
tute PAS). The tail of both sexes reaches 30–
60 cm long and drapes to the heels or below.
Black horns are on the sides of the head for
both sexes, and become increasingly worn with
age for males, and increasingly twisted for
females. Maximal distance between horn curves
reaches 87 cm with horn length reaching 65 cm
(Krasińska and Krasiński 2002, Kowalczyk,
unpublished data on file at zoological collection
of the Mammal Research Institute PAS). The
muzzle is wide and dark gray. At a glance, the
European bison closely resembles the American
bison, though with smaller and less sloping hind-
quarters, and some differences in hair coverage
and coloration (Krasińska et al. 2014).

Pelage

European bison have a dense, dark brown to
golden–brown coat, with some individual variety
of coloration shades. The sides of the head and legs
are darker in both sexes. In males, the top of the
head, chin, neck, shoulders, hump, upper parts of
front legs, and prepuce are covered with longer
hair. The longest hairs (up to 50 cm) form the tuft
at the end of the tail. The rest of the body is coated
with short fur; however, the border between the
coat covering forequarters and hindquarters is not
so distinctly marked as in American bison.
New-born calves are red-brown, and after first
moulting (3–4 months after birth) their coat color-
ation change to dark brown. Adult bison begin to
moult at the end of winter, usually in March and
continues for next 4–5 months (Kiseleva 1974).
Both sexes of the European bison intensively rub
against trees, broken trunks, and stumps to enhance
moulting. The winter coat begins to develop in
September and is complete by early November.

Head and Dentition

The skull is wide and massively built, with pro-
nounced protruding bony rims around eye
sockets. Males have a greater cavity volume, and
the skull is narrower in females. Mean length of
the skull is 500 mm (maximum of 542 mm) in
males, and 417 mm (maximum of 458 mm) in
females. Themean width is 298mm (maximum of
342 mm) in males, and 240 mm (maximum
277 mm) in females (Szara et al. 2003). Both
sexes exhibit two teeth generations: milk teeth
0.0.3.0/3.1.3.0; permanent dentition 0.0.3.3/
3.1.3.3, in total 32 teeth. Milk teeth are replaced
between 22 and 44 months of age, while molars
erupt over a relatively long period between 6 and
43 months of age (Węgrzyn and Serwatka 1984).

Physiology

Physiology of European bison (reproductive
cycle, ruminant physiology of an intermediate
feeder, etc.) is similar to that of other temperate
European ungulates. Body temperature range is
38.1–38.4 °C. Mean heart rate is 106 � 19/min.
Respiratory movements are 10–18/min. Blood
pressure (systolic/diastolic) is 132 � 13/117 �
7 mmHg (Gill 1999). Main blood parameters
and their values are presented in Table 2.

Genomic analysis of genes under selection
showed adaptation of European bison to colder
climate conditions, which is confirmed by devel-
opment of thick pelage and lack of historical
occurrence in warmer environments of southern
Europe (Gautier et al. 2016; Hofman-Kamińska
et al. 2019).

Table 2 Hematologic values of European bison in the
Białowieża Forest (Anusz et al. 2007)

Parameter Unit Mean � SE Min–Max

Erythrocytes T/l 7.4 � 1.7 2.1–11.1

Hematocrit l/l 0.3 � 0.0 0.1–0.5

Hemoglobin g/l 128.9 � 25.2 51.00–177.0

Leukocytes G/l 4.7 � 1.4 1.3–9.1

Lymphocytes % 72.1 � 13.5 34.0–95.0

Monocytes % 1.3 � 0.4 1.0–2.0
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Genetics

Chromosomes

2n ¼ 60 chromosomes, of which 58 are acrocen-
tric autosomes, and two are the sex chromosomes
(Melander 1959; Fedyk and Sysa 1971).

Phylogeny and Phylogeography

While some genomic, paleogenomic, morpho-
metric, and paleoecological studies have eluci-
dated large parts of the evolution of bison
populations during the Late Pleistocene and Holo-
cene in Eurasia (Soubrier et al. 2016; Massilani
et al. 2016), the origin of European bison remains
an ongoing subject of scientific debate, with some
data interpreted contradictorily (Soubrier et al.
2016; Massilani et al. 2016; Wang et al. 2017;
Grange et al. 2018). The first interpretation of
ancient mitochondrial genomes and genome-
wide nuclear DNA surveys suggests that the
European bison is a hybrid between the extinct
steppe bison (B. priscus) and the aurochs (Bos
primigenius), the ancestor of modern cattle
(Soubrier et al. 2016). The second interpretation
of metagenome data proposes that B. bonasus
mitogenome lineage is more closely related to
the Bos p. taurus lineage than to the B. priscus–
B. bison lineages. The lineages maintained paral-
lel evolutionary paths with gene flow during a
long period of incomplete speciation. Genetic
affiliation between the European bison and cattle
mitogenomes results from incomplete lineage
sorting (Massilani et al. 2016; Grange et al.
2018). Time for the node separating the Bos
p. taurus–B. bonasus and the B. priscus–B.
bison lineages was estimated at 927 (1064–790)
kya, and the node separating the B. p. taurus and
B. bonasus lineages at 768 (886–657) kya
(Massilani et al. 2016). It is agreed that the
B. bonasus mitogenome lineage can be sub-
divided into two sublineages: Bb1 also named
BisonX, which went extinct at the onset of the
Holocene, and Bb2, which gave rise to modern-
day European bison (Soubrier et al. 2016; Grange

et al. 2018). The divergence between BisonX and
modern bison lineages occurred at 120 (92–152)
kya, likely during the last (Eemian) interglacial.

Genetic Diversity

Contemporary genetic variability of European bison
is relatively low, being an effect of population bot-
tleneck due to species extirpation in the wild in the
early twentieth century and subsequent restoration
from limited number of captive survivors (Pucek
et al. 2004; Wójcik et al. 2009; Tokarska et al.
2011). Descendants of only 12 individuals were
successfully used in the recovery of the Lowland
Caucasian line, while Lowland line derives only
from seven founders. Furthermore, the share of
genes of individual founders is extremely unequal
in the two lines, with domination of a pair of bison
(named Planta and Plebejer) constituting over 80%
of those in Lowland line, and 50% in the Lowland-
Caucasian line (Olech 2003). There is only a single
male line in the Lowland bison line, and only three
males in the Lowland-Caucasian line (Tokarska
et al. 2011). Mean expected heterozygosity, calcu-
lated on the basis of microsatellite data, has been
estimated as 0.29 (29%) for the Lowland line and
0.35 (35%) for the Lowland-Caucasian line
(Tokarska, unpublished). Of more than 52,000 ana-
lyzed cattle SNP (single nucleotide polymorphism)
loci amplified in European bison, only 900 were
found to be polymorphic (Pertoldi et al. 2010).
Despite the low genetic variability, deleterious
signs of inbreeding depression are rarely observed
in European bison. Some slight skull (elongation
and narrowing of splanchnocranium) and fore limb
shape modifications were found in Lowland-
Caucasian line (Kobryńczuk 1985). In general, the
lack or limited impact of inbreeding depression on
European bison vitality and viability may be due to
rapid demographic recovery of the species after the
bottleneck, which minimizes the negative impact on
the genetic variability by purging the genetic load. It
is also possible that genetic depletion took place
before the founder event, or because the founders’
genomes were, by chance, free from significant
genetic load (Tokarska et al. 2011; Tokarska 2013).
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Hybridization

European bison may readily hybridize with Amer-
ican bison, which is privately farmed in Europe, to
produce fertile offspring. It is unclear to what
extent privately farmed European-American
hybridized bison could impact the genetic integ-
rity of ongoing and future wild, free-ranging
European bison restoration efforts. A hybridized
population of European-American bison originat-
ing from Askania-Nova, with 95% gene pool
coming from B. bonasus, was translocated to the
wild at the Caucasian Biosphere reserve in 1940,
and thrived and increased to approximately 1500
by the 1990s (Sipko et al. 2010). Crossing of
European bison and domestic cattle through arti-
ficial insemination has proved to be difficult and
of very low efficiency (Krasińska and Krasiński
2013). European bison x cattle hybrids are distin-
guishable from bison on the basis of body mass
(>1000 kg) and variable coloration related to the
breed of cattle used (Krasińska 1988). First-
generation (F1) male hybrids are infertile, and
further crossing only possible by having hybrid
females covered by back-crossing (Krasińska
1988). Cross-breeding of bison with domestic
cattle has never been observed in the wild, despite
close encounter of bison with cattle when moving
from forested areas onto adjacent agricultural
lands.

Life History

Growth

At birth, the mean body mass of male bison is
28� 6 kg (mean� SD), and 24� 4 kg in females,
with no significant difference between sexes
(Krasińska and Krasiński 2002). Calves double
their body mass by 3months age, and do not differ
significantly between sexes during the first two
years of age. As observed in the field, the age of
bison may be determined by the combination of
body size, and horn size and shape. For both
sexes, there is strong growth of body mass and
markedly inward-curving horns by year 3 of age,
with female bison fully grown by 5 years, and

males fully grown by 7 years of age (Krasińska
and Krasiński 2002). Sex-related differences in
both size and shape of horns are pronounced ear-
lier than differences in body structure. Male horns
grow continuously until full development by 7–8
years age, with horn tips then frequently becom-
ing worn down and rounded, due to rubbing
against trees and aggression with other males.
Female horns grow longer and more curved with
age, with 20+-year-old females retaining sharp
horn tips (Krasińska and Krasiński 2013).

Reproduction

In wild, free-ranging populations, age at
primiparity is generally 3 years, with two-day
estrus intervals repeating across the annual rut
during August to October (Krasiński and
Raczyński 1967; Daleszczyk 2002; Krasińska
and Krasiński 2013). In captivity, age of primi-
parity ranges between 2 and 5 years (Jaczewski
1958; Daleszczyk 2011). Average gestation lasts
for 264 days (range: 254–270) (Jaczewski 1958;
Krasiński and Raczyński 1967; Kiseleva 1974).
Parturition usually lasts 1–2 h, with up to 3.5 h
observed (Daleszczyk and Krasiński 2001; Zięba
2007). Wild free-ranging European bison males
generally begin to exhibit sexual activity at
3 years age (Korochkina 1971), with fully devel-
oped spermatogenesis at 4 years age (Czykier
et al. 1999). Free-ranging European bison cows
almost exclusively deliver a single calf (Krasińska
and Krasiński 2013), with only one case of twin
calves reported in a wild, free-ranging population
in the Vologda region of Russia (Tyapougin and
Gusarov 2004; Gusarov 2011). Twin calves are
also very rare in captivity (Kelterborn et al. 2009).
Nearing parturition, a cow typically leaves the
group, and delivers a calf in a relatively secluded
place. A newborn calf stands up after 20–45 min
and thereafter follows the mother, that is a behav-
ior trait adapted to open habitats, and the cow-calf
pair then rejoins a group with a 1–2 days
(Daleszczyk and Krasiński 2001). Also like the
American bison, the European bison exhibits birth
synchrony with a majority of calves (70–80%)
born between May and July (Krasiński and
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Raczyński 1967; Krasiński 1978); however, births
during early and late months of the year have also
been observed (Krasiński 1978; Kelterborn et al.
2009), especially in supplementary fed herds
(R. Kowalczyk, unpublished).

Sex ratio at birth may differ between
populations. In the Białowieża Forest it was
found that increased population density and reduced
female body mass led to increasing female-biased
calf sex ratios, whereas years with oak Quercus
sp. seed masting (abundant food resources)
corresponded to male-biased sex ratios (Hayward
et al. 2011), suggesting alignment with the Trivers-
Willard hypothesis that offspring sex ratio is
responsive to maternal condition (see Rutberg
1986; Hewison and Gaillard 1999). Calves follow
their mothers for the first year of their life, and
thereafter may remain in a mother’s group for
several years (Krasińska et al. 1987).

Survival

European bison are generally long-lived, with
females reaching 25 years age and males rarely
exceeding 20 years (Pucek et al. 2004; Krasińska
and Krasiński 2013; Krasińska et al. 2014). Main
sources of mortality are diseases and parasitic
infections, and injuries due mainly to traffic colli-
sions (Krasińska and Krasiński 2013). Locally,
poaching may play important role. Mortality is
higher during severe winter (Mysterud et al.
2007). Mysterud et al. (2007) also reported that
generally low adult natural mortality in the Polish
Białowieża population increases when reduced
oakQuercus sp. masting combines with increased
winter severity. Daleszczyk and Bunevich (2009)
reported low but variable age-sex structured mor-
tality rates up to 3 years age between the adjacent
Polish and Belarusian Białowieża Forest
populations (Krasińska and Krasiński 2013;
A.N. Bunevich and Białowieża National Park,
unpublished data), with variability in sex struc-
tured mortality between the populations then
diminished after 4 years of age. Most recently,
overall adult annual survival rate of 0.88 � 0.09
(mean � SD) was estimated for the Polish
Białowieża population from radio-tracking data,

being lower for males (0.85 � 0.14) compared to
females (0.91� 0.07) (R. Kowalczyk, unpublished
data).

Habitat and Diet

Habitat

Like the American bison, the European bison is
well adapted to foraging in open andmixed habitats,
with a wide muzzle, hypsodont (i.e., high-crowned)
teeth, and functional length of the anterior part of
the jaw that facilitate consumption of a large vol-
ume of herbaceous primary production (Mendoza
and Palmqvist 2008). At the beginning of Holo-
cene (10–12 kya), bison roamed in open habitats
across Europe as indicated by stable isotope ana-
lysis (Bocherens et al. 2015; Hofman-Kamińska
et al. 2019). Isotopic signatures indicate subsequent
shifts in habitat use from open landscapes to for-
ests at the Mezolithic to Neolithic transition
7.5–6 kya years ago (Hofman-Kamińska et al.
2019). Kerley et al. (2012) have argued that
replacement of open tundra-steppe by forest
cover after the last postglacial period and increas-
ing human pressure related mainly to develop-
ment of Neolithic agriculture, forced bison into
forests as a refuge habitat. As described earlier,
royal protection of wild European bison following
the medieval period focused on forested habitats
(Pucek et al. 2004). Following upon this historical
pattern, initial European bison restoration efforts
focused mainly on forested habitats in Eastern
Europe (Pucek et al. 2004; Krasińska andKrasiński
2013; Krasińska et al. 2014). Restoration continues
to focus primarily on forested habitats across
Europe including mixed and deciduous forests
intersected by abandoned agricultural lands/open
river valleys/forest glades, coniferous forests with
little herbaceous understory, foothills, and higher
elevation transition habitats of mountainous areas,
as well as southern taiga (Krasińska and Krasiński
2013).

The Refugee Species Hypothesis proposed by
Kerley et al. (2012) suggests that the European
bison is not an obligate forest specialist, and that
continuation of restoration emphases on forested
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habitats alone risks confining the species to sub-
optimal or marginal habitats, with important
density-dependent consequences for species fit-
ness and long-term recovery. Stable isotope ana-
lysis showed strong plasticity and variation in
habitat use and preference among modern bison
populations in response to the proportion of forest
cover (Hofman-Kamińska et al. 2018a). When
reintroduced into forested habitats, supplementary
feeding provides incentive for forest habitat
association by bison (Kuemmerle et al. 2018),
yet free-ranging bison exhibit habitat selection
preference for open and wet/open habitats and
abandoned fields over the proportionally (in rela-
tion to available area) less-preferred forest habitats
(Kuemmerle et al. 2010, 2018; Zielke et al. 2019).
Among mixed-forest habitats, coniferous forests
are avoided, while alderwoods are preferred in
summer and autumn due to higher humidity and
persistence of lush vegetation when compared to
other forests (Daleszczyk et al. 2007). In some
populations, movement from forests into adjacent
open habitats increases in winter (Kowalczyk
et al. 2013). Kerley et al. (2012, 2020) suggest
that supplemental feeding during winter seriously
disrupts the species natural habitat ecology and
thus reinforces an unsustainable refugee cycle for
the European bison.

Foraging and Diet

The European bison is adapted to uptake large
amounts of different plants, including fodder with
lower digestibility such as senescent graminoids
and fibrous plants (Hofmann 1989; Gautier et al.
2016) with daily fresh matter intake of 23–50 kg
(Gębczyńska and Krasińska 1972; Holodova and
Belousova 1989). Despite their morphological
adaptations to grazing, stomach content analysis,
DNA metabarcoding of feces, and teeth micro-
wear analysis indicate that European bison are
mixed feeders or browsers (Gębczyńska et al.
1991; Kowalczyk et al. 2011, 2019; Bocherens
et al. 2015; Merceron et al. 2015; Hofman-
Kamińska et al. 2018b). In the Białowieża Forest,
European bison diet consists of 454 vascular plant
species, including naturally browsed and delivered

with supplementary fodder (Korochkina 1972;
Jaroszewicz and Pirożnikow 2008; Kowalczyk
et al. 2019). DNA-based analysis of feces showed
that during growing season Europe bison diet
consists mainly of woody species (30% trees,
30% shrubs), followed by herbaceous forbs
(34%), graminoids (4%), and cryptogams (2%)
(Kowalczyk et al. 2019), with red raspberry
(Rubus idaeus), European hornbeam (Carpinus
betulus), wood avens (Geum sp.), stinging nettle
(Urtica dioica), and meadowsweet (Filipendula
ulmaria) being among the most highly consumed
species (Kowalczyk et al. 2019). In winter bison
diet is strongly influenced by access to supple-
mentary feeding. With increasing supplementary
feeding, European bison decrease intake of
woody materials (65% in non-fed bison utilizing
forest habitats to 16% in intensively fed herds)
and increased intake of herbaceous forages (32%
in non-fed bison utilizing forest habitats to 82% in
intensively fed herds) (Kowalczyk et al. 2011).
The species of trees mainly browsed by bison
are of lower economic importance for forest man-
agement, including hornbeam (Carpinus betulus),
birches (Betula sp.), and willows (Salix sp.). Thus,
the supplementary winter feeding that occurs for
many reintroduced European bison populations
has a strong influence on foraging ecology (Kerley
et al. 2012; Hofman-Kamińska et al. 2018a).

In the CarpathianMountains, themost important
forage species during winter is the bramble (Rubus
fruticosus) (Pčola et al. 2006; Aleksandrowicz et al.
2009; Mazurek 2010). In natural conditions of
Dutch dunes, bison predominantly fed on grasses
across all seasons with only 20% of diet consisting
of woody forages (Cromsigt et al. 2018). The
mixed foraging ecology of the European bison
facilitates cascading ecological process such as
dispersal of seeds in forest ecosystems
(Jaroszewicz et al. 2009). The total number of
plant species dispersed by bison is approximately
2–3 times higher than for wild or domestic large
ungulates (Jaroszewicz et al. 2013). This is par-
ticularly important for plant species with no spe-
cific dispersal adaptations. Dung deposition may
result in increase in species richness, especially in
coniferous forest patches, by introducing new spe-
cies not recorded previously (Jaroszewicz 2013).
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Close to 25% of the species registered on bison
dung piles has not been previously registered
locally (Jaroszewicz et al. 2009).

Home Range

Home range sizes of European bison females and
mixed groups are influenced by the distribution
and availability of forage resources, while home
range for mature males is more related to repro-
ductive behavior and activity than food-related
factors. During the growing season in the Polish
Białowieża Forest, home ranges of mixed age and
sex groups covered 69 km2 on average (range:
45–97 km2) and were similar to those of bulls
(70 km2) (range: 29–152 km2) (Krasińska et al.
2000). Younger males (4–6 years old) occupy
smaller home ranges (44 km2), while fully mature
males (�6 years) occupy much larger home
ranges (84 km2) due to increased mobility during
the breeding season (Krasińska et al. 2000). The
Knyszyn Forest of northeast Poland is dominated
by coniferous tree stands with reduced understory
forages, and thus bison occupy larger home
ranges (130 km2) than in mixed deciduous forests
of Białowieża (Kowalczyk 2010, Kerley et al.
2020). In the Bieszczady Mountains of southeast
Poland, individual bison home range size varies
between 59 and 123 km2 in winter and 1 and
62 km2 in summer (Perzanowski and Januszczak
2004). Summer home ranges of bison introduced
to the German highlands reached 42.5 km2

(Schmitz et al. 2015). Within a mixed forest land-
scape such as the Białowieża Forest that includes
also open habitats (forest glades, meadows, river
valleys), European bison disproportionately use
their home ranges, with core areas overlapping
with open habitats, which indicate their natural
preference (Kowalczyk 2010).

Migration, Dispersal, and Range
Expansion

Consistent with the Bison genus (see Plumb et al.
2009), European bison exhibit a complex and
dynamic movement ecology underpinned by

multiple interactive drivers across multiple spatial
and temporal scales, including seasonal variation
in forage quality and availability, weather (ambi-
ent temperature, snow depth, and ice-crusting),
competitive mate selection during the seasonal
rut, and density-dependent intraspecific competi-
tion (Krasińska et al. 2000; Kowalczyk et al.
2013). This complex movement ecology includes
extensive ongoing intra-season local movements,
seasonal migrations, and dispersal tied to range
expansion. Although all free-ranging bison
populations will exhibit dynamic local movement
with some preference for open habitats as
discussed above, not all bison populations exhibit
clearly defined seasonal migration. Dispersal gen-
erally occurs by individual male bison (usually in
age of 3–7 years) that may disperse over large
distances ranging up to 700 km (Krasińska and
Krasiński 2013). In expanding populations, dis-
persal by mixed age-sex groups is observed as the
result of density-dependent intraspecific competi-
tion (Kowalczyk et al. 2013; Krasińska et al.
2014; Plumb et al. 2014). In complex mixed
forest-open landscapes with little elevation varia-
tion, bison seasonally move between summer and
winter areas, whereas in more simple landscapes
of suboptimal forest habitats, bison often attempt
to move to open habitats in winter leading to
agriculture depredation (Hofman-Kamińska and
Kowalczyk 2012). In mountainous area, bison
seasonal migrations respond to changes in
weather and habitat quality along elevational gra-
dients (Krasińska et al. 2014; Plumb et al. 2014).
In the Carpathian Mountains, seasonal migrations
by European bison are triggered by significant
changes in ambient temperature (decrease in late
autumn and increase in early spring) and by the
appearance of first snowfalls in autumn, with
maximum migration distances of 13–19 km for
mixed herds, and 5–23 km for old males
(Perzanowski et al. 2012). There is evidence of
attempts at range expansion in 70% of free-
ranging European bison populations, where this
density-dependent process is driven by mixed
age-sex groups attempting to utilize open habitats
in the vicinity of forests, but where management
interdiction otherwise prevents such use of open
habitats (Kerley et al. 2012). Daily movement
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distance of mixed age-sex groups ranges between
1.8 and 9.1 km (Rouys 2003; Schmitz et al. 2015);
however, during rut bison males can move several
kilometers a day.

Behavior

Group Size

The European bison exhibits a well-developed
and dynamic social organization (Krasińska
et al. 2014). The primary social unit is a mixed
age-sex class group of up to 20 individuals gener-
ally, including adult cows, 2–3-year-old sub-
adults, and calves. The size and composition of
mixed groups are dynamic and change seasonally,
with regular rotation and frequent exchanges of
some individuals (Krasińska and Krasiński 2013).
Generally, the number of groups decreases as
average group size increases during the annual
rut and in winter, and the number of groups then
increases as average group size decreases during
spring-summer. Within any season, groups’ size
tends to be larger in open habitats than in forests.
The mean size of free-ranging mixed groups in the
Polish Białowieża Forest was 13 animals (maxi-
mum 92, Krasińska and Krasiński 2013), and
21 animals (maximum 120) in the Belarusian
Białowieża Forest (Kozlo and Bunevich 2009).
In the Bieszczady Mountains of southeast Poland,
regardless of the season, mixed groups included
either 3–10 individuals (29–64% of observations)
or 11–20 individuals (16–32% of observations)
(Perzanowski et al. 2015). Mixed groups are led
by mature cows who lead the group’s local move-
ments in search for optimal foraging conditions.
Outside of the breeding season, adult males and
females are separated; in most populations bulls
and mixed groups occupy distinct ranges for
majority of the year. Mature males join mixed
groups during the rut, but also in winter, when
bison aggregate in supplementary feeding sites at
fixed locations in the Białowieża Forest. Sexually
mature bulls (4–5 years old) often abandon mixed
groups after the rut and remain in bachelor groups
consisting of 2–8 individuals. Bachelor groups
change their size and composition frequently,

with 60% of adult bulls greater than six years
old remaining solitary or in pairs (Krasińska and
Krasiński 1995).

Activity

European bison exhibit multi-phasic rhythm of
activity typical of large ruminants, with foraging
bouts of 15–315 min alternating with resting
bouts of 15–255 min devoted primarily to rumi-
nation (Caboń-Raczyńska et al. 1987). In the
growing season, bison spend c. 60% of their
daily activity on feeding, 30% for resting, and
10% on movements (Caboń-Raczyńska et al.
1987). Observations in the Białowieża Forest
identified four feeding bouts coinciding with
dawn and dusk, and two periods during mid-day
(Caboń-Raczyńska et al. 1987). European bison
exhibit limited activity during night, especially
between 2300 h and 0200 h (Rouys et al. 2001).
Winter supplemental feeding essentially inverts the
typical activity budgets of free-ranging European
bison populations so that daily time spent resting
(60%) is twice as much as time spent feeding
(30%) (Caboń-Raczyńska et al. 1983, 1987).

Mating Behavior

The annual rut typically starts in August and ends by
mid-October, with some initial increase in time
spent by mature males by mid-July in beginning to
search for receptive females. A tending-bondmating
system is polygynous and based on non-territorial
males courting individual estrous females
(Krasińska et al. 2014). The highest intensity of
rutting activity is observed in August–September.
Winter supplementary feeding can influence mature
female body condition and alter typical estrus pat-
terns, resulting in disrupted birth synchrony with
parturition occurring as late as October–November
(Krasiński 1978; Caboń-Raczyńska et al. 1983).
During the rut, non-territorial males actively search
for receptive estrous females roaming between
mixed groups or follow a specific herd. A male
bison uses chemical cues in the urine to detect
females coming into early heat. The male sniffs the
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urine and performs a lip curl (flehmen behavior)
standing for several seconds with raised head and
opened mouth. If a female is in heat, the male will
follow and court her. European bison exhibit com-
petitive mate selection in which mature males typi-
cally dominate younger, smaller subordinate males,
and thus mate more successfully. Mate competition
typically includes mature males testing younger
rivals with aggressive behaviors, including
encircling a rival, hoofing the ground, wallowing,
shaking the head, and damaging young trees. If the
other male does not retreat or display submissive
posture, and rather tries to re-demonstrate aggres-
sive behavior, then the probability for a direct con-
test increases, though physical fights between males
during the rut are observed only rarely in the wild
(Krasińska and Krasiński 2013). Aggression is
rarely observed among free-ranging cows, subadults
of either sex, or calves, though some mild aggres-
sion has been observed during unnatural aggrega-
tions at winter feeding sites (Krasińska and
Krasiński 2013).

Communication and Senses

The call of European bison is best described as
grunting, and they never roar like mature Ameri-
can bison males. The call of males is lower and
hoarser than that of females. Females grunt usu-
ally when communicating with calves and males
during the rut (Gill 1999; Krasińska and Krasiński
2013). Gill (1999) notes that the olfactory sense of
bison is very well developed and essential in
detecting danger and in reproductive communica-
tion, including locating other animals or groups
by smelling tracks of cows left on the ground.
Like many other ungulates, bison have an auxil-
iary olfactory sense organ (vomeronasal or
Jacobson’s organ) located between the roof of
the mouth and the palate, with the flehmen behav-
ior facilitating the organ function (Gill 1999). The
European bison is a near sighted animal, yet is
able to distinguish larger objects from a distance
of several hundred meters (Gill 1999, Kowalczyk,
pers. obs.). They have a well-developed sense of
hearing. European bison are able to run quite fast,
but only for a short distance.

Parasites and Diseases

Endoparasites

Karbowiak et al. (2014a, b) described 88 species
of endoparasites in European bison, with species
richness, prevalence, and intensity of infections
increasing in multiple populations (Drożdż 1995).
Endoparasite species richness and individual animal
loads have also been documented to increase when
bison are unnaturally aggregated in winter at fixed
locations for supplementary feeding (Radwan et al.
2010; Kerley et al. 2012; Karbowiak et al. 2014b;
Kołodziej-Sobocińska et al. 2016a, b). Endopara-
sites often found in bison include the liver fluke
Fasciola hepatica (prevalence of 44%), the lung-
worm Dictyocaulus viviparus (prevalence of 58%)
(Demiaszkiewicz et al. 1999), several species of the
round worm Ostertagia (O. ostertagi, O. lyrata,
O. leptospicularis, O. kolchida, O. antipini), and
multiple Nematodirus species (N. helvetianus,
N. roscidus, N. europaeus) (Demiaszkiewicz et al.
2012). Endoparasites can sometimes infect up to
100% of individuals (Karbowiak et al. 2014a).
One of the most pathogenic parasites in European
bison is the blood-sucking nematode Ashworthius
sidemi (Schulz 1933) that was first found in free-
ranging bison in BieszczadyMountains in Poland in
1997, then in Białowieża Forest in 2000, in
Knyszyn Forest in 2009, and in Borki Forest in
2016 (Dróżdż et al. 1998; Demiaszkiewicz et al.
2009, 2018). Another blood-sucking nematode
Haemonchus contortus was initially described in
captive breeding bison in the Białowieża Forest in
the 1960s (Dróżdż 1961, 1967). The prevalence and
intensity of A. sidemi infection in European bison in
the Polish Białowieża Forest increased rapidly and
reached 100% prevalence in tested animals four
years after detection, withmaximal median intensity
of 8200 nematodes per animal and significant dete-
rioration of blood parameters (Kołodziej-
Sobocińska et al. 2016c). Among the factors that
influenced infection intensity were the number of
years since introduction, herd size, age and sex of
bison, suggesting that management practices can
also have a strong influence in the spread of a
newly detected parasites (Kołodziej-Sobocińska
et al. 2016b).
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Infectious Diseases

While several diseases are known to occur in
European bison, including blue tongue virus,
foot-and-mouth disease, respiratory viruses, and
bovine tuberculosis (Larska and Krzysiak 2019),
they are not as broadly distributed within or across
free-ranging populations as the infectious endopar-
asites described above. The bluetongue virus
(BTV) was first detected in a captive group of
European bison in 2007 (strain BTV-8) resulting
in substantial mortality (Glunz 2008). The virus is
transmitted by blood-sucking Culicoides spp. mid-
ges, and, surprisingly, a different strain (BTV-14)
was detected soon thereafter in both cattle and
European bison in Northeastern Poland (Orłowska
et al. 2016). Clinical signs of BTV include fever,
salivation, nasal discharge, edema of the head,
congestion and ulceration of the oral mucosa,
weakness, depression, and sometimes cyanosis of
the tongue (hence the name bluetongue), with mor-
bidity dependent on animal age and the BTV strain
involved (Schwartz-Cornil et al. 2008). Although
BTV is not common in European bison, it is a
mandatory reportable disease that can trigger pre-
scriptive management (OIE 2008). Foot-and-
mouth disease (FMD) in European bison in the
Polish Białowieża Forest was described in
the early twentieth century, but has been absent in
the species since 1950s (Krasińska and Krasiński
2013). Following a 2011 outbreak of FMD in cattle
in Bulgaria, there is no evidence for the mainte-
nance of FMD in wildlife in Europe (Weaver et al.
2013). Surprisingly high seroprevalence of respira-
tory viruses such as bovine adenovirus type
3 (BAdV-3), bovine parainfluenza type 3 (PIV-3),
and bovine respiratory syncytial virus (BRSV)
have been detected in European bison resulting in
pathogenesis of the lungs or upper respiratory tract
(Salwa et al. 2007; Krzysiak et al. 2018). These
respiratory viruses seem to be circulating more
freely among free-ranging bison than captive
bison, suggesting possible spillover from domestic
livestock (Larska and Krzysiak 2019). Likewise,
potential spillover of domestic ruminant diseases
such as bovine herpesvirus 1 (BHV-1) and the
Schmallenberg arbovirus (SBV) are also an emerg-
ing concern for European bison (Urban-Chmiel

et al. 2017; Kęsik-Maliszewska et al. 2018).
Bovine tuberculosis Mycobacterium bovis is not a
common disease in European bison, and was
detected in European bison for the first time in the
1990s at the Bieszczady Mountains (Poland), with
some spillover into cattle (Żurawski and Lipiec
1997). This disease was then not detected again in
European bison until 2010–2011 through a nec-
ropsy of one cow and culling of one bull (Welz
et al. 2005; Brewczyński and Welz 2011). It was
also detected in one of Polish breeding centers in
2013 (Krajewska et al. 2016). Larska and Krzysiak
(2019) make a compelling argument that continu-
ing changes in climate and land use will drive the
prevalence of emerging and re-emerging diseases
in wild, free-ranging European bison and that com-
prehensive, effective, and efficient long-term dis-
ease monitoring is therefore crucial to the long-
term recovery of the European bison.

Population Ecology

Population Dynamics

Many restored European bison populations are
now subjected to periodic culling to remove sick
or injured animals, and more commonly to reduce
population size (Kerley et al. 2012; Krasińska and
Krasiński 2013). Annual mortality rarely exceeds
6% in larger populations such as the well-studied
Białowieża Forest population (Krasińska and
Krasiński 2013) (see details in “Survival” section).
As such, established free-ranging European bison
populations in Poland are characterized by rela-
tively high annual growth rate of 3–12%
(Kowalczyk unpublished data); however, demo-
graphic stochasticity underpins highly variable
annual growth rates in small populations
(EBPB 1987–2020; Krasińska and Krasiński
2013). Long-term data indicates negative density
dependence in free-ranging European bison
populations (Jędrzejewska et al. 1997; Mysterud
et al. 2007; Samojlik et al. 2019). Historical data
from Białowieża Forest shows that European bison
annual population increase was ~3%, and was neg-
atively correlated to bison density and total bio-
mass per unit area of other wild ungulates
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(Jędrzejewska et al. 1997). Contemporary data
from the Polish Białowieża Forest showed that
recruitment rates were best predicted by population
density, with recruitment rates declining as popu-
lation size increase (Mysterud et al. 2007). Addi-
tional factors that influence annual growth rate
include spring temperature, Oak forest mast pulses
(cyclic increased acorn production by oak tress) in
the previous year, and winter severity (Mysterud
et al. 2007). Historically, large predators are not
thought to have affected European bison density
nor population increase rate (Jędrzejewska et al.
1997).

Competition with Other Ungulates

Little information is available on competition of
bison with other ungulates. At high ungulate den-
sities observed in the Białowieża Forest in the
nineteenth century, the growth rate of the
European bison population was negatively corre-
lated to its own density and to the total biomass
(per unit area) of other wild ungulates, including
(Alces alces), red deer (Cervus elaphus), roe deer
(Capreolus capreolus), wild boar (Sus scrofa),
and fallow deer (Dama dama) (Jędrzejewska
et al. 1997), but there is little information available
on niche separation and dietary overlap between
European bison and sympatric wild ungulates.
Other species of ungulates generally avoid close
encounter with bison, though aggression by bison
against wild boars and domestic horses has been
reported (Krasińska and Krasiński 2013).

Conservation Status

In 2000, the Red List of the International Union
for Conservation of Nature (IUCN) Species Sur-
vival Commission (SSC) included the European
bison as an Endangered species, and based on
extensive restoration activities, the IUCN Red
List status was upgraded in 2008 to Vulnerable
D1 (Olech 2008). The species Red List status was
further upgraded in 2020 to Near-Threatened
(Plumb et al. 2020). The European bison is listed
as a Protected Fauna Species in Appendix III of

the Bern Convention (Council of Europe 1979),
and as a Priority Species in Annexes II (including
animal and plant species of community interest
whose conservation requires the designation of
special areas of conservation) and IV (animal
and plant species of community interest in need
of strict protection) of the European Union Habi-
tats and Species Directive (European Union
2013). The European bison is also included in
the European Endangered Species Programme
(EEP) for zoos established by the European Asso-
ciation of Zoos and Aquaria (EAZA) in 1996. One
of the important tools in conservation manage-
ment is the European Bison Pedigree Book
(EBPB) that has been published annually since
1932 and includes lists of all known European
bison individuals in captive and wild-living
populations. The species abundance and distribu-
tion are increasing both in captivity and in the
wild with a total of 8461 bison registered in
2019, including 1738 captive, 479 semi-free-liv-
ing, and 6244 free-living individuals (EBPB
1987–2020). Despite increase in total abundance,
there is also concern about long-term population
viability. In 2019, only 2518 mature individuals
occurred in eight isolated wild free-living sub-
populations greater than minimum viable popula-
tion (e.g. 150 mature animals), and no sub-popu-
lation was greater than 500 mature animals
(Plumb et al. 2020).

In 2004, the IUCN-SSC-Bison Specialist
Group (BSG) published a report entitled
“European Bison Conservation Status and Action
Plan” (CAP, Pucek et al. 2004). With the overall
population growing from ~3000 in 2003 to>8000
in 2019, there is now a clear need to undertake
collaborative conservation planning in order to
update the 2004 CAP. Key issues to be examined
include climate and environmental change, sci-
ence advances and needs, increased interest in
restoration programs involving large mammals,
meta-population dynamics, conservation genet-
ics, disease ecology, habitat availability and
shifting land use practices, restoration and trans-
location priorities, human dimensions, in situ and
ex situ management, and variable national
and European Union legal and policy status.
Indeed, an updated CAP will be an important
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milestone for its potential to empower new initia-
tives and result in better alignment of multina-
tional conservation strategies and actions.
Accordingly, the IUCN-SSC-BSG has formally
launched a collaborative multi-stakeholder con-
servation planning process with the explicit objec-
tive to develop an updated CAP that adopts
the “One Plan” approach has a very strong scien-
tific basis for actionable consensus developed
through transparent multi-stakeholder delibera-
tions (Plumb, pers. comm.).

Management

In general, the European bison has been, and
continues to be, intensively managed as a forest
specialist (Kerley et al. 2012, 2020). Within many
of these forested locations, the species dietary
needs and distribution are managed through sup-
plementary winter fodder. Supplemental feeding
is a management practice dating to times of royal
protection that is aimed at reducing damage to
regenerating forest stands and agricultural crops,
while also limiting bison dispersal to open habi-
tats (Hayward et al. 2015; Samojlik et al. 2019).
Winter supplemental feeding also results in unnat-
ural bison aggregations that subsequently elevates
parasitic prevalence, and disrupts natural animal
behavior, habitat selection, social organization,
and movement ecology (Krasińska et al. 2000;
Kołodziej-Sobocińska et al. 2016a; Haidt et al.
2018). Experimental introduction to a coastal
dune area in which forest patches intertwine with
open grasslands and shrubberies shows that
European bison can live in natural environment
without provision of additional food (Cromsigt
et al. 2018). Many free-ranging populations,
including small ones, are controlled by culling to
reduce population size, regulate sex-age structure,
and remove sick and aggressive individuals
(Kerley et al. 2012). In lieu of management
culling, some commercial hunts for bison are
being organized in Belarus and Poland, and it is
currently unclear how bison hunting may affect
individual population viability or long-term
recovery of the species. Despite active

management interventions intended to disrupt dis-
persal and range expansion, restored bison are
beginning to exhibit preference for open grassland
and agricultural croplands adjacent to traditional
forest habitats (Kowalczyk et al. 2013).

Impact on Agriculture and Forestry

The increasing number of bison and the expected
expansion of bison populations out of forest hab-
itats, as well as the potential creation of new free
ranging herds, is expected to increase risks of
human-bison conflict (Hofman-Kamińska and
Kowalczyk 2012). Farm crop depredation by
bison in areas neighboring forest habitats is emerg-
ing as a key human-bison conflict. Incidences of
crop damage increase with decreasing distance
from the woodland patches in northeast Poland,
with 69% of cases of crop depredation adjacent to
the Białowieża Forest, and 80% of cases adjacent
to the Knyszyn Forest occurring within 0.5 km
from nearest woodland patch (Hofman-Kamińska
and Kowalczyk 2012). The majority of crop dep-
redation in Lithuania and Poland occurs during
winter (December–March) and focuses on cereals,
hay, maize, and rape (Hofman-Kamińska and
Kowalczyk 2012; Kibiša et al. 2017). Poland
and Lithuania have established crop depredation
compensation programs funded by state environ-
mental agencies, with annual compensation levels
reaching 300,000 euros in Poland, and 100,000
euros in Lithuania (Hofman-Kamińska and
Kowalczyk 2012; Kibiša et al. 2017). Bison dam-
age to tree stands generally has low economic
impact, and includes mainly browsing and
debarking, though increased debarking has been
recorded around feeding sites during winter
aggregation (Krasińska and Krasiński 2013).
While the amount of woody materials consumed
by bison in winter changes with access to supple-
mentary fodder, preferred tree species browsed by
bison in the Polish Białowieża Forest are horn-
beam Carpinus betulus, birch Betula sp., and wil-
low Salix sp., that are of lower economic
importance for forest management (Kowalczyk
et al. 2011, 2019).
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Future Challenges for Research
and Management

The European bison narrowly escaped extinction
almost 100 years ago, and through multiple exam-
ples of personal perseverance and determined
national effort, the species has increased in numbers
from 54 animals in captivity to over 8000 animals
across the European continent in an array of captive
situations and free ranging herds. Yet, evidence is
accruing that simply continuing within the scope of
recent restoration activities is unlikely to achieve full
ecological recovery for the species. Rather, it is
more likely that sustainable long-term ecological
recovery of the European bison across the historic
range will be achieved through innovative collabo-
rations among a broader forward-looking coalition
of conservation actors that comprehensively address
the full suite of emerging science, threats, and
opportunities. As noted by Kerley et al. (2020), the
European bison has already gone extinct in the wild
once, and it would be a tragedy if wewere to place it
at risk again through incomplete conservation plan-
ning, deficient conservation science, or absence of
adaptive management.

Conservation Planning

It is clearly time to undertaking a new collaborative
multi-stakeholder conservation planning process to
produce an update to the 2004 CAP that includes a
long-term conservation action plan with a very
strong scientific basis and actionable consensus.
The IUCN-SSC-BSG is formally partnering with
an array of collaborators to undertake this conser-
vation planning to produce an updated IUCN CAP
that will serve as an innovative, efficient, and effec-
tive milestone for its potential to empower new
initiatives and result in better alignment of multi-
national conservation strategies and actions.

Science Needs

There is now a critical need to formally organize
and inaugurate a European Bison Science

Network to enhance levels of collaborative and
comparative science. Enhancing the effectiveness
and sustainability of restoration activities should
include testing of alternative hypotheses about
landscape ecology, analyzing habitat availability
for optimal restoration designs, and comparative
analyses of population viability and potential
meta-population management strategies (see
Daleszczyk and Bunevich 2009; Hartway et al.
2020). Comparative analyses of the effects of
interventionist management such as hunting,
culling, and supplemental feeding will be impor-
tant for improving the efficiency and effectiveness
of local conservation management. Also needed
are comparative analyses of bison ecology across
the historic range (e.g., population ecology, stress
physiology, foraging ecology, competition with
sympatric wild ungulates, ecological cascades,
ethology), comprehensive disease and parasitol-
ogy monitoring, and innovative social science that
addresses the human dimensions of bison recovery.

Adaptive Management

Successfully achieving the full ecological recovery
of the European bison conservation will require
collaboration of researchers, managers, and
policymakers to develop and implement science-
based adaptive management (Kerley and Knight
2010). Improved ecological knowledge is needed
to devise appropriate management regimes
counteracting actual and potential threats to the
bison and resulting in the wider naturalization of
the species. Adaptivemanagement will be essential
to learn from emerging science, as well as restora-
tion and management successes and failures. As an
example, recent evidence now recognizes the
European bison as a refugee species being man-
aged as a forest specialist despite its evolutionary
background as a mixed-feeding species inhabiting
open or mosaic habitats (Mendoza and Palmqvist
2008; Kerley et al. 2012, 2020; Bocherens et al.
2015). Adaptive management is the widely recog-
nized approach that would purposefully examine
emerging science and alternative hypotheses to
critically address the extent towhich interventionist
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management actually contravenes long-term con-
servation of the species and its evolved ecology.
There is a need to institutionalize the capacity to
learn and adjust management as needed to restore
bison to optimal habitats that secure the needs of
the species throughout the year and spacious
enough to maintain viable populations (estimated
minimum 250 individuals). It is very important to
adaptively manage for an effective and efficient
balance of interventionist management (e.g., sup-
plementary feeding and culling) with conservation
of the full extent of the species naturally evolved
ecology. Adaptive management can also serve as a
framework to restore large heterogeneous land-
scapes that include forests, meadows, and open
habitats for both existing and future bison herds;
to gain and employ improved understanding of the
human dimensions of bison recovery and thereby
implement effective communication efforts to
improve social understanding and acceptance; and
to strive for effective genetic conservation and
population viability by establishing sufficiently
large meta-populations that link isolated
populations across regional geographic ranges.
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Common Names

English Muskox

German Moschusochse

French Boeuf musqué

Spanish Buey almizclado

Italian Bue muschiato

Russian овцебык

Taxonomy, Systematics
and Paleontology

The muskox (Fig. 1) likely originated in the Plio-
cene, with the fossil record suggesting radiation in
the Pleistocene (Lent 1988). The extinctPraeovibos
is regarded as the earliest known representative of
the muskox group (Kahlke 2014), though there are
indications of Praeovibos being merely early
morphotypes of O. moschatus (Campos et al.
2010a). The extinct helmeted muskox Bootherium
bombifrons is regarded as the closest prehistoric
relative of O. moschatus (Bover et al. 2018). The
muskox belongs to the tribe Ovibovini, subfamily
Caprinae, but has no close relatives. The closest
relatives are members of the genera Capricornis
and Naemorhedus (Zhou et al. 2019). The muskox
is consideredmonotypic for the genusOvibos (fam-
ily Bovidae, subfamily Caprinae). Two subspecies
have been suggested (O. m. moschatus and O. m.
wardi), but not supported by morphological nor
early genetic studies (Lent 1988; Groves 1997a).
Inter-breeding between the two suggested subspe-
cies in the wild has been suggested (Groves 1997a)
and observed in captive muskoxen. Recent genetic
analyses, however, has revealed large genetic dis-
tance between muskoxen in the Canadian mainland
(sensu lato O. m. moschatus) and in Greenland
(sensu lato O. m. wardi) (Hansen et al. 2018).

Current Distribution

Today, populations of native muskoxen are
found in the Canadian mainland, the Canadian
Islands, and North and Northeast Greenland, but
the species used to roam across the circum-Arctic
region, including Alaska and Russia. The fossil
record suggests that muskoxen roamed in
Scandinavia from about 9000 years ago (Borgen
1979). Following regional loss of the species,
reintroductions have been conducted, with
muskoxen from Greenland being translocated
into Alaska, and from Canada and Alaska into
Russia (Thulin et al. 2011; Cuyler et al. 2020). In
Scandinavia, muskoxen from Northeast Green-
land have been (re)introduced into several
European regions (Thulin et al. 2011; Cuyler
et al. 2020), including into Svalbard in 1929,
into Iceland in 1929, and into Dovrefjell in
Southern Norway (Fig. 2) on several occasions,
starting in the 1930s (Alendal 1980). The first
Icelandic muskoxen quickly died, and the second
release of muskoxen, this time fromNorway, was
also unsuccessful (Alendal 1980). The Svalbard
population initially thrived, but went extinct in
the early 1980s. Also, the Dovrefjell muskoxen
went extinct during the Second World War, but
the population was reestablished when more
muskoxen from Northeast Greenland were
released into the area in the late 1940s and early
1950s. Today the Dovrefjell population is well
established. In 1971, a small group of muskoxen
left the Dovrefjell population and into Sweden,
where they now form a small, separate popula-
tion in Härjedalen (Fig. 2).

Since their establishment, the Norwegian
muskox population increased, particularly in the
last 20 years, while the Swedish population after
an initial increase has been declining (Fig. 3).
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Fig. 1 Muskox group with two adult males to the right, and three adult females and a calf to the left (photograph © Lars
Holst Hansen)

Map template: © Getty Images/iStockphoto

Fig. 2 Location of the two introduced Scandinavian
muskox populations, with the Norwegian population to
the left and the Swedish to the right. Due to small geo-
graphical ranges, dots only indicate overall locations.

(Sources: https://miljostatus.miljodirektoratet.no/tema/
arter/fremmede-arter/moskus/ and Thulin et al. (2011))
(Map template: © Copyright Getty Images/iStockphoto)
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Description

Muskoxen are barrel shaped with short legs. They
are covered with fur except for the small area
between the nostrils and lips. The fur consists of
two types, the outer layer of guard hair and the
inner layer of wool or qiviut (Flood et al. 1989).
The long guard hair is dark brown with a lighter-
colored patch on the back.

Both male and female muskoxen have long,
curved cream-colored horns with black tips that
drop down along the side of the head, then curve
up to form sharp hooks. Males have larger horns
and horn bases than females, which is the primary
characteristic to recognize males from females,
but also to distinguish age classes (Olesen and
Thing 1989) (Fig. 1).

Adult muskoxen typically stand 120 cm at the
shoulders and have a length for females around
180 to 200 cm and the larger males ranging from
200–250 cm. They have a small tail measuring
only 10 cm. As for other members of the
Caprinae, the forequarters are more prominent
than the hind quarters, making muskoxen rather
agile even on rugged slopes.

The average body mass for adult muskox is
around 285 kg, with females ranging between
180 and 250 kg and the bigger males with a
range of 300–400 kg. During winter, the muskox

to a large extent relies on the large fat deposits
build up over summer and autumn, and body
mass therefore fluctuates seasonally across the
year (Adamczewski et al. 1998).

The teeth are typical of bovids, well adapted
for handling often rough forage. The dental for-
mula is 0.0.3.3/3.1.3.3.

Physiology

The muskox is well adapted to life in the harsh
Arctic climates. In particular, the extremely dense
wool underneath the guard hairs (Flood et al. 1989)
allow muskoxen to withstand very low ambient
temperatures. Muskox calves in particular also rely
on metabolic heat production as thermal protection
when born in late winter (Blix et al. 1984). In
response to the harsh winter conditions, muskoxen
may reduce organ weights (Adamczewski et al.
1997), body temperature (Schmidt et al. 2020),
energy expenditure, andmaintenance needs (Lawler
and White 1997) as compared to summer to con-
serve energy.

As a ruminant, the muskox is capable of con-
suming large amounts of often low-quality forage,
which is then digested during rumination bouts.
During the plant growing season muskoxen may
however also actively select for nutrient-rich forbs

Fig. 3 Sizes of the two
Scandinavian muskox
populations. (Data from
Norway, courtesy to https://
miljostatus.
miljodirektoratet.no/tema/
arter/fremmede-arter/
moskus/, and from Sweden
to Hielke Chaudron,
Myskoxcentrum)
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and young shrub leaves. In winter, the muskox
consumes forage of very low quality, but this
appears not compensated for by larger consump-
tion (Blix et al. 2012), and food intake actually
appears reduced in winter (Adamczewski et al.
1994). In winter, the muskox gets water by con-
suming snow and ice. Warming of this cold
ingesta may be energetically expensive, though
the heat increment of feeding may compensate
this (Crater and Barboza 2007). Being pregnant
during the period of scarcity, the muskox must
balance maintenance costs and fetal investment
to enhance survival (Barboza et al. 2020).

Genetics

Chromosomes

The muskox has 48 chromosomes (12 bi-armed
and 34 acrocentric autosomes), an acrocentric X
chromosome and a small metacentric Y chromo-
some (Desaulniers et al. 1989).

Genetic Diversity

Across their entire distributional range, the
genetic diversity in extant muskox populations is
very low (Thulin et al. 2011; Hansen et al. 2018;
Prewer et al. 2019) compared to the Pleistocene
(Campos et al. 2010b). The species has undergone
several expansions and contractions since then
(Campos et al. 2010b). More recently, successive
founder effects, as the species expanded from
mainland Canada into the Canadian Islands, and
from there into Greenland, have resulted in a
gradually declining genetic diversity, resulting in
an extremely low genetic diversity in muskoxen in
Northeast Greenland (Hansen et al. 2018). As the
Norwegian muskox population originates from
this region, their genetic diversity is even lower
(Thulin et al. 2011). Surprisingly, the Swedish
population has a slightly higher genetic diversity
than its ancestral Norwegian population, albeit
still low compared to other populations (Thulin
et al. 2011).

Life History

Growth

Muskox calves are born weighing approximately
10–14 kg and grow relatively fast until sexual
maturity. Males generally mature at the age of
3–4 years, whereas females reachmaturity between
1 and 4 years of age depending on body condition
(Jingfors and Klein 1982; Gray 1990; Olesen et al.
1994; Adamczewski et al. 1998). Muskox horns
develop quickly within the first 4–5 years. Horns
on calves can be seen as small nubs but grows
rather fast, and already yearlings have clearly vis-
ible horns. Compared to females, male muskoxen
have more massive horn bases, and thicker and
longer horns (Olesen and Thing 1989).

Reproduction

First calving is usually seen when females are
3 years old (Adamczewski et al. 1997), but in
some areas females may calve as 2-year olds
(Olesen et al. 1994). After a gestation period of
235 (Rowell et al. 1993) to 250 (Hubert 1977)
days, calves are born in late winter/early spring
(April–June) where low ambient temperatures may
still prevail. Calves are born with only a short layer
of guard hairs over the thick layer of qiviut, and
therefore rely heavily on their mothers for milk,
warmth, and protection (Groves 1997b). Calves
are however able to consume grass and leaves
already within their first weeks (Gray 1987).
Females give birth to a single offspring, but twin-
ning has been observed (Wilkinson 1971). Typi-
cally, most of the females in the herd will calve
every second year (Thing et al. 1987), but if condi-
tions are favorable muskoxen may give birth every
year (Jingfors and Klein 1982).

Survival

In the wild, muskoxen have attained an age of
more than 20 years (Buckley et al. 1954; Aastrup
2003). Calves and yearlings in particular are prone
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to high mortality rates, and there are indications of
bull muskoxen to be more prone to winter mortal-
ity than females due to increased energy expendi-
ture during the rut (Gunn et al. 1989).

Habitat and Diet

Globally, muskoxen are able to adapt to a variety
of habitats, from the margins of sub-Arctic boreal
forest to the high Arctic tundra. In its native range,
the muskox is a tundra animal, utilizing a variety
of tundra habitats (Beumer et al. 2019). In Europe,
such tundra-like habitats are found in Alpine envi-
ronments. In summer, muskoxen select habitats
with high plant productivity (Beumer et al. 2019;
Tomassini et al. 2019), while in winter they select
for habitats with limited snow accumulation such
as Dryas heaths, allowing them to access their
plant forage (Nellemann 1998). Graminoids con-
stitute an important fraction of both muskox sum-
mer and winter diets, while in winter shrubs are
also important (Klein and Bay 1994; Forchhammer
and Boomsma 1995; Larter and Nagy 1997;
Kristensen et al. 2011). Muskox grazing activities
are known to alter plant communities markedly
(Post and Pedersen 2008; Mosbacher et al. 2019),
even in areas where muskoxen consume only a
limited fraction of the plant forage available
(Mosbacher et al. 2016).

Muskoxen have small home ranges and are
therefore often regarded as rather sedentary (Gustine
et al. 2011; Beumer et al. 2019). Nonetheless,
muskoxenmaymove hundreds of kilometers during
the course of the year, but do so within a rather small
geographical area (Schmidt et al. 2016). Both sea-
sonal migrations and longer directional movements
have however been observed (Reynolds 1998;
Aastrup 2003), and the Swedish muskox population
was established by a group wandering off from the
Dovrefjell population in Norway and into Sweden.

Behavior

Herd Structure

Muskoxen are social, gregarious animals living in
herds up to 50 animals (Gray 1987). Herds consist
of both males and females, as well as yearlings

and calves. Herd structure is rather loose, and
herds can frequently change in both size and com-
position (Gray 1987). Within the herd there is a
hierarchy of dominance with the males dominat-
ing the females and a single male dominating the
other males (Gray 1987). However, in the snow-
free season, adult females appear to initiate vari-
ous behaviors more often than males (Ihl and
Bowyer 2011). Males outside a herd can either
group together in all-male herds or be seen alone.

Herd size varies throughout the season, being
largest in winter (Schmidt et al. 2015). When
disturbed, for instance by a predator, muskox
gather in a tight group and creates a circle or
semicircle defense formation with the front facing
the enemy (Fig. 4). Calves and yearlings are
placed in the center or behind the adults.

Mating Behavior

Muskoxen have a polygynous mating system, and
in late summer the dominant bull starts chasing
away other reproductively active males in the
herd to form a harem, and thus to monopolize the
females in the herd. Male dominance fights occur
during the rutting period. The male-male encoun-
ters involve roaring, horning, and pawing of
ground, lateral display, head-swinging displays,
charging, and clashing (Gray 1984). The gland-
rubbing behavior where the preorbital gland is
rubbed against the foreleg is a very common
behavior in these male encounters, but is also
seen in other stressful situations where the male is
showing agonistic behaviors. The agonistic dis-
plays can escalate into a fight where the males
attack each other with repeated head-on charges
at up to 40 km/h, smashing the horn bases together.

Activity Patterns

Muskox activity patterns consist of different phases
cycling between resting/ruminating, foraging, and
relocating, and the time allocation between these
activities changes with the season (Beumer et al.
2020). During the summer, muskoxen spent most
of their time foraging, intercepted by resting bouts.
In winter, muskoxen spent approximately half their
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time foraging and half their time resting (Beumer
et al. 2020). In summer, muskoxen are therefore
active round the clock, whereas they in winter
exhibit two to three activity peaks.

Parasites and Diseases

Anumber of endoparasites and diseasesmay impact
muskoxen negatively, and in Canada major mass
mortalities have been associated with the bacteria
Erysipelothrix rhusiopathiae (Kutz et al. 2015).
Also the Dovrefjell muskox population has suffered
frommultiple disease outbreaks, including pneumo-
nia (Ytrehus et al. 2008; Handeland et al. 2014),
contagious ecthyma (orf) (Vikøren et al. 2008) and
ocular diseases (Handeland et al. 2020). Moreover,
the population is subject to a high degree of poly-
parasitism, which in combination with the warm
environment they live in challenges the health of
the Dovrefjell population (Davidson et al. 2014).

Population Ecology

In native populations, muskox population dynam-
ics is largely governed by calf recruitment, which
in turn is determined by winter conditions, with
snow-rich winter resulting in low calf recruitment

and vice versa (Schmidt et al. 2015). In some
areas, diseases (Kutz et al. 2015) and predation
(Arthur and Del Vecchio 2017) may impact pop-
ulation dynamics markedly, whereas the impor-
tance of predation appears low in some areas
(Thing et al. 1987; Adamczewski et al. 1997),
and is negligible in Scandinavia. In the managed
Scandinavian populations, human regulation, traf-
fic, and disease are the major mortality factors
(Gundersen et al. 2005). Noteworthy is that in
comparison with introduced populations in for
instance Alaska (Reynolds 1998) and Greenland
(Hansen et al. 2018), the predation-free Scandina-
vian populations have exhibited low rates of
increases, also in the periods without culling in
Norway. While the causality behind these low
Scandinavian growth rates is not known, the
Swedish population may be living in generally
suboptimal habitats (Thulin et al. 2011) and in
Norway the high prevalence of disease and para-
sites (Davidson et al. 2014) may contribute to the
observed low population growth. Concerns have
been raised that muskoxen may negatively impact
reindeer in Dovrefjell (Bevanger 2005) and else-
where (Larter and Nagy 1997), through competi-
tion for resources such as forage. In Scandinavia,
such competition currently appears unlikely, but
suitable winter areas are limited in Dovrefjell and

Fig. 4 Muskoxen forming a protective semicircle (photograph © Lars Holst Hansen)
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competition cannot be ruled out (Bevanger 2005).
Muskox cratering in winter have been suggested
to facilitate access to forage for other resident
herbivores (Schmidt et al. 2018).

Climate change is expected to impact
muskoxen in numerous ways, including increased
mortality due to extreme weather and changes in
exposure to parasite and disease (Cuyler et al.
2020). Compared to the native populations in
Canada and Greenland, the Scandinavian muskox
populations can be said to already live in future
climates, experiencing many of the anticipated
(negative) effects of climate change (Davidson
et al. 2014).

Conservation Status

The muskox is listed as of least concern by IUCN
(Gunn and Forchhammer 2008). A recent inven-
tory of the status and trends of all wild muskox
populations in the Northern hemisphere suggested
a global number of some 170,000 muskoxen
(Cuyler et al. 2020), a number higher than the
one reported by IUCN (Gunn and Forchhammer
2008). Both muskox populations in Scandinavia
originate from introduced animals and are not
regarded as part of the native fauna.

Management

In Scandinavia, the muskox is considered an
introduced species. In Norway, the management
plan for the Dovrefjell muskox population depicts
that the population is to be limited to restricted
area within Dovrefjell national park and to num-
ber 200 individuals in winter (Rangbru and
Seljevoll 2017). The muskox population is there-
fore monitored and actively regulated through
culling to achieve these goals, and to minimize
conflicts with humans (Gundersen et al. 2005;
Rangbru and Seljevoll 2017). In Sweden, the
muskox is protected from hunting but currently
no real management plan exists.

Future Challenges for Research
and Management

Both Scandinavian populations and in particular
the Swedish population are rather small and were
founded by few individuals only. The Norwegian
population appears generally to thrive, though the
health situation needs to be improved (Rangbru
and Seljevoll 2017). The Swedish population is
declining and shows sign of inbreeding (Laikre
et al. 1997). One bull and one cow has been
added to the Swedish population from zoos, and
one free-ranging cow gave birth in the wild after
being mated in a zoo. However, more long-term
management actions are needed to ensure a viable
population, mainly there through further introduc-
tions but potentially also relocation of the popula-
tion to more suitable areas (Thulin et al. 2011).

The ongoing warming of the planet and the
concomitant environmental change is expected
to impact muskox populations throughout its dis-
tributional range (Cuyler et al. 2020) and thus also
the Scandinavian muskox populations.
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Common Names

Rupicapra
rupicapra

Rupicapra
pyrenaica

English Northern
chamois

Southern
chamois

German Alpengämse Pyrenäen-Gämse

French Chamois Isard

Spanish Rebeco
septentrional

Rebeco
meridional

Italian Camoscio
settentrionale

Camoscio
meridionale

Russian Северная
серна

Южная серна

Taxonomy and Systematics

Chamois are mountain caprines (Family Bovidae,
Subfamily Caprinae) that inhabit most of the
medium to high altitude mountain ranges of South-
ern Europe and the Near East. The taxonomy of the
genus has been subject to continuous revisions
since the beginning of the twentieth century. Neu-
mann (1899) described R. rupicapra on the Alpine
arch and R. ornata on the Central Apennines. Later
on, Lydekker (1913) lumped them into one species,
R. rupicapra, but Camerano (1914) proposed a
third species, R. pyrenaica, from the Cantabrian
Mountains and the Pyrenees. R. ornata and
R. pyrenaica share a number of striking morpho-
logic traits, which were ignored by Couturier
(1938) and Dolan (1963) who supported
Lydekker’s view. Almost 20 years later, Lovari

and Scala (1980) reanalyzed Couturier’s biometric
data and, with further behavioral (Lovari 1987) and
genetic (Nascetti et al. 1985) information, provided
support for the existence of two species of chamois,
R. pyrenaica and R. rupicapra, later on confirmed
by Hammer et al. (1995) using molecular investi-
gations (Table 1). Eventually, Lovari and Scala
(1980) and Masini and Lovari (1988) suggested
that a first wave of chamois ancestors may have
arrived in Europe from Central Asia during the
Middle Pleistocene, some 250–150 kya, reaching
its lowest latitudes on the Iberian Peninsula and in
Central-Southern Italy (but see details in the section
“Paleontology”). Later on, 80–60 kya, a further
wave of chamois from Asia Minor or Central-
Eastern Europe could have moved westward and
southward during a cold period. This picture has
held for more than two decades, although alterna-
tive scenarios were proposed on the basis of the
latest DNA data (cf. section “Phylogeny and
Phylogeography” for further details). Currently,
the most accepted classification of chamois con-
siders two species, the Southern chamois R.
pyrenaica and the Northern chamois R. rupicapra
(Fig. 1) (Wilson and Reeder 2005; Corlatti et al.
2011): Rupicapra pyrenaica (with the subspecies
parva Cabrera, 1911, pyrenaica Bonaparte, 1845,
and ornata Neumann 1899) from South-Western
Europe, and R. rupicapra (with the subspecies
cartusiana Couturier 1938, rupicapra Linnaeus,
1758, tatrica Blahout, 1971, carpatica Couturier
1938, balcanica Bolkay, 1925, asiatica Lydekker,
1908, and caucasicaLydekker, 1910) fromCentral-
Eastern Europe. Based on this classification,
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Rupicapra rupicapra and Rupicapra pyrenaica are
described in individual sections.

Paleontology

From the Late Miocene to the Early Pliocene, the
Villafranchian and the Middle Pleistocene, the
Rupicaprini dispersed from Asia – where it orig-
inated – to Europe (Rupicapra) and to North
America (Oreamnos). The Villafranchian small-
sized chamois-antelope Procamptoceras
brivatense is the closest form to the unknown

ancestor of chamois. According to Kurtén
(1968), chamois appeared suddenly during the
Middle to the Late Pleistocene, in Eastern Europe.
In fact, one of the oldest known fossils of chamois
in Europe, found in the Arago cave in the South-
ern French Pyrenees, dates back 440 kya and it
was associated to Rupicapra pyrenaica (Rivals
2004). Recently, however, it has been suggested
that the arrival of Rupicapra in Europe likely
dates back to nearly 800 kya (Fernandez and
Crégut 2007); the existence of chamois in Eastern
Europe can thus be considered probable since the
end of the Early Pleistocene (Crégut-Bonnoure

Fig. 1 Northern male chamois (left) and Southern female chamois (right) (photographs by Denis Bertanzetti and Javier
Ara)

Table 1 Main differences between the Northern and the Southern species of chamois (modified fromMasini and Lovari
1988)

Significant differences

Rupicapra rupicapra Rupicapra pyrenaica

Craniometrics

Ethmoidal vacuity Usually present Always absent

Distance between
horns at base

Larger Smaller

Skull length Larger Smaller

Skull width (parietals) Larger Smaller

Angle horn cores/
frontal bones

Smaller Greatera

Genetics (further details: cf. “Genetics”)

Behavior Three courtship patterns: fore-foot stamping
(cf. herding, Krämer 1969), poke, and kick

Two courtship patterns: bunting
and low stretch

Morphology Winter coat pattern with three small spots Winter coat pattern with five large
and one small spots

aQuantitatively assessed for R. p. ornata only
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and Dimitrijevic 2006). Most likely, the two
extant and closely related species, the Northern
Rupicapra rupicapra and the Southern Rupicapra
pyrenaica chamois, existed already at the begin-
ning of the Würm glaciations, some 80 kya,
respectively, from the Iberian Peninsula to the
Central-Southern Apennines and from the Alpine
arch to the Caucasus (Masini and Lovari 1988).
While the Southern chamois may have differenti-
ated in Western Europe from ancestors migrated
in the Middle Pleistocene, the Northern species
possibly originated in Eastern Europe, moving
west after the advent of the dry climatic waves in
the East Mediterranean and Pontic regions. How-
ever, the latter must have failed to reach Southern
Europe, where the former has survived in refuge
areas (Masini and Lovari 1988). There are differ-
ences in the morphology, biometrics, behavior,
and genetics (Table 1, Fig. 2) which separate the
Southern and the Northern chamois at a specific
level, although some recent genetic information
has failed to confirm the above scenario

(cf. section “Phylogeny and Phylogeography”
for further details).

Current Distribution

Excellently adapted for life in rocky terrains and
cold climates, the chamois has colonized most of
the main mountain massifs in Europe. The lack of
continuity of these habitats and overhunting in
post-Neolithic times (Baumann et al. 2005) have
highly fragmented its current distribution (Fig. 3).

The Alpine chamois R. r. rupicapra is the most
abundant subspecies with nearly 500,000 individ-
uals shared among France (c. 103,000 ind.), Italy
(c. 137,000 ind.), Switzerland (c. 91,000 ind.),
Liechtenstein (c. 800 ind.), Germany (c. 21,000
ind.), Austria (c. 130,000 ind.: R. Reiner 2021
pers. comm.), Slovenia (c. 12,000 ind.), and Croatia
(c. 400 ind.). Introduced to New Zealand in 1907
and 1914 as a gift from the Austrian Emperor, it has
spread overmuch of themountainous areas of South

Fig. 2 Left (a–e): skull of Northern chamois, Rupicapra
rupicapra. Right (f–j): skull of Southern chamois,
Rupicapra pyrenaica. Letters indicate the lateral (a, f),
upper (b, g), and lower (c, h) view of the upper skull; and
the lateral (d, i) and upper (e, j) view of the lower jaw.

Numbers indicate the ethmoidal vacuity (1), usually pre-
sent in Northern chamois, always absent in Southern cham-
ois, and the angle horn cores/frontal bones (2), smaller in
Northern chamois than in Southern chamois
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Island where its populations are currently estimated
at c. 18,000 individuals. Alpine chamois was also
introduced to Czech Republic and Slovakia between
1911 and 1924, where currently 350 and 120 indi-
viduals are estimated, and to Argentina (Province of
Neuquén) for which recent data are lacking, though
the population is likely extinct (Guichón et al.
2016). An unsuccessful attempt to introduce Alpine
chamois to Norway was conducted in 1863 (Coutu-
rier 1938). The Chartreuse chamois R. r. cartusiana
lives with some 1,500 individuals on the Chartreuse
massif in South-Eastern France, possibly including
hybrids with Alpine chamois (Iacolina et al. 2019).
On the High Tatras and Belianske Tatras, between
Poland and Slovakia, live approximately 1,400 indi-
viduals of the Tatra chamois R. r. tatrica (Ciach and
Pęksa 2018). Approximately 9,000 individuals of
the Balkan chamois R. r. balcanica inhabit the
mountainous regions of a wide area including Cro-
atia (c. 500 ind.: Šprem and Buzan 2016), Bosnia
and Herzegovina (less than 1,000 ind.: cf. Korjenić
et al. 2009), Serbia (c. 700 ind.: D. Gačić pers.

comm.), Montenegro (c. 1,400 ind.: Đurović
2018), North Macedonia (c. 1,400 ind.: V. Maletić
pers. comm.), Kosovo (c. 200–300 ind.), Albania (c.
450–600 ind.: F. Bego pers. comm.), Bulgaria (c.
2,500 ind.: Markov et al. 2016), and Greece (c.
1,500 ind.: Papaioannou et al. 2019). The
Carpathian chamois R. r. carpatica inhabits the
Maramureş massif and the Carpathians, both in
Romania, with some 8,000 individuals. About
600 Anatolian chamois R. r. asiatica inhabit the
mountainous areas of North-Eastern Turkey, and
another 200 are estimated to live in Georgia. Cau-
casian chamois R. r. caucasica populations were
estimated at c. 9,000 individuals in the late 2010s
on the Caucasus range between Armenia, Georgia,
Azerbaijan, and the Russian Federation, and are
likely declining at the present time. The Pyrenean
chamois R. p. pyrenaica occurs on the Pyrenees
with c. 53,000 individuals shared among Spain,
France, and Andorra, while on the Cantabrian
mountains (Northern Spain), the populations of
Cantabrian chamois R. p. parva are estimated at c.
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Fig. 3 Distribution range of Rupicapra spp. Rupicapra
pyrenaica: (1) parva, (2) pyrenaica, (3) ornata; Rupicapra
rupicapra: (4) cartusiana, (5) rupicapra, (6) tatrica,
(7) carpatica, (8) balcanica, (9) caucasica, and

(10) asiatica. Distribution was modified from the IUCN
Red List of Threatened Species (Version 2008) based on
data from the authors (Map template: © Copyright Getty
Images/iStockphoto)
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16,000 individuals, divided into three subpopula-
tions. The Apennine chamois R. p. ornata currently
occurs in three main populations along the Apen-
nine chain in Italy, with no less than 2,500 individ-
uals (Antonucci and Di Domenico 2015). Unless
otherwise indicated, data are taken from Anderwald
et al. (2021), Herrero et al. (2008, 2020), Damm and
Franco (2014), and Castelló (2016).

Northern Chamois Rupicapra rupicapra
(Linnaeus, 1758)

Description

Size and Morphology
The Northern chamois is a medium-small goat-
antelope of robust forms (Fig. 1). Morphological
differences among subspecies are not obvious and
mainly relate to craniometric measures. In all sub-
species, sexual dimorphism is weak.

Biometric measures in Northern chamois may
show pronounced variations depending on local
characteristics. Fully grown individuals may
reach a height of 80–85 cm in males and of
75–80 cm in females, and a full body length of
125–135 cm (Couturier 1938). Age- and
sex-specific body mass data are abundant for the
Alpine subspecies and almost entirely derive from

hunted individuals: confounding factors such as
shooting date and treatment of carcasses may thus
lead to highly variable raw data. Garel et al. (2009)
analyzed nearly 5,000 individuals hunted in the
French Alps, adjusting eviscerated carcass mass
data to October 15: the sex- and age-specific full
body mass resulting from their growth model is
reported in Table 2 (0.72 is used as a factor to
convert eviscerated body mass to full carcass
mass, Garel et al. 2009). The table also reports
unadjusted live body mass data from Couturier
(1938) and converted (by 0.72) dressed mass data
from Bassano et al. (2003). Seasonal body mass
variations are very pronounced in chamois, and
so are variations in (male-biased) sexual mass
dimorphism, that may reach a maximum of
c. 40% in late October but declines to about 4%
in spring (Rughetti and Festa-Bianchet 2011).

Both sexes possess short ebony dark horns that
curve sharply backward towards the tip (Fig. 4).
Horns are visible by the second month of life, and
their growth pattern, which largely depends on the
geological substrate and related ecological condi-
tions that influence food availability (Chirichella
et al. 2013b), is summarized in Table 2 for the
Alpine subspecies (Bassano et al. 2003; Corlatti
et al. 2015c). The two sexes show limited differ-
ences in horn length (Table 2). Horn growth nor-
mally halts between November and March,

Fig. 4 Horns of male (left)
and female (right) Alpine
chamois (photograph by
Bogna Sudolska)
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creating sharp annuli between consecutive growth
segments that allow for accurate age estimation
(Schröder and von Elsner-Schack 1985).

Information on biometric measures of other
subspecies is poor: available data suggest values
similar to those in Table 2, except for greater body
mass and horn length (by about 25%) reported for
Carpathian chamois (Couturier 1938).

In fully grown individuals, total skull length is
200–220 mm and total width is 100–110 mm
(Couturier 1938). Differences in skull length and
width, alongside other craniometric features such
as the presence of ethmoidal vacuity and the angle
between horn cores and frontal bones, have been
used to help discriminate between chamois spe-
cies (Masini and Lovari 1988; cf. Table 1, Fig. 2).

Robust and relatively short limbs, the semi-
flexed posture of the main limb segments and the
peculiar foot structure – including long and inde-
pendent fingers connected by a skin fold – make
chamois performant on steep, rugged but also
snow-covered terrains (Couturier 1958).

Most characteristic in chamois is the presence of
supraoccipital oval-shaped glands behind the
horns. These scent glands are visible from
16 months of age and are present in both sexes,
although they are seasonally much bigger in males
than in females (Couturier 1938; Tosi et al. 1990).
Their maximum size (3.0–3.5 cm high, 2.5–3.0 cm
wide: Couturier 1938) is reached during rut. In
males, the secretion of sebum from supraoccipital
glands is associated with specific displays of dom-
inance such as “marking” (cf. section “Communi-
cation” and Lovari 1985 for the Apennine
chamois). Smaller scent glands are also present in
the interdigital region.

Pelage
The color of the coat varies seasonally, from red-
dish brown in summer to dark brown/black in
winter. Spring molt starts in March and completes
by June, winter coat develops in August/
September and is complete by November. Most
characteristic in Northern chamois are white
patches on the sides of the head, with pronounced
black stripes running from the eyes to the muzzle,
whose potential functions are unknown, although
their “blackness”might signal dominance, at least

in females (Corlatti and Sivieri 2020). Other pecu-
liarities include a white rump, black stockings,
and a black mane on the backbone which, in the
cold season, can grow over 25 cm in males (Cou-
turier 1938). Cases of albinism and melanism
(either full or partial) are frequently reported
(Couturier 1938).

Dentition
Milk teeth 0.0.3.0/3.1.3.0; permanent dentition
0.0.3.3/3.1.3.3. Sequence of eruption and tooth
wear may be used to estimate age but, as in other
bovids, enumeration of horn rings is preferable.

Age and Sex Determination
The age of captured individuals can be determined
by counting the boundaries between consecutive
horn annuli, which form from the interruption of
horn growth (Schröder and von Elsner-Schack
1985; Corlatti et al. 2015c). Horn growth stops
in November – when the animal is x years and
6 months old – and normally starts again in March
– when the animal is x years and 10 months old.
Age determination in the field relies on both mor-
phological and behavioral characteristics. Kids
(less than 1 year of age) are conspicuously smaller
than adults and always stay with their mother,
though they may form juvenile groups (“kinder-
garten”). Yearlings (between 1 and 2 years of age)
have a body size intermediate between kids and
adults, and horns seldom exceed the ear length.
They are mainly found in female groups. Sub-
adults (c. 2–3 years old) have horns about 1.5
times longer than the ears, and forelegs appear
relatively longer than in adults. Adults (c. 4+
years old) are fully grown, and exact age determi-
nation in the field becomes impossible. In old
individuals (from c. 12–14 years of age), the pel-
age color becomes lighter, and the behavior more
solitary (Couturier 1938). Sexual dimorphism in
chamois is weak, and sex determination in the
field (possible only from the age of 2+) relies on
the combination of several behavioral and mor-
phological characteristics. The former mainly
include urination posture, behavioral displays
during the rut (cf. section “Communication”)
and social behavior: subadult females tend to
stay with nursery groups, possibly including
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their mother, while males may form small unisex-
ual groups; adult males tend to be solitary, females
in groups. The latter mainly include noticeable
penile brush in males, and horn features: male
horns tend to be thicker and more hooked, while
female horns tend to be more parallel towards the
base (Fig. 4).

Physiology

Chamois are well adapted to life at high altitude
and low temperatures. They cope with low air
oxygen by means of voluminous lungs, a power-
ful heart (300–350 g in an adult male) and a high
number of red blood cells (well above ten million /
ml) (Catusse et al. 1996). In addition, hemoglobin
shows more efficient oxygen-binding properties
in chamois than in lower-altitude ruminants
(Ascenzi et al. 1993). Winter cold is counteracted
with a thick and dark insulating coat composed of
three layers, including longer guard hair and much
denser down hair than in the summer coat
(Catusse et al. 1996). Recently, an energy-saving
mechanism – implying diminished heart rate and
body temperature in winter – has been revealed
(Arnold 2020), and the lower critical temperature
of the thermoneutral zone has been identified at c.
-10 �C (Haymerle 2013).

The digestive tract of chamois is well adapted
to seasonal changes in diet quality, typical of
the mountain context. Striking variations in the
capacity of forestomach and cecum and in the
shape and volume of rumen papillae, hence in
the surface of rumen adsorptive mucosa, have
been described. These variations allow chamois
to shift from efficient browsers during the vegeta-
tive phase, to almost pure grazers during winter
(Hofmann 1984). Body fat reserves accumulated
in summer therefore act as an important metabolic
fuel in winter (Arnold 2020). A further adaptation
to winter harshness and short vegetative period is
the rapid growth of kids, mediated by the high
content of fat and protein in milk, approximately
three- and twofold higher than in domestic goat
Capra hircus, respectively (Gibert 2017).

Stress physiology also reveals adaptations to
cold climates. Unlike in ungulates less adapted to

low temperatures (e.g., red deer Cervus elaphus,
see Huber et al. 2003), in Northern chamois cli-
matic stressors seem to have minor effects on fecal
cortisol metabolite levels (Corlatti et al. 2014).
Glucocorticoid levels in male Alpine chamois
appear to be mainly influenced by age (positive
relationship) and social status (greater in domi-
nant males) during the rutting season (Corlatti
et al. 2014; Corlatti 2018). In Tatra chamois,
fecal cortisol metabolite levels increased in
presence of tourist disturbance (Zwijacz-Kozica
et al. 2013). In Alpine chamois, the occurrence of
environmental stressors in early life (i.e., high
population density, harsh winter, and lower forage
quality) is reflected in deviations from bilateral
symmetry in horns (Chirichella et al. 2020).

Genetics

Chromosomes
2n ¼ 58. Cytogenetic studies of somatic cells in
the chamois revealed a karyotype with 54 acrocen-
tric chromosomes and with one pair of large meta-
centrics comprising the autosomes (Gallagher and
Womack 1992).

Phylogeny and Phylogeography
Depending on the molecular marker system, phy-
logenetic studies present contrasting patterns of
differentiation pointing towards a complex evolu-
tionary picture for the genus Rupicapra. The
monophyly or polyphyly of Rupicapra, or the
number of its species and subspecies, is still
under debate (reviewed in Corlatti et al. 2011;
Pérez et al. 2017). To date, the most widely
accepted taxonomic classification considers two
species, R. pyrenaica (with three subspecies) from
South-Western Europe and R. rupicapra (with
seven subspecies) from Central-Eastern Europe
(e.g., Masini and Lovari 1988; Wilson and Reeder
2005). Cf. section “Taxonomy and Systematics”
for further details.

Phylogenies based on mitochondrial DNA
(mtDNA) sequences reflect three monophyletic
groups (from the Early Pleistocene, 1.9 mya) with
a clear geographical signal, suggesting that there
could bemore than two nominal species (Rodríguez
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et al. 2009, 2010; Crestanello et al. 2009). Conse-
quently, modern chamois would have occurred in
Europe well before the Late to Middle Pleistocene,
contrary to available paleontological evidence. The
extremely low genetic diversity of multiple autoso-
mal introns (Pérez et al. 2017) and Y-chromosome
markers (Pérez et al. 2011) might support the one
species classification proposed by Couturier in
1938. In contrast, genetic studies using micro-
satellites (Pérez et al. 2002) and the melanocortin-
1 receptor gene (MC1R) (Pérez et al. 2013) seem to
favor the current taxonomy by defining at least two
separated clusters corresponding to R. rupicapra
and R. pyrenaica. Recent molecular analyses of
complete mitochondrial genomes (Iacolina et al.
2021) confirm the previously reported genus subdi-
vision in three clades (Pérez et al. 2017): two coin-
cident with classical species (R. pyrenaica and
R. rupicapra) and a third group composed by the
subspecies R. p. ornata and R. r cartusiana.

The evolutionary background of the genus
Rupicapra remains unclear. The use of markers
with different modes of evolution may result
in conflicting phylogenies, especially when
hybridization between divergent lineages is
involved. The differences in patterns of variation

among Y-chromosome, mtDNA, biparental
microsatellites, and other nuclear markers reflect
the evolutionary characteristics of the different
markers as well as the effects of sex-biased dis-
persal and species phylogeography. Conse-
quently, more comprehensive marker systems
and indicators are needed to widen the view of
the diversification processes of the genus
Rupicapra and to provide evidence for putative
taxonomic revisions.

Genetic Diversity
The zoological, historical, and conservation value
of geographic populations of chamois is beyond
any molecular dispute, regardless of the taxo-
nomic status assigned by scientists and of the
degree of genetic diversity (Table 3) (cf. section
“Current Distribution” for further details). The
Chartreuse population bears mitochondrial haplo-
types from the central genetic lineage (sensu
Rodríguez et al. 2010) but microsatellite alleles
from the Eastern clade. Intermediate morphomet-
ric features between Iberian and Alpine chamois
were previously observed in R. r. cartusiana by
Lovari and Scala (1980). They attributed them to
hybridization events which may have occurred

Table 3 Summary of genetic variability of Rupicapra rupicapra subspecies

Species Subspecies N nh % π % h % He % Ho A Source

R. rupicapra rupicapra (W) 20 (18) 9 1.756 90.8 58.1 52.7 4.85 Rodríguez et al. (2010)

22 (22) 3 3.740 54.0 58.0 59.0 5.09 Crestanello et al. (2009)

34 (�) – – – 73.8 71.0 7.20 Soglia et al. (2010)

rupicapra (E) 11 (11) 9 0.709 94.5 55.4 53.2 4.20 Rodríguez et al. (2010)

28 (28) 4 0.760 75.0 54.0 57.0 5.27 Crestanello et al. (2009)

52 (�) – – – 68.6 68.0 6.5 Soglia et al. (2010)

cartusiana 8 (8) 3 0.041 46.4 42.0 43.7 2.90 Rodríguez et al. (2010)

carpatica 17 (16) 11 0.617 87.5 43.4 35.3 3.35 Rodríguez et al. (2010)

tatrica 7 (6) 5 0.180 86.0 33.0 42.0 2.18 Crestanello et al. (2009)

10 (10) 4 0.166 73.3 33.4 32.5 2.45 Rodríguez et al. (2010)

balcanica 9 (9) 6 1.262 88.9 55.0 38.9 4.00 Rodríguez et al. (2010)

16 (�) – – – 64.7 58.9 4.87 Šprem and Buzan
(2016)

52 (55) 17 3.46 74.7 53.6 38.8 6.39 Papaioannou et al.
(2019)

asiatica 1 (1) 1 – – – 52.6 – Rodríguez et al. (2010)

caucasica 10 (6) 4 0.616 80.0 42.5 40.5 3.80 Rodríguez et al. (2010)

N, number of individuals analyzed at microsatellite loci – in parentheses, number of individuals typed for mtDNA; nh,
number of mitochondrial haplotypes; π, nucleotide diversity; h, mitochondrial haplotype diversity; He (Ho), expected
(observed) heterozygosity at microsatellite loci; A, mean number of alleles; E, Eastern Alps; W, Western Alps
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during the last Quaternary glaciations in the West-
ern Alps, when R. rupicapra and R. pyrenaica
came into contact. Although neither species is
threatened, there is reason for concern about the
conservation of several subspecies. Transloca-
tions of chamois for hunting purposes, from dif-
ferent geographic populations or subspecies, have
increased the risk of losing differentiated gene
pools by hybridization, e.g., for R. r. cartusiana,
R. r. balcanica, and R. r. tatrica (Lovari 1984a).
Effective conservation measures, as with other
taxa, should be established while populations of
Rupicapra rupicapra subspecies are still abun-
dant, rather than when it is too late for them to
survive (Corlatti et al. 2011).

Hybridization
Evidence for ancient hybridization events
between Rupicapra rupicapra and Rupicapra
pyrenaica following postglacial recolonization
has been reported by Rodríguez et al. (2009).
Evidence for recent hybridization, on the other
hand, has been reported only between different
Rupicapra rupicapra subspecies (reviewed in
Iacolina et al. 2019). The occurrence of hybrids
between Balkan and Alpine chamois was con-
firmed by mtDNA analysis in the Velebit Moun-
tains (Croatia), where both subspecies were
introduced for hunting purposes (Šprem and
Buzan 2016). Similar patterns may occur in the
Rhodope Mountains in Bulgaria, although the
signals of introgression (using microsatellites)
for the Balkan population are equivocal (Markov
et al. 2016) and further screenings are desirable
(Valchev et al. 2006). Interbreeding has been
suggested to occur also between Balkan and
Carpathian chamois in the contact zone of the
two subspecies in Djerdap National Park (Serbia)
(Damm and Franco 2014). In the Low Tatras
(Slovakia), the occurrence of hybrids between
the endemic Tatra chamois and Alpine individuals
introduced for hunting purposes has been con-
firmed in several molecular studies (Crestanello
et al. 2009; Zemanová et al. 2015). Although
lacking evidence, hybridization has been
suggested to occur in the Chartreuse Massif in
the French Alps, where the genetic identity of
the endemic cartusiana subspecies has been put
at risk by translocations of individuals of the

Alpine subspecies for hunting purposes (Roucher
1999). Overall, the consequences of hybridization
between chamois subspecies remain unknown
and may include disruption of local adaptations,
outbreeding depression, disappearance of genetic
“types,” but also increase of genetic variation, and
enhanced adaptability to environmental changes
(Zemanová et al. 2015). Nevertheless, future
translocations should be avoided or carefully
monitored to avoid genetic extinction of taxa due
to hybridization.

Life History

Growth
Chamois kids are born from May to late June in
Europe (November–December in New Zealand)
after a gestation of about 175–185 days. Mass at
birth is c. 2.4–2.7 kg, and development in the first
6 months is negatively affected by population den-
sity (Bauer 1982; Garel et al. 2011b). In Alpine
chamois, body mass and horn size increase rapidly
in the first 2 years of life, after which there is
evidence for partial compensatory growth, so that
yearling body mass and horn length are not
strongly related to adult characteristics (Rughetti
and Festa-Bianchet 2010a). Compensatory horn
growth also occurs in other subspecies such as
R. r. balcanica (Massei et al. 1994), although,
interestingly, it appears to be weak in R. r.
rupicapra � R. r. balcanica hybrids, possibly
suggesting an effect of heterosis, i.e., the occur-
rence of hybrid vigor (Kavčić et al. 2018). Body
mass and horn size reach asymptotic values at
about 3.5 years in females and 5.5 years in males
(cf. section “Description”). Sexual dimorphism in
body mass is highly seasonal, rapidly declining
from 26–40% in October to about 4% in spring
(Garel et al. 2011a; Rughetti and Festa-Bianchet
2011). This suggests a unique conservative strategy
to accumulate fat resources in summer to be used
up during the rut, when males may lose as much as
28% of their body mass (Mason et al. 2011).

Reproduction
Body mass and age at first reproduction are closely
associated in chamois (Bauer 1987), and females
usually give birth when they approach asymptotic
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body mass, after the third year of age (Schröder
1971). Sexual maturity, however, may already
occur at 18 months, and in New Zealand, the pres-
ence of an embryo was confirmed in 7-month-old
females (Bauer 1987). Age of primiparity thus
depends on ecological characteristics affecting
body mass such as density or climatic conditions
(Bauer 1987), aswell as on individual heterogeneity.
Females with rapid horn growth as yearlings, for
example, tend to reproduce earlier (Rughetti and
Festa-Bianchet 2010b). Pregnancy probability is
age-dependent: Valentinčič et al. (1974) report
values of 0%, 50%, 90%, and 83% in 1–2,
3, 4–10, and 11+ year old individuals, respectively,
for a population in the Eastern Alps. Females give
birth to one kid; twins are rare (Couturier 1938). No
reliable data exist on twinning probability, although
it may presumably vary between 1% and 3% among
reproducing females. Breeding success (i.e., kids to
adult females ratio in summer) is inversely related to
population density, especially in young females, and
ranges from c. 0.52 to 0.90 (Loison et al. 1996; Pioz
et al. 2008). Breeding success is strongly
age-dependent: Morin et al. (2016) found a peak
of 0.70 for prime-aged females (4–7 years), with
reproductive senescence occurring at 8+ years of
age. The pattern of senescence in female chamois,
however, differs between studied populations. In the
Swiss Alps, for example, breeding success declined
only in females older than 16 years (Tettamanti et al.
2015). Individual heterogeneity plays a major role
also in shaping breeding success, as successful
female chamois tend to do consistently better in
reproduction in subsequent years than unsuccessful
ones. This applies especially to the oldest age clas-
ses, resulting in no detectable costs of reproduction
(Morin et al. 2016, but see Richard et al. 2017 for
Pyrenean chamois). This suggests that some old
females may reduce survival costs by skipping
reproduction, making the female reproductive strat-
egy increasingly conservative with age (Morin et al.
2016).

Reproductive success in male chamois is largely
unknown, owing to the lack of robust DNA-based
paternity assignments. Preliminary data suggest that
in non-hunted populations mainly males �6 years
successfully sire kids (Corlatti et al. 2015a), but in
hunted populations – where older males are rare –
they reproduce earlier. Together with a weak sexual

dimorphism and high survival probabilities (see
below), this suggests that male chamois may enjoy
prolonged breeding tenure, possibly until 13–
14 years of age (Corlatti et al. 2015a). Reproductive
allocation, however, is rather flexible: evidence has
been found for either a decline in reproductive effort
after prime-age or terminal investment, depending
on environmental conditions (Mason et al. 2011).
Furthermore, social status also appears important,
and territorial males may have greater reproductive
success than non-territorial ones (cf. section “Mat-
ing Behavior”; Corlatti et al. 2015a). Reproductive
benefits of territoriality, however, might be
counterbalanced by greater risks of injuries, higher
consumptions of fat reserves, and higher cortisol
and testosterone levels, which may favor a decrease
in parasite resistance, possibly increasing mortality
rates (Corlatti et al. 2012a). Data on tactic-specific
trade-offs between reproduction and survival, how-
ever, are still missing, and the two tactics might as
well coexist with similar survival probabilities but
different reproductive success (cf. section “Mating
Behavior”).

Survival
The sex ratio is 1:1 at birth (Henderson and
Clarke 1986) and slightly biased towards females
in adults (c. 1:1.2) (Bubenik and Schwab 1975).
This suggests similar mortality patterns between
male and female chamois, recently confirmed by
studies conducted on the Alpine subspecies
(Bocci et al. 2010; Corlatti et al. 2012b). Survival
rates are surprisingly high until late age in both
sexes in a non-hunted and undisturbed popula-
tion in the Swiss National Park: 0.90 at 1 year,
0.91 between 2 and 7 years, and 0.92 over 8 years
(Corlatti et al. 2012b). For the same population,
sex- and age-specific survival probabilities using
more detailed age classes are reported in Fig. 5.
Nearly unbiased sex-specific survival may be
explained by greater accumulation of fat reserves
by males before the rut, which may reduce over-
winter mortality (Bocci et al. 2010). Survival
senescence in chamois may thus be weaker than
in other ungulates (Loison et al. 1994), although
senescence patterns are not fixed. Female sur-
vival senescence begins at c. 7 years of age in a
population in the hunted population of the
Bauges massif, French Alps, whereas in the
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Swiss National Park, the onset is at c. 12 years
(Bleu et al. 2015). This suggests that faster life
history strategies may be selected for by hunting,
which may shift age at first reproduction and
possibly alter senescence patterns (Bleu et al.
2015).

In protected populations, there is a negative,
though nonsignificant trade-off between early
horn growth and natural survival in males and
females (Corlatti et al. 2017; Bleu et al. 2014),
whereas in hunted populations, this trade-off
may be stronger in both sexes because of hunter
selectivity, thus depending on the hunting regime
adopted (Corlatti et al. 2017). Maximum longev-
ity recorded in the wild (Swiss National Park) is
21 years for males and 22 years for females in the
Alpine subspecies (Corlatti et al. 2012b).

Habitat and Diet

Habitat Selection and Movement
Northern chamois mostly occur from the treeline to
elevations up to 3,000 m in summer and descend to
lower elevations in conifer forests in winter (Ballo
2010; Lovari et al. 2006; Nesti et al. 2010;
Anderwald et al. 2015, 2016). However, some
populations spend the entire year in forested areas.
Stable populations between 100 and 300 m above
sea level, for example, are present in Croatia

(Šprem, pers. comm.) and in Italy. Based on
archeozoological data, Baumann et al. (2005)
showed that the native habitat of chamois during
the Pleistocene included both alpine grassland and
steep forests, so that the recent expansion of the
Alpine subspecies’ range to forested regions such
as the Jura Mountains in Switzerland represents a
recolonization of natural habitat. The most likely
reasons for the post-Neolithic range contraction
into alpine areas was environmental change com-
bined with overexploitation by humans at lower
elevations. Accordingly, extant Alpine chamois
populations are found in a wide range of habitats:
besides alpine and subalpine meadows, pastures,
forests, and clearings, the species also occurs on
scree slopes, in rocky areas, and in shrublands
(Ballo 2010; Nesti et al. 2010; Darmon et al. 2012;
Anderwald et al. 2015). An increase in the use of
forest habitats in recent years, for example, has been
shown in chamois populations in the Tatra moun-
tains (Ciach and Pęksa 2019). However, habitat
choice does seem to depend on the availability of
steep cliffs or slopes as escape terrain (e.g., von
Elsner-Schack 1985a) and absence of human distur-
bance (e.g., Kati et al. 2020).

In their alpine habitat, chamois show a prefer-
ence for meadows on relatively steep (20–35�)
southern, eastern, and south-eastern slopes,
where snow cover is reduced during winter (von
Elsner-Schack 1985a; Nesti et al. 2010). Preferred
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meadows are often dominated by Sesleria spp.
and sedges (Darmon et al. 2012). Typical altitudi-
nal ranges in the Gran Paradiso National Park
(Italian alps) are 1,900–2,600 m in summer and
1,800 –2,200 m in winter, with resident and sea-
sonally migrant males showing altitudinal segre-
gation (Lovari et al. 2006; Nesti et al. 2010):
resident males remained at lower elevations
throughout the year, while seasonal migrants
spent the summer at similar elevations as females
(2,100–2,600 m).

Seasonal migrations mainly take the form of
short-distance altitudinal movements with the
onset being dependent on weather conditions
and allow individuals to exploit vegetation phe-
nology and more favorable temperatures (cf.
Corlatti et al. 2021). Although home range sizes
do not appear to differ between males and
females during winter, females show larger sum-
mer home ranges than resident males (e.g., a
median 95% kernel of 711 ha for females vs.
49 ha for resident males in Gran Paradiso (Nesti
et al. 2010), or a range of 270–598 ha for females
vs. 34–98 ha for males in the Swiss National Park
(Boschi and Nievergelt 2003)). Earlier studies
suggested mean summer ranges of 60 ha and
winter ranges of 74 ha in females, and fairly
stable home ranges (c. 20–40 ha) in males in
the Karwendel mountain range of Northern
Tyrol, Austrian Alps (Hamr 1984b, 1985).
Females are highly philopatric, whereas young
males have a greater tendency to disperse, espe-
cially before reproduction, which avoids
inbreeding (Loison et al. 1999a). Long migra-
tions of up to 20 km were observed in male
chamois in Austria and peaks of 50 km in
New Zealand (Hamr 1985). Chamois also appear
to have good swimming skills: recently, an indi-
vidual was reported to have crossed the c. 3-km
wide stretch that separates the island of Rab from
the mainland of Croatia (Safner et al. 2019), and
other similar cases have been reported elsewhere
(Kavčić et al. 2020).

Diet
Alpine chamois are intermediate feeders (Hof-
mann 1989) with a diet consisting mostly of
graminoids throughout the year (e.g., Schröder

and Schröder 1984; Bertolino et al. 2009; Redjadj
et al. 2014).

Besides graminoids, forbs, dwarf shrubs, and
conifer material also contribute to the diet season-
ally. While their relative importance varies by
region according to availability, their seasonal
representation is largely comparable between dif-
ferent studies. Forbs are taken primarily in sum-
mer, while the consumption of conifer material is
mostly restricted to winter months, and Ericaceae
are taken mainly in autumn (Bertolino et al. 2009;
La Morgia and Bassano 2009; Anderwald et al.
2015; Andreoli et al. 2016). The diet is very
similar between the sexes (Andreoli et al. 2016).
As to food habits, female chamois are particularly
selective, with individuals feeding on relatively
high-quality plants and on <18% of the available
biomass (Dupart et al. 2020).

There is considerable overlap between the die-
tary composition of Alpine chamois and other
ungulates such as mouflon Ovis gmelini musimon
(Bertolino et al. 2009; Redjadj et al. 2014), red
deer (Homolka 1996; Homolka and Heroldová
2001; Bertolino et al. 2009; Anderwald et al.
2015), Alpine ibex Capra ibex (Anderwald et al.
2015), and domestic sheep Ovis aries (La Morgia
and Bassano 2009). La Morgia and Bassano
(2009) suggested a temporary shift in the summer
diet of chamois from forbs to qualitatively inferior
Cyperaceae in the Gran Paradiso National Park
while sheep grazed in the same range as chamois.

Behavior

Social Behavior
The mother-kid dyad is the only fixed social unit in
chamois (Krämer 1969). After birth in May–June,
the period of maternal care extends to early
October but the bond between mothers and juve-
niles lasts until about 1 year of age, possibly favor-
ing social cohesion and learning processes through
the synchronization of activities (Ruckstuhl and
Ingold 1999). Females and offspring form instable
groups that often fuse and split up. Group size is
thus sensitive to variations in local conditions, cor-
relating positively with population density, visibil-
ity, and food resources, and negatively with human
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disturbance and proximity to refuge areas (von
Elsner-Schack 1985b; Chirichella et al. 2015).
The largest assemblages are found in snow-free
periods (von Elsner-Schack 1985b): in Alpine
chamois, female group size between May and
October was found to range from 1 to
25 (Chirichella et al. 2015), although much larger
groups (>100 individuals) are possible (Couturier
1938). Yearling males often clump in small flocks,
while adult males live solitarily or in small groups
of 2–3 individuals for most of the year (Krämer
1969). Sexual segregation is thus generally strong,
especially in summer, but group composition is
flexible and varies over the year. In winter, the
presence of mixed herds is largely due to foraging
constraints, whereas in autumn, intersexual inter-
actions are favored by the onset of the breeding
season.

Mating Behavior
The rut normally occurs between early November
and early December in Europe (Krämer 1969).
The level of mating monopolization in chamois
is unknown, although there is some support for
weak polygyny (cf. Corlatti et al. 2015a). Despite
the weak sexual size dimorphism, male-male
competition during the rut is intense. At least
two reproductive tactics have been recognized in
sexually mature individuals: territorial males,
which actively defend a small area from intruders
(Krämer 1969; von Hardenberg et al. 2000;
Corlatti et al. 2012a), and non-territorial males,
which adopt female-following behavior (Krämer
1969; Corlatti et al. 2012a). Territories are nor-
mally below 2,000 m of elevation and they may be
occupied in spring already (von Hardenberg et al.
2000). The maintenance of alternative behaviors
in chamois is not well understood, and male types
might coexist with either equal or unequal lifetime
reproductive success (cf. section “Life History”).
In the first case, frequency-dependent selection
might play a prominent role. Furthermore, envi-
ronmental stochasticity may also contribute to the
long-term maintenance of alternative male types:
in years with high snow cover, females would be
forced to move to lower elevations, where mainly
territorial males are located, while non-territorials
may gain advantages in years of low snow cover

by following females at higher elevations (Lovari
et al. 2006; Corlatti et al. 2020). Coexistence with
unequal lifetime reproductive success, on the
other hand, may be mediated by condition-depen-
dent selection. As the two male types do not show
significant biometric differences (Corlatti et al.
2012a), variation in reproductive success of sex-
ually mature males might be conditional on com-
petitive skills, rather than on horn size or age
(Corlatti et al. 2015a). Agility and speed, among
other factors, are thought to play a major role in
male mating success (Rughetti and Festa-
Bianchet 2010a). Greater reproductive benefits
may be traded-off against higher physiological
costs, primarily associated with energy expendi-
ture and immune-mediated parasite infection dur-
ing the rut, thus higher mortality (Corlatti et al.
2012a, c). Evidence of such a trade-off, however,
is still missing and individual heterogeneity might
as well favor coexistence of different male types
with similar survival probabilities but unequal
lifetime reproductive success.

Communication
During the rut, male chamois show a rich behav-
ioral repertoire, made up of 31 behavioral patterns
(Krämer 1969; Corlatti et al. 2013b). Male-male
communication is largely based on indirect
aggression, the most frequent behaviors being
“marking” (the supraoccipital glands are rubbed
on a grass stem or a thin twig to deposit scent) and
“neck up” (a male stands on stiff legs, moving
slowly along a tangential line to the opponent, the
head is held high, the mane is fully erect, and the
mouth is often open) (Fig. 6), whereas the most
frequent courtship pattern is “head up” (the male
approaches the female with abrupt steps, lifting up
its muzzle) (Corlatti et al. 2013b). Information on
female behavioral patterns is lacking in Northern
chamois, but data available for the Southern spe-
cies suggest a marked behavioral sexual dimor-
phism, with a much poorer repertoire in females
than in males, and frequent use of direct aggres-
sion (Lovari 1985; Locati and Lovari 1990).
Vocalizations include the “rut call,” an indirectly
aggressive grunt of relatively low pitch, emitted
through the nose and the mouth by males during
the mating season, a loud whistling snort emitted
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through the nose by both sexes in alert situations
throughout the year, and bleating in kids (rare in
adults, only in the presence of a serious threat).

Activity
Chamois are generally more active in spring-
summer than in winter (Brivio et al. 2016). Daily
activity has long been considered bimodal, with
peaks at dawn and dusk (Hamr 1984a), but cham-
ois may display multiple patterns (unimodal,
bimodal, and trimodal) over the year (Brivio
et al. 2016). Nocturnal movements may occur
throughout the year (Carnevali et al. 2016). In
the Swiss National Park, nocturnal activity corre-
lated negatively to diurnal activity in summer and
positively in winter, possibly to optimize food
intake (Grignolio et al. 2018). Nocturnal activity
increases during moonlit nights (Carnevali et al.
2016), especially in the mating season (Grignolio
et al. 2018). Human disturbance may negatively
affect activity rhythms, as shown in Tatra chamois
(Pęksa and Ciach 2018). A unimodal pattern of
activity with a peak in the early morning hours has
been observed in a forested area in Croatia, pos-
sibly reflecting a temporal niche shift to avoid

predation by wolf Canis lupus (Šprem et al.
2015).

Foraging Behavior
On the Tatra mountains, time spent foraging by
chamois was affected nonlinearly by time of day,
herd size, and human disturbance, and represented
on average 46% of their overall time budget.
Males spent less time foraging than females
(Pęksa and Ciach 2018). Notably, in the Swiss
National Park, males showed higher bite rates
and lower step rates than females, suggesting
higher food selectivity in the latter (Puorger et al.
2018; cf. Ferretti et al. 2014 for the Apennine
chamois).

Different patterns of time spent foraging are
associated with alternative male tactics. Foraging
time in territorial males increases in summer,
sharply drops in November (hypophagia:
Willisch and Ingold 2007; Corlatti and Bassano
2014) and increases again in winter. Foraging
time of non-territorial males shows smaller var-
iations, decreasing gradually from spring to
autumn, and increasing in winter (Corlatti et al.
2013a). As dietary quality is similar in territorial

Fig. 6 Alpine chamois
displaying the “neck up”
posture during the rut
(photograph by Marco
Coraglia)
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and non-territorial males throughout the year
(Corlatti et al. 2013a), these foraging patterns
might reflect different investments made by alter-
native male tactics before the rutting season. A
greater amount of time spent foraging might be
associated with more resources acquired and thus
with better body conditions before the rut in
territorial males (Corlatti et al. 2013a). Alterna-
tively, a greater amount of time spent foraging in
spring and summer may simply reflect greater
selectivity in food choice in territorial males,
who inhabit lower-food-quality habitats com-
pared to non-territorial ones (Corlatti et al.
2021). Tactic-specific body mass data before
the rut would help clarifying the mechanisms
underlying different foraging patterns in male
chamois.

Parasites and Diseases

Ectoparasites
Insects. Chamois are often subclinically affected by
host-specific chewing lice Damalinia alpina (syn.
Bovicola alpinus) and biting lice Linognathus
rupicaprae, and two species of blood-sucking keds,
Melophagus rupicaprinus and Lipoptena cervi,
which are common in Old World Caprinae and
Cervidae, respectively. However, hair loss associated
with massive infestation by chewing lice is fre-
quently found in individuals starving to death in
late winter (Boch and Schneidawind 1988). Subcu-
taneous infestation by larvae of the Oestrid flyHypo-
derma diana has been occasionally observed where
chamois coexist with infested roe deer Capreolus
capreolus, the main reservoir of this Dipteran. No
bot fly infestation is known in Rupicapra spp.
Arachnida. In forested areas, chamois are exposed
to infestation by the “wood tick,” Ixodes ricinus, and
other hard ticks, Dermacentor marginatus and
Haemaphysalis punctata. I. ricinus is the recognized
vector of the protozoan Babesia capreoli, responsi-
ble for fatal babesiosis in chamois (Hoby et al.
2007). Accordingly, increasing risk is associated
with cohabitation with cervids in a global context
of upslope shift displayed by I. ricinus, likely due to
climate changes. Larvae of the seasonally abundant
chigger mite Kepkatrombicula (syn. Neo-
trombicula) desaleri may accumulate in typical

bright orange crusts around the mouth and eyes
and on the pinnae. The burrowing mite Sarcoptes
scabiei is the agent of scabies or sarcoptic mange,
the most severe and persistent epidemic disease in
chamois and sympatric Alpine ibex. Scabies is cur-
rently endemic in the Eastern Alps in Austria, Ger-
many, Slovenija, and Italy. Clinical features are
pruritus, hair loss, and generalized crusty lesions.
Death is due to toxemia and malnutrition, and usu-
ally occurs within 3–4 months from exposure by
contacts with infected individuals or fomites. Mor-
tality rate is related to the life history of affected
populations, namely to the occurrence (or absence)
of previous contacts with the disease. In case of a
novel epidemic wave of sarcoptic mange in previ-
ously unaffected areas, population size may
decrease by approximately two-thirds, with maxima
well above 80%, while during subsequent epidemic
waves, occurring at c. 10 / 15-year intervals, mor-
tality rarely exceeds 25% (Rossi et al. 2007).

Endoparasites
The digestive tract of chamois is home to at least
7 species of protozoa (Giardia duodenalis, Cryp-
tosporidium parvum, plus 5 host-specific taxa of
the genus Eimeria) and a number of helminths,
including 3 generalist tapeworms, Avitellina
centripunctata,Moniezia expansa, andMoniezia
benedeni, and approximately 50 roundworms
(Durand and Gauthier 1996). Among the latter,
the Bovid specialists Teladorsagia circumcincta
and Marshallagia marshalli, with their respec-
tive minor morphs, are the dominant abomasal
species, while Nematodirus spp. is prevalent in
the small intestine. Most protozoa and helminths
of the gastrointestinal tract of chamois are
weakly pathogenic, with the exception of
the large-sized blood-sucking Haemonchus
contortus, a generalist species also harbored by
domestic sheep, goats, and other wild ruminant
hosts, which may cause severe anemia and death.
A trade-off between mating effort, immuno-
logical defense, and resilience to subclinical gas-
trointestinal parasitism has recently been
highlighted (Corlatti et al. 2012a).

Chamois in contact with infected livestock
may unfrequently harbor the liver flukes Fasciola
hepatica and Dicrocoelium dendriticum. Larvae
of Echinococcus granulosus, a zoonotic
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tapeworm with a canid-ruminant life cycle, have
occasionally been found in the liver or lungs of
chamois sharing range with infected sheep and
goats, so the definitive host is mostly shepherd
dogs. Larvae of Taenia marginata (Cysticercus
tenuicollis), a tapeworm with a similar life cycle
as E. granulosus, are frequently observed on
serous surfaces.

The lung parenchyma is home to slender snail-
transmitted nematodes of the genera Muellerius
and Neostrongylus. Typical nodules formed by
masses of adult worms, embryonated eggs, and
coiled larvae develop on dorsal regions of the cau-
dal lobes. Lungworm infections are most often
subclinical. Larger nematodes (Protostrongylus
spp. and Dictyocaulus filaria) may be present in
the bronchial tree and the trachea.

In the heart and muscles of chamois, cyst-
forming Protozoa (Toxoplasma gondii and 2–3
nonpathogenic species of the genus Sarcocystis)
have been detected.

Larvae of Taenia multiceps (Coenurus
cerebralis), another tapeworm with a canid-
ruminant life cycle, may develop and enlarge in
the central nervous system, causing obvious ner-
vous signs (e.g., circling) and death.

Infectious Diseases
Two infectious diseases can have major demo-
graphic consequences in chamois: infectious
kerato-conjunctivitis (IKC) and transmissible
pneumonia.

Outbreaks of IKC are due to virulent strains of
an atypical bacterium, Mycoplasma conjunctivae.
Transmission occurs via direct contact and eye-to-
eye transport by flies over short distances. Symp-
toms are partial or complete blindness and the
associated difficulty to move on rough terrain.
Affected individuals may fall from cliffs or die of
starvation in case of bilateral eye perforation. Nev-
ertheless, spontaneous recovery is a frequent out-
come. IKC is characterized by high prevalence,
relatively low mortality, and a biased distribution
of clinical cases (more often females than males,
andmore adult females than kids) (Giacometti et al.
2002). Population decrease ranges from c. 5% to
30%. Spread may occur over large areas at the
speed of over 15 km/year (much faster than
sarcoptic mange), depending on the virulence of

Mycoplasma strains and the connectivity between
social units of the host. Sporadic cases and small
foci with limited spatial spread of IKC are also
known in the Alps. Contrary to sarcoptic mange,
IKC signs do not persist in chamois groups longer
than a few months after an epidemic wave. Spill-
over of M. conjunctivae from cohabiting domestic
sheep, goats, and Alpine ibex is likely.

Transmissible pneumonia affecting chamois of
all ages, with die-offs characterized by respiratory
signs (e.g., cough and air hunger behavior), has
been reported. Lesions include pleuritis and
extensive fibrino-suppurative, partly necrotizing
bronchopneumonia. Their spreading potential is
much lower than that of IKC and sarcoptic mange,
and persistence lasts no longer than several
months to 1 year. Mortality may be over 30%.
While a major role is played by bacteria of the
family Pasteurellaceae, the etiology of transmissi-
ble pneumonias is still insufficiently defined
(Posautz et al. 2014). Accordingly, little can be
inferred on the cross-transmission of candidate
pathogens at the livestock/chamois or other wild
caprines/chamois interface.

Outbreaks of relatively limited demographic
impact are caused by the pox-like contagious
ecthyma virus. The main sign is the development
of crusty lesions on the lips associated with
inflamed gums, implying limited feeding activity.
Kids are particularly sensitive.

While contact with the large majority of rumi-
nant pathogens has been revealed, no significant
role is attributed to Northern chamois in the
medium to long-term maintenance of major live-
stock diseases such as foot and mouth disease,
tuberculosis, brucellosis, and bluetongue.

Zoonoses
No major risks to human health derive from han-
dling Northern chamois or dressing their carcasses
or using their meat or nonmeat products.

Population Ecology

Population Dynamics
In increasing chamois populations, annual growth
rate generally varies between 5% and 15% as a
function of density and habitat quality, but can
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occasionally reach 25% (Corti 2002; Corlatti et al.
2019a). On the other hand, the rate of decrease
appears much more variable. Apart from hunting
by humans, major limiting factors of chamois
populations are the synergistic effect of high den-
sity and harsh winters –with overall mortalities up
to c. 30% (Corlatti et al. 2019a) but with maxima
of over 80% depending on sex- and age-classes
(Rughetti et al. 2011) – and outbreaks of diseases
such as sarcoptic mange or keratoconjunctivitis –
with overall mortalities up to c. 80% and 30%,
respectively (cf. section “Parasites and Diseases”
for further details). However, Alpine chamois
populations can normally recover from such
events within a few years through subsequent
higher reproductive performance (e.g., Rossi
et al. 1995; Loison et al. 1996). Density depen-
dence affects juvenile body mass (Garel et al.
2011b), mortality rate, and juvenile to female
ratio (Capurro et al. 1997; Willisch et al. 2013).
Chamois appear to be particularly sensitive to
adverse weather conditions during late winter
and early spring, with decreases in juvenile body
mass during years characterized by late springs
(Garel et al. 2011b) and decreased population
growth following severe snow conditions in late
winter, especially when population density is high
(Willisch et al. 2013; Corlatti et al. 2019a). Sum-
mer conditions can also severely affect chamois
population dynamics, with high temperatures
hampering the survival of kids in the following
winter (Chirichella et al. 2021) and higher precip-
itation favoring juvenile to female ratio in the
following year (Donini et al. 2021). Ultimately,
hot and dry summers may negatively affect the
nutritional quality of forage available to females
and offspring, thereby affecting energy intake and
survival (Loison et al. 1999b).

Kids are vulnerable to predation from golden
eagles Aquila chrysaetos, and all age classes are
taken by wolves and lynx Lynx lynx where they
co-occur. In the Swiss Jura Mountains, lynx killed
a maximum of 11% of the chamois spring popu-
lation (Molinari-Jobin et al. 2002).

Competition with Other Ungulates
Alpine chamois often appear to be the inferior com-
petitor in interactionswith other sympatric ungulates.

Spatial/habitat displacement has been reported in
response to mouflon (Chirichella et al. 2013a), red
deer (Anderwald et al. 2015), and domestic sheep
(Mason et al. 2014a) in the European Alps.
Mouflon. In the Italian Alps, female chamois
increase their group size in the proximity of mou-
flon and increasing proportion of mouflon rams in
the group, either to avoid spatial displacement or
in response to it (Chirichella et al. 2015).
Red deer. With increasing red deer density in an
area of high productivity in the Swiss National
Park, chamois decreased their use of meadows
and forested areas in favor of scree slopes, and
juveniles showed reduced horn growth (Anderwald
et al. 2015). On the other hand, there was no
evidence for competition in an adjacent valley of
lower productivity, where red deer density was
lower and there was strong altitudinal segregation
between the two species, suggesting that chamois
can find competition refuges outside resource
hotspots (Anderwald et al. 2016). A negative effect
of increasing deer density on chamois population
growth rate was found in the Stelvio National Park,
Italy (Corlatti et al. 2019a), mainly acting on the
kid-female segment of the population (Donini et al.
2021; Gamelon et al. 2020).
Sheep. In addition to a shift to a poorer summer
diet induced by temporary range overlap with
domestic sheep (La Morgia and Bassano 2009),
Alpine chamois show a displacement response to
less suitable habitat by sheep presence that
exceeds the apparent altitudinal shift due to cli-
mate change (Mason et al. 2014a), although it is
unclear whether other associated disturbance fac-
tors (e.g., shepherd dogs) were involved.
Alpine ibex. Alpine chamois appear to have a
stronger influence on the habitat use of ibex than
vice versa (Anderwald et al. 2015), and the effect is
seemingly stronger on female ibex than on males
(Herfindal et al. 2019). Despite the high overlap in
both habitat and dietary niche, however, there is no
clear evidence of competitive interactions with
respect to population density or body condition
between these two native Alpine species.

Effects of Climate Change
Due to differences in vulnerability to winter condi-
tions between the sexes and different age classes
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(Willisch et al. 2013), as well as age-specific sur-
vival rates between populations (Bleu et al. 2015),
the effects of climate change on Alpine chamois
populations are difficult to predict. Mason et al.
(2014b) report long-term decreases in the body
mass of yearlings linked to both increasing popula-
tion size and increasing spring and summer temper-
atures. As chamois are sensitive to high
temperatures, and no temporal change in resource
productivity and phenologywas found in their study
area, they attribute this observation to either an
increase in intraspecific competition or a decrease
in the time the animals spend foraging due to higher
thermoregulatory demands. Similarly, decreases in
body mass have been linked to additive effects of
warm springs and summers during the animals’ first
2 years of life (Rughetti and Festa-Bianchet 2012),
although the presence of forest cover seems to mit-
igate this temperature-induced decline in body mass
(Reiner et al. 2021). Owing to the ecological plas-
ticity of the species, response to climate change is
likely site-specific (cf. Loison et al. 1999b;
Chirichella et al. 2021; Donini et al. 2021; Reiner
et al. 2021).

Conservation Status

The Northern chamois is listed in Appendix III of
the Bern Convention and in Annex V of the EU
Habitat Directive. The subspecies balcanica and
tatrica are listed in Annexes II and IV of the EU
Habitat Directive. As a species, the Northern cham-
ois is abundant and widespread. Despite the declin-
ing trend of some subspecies, the bulk of the
population, represented by the Alpine subspecies,
is relatively secure. Consequently, its status is
assessed by the IUCN Red List as Least Concern
(LC) (Anderwald et al. 2021). Several subspecies,
however, require conservation measures. In particu-
lar, R. r. cartusiana is listed as Vulnerable
(VU) D1 + 2, with a population confined to a single
mountain massif (Anderwald et al. 2021). R. r.
tatrica is currently listed as Endangered
(EN) B1 + 2ab, given the restricted range, the
small population and the issues related to potential
interbreeding with the Alpine subspecies (Ander-
wald et al. 2021). While robust data on population

size and structure of R. r. asiatica are needed to
properly assess its conservation status, recent infor-
mation suggests that the subspecies has experienced
catastrophic declines in population size in the recent
decades and it should be listed as Endangered
(EN) C1 + 2a(i) (Anderwald et al. 2021). Owing
to suspected ongoing population decline, R. r.
caucasica is listed as Vulnerable (VU) C1
(Anderwald et al. 2021).

Management

The Northern chamois does not show major con-
flicts with human-related activities, although nega-
tive browsing impacts on silver fir Abies alba
saplings have been reported (Kupferschmid et al.
2014). The species is hunted throughout its distribu-
tion range, with a variety of hunting regimes (Damm
and Franco 2014). Harvesting plans can be based on
the adoption of simplified age classes (i.e., yearlings
and older individuals, as in France and in some
hunting districts of the Italian Alps), or on more
sophisticated grouping systems (e.g., 1, 2–3, 4–10,
and �11 years of age for both sexes in Italy; 1–3,
4–9, �10 years of age for females, 1–3, 4–7,
�8 years of age for males in some provinces in
Austria). Hunting of kids occurs in many chamois
populations over the Alpine arch, e.g., in Austria,
Germany, Switzerland, and in France (Damm and
Franco 2014). Opportunities and pitfalls of hunting
lactating female chamois, in particular, have recently
been discussed by Rughetti and Festa-Bianchet
(2014) and Corlatti et al. (2019b). In the Alps,
hunting generally follows the principle of sustain-
able hunting: in increasing populations (e.g., below
carrying capacity) chamois growth rate normally
varies between 5% and 15% (cf. section “Population
Ecology”), and harvest rate, on a national level, is
between 7% and 15%, with very few exceptions
(Damm and Franco 2014). Given the biological
and ecological characteristics of the species, hunting
quotas above 17% and highly skewed sex-ratio
should be avoided (cf. Skonhoft et al. 2002).
Locally, there are concerns about relative over-
harvesting of mature males (Damm and Franco
2014). Outside of the Alpine range, information on
chamois abundance and harvest rate is fragmentary
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(DammandFranco 2014). Besides sustainable hunt-
ing, general management recommendations for the
Northern chamois include the reduction of poaching
and human disturbance (Shackleton 1997), and the
protection of the genetic integrity of non-Alpine
subspecies – threatened by introductions of Alpine
individuals for hunting purposes (reviewed in
Iacolina et al. 2019). Robust monitoring of abun-
dance is of paramount importance, especially for
subspecies whose populations are small and/or
declining. In this respect, population estimates and
monitoring of chamois are normally conducted
using block counts. Although this method leads to
underestimates due to imperfect detectability
(Corlatti et al. 2015b), it may provide robust indices
of relative abundance (Loison et al. 2006; Reiner
et al. 2020) and thus appears appropriate to track
long-term changes in population size while reducing
monitoring costs. When funding and absence of
logistical constraints allow for the use of alternative
methods, capture-recapture methods, either based
on resightings or on DNA sampling, are desirable,
while distance sampling appears problematic owing
to the difficulties of meeting basic assumptions in
rugged terrains (Corlatti et al. 2015b). The use of
statistical methods applied to camera trap data to
estimate absolute population size, especially in for-
ested populations, is promising but still needs to be
thoroughly explored, as least when marked individ-
uals are not available (cf. Gilbert et al. 2021). In
hunted populations, cohort analysis may be used to
reconstruct past population size up to 10 years
before present, and obtain information on popula-
tion sex- and age-structure (Reiner et al. 2020).

For R. r. rupicapra, concerns mainly derive from
overharvesting, sex-biased harvesting towards
mature males (Aulagnier et al. 2008), poaching
and livestock management favoring disease out-
breaks (Rossi et al. 2007, 2019). Competition with
other species such as red deer andmouflonmay also
represent a threat for some populations (Chirichella
et al. 2013a; Corlatti et al. 2019a). Recreational
activities, if uncontrolled, may negatively affect
some populations (Schnidrig-Petrig and Ingold
2001). R. r. cartusiana is threatened by competition
for resources with domestic livestock, red deer, and
mouflon. Hybridization has been anecdotally
reported with introduced Alpine chamois (Roucher

1999), though a reliable assessment of the genetic
status is lacking. Overharvesting and poaching, for-
estry, and recreational activities may also represent a
threat to its populations (Aulagnier et al. 2008). For
R. r. tatrica, poaching was a major threat in the past,
but after implementation of strict conservation mea-
sures, hunting is banned and incidents of poaching
are rare (Anderwald et al. 2021). Currently, major
threats include tourist disturbance (Zwijacz-Kozica
et al. 2013), habitat loss, disease transmission from
domestic livestock (Anderwald et al. 2021), and
interbreeding with individuals of the Alpine subspe-
cies introduced for hunting purposes (Zemanová
et al. 2015). Populations are still relatively small,
thus stochastic events may represent a threat to their
long-term viability. Nomajor threats are reported for
R. r. carpatica, although grazing by domestic sheep
in summer and poaching may represent a source of
disturbance for chamois (Aulagnier et al. 2008).
Additional concerns are small, fragmented
populations (Anderwald et al. 2021). Major threats
for R. r. balcanica are habitat loss – at least in some
regions of Albania and Greece – owing to land
demands from human populations and livestock
grazing, poaching (whose extent is unknown) and,
locally, genetic introgression with Alpine chamois
(e.g., Bulgaria: Markov et al. 2016) and predation
by feral dogs (e.g., Greece: Hatzirvassanis 1991).
R. r. asiatica and R. r. caucasica are the least known
of the Northern chamois subspecies, and their
populations are likely declining. Major threats for
R. r. asiatica are poaching, trophy hunting, habitat
degradation, and isolation due to the construction of
new roads to alpine habitats for mass tourism and of
hydroelectric power plants, as well as increasing
tourism activities (Anderwald et al. 2021). For R. r.
caucasica, major threats are represented by
poaching related to political unrest and, possibly,
competition with livestock and with tur Capra
caucasica, red deer, and roe deer (Anderwald et al.
2021; Aulagnier et al. 2008).

Future Challenges for Research
and Management

Most subspecies, populations, and subpopula-
tions of the Northern chamois are not monitored,
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and this should be a high priority for any conser-
vation or management action. The status of the
Anatolian and Caucasian subspecies, in particu-
lar, needs to be thoroughly assessed. Priorities
for the species as a whole include investigations
of the demographic and/or genetic impacts of the
main drivers of chamois population dynamics.
These include hunting management, climate
change, disease outbreaks, and interspecific
interactions (i.e., competition and predation). In
particular, after the wolf got extinct due to
anthropogenic pressure, the consequences of
the recolonization this large predator on chamois
will require investigations. The performance of
different methods for monitoring abundance
should be assessed: these may include, for exam-
ple, camera trap distance sampling, other
camera-trap methods based on unmarked indi-
viduals (cf. Gilbert et al. 2021), as well as
DNA-based (also spatially-explicit) capture
recapture models. Reliable DNA-based paternity
data are necessary to assess the opportunity for
sexual selection in chamois and hence, its level
of polygyny; the role of females in mate choice
and the mechanisms of maintenance of alterna-
tive mating tactics, including tactic-specific sur-
vival probabilities, offer exciting opportunities
for future research. The fitness consequences of
hybridization and gene introgression need to be
clarified. The eco-ethology of chamois popula-
tion in non-Alpine habitats (e.g., montane/subal-
pine forests) needs investigation.

Southern Chamois Rupicapra
pyrenaica Bonaparte, 1845

Description

Size and Morphology
As its Northern congeneric, the slightly more slen-
der Southern chamois (Fig. 1) is well adapted to
rocky terrains, showing a number of adaptations to
life on mountains (cf. R. rupicapra). In Pyrenean
R. p. pyrenaica and Cantabrian R. p. parva cham-
ois, adult body mass is c. 22–32 kg (Crampe 1997;
Pérez-Barbería and Pérez-Fernández 2009) and
varies seasonally, especially in males, reaching its

peak in autumn, before the rut. In Apennine cham-
ois R. p. ornata, mean adult body mass is c. 27–
30 kg (Lovari and Bruno 2003). In Pyrenean and
Cantabrian chamois, head-body length is c. 96–
117 cm and height at the withers is c. 61–84 cm
(Pérez-Barbería et al. 2017). Pyrenean and Apen-
nine chamois have a larger cranium than
Cantabrian chamois, but the latter shows greater
sexual dimorphism (Scala and Lovari 1984;
Fernández-López and García-González 1986). In
Southern chamois, both sexes have black horns of
circular section, similar in height (Scala and Lovari
1984; Cabrera 1914) and less divergent than in
Northern chamois (García-González and
Barandalla 2002), showing an apical hook and a
“V” shape in frontal view, especially in males.
Horns are longer in adult Apennine chamois than
in the other subspecies (mean length: c. 25–28 cm
in Apennine chamois; c. 18–21 cm in Pyrenean
chamois; and c. 14–17 cm in Cantabrian chamois)
(Scala and Lovari 1984; Fernández-López and
García-González 1986; Locati and Lovari 1991).
As in the Northern chamois, sexual dimorphism is
very weak. Males show a visible penis brush in
winter, are generally stockier, and tend to have
more pronounced hooks and thicker horns than
females. Both sexes, in particular males, rub their
horns on shrubs (Juniperus spp.) and small trees
(Pinus spp.), attaching resin on to them, as in
Northern chamois. Similar to the Northern cham-
ois, scent glands are present in the supraoccipital
and interdigital regions (Couturier 1938). The
secretion of sebum from the supraoccipital glands
is associated with specific displays of dominance
(e.g., “marking,” Lovari 1985).

Pelage
The coat undergoes two seasonal molts. The
summer coat is reddish with a short fur; the
winter coat is dark brown, slightly darker in
males, with long fur, five large and whitish
spots (one from the throat to the breast, with a
dark band at both sides of the neck; two at the
sides of the neck, up to the shoulders; two on the
rump), and a smaller frontal band of the same
color (Neumann 1899; Couturier 1938). R. p.
parva has a more reddish summer coat and a
slightly paler throat compared to the rest of the
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body (Cabrera 1914). On top of the eyelid and on
the border of the dark lateral band, there is a long
patch similar to an eyebrow.

Dentition
Milk teeth 0.0.3.0/3.1.3.0; permanent dentition
0.0.3.3/3.1.3.3.

Age and Sex Determination
As in the Northern species, age can be determined
by counting annual horn rings (Couturier 1938). In
Pyrenean and Cantabrian chamois, at least four
classes are clearly identifiable in the field: kids
(less than 1 year of age), with visible horns after
August; yearlings (between 1 and 2 years of age),
with horns shorter than ear length; adult males and
adult females. Apennine chamois horns grow par-
ticularly long segments during the first 4 years of
life, in the warmmonths, which leads to longer and
taller horns compared to other chamois (Lovari
1985). Six age classes have been identified by
Lovari (1985), on the basis of the visual estimate
of the ratio of horn height over ear length, in a
mature population in Abruzzo, Lazio and Molise
National Park: kids; yearlings; subadults (2–
3 years old); young adults (4–5 years old); mature
adults (6–8 years old); and fully mature adults (9
+ years old). As in the Northern chamois, sexual
dimorphism in Southern chamois is weak, and
sex determination in the field (possible only from
the age of 2+) is based on the combination of
several behavioral and morphological character-
istics. The former mainly include urination pos-
ture, behavioral displays during the rut and social
behavior: subadult females tend to stay with
nursery groups, possibly including their mother,
while males may form small unisexual groups;
adult males tend to be solitary, females in groups.
The latter mainly include noticeable penile brush
in males, and horn features: male horns tend to be
thicker and more hooked, while female horns
tend to be more parallel towards the base.

Physiology

Adaptations to high elevations and cold climates
similar to those described for the Northern species

also occur in the Southern chamois. Published
information on body condition is available for
R. p. parva (Pérez-Barbería et al. 1998). Physical
condition varies depending on food availability and
population density. The male kidney fat index is
minimal in spring (May and June) and at its max-
imum in autumn, before the rut (September and
October). Female kidney fat shows a less marked
and slightly anticipated cycle, with a minimum at
the end of winter and a maximum in summer (from
August to October). Nonpregnant females tend to
have better physical conditions than pregnant
females (Pérez-Barbería et al. 1998). A simple,
low cost, and noninvasive proxy biometric indica-
tor for monitoring chamois body condition is pro-
vided by Flores-Saavedra et al. (2018), based on
the ordinary least squares residuals from the regres-
sion between body mass and hind foot length.

As opposed to theAlpine subspecies, a significant
negative relationship between endogenous stress
response (fecal cortisol metabolites) and minimum
ambient temperaturewas found in Pyrenean chamois
(Dalmau et al. 2007), possibly owing to better adap-
tations to colder climates in the former than in the
latter. In R. p. ornata, recent studies have suggested
the role of some environmental and endogenous
factors in promoting female endogenous stress
response, as well as levels of testosterone metabo-
lites, in the warm months (Fattorini et al. 2018a, b).
Specifically, levels of cortisol and testosterone
metabolites increased with resource depletion, were
highest in prime-aged females (4–8 years old), i.e.,
the most dominant and aggressive individuals, and
peaked in early summer, when the lactation effort
was greatest. Furthermore, stress response in R. p.
ornatamay also be triggered by the interaction with
livestock and red deer, and by disturbance caused by
hikers (Formenti et al. 2018). Other hemato-
biochemical parameters seem to be influenced by
seasonality, with urea and albumin being highest in
spring/summer (Fraquelli et al. 2015).

Genetics

Chromosomes
2n ¼ 58. Cytogenetic studies of somatic cells in
the chamois revealed a karyotype with
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54 acrocentric chromosomes and with one pair of
large metacentrics comprising the autosomes. The
sex chromosomes consist of an acrocentric
(X) and a metacentric (Y) chromosome, respec-
tively (Gallagher and Womack 1992).

Phylogeny and Phylogeography
The most widely accepted classification considers
two species, R. pyrenaica (with three subspecies)
from South-Western Europe and R. rupicapra
(with seven subspecies) from Central-Eastern
Europe (e.g., Masini and Lovari 1988; Wilson
and Reeder 2005). However, the phylogenetic
position of the Apennine chamois, R. pyrenaica
ornata, remains controversial as there is evidence
for three conspicuous clades arguing in favor of the
old classifications that distinguished the species
R. p. ornata from R. rupicapra and the two other
Iberian chamois, R. p. pyrenaica and R. p. parva
(Pérez et al. 2013). In comparison, genetic dis-
tances between pairs of populations were highly
correlated with geographical distance indicating a
deep divergence between the two recognized spe-
cies and pointing to isolation by distance as the
primary agent for differentiation in chamois (Pérez
et al. 2002). In the 1920s and during World War II,
R. p. ornata was close to extinction and today has
grown to about 2,500 individuals (Antonucci and
Di Domenico 2015). Whole mitochondrial DNA
(mtDNA) sequence data comparisons (Pérez et al.
2014) corroborate the morphometric findings of
Lovari and Scala (1980) that R. r. cartusiana
bears some intermediate morphological pheno-
types between R. pyrenaica and R. rupicapra.
Cf. sections “Taxonomy and Systematics” and

“Phylogeny and Phylogeography” of Rupicapra
rupicapra for further details.

Genetic Diversity
Although the overall status of this species has
greatly improved since 1990, the subspecies ornata
harbors an extremely low level of variability com-
pared with the other subspecies (Table 4, cf. section
“Current Distribution” for further details). The
genetic impoverishment, due to long-lasting isola-
tion at small population sizes, may threaten its
long-term survival. Intermediate features between
Iberian and Alpine chamois were previously
observed in R. r. cartusiana based on morphomet-
rics (Lovari and Scala 1980) and to some extent in
R. p. ornata based on mtDNA sequence compari-
sons (Pérez et al. 2014). Pérez et al. (2014) attrib-
uted them to hybridization events which may have
occurred during the last Quaternary glaciations in
the Western Alps, when R. rupicapra and
R. pyrenaica came into contact. Although neither
species is threatened, there is reason for concern
about the conservation of several subspecies, e.g.,
for R. p. ornata. Effective conservation measures,
as with other taxa, should be established while
populations of R. pyrenaica subspecies are still
abundant rather than when it is too late for them
to survive (Herrero et al. 2020; Corlatti et al. 2011).

Hybridization
As the occurrence of the three Rupicapra
pyrenaica subspecies is mainly restricted to non-
overlapping distribution ranges (Pyrenean chamois
R. p. pyrenaica occurs on the Pyrenees, Cantabrian
chamois R. p. parva on the Cantabrians, Apennine

Table 4 Summary of genetic variability of Rupicapra pyrenaica subspecies

Species Subspecies N nh % π % h % He % Ho A Source

R. pyrenaica parva 40 (15) 9 0.827 92.4 51.3 47.0 4.45 Rodríguez et al. (2010)

pyrenaica 41 (26) 13 0.516 91.1 51.7 48.3 5.20 Rodríguez et al. (2010)

9 (9) 6 1.690 89.0 54.0 57.0 4.00 Crestanello et al. (2009)

ornata 12 (12) 2 0.010 16.7 3.1 3.3 1.15 Rodríguez et al. (2010)

11 (�) 2 0.030 33.0 – – – Crestanello et al. (2009)

58 (�) – – – 44.1 43.8 2.1 Lorenzini (2005)

N, number of individuals analyzed at microsatellite loci – in parentheses, number of individuals typed for mtDNA; nh,
number of mitochondrial haplotypes; π, nucleotide diversity; h, mitochondrial haplotype diversity; He (Ho), expected
(observed) heterozygosity at microsatellite loci; A, mean number of alleles
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chamois R. p. ornata along the Apennine chain in
Italy), inter-subspecies hybridization is unlikely.
Evidence for hybridization ofRupicapra pyrenaica
subspecies with any of the Rupicapra rupicapra
subspecies, in recent times, has not been reported
(reviewed in Iacolina et al. 2019, cf. section
“Hybridization” in Northern chamois for further
details).

Life History

Growth
Births take place in May–June (Lovari and Bruno
2003; Kourkgy et al. 2016; Garin and Herrero
1997). There is no published information on
body mass at birth, early growth, and develop-
ment of kids, for the Apennines. For the
Cantabrian chamois, a mechanism of compensa-
tory horn growth after the second year of age –
similar to the Northern chamois – has been
reported (Pérez-Barbería et al. 1996).

Reproduction
As in the Northern chamois, females give birth to
one kid, mainly in the first fortnight of May;
twins are rare, but adoptions have been reported
(Pérez-Barbería et al. 1998; Scornavacca et al.
2018), particularly during keratoconjunctivitis
outbreaks (Arnal et al. 2013). In stable
populations, primiparity normally occurs at
3 years of age, whereas in expanding
populations, females can reproduce already at
2 years of age (Loison et al. 2002; Crampe et al.
2004). In a Cantabrian population close to carry-
ing capacity, for example, primiparity occurred
at 3 years (Pérez-Barbería et al. 1998). The age at
first reproduction seems to be at 3 years in the
Apennines, too (Lovari and Bruno 2003). In the
Pyrenees, the peak in female breeding success
(i.e., kids to females ratio) occurs between 4 and
13 years of age (Crampe et al. 2004). Reproduc-
tive senescence in females in a stable Cantabrian
population occurred after the age of 11 (Pérez-
Barbería et al. 1998). Generally, female breeding
success in Cantabrian and Pyrenean chamois is
highly variable, ranging between 0.5 and 0.9,
with an average of 0.7 (Pérez-Barbería et al.

2017) and no apparent differences between
hunted and non-hunted populations (Pérez-
Barbería et al. 2017). Climate seems to be one
of the main factors affecting breeding success
(Crampe 1997; González-Quirós et al. 2009),
though density dependence has also been
described in Cantabrian populations (Palacios
2009). In the Apennines, female breeding suc-
cess is usually between 0.6 and 0.8, with peaks of
1 kid/female (Locati and Lovari 1988; Latini
et al. 2015). In the Pyrenees, a positive relation-
ship between gestation and survival was found,
suggesting that nonbreeding females are in poor
condition. Furthermore, early lactation decre-
ased the probability of future reproduction, and
reproduction the year before reduced kid survival
in spring (Richard et al. 2017).

No information is available about male repro-
ductive success in Southern chamois, although in
Apennine chamois, males �6 years tend to
monopolize mating events until at least 13–
14 years of age (Locati and Lovari 1988).

Survival
In the Pyrenees, kid survival is variable and
related to winter harshness (Crampe et al. 2002).
Kid survival in the first year of life has been
relatively low in the Apennines, i.e., less than
50%, on average, over the last 3 decades (Dupré
et al. 2001; Latini et al. 2015).

Data on prime-aged (2–7 years) adults in
non-hunted populations are available for the Pyr-
enees and show high overall survival probabilities
(i.e., over 0.9, cf. Crampe 1997 and Loison et al.
1999c). Age-specific survival shows a similar
trend in both sexes, though it decreases more
rapidly in males after the age of 13 years
(Gonzalez and Crampe 2001; Loison et al.
1999c). No published information on adult sur-
vival is available for the Apennines. The slightly
more rapid decline in survival probabilities in
males may be the reason for the marginally
skewed sex ratio towards females also in
non-hunted populations, c. 1:1.1–1.2 (Gonzalez
and Crampe 2001; Pérez-Barbería et al. 2017;
Arnal et al. 2013). Overall, sex-ratios estimated
through counts in summer usually return a biased
value towards females (Herrero et al. 2002; Latini
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et al. 2015), partly because of the lower male
detectability, as males mainly frequent forested
areas at lower altitudes (Lovari and Cosentino
1986) and show more solitary behavior. In the
Pyrenees, maximum lifespan is c. 16–19 years in
males, and 21 years in females (Gonzalez and
Crampe 2001; Loison et al. 1999c), while females
reach 19 years in the Cantabrian chamois (Pérez-
Barbería and Pérez-Fernández 2009). There is no
compelling information about survival of Apen-
nine chamois: a maximum lifespan of 15 (males)
and 19 (females) years has been suggested (Artese
and Damiani 2015), but data come from a
reintroduced population and need confirmation.
In the French Pyrenees, evidence of a negative
relationship between horn length and the proba-
bility of reaching 9 years of age was found in
Pyrenean chamois males, but not in females
(Douhard et al. 2020).

Habitat and Diet

Habitat Selection and Movement
Habitat use of Southern chamois depends on hab-
itat characteristics, sex/age, and seasonality
(Lovari and Cosentino 1986; Herrero et al. 1996;
García-González and Cuartas 1996). In the
Cantabrian Mountains and the Pyrenees, chamois
are typical ecotonal species, moving between the
forest limit and areas above the timberline, in
proximity to escape terrain (i.e., cliffs and steep
slopes) (Pérez-Barbería and Pérez-Fernández
2009). In the Apennines, upper meadows, rocky
areas, and forests (mainly beech Fagus sylvatica)
at lower altitudes are the main habitats used
(Lovari and Cosentino 1986). The overall altitu-
dinal distribution usually ranges between 1,000
and 2,800 m above sea level, although chamois
can live at 800 m in the Pyrenees, in Pinus nigra
plantations, or at 400 m in the Cantabrian moun-
tains, near the coast.

In spring, as snow melts, chamois progres-
sively move upslope, taking advantage of the
tender high-quality grass sprouting between
snow patches (García-González et al. 1990).
Females give birth in the steepest areas, and
when kids are able to follow their mothers, they

gather in productive meadows (Lovari and
Cosentino 1986; Pérez-Barbería and Nores
1996). In summer, Pyrenean and Cantabrian
chamois typically occupy high-altitude areas
with meadows and rocks, generally above the
location of cattle herds, and in winter, they prefer
to inhabit valley bottoms and sunny slopes which
are less exposed to the wind. On northerly
exposed slopes (e.g., in the French Pyrenees)
and in winter, chamois prefer steep and rocky
slopes where little snow accumulates (“refuge-
station” sensu Berducou 1982). They also use
these areas after late snowfalls in spring (Pépin
et al. 1997). Some populations use forest habitats
throughout the year, especially in areas of high
population density, in the absence or with little
extension of an area above the timberline, or
where upper elevation areas are heavily used by
livestock or tourists (García-González et al. 1992;
Herrero et al. 1996).

With regard to sex differences, in the Eastern
Pyrenees, males use bush areas with low presence
of forage throughout the year, while females select
grassland areas; females display seasonal altitudi-
nal migration to a larger extent than males do,
with the highest probability of being present
(with offspring) in the highest altitudes in summer
(Dalmau et al. 2013).

In the Apennines, mixed groups of females,
kids, and yearling/subadult males use the upper
meadows from early summer to late autumn/early
winter (above 1700 m, Lovari and Cosentino
1986), where females select vegetation patches
dominated by highly nutritious legumes (mainly
Trifolium thalii: Ferrari et al. 1988). In the cold
period, these individuals move to wooded, steep
areas at lower altitudes, where steep slopes pre-
vent snow from accumulating (Lovari and
Cosentino 1986). Adult males select forested hab-
itats all year round except for the mating period,
i.e., November, when they join females on the
upper meadows (Lovari and Cosentino 1986).

Seasonal migrations between winter and sum-
mer headquarters normally take place each year,
though a part of the population may remain sed-
entary (e.g., 60% of marked females in Cauterets
Massif, Crampe et al. 2007). Seasonal movements
are shorter in females than in males, although the
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former can move up to c. 7 km (García-González
et al. 1992). Dispersal (i.e., individuals leaving
and never coming back), on the other hand, is
rare in females, which tend to be philopatric: in
the Orlu Reserve, 95% of females vs. 68% of
males were philopatric, possibly due to
inbreeding-avoidance (Loison et al. 1999a). No
published information is available for movements
of Apennine chamois, except for newly released
individuals (Bocci et al. 2016; see also Rossetti
et al. 2015). Female philopatry has also been
suggested for Apennine chamois, whereas most
young males tend to disperse, showing nomadic
habits between 3 and 7–9 years of life (Lovari and
Bruno 2003). Individuals released in the Sibillini
National Park tended to use seasonal home ranges
of 50–200 ha (Rossetti et al. 2015), with distances
travelled peaking on the first weeks after the
release, and stabilizing after c. 2–3 months
(Bocci et al. 2016). Southern chamois also appear
to have good swimming skills: recently, a
Cantabrian chamois was found several kilometers
from the coast in the Cantabrian sea (Kavčić et al.
2020).

Diet
Southern chamois are intermediate feeders
(sensu Hofmann 1989), closer to concentrate
selectors than to grazers (Ferrari et al. 1988;
García-González and Cuartas 1996). Through
various strategies of active selection (space-
time movements, species, and plant parts selec-
tion) chamois can, in fact, feed on a higher qual-
ity diet than available on average (Aldezabal and
García-González 2004). For example, the main
grassland species in the Pyrenean chamois diet
(e.g., Festuca rubra) shows particularly high
values of protein content (Marinas and García-
González 2006). Over the year, chamois tend to
eat more herbaceous plants than woody plants
(Aldezabal and García-González 2004), even
when they live in forest environments (García-
González and Cuartas 1996). Females feed more
on herbaceous plants (81.6%) than males
(65.6%) (Pérez-Barbería et al. 1997). Only
when snow covers most of the pastures chamois
increase browse consumption (Pérez-Barbería
et al. 1997; Villamuelas et al. 2016). In these

circumstances, they feed on conifers, heather,
and other shrubs that stand out from the snow,
and when population density is locally high,
chamois can cause damage to forest plants (Pyr-
enees: Berducou 1972).

The trophic adaptation of the Pyrenean cham-
ois has been investigated in the Eastern Pyrenees,
showing that chamois are well-adapted to the
variations in the seasonal phenology of plants
in alpine habitats (Espunyes et al. 2019a). Fur-
thermore, Pyrenean chamois shows high similar-
ity index between diet and available vegetation,
which is expected to indicate high adaptability,
thereby suggesting a lower potential for trophic
disturbance for chamois in a future scenario of
global change (Espunyes et al. 2019b).

Contrary to the Pyrenees, Cantabrian chamois
increases the proportion of ligneous plants also in
their summer diet, particularly heather Erica
sp. Pérez-Barbería et al. (1997) attribute this fact
to the possible competition with livestock, which
is normally more abundant on the summering
pastures of the Cantabrian mountains than on the
Pyrenees.

In Apennine chamois, females, immatures, and
kids select for highly nutritious legumes belong-
ing to the Festuco-Trifolietum thalii community,
which is rare and extrazonal in the Apennines
(Ferrari et al. 1988). This vegetation type supplies
chamois with a protein-rich diet in the nursing/
weaning period (Ferrari et al. 1988). In particular,
female diet is dominated by grass and forbs from
spring to autumn, with a growing occurrence of
trees/shrubs throughout summer-autumn months
(Lovari et al. 2014; Ferretti et al. 2015).

Behavior

Social Behavior
Information on social behavior is mostly available
for Apennine chamois. Sexual segregation tends to
occur almost year-round, with the exception of the
mating period (November), a pattern observed also
in the Pyrenean chamois (Crampe et al. 2021). For
Apennine chamois, 31 behavior patterns have
been described for intraspecific communication,
including threats, dominance displays, and
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submission patterns (Lovari 1985; Locati and
Lovari 1990, 1991; Lovari et al. 2020b). In female
groups, a dominance hierarchy among individuals is
positively correlated with age, horn size and, espe-
cially, body mass (Locati and Lovari 1991). Prime-
aged females are more dominant than other females
(Lovari and Rosto 1985; Locati and Lovari 1991;
Fattorini et al. 2018b). The rate of aggressive inter-
actions, frequency of vigilance and cortisol/testos-
terone levels peak in summer, when more nutritious
food is available and when nursing costs are higher,
whereas intensity of aggression (i.e., threats, in
respect to displays) increases throughout summer-
autumn, i.e., in parallel with the seasonal decrease of
food availability (Fattorini et al. 2018b). Among
males, fully mature individuals (>8 years old) are
the most dominant and tend to monopolize mating
events (see below). Compared to females, males use
indirect forms of aggression relatively more often
than direct threats in intra-sexual interactions (Locati
and Lovari 1990).

Nursing behavior peaks in summer and
decreases throughout autumn (Scornavacca
et al. 2016, 2018). Occurrence of several kids
suckling from the same female at the same time
has been reported (c. 60% of suckling events in a
food-rich area, Scornavacca et al. 2018).
No information is available for the other
subspecies.

Mating Behavior
The rut occurs in November (Lovari 1984b;
Kourkgy et al. 2016). In this period, fully mature
males (>8 years old) of Apennine chamois defend
territories with groups of females, keeping the
same territory for about 2–3 years (Lovari
1984b). Group defense occurs through direct and
indirect forms of aggression, often ending with a
chase or a rush, and courtship behavior patterns.
Three male behavior patterns of Apennine cham-
ois have not been described for the Northern
chamois, and two of the latter have not been
reported in the former (Masini and Lovari 1988;
see also Corlatti et al. 2011, 2013b). Two of these
patterns specific to Apennine chamois are relevant
to courtship and may have been a behavioral
barrier against hybridization between Northern
and Southern chamois, if they were sympatric at

the beginning of the Würm glaciation (Lovari
1984a; Masini and Lovari 1988). Information on
rutting behavior in Cantabrian chamois is not
available, whereas for Pyrenean chamois some
preliminary information was reported in Brun
and García-González (1989).

Activity
In summer, Pyrenean chamois spend c. 50–65%
of their diurnal time grazing, less than 10% of
their time moving, and about 20–30% resting, if
not disturbed (Pépin et al. 1991; Aldezabal et al.
1999). This strategy apparently aims to minimize
energy costs and increase the acquisition of
energy and nutrients. For Pyrenean chamois, a
repertoire of 24 different behaviors (excluding
displacements) was found in summer, 54% of
which corresponded to grazing, 36% to resting,
and the rest to other behaviors (Brun and Martí-
nez-Rica 1983). The distribution of grazing time
is multimodal in summer, with several peaks of
activity throughout the day (Aldezabal et al.
1999). However, with the shortening daylight in
winter, two activity peaks occur, at dawn and dusk
(Pépin et al. 1991; Ciofolo and Boissier 1992). A
similar pattern was observed for Apennine cham-
ois in the 1980s, with multimodal activity in sum-
mer and two peaks of activity in autumn (Bruno
and Lovari 1989).

Foraging Behavior
Cantabrian females dedicate more time to forag-
ing than males (53% vs. 37%) (Pérez-Barbería
et al. 1997). No differences between reproductive
and nonreproductive females in the time dedi-
cated to feeding have been detected, leading to
poorer physical conditions in reproductive
females because of reproductive costs (Pérez-
Barbería and Nores 1996). Female groups avoid
the presence of livestock when they overlap in the
summer pastures, so they are displaced to the
highest elevations (Pérez-Barbería and Pérez-
Fernández 2009). Female Pyrenean chamois
spent more time foraging than males, while
males spent more time being vigilant, especially
the individuals occupying central position of the
groups. Group size does not seem to affect vigi-
lance behavior (Dalmau et al. 2010).
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In Apennine chamois, males and females have
been shown to select nutritious forb-dominated
patches in the warm months, and to spend a com-
parable amount of time feeding, but males appear
less selective than females, showing relatively
greater feeding intensity and a lower food
searching behavior (Ferretti et al. 2014). This
finding suggests that males enhance their energy
and mass gain by increasing their food intake in
the warm season, to meet the costs of mating
(cf. section “Mating Behavior”). Females show a
higher bite rate in summer (i.e., when nursing
effort peaks, Scornavacca et al. 2016, 2018) than
in autumn, when plant senescence probably leads
to a lower feeding intensity (Bruno and Lovari
1989; Ferretti et al. 2014; Lovari et al. 2014).

Parasites and Diseases

Ectoparasites and Endoparasites
Most ectoparasites and endoparasites recorded in
Northern chamois also occur in the Southern
chamois, and none is specific to the latter. Since
the 1990s, mange caused by Sarcoptes scabiei has
affected the Eastern subpopulation of Cantabrian
chamois with obvious demographic impacts
(González-Quirós et al. 2009). The origin of the
ongoing outbreak was attributed to contacts with
infested domestic goats (Lavín et al. 2000).
Mange has never been diagnosed in the pyrenaica
and ornata subspecies.

Infectious Diseases
Outbreaks of infectious kerato-conjunctivitis
(IKC) caused by Mycoplasma conjunctivae have
been reported in the Cantabrians and the entire
Pyrenees chain since the 1950s. In a recent large-
scale IKC outbreak, the reduction in population
size was approximately 25% (Arnal et al. 2013).
M. conjunctivae has frequently been isolated from
the eyes of healthy domestic sheep and goats in
the Pyrenees (Fernández-Aguilar et al. 2013).
Another important and novel outbreak disease so
far exclusive to the Pyrenees is pestivirosis,
caused by a specific variant of the border disease
virus. Contagion by this virus from the

“traditional” domestic sheep reservoir was dated
back to the late 1990s (Luzzago et al. 2016).
Symptoms are variable degrees of cachexia, alo-
pecia (often associated with skin hyper-
pigmentation), and neurological disorders prior
to death. The immunosuppressive effect of the
virus may also result in secondary infection, e.g.,
bacterial bronchopneumonia (Marco 2012). A
large-scale study was carried out to determine
the prevalence of antibodies against pestivirus
species in wild ruminants in mainland Spain
between 2000 and 2017, with the highest values
(30%) found in Southern chamois (Jiménez-Ruiz
et al. 2020). The demographic effects of
pestivirosis are extremely variable, from a mild
impact on reproductive performance to severe
die-offs with mortality rates between 40% and
85%, as observed in the Eastern Pyrenees
(Marco et al. 2009). Recently, Lambert et al.
(2018) showed how stochastic processes play a
major role in governing epidemiological patterns
of pestivirus spread in both protected and hunted
populations of Pyrenean chamois, and suggested
that a “do nothing” approach during epidemics
could be the best management strategy. Neither
IKC nor pestivirosis outbreaks have been reported
for Apennine chamois. Small-scale outbreaks of
“transmissible pneumonias” of uncertain and still
debated etiology have been reported in the Pyre-
nees. Similar to the Northern chamois, no signif-
icant role has been attributed to its Southern
relative in the medium to long term maintenance
of major livestock diseases in Europe, foot and
mouth disease, tuberculosis, brucellosis and blue-
tongue, among others.

Zoonoses
No major risks to human health derive from han-
dling Southern chamois or dressing their car-
casses or using their meat or nonmeat products.

Population Ecology

Population Dynamics
Information on population dynamics is mainly
available for the Pyrenean and Cantabrian
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subspecies. The maximum theoretical growth
rate is about 25%, although actual mean rates of
increase are much lower, about 9.6% in the
Cantabrian Mountains (Nores and González-
Quirós 2009) and 10% in the Pyrenees (Arnal
et al. 2013). While some populations seem to be
stable (Crampe 1997), others show greater vari-
ations due to outbreaks of keratoconjunctivitis
by Mycoplasma conjunctivae (Pañella et al.
2010), whereas other populations have shown
increases in numbers and distribution (Herrero
et al. 2010; Pérez-Barbería et al. 2009). Growth
of most populations is limited by density, or
serious outbreaks, such as sarcoptic mange in
the Cantabrian Mountains. Population variation,
around a new level of stability lower than before
disease outbreaks, seems to be influenced by
density-dependent contagion (Nores and
González-Quirós 2009). All these circumstances
make demographic parameters (e.g., sex ratio,
fertility, mortality, growth rate) change in time
and space. For example, on the Cantabrians mor-
tality rate was 0.26, 0.48, and 0.18 before, dur-
ing, and after a mange outbreak, respectively.
Well after the epizootics, mortality returned
around values of 0.29 (Nores and González-
Quirós 2009). Furthermore, in endemic areas,
Sarcoptes scabieimay alter sex-ratio by affecting
more males than females. In a Cantabrian popu-
lation monitored for 16 years, the sex ratio
changed from 0.7 males per female before the
mange outbreak to 0.3 afterwards (Nores and
González-Quirós 2009). In some areas of the
Pyrenees, keratoconjunctivitis caused by Myco-
plasma conjunctivae caused higher mortality in
adult females than in males, leading to a rela-
tively balanced sex-ratio (Arnal et al. 2013). For
Apennine chamois, the population living in the
Abruzzo, Lazio and Molise National Park is
showing a recent decline (see section “Manage-
ment”). Populations newly established in other
National/Regional Parks are increasing
(Antonucci and Di Domenico 2015).

On the Cantabrians, frequent predators of
chamois are wolf, golden eagle, and red fox
Vulpes vulpes. One fourth of wolf diet can be
based on chamois if it is locally abundant

(Pérez-Barbería et al. 2017). Occasionally,
brown bearUrsus arctos can prey on kids (Blanco
et al. 2011). Chamois are also consumed by scav-
engers, among which the most important are Eur-
asian griffon Gyps fulvus, Eurasian black vulture
Aegypius monachus, Egyptian vulture Neophron
percnopterus, and bearded vulture Gypaetus
barbatus. In the Apennines, Southern chamois
are potential prey to wolves, brown bears, and
golden eagles, but actual predation appears rare
(Patalano and Lovari 1993, for wolf; Fico et al.
1984 and Di Domenico et al. 2012, for brown
bear; Locati 1990 and Scornavacca and Brunetti
2015, for golden eagle).

Competition with Other Ungulates
There is no indication in the literature of a poten-
tial competition with other wild herbivores except
for red deer, which can show overlap with cham-
ois in diet and use of grasslands (for the Apen-
nines: Lovari et al. 2014; Ferretti et al. 2015).
Resource exploitation by red deer is an important
factor affecting winter survival of kids – through a
negative influence on food resources and, conse-
quently, diet quality for females – in sectors of
Abruzzo, Lazio and Molise National Park (Lovari
et al. 2014; Ferretti et al. 2015, 2019). Locally,
competition with livestock affects the habitat use
of Southern chamois (Pérez-Barbería and Pérez-
Fernández 2009).

Effects of Climate Change
Environmental changes are likely to influence
important aspects of chamois ecology. Moderate
shrubification, i.e., woody plant expansion on the
Pyrenees does not seem to affect negatively the
feeding efficiency of Pyrenean chamois (Espunyes
et al. 2019b). Conversely, the best food resources
for Apennine chamois include cold-adapted, nutri-
tious vegetation patches dominated by legumes:
this vegetation is linked to grounds with long-
lasting snow cover (Ferrari et al. 1988), which is
thus potentially threatened by ongoing climatic
changes (Lovari et al. 2020a). The depletion of
these nutritious food resources during the warm
months can negatively affect diet quality, foraging,
and nursing behavior of female Apennine chamois,
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increasing their intra-sexual aggression, vigilance,
and endogenous stress response, which can ulti-
mately affect winter survival of chamois kids
(Lovari et al. 2014; Ferretti et al. 2015;
Scornavacca et al. 2016; Fattorini et al. 2018a).
Long-term increases in temperature, vegetation
dynamics in secondary meadows (with the spread
of unpalatable tall grass), and resource exploitation
by red deer are likely determinants of this food
depletion (Lovari et al. 2014; Ferretti et al. 2015,
2019; Corazza et al. 2016). In the Pyrenees, winter
survival of adult female chamois was positively
influenced by high precipitation and low tempera-
ture in the previous spring (Loison et al. 1999b). In
the Apennines, high temperature and low rainfall
during the growing season of vegetation have been
suggested as a potential limiting factor to chamois
through their negative effects on cold-adapted,
nutritious food resources (Ferretti et al. 2019;
Lovari et al. 2020a).

Conservation Status

Southern chamois is listed in Appendix III of the
Bern Convention and Annex V of the EU Habitat
Directive, as part of R. rupicapra sensu lato. It is
catalogued as Least Concern (LC) in the IUCNRed
List (Herrero et al. 2020). The Pyrenean and
Cantabrian subspecies are allowed to be hunted in
Andorra, France, and Spain, except for the Navarre
region (Spain). The Apennine chamois is Vulnera-
ble (VU) D1+2 according to the IUCNRed List, as
this subspecies lives in very small populations and
has restricted area of occupancy (Herrero et al.
2020). It is also listed in Appendix II of the Bern
Convention, Annexes II and IV of EU Habitat
Directive, Appendix II of CITES, and under Italian
law n. 157/1992 (“especially protected species”).

Management

Pyrenean and Cantabrian chamois do not show
any conflict with human activities such as live-
stock keeping, forest management, agricultural
damages, car strikes, or hunting. On the

Cantabrians, chamois are subject to general hunt-
ing laws in the vast majority of their range, and
starting in 1982, reintroductions have occurred
into areas where chamois had been previously
extirpated (González-Quirós 2009). In the Pyre-
nees, more than 600 chamois have been moved
from the central to the western side of the moun-
tain chain for hunting purposes (Berducou et al.
2004) and translocations are continuing to date.

Apennine chamois are protected by Interna-
tional/National laws (see above). Throughout the
last few centuries, habitat alteration by humans,
hunting, and competition with livestock caused
this chamois to disappear from most of its range;
it survived only in the Abruzzo, Lazio and Molise
National Park (established in 1923) until 1991
(Dupré et al. 2001). Enhanced habitat protection,
an increase in protected areas and reintroductions /
“conservation introductions” (sensu IUCN 2012)
helped the total number to increase up to no less
than c. 2500 individuals in the wild (in 4 national
parks and 1 regional park). Numbers are generally
increasing at the release sites. However, in the
Abruzzo, Lazio and Molise National Park, which
holds the “mother” population (Lovari et al. 2014),
alarming decreasing trends up to over 50% have
been reported from important historical sectors
during the last two decades (Lovari et al. 2014;
Ferretti et al. 2015). Reduced genetic variability
(Nascetti et al. 1985; Lorenzini 2005), competition
with an increasing number of red deer (Lovari et al.
2014, 2020a; Ferretti et al. 2015) and livestock, the
effects of climatic changes (Lovari et al. 2020a), as
well as those of vegetation dynamics in secondary
meadows (Lovari et al. 2014; Corazza et al. 2016),
on its main food resources are all threats to its
conservation.

As for the Northern chamois, population esti-
mates and monitoring in the Southern chamois
have traditionally been conducted through block
counts (Berducou et al. 1982). Although block
counts typically lead to underestimates due to
imperfect detectability, which may vary depending
on landscape features and seasonal variations in
chamois behavior (Herrero et al. 2011), they pro-
ved robust indices of relative abundance to track
population changes (Loison et al. 2006).
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Future Challenges for Research
and Management

Priorities for the species as a whole include
extending monitoring to all populations, increase
the knowledge on demography and the impact of
hunting and disease outbreaks. Research and mon-
itoring outside protected areas would be particu-
larly important to evaluate effects of hunting on
chamois populations. Climate and global changes
are important drivers of environmental conditions
in mountain areas occupied by chamois. The
decreases in pasture surfaces (shrub encroachment)
and their quality reduce the carrying capacity of
mountain habitats for chamois and at the same time
increase habitat for forest ungulates such as wild
boar Sus scrofa, red deer, and roe deer. The role of
interspecific interactions (predation; competition;
interactions with livestock) should therefore be
clarified. As for the Northern chamois, the perfor-
mance of different abundance monitoring methods
should be assessed.
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Common Names

English Barbary sheep, aoudad, uaddan

German Mähnenschaf, Berberschaf

French Mouflon à manchettes, mouflon de Barbarie,
arui

Spanish Arrui, carnero de berbería, muflón del Atlas

Italian Ammotrago, muflone africano, pecora
crinita, capra berbera

Russian Гривистый баран

Taxonomy, Systematics and
Paleontology

The oldest fossil remains of Barbary sheep were
found in Haua Fteah, a large natural cave on the
northern coast of Cyrenaica, Libya, in deposits aged
between 85 and 2 kya (Gray and Simpson 1980).
The species was also noted among the Pleistocene
fauna in Magreb (Vaufrey 1955).

Barbary sheep (Fig. 1) shares morphological
characteristics with the genera Ovis and Capra

(Cassinello 1998), making its phylogeny based
on morphological characters complicated and
controversial. Historically, some authors placed
Barbary sheep in either Capra or Ovis (see details
in Cassinello 1998), though currently it is recognized
as a single species within the genus Ammotragus
Blyth, 1840. This status is further supported by the
mtDNA sequence phylogeny reported by Hassanin
et al. (2009), where Ammotragus is in a separate
clade from both Ovis and Capra species.

In addition, six Barbary sheep subspecies have
been described, based on their distribution and mor-
phological differences in coat color and horns:
Ammotragus lervia lervia Pallas, 1777; Ammotragus
lervia ornata I. Geoffroy Saint-Hilaire, 1827;
Ammotragus lervia sahariensis Rothschild, 1913;
Ammotragus lervia blainei Rothschild, 1913;
Ammotragus lervia angusi Rothschild, 1921;
Ammotragus lervia fassini Lepri, 1930 (Cassinello
2013). Ammotragus lervia lervia was the only sub-
species imported to Europe in the late 1800s for zoos
and was at the origin of all European free-ranging
populations (Cassinello 1998).
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Current Distribution

The Barbary sheep is a caprid (goat-antelope)
native to the Atlas Mountains of North Africa,
from Mauritania in the West to the Red Sea in
the East. Cassinello (2015) provides the most
recent account on the worldwide distribution of
the Barbary sheep, including native and exotic
populations. In its African native domains, infor-
mation on population size and density is lacking:
sighting data are scarce and only rough estimates
are available. Six subspecies have traditionally
been recognized based on the distribution range,
and differentiated by coat and horn morphological
differences (Cassinello 2013), although genetically
there appear to be fewer units (T.L. Silva, pers.
comm.). In Europe, only four countries are
inhabited by free ranging Barbary sheep
populations: Croatia, Czech Republic, France,
Italy, and Spain.

In Croatia, five Barbary sheep from Czech Re-
public, Germany, and Slovakia (three females and
two males) were illegally released (according to the
local police) in 2002 (P. Gančević, unpublished data).
They were initially kept within an enclosure by an
unknown person in Southern Dalmatia (Dinarides
mountain range – Mt. Mosor), and subsequently
released. The current population size is estimated at
around 140 individuals (Lazarus et al. 2019).

The population in Czech Republic was es-
tablished following the escape of several individuals
from the Plzeň Zoo in 1976, and according to Bartoš
et al. (2010), this population consists of a few dozen
animals. Currently, it is not possible to confirm with

certainty whether this population still exists in the
wild (S. Cupic, pers. comm.).

In France, one population has been reported. In
1980, some animals escaped from an enclosure
into the Montagne Sainte-Victoire. Not much is
known about this population, but it is assumed
that there are several dozen individuals and that
they reproduce successfully (Cugnasse and
Rigaux 2021).

In Italy two populations have been reported: the
first, in the province of Varese where, in 1993, a
group of Barbary sheep originated following the
escape of five females and one adult male from
captivity (private holding). The authorities started
a removal plan of some 25–30 animals that were
present at the time, but only three of them were
culled; the remaining animals could not be found,
probably because they were killed illegally
(A.Martinoli, pers. comm.). Some authors consider
this population still present (Mori et al. 2017),
whereas others consider it eradicated (A.Martinoli,
pers. comm.). The second population of a few
dozen individuals is present in the Beigua Regional
Park in the province of Savona, and currently
shows an increasing trend (S. Grignolio, pers.
comm.).

Barbary sheep were successfully introduced to
public and private lands in Spain in the early
1970s (Damm and Franco 2014). The current
distribution of Spanish Barbary sheep populations
is difficult to estimate accurately, as there are
many private hunting areas where introductions
were performed, such as in Andalusia and Castile-
La Mancha (Cassinello 1998). Therefore, in this

Fig. 1 (a) Male Barbary sheep (photograph by EEZA-CSIC); (b) female Barbary sheep (photograph by Jorge Cassinello)
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chapter, we address only those populations that
are present in natural parks and public reserves.
Free ranging individuals are currently distributed
in most mountain ranges in the Region of Murcia,
North of the Guadalentin River. These
populations originated from 36 individuals from
the Frankfurt Zoo in Germany and the Ain Sebad
Zoo in Casablanca, Morocco, then released in

Sierra Espuña Natural Park (Cassinello 1998).
The current population size is estimated at around
2000 individuals with an increasing trend
(Cassinello 1998). Also, a free ranging popula-
tion, numerically increasing since the introduction
of 16 individuals from Sierra Espuña in 1972 is
present on La Palma Island, Canary Islands
(Cassinello 1998) (Fig. 2).

Map template: © Getty Images/iStockphoto

Fig. 2 Distribution of Barbary sheep. Distribution is based on documented records on Barbary sheep presence in Europe
(Map template: © Copyright Getty Images/iStockphoto)
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Description

Size and morphology

Morphologically, this species shares characteristics
with both sheep and goat (Geist 1971; Schaffer and
Reed 1972). In general, it resembles a robust goat,
with relatively long head, short and stubby legs,
and a compact body (Fig. 1). The tail is relatively
long (15 cm) and hairy on the dorsal side. How-
ever, unlike goats, Barbary sheep is not bearded. Its
unique feature is a mane that extends below the
throat, along the front of the neck to the chest,
where it forks and continues down the forelegs.
Sexual dimorphism is particularly strong in adults
(Cassinello 1997a), with males that are heavier and
larger than females (body mass: 82 kg vs. 41 kg;
body length: 147 cm vs. 128 cm). Tolić (2005)
reported data from an enclosure in Croatia for
mature individuals: body mass was 120–150 kg
in males and 70 kg in females; head-tail body
length was 155–165 cm, with tail length of 20–
25 cm; height at the withers was 100–110 cm in
males and 90–100 cm in females; horn length was
85 cm in males and 50 cm in females. In free-
ranging Barbary sheep in Mt. Mosor in Croatia
the full body mass is c. 90 kg in males and c.
61 kg in females. This Croatian population appears
well adapted to the Mediterranean habitat and
showed higher (>2–10%) mean values of body
and horn measurements and higher growth rates
than other populations from Spain and Algeria
(Kavčić et al. 2020).

Pelage

The coloration of Barbary sheep may vary
depending on the subspecies, from light yellow,
brownish grey to dark red, with or without black
stripes on the face and back. The winter coat is
darker than the summer coat.

Dentition

Permanent dental formula is 0.0.3.3/3.1.3.3.

Sex and age determination

Sex and age can be identified according to facial
and horn morphology (horn rings). The horns of
males are more massive than those of females,
they curve outward, backward, and point inward
toward the neck. The distance between horn bases
appears to be greater in females than in males,
despite the fact that the female skull is narrower
and smaller. The circumference of the horn base is
greater in males (c. 28 cm) than in females
(c. 19 cm) (Kavčić et al. 2020). Prominence of
the withers, or dorsal scapular protrusion, is
greater in males than in females. The mane and
chap hair are thicker and more abundant in males
than in females. The relative abdominal dorsal-
ventral depth is greater in females than in males;
consequently, males display a well-defined belly
tuck-up, even when compared with nulliparous
females (Gray and Simpson 1980).

Physiology

The average duration of the estrus cycle is 23 days,
with an average luteal phase of 17 days and an
inter-luteal phase of 6 days (Abaigar et al. 2012).

The study reporting contents of stabile ele-
ments in the tissue (muscle, kidney, and liver) of
Barbary sheep fromMt. Mosor showed low levels
of toxic elements As, Cd, Hg, and Pb. Also, radio-
nucleotide values for 137Cs and 40K in muscle
tissue were found at low level and significantly
below the statutory values of 600 Bq kg�1 (Laz-
arus et al. 2019).

Genetics

Chromosomes

Barbary sheep has a karyotype of 2n ¼ 58 (Gray
and Simpson 1980) composed of one pair of
biarmed and 27 pairs of acrocentric autosomes, a
large acrocentric X chromosome and a minute
biarmed Y chromosome (Nadler et al. 1974), as
in Ovis vignei.
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Phylogeny

Protein and DNA sequences were used to clarify the
phylogenetic relationship of Ammotragus to other
Caprini, though the results were dependent on the
type of used marker. While serum protein analyses
by Schmitt (1963) and immunoglobulin cross-
reactivity studies by Curtain and Fudenberg (1973)
indicated a close relationship between Ammotragus
andOvis, the amino acid sequence of various hemo-
globin chains examined by Manwell and Baker
(1975) showed that Ammotragus haemoglobin was
more similar to that of the domestic goat, Capra
hircus. The complete nucleotide mtDNA sequence
of Barbary sheep was published by Mereu et al.
(2008). Comparison of the sequence with other
available sequences of Caprini species showed that
the Caprini species share a common ancestor and
that the relationship of Ammotragus with Capra is
closer than with Ovis (Mereu et al. 2008).

Genetic diversity

There are no compelling estimates of genetic diver-
sity of the European Barbary sheep populations,
but since they were all founded by a small number
of animals, it is expected to be relatively small.
This was supported by Stuhne (2018), who
detected only one mtDNA haplotype in 12 samples
from the Croatian population. Safner et al. (2018)
detected four mtDNA haplotypes in 66 samples
from Croatian and Spanish populations. More
data on genetic diversity are required to allow for
better estimation of genetic status of the European
populations.

Hybridization

There is no confirmed evidence of Barbary sheep
hybridization in the wild. The only documented
record comes from controlled experiments: viable
offspring with 2n ¼ 59 chromosomes were born
after natural mating between a male Barbary sheep
and female goat (Gray 1972; Bunch et al. 1977,
Moore et al. 1981), while crossbreeding attempts
between male Barbary sheep and domestic female

sheep were unsuccessful (Benirschke 1971; Gray
1972).

Life History

Growth

Sexual maturity occurs at 14months for males and
9 months for females (Cassinello 1997a). The
species is sexually dimorphic, with males already
heavier at birth than females when singletons
(4.1 kg and 3.8 kg, respectively); no differences
emerged between twins, which tended to be ligh-
ter than singletons (Cassinello and Gomendio
1996). Body mass at birth is affected by hierarchy
and age of the mother, and by inbreeding levels.
High-ranked mothers tend to produce heavier
calves than low-ranked ones (Cassinello and
Gomendio 1996); older mothers give birth to
heavier calves than younger mothers, and highly
inbred families produce lighter calves than geneti-
cally diverse families (Cassinello 1997a).

In a sample of 30 Barbary sheep (20 males and
10 females) from Croatia, males showed faster
increase in several morphological metrics (i.e., body
length, withers height, chest circumference, anterior
cannon circumference, horn base circumference, total
body mass, hog-dressed mass, meat mass, and dress-
ing) than females, except in total horn length (Kavčić
et al. 2020). In the same study, the authors speculate
that environmental covariates, anthropogenic pres-
sure, genetic makeup of individuals, and physiologi-
cal conditions were the main factors affecting the
body and horn growth, although lack of data did
not allow to test such hypotheses.

Reproduction

The gestation period is 5.5 months, and most par-
turitions occur in spring (Ogren 1965; Cassinello
and Alados 1996). Newborns are precocious and
able to follow their mother within just a few hours
from birth. In captivity, the mean interval between
parturitions is 10 months, while weaning takes
place at 8 months of age (Cassinello and Alados
1996).
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Adult females reproduce every year, giving
birth to twins (25% of births in captivity), and
exceptionally triplets (Arman 1991; Cassinello
and Alados 1996), when females are in good con-
ditions (Cassinello and Gomendio 1996). In enclo-
sures with sufficient food and living space, females
give birth twice a year and mate immediately after
birth, and mature females often have three offspring
(M. Olujić, pers. comm.).

Cassinello and Alados (1996) analyzed four
components of female reproductive success in
captive Barbary sheep: longevity, conception
rate (i.e., total number of conceptions divided by
the reproductive life span), offspring 1-month sur-
vival rate, and age of primiparity. Longevity
accounts for 69.9% of the variance of reproduc-
tive success, conception rate for 54.2%, offspring
1-month survival rate for 29.8%, and the age of
primiparity for 10.4% (see Brown 1988). A detailed
study of these components led to the following
conclusions: (a) longevity is higher in individuals
in better physical condition; (b) conception rate is
related to age and social rank; (c) heavier offspring
at birth have a higher probability of surviving during
their first month of life; and (d) age of primiparity is
delayed by high population density, inbreeding
coefficients, and birth body mass. On the other
hand, high-ranked females are characterized by
shorter inter-birth intervals and give birth to a higher
proportion of twins.

Sex ratio at birth is influenced by maternal
social rank at the time of conception. Cassinello
and Gomendio (1996) stated that, for single and
twin births, as maternal rank increases, the fol-
lowing sequence is observed: single female/twin
females < single male < twin male and
female < twin males. From an evolutionary
perspective, this indicates that producing twin
males is more costly than any other calf combi-
nation, followed by both sex twins, single males,
and, finally, both single and twin females, which
showed no cost differences (see also Williams
1979). Despite this, the species shows lower
levels of maternal investment in females
than in males (Cassinello 1996), and a single
female offspring is more likely to survive than a
single male or twins (Cassinello and Gomendio
1996).

Survival

There are no data on mortality and average
lifespan in free-ranging populations, but in cap-
tivity individuals may live up to 20 years,
according to the Studbook records at the
EEZA-CSIC (Almería, Spain). For Croatia,
Tolić (2005) reported an average lifespan of
12 years, though Barbary sheep may live up to
24 years.

Habitat and Diet

Habitat selection and movement

The native habitat of the Barbary sheep comprises
any mountainous landscape present in the North
of Africa, from the Atlas Mountains to the Sahara
and Sahel regions (see Cassinello 1998). Habitat
selection of Barbary sheep exotic populations has
been analyzed in the USA (Ogren 1965; Dickin-
son and Simpson 1980; Johnston 1980) and Spain
(Cassinello 2000; Acevedo et al. 2007; Anadón
et al. 2018).

Barbary sheep tend to select steep and rocky
areas, as well as scrublands and mountain forests,
from the sea level to peaks up to 2000 m in Africa.
They avoid snowy areas. During the calving sea-
son, females seek out shelter and more inaccessi-
ble areas at high elevations, while males can be
found in a variety of areas, including scrublands
and woodlands. In summer, Barbary sheep are
more often found in forested areas with milder
temperatures, and during the rutting season they
select open pastures and brushwood habitats.
Barbary sheep prefer regions with low winter
rainfall regimes and high average summer tem-
peratures, characteristic of semiarid lands
(Cassinello 1998).

Successfully established exotic populations in
USA and Spain have shown a formidable capac-
ity to settle, grow, and spread from their release
areas (Cassinello 1998). The home range of
American Barbary sheep averages between
259 and 3367 ha, with main dispersal movements
occurring in summer (Simpson et al. 1978, 1980;
Dickinson and Simpson 1980). Preliminary
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results from a study conducted in Croatia with
the use of GPS-GSM collars suggested that
Barbary sheep movements are limited to
Mt. Mosor and animals are unlikely to expand
their range. Generally, tracked animals moved
mainly along the mountain ridges of Mt. Mosor
and covered the entire range (approx. 25 km) in a
relatively short time (2–4 days) several times per
year. On the other hand, movements off the main
mountain range were short and usually stopped
at the foothills, where the vegetation cover is
taller, and the terrain becomes less rugged. The
monthly home-range size varied between 0.6 and
17.0 km2 (mean: 5.9 km2). The cumulative dis-
tance covered by Barbary sheep per day was
1.63 km with an annual home-range size of
26.0 km2 (Gančević et al. 2016a). Pascual-Rico
et al. (2018) estimated an average core home
range of 9 GPS tracked Barbary sheep from
Sierra Espuňa to be 1.65 � 0.67 km2.

Feeding

With respect to their feeding habits, studies car-
ried out in Tunisia (Ben Mimoun and Nouira
2015) and Spain (Miranda et al. 2012) show a
marked preference for feeding on the herbaceous
layer (grasses and forbs), although shrubs are
also selected year-round. Contrary to previous
expectations, the species shows marked grazing
behavior, similar to European mouflon (Ovis
gmelini musimon) (Miranda et al. 2012). In Cro-
atia, Barbary sheep in Mt. Mosor is extremely
plastic in the utilization of the available food
resources, feeding mainly on grasses in spring,
autumn, and winter (up to 80%), while in sum-
mer the main diet is composed of deciduous
trees (Lazarus et al. 2019). Qualitative dietary
information has been provided for the Canary
Island populations (Rodríguez Piñero and
Rodríguez Luengo 1992).

Finally, it is worth mentioning that in South-
eastern Spain, the incidence of Barbary sheep on
shrubs is similar to that of the native herbivore
ungulates (red deer Cervus elaphus, and Iberian
wild goat Capra pyrenaica), and it does not show
a particularly high negative impacts on threatened
plants (Velamazán et al. 2017).

Behavior

Social behavior

Barbary sheep is a social species (Solbert 1980)
characterized by a hierarchical system where all
mature individuals hold social ranks according to
their size and age (males) and age and mating/
calving experience (females) (Cassinello 1995). Spe-
cifically, mature females may increase their hierar-
chical status during mating and after parturition,
whereas calf weaning may lead to a decrease of
maternal rank (Cassinello 1995). Gregariousness
of Barbary sheep is characterized by the segregation
of sexes outside the rut. Six group types can be
distinguished in the wild: solitary, nursery (females,
calves, and juveniles), mixed, all male, all female,
and all juveniles (Gray and Simpson 1982). Group
leadership is ascribed to females when adults of both
sexes are present, while the composition and size of
groups may vary depending on the season (Gray and
Simpson 1982; Cassinello 2000; Cassinello et al.
2004). Barbary sheep usually forms large groups
(Anadón et al. 2018), nursery groups being normally
the largest, and may consist of several tens of indi-
viduals (up to 80 individuals have been recorded in
SierraEspuña, Cassinello 2000).Normally, however,
most groups do not exceed 10 individuals (Fig. 3).

Behavioral conflicts between mothers and their
calves have been analyzed in captivity by Cassinello
(1997b). Mothers that conceive in the next mating
season accelerate the weaning time of their current
offspring; also, high-ranked mothers wean their
male calves earlier. Aggressive behaviors were
recorded during the resumption of the mother’s
sexual activity, but not during the weaning time.

The spatial association between individuals
has been analyzed in captivity, and it is mainly
determined by kinship, resembling group compo-
sition in free-ranging conditions, i.e., females stay
with offspring and bachelor males (Cassinello and
Calabuig 2008).

Mating behavior

Barbary sheep are polygynous, seasonal breeders
and nonterritorial, with a mating season occurring
from September to November, although in
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captivity and under favorable conditions they can
reproduce year-round (Alados and Vericad 1993;
Cassinello 1997a).

Activity

Based on a 2-year camera trap survey, the daily
activity pattern of Barbary sheep can be described
as bimodal (morning-evening), a pattern most fre-
quently found also in other ungulates (Gančević
et al. 2016b).

Parasites and Diseases

Parasites

Barbary sheep population of Sierra Espuña suf-
fered from a sarcoptic mange epidemic in 1991
that caused a population decline of 86% until
1995, though their recovery was equally fast
(González-Candela et al. 2004). At the start of
this epidemic, population density was at its
highest levels since the population introduction
and likely exceeded the habitat capacity, so that
the animals began to share peripheral areas with
small domestic ruminants infected with
Sarcoptes scabiei (Ambiental 1993). These risk

factors likely caused the rapid spread of
sarcoptic mange in the Barbary sheep popula-
tion. During the epidemic regression phase the
infection rate was higher in males (22%) than in
females (17%) and young animals (5%). Males
over 5 years of age were the most affected,
followed by offspring of both sexes. Few ani-
mals had superficial mange lesions (7%), while
most individuals (72%) had lesions of moderate
severity. The most common lesions were located
on the neck, head and back. Since 1999 there
have been no recorded cases of sarcoptic mange
in free ranging Barbary sheep, although the dis-
ease was present in other species (González-
Candela et al. 2004).

Feces analysis from 22 free-ranging Barbary
sheep onMt. Mosor in Croatia showed the presence
of endoparasites (Trichostrongylus, Strongyloides,
Cooperia) but no ectoparasites (P. Gančević,
unpublished data).

Samples obtained and analyzed from a captive
population in Spain (EEZA-CSIC, Almeria, Spain)
showed that 87.5% of animals were parasitized
with multiple infections, such as Teladorsagia
circumcincta and Camelostrongylus mentulatus in
the abomasum, Trichostrongylus colubriformis and
Trichostrongylus vitrinus in the small intestine, and
Skrjabinema ovis in the large intestine (Mayo et al.
2013).

Fig. 3 Barbary sheep group; the differentiation among sex and age classes is based on horn and body size (photograph by
Andrés Ríos/Ungulata research team)
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Cho et al. (2006) found Balantidium coli
within the lymphatic ducts of the gastric lymph
node and abdominal submucosa. On rare occa-
sions, these organisms may invade extra-intestinal
organs, in this case the gastric lymph nodes and
abomasum.

Infectious diseases

Despite being considered an invasive ungulate
outside its native range (North Africa), little infor-
mation exists on Barbary sheep as a pathogen
reservoir. González-Candela et al. (2009) showed
that neither free nor captive Barbary sheep had
antibodies against Brucella melitensis,
Chlamydophila abortus or BVDV-BDV. How-
ever, compared to other ungulates in Spain,
Barbary sheep have a high prevalence of anti-
bodies against Mycobacterium bovis (free 50%:
captive 8%), very high prevalence of antibodies
against M. avium subsp. paratuberculosis (free
19%; captive 56%) and intermediate prevalence
of antibodies against Salmonella spp. (free 13%;
captive 0%) or Toxoplasma gondii (free 2%; cap-
tive 24%).

Finally, the presence of bluetongue virus anti-
bodies was detected in one of 22 individuals in the
Guadiana Valley (Ruiz-Fons et al. 2008), and two
seropositive individuals of the bluetongue virus
were detected in a sample of Barbary sheep
(n ¼ 3) examined between 2008 and 2010
(Lorca-Oró et al. 2014).

Population Ecology

Population dynamics

Available literature lacks specific information on
population dynamics. With respect to population
abundance, in Southeastern Spain up to 2000
individuals are present (Cassinello et al. 2004),
and around 140 individuals are present in Croatia
(Lazarus et al. 2019). Population densities have
been obtained from Spanish exotic populations,
reaching an average of 2.6 individuals/km2 on the
island of La Palma (Canary Islands) in the late
1980s (Ornistudio 1992), and 5.5 individuals/km2

in Sierra de Espuña (Murcia, Spain) (Fernández-
Olalla et al. 2016).

Interspecific relationships

In Sierra Espuña, Spain, both the golden eagle
(Aquila chrysaetos) and feral dogs prey on
young Barbary sheep (J. García, pers. comm.),
but in general in Spain there are very few natural
predators, and adults are threatened only by
hunters. On Mt. Mosor, Croatia, the main Barbary
sheep predator is the grey wolf (Canis lupus);
wolf predation was confirmed when a 4-year
female tagged with a GPS-GSM collar was killed
only 11 days after capture (predation occurred at
night at 23:45) (Gančević et al. 2016a).

In Africa, the main competitors are livestock,
given the small number of wild herbivores that
exploit the same niche. Exceptions are Cuvier’s
gazelle (Gazella cuvieri) and Nubian ibex
(Capra nubiana), which might be potential
Barbary sheep competitors when living in sym-
patry and food resources are scarce. With respect
to exotic Barbary sheep populations, no compel-
ling studies have been carried out. In Spain, they
may compete for resources with another exotic
species, the European mouflon, when they live in
sympatry (Sicilia et al. 2011), though Barbary
sheep feeding habits differentiate from the native
species, such as red deer and Iberian wild goat
(Miranda et al. 2012). Ferretti and Mori (2020)
reviewed available literature on interactions
between alien and native ungulate species and
found only one study in which Barbary sheep
was found dominant.

Available empirical information indicates that
Barbary sheep could be considered invasive on La
Palma Island, Spain (Cassinello 2015, 2018),
where they may negatively affect the endemic
flora (Rodríguez Piñero and Rodríguez Luengo
1992).

Although Barbary sheep was considered a
potential threat to the native Iberian wild goat in
the Southeastern Iberian peninsula (Acevedo et al.
2007), recent empirical data on Iberian wild goat
expansion throughout regions already occupied
by Barbary sheep (Eguía et al. 2015; Anadón
et al. 2018), and Barbary sheep trophic ecology
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(Miranda et al. 2012; Velamazán et al. 2017)
suggest a neutral if not positive effect on the host
ecosystem, due to its grazing habits (Cassinello
2018).

Effects of climate change

Recent climate changes caused lower rainfall
regimes and higher mean annual temperatures in
Southeastern Spain (e.g., Puigdefábregas and
Mendizábal 2004). These lead to strong desertifi-
cation which may cause significant habitat
changes and, in turn favor the expansion of a
desert ungulate such as the Barbary sheep.

Conservation Status

Being a non-native species, most European
Barbary sheep populations have no special con-
servation status and are hunted. Only in Czech
Republic, the Barbary sheep population is pro-
tected and thus not hunted (Bartoš et al. 2010).

In its native habitat, the IUCN lists Barbary
sheep as Vulnerable C1 at the species level
(Cassinello et al. 2008), i.e., the population size
is estimated to be less than 10,000 mature indi-
viduals with an estimated continuing decline of at
least 10% within 10 years or three generations,
whichever is longer (up to a maximum of
100 years in the future). The decline of Barbary
sheep in its native habitat is believed to be mainly
the result of poaching and habitat degradation,
along with competition with domestic livestock
(Alados and Shackleton 1997). Reintroduction
programs are currently being in place only in
Tunisia (DGF and IUCN 2017).

The current status of the six recognized subspe-
cies is variable, with some subspecies being likely
on the verge of extinction (Cassinello 2013).

Management

Native Barbary sheep populations are generally
threatened due to a combination of overgrazing by
domestic livestock, deforestation, habitat destruc-
tion, and poaching (see Shackleton 1997). The

general conservation programs of each country
where the species occurs were summarized by
Shackleton (1997). It is worth mentioning the
Strategic Action Plan currently being imple-
mented in Tunisia (DGF and IUCN 2017),
where five main actions have been put forward:
(1) habitat conservation, (2) poaching eradication,
(3) monitoring and data collection, (4) awareness
and valuation, and (5) sustainable financing. It is
advisable to promote similar protection and man-
agement programs in other North African coun-
tries. However, the actual status of Barbary sheep
populations in its native distribution area is mostly
unknown or uncertain (Cassinello et al. 2008;
Cassinello 2013, 2015), requiring proper surveys
to update the knowledge about actual distribution
and abundance of the species, which would allow
to develop and implement targeted management
policies. Unfortunately, a series of logistical and
political issues make it particularly difficult to
obtain field data and carry out proper protection
actions in native areas (see also Alados and
Shackleton 1997).

Due to hunting interests, Barbary sheep was
introduced with much success to the USA and
Spain (Ogren 1965; Ortuño and De la Peña 1979;
Christian 1980), where populations expanded very
rapidly (Cassinello 1998). The introduction of a
species into territories outside its natural range
should be managed carefully, in order to control
its expansion and to minimize its potential threat to
native species. However, empirical evidence seem-
ingly shows a neutral effect of Barbary sheep on
host ecosystems, with the exception of La Palma
Island (Canary Islands), where it threatens the
Macaronesian flora (Cassinello 2015, 2018).

Exotic Barbary sheep populations have been,
and still are, a source of conflict between different
stakeholders. Hunting communities support and
promote their presence, while shepherds and
farmers want them eradicated. Indeed, high
Barbary sheep densities in Sierra Espuña and sur-
rounding areas have facilitated sheep presence on
farmlands (Cassinello 2000), and farmers made
large investments to build fences that would keep
Barbary sheep off crops. Furthermore, the man-
agement of the species in Spain has changed in
recent years, as legislations classified it as an
invasive exotic species. However, exotic Barbary
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sheep populations that were established before the
Spanish Law 42/2007 on the Natural Heritage and
Biodiversity was approved, in December 2007,
are allowed to be sustainably managed through
hunting (basically, the populations present in the
province of Murcia), whereas in recently colo-
nized areas, they should be controlled and even-
tually eradicated (Jefatura del Estado 2018).
Current scientific evidence does not demonstrate
harmful effects of Barbary sheep on the Iberian
environment despite its exotic origin. Currently,
the populations present in the Murcia Region and
other adjacent areas can be managed by hunting,
although uncontrolled expansion must be
avoided. Today, however, Barbary sheep is still
present in the Spanish List of Invasive Exotic
Species (see Cassinello 2018).

The illegal introduction of Barbary sheep to
Croatia has caused much controversy between
hunters and the environmental community.
Hunters perceive the introduced animals as an
attractive game species and a potential source of
revenue. Environmentalists stress the possible
negative effects of introduced exotic species on
the native flora and fauna and call for the applica-
tion of existing laws that prescribes complete
removal of introduced animals (Official Gazette
2018).

Barbary sheep are not hunted (Bartoš et al.
2010) in Czech Republic, regardless of the fact
that they are not native, since they are listed as
vulnerable according to IUCN (Cassinello et al.
2008).

Future Challenges for Research
and Management

It is urgent to investigate the genetic characteris-
tics and profile of the Barbary sheep populations,
which have been assigned to the six subspecies
based solely on geographical distribution and
morphology. This will allow to properly classify
subspecies and identify the most valuable genetic
units and populations, and in turn, plan the neces-
sary conservation actions.

With respect to exotic Barbary sheep populations,
these have been shown to have a great dispersal
capacity and to be able to survive in virtually any

areas resembling their native habitats (e.g.,
Cassinello 2015). However, some exotic populations
have not expanded much since their release, such as
in northern Italy and Croatia (Mori et al. 2017;
Lazarus et al. 2019). Therefore, close monitoring of
old and new exotic populations is necessary to pre-
vent undesirable expansions or their presence in
areas with protected flora.

Finally, although empirical evidence has
suggested little to no negative effects of exotic
Barbary sheep populations on the host environ-
ments, studies and experiments should be
conducted to elucidate this aspect. New releases
in non-native environments should be avoided,
whereas Barbary sheep present on islands or in
areas with threatened flora should be eradicated or
strictly managed and controlled.
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Common Names

English Alpine ibex

German Alpensteinbock

French Bouquetin des Alpes

Spanish Ibice de los Alpes

Italian Stambecco alpino

Russian Альпийский козерог

Taxonomy, Systematics and
Paleontology

The Alpine ibex (Capra ibex, Fig. 1) is a wild
mountain ungulate belonging to the order
Cetartiodactyla, suborder Ruminantia, family
Bovidae, subfamily Caprinae, tribe Caprini, and
genus Capra. The genus Capra is a young genus
that appeared about 5–6 mya according to fossils
and estimates frommolecular data (Manceau et al.
1999; Vrba and Schaller 2000; Ropiquet and

Hassanin 2006). Fossil data suggest that Capra
first appeared in Central Asia (Pilgrim 1947) and
from there species radiation rapidly occurred in
the Plio-Pleistocene (Hartl et al. 1990; Manceau
et al. 1999). The currently accepted classifications
based on phylogenetic analyses (Sokolov 1979;
Pidancier et al. 2006; Kazanskaya et al. 2007;
Gebremedhin et al. 2009) identify nine wild-
living species: Bezoar goat or wild goat, Capra
aegagrus; Alpine ibex, Capra ibex; Siberian ibex,
Capra sibirica; Nubian ibex, Capra nubiana;
Walia ibex, Capra walie; Spanish or Iberian wild
goat, Capra pyrenaica; Markhor, Capra
falconeri; Kuban or Western tur, Capra
caucasica; and Dagestan or Eastern tur, Capra
cylindricornis. Furthermore, the genus Capra
includes the domestic goat, Capra hircus. Mito-
chondrial and nuclear Y-chromosome DNA ana-
lyses suggest that Alpine ibex is the sister species
of the geographically close Iberian wild goat
(Pidancier et al. 2006). The most likely scenario
for the radiation of the genus Capra in Europe

384 A. Brambilla et al.



suggests one wave of immigration from central
Asia around 300 kya (Cregut-Bonnoure 1992). In
that period, the ancestor of the species reached its
largest geographic distribution also outside of the
Alpine region, to which it was restricted at the end
of the Riss glaciation as a result of forest
recolonization of low altitude areas. The coloni-
zation of the Iberian Peninsula probably occurred
between the Riss and Würm glaciations (about
126–115 kya) and lead to the geographic separa-
tion and speciation of Capra ibex and Capra
pyrenaica.

Current Distribution

In theMiddle Ages, Alpine ibex occurred across all
of the European Alps but intensive hunting follow-
ing the development of firearms almost brought the
species to extinction (Grodinsky and Stüwe 1987).
The first signs of the decline of the species were
identified in the seventeenth century, and in the
following centuries, it gradually disappeared from
the Alpine arc except for the region around the
Gran Paradiso massif along the Italian-French bor-
der. At the beginning of the nineteenth century,
there were no more than a hundred individuals
left in that area (Grodinsky and Stüwe 1987). Hunt-
ing was prohibited by the Piedmontese government
in 1821, but the population really started to recover
only after the Gran Paradiso area was declared a

royal hunting reserve in 1856 by the King Vittorio
Emanuele II (Passerin d’Entrèves 2000). Thanks to
the active protection of the species in the reserve,
the Gran Paradiso population increased to approx-
imately 3000 individuals by the beginning of the
twentieth century. A further strong numerical
reduction occurred during the Second World War
with no more than 600 animals left (Gran Paradiso
National Park Archives Unpublished).

In the first half of the twentieth century, around
90 ibex were brought from the Gran Paradiso
population into captive-breeding programs in
two Swiss wildlife parks, Peter & Paul
(St. Gallen) and Interlaken Harder (Stüwe and
Scribner 1989). About half of these animals
were illegally captured and smuggled across the
Italian-Swiss border (Giacometti 2006). Initially
based on this captive-breeding population, con-
servation programs over the past century have
reintroduced the species first to Switzerland and
then to all the other countries of the Alps (Tosi et al.
1986; Wiersema and Gauthier 1990; Stüwe and
Nievergelt 1991; Giacometti 1991). Some
restocking and translocations continue to be carried
out with the goal of genetic reinforcement of
reintroduced populations referred to as colonies
below.

Nowadays, the species is present again across
the entire Alpine arc (Fig. 2). However, the distri-
bution is quite fragmented and not all suitable
habitat is occupied. A total number of 180 Alpine

Fig. 1 (a) A fully grown male Alpine ibex (c. 12 years
old) courting an adult female (>8 years old). (b) A sub-
adult male Alpine ibex (c. 7 years old) with two kids of
unknown sex (6 months old, in the foreground) and a very

young female (c. 1.5 years old, in the background). Male
and female Alpine ibex usually live separate during the
whole year except for the rutting season in December–
January (photographs by Dante Alpe)
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ibex colonies are distributed over the Alps and an
overall estimate of about 52,000 individuals was
assessed in the years 2008–2017 (Brambilla et al.
2020). Alpine ibex populations are present (from
West to East with respective approximate numbers
of individuals) in: France (9400); Italy (16,400);
Switzerland and Liechtenstein (18,000); Germany
(500); Austria (7400); and Slovenia (300). An
additional ibex population can be found in
Bulgaria, a region far away from the species’ native
range, where it has been introduced around 1980.

Description

Size and Morphology

Alpine ibex is a sexually dimorphic and polygy-
nous species with remarkable, sabre shaped,
backward-curving horns in both sexes (Fig. 1).
The body is compact with a short, broad head, a
strong neck, and relatively short and sturdy legs
due to shorter metapodials than in other ungulate
species (Couturier 1962). Males are larger and

heavier than females. The average body mass of
fully grown males is 75–95 kg with a maximum
up to 130 kg, whereas that of females ranges on
average between 35 and 45 kg, exceptionally
reaching 60 kg (Couturier 1962; Ratti 1981;
Loison et al. 1999; Lüps et al. 2007; Bergeron
et al. 2008, 2010, see also Fig. 6b). Differences
in body length and shoulder height between sexes
are about 22%, and for thoracic circumference,
about 30% (Giacometti et al. 1997). A male ibex
grows up to 163 cm in length and to a shoulder
height of 94–95 cm (Couturier 1962; Ratti 1981).
Females are smaller with a body length of 127–
139 cm (Couturier 1962; Ratti 1981) and a max-
imum height of 81–82 cm.

Alpine ibex are remarkably sure-footed and
agile, which enables them to climb steep cliffs
and rocky ledges. The deeply split hooves of the
stocky legs with the rubber-like toe balls and
sharp edges of the hooves give the animals an
extraordinary climbing ability and security
(Schaller 1977). Front legs have interdigital
glands. The subcaudal glands impart the male
with a goat-like smell (Parrini et al. 2009).

Map template: © Getty Images/iStockphoto

Fig. 2 Distribution map of Alpine ibex in Europe. Distribution is modified from the IUCN Red List of Threatened
Species (Version 2017–2) based on data from the authors (Map template: © Copyright Getty Images/iStockphoto)
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Pelage

Alpine ibex are well adapted to low temperatures
and have a short, straight strong coat. The coat is
quite uniform in appearance with brownish gray
hair over most of the body and a pale abdomen.
The species moults only once a year in spring
when it replaces the winter coat (Nievergelt and
Zingg 1986). In autumn, Alpine ibex complement
this coat with longer top hairs and a dense, woolly
undercoat. Coats vary in colour with sex and age
from brownish gray to reddish chestnut brown in
summer to yellowish brown-gray in winter. In
particular, old males >12 years turn to a more
gray and blurry appearance. Newborn kids appear
brighter, pale brown. The abdomen, the rump
patch, the hairy part of the tail bottom as well as
the caudal part of the tarsus are pale, in particular
in females and kids. The upper side of the tail is
black. Adult male Alpine ibex generally have a
chin beard (Couturier 1962; Meile et al. 2003;
Damm and Nicolás 2014).

Head and Dentition

The frontal bone (Os frontale) and skull bones
(Os parietale) are strongly convex shaped with
two distinct bone cones for the horns (Fig. 3). The
tear pit is missing, and the nasal bone has a contact
zone with the premaxilla.

Two teeth generations: milk teeth 0.0.3.0/
3.1.3.0; permanent dentition 0.0.3.3/3.1.3.3. The
exchange of milk teeth starts in the second year of
life and ends in the fourth year at approximately
40 months of age (Ratti and Habermehl 1977).

Horns and Age Determination

Newborn kids are hornless. At 1 month, the tips of
the growing horns are palpable, and 20–25 mm
long at 2 months (Ratti and Habermehl 1977).
Horns of both sexes grow lifelong and develop
an annual ring during each winter (Fig. 4). An
individual’s age can be determined from the num-
ber of rings, which are best visible on the medial

side of the horns. Annual rings are easier to iden-
tify on male’s horns. Horns of males, reaching up
to 100 cm in length, are substantially larger and
thicker than those of females which have a max-
imum length of 35 cm. Longer horns have excep-
tionally been reported for both sexes (Couturier
1962; Ratti and Habermehl 1977). The axis of
male horns forms an angle of 40�–60� and the
horn’s cross section is rectangular while it is oval
in females (Couturier 1962). Horn growth is age
dependent with the longest increment (annulus) in
the second year of life (Nievergelt 1966), decreas-
ing with age afterwards (Ratti and Habermehl
1977; von Hardenberg et al. 2004; Willisch et al.
2015). Age-specific increments strongly depend
on environmental conditions such as climate and
forage availability in spring (Giacometti et al.
2002; von Hardenberg et al. 2004; Büntgen et al.
2014). A male’s fully grown horn pair can reach a
mass of 5–6 kg, while in females they weigh 0.2–
0.3 kg (Couturier 1962). Males also form numer-
ous nodes on the frontal side (up to three per year)
starting at the second annulus. The nodes are only
marginally developed in females. Age- and
sex-specific body and horn growth tables from
different populations can be found in Couturier
(1962), Ratti (1981), Nievergelt and Zingg
(1986), Giacometti et al. (1997), Giacometti
et al. (2002), von Hardenberg et al. (2004),
Bergeron et al. (2008), Toïgo et al. (1999, 2013),
Büntgen et al. (2014), and Willisch et al. (2015).

Physiology

Alpine ibex can be found up to 3500 m above sea
level. They evolved specific adaptations to the
harsh and strongly seasonal high-altitude habitat
they live in, such as a high hematocrit and hemo-
globin levels. Alpine ibex hematocrit (% of
packed cells volume – PCV) equals 50.45% �
4.38 (mean � sd, Cook et al. 1986) and is higher
than that measured in other ungulates such as Ibe-
rian wild goat (44.35% � 8.9, Pérez et al. 1999)
and mouflon,Ovis gmelini musimon (41.3%� 4.8,
Peinado et al. 1999). Similar differences can be
found for hemoglobin (g/dl mean � sd): Alpine
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ibex 17.87 � 0.93 (Cook et al. 1986); Iberian wild
goat 13.59� 3.33 (Pérez et al. 1999); and mouflon
15.4 � 1.7 (Peinado et al. 1999). All these values
were measured in captive animals.

Blood and leukocyte values obtained by hema-
tological analysis of wild Alpine ibex are reported
in Table 1 (Gauthier et al. 1994).

Despite being less adapted to snowy environ-
ment than other mountain ungulates (e.g., Alpine
chamois Rupicapra rupicapra rupicapra), Alpine
ibex evolved several adaptations to the harsh
Alpine climate such as a compact body shape, a
dark and insulating fur during winter, as well as
the ability to accumulate large amounts of body
fat during summer and to save energy during

winter. Indeed, Alpine ibex metabolism follows
a seasonal cycle with many physiological and
behavioral adaptations serving to reduce energy
loss during winter (Signer et al. 2011). Heart rate
is maximum during summer months with values
around 100 bpm (beats per minute) in June and
minimum during winter decreasing down to
40–50 bpm in January–February, corresponding
to a 60% reduction (Signer et al. 2011). Breath and
metabolic rates are expected to change accord-
ingly. Body core temperature also varies during
the year with lower values registered in winter
(38–38.2 �C) and peak values in summer
(39.5 �C) although the range of variation is lower
(3% reduction) than that of heart rate. The

Fig. 3 Skull of an adult Capra ibex female. View from dorsal (A), ventral (B), and lateral (C). (From Nievergelt and
Zingg (1986))
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locomotory activity is also strongly reduced during
winter (see “Habitat and Diet”). Finally, during
winter, Alpine ibex bask in the sun in the morning
and actively use exogenous heat to increase the
body temperature (Signer et al. 2011).

Thanks to these adaptations, Alpine ibex spend
less than half the energy in winter than in summer
(Signer et al. 2011). This allows them to better
survive the winter by relying almost exclusively on
the fat accumulated during spring/summer months
when nutritious vegetation is abundant. During win-
ter, food intake is extremely reduced because the
vegetation is dry and fibrous, low in protein, and
often covered by snow.Moreover, males voluntarily
reduce forage intake during the rut (December–
January) because of time budget constraints

generated by mating-related activities (Brivio et al.
2010). At the beginning of spring, themetabolic rate
and body temperature of ibex increase in concert
with the start of the vegetation period and the growth
of the gut and visceral organs in preparation for
processing the large amount of food available during
summer (Signer et al. 2011). The high availability of
resources in spring allowsmale ibex to invest energy
in secondary sexual characters such as horns which
growth pauses during winter. However, most of the
studies on Alpine ibex physiology have been
conducted on males, and only sparse information
is available about ecophysiological adpatations of
females to the environment.

Genetics

Chromosomes

Alpine ibex have 2n ¼ 60 chromosomes.

Reintroduction History and Its
Consequence for Genetics

The near extinction of Alpine ibex in the nine-
teenth century created a severe bottleneck with

Fig. 4 Skull with horns of a Capra ibex male of 13.5 years. View from frontal (A), dorsal (B), and lateral (C). (From
Nievergelt and Zingg (1986))

Table 1 Hematologic values obtained from Alpine ibex
(N ¼ 138) captured in Vanoise National Park (Gauthier
et al. 1994)

Parameter Mean � sd Min – Max

Erythrocytes 106/mm3 13.6 � 3.0 6.5–25.2

Leukocytes 103/mm3 9.5 � 5.7 3.2–29.0

Neutrophiles % 35.9 � 13.4 6–87

Eosinophiles % 8.7 � 7.7 0–40

Basophiles % 1.5 � 1.7 0–8

Lymphocyte % 50.4 � 13.9 7–82

Monocyte % 3.5 � 3.0 0–18
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less than 100 individuals remaining in the Gran
Paradiso population (Stüwe and Nievergelt 1991).
When individuals were taken from Gran Paradiso
to found new populations either in the wild or in
wildlife parks in Switzerland, a second bottleneck
occurred. Individuals from these new founded
populations in the wild or from the breeding pro-
gram in Swiss wildlife parks were then
reintroduced to several locations in the wild,
which led to a third bottleneck. Those wild
populations, in turn, provided founding animals
for multiple other populations colonizing the
Alps, which created a fourth bottleneck for these
populations. Hence, all extant Alpine ibex
populations have experienced one to four popula-
tion bottlenecks (Biebach and Keller 2009).

Each bottleneck led to a loss of genetic diver-
sity because the founders carried only a subset of
the genetic diversity of the source populations.
Small population sizes and isolation – the lack of
genetic exchange with other populations –
resulted in an additional decrease of genetic diver-
sity for at least the first few generations after
founding. The reintroduction history of Alpine
ibex with the serial bottlenecks and low popula-
tion sizes resulted not only in low genetic diver-
sity but also in high inbreeding levels.

Genetic Diversity

Genetic diversity of Alpine ibex populations is
very low (Biebach and Keller 2009) and compara-
ble to other populations that experienced severe
reductions in size or descend from a small number
of founders, such as Scandinavian wolves (Kardos
et al. 2018). Genetic diversity is also lower than
that of related ibex species: while the closely
related Iberian wild goat exhibits only slightly
higher genetic diversity, the Siberian ibex and the
bezoar goat, the ancestor of the domestic goat, are
genetically multiple times more diverse than the
Alpine ibex (Grossen et al. 2018 and Christine
Grossen, pers. comm.).

As expected from the demographic history,
genetic diversity also differs among Alpine ibex
populations (Biebach and Keller 2012). The
ancestral Gran Paradiso population retained the

highest genetic diversity, whereas reintroduced
populations have 15–25% less genetic diversity
(measured as expected heterozygosity from
13,341 genetic markers (SNPs), Grossen et al.
2018). Among reintroduced populations, the
amount of genetic diversity depends on the
reintroduction history of each population. Genetic
diversity is lower and, the more bottlenecks a
population experienced, the fewer individuals
and source populations were represented in the
founder stock (Biebach and Keller 2012).

The genes of the major histocompatibility
complex (MHC) play a central role in the immune
response of vertebrates (Klein and Figueroa
1986), and many studies have shown the benefits
for disease resistance of possessing numerous
genetic variants at the MHC (Grossen et al.
2018; Westerdahl et al. 2011). Accordingly,
MHC genes in vertebrates are among the genes
with the highest diversity. Alpine ibex, however,
have very low genetic diversity at this gene com-
plex (Grossen et al. 2014). Exon 2 of the DRB
gene in the MHC has only 2 variants (i.e., alleles),
in the Alpine ibex, while the domestic goat and its
wild ancestor, the bezoar goat, have 44 different
alleles at this exon (Grossen et al. 2014). The low
genetic diversity at the MHC is known to be
disadvantageous for Alpine ibex. Individuals
with lower heterozygosity at the MHC have a
lower body mass and a higher risk of showing
symptoms of keratoconjunctivitis, an ocular
infection that can lead to blindness, during an
outbreak of the disease (Brambilla et al. 2018).

Genetic Structure

The reintroduction history is the main determinant
of the current genetic structure among Alpine ibex
populations, even though more than one hundred
years have passed since its beginning (Biebach and
Keller 2009). Small populations are subject to
strong genetic drift, random changes of frequencies
of gene variants over generations, which – over
time – leads to genetic differentiation among
populations. Genetic structure analysis, as
described in Biebach and Keller (2009), revealed
that genetic drift has produced five separate genetic
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clusters of Alpine ibex populations, consisting of
reintroduced populations founded between 1920
and 1930 and their descendant populations
(Fig. 5). Geographically nearby populations tend
to belong to the same genetic cluster not because of
migration among populations but because founder
individuals for a new population were usually
taken from nearby populations. As expected from
the fact that all populations ultimately derive from
Gran Paradiso, the Gran Paradiso population

belongs to all five genetic clusters (Fig. 5).
Populations with mixed ancestry belong to genetic
clusters in proportion to the origin of the founder
individuals (e.g., Schwarzmönch in Fig. 5).

Inbreeding

Inbreeding levels of Alpine ibex populations are
on average above the level of inbreeding that
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Fig. 5 Genetic structure of 50 Alpine ibex populations
across the Alps. The segments show the proportion of each
population belonging to one of five genetic clusters. Two
genetic clusters belong to the Piz Albris population and its
descendants (dark blue and light blue). The remaining three
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results when half-siblings mate (f>0.125)
(Biebach and Keller 2010; Grossen et al. 2018).
Levels of inbreeding vary among Alpine ibex
populations, ranging from values that are lower
than those found in offspring from first cousins
(f<0.0625, e.g., Gran Paradiso f¼ 0.05) to values
that are higher than those found in offspring from
full-siblings (f>0.25, e.g., Mercantour/Alpi
Marittime f¼0.36). Note that this does not neces-
sarily imply that full-sib matings are taking place.
Instead, inbreeding accumulates over time in
small populations and can thus result in such
high values (e.g., Ewing et al. 2008). Just like
genetic diversity, inbreeding levels of Alpine
ibex populations depend on the specific demo-
graphic history of the populations. Populations
have higher inbreeding levels when less founder
individuals were used for the reintroduction and
when the population size since founding was
small for longer periods of time (Biebach and
Keller 2010). Inbreeding depression, the well-
known harmful effects of inbreeding, is also evi-
dent in Alpine ibex. Inbred individuals have lower
body mass, smaller horns, and increased parasite
burden (von Hardenberg et al. 2007; Brambilla
et al. 2015). Additionally, populations with higher
average inbreeding levels have lower population
growth rates (Bozzuto et al. 2019).

Hybridization

The genus Capra is a relatively young genus and
thus all Capra species are capable to hybridize
and produce fertile offspring in captivity (Coutu-
rier 1962). In nature, hybridization among Capra
species still occurs when Capra species inhabit
the same range (for a review, see Iacolina et al.
2019). Additionally, genetic analysis suggests
ancestral hybridization events among Capra spe-
cies (Pidancier et al. 2006; Kazanskaya et al.
2007). The domestic goat is the only Capra spe-
cies occurring in the same region as free-ranging
Alpine ibex. Ongoing hybridization has been
reported (Giacometti et al. 2004). Where it has
been detected, hybrids were culled to prevent
genetic introgression into Alpine ibex. A genetic
survey of many present-day ibex populations

revealed no evidence for widespread ongoing
hybridization (Biebach, Grossen, Keller
unpublished data). However, genetic analysis of
the MHC region revealed a successful hybridiza-
tion event between Alpine ibex and domestic
goats in the more distant past. One of the two
MHC alleles found at exon 2 of the DRB gene in
Alpine ibex is identical to one allele of the domes-
tic goat. The chromosomal region around the
MHC of Alpine ibex carrying the goat-like allele
shows the signature of recent introgression and no
signs of the alternative explanation for sharing an
allele at the MHC between species, ancient trans-
species polymorphism (Grossen et al. 2014). The
allele is likely introgressed into Alpine ibex from
one hybridization event a few hundred years ago
when Alpine ibex were reduced to one small
population in the Gran Paradiso region. Subse-
quently, the allele increased in frequency and
spread with the reintroductions across the Alps.
The introgressed allele critically increases genetic
diversity at MHC of Alpine ibex and is presum-
ably adaptive as a broader MHC sequence reper-
toire improves the immune response (Grossen
et al. 2014).

Conservation Genetics

Alpine ibex have the IUCNRed List status of least
concern. However, they carry the burden from
their population history of repeated bottlenecks
that might pose a threat in the future. The low
genetic diversity of Alpine ibex indicates low
adaptive potential for forthcoming environmental
changes, and the harmful effects of inbreeding will
increase over time unless inbreeding is reduced.

Inbreeding can be decreased and genetic diver-
sity enhanced by restocking populations with
individuals from distantly related Alpine ibex
populations with relatively high genetic diversity.
Some translocations to reduce inbreeding and
increase genetic diversity have already been car-
ried out (e.g., Mercantour/Alpi Marittime, Graue
Hörner, Pilatus). For those populations, the
assignment to genetic clusters (Fig. 5) will likely
change as the newly introduced genes spread in
the populations.
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Life History

Growth

Growth curves of male and female ibex are pecu-
liar of the species and mirror the sex-specific
survival pattern (see section “Survival”): while

maximum body size in females is reached at the
age of around 5 years (Toïgo et al. 2002), male
Alpine ibex keep growing until the age of
10–12 years when they reach asymptotic mass
(Fig. 6b). Such unusual patterns highlight the
fact that male ibex have developed a very conser-
vative life-history strategy: young males invest

Fig. 6 (a) Age-related survival rates of male and female
Alpine ibex (modified from Toïgo et al. 2007); (b) Growth
curves of body mass in male and female Alpine ibex. Data
for males (N ¼ 577) were collected in Gran Paradiso
National Park (Italy) from 2000 to 2018 via a platform

scale baited with salt and standardized at the 1st of August.
Data for females (N ¼ 310) were collected in the
Belledonne population (France) during captures that
occurred in May
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little in the rut. They avoid conflicts with larger
individuals (see section “Behavior”), but maxi-
mize growth and survival until an advanced age
when they will be large enough to be dominant
and have privileged access to females. Then they
wear out following a few years of high reproduc-
tive investment (Toïgo et al. 2007; Willisch et al.
2012).

Reproduction

Alpine ibex are seasonal breeders. The rut takes
place from early December to mid-January, with a
peak between 15th of December and 10th of
January (Couturier 1962; Willisch and Neuhaus
2009, 2010; Apollonio et al. 2013). Alpine ibex
females are seasonally polyestrous, the estrous
cycle averages 20 days, and gestation length is
about 170 days (Couturier 1962; Stüwe and
Grodinsky 1987). Females isolate themselves
and select very steep cliffs to give birth in safe
areas. Alpine ibex kids are able to follow their
mother already one day after birth and are
extremely agile in the cliffs where they are born
as early as 3 days old. Births occur from beginning
of June to mid-July (Toïgo 1998; Toïgo et al.
2002). This late timing of parturition, compared
to other ungulates, is linked to the high altitudes of
Alpine ibex ranges, where the timing of plant
green-up is delayed compared to lower altitude
regions (Pettorelli et al. 2007).

Both males and females can be sexually active
as young as at 1.5 years of age but age at first
reproduction is highly variable. In females, it
strongly depends on population density: they
breed for the first time at 2 years of age in growing
populations, while age at primiparity is delayed to
3 or even 4 years old in stable populations (Toïgo
et al. 2002). Age at first reproduction is variable
also in males. Despite being fertile from the sec-
ond year of life, less than 5% of males reproduce
at 2 years of age because older and bigger males
which are dominant prevent the younger males to
have access to oestrus females (Willisch et al.
2012).

Reproductive success depends on age in both
sexes. The only study reporting genetic data on

sired offspring (Willisch et al. 2012) showed that
reproductive success of males increases with age
from 6 years, reaching the maximum around
10–11 years and then declining sharply. However,
the population under study was subject to hunting
and the proportion of old males (12 years old and
more) was lower than in non-hunted populations.
Behavioral observations carried out in non-hunted
populations suggest that males of 12–13 years of
age still have high reproductive success (Apollonio
et al. 2013).

In females, reproductive success increases in
early life (2–4 years), reaching a plateau in prime
age (4–12 years), and then declines in the senes-
cent stage from 13 years onwards. Females may
produce a kid yearly until the age of 16 years, but
very rarely later on (e.g., Toïgo et al. 2002). In
growing populations in early phases of coloniza-
tion,>90% of prime-aged females give birth each
year, but this proportion falls below 60% in stable
populations (Girard 2000; Toïgo 1998; Largo et al.
2008; Garnier 2013). Females generally give birth
to one kid, but twinning may occur at a low rate
(<10% of births). Observations suggest that twin-
ning rate is higher in growing populations than in
stable ones. Kids weigh 2–3 kg at birth, and
sex-ratio at birth in captive populations is unbiased
(Stüwe and Grodinsky 1987).

Survival

Kids have a high survival rate until the beginning
of winter. Juvenile survival during the first winter
is usually<0.50 but highly variable (from 0.20 to
0.80) according to weather conditions (Jacobson
et al. 2004; Pettorelli et al. 2007). However, little
detailed information on juvenile survival is avail-
able because of the difficulty of capturing and
marking kids in this species.

Like reproductive performance, survival rates
are also strongly affected by age in both sexes
(Fig. 6a). Female survival is very high from 1 to
8 years of age (>0.95) in all populations where
this parameter has been estimated, regardless of
the environmental conditions, and mirrors the
classical pattern reported for other ungulate
females, with a slow and regular decline
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afterwards (Girard et al. 1999; Toïgo et al. 2007;
Largo et al. 2008; Garnier 2013). Males instead
show a completely atypical pattern compared to
other large herbivore species. Having survived the
first winter, they survive at a very high rate until
10–12 years of age, and then express a very sharp
decline in survival rate (Toïgo et al. 2007). The
unequal survival rates of males and females lead
to a sex ratio biased towards females in the oldest
age classes (i.e., >11 years). Adult survival of
both sexes is buffered against variation in popu-
lation density (Toïgo et al. 2007) but may be
strongly affected when winter snow cover is par-
ticularly deep (Jacobson et al. 2004; Lima and
Berryman 2006). Longevity is around 13–14 up
to 15–17 years for males and 16–17 years for
females, but it is not rare to observe males aged
17 years old and females up to 22 years old.

Habitat and Diet

Habitat Selection and Movement

With two exceptions (Jura Mountains in Switzer-
land and Bulgaria), Alpine ibex habitat is
restricted to the biogeographic delineation of the
Alps. The species mostly lives in open habitats
above the upper treeline ecotone, in the alpine and
subnivale zone between 1600 and 3200 m above
sea level (Nievergelt and Zingg 1986). Alpine
meadows and pastures characterize this craggy
terrain, where south-exposed, steep and rocky
slopes are relatively well represented. Alpine
ibex can be found on both, siliceous and carbona-
ceous substrates. In total, 44 vegetation types
were described across the species’ distribution
range (Wiersema 1989), half of them are charac-
teristic of thermophile and xerophile conditions,
which translate mainly to xeric alpine grasslands
and rupicolous and scree communities. Although
the current distribution of Alpine ibex is strongly
influenced by its reintroduction history (Biebach
and Keller 2009), the majority of the large Alpine
ibex populations can be found in regions with an
inner-alpine continental, dry climate (Wiersema
1989). This climate seems to positively influence
the performance of Alpine ibex populations as

suggested by Couturier (1962) and Nievergelt
(1966) who showed that the amount of rainfall
during the gestation period is inversely related to
the species’ reproductive success and to population
growth rate (Grøtan et al. 2008; Bozzuto et al.
2019). Depending on the season and the region,
Alpine ibex occasionally inhabit forests as long as
they are gappy, sunny, and interspersed with rocks
(Hofmann and Nievergelt 1972).

Compared to other ungulates, Alpine ibex
show high site fidelity and a conservative use of
space (Parrini et al. 2003). They tend to be
philopatric from year to year, prefer slopes of
30–45� inclination, and use small caves and over-
hangs for shelter (Nievergelt 1966). Predator
avoidance, thermoregulation, and access to food
play a central role in habitat selection and space
use. Hence, Alpine ibex show seasonal migration
between summer and winter home ranges. Males
cover a larger altitude range than females and can
be found at lower altitudes in spring (Herfindal
et al. 2019) and higher altitudes in summer
(Abderhalden 2005), although this pattern largely
depends on site topography. Average winter-
summer dislocation distances are larger for
males than for females (Abderhalden 2005),
strongly varying among individuals and among
populations (from tens of meters to several kilo-
meters). Home range sizes are inversely related to
snow cover in both sexes (Parrini et al. 2003;
Grignolio et al. 2004) and tend to be smallest in
winter, largest during summer and autumn, and
intermediate in spring. Grignolio et al. (2004)
showed that in Gran Paradiso, the mean overlap
between female annual home ranges of consecu-
tive years was 82% and the activity centers dif-
fered less than 200 m. In males, home range
overlap ranged between 79% and 100%, and
activity centers were at most 900 m apart from
one year to the next (Parrini et al. 2003).

The marked age- and sex-specific social and
spatial segregation of this species can be explained
by the differences in body size among males and
between males and females and by behavioral dif-
ferences (Villaret et al. 1997; Ruckstuhl and
Neuhaus 2001; Neuhaus and Ruckstuhl 2002;
Brivio et al. 2010, 2014). Adult males tend to
feed on relatively low inclination pasturelands
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where they find large amounts of biomass (Villaret
et al. 1997). Due to their large size, the rumen of
males is apt to intake and process larger quantity of
fiber-rich biomass than that of females. Similar
differences are also found amongmales of different
age classes that differ in body size and energy
metabolism. Younger males behave and use areas
more similar to females than to older males
(Grignolio et al. 2007a). As females are smaller
and more subject to predation risk, they occupy
different habitat than males for most of the year,
generally staying close to rock cliffs and precipi-
tous rocky terrain (Grignolio et al. 2019). Prefer-
ence for safe and easy-to-escape areas is further
increased during summer for breeding females.

Both sexes prefer south to south-west exposed
habitat in winter, which is first free of snow due to
solar radiation and avalanches (Nievergelt 1966),
whereas summer preferences vary with sex and
location (Girard 2000; Abderhalden 2005). In
spring, Alpine ibex migrate to lower altitudes
with snow melt and the onset of plant growth
that provides access to high-quality vegetation
after the rigors of the winter with restricted access
to food (Wiersema 1983). Spring is a critical
period for Alpine ibex to secure enough energy
for growth and reproduction (Giacometti et al.
2002; Büntgen et al. 2014). As ambient daily
temperatures increase in spring and summer and
snow melts at higher altitudes, Alpine ibex follow
the green wave upwards and move to the alpine
pastures (Parrini et al. 2003; Grignolio et al.
2004). In autumn, they use the alpine pastures in
relation to environmental conditions, in particular
weather and the first onset of snow (Nievergelt
1966; Büntgen et al. 2017).

Feeding

Ibex are herbivores and intermediate feeders
(sensu Hofmann 1989). Due to their large body
mass, they have large rumens and are able to
slowly process large quantities of food. The slow
digestion increases the digestive efficiency, which
enables Alpine ibex to live on large amounts of
food even if of low quality (Illius and Gordon
1992). Due to their pronounced sexual

dimorphism, males and females also differ in
their digestive efficiency and thus in their dietary
needs: females have a lower digestive efficiency
than males and thus need forage of higher quality
with a lower C/N (Carbon to Nitrogen) ratio
(Geist 1974).

Females and males also show different forag-
ing patterns during summer. Male Alpine ibex
have foraging peaks in the early morning and
late afternoon (Nievergelt 1966) while females,
both lactating and non-lactating, can have more
than six foraging peaks per day during daylight
hours (Neuhaus and Ruckstuhl 2002). Some stud-
ies also report occasional nocturnal feeding in
summer (Rauch 1937; Schnitter 1962) and
autumn (Ten Houte de Lange 1978).

As inhabitants of open landscapes, Alpine
ibex rely mainly on grass and herbs in all sea-
sons, but woody plants and cryptogams in low
quantities are also eaten (Couturier 1962). The
ratio of grass to dicotyledonous herbs is 2.4, and
as such considerably higher than in Alpine
chamois (1.1); red deer, Cervus elaphus (1.2),
and roe deer, Capreolus capreolus (0.9) (Frei
1972). In an alpine, silicaceous study area
between 1900 and 3000 m above sea level, the
diet of various ibex groups mainly composed of
females, kids, and young males comprised 60%
grass species, 38% herbs, and 2% woody plants
(Ten Houte de Lange 1978). Out of
200 available plant species, 99 species were
eaten. However, almost 80% of the total food
intake consisted of 25 plant species only.
Strongly preferred were the following species:
Anthoxanthum odoratum, Bupleurum stellatum,
Carex curvula, Carex sempervirens, Festuca
rubra, Festuca violacea, Poa alpina, and Sene-
cio incanus. In a nearby colony inhabiting
alpine grasslands on calcerous soils, the pre-
ferred species were Carex sempervirens,
Festuca rubra, Helianthemum nummularium,
Poa alpina, Sesleria caerulea, Valeriana mon-
tana, and Valeriana supina. During winter and
in areas where the extent of Alpine grasslands
between the timberline and the mountain ridges
is small, the ratio of woody plants in the nutri-
tion is slightly higher (Couturier 1962;
Nievergelt and Zingg 1986). However, male
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and female diet differs due to different energetic
needs related to body size and lactation.
Herfindal et al. (2019) have shown that males
have a higher use of grasslands than females
throughout the year.

Similar to other ruminants, Alpine ibex show a
strong attraction for salt and minerals of natural or
artificial origin. They have been documented
standing on the sheer face of dams in several
areas where they lick the stonework to obtain
mineral salts (Biancardi and Minetti 2017).

Behavior

Social Behavior

Alpine ibex are gregarious and live in groups for
most of the year. Typically, male and female
Alpine ibex live in separate groups outside the
rut (Bon et al. 2001). Females tend to have more
stable social bonds than males, have smaller home
ranges, and are more philopatric (Villaret and Bon
1995; Marchand et al. 2017). Female groups are
typically composed of 5–10 females with or with-
out kids (Villaret and Bon 1998). Two- to 3-year-
old males move often between male and female
groups. Typical group sizes of males range
between 2 and 16 individuals, although it is possi-
ble to observe groups of more than 50 males. Typ-
ical group size also depends on population density
and is generally larger in spring and early summer
than during winter (Toïgo et al. 1995, 1996).

During spring and summer, males form highly
connected and cohesive social networks with a
fission fusion dynamic: group composition
changes frequently but all individuals often
come into contact (Marchand et al. 2017). Young
males often group with older males. However,
despite the high rate of fission-fusion events, sub-
grouping patterns are evident, and age seems to be
a key factor influencing group composition with
individuals of similar age more often grouping
together. This may be partly related to differences
in time budget and synchrony as it is the case for
sexual segregation, but it is probably also due to
social reasons. Young males need to develop their
fighting skills by interactions with individuals of

the same age class and need to avoid risky inter-
actions with older males.

Mating Behavior

Alpine ibex have a serially polygynous mating
system: males canmate with several females during
a reproductive season but they only can court one
female at a time. During the rutting season, males
join groups of females on slopes relatively free from
snow (Villaret et al. 1997) and court, follow, and
monopolize access to them until they are sexually
receptive. Courting of females is mainly done by
large, dominant males that attempt to prevent other
males frommating. Along with this “tending” tactic
achieved by dominant, i.e., old males, younger
subordinate males developed an alternative “cours-
ing” tactic. Coursing young males try to achieve
temporary access to a female when they run away
from the tending, dominant male (Willisch and
Neuhaus 2009; Apollonio et al. 2013). Although
reproductive success is biased toward old dominant
males that use the tending tactic, reproduction by
young or very young individuals has also been
confirmed with genetic analyses (Willisch et al.
2012). The coursing tactic appears to be low-cost
compared to tending and can also be more suitable
in snowy winters (Apollonio et al. 2013)

Dominance in males is established via agonistic
interactions that occur throughout the year except
in late winter immediately after the end of the
rutting season (Toïgo, pers. obs.). Age and body
mass are the most important factors shaping the
dominance hierarchy (Bergeron et al. 2010). Most
of the interactions among males occur during
spring when males start to group in meadows
with fresh, green vegetation. Interaction rates
decrease in summer as males spend more time
foraging and increase again before the rutting sea-
son. At the time of the rut, however, most of the
hierarchy is already established and contests are
most frequent among males of similar age-body
size (Willisch and Neuhaus 2009; Bergeron et al.
2010; Willisch and Neuhaus 2010). As the rutting
season occurs in winter with high snow cover and
reduced forage, the early establishment of hierar-
chies possibly allows energy savings during the rut.
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Communication

Male and female ibex vocalizations consist of a
single short and sharp whistle. Generally, they are
produced singularly but may also be repeated at
short intervals. Whistles are used as alarm-stress
calls but may also have other social functions as
they are sometimes produced in absence of danger
during group interactions. Bleating is used as a
call between females and kids (Couturier 1962).

Activity

The high degree of dimorphism in body size
between males and females and among males of
different ages is also associated with physiologi-
cal differences that lead to different activity bud-
gets all year round (Tettamanti and Viblanc 2014).
Adult males, young males, and females alternate
feeding and resting periods at different time scale.
Males feed and rest for longer than females that
alternate more frequently between feeding and
ruminating. Young males show an intermediate
cycle between fully grown males and females
(Ruckstuhl and Neuhaus 2001; Neuhaus and
Ruckstuhl 2002). Such different feeding cycles
lead to an asynchrony in the activity rhythms of
males and females providing a mechanistic expla-
nation for the sexual segregation that arises even
when both sexes occupy the same feeding sites
(Ruckstuhl and Neuhaus 2002).

Antipredatory Strategy

Flight initiation distances from approaching
potential predators are shorter in Alpine ibex
than in other sympatric ungulates. This is due to
the species’ antipredator strategy to live close to
escape terrain such as cliffs that can be quickly
reached in case of perceived danger (Grignolio
et al. 2007a, b). Flight initiation distances are
shorter in adult males than in females as the latter
are more susceptible to predation risk. Currently,
however, predation risk is generally low for the
species due to the low densities of large carnivores
in most parts of the distribution (Grignolio et al.

2019). Once on a cliff, ibex are out of reach for
terrestrial predators such as wolf Canis lupus and
females can better defend themselves and their kids
from raptors such as golden eagle Aquila
chrysaetos that occasionally depredate kids.

Parental Care

Prior to parturition, ibex females isolate them-
selves to give birth in safe steep and rugged terrain
(Grignolio et al. 2007b). Within just a few days,
the neonates are able to follow their mothers who
join other females with kids, forming nurseries.
Parental care is provided exclusively by females,
which lactate from 3 to 5 months although kids
stay with their mothers at least until the following
spring.

Parasites and Diseases

Endoparasites

Common endoparasites found at subclinical
levels in Alpine ibex include gastrointestinal and
bronchopulmonary nematodes. The two dominant
gastrointestinal nematode species are Teladorsagia
circumcincta and Marshallagia marshalli,
accounting together for 69% of the total parasite
burden (Zaffaroni et al. 2000). Other species fre-
quently observed are: Nematodirus filicollis,
Nematodirus oiratianus, Ostertagia lyrata, and
Ostertagia ostertagi. Symptoms of these infec-
tions mainly consist of reduced appetite, reduced
food intake, and reduced digestive efficiency
(Gunn and Irvine 2003) thus leading to physical
deterioration. Bronchopulmonary nematodes are
mostly of the Protostrongylus and Muellerius
group and may result in parenchymal lesions and
act as predisposing factors for multifactorial pneu-
monia (Cassini et al. 2015).

Infectious Diseases

Alpine ibex can be affected by several other infec-
tious diseases. A list of some of the pathogens
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often detected by serological analysis (Tolari et al.
1987; Gennero et al. 1993; Hars and Gauthier
1994; Marreros et al. 2011) is presented in
Table 2.

As often in wildlife populations, it is difficult to
relate the influence of these infections to effects on
population dynamics, as the pathogen-host
dynamic is the result of the interaction between
complex behavioral, physiological, and genetic
mechanisms. Nonetheless, some diseases have
been associated with occasional population
crashes, such as: sarcoptic mange (caused by
Sarcoptes scabiei), pneumonia (different patho-
gens: Mycoplasma agalactiae, Mycoplasma spp.
Pasteurella/Mannheimia haemolytica, Herpes
virus), infectious keratoconjunctivitis (Myco-
plasma conjunctivae), and contagious ecthyma
(Parapoxvirus) (De Danieli and Sarasa 2015).
The diseases that affect survival or, as zoonoses,
can be transmitted to humans are briefly described
hereafter.

Sarcoptic Mange
The consequences of sarcoptic mange outbreaks
in the Alpine ibex populations of the Italian East-
ern Alpine arc were in many cases dramatic,

similar to those recorded in Iberian wild goat
(León-Vizcaíno et al. 1999): the mortality reached
up to 80–90% and in some cases lead to local
extinctions (León-Vizcaíno et al. 1999; Car-
mignola et al. 2006; Rossi et al. 2007). The etio-
logical agent, Sarcoptes scabiei, is the same that
causes mange in Alpine chamois (Lavin et al.
2000; Rossi et al. 2007) and has relevant affinity
with the Sarcoptes species affecting domestic
ruminants, domestic goat in particular. Several
authors provided evidence for domestic-wild
transmission (Gortázar et al. 2007). The mortality
is often due to the severe self-intoxication caused
by tissue destruction resulting from the prolifera-
tion of the parasite (Rossi et al. 2007).

Respiratory Diseases
In some outbreaks of respiratory diseases, mortal-
ity can be high, especially in high density
populations: population crashes were described
both in France (Demeautis 1982; Delorme 2008)
and in the Italian Alps (Dotta 2009; Bassano
unpublished). The origin of the respiratory dis-
eases in the Alpine ibex is still not clear. In other
mountain ungulates, the infection is frequently
caused by pathogens derived directly from domes-
tic ruminants (e.g., in bighorn sheep, Ovis
canadensis: Pasteurella haemolytica, Foreyt et al.
1994; Mannheimia haemolytica, Lawrence
et al. 2010; Mycoplasma ovipneumoniae, Cassirer
et al. 2018). In these cases, livestock herd manage-
ment is very important for reducing the risk of
contamination of wild populations (Richomme
et al. 2006).

Infectious Keratoconjunctivitis
Although Alpine ibex are not very sensitive to
infectious keratoconjunctivitis (caused by Myco-
plasma conjunctivae), in some situations high
mortality can result, often caused by falls linked
to bilateral loss of vision, mainly during the winter
season, and by starvation of blind animals (Belloy
et al. 2003). Mortality can also be a consequence
of brain lesions associated with ocular infection
(Bassano et al. 1994). Ocular infection comes
from direct contact with infected and often asymp-
tomatic sheep Ovis aries or goats (Giacometti
et al. 1998; Belloy et al. 2003) or by flies that act

Table 2 Serological prevalence of some typical wildlife
diseases recorded in Alpine ibex. Prevalence values: N ¼
absence 0%; L ¼ low prevalence <5%; M ¼ medium
prevalence 5–25%; H ¼ high prevalence >25%. Values
obtained from: Gennero et al. 1993; Hars and Gauthier
1994; Tolari et al. 1987; Marreros et al. 2011; Bassano
unpublished

Pathogen agent Prevalence

Mycobacterium avium subsp.
paratuberculosis

L

Brucella abortus/melitensis L/H

Brucella ovis L

Neospora caninum N/L

Toxoplasma gondii L

Mycoplasma agalactiae L

Salmonella abortusovis / abortusequi H/L

Leptospira spp. L

Besnoitia spp. L

Pestivirus L

Infectious Bovine Rhinotracheitis virus L

Bluetongue virus N

Maedi Visna/CAEV N
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as vectors between the species (Degiorgis et al.
1999). Recently, it has been demonstrated that the
pathogen may also be present in healthy Alpine
ibex, which, in this case, would serve as reservoirs
(Ryser-Degiorgis et al. 2008).

Brucellosis
Zoonoses represent an important management
issue for wild ungulates, as they often result in
drastic interventions, as in the case of the Brucella
melitensis infection in Alpine ibex (see below).
Brucellosis is a major zoonosis of worldwide pub-
lic health and economic importance, and the dis-
ease is mainly caused by Brucella abortus and,
more rarely, by Brucella melitensis where cattle
are sympatric with infected sheep or goats (Mick
et al. 2014).

The presence of Brucella melitensis in moun-
tain ungulates, until a few years ago, was abso-
lutely rare and characterized by very low
prevalence, <2% (in Alpine chamois: Garin-
Bastuji et al. 1990; Richomme et al. 2006; in
Alpine ibex: Ferroglio et al. 1998). The recent
outbreak in the Bargy massif (France), discov-
ered in 2012, changed this perception. Brucello-
sis was found in the population of Alpine ibex in
Bargy with a prevalence never described before
(seroprevalence nearly reached 45%, Mick et al.
2014; Marchand et al. 2017). This serious zoo-
nosis outbreak, originating from infected cattle,
led to drastic measures of intervention (culling
of half of the population). The unusual sensitiv-
ity of Alpine ibex in Bargy to Brucellosis is not
understood yet, and several hyptoheses are
being investigated. One of them may be related
to the reintroduction history of this population,
with few individuals reintroduced in the 1970s
in an almost closed and isolated massif, leading
therefore to the potential loss of genetic varia-
tion conferring resistance (Anses 2016;
Quéméré et al. 2020). Although this link has
not been fully demonstrated, it highlights the
importance of conservation genetic studies in
support of management decisions, to prevent
economic interests to dominate over conserva-
tion interests.

Contagious Ecthyma
Contagious ecthyma is a widespread and com-
mon disease in many wild ungulates (Samuel
et al. 1975; Nandi et al. 2011). Although this
disease is localized to single parts of the body
(predominantly to the lips, tongue, foot, and
breast), it can affect kid survival, reducing daily
milk intake, and exposing them to malnutrition
and to diseases caused by ubiquitous pathogens
that become fatal (especially acute pneumonia).
In Rocky Mountain bighorn sheep, contagious
ecthyma was described as an important cause of
lamb mortality (Goldstein et al. 2005). This dis-
ease, caused by a Parapox-Orf virus (Scagliarini
et al. 2011), was described in Alpine ibex a long
time ago (Couturier 1962). Nevertheless, to date,
no effect on population dynamics has been
described. This disease has a chronic course,
remains for a long time inside the population,
and can be transmitted by domestic goats and
sheep. Some progressive declines of Alpine
ibex populations, which are related to the
decrease of kid survival, may be due to this
disease, often difficult to diagnose, although
clinically evident. However, the potential effects
of this and other diseases that affect kid survival
are difficult to quantify because the small car-
casses of kids are quickly removed by opportu-
nistic scavengers and are thus difficult to detect.

Population Ecology

Population Dynamics

The dynamics of Alpine ibex populations differ
according to the time since population establish-
ment: recently founded populations show a typi-
cal exponential growth pattern (Loison et al.
2002), while more established populations typi-
cally show regular oscillations around the carry-
ing capacity, mostly driven by density dependent
and meteorological factors (von Hardenberg et al.
2000).

In the Gran Paradiso population, more than
80% of the variability in Alpine ibex population
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growth until the mid 1980s could be explained by
the interaction between population density and
average snow depth, a proxy of the winter climatic
conditions (Jacobson et al. 2004). Snow depth,
together with precipitation and temperature, have
been identified as major limiting factors of yearly
population growth rate also in the Swiss National
Park (Sæther et al. 2002) and in other 26 reintro-
duced populations in Switzerland, for which
changes in population sizes were shown to be
influenced by climatic variables of the previous
winter (33% of the populations), but also by cli-
matic variables of the winter before the last one
(23%), of the previous summer (21%) and the
summer before the last one (23%) (Grøtan et al.
2008). These strong effects of climatic variability
on population growth suggest that Alpine ibex
might be particularly sensitive to global climate
change. In particular, declining snow cover during
winter and spring in the Alps (Beniston 1997),
while favoring adult winter survival, has changed
the timing of plant phenology causing a mismatch
between the timing of ibex births and the peak in
primary production of alpine pastures. Changes in
the phenology of pastures have been associated
with declining kid survival in Alpine ibex as well
as in bighorn sheep and mountain goats,
Oreamnos americanus (Pettorelli et al. 2007). In
agreement with these results, Mignatti et al.
(2012) showed that the relationship between
both kid survival and weaning success and snow
depth is nonlinear, with a maximum at average
snow depth and lower survival and weaning suc-
cess both at lower and higher snow depths. Con-
cordant with these results, warm spring or summer
temperatures have been found to negatively affect
ibex survival in both sexes as well as female
reproductive success in the Belledonne popula-
tion (Toïgo et al. 2016). Climate change appears
to have changed also the altitudinal distribution of
the Alpine ibex: between 1991 and 2013, ibex
hunting locations shifted in altitude by an average
of 135 m in the Canton Graubünden, Switzerland
(Büntgen et al. 2017), indicating a behavioral
response of the species to warmer autumn condi-
tions. Similarly, Herfindal et al. (2019) found that

Alpine ibex of both sexes shift towards higher
altitudes during warmer springs and summers.
While it is not clear so far if these climate-induced
changes in the altitudinal distribution have nega-
tive impacts on the overall population perfor-
mance, Mason et al. (2017) showed that Alpine
ibex shifting to higher altitudes to thermoregulate
in summer have a lower quality diet due to the use
of less productive pastures but do not compensate
by increasing feeding time. Büntgen et al. (2014)
found a contrary signal in males of eight Swiss
colonies with better horn growth performance in
years with a climate-induced early onset of vege-
tation growth between 1978 and 2011. In the
Belledonne population, on the other hand, warm
springs and summers have been found to have
negative effects on individual performance (horn
length, survival, and reproductive success, Toïgo
et al. 2016, 2017). These contrasting results could
be linked to the altitudinal range of the study sites.
In Belledonne, ibex already occupy the whole
altitudinal range of the massif and cannot move
upwards with increasing temperature, as did
Alpine ibex in Swiss populations.

Interspecific Interactions

Alpine ibex live in sympatry with Alpine chamois
over the whole species range but evidence for
direct interspecific resource competition affecting
Alpine ibex population growth is lacking. This is
also supported by studies from the Swiss National
Park where Alpine ibex population growth rate
was not influenced by chamois population size.
However, dietary overlap between Alpine ibex,
chamois, and red deer was high, and red deer are
colonizing ranges that were previously occupied
only by chamois and Alpine ibex (Anderwald
et al. 2015). A recent study by Herfindal et al.
(2019) suggests that high densities of red deer and
chamois may affect ibex spatial behavior, pushing
them upward and toward more marginal areas.
Altitudinal range and habitat use of female Alpine
ibex seems to be more affected than that of males
by chamois abundance while competition with red
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deer seems to affect both sexes similarly
(Herfindal et al. 2019).

Interactions of Alpine ibex with domestic
sheep and goat are frequent, particularly during
summer (Richomme et al. 2006). No study so far
has addressed direct competition for food between
Alpine ibex and livestock, but the decrease of
resources available for ibex due to domestic her-
bivores grazing is suspected to be high. The pres-
ence of domestic ungulates in Alpine pastures has
been shown to increase the risk of inter-species
pathogen transmission (Ryser-Degiorgis et al.
2002; Mick et al. 2014). Moreover, the presence
of domestic goats may increase the risk of hybrid-
ization with Alpine ibex (Grossen et al. 2014;
Iacolina et al. 2019).

Conservation Status

The Alpine ibex is included in the Bern Conven-
tion (Convention on the Conservation of
European Wildlife and Natural Habitats, Appen-
dix III – Protected Fauna Species, 1979) and in the
European Directive 43/92/CEE “Habitat,” Annex
V (Updated with Directive 97/62/CE, 27 Oct
1997). The IUCN classifies Alpine ibex as a spe-
cies of Least Concern (LC) “in view of its wide
distribution, presumed large population, and
because it is not declining at nearly the rate
required to qualify for listing in a threatened cat-
egory.” However, the IUCN status also declares
that “the species needs conservation action to
prevent future decline” (Toïgo et al. 2020).

Management

In most parts of the species distribution, Alpine
ibex habitat has experienced significant changes
in the last decades because of a widespread aban-
donment of agriculturally used mountain pastures.
These areas have naturally reforested at low to
medium altitude causing a reduction of the spring
habitat of Alpine ibex. On the other hand,
resources for wild ungulates may be limited in
areas with high densities of livestock. Currently,
there is no clear evidence of the effects of these

opposing trends on the population dynamics of
the species. However, changes in Alpine ibex
range use are observed in areas with evident
land-use alterations.

Human-induced disturbance is increasing in
the Alps (e.g., recreation and outdoor sports,
flights of helicopter, and hang-gliders) and may
cause changes in the activity patterns of Alpine
ibex (Ingold 2005; Brambilla and Brivio 2018).
The economic value of this iconic ungulate spe-
cies is very high for Alpine tourism and the
appeal of protected areas (GPNP unpublished
data). Conflicts with humans are limited and
were generally related to the impact of browsing
on rejuvenating forests and on mountain pastures
in the past. In recent times, concerns arose about
the possible spreading of zoonoses (e.g., the case
of Brucella melitensis in the Bargy massif, Mick
et al. 2014).

Although the Alpine ibex is a protected spe-
cies, there is no common, coordinated manage-
ment, and conservation strategy among the
different countries. Here, we provide a summary
of the protection and hunting laws for each coun-
try. France: Alpine ibex is protected, and hunting
is not permitted on the whole French territory.
Alpine ibex is included in the List of Endangered
Species (French Game and Wildlife Office –
Office National de la Chasse et de la Faune
Sauvage ONCFS), and there was a National
Action Plan for the reintroduction of the species:
“Strategie de reintroduction des bouquetins en
France 2000–2015.” Italy: Alpine ibex is pro-
tected, and hunting is not permitted except in the
autonomous province of Bolzano, where some
individuals are culled for containment of sarcoptic
mange. Switzerland: Alpine ibex is a protected
species (LCP, 20 June 1986 on the Hunting and
Protection of Wild Mammals and Birds) with a
special decree (ORES 922.27, 30 April 1990) that
regulates its management and hunting. Hunting
started in 1977 with a current annual bag of
about 1000 individuals. Annual bags are based
on annual spring censuses, which are conducted
by the cantons for each colony. Austria: In Aus-
tria, ibex are hunted since 1978. Hunting regula-
tions are different for each of the five states that
host ibex colonies (Styria, Carinthia, Salzburg,
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Vorarlberg, and Tyrol) and for each hunting dis-
trict. Germany: Alpine ibex occur only in few
small colonies in Bavaria. Ibex are protected and
not a game species with regular hunting season
but some animals are culled to reduce the brows-
ing impact in forests. Slovenia: In Slovenia, the
Alpine ibex is a game species, hunted in the col-
ony of Bovec and Brana. In the colony of Triglav,
ibex affected by sarcoptic mange were culled for
sanitary reasons.

Future Challenges for Research
and Management

The biggest issues for the conservation of Alpine
ibex in a period of rapidly changing environmental
conditions in the Alps appear to be the isolation of
the populations in combination with low
recolonization rates, low genetic diversity, and
high inbreeding levels. Low genetic diversity is
disadvantageous as it lowers the adaptive potential
of populations to a changing environment and their
resilience in the face of climate change and resis-
tance to disease outbreaks. Therefore, to ensure the
long-term viability of ibex populations, genetic
diversity needs to be enhanced and inbreeding
reduced. However, the basis for any management
plan is the availability of detailed data on the
dynamics and genetics of each population. A coor-
dinate collection of census data in a standardized
format across different populations and countries is
thus an essential requirement to plan balanced con-
servation and management actions.

Furthermore, other important points to address
in future research are:

• Study the effects of climate change on popula-
tion dynamics, both through its direct effects
on ibex (thermoregulation, activity budget,
habitat selection, reproductive success, and
survival) and through its indirect effects (for-
age quantity and quality, parasite infections)

• Improve the knowledge about sex-specific dif-
ferences in life history, behavior, and physiology

• Study competition between domestic species,
chamois, red deer, and Alpine ibex and the
effects on population dynamics both in terms

of disease transmission as well as resource
competition and disturbance

• Identify traits and genes that are involved in
inbreeding depression and how they affect
population growth rate

• Explore diseases, e.g., factors for susceptibility
to keratoconjunctivitis, brucellosis, or sarcoptic
mange

• Study the effect of large predators (e.g.,
wolves) on population dynamics before/after
the recolonization of mountain habitats by the
predator in the near future

• Investigate the effect of hunting on the demog-
raphy and viability of ibex populations

• Investigate how the expansion of recreational
activities (e.g., climbing, paragliding) may
impact behavior and demography of ibex
populations.
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Common Names

English Iberian wild goat

German Iberischer Steinbock

French Bouquetin Ibérique

Spanish Cabra montés

Italian Stambecco iberico

Russian Пиренейский козёл

The name of Spanish ibex to designate Capra
pyrenaica occurs in the scientific literature, and
some have defended its appropriateness (Sarasa
et al. 2012); however, in our opinion, the designa-
tion is inappropriate. Etymological, historical, bio-
logical, and human societal arguments support the
use of “Iberian wild goat” as common name
(García-González et al. 2021). C. pyrenaica is not
an ibex. Adult males have lyre-shaped and typically
smooth horns (Fig. 1), which do not correspond to
the ibex morphotype, which have scimitar-shaped

and knotted horns (Pidancier et al. 2006). In addi-
tion, C. pyrenaica is an Iberian endemic, and not an
exclusively Spanish species. The probable genetic
proximity between C. ibex and C. pyrenaica
(Manceau et al. 1999) does not necessarily imply a
proximity of morphotypes (Pidancier et al. 2006), as
is the case, for example, between C. falconeri and
C. aegagrus (Zvychaynaya 2010).

Taxonomy, Systematics and
Paleontology

The original description of the species by Schinz
(1838) was based on a male specimen from the
Zürich Museum and on skins and drawings from
Carl F. Bruch. Schinz never saw a live
C. pyrenaica, and, in his publication, he noted
that they were extremely rare in the Pyrenees.
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Ten years later, Schimper (1848) described a new
species of Capra for Iberia, C. hispanica, relying
on specimens collected in an expedition to Sierra
Nevada (Southern Iberia) in 1847. Thus, until the
twentieth century, taxonomically, two species of
wild goat occurred in Iberia.

In an influential article, Cabrera (1911) modified
substantially the taxonomy of the Iberian wild goat.
Cabrera combined into a single species,
C. pyrenaica, the two species described initially by
Schinz, C. pyrenaica, and Schimper, C. hispanica,
which he designated as subspecies, and he described
two new subspecies: lusitanica and victoriae. There-
fore, the current taxonomical classification at the
intraspecific level accepted by the IUCN (Shackle-
ton and Lovari 1997) is Capra pyrenaica Schinz,
1838, with four subspecies: C. p. pyrenaica Schinz,
1838 (extinct); C. p. hispanica Schimper, 1848;
C. p. lusitanica Schlegel, 1872 (extinct), and
C. p. victoriae Cabrera, 1911.

Terra typica of the nominotypical subspecies
C. p. pyrenaicawas found in the Pyrenees, although
it was extremely rare there during the twentieth
century (García-González and Herrero 1999). The
last Pyrenean wild goat died in January 2000
(Fernández de Luco et al. 2000). C. p. hispanica
occurs throughout the mountains and steep slopes
in Southern and Eastern Iberia and, recently, has
expanded its range rapidly (see “Current Distribu-
tion”). C. p. lusitanica inhabited Northern Portugal

and, like the Pyrenean wild goat, was rare. Barboza
du Bocage (1857) wrote the first detailed descrip-
tion of the Portuguese subspecies. It became extinct
at the beginning of the twentieth century.
C. p. victoriae lives in the mountains of the center
and northwest of the Iberian Peninsula, and Cabrera
(1911) defined it as an intermediate form between
pyrenaica and hispanica.

Cabrera (1911, 1914) based the subspecies defini-
tion on a few specimens and on highly variable
characters, i.e., the pattern of the black hair on the
male winter dress and the shape of the horns (Schaller
1977). Couturier (1962) and Clouet (1980)
questioned that classification. The subspecies defini-
tion ofCabrerawas also rejected byCamerano (1917)
who defended the recognition of the two original
forms that had the greatest divergence of characteris-
tics in Iberia,C. pyrenaica andC. hispanica, which he
felt should be considered distinct species. Hybridiza-
tion between those species led to the other geographic
varieties (victoriae, lusitanica).

Although some have identified environmental
differences in the ecological niches of the two
living subspecies, victoriae and hispanica
(Acevedo and Real 2011), recent morphological
(García-González 2012) and molecular studies
(Angelone-Alasaad et al. 2017; Ureña et al. 2018)
have indicated that the two share a close kinship
and a clear genetic distance from the extinct Pyre-
nean subspecies. C. p. pyrenaica is genetically and

Fig. 1 Iberian wild goats:
adult male, adult female,
and young (photograph
© Alberto Portero)
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morphologically as far from the victoriae-
hispanica group, as it is from the Alpine ibex
C. ibex (Manceau et al. 1999; Ureña et al. 2018).
Thus, it is logical to return to the original proposal
of Schinz (1838) and Schimper (1848), supported
byCamerano (1917); namely, two species in Iberia,
the extinct C. pyrenaica and C. hispanica.

The oldest fossil records of Capra in Eurasia
were found in Fonelas P-1 (Southeastern Iberia);
they date to the beginning of the Pleistocene
(2.0 mya) and belong to Capra baetica (Arribas
and Garrido 2008). Other ancient fossils of Capra
such as C. alba from the Early Pleistocene (1.3–
1.0 mya) have been found in Venta Micena (Moy-
à-Solà 1987) and Quibás (Carlos Calero et al.
2006), also in Southeastern Iberia. Findings of
Capra sp. from the Middle Pleistocene are much
less abundant (García-González 2011). In Iberia and
in Southern France, Capra records from the Upper
Pleistocene are numerous, many of which assigned
to C. pyrenaica (Sauqué et al. 2016).

The relationship between the ancient goats from
the Early andMiddle Pleistocene and the extant and
the Upper Pleistocene C. pyrenaica is unknown.
Possibly, those ancient Iberian goats became
extinct; however, that Capra had been present on
the Iberian Peninsula continuously throughout the
Pleistocene is highly probable (Couturier 1962;
Montoya et al. 2001; García-González 2011), with
episodes of introgressions with the neighboring
taxon, C. ibex from the Alps (see “Genetics”).

The double-wave migratory hypothesis of
Crégut-Bonnoure (1992, 2006) posits that the ances-
tors of C. ibex from the Alps, of the type
C. camburgensis, arrived in France in a first migra-
tory wave that came from the Near East at the end of
theMiddle Pleistocene. In a secondmigratorywave,
a common ancestor of C. pyrenaica and the com-
plex caucasica/cylindricornis arrived to the Massif
Central in France during the Eemian (130–115 kya).
That ancestor,C. caucasica praepyrenaica, evolved
to becomeC. pyrenaica,which spread into Southern
France and reached the Pyrenees in theMagdalenian
(17–12 kya) without interbreeding with C. ibex.
Following that hypothesis, C. pyrenaica colonized
Iberia (Cabrera 1911) through the Pyrenees after 18
kya. Recently, the validity of that theory has been
questioned. C. pyrenaica has been present in Iberia

for more than 40,000 years (Sauqué et al. 2016);
there is high variability in the differential morpho-
logical characters proposed by Crégut-Bonnoure
(Magniez 2009); and kinship between C. ibex and
C. pyrenaica is likely and supported by molecular
(Pidancier et al. 2006; Ureña et al. 2018) and mor-
phological studies (García-González 2012).

Alternatively, the single-wave migratory the-
ory, mainly based on studies of molecular genetics
(Manceau et al. 1999; Ureña et al. 2018), posits
that C. ibex and C. pyrenaica are a monophyletic
clade. They should have come from a common
ancestor related to C. camburgensis also coming
from the Middle East. Nevertheless, most studies
suggest the time of divergence between C. ibex
and C. pyrenaica did not coincide with the age of
C. camburgensis. Manceau et al. (1999) estimated
the divergence time of the two species to be
between 2.5 and 0.5 mya, which is congruent
with the estimates of Lalueza-Fox et al. (2005)
and Pérez et al. (2014), who estimated the diver-
gence time to be 0.6 and 0.72 mya, respectively.
Ureña et al. (2018) analyzed fossil and recent
material of C. pyrenaica and estimated the diver-
gence time to be only 90–50 kya.

Overall, the actual systematic position of the
Iberian goat is yet to be determined; however, it
seems likely thatC. pyrenaicawas already present
in the Iberian Peninsula and differentiated in the
Late Pleistocene. Introgression by hybridization
seems to be common in the evolution of theCapra
genus (Ropiquet and Hassanin 2006), and
C. pyrenaica might have a polyphyletic origin
through the intervention of hybridization pro-
cesses with C. ibex and other ancient Capra taxa.

Current Distribution

Cabrera (1911) first reported that the species
occurred in most of the mountainous areas of Iberia
until the nineteenth century. High hunting pressure
and landscape changes, including those related to
the increase of extensive livestock farming, caused
a remarkable reduction in population size and dis-
tribution range in the nineteenth century and the
first half of the twentieth century, and the species
only survived in some isolated populations (e.g.,
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Alados 1997). The status of the species remained
the same until the 1960s when the population of
Sierra de Cazorla was the only one whose distribu-
tion was clearly defined (Rodríguez de la Zubía
1969; De la Cerda and De la Peña 1971). Also in
the 1960s, the establishment of Game Reserves in
Spain has been fundamental to understand the pop-
ulation recovery of wildlife in general and game
species in particular (Pita Fernández et al. 2012).
From the 1960s onward, the species was trans-
located to several locations, mainly using individ-
uals from Sierra de Cazorla and Tortosa and Beseit
Game Reserve for the subspecies C. p. hispanica
and from Sierra de Gredos and the Batuecas Game
Reserve for the subspecies C. p. victoriae. This
significantly expanded the species’ range to the
current distribution (Acevedo and Cassinello
2009a; see also “Management”). More recently,
several studies have assessed the species’ distribu-
tion throughout its range (e.g., Alados 1997) and in
particular its expansion (González et al. 2013).

The first exhaustive revision on the species
distribution and status identified more than
50 populations (Pérez et al. 2002). In the 1990s,
the distribution range generally increased, but with
some heterogeneity among populations (Acevedo
et al. 2007a; Cano-Manuel et al. 2010).

Information on the species presence in Spain was
compiled at the beginning of this century (Grana-
dos et al. 2002). In this period, the species returned
to Portugal after an escape from Spain (Moço et al.
2006). Acevedo and Cassinello (2009a) updated
the information on its complete Iberian range.
Since the 1980s, the species started the
recolonization of the Pyrenees (Herrero et al.
2013b) in Spain. New reinforcements on the
French Pyrenees created two new populations
(Herrero et al. 2020). All these populations are
expanding.

Currently, the species occupies most of the
mountain ranges in Eastern Iberia and the Central
Mountain Range and is particularly abundant in
Sierra de Guadarrama, Sierra de Gredos, Batuecas
Game Reserve, and the surrounding areas. In
Northern Spain, the population of the Cantabrian
Mountains is well established in Riaño Game
Reserve and Ancares Game Reserve, and the spe-
cies has expanded across the Northern Portuguese
border (Fonseca et al. 2017b). According to recent
data, the current distribution of the Iberian wild
goat is shown in Fig. 2 (Acevedo and Cassinello
2009a; Fonseca et al. 2017a). In most nuclei, there
has been a generalized expansion of the species’
range. Currently, the species occupies 926 10 �

Map template: © Getty Images/iStockphoto

Fig. 2 Distribution of Iberian wild goat (Map template: © Copyright Getty Images/iStockphoto)
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10 km UTM squares, of which 47.8% have been
occupied since 2008. Population densities range
from <1 to >30 individuals km�2 (Escós and
Alados 1988; Escós et al. 1994; Pérez et al.
1994, 2002; Granados et al. 2001a, 2004; Torres
et al. 2014; Refoyo et al. 2014; Prada et al. 2019).

Themethods used to count animals and estimate
population numbers include block count from trails
or vantage points and distance sampling. Although
a proper estimate of the total number of Iberian
wild goat has not been conducted, current assess-
ments suggest that it is well over 100,000 animals.
Some examples in Spain are Sierra Nevada
(15,000), Sierra de Gredos (8,000), Iberian System
(more than 50,000), Serranía de Ronda and Sierra
de Grazalema (4,000), Sierra de Cazorla (4,000),
Sierra Tejeda y Almijara (2,500), Sierras de Ante-
quera (2,000), and Sierra Morena (2,000); for Por-
tugal and Spain, Peneda Geres National Park and
Baixa Limia and Serra do Xurés Natural Park and
surroundings (over 600 individuals); and for the
Pyrenees, French Pyrenees (about 400 individuals)
and Spanish Pyrenees (over 400) (Herrero et al.
2020).

Description

Pelage

Males have a black patch on their shoulders,
which increases in size with age (Fig. 1). The
young have brown-reddish fur and old males are
brown or dark gray. Molts occur in spring and in
winter. The summer coat is short and smooth,
while the winter coat is long and compact. Ibe-
rian wild goats have elastic tissues between
digits, which facilitate their movement in rugged
terrain.

Size and Morphology

Head-body length is about 140 cm in males and
130 cm in females. Height at the withers is 70–
90 cm in males and 75 cm in females (Table 1).
Females grow more rapidly than males until 3–
4 years of age, and males grow quickly until 5 or

6 years old and reached the maximum value at
about 9 years of age. Males reach 80 kg and
females 46 kg (for a review, see Fandos and Vigal
1988, and Granados et al. 2001a). Central and
northern animals are larger than the southern ones
(Granados et al. 1997).

Iberian wild goat exhibits strong sexual size
dimorphism, with males being much larger than
females (Fandos and Vigal 1993). Both sexes have
horns that have a circular section and rings, with
each ring representing 1 year of age. Environmental
factors influence the size of the rings (Fandos
1995). Male horns reach up to 1 m in length.

Dentition

0.0.3.3 / 3.1.3.3 (Vigal and Machordom 1987).

Physiology

The physiology of Iberian wild goat is similar to that
of most temperate European mountain ungulates.
Pérez et al. (2003a) reported hematological and
biochemical reference values for free-ranging, phys-
ically restrained, and clinically normal animals,
which have provided key diagnostic information.
Statistical significant differences between sexes
and age classes were reported for hematocrit/hemo-
globin (males>females; lower when older),
cholesterol (females>males; lower when older), tri-
glycerides (females>males; lower when older), cre-
atine kinase (females>males; lower when older),
alkaline phosphatase (males>females; lower when
older), proteins (males>females; higher when
older), and Mg (females>males; lower when
older). Even though the hematological parameters
can be useful in monitoring wild goat physiological
status (Pérez et al. 2006a), pathogens such as
sarcoptic mange can reduce eosinophils levels,
likely mediated by the density of mites (Pérez et al.
2015), which highlights the importance of individ-
ual health status in physiological assessments.

Serumproteins and triglycerides are reliable indi-
cators of body condition in Iberian wild goats (Ser-
rano et al. 2008). Body condition was also studied
from kidney fat stores (Serrano et al. 2011; see also
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Santos et al. 2013). Body condition varies season-
ally; fat stores are highest in the warmest months
and lowest in the coldest months, althoughwith sex-
and age-specific differences (Serrano et al. 2011).
Males have higher reserves than females; however,
in winter, body condition decreases more in males
than in females, and goatlings need one seasonmore
than young or adults to restore their reserves. In
addition, population density has negative effects
on fat reserves, especially in winter, possibly
owing to intraspecific competition when food
resources are limited (Serrano et al. 2011).

Genetics

Chromosomes

Iberian wild goat has 2n ¼ 60 chromosomes.

Genetic Diversity

Molecular studies in Capra genus have produced
contradictory results that differ based on the

Table 1 Live body mass in kg, body size and horn size in cm from several Iberian wild goat populations. When more than
two individuals weremeasured, themean, sample size (in brackets) and standard deviation are given.M=males; F = females

Pyrenees Sex Body mass Body length
Cross
height Horn length

Basal horn
perimeter

Schinz (1838) M 154–155 87–83 77–46

F 129 67

Cabrera (1911) M 74.6 (10) 12 25 (6) 14

Cabrera (1914) M 148 75 86 26

F 26.8 14

García-González et al.
(unpublished)

M (70)a 60.2 (18) 15.8 23.9 (15) 1.9

F 41.5–55 138.5–133 76–83 22.3 (5) 3.7 12.6 (4) 0.9

Sierra de Gredos

Cabrera (1911) M 70.6 (10) 6.5 23.7 (10) 2.8

Cabrera (1914) M 135.5 70 73.2 (3) 8.3 24.4 (3) 2.1

F 16.5 10

Fandos and Vigal (1988)b M 58.1 (23) 8.1 74.5 (4) 3.4

F 36.1 (17) 4.5 24.3 (12) 3.8

García-González et al.
(unpublished)

M 49.6 (24) 10 21.2 (22) 1.5

F 19.4 (27) 5.2 10.2 (27) 0.8

Sierra de Cazorla

Fandos and Vigal (1988)b M 50.9 (45) 9 67.1 (8) 3.7

F 30.1 (29) 4.4 16.1 (18) 2

Fandos (1991) M 56 132.7 81

F 31 112.8 69.5

García-González et al.
(unpublished)

M 53.3 (44) 1.3 19.7 (44) 1.9

F 15.3 (33) 2.2 8.9 (33) 0.6

Sierra Nevada

Granados et al. (1997) M 50.4 (123)
11.9

108.6 (100)
11.3

79.3 (100)
5.7

47.5 (137)
16.1

20.7 (138) 2.2

F 31.3 (73) 5.2 96.9 (62) 9 69 (62) 4.3 13.9 (72) 2.7 9.7 (71) 0.83

Cabrera (1911) M 62.9 (8) 7 21.6 (7) 1.9

Cabrera (1914) M 121 65.5 73.3 18.9

Portugal

França (1917) M 142–138 73–74 36–44.5 23.5

F 120 (3) 19.2 67 (4) 3.2 18.2 (4) 7 10.5 (3) 1.7
aEstimated from Fandos et al. (1989) equations
bLive body mass: males >5 years; females >4 years. Horn length: males >9 years; females >8 years
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technique used (Pidancier et al. 2006), although all
agree that the kinship between Iberianwild goat and
Alpine ibex is close (Manceau et al. 1999;
Kazanskaya et al. 2007; Zvychaynaya 2010; Bibi
et al. 2012; Hassanin et al. 2012).

Few comparative studies are available on the
molecular genetics of current Iberian populations,
including the Alpine ibex. An early study based
on the cytochrome b gene of mitochondrial DNA
(mtDNA) found that the Pyrenean wild goat dif-
ferentiated clearly from the other Iberian
populations, with a similar genetic distance
between these (4.9%) and Alpine ibex (5.3%)
(Manceau et al. 1999). In addition to the Pyrenean
lineage, this study identified two evolutionarily
significant units (ESU): one group that included
the original populations in Northern Iberia (Sierra
de Gredos, Tortosa and Beseit Game Reserve) and
Muela de Cortes Game Reserve and another from
the South (Sierra Nevada National Park, Sierra de
Cazorla, and Ronda-Grazalema).

Ten haplotypes were identified in Capra
populations from Southern Iberia when studying
the variability of the cytochrome b gene of
mtDNA, seven of which occurred in the Sierra
Nevada population (Márquez et al. 2002).Manceau
et al. (1999) also detected a high genetic diversity in
that population, which probably did not experience
severe bottlenecks. Based onMarquez et al. (2002)
and unpublished data, three ESU have been identi-
fied (Pérez et al. 2002): C. p. pyrenaica in the
Pyrenees, C. p. victoriae in Sierra de Gredos and
surrounding areas, and C. p. hispanica in South-
eastern Iberia which are, in principle, in agreement
with the subspecies recognized by Cabrera (1914).
More recent studies suggest that the molecular
genetic differences between C. p. victoriae and
C. p. hispanica are not consistent. Using microsat-
ellite markers, Angelone-Alasaad et al. (2017)
found that the genetic divergence between two
populations (East Iberian System and Sierra
Nevada) of the same subspecies, C. p. hispanica,
was greater (31.5%) than the divergence with a
population (Sierra de Gredos, 24.8%) belonging
to another subspecies,C. p. victoriae. Using ancient
mtDNA techniques and next-generation sequenc-
ing technologies, three major clades of Caprawere
identified in Western Europe (Ureña et al. 2018):

C. ibex, C. p. pyrenaica, and the group comprising
the subspecies hispanica and victoriae. This
genetic structure indicates the distinctiveness of
the Pyrenean wild goat from the other Iberian
wild goats and suggests that this group is an ESU.

Hybridization

Hybridization between domestic goat C. hircus and
C. pyrenaica in captivity or artificial conditions is
well-known (Fernández-Arias et al. 1999; Alasaad
et al. 2012). Under natural conditions, there are
well-founded suspicions of its occurrence, although
it is not frequent, possibly because of physiological
and behavioral barriers. Placental incompatibility,
immunological rejection, and differences in gesta-
tion length (162 � 2 days in Iberian wild goat and
150 days in domestic goat) are potential limiting
factors (Fernández-Arias et al. 2001).

Recently, in several isolated populations of Ibe-
rian wild goat in Southern Iberia, Angelone et al.
(2018) found an MHC allele characteristic of the
domestic goat, which suggests past hybridization.
Moreover, Cardoso et al. (2021) have detected
eight Iberian wild goats from Tortosa-Beceite
population with signs of domestic goat introgres-
sion. Given numerous official and not-official
translocations among different regions, introgres-
sion between subspecies of C. pyrenaica might
have occurred (Manceau et al. 1999; Acevedo
and Cassinello 2009a).

Life History

Growth

Average bodymass at birth is 2.2 kg (Fandos 1989).
Asymptotic body mass is reached at 3–4 years of
age in females and at c. 9 years of age in males,
leading to strong sexual size dimorphism
(cf. Description). Compensatory horn growth does
not occur in male Iberian wild goats (Carvalho et al.
2017). A reduction in horn length was documented,
probably caused by harvest practice (Pérez et al.
2011), and the synergistic effect of harvest practice
and habitat changes (Carvalho et al. 2020).
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Reproduction

Typically, the number of goatlings per female is
one, but twins are frequent (Rodríguez de La Zubía
1969; Fandos 1989). After parturition, adult
females tend to stay alone in sheltered areas, pro-
tected from predators, mainly golden eagle Aquila
chrysaetos. After that, mothers gather and care for
their kids while sharing vigilance.

Females typically reach sexual maturity at
30 months of age, when they weigh at least
24 kg (Fandos 1989, 1991), but sexual maturity
can occasionally occur earlier (Granados et al.
2001a). In captivity, they reach sexual maturity
at c. 12–16 months (Fernández-Arias et al. 1997).
Gestation lasts 23–24 weeks (Fandos 1991). Rut
peaks at the beginning of December, and parturi-
tion starts in the second half of April and peaks in
the second half of May in Southern Iberia (Fandos
1988b, 1989; Alados and Escós 1988, 1996).

Information on male breeding success is not
available.

Survival

Sex ratio at birth can be biased towardmales both in
the wild (Escós 1988) and in captivity (Fernández-
Arias et al. 1997). Mortality rate is high among
young animals up to 3 years of age, stable until
8 years of age in males and 10–11 years of age in
females, and high in both sexes thereafter (Fandos
1991). Males and females can reach 14 and 19–
22 years of age, respectively (Fandos 1991).

Habitat and Diet

Habitat Use and Selection

At the species range scale, the Iberian wild goat is
mostly associated with forested areas that have
high levels of insolation and outcrops (Acevedo
and Real 2011). Those results are consistent with
studies performed with a biogeographical per-
spective at regional scales (Acevedo et al. 2007a,
b; Acevedo and Cassinello 2009b) and also in
semiarid environments (Lucas et al. 2016).

At the population scale, the Iberian wild goat
uses forested landscapes on high-slope areas
(Acevedo et al. 2011a). Males occur at higher
elevations than females, probably because of
the sexual differences in nutritional requirements
(see below; Gonzalez 1982; Escós and Alados
1992b). In autumn, individuals select sunny
slopes at dusk and dawn (in spring, at dusk
only); in summer, however, they prefer northern
slopes (Escós and Alados 1992b). In spring and
summer, wild goats in the Sierra Nevada
National Park occupy northeast- and northwest-
facing slopes, while in autumn and winter they
dwell on slopes facing south or southeast. In the
Sierra de Cazorla population, due to milder cli-
matic conditions, there are no significant differ-
ences in the seasonal variation of selected
exposures (Escós and Alados 1992b). Climate
severity influences seasonal patterns of habitat
use within the species’ distribution range;
extreme weather conditions occur both in sum-
mer and in winter. In addition to topography, food
quality is an important factor influencing the sea-
sonal patterns of the species’ habitat use. For
instance, partial vertical migrations are frequent in
summer, owing to higher nutritional quality of the
vegetation at high elevation pastures (Gonzalez
1982; Escós 1988; Fandos and Martínez 1988).
Furthermore, seasonal variations in dietary quality
(Acevedo et al. 2011a) and body condition
(Carvalho et al. 2015) suggested that primary pro-
ductivity influences the species’ habitat use.

Sex, habitat availability, and season influence
the home range size of Iberian wild goat at the
individual scale. Females have smaller home
ranges than males, and ranges are larger in spring
than in autumn (e.g., Viana et al. 2018). In Sierra de
Cazorla, the average home range for females was
0.81 km2 in spring and 0.25 km2 in autumn,
whereas in males the home range was 4.28 km2

in spring and 1.05 km2 in autumn (Escós and
Alados 1992a). In addition, habitat suitability and
population density negatively correlates with home
range (Escós and Alados 1988; Viana et al. 2018).
All animals exhibited rut area fidelity, but females
only showed fidelity to the area used in spring.
During the rut, males can show dispersal move-
ments of over 7 km (Escós and Alados 1992a).
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Diet

Members of theCapra genus classify as browsers.
In C. pyrenaica several studies showed high
browse proportions in their diet, 61% and 72%
in Sierra de Cazorla (Martínez et al. 1985; Cuartas
et al. 1996, respectively), 71% in Tortosa and
Beseit Game Reserve (Martínez 1994), and 83%
in Sierra Tejeda (Martínez 1988). Holm oak
leaves Quercus rotundifolia and Q. ilex were one
of the main browse species (García-González and
Cuartas 1992a). Food availability, however, is one
of the main factors that influence diet selection
(Ellis et al. 1976), and, in open habitats or alpine
pastures, herbaceous vegetation predominates in
the diet of Iberian wild goats: 57.5% grasses in
Sierra Nevada (Martínez 2002) and 80% grasses
in Sierra de Gredos (Martínez and Martinez
1987). Therefore, the species can be more pre-
cisely classified as an intermediate feeder based
on Hofmann’s (1989) feeding type classification
or more accurately as an intermediate feeder with
preference for browsing based on Van
Soest (1994).

Moço et al. (2013) described different feeding
behaviors at two neighboring areas in Northern
Portugal (grazer in Gerês but browser in
Amarela). Wild goats from Sierra de Gredos
had greater tooth wear of those in Sierra de
Cazorla, possibly due to the increased consump-
tion of grasses, richer in silica content (Fandos et al.
1993).

As an intermediate feeder, the Iberian wild goat
exhibits high forage selectivity and tries to avoid
consuming fibrous forage (Hofmann 1989). For-
aging is opportunistic with pronounced seasonal
differences in diet, reflecting changes in forage
quality. For instance, in Sierra de Cazorla, the
consumption of woody species is higher in
September than in February and in May, as the
end of summer is a dry and poor resource season
inMediterranean ecosystems. The highest propor-
tion of forbs in the diet is in May, and consump-
tion of grasses is similar in May and February.
Number of plant species, diet diversity, and die-
tary quality are higher in May than in September
or February (Cuartas and García-González 1992).
In forest habitats, goats can cause serious damage

to preferred plants if population density is high
(Perea et al. 2015).

Intrinsic factors such as sex-age class can also
affect diet selection. In Sierra de Cazorla, adult
males ate more browse (77%) than herbs (23%),
the young ate more herbs (67%) than browse
(33%), and adult females ate similar proportions
of both (52% vs 48%) (Alados and Escós 1987).

Dietary Overlap with Other Ungulates

In an area in Sierra de Cazorla used simulta-
neously by Iberian wild goat, red deer Cervus
elaphus, and fallow deer Dama dama, Iberian
wild goat and red deer had similar diets and a
high overlap index (74%), which increased in
winter when food resources were reduced
(García-González and Cuartas 1992b). Fallow
deer had a different diet, which included a higher
proportion of grasses and rather low overlap
indexes with wild goat (34%) and red deer
(42%). The coexistence of the three intermediate
feeders might have been based either on a diver-
gence of habitat (red deer) or on a deviation of the
trophic niche (fallow deer).

Some studies have investigated the diet of Ibe-
rian wild goat and domestic goats that shared the
same habitat. In Sierra de Cazorla, domestic goats
had an almost exclusively woody diet, but the Ibe-
rian wild goat exhibited a more eclectic diet, which
reflected available vegetation (Cuartas and García-
González 1992). In the Pre-Pyrenees, feral goats
showed highly selective feeding behavior, which
was considered “a feature that distinguished them
from their domestic counterparts and approach
them to wild goats” (Aldezabal and Garin 2000).

Behavior

Social Behavior

Males and females segregate most of the year,
except during the rutting season (Granados et al.
2001a). Sexual segregation reflects differences in
sexual size dimorphism and thus sex-specific eco-
logical requirements that lead to different habitat
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use and selection at local scales (Alados 1985).
This pattern, however, appears somewhat simplis-
tic because mixed groups can occur throughout the
year in some populations, except in August (e.g.,
Alados and Escós 1996). Several hypotheses have
been proposed to explain the differences between
populations (see Acevedo and Cassinello 2009a),
but no empirical studies have been carried out so
far to disentangle the processes underlying the
differences in segregation patterns.

As in many other ungulates, the mother-kid
pair is the basic unit of organization (Alados and
Escós 1996). However, as a gregarious species,
other forms of social units occur, including groups
of females with kids, groups of adult males, and
groups of yearlings (males or females) (Alados
1985). In the Southern Iberian populations,
mixed groups (adult or young) are common. Gra-
nados et al. (2001a) found that 44.5% of the
individuals observed in Andalusian populations
formed mixed groups, 22.4% were groups of
females with kids, and 20.2% were all-male
groups, although the proportions vary seasonally.
Density affects positively population proportion
of mixed groups. In Sierra de Cazorla, a high-
density population, the proportion of individuals
in mixed groups was larger, greater than 40%
throughout the year, and was highest (up to
80%) during the rut. However, in Sierra Nevada
National Park, a low-density population, mixed
groups were only common during the rut (Alados
1985; Alados and Escós 1996).

Granados et al. (2001a) reported that the aver-
age group size in Andalusian populations was 5.2
individuals, larger than the average sizes of
all-male groups (4.9), female groups (3.2), and
female with kid groups (4.2) but smaller than the
average size of mixed groups (6.9). In addition,
population density positively influences group
size. Outside the rut, Alados and Escós (1996)
reported an average group size of 3.7 individuals
in Sierra Nevada National Park and 3.0 in Sierra
de Cazorla, which are intermediate between the
group sizes to those reported by Nievergelt (1974)
for the Alpine ibex (7.6) and the walia ibex
C. walie (1.5). Open habitats favor large groups,
while closed habitats favor small groups (Alados
1985, 1986b).

Activity

The time spent in different activities (eating, mov-
ing, and resting) varies daily and seasonally. In
winter, activities that involve movements occur
around midday hours (Alados 1986c). In summer,
goats are most active during night hours and at
dawn and dusk. In winter, displacement move-
ment occurs throughout the day; in summer, how-
ever, they move at night (Fandos 1988a). Males
spend less time eating than females, and males
interact more with males than with females, espe-
cially during rut. The foraging behavior of sub-
adult males is more similar to that of females than
to that of adult males (Alados 1986c).

Mating Behavior

The Iberian wild goat is a polygynous species.
Males establish a hierarchy during rut, which dic-
tates access to estrus females (Alados 1986a;
Álvarez 1990). Alados (1984, 1986a) and Fandos
(1991) described Iberian wild goat rutting behav-
ior. Resources allocated to reproduction in poly-
genic species are biased toward females because
males only invest significantly in reproduction in
those years in which the social hierarchy should
be established (Granados et al. 2001a).

Parasites and Diseases

Wild goat can suffer many pathologies, but
sarcoptic mange appears to be the only pathology
that can cause severe mortality.

Ectoparasites

Sarcoptic mange caused by Sarcoptes scabiei is the
main epizootic disease that affects Iberian wild
goat population dynamics (Acevedo and
Cassinello 2009a). Several outbreaks of sarcoptic
mange have occurred, with different population
crashes. The first foci were in the late 1980s and
1990s in the Sierra de Cazorla, where a population
reduction of 81% occurred (Fandos 1991; León-
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Vizcaíno et al. 1999), Sierra Nevada National Park
(Pérez et al. 1997), and Sierra Mágina (Palomares
and Ruiz Martínez 1993). At the beginning of the
twentieth century, mange affected Iberian wild goat
inMuela de Cortes Game Reserve (Sánchez-Isarria
et al. 2008). In 2014, an outbreak occurred in
Tortosa and Beseit Game Reserve (Mentaberre
et al. 2015).

Sporadically, mild infestations by Demodex
sp. have occurred in Northeastern Iberia (Revilla
2012). Several ticks affect the species:Dermacentor
marginatus, D. reticulatus, Haemaphysalis sulcata,
H. punctata, Hyalomma marginatum marginatum,
H. lusitanicum, Ixodes ricinus, I. ventalloi,
Rhipicephalus bursa, and R. sanguineus (Hueli
and Díaz 1989; Antón et al. 2002; García-Moreno
et al. 2009; Varela-Castro et al. 2018). Less
frequent and lesser-known ectoparasites are lice
such as Bovicola crassipes, B. alpine, and
Linognathus stenopsis (Antón et al. 2002).

Endoparasites

Parasites found in the respiratory system are
Oestrus caucasicus larvae, known as nasal myiasis
(Pérez et al. 1996; Antón et al. 2002), as well as
Cystocaulus ocreatus, Dictyocaulus filaria, Neo-
strongylus sp., Muellerius capillaris, and Pro-
tostrongylus sp. that colonize the bronchi and
lungs (Antón et al. 2002; Alasaad et al. 2009).

Digestive abomasum helminths are
Haemonchus contortus, Marshallagia marshalli,
M. occidentalis, Ostertagia lyrata, O. ostertagi,
Teladorsagia circumcincta, T. davtiani, and T.
trifurcata. In the small intestine, Nematodirus
davtiani, N. abnormalis, N. filicollis, N.
oiratianus, N. spathiger, Trichostrongylus axei,
T. capricola, T. colubriformis, and T. vitrinus
(Rossi et al. 1992; Lavín et al. 1997; Pérez et al.
2003b, 2006b; Revilla 2012) occur. In addition, in
the large intestine Chabertia ovina,
Oesophagostomum venulosum, Skrjabinema sp.,
and Trichuris ovis occur (Rossi et al. 1992;
García-Moreno et al. 2009; Revilla 2012).

Described coccidious are Eimeria arloingi, E.
aspheronica, E. bakuensis, E. capraovina,
E. caprina, E. christenseni, E. faurei, E. jolchijevi,

E. gonzalezi, E. hirci, E. ninakohlykimovae,
E. ovina, and E. parva (Cordero del Campillo
et al. 1994; Antón et al. 2002; García-Moreno
et al. 2009).

Larval form of cestodosis as hydatid
cyst (Echinococcus granulosus), Coenurus
cerebralis (Taenia multiceps), and Cysticercus
tenuicollis (Taenia hydatigena) has been
detected in the Iberian wild goat (Antón et al.
2002; Oleaga-Pérez et al. 2003; Pérez et al.
2006b; Revilla et al. 2007). Other cestodes
include Moniezia expansa and M. benedeni
(Antón et al. 2002).

Fasciola hepatica and Dicrocoelium den-
driticum exhibit low egg production in the feces
of Iberian wild goat (Antón et al. 2002; Alasaad
et al. 2008; Refoyo et al. 2016).

Various serological studies have shown anti-
bodies against Sarcocystis sp. (Granados et al.
2001b; Antón et al. 2002; Luzón et al. 2008;
Santiago-Moreno et al. 2010), Babesia sp. (Ferrer
et al. 1998; García-Moreno et al. 2009), Toxo-
plasma gondii, and Neospora caninum (Gauss
et al. 2006; Almería et al. 2007; García-Bocanegra
et al. 2012). There was no detection of seroprev-
alence against Besnoitia sp. in Iberian wild goat
(Gutiérrez-Expósito et al. 2016).

Infectious Diseases

Brucellosis has low seroprevalence: 0.5% (Muñoz
et al. 2010), 0.9% (Antón et al. 2002), 3.6%
(Carvajal et al. 2007), and 6% (León-Vizcaíno
et al. 1994). Identification of B. melitensis
occurred in three populations (Cubero et al.
2002; León-Vizcaíno et al. 2009; Muñoz et al.
2010).

Tuberculosis is a disease under study
(Fernández de Luco and Arnal 2002; Mentaberre
et al. 2010; Revilla 2012), and only one adult
female with the disease has been detected (Cubero
et al. 2002).

The detection of salmonellosis by S. enterica
serovar Enteritidis occurred in one clinical case
with septicemia (Navarro-González et al. 2014).
Other subspecies have been isolated from asymp-
tomatic animals: S. enterica serovar Enteritidis
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(Navarro-González et al. 2014), S. arizonae
(González-Candela et al. 2006), S. typhimurium,
and S. paratyphi C (Cubero et al. 2002).

Infectious keratoconjunctivitis caused by
Mycoplasma conjunctivae is less severe among
free-ranging animals (Cubero et al. 2002; Arnal
et al. 2009; Revilla 2012) than it is among captive
animals, which can be affected by sever outbreaks
(Fernández-Aguilar et al. 2017).

Serological studies have been conducted to
investigate bacterial infections such as contagious
agalactia (León-Vizcaíno et al. 1994; Cubero et al.
2002), Q fever, and borreliosis (Santiago-Moreno
et al. 2011; Candela et al. 2017).

Sporadically, isolated bacteria have been
isolated: Arcanobacterium pyogenes, Corynebac-
terium pseudotuberculosis, E. coli, E. coli O157:
H7, Erysipelothrix rhusiopathiae, Fusobacterium
necrophorum, Klebsiella sp., Mannheimia hae-
molytica,Mycobacterium avium paratuberculosis,
Pasteurella multocida, Pseudomonas sp., Staphy-
lococcus spp., Streptococcus sp., and Streptococ-
cus β-hemolytic (Cubero et al. 2002; Revilla et al.
2007; Revilla 2012; Colom-Cadena et al. 2014;
Navarro-González et al. 2015; Arnal et al. 2016;
Pizzato et al. 2017; Varela-Castro et al. 2017).

Viral diseases are present but their impact on
wild populations is unknown. Some examples are
as follows: contagious ecthyma (Cubero et al.
2002; Revilla 2012; Camacho et al. 2017), blue-
tongue (García et al. 2009; Lorca-Oró et al. 2011;
Santiago-Moreno et al. 2011; Revilla 2012), small
ruminant lentivirus (Carvajal et al. 2007; García-
Moreno et al. 2009; Martín-Atance and León-
Vizcaíno 2009; Santiago-Moreno et al. 2011;
Revilla 2012), and pestivirus (Astorga-Márquez
et al. 2014, Fernández-Sirera et al. 2011).

Neoplasia

Several neoplasms have been observed in Iberian
wild goat: KIT-positive gastrointestinal stromal
tumors (Velarde et al. 2008), pheochromocytoma,
cutaneous horn, intestinal leiomyoma, thyroid
carcinoma tumor (Arnal et al. 2006), and dissem-
inated melanoma (Arnal and Fernández de Luco
2017).

Population Ecology

Population Dynamics

Multiple factors can regulate the dynamics of Ibe-
rian wild goat populations. Populations typically
show a density-dependent growth pattern, where
density mainly affects reproduction and goatling
survival but does not have a significant effect on
adult survival and fecundity (Escós et al. 1994;
Escós and Alados 1998), at least in the range of
densities considered in these studies. Escós and
Alados (1988) reported an adult survival rate of
0.87, a breeding success (i.e., kids-to-adult females
ratio in summer) of 0.27, and an annual growth rate
of 0.98 for the Iberian wild goat population in
Cazorla Game Reserve (11 goats km�2). Similarly,
Escós et al. (1994) reported an adult survival rate of
>0.92, a young survival of 0.49, a breeding suc-
cess of 0.38, and an annual growth rate of 1.05 in
the Sierra Nevada National Park (2 goats km�2).

In general, mortality due to predation appears to
be low: predation by golden eagle and red fox
Vulpes vulpes has been reported only occasionally
(Fandos 1991). Large predators such as wolf Canis
lupus are absent in most of the species’ range.
Mortality caused by legal and illegal hunting is
the main limiting factor, at least in populations
not affected by diseases. Typically, game hunting
focuses on specific age and sex classes (old males
are preferred) which can alter the population struc-
ture. The selective removal of large-horned animals
might contribute to a decrease in horn size in the
population (Pérez et al. 2011). Hunting bags have
increased significantly in the last decade, and, cur-
rently, the number of Iberian wild goats that are
hunted each year is over 11,000 (Garrido et al.
2019); however, detailed information on the regu-
latory effects of hunting on Iberian wild goat pop-
ulation dynamics is missing.

Over the recent years, most populations
showed an increasing trend. New populations
have been established thanks to translocations
(Moço et al. 2006; Refoyo et al. 2014), but most
of the growth, both demographic and geographic,
has occurred through natural expansions (Lucas
et al. 2016). Other populations have merged, cre-
ating a very dynamic situation of subpopulations

17 Iberian Wild Goat Capra pyrenaica Schinz, 1838 421



as part of metapopulations. Sarcoptic mange has a
high demographic impact, with sporadic out-
breaks with mortality rates around 20% and
extreme outbreaks with mortality rates up to
81%, as in Cazorla at the end of the 1980s (Fandos
1991; León-Vizcaíno et al. 1999).

Intra- and Interspecific Competition

A mechanism to avoid competition for resources
is asynchrony between age-class groups in the
daily activity patterns of Iberian wild goat (Alados
and Escós 1987). Interspecific relationships with
phytophagous insects, better described as
amensalism or predation rather than as pure com-
petition, reduce insect abundance (Zamora and
Gómez 1993; Gómez and González-Megías
2002). Besides, there is overlap with the (macro)
ecological requirements of native, but
reintroduced, red deer (Acevedo and Cassinello
2009b), exotic aoudad Ammotragus lervia
(Acevedo et al. 2007b), and domestic goats
(Acevedo et al. 2007a), showing a high potential
of these species to interact with wild goat. One
Pyrenean population lives in sympatry with feral
goats (>900 individuals) (Herrero et al. 2013a, b),
an anomalous situation that should be monitored
closely and managed to prevent competition and
hybridization.

Global Change

Species distribution modeling suggests that species
environmental suitability would increase in the
near future (Real et al. 2013). The effects of
changes in land use (mainly related with
renaturalization processes, i.e., from cultures to
woodlands) on the species’ distribution might
increase the species’ range and abundance in Anda-
lusia (Acevedo et al. 2011b). At a local scale,
demographic data indicated increases in the spe-
cies’ range and population size in recent decades,
which is expected to continue in the future years
(Cano-Manuel et al. 2010, González et al. 2013;
Gortázar et al. 2000). Such an increase can be also
attributed, at least partly, to changes in land use. In

general, the species’ population size and range has
expanded and the process continues nowadays
(Lucas et al. 2016). Currently, the densities of
some populations suggest the need for population
control or hunting, rather than restocking, because
negative effects of population overabundance have
been reported (Perea et al. 2015). In the future,
however, stochastic events and prolonged droughts
might have significant effects on population
dynamics, mainly due to reduction in availability
of food resources, emergence of new pathogens,
alterations in phenology, etc. (Cano-Manuel et al.
2010).

Conservation Status

Iberian wild goat is listed in Appendix III of the
Bern Convention and in Annex Vof the EU Hab-
itats and Species Directive.C. p. victoriae occurs in
the Central Mountain Range, Cantabrian Moun-
tains, and the Pyrenees. C. p. hispanica occurs in
Southern and Eastern Iberia. The species occurs in
a number of protected areas; however, most of the
species range is outside of protected areas.

The IUCN lists Iberian wild goat as Least
Concern (LC) (Herrero et al. 2020). The species
is abundant, and its range and population have
expanded because of numerous important socio-
economic changes such as law enforcement, rural
abandonment, and translocations (reintroductions,
conservation introductions, reinforcements). Game
Reserves and protected areas have played a crucial
role in favoring the species’ recovery.

Management

Early Conservation and Outbreaks

Management has influenced the contemporary
history of Iberian wild goat, which began with a
conservation program in 1905 to preserve the
remaining populations (Alados 1997). Hunting
regulations and changes in land use have helped
improving the conservation status of the species in
the last decades of the twentieth century (e.g.,
Fandos et al. 2010; Acevedo et al. 2011b). At the
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end of the twentieth century, some mange out-
breaks occurred (see “Population Dynamics” sec-
tion) and regions implemented management
programs for the species. The aim was to preserve
some isolated populations, and perception of
sarcoptic mange as the main threat promoted
some programs aimed at improving the control
of this disease at the population level. For
instance, in Andalusia, a regional strategy for the
conservation of the species includes a monitoring
program (distribution and abundance) and a ref-
erence regional field station of Iberian wild goat.
The latter consists in an enclosure for maintaining
a small population, intensively monitored at the
population and health levels. Habitat manage-
ment, mainly consisting in the creation of pastures
and in the elimination of shrubs, occurs in some of
those enclosures and public Game Reserves. Ani-
mal translocations are an extensively used man-
agement practice, either to reintroduce the species
in areas where it had been extirpated or, lately, to
remove animals in order to control population size
and minimize negative effects of overabundance.

Translocations and Escapes

Since the nineteenth century, Iberian wild goat has
been translocated to formerly occupied areas as
well as to new areas (e.g., Pérez et al. 2002;
Acevedo and Cassinello 2009a; Prada and
Herrero 2013; Cardoso et al. 2021; see also
Fig. 2). It is remarkable that a limited number of
populations have acted as sources for the
reintroduction programs (see also “Current Distri-
bution” section). In the twentieth century,
unintentional escapes from enclosures (Moço
et al. 2006; Herrero et al. 2013b) or the deliberate
creation of new populations (Peral 1993; Refoyo
et al. 2014) have occurred. Administrations and
hunters promoted translocations mainly for hunt-
ing purposes. The genetic characteristics of most
of the populations are not well-known (but see
Manceau et al. 1999), and understanding the
impact of these translocations is important for
assessing the genetic status of the species (Car-
doso et al. 2021). For instance, all current C. p.
victoriae populations come from individuals from

the Sierra de Gredos population, which experi-
enced a strong bottleneck at the end of the twen-
tieth century (Acevedo and Cassinello 2009a;
Prada and Herrero 2013). Extreme population
declines might increase the loss of genetic vari-
ability, which has already occurred in some source
populations.

Trophy Hunting

The history of the conservation andmanagement of
the Iberian wild goat, an exclusively Spanish hunt-
ing trophy for more than a century, has been largely
affected by trophy hunting during the twentieth
century. For instance, trophy hunting stopped the
efforts to recover the Pyrenean subspecies, which
once occupied the entire Pyrenees (García-
González and Herrero 1999). The fact of consider-
ing C. p. pyrenaica a subspecies rather than a
species (as it was defined, originally, in the nine-
teenth century) also reduced the recovery efforts
(Gippoliti et al. 2018). Inmany rural areas in Spain,
Iberian wild goat is an important public and private
economic resource, and Spain is the only country
that allows hunting, while the species is protected
in France and Portugal. In Spain, Iberian wild goat
management is mainly based on trophy hunt,
although culling has become more common in
some populations.

Overabundance

Damage control is one of the key aspects of Ibe-
rian wild goat management, even if scientific
information is not available and technical infor-
mation is limited. Given the recent numerical
increase of goat populations, management strate-
gies should be adapted to a very different scenario
in which the species has become overabundant,
with subsequent damages to human activities
(e.g., agriculture, natural environments, car acci-
dents). Perea et al. (2015) examined woody veg-
etation to assess the ecological sustainability
25 years after the species reintroduction to the
Sierra de Guadarrama. Almost one quarter of the
woody species exhibited unsustainable levels of
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browsing, with a low level of natural regeneration;
a 50% reduction in current population density
(i.e., 47 goats km�2) is needed to increase the
probability of successful regeneration to nearly
60%. In fragmented habitats that have agricultural
land near shelter areas (Lucas et al. 2016), Iberian
wild goats tend to feed mainly on cereal crops,
almond trees Prunus dulcis, and olive trees Olea
europaea. Such conflicts influence hunting quotas
and thus hunting pressure in those areas. Popula-
tion trends in most nuclei suggest that quotas are
insufficient to regulate populations, and, conse-
quently, an increase of damages caused by wild
goat is expected (e.g., Escós et al. 2008; Marco
et al. 2011). However, culling is currently under-
taken to decrease population densities and avoid
the undesirable effects of overabundant
populations (e.g., Refoyo et al. 2014).

Future Challenges for Research
and Management

The Iberian wild goat has experienced an incred-
ible expansion in range and abundance over the
last 30 years, which has changed its conservation
status and, accordingly, conservation and man-
agement needs. Consequently, the research, con-
servation, and management priorities should be as
follows:

• Characterize the genetics of all populations;
this will help sound decision-making aimed at
increasing genetic diversity and/or at prioritiz-
ing local adaptations. Future studies should be
based on large sample sizes from all
populations and should be combined with
complete genome sequencing: this will provide
a much clearer understanding of the taxonomy
and phylogeography of Iberian wild goat.

• A comprehensive revision of the species’ taxo-
nomic status that integrates genetic, paleontolog-
ical, and morphological data. This information
will be needed to elucidate the taxonomic status
of C. pyrenaica.

• Monitor all populations: assessing demogra-
phy, health, damages (forest, agriculture and
car crashes), and biometrics. Special attention
should be given to sarcoptic mange, avoiding

selective culling of affected animals, which has
proved to be expensive and ineffective
(Meneguz et al. 1996). Coordinated large-
scale monitoring should lead to data-based
population management that can meet multiple
objectives: increase, decrease, or stabilize
populations. Adapt monitoring methods to suit
specific habitats and population characteristics.

• Promote autochthonous wild mountain ungu-
lates and prevent the expansion of introduced
species with potential to interact with Iberian
wild goat, such as mouflon and aoudad.

• Surveys of domestic ungulate health status is a
priority because domestic goats probably are
the origin of several mange and other disease
outbreaks (Cassinello and Acevedo 2007;
Astorga-Márquez et al. 2014).

• Eradicate feral goats to avoid issues of hybrid-
ization with Iberian wild goat (Moço et al.
2014; Herrero et al. 2013a).

• Studies of the basic biology of the species are
lacking for most populations. Dispersal, home
range, etc. remain poorly known.

• Evaluate the need or opportunity for further
reintroductions and reinforcements in small
populations.
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Common Names

English Eastern tur, Western tur

German Ostkaukasischer Steinbock,
Westkaukasischer Steinbock

French Tur occidental, Bouquetin du Caucase,
Bouquetin oriental, Tur du Caucase

Spanish Tur occidental, Tur oriental, Tur del Este

Italian Tur occidentale, stambecco del Caucaso
occidentale, Tur orientale, stambecco del
Caucaso orientale

Russian дагестанский (восточнокавказский) тур,
западнокавказский (кубанский) тур,
кавказский тур

Taxonomy, Systematics and
Paleontology

Tur is a mountain ungulate (family Bovidae, sub-
family Caprinae) endemic to the Greater Caucasus.
In the nineteenth century, several tur morphotypes
were described which were treated as different spe-
cies. From west to east these were: Capra dinniki
Satunin 1905, Capra severtzovi Menzbier 1887,
Capra caucasica Güldenstaedt et Pallas 1783, and
Capra cylindricornis Blyth 1841, the first three
living in the West Caucasus in a comparatively
narrow stripe merely some 300 km long. Already
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by the end of the nineteenth century, it became clear
that the two first morphotypes were fully sympatric,
occurring in the same groups, and there was no
reproductive isolation between them. Having stud-
ied morphological peculiarities of tur, Tsalkin
(1955) concluded that C. severtzovi (different spel-
lings can be found: severtzowi, sewertzowi) and
C. dinniki were not species but merely different
morphs whose proportions in the population might
depend upon climatic conditions (Romashin 2001).
Taxonomic position of C. caucasica, located in
Balkaria, eastward of Mt. Elbrus, remained unclear,
but Tsalkin (1955) considered it to be the same
Western or Kuban tur, being explicitly different
from the Eastern or Daghestan tur (C. cylindri-
cornis). Opinion about two separate tur species
was later supported by Nasimovich (1950) and
Heptner (Heptner et al. 1961) who thought that the
population occurring between Baksan and Balkar
Cherek Rivers, on the Northern side of the Greater
Caucasus, and Inguri and Rioni Rivers, on the
Southern side, was partlymixed and, possibly, partly
hybrid. Sokolov (1959) suggested one tur species
(Capra caucasica) with three subspecies: Western
(C. c. severtzovi), Central Caucasian (C. c.
caucasica), and Eastern (C. c. cylindricornis).
Some zoologists (e.g., Ellerman and Morrison-
Scott 1966) relied upon Lydekker (1913), who con-
sidered Western tur a subspecies of Alpine ibex
C. ibex, but also chose the name C. caucasica for
the Eastern tur. This name had been usually applied
to theWestern tur, regardless of its taxonomic status.
Schaller (1977) agreed with Lydekker, but
suggested the nameC. cylindricornis for the Eastern
tur. This opinion is essentially based upon external
resemblance of adult males of the dinniki morph
(Western tur) with Alpine and Asiatic ibex
Capra sibirica: long drooping beard, scimitar-
curved horns with distinct transverse ridges. How-
ever, the shape of horn cores and cranial features
testify to closer affinity of all tur (Heptner et al.
1961; Veinberg 1993; Fig. 1).

Reasons exist why specialists cannot reach con-
sensus on tur taxonomy. Firstly, the occurrence of
population eastward of Mt. Elbrus, combining

morphological features of Western and Eastern
tur. Secondly, some features show displacement
along the Greater Caucasus, e.g., weakening of
spiraling twist of horn sheaths in North Ossetia,
when compared with Daghestan (Fig. 2). The latter
served as a starting point to suggest the existence of
clineal variation in tur, caused by geographic gra-
dient in solar radiation and climate along the
Greater Caucasus (Aiunts and Kolomyts 1986).

Supporters of existence of two species declared
the Central Caucasian population mixed and partly
hybrid in the overlap zone of the two species
(Heptner et al. 1961), while supporters of one spe-
cies regarded it either a separate subspecies
(Chlaidze 1975; Sokolov 1959; Tembotov 1974)
or a fragment in a cline (Aiunts and Kolomyts
1986). It seems that the last two opinions did not
consider the scale of the distribution range. With
respect to the proposed Central Caucasian subspe-
cies, Sokolov (and his later supporters) did not pay
attention to the very small distribution of this sub-
species which, according to Sokolov’s own
descriptions, covered merely some 80 � 40 km
range between Mts. Elbrus and Shkhara (Sokolov
1959; Sokolov and Tembotov 1993). An isolated,
probably relict subspecies with such a small range
may exist, but hardly a non-isolated, parapatric
ungulate subspecies tucked in between two other
subspecies. Clineal geographic variation of several
traits (Weinberg et al. 2010) also does not agree
with lumping Caucasian tur into one species with
three subspecies (Sokolov 1959; Tembotov 1974),
the middle one of them occurring exactly in the
steep and fluctuating part of the cline. Multiple and
correlated clineal variations in an ungulate within a
limited range (750 km long and up to 80 km wide)
can hardly be explained by geographic dynamics of
environmental factors. The shape of the cline is
also very telling (short western and long eastern
sloping parts with a steep and fluctuating middle
part eastward ofMt. Elbrus), suggesting that this is,
in fact, a pseudo-cline or a secondary cline created
by a secondary contact and subsequent hybridiza-
tion (Маyr 1968). Since there is one steep part of
the cline, contact of just two primary taxamay have
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occurred, initially separated by one geographic
barrier in the Central Caucasus. The most probable
barrier would be a mighty glaciation center which
was pulsating during the Pleistocene in the area
including Mts. Elbrus in the west and Kazbek in
the east, partly surviving up to now (Gerasimov
and Markov 1939; Kotlyakov and Krenke 1980;
Milanovsky 1966), and situated where the steep
and fluctuating part of the cline occurs. This glaci-
ation center could have periodically separated the
all-Caucasus tur population into two and created
conditions for the evolution of two taxa: the East-
ern andWestern tur (Weinberg et al. 2010). It could
also have acted not as a physical barrier, but rather
created unfavorable conditions which prevented
gene flow (Gavashelishvili et al. 2018).

Pulsating glaciation can also explain hybridi-
zation between the two initial taxa because the
barrier was not constant and, probably, periods
of isolation were insufficiently long. Populations
joined periodically (as now), hybridized, and did

not evolve mechanisms of effective reproductive
isolation for generating distinct species. Thus,
Western and Eastern tur can be regarded as semi-
species at best (Weinberg et al. 2010).

To date, modern methods have failed to clarify
the situation. Chromosomal numbers are the same in
all Capra (Kuliev and Mamedov 1974; Nadler and
Lay 1975). Gene sequence studies also provided
controversial results showing completely different
female and male lineages for the same species, lead-
ing to conclusions that almost all Capra species are
of a hybrid origin (e.g., Kazanskaya 2007; Manceau
et al. 1999; Pidancier et al. 2006). For example, it
had been suggested that Western tur was a hybrid of
the Eastern tur and the wild goat Capra aegagrus
(Kazanskaya 2007). This suggestion has been later
considered erroneous (Kazanskaya pers. comm.).

Fossil remnants are almost of no help to clar-
ify tur taxonomy. Fossil tur remnants have been
briefly mentioned from Late Pleistocene deposits
from the Azykh Cave in Western Azerbaijan,

Fig. 1 Fully grown Western tur male (upper left, photograph by S. Trepet); fully grown Eastern tur male (right,
photograph by G. Darchiashvili); Western tur female with kid (lower left, photograph by S. Trepet)
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Caucasus Minor (Aliev 1969; Gadjiyev 1977),
and Tsopi Cave in Eastern Georgia (Vekua
1967). As tur are believed to have originated in
the Greater Caucasus, their occurrence in the
Caucasus Minor is considered unlikely
(Baryshnikov 1987; Vereshchagin 1959). All
Pleistocenic findings (no older records are

available) from various caves of both sides of
the West and Central Caucasus are defined as
C. caucasica, except a single late Pleistocenic
fossil from the Southern side of the Central Cau-
casus belonging to the ibex group (Baryshnikov
1987). Descriptions do not define fossils as
belonging to Western or Eastern tur.

Fig. 2 Horns of adult
Caucasian tur males from
west to east. (a) Tchugush
Mt. massif, Caucasus
Nature Reserve;
(b) Teberda Valley, 120 km
eastward; (c) Malka Valley,
195 km eastward;
(d) Baksan Valley, 200 km
eastward; (e) Chegem
Valley, 235 km eastward;
(f) Bezengi Valley, 245 km
eastward; (g) Alagir Valley,
315 km eastward; (h) Avar
Koisu Valley, 500 km
eastward; (i) Zaqatala
Valley, 550 km eastward
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Summing up, in this chapter we treat C. cau-
casica and C. cylindricornis as a single species with
the name Capra caucasica.

Current Distribution

Tur is distributed along the Greater Caucasus
mountain chain (Fig. 3). The eastern limit is situ-
ated in the Babadagh Mountain massif (40°560 N,
48°310 E) in Azerbaijan (Kuliev 1981; Vereshcha-
gin 1938). Presently, the westernmost area still
harboring tur is Abago Mt. in Tchugush
Mt. massif (c. 43°530 N, 40°080 E) (Kotov 1968;
Nasimovich 1949; Trepet 2014). The total length
of the contemporary range is about 750 km, the
maximal widths occurring in the river basins of
Avar Koisu and Andi Koisu Rivers in Daghestan
(up to 65 km,Magomedov et al. 2001), and close to
the Elbrus Mt. massif (up to 80 km, Kopaliani and
Gurielidze 2009; Zalikhanov 1967; Akkiev pers.
comm.). The distribution is most narrow (c. 12 km)
in North Ossetia, where the five parallel ranges

constituting the Northern side of the Greater Cau-
casus (Forest, Pasture, Rocky, Side, and Main
Ranges) are compressed, and animals have been
historically absent from the Main (Watershed)
Range (Veinberg 2000). The distribution has
changed little since the nineteenth century when it
was slightly wider than today, encompassing
peripheral mountain ranges (Veinberg 2000; Vere-
shchagin 1959). Currently, tur is almost absent
from large southern spurs of the Main (Watershed)
range (Southern side of the Greater Caucasus),
such as Kodori and Svaneti Ranges in Georgia
(Gavashelishvili 2004; Kopaliani and Gurielidze
2009). Because of steepness and narrowness of
the Southern side of the Greater Caucasus, espe-
cially its eastern part, tur distribution there is natu-
rally rather narrow. The situation is better on the
Northern side, which is considerably wider and
where animals usually inhabit the crystalline Side
Range as well and sometimes even the limestone
Rocky Range, the latter mainly in Kabardino-Bal-
karia and partly in North Ossetia (Akkiev 2018;
Veinberg 2000; Zalikhanov 1967).

Map template: © Getty Images/iStockphoto

western
hybrid (intermediate)

eastern tur

Fig. 3 Distribution of Western and Eastern tur. Distribution is modified from the IUCN Red List of Threatened Species
(Version 2017-2) based on data from the authors and from Akkiev (2018) and Trepet (2014) (Map template: © Copyright
Getty Images/iStockphoto)
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Tur inhabit Georgia, Azerbaijan, and several
administrative territories within the Russian Feder-
ation. Fromwest to east: Krasnodarsky Kray, auton-
omous republics Adygea, Karachay-Cherkessia,
Kabardino-Balkaria, North Ossetia-Alania, Ingu-
shetia, Chechnya, and Daghestan (Weinberg et al.
1997). Since tur distribution is almost continuous,
there are only few isolated populations, and popula-
tion abundance estimates are available for countries,
data are presented in the “Population Ecology” sec-
tion (Population dynamics).

Description

Size and Morphology

Caucasian tur cannot be characterized as a uni-
form morphotype because of considerable geo-
graphic variability, especially in adult males.
Tur, as all Capra, have pronounced sexual dimor-
phism. Females are smaller than males, their body
mass being about 1/2 of adult male body mass
(Table 1); females have small horns and, usually,
no beard.

In general, measures and body mass of tur
decline from west to east (Table 1). In Daghestan,
however, animals may be considerably larger than
shown in Table 1, with body length reaching
138 cm in adult females and 190 cm in 12–16-
year-old males (Abdurakhmanov 1973).

In females, the mass of the axial part of skele-
ton is slightly lower (48.7%) than that of the
appendicular part (51.3%), and bones of the hind
limbs are heavier than those of the forelimbs.
Peculiarities of the appendicular skeleton

characterize tur as a climber, well-adapted to rug-
ged, precipitous terrain (Kuliev 1981).

Tur females have two mammae; mammaries
enlarge visibly during lactation. Tur have a sub-
caudal skin gland with characteristic smell (Pocock
1910; Sokolov 1959; Sokolov and Tembotov
1993).

Pelage

Summer coat of all tur is short and coarse. In the
West Caucasus, summer coat in males and females
is rather bright-colored, ranging from reddish grey
to reddish chestnut. Underparts are whitish or yel-
lowish gray. The tail is dark brown, as are the
stripes along the frontal surface of the legs and
the beard in males. In winter, regardless of age
and sex, tur coloration varies from grayish brown
to dirty white (Heptner et al. 1961; Kotov 1968).

Themain difference in pelage between the East-
ern tur and the Western tur is the very dark winter
coloration of adult males in the former. Their coat is
homogenously dark brown from the 3rd year of
age; only 2–4-year-old males still display barely
visible darker stripes on the legs (Dinnik 1910;
Veinberg 1993). The grayish or dirty-yellow rump
patch in all age and sex classes is very small and
usually covered by the tail (Abdurakhmanov 1977;
Veinberg 1984, 1993). Beard in adultWestern tur is
usually longer than 12 cm, and it can reach up to
18 cm. Beard of adult Eastern tur male is �12 cm
in winter coat and, when stretched forward, never
extends beyond the chin. Being short, coarse, and
pointed forward, it differs from the long and
drooping beards of most other Capra, including

Table 1 Basic measurements of adult tur (females �3 years, males �6 years, mean
min�max )

Dimensions

Area

Caucasus NR
(Kotov 1968)

N. Ossetia (Weinberg
unpubl. data)

Daghestan
(Magomedov et al.
2001)

♀ ♂ ♀ ♂ ♀ ♂

Body length (in cm) 150
136�176

179
159�196

134
114�140

158
146�178

97
85�119

132
98�170

Shoulder height (in cm) 87
78�92

106
101�110

79
72�84

90
85�99

76
71�80

92
86�98

Hindfoot length (in cm) 31
30�32

34
31�36

31
27�34

36
32�37

Full body mass (in kg) (autumn, pre-rut) 58–71 143
124�155

55
42�68

115
93�148
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theWestern tur. In summer coat, the beard is hardly
noticeable (Veinberg 1993; Weinberg et al. 2010).
Females rarely have beard but, when present, it
appears wispy (Fig. 1). The beard is small in year-
ling males, quite conspicuous in 2-year-old males
and fully developed in 4–5-year-old males in win-
ter pelage (Fig. 1).

A single molt occurs in different age and sex
classes from March to August (Veinberg 1984). In
NorthOssetia inwarm years, females, yearlings, and
juveniles stop shedding their winter coat by the
beginning of May; in cold years they molt a month
later, before parturition.Males 2–4 years of age shed
their winter coat about 1 month later, older males do
so 2months later. Older individuals of both sexmolt
later than mature individuals (Veinberg 1984).

Skull and Dentition

The skull of Western tur male differs from that of
the Eastern tur: firstly, the coronal suture is almost
straight in the former, but projects forward at an
angle in the latter (Tsalkin 1955; Heptner et al.
1961). Secondly, the highest point of the skull
between the horn cores is situated closer to the
back of the cores in adult Eastern tur, while in the
Western tur it lies near the line connecting the
front parts of the cores (Tsalkin 1955; Heptner
et al. 1961; Weinberg et al. 2010). Thirdly, the
parietal shows a depression in the eastern animals
which is lacking in western ones (Tsalkin 1955).
Western tur male horn cores lack faint spiralling
twist evident in the Eastern tur, and nasals almost
reach the line connecting centers of the orbits
(Weinberg et al. 2010).

Dental Formula

0.0.3.3 / 3.1.3.3, total 32 (Heptner et al. 1961).
Development of permanent dentition allows age
determination in the first 5 years, since every sum-
mer, starting from the second one, a pair of incisors
and then a pair of canines replace milk teeth. How-
ever, eruption of permanent dentition may delay in
small undergrown specimens. One such yearling
female also had one upper canine, normally lacking
in caprines (Weinberg unpublished data).

Horns

Horns grow throughout the animal’s life with
cessations in the cold period of each year, approx-
imately between October and April, and annual
increments are much bigger in males than in
females. Horns of juveniles are straight or slightly
curved and oval in cross section. Horns of West-
ern tur males diverge at an angle of no less than
60° (Sokolov 1959). Horn cores and sheaths of
males older than 6–7 years are subtriangular in
cross section and scimitar-curved, and the radius
of the curve is large. Horn tips are usually pointed
down-inward (Fig. 2a). The sheaths are massive
and thick. In younger males, each annual segment
usually has two transverse notches on the frontal
surface, as in ibexes. These notches become less
conspicuous with age. According to measure-
ments taken by Tsalkin (1955), the length of
2–5th segments is on an average 36 cm, circum-
ference at base in males older than 6 years is on
average 29 cm, and the mass of the sheaths is
1–1.7 kg. Horn length of adult Eastern tur females
usually reaches up to 20–22 cm, while in males it
reaches 70–90 cm, with c. 30 cm of base circum-
ference at 10–15 years of age (Abdurakhmanov
1973; Tsalkin 1955; Veinberg 1984). Maximal
annual increment (�16.5 cm) occurs in the second
year in males, but reduces sharply after that, and is
merely some 4 cm by the age of 10 years, or even
less (Veinberg 1984). In yearling males, horns are
triangular in cross section at base, and curve up,
out, and then back. From the 3rd year, transverse
wave-like notches (usually 2–3 on each annual
segment) are prominent on frontal surface. The
spiraling twist develops with age, and horn tips
become distinctly pointed upward by 6–7 years
forming about 3/4 of an open spiral curl, or even a
full curl, in Daghestan and Azerbaijan (Figs. 1 and
2f–i). This shape usually does not depend upon
individual rate of growth; horns of a 7-year-old
male can be below the average size and signifi-
cantly shorter than those of a 5-year-old one, but
develop the “adult” 3/4 curl nevertheless
(Veinberg 1993). Horns diverge widely, at �60°
in males and c. 45° in females (Sokolov 1959).
Average mass of horn sheath of a 14-year-old
male is 2.45 kg (Abdurakhmanov 1973).
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Anectodal evidence suggests that an area on the
southern side on the border between Georgia
(Lagodekhi Nature Reserve) and Azerbaijan
(Zaqatala NR) harbors very large forest-dwelling
males whose horns reach extraordinary length of
128 cm. A skull of a male from Lagodekhi NR,
possibly killed by an avalanche, had huge horns, the
longest reaching 125 cm (Weinberg unpublished
data).

Physiology

The heart, lung, and liver indices (i.e., the proportion
of the mass of the specific organ to the full body
mass) are usually smaller in Daghestan tur males
than in females, indicating that the latter may be less
adapted to high altitudes (Abdurakhmanov 1973).
Females indeed live at lower elevations than adult
males (Veinberg 1984). In this respect, much bigger
horn cores may offer still more advantage to males
than to females, as they supposedly generate blood
(Korzhuyev et al. 1978). Tur from Daghestan dis-
play high oxygen concentration in blood: 14.34
million erythrocytes/1 mm3 and 12.4 g% of hemo-
globin (Bulatova 1962). Oxygen concentration is
slightly lower in Teberda NR, while both indices
increase with age and are almost constantly higher
in adult males than in females. This also seemingly
indicates better adaptation to higher elevations in
adult males, particularly in summer (Bobyr’ and
Semyonov 2008).

Body temperature is 40.0–41.6°C in juveniles
and 38.5–41.0°C in adults. Pulse and breathing
rates (per min.) also diminish with age (Bobyr’
and Semyonov 2008).

Summer forage of females contains 1.3 times
more nutrients (protein, fat, cellulose, and
nitrogen-free substances) than that of males,
likely because females prefer the shady slopes of
northern exposures, where vegetation is richer in
nutrients than on sunny slopes (Magomedov et al.
2001). In summer, relative food intake (per kg of
the body mass) of young animals exceeds 1.5
times that of adults; this difference increases in
winter, because juveniles do not lower intensity of
their feeding, as older animals do (Magomedov
et al. 2001).

Genetics

Chromosomes

Eastern tur have 2n ¼ 60 chromosomes (Kuliev
and Mamedov 1974).

Genetic Diversity

There are no data on genetic diversity of tur, but
since local tur populations usually are not isolated
from each other and have not gone through recent
bottlenecks, it may be assumed that diversity has
not diminished in the recent history.

Hybridization

Eastern tur crossbreed with wild goat C. aegagrus
and domestic goat C. hircus in captivity producing
fertile offspring (Pfitzenmayer 1915; Sarkisov
1953). Information on hybridization of both spe-
cies in the wild is indefinite (Pfitzenmayer 1915)
and has not been confirmed by subsequent research
(Heptner et al. 1961; Weinberg 1999). However,
genetic studies revealed that certain Eastern tur
specimens from Daghestan belong to the female
lineage of local wild goat (Pidancier et al. 2006),
suggesting that at least some limited hybridization
might have taken place there. Other studies
(Kazanskaya 2007; Kazanskaya et al. 2007) pro-
posed that Western tur belonged to female lineage
of the wild goat and to male lineage of the Eastern
tur, thus being completely hybrid.

Life History

Growth

After a gestation of 160–165 days (Chlaidze
1967; Janashvili 1977; Vereshchagin 1938) gen-
erally one young is born between the end of May
and August (Abdurakhmanov 1973; Chlaidze
1967; Veinberg 1984). The average full body
mass of four neonates in Daghestan was 3.4 kg,
and their body length was 38 cm (Magomedov
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et al. 2001). In theWest Caucasus, neonates weigh
about 4 kg (Bobyr’ and Semyonov 2008;
Zalikhanov 1967). Male and female juveniles in
their first winter do not differ in size, and in North
Ossetia their body length is 95 (87–100) cm
(Weinberg 2002c).

Growth is slow and shows significant individ-
ual variation (cf. Table 1). Comparison of all data
indicates that females reach full size and mass by
5–6 years of age, while in males growth slows
down after 6–7 years, though they continue
gaining mass until later years (Abdurakhmanov
1973; Bobyr’ and Semyonov 2008; Kotov 1968;
Magomedov et al. 2001; Weinberg 2002a;
Zalikhanov 1967). Cranial sutures fuse by
6–7 years in males (Vereshchagin 1938). Com-
plete dentition is achieved at 5 years. Teeth are
heavily worn by the age of 12 (Vereshchagin
1938), and after this age animals usually start
losing teeth (Weinberg unpublished data).

Reproduction

The rut normally lasts from mid-November to the
end of December (Bobyr’ and Semyonov 2008;
Chlaidze 1967; Kotov 1968; Kurashvili et al.
1981; NACRES 2017; Vereshchagin 1938) but
may delay in Kabardino-Balkaria and North Osse-
tia, lasting until beginning of January (Veinberg
1984; Zalikhanov 1967). Rut is often triggered by
a cold spell (Abdurakhmanov 1977; Veinberg
1984), but later the rutting intensity can be ham-
pered by cold weather, and the length of the mat-
ing season can be prolonged (Abdurakhmanov
1977; Enukidze 1965; Veinberg 1984).

In concordance with the times of rut, parturition
occurs earlier on the warmer Southern side of the
Greater Caucasus and is latest on the Central part of
North Caucasus (Abdurakhmanov 1973; Kotov
1968; Kuliev 1981; Magomedov et al. 2001;
Veinberg 1984; Vereshchagin 1938; Zalikhanov
1967). In Teberda Reserve, the latest births
occurred at the beginning of August (Ekvtimishvili
1953b).

Twinning is exceptionally rare in the West and
Central Caucasus, and in North Ossetia less than
0.1% of all females with newborns nursed two

kids (Veinberg 1984), while in Daghestan 3–4%
of females that gave birth had twins (Magomedov
et al. 2001). Proportion of barren females varies
throughout the range: from about 3–7% in the
West Caucasus (Kotov 1968) and Kabardino-
Balkaria (Zalikhanov 1967) to 40% in North
Ossetia and Azerbaijan in some years (Veinberg
1984; Vereshchagin 1938). The proportion of bar-
ren females seemingly correlates with the snow
depth of the previous winter, or even of the winter
before (Weinberg 2002a). The average proportion
of kids present in the population 1–2 months after
parturition is just 13% in theWest Caucasus and in
Kabardino-Balkaria (Bobyr’ and Semyonov
2008; Kotov 1968; Romashin 2001; Zalikhanov
1967), about 16% in North Ossetia (Veinberg
1984), and over 20% in Daghestan (Magomedov
et al. 2001) and Azerbaijan (Kuliev 1981). This
proportion correlates positively with the produc-
tivity of subalpine and alpine pastures in the West
Caucasus (Romashin 2001).

Juvenile/female ratio in August–September is
much more informative than juvenile proportion.
In Daghestan, this index correlates inversely with
population density and average group size and
correlates positively with proportion of accessible
summer pastures and slopes of southern exposures,
which serve as main winter pastures (Magomedov
et al. 2001). In North Ossetia, juvenile/female ratio
correlates negatively with the snow depth of the
previous winter. Juvenile survival (yearling/female
to juvenile/female ratio of the previous year) also
showed similar correlation, but less strong (Wein-
berg 2002a). Yearlings usually make only about
5–9% of the population (Bobyr’ and Semyonov
2008; Kotov 1968; Romashin 2001; Veinberg
1984; Zalikhanov 1967).

Yearling tur females from Daghestan (Heptner
et al. 1961) and 3-year-old males (Janashvili
1950) already mate in captivity. In the wild,
females reach sexual maturity at 2 years of age
in East Caucasus (Abdurakhmanov 1977; Vere-
shchagin 1938), though in Daghestan only a small
proportion of 3-year-old females have kids
(Magomedov et al. 2001). In West Caucasus,
females usually give first birth at 4 years; out of
22 captured 3-year-old females only 1 was preg-
nant (Kotov 1968). Males participate in the rut
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from the age of 4–5 years in Kabardino-Balkaria
(Zalikhanov 1967).

Direct information on age at primiparity and
pregnancy rate of female tur is not available for the
most part of the distribution. Pregnancy and lacta-
tion, however, are energetically expensive, and they
might influence horn growth increments (cf. Miura
et al. 1987 for Japanese serowCapricornis crispus).
In turn, this suggests that the relative length of horn
annuli might offer some insights into these life
history traits in female tur (Weinberg 2002b). Age
at primiparity is seemingly 4 years in North Ossetia,
though some individual heterogeneity occurs, and
females in good conditions might give birth already
at the age of 2. The proportion of barren females
appears lowest between 8 and 12 years, after which
their proportion in the population grows (Weinberg
2002b). Some females, however, can still reproduce
after 16 years of age (Magomedov et al. 2001,
Weinberg 2002b). Annual horn segments in females
older than 2 years indicated that 69% of themmight
have given birth, which is slightly higher than the
proportion of observed females with kids in sum-
mers (56%). This difference most likely owes to
death of newborns and to birth of stillborns (Wein-
berg 2002b).

Sex and Age Structure, Survival

Sex ratio varies throughout the distribution range
and over the years. Because male and female hab-
itat preferences are different, a robust value of sex
ratio can be obtained only during the rut, and in
Azerbaijan this ratio was significantly in favor of
females, both within protected (0.61:1) and unpro-
tected areas (0.44:1) (Guliev et al. 2009). Extraor-
dinarily biased sex ratio (1:15–20) has been
reported for the Khevsureti area in Georgia
(Kopaliani and Gurielidze 2009), though no expla-
nation was provided as to the reasons for such
figures. In North Ossetian Nature Reserve, sex
ratio was male-biased in 1979–1987 (1.02:1) and
fully adult males made up c. 13% of the population
during the rut (Weinberg 2002a). After 1987, the
situation got worse: sex ratio was permanently in
favor of females, dropping to some 0.2:1 in 1993/
1994, and adult males made up just 4.7% of the

population. Both figures, especially the very low
proportion of fully mature males, indicate a high
poaching level (Weinberg 2002a).

In Daghestan, mortality is very high during the
1st year of life and reaches c. 40% (Abdurakhmanov
1977; Magomedov et al. 2001). Annual mortality
gets increasingly sex-specific with age: at 3 years
it is 9.5% for both males and females, whereas by
the age of 14 it is 32% and 14%, respectively
(Magomedov et al. 2001). Longevity is
15–16 years (Heptner et al. 1961; Magomedov
et al. 2001), but some animals can live up to
21–23 years (Vereshchagin 1938; Weinberg
2002b; Zalikhanov 1967). In North Ossetia, only
females exceeded the age of 16 years (Weinberg
2002b).

Habitat and Diet

Habitat Selection and Movement

Tur distribution and seasonal movements depend
largely upon vegetation and, hence, climatic con-
ditions which differ significantly over the tur
range. Annual precipitation is generally higher
on the southern side of the Main Range: 644–
688 mm in North Ossetia and Daghestan and
1394 mm in Azerbaijan. Precipitation occurs
mostly in the second half of spring and in summer
(Gasanov 1990; Malikova 1960), and it increases
from east to west, reaching about 1200 mm on the
Northern side and over 2000 mm on the Southern
side of the West Caucasus (Akatov et al. 1990).

Tur live at 1000–4000 m of elevation, in forest,
subalpine, alpine, and subnival habitats
(Abdurakhmanov 1977; Ekvtimishvili 1952a;
Veinberg 1984; Vereshchagin 1938). However,
areas >3500 m a.s.l. are visited only in summer
and rarely even then (Veinberg 1984). Animals
avoid thick forests on gentle slopes but are often
found in open forests growing on steep, precipitous
slopes. These areas are used not only in winter, but
also during snow-free periods, sometimes all year
round, especially by females with kids and by
young males (Veinberg 1984). Some populations
live in broad-leaved forests composed of beech
Fagus orientalis, hornbeam Carpinus caucasica,
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and oakQuercus macranthera on the Southern side
of the East Caucasus and are separated from the
subalpine zone (Janashvili 1963; Markov 1938;
Vereshchagin 1938). On average, over 1/3 of tur
live in the forest throughout the year in Georgia
(Ekvtimishvili 1952a). High levels of human dis-
turbance and occupation of subalpine and alpine
zones by domestic livestock might have forced
these animals to move into the forest (Chlaidze
1967; Markov 1938; NACRES 2017). The propor-
tion of animals dwelling below the timberline
decreases westward, because animals tend to
avoid closed tall spruce Picea abies and fir Abies
nordmanniana stands, widespread in the West
Caucasus, but totally absent in the Central and
East Caucasus where pine Pinus kochiana and
birch Betula litwinowii dominate, forming more
open grassy stands (Bobyr’ and Semyonov 2008;
Kotov 1968; Magomedov et al. 2001; Trepet 2014;
Veinberg 1984). Long periods of cold and rainy
weather cause subalpine and alpine-dwelling
females with kids to seek shelter in forests even in
summer (Veinberg 1984).

Choice of slopes with different exposures also
varies over the distribution range. Exposure selec-
tion is most consistent in winter when the majority
of animals (up to 90%) all over the Caucasus con-
centrate on sunny slopes (Aiunts and Kolomyts
1986; Bobyr’ and Semyonov 2008; Kotov 1968;
Magomedov et al. 2001; Veinberg 1984;
Zalikhanov 1967). This can be explained by a
much higher snow cover above timberline on
north slopes than on south slopes (ratio 1:8) in
West Caucasus (Kotov 1968). Similarly, in spring
tur try to find early grass on sunny slopes. However,
in summer and autumn, the choice of exposure may
differ significantly, because animals seek more
nutritious vegetation. In the less humid and more
insulated East and Central Caucasus, vegetation
dries quickly, and fresh vegetation can be more
easily found on shady slopes (Aiunts and Kolomyts
1986; Magomedov et al. 2001; Veinberg 1984:
Zalikhanov 1967). In the over-humid West Cauca-
sus, and possibly on the humid Southern side of the
whole Greater Caucasus, fresh vegetation mainly
occurs on south slopes which are preferred by ani-
mals (Bobyr’ and Semyonov 2008; Gavashelishvili
et al. 2018; Kotov 1968). Approaching autumn, the
last snowfields with fresh vegetation around can be

found on shady slopes (Bobyr’ and Semyonov
2008). However, in summer and autumn, preference
of specific exposures is not as consistent as in
winter.

Male and female tur select different habitats. In
North Ossetia, females use forests more intensively
than adult males. Altitudinal distribution of females
and adult males fully overlaps only during the rut.
From February to April, over 80% of females, kids,
yearlings, and youngmales dwell in the forest, while
over 50% of adult males remain in subalpine and
alpine areas. In summer, above timberline, over
80% of adult males feed on gentle slopes, while
about 63% of females with yearlings and kids
graze on cliffs (Veinberg 1984). In Daghestan,
adult males are more numerous on medium-steep
slopes (26–46°), while females appear less selective
to steepness of the slopes (Magomedov et al. 2001).
In general, females usually live in closed habitats
(more forested or more precipitous and rugged),
while adult males prefer more open habitats. The
habitat differences described above, combined with
differences in diurnal activity, generate ecological
and, often, spatial segregation between females with
offspring and adult males (Veinberg 1984).

Seasonal migrations rarely exceed 5 km dis-
tances in North Ossetia and Daghestan
(Abdurakhmanov 1977; Veinberg 1984). Two reg-
ular migrations from Azerbaijan to Daghestan
occur across the Watershed Range: one in winter,
when snow is more abundant on the southern side,
and the other in summer, in order to avoid biting
insects (Vereshchagin 1938). In Kabardino-
Balkaria, however, adult males may cover some
20–25 km during pre-rut migrations, from the
Side Range to much less snowy Rocky Range
where females are present (Zalikhanov 1967). In
general, animals move northward, away from the
snowy Main (Watershed) Range. This regularity is
common in Northern Caucasus (Aiunts and
Kolomyts 1986; Veinberg 1984, Weinberg 2002a).
Tur perform mainly vertical migrations in West
Caucasus, with limited changes in geographical
distribution over the year (Kotov 1968; Trepet
2014). Seasonal migrations of adult tur males usu-
ally exceed those of other age and sex classes
(Veinberg 1984).

Diurnal movements are most evident in sum-
mer and above timberline (Abdurakhmanov 1973;
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Veinberg 1984). Their direction depends upon the
location of feeding areas and resting sites. Usually
the latter occur at higher elevations above the
subalpine meadows in North Ossetia, and animals
move downslope in the evenings to move back
upward in the mornings (Veinberg 1984). The
scarcity of vegetation above 3,200 m reduces the
amount of forage, but tur may move to higher
elevations either to avoid daytime summer heat
or to escape from biting insects, predation, or
hunting (Gavashelishvili et al. 2018). In
Kabardino-Balkaria and, especially, Daghestan,
ridges are less rocky, and animals may spend the
day below their feeding sites, in shady canyons, so
the direction of diurnal movements may be oppo-
site to that described above (Aiunts and Kolomyts
1986; Vereshchagin 1938). Typically, males move
up to 2000 m horizontally and 1000 m vertically
during the day, whereas females move c. 500 m
horizontally and 300 m vertically (Chlaidze 1975;
Magomedov et al. 2001; Veinberg 1984).

Population Density

Average population density varies from 0.15 to
17 animals/km2 (Kotov 1968; Kuliev 1981;
Magomedov et al. 2001; Veinberg 1984).

Feeding

Tur are mixed feeders. Practically all plant species
occurring in the habitat are eaten, but only about
60 constitute the main diet, and some 20 of these
are preferred (Magomedov et al. 2001). Grasses
dominate in the autumn and winter diet throughout
the range, while forbs prevail in spring and summer
(Kotov 1968; Magomedov et al. 2001) and make
on average no less than 30% of the rumen contents
in all seasons in Daghestan. In winter, animals
browse more than in summer. Euonymus, pine,
dog rose Rosa sp., and willow Salix sp. are pre-
ferred browse all over the range (Abdurakhmanov
1973; Romashin 2001; Veinberg 1984). In snowy
winters, particularly in February and March, ani-
mals may feed on pine needles (Veinberg 1984).
On the southern side, trees, shrubs, and low shrubs
are essential in winter (Ekvtimishvili 1953a;

Kuliev 1981). Lichens and especially mushrooms
are seldom eaten (Zalikhanov 1967). Tur also eat
different parts of the plants in different seasons. In
May and June, for example, animals feed on whole
plants, while in July–August, they select buds and
blossoms, i.e., the parts with highest nutritional
value (Kotov 1968).

Impact on Vegetation

In Daghestan, tur use 29.0–51.3% of the
phytomass in different types of plant communities
above timberline (Magomedov et al. 2001). They
can change the vegetation composition and lower
the productivity of feeding sites. In areas where tur
were the only large grazers, productivity of plant
communities within enclosures protected from tur
rose approximately twofold already in the second
year, and new grass species emerged (Magomedov
et al. 2001). In Teberda, tur may consume over
70% of phytomass in their most important winter-
ing sites (Bobyr’ and Semyonov 2008).

Mineral Feeding

Animals often visit natural salt-licks (mineral
springs, clay, soil etc.). Tur use salt-licks mostly
at the end of spring–beginning of summer (Bobyr’
and Semyonov 2008; Kotov 1968; Romashin
2001; Zalikhanov 1967). Daghestan tur eat soil
impregnated with natural minerals. Animals lick
minerals deposited on the surface of cliffs and
drink from mineral springs (Vereshchagin 1938).
Otherwise they seldom drink (Zalikhanov 1967),
apparently obtaining sufficient water from fresh
grass and snow. Kids start salt-licking before the
age of 1 month (Kotov 1968).

Behavior

Social Behavior

Four types of groups exist: adult male groups,
sometimes including younger males; young male
groups; female groups including young males;
and mixed groups with at least one adult male
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and one adult female, apart from other animals.
These latter groups are rare outside the rut. Based
on the behavior during the rut and association
with females outside the rut, only males older
than 6–7 years can be regarded as fully adult in
non-hunted populations (Veinberg 1984). In
North Ossetia, in years of high density, the aver-
age size of mixed groups was about 10 animals
during the rut. Adult male groups were the largest
ones outside the rut (with c. 12 individuals on
average). They split in November, just prior to
rut, when adult males start roaming in search of
females, and reunite in January or February.
Female groups are the most stable ones, and
their size fluctuates little throughout the year,
averaging seven individuals. Young male groups
can occur throughout the year but are rarely
observed and small, probably because most
young males are members of adult male or female
groups. The overall mean group size increases
from c. 6 individuals in November–January to
c. 10 individuals in May–July (Veinberg 1984),
this regularity being common in most parts of the
range, because animals disperse over smaller
accessible plots of pastures in snowy winters
(Bobyr’ and Semyonov 2008). The average
group size also depends on topography, being
2.5 times larger in more rolling and gentle valleys
than in more rugged areas, despite generally lower
population density is found in the former
(Veinberg 1984). Therefore, in less precipitous
Azerbaijan, average group size was about
78 (Kuliev 1981). Group size is also negatively
affected by human disturbance (Gavashelishvili
et al. 2018).

Females form communities with well-defined
home ranges covering 4–6 km2. Groups are not
stable within these communities; they join and
split, even daily. Home ranges of adult males are
considerably larger, about 25–30 km2 due to their
active roaming during the pre-rut and rut. Adult
male groups are philopatric, using perennial trails,
resting sites, and feeding areas (Veinberg 1984).
Animals display full knowledge of topography
within their home ranges. In case of danger, they
do not hesitate but run across precipitous terrain,
in each case using a fixed and familiar escape
route. When individually known animals were

met in precipitous terrain outside their home
ranges, they demonstrated lack of knowledge of
local topography and inability to choose instantly
correct escape routes used by local animals (Wein-
berg unpublished data).

Mating Behavior

Courtship is generally displayed only during the
rut, although young, 3–4-year-old males may
attempt to court females already in spring and
summer. Rutting males keep their tails up and
folded over the back. Males older than 5 years
do so constantly; 3-year-olds raise their tails only
in absence of older males and only for short
periods. Courtship generally resembles guarding
and cautious approaching. Low-stretch (the neck
and head are stretched and are in line with the
dorsal spine) forms the basis of adult male behav-
ior while courting females, and most other court-
ship patterns (kick and tongue flicking) are
performed by the male while low-stretching
(Bobyr’ and Semyonov 2008; Kotov 1968;
Veinberg 1984). This posture seemingly makes
the most intimidating feature of adult males –
their large horns – less conspicuous. The intensity
of courtship is much higher in adults (3 displays/h)
than in 3–6-year-old males (2 displays/h)
(Veinberg 1984). Unlike cautious “tending” tactic
of adult males, young ones usually do not guard
and court females; on the contrary they try to mate
with unreceptive females, chase and harass them
using a “coursing” tactic. Young male may attack
a female if she tries to drive him away. Females
escape from c. 1/3 courtship attempts of adult and
about 1/2 attempts of young males and respond
aggressively to c. 9.5% attempts of adult and
c. 15.5% of young males, clearly showing prefer-
ence for adult males. Young males court yearlings
and kids much more often than adult males
do. They probably have more chance to breed
only after the main rutting period, when adult
males are exhausted but some females still remain
unfertilized. However, no research with genetic
analyses had been conducted on success of differ-
ent mating tactics: “tending” of adult males vs
“coursing” of young males. No successful
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matings have been recorded in North Ossetia
(Veinberg 1984), and only one copulating pair
had been observed in Teberda, already after sunset
(Bobyr’ and Semyonov 2008). Observations on
tur (Veinberg 1984) and mating Asiatic (Siberian)
ibex, that took place just after sunrise (Fedosenko
et al. 1992), indicate that presence of other ani-
mals (besides the courting pair) irritates female
and prevents copulation.

Agonistic Behavior

Adult males display agonistic behavior almost
exclusively during the rut. Aggressive interac-
tions take place mainly between animals of differ-
ent age classes. A young male typically
experiences about 0.8 aggressions/h from adult
males, while adult male receives only 0.2 from
his own class (Veinberg 1984). Adult dominant
tur males never expel other males from rutting
groups. Aggressive contests are usually based on
indirect threats, such as broadside and demon-
strating horns. The only exceptions to this rule
are fights that are rare in North Ossetia (Veinberg
1984), contrary to Daghestan (Abdurakhmanov
1977), Kabardino-Balkaria (Zalikhanov 1967),
and Azerbaijan (Vereshchagin 1938). Fights take
place between equally sized males and are pre-
ceded by aggressive displays. They are extremely
fierce and are not ritualized. Clashing from a
bipedal position is followed by horn wrestling.
Animals lock horns and sometimes roll down the
slope together. Blows are delivered to the head
and body. Males may fight in head-to-tail position
and butt each other on the belly from below. The
tail is kept down during a fight. The loser leaves
the group, followed, but not chased, by the win-
ner, who then rejoins the group (Veinberg 1984).
One lethal fight had been observed in Teberda
Nature Reserve (Bobyr’ and Semyonov 2008).

During the rut, females display aggression only
as a response to courtship. They avoid adult males
outside the rut and are dominated even by 2–3-year-
old males. This might possibly be one reason why
females tend to separate from young males at the
beginning of the birth period. One–two months
after the parturition period, juvenile/female ratio

correlates inversely with the presence of young
male(s) in small (2–5 females) female groups and
also with the number of females in the group (Wein-
berg 2004). Females are often aggressive toward
other females’ kids. Female aggression is primarily
intrasexual (2/3 of all events) and is mainly based on
direct forms, like butting. This behavior is probably
related with late pregnancy, because it is usually
observed in April and May (Veinberg 1984). No
dominance-submission relationships occur between
adult males and females (Veinberg 1984).

Activity

In summer, tur feed at night, even if undisturbed,
and by the end of dawn animals start moving back to
their resting sites. Adult males are practically inac-
tive from 0800 h until 1600 h in nice weather,
whereas females’ activity never ceases completely
(Bobyr’ and Semyonov 2008; Kotov 1968;
Veinberg 1984, etc.). Activity shifts to a more noc-
turnal cycle when some form of anthropogenic
impact occurs, such as livestock pasturing or hunt-
ing (Chlaidze 1975; Kotov 1968; Zalikhanov 1967;
NACRES 2017). In Azerbaijan, where shepherds
seldom hunt, animals seem to be less disturbed by
presence of livestock and often choose daytime
resting sites close to livestock camps. During the
rest of the year, animals are active in daylight hours
(Veinberg 1984).

Feeding Behavior

Animals paw through snow (up to 30 cm deep),
dig out underground parts of plants, but also bend
branches with their forelegs; rear up on their hind
legs to reach leaves, twigs, or pine needles; and
even climb slanting trees, though are less skilled
in this respect than wild goats (Veinberg 1984;
Weinberg 1999).

Parental Care

Usually females are solitary just prior to giving
birth, stay in rugged terrain and avoid other
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females for about a weak after parturition, and
tend to dwell below timberline or just above it
(Kotov 1968; Zalikhanov 1967). After parturition,
females sometimes hide their neonates, leaving
them alone for 2–3 days, periodically visiting to
nurse (Abdurakhmanov 1977; Kotov 1968). Even
after this hiding phase is over, the female with her
kid may avoid other conspecifics for another
3–7 days (Zalikhanov 1967). Kids suckle in
head-to-tail position. Weaning begins in
September, and females not only step away but
also kick and rarely even butt their kids to prevent
suckling (Veinberg 1984). However, kids con-
tinue suckling till December although they begin
grazing already in July. A female found dead in
January had milk in her udder (Veinberg 1984).
Sometimes even a yearling may suckle, suppos-
edly when the female has lost her neonate
(Zalikhanov 1967). Female tur can adopt an
orphan kid and take care of it together with her
own kid (Enukidze 1965).

Communication

Vocalization is poor. The alarm signal is a sharp
and hissing whistle (Abdurakhmanov 1977;
Veinberg 1984; Vereshchagin 1938). Females
and kids bleat to each other (Dinnik 1910;
Zalikhanov 1967).

Marking is rare (32 observations) and
performed by all age and sex classes though
mostly by adult males (2/3 of all observations)
who mark only during the rut (Veinberg 1984).
Males de-bark trunks or bigger branches using
their horns and then rub against the bare places
with the postcornual area, sniffing periodically at
the mark, that may be spread over some 70 cm. In
North Ossetia numerous old and new marks are
characteristic of wintering areas and most often
occur on pines. Marks of adult males have durable
scent (Veinberg 1984) although no specific post-
cornual glands are known in tur (Sokolov 1973;
Sokolov and Tembotov 1993). Young males mark
during the rut and outside it; females do so only
outside the rut. They mark twigs and do not
de-bark them. On the whole, marking evidently
belongs to agonistic behavior. It is not connected

with territoriality, as tur are not territorial
(Veinberg 1984).

Parasites and Diseases

Ectoparasites

Mange, caused by the tick Acarus siro, occurred
in Azerbaijan (Vereshchagin 1938), Daghestan
(Magomedov et al. 2001), and Kabardino-
Balkaria (Zalikhanov 1967). Animals suffer from
lice Mallophaga, ticks Haemaphysalis sulcata,
H. warburtoni, Rhipicephalus turanicus, and lar-
vae of gadfly Oestrus turanicus and Oestrus
caucasicus (Abdurakhmanov 1973; Asadov
1959; Bobyr’ and Semyonov 2008; Ekvtimishvili
1952b; Kotov 1968; Rukhlyadev 1964; Vereshcha-
gin 1938; Zakariyev 1980).

Endoparasites

The helminth fauna of tur is comparatively poor
due to the severe environment of the highlands
(Asadov 1959; Zakariyev 1980). Fifteen examined
animals from Azerbaijan had no worms at all
(Vereshchagin 1938). Nevertheless, known tur par-
asites are tapeworms Coenurus cerebralis (Taenia
multiceps) and Cysticercus tenuicollis (Taenia
hydatigena), larvae of Oestrus caucasicus, flukes
Dicrocoelium lanceatum and Fasciola hepatica,
Echinococcus granulosus, 29 species of nematodes
(Abdurakhmanov 1973; Akkiyev 1997; Asadov
1959; Bobyr’ and Semyonov 2008; Ekvtimishvili
1952b; Rukhlyadev 1964; Vereshchagin 1938;
Zakariyev 1980). Zalikhanov (1967) reports
that about 65% of hunted animals in Kabardino-
Balkaria had sick lungs. In Georgia, 100% of tur
population had Trichostrongylidae and Pro-
tostrongylidae nematodes (Chlaidze 1967). Para-
sites of the following genera were described for tur
in Georgia: Cysticercus, Chabertia,
Oesophagostomum, Marshallagia, Muellerius,
Cystocaulus, Neostrongylus, Gongylonema,
Nematodirus, Ostertagia, Protostrongylus,
Rinadia, Trichocephalus, Haemonchus,
Linguatula, Skryabinagia, and Skryabinema
(Chlaidze 1967; Enukidze 1965).
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Tur reportedly suffered from foot-and-mouth
disease in Kabardino-Balkaria and, perhaps, in
Daghestan (Zalikhanov 1967). Some unknown
plague reduced tur numbers in Central and East-
ern Caucasus by the end of the nineteenth century,
killing about 2/3 of tur population in Baksan Val-
ley (Elbrus Mt. massif: Zalikhanov 1967).

Population Ecology

Population Dynamics

Tur numbers were low at the end of the nine-
teenth–beginning of the twentieth century. Con-
servation status remained bad until after the
Second World War. A period of population
growth started after the Second World War and
lasted approximately till the mid-1980s (Heptner
et al. 1961; Weinberg et al. 1997). In the late
1960s and early 1970s total numbers of tur were
calculated to be approximately 48,000 animals
(Ravkin 1975). These data appear roughly ade-
quate, except those for Krasnodar Krai, including
the Caucasus Nature Reserve (NR), where 26,000
and 16,000 animals had been calculated, respec-
tively (Table 2), but they were most likely over-
estimated. These figures have been revised lately,
and maximum numbers turned out to be approx-
imately 7,000 in the Caucasus NR (Romashin
2001; Trepet 2014), so that the total number for
the North Caucasus had been hardly over 35,000
in the 1960s–1970s (Table 2).

This increase was followed by a decrease that
was not simultaneous throughout the range
(Table 2). In Georgia, the numeric decrease

began in the mid-1970s (Eriashvili 1990). In
Russia, it started a decade later and continued
throughout the 1990s: it was most drastic in West-
ern Caucasus and North Ossetia and very evident
in the nature reserves (Caucasian, Teberda and
North Ossetian NRs) where numbers dropped
two or even three times (Romashin 2001; Trepet
2014; Weinberg 2002a). Several major factors
may have caused this decrease. Firstly, the
extremely snowy winter of 1986–1987, which
triggered catastrophic decrease of reproduction
that lasted several years, and secondly, subsequent
outbreak of poaching due to several ethnical con-
flicts in the Caucasus, disintegration of the Soviet
Union, collapse of law enforcement system, and
appearance of refugees (Weinberg 2002a). The
situation seemed better in Daghestan, and tur
numbers there had been estimated at 18,000–
20,000 in the second half of the 1990s
(Magomedov et al. 2001). However, tur popula-
tion in Daghestan is now estimated to be about
15,000–16,000 (Babaev et al. 2017). Likewise,
too optimistic estimates were presented for
Azerbaijan, 13,700 tur in 1993 (Guliev 2000).

Lately, tur population has stabilized and totals
some 35,000 individuals, of which Western tur
makes only up to 4000 animals (Caucasus NR
and maybe Svaneti area in Georgia), and the over-
all trend is positive (Table 2). It should be noted
that the relative numbers of Eastern and, espe-
cially, Western tur depend upon taxonomic
views of the surveyors and reviewers. However,
Western tur indeed makes a small proportion of
the totals. Many local tur populations, particularly
in Azerbaijan (mostly on the Southern side) and
Daghestan, Russia (Northern side of the Greater

Table 2 Dynamics of tur numbers (Western tur/Eastern tur)

Year

Country

TotalRussia Georgia Azerbaijan

1960s–1970s 16,000/25,000a 500/4,000b 7000c 35,000

1980s 12,000/18,000–20,000d

1990s 2,500/2,800e 13,700f

2003–2013 3,000/24,000g 1,000/5,900h 6,000i 4,000/35,000
aAbdurakhmanov (1977), Ravkin (1975), Veinberg (1984), Zalikhanov (1967), Romashin (2001), Trepet 2014; bChlaidze
(1967); cAlekperov et al. (1976); dWeinberg et al. (1997); eNACRES (1996) fGuliev (2000); gTrepet (2014), Bobyr’ and
Semyonov (2008), Akkiyev and Pkhitikov (2007); hNACRES (2003), Gurielidze et al. (2013), Kopaliani and Gurielidze
(2009); iGuliev et al. (2009)
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Caucasus) are transboundary (see above), so it
seems likely that double counts occur on both
slopes of the Main Range.

The population growth potential of tur is low
due to rare twinning and low yearling proportion
(see “Life History”); thus recovery after a
decrease is usually slow and may take several
years even under full protection, as it happened
in the Caucasus NR after disintegration of the
USSR (Trepet 2014).

Inter-specific Interactions

Tur are sympatric with red deer Cervus elaphus in
Eastern and Western Caucasus, but, since red deer
usually avoid rugged areas and are much less
numerous above timberline, competition is mini-
mal (Popkova 1968; Veinberg 1984). Wild goat is
restricted to Daghestan, Chechnya, and North-
Eastern Georgia (Heptner et al. 1961; Weinberg
1999) and shares forest habitats with the Eastern
tur, outnumbering tur in these habitats by 6–7
times, but rarely occurs above the timberline
(Weinberg 1999). Tur males were observed joining
wild goat herds during the rut, but wild goat
females were evidently frightened and avoided
them (Weinberg 1999). Chamois Rupicapra
rupicapra are more common in the West Caucasus
and on the south slope of the Watershed Range in
East Caucasus and often share habitat with tur,
competing for food (Heptner et al. 1961; Popkova
1968). Usually, occurrence and altitudinal distribu-
tion of chamois may depend upon the presence of
tur and not vice versa (Popkova 1968; Veinberg
1984). In general, the spectrum of habitats used by
chamois depends upon the occurrence of compet-
ing ungulate species, like tur, red deer, etc.
(Veinberg 1983). Tur sometimes mixed with cham-
ois groups and stayed together for a while at natural
salt-licks in Svaneti (Gabliani 1930). Livestock,
sheep in particular, are the main tur competitors
outside strict nature reserves. Winter densities of
tur population decrease from c. 30–35 animals/km2

in areas without intensive shepherding to merely
12–15 animals/km2 in areas where >80% of win-
tering pastures of Daghestan tur are used by sheep
in summers (Magomedov et al. 2001).

Natural Mortality and Impact of
Predators

Snow avalanches are the main cause of mortality
in Western and Central Caucasus, where they are
responsible for more than a half of adult tur mor-
tality (Bobyr’ and Semyonov 2008; Veinberg
2000) and may kill about 4% of the population
(Bobyr’ and Semyonov 2008; Kotov 1968;
Zalikhanov 1967). In North Ossetia they killed
mostly adult males who usually stayed above the
timberline in winters after the end of the rut
(Veinberg 1984). In the less snowy Daghestan,
they account for c. 35% of tur annual natural
mortality (Abdurakhmanov 1973).

Wolves Canis lupus are a greater threat in less
rugged terrain. In a valley of Kabardino-Balkaria, a
pack of 5 wolves killed 31 tur in one winter
(Zalikhanov 1967), while in Teberda, tur remnants
are found in 46% of wolf droppings throughout the
year, the proportion rising to 70% in winter–spring,
and annual loss was estimated at c. 4% of the
population (Bobyr’ 1997). This figure seems too
high, because combined with similar amount of
mortality from avalanches (see above) would
make 8% of the population, equaling or even sur-
passing the proportion of yearlings (see “Reproduc-
tion: Life History”), and would thus totally prevent
population growth. In the Caucasus Reserve, the
proportion of tur remnants in wolf droppings is
considerably lower (23%: Kotov 1968), probably
due to abundance of red deer, the main wolf prey
(Alexandrov 1968). No clear correlation was found
between numbers of wolf and population density
and juvenile proportion of tur in Caucasus NR
(Trepet 2014). Wolves account for 20% of natural
tur mortality in Daghestan (Abdurakhmanov 1973).
By contrast, only two successful wolf hunts are
known in the steep areas ofNorth Ossetian Reserve,
and even wolf tracks are rarely seen within tur
habitat, whereas lynx Lynx lynx is a regular predator
on tur there, killing mostly kids (about 50% of all
prey) (Veinberg 2000). All over the Caucasus, lynx
hunts tur throughout the year, concentrating mainly
on young animals and females (Kotov 1968;
Zalikhanov 1967); its impact, however, may be
considered negligible because of its low density
(Bobyr’ and Semyonov 2008). In Georgia, both
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wolves and lynx predate on tur (Chlaidze 1967,
1975; Enukidze 1965), but in Lagodekhi the highest
tur proportion in wolf diet was merely 2%, possibly
because of abundant presence of red deer
(Gurielidze 2004). Bears Ursus arctos predate on
females with kids and sometimes try to prey on
adult males (Chlaidze 1967; B. Lortkipanidze
pers. obs.). In North Ossetia, tur remnants are
found in bear feces but, as bears constantly inspect
avalanches and dig out dead animals, it is impossi-
ble to estimate bears’ direct hunting impact upon tur
(Weinberg, unpublished data).

Golden eagles Aquila chrysaetos hunt neonatal
tur (Abdurakhmanov 1977; Veinberg 1984;
Zalikhanov 1967), causing 5–7% of their mortality
(Abdurakhmanov 1973). All four bearded vulture
Gypaetus barbatus nests examined in the North
Ossetian Reserve contained many hooves and frag-
ments of skulls of newborn tur kids (Veinberg et al.
1983), but whether they hunt actively or collect
already dead newborns is unclear. In Russian liter-
ature, bearded vulture is traditionally regarded as a
real predator on juvenile mountain ungulates (e.g.,
Abdurakhmanov 1973; Magomedov et al. 2001)
though direct evidence is lacking, in contrast with
golden eagle whose attacks on tur and wild goat
kids had been witnessed (Magomedov et al. 2001;
Weinberg 1999).

The rest of adult tur mortality is due to poaching
(legal hunting being very limited). In Teberda, this
factor rose from 1.4% in 1986–1990 to 21.6% of
total mortality in 1996–2000 (Bobyr’ and
Semyonov 2008). This 20% additional poaching-
caused mortality not only eliminated natural
increase, measured by proportion of yearlings in
the population (up to 9% of yearlings in the whole
population, see section “Life History: Reproduc-
tion”), but could diminish population by 10%
annually. All researchers agree that poaching is
the main anthropogenic threat to tur all over the
Caucasus.

Effects of Climate Change

Glaciation area in the Greater Caucasus shrunk by
794 km2 or 36% between 1910 and 1976 (Panov
1993). This process continues in the twenty-first

century, and it causes displacement of vertical
zonation, constantly rising the timberline and the
upper limit of the periglacial zone. However, to
date the impact of these processes on tur is
unknown.

Conservation Status

Western tur Capra caucasica is listed as Endan-
gered A2ad ver 3.1 in the IUCN Red List (Wein-
berg 2008a), while the much more numerous
Eastern tur Capra cylindricornis is listed as Near
Threatened ver 3.1 (Weinberg 2008b). The same
categories have been suggested during the latest
re-assessment of the status (Weinberg 2020;
Lortkipanidze and Weinberg 2020). Western and
Eastern tur are also listed in the Bern Convention as
European endemics, respectively, as Endangered
and Vulnerable (Preliminary European Red List
of Vertebrates, Vol. 2). Caucasian tur is also listed
in the CITES Appendix II.

Caucasian tur, treated as a single species
(Capra caucasica), was regarded rare in the
USSR but was not included in Red Data Books of
the USSR and Russian Federation. Eastern tur
occurs in several nature reserves and national
parks: Zaqatala, Ilisu, Shakhdagh (Azerbaijan),
Lagodekhi, Tusheti, Kazbegi (Georgia), North
Ossetian, and Kabardino-Balkarian (Russia: Wein-
berg et al. 1997).Western tur is protected in just one
nature reserve: Caucasus NR (Russia). Both tur
species are included in the Red List of Georgia.
Eastern tur is Vulnerable and Western tur is Criti-
cally Endangered (Ordinance of the Government of
Georgia on Adoption of Georgian “Red List”
2014). Hunting of both species is prohibited in
Georgia.

Management

Habitat Management and
Anthropogenic Threats

The conservation status of all tur populations
depends crucially on the intensity of anthropo-
genic pressure, including poaching, competition
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with livestock, industrial activities (mining, road
construction, and alike) and recreation activities,
such as mountaineering and tourism. In the
1940s–1980s, competition with livestock and
industrial land use were the greatest threats to
tur, causing destruction of its habitat. By the end
of the 1980s, numbers of livestock decreased
drastically and industrial projects were stopped
or postponed, although the Zaramag Hydropower
Station in North Ossetia and the Transcaucasian
Highway running through North Ossetia to Geor-
gia both had been completed after collapse of the
Soviet Union, possibly causing an impact on tur.
Industrial infrastructures usually are built in the
valley bottoms and may 1) fragment tur habitat
and 2) facilitate human access to areas which had
been hardly accessible before, especially in win-
ter. The most controversial projects that might
directly affect tur highland habitat are possibly
ski resorts.

Habitat management primarily consists in con-
trol of sustainable seasonal highland pasture use by
domestic sheep. In general, the number of livestock
driven to the highlands for summer had decreased
already after the Russian Revolution of 1917. Since
the collapse of the Soviet Union, distant
shepherding has shrunk considerably in certain
areas, e.g., North Ossetia, but grew in others, e.g.,
in Daghestan and in Azerbaijan, where sheep den-
sity is extremely high on summer highland pas-
tures. Thus, even though tur pastures are currently
almost sheep-free in North Ossetia, they may be
overpopulated in other areas. However, negative
impact of competition with livestock upon tur
populations might be exaggerated, because in
Azerbaijan, where sheep summer density is very
high, tur tolerate their presence and pasture in
vicinity of shepherd camps. This might be
explained by lower poaching pressure by shep-
herds due to considerably weaker tur hunting tra-
ditions in Azerbaijan.

Poaching intensified in the 1990s due to polit-
ical instability and large quantities of illegal mod-
ern firearms obtained by civilians as a result of
military conflicts in the Caucasus. The situation
improved considerably after the year 2000. Legal
hunting had always been very limited, and tur will

probably remain subject to low pressure of recre-
ational hunting.

Introductions

In 1888, 20 individuals of C. caucasica and
C. cylindricornis were introduced into a large
enclosure (300 ha) in Borzhomi valley in Central
Georgia, Caucasus Minor (Pfitzenmayer 1915).
After some time, animals had been released into
the wild, and this exotic population grew to about
500 free-ranging individuals by 1917 (Heptner
et al. 1961; Vereshchagin 1938) but was extermi-
nated during the Russian Revolution and the Civil
War in 1917–1921 (Heptner et al. 1961; Sokolov
and Syroechkovski 1990). In 1934 and 1941, once
again, several Eastern tur were bred in an enclo-
sure in Borzhomi, but this project was stopped
because of the Second World War (Sokolov and
Syroechkovski 1990). No examples of successful
reintroduction or introduction into the wild are
known.

Abundance Estimation

Assessment of population size is based on direct
counts of animals along transects or from fixed
vantage points, usually during snow-free periods.
Counts are either complete over the distribution
area or carried out in sampling plots, and data are
extrapolated over the whole distribution area
(Abdurakhmanov 1973; Magomedov et al. 2001;
Zalikhanov 1967).

Conflicts with Humans

There is no conflict between tur and humans
because tur cannot, in any way, overcompete live-
stock or create negative impact on human activi-
ties. Tourism, mountaineering, or other forms of
recreation may, in fact, favor tur populations, if
they do not destroy habitat, as they likely diminish
the impact of poaching. In general, tur easily and
quickly get accustomed to presence of humans
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(hiking routes, camps, noise, etc.), if there is no
direct threat (Veinberg 1984).

Economic Value

Tur meat is valued by hunters and hides had been
used in the past for making saddles, though this
practice is not in use anymore. Wine drinking
vessels are produced from male tur horns, set
into silver, and can be quite expensive. However,
in general, the main direct economic value of tur
lies in the revenue deriving from issued hunting
licenses and from fees of hunting services.

Hunting Laws and Regulations

In Azerbaijan and Russia, all morphs or subspe-
cies of tur are harvested, despite being listed in
IUCN Red List. In Russia, hunting quota should
be 3–5% of the total population. Considering total
numbers (27,000), about 1300 animals could be
legally harvested annually. In reality, the number
of issued hunting licenses is much lower. The
general belief is that poaching is significantly
higher than legal hunting. In Georgia, due to
being Red Listed, tur hunt is prohibited.

Future Challenges for Research
and Management

Clarifying the taxonomy and evolution of tur
should be a priority in future research. Tur rela-
tions with sympatric mountain ungulates, such as
chamois and especially wild (bezoar) goat, are
important for understanding the species habitat
selection, thus for planning proper conservation
and management actions.

With respect to management, the main problem
is lessening the impact of poaching and, accord-
ingly, increasing legal hunting quotas, especially
for local highlanders. The latter would help local
communities to understand and approve measures
of nature conservation in the Caucasus. Right now
there is no such understanding, and the general

attitude toward nature conservation is rather
lightminded if not entirely hostile. Poaching is
locally considered just a minor and even partly
justified misbehavior, being essential to tradi-
tional lifestyle.

Standardized counting methods are necessary
for proper management; although they have been
operatively defined, they are not yet approved by
most zoologists and game managers and are not
recommended for general use.
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Common Names

English Wild goat, Bezoar goat

German Bezoarziege

French Chèvre égagre, Bouc sauvage

Spanish Cabra bezoar

Italian Capra selvatica

Russian безоаровый козел

Taxonomy, Systematics and
Paleontology

The wild goat (Fig. 1a, b) was described from
Daghestan, North-East Caucasus, which thus har-
bors the typical subspecies Capra aegagrus
aegagrus Erxleben, 1777. Some authors preferred
the name Capra hircus for both wild goat and
domestic goat, regarding the former as a wild form
of the latter (e.g., Ellerman and Morrison-Scott
1966). Later, several other scientific names were
introduced, some of which became subspecific
(e.g., Capra blythi Hume, 1875). Usually, three
indisputably wild subspecies are being recognized:
the already mentionedC. a. aegagrus inhabiting the
Greater and Minor Caucasus, Asia Minor, and Iran;

C. a. turcmenicus Zalkin, 1950, in Kopet-Dagh
Mountains and Large and Small Balkhan in Turk-
menistan, and adjoining Turkmen-Khorasan Moun-
tains in Iran; C. a. blythi Hume, 1875 in India and
Pakistan (Danilkin 2005; Heptner et al. 1961;
Sokolov 1959). Some zoologists do not recognize
C. a. turcmenicus, but add C. a. chialtanensis
Lydekker, 1913 (Schaller 1977; Shackleton and
Lovari 1997). However, subspecies are often con-
sidered not valid (e.g., Schaller 1977; Valdez 2011),
all being quite similar in appearance (e.g., Weinberg
2001), and differing only in adult male body size
and horn length (e.g., Tsalkin 1950).

Fossil remnants of the wild goat were found in
Acheul deposits (probably mid-Pleistocenic) of the
Azykh Cave in Karabakh, and in Mousterian layers
(end of Pleistocene) in Tsopi Cave, south-east Geor-
gia (both Caucasus Minor) (Baryshnikov 1987).
Nevertheless, Vereshchagin (1959) suggested that
the wild goat might have reached the Greater Cau-
casus during one of more arid periods of Pleistocene,
or even Pliocene. However, absence of pronounced
morphological differences between the isolated
North Caucasian and southern wild goat populations
(see section “Description”) and also the age of
known fossils suggests a late appearance of the
wild goat at the Greater Caucasus.

460 P. Weinberg and S. Lovari



Current Distribution

Distribution of the wild goat is probably the largest
one of all Capra, stretching from the south-east
Pakistan to the south-west Turkey and from the
Arabian Sea to the North Caucasus. Of this, the
species’ range in Europe makes only a small frac-
tion. Currently, and according to earlier descrip-
tions by Dinnik (1910), the wild goat range in the
Greater Caucasus occurs only on the north slope of
the mountain chain. In the beginning of the twen-
tieth century, wild goats reportedly inhabited the
eastern part of the Table (Stolovaya) Mountain
massif (N 42�500, E 44�510) of the limestone
Rocky Range quite close to Vladikavkaz, but
later on this species disappeared from this area, as
well as from all of the headwaters of Assa
R. (Batkhiyev 1989). No evidence exists that the
wild goat has ever occurred westwards of Terek R.,
and wild goat remnants were not found in North
Ossetian shrines, famous for their wild artiodactyl
skull collections dating as early as the end of the
eighteenth century (Dinnik 1910; Vereshchagin
1959). Although wild goat vanished from the
Rocky Range in Ingushetia, it still survives on this
range in the neighboring Chechnya (Lukarevsky
2018). Currently the westernmost area inhabited
by the wild goat is the headwaters of Chanty-
Argun R. in Chechnya (Batkhiyev 1980, 1989)
and farther more upstream – Khevsureti area of
Georgia (approx. N 42�370, E 45�070) (Fig. 2).
Most Georgian sources (Arabuli 1989; Kapanadze

1978) mention wild goat distribution only in the
more easternly Tusheti area (basins of Tusheti and
Pirikiti Alazani Rivers which are the headwaters of
Andi Koisu R.), but a recent survey found a small
wild goat population in Khevsureti (NACRES
2013). From Tusheti its distribution stretches east-
wards, encompassing the Side Range and the north
slope of the Main (Watershed) Range into Daghe-
stan, where the main part of the species distribution
in the Greater Caucasus occurs (Fig. 2)
(Magomedov et al. 2014; Weinberg 2001). There
this species inhabits the upper halves of Andi
Koisu and Avar Koisu Riverbasins, and in general,
distribution follows the fluvial net (Fig. 2) because
the wild goat does not stick to the highlands (as tur
Capra caucasica does), but it dwells in the lower
steep forested slopes of the canyons (Weinberg
1999). There is also an isolated distribution patch,
or more precisely two, or maybe even three, sepa-
rate patches on the right bank of the lower flow of
Andi Koisu R. near Tlokh and Karata villages
(N 42�380 E 46�220 and N 42�360 E 46�160)
(Magomedov et al. 2014). More easternly
Kazikumukh Koisu and Karakoisu Riverbasins
are almost completely forestless and therefore
lack wild goat (Dinnik 1910; Magomedov et al.
2014). According to Dinnik (1910), the wild goat
used to inhabit some areas within the Samur
Riverbasin. Indeed, a completely isolated wild
goat population has been found recently in a for-
ested area near Khoredj Village in Chiragchai
Riverbasin (approx. N 41� 430 E 47� 500) (Fig. 2),

Fig. 1 (a) Adult wild goat male during the rut (photograph ©A.Malkhasyan); (b) wild goat female with juveniles during
the rut (photograph © A. Malkhasyan)
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more than 100 km eastwards of its nearest occur-
rence in the headwaters of Avar Koisu Riverbasin
(Babaev et al. 2017). Such small isolated popula-
tion undoubtedly is a remnant of a once much
wider and more continuous range of the wild
goat. Probablymore thorough surveys will produce
more locations in this latter area. On the other hand,
the previously indicated population on the southern
slopes of Mount Babadagh, Azerbaijan (Vere-
shchagin 1959) does not exist, and probably did
not exist in the nearest past (Weinberg, unpublished
data).

In 2016 and 2017, camera traps placed in
Lagodekhi Nature Reserve on the south slope of
the Main Range in East Georgia, just near the
border with Azerbaijan and Russia (Fig. 2), photo-
graphed wild goat males in autumn (Nugzar
Zazanashvili, pers. comm.).

During the last couple of centuries, at least, the
wild goat range in the Greater Caucasus has been
completely isolated from the nearest areas inhabited

by the species in the Caucasus Minor and separated
from them by almost 200 km of Kura R. and
Alazani R. valleys. Nevertheless, Caucasus Minor
was the place from where the wild goat migrated to
the Greater Caucasus during some drier epoch, pos-
sibly along several ridges connecting both mountain
systems, e.g., the Surami Range (Vereshchagin
1959) or the Trialeti Range. At the beginning of
the twentieth century, a small wild goat population
still survived near Borzhomi, at the south base of the
Trialeti Range (Dinnik 1910; Vereshchagin 1959).

Description

Morphology

The wild goat, as all Capra spp., is dimorphic
(Fig. 1). Males are larger and heavier than
females. They have long horns up to 110, or
even 130 cm (Heptner et al. 1961), while adult

Map template: © Getty Images/iStockphoto

Fig. 2 Distribution of the wild goat in the Greater Cauca-
sus. Distribution is based on the IUCN Red List of Threat-
ened Species, version 2017-2. Arrow indicates migration

of wild goat males over the Main Range into Lagodekhi
NR on the south slope in Georgia (Map template: © Copy-
right Getty Images/iStockphoto)
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female horns may reach 38 cm (Sokolov 1959),
both being longer than those of tur. Horns are
scimitar-shaped, curved along a single plane,
without evident twisting, but tips of adult male
horns are often pointed inwards or outwards. Horn
sheaths of males are drop-shaped in cross-section
with a distinct frontal keel which is much less
pronounced in females (Weinberg 1993). They
can reach over 10 cm width at the base in males
and hardly more than 3 cm in females. Horns
diverge at an angle of 30–40� (Sokolov 1959),
grow throughout life with cessations in the cold
period of each year, and annual increments are
much bigger in males than in females. Adult
males have a long and drooping beard up to
20 cm long, while in females the beard is rare
and wispy, if at all present (Heptner et al. 1961).

Skulls of younger males are distinctly convex
in the center of the forehead, just below the frontal
keels of the horn sheaths, and from aside this
bulge looks like a base for those keels, below
which, just above the nasal bones, the profile is
bent-in. In adult males, this bulging is a bit less
pronounced because of much wider horn cores,
but very characteristic bent-in bridge of the nose
differing from all other Capra species is still dis-
tinct (Fig. 3).

Pelage and Age Determination in the
Field

Wild goats are one the most richly colored mem-
bers of the genus, with a most intricate coloration
pattern (Fig. 1). Kids are gray in summer, grayish-

yellow inwinter. They have dark stripes on the face
(along the forehead and stretching from eyes to
nose), and on the frontal surfaces of the legs. The
underside of the body and the inner sides of the legs
are white or dirty-white in all animals, regardless of
sex, age, and season. Even in winter, kids’ horns
are hardly longer than the ears. Yearling and adult
females are sandy-chestnut or fawny in summer
coat and grayish-fawny in winter. In addition to
head and leg stripes, they have also a narrow stripe
along the spine in all seasons. Yearling females are
smaller than adults, and their horns are only slightly
longer than ears. Yearling males are redder or
darker than females in summer, with the same
pattern of stripes. They turn grayer in winter and
display a vague flank stripe. Other stripes are the
same as in the summer coat. The beard is incon-
spicuous. They are smaller than adult females. In
winter, the horns of yearling males are twice as
long as the ears, more sharply bent and wider at
the base than in females. Young 2–3-year-old
males are fawny-brown in summer; the stripes on
the face are indistinct, while those on the legs are
more distinct and contrasting than in the previous
classes. In winter, these males are grayish-fawny,
while the head gets darker. They display narrow
and distinct stripes on the legs, along the spine, and
broad and less definite stripes on the flanks and
across the shoulders. The flank and shoulder stripes
are lacking in the previous classes, as is a small but
noticeable beard. Young 4–6-year-old males are
grayish-fawny in summer, with stripes on the
legs, flanks, and along the spine. In winter, they
are sandy-gray, with black stripes. There is a black
mane on the neck and the withers. The head and the

Fig. 3 Skulls of 2-year-old (left, photograph © P. Weinberg) and fully adult (right, photograph © N. Nasrulayev) wild
goat males
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conspicuous beard are black in all seasons. Adult
males are sandy-gray in summer, with leg, flank,
shoulder, and dorsal stripes. They are silvery-gray
in winter, with a contrasting pattern of connected
black stripes on the legs, shoulders, flanks, along
the spine (mane), and throat. The chest and the
head are black too (Weinberg 2001).

Thus, the coloration pattern develops with age
in males, adding new stripes, and getting more
contrasted. Adult wild goat males, older than
6 years, in winter coat are the most contrastingly
colored and conspicuous ones of all classes
(Weinberg 1993). On the whole, wild goats of
the North Caucasus do not differ in coat coloration
from Turkmen (collection of Zool. Institute in
St. Petersburg) and even Sind (Schaller and Laurie
1974) conspecifics (Weinberg 1993, 2001).

Age of males can be easily determined by
annual horn sheath segments, and often it is pos-
sible to tell the age of a male in the field to an
approximation of a year thanks to knobs on the
front keel of the horns, which develop from the
second year on and are situated at the boundaries of
the annual segments. These knobs usually become
indistinguishable from 8th to 9th segments on
(Fig. 3) (Weinberg 2001).

In summer, animals practically lack underwool.
Winter pelage has 35–127mm long guard hairs and
much underwool, up to 70 mm long and c.
11–30 μm thick (Sokolov and Tembotov 1993).

Mammae

Females have two mammae; mammaries enlarge
visibly during lactation. Wild goats, as all Capra,
have a subcaudal skin gland (Sokolov 1959;
Sokolov and Tembotov 1993).

Body Size and Mass

Data on body size and live mass of the wild goat,
especially from the Greater Caucasus, are very
scarce. The species in general is considered
smaller than Caucasian tur or Alpine ibex Capra
ibex. Dinnik (1910) states that body length of an
adult male can reach 150 cm, rump height about

100 cm, while shoulder height is a few cm less.
Tail is up to 20 cm long (with terminal hairs), ears
10–11 cm (Sokolov and Tembotov 1993). Body
size and live mass are provided only for speci-
mens from the Caucasus Minor and these show
that males weigh just 35–38 kg, while females
weigh 26–30 kg (Dahl’ 1951). Heptner et al.
(1961) suggested that adult males can be larger
and heavier, reaching 70–80 kg. In Daghestan, an
adult wild goat male was seen joining a mixed tur
group during the rut and trying to court tur
females (Weinberg 2001): it did not seem any
smaller or less massive than tur males.

Dentition

Permanent dentition is: 0.0.3.3/3.1.3.3, total
32, as in all Capra spp. (Heptner et al. 1961).
Age during the first 5 years can be determined
by the growth of three pairs of lower incisors and
one pair of canines. One pair of adult teeth grows
every summer, starting from the second summer
to the fifth one.

Physiology

No data available.

Genetics

The karyotype of the wild goat has 2n ¼ 60
(FN ¼ 60) chromosomes (Kuliev and Mamedov
1974). Thewild goat and the domestic goat cross in
captivity producing fertile offspring (Heptner et al.
1961) and supposedly do so in the wild as well
(Pfitzenmayer 1915), although there are no recent
data on such events, e.g., in Daghestan (Weinberg
2001). They are close genetically (Manceau et al.
1999; Pidancier et al. 2006). The wild goat and the
Eastern tur also cross in captivity producing fertile
offspring (Pfitzenmayer 1915; Sarkisov 1953).
Information on hybridization of both species in
the wild is vague (Pfitzenmayer 1915) and has not
been confirmed by subsequent research (Heptner
et al. 1961; Weinberg 1999).
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Life History

Growth

Newborns, captured almost immediately after
birth, weighed 3.2–3.5 kg. By the age of 2 years
(third summer) these animals weighed 17–20 kg
on average (Magomedov et al. 2014).

Reproduction

Magomedov et al. (2014) observed yearling
females with newborns, suggesting that juvenile
females at the age of 7–8 months participate in the
rut and can get pregnant. Yearling males already
may lift their tails during the rut, indicating their
sexual activity, as adult males of allCapra do, but in
healthy populations with natural sex ratio and adult
male proportion, males can effectively participate in
the rut only from their 5th to 6th year of age.

Batkhiyev (1989), Dinnik (1910), and Ekv-
timishvili (1954) estimate the beginning of the
rut in the North Caucasus earlier than subsequent
research has suggested (Weinberg 2001; Ma-
gomedov et al. 2014). According to Ekvtimishvili
(1954), the times of rut and parturition could vary
significantly over the years, possibly due to dif-
ferent weather conditions (Table 1). On 1995, in
Avar Koisu riverbasin (Daghestan), males started
courting females on December 17th. Magomedov
et al. (2014) state that the rut peaks in the first
decade of January. Pregnancy lasts about
5–5.5 months. The birth season probably lasts

from mid-June to mid-July (Weinberg 2001;
Magomedov et al. 2014) (Table 1). Late reproduc-
tion may be triggered by the thermophilicity of the
species, since the North Caucasus is the northern-
most limit of its range, and newborns might not
tolerate low temperatures and occasional snow-
falls in spring. On the other hand, the long vege-
tative period lasting from April to September in
montane forests may allow late parturition, since
kids have enough time for growing up and gaining
body mass until winter.

Twins are common in wild goats, and triplets
may also occur (Magomedov et al. 2014).
Magomedov et al. (2014) reported that up to 45%
of females with offspring had twins, and Ekv-
timishvili (1954) stated that in some years twins
were observed in most cases. Some goats manage
to keep both kids until the next spring (Weinberg
2001), but on the whole, proportion of females with
twins diminished by¼ – 1=3 during the period from
June to January (Magomedov et al. 2014). Juve-
nile/female ratio was 1.25:1 in Daghestan on June-
August, while yearling/female ratio was 0.68:1
(Weinberg 2001). However, these indices may
change over the years, probably due to differing
weather conditions, e.g., amount of snow in the
winter, because Magomedov et al. (2014) present
slightly lower totals for juvenile/female ratio –
0.85:1. Generally, twinning is typical of the wild
goat all over the species range (Khorozyan et al.
2009; Korshunov 1994; Kuliev 1981; Talibov et al.
2009; Schaller 1977). It is characteristic of taxa
inhabiting arid and warm environments with low
and unpredictable vegetation production and

Table 1 Rutting and birth seasons of the wild goat in different parts of the species range

Location Rutting season Birth season

Daghestana, b, c November to December
Mid-December to January

May to June
Mid-June to mid-July
June 10 to mid-July

Chechnyad Mid-December to beginning of January

Tusheti (Georgian part of Andi
Koisu riverbasin)e

Mid-November to mid-January (varying
through the years)

Mid-April to mid-June (varying
through the years)

Caucasus Minor (Armenia &
Azerbaijan)f, g

November to December End of April to May

Kopet Dagh (Turkmenistan)h November to mid-December End of March to early May

Sources: aDinnik (1910); bWeinberg (2001); cMagomedov et al. (2014); dBatkhiyev (1989); eEkvtimishvili (1954); fDahl’
(1951); gKuliev (1981); hKorshunov (1994)
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compensates them for losses in droughts (Schaller
1977). Capra populations of boreal mountains –
including East Caucasian tur in Daghestan – give
birth to singlets, as a rule (Abdurakhmanov 1973;
Fandos 1989; Kotov 1968; Magomedov et al.
2001; Veinberg 1984). The generally accepted
explanation is that twins are smaller at birth, grow
slower, and have less chance to survive harsh win-
ters. Therefore, the essentially thermo- and
xerophilic wild goat is peculiar in having retained
high twinning rate in the boreal mountains of
Daghestan. High fecundity may possibly be due
to living in montane forests with a long vegetative
period and comparatively mild winters.

Population Structure and Survival

In natural, unharvested Capra populations, sex
ratio is usually close to 1, although adult males
make more than 10% of the encountered animals
during the rut (Kotov 1968; Schaller 1977;
Veinberg 1984). These indices were respectively
only 0.71:1 and 4.8% in Avar Koisu R. canyon
(Weinberg 1999). A similar figure of sex ratio was
presented byMagomedov et al. (2014). Low num-
ber of adult males, shown by winter counts in
Avar Koisu canyon, is most certainly due to
poaching, as highlanders always try to shoot big
males. It is worth noting that yearling males
slightly outnumbered yearling females during
the rut and outside it (Weinberg 2001).

After being very high in juveniles, mortality
then lowers during the 2nd–4th years of life and
starts rising after that and, in general, is higher in
males than in females, and may differ in various
areas, depending upon intensity of poaching
(Magomedov et al. 2014).

Habitat and Diet

Habitat Selection and Movement

Within the wild goat range in Daghestan, valley
bottoms lie at 1000–1500 m a.s.l., and the ridges
rise up to 3000, at places to 4000 m a.s.l. They are

often composed of shale, so the ridges are usually
broad and quite rolling, whereas the valleys of the
rivers and bigger brooks are narrow and canyon-
like. However, the upper ends of the valleys are
wider and less steep, and thus less appropriate for
the wild goat. At the altitude of 1500 m a.s.l., the
mean monthly temperature is about �6 �C in
January and +16 �C in July, and the total precip-
itation about 600–750 mm. Most of the latter
(up to 60%) occurs on spring and early summer
(Himmelreich 1967).

Montainous forests are composed of pine Pinus
kochiana ¼ P. sosnowskyi and birch Betula lit-
winovii, with admixture of aspen Populus tremula,
beech Fagus orientalis, hornbeam Carpinus
caucasica, lime-tree Tilia cordata and oak Quercus
macranthera. The forest floor is of grasses, sedges,
and herbs. Spiraea crenata shrubbery usually covers
openings on sunny slopes. Precipitous southern
slopes near valley bottoms often harbor small patches
of xerophitic open stands of oak, pine, and tree-like
juniper Juniperus communis¼ Juniperus polycarpus
up to 6 m high in various combinations with
understorey of Berberis vulgaris, Paliurus spina-
christi, Rosa spp., and Spiraea. Spiky cushions of
Tragacantha spp. are also characteristic of such
stands (Weinberg 2001).

Wild goats inhabit only montane forests (not
shrubbery) from the valley bottoms to the timber-
line (2600–2700 m a.s.l.). The forest zone is
represented by narrow stripes (up to 1.5–2 km
wide) along rivers and bigger brooks, due to the
steepness of the slopes. Therefore, the wild goat
distribution generally follows the fluvial net. Ani-
mals prefer steep, precipitous slopes and avoid
tall, dense stands on gentle slopes or tree-less
areas.

Observations in different seasons indicate that
animals do not perform altitudinal migrations,
remaining within the same, relatively narrow, for-
est zone throughout the year (Weinberg 2001;
Magomedov et al. 2014). Even in summer, wild
goats have been only twice observed above the
timberline (Weinberg 2001). However,Magomedov
et al. (2014) state that males forage in subalpine
zone, and that their vertical distribution is generally
higher than that of females in summer. Local hunters
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say that occasionally males cross some high ridges
in search of females during the rut. In fact, wild goat
males may appear on the south slope of the Main
Range which the wild goat does not inhabit perma-
nently (see section “Current Distribution”),
suggesting that populations inhabiting neighboring
riverbasins communicate with each other, at least
via migratory males. Although it occurs on high
mountains in the Greater Caucasus, the wild goat
leads a life typical of conspecific populations
inhabiting low mountains or hills, such as in some
areas of Turkmenistan (Heptner 1956) or Caucasus
Minor (Khorozyan et al. 2009).

Selection of southern slopes is somewhat
higher in the snowy season (Magomedov et al.
2014). Sexual differences in ecological distribu-
tion, so evident for the East Caucasian tur (Vei-
nberg 1984; Magomedov et al. 2001), are weak in
the wild goat due to peculiarities of its habitat, but
do exist. In spring and summer, 84.1% of adult
males (N ¼ 44) and only 20.0% of females
(N ¼ 90) were sighted closer to the timberline
than to the valley bottoms. Males avoid places
where timberline has been lowered by man.
Human settlements and agricultural land have
often replaced the upper part of the forest zone,
and merely a narrow stripe 300–500 m wide has
remained along the bottom of the valley. Such
forests are inhabited by females with young but
not by adult males, who mainly visit them during
the rut. Thus, a partial ecological and occasionally
even spatial separation of adult males from
females with offspring exists (Weinberg 2001).
In summer, females dwell on the northern slopes
more often than adult males, but this difference
may not be significant (Magomedov et al. 2014).

Feeding

In Chechnya, the wild goat diet includes 160 plant
species. Seasonal selection is rather distinct. In
spring, animals choose mostly herbs and certain
grasses, like Festuca and Poa. During late sum-
mer and autumn, wild goats consume various
Fabaceae and other herbs, while in winter their
diet gets poorer and contains lots of shrubs, tree

branches, and even bark, as well as dry grasses
(Tochiev and Batkhiyev 1980; Batkhiyev 1989).
Magomedov et al. (2014) described diet and for-
aging of captured animals, which may differ from
that of wild ones. They state that on natural pas-
tures animals prefer herbs like Fabaceae, but
grasses, sedges, and trees and shrubs make the
largest proportion in forage, as herbs are being
quickly consumed.

Due to the huge species range (see section
“Current Distribution”), its habitats vary through-
out the range from lowland semi-deserts to high-
land alpine zone, with steppe and all sorts of forest
and shrubbery in between. Spatial movements and
diet vary accordingly.

Behavior

Foraging Behavior and Activity

Foraging behavior of the wild goat is quite vari-
ous, mainly due to their ability to climb trees.
Their climbing ability outperforms that of tur
(Veinberg 1984). Even massive adult males can
climb oaks and junipers and feed in their canopy.

In summer, animals are mostly inactive from
9 to 10 h till 16–17, avoiding open tree- and shrub-
less areas. Often they cross the openings so
quickly that an observer has barely time to esti-
mate age and sex classes (Weinberg 1999). During
the rut, animals are active all day long, especially
males, which roam in search of females, like all
Capra do (Weinberg 1999). This behavior is used
by poachers who often wait for adult males near
the paths used by them (Batkhiyev 1989).

Mating Behavior

The courtship repertoire does not differ from that
of other Capra species (Fedosenko et al. 1992;
Schaller and Laurie 1974; Veinberg 1984) and
include guarding, low-stretch, tongue-flick, kick,
naso-nasal and naso-genital contacts, twist, jerk,
urination (or ejaculation) on muzzle (Weinberg
2001).
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Social Behavior and Protection of the
Newborns

Females are met on cliffs during the lambing
season and after it while kids are small. Some-
times, they concentrate in such lambing and nurs-
ing sites as, for example, on a cliff wall with
numerous ledges and clumps of trees. A hiding
phase is characteristic of the wild goat, unlike tur.
The kids (supposedly 3–5 days old) are very agile.
Equally active tur kids always follow their
mothers, whereas wild goat females leave their
young not only when feeding, but also in case of
danger. A female with a kid, found by a dog,
escaped to the cliffs, reappeared without her off-
spring, and evidently tried to lead people away
from the hidden kid. Of 13 observed females
having newborns, 8 left them in some secure
place (Weinberg 2001). Females and kids bleat,
while the alert and danger signal is an abrupt
snorting, not a hissing whistle, as in tur.

Since females are secretive around parturition,
individuals of other sex/age classes seem more
numerous then, yearlings in particular. Most year-
lings tend to associate with females in winter and
spring, whereas only some do so during the birth
season. Others roam in twos and threes looking
independent, without adult females in the vicinity
(Weinberg 2001).

Four types of groups can be distinguished in
wild goats, as well as in otherCapra species: adult
male (older than 5 years) groups that may include
young males too; young male groups; female
groups occasionally including young males;
mixed groups with adult animals of both sex
(Weinberg 2001). The first three types are met all
year round, but the last one almost exclusively
during the rut, due to the fact that adult males
seldom associate with females outside the rutting
period. Small percentages of 2–3-year-old males
and 4–5-year-old ones have been observed in
female groups, on spring and summer. Average
group size in Daghestan (3.3) is almost similar to
that in Chechnya (Batkhiyev 1989) being four to
five times lower than in conspecific populations
on the Caucasus Minor (Kuliev 1981) and Kopet-
Dagh (Korshunov 1994), at close population den-
sities. Single females with their offspring of the

last 2 years make 38.2% of all female group
sightings (N ¼ 136) in Daghestan. Outside the
rut, adult males tend to stay in bigger groups.
Yearly dynamics of overall group size is incon-
spicuous. Adult males follow the common pattern
of all Capra being gregarious outside the rut and
almost solitary during it, when not associated with
females (Weinberg 1999, 2001).

Parasites and Diseases

Just four helminth species have been found in the
digestive tract and respiratory system ofwild goats in
Daghestan: Moniezia expansa, Chabertia ovina,
Nematodirus junctispicularis, and Trichostrongylus
vitrinus. Paucity of helminth faunamay be caused by
absence of possible intermediary hosts (Zakariev
1982). However, the parasite faunas of conspecific
populations in theCaucasusMinor (Grigoryan 1949)
and sympatric Caucasian tur in Daghestan
(▶Chap. 18, “Caucasian Tur Capra caucasica
Güldenstaedt et Pallas, 1783,” by Weinberg and
Lortkipanidze, this volume) are much richer. Further
studies are required.

Population Ecology

Population Dynamics and Density

Being residents of forested precipitous slopes in
the Greater Caucasus (see section “Habitat and
Diet”), wild goats defy methods of direct counting
commonly applied to mountain ungulates (Wein-
berg 2001). Methods used for forest-dwelling
ungulates, like transect counts of tracks in the
snowy period, are also impossible on precipitous
and steep slopes of river canyons. In the Greater
Caucasus, estimates were often based on informa-
tion provided by state institutions of hunting con-
trol and were nothing more than rough estimates
(e.g., Ravkin 1975; Tochiev 1975). Data from the
Daghestan part of the species range have been
more detailed, especially for 1990s–2010s, as
they were based on actual counts performed by
zoologists (Weinberg 2001; Magomedov et al.
2014) (Table 2). Data from Chechnya are poor,
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and there are even suggestions that the species is
close to extinction or has already vanished from
there, and even from Georgia (e.g., Magomedov
et al. 2014). Daghestan harbors the bulk of the
wild goat population on the Greater Caucasus, but
the human impact is growing there and numbers
are sinking (Babaev et al. 2017). In 1990s, local
villagers unanimously stated that wild goats used
to be noticeably more abundant 10–15 years
before. However, wild goats are really hard to
see and therefore seem to be rare. In fact, they
may be common within their range, and the rela-
tively restricted size of the population could be a
result of the limited range and habitat.

Population density varies from 0.7 to 0.9/km2

in winter in Chechnya (Batkhiyev 1980) to aver-
age 3.9/km2 (1.1–11.0/km2) in summer in Daghe-
stan (Magomedov et al. 2014).

Competition with other Ungulates

Wild goats are sympatric with red deer Cervus
elaphus, East Caucasian tur, chamois Rupicapra
rupicapra, roe deer Capreolus capreolus, and
wild boar Sus scrofa. Red deer usually avoid
precipitous areas and most of the animals migrate
over theWatershed Range to Azerbaijan and Geor-
gia for winter, thus its competitionwith wild goat is
insubstantial (Magomedov et al. 2014). Chamois
are more common on the north slope of the Water-
shed Range in Daghestan and Tusheti where they
mostly dwell above timberline and rarely occur in
forested precipitous habitats situated far from the

ridge. They are seldom noticed in areas harboring
wild goat. However, both species are sympatric on
the Rocky Range in Chechnya, where chamois is
much more numerous than the wild goat, but hab-
itat separation of the two species has not been
described for this area (Lukarevsky 2018). How-
ever, as on theWatershedRange, most probably the
chamois occupies all of the altitudinal range while
the wild goat dwells in the forest, as it happens in
the Greater Caucasus. Roe deer are rare in wild
goat habitats, while wild boar have a completely
different diet and usually do not favor precipitous
slopes (Magomedov et al. 2014).

Tur are the main, most numerous ungulates in
montainous Daghestan and live mostly above the
timberline, but there are places where they dwell
in the forest not only in winter, but all year round.
Then they are usually seen in the upper parts of
the forest zone and prefer more open, precipitous
sites or more humid slopes. Arid patches of dry
open oak stands with admixture of juniper and
understorey of Berberis, Paliurus and Spiraea
situated on lower sections of sunny slopes
near valley bottoms, were the only fragments of
forest zone inhabited by the wild goat in Daghe-
stan, which tur did not visit (Weinberg 1999).
Nevertheless, both Capra species sometimes feed
at close distances from each other on grasslands
(Tochiev and Batkhiyev 1980), but especially
below timberline in winter (Weinberg 2001). Wild
goats outnumber tur seven times in the forest zone
of Daghestan (Weinberg 2001), but the ratio is
opposite above timberline (Magomedov et al.
2014).

Table 2 Dynamics of wild goat numbers in the Greater Caucasus

Year

Area (country)

TotalChechnya (Russia) Daghestan (Russia) Khevsureti and Tusheti (Georgia)

1970s 250a–600b

350–360c
550a 200–300d 1000a

1980s 1000e 300f 1300

1990s 1500g 1500

1998–2000s 2500–2600h 100i 2600–2700

2010s 1200–1500j 180k–310l 1200–1500

Sources: aRavkin (1975); bTochiev (1975); cBatkhiyev (1980); dKapanadze (1978); ePrilutskaya and Pishvanov (1989);
fArabuli (1989); gWeinberg (2001); hMagomedov et al. (2014); iMallon et al. (2007); jBabaev et al. (2017); kNACRES
(2010); lIlia State University (2013)
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Effects of Climate Change

The glacier area in the Greater Caucasus has
shrunk by 794 km2 or 36% in 1910–1976
(Panov 1993). This process is continuing in the
twenty-first century. The timberline and the upper
limit of the periglacial zone seem to be rising
constantly. However, overgrowing of formerly
timber-less areas may sometimes depend more on
diminishing anthropogenic impact than on climatic
changes. Theoretically, global warming should
favor wild goat.

Conservation Status

IUCN categories were not used in the USSR, thus
the wild goat was included as “low-numbered
(rare)” in the first edition of Red Data Book of the
USSR (Borodin et al. 1978), “diminishing” in the
second edition (Borodin et al. 1984) and as “endan-
gered” in the Red Data Book of the Russian Fed-
eration (Eliseev et al. 1983). Different assessment
is caused by the fact that in the USSR the wild goat
used to be quite common in the Caucasus Minor
(Azerbaijan and Armenia) and in Turkmenistan,
much more numerous than in the Greater Caucasus
(Russian Federation). In the first Red Data Book of
the new Russian Federation (after the disintegra-
tion of the Soviet Union), the wild goat was
regarded as “diminishing and being on the periph-
ery of its distribution” (Weinberg 2000). The spe-
cies was previously listed as “Vulnerable” in the
IUCNRed List (Weinberg et al. 2008) but has since
been downgraded to “Near threatened” (Weinberg
and Ambarli 2020). It is also listed in Appendix III
of CITES (as Capra hircus aegagrus).

There are one federal and two local sanctuaries
(zakaznik) within the wild goat range in Daghe-
stan, i.e., Tlyarata, Kosob-Keleb, and Bezhta.
Altogether they cover a territory of approx.
1500 km2 and are aimed primarily at tur and
wild goat protection. Unfortunately, they do not
fulfill their task, because, unlike the nature
reserves, they do not, in reality, protect the land-
scape. Human settlements and land-use are allo-
wed on their territories. It would be natural to
expect a further decrease of population under

such circumstances. A nature reserve was being
proposed, but presently it seems that a huge fed-
eral sanctuary may be organized on an area of
approx. 3000 km2, incorporating the above-
mentioned local sanctuaries, to protect potential
leopard habitat. Unfortunately, even a federal
sanctuary does not protect the landscape, but
according to the current Russian law, a nature
reserve needs land without human population
and that cannot be practically found within the
wild goat range. Any institution of lower ranking
than a strict nature reserve will be no more effec-
tive than the already existing ones, and even the
nature reserve status cannot provide quick favor-
able results. Only the ongoing emigration of high-
landers to the lowlands may offer positive
changes to the wild goat status in Daghestan.

The wild goat is listed in the Red List of Georgia
as Critically Endangered (Ordinance of the Govern-
ment of Georgia on Adoption of Georgian “Red
List” 2014). Consequently hunting wild goat is
totally prohibited in that country. Wild goat is being
protected in Tusheti Protected Areas, which encom-
passes the Tusheti Strict Nature Reserve, Tusheti
National Park and Tusheti Protected Landscape.

Management

Counting Methods

Counting methods in the Greater Caucasus are
based on direct counts of animals along transects
or from fixed observation points, usually during
the snowy period of the year. Animals are counted
on some plots, and the data are extrapolated over
the rest of the area (Magomedov et al. 2014;
Weinberg 2001).

Anthropogenic Impact

Wild goats live side by side with man in Daghestan
and are being constantly hunted, or better said
poached. This proximity is not seasonal and is not
restricted to professional groups (e.g., shepherds, as
it happens with almost all wild Capra populations).
On the contrary, it is permanent and with settled
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people, because villages and farmsteads (on average
situated no more than 5–6 km away from one
another, along the valleys), agricultural land, paths
and roads, main resources of timber and firewood,
all occur within narrow stripes of montane forests
which are the wild goat habitat. Despite emigration
to plains and lowlands, highland Daghestan still
displays high human population density unparal-
leled in the rest of the North Caucasus. Existence
of Capra species under such circumstances is diffi-
cult. It became possible, presumably, thanks to good
shelter provided by montane forests and their quick
natural reforestation. It is unlikely that the species
could have survived in such a close neighborhood
withman in the thin, open stands typical of themain,
more southern and arid part of the range – Caucasus
Minor, Kopet-Dagh, Iran, and Sind. The arid forest
itself could hardly resist anthropogenic impact and
seldom it does. Mere fragments of open stands still
survive within pine-birch forests in Daghestan, but
they probably covered most of the country when the
species penetrated there. Later, deforestation in
lower and drier parts of Daghestan probably forced
the species out from there. Climate turned cooler
and more humid; it changed the forests, but wild
goats managed to adapt to these changes. The
anthropogenic pressure can be responsible for cer-
tain peculiarities in this species biology in Daghe-
stan, namely secretiveness, preference for closed
forest, and, on the whole, avoiding open places.
Unlike tur, which under human pressure usually
escape to higher and less accessible areas, wild
goats do not have this opportunity and remain
within their habitat. Therefore the survival strategy
of this species is typical of forest ungulates. The
anthropogenic influence changed a good deal during
the last decades. Emigration from highlands began
after the Second World War and is still going
on. Abandoned villages and farmlands are over-
grown with forest, and wild goats live among ruins
in some cases (Weinberg 2001). Timber felling
reduced in the 1970s and 1980s, but increased
again in the beginning of the 1990s. It is illegal,
but presently is the main and sometimes the only
substantial source of income for villagers. Tall stands
on gentle slopes suffer most, so the wild goat habitat
remains comparatively less harmed, but, if the felling
will continue, the situation may get worse.

Another serious threat is exploitation of water
resources in montainous Daghestan. Several
hydropower stations have already been built, and
presumably there are plans for constructing more.

Poaching is the main threat and has become
quite intensive during the last years. The wild goat
is, in fact, the most often hunted big game within
its range. It has been always hunted (shot, or
caught with snares and traps) all year round,
despite being listed in the Red Data Books with
all the accompanying prohibitions. If previously
poachers used old and battered rifles from the
Second World War or even the Russian Civil
War (1918–1921), shotguns and small-bore rifles,
now they have equally illegal automatic rifles of
the newest models. Local enthusiasts of nature
conservation try to influence people throughMus-
lim priests, but without any obvious results (Wein-
berg 2001).

Natural Predators

There are some predators which present potential
threats to wild goats: wolf Canis lupus, golden
jackal Canis aureus and red fox Vulpes vulpes, the
last two a danger only for newborns, lynx Lynx
lynx, leopard Panthera pardus and brown bear
Ursus arctos. Seemingly, the bear looks almost
the least dangerous of all, but one of the authors
witnessed a bear chasing and actually catching a
2-week-old wild goat kid in Armenia. Neverthe-
less, the brown bear and the wolf can hardly be
considered the principal predators influencing the
wild goat population in the Greater Caucasus,
bearing in mind that wild goat is essentially a
cliff dweller. The lynx, as well as the leopard,
can successfully hunt wild goats, but, due to
their low numbers or, in the case of leopard,
sporadic occurrence within the wild goat distribu-
tion in the Greater Caucasus, their impact upon
wild goat populations can hardly be important.

Golden eagles Aquila chrysaetos and Bearded
vultures Gypaetus barbatus inspect rocky massifs
all day long, in search of newborns. They try to
hunt grown-up kids, too. In August 1990, an eagle
was observed hunting a wild goat kid in Daghe-
stan. The bird repeatedly tore it off from a cliff
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wall, but finally the kid managed to escape in the
forest (Weinberg 2001). Snow avalanches have
not been indicated as a cause of death to the wild
goat due to its dwelling on the lower forested
slopes in the snowy season.

Economic Value

At the moment, the economic value of the wild
goat is minimal, being red-listed and thus not
hunted legally. Consequently, there are no laws
and regulations organizing its use in any way, and
it can be regarded maybe just as a potential object
of ecological tourism. If goat populations could
become so numerous to stand e.g., trophy hunting,
their economic value could quickly grow.

Introductions

A failed attempt to introduce wild goats to the High
Tatra mountains in Slovakia (then Austrian-
Hungarian Empire) before the First World War has
been anecdotally reported by Turček and Hickey
(1951). In 1953 there was another introduction of
the wild goat to the Czech territory, in a densely
populated hilly area. The goats were intended as
“game” animals, and during the 1960s the herd
was supplemented with new animals imported
from the former USSR. Since 1994, the whole
herd has been gradually captured and moved to the
Vřísek game preserve, where the goats have lived
ever since. Local zoologists considered those ani-
mals not pure-bred, but hybrids with domestic goat
(L. Bartoš, pers. comm.) and recent photographs
substantiate this view (https://liberec.rozhlas.cz/
jedine-misto-v-republice-kde-zije-koza-bezoarova-
je-nedaleko-ceske-lipy-6004893). The wild goat is
not listed in the mammal fauna of Czech Republic.

Future Challenges for Research
and Management

The main conservation issue is lessening the
impact of poaching and, accordingly, increasing
legal hunting quotas, especially for local high-
landers. The latter would help highlanders to

back nature conservation efforts in the
Caucasus. Right now there is no such under-
standing, and the general attitude to nature con-
servation is rather shallow, if not entirely hostile.
Poaching is considered a minor and even partly
justified misbehavior, being a part of the local
lifestyle.
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Common Names

English Feral goat

German Hausziege (verwildert)

French Chèvre férale

Spanish Cabra asilvestrada

Italian Capra rinselvatichita

Russian Oдичавшая коза

Taxonomy, Systematics and
Paleontology

The feral goats of the Mediterranean islands have
all been introduced by humans (Groves 1989;
Vigne 1994; Manceau et al. 1999; Kahila Bar-Gal
et al. 2002; Masseti 2009). In fact, fossils of the
wild goat are absent from the original late Pleisto-
cene fauna of Southern Europe (Schultze-Westrum
1963; Payne 1968; Clutton-Brock 1981; Masseti
1981; Davis 1984, 1987; Helmer 1989 in Masseti
2009). Some of these island populations may be
ancient, but translocations of domestic goats have
continued through time. As the “wild” phenotype
tends to be genetically dominant over the domestic
phenotypes, several of the older populations appear
relatively homogeneous and may look as wild goats
(Lorenz-Liburnau 1899; Couturier 1959; Schultze-
Westrum 1963; Clutton-Brock 1981; Groves 1989)
in spite of the introgression of domestic genes.

Domesticated goats descend mainly from the
wild goat. The latest suggestion made by the
International Commission for Zoological Nomen-
clature (2003: OPINION 2027; Case 3010) has
been to retain the name Capra hircus for all
domesticated goats and the name Capra aegagrus
for the wild goat. As all the goats in the Mediter-
ranean islands were introduced by humans, thus
undergoing at least some domestication, we have
used the specific name of Capra hircus for them.

Feral goats currently exist in six Mediterranean
islands – excluding other recorded introductions
implemented during the last few centuries, but pres-
ently extinct, as mentioned below. All of them show
a variable number of morphological features similar
to those of the Asiatic wild or Bezoar goat (Capra
aegagrus Erxleben, 1777) (cf. Fig. 1).

Cretan goat, classified as Capra hircus cretica
Schinz, 1838 (Capra hircus cretensis Lorenz, 1899)
in Crete Island, Greece. Youra goat, classified as
Capra hircus jourensis Ivrea, 1899 or Capra hircus
dorcas Reichenow, 1888, in Youra Island (Sporades,
Aegean Sea, Greece). Antinimilos goat classified as
Capra hircus pictus Erhard, 1858 in Antimilos
(Erimomilos) island (Cyclades, Aegean Sea,Greece).
Majorcan Goat classified asCapra hircus var.major-
can in Majorca Island (Western Mediterranean,
Spain). Montecristo goat, in the islet of Montecristo
(Tuscan archipelago, Northern Tyrrhenian Sea, Italy).
Eastern Atlantic Ocean goat in the island of Bugio
(Desertas islands, off the southeastern coast of
Madeira, Portugal) (Fig. 2).

Cretan and Aegean Feral Goats

It has been reported that the Cretan goat (Capra
hircus cretica Schinz, 1838) has descended from a
“primitive” domestic goat, which, after its intro-
duction by humans to Crete during the Aceramic
Neolithic period (7.000 BCE), became – and
remain today – feral (Kahila Bar-Gal et al.
2002). In addition, the anthropochorus origin of
the Cretan goat and those of other Mediterranean
islands has been assumed in the past by several
authors (Schultze-Westrum 1963; Papageorgiou
1974; Groves 1989; Masseti 1981; Logan et al.
1994 and others). Most likely, semi-wild goats
were initially introduced to the island and released
as a food source. Later, introgressions with domes-
tic goats, especially females, have influenced its
genotype (Horwitz and Bar-Gal 2006) or
might be of mixed origin from two wild goat
populations (from Taurus and Zagros moun-
tains) (Geskos 2011). The Greek name for all
feral goats with phenotype similarities to
Bezoar, is “Agriokatisko” (Hatzisarantos &
Kannelis 1955).

There have been numerous records regarding the
presence of the Cretan goat (local name “Agrimi”)
in Crete Island from ancient times till the first half of
the twentieth century (Hatzisarantos and Kannelis
1955). At the end of the nineteenth century, the
Cretan goat formed free-ranging populations in all
three of the highest mountain regions of Crete
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(Lef ka Ori, Idi, and Dikti mountains), but it was
already extinct from Idi mountain in 1913 and its
last record in Dikti mountain is going back to 1904
(Sfougaris 1995; Geskos 2013).

Two additional insular feral goat populations
occur in the Aegean Sea, in the islands of Youra
and Antimilos (Erimomilos), where crossbreeding
started between local feral goats – perhaps from
ancient stock – and contemporary domestic goats.

The Youra goat has been classified as C. h. dorcas
Reichenow, 1888 (or C. h. jourensis Ivrea, 1899),
whereas the Antimilos goat as C. h. pictus Erchard,
1858 (Sfougaris 1995; Adamakopoulos et al. 1997;
Sfougaris and Lymberakis 2009; Papaioannou 2010).

Archeological evidence of the introduction of
goats to Youra Island dates back to the Mesolithic
period and it is, according precise C14 dates, the
most ancient introduction of C. aegagrus by

Fig. 1 Adult male Cretan goat in Theodorou island (left, photograph by and courtesy of Anastasios Sakoulis); female
Cretan goat at Mt. Parnitha (right, photograph by and courtesy of Konstantinos Fikas)
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Fig. 2 Distribution map of Mediterranean feral goats:
(1) Cretan goat (a) Lefka ori mountains, (b) Theodorou
island, (c) Moni island, (d) Sapientza island, (e) mt.
Parnitha, (f) Agii Pandes island, (g) Atalandi island,

(2) Youra goat, (3) Antimilos goat, (4) Majorkan goat,
(5) Montecristo goat, and (6) Eastern Atlantic ocean goat
(Map template: © Copyright Getty Images/iStockphoto)
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humans in the northernAegean Sea (Masseti 2003a;
Masseti and Trantalidou 2002; Trantalidou 2003) or
perhaps even in the Mediterranean islands –
excluding Cyprus. The extant goats are more simi-
lar to theNeolithic goats than to the goats present on
the island in Upper Mesolithic times (Trantalidou
2003;Masseti 2009). According to the phenotypical
patterns of the Antimilos goat, this population
might have been introduced to the island in Neo-
lithic times (Masseti 2009), but, as partly it looks
like domestic goats (it has homonymous horns), it
was perhaps introduced sometime between ~350
and 450 or 600 years ago from Crete for hunting
purposes (Lorenz-Liburnau 1899; Schultze-
Westrum 1963).

Another feral goat population existed till recently
in Samothrace Island, Northern Aegean Sea, Greece,
classified as C. h. pictus (Lorenz-Liburnau 1899;
Schultze-Westrum 1963), but it went extinct on
the second half of the twentieth century (Sfougaris
1994, 1995; Sfougaris and Lymberakis 2009). It had
horns curved outward, which suggested crossbreed-
ing with modern domestic goats (Sfougaris and
Lymberakis 2009).

In general fossils identified asC. aegagrus, dated
from the middle of the ninth millennium BCE to the
sixth century CE, have been found in four Greek
islands and in a few sites on the Greek mainland, all
of them associated with H. sapiens presence
(Geskos 2013). In addition, it is worth mentioning
that the introduction of feral goats to the far eastern
island of Mediterranean (i.e., Cyprus) took place at
the end of the ninth to second half of the eighth
millennium (Masseti 2009). However, as goat spec-
imens from Shillourokambos excavation site
(in Cyprus) were identical in bone size and shape
to the continental C. aegagrus form – although
introduced and captive bred – the goat from this
site (Shillourokambos) has been termed as “pre-
domestic” (Vigne and Buitenhuis 1999 in Vigne
2001).

Current Distribution

The only one long-established free-ranging popu-
lation of Cretan goat is currently restricted to an
area of approximately 150 km2 in the south-west

corner of Crete, in Samaria – Lef ka Ori National
Park (Sfougaris 1995; Adamakopoulos et al.
1997; Sfougaris and Lymberakis 2009; Geskos
2013; Papaioannou 2010; Geskos 2011) (Fig. 2).
Its population size, ranging from 750 to 1.380
individuals during the period 2004–2007 (Geskos
2009, 2011), is currently totaling about 1.000–
1.500 individuals (Papaioannou 2016; Samaria –
Lef ka ori mountains National Park Managing
Authority, pers. comm.).

The Youra goat (Capra hircus dorcasReichenow,
1888/C. h. jourensis Ivrea, 1899) is currently forming
a population of 200 individuals in Youra island in
Northern Sporades (Sfougaris and Lymberakis
2009), whereas the Antimilos goat (Capra hircus
pictus Erhard, 1858) numbers currently some
300 individuals in Antimilos island of Cyclades and
it has crossbred with domestic goats (Sfougaris 1994,
1995; Sfougaris and Lymberakis 2009) (Fig. 2).

Description

To some extent, the Cretan goat looks like the
Wild Bezoar goat (Capra aegagrus aegagus)
both in morphology and general coloration pat-
tern. The only trait that may indicate a “domestica-
tion stage” is the relatively small adult male/female
body mass ratio (Geskos 2011). However, the Cre-
tan goat is smaller and darker than C. aegagrus. In
older males, the light colored parts of the body are
gray to white, while the dark ones are up to black
(dorsal, shoulders, undersides of the neck, beard,
upper tail, lower ribs and front of the sternum, and
legs). The horns of the male are curved back to one
level and strongly curved at the point. In each
annual ring, they have a bulge on the anterior
outer edge of the horn (Paragamian 1994). The
male mass is up to 50 kg, the length of the horns
up to 81 cm (the largest size recorded by Lorenz-
Liburnau 1899), and the height (up to the shoulder)
is 50 cm; the corresponding values for the females
are 17 kg, 18 cm, and 45 cm. In the introduced
population of Theodorou islet (and the populations
derived from it), the animals are even smaller. The
males do not exceed 40 kg (averagemass in 6 years
is 30.6 kg and 8 years is 35.2 kg), while the females
do not exceed 25 kg (average mass at 6 years is
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19.94 kg and at 8 years is 23.3 kg) (Papageorgiou
1974; Husband et al. 1986). The Antimilos goat
looks very much like the Cretan goat, with out-
wards curving horn tips (Sfougaris 1995).

Life History

The male Cretan goat reaches reproductive matu-
rity in 4–5 years, while females in 2–3 years. Their
lifespan is 10–15 years. The mating period of the
only long-established free-ranging population of
Cretan goats (Lef ka Ori mountains in Crete) starts
at the end of October and ends at the beginning of
November. Adult males are first seen associated
with females at that time. Mixed adult herds form
till mid-November. The mating period continues
at least till December for the subadults of both
sexes (Geskos 2011). In Theodorou island, fe-
males reproduce from their third year of age,
whereas males mate only after they are 8 years
old (Husband and Davis 1984). The mating period
is in late October to early November. They give
birth to 1 or 2 young in April–May. Cretan, Anti-
milos, andYoura goatsmate earlier (Couturier 1959;
Schultze-Westrum 1963; Husband andDavis 1984).
In Lefka Ori mountains, almost every female gives
birth each year (Stauffer 1986; Hablutzel 1990),
while in Theodorou island only one-third of females
gives birth (Husband and Davis 1984) due to over-
population and poor living conditions. In the Lefka
Ori mountains, in areas below the subalpine zone
(Samaria gorge), the observed mean rate of twin-
ning/year was 13.4% (Geskos 2009). Regarding the
Antimilos and Youra goat populations, mating
occurs onAugust–September and June–July respec-
tively (Sfougaris 1995).

Habitat and Diet

The Cretan goat uses areas of steep terrain and
occupies elevations between 600 and 2000 m
a.s.l. It also prefers rocky areas with more than
50% vegetation cover and slopes greater than 30%
(Stauffer 1986). The Cretan goat habitat in Samaria
gorge (Lefka Ori mountains) consists of Pinus
brutia, Cupressus sempervirens, Acer creticum,

Quercus coccifera, Quercus ilex, Pistacia lentiscus,
and Phillyrea media (Sfougaris 1995; Schultze-
Westrum 1963).

Behavior

As to the Cretan goat on Lef ka Ori mountains, the
herd type recorded most often is the family group:
adult (�3 years of age) female with male and
female offspring up to 2 years of age (Nicholson
and Husband 1992; Geskos 2009). Adult females
occur always in small herds (Geskos 2009). The
largest aggregation observed has been of 34 ani-
mals of all sex and age classes, excluding adult
males (Geskos 2009).

Diurnal behavior of the Cretan goat has been
studied in the introduced small insular population
of Theodorou Island by Nicholson and Husband
(1992). Adult Cretan goats exhibit a crepuscular
feeding pattern similar to that found in other ungu-
lates.Males spend less time than females in feeding
during the day. Apparently, males do not reduce
feeding time during the rut, and a decline in the
condition of dominant males has not been
observed. Group size does not differ greatly from
those reported for other species of Capra, but the
Cretan goat exhibits a smaller average group size
than any other species of Capra. The Cretan goat
appears to associate without regard to sex. It has
clear social-dominance relationships and these
relationships are ordered by age and sex, with old
males dominant over all others. The dominance
structure remains intact during the breeding season
and there is lack of aggression of males to other
males during the rut. There seems to be a hierarchy
within groups. The physically larger males domi-
nate the smaller ones, while all males from 1 year
and older dominate all females, regardless of age
and size (Husband and Davis 1984).

Conservation Status

Goats found on Mediterranean islands are generally
recognized as introduced by humans (Shackleton
1997; Wilson and Reeder 2005), and genetic and
archaeozoological studies confirm it (e.g., Groves
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1989; Vigne 1994; Manceau et al. 1999; Kahila
Bar-Gal et al. 2002). Thus, they cannot be included
in any category of IUCN (Weinberg and Ambarli
2020). However, formerly the Cretan goat was
included in the VU D1+2 IUCN category (Shackle-
ton 1997), as – at that time – it was classified as a
subspecies (Capra aegagrus cretica Schinz, 1838)
of the wild goat (Capra aegagrus). The Cretan goat
is included, as Capra aegagrus cretica, in the
Appendix II of the Bern convention and in the
Appendix II and IVof the 92/43 EEC Directive on
the conservation of natural habitats and of wild
fauna and flora. All feral goats in Greek islands
(Crete, Youra, and Antimilos) are classified as
Endangered (E) in the RedData Book of Threatened
Animals of Greece (Legakis and Marangou 2009).

Management

An introduced population of Cretan goats exists on
the small island of Theodorou (Agii Theodori)
(68 ha), close to the north coast of the western part
of Crete (Adamakopoulos et al. 1997; Sfougaris
1995; Sfougaris and Lymberakis 2009; Papaioannou
2010). It was established during the first half of the
twentieth century, as a result of introductions with a
few individuals from Lefka Ori mountains, totaling
in 2006 around 100 individuals, close to the carrying
capacity of the area (Husband and Davis 1984;
Sfougaris 1995; Papaioannou 2010). A few addi-
tional introduced populations – all originating from
Theodorou island – exist on Moni island (160 ha)
near Aegina and Sapientza Island (880 ha) offshore
of the south-western Peloponnese, totaling around
200 individuals in 2009 (Sfougaris and Lymberakis
2009; Papaioannou 2010).

A further population on the Agii Pandes Island
(30 ha) off northern Crete and another one on
Atalandi Island (180 ha) are considered as cross-
breeds derived by founders from Theodorou
Island and domestic goats (Sfougaris 1995;
Sfougaris and Lymberakis 2009; Papaioannou
2010), whereas another crossbred population on
Dia Island (Crete) was exterminated sometime
between 1997 and 2004 (Papaioannou 2010).

As to the mainland, the only one free-ranging
population of Cretan goats occurs on mt. Parnes

(Parnitha), close to Athens. It comes from intro-
duced founders probably from Theodorou island
(Crete) some decades ago (1963?) and apparently it
has not crossbred with domestic goats yet (Sfougaris
1995; Sfougaris and Lymberakis 2009; Papaioannou
2010, 2016).

The main threat affecting conservation of
these Mediterranean feral goats is crossbreeding
with free-ranging domestic goats, for example,
on Lef ka Ori mountains (Adamakopoulos et al.
1997; Sfougaris and Lymberakis 2009; Geskos
2009; Papaioannou 2010).

A further conservation problem is inbreeding
which inevitably takes place in the Youra goat and
Antimilos goat populations as well in all intro-
duced populations of Cretan goats (Sfougaris and
Lymperakis 2009), as most of them originated
from only three pairs from Lef ka Ori mountains,
introduced to Theodorou islet on 1928, 1937, and
1945 (Husband and Davis 1984; Papaioannou
2010). Low genetic variation, lack of polymor-
phism and heterozygosity, high inbreeding coeffi-
cients, and low kid production was found in the
Cretan feral goat population of Theodorou Island
(Logan 1989).

Poaching for illegal meat trade (Sfougaris and
Lymperakis 2009; Geskos 2009), free access to
road use in Cretan goat habitats which increase
poaching incidents, and food competition with
livestock are some more conservation problems
(Adamakopoulos et al. 1997; Geskos 2009;
Papaioannou 2010). Regarding the Youra goat,
Antimilos goat and some introduced Cretan goat
populations, lack of water resources and food –
mainly in summer – are additional problems
(Sfougaris and Lymperakis 2009).

Most of the “natural” distribution range of the
Cretan goat in Crete is within the borders of the
Samaria (Lef ka ori) National Park, an area
included in the Natura 2000 network as well. All
the area of the Youra goat distribution range is
included in the National Sea Park of Allonisos and
Northern Sporades, whereas that of the Antimilos
goat is included in the Natura 2000 network
(Sfougaris and Lymperakis 2009).

A number of small populations of feral goats
(less than 100 individuals each) are kept in private
areas (for hunting or recreation) and in most of the
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State-Controlled Hunting Reserves (Papaioannou
2010). It is believed that most of these animals
come from the Theodorou Cretan goat population
(Husband and Davis 1984), but actually their ori-
gin is unknown (Papaioannou 2010).

According to the Greek national law, hunting
of the Cretan goat in natural ecosystems has been
officially forbidden since 1969, according to pres-
idential decree 86/69 and its modifications. Very
low quotas of all feral goats – including the Cretan
goat – may be shot within the State-Controlled
Hunting Reserves or within the state and private
Game Enclosures (Papaioannou 2010). Monitor-
ing projects are undertaken by the Management
authority of the Lefka Ori – National Park in
Samaria. Beside the above mentioned ones, no
other specific measure has been undertaken
regarding the free-ranging Cretan goat population
in the Lefka Ori mountains.

Reports on feral goat relationships with predators
are absent. However, the Golden eagle is perma-
nently present in the goat distribution range in Crete
and the wolf – after a long absence – has been
recolonizing mt. Parnitha, near Athens (Iliopoulos
2018), where the only free-ranging Cretan goat pop-
ulation in mainland roams. There are no data on
relationships between the Cretan goat and the wolf.

Supplementary feeding is implemented in a
few small, insular populations of feral goats (Hus-
band et al. 1986; Sfougaris 1995; Papaioannou
2010).

Future Challenges for Research
and Management

Some conservation measures regarding the Cretan
goat, proposed by Adamakopoulos et al. (1997),
still remain on paper; these were: (1) Establish a
strict control program to eliminate domestic goats
from Samaria (Lef ka ori) National Park to remove
the threat of crossbreeding with the Cretan goat.
Reducing or eliminating the herds of domestic
goats from the surrounding areas will prevent
their immigration into the Park; (2) Improving
antipoaching measures by regularly patrolling
the park during winter, and by allowing no further
increases to access; (3) Impose a greater control

on tourism development in the Park. These should
include banning the development of major tourist
facilities in the mountain regions of the Park and
its surroundings, and strictly controlling visitor
movements; (4) The population should be regu-
larly counted and the area surveyed throughout
the Lef ka Ori mountains, paying special atten-
tion to the degree of crossbreeding and human
encroachment; (5) Overall, it may be desirable to
eradicate domestic � feral goat crossbreeds.
Unfortunately, F1 crossbreeds are difficult to dis-
tinguish from Cretan goats in both look and
behavior; (6) Determine the degree of cross-
breeding of feral goats found on the various
islands, to help local conservation management
decisions.

Majorcan Goat

The Majorcan goat (Capra hircus var. majorcan)
is basically located in the Sierra de Tramontana, a
mountainous chain that runs along the North-
western fringe of Mallorca Island, Spain, and in
the mountains of Artá, in the Northeast of this
island (Fig. 2). The goats occupy all habitats,
from sea level to the highest peaks, including coastal
cliffs, pine, and holm oak forests, up to the most
inaccessible rocky areas (Adrover et al. 2017). Con-
sidering that the colonization of the island by
humans took place between 2350 and 2150 BCE –
as there is no evidence of previous human presence
(Alcover 2010) – the arrival of the first goats is
assumed to have occurred between 2300 and
2050 BCE (Seguí et al. 2005).

The Majorcan goat is slightly smaller than the
domestic goat. The males and females weigh an
average of 50 kg and 32 kg, respectively. The height
at the withers is 70 cm in males and 56 cm in
females (Seguí et al. 2005). It is well characterized
morphologically and genetically (Seguí et al. 2005)
and its phenotypic description for the purposes of
management and regulatory use is contained in the
National Decree 91/2006, regarding the regulation
of caprine populations, the management of the hunt-
ing exploitation of the Majorcan goat, and the mod-
ification of the relative technical plans (Adrover
et al. 2017).
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The Majorcan goat is characterized genetically
and phenotypically, showing both its old origin and
the effects of anthropic management (Adrover et al.
2017).

In 2007, the population size of the Majorcan
goat was 1.500–2.000 individuals, out of a total of
10.000 ind. including crossbreeds and feral
descendants of modern domestic goats (Giannatos
et al. 2007).

Several groups of Majorcan goats have been
protected in fenced areas and captive bred
(Giannatos et al. 2007). Since 2006, hunting of
purebred individuals has been banned, whereas
hunting of crossbreeds and feral domestic goats is
encouraged. Trophy hunting of Majorcan goats will
be allowed again after populations have reached
target levels (according to the National Decree
91/2006).

Selective hunting should be used to remove the
crossbreeds from the population (Palomo and
Gisbert 2002). Conservation efforts should be
implemented to prevent poaching, capturing
alive animals for trade, and illegal hunting of
crossbreeds for commercial purposes (Giannatos
et al. 2007). A normative improvement taking into
account the ecological and biodiversity signifi-
cance of the Majorcan goat is a local priority,
together with hunting directives appropriate to
avoid crossbreeding, overpopulation, vegetation
damage, and control of domestic goats to recover
the Majorcan goat population, which shows great
potential as a hunting resource (Seguí et al. 2005).

Montecristo Goat

A population of feral goats with some individuals
showing a few phenotypical characters identical to
those of wild goats, currently occurs on the islet of
Montecristo (10.39 km2, Tuscan archipelago,
Northern Tyrrhenian Sea, Italy) (Toschi 1953,
1965 in Masseti 2009) (Fig. 2). Domestic goats
must have been introduced to this tiny island not
only in ancient times (Spagnesi et al. 1986), but
introductions continued probably up to the first
decade of the second half of the last century
(Masseti 2002, 2003b in Masseti 2009) and it is

confirmed by the remarkable morphological and
genetic variability of these goats (Spagnesi et al.
1986; Randi et al. 1990).

Montecristo Island is a Nature Reserve. Culling
for research and population control is conducted
periodically, as theMontecristo goat exerts a strong
pressure on the island vegetation (Randi et al.
1990; Tosi and Lovari 1997). Culling is based on
phenotypic (pelage) criteria (Spagnesi et al. 1986).

During 2010–2014, this population has been
drastically reduced upon the implementation of
actions aimed at restoring the ecological balance
in this island, mainly focused on the eradication of
the local population of black rats, Rattus rattus
(L., 1758), using poisoned pellets (Masseti 2016).
The present minimum numbers of Montecristo
goats are consistent with those in previous years,
i.e., some 200 goats (https://www.restoconlife.eu/
en/2017/03/30/2016-montecristo-goat-census).

Other historical populations of feral goats in
Mediterranean islands were those living onAsinara
(Italy), Tavolara (Italy), Lampedusa (Italy), and La
Galite (Tunisia) which went extinct between the
nineteenth and the twentieth centuries (Masseti
1997; Masseti and Zava 2002 in Masseti 2009).
Furthermore, the islands of Capraia, Caprara, San
Pietro, and Linosa also had their feral goat po-
pulations, now extinct (Sommier 1908; Toschi
1953; De Beaux 1955; Masseti and Zava 2002 in
Masseti 2009).

Eastern Atlantic Feral Goat

In the Eastern Atlantic islands, goats of “pre-His-
panic” phenotypes still occur today on Bugio in the
Desertas islands off the southeastern coast of
Madeira (Masseti 2009) (Fig. 2). There are records
of their existence during the previous century in
Deserta Grande, GranCanaria, Fuerteventura, in an
islet off Lanzarote (Cook and Yalden 1980;
Nogales et al. 1992; Muzio 1925 in Masseti 2009),
and in the far past in the islands of Lanzarote, Gran
Canaria, Tenerife, La Gomera, El Hierro, and espe-
cially Fuerteventura dated between 1000 and
1700 BCE (Castillo et al. 1996; Meco Cabrera
et al. 1982 in Masseti 2009).
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On the Eastern Atlantic islands – as in the
Mediterranean ones – the natural occurrence of
goats has not been proven by any fossil record and
the oldest goat populations, imported onto these
islands, probably are linked with the arrival of the
earliest human inhabitants around 1000–
2000 BCE (Rodríguez-Piñero and Rodríguez-
Luengo 1993 in Masseti 2009), characterized as
having a “pre-Hispanic” origin due to their phe-
notypic characters (Masseti 2009).

The population of the Eastern Atlantic goat of
Bugio numbered no more than 60 goats early in
this century (Masseti 2009). Most likely, these
goats were imported to the island from the nearby
island of La Palma, in historical times, possibly
during the fifteenth century (Pena and Cabral
1997 in Masseti 2009).
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Common Names

English Mouflon

German Mufflon

French Mouflon

Spanish Muflón

Italian Muflone

Russian Муфлóн

In Cyprus, the Greek name for this species of sheep is
Αγρινó.

Taxonomy and Systematics

The genus Ovis constitutes one of the most com-
plex mammalian genera owing to its evolution
and systematic. During the last centuries, wild

sheep taxonomy was revised many times based
on different criteria (morphologic, genetic, and
biogeographic, e.g., Valdez 1982; Festa-Bianchet
2000; Hiendleder et al. 2002; Rezaei et al. 2010).
Wild sheep taxonomy has been complicated by
the fact that the different species of the genusOvis
can crossbreed and produce fertile offspring
(Valdez et al. 1978; e.g., in the Asiatic mouflon/
Urial Ovis vignei hybrid zone; Fig. 2), leading
some authorities to consider, for instance, Asiatic
mouflon and Urial as the same species (Ovis
orientalis). A basic difference among classifica-
tions lies in the number of species recognized. No
definitive consensus was achieved, but most clas-
sifications distinguish at least three morphological
types (Bunch et al. 2006) and six wild species:
Pachyceriforms of Siberia and North America,
Ovis canadensis (bighorn sheep, 2n ¼ 54), Ovis
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dalli (Dall sheep, 2n ¼ 54), and Ovis nivicola
(snow sheep, 2n ¼ 52); Argaliforms of Central
Asia, Ovis ammon (Argali, 2n ¼ 56);
Moufloniforms of Eurasia, Ovis vignei (Urial,
2n ¼ 58), and Ovis gmelini (Asiatic mouflon,
2n ¼ 54). Note that the name Ovis orientalis has
often been used/recommended for Asiatic mou-
flon (Shackleton and IUCN/SSC Caprinae Spe-
cialist Group 1997), but as it seems to refer to a
hybrid of Alborz red sheep (Valdez 1982), the
name is unusable and may enter into homonymy
(Groves and Grubb 2011; Hadjisterkotis and
Lovari 2016).

The scientific denomination of mouflon pre-
sent in Mediterranean islands (Cyprus, Corsica,
and Sardinia), and subsequently introduced into
continental Europe during the eighteenth century
(Weller 2001; Fig. 1), is probably among the most
controversial (e.g., Cugnasse 1994; Gentry et al.
2004; Rezaei et al. 2010; Guerrini et al. 2015).
However, archaeological (Poplin 1979; Vigne
1992; Groves 1989) and genetic evidence (e.g.,
Chessa et al. 2009; Rezaei et al. 2010; Demirci
et al. 2013; Guerrini et al. 2015;Mereu et al. 2019;
Portanier et al. 2022) that has now accumulated
gives strong support for ranking them as subspe-
cies of Asiatic mouflon O. gmelini (see also sub-
section “Phylogeny and Phylogeography”). Most
recent genetic advances, based on microsatellite
and mitochondrial DNA, separate into two inde-
pendent subspecies the Corsican/Sardinian O. g.
musimon and the Cyprus populationsO. g. ophion
which had a separate evolutionary history (Chessa
et al. 2009; Guerrini et al. 2015, 2021; Sanna et al.

2015; Satta et al. 2021; Portanier et al. 2022). It
can also be mentioned that Cugnasse (1994)
suggested to differentiate Corsican and Sardinian
mouflon by using O. g. musimon var. corsicana
and O. g. musimon var. musimon, respectively, to
account for the demographic disconnection occur-
ring since Neolithic between the two island
populations.

Paleontology

The oldest fossil of mouflon Ovis shantungensis
was found in central Asia (China, Nihowan) and
would be dated >2 mya (Teilhard de Chardin and
Piveteau 1930). During the Pleistocene, the genus
Ovis has evolved from this ancestral area, through
successive speciation events, in at least six wild
species (see section “Taxonomy and Systemat-
ics”), while spreading along two major migration
routes: the first passing through northeastern Asia
and Bering Strait toward North America, the sec-
ond one going toward Eurasia and western
Europe. Nowadays, the genus Ovis is largely dis-
tributed over palearctic and nearctic regions
(Valdez 1982).

Mouflon present in Europe originated fromAsi-
atic mouflon that arrived about 8500 years before
the common era (BCE hereafter), at the onset of the
very first waves of human-mediated dispersal of
livestock across the Mediterranean Basin (Zeder
2008; Vigne et al. 2014). Relics of these very first
migrations include the historically genetically and
morphologically preserved mouflon populations

Fig. 1 A male (left), a female and a lamb (right) of Mediterranean mouflon (photographs © Daniel Maillard – www.
danielmaillard.com)
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presently restricted to the islands of Cyprus, Cor-
sica, and Sardinia (Chessa et al. 2009; Rezaei et al.
2010; Guerrini et al. 2015, 2021; Sanna et al. 2015;
Mereu et al. 2019; Satta et al. 2021; Portanier et al.
2022). In these islands, Asiatic mouflon would
have been introduced by Neolithic people, proba-
bly after a predomestication phase, between 4500
and 8500 years BCE as suggested by archaeolog-
ical evidences in Neolithic sites (Poplin 1979;
Groves 1989; Vigne 1992; Zeder 2008; Vigne
et al. 2012, 2014). The domestication process is
assumed to have remained primitive, likely limited
to protection against predators with few interac-
tions with humans and no morphological selection
(Rezaei 2007; Zeder 2008). In addition, by
returning to a feral state in mountainous areas of
these scarcely populated islands, these primitive
breeds survived, contrary to mainland populations,
to the second migration of improved breeds (with
productive traits such as wool, milk, and meat)
occurring 5000–6000 years later from southwest
Asia (Zeder 2008; Chessa et al. 2009; Barbato et al.
2017; Ciani et al. 2020).

Current Distribution

The native range of Asiatic mouflon includes 4
subspecies (Festa-Bianchet 2000) and extends
from eastern Turkey, Armenia, southern
Azerbaijan (including Nakhchivan Autonomous
Republic), and northern Iraq to western Iran (Zagros
mountains, southern Caucasus) for the Armenian
mouflon Ovis gmelini gmelini, with isolated
populations in central Iran for the Isfahan mouflon
Ovis gmelini isphahanica and southern Iran for the
LaristanmouflonOvis gmelini laristanica (Fig. 2). It
also includes an area where mouflon crossbreed
with Urial Ovis vignei sp. The population of Anato-
lian mouflonOvis gmelini anatolica in south-central
Turkey (Konya-Bozdag area), previously isolated, is
highly protected with most individuals being
enclosed since 1989. Two populations (Karaman-
Karadag and Ankara-Sariyar) have been created
from reintroductions between 2004 and 2007 with
individuals from the Konya-Bozdag area (60 and
120 founder individuals, respectively; Özüt 2009).
The last population estimates were around

700 Anatolian mouflon in the Konya-Bozdag-
enclosed population (after 200 individuals were
removed for reintroductions), and 50–100 individ-
uals outside the fences (Özüt 2009).

Populations created from feral individuals after
the very first domestication attempts of Asiatic
mouflon between the Neolithic and the Upper
Paleolithic are restricted to the Mediterranean
islands of Cyprus, Corsica, and Sardinia (see sec-
tions “Paleontology” and “Phylogeny and
Phylogeography”; Fig. 2). In Corsica, there are
two populations: one in the massif of Monte
Cinto (Northwest, >900 individuals), and one in
the massif of Bavella (Southeast, >200 individ-
uals; Benedetti et al. 2019; Portanier et al. 2022).
In Sardinia, the current distribution is limited to
the eastern part of the island (Ogliastra,
Gennardentu, Supramonte, and Albo; ~6000 indi-
viduals), Montiferru in the West, and a few man-
aged/protected areas where the species has been
introduced (Pabarile, Capo Figari, and Asinara;
Apollonio et al. 2010; Puddu and Maiorano
2016; Satta et al. 2021). The Cyprus mouflon is
present in the Paphos forest (North-West of the
island; ~3000 individuals; Hadjisterkotis 2001)
and recently extended its range toward Troodos
mountains (Nicolaou et al. 2016).

Since the eighteenth century (see subsection
“Phylogeny and Phylogeography”), mouflon
have been introduced as a new game species in
24 European countries: Andorra, Austria, Bel-
gium, Bulgaria, Croatia, the Czech Republic,
Denmark, Finland, France, Germany, Greece,
Hungary, Italy, Luxembourg, Netherlands,
Poland, Romania, Serbia, Slovakia, Slovenia,
Spain (including Canary islands, i.e., Tenerife,
La Palma, and La Gomera), Sweden, Switzerland,
and Ukraine (Fig. 2; Weller 2001; Linnell and
Zachos 2011; Cassinello 2018). Mouflon were
also introduced in Argentina, Chile, and the
USA (California, Texas, and Hawaii; Weller
2001) and are also present in fenced areas or
hunting estates in numerous countries. It has to
be noted that the population from Kerguelen
islands (French Southern and Antarctic Terri-
tories), of conservation concerns with endemic
plants, has been eradicated in the 2010s (Terres
Australes et Antarctiques Françaises 2013).
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Description

Size and Morphology

The complex genetic and demographic history of
island populations and of introduced populations
of mouflon (see sections “Paleontology” and “Phy-
logeny and Phylogeography”) has contributed,
through genetic founding effects and/or high vari-
ability in environmental conditions encountered, to

generate large inter-population variation in body
and horn development. This is well illustrated by
population-specific horn growth patterns (e.g.,
Hoefs 1982; Hoefs and Hadjisterkotis 1998;
Figs. 3.5 and 7.2 in Garel et al. 2006b). To account
for these inter-population differences, we summa-
rized in Table 1 >3500 adult morphological and
body mass measurements collected from known-
age animals in 9 French populations spanning a
large range of environments (ranging from 180 to
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Fig. 2 Current distribution of mouflon in Europe. Native
populations are represented in red (Ovis gmelini gmelini,
Ovis gmelini anatolica, Ovis gmelini isphahanica, and
Ovis gmelini laristanica; data from the International
Union for Conservation of Nature, http://maps.
iucnredlist.org/map.html?id¼15739) or pink (area where
Ovis gmelini gmelini and Ovis gmelini laristanica cross-
bred with Urial Ovis vignei sp.). Although some of these
subspecies are referenced as orientalis on the IUCN red
list, we used gmelini here in accordance with the section

“Taxonomy and Systematics” and, e.g., Festa-Bianchet
(2000). The mouflon populations onMediterranean islands
are represented in black ([1] Cyprus Ovis gmelini ophion)
and green ([2] Corsica and [3] Sardinia Ovis gmelini
musimon; data from Hadjisterkotis 2001; Corti et al.
2011; Puddu and Maiorano 2016). The European countries
where mouflon persist after being introduced are noted
with a blue point. Note that the countries where mouflon
are present only in captivity are not reported on this map
Map template: © Copyright Getty Images/iStockphoto
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2966 m a.s.l., from 2.97 to 8.90 �E, from 42.38 to
45.69 �N, and from Mediterranean/island areas up
to mountain ranges) and genetic origin (e.g., Garel
et al. 2005a; Portanier et al. 2017). Newborn
(<1 week) body mass ranges between 1.6 and
3.4 kg (Mottl 1960; Pfeffer 1967; Briedermann
1989; Hadjisterkotis 1996b). It has to be noted
that island populations might have undergone
island dwarfism during their evolutionary history
(e.g., shoulder height in Cyprus: males¼ 68.0 cm,
females ¼ 61.4 cm, n ¼ 13-13 versus continental
populations in Table 1; Pfeffer 1967; Hadjisterkotis
1993, 1996b).

Mouflon are among the smallest wild Ovis in
the world (Valdez 1982) with a marked sexual
dimorphism both in terms of size and body mass
(up to ~64% during autumn), horn and coat
(Table 1; see subsections “Pelage” and “Growth”).
While males have large horns, females may or may
not have short horns (Hoefs and Hadjisterkotis
1998; Garel et al. 2007). When present, the horns
of females are thin, often asymmetric with a circu-
lar shape. In males, horns are thick, with a triangu-
lar basis and a circumference that decreases from
the base to the tip (Fig. 1). They are also symmetric
and show three sides with a marked fronto-nuchal
edge and the fronto-orbital edge almost completely
rounded off. Differences in skull design between
males and females have been revealed and

hypothesized to play a role in the mitigation of
the considerable forces that exert on the horns and
skulls of mouflon during head-to-head horn clashes
(Schaffer 1968; Schaffer and Reed 1972; Jaslow
1989).

The high diversity in origin of populations and
in the environments that they inhabit has also
contributed to large inter-population variation in
phenotypic characteristics of this species. For
instance, marked differences in the proportion of
horned females among populations have been
documented: from 43% in the Corsican popula-
tion of Bavella (only 13% in the other Corsican
population of Cinto; Sanchis 2018) to values close
or equal to 0%, both in island populations (Sar-
dinia, Pfeffer 1967; S. Ciuti, pers. comm.; Cyprus,
Maisels 1988; Hadjisterkotis 1993) and in most of
the introduced populations (Pfeffer and Genest
1969; McClelland 1991). The fact that hornless
females is the rule in most introduced populations
would originate from a much larger contribution
of animals coming from Sardinia than Corsica
during the early phases of introduction of mouflon
in continental Europe (Pfeffer and Genest 1969;
Apollonio et al. 2010). Similarly, large variation
in the form of horns occurs in males that can partly
result, in some populations, from artificial selec-
tions against desirable or undesirable trophy char-
acteristics (Garel et al. 2007; Schröder et al.

Table 1 Adult morphological and body mass measure-
ments (95% prediction interval) in 9 French continental
and island populations of mouflon. Data were collected
both during spring-summer (capture) and autumn-winter
(capture and hunting). We reported values taken at

�7 years and �4 years old for males and females, respec-
tively, i.e., when asymptotic body growth has been reached
for most of the measurements (Hoefs and Hadjisterkotis
1998; Lincoln 1998; Garel et al. 2005d; Hamel et al. 2016)

Metrics Males Females Sample sizes (males–females) Populationsa

Tail length Bony, very short (<10 cm) – –

Body length (cm) 124.5–145.6 102.7–133.8 95–201 1, 2

Hind foot length (cm) 30.7–35.3 28.8–33.5 155–598 1, 3, 6

Shoulder height (cm) 70.6–86.8 61.4–80.4 97–200 1, 2

Neck circumference (cm) 30.1–48.8 20.8–33.6 99–294 1, 3

Horn length (cm) 48.6–90.3 0.5–19.1 295–121 1, 2, 3, 4, 6, 7, 8

Body massb (kg) 26.1–61.8 18.8–37.7 268–1078 1, 2, 3, 5, 6, 7, 8, 9
aPopulations: 1 – Caroux-Espinouse massif (43.63 �N, 2.97 �E); 2 – Gap-Chaudun massif (44.63 �N, 5.98 �E); 3 – Cinto
massif (42.38 �N, 8.90 �E); 4 – Chartreuse massif (45.33 �N, 5.79 �E); 5 –West Vercors massif (44.86 �N, 5.26 �E); 6 –
Bauges massif (45.69 �N, 6.24 �E); 7 – Queyras massif (44.76 �N, 6.88 �E); 8 – Brianconnais massif (44.97 �N, 6.61 �E);
and 9 – North-East Vercors massif (45.11 �N, 5.56 �E)
bCombining live bodymasses and eviscerated bodymasses converted into live bodymasses using the allometric equation:
live ¼ e0.4131 � eviscerated0.9687 calibrated on 88 animals for which we had both measurements
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2016). Horns in males can be heteronymous (left
horn first twists clockwise and then anticlock-
wise) or perverted (growth in the same plane
with sickle-shaped horns), curving back behind
the head toward the anterior-posterior axis of the
body, with tips directed above the neck (supra-
cervical) or at the sides of the neck (cervical;
Fig. 1; Pfeffer 1967; Groves and Grubb 2011).
In both cases, the basic growth pattern is converg-
ing with a relatively narrow tip-to-tip spread when
compared to greatest spread as animals aged.With
the notable exceptions of Cyprus and Armenian
mouflon, the supracervical horn growth is rare in
wild sheep (Hoefs and Hadjisterkotis 1998;
Groves and Grubb 2011; Hadjisterkotis et al.
2016). At the opposite, distinct homonymous
horn curl configuration also exists (left horn twists
clockwise), where the tip-to-tip spread equals the
widest spread with horn tips pointing outward the
anterior-posterior axis of the body as animals get
older. Intermediate types exist, with, for instance,
horns anglingmore vertically, with a more parallel
horn growth pattern with the tips turning inward
toward the neck/face in a tight circle (Pfeffer
1967; Groves and Grubb 2011).

Pelage

The typical pelage coloration exhibited by
females varies from light tan to dark brown
(Valdez 1982). The dorsal patch is absent or indis-
tinct. Lambs are similar in appearance to ewes. In
males, short, coarse, and thick hair forms the outer
coat (Frisina and Frisina 2000). The general color
of the coat on mature rams is rufous brown or foxy
red shading into chocolate brown on the head and
face. A black coat is found on sides of the neck,
throat, and chest with a band on the flanks and
down the withers, on the outer front surfaces of
the forelegs above the knees, and on the front and
outer sides of the hind limbs above the hocks
(Valdez 1982; Frisina and Frisina 2000). Ears are
grayish with the margins and part of their interior
that are white. White/grayish coat is also found as
a broad band on the rear border of the saddle patch
and on muzzle and chin shading into grayish
rufous in the middle of the black area on the

throat. Similarly, the buttocks and all under parts
are white, except for a narrow black streak down
the forelegs. Limbs also exhibit a streak of white
on their back surface above the knees and hocks.
In winter coat, the general color of the upper parts
deepens and becomes more of a chestnut brown.
The saddle patch on each side of body (not sys-
tematically present in some populations) lightens
until in many older rams it becomes nearly white
(Frisina and Frisina 2000). Both males and
females display a white facial mask which shows
a great inter-individual variability in size (Garel
et al. 2005d, 2006a; see also subsection “Age
Determination”).

Age Determination

Excepted in lambs (when less than 6 months old)
for which error in age determination is very
unlikely (Garel et al. 2006a), horn annulus tech-
nique in males (Geist 1966; Hemming 1969) and
tooth eruption and replacement of the lower inci-
sors in both sexes (Rieck 1975; Piegert and Uloth
2005) are the only reliable criteria used to esti-
mate age when handling animals. Tooth eruption
pattern allows a reliable estimation of age until
3.5 years in autumn-winter (the hunting season
for ungulates in most countries; e.g., Milner et al.
2006) during which five stages of tooth eruption
can be described: no permanent incisor for
lambs, two permanent incisors for yearlings,
four permanent incisors for 2.5 years old, six
permanent incisors for 2.5–3.5 years old, and
eight permanent incisors for �3.5 years old. In
males, the horn annulus technique (Geist 1966;
Hemming 1969), which is based on counts of
horn growth annuli, provides an index of age to
the nearest year. Horn growth annuli correspond
to drastic reduction of horn growth which mainly
results from hormone-induced factors related to
the reproductive cycle and from photoperiod (see
subsection “Horn Growth and Reproductive
Activity”). This index becomes less accurate as
the animal aged and the first horn annulus is
worn away.

From observations in the field, different mor-
phological criteria have been used to estimate the
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age categories of mouflon (Türcke and Schmincke
1965; Pfeffer 1967; Tomiczek 1989; Boussès and
Réale 1994). In males, observers have principally
relied on the position of the horn tip relative to the
base of the neck and eyes (the so-called circular
arc theory; Piegert and Uloth 2005). In females,
the size of the white facial mask, which corre-
sponds to a whitening of the hair of the face, was
considered to progress from the nostril toward the
face as animal aged. From these criteria, field
studies (e.g., Le Pendu et al. 1995; Ciucci et al.
1998; Cransac et al. 1998; Réale et al. 1999)
generally distinguished between lambs, yearlings
(1 year), and 2–3 wider age categories as animals
get older and inter-individual variation in age
criteria increases (e.g., 2–3, 4–6, and >6 years
old; Bourgoin et al. 2018). However, except in
lambs, errors in age determination are common
(>20% in adult males and>50% in adult females;
Boussès and Réale 1994; Garel et al. 2005d,
2006a).

Physiology

Thermoregulation

Mouflon, as all other homeothermic animals, reg-
ulate their own body temperature through internal
metabolic processes. Heat stress affects signifi-
cantly the heat balance, and the main thermoreg-
ulatory mechanisms are the reduction in heat
production, the increase in heat loss (Johnson
et al. 2003), and the molting of the pelage (Lin-
coln 1990). Seasonal changes in annual and daily
prolactin secretion and their relationships with
melatonin secretion, metabolism, and thermoreg-
ulation have been reported in mouflon. Seasonal
changes have been shown to be associated with
changes in day length, with highest and lowest
concentrations of prolactin occurring during sum-
mer (long days) and winter (short days), respec-
tively (Lincoln 1990; Santiago-Moreno et al.
2004). Spring molt is timely associated with rising
plasma prolactin concentrations, and hair growth,
that takes place between the summer and winter
solstices, coincides with low-plasma concentra-
tions of prolactin (Santiago-Moreno et al. 2004).

In addition, an endogenous circannual rhythm of
molting has been demonstrated in this species
(Allain et al. 1994). Lastly, it has also been
suggested that horns core might contribute to the
heat exchanges in mouflon and play as such a
thermoregulatory role in this species (Hoefs
2000).

Horn Growth and Reproductive Activity

The body mass is the prevailing factor determin-
ing horn growth throughout the first year of age
(Santiago-Moreno et al. 2006). Thus, young mou-
flon rams, aged up to 18 months, exhibit a regular
and nonseasonal development of horns through
the year under captive regimen (Santiago-Moreno
et al. 2000b). Afterward, in subadult (2 years old),
adult (�3 years old), and old ages (>10 years
old), the rate of horn growth shows a seasonal
pattern modulated by day length (Lincoln 1998)
with largest monthly growth occurring in spring
and summer (Santiago-Moreno et al. 2005a). The
greatest growth in length occurs within the first
2–3 years of life and subsequently decreases year
by year (e.g., Garel et al. 2005d).

The annual cycles of reproductive activity and
horn growth follow opposite trends (Lincoln
1990), although both are mainly regulated by
circulating testosterone levels and photoperiod
(Toledano-Diaz et al. 2007). The onset of horn
growth arrest in the mouflon coincides with max-
imum testosterone secretion in the premating sea-
son. The horn growth is at a minimum during the
period of optimum sperm production and maxi-
mum testis and accessory sex gland activity
(autumn). The rate of horn growth before the
mating season may be related to springtime tes-
tosterone levels (Toledano-Diaz et al. 2007;
Santiago-Moreno et al. 2012). The greater horn
growth in spring involves an appreciable use of
energy resources. The decrease of photoperiod in
autumn appears to act as a signal to stop horn
growth, allowing energy resources to be diverted
toward combat and the production of better qual-
ity semen. Interestingly, the improvement of
sperm quality in mouflon occurs between
September and December, coinciding with the
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premating and mating seasons in this species.
Normal sperm cell morphology is closely linked
to the correct progress of spermatogenesis and is
essential for optimum sperm function and fertili-
zation capacity (Martínez-Fresneda et al. 2019).
The resurgence of horn growth in spring is
positively correlated with the percentage of sper-
matozoa with morphological abnormalities
(Santiago-Moreno et al. 2003).

Reproductive Physiology

As reported in many species of large ungulates
(Gaillard et al. 2000), body mass, more than age,
appears to be the main factor controlling sexual
maturity and reproductive performance in mou-
flon ewes and rams (Lincoln 1989; Santiago-
Moreno et al. 2001b; Garel et al. 2005a). In
females, onset of puberty is thus found to depend
on a body mass threshold corresponding to ~80%
of the adult body mass (Santiago-Moreno et al.
2000a, 2001b; similar threshold has also been
found in other ungulates: Hewison 1996; Sand
1996) that can be reached in ewes during the
first or second year of life (Mottl 1960; Lincoln
1998; Santiago-Moreno et al. 2001b). Similarly,
males may initiate full spermatogenesis (male
puberty) during their first year of life (Lincoln
1998). However, in males, physical maturity is
also necessary for successful matings, and only
rams 3 years old or more have been observed in
rutting activities (Bon et al. 1992, 1995; Lincoln
1998).

During the reproductive period, ovulatory
activity, assessed by measuring the plasma pro-
gesterone concentration in blood samples, reveals
a mean duration of the oestrus cycle of 17 days.
Ovulations are expected to be highly synchro-
nized (Santiago-Moreno et al. 2001b) leading to
highly synchronized births (80% of births may
have occurred in 3–6 weeks; Bon et al. 1993a;
Hadjisterkotis and Bider 1993; Garel et al. 2005a).
Photoperiod is generally accepted as the primary
environmental cue influencing seasonal breeding
pattern, mediated via the pineal gland and mela-
tonin secretion (Santiago-Moreno et al. 2000c).
Other environmental variables, such as climate-

related seasonal variation in resource availability,
are also expected to shape the timing and syn-
chrony of reproduction in large herbivores
(Bunnell 1982; Rutberg 1987). Geographical var-
iation in these factors probably contributes to
explain the inter-population differences in the
timing and synchrony of breeding activities
reported in the literature (Pfeffer 1967; Lincoln
1989; Bon et al. 1993a; Santiago-Moreno et al.
2001b; Garel et al. 2005a). However, as a genetic
basis for photoresponsiveness has also been found
in both sheep (Ovis aries) and wild ruminants
(Santiago-Moreno et al. 2001b), the genetic his-
tory of populations (see sections “Paleontology”
and “Phylogeny and Phylogeography”) could also
contribute to the regional differences reported. In
females, the existence of an endogenous rhythm
of reproduction is synchronized through the cir-
cadian rhythm of melatonin secretion (Gómez-
Brunet et al. 2008). Uterine regression and
resumption of ovulatory activity after parturition
is about 25 days, although ovulatory activity in the
early postpartum period is not always associated
with successful conception and pregnancy
(Santiago-Moreno et al. 2001a).

Genetics

Chromosomes

2n ¼ 54 (Nadler et al. 1973)

Phylogeny and Phylogeography

The Armenian mouflon Ovis gmelini gmelini,
from western Iran and easternmost Turkey, and
the Anatolian mouflonO. g. anatolica, endemic to
central Anatolia (Fig. 2), are considered to be the
most likely ancestors of all breed of domestic
sheep (DNA analyses: Hiendleder et al. 2002;
Bruford and Townsend 2006; Demirci et al.
2013; Sanna et al. 2015; chromosome number:
Nadler et al. 1973; Valdez et al. 1978; type of
hemoglobin A: Bunch et al. 1978). It is also
widely acknowledged that mouflon present in
Europe are the feral descendants of the very first
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domesticated Asiatic mouflon introduced by Neo-
lithic people during the first waves of sheep
domestication across the Mediterranean Basin
(see section “Paleontology”).

Some authors have initially considered mou-
flon present in Mediterranean islands and subse-
quently introduced into continental Europe (see
section “Current Distribution”) as belonging to a
full species O. musimon (Nadler et al. 1973). The
most recent classifications considered them either
as subspecies of Asiatic mouflon O. gmelini
musimon/ophion (e.g., Cugnasse 1994; Shackle-
ton and IUCN/SSC Caprinae Specialist Group
1997; Festa-Bianchet 2000; Hadjisterkotis and
Lovari 2016; see section “Taxonomy and System-
atics”) or of domestic sheep O. aries musimon/
ophion due to the predomestication phase that
they have undergone (e.g., Wilson and Reeder
2005; International Commission on Zoological
Nomenclature; Bern Convention, Table 2). How-
ever, while sheep domestication occurred
~9000 years BCE (Zeder 2008), divergence
times up to 110–171 kya between sheep and mou-
flon haplotypes have, for instance, been reported
in mitochondrial phylogeny of Sardinian and
Cyprus populations (Sanna et al. 2015; Mereu
et al. 2019). These populations thus did not orig-
inate from domestic sheep but have evolved sep-
arately. The same is expected for the Corsican
mouflon which share a large part of their history
with those from Sardinia (Satta et al. 2021;
Portanier et al. 2022). This gives support for con-
sidering mouflon on Mediterranean islands as
wild taxon rather than as domestic subspecies
(Guerrini et al. 2015; Portanier et al. 2022). They
should thus be unvaryingly referred to as Ovis
gmelini musimon/ophion, i.e. as subspecies of
the Asiatic mouflon. This taxonomic designation
should help protecting the rare gene pools of these
populations (Chessa et al. 2009; Guerrini et al.
2015; Hadjisterkotis and Lovari 2016; Mereu
et al. 2019; Portanier et al. 2022) which have
been preserved in their historical ranges from
genetic introgression from domestic breeds (see
subsection “Hybridization”).

Cyprus mouflon occupies a place apart in the
history of sheep domestication being at the start of
the migration routes toward western regions which

were reached by human expansion a few hundreds
of years later after the first archeological evidences
of domestication in the fertile crescent (Zeder 2008;
Mereu et al. 2016). Mouflon were introduced
2500–4000 years later in Corsica and Sardinia (Pop-
lin 1979; Vigne 1992; Portanier et al. 2022). This
history has contributed to the genetic isolation
among islands that persists since Neolithic times
and the likely existence of many historical events
to the present-day genetic differentiation among
Cyprus and western populations (Chessa et al.
2009; Guerrini et al. 2015, 2021). In addition, it
cannot be completely discarded that wild mouflon
would have arrived by their own on Cyprus during
the last ice age when the Mediterranean sea level
was 125 m below the current sea level
(Hadjisterkotis 2012). Cyprus is geographically
close to the native populations (Fig. 2), and Cyprus
mouflon was found to be phenotypically and genet-
ically closely related to Anatolian individuals carry-
ing the rare haplotype X at the D-loop region
(Demirci et al. 2013; Sanna et al. 2015; Guerrini
et al. 2021).

Mouflon from Corsica and Sardinia were later
introduced into continental Europe (Uloth 1972; see
also section “Current Distribution”). The first
recorded introduction would date of 1729–1731
(Uloth 1972; Tomiczek 1989; Weller 2001) by
Prince Eugen of Savoy in the game pasture of
Belvedere, near Vienna, Austria. The origin of con-
tinental mouflon populations is often uncertain, and
some evidences of crossbred with other domestic
sheep, feral, or wild mouflon have been reported,
raising caution on the genetic integrity of these
populations (but see subsection “Hybridization”).
Related to this uncertainty in the level of hybridiza-
tion within introduced populations, Cugnasse
(1994) suggested referring to them by adding the
suffix “� Ovis sp.” to the Latin name. This author
also suggested referring to Mediterranean mouflon
rather than European mouflon to keep track of the
geographical origin of the founding populations.

Genetic Diversity

Ancestral populations seem to exhibit depleted
levels of allelic richness and/or heterozygosity
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(e.g., Anatolian, Corsican, Sardinian and particu-
larly Cyprus populations, Özüt 2001; Guerrini
et al. 2015; Barbato et al. 2017; Satta et al. 2021;
Portanier et al. 2022). In some of these
populations, strong demographic bottlenecks
have been reported (e.g., Pfeffer 1967; Özüt
2001; Kaya et al. 2004; Satta et al. 2021), possibly
explaining this limited genetic diversity, although
genetic bottlenecks have not been detected in
Cyprus and Anatolian populations (Özüt 2001;
Guerrini et al. 2015). On the other hand, intro-
duced populations have been evidenced to have a
higher than expected heterozygosity (Kaeuffer
et al. 2007; Portanier et al. 2017) that may have
contributed to their persistence despite a very low
number of founder individuals (e.g., one male and
one female in Kerguelen Archipelago).

Genetic diversity is an important element in
conservation purposes since it can be linked to
individual phenotypes and fitness (e.g., twinning
rate, Kaeuffer et al. 2008; parasite resistance,
Portanier et al. 2019) and thus to the adaptive
potential of populations (Hedrick 2011). Several
populations benefit from conservation measures
such as a reintroduction programs (Corsica, Sar-
dinia, Cyprus, and Turkey; Hadjisterkotis and
Bider 1993; Özüt 2001; Berlinguer et al. 2005;
Rieu 2007) to increase population sizes, favor
population expansion, and enrich the genetic
diversity (see section “Management”). Cloning
and assisted reproductive technologies have even
been considered as conservation measures (Loi
et al. 2001; Hosseini et al. 2009; Hajian et al.
2011).

Hybridization

Introgression of domestic or non-native genetic
material, which may occur due to hybridization
between the different Ovis species, might be con-
sidered as a threat since it can cause phenotypic
modifications (e.g., be larger, Hess et al. 2006),
with possible negative effects on fitness (e.g., loss
of local adaptations, Burke and Arnold 2001)
and, when really high, raise questions about the
definition and the delimitation of a species. Sev-
eral Iranian populations have been shown to

hybridize with Urial (Valdez et al. 1978; Fig. 2).
Across Europe, hybridization occurs with domes-
tic sheep, either because of contact zones between
domestic and wild sheep (e.g., in Armenian and
Sardinian mouflon, Bleyhl et al. 2018; Satta et al.
2021), or due to deliberate crossbreeding with
primitive domestic breeds to improve fecundity
or body/trophy growth (Türcke and Schmincke
1965; Uloth 1972; Lorenzini et al. 2011; Ciani
et al. 2014; Schröder et al. 2016; Barbato et al.
2017). However, recent investigations in several
continental and island populations show that
introgression of domestic sheep into mouflon is
not systematic and most often negligible, espe-
cially in historical mouflon range of island
populations where populations appear overall
pure (Schröder et al. 2016; Barbato et al. 2017;
Iacolina et al. 2019; Mereu et al. 2019; Ciani et al.
2020). In harvested continental populations, the
removal of animals with undesirable characteris-
tics might have contributed to explain the low
level of introgression detected (Schröder et al.
2016; Iacolina et al. 2019). In island populations,
by occupying remote/mountainous areas, resi-
dent populations were less prone to genetic intro-
gression from domestic sheep, and such
introgressions from not locally adapted breeds
were most likely counterselected by natural and
sexual selection.

Population Genetics and Structuring

Genetic differentiation between mouflon
populations has been shown to be relatively high
(e.g., Corsica versus mainland France, Portanier
2018). Within populations, a marked sex-specific
genetic structure can also be expected (e.g., in
Sardinia, Satta et al. 2016, 2021, in Corsica,
Portanier et al. 2022 but see Barbanera et al.
2012 in Cyprus) due to the sex-specific space-
use (Marchand et al. 2015a, b, 2017) and the
strong spatial segregation between sexes (e.g.,
Bourgoin et al. 2018). In a French-introduced
population, this socio-spatial behavior has been
found to reduce gene flow among females socio-
spatial units (Petit et al. 1997; Portanier et al.
2017, 2018) and to contribute to the persistence
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of a historical genetic footprint more than 14 gen-
erations after mouflon introduction (Portanier
et al. 2017). The socio-spatial behavior of ewes
relies on a strong philopatry (Dubois et al. 1992,
1994; Martins et al. 2002) and a preponderant role
of habitat characteristics on female movements
and habitat selection (Marchand et al. 2015a,
2017; see section “Habitat and Diet”). Among
habitat characteristics, both natural and anthropo-
genic linear landscape features, and, to a lower
extent, habitats avoided during the rutting period
(i.e., habitat perceived as unsafe or offering low
quantity and quality resources), have been found
to be resistant to gene flow (Portanier et al. 2018).
Conversely, habitats selected during the rutting
period (i.e., perceived as safe or offering
resources) would be much more permeable. This
is the case for steep slopes (used as refuge against
predators) that appear to be an important determi-
nant of landscape genetic resistance in mouflon
(Portanier et al. 2018) as reported for several other
wild sheep species (see Epps et al. 2007; Roffler
et al. 2016).

Rams are expected to insure most of the gene
flow in mouflon (Portanier et al. 2017) due to their
relaxed spatial behavior (Dubois et al. 1993,
1996) and reproductive dispersal, i.e., excursions
outside their home ranges during the rutting
period (Martins et al. 2002; Malagnino et al.
2021), as well as the limited impacts of linear
landscape features on their movements (March-
and et al. 2017). This contributes to a much lower
genetic structuring in males than in females
(Portanier et al. 2017).

Life History

Growth

Few studies have reported information on the
prenatal growth pattern of mouflon. Santiago-
Moreno et al. (2005b) found 12 body size metrics
studied by transrectal ultrasonographic measure-
ments on captive ewes to be closely related to
gestational age by simple linear or allometric
models. The postnatal growth pattern of mouflon
has been better investigated (e.g., Hoefs 1982;

Garel et al. 2007), but more in males than in
females for which no reliable age criteria exist
above 4 years-old (see subsection “Age Determi-
nation”). In males, growth patterns were often
based upon hunting records, i.e., transversal data
that may bias age-related patterns (Cam et al.
2002), or from the longitudinal monitoring of a
restricted number of known-age animals
experiencing captive conditions with a supple-
mentary feeding (e.g., Lincoln 1998; Santiago-
Moreno et al. 2005a). To overcome these limits,
we analyzed data from free-ranging mouflon of
known-age trapped during spring (before summer
drought) in the Caroux-Espinouse population (for
more details on the population and study site, see
Garel et al. 2005a, 2007; Marchand et al. 2014a,
2015a). Mouflon show typical monomolecular
patterns of growth (Gaillard et al. 1997) with
males being larger and experiencing active growth
in body mass (n ¼ 662) and hind foot length
(n ¼ 392) for a longer period than females (n ¼
521 and 360, respectively). Sexual dimorphism
was marked from 6 months of age onward with
adult males that weighed in average 44.2% more
than adult females and that had skeletal size in
average 7.1% longer (see also Table 1 for data
collected all over the year). Males reached their
asymptotic body size and mass at 3 and 7 years-
old, i.e., approximately 1 and 3 years later than
females, respectively. As already mentioned for
phenotypic characteristics (see subsection “Size
and Morphology”), postnatal growth shows large
inter-population variation in this species (e.g.,
Figs. 3.5 and 7.2 in Garel et al. 2006b).

Reproduction

An early onset of reproduction (~6–10months-old)
has been reported in some populations (Land 1978;
Briedermann 1992; Garel et al. 2005a; Sanchis
2018) with up to 50% of female lambs pregnant
(see also subsection “Reproductive Physiology”).
However, in most mouflon populations, the first
reproductive attempt of females is considered to
arise at the second breeding season when females
have benefited of two seasons of growth (age at
first reproduction: 1.5 years-old; Türcke and
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Schmincke 1965; Valdez 1976; Hadjisterkotis and
Bider 1993; Boussès and Réale 1998; Garel et al.
2005a). High-pregnancy rates can be reached and
have been found both in wild and captive
populations (from six populations: median
[range]: 90.6% [83.3–99%], n [range] ¼ 106
[27–396]; Briedermann 1992; Garel et al. 2005a;
Nahlik 2001) and both in primiparous yearling
females (93%; Cugnasse et al. 1985) and adult
multiparous ones (Garel et al. 2005a).

From studies conducted at latitudes of 34–56 �N,
rutting season extends from mid-October to
December in most populations (e.g., Pfeffer 1967;
Bon et al. 1993a; Hadjisterkotis and Bider 1993;
Garel et al. 2005a). Females give birth to lamb
(s) after c. 148–159 days of gestation (Mottl 1960;
Türcke and Schmincke 1965; Briedermann 1992),
i.e., from late March to late May. Although females
are commonly considered as monotocous (Türcke
and Schmincke 1965; Boussès and Réale 1998;
Garel et al. 2005a), twins have been observed
(mostly from postmortem examination) in enclosed
populations (Briedermann 1992), in free-living
populations given supplemental feed (Nahlik
2001; Sanchis 2018), and in wild populations
(Briedermann 1992; Hadjisterkotis and Bider
1993; Boussès and Réale 1998; Garel et al.
2005a). High twinning rates have even been
reported in the wild population of the Kerguelen
Archipelago (in adult females: 36.4%; Boussès
and Réale 1998). In this population, the probability
of twinning increased with decreasing level of het-
erozygosity in ewes, but this correlation could result
from local genetic effects rather than general
inbreeding level (Kaeuffer et al. 2008). Some
authors have also posited that in such populations,
females would have partly inherited their reproduc-
tive ability (e.g., of twinning) from wild ancestors
crossbred with domestic sheep (Pfeffer 1967;
Boussès and Réale 1998; Garel et al. 2005a) in
which domestication processes hadmeat production
and greater prolificity as an initial aim (Chessa et al.
2009). None of the primiparous females autopsied
in the previous studies had twins, and the sex ratio of
fetuses was statistically balanced betweenmales and
females (Garel et al. 2005a).

To our knowledge, no data have been published
on the age-related reproductive success in males

which require access to hardly reachable data such
as the genetically reconstructed pedigree (see
Coltman et al. 2002 in bighorn sheep). However,
reproductive effort of many different species of
ungulates is consistently higher in prime-aged
than in younger males and very old age classes
(Mysterud et al. 2004). We may thus expect the
same marked age-structured pattern of reproduc-
tive success in mouflon rams. In females, for which
the presence/absence of a lamb provides more trac-
table data on their breeding success, observations
from ewes marked in the Caroux-Espinouse popu-
lation would suggest an increase in breeding prob-
ability in very old age classes (Richard 2016),
rather than the commonly expected lower and
more variable reproductive performance as animals
get older (Martín and Festa-Bianchet 2011). This
finding would provide some support to the terminal
investment hypothesis in female mouflon, i.e.,
when survival prospects are low (see Fig. 3), and
residual reproductive value approaches zero, indi-
viduals should invest all available resources in their
terminal breeding attempt (Williams 1966; Pianka
and Parker 1975; Clutton-Brock 1984).

Ewes may thus express a high reproductive
potential: with a breeding attempt the first year
of life in some populations, high reproductive
rates over their lifetime and a litter size that may
sometimes exceed 1. This reproductive output can
be modulated by environmental conditions
encountered as suggested by the linear decrease
in female productivity from continental rich envi-
ronments (lamb-ewes ratios >0.8) to Mediterra-
nean islands where resource shortage is common
(lamb-ewes ratios <0.5; Ciuti et al. 2009). For
instance, the wild population of Corsican mouflon
in Bavella experiences among the lowest lamb-
ewes ratio ever reported (0.22; Sanchis 2018);
while in captivity with a supplementary feeding,
>90% of adult females reproduce (G. Comiti,
pers. comm.). However, whether these low
lamb-ewes ratios are only a matter of low fecun-
dity in females and/or of low survival in lambs has
still been little investigated.

Surprisingly, high-reproductive investment has
also been reported in some populations facing
limiting conditions. In the population on Kergue-
len archipelago and in Soay sheep (Ovis aries) on
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St Kilda archipelago (a closely related species,
Chessa et al. 2009, with the same generation
time, Hamel et al. 2016), females may give birth
as 1 year and/or may produce twins, even under
severe environmental conditions, and even at a
cost of survival (Clutton-Brock et al. 1991,
1996; Boussès and Réale 1998; Tavecchia et al.
2005). Similarly, most of females in the Caroux-
Espinouse population did not postpone their first
breeding attempt in 40 years of monitoring,
despite marked environmental changes in
resources availability (Cugnasse et al. 1985;
Garel et al. 2005b; Richard 2016), whereas age
at primiparity is usually the first vital rate to be
impacted by density-dependent food limitation in
ungulates species (Bonenfant et al. 2009). Female
mouflon could thus adopt in some populations a
less conservative strategy than usually reported in

ungulate females (Festa-Bianchet and Jorgenson
1998; Gaillard and Yoccoz 2003; Toïgo et al.
2007; Loison et al. 1999), by investing more
energy in producing young and less in surviving
long (Richard 2016; see subsection “Survival”).

Survival

Studies of marked individuals throughout their
lifespan are also the only way to get reliable
information on demographic parameters (survival
and breeding probabilities) in free-ranging
populations (Festa-Bianchet et al. 2017). In mou-
flon, very few long-term (>10 years) monitorings
by capture-mark-recapture/resighting have been
performed. We thus relied again on the analysis
of data available from the French population of
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Fig. 3 Sex and age-specific survival probabilities (vertical
lines indicate 95% confidence interval) of known-age mou-
flon (red: n ¼ 730 females; blue: n ¼ 816 males;
1986–2018 period) monitored by Capture-Mark-
Resighting in the Caroux-Espinouse massif, France (see
Garel et al. 2004). These results are an update of previous
published survival analyses performed in this population

during a restricted period (1986–1995) of nonlimiting con-
ditions (Cransac et al. 1997; Dupuis et al. 2002; King and
Brooks 2003). This update allows to account for density-
dependent conditions encountered by this population after
1995 (Garel et al. 2007) and provides a comprehensive
analysis along a gradient of density-dependent resource
limitation
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mouflon inhabiting the Caroux-Espinouse massif
to illustrate age and sex-specific patterns in demo-
graphic parameters. In this population, mouflon
survival of both sexes fits to the marked
age-structured patterns classically reported in
ungulate species with a survival improving in
early life, reaching a plateau in prime age
(2–7 years old), and then declining from 8 years
onward (Loison et al. 1999; Gaillard et al. 2000;
Fig. 3). Survival also becomes more variable as
animals get older. This increase of mortality rate
with age (actuarial senescence) most likely results
from the decline in physiological functions with
aging and is expected in any age-structured pop-
ulation (Hamilton 1966; Gaillard et al. 2000; Gail-
lard and Yoccoz 2003).

Another general rule is that the male survival
should be lower and more variable than female
survival (Toïgo and Gaillard 2003) in large
iteroparous and highly dimorphic ungulates (sex-
ual size dimorphism SSD �20%; Ruckstuhl and
Neuhaus 2002). This is due to contrasted life-
history tactics between sexes (e.g., Clutton-Brock
et al. 1982; Jorgenson et al. 1997) which leadmales
to be more sensitive to food limitation than females
(Toïgo and Gaillard 2003). Mouflon with their
marked SSD (e.g., Table 1), and the limiting
resources conditions experienced by the Caroux-
Espinouse population (Garel et al. 2007), confirm
this pattern (sex-specific survivals over all age
classes are 0.751 [0.733; 0.769]95% in males and
0.785 [0.768; 0.801]95% in females) and illustrates
possible costs caused by sexual selection in males.
Although this gender difference is expected to
increase with age, there is no such evidence here
(Fig. 3). In accordance with this sex-specific sur-
vival pattern, maximal longevity reported for this
population is lower in males (14 years) than in
females (17 years). More generally, for both
sexes, very few (<1%) known-age animals have
been resighted or recaptured beyond 13 years-old.

Habitat and Diet

In its Caucasian original range, mouflon occupy
plains, hills, lowland steppes, plateau slopes,
mountain grasslands, and shrublands on dry and

open slopes, with a preference for slightly rugged
terrain where antipredator strategy for survival
mostly relies on a high visibility (Baskin and
Danell 2003; Bleyhl et al. 2018). However, as a
result of its long history of introduction (see sec-
tion “Current Distribution”) and of an important
behavioral plasticity, mouflon have been able to
persist and can now be found in highly variable
habitats, i.e., from coastal areas (e.g., Hawaii’s
Big Island) to high mountains (e.g., Alps), from
flat terrains to rugged habitats, and from open
areas to dense forests (e.g., pampa in Argentina
versus continental forests from Eastern Europe).

Spatial Movements and Home Range

Depending on gender (males generally use larger
areas as a result of reproductive dispersal during
the rutting period; Dubois et al. 1993, 1996;
Malagnino et al. 2021) and on habitats, the annual
home range of mouflon ranges from a few hun-
dred to a few thousands of hectares (e.g.,
200–350 ha in females-males from the Caroux-
Espinouse population, 950–1700 ha in females-
males from the Cinto population [Corsica,
France]; Marchand 2013). This space use pattern
and its variation between populations are gener-
ally related to the existence of seasonal or altitu-
dinal migration imposed by variation in resources
availability and by the presence of snow cover in
winter (due to the absence of interdigital mem-
brane between digits, deep snow strongly impedes
movements in mouflon). Both anthropogenic
(roads, tracks, and trails) and natural (ridges,
talwegs, and forest edges) linear features that
mouflon can easily cross can constitute behavioral
barriers for movements, delineating individual
home ranges and influencing intrapopulation
gene flow (Marchand et al. 2017; Portanier et al.
2018). As a result of females’ philopatry and poor
dispersal abilities in mouflon, a strong socio-
spatial segregation is often reported within
populations (Martins et al. 2002; Bourgoin et al.
2018), with the existence of several population
units that use specific ranges and have little con-
tacts and exchanges of individuals with each other
(Darmon et al. 2007; Portanier et al. 2017).
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Habitat Selection and Activity Pattern

Habitat selection and activity pattern of mouflon
mostly depend on the trade-off between foraging
resources, cover from risks imposed by potential
predators (including humans, either in hunted
populations or as a result of the “ghosts of preda-
tor past”; Byers 1997), and cover from adverse
climatic conditions (food/cover trade-off; Lima
and Dill 1990). Generally crepuscular and
bimodal, the activity of mouflon can be largely
modulated depending on seasonal and individual
constraints (Bourgoin et al. 2008; Pipia et al.
2008). Likewise, habitat selection is characterized
at the daily scale by an alternation between forag-
ing areas used during active periods and refuge
areas used during ruminating/resting periods.
Once again, this pattern can be modulated
depending on seasonal and/or individual con-
straints (Marchand et al. 2015a).

During the first months of lamb’s life in spring,
reproductive females generally use habitats offer-
ing both security and abundant resources, maxi-
mizing their own survival and survival of their
lamb(s) while providing enough food resources
to cover the increased energetic needs imposed by
lactation (Hadjisterkotis and Bider 1993;
Bourgoin et al. 2008; Ciuti et al. 2008, 2009;
Pipia et al. 2008). During this period of abundant
resources, males and nonreproductive females are
highly active and focus on favorable foraging
areas (Bourgoin et al. 2008; Pipia et al. 2008;
Marchand et al. 2015a).

During summer, in areas where temperatures
are high, mouflon are generally less active during
daytime, when they select thermal refuges, and
more active at nighttime when they focus on for-
aging areas (Bourgoin et al. 2011; Marchand et al.
2015b). Both males and females movements are
thus preferentially directed toward habitats offer-
ing thermal cover when diurnal temperature over-
runs a given threshold (~15–17 �C in Marchand
et al. 2015b; see also Sanchis 2018). In males, this
selection persists during nighttime. In females, a
concomitant increase in nocturnal activity rate has
been reported to compensate for the drastic reduc-
tion in activity level during the hottest period of
the day. This activity shift may contribute in

limiting thermoregulatory costs (Bourgoin et al.
2011). Thermal cover also influences habitat pref-
erences of males at a broader spatial scale (home
range) exemplifying the importance of this factor
for male fitness (Rettie and Messier 2000). Con-
versely, females often trade-off food and thermal
cover with refuges and better conditions for lamb
survival, especially at the home range scale
(Marchand et al. 2015a), and their behavioral
responses to hot summer conditions were thus
restricted to the hottest period of the day only
and by temporally shifting their feeding activity
to the night. Similar results were reported in Cor-
sica, where a site occupancy approach was used
over 30,000 ha to investigate habitat selection by
mouflon during summer (Sanchis 2018). Detec-
tion probability also strongly decreased with
increasing temperatures and could be divided by
up to 2 from 10 �C to 30 �C (Garel et al. 2005c;
Cazau et al. 2011; Sanchis 2018).

During autumn and winter, foraging resources
become scarce and mouflon spend most of their
time foraging. In some areas, food supply is pro-
vided and seems important for successful over-
wintering (Heroldova et al. 2007). In areas where
snow cover persists and where winters are harsh,
mouflon often move to lower altitudes and use
distinct areas than those used in summer (Baskin
and Danell 2003; Darmon et al. 2014). Altitudinal
migration, or even long-distance migration, have
been consequently reported in several mountain-
ous populations (Pfeffer and Settimo 1973;
Rigaud 1985; Dubois et al. 1993; Talibov et al.
2009), but little is known on the determinants, on
the proportion of individuals concerned, and on
the ecological and biological consequences for
mouflon populations. Collective migratory move-
ments have been observed in Corsica (P.
Benedetti, pers. comm.).

Whatever the season, these behavioral patterns
can also be modulated depending on the level of
human activities in natural areas (lethal, i.e., hunt-
ing, or nonlethal, such as recreational activities).
For instance, human disturbance generally results
in a temporal shift of activities toward nighttime
and an exacerbated selection of refuge areas dur-
ing daytime (Benoist et al. 2013; Marchand et al.
2014b; Sanchis 2018). However, the long-term
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consequences of this spatio-temporal shift related
to human activities, e.g., on energetic balance,
reproduction, and/or survival, remain unknown.

Feeding

Among large herbivores, mouflon have been clas-
sified as a “grazer” species based on the relative
consumption of grasses and browse and on the
morphology and physiology of their digestive sys-
tem (Hofmann 1989). Indeed, its diet is mostly
composedwith grasses and forbs when these plants
are available in sufficient quantity (Marchand et al.
2013). Besides, its rumen morphophysiology is
particularly suitable for grass digestion and con-
tains specific bacteria able to provide energy from
cellulosis contained in grasses (Clauss et al. 2009,
2010). However, when grasses are temporally/sea-
sonally and/or locally scarce, mouflon can feed on
dicots, i.e., forbs, shrubs, fruit, and even trees
(Marchand et al. 2013). As a result, >100 plant
species have been reported in mouflon diet. Like-
wise, mouflon have been able to persist and spread
in areas where grasses are uncommon (e.g., Ker-
guelen archipelago), calling into question the clas-
sification of mouflon as a grazer (see Clauss et al.
2010; Marchand et al. 2013). However, a strong
decrease in body mass has been observed in a
population facing an important loss of open
(i.e., grass-rich) areas and between individuals
with decreasing levels of open areas in their home
ranges (Garel et al. 2007; Marchand et al. 2014b).
This suggested that this mismatch between the
digestives features of mouflon and their actual
diets in most areas where it persists has to be
interpreted owing to the introduction history of
the species.

Behavior

Social Behavior

Mouflon is a gregarious species in which group
size and composition are unstable (fission-fusion
dynamics; Bon et al. 1990, 1993b). As a result of a
strong sexual size dimorphism (Table 1) and

sex-specific needs, adult males and females live
in segregated groups out of the rutting season and
can use different habitats depending on
sex-specific seasonal needs and constraints (sexual
segregation with both social and spatial compo-
nents; Bourgoin et al. 2018). Sexual segregation
between young males and females increases with
the age of males, resulting in young males often
found either in groups of females or in groups of
adult males. The social component appears to be
important not only for sexual segregation between
the sexes but also between age groups among
males (Cransac et al. 1998; Bourgoin et al. 2018).

Reproductive females generally isolate from
other individuals during a few hours-days for
lambing (Hadjisterkotis 1993; Marchand et al.
2021). As soon as their lamb is able to follow
their mother (follower type sensu Lent 1974),
they form groups of females and lambs that use
specific habitats offering both security and abun-
dant resources until weaning; which progressively
occurs around 3 months after births.

Mating Behavior

During the rutting season, two reproductive tac-
tics have been reported in mouflon rams,
depending mostly on their age (Bon et al. 1992).
Dominant old males generally tend receptive
females by following them and by impeding
attempts to mate of other males (tending tactic).
By contrast, young subordinate males rather
course females, attempting to breach the defense
of dominant males (coursing tactic). Whatever
their age, reproductive dispersal is often observed
in males during the rutting season, i.e., important
movements of males out of the home range they
use the rest of the year (Malagnino et al. 2021),
with consequences on gene flow (Portanier et al.
2018).

Inter- or intrasexual interactions consist in
repeated behavioral postures (McClelland 1991).
Interactions between males involve low-intensity
agonistic displays such as foreleg kicks and twists
(an animal closely approaches another one and
rotates its head approximately 90� with the horn
directed away from the recipient’s body). Head
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butting (in both sexes) and clashes (in males) pre-
dominate in intrasexual agonistic interactions, and
the former behavior is regularly used to initiate the
interaction in both sexes. Male-female interac-
tions show more variation in the behaviors
which initiate the encounter, but usually begin
by males performing twist, flehmen (male tightly
retracting its upper lip until it curls completely
away from its toothless upper jaw), or low stretch
(male stretches its head and neck as forward as
possible). Much more behavior components are
exhibited during male-male interactions as com-
pared to female-female encounters which are
often very brief.

Parasites and Diseases

Several studies on diseases of mouflon were
performed not only on island and introduced
populations across Europe, but also in Chile and
in the sub-Antarctic Kerguelen archipelago,
stressing the high diversity of both internal and
external parasites mouflon may host (see Hille
2003 for a review).

Ectoparasites

Among the external parasites, some infestations
by acarian and insects are sporadically reported in
mouflon, including the sarcoptic mange caused by
Sarcoptes scabiei (Bornstein et al. 2001; Poglayen
et al. 2018), hypodermosis caused by larvae of the
warble fly Hypoderma diana (Colwell 2001), and
oestrosis caused by larvae of the sheep nasal bot
fly Oestrus ovis (Moreno et al. 1999, 2015;
Poglayen et al. 2018).

The most prevalent ectoparasites are the ticks
belonging to the Ixodida order. The tick Ixodes
ricinus was observed in most of the study areas
within Europe and was often the only species
observed in northern and high-elevation areas
(e.g., Germany, Netherland, Poland, Czechoslova-
kia, Austria, and French Alps). In southern parts of
Europe (Cyprus: Ioannou et al. 2011; south of
France and Corsica: Grech-Angelini et al. 2016;
Mercier 2016; Italia: Poglayen et al. 2018) and

Ukraine (see Hille 2003 for a review), a higher
diversity of tick species was observed with five to
eight species per country, belonging to the genera
Haemaphysalis, Hyalomma, Rhipicephalus, and
Dermacentor. In the Caroux-Espinouse population,
the infestation of mouflon by ticks in spring was
positively correlated with the body mass of mou-
flon and with the level of rainfall, but negatively
correlated with the mean ambient temperature
(Bourgoin et al. 2014).

Ticks are of main concern as they can transmit
several pathogens of veterinary and zoonotic
importance. Mouflon have been shown to have
direct or indirect signs (high antibody titers) of
contamination with pathogens such as Anaplasma
phagocytophilum (anaplasmosis; Stefanidesova
et al. 2008; Silaghi et al. 2011; Kauffmann et al.
2017; Hornok et al. 2018), A. ovis (Ioannou et al.
2011), Borrelia burgdorferi s.l. (Lyme borreliosis;
Trávnicek et al. 1999; Zeman and Januška 1999;
Juřicová et al. 2000; Trávnicek et al. 2003;
Štefančíková et al. 2008),Babesia spp. (babesiosis;
Ferrer et al. 1998; Kauffmann et al. 2017),Coxiella
burnetii (Q fever; e.g., Martinov et al. 1989;
Hubalek et al. 1993; López-Olvera et al. 2009;
Candela et al. 2017), and Rickettsia sp. (Ioannou
et al. 2011; Hornok et al. 2018). Tick-borne
encephalitis virus (Zeman and Januška 1999;
Bagó et al. 2002) and tick paralysis (Konjevic
et al. 2007) were also reported in mouflon.

Endoparasites

Necropsies of mouflon from France and Germany
revealed the presence of 42 and 34 different spe-
cies/morphotypes of helminths in their digestive
and respiratory tracts, respectively (Gauthier et al.
2001; Hille 2003). The prevalence of lungworm
infections by Protostrongylidae, belonging mostly
to theMuellerius,Cystocaulus,Neostrongylus, and
Protostrongylus genera, is generally high (Gauthier
et al. 2001; Hille 2003; Panayotova-Pencheva
2006; Poglayen et al. 2018). The life cycle of
these parasites requires a gastropod as an interme-
diate host, while the less prevalent Dictyocaulus
sp., located in the trachea and the large bronchi at
the adult stage, has a direct life cycle.
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Regarding the parasitism of the digestive tract,
the prevalence and diversity of helminth species
are significant, especially for nematodes inhabiting
the abomasum and the small intestine of mouflon
(Gauthier et al. 2001; Hille 2003; Maerten 2014;
Poglayen et al. 2018). Most of these nematodes
belong to the order Strongylida, and some species
have a well-recognized pathogenicity and are
shared with domestic small ruminants, such as
Haemonchus contortus (Cerutti et al. 2010).
Isolation and counts of adult strongyles from mou-
flon hunted during autumn-winter showed an
increase of the infestation with age and a negative
relationship with body condition (Hille 2003;
Maerten 2014). In spring, the number of eggs
shed in feces is higher in young individuals, repro-
ductive females, and individuals in poor body con-
dition (Portanier et al. 2019; Bourgoin et al. 2021).
Both candidate gene (MHC DRB1 exon 2) and
neutral genetic diversity (16 microsatellites) have
been found to be associated with resistance to
gastrointestinal nematodes (Portanier et al. 2019).

Other helminths observed in the digestive tract
of mouflon include trematodes and cestodes.
The small liver fluke Dicrocoelium dendriticum
is the most common fluke and was reported in all
the European countries where parasitological
studies were conducted, while the pathogenic
common liver fluke Fasciola hepatica and the
rumen fluke Paramphistomum/Calicophoron
spp. are more rarely detected in mouflon (Gauthier
et al. 2001; Hille 2003; Poglayen et al. 2018;
Bourgoin et al. 2021). Moniezia expansa and
M. benedeni are the main adult cestodes develop-
ing in the small intestine of mouflon, especially in
lambs and young individuals (Hille 2003).

Intestinal infestations by the protozoan
Eimeria sp. are highly prevalent, and often
multi-infections with different species of Eimeria
occur. The intensity of fecal oocyst excretion is
generally the highest in mouflon in poor body
condition and in young mouflon (Hille 2003;
Bourgoin et al. 2021). More rarely described in
free-ranging mouflon, infestations by Giardia
duodenalis can be observed, especially in lambs
and young individuals (Cockenpot 2013).

Mouflon can play the role of the intermediate
host for different parasites. It includes Sarcocystis

sp., with cysts located in muscles (Goldova et al.
2008; Coelho et al. 2014; Poglayen et al. 2018)
and the zoonotic protozoan Toxoplasma gondii,
with potential consequences on the reproductive
success of ewes, and also risks for people con-
suming game meat (Gauss et al. 2006; Aubert
et al. 2010; Bartova and Sedlak 2012; Gotteland
et al. 2014; Verma et al. 2015; Heddergott et al.
2018; Almería et al. 2018). Larvae of cestodes can
be detected during a carcass examination of mou-
flon such as the metacestode larval stage of Taenia
hydatigena (Cysticercus tenuicollis) attached to
the peritoneum in the abdominal cavity, or
the hydatid cysts of Echinococcus granulosus in
the liver and/or lungs (Hadjisterkotis 1997). The
metacestode larval stage of Taenia multiceps
(Coenurus cerebralis) is located in the brain or
the spinal cord of the host and may cause nervous
or behavioral disorders (Hille 2003; Poglayen
et al. 2018).

Infectious Diseases

The infectious keratoconjunctivitis, caused by
Mycoplasma conjunctivae, has been reported in
mouflon in France (Cransac et al. 1997; Cugnasse
1997) and in the Spanish Pyrenees (Marco et al.
2009). Following epizootics, marked decreases in
abundance (Garel et al. 2005c) and survival prob-
abilities (Cransac et al. 1997) have been detected,
with a constant decline for males in all age class
(~�20%) and age-specific variation for females
(with survival probabilities declining by up to
�30–60% among lamb and young ewes).

Antibodies against other pathogens of veterinary
and zoonotic importance have also been detected in
mouflon, such as Salmonella abortusovis (abortive
salmonellosis; Martín-Atance et al. 2012),
Chlamydophila abortus (chlamydiosis; López-
Olvera et al. 2009), Mycobacterium avium ssp.
paratuberculosis (paratuberculosis; López-Olvera
et al. 2009), caprine arthritis-encephalitis virus
(Guiguen et al. 2000), bluetongue virus (Rossi
et al. 2014), and Schmallenberg virus (Rossi et al.
2017).

Other diseases have been searched for in a
limited number of individuals (Leptospira sp.,

21 Mouflon Ovis gmelini Blyth, 1841 505



Mycoplasma agalactiae, andNeospora caninum):
None of the individuals tested were infected; how-
ever, this does not preclude the possibility of low
prevalence of these diseases. Mouflon are also
expected to be susceptible to diseases affecting
ruminants in general, such as brucellosis and
tuberculosis. However, the exact epidemiological
role of mouflon populations in the transmission of
all these infections remains to be determined.

Additional sanitary issues have been reported in
some mouflon populations. For instance, the
Cyprus population suffers from a large range of
bone problems similar to those of domestic animals
(Hadjisterkotis 1996c). The most important defects
are degenerative changes and spondylosis
(a.k.a. spondylosis deformans or ankylosing
spondylosis). At the articular processes and facets,
degenerative arthropathy is present and the reaction
of the osteophytes produces ankylosis of the artic-
ulations between vertebral bodies (intervertebral
parts) and between the costal facets and the head
of the ribs (costovertebral parts). Disk damagewith
osteophytosis and sometimes degenerative
changes of the vertebral body and a greater spinal
curvature were also observed mainly in males
throughout the thoracic vertebra, which could
result from the greater strain their spinal cords
endure, as in fights during the rutting season.
Affections of the hoofs have also been reported in
mouflon, among which the most common is the
contagious foot rot disease, caused by
Dichelobacter nodosus in association with
Fusobacterium necrophorum (Belloy et al. 2007;
Bennett et al. 2009). It is usually passed on from
domestic sheep to mouflon on shared pastures. An
inflammation and necrosis of the interdigital tissue
among feet is observed. The animals produce a
hyperplastic foot horn, show lameness, and often
feed in a recumbent position (Volmer et al. 2008).

Population Ecology

Population Dynamics

In line with its fast living strategies (at least in
females; see subsection “Reproduction”), mou-
flon have a short generation time (4.21 years;

Hamel et al. 2016), may reach in some
populations a very high population growth rate
(λ ¼ 1.34 in Kaeuffer et al. 2009), and show a
temporal variability in prime age survival similar
to that of breeding probability (Richard 2016).
This suggests a lower canalization of adult sur-
vival than usually reported in other ungulates
species (Gaillard and Yoccoz 2003). Variability
in environmental conditions encountered during
early life probably contributes to this temporal
variability in demographic rates (Lindström
1999) and has been found to generate
sex-specific cohort effects on phenotypic traits
such as body mass (Garel et al. 2007; Hamel
et al. 2016). Typically, female body mass shows
less phenotypic variability among cohorts and
stronger compensatory/catch-up growth than
males, whereas males show more progressive
changes throughout life. This supports that stron-
ger selective pressures for rapid growth in this
dimorphic species make males more vulnerable
to poor environmental conditions early in life and
less able to recover rapidly after a poor start.

As in any other ungulate species, population
dynamics of mouflon results from complex inter-
actions between per capita food resources
(Kaeuffer et al. 2009; in Soay sheep Catchpole
et al. 2000; Coulson et al. 2001), climatic condi-
tions (Hadjisterkotis 2002; Garel et al. 2004),
disease (Cransac and Hewison 1997), and, when
present, predation (either natural or from hunting;
Espuno 2004; Garel et al. 2005c). Age structure is
also expected to shape the response of demo-
graphic rates to density and environmental
stochasticity (Sæther 1997; Gaillard et al. 2000;
Coulson et al. 2001). In absence of predation/
hunting, mouflon populations could grow close
to their maximum growth rate over a wide range
of population densities (Bonenfant et al. 2009;
Kaeuffer et al. 2009) and, when resources are
not limiting (e.g. in populations released to a
new environment), should display a typical
“irruptive dynamics” (see Kaeuffer et al. 2009 in
the mouflon population of the Kerguelen archipel-
ago). In such a situation, the mouflon population
quickly reaches, and may exceed, the carrying
capacity of its environment, before collapsing
and entering in a second phase of successive
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irruptions. This pattern has also been documented
in Soay sheep (Clutton-Brock et al. 1991). In both
species, it has been related to the high-
reproductive potential of ewes (see subsection
“Reproduction”) in association with delayed
density-dependent processes on demographic
rates during the irruptive phases.

Phenotypic traits, such as body mass and tro-
phy size, have also been found to be density-
dependent and related to intraspecific competition
for resources (Garel et al. 2007; in Soay sheep see
Forchhammer et al. 2001). Yearly monitoring of
phenotypic measurements, such as lamb body
mass, could thus be used as an early warning
sign of food limitation in this species, providing
a quantitative basis when setting hunting quotas
(Morellet et al. 2007).

Competition with Other Ungulates

Numerous populations of mouflon also share habi-
tats with other wild or domestic ungulate species
(e.g., red deer Cervus elaphus, roe deer Capreolus
capreolus and axis deer Axis axis, Pyrenean
Rupicapra pyrenaica pyrenaica andAlpine chamois
Rupicapra rupicapra rupicapra, Iberian wild goat
Capra pyrenaica and Alpine ibex Capra ibex, aou-
dad Ammotragus lervia, wild boar Sus scrofa,
sheep, goat, and cow), resulting in a high potential
for competition, particularly between similar-sized
species (Pfeffer and Settimo 1973; Gonzales 1986;
Hadjisterkotis 1993; Heroldova 1996; Bertolino
et al. 2009; Darmon et al. 2012; Miranda et al.
2012; Chirichella et al. 2013; Redjadj et al. 2014;
Centore et al. 2018). Although important spatial
and/or diet overlaps have been reported with other
species in some areas where mouflon have been
introduced, contrasted results have been observed
in terms of competition for native species. Species-
specific adaptations to local environmental condi-
tions (e.g., differences in activity patterns or habitat
selection; Darmon et al. 2012, 2014) may contribute
to coexistence without negative impacts from mou-
flon in most cases. However, spatial adjustments,
diet overlap, and activity shifts in native species
related to the presence of mouflon were also
reported and interpreted as evidence for interspecific

competition (Bertolino et al. 2009; Chirichella et al.
2013; Centore et al. 2018). However, to our knowl-
edge, no study has evidenced so far a negative
impact of mouflon on bodymass, growth, reproduc-
tion, or survival of other ungulate species. By con-
trast, competition with livestock, and particularly
with domestic sheep, is a key concern for mouflon
(see section “Management”).

Effects of Climate Change

Thermal conditions during summer have been
identified as a major driver of spatial and temporal
behaviors in mouflon populations inhabiting
Mediterranean areas (Pipia et al. 2008; Bourgoin
et al. 2011; Marchand et al. 2015b; see subsection
“Habitat Selection and Activity Pattern”). How-
ever, behavioral adjustments identified did not
prevent females from losing up to 15% of activity
time over a 24-h period during hot summer days
(Bourgoin et al. 2011). In addition, as daily tem-
perature increases, ambient temperatures experi-
enced by mouflon never stopped increasing
despite shift in habitat selection (Marchand et al.
2015b). This suggested that this shift might be
insufficient to maintain ambient temperatures
around the threshold controlling thermoregulation
(~15–17 �C). In line with these findings,
fitness-related traits, such as body mass, and fit-
ness components, such as lamb survival and
female productivity, have been found to be
impacted by summer heatwaves and droughts
(Garel et al. 2004) or to be correlated with
temperature-related parameters (e.g., latitude;
Ciuti et al. 2009). As an example, a high lamb
mortality was recorded during the 4-month period
around the severe 2003 drought in the Caroux-
Espinouse population (Garel et al. 2004). Adults
harvested during the hunting season following
this severe drought were on average
3.4 � 0.8 kg lighter than those harvested in the
three previous hunting seasons, representing a
>11% and >17% mass loss in adult males and
females, respectively. In Cyprus, the higher mor-
tality in fall/early winter has also been partly
associated with the low resources quality and
quantity experienced by animals some months
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earlier during the long hot and dry Cypriot sum-
mers (Hadjisterkotis 2002). These first insights
raise concerns on the long-term consequences of
global warming in Mediterranean areas where
mouflon populations will face in a near future
more intense and more frequent heatwaves
(Paeth and Hense 2005).

Conservation Status

The conservation status of mouflon is summarized
in Table 2.

Management

This species remains a paradox for conservation
and management (Garzón-Machado et al. 2012).
On the one hand, several native populations
(Özüt 2009; Hajian et al. 2011) and mouflon on
Mediterranean islands are of conservation con-
cern (Cassola 1985; Shackleton and IUCN/SSC
Caprinae Specialist Group 1997; Hadjisterkotis
and Lovari 2016; Portanier et al. 2022) and often
benefit locally of a protection status (e.g., for

Cyprus: “The Protection and Development of
Game and Wild Birds Law of 1974 (39/1974),
article 9,” for Corsica: “Ministerial order of 1st
March 2019, NOR: TREL1824291A”; see also
Apollonio et al. 2010). Though not always
assessed, several threats have been identified in
these areas: poaching, hunting (nontarget spe-
cies) and associated disturbance, habitat loss
(e.g., forest encroachment), hybridization with
sheep and more generally loss of genetic diver-
sity related to population isolation, competition
and sharing of pathogens with domestic herds,
and development of recreational activities in
natural areas (Hadjisterkotis 2001; Rieu 2007;
Khorozyan et al. 2009; Talibov et al. 2009;
Bleyhl et al. 2018; Satta et al. 2021; Brivio et
al. 2022). In its Caucasian original range, com-
petition with herds of several hundreds of
domestic sheep, usually accompanied by several
shepherds and 1–4 dogs/100 sheep, is a key
issue since it might have pushed mouflon into
marginal habitats (Khorozyan et al. 2009;
Talibov et al. 2009; Bleyhl et al. 2018; Brivio
et al. 2022).

These numerous threats justified important
efforts to improve the conservation status in its

Table 2 Summary of mouflon status in international agreements for conservation of animal and plant species

List Taxon Status Date Notes

IUCN red
list

O. gmelini Near Threatened
A2cde ver 3.1
(global)

2020-
03-18

Current population trend unknown. Four
subspecies included: Anatolian and Armenian
mouflon lumped into O. g. gmelini, Isfahan
mouflon O. g. isphahanica, Laristan mouflon
O. g. laristanica and Cyprus mouflon O. g. ophion

Bern
Convention

O. aries (musimon,
ammon)

Appendix 3a 1979

CITES O. gmelini Appendix 1b 2022-
06-22

Only the population of Cyprus. No other
population is included in the Appendices

Habitat
directive

O. gmelini
musimon
(or O. ammon
musimon)
O. orientalis
ophion (or O.
gmelini ophion)

Annex 2c

Annex 4d
1992 Natural populations in Corsica and Sardinia

aProtected Fauna species
bSpecies threatened with extinction. Trade in specimens of these species is permitted only in exceptional circumstances
(e.g., scientific research)
cAnimal and plant species of community interest whose conservation requires the designation of special areas of
conservation
dAnimal and plant species of community interest in need of strict protection
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native range and in Mediterranean islands during
the two last decades. As examples, between 2004
and 2007, two reintroductions of Anatolian mou-
flon occurred in central Turkey (Karaman-
Karadag and Ankara-Sariyar) using founder indi-
viduals from the Konya-Bozdag area (Özüt 2009).
In Cyprus and Corsica, some individuals have
been enclosed and reproduce in captivity for
reintroduction (Hadjisterkotis and Bider 1993;
Rieu 2007). However, the breeding program for
the Cyprus mouflon was considered a failure due
to the introduction of inbred animals with reduced
viability (Hadjisterkotis and Lambrou 2001).
Mouflon are also one of the first wild endangered
species for which cloning and assisted reproduc-
tive technologies have been considered as conser-
vation measures (Loi et al. 2001; Hosseini et al.
2009; Hajian et al. 2011). Managing habitats is
another simpler lever for mouflon conservation
(Khorozyan et al. 2009; Talibov et al. 2009;
Bleyhl et al. 2018). As an example, increasing
grass availability, e.g., by using prescribed burn-
ing or cutting when woody plants encroach
(Cazau et al. 2011), or by limiting competition
with domestic herds (Bleyhl et al. 2018; Brivio
et al. 2022), may help increasing forage abun-
dance for mouflon facing habitat loss. Likewise,
food supply is provided and seems important for
successful overwintering in some populations
where snow cover persists during winter (Nahlik
2001; Heroldova et al. 2007).

On the other hand, mouflon has been introduced
with success as a game species in numerous coun-
tries (see section “Current Distribution”), allowing
the development of thriving businesses based on
trophy hunting (Shackleton and IUCN/SSC
Caprinae Specialist Group 1997; Hofer 2002). In
some populations, this selective hunting may have
had detrimental effects on individual phenotypic
characteristics (Garel et al. 2007). Introduced mou-
flon have also sometimes raised management con-
cerns when negative impacts on ecosystems are
reported (Heroldova and Homolka 2001;
Michaelidou and Decker 2002). Severe impacts
on commercial forests or endemic plants have
been recordedwhenmouflon have been introduced
in forested areas and sites of high economical or
environmental values (e.g., Hawaii, Kerguelen,

and Canary islands; Rodríguez et al. 1988;
Rodríguez Luengo and Piñero 1991; Homolka
and Heroldova 1992; Chapuis et al. 2001; Hess
and Jacobi 2011). More generally, when grasses
become scarce, mouflon can locally/seasonally
cause damages on trees, artificial pastures,
vineyards, orchards, and/or crop fields (e.g., in
Cyprus see Hadjisterkotis and Vakanas 1997). As
a result, mouflon have been classified as invasive in
Hawaii and Canary islands and have been eradi-
cated fromKerguelen archipelago during the 2010s
(Giffin 1979; Garzón-Machado et al. 2012; Terres
Australes et Antarctiques Françaises 2013).

Both native and introduced populations of
mouflon may also play an important role in food
webs and in the maintenance and/or recovery of
carnivores and raptors (Poulle et al. 1997;
Cugnasse and Golliot 2000; Andersen et al.
2006; Herzog 2018). Mouflon newborns and
juveniles are indeed preys for the golden eagle
Aquila chrysaetos and for the red fox Vulpes
vulpes, but the impact of these predators on
populations may be limited and may not concern
adults (Hadjisterkotis 1996a; Cugnasse and
Golliot 2000). More direct killings were reported
by stray dogs than foxes, although foxes are also
one of the major scavengers of dead mouflon
(Constantinou and Hadjisterkotis 2016; Nasiadka
et al. 2021). By contrast, predators such as lynx
Lynx lxnx and wolf Canis lupus can play a signif-
icant role on population size and persistence. In
several areas where one of these predators recov-
ered during the last decades, marked drops in
mouflon populations were recorded (Poulle et al.
1997; Andersen et al. 2006; Möckel 2017; Herzog
2018). Mouflon seem particularly sensitive to pre-
dation by large carnivores during winter as move-
ments are impeded by snow and as group size is at
its highest in restricted winter ranges.

Future Challenges for Research
and Management

Further research is needed to inform managers on
the extent to which populations of mouflon can
adapt to the fast ongoing global changes, in par-
ticular in its native range (where knowledge is

21 Mouflon Ovis gmelini Blyth, 1841 509



critically lacking) and more generally where
populations are of conservation concerns.

Mouflon seem particularly sensitive to heat
stress and droughts, with both behavioral and
demographic side effects reported (Garel et al.
2004; Bourgoin et al. 2009; Marchand et al.
2015b) and a strong dependence on water avail-
ability during the hottest period in the most arid/
Mediterranean areas (Hadjisterkotis 2001). With
rising temperatures and more frequent/intense
droughts predicted (Paeth and Hense 2005), and
numerous expected consequences on mouflon
habitats, better understanding how the behavioral
ecology, dynamics, and distribution of mouflon
populations can be affected by global warming is
an important research avenue.

Likewise, habitat loss and interactions with
domestic livestock (competition, sharing of path-
ogens) have already been identified as major
threats for numerous populations of mouflon, in
particular in its native range (Hadjisterkotis 2001;
Khorozyan et al. 2009; Talibov et al. 2009; Bleyhl
et al. 2018; Brivio et al. 2022). Habitat fragmen-
tation and loss of connectivity imposed by the
development of human activities and associated
infrastructures, the cessation of ancestral migra-
tion routes, and disturbance imposed by the devel-
opment of recreational activities in natural areas
may constitute other challenges for most
populations of mouflon that are still to be evalu-
ated (Marchand et al. 2014a, 2017; Bleyhl et al.
2018). As the size of domestic herds generally
increases in mountainous areas (García-Martínez
et al. 2009), so do the populations of other wild
large herbivores that coexist with mouflon
(in Europe; Apollonio et al. 2010); it is likely
that questions of competition between wild and
domestic species, of the impact of introduced
mouflon on ecosystems, and of the sanitary issues
resulting from increasing interspecific contacts
will arise even more in many countries
(Khorozyan et al. 2009; Talibov et al. 2009;
Bleyhl et al. 2018).
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Non-territorial males, 122, 300, 340–342
North Ossetia, 435, 438, 442–452
Novaya Zemlya reindeer, 248, 249, 254, 257, 259,

264, 267
Nubian ibex, see Capra nubiana
Nuchal stripe, 35
Nucleolus organizer regions, 126
Nutritional stress, 234

O
Oak, 160, 297, 303, 418, 444, 466, 467, 469, 481
Orthobunyavirus, 233
Ostertagia antipini, 232
Ostertaiga gruehneri, 2
Ovulation, 75, 125, 173, 187, 203, 226, 281, 495

P
Palm, 122, 135
Palmated, 122, 220
Panthera pardus, 471
Papillomavirus, 262
Parafasciolopsis fasciolaemorpha, 232
Parallel walk, 68, 135
Parapox-Orf virus, 400
Parapoxviruses, 71, 263, 399
Paratuberculosis, 139, 376, 421, 505
Paraurethral glands, 37
Pasteurellosis, 263
Pedicle, 35–38, 57, 95, 122, 123, 170, 172, 173, 220, 254
Periglacial zone, 250, 451, 470
Pestivirosis, 354
Phenology, 185, 219, 227, 259, 265, 339, 345, 352,

401, 422
Philopatry, 352, 498, 501
Photoperiod, 60, 122, 126, 133, 173, 174, 185, 236, 256,

493–495
Photoperiodic control, 281
Picea abies, 229, 279, 444
Pine, 39, 101, 107, 228, 229, 236, 237, 279, 283, 444, 445,

447, 466, 481
Pinus sylvestris, 228, 229, 236, 279, 283
Pinus kochiana, 444, 466
Pituitary gland, 38
Plasticity, 6, 11, 22, 76, 177, 179–181, 187, 253, 260, 269,

298, 345, 501
Pliocervus, 54
Pneumonia, 42, 319, 343, 354, 398–400
Poaching, 65, 73, 74, 129, 142, 186, 208, 267, 268, 297,

346, 377, 443, 449, 451–453, 466, 471, 472, 480,
482, 508

Polyandry, 134, 284
Polygynous, 65, 68, 132, 206, 226, 254, 257, 260, 284,

300, 318, 374, 386, 397, 419
Polygyny, 182, 340, 347
Populus tremula, 229, 466
Portugal, 176, 413, 414, 423

Postpartum estrus, 39
Preaching, 160, 161
Prenatal growth, 64, 127, 498
Prenatal mortality, 128
Preorbital gland, 37, 41, 57, 95, 103, 160, 167, 173, 318
Preputial gland, 124, 133
Primeval Forest, 70, 232, 233
Primiparity, 64, 178, 296, 337, 350, 373, 394, 443, 500
Primiparous mothers, 127, 136
Procamptoceras brivatense, 328
Procapreolus, 167
Progesterone, 206, 281, 495
Psoroptidae, 231
Puberty, 64, 125, 128, 226, 495
Pyrenean chamois, 330, 337, 347–355

Q
Qiviut, 316, 317
Quercus macranthera, 444, 466

R
Rab Island, 157, 158
Refugee species, 305
Refugee Species Hypothesis, 297
Relict subspecies, 435
Reproductive tactics, 340, 503
Reservoir, 15, 16, 72, 137–140, 183, 233, 263, 268, 342,

354, 376, 400
Resident males, 207, 339
Respiratory diseases, 399
Rhamnus cathartica, 229
Rhinarium, 35, 116
Rhodope Mountains, 336
Ribes, 229
Risk-averse life history strategy, 258
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Suborbital gland, 35, 124
Supplementary feeding, 16–18, 55, 60, 74–76, 298, 300,

301, 306, 481, 498, 499
Supraoccipital gland, 333, 340, 347
Surveillance, 15, 21, 32, 45, 137

T
Taiwan, 30, 31, 38–41, 88–91, 106
Tapeworm, 71, 183, 184, 262, 342, 343, 448
Tatra chamois, 330, 334, 336, 341
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Thermal-imaging, 44
Thermoregulation, 6, 140, 234, 264, 395, 403, 494, 507
Thymus, 38
Tick-borne encephalitis (TBE), 137, 233, 504
Tick-borne zoonoses, 137–138
Tick, 42, 70, 72, 103, 137, 183, 207, 231, 233, 262, 420,

448, 504
Toxoplasma gondii, 71, 138, 184, 231, 232, 285, 343, 376,

399, 420, 505
Toxoplasmosis, 16, 138, 232, 233

Transect count, 468
Trez tine, 56, 122, 159
Triplets, 226, 282, 373, 465
Trivers-Willard hypothesis, 297
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