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The history of SEFaS (Servei d’Ecopatologia de Fauna Salvatge, Wildlife Diseases Research Group 
in English) is strongly linked to the occurrence of chamois diseases in the northern Iberian Peninsula. 
I remember well in early nineties, when an outbreak of infectious keratoconjunctivitis in a Pyrenean 
chamois population in Catalonia, tested our ability as veterinary pathologists to understand the com-
plexity of wildlife diseases. At that time we realized that wildlife diseases require a multidisciplinary 
approach and that we had a great deal of work ahead of us. A few years later (1994), the Cantabrian 
chamois populations of Caso y Aller (Asturias region, NE Spain) suffered from a sarcoptic mange 
outbreak. Thanks to the experience we had gained some years before, we were invited by the local 
environmental agencies to develop a disease management plan to control this parasitic disease. For-
tunately, both outbreaks fuelled the creation of an agreement between the Catalan government and 
SEFaS for developing a disease monitoring plan for preventing further outbreaks in game ungulate 
species in Catalonia. 

It was only seven years later (2001) that the chamois population crash in the National Game reserve 
of Alt Pallars-Arán exceeded all of our expectations about the impact of infectious diseases on wildlife. 
A novel border disease virus caused a population decline of several chamois populations in the Cata-
lan Pyrenees by more than 50%. This outbreak, still active in most of the Pyrenean range, provoked 
a sense of great desperation, not only among conservationists but also among local people and game 
managers. This interesting disease drives Pyrenean chamois population dynamics in very diverse ways. 
In fact, some chamois populations show no signs of disease whereas others show a clear population 
decline. Changes in chamois immune response to the disease, variability in pestivirus virulence fac-
tors or changes in primary productivity of chamois habitats may explain such great variability in the 
effects of the disease. 

As represented in the SEFaS logo, the trajectory of our research group has paralleled the recent his-
tory of chamois diseases in Spain and thus we are greatly indebted to this mountain ungulate for the 
knowledge gained during this time. I would like to emphasize that the fact that the II Rupicapra 
Symposium on Biology, Health and Management will be held in Catalonia is not merely a matter of 
chance, but the fruit of many years of work by our research group in collaboration with the Ministry 
of Agriculture, Livestock, Fisheries, Food and Natural Environment of the Catalan government.

I would also like to take the opportunity to thank those people who have been in one way or another 
involved in the development of SEFaS and for having devoted all of their energy to the study and 
management of wildlife diseases, the cornerstone of any wildlife conservation plan.

Prof. Santiago Lavín González
Universitat Autònoma de Barcelona, Spain

President of the Organising Committee
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As Chair of the Caprinae Specialist Group of the IUCN, it is my pleasure to invite you to the 
second International Symposium on Rupicapra. Chamois are mostly a conservation success story, as 
their numbers and distribution have increased substantially over most of their European range. Un-
fortunately, however, some isolated populations face declines and threats from disease, overexploita-
tion and sometimes genetic pollution from releases of other subspecies. For some populations, such as 
those in Asia, we know very little about their conservation status. More ominously, there is increasing 
evidence that chamois are affected by global change, as one may expect for a mountain species. Work 
in the Alps, for instance, suggests that the size of chamois has decreased substantially in recent year, 
and that decline can be explained in large part by global warming.

Those of us who work in the mountains know the reality of global warming: we can see the glaciers 
retreating, the snow melting earlier and different plant species moving higher. The great conservation 
and management successes of the past now face a new threat, and it is important that scientist and 
managers meet to discuss what we may do about it.

This symposium will be an excellent opportunity to present new results and, especially, provide broad 
overviews of the state of knowledge on Rupicapra. Therefore, I encourage you to plan to attend this 
Symposium.

Prof. Marco Festa-Bianchet
Université de Sherbrooke, Canada

Chair, IUCN Caprinae Specialist Group
President of the Scientific Committee
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Contrasting alternative hypotheses to explain rut-induced hypophagia in 
territorial male chamois

Luca Corlatti1,2, Bruno Bassano3, Sandro Lovari1

1  Research Unit of Behavioural Ecology, Ethology and Wildlife Management, University of 
Siena, Siena, Italy, 53100

2  Institute of Wildlife Biology and Game Management, University of Natural Resources and 
Life Sciences Vienna, Vienna, Austria, 1180

3  Alpine Wildlife Research Center, Gran Paradiso National Park, Torino, Italy, 10123

Corresponding author: luca.corlatti@boku.ac.at

Background 

Male ungulates in temperate environments often show a drastic reduction in the amount of time 
spent foraging during mating season [1, 2]. Several hypotheses have been put forward to explain this 
phenomenon, all with distinctive behavioural and physiological predictions: the foraging constraint, 
the energy-saving, the physical rest, the physiological and the parasite hypotheses [3]. Yet, to date 
there has been no study that has simultaneously examined all predictions that might explain rut-
induced hypophagia in ungulates using alternative mating tactics (AMTs), which often show different 
energetic constraints. We investigated if territorial and non-territorial male chamois showed a similar 
reduction in the time spent foraging during mating, and tested the behavioural and physiological 
predictions underlying alternative hypotheses that may explain rut-induced hypophagia.

Materials and methods

Between the pre-rut and post-rut in 2011-2012, we collected data on activity budgets, parasite bur-
den and androgen levels of 22 territorial and non-territorial male chamois, Rupicapra rupicapra, in 
the Gran Paradiso National Park (Italy), to test different hypotheses that may explain rut-induced 
hypophagia. We constructed activity budgets during each period, by observing marked chamois for 
2hrs with a telescope, and recorded individual behaviours using scan sampling at 5-minute intervals. 
Within each period, a fresh faecal sample was collected from each marked chamois to measure an-
drogen metabolites and count lungworm larvae. We used linear mixed effect models to investigate 
between-period variation in time spent foraging, lying down and foraging to lying down ratios. Pear-
son correlation tests were used to investigate the relationships between time spent foraging and time 
spent rutting, parasite load and testosterone levels, as well as between time spent lying down and time 
spent rutting.

Results and discussion

Only the territorial male chamois experienced a significant reduction in time spent foraging during 
the rut; the lack of correlation between proportion of time spent foraging and androgen metabolites 
or parasite burden did not fully support the physiological and the parasite hypotheses, while the for-
aging constraint, the energy-saving and the physical rest hypotheses could not be discounted. Territo-
rial males decreased the time spent lying during the rut, but there was no difference in their foraging 
to lying ratios between periods. During the rut, we found a negative correlation between time spent 
foraging or lying and time spent rutting. Altogether, our data regarding territorial males are more con-
sistent with the foraging constraint hypothesis [1], than with the energy-saving hypothesis suggested 
in a previous study [2] that did not discriminate between AMTs. Contrary to predications based on 
the foraging constraint hypothesis- during mating season, territorial males did not fully maximise 
their foraging time as they could potentially spend more time foraging than observed. Data on diet 
quality [4] retrieved using Near Infrared Spectroscopy on the faecal samples of the same individuals in 
2011 showed that, during the rut, territorial males fed on much higher quality forage than did non-
territorial males: we suggest that territorial male chamois may optimise their energy balance primarily 
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by foraging on relatively high-quality plants during the rut, rather than maximizing foraging time, or 
minimizing energy expenditures. 

Perspectives and future research priorities

This work demonstrates that alternative mating behaviours may account for different patterns of for-
aging strategies during the rut. Therefore, it seems of key importance that methods of testing hypoth-
eses related to rut-induced hypophagia should not ignore the presence of AMTs, as this may result in 
misleading conclusions. Moreover, the life history theory predicts that individuals that invest more 
time and energy in costly inter- and intra-sexual interactions will likely increase current reproductive 
success to the detriment of survival, while individuals that invest more in foraging may improve sur-
vival and future reproductive success. To what extent different patterns of foraging behaviour during 
the rut may have an impact on the fitness trade-offs of territorial and non-territorial males is still un-
clear.  Long-term data collected on marked individuals would be necessary to assess the tactic-specific 
reproductive success and survival rates.

References

1. Pelletier F., Mainguy J. & Côté S.D. 2009. Rut-induced hypophagia in male Bighorn sheep and 
Mountain goats: foraging under time budget constraints. Ethology, 115: 141-151.
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Sexual differences of foraging behaviour in Apennine chamois

Francesco Ferretti1, Alessia Costa1, Marcello Corazza2, Venusta Pietrocini1, 
Gloria Cesaretti1, Alberto Saddi1, Natalia Troiani2, Carlo Ferrari2, Sandro 
Lovari1

1  Research Unit of Behavioural Ecology, Ethology and Wildlife Management, Dept. of Life 
Sciences, University of Siena, Siena, Italy, 53100

2  Departament of Evolutionary Biology, University of Bologna, Bologna, Italy, 40126

Corresponding author: lovari@unisi.it

Background

In ungulates, differences in body size between sexes determine differences of foraging behaviour: 
usually, females are more selective in food choice, showing greater bite rates and spending more time 
foraging than males [1,2, but see 3]. We would expect no sexual differences in foraging behaviour 
in weakly dimorphic ungulates, but information is scarce on this topic. We have analysed sexual dif-
ferences of foraging behaviour in the almost monomorphic Apennine chamois Rupicapra pyrenaica 
ornata. We predicted no sexual differences in (i) selection of vegetation type, (ii) bite rate, (iii) step 
rate and (iv) activity budget.

Materials and methods

During the warm season (July-early November 2010-2012, Abruzzo, Lazio and Molise Nat. Park, 
central Italy), we collected information on foraging adult chamois to assess sexual differences in selec-
tion of vegetation type (i), bite rate (ii, 1), step rate (iii, 1) and activity budget (iv, 4).

Results and discussion

As expected (prediction i), both sexes selected highly nutritious vegetation (patches with Trifolium 
thalii, n = 818 sampling bouts). In contrast with our predictions ii and iii, males showed a signifi-
cantly greater bite rate and a lower step rate than females. Feeding was the main activity of both sexes 
(prediction iv, 60-68% observations; n = 9,609 observations), but males spent more time lying down 
than females. We suggest that female and male chamois exploit high-quality food patches through 
different tactics. During the rutting season, males are 30-40% heavier than females, but only 4% 
heavier in the spring [5,6]. We suggest that males enhance their energy and mass gain by increasing 
their food intake during the warm season, to face the costs of the mating season and the winter rigors. 
Conversely, females seemed to prioritize a fine-scale selection of vegetation.

Perspectives and future research priorities

The analysis of sexual differences of foraging behaviour in monomorphic ungulates could fill a gap 
in the knowledge of foraging/social behaviour of ungulates. Intra-sexual differences of fine-scale (e.g. 
bite rate, step rate) foraging behaviour could be investigated in species where males show alternative 
reproductive tactics [7].
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Background

In the absence of natural predators, ungulate populations in some protected areas in Europe have 
reached high densities, potentially leading to increases in intra- and interspecific competition. Since 
the latter is often difficult to demonstrate, an integrated approach comparing measures of niche dif-
ferentiation with evidence for inverse population trends or changes in body condition in sympatry is 
necessary. Here we investigate both niche differentiation and evidence for competition between alpine 
chamois, alpine ibex and red deer in a valley with high densities of all three species within the Swiss 
National Park. 

Materials and methods

The diet has been assessed collecting dung samples in February, May, August and November in 2008. 
A correspondence analysis was conducted on the frequency of the main plant groups per sample, fol-
lowed by ANOVA. Habitat use, on the other hand, has been based on regular mapping of the spatial 
distribution of all three species during one morning in January, May, August and November 1997 to 
2012. The data were analysed using Generalised Additive Mixed Models with a binomial distribution 
for each species pair.

For assessing evidence for competition, population trends have been based on yearly censuses 1990 - 
2011. Spearman correlations were conducted between the logarithms of population changes for each 
species pair. Finally, body condition has been based on horn growth of male yearling ibex and male 
and female chamois kids and yearlings born in 1990 or later. Spearman correlations were conducted 
between the horn growth and census sizes of all three species in corresponding years.

Results and discussion

Chamois and ibex showed high niche overlap with respect to both diet and habitat use throughout 
the year. This could be interpreted as high potential for competition. However, we found no evidence 
for competition between chamois and ibex either with respect to reverse trends in population sizes 
between 1990 and 2011, or the density of one species negatively influencing body condition of the 
other. In contrast, there was a significant positive relationship between the horn growth of young 
male chamois and the total population size of ibex. This suggests that body condition, survival and 
fecundity of these two species are influenced more by common environmental factors rather than by 
competitive interactions at their current population densities. 

On the other hand, niche differentiation between chamois and red deer was high with respect to 
habitat use (though not with respect to diet) during summer. Combined with the fact that red deer 
are absent from the Park during winter and only co-occur with chamois in significant numbers during 
a time when resources are expected to be abundant, little or no competition would be expected be-
tween these two species. However, the horn growth of young male and female chamois was negatively 
correlated with the census size of red deer. At the same time, there was no evidence for any effect of 
intraspecific competition on horn growth. While red deer may competitively exclude chamois from 
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high-quality feeding sites, population densities of chamois and ibex are probably kept below levels at 
which resources become limiting by high mortality during severe winters.

Perspectives and future research priorities

Further studies are required to check whether our results are also applicable in other natural spaces. 
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Background

An increasing number of studies have reported reproductive senescence in wild animal populations; 
however, inter-individual differences in the rate of ageing and factors accounting for these differences 
are unknown [1,2], especially in wild ungulates [3,4].

Materials and methods

We investigated the patterns of age-related variation in reproductive success (i.e. reproductive senes-
cence) in the Swiss National park population of Alpine chamois, using data collected over 15 years 
monitoring individually ear-tagged females at 6.13 ± 0.15 years of age (min – max: 1 to 17 years). 
Analyses at the population level confirmed the occurrence of a decline in female reproductive suc-
cess, being most pronounced at 9 years of age and onward. To investigate factors that contribute 
to this decline at the population level, we used a data centering approach on the individual level.  
This allowed us to tease apart the contribution of selective disappearance of particular individuals 
(between-individual quality effect) and of within-individual decline in reproductive performance (i.e. 
senescence per se) [5]. In the same statistical model we also investigated the importance of the cost of 
reproduction on variation in current female reproductive success, with successful past reproductive 
attempts prejudicing future reproductive attempts, and of terminal investment denoted by an increase 
in reproductive investments towards the end of the lifespan [1]. 

Results and discussion

Our results demonstrate the effects of individual quality on the fecundity success of female chamois, 
with long-living females having a higher fecundity, paying little apparent carry over cost of reproduc-
tion and senescing at older ages compared to short living females. We found no evidence of terminal 
investment, whatsoever the female quality status.

Perspectives and future research priorities

Long-term individual follow-up is essential to studying lifelong variation in animal reproductive per-
formances. Future studies are required to provide insights into the proximate factors that account for 
variation in animal qualities and their consequences on population dynamics.
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Background

Ongoing global warming is likely to induce changes in phenotypic life history traits (LHT) of many 
species, for instance by modifying availability, quantity or quality of food resources. In seasonal en-
vironments, spring environmental conditions more than winter might shape variation in phenotypic 
quality because small variation in spring conditions can have multiplier effects on body growth [1]. 
Assessing how spring warming influences horn growth in mountain ungulates has received little atten-
tion to date. We tried to fill this gap by studying horn growth in adult females of Alpine (Rupicapra r. 
rupicapra) and Pyrenean chamois (Rupicapra p. pyrenaica).

Materials and methods

Alpine chamois were studied in Les Bauges National Reserve (45°40’N, 6°13’E; 700–2217 m; 5205 
ha), northern French Alps. Chamois were sampled from the Orlu National Reserve (42°35’N,1°58’E; 
1200-2800 m; 4800 ha), eastern French Pyrenees. Data were collected from animals trapped during 
spring-summer in 1992-2012 for chamois (n = 596, mean = 28, sd = 8) and isard (n = 480, mean = 
17, sd = 9). We expected that environmental conditions encountered during the period when horns 
grow the most (the first three years of life) would influence adult horn length. We used a linear 
model accounting for age at capture to assess the relationship between adult horn length and the 
sum of day-degree during April-May of the first three years of life (Day-D; day-degree is cumulative 
temperature above 5 degrees; a proxy of plant development/productivity [2]. We also accounted for 
density-dependence (reported in other LHT e.g. [3]) in Les Bauges.

Results and discussion

Horn size was highly correlated with body mass (correlation = 0.84). Day-D showed a strong linear 
increase at both sites over the study periods (1992-2012: two-fold increase in Les Bauges and an 
almost three-fold increase in Orlu) supporting marked effects of global warming. We found a posi-
tive effect of Day-D on horn length in Pyrenean chamois (estimate = 0.02 mm, se = 0.006 mm, p = 
0.002; i.e. 11% horn difference between extreme spring conditions). Absence of a similar effect when 
considering Day-D only during the year of birth (i.e. cohort effect) suggests, as previously reported in 
Rupicapra, potential for compensatory growth in Pyrenean chamois [4]. There is no Day-D effect in 
Les Bauges (estimate= -0.002mm, se= 0.008mm, p = 0.8) where only density-dependence occurred 
(horn difference between period of high and low density: 4.35mm, se = 1.44mm, p = 0.003). 

Perspectives and future research priorities

Our results suggest that spring temperature would have divergent effects on female horn growth in the 
Alps and in the Pyrenees (see also [5] on adult survival) suggesting potential intra-specific differences 
in local response to the same global phenomenon that should be supported by further investigations 
on other life history traits.
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Background

At present, the most accepted classification of Rupicapra groups populations into two species: R. 
pyrenaica, including the Apennine chamois together with the subspecies parva (Cantabrian Mts.) 
and pyrenaica (Pyrenees Mts.) and R. rupicapra comprising populations from Northeastern Europe 
with the subespecies cartusiana (Chartreuse Mts.), rupicapra (The Alps), tatrica (Tatra Mts.), carpatica 
(Carphatian Mts.), balcanica (Balkan Mts.), asiatica (Turkey) and caucasica (Caucasus) [1, 2]. How-
ever, the taxonomy of the genus has been undergoing continuous revision and alternative classifica-
tions with suggestions of one up to seven species [2, 3, 4]. Genetic studies showed a marked difference 
between the Apennine chamois and the other nine subspecies [5, 6, 7, 8, 9, 10], increasing the im-
portance of its conservation and supporting the need to revisit the taxonomy of the genus Rupicapra. 

Materials and methods

Samples covering the entire distribution range of the species have been previously analysed for dif-
ferent molecular markers including 20 microsatellite loci, 5 mitochondrial regions, 3 Y chromosome 
markers and a nuclear gene, the melacortine-1 receptor (MC1R). Here we review the results of dif-
ferentiation and phylogenetic relationships between populations and their implications for taxonomy. 

Results and discussion

The pattern of variation for nuclear microsatellites [5, 7], mtDNA [6, 7, 10] and the MC1R gene 
[9] shows three conspicuous clades with a clear geographical signature. The west clade included the 
Iberian populations, the central clade is represented by R. p. ornata (and R. r. cartusiana only for 
mtDNA markers) and the east clade comprises the seven Rupicapra rupicapra subspecies. The data 
show a close radiation of the three clades. The mtDNA data revealed inconsistencies in the assignation 
of individuals in the central area of the distribution of the genus (R. r. cartusiana and R.r. rupicapra), 
which can be attributed to hybridization and introgression [7]. Contrary to the phylogenetic outcome 
of three standing groups, the study on patrilineal Y-chromosome variation [8] does not recover the 
three distinct clades, but conforms to the two species currently accepted, Rupicapra pyrenaica and R. 
rupicapra. This could explain the concurrence of morphological and behavioural patterns in Iberian 
and Apennine chamois [11, 12]. We can conclude, regardless of its taxonomic classification, and from 
a molecular point of view, that the Apennine chamois is highly differentiated from the remaining 
Rupicapra populations. 
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Perspectives and future research priorities

Future comparison of chamois populations for different nuclear marker genes will probably show 
more cases of incongruent phylogenies and will help elucidate the evolutionary history and taxonomy 
of Rupicapra genus.
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Background

At archaeological sites, sex along with age-at-death of prey species can provide important insights on 
prey selection and thus on hunting and subsistence strategies of past human hunter-gatherer popula-
tions. The Upper Pleistocene site of Valdegoba (northern Plateau) has yielded a large collection of 
ungulate remains, with the chamois being the most abundant species. The chamois collection of 
Valdegoba is the second in abundance from the Iberian Peninsula [1, 2], and is basic to establishing 
prey selection and the time periods when Neanderthals occupied the cave.

Traditionally, the fossil remains of Rupicapra found in the Iberian Peninsula have been assigned to R. 
rupicapra [3, 4]. Nevertheless, this classification does not correspond either to the current distribu-
tion of the genus [5] nor the migratory studies [6] that suggest that R. rupicapra has not inhabited 
the Iberian Peninsula. 

Materials and methods

First of all, in order to taxonomically assess the chamois remains from Valdegoba, the collections of 
the National Museum of Natural Sciences of Madrid and the Naturhistorisches Museum of Wien 
that correspond to R. pyrenaica and R. rupicapra respectively, were analyzed. Osteometrical variables 
and morphological characters were measured and described following the anatomical atlas [7, 8]. To 
establish the age at death, we used equations that used the height of the crowns without dental wear 
[9] and the age of dental eruption [10]. Sexual dimorphism was determined following the k-means 
method [2]. Finally, to determine the seasonality, we analyzed some data on the biology of the Iberian 
chamois [11].

Results and discussion

Most of the differences between R. pyrenaica and R. rupicapra are found in the postcraneal bones: 
scapula, tibia, talus and metapodials. These morphological characters allow for the confident assign-
ment of the material from Valdegoba to the Iberian chamois. The mandibles have allowed us to ob-
serve that the eruption sequence is the same as for the current species. Nevertheless, the height of the 
crowns of molars is larger than in the extant chamois. For that reason, this variable is taken from the 
fossil population because the deposit has yielded a large number of molars without wear. Individuals 
of more than 41 months are predominant, followed by juveniles and infants. On the other hand, this 
study suggests that males were larger than modern males but females were the same size as modern 
females [2]. This suggests that the Pleistocene chamois from Valdegoba were more dimorphic than 
the modern sample.

The new classification, together with the information of sex ratio, differing from the extant Iberian 
chamois [12], and the abundance of certain age ranges suggest a prey selection by cavity dwellers. 
Moreover, there is cave occupation in all seasons, which suggests that the cave could be a hunting 
shelter for Neanderthals.
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Perspectives and future research priorities

The assignment of the remains to R. pyrenaica confirms the results of recent species distribution [13] 
that must be completed with a revision of the material from other sites. These results present new in-
sights for genetic analysis because Valdegoba chamois have been dated to a period prior to what some 
authors estimate as the separation of the two species of current chamois [14].
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Background

In temperate environments, the recent increase in diversity and spatial range within communities of 
large herbivores leads species to interact with new species [1], like native chamois Rupicapra rupicapra 
with introduced mouflon Ovis gmelini musimon x Ovis sp. The biological and physiological require-
ments of the two species may lend them to interspecific indirect (exploitative) and direct (interfer-
ence) competition if they select the same space and/or ecological resources [2]. To avoid such negative 
interactions, the two species may limit the overlap between their spatial distribution, their ecological 
niche, and/or their temporal use of resources when in sympatry.

Materials and methods

Our data were obtained from the chamois and mouflon populations of the Bauges National Reserve 
(northern French Alps). Firstly, to define the spatial and ecological interspecific interactions at a large 
scale, we determined the overlaps between species’ spatial and ecological niches based on annual cen-
suses of chamois and mouflon performed in the spring from 1994 to 2004 [3]. Secondly, we assessed 
the temporal variation in the daily activity patterns of chamois and mouflon in the overlapping areas 
(local spatial scale). Using continuous recordings of motion data from 41 GPS-collared chamois and 
mouflon (on average 7,2±2,6 and 3±1,4 collars per year, respectively) between 2004 to 2009, we 
compared the daily activities of chamois between two sub-populations: one without mouflon (allopa-
try) and one with mouflon (sympatry), during the two most extreme periods of spatial overlap with 
mouflon (in January, the lowest versus in August, the highest). 

Results and discussion

We found greater spatial aggregation between chamois and mouflon than expected by species random 
distributions. In the common areas, the ecological niches of the two species, although significantly 
segregated, highly overlapped (88%). Because chamois were less gregarious and appeared to be more 
specialist than the mouflon, chamois may have fewer opportunities to use alternative resources and 
may need to shift their activities when mouflon are inactive. However, chamois activities did not dif-
fer between the allopatric and the sympatric sub-populations, or at low versus high spatial overlap 
with mouflon in the sympatric site, suggesting that there is no behavioural interference by mouflon in 
chamois activities. Significant differences in the activity patterns of the two species, likely due to spe-
cies-specific constraints to climate or food digestibility [4,5], may contribute in the observed temporal 
segregation of habitat use. Our results suggested no direct or indirect competition between chamois 
and mouflon during our study periods, maybe because of a high availability of common resources or 
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because coexistence relies on other more subtle mechanisms. Use of alternative resources [6] or local 
spatial adjustments according to species group size [7,8] could help the two ecologically close species 
avoid direct competition rather than forcing them to shift their daily activities.

Perspectives and future research priorities

To better understand how ecologically close species coexist, studies should merge spatial, temporal 
and ecological dimensions at various spatio-temporal scales.
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Background

In social mammals, the trade-off between food and safety is more complex than in other species due 
to factors such as group size and social structure [1]. Herbivores living in groups experience a trade-
off between the benefits of predation avoidance and the costs of feeding-competition [1, 2]. This 
trade-off has been reported to be influenced by the habitat structure [3] and may ultimately affect 
population performance [4].

Materials and methods

We studied the group size variation in Alpine chamois (Rupicapra r. rupicapra), in a 3,660 ha wide area 
(central-Eastern Alps, Italy) with the co-presence of mouflon (Ovis orientalis musimon). We walked 
7 hiking trails (tot. 33.89 km) in a high-elevation environment every 15 days (from May to October 
2007-2009) and identified all groups of free-ranging ungulates within our study site. We modelled 
the size variation of Alpine chamois female groups with kids by fitting a set of Linear Mixed Effect 
(LME) Models with the Restricted Maximum Likelihood (REML) method in AIC framework [5, 
6]. We analysed the variation of group size according to (i) quality of meadows (evaluated as NDVI 
values), (ii) distance from safe areas, and (iii) presence of potential competitor species (i.e., mouflon). 
We also considered the habitat structure (i.e., elevation and aspect) and seasonal variables.

Results and discussion

We collected 1,002 localisation of female chamois groups. The number of adult females within each 
group ranged from 1 to 25 (mean ± SE: 5.86 ± 0.11) with a typical group size (i.e. the mean group 
size experienced by each individual) of 7.84 [1].

According to the size variation of Alpine chamois female groups, our most parsimonious LME model 
included variables such as forage quality and availability (i.e. larger groups with higher forage quality), 
distance and type of safe areas (i.e. smaller groups were on steeper slopes, closer to the rocks and to the 
tree line, and grazing on meadows with irregular shape). Moreover, we found smaller chamois female 
groups at a larger distance from mouflon groups, particularly from those with a higher percentage of 
rams.

According to our results, female Alpine chamois group size may be a response to intra-competition ef-
fect as well as to predation effect. Hence, the net benefit of aggregation experienced by the individual 
depends on the particular combination of predation risk and habitat structure [3, 7]. The recent in-
troduction of a potential competitor represented a disturbance and the avoidance of the best feeding 
patches by the wild species is presumably due to spatial interference and physical displacement [8].

Perspectives and future research priorities

Further studies should investigate the costs and benefits of living in groups at the individual level, 
with particular attention on the co-presence of potential competitors.
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Background

The Pyrenean chamois is a social species living in groups which vary in size and composition. Adult 
females and males show a low degree of dimorphism both in mass and morphology. Thus, this species 
is a good candidate to test hypotheses proposed to account for sexual segregation in sexually dimor-
phic species. As has been widely discussed, segregation is essentially considered to be a matter of sex 
in ungulates, with the intensity of segregation related to sexual dimorphism. However, some studies 
have highlighted the fact that segregation may also depend on age class and physiological state, e.g. 
[1, 2, 3]. Here, we examine two potential drivers of segregation: physiological state in females, and 
social context. The underlying thought is that, depending on the season, individuals are predisposed 
to participate in groups of particular composition, which are associated by specific interactions whose 
emergence is determined by particular habitat structures (i.e. scrubland for horning during display 
interactions between males, and/or steep and rocky slopes which provides isolation for pregnant and 
lactating females).

Materials and methods

Data were collected by JPC for twenty years in a protected area in the Pyrenean National Park. Indi-
viduals’ location and their social context were recorded on a 50x50m grid of 1168 units. In each unit 
we described altitude, slope, aspect and nine main vegetation types. The data was processed using a 
statistical ordination method, canonical correspondence analysis (CCA), which is generally used to 
differentiate species’ niches in relation to a set of environmental variables (CANOCO for Windows 
v. 4.5 – [4]). We adapted the method to analyse differences in habitat use of four ages and sex classes 
(adult males and females, yearlings and kids). We considered the units’ altitude, slope, aspect, and 
habitat type as environmental variables. The frequency of occurrence of each age and sex class in each 
unit was then analyzed with respect to these environment variables. 

Results and discussion

Here we present data from the two most biologically contrasted periods, the mating (November-De-
cember: ND) and birth periods (May-June: MJ). The first most significant outcome was that a large 
number of males used two particular areas where they formed unisex groups (46.7% of 9477 and 
74.2% of 4188 male occurrences in ND and MJ respectively).The second significant result concerned 
females where the ordination on the birth period (May-June) revealed a rather unexpected pattern. 
Points representing females and kids on the first plane of the CCA were separated by a similar distance 
to that with the point representing the male class. By taking into account the social context in the 
analysis, we were able to better interpret this unexpected pattern. Breeding females and their kids pre-
ferred steeps slopes during this period, while non breeding females preferred more diverse conditions, 
although generally they were not similar to those favoured by all male groups. We postulate that the 
causation of the observed segregation could be related to contextual and seasonal needs leading to a 
modification in levels of sociability.
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Background

Rupicapra rupicapra tatrica is a recognized subspecies of the genus Rupicapra, listed as Critically En-
dangered by the IUCN [1], due to its small population of less than 200 individuals. Tatra chamois 
occur as a single autochthonous population in the Tatra Mountains; in the past, two significant bot-
tlenecks caused a decrease in the population [2].  Due to possible epidemics or potential interbreeding 
with introduced alpine chamois in the Low Tatras, continuing population decline is probable. Such a 
dramatic population decrease may lead to a loss of genetic variability,  an event even more important 
in mountain species, as chamois inhabit semi-isolated, fragile and fragmented habitats, with low rates 
of colonization and reduced gene flow between populations [3]. Genetic variation analyses at neutral 
and adaptive markers may improve an understanding of the natural events, geographic features, and 
dynamics of natural populations [4].

With the aim of investigating the amount of genetic variability in Tatra chamois, two genomic re-
gions were sequenced and analysed: one adaptive marker (MHC class II DRB1 exon 2) and one neu-
tral marker (mitochondrial D-Loop). The Major Histocompatibility Complex (MHC) is a sensitive 
marker for genetic variation within populations: it is a multigene family and variants at its loci influ-
ence many important biological traits. Its variability is affected by both pathogens and population 
dynamics and it is ecologically relevant, depending on host-pathogen relationships and life history. 
These features place MHC genes among the best candidates to study the mechanisms and significance 
of molecular adaptation in vertebrates [5, 6, 7]. The D-loop region has already been investigated to 
infer the impact of translocations and habitat fragmentation in chamois populations [8].

Materials and methods

Forty-nine chamois were analysed at MHC and D-Loop genomic regions by haplotype analysis, to 
define haplotypic composition [9] and to estimate variability indices [10], in relation to population 
structure and possible bottlenecks.

Results and discussion

Haplotype inference of exon 2 DRB1 of MHC class II in 49 Tatra samples showed a total of 12 al-
leles (9 newly described and named RuruDRB*41-49 and 3 previously observed alleles, RuruDRB* 
01,15,28) with a high level of homozygosity. Haplotype diversity (Hd = 0.35) is rather low, when 
compared to the Pyrenean chamois (0.78 – 0.93) and the Alpine chamois (0.75). The most frequent 
allele found in Tatra Chamois, the RuruDRB*28, is shared with Alpine chamois, where it is rather 
rare. 34 readable sequences were obtained for the D-loop region, showing Hd = 0.8, a value similar 
to that previously observed both in Tatra and in Alpine chamois [8].
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Perspectives and future research priorities

Given the endangered status of the species, the trend in genetic variation in Tatra chamois population 
should be systematically observed, with specific attention paid to MHC variation as an indicator of 
the ability to respond to eventual epidemic events. The differences in haplotype composition observed 
represent a strong basis to monitor the potential interbreeding with introduced alpine chamois from 
the Low Tatras.
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Background

Can endoparasite infection be better tolerated by Pyrenean chamois when nutritious food is abun-
dant? Herbivores, as in any other animal species, try to obtain maximal benefit at the lowest biologi-
cal risk including the risk of parasite infection [1]. In the alpine ecosystems, forage quality peaks in 
the summer [2] coinciding with the increase of infective larvae concentration in soil and the highest 
endoparasitic loads in chamois. On the other hand, the lower endoparasite loads are observed in 
winter, when food quality diminishes. This synchrony between the availability of nutritious food and 
endoparasite infection suggests that negative effects of parasitism increase when chamois are in good 
body condition (summer). However, no work has evaluated the biological cost of such infections. 
In this work, we described seasonal dietary patterns of Pyrenean chamois (Rupicapra pyrenaica) and 
tested whether the physiological stress, measured as the concentration of faecal corticosterone me-
tabolites, at a given endoparasite load was higher when nutritious food was abundant.

Materials and methods

From May 2009 to November 2012, 86 population faecal samples were collected on a monthly basis 
in two localities in the Freser-Setcases National Game Reserve, Spain. Out of these samples, we deter-
mined: i) the seasonal diet of chamois by microhistological analysis; ii)  endoparasite load (nematode 
and coccidian ova) by coprological analysis; iii) faecal fiber content (proxy for diet quality) and faecal 
glucocorticosteriod metabolites by NIRS technique. We used a partial least square regression ap-
proach (PLSr) for exploring the relationships between chamois diet composition and quality 

Results and discussion

Generally, shrub species were the most consumed throughout the year, while the presence of forbs and 
graminoids doubled during spring and summer compared with the autumn and winter. The spring-
summer rise in high quality food intake [3] coincided with a rise in the parasitic load. Conversely, fae-
cal corticosterone concentrations were minimal in summer, suggesting that minor, if any, measurable 
stress was related to infection by nematodes and coccidia. On the other hand, in winter, when food is 
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less nutritious, parasite load decreases probably because parasites strive to keep the host as healthy as 
possible in order to maximize their fitness.

Perspective and future research priorities

More research is needed in conditions of food shortage and/or higher levels of parasite infestation in 
the foraging areas, to further the knowledge of the trade-off between energy intake and stress response 
to parasite load. On the other hand, faecal fiber concentration, endoparasite load and faecal corticos-
terone metabolites appear to be good indicators of the equilibrium between chamois populations and 
environmental conditions and should be systematically considered in any further long-term monitor-
ing program of chamois populations.
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Background

Sarcoptic mange is one of the most severe diseases of wild Caprinae populations in Europe, raising 
concerns about wildlife management and conservation. Since 1995, an epidemic of sarcoptic mange 
has been affecting the chamois (Rupicapra r. rupicapra) population of the dolomitic area, in the North 
Eastern Italian Alps, also involving the sympatric ibex (Capra ibex) populations [1]. The index case 
was found in the province of Belluno, and the epidemic spread quickly involving most of the prov-
ince, and affecting the neighbouring province of Trento since June 2001. The disease continues to 
spread in these two territories and there are now a variety of epidemiological situations: free areas, 
epidemic areas, endemic areas with sporadic cases, and an endemic area showing a second clinical 
peak about 15 years from the index case [2]. 

Materials and methods

Starting from raw data of 1,453 mange-affected chamois carcasses found from 1995 to 2010, we fol-
lowed an explorative approach in the Belluno and Trento provinces. This approach, implemented by 
time series analysis and geographic information system (GIS), explores the mange epidemic in cham-
ois and provides a definition of epidemic front which involves epidemic peaks instead of index cases. 
Then, to evaluate front spreading speed we propose two alternative methods:

1. the temporal and spatial distance between the centroid of the mountain massifs during their own 
epidemic peaks;

2. the distance between the spatial coordinates mean of the clinical mange cases in each year.

According to our approach, the mountain massif represents the main epidemiological unit.

Results and discussion

Regarding clinical cases, time series analysis confirmed previous studies, showing the main incidence 
of the disease during late winter/early spring. The mange front appears to spread in a south-westward 
direction with a mean estimated speed of 4.5 km/year, which is comparable to the results of previ-
ous studies in the same area [2]. Our definition of epidemic front and the method applied to evalu-
ate front speed appear simple, less susceptible to casual variation in carcass recovery and consistent 
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with chamois biology and mange epidemiology, since the frequency of intraspecific contacts among 
chamois individuals is expected to be significantly higher within each massif than between different 
massifs [3, 4]. 

Perspectives and future research priorities

The described approach strengthens the results of previous investigations and, because it is focused 
on the spatial distribution of chamois as well as on the basic units for the estimate of population 
abundance and structure, it appears promising as a chamois management tool in relation to sarcoptic 
mange. Moreover, the results of serological investigations for Sarcoptes in chamois, performed in the 
area in the past years, will be analysed in the light of these results to increase the knowledge on the 
host-parasite relationship.
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Background

The Pestivirus genus with Flavivirus and the Hepatitis C virus belongs to Flaviviridae family and 
includes BDV (Border Disease virus), BVDV (Bovine Viral Diarrhea virus) and CSFV (Classical 
Swine Fever virus). Serological surveys performed in wildlife to assess Pestivirus prevalence provided 
evidence for the contact of pestiviruses with more than 40 wild animals species. BDV was isolated 
in different species of wild ungulates including Pyrenean chamois (Rupicapra pyrenaica) (BDV-4), in 
which the virus was associated with disease, death and an estimated 40-45% population decrease in 
the north-east Spain (Catalan Pyrenees) [1]. Studies conducted in Italy to determine the Pestivirus 
prevalence in wildlife showed 25.5% seroprevalence in Alpine chamois (R. rupicapra) in an area of 
Western Alps [2], variable seroprevalence in Central Alps (e.g. zero seroprevalence [3] vs. 18% [4]) 
and seroprevalences between 40% and 70% in Central-Eastern Alpine regions [5, 6].

Materials and methods

The study area covers three neighboring regions (Trentino Alto Adige, Veneto and Friuli Venezia 
Giulia). Overall, 577 sera and 289 spleens were analyzed, sampled from chamois (Rupicapra rupic-
apra) (122 sera and 70 spleens), roe deer (Capreolus capreolus) (311, 107), red deer (Cervus elaphus) 
(77, 8), wild boar (Sus scrofa) (28, 98), fallow deer (Dama dama) (1, 2), mouflon (Ovis aries) (13, 1) 
and ibex (Capra ibex) (25, 3). In regards to domestic animals, we analysed a total of 740 sera for an-
tibodies detection (607 from goats and 133 from sheep), while 130 samples were processed for virus 
detection (both sera and spleens, 113 from goats and 17 from sheep).

We used an ELISA competitive method for anti-pestivirus antibodies detection. For etiological de-
termination, all serum and spleen samples were primarily screened with a 5’UTR targeting RT-PCR 
method, then RT-PCR positive samples were further analysed by genotyping Real Time RT-PCR, 
sequencing, viral isolation and characterization. 

Results and discussion

Seropositivity for Pestivirus was recorded in only two wild ungulates species in the provinces of Trento 
and Bolzano: namely, ibex and chamois, with relevant seroprevalence in ibex (56%). In chamois, se-
rological analyses confirmed the Pestiviruses circulation in the province of Trento (12% of seropreva-
lence), with lower seropositivity rates than in the past (40-70%); the reason for this result is unclear, 
but it could be explained by the dramatic decline (50-60%) in the population of these areas due to 
sarcoptic mange. The seroprevalence was estimated to be 44% and 11% in sheep and goats, respec-
tively. Our study led to the detection of pestiviruses in Italian Alpine chamois populations for the 
first time: we found virus positive chamois in the province of Trento (BVDV-1) (PCR) and Bolzano 
(BDV-3) (PCR and isolation) [7]. The BVDV-1 was also found in a goat flock that shared alpine pas-
tures with infected chamois. These results led to the hypothesis of possible interspecies transmission.
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Perspectives and future research priorities

These results suggest that even in the Alpine chamois, the presence of persistently infected animals 
may occur. Hence, it could be important to define an active sampling protocol in order to evalu-
ate this issue. In areas with positive serological or virological domestic ruminants, it will potentially 
provide further insights into the wild population. In fact, in the examined areas BVD control and 
eradication plans are carried out in cattle; therefore it could be important to acquire information 
concerning the possible interference of spill-back or wildlife-borne pestiviruses with routine surveys 
for BVD control/eradication in domestic ruminants.
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Background

The protozoan Toxoplasma gondii affects many species of domestic [1, 2] and wild [3, 4, 5] warm-
blooded animals, raising public health issues related to its zoonotic potential. In this sense wild ungu-
lates may therefore be a source of T. gondii infection for consumers (raw, undercooked meat and fresh 
sausages) [6, 7, 8] and for hunters and slaughterers through manipulation, evisceration and handling 
of carcasses [9, 10, 11].

Alpine chamois (Rupicapra r. rupicapra) are the most hunted wild ungulate in the Italian Alps with a 
significant increase of density in the last decades [12]; as positive results of serological testing for T. 
gondii have been reported in the population from the Italian Alps [13, 14] and in southern chamois 
(Rupicapra pyrenaica) from Spanish Pyrenees [6], we investigated the presence of the protozoan DNA 
in brain tissues in order to define the receptivity of this species to T. gondii infection and its role in 
the protozoan lifecycle.

Materials and methods

During the 2011 hunting season, 11 samples of chamois brain tissues were collected in the Lepon-
tine Alps (VB). DNA extraction was performed with the QIAamp DNA Mini Kit (Qiagen, Italy).  
Samples were assayed by targeting a 529 bp non-coding region of the protozoan DNA [15]  Positive 
results were then confirmed by a PCR-RFLP assay which targets the 18S small ribosomal subunit of 
T. gondii, as well as Neospora caninum and Sarcocystis spp. [16].

Results and discussion

T. gondii DNA was detected in a six-year-old male chamois hunted at an altitude of 1700 m.a.s.l. The 
subject was in a good body condition and its behaviour was normal; the post-mortem examination 
did not reveal any systemic macroscopic lesions.

The protozoan DNA was detected by both PCR protocols. The PCR-RFLP restriction enzyme analy-
sis of the amplified product confirmed the presence of T. gondii, excluding eventual cross-reactions 
with N. caninum and Sarcocystis spp., closely related to T. gondii. As far as we know, this is the first 
detection of T. gondii DNA from Alpine chamois.

This result confirms that Alpine chamois can act as an intermediate host of T. gondii and demonstrates 
the protozoan presence in the Alpine ecosystem, even in remote areas.

Considering the sporadic presence of lynx in the Italian Alps, feral cats are the only definitive hosts 
of T. gondii, even if transplacental transmission is not excluded. The impact on chamois population 
dynamics can not be evaluated properly without a better understanding of the epidemiology of infec-
tion. In addition, the consumption of raw or undercooked chamois meat could be a possible source 
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of T. gondii infection in humans. In particular, the fact that T. gondii usually affects the host without 
producing clinical signs [17] could increase the risk of human infection ascribed to the apparent 
healthiness of chamois meat.

Perspectives and future research priorities

Further analysis are needed to define the epidemiology of T.gondii, in particular performing serologi-
cal studies of antibodies against the parasite and the genotyping of the present and future PCR posi-
tives samples in order to define (a) prevalence of T. gondii infection in Alpine chamois populations, 
(b) which parasite strains are circulating in this alpine ruminant, (c) its pathogenicity and the related 
zoonosis risk.
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Background

Border disease virus (BDV) belongs to the Genus Pestivirus (Family Flaviviridae) and usually courses 
with mild clinical disease in sheep and goat [1]. Pestivirus in wild ruminants are widespread world-
wide [2, 3, 4, 5, 6, 7]. However, the role of these species in the epidemiology of infection is poorly 
understood, especially in alpine ecosystems. 

Since 2001, an unreported disease associated to a new BDV has caused a dramatic decrease, and even 
collapse of chamois populations in the Pyrenees [6]. The infection has become endemic in the Central 
and Eastern Pyrenees. Experimental and field studies on the aetiology and epidemiology of the disease 
in Pyrenean chamois are reviewed and future research priorities are proposed.

Materials and methods

Serological analyses to detect the presence of pestivirus-specific antibodies were performed using a 
blocking enzyme linked immunosorbent assay (ELISA) (Synbiotics, Lyon, France) and a comparative 
virus neutralization test (VNT). Reverse transcription-polymerase chain reaction (RT-PCR) and virus 
isolation were performed to detect Pestivirus, and sequence analyses of the 243 bp fragment of the 
5’UTR region were performed to characterize BDV isolates.

Results and discussion

Studies in recent years have reported that not only Pyrenean chamois, but the other chamois species 
and subspecies are susceptible to Pestivirus infection [8, 9, 10]. However, clinical disease and mortality 
has been reported only in the Pyrenees populations to date. 

At present, in the Pyrenees different epidemiological scenarios are observed.  In the Eastern Pyrenees 
there is an absence of clinical disease and mortality despite BDV circulation in apparently healthy in-
dividuals. A retrospective study in chamois from this area detected two BDV isolates from 1996 [11].  
However, in the Central Pyrenees severe outbreaks with high mortality (42-85%) have occurred and 
resulted in chamois population decline [12].

Perspectives and future research priorities

Research and monitoring Border Disease in Pyrenean chamois populations should be performed 
in order to design management strategies to avoid genetic, economic and ecological losses in the 
Pyrenean ecosystem. Despite extensive experimental and field research, many questions surround-
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ing the epidemiology of BDV remain unanswered. We propose that research priorities should focus 
on different aspects of Pestivirus infection, such as how the virus persists in chamois populations. In 
domestic animals this is ensured through the persistence of infected animals, but in experimental 
studies in chamois we have observed postnatal persistent viremia. Also, genetic resistance of chamois 
to Border Disease, antigenic characterization of chamois-BDV strains in the different areas, the role 
of sheep-BDV in the epidemiology of the disease in the Pyrenean ecosystem and the role of other 
ecological and environmental factors need to be addressed.
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Background

Mycoplasma conjunctivae is the main etiological agent for infectious keratoconjunctivitis (IKC) in 
domestic and wild Caprinae. It is a common ocular disease in chamois (Rupicapra spp), causing 
outbreaks with high morbidity and low to moderate mortality [1], although IKC may act also as an 
endemic disease [2]. In this study, IKC was monitored in Pyrenean chamois (Rupicapra pyrenaica 
pyrenaica) and other sympatric ungulates from 2009 to 2013. 

Materials and methods

Eye swabs from 546 hunted or captured Pyrenean chamois were collected from 2009 to 2013 in four 
different study areas and National Game Reserves in the Central and Eastern Pyrenees (NE-Spain). 
Other wild sympatric ungulates were also sampled; forty-eight mouflons (Ovis aries musimon), 57 roe 
deer (Capreolus capreolus), 68 red deer (Cervus elaphus), and 17 wild boars (Sus scrofa). Domestic small 
ruminants that spent the grazing season in the alpine meadows of the study areas were sampled from 
2011 to 2013; 276 domestic sheep (Ovis aries) and 24 goats (Capra hircus) from 13 different flocks. 
Eye swabs were stored at -20ºC before analysed in the laboratory, where they were thawed, placed 
into tubes for lysis and subsequently analysed using a specific M. conjunctivae rt-PCR as previously 
described [3]. Clinical signs were registered by the gamekeepers when sampling. 

Results and discussion

M. conjunctivae was detected in Pyrenean chamois and domestic sheep, but in both species no epi-
demics of IKC have been noticed in the study area or flocks at the time of sampling. Throughout 
the five sampling years, M. conjunctivae prevalence in Pyrenean chamois ranged from 0.0% in 2011 
(n=180) to 11.5% in 2013 (provisional, n=26). M. conjunctivae prevalence in domestic sheep ranged 
from 0.0% to 65.0% among the different flocks. Overall prevalence in sheep was 25.7%, which cor-
responds with similar results reported from Central Pyrenees [4]. Only one mixed sheep-goat flock 
was free of M. conjunctivae. 

The presence of M. conjunctivae and its relation with IKC differed between chamois and sheep, sug-
gesting a higher susceptibility to develop clinical disease in chamois. Most of the M. conjunctivae-pos-
itive sheep were asymptomatic (n= 62/71; 87.3%) and clinical signs did not correspond with rt-PCR 
Ct values in the eye. Only nine out of the 29 chamois (31.0%) presenting clinical signs compatible 
with IKC were positive based on rt-PCR. Conversely to sheep, clinical signs of IKC were consist-
ent with low rt-PCR Ct values for M. conjunctivae in chamois. Chamois that presented evidence 
compatible with a recently passed IKC (n=8) were all negative in regards to the rt-PCR. Three M. 
conjunctivae-positive and apparently healthy chamois (n=3/571; 0.5%) had high rt-PCR Ct values. 
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These data strongly suggests that M. conjunctivae did not persist in the eyes of chamois once it is 
recovered.

Perspectives and future research priorities

Further research on IKC should focus on the epidemiological aspects of the disease. Long-term moni-
toring of IKC including serological studies and sequencing of M. conjunctivae strains may help to 
determine risk factors and the epidemiological role of each sympatric host species (both wild and 
domestic).
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Background

In 2001, an outbreak of a previously unreported disease in Pyrenean chamois was associated with 
Border Disease Virus (BDV) infection in the Central Pyrenees of Andorre, Catalonia (Spain) and Ar-
riege (France). Epidemiological and laboratory analysis confirmed that affected chamois were infected 
by a new genotype of BDV, named BDV-4 [1, 2, 3]. In the following years, the disease spread in new 
areas of Catalonia with unusually high mortality [4]. Ten years later, in 2011, the chamois pestivirus 
disease spread to the West and was detected in the Aragonese Pyrenees (Spain). 

Materials and methods

To detect the pestivirus presence, after the first detection in Aragon, we examined 520 Pyrenean 
chamois. Specifically, samples corresponded to 383 healthy chamois collected during the hunting 
seasons (from autumn 2011 to autumn 2012) and 137 diseased chamois. Spleen or skin homogenates 
were tested for pestivirus antigen by a sandwich ELISA antigen test [5]. Chamois cDNA samples 
from 41 of samples were screened by reverse transcription PCR (rt-PCR) for the presence of pestivirus 
transcript using universal pestivirus primers [6]. Pyrenean chamois populations were monitored using 
coordinated and simultaneous total counts above the timberline based on itineraries [7] performed 
in June or July and November, from which we calculated the minimum population estimation. Total 
counts were performed considering mountain massifs as natural management units. 

Results and discussion

In summer 2011, the first case of pestivirus disease detected in Aragon was in Maladeta massif. By 
autumn 2011, it had been detected westward in Posets. In spring 2012, the disease reached to the 
West in Punta Suelza massif, and to the South in Turbón massif. In 2012, the disease was still present 
in the mentioned areas. Cases of the disease were detected in four massifs and the mortality was 
substantial. Pestivirus was detected in 55 (40.1%) out of 137 diseased and dead chamois and in 15 
(3.9%) out of 383 hunted chamois by ELISA antigen test. The rt-PCR demonstrated the same results 
in the 41 analyzed samples. Massifs which suffered Pestivirus outbreak had significant decreases in 
their numbers, comparing 2011 and 2012 estimations: Maladeta -27%; Posets -32%; Punta Suelza 
31% and Turbón -22%.

Perspectives and future research priorities

Hunting was practically banned in the massifs where chamois experienced significant mortality. 
Long-term monitoring of wild populations provides a basis for understanding the impacts of disease 
outbreaks and improves management decisions, particularly when species are subject to extractive 
exploitation.
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Background

Schmallenberg virus (SBV) is an emerging vector-transmitted virus which was detected for the first 
time in Europe in summer-autumn 2011 [1]. SBV can infect a number of domestic and wild ru-
minant hosts causing reproductive disorders. From December to February 2013, a SBV outbreak 
producing malformed stillborn calves occurred in cow herds which spend the grazing season (May-
June to October-November) in the alpine meadows in the National Game Reserve of Freser-Setcases 
(NGRFS). A retrospective and prospective serological study was subsequently performed in Pyrenean 
Chamois (Rupicapra pyrenaica pyrenaica) and sympatric wild ruminants from the NGRFS.

Materials and methods

Serum from 355 wild ruminants hunted from August 2010 to May 2013 in the NGRFS were ana-
lyzed for SBV antibodies; 260 Pyrenean chamois, 75 European mouflon (Ovis aries musimon) and 
20 roe deer (Capreolus capreolus). SBV antibodies were also tested in seven Pyrenean chamois, one 
mouflon and one roe deer foetuses obtained in spring 2013. All serum were tested by a commercial 
indirect ELISA kit and positive samples confirmed by Virus Neutralization Test (VNT).

Results and discussion

The first evidence of SBV presence in the study area was a seropositive Pyrenean chamois hunted in 
September 2012, which coincides with the estimated time when the gestating cows delivering still-
born calves were infected. Considering only the wild ungulates tested from September 2012 onwards, 
overall SBV seroprevalence was statistically higher (Chi2 = 33.47, 2 d.f., p<0.0001) in roe deer (80%, 
C.I. 44.9-100%, 4/5) than in Pyrenean chamois (7.5%, C.I. 2.5%-12.6%, 8/106) and mouflon 0% 
(0/23). The seroprevalence observed in roe deer is similar to the 88.9% reported for the same species 
in Belgium in December 2011 [2].

Differences in seroprevalence between wild host species might be related to differences in exposure 
to SBV vectors, depending on habitat selection and host specific factors. However, altitude might be 
an important factor conditioning the exposure to suspected SBV vectors [3, 4]. In this sense, habitat 
selection at lower altitudes of roe deer could also explain the higher seroprevalence observed in these 
species as compared to Pyrenean chamois and mouflon. 
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All the analysed wild ruminant foetuses were negative to serology, and the impact of SBV in the 
reproduction of Pyrenean chamois, mouflon and roe deer is unknown. However, circulation of SBV-
infected vectors most likely does not fully overlap with the gestating period of mountain ungulates 
[4]. Since seroprevalence of SBV in Pyrenean chamois was moderate, most of the population remains 
susceptible to SBV infection. Therefore, the future effect on chamois population dynamics cannot be 
discarded if favourable environmental factors for early circulation of infected vectors occur.  

Perspectives and future research priorities

The differences in SBV seroprevalence found among the wild ruminant species suggest differences in 
the epidemiological role of each species. Further research is needed to understand the epidemiology 
of SBV in the interface between domestic ruminants, Pyrenean chamois, and other wild ruminants, 
as well as to assess the potential effect on wild ruminant reproduction. 
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Background

Health and welfare of wild populations are the result of many factors: i) pathogenic effects of infec-
tious agents, ii) host genetic variability, iii) history of infection (immune memory, current infections), 
iv) host demography, v) resource availability, vi) competition with other species and vii) host-patho-
gen co-evolution.

Here we present an ongoing project which has recently funded the Italian Ministry of University 
and Research. The goal of this research is to investigate the aforementioned issues in a host-parasite 
model represented by different species and subspecies of chamois (Rupicapra spp.) and a wide array of 
infecting/competing organisms (viruses, protozoans, helminths and arthropods, as well as other wild 
ruminants).

Materials and methods

The project has foreseen the collection of faeces, spleen, lung, blood and skin samples from Alpine 
chamois from Tarvisio, Dolomites-1 (east of river Adige), Dolomites-2 (west of river Adige); Orobie 
Alps, Lepontine Alps, Western Alps; 2) Apennine chamois from the Abruzzo National Park and the 
Maiella and Gran Sasso National Parks; 3) Pyrenean chamois from Eastern Pyrenees; and 4) Tatra 
chamois from Tatra Mountains. Virological tests will be performed for Respiratory Syncytial Virus 
(RSV), by ELISA, IFA and RT-PCR and fecal samples analyzed for gastrointestinal protozoans and 
helminths. Then, molecular characterization and phylogenetic studies will be performed on the de-
tected pathogens. Quantitative PCR assays will be used to quantify Sarcoptes infections. Immunolog-
ical status will be investigated by flow cytometric analysis, lymphocyte blastogenesis assay, reactivity 
to pathogen components, analysis of monocyte innate reactivity and phagocytosis and production of 
nitric oxide by macrophages. Species specific immunohistochemical assay will be applied to localize 
B and T lymphocytes (particularly Treg), macrophages and dendritic cells. The genetic variation in 
chamois population will be studied by DNA sequencing of the MHC class I and class II genes and 
the mitochondrial control region (D-loop). Demographic and ecological studies will be conducted 
by evaluating diet overlap between Apennine chamois and red deer, comparing foraging behaviour 
and analysing behavioural interactions. Data will be explored using univariate and a multivariate ap-
proaches.

Results and discussion

The project is currently ongoing and it is expected to obtain data related to:

1) the protozoan parasite communities in chamois populations, 2) the patterns of selected macropara-
site (gastro-intestinal helminthes and mites) and microparasite (pestivirus and RSV) infections, 3) 
the patterns of genomic variability in chamois populations, 4) the host immunocompetence and the 
pathogenesis of the parasitic-induced lesions, 5) the relationships between epizootiological, genetic 
and immune evidences with demographic and ecological factors.

Perspectives and future research priorities

The statistical analysis on the obtained data has the potential to represent a model study which analy-
ses, across a large bulk of data of different categories, the relationships between parasite load, pathogen 
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genotypes, host genetic structure, immune response, immunopathology pattern and demo-ecological 
evidences, through the generation of a single comprehensive advance statistic picture.
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Background

Use of non invasive parasitological data (eg., copromicroscopic data) as hallmarks of individual and 
herd fitness in free-ranging wildlife is tempting due to its low cost, technical ease and the opportu-
nity to obtain repeated samples and/or a large sample size [1, 2, 3]. With the increased emphasis on 
faecal egg counts analysis, there is a need to revisit the current methodology and identify procedures 
that can be implemented as good management practices. Little attention has been paid to evaluating 
pre-analytical factors such as the collection and storage of faecal samples prior to analysis. The aim of 
this study is to demonstrate to what extent desiccation and freezing of faecal samples from Southern 
chamois (Rupicapra pyrenaica ornata) and Barbary sheep (Ammotragus lervia) may have a negative 
effect on the accuracy of parasitological results, and therefore on the reliability of the associated con-
clusions. 

Materials and methods

Two experiments (A and B) were carried out to determine the effects of desiccation on faecal egg 
counts in two study locations: the Abruzzo, Lazio and Molise National Park, Italy (R. pyrenaica orna-
ta) and the Sierra Espuña National Reserve, Spain  (A. lervia). Fresh faeces (20 and 10 in experiments 
A and B, respectively) were collected from soil and refrigerated (4°C) during transport. Samples were 
subdivided in two aliquots: the first (meant as the “gold standard” for eggs of gastro-intestinal nema-
todes and oocysts of Coccidia) were analysed in the absence of any additional treatment, whereas the 
second was incubated at 30°C 40% RU for 48 hours prior to analysis. In experiment A, “old” faeces 
collected from soil on the same date as fresh faeces were used for further comparison. Counts were 
carried out of eggs of gastro-intestinal nematodes (EPG), oocysts of Coccidia (OPG) and larvae of 
pulmonary nematodes (LPG), in Mc Master chambers (6 chambers/sample).  In a third experiment 
(C), counts were similarly carried out of faecal samples of R. pyrenaica ornata (N=20) before and after 
one-month storage at -18°C. When relevant, data were analysed with a non parametric statistical tests.       

Results and discussion

Experiment A: incubator desiccation of the faecal samples resulted in lower EPGs and OPGs (85 
and 84% decrease, respectively), higher prevalence of larvae of pulmonary nematodes (50 vs 15%) 
and much higher LPGs (135 vs 4). Differences were even larger in naturally desiccated “old” samples 
from the same herd. Experiment B: incubator desiccation in a different and “xeric” model resulted 
in lower EPGs and OPGs (95 and 99% decrease, respectively) and lower prevalence of gastrointes-
tinal nematodes (20 vs 80%) and Coccidia (60 vs 100%). Experiment C: one-month of freezing 
resulted in lower prevalence of gastro-intestinal nematodes (40 vs 90%) and remarkably lower EPGs 
(98% decrease). Coccidia and larvae of pulmonary nematodes were mildly affected if at all. Results 
clearly show that pre-analytical physical factors have a significant negative effect on the detectability 
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of parasitic eggs and oocysts and, eventually, the opposite is true for larvae of pulmonary nematodes. 
Interestingly, interpretation of our parasitological data in terms of herd fitness would have been biased 
by initial selection and/or the storage modalities of faecal samples, eg., the chamois herd investigated 
in (A) would have appeared either extensively and heavily challenged by gastro-intestinal nematodes 
and little challenged by pulmonary nematodes based on fresh samples analysis, the opposite of the on 
“old” samples.  

Perspectives and future research priorities

On the way to optimizing the protocols for collection and storage of faecal samples derived from 
mountain-dwelling wildlife (eventually collected in remote areas), it is our opinion that priority 
should be given to: i) expanding the number of comparative experiments in different hosts, herds and 
seasons; ii) testing the sensibility and accuracy of the Mc Master count of pulmonary larvae vs. the 
current “gold standard” (the time-consuming modified Baermann technique [4]), following incuba-
tor desiccation of faecal samples for variable temperature and time intervals. 
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Background

Parasitoses can have a great impact on the life history traits of individuals in wild populations [1]. 
Yet, little information is available on the internal and external factors that may influence the seasonal 
dynamics of parasite emission in wild ungulates. Parasites show species-specific life-cycles, with well 
defined patterns of emission over the year [2]. Likewise, different factors such as hormone levels, me-
teorological conditions, and space usage patterns also vary seasonally. Here, we investigated the role of 
different etho-ecological and physiological factors (i.e. age, mating behaviour, home range, elevation, 
air temperature and precipitation, cortisol and androgen levels) in shaping parasite emission over 2 
year span of a protected population of Alpine chamois in the western Italian Alps.

Materials and methods

Between January 2011 and December 2012, we monitored 20 adult male chamois, equipped with 
individually-recognizable GPS collars, in the Gran Paradiso National Park (Italy). The age of indi-
viduals at capture was estimated by counting horn notches, while the mating tactic was determined 
with a hierarchical cluster analysis combining behavioural and spatial data during the rutting seasons. 
Every month, we collected one faecal sample for each marked male, to determine hormone metabolite 
(androgens and cortisol) levels and parasite counts (gastrointestinal and pulmonary strongyles). GPS 
data allowed for the investigation of chamois space usage (monthly home range and mean elevation). 
A meteorological station within the study area collected climatic data. Relationships between parasite 
burdens and the above factors were investigated through generalized linear mixed effects models and 
an AIC-based model selection approach on different time-scales (year, season).

Results and discussion

Pulmonary strongyles showed a marked seasonal cycle, peaking in the cold periods: cortisol, testoster-
one (positive relation) and elevation (negative relation) were the most important variables explaining 
parasite emission over the year and in autumn. This is in line with previous results showing an immu-
nosuppressive effect of hormones, particularly during the rutting season [3]. Elevation, on the other 
hand, may negatively influence the occurrence of intermediate hosts, thereby indirectly reducing the 
occurrence of larvae. The increase in home range size and elevation had a negative influence on the 
emission of pulmonary strongyles in spring, likely due to the profound individual differences in space 
use that occurs in this time of the year. An age-effect (the older the animal, the greater the parasit-
ism) was detected in winter. Gastrointestinal strongyles also showed a marked seasonal cycle, but 
with a slightly shifted peak, in summer-autumn. Here, a positive relationship between testosterone, 
cortisol (immunosuppressive effect) and minimum temperature (development of larvae) shaped the 
yearly emission. In spring, during the onset of territoriality, we detected an augmentation of parasite 
emission following higher cortisol levels in the territorial males only. Age was the most important 
factor driving parasite emission in the summer, with young individuals showing lower parasitism. In 
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autumn, the rutting period [3] and, likely, the lower temperatures [4] favoured an increase in gas-
trointestinal strongyles following higher hormonal levels. 

Perspectives and future research priorities

Our study allowed for the investigation of the role of several physiological and etho-ecological factors 
in shaping parasite emission over the year, therefore helping to clarify the complex relations amongst 
parasite, host and environment. Yet, the variance explained by the selected models suggests that oth-
ers variables may play important roles in shaping parasite emission: among the others, individual 
resistance to parasite infection, possibly linked with high variability at the major histocompatibility 
complex (MHC) genes, is worth further investigations [5].
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Background

Staphylococcus aureus virulence pattern, antimicrobial resistance profile and host specialization are of 
great concern in domestic animals that can act as reservoir for transient carriers of zoonotic [1] and 
human  strains [2]. In regards to free-living wild ruminants, a low prevalence of methicillin resistant 
S. aureus (MRSA) was recently reported in healthy Iberian ibex (Capra pyrenaica hispanica) and red 
deer (Cervus elaphus) [3]. 

Materials and methods

S. aureus isolates were obtained from two subjects that were euthanised by gamekeepers due to a walk-
ing impairment in the north-western Italian Alps (Verbano Cusio Ossola province) in autumn 2011. 
The subjects, a kid and a three year old male, showed good body condition and a regular process of 
molt. The post-mortem examination confirmed good kidney fat deposition and normal gastric con-
tent. No macroscopic lesions were observed in the kid. Acute fibrinous pericarditis, liver steatosis and 
an enlarged retromandibular lymph node affected by an abscess were observed in the adult chamois. 
Samples for bacteriological analysis were collected from the kid’s nasal cavities and organs (brain, 
lung, liver, spleen and kidney) and from the adult’s abscess. PCR analysis was performed on S.aureus 
isolates targeting virulence-associated genes using previously described protocols (nuc, sea, sec, sed, 
seg, seh, sei, sej, sek, and sel [4]; coa, clfA, spa, tst, seb, see, eta, and etb [5]; leukE [6]; LukS–LukF/
PV {PVL} and mecA [7]; sak, fmtB, scn, and chp [2]; LukE–LukD and LukM [8]; cna [9]). 

Results and discussion

S. aureus soft-tissue infections were observed in both subjects and a colonization of nasal mucosa was 
also confirmed. S. aureus  was isolated from nasal mucosa and the liver of the kid and from the abscess 
of adult chamois.  A large set of enterotoxin genes (sea, sec, seg, sei, sel), rare in domestic ruminants 
[6, 10, 11], were identified from S. aureus  isolates, harbouring from two (nasal, abscess isolates) to 
five different genes (liver isolate). The abscess isolate was also positive for leukotoxin and toxic shock 
syndrome toxin (tst) genes. None of the isolates harboured genes encoding for exfoliative toxins A 
and B (eta, etb) and Panton-Valentine Leukocidin (LukS–LukF/PVpvl). All S. aureus isolates were 
positive for spa, coa, leukE, clfA, nuc, fmtB, cna, sak, scn and chp genes. To our knowledge, data 
on S. aureus virulence pattern have not yet been recorded in chamois and in other wild ruminants 
with which our data can be compared to.  However, the immune evasion gene cluster, rare in animal 
isolates and highly prevalent in humans [2] was detected in all the isolates. A matter of great concern 
is the presence of the tst gene, located, with sec and sel genes, on a mobile genetic element called the 
pathogenicity island, coding for a toxin that damages host tissues and provokes toxic shock syndrome 
in humans. Overall, although the data from this study are inadequate to draw any association between 



76

the S. aureus virulence profile and the clinical debility of these animals, peculiar and rare virulence 
profiles were detected.

Perspective and future research priorities

The antimicrobial resistance profile and genotype characterization of the isolates are ongoing. A larger 
number of isolates from wild and domestic species need to be investigated in order to understand host 
specificity and to assess the zoonotic or anthropo-zoonotic potential of S. aureus.
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Background

In Slovakia, the chamois is native to the High and Belianske Tatras. The Tatra chamois are the glacial 
relict, but also an endemic subspecies (Blahout, 1971) in Slovakia. The population density of chamois 
has noticeably fluctuated during the last years. At present, the population in the Tatra National Park 
(High, Western and Belianske Tatras) consists of more than a thousand individuals [1]. In 1969-
1976, this supbspecies was introduced in the Low Tatras and the Alpine chamois were also brought 
here from Bohemia and Moravia, namely in the Slovak Paradise and Veľká Fatra National Parks.

Materials and methods

Altogether 57 tissue samples of Tatra chamois and 14 tissue samples of Alpine chamois, collected and 
provided by the Administrations of Slovak National Parks, were examined for the presence of the tick-
borne pathogens, Anaplasma phagocytophilum and Babesia spp. PCR amplification of the 16S rRNA 
and 18S rRNA were used for detection of A. phagocytophilum and Babesia spp., respectively [2, 3]. 
Most tissue samples originated from a larger number of chamois whose faecal samples were previously 
subjected to larvoscopic and copromicroscopic examinations. 

Results and discussion

The presence of A. phygocytophilum was confirmed in Alpine chamois from Slovak Paradise National 
Park. The prevalence of infection reached 14.28%. This is the first evidence of A. phagocytophilum 
in Alpine chamois from Slovakia. All examined samples tested negative for Babesia spp. Larvoscopic 
examinations revelaed the presence of the lung nematode Mullerius tenuspiculatus in chamois from 
the Tatra National Park (TANAP), Low Tatra National Park (NAPANT), Slovak Paradise National 
Park (NAPSR) and National Park Veľká Fatra (NAPVF). Other confirmed species included Mullerius 
capillaris, Neostrongylus linearis and Dictylocaulus viviparus. During long-term studies of chamois 
populations in Slovak National Parks, coccidian oocysts and gastrointestinal helminths of the genera 
Chabertia, Trichostrongylus and Oesophagostomum were observed [4].

Perspectives and future research priorities

In the last decades, considerably decreased numbers of Tatra chamois has prompted a wide range of 
activities aimed at its protection. The principal efforts are related to the conservation of the chamois 
biotope against negative anthropic factors. 

Parasites seem to significantly contribute to the reduction of the chamois population [4]. The con-
tinuous monitoring of parasitic richness and intensity of infection are amongst the actions taken to 
preserve the population of Slovak chamois. 
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Background

Pyrenean chamois (Rupicapra p. pyrenaica) hunting in the public Game Reserves (GR) of the 
Aragonese Pyrenees provides important information on the morphology and habitat characteristics of 
harvested individuals. It aids in achieving monitoring conservation objectives and allows for hunting 
management.

It is known that environmental factors can affect horn growth and size, but endogenous factors (such 
as sex, age) are also important components. In this study we attempt to understand the factors, and 
their importance, that shape Pyrenean chamois horn size, using data from official hunts.

Materials and methods

The permitted hunting modality for the chamois is stalk hunting. Hunting cards (n = 4,250) filled 
out by professional rangers who accompanied the hunters from 1999 to 2006 were analysed. Two key 
variables were selected to study variability in horn size: total length and the perimeter at the base of 
the horn. After a thorough filtering of data, we analysed 1,297 adult males and 1,052 adult females 
that were treated separately. A geographic information system of the study area provided us with the 
environmental information on the area where the animals were shot, which was divided into manage-
ment units (sectors). We chose Redundancy Analysis to model horn size as a function of multivariate 
response data.

Results and discussion

Chamois horn size depends on a complex set of interacting factors, both intrinsic characters of the 
animal and the environment in which it dwells, as well as anthropogenic factors that influence the 
data set. 

We found that the ranger has a significant influence on the size of horns of harvested animals, based 
on their skill and expertise. Significant differences between GRs and sectors also existed. In addition, 
we modelled a set of environmental variables accounting for the variation of horn size. In males we 
observed a positive relationship between plant productivity of meadows above the forest level and the 
perimeter of the horns. Percentages of acidic substrate, steep slopes, bare soil and altitude are nega-
tively correlated. In females, plant productivity showed a positive relationship, but basic substrate and 
lower slopes appear to be the best explanatory variables for the perimeter. Moreover, we observed a 
significant inverse relationship with altitude and additional weaker correlation to the roughness index. 
The best positive explanatory variable for the total length of horns in both sexes was the age of the 
individual. As is known, horns in ungulates continue to grow during adulthood. Most of the studied 
factors act more directly on the perimeter of horns that on the length.

Perspectives and future research priorities

This approach is useful in determining the most influential variables, but requires further analysis, 
including examining population density or climatic conditions, to improve the fit of models and to 
better understand the weight of each factor.
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Background 

Sport harvesting of large mammals is often biased towards non-lactating females because of regula-
tions or hunter preference [1, 2, 3, 4, 5, 6]. That bias may affect the harvest of female age classes that 
may vary in reproductive potential, with unknown impacts upon population growth. Chamois hunt-
ers are typically reluctant to harvest lactating females, fearing reduced survival of orphaned kids. Rug-
hetti and Festa-Bianchet [5] pointed out that a regulation encouraging the harvest of non-lactating 
females, aimed at reducing the impact of female harvest on population dynamics and may encourage 
the removal of two-year-olds with high reproductive potential. We used empirical data on chamois 
population dynamics [7, 8, 9, 10, 11, 12, 13, 14] to model the population consequences of harvesting 
lactating and non-lactating females. 

Materials and methods 

We used an individual-base model of a population of female chamois, where reproductive status af-
fected survival through selective hunting. We follow Grimm et al. [15] in describing our model. The 
model seeks to explore the effects of selective removal of non-lactating females on chamois population 
dynamics. 

Results and discussion 

Our simulations suggest that harvest of non-lactating females has very weak effects on population size, 
and only with high harvest rate and strong hunter selectivity. Results, however, vary according to the 
survival rates of orphaned and non-orphaned kids. Assuming no difference in winter survival between 
orphaned and non-orphaned kids, harvest biased towards non-lactating females decreased population 
size at equilibrium compared to a random female harvest, whereas the opposite was true assuming 
a reduction in survival of 50% for orphaned kids. As suggested from empirical data on harvested 
chamois [5], our results confirm than hunter preference for non-lactating females increased hunting 
mortality of 2-and 3-year-olds, age classes that enjoy high natural survival and have high residual re-
productive value [14, 16], and lowered harvest of adult and senescent females. Hunter preference for 
non-lactating females led to a minor change in population age structure, with limited consequences 
for population dynamics. Available knowledge on this species and data on other ungulates [17, 18, 
19] suggest that the difference in survival between orphan and non-orphan kids is likely less than 
50%, although empirical data are necessary to test this hypothesis in chamois. 

Perspectives and future research priorities 

We argue that hunting regulations that seek to reduce the harvest of lactating females are of little use 
in chamois management and likely counterproductive, because they lead to a heavy harvest of young 
nulliparous females with high residual reproductive potential. 
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Background

The Major Histocompatibility Complex (MHC) of vertebrates is a multigene playing a key role in 
the immune system; it is also a sensitive marker of genetic variation of populations. Its polymor-
phism may vary in time and space, since it is affected both by pathogens and population dynamics 
[1]: these features place MHC among the best candidates to study mechanisms and significance of 
molecular adaptation in vertebrates [2]. MHC variability is believed to be maintained by balancing 
selection (pathogen-driven) and positive selection, but investigation of the functional importance of 
the MHC diversity and parasite selection in natural populations is often problematic, due to extensive 
polymorphism and constraints in available sample size [3]. The DRB1 class II gene has been studied 
in Northern (R. rupicapra) and Southern (R. pyrenaica) chamois, revealing quite high numbers of al-
leles for the most abundant subspecies, the Alpine chamois (R. r. rupicapra), less variability in the less 
abundant subspecies, Abruzzo chamois (R. p. ornata), and the presence of trans-species alleles [4, 5, 6, 
7, 8]. Alpine chamois inhabiting the eastern Alps have been severely affected by sarcoptic mange due 
to Sarcoptes scabiei var. rupicaprae [9, 10].

The investigation on the polymorphism of MHC class II is of great interest because it is associated 
with interactions with pathogen dynamics (resistance and susceptibility) that is even more evident in 
species with low effective population sizes such as mountain species inhabiting semi-isolated, fragile 
and fragmented habitats [11]. The aim of the present study was to investigate allele composition and 
genetic variability in Alpine chamois populations with different levels of exposure to S. scabiei.

Material and methods

Two hundred and nine Alpine chamois representative of 10 different populations, displaying di-
verse epidemiological scenarios (i.e., high mortality zone, low mortality zone, free-mange zone, new 
epidemic zone) were genetically characterized at exon 2 of the DRB1 gene of MHC class II, using 
software packages such as Phase implemented in DnaSP v5 [12] to define the in-phase haplotypes 
[12] and Arlequin [13] to infer haplotype frequencies, genetic population indices and neutrality tests. 

Results and discussion

Data obtained by haplotype inference and population genetics revealed a high degree of nucleotide 
and amino acid polymorphism, with most amino acidic variation occurring within the Peptide Bind-
ing Region. Sixty-nine haplotypes were observed in total (17 described in previous studies and 52 
newly identified). The relative frequencies of alleles in the studied populations showed the presence 
of highly frequent haplotypes common in all samples and of several haplotypes at low frequencies, re-
lated only to specific healthy categories, as revealed also by the previous study [8]. The maintenance of 
low frequency alleles and the significant values in neutrality tests in populations subjected to epidemic 
events reflect the action of balancing selection [2]. Highly frequent haplotypes have been found to be 
transpecific with Rupicapra pyrenaica. 
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Perspectives and future research priorities

To better understand the dynamics in natural populations and to distinguish demographic from se-
lective processes [14, 7], the analysis of patterns and the level of genetic variation at adaptive markers 
should be compared to variation at neutral markers, such as mitochondrial regions.
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Background information

The analysis of time series of abundance indexes is a key tool to estimate the effects of limiting factors 
on the dynamics of populations. Long-term time series, however, are seldom available and are prone 
to sampling errors. Climate strongly affects body mass [1, 2] and demography [3] of Alpine chamois. 
Furthermore, global warming has been particularly marked in high-mountain areas over the last half 
century, and long-term effects on chamois populations can be expected.

Materials and methods

In the Gran Paradiso National Park (Italy), chamois were counted each autumn from 1956 to 2012. 
Because abundance data were potentially affected by observation errors, we used a state-space model 
to filter the raw data and disentangle sampling error from environmental variability [4].

We then performed a series of Generalised Linear Models to investigate if density and climatic indexes 
affected population growth rate, fecundity (kid-female ratio), as well as juvenile and adult survival. 
Best-performing models were selected through Akaike Information Criterion.

Results and discussion

Over the study period, the chamois population showed a significant increasing trend (R2 = 0.69, p< 
0.0001). A density-dependent effect was detected in both growth-rate and age-specific survival mod-
els, while it was less important for fecundity. Growth rate was also negatively affected by average snow 
depth in winter and precipitation in spring. Adult survival showed lower variability than the other 
demographic parameters, and was affected only by average winter snow depth.

Kid-female ratio was negatively affected by winter and spring precipitations, but positively affected by 
snow depth in the spring of the previous year. The latter effect could have been mediated by the body 
conditions of mothers, possibly favoured by higher water availability for pastures. Winter precipita-
tion and a delayed effect of spring-summer temperatures (possibly due to the shortening of the period 
available to feed on high-quality plants [1]) negatively affected juvenile survival. 

Perspectives and future research priorities

Climate change appeared to yield positive effects on the demography of Alpine chamois, through the 
shortening of the snow cover period which, in turn, allowed a higher survival of both juveniles and 
adults. Higher temperatures in spring/summer, however, had an opposite effect on fecundity and 
juvenile survival. Future studies should aim to address the effects of spring climate on pasture quality 
and, ideally, their effects on body mass and milk quality of pregnant and lactating females.
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Background

Remote sensing and derived data through vegetation indexes is becoming a useful tool for obtaining 
information about vegetation dynamics and their influence on wild herbivore populations [1]. The 
importance of using vegetation indexes is based on the link existing between primary productivity 
variation and specific life history strategies of herbivore populations. Examples of these approaches 
using remote sensing show that traits related to demography, behaviour and compounds of fitness 
may be affected by changes in primary productivity, as well as the timing of green-up onset or the 
distribution patterns of forages [2,3]. While a number of studies have compared vegetation indexes 
with plant biomass, very few have examined the relationship to changes in vegetation quality.

Concretely, we used EVI (Enhanced Vegetation Index) as a proxy for productivity and phenology of 
Pyrenean grasslands, in order to assess the relationship to quality and composition of chamois diet. 
For this purpose, we explored the relationships between two faecal indicators of diet quality (nitrogen 
and fiber content) and the proportion of items consumed by chamois and the EVI measured year-
round. 

Materials and methods

The study was carried out in the Freser-Setcases National Game Reserve (FSNGR; Eastern Pyrenees, 
Spain). The main vegetation communities in FSNGR consist of alpine meadows dominated by grami-
noids (Festuca spp, Carex spp.) and woods (Pinus uncinata) and shrubs (Calluna vulgaris, Juniperus 
communis) [4]. The EVI data was gathered from MOD13 [5]. From 2009 to 2013, chamois diet 
quality was assessed by both faecal nitrogen using NIRS (Near Infrared Reflectance Spectroscopy [6] 
and fiber contents [7]. The composition diet was based on microhistological analysis of faecal samples. 
Whether the enhanced vegetation index (EVI) was a useful proxy for yearly diet composition and 
quality of Pyrenean chamois was evaluated by a Partial Least Squares Regression approach (PLSr).

Results and discussion

As described for other vegetation indexes in temperate ecosystems [8, 9] the higher values of EVI were 
in green-up season whereas the lower values occurred in winter season, when the plants withered. This 
pattern, as we expected, corresponded with the diet compounds. During winter and spring season 
(dry period) the low EVI values were due to high fiber and non-legume wood content in chamois 
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diets in decreasing order of importance. Actually, in this period of the year, chamois diet relies on 
non-legume woods (i.e., Calluna) and other plants showing high fiber contents. On the other hand, 
in summer and autumn (main vegetation period) the main factors explaining the EVI were forbs and 
legume woody plant consumption and faecal nitrogen in the diet. During this period a great variety 
of plants are consumed by chamois, being more selective in their feeding strategy mainly because of 
the increase in plant availability. 

Perspectives and future research priorities

The EVI can be used as a proxy for diet quality and composition of Pyrenean chamois, and hence 
it could be used for monitoring inter-annual variations in food characteristics at different landscape 
scales. The incorporation of “green indexes” in chamois population monitoring and management 
programs is a great challenge that will soon provide excellent results. 
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Background

Pyrenean chamois (Rupicapra r. pyrenaica) population characteristics in the alpine ecosystems have 
been traditionally monitored using total counting by lineal transects [1, 2]. The high visibility of 
chamois in these environments, their medium body size and their lack of fear in the face of human 
presence in these areas leads to the common assumption that the majority of individuals are counted 
during the census visits. Sexual dimorphism and age morphological characters are easily recognized 
by observers and the data allow for the calculation of productivity values (kids per adult female), 
sex and age population distribution, and in practice, the ‘home range’ of some individuals classified 
as trophies for hunting purposes. In order to calculate the seasonal hunting quotas in each reserve, 
managers use these values combined with the total number of chamois sighted, assuming that this 
number reflects the real population. However, the ‘total counting census’ prevents the estimation of 
population density and no associated error is considered.

With the aim of estimating density values and their relative weight in density dependence processes 
we have evaluated a new methodology for chamois in the national hunting reserves managed by the 
Game Management Service in Catalonia. The added practical objective was to try to avoid changes 
in the traditional methodology and use historical data accumulated thus far to continue useful data 
collection for game management purposes [3].

In addition to other terrestrial vertebrates, distance sampling method (DSM) applied to transect lines 
[4, 5] is used in several ungulate populations worldwide. The chamois ‘total counting census’ meth-
odology complies with the DSM criteria and the abundance of chamois in these areas are sufficiently 
high to obtain the minimal sightings to calculate the probability detection function following the 
protocol and analysis outlined in Buckland et al. (2001) [6] for sampling objects in clusters.

Material and methods

During three consecutive years (2011, 2012 and 2013) we adapted DSM in 17 fixed transects in Fre-
ser-Setcases National Hunting Reserve (FSC) for chamois summer censuses in 4 survey areas (139.9 
Km2). Line transects were carried out by walking by two rangers or technical staff experienced in 
chamois recognition and the strip was recorded with GPS or drawn on a topographic map. The sum 
of transect length with distance value recorded was 79.9 km (only 9 transects) the first year and 144.5 
km the last two years (17 tracks). Surveys were conducted in mid-June. When the observers sighted 
a group (cluster) of chamois, they attempted to count them with spotting scopes or binoculars and 
identify sex and age of each individual. Using a laser range finder, distance measurements were made 
for sampling objects in clusters. Each chamois was classified as a kid, yearling, or adult (male, female 
or sex undetermined).

Distance sampling analysis using the software Distance [7] was used to estimate chamois density and 
the number of individuals estimated. Coefficients of variation of these estimators were calculated. 
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Data preparation and analysis followed the general guidelines of Buckland et al. [6]. Probability de-
tection function for each year was calculated pooling the sightings of transects for the total hunting 
reserve. For density estimation we have regressed ln (cluster size) against estimated g(x) (detection 
probability) and use the expected cluster size instead the mean value. The Akaike Information Criteria 
(AIC) was used to select the best-fitting model. Comparison of density values between two periods 
was made by the z-test [7].

Annual total counting census recorded as clusters along the same line transects in the FSC from year 
2005 to 2013 were used to compare the methods and the accuracy in chamois population estimation. 

Results and discussion

Data were organized with a right-truncation of observations that discarded at 1,000 m. The highest 
value of p-Chi2 was obtained when the distance values were grouped into 8 equal intervals (125 m). 
The Uniform and the Hazard Rate were the best-supported models as a detection function.

After we performed a right-truncation, observers located 196 groups (1,600 chamois) in 2011, 388 
(3,173) in 2012 and 395 (2,625) in 2013. The effective strip width ESW, the distance where half of 
observations is recorded, ranged from 354 to 371 m. During 2011 the estimation of chamois density 
was 19.91 chamois per km2 (95%CI: 14.78 – 26.85), the second year density was 21.44 (95%CI: 
17.03 – 26.99) and the third year it was 16.29 (95%CI: 13.7 – 19.84). Applying these density esti-
mations to the study area yielded a population estimation of 2,786 (95%CI: 2,067 – 3,755), 3,000 
(95%CI: 2,383 – 3,776) and 2,279 chamois (95%CI: 1,871 – 2,775), respectively. During each year, 
coefficients of variation (CVs) of the estimated density remained fairly low, ranging from 10.1% to 
15.2%.

The total count of chamois in FSC from 2005 to 2013 ranged from 2,723 (2013) to 3,427 (2007). 
During years 2006 and 2008, counting was not carried out. Observed groups ranged in size from 
1 to 202 (mean 11.34; SE 0.41). The estimate of the chamois population between methods for the 
last three years showed an overabundance in the total counting census when compared with DSM, 
although the values of total counting were always within the 95% confidence interval. 

Perspectives and future research priorities

According with the results, DSM could be used as the basic methodology to estimate demographic 
and population abundance of Pyrenean chamois in National Hunting Reserves of Catalonia. 
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Background

Censuses are important tools for ungulate population management but they are subject to some 
degree of inaccuracy [1, 2, 3]. “Block census” is the method used more frequently for chamois [4]. 
In this work we examine 10 years of chamois monitoring in the Piedmont, evaluating if the data col-
lected are real. That is: i) they fall within the range of the species and ii) they are in agreement with 
each other. 

Materials and methods

For this purpose we calculated these parameters: 1) Annual Spring Increase (ASI), 2) Reproductive 
rate (% KK) and 3) Recruitment rate (JJ%). We assessed these parameters for: reality of the value (cor-
relation with the data available in literature) and consistency of the values according to the following 
assumptions: i) ASI, JJ and KK%% of neighbouring populations must be correlated, ii) ASI and JJ% 
of the same population must be correlated).

Results and discussion

The data analysis showed that: i) ASI, KK%, and JJ% values are real; ii) ASI values are also logical and 
they are correlated in neighbouring populations; iii) KK% and JJ% are not logical and not correlated 
with ASI values. ASI seems to be the only value that provides real information about the chamois 
population. The data regarding the qualitative aspects of the population present further problems.

Perspectives and future research priorities

These considerations have led us to undertake a case study to determine whether it is possible to re-
duce the problems observed here. In particular, we want to assess whether it is possible to reduce the 
monitoring effort and increase its reliability. Data about this study are presented at this same confer-
ence in another paper.
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Background

From the analysis of the chamois census in the Piedmont Region [1], it is shown that the monitoring 
protocol used for the species allows the collection of reliable data from a quantitative point of view, 
but is lacking with regards to assessments of population structure. A further “logistics” problem is 
represented by the fact that the monitoring is conducted by volunteer hunters whose numbers, due to 
the progressive aging of this group is progressively decreasing. Actions to improve the monitoring are: 
1) reduce the current effort of observation without losing quality, and 2) improve monitoring quality 
with the proper attribution of sex and age classes to the animals observed. We assume that the moni-
toring of a population of chamois is more precise and accurate if we reduce sampling effort, focusing 
on representative areas. If the sample areas are chosen appropriately, population changes observed 
here are highly correlated with those of the entire territory under management.

Materials and methods

To test this hypothesis, we conducted an experiment in the hunting area CACN2 “Varaita Valley” 
(Cozie Alpes), where wildlife managers have been organizing monitoring efforts in 81 standardized 
“historical” census areas (19,312 ha) since 2004. To perform the analysis with high precision and 
accuracy we geo-referenced these areas and mapped them as vector polygons, to be used in a GIS 
environment. Census data were used to create a geodatabase stored in the CACN2 office.

Results and discussion

The analysis of the time series shows that 31 out of the 81 areas (8,732 ha - 45.2% of the study area) 
are statistically representative of the whole monitored area. In these areas the population trend shows 
a correlation coefficient value of 0.96 with the entire “historical” area. This consideration, applied 
during the census operations in 2012 and 2013, allowed: i) a reduction of over 60% in the number 
of operators and ii) work with a “selected group “ of only highly experienced operators equipped with 
appropriate optical instruments.

Perspectives and future research priorities

These considerations have led us to undertake a case study to determine whether it is possible to re-
duce the problems observed here. In particular, we want to assess whether it is possible to reduce the 
monitoring effort and increase reliability. 
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Background information

Dispersal is an important factor in the evolution of species, with significant bearings on issues of wild-
life management, including the ability to predict responses of populations to management measures 
or ecological changes [1]. Environmental fragmentation due to habitat loss or creation of putative 
dispersal barriers such as urban settlements, roads or railways, notoriously reduces inter-population 
connectivity [2]. The increasing urbanization of the Alpine region, with creation of infrastructures 
such as roads and railways is progressively fragmenting habitats, thus reducing inter-population con-
nectivity [3]. Here, we investigate if there is a significant genetic differentiation between two regional 
chamois populations separated by a valley bottom which may act as a putative anthropogenic barrier. 
We then investigate whether there is some migration and, if so, whether this is symmetric or asym-
metric, i.e. of similar intensity in either direction, and sex-biased.

Materials and methods

The study region extends over 77.8 km2 within a west to east oriented valley in the Province of Son-
drio, northern Italy (46°10’ N, 09°52’E), ranging from 300 to 4,000 m a.s.l. Anthropogenic activities 
(i.e., an unfenced railway, a major road, several minor roads and urban settlements) and a major river 
are present alongside the bottom of the valley. Operationally, we distinguish two populations: the 
northern (Rhaetian) chamois (RC) and the southern (Orobian) chamois (OC). We sampled 133 RC 
and 57 OC during the hunting season 2010. We explored differentiation between the two popula-
tions investigating the allelic variation at 12 microsatellite loci (F-statistics in FSTAT 2.9.3.2) and 
ran a Bayesian structure analysis with STRUCTURE 2.3.3. We based our estimates of sex-specific 
migration rate on coalescence theory using MIGRATE v. 3.0, and identified individual first genera-
tion migrants with GENECLASS 2.0.g.

Results and discussion

Allelic variation at 12 microsatellite loci yielded a marked differentiation between the two popula-
tions (Fst=0.068, 99%C.I.: 0.035 - 0.10) and a tendency (p=0.0317, one-sided assignment Ttest; p 
for expected heterozygosity = 0.0285, FSTAT) for a higher migration rate in males (mean assignment: 
-0.39) than in females (mean assignment: 0.48). Bayesian assignment of each individual to its most 
likely populations of origin, however, identified one six-year old male and one two-year old female 
having migrated during their lifetime across the valley. On the other hand we did not find any sig-
nificant genetic sub structuring (Fis<0.0) within the RC and the OC. Our results confirm that the 
expected genetic differentiation of the chamois range in the Sondrio region is due at least partly to 
the main valley, despite some gene flow across it, with a tendency for male-biased migration. The re-
striction of gene flow amongst wildlife populations may influence their rate of genetic differentiation 
and their degree of independent demographic units, potentially leading to deleterious effects on their 
long-term viability [4].
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Perspectives and future research priorities

Although, generally, there is no concern for the conservation of the Alpine chamois, some popula-
tions have lately shown a declining trend. Whatever the reasons for such a tendency, the progressive 
fragmentation of the Alpine region, in the long-term, may be expected to aggravate the effects of 
numeric decline on the viability of populations. The use of genetic tools to investigate differentiation 
and migration patterns between patchy populations may be a great support for policy actions aimed 
at enhancing inter-population connectivity. 
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Background

Stress assessment in wildlife is becoming increasingly relevant not only in ecological and conserva-
tion studies but also in population monitoring. The determination of glucocorticosteroid metabolites 
(GCM) has recently appeared as a useful tool to evaluate stress in several mammal species, most com-
monly through radioimmunoassay (RIA) or enzymatic immunoassay (EIA). However, these tech-
niques are relatively costly, sample destructive and, in the case of RIA, require the use of radioactive 
compounds. Conversely, Near Infrared Spectroscopy (NIRS) is a fast, economic, non-destructive and 
non-polluting technique. NIRS has previously been used successfully to predict diet quality through 
faecal analysis in several wild ruminant species [1, 2, 3], but to date has not been used to determine 
faecal hormones. The present communication is focused on assessing the potential of NIRS as a tool 
to predict GCM in Pyrenean chamois (Rupicapra pyrenaica pyrenaica) faeces.

Materials and methods

Twenty-four Pyrenean chamois fresh faecal samples were collected in the National Game Reserve 
(NGR) of Freser-Setcases in the Catalan Pyrenees, north-eastern Spain. The samples were lyophilized 
and analysed in duplicate for GCM by RIA using commercial Corticosterone 125I RIA kits (ICN 
Biomedicals Inc. Diagnostic Division, USA), and scanned in duplicate using a NIRSystems 5000 
scanning monochromator (FOSS, Hillerød, Denmark). A WinISI III (v. 1.6) software program was 
employed for spectra data analysis and developing chemometric models. Calibration was performed 
through modified partial least square (MPLS) regression and cross-validation was applied to opti-
mize the calibrations models. Standard error of calibration (SEC), standard error of cross validation 
(SECV), coefficient of determination (R2), linear correlation coefficient between reference methods 
and estimated by prediction models (r2), ratio of performance to deviation (RPD), and range error 
ratio (RER) were determined (4).

Results and discussion

Mean GCM concentration in the analyzed faecal samples ranged from 92.19 to 339.35 ng/gram 
of Dry Matter. Optimal calibration was achieved using the second derivative treatment, combined 
with SNV and DT and the mathematical treatment 2,4,4,1 (first derivative, gap = 4, smoothing = 4, 
second smooth =1), which is commonly used in NIRS faeces analysis. Prediction equations for GCM 
were satisfactory in terms of accuracy of determination (0.97) and accuracy of calibration both for 
RPD (3.52) and RER (12.96) statistics. This confirms the high precision of the equations developed, 
with values over the minimum recommended for prediction (RPD over 3 and RER over 10) accord-
ing to previous publications [4]. In conclusion, NIRS seems a viable technology for predicting GCM 
in Pyrenean chamois faeces.



110

Perspectives and future research priorities

NIRS is a viable technology for predicting GCM in Pyrenean chamois faeces. This technology is non-
destructive (samples can be re-utilized), emission-free (since it does not require the use of chemical 
products), less-time consuming and low cost. GCM determination in Pyrenean chamois faeces will 
be a useful tool for future ecological, conservation, population and health studies.
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The Cauterets valley sector in the Parc National des Pyrénées (PNP), Hautes-Pyrénées, France, is a 
10,000 ha mountain area ranging from 1000 to 3298 m of altitude. For the last ten years, the chamois 
population observed has oscillated between 800 and 1000 individuals.

This population is scientifically interesting for two reasons: it has been protected from hunting for a 
long time and the mountain massif is isolated from the effects of hunting in the surrounding areas 
due to its orography. Such particularities allow a functional autonomy favouring the study of the 
natural demographic performance of this species. The study of this population is an opportunity to 
assess the consequences of a non-interventionist management program, based on letting the natural 
mechanisms of regulation act. This has been applied by the PNP since it began in 1967. The con-
stant presence in Cauterets of an experienced ranger team has allowed for the long-term study of this 
population.

The results presented are related to three main research lines: 1) Monitoring natural mortality; 2) pop-
ulation estimation by annual counts; and 3) follow-up with marked individuals. This communication 
will aim to complement and coordinate the results obtained through these three different approaches.

1) From 1984 to 2013, 1,692 carcasses of naturally dead chamois were collected, which allowed us 
to establish the effects of age and sex on survival: 

-  Mean age at death for adults was around 11 years for females and 12 years for males; maxi-
mum observed lifespan was 20 years for males and 24 for females; from 2 to 10 years, yearly 
mean survival is over 90%.

-  Mortality has allowed the differentiation of individuals in three main categories: young, 
prime-age adults, and senescent adults.

Some stochastic factors such as winter weather or infectious keratoconjunctivitis have caused varia-
tions, directly affecting the number of chamois but also selecting some individual categories. 

2)  More than 21 spring censuses performed from 1984 to 2012 in the whole study area, together 
with winter censuses carried out in a wintering zone known as ‘Clot-Cayan’, have allowed the 
observation of the abundance variations related to age and sex classes, winter after winter. With 
these data, temporal consequences (cohort effects) of the variation of some important demo-
graphic variables, such as annual recruitment, have been determined. 

3)  The role of the individual behaviour on population dynamics has been determined by monitor-
ing 545 marked individuals of both sexes and all ages. A high socio-spatial organization level has 
been observed. One characteristic feature has been the existence of long-lasting social groups 
showing a great behavioural diversity in their spatial use. The monitoring of population spatial 
use shows the importance of considering seasonal movements when validating the methods to 
determine abundance indexes. The follow-up of survival and reproduction of 246 marked fe-
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males has clearly revealed very strong variations in their fitness. Such variations underline the 
relevance of individual quality in the natural evolution of the chamois population in Cauterets.
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This workshop is organised within the framework of the Interreg project “GREAT” (Large herbivores 
in changing Alpine ecosystems) between Italy (Gran Paradiso National Park) and Switzerland (Swiss 
National Park). The project aims to enhance our knowledge on the ecological mechanisms driving the 
life history of Alpine ungulates (ibex, chamois, red deer), therefore improving our understanding of 
the responsiveness of such species to environmental changes, with special reference to climatic chang-
es and shifts in resource availability. The goal of this workshop is to discuss the ecological mechanisms 
driving the coexistence among wild ungulates, with a special focus on population dynamics of Alpine 
chamois in relation to interspecific competition and climate changes.

The spatial distribution of large herbivores is regulated by the availability of food and its quality, 
which limit the total number of animals an area can support at any given time. Predation risk (or 
human disturbance) can also constrain the distribution of the species, and this is particularly true 
for smaller species. Body size is generally expected to determine how grazing niches are partitioned 
between different species, following variations in resource use due to differences in mouth structure, 
gastrointestinal tract size, and metabolic rate. As a consequence, we can envisage a strong inter-
specific competition particularly between similar-sized herbivores, but there is also evidence of non-
competitive coexistence among ungulate species, and even facilitation. Several other aspects are also 
involved in shaping the coexistence amongst ungulates: for example, joining inter-specific groups may 
be an effective anti-predatory strategy while grazing, but also active displacement from feeding sites 
by the larger species may also occur. 

At the population level, fluctuations over time are driven by both intrinsic factors (intra-specific 
competition) and extrinsic effects such as environmental changes and/or inter-specific interactions. 
However, the distinction between the two sources of variation can be difficult, due to the complex 
interactions between density-dependent effects and environmental factors like climate, whose effects 
may vary in different cohorts. As a rule of thumb, density-independent regulation is expected to 
be more important in populations facing strong climatic fluctuations, such as occur in mountain 
environments. On the contrary, intra-specific competition is expected to be the main driving factor 
regulating growth rates within ungulate assemblies in the Mediterranean environment, whereas the 
effect of inter-specific interactions is less important.

Detecting the influence of sympatric species that use similar resources on the growth rate of an un-
gulate population can be difficult, owing to the quality of collected data. Count data are prone to 
observation errors that enhance noise, and environmental factors can have a confounding effect that 
must be controlled for. Good inference about the effect of inter-specific interactions on population 
change rely upon long-term data collection and possibly different study areas should be compared to 
investigate common patterns. 
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Over the past few decades the technological progress has greatly increased interconnections among 
scientists worldwide. Being apart of a network has its advantages in terms of sharing information, 
merging diverse skills or favouring personnel exchanges. Furthermore, it may increase the chance of 
successfully applying for funding, or promote the development of common strategies for the conser-
vation of a species. According to Scopus, the annual number of scientific publications on Genus Rupi-
capra has increased by some 400% over the last 20 years. Most likely, such a clear, growing attention 
towards this taxon is due to our fragmented knowledge in fields such as behavioural biology, ecology, 
genetics, systematic, diseases and management. This attention is not merely a matter of local concern. 
Perhaps more than ever, countries as diverse as Austria, Croatia, France, Italy, Serbia, Slovakia, Spain, 
are actively studying several aspects of the life history of different Rupicapra subspecies, albeit to dif-
ferent extents. Furthermore, local agencies such as parks or hunting districts often collect data that, 
regrettably, remain limited to “grey” literature. Despite their potential to help in scientific research or 
management, this data can often be difficult to access.  

In this somewhat disconnected/patchy scenario, the creation of an informative platform capable of 
connecting different stakeholders (e.g. scientists, students, wildlife managers, hunters) and promoting 
a fair and proficient sharing of knowledge and expertise is desirable. The Rupicapra Symposium there-
fore appears as a great opportunity to promote the launch of a “Rupicapra European Group”. The ba-
sic idea behind such an initiative is to gather experts from different Countries and different academic 
backgrounds, keen to initiate the collection of information about chamois all over the Continent. 
Ideally, the primary mission of the group should be to make this data (either in the form of references 
to published papers or grey literature) available to the public, for example, through a dedicated web-
site. Also the organization of periodical meetings on Genus Rupicapra should be encouraged. Further 
suggestions, promoting international collaboration among scientists are welcome.
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