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ABSTRACT - Information regarding spatio-temporal relationships and encounters of sympatric domes- 
tic sheep, Alpine ibex (Cupru ibex ibex) and Alpine chamois (Rupicupru rupicupru rupicupru) in the 
Swiss Alps were systematically registered to evaluate the possibility of an interspecific transmission 
of infectious agents on pastures. Observations were performed in alpine regions of four Swiss can- 
tons during the 1997 and 1998 mountain summer grazing season. In the main study area, Val 
Chamuera (canton of Grisons), a consistent reduction in the number of ibexes was observed after the 
arrival of sheep on the pasture. Some ibexes remained for a longer time in the area, but in general, 
ibexes and sheep did not use the same compartments of the area simultaneously. However, a salt lick 
for sheep attracted the ibexes, and several encounters were recorded in the compartments close to this 
salt lick. Several encounters registered in other areas of the Swiss Alps also occurred in the neigh- 
bourhood of a salt lick; however, in other cases different species were attracted by rich pastures. The 
study indicates that encounters (0-50 m) between free-ranging individuals of different Caprinae 
species, domestic and wild, are not uncommon events in the Alps. Therefore, encounters can be con- 
sidered to be a predisposing factor for interspecific transmission of infectious agents such as My- 
coplusrnu conjunctivae, causing keratoconjunctivitis in chamois, ibex, domestic sheep and goats. 
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INTRODUCTION 

In Switzerland, sheep farming has doubled 
in the past 50 years, while the control of 
these animals has decreased. The increasing 
number of free-ranging sheep in the Swiss 
Alps during the summer grazing season 
leads to the overgrazing of pastures in a 
number of areas, and livestock is now con- 
sidered to be a primary cause of soil ero- 
sion. Furthermore wildlife is disturbed and 
plant variety decreases (Stalder and Wied- 
mer, 1999). Apart from ecological consider- 
ations, sanitary aspects are also of consider- 
able importance since in the Swiss Alps var- 

ious infectious diseases such as keratocon- 
junctivitis (IKC), foot rot, orf and pseudotu- 
berculosis occur in domestic as well as in 
wild Caprinae species (Hammerli et al., 
1999). To control these diseases in wildlife 
it is necessary to consider the possible ways 
of interspecific disease transmission be- 
tween domestic sheep, Alpine ibex (Capra 
ibex ibex) and Alpine chamois (Rupicapra 
rupicapra rupicapra). 
IKC, an ocular disease caused by My- 
coplasma conjunctivae, is of particular in- 
terest in the Swiss Alps (Gauthier, 1991; Gi- 
acometti et al., 1997). IKC is the most com- 



2 M.-P. Ryser-Degiorgis et al. 

mon eye disease in small domestic rumi- 
nants (Jones, 1991) and it frequently affects 
free-ranging chamois and ibex (Gauthier, 
1991; Giacometti et al., 1997). While IKC 
usually provokes mild symptoms in domes- 
tic sheep and goats, it can have fatal conse- 
quences in wildlife (Giacometti et al., 1997; 
Degiorgis et al., 2000). On alpine meadows, 
IISC occurs at the same time in the same re- 
gions in several host species (Nicolet and 
Freundt, 1975; Giacometti et al., 1997), sug- 
gesting an interspecific transmission. An ex- 
perimental infection indicated that sheep- 
strains of M. conjunctivae can indeed induce 
conjunctivitis in Alpine ibex (Giacometti et 
al., 1998). Mycoplasmal organisms do not 
survive for a long time in the environment 
(Nicolet, 1985), and transmission must oc- 
cur through direct contact or after a short 
time delay. According to recent publications, 
mycoplasms can be spread via aerosol 
(Stark et al., 1992; Mar6 and Loveday, 
1994) and possibly by eye-frequenting in- 
sects (Gouws et al., 1995; Degiorgis et al., 
1999). IKC is highly contagious within 
herds (Baas et al., 1977), and frequent close 
contacts between animals appear to be a 
principal cause of outbreaks (Hosie, 1988). 
However, very limited information is avail- 
able regarding interactions between differ- 
ent susceptible Caprinae species. Couturier 
(1938) reported that chamois usually main- 
tain a considerable distance between them- 
selves and livestock, but that they can also 
be observed grazing in the middle of a sheep 
herd. Ibexes also tolerate the presence of 
goats and sheep, staying sometimes very 
close to flocks (Couturier, 1962). More re- 
cent observations from France indicate that 
chamois, ibexes and sheep can be found 
close to each other, sometimes at distances 
which are shorter than 50 m (Laurent, 
1996). Male chamois were even observed 
mating with female sheep (Huboux, 1994). 
The purpose of the present study was to sys- 
tematically record information concerning 
the spatio-temporal relationships and en- 

counters of sympatric domestic sheep, ibex 
and chamois in the Swiss Alps, in order to 
evaluate the possibility of an interspecific 
transmission of infectious agents such as 
M. conjunctivae on alpine meadows. 

MATERIAL AND METHODS 

The observations were performed in alpine 
regions of Switzerland, mainly in Val 
Chamuera, in the canton of Grisons, and al- 
so to a lesser extent in the cantons Freiburg, 
Berne, and St. Gallen during the 1997 and 
1998 mountain summer grazing season. 

Number and distribution of Alpine ibexes 
and domestic sheep in Val Charnuera 
The principal part of the study was con- 
ducted in June 1997 in Val Chamuera 
(Grisons, Switzerland; 46’33’ N, 9’58’ E), 
on alpine pastures situated between 2000 m 
and 2700 m. The study area (234 ha), called 
Munt da la Bes-cha, is characterized by a 
steep slope exposed to the south-west, on 
the right side of the Chamuera valley. Munt 
da la Bes-cha comprises rock faces and 
alpine meadows which are frequently sub- 
divided by scree slopes. A small shepherd 
cabin is situated on the lowest part of the 
grass fields. A salt lick is located in the front 
of the cabin, with a water supply point situ- 
ated 15 m above it (Fig. 1). 
About 200 ibexes and 50 chamois spend the 
winter period and the first part of spring in 
the study area (Grison’s Hunting Authority, 
pers. comm.). In May, more than 50% of the 
ibexes leave the area to populate other sum- 
mer ranges. Approximately 500 domestic 
sheep use the study area from mid-June to 
mid-September. During this time, a shep- 
herd is sometimes present with his dog. 
The observations of the study area were per- 
formed from Alp Burdun, a hill located on 
the left side of the Chamuera valley, with 
binoculars magnifying up to 60 x. The ob- 
servation period started on June 3, 1997, in 
order to study the location and behaviour of 
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Figure 1 - Val Chamuera, Switzerland. The study area, on the right side of the valley, is characterized 
by a steep slope exposed to the south-west. The observations were performed from a hill located on 
the left side of the valley. 

ibexes before the arrival of sheep, and fin- 
ished on June 26, when sheep used the 
largest part of the alpine meadows. From Ju- 
ly 22 to 24, the same observations were per- 
formed again. Since chamois were present 
in low number and only in areas which were 
inaccessible to sheep, they were not consid- 
ered in this study. 
The spatial location and activity of ibexes 
and sheep were recorded at a rate of four 
times a day: just after sunrise (6h-8h), at 
midday (10h-l2h), in the afternoon (15h30- 
17h30), and before sunset (19h-21h). The 
locations of the different animal groups 
were reported on a map. Animals were 
counted and classified as inactive when they 
were lying, and as active when they were 

standing, moving or foraging. Ibexes were 
classified as kids (newborn), juvenile ani- 
mals (1 to 2 years old), adult females and 
adult males on the basis of morphological 
characters (Ratti and Habermehl, 1977). 
Sheep were classified as either lambs (until 
approximately 3 months of age) or adults, 
depending on the size of the animals. All in- 
formation was recorded using a standard- 
ized protocol. 
To describe the distribution af ibexes in Val 
Chamuera, the study period was divided in 
two parts: period I (from June 3 to 12, 
1997), when only ibexes and chamois were 
present in the study area, and period I1 
(from June 13 to 26, 1997), when the area 
was partially used by sheep. The study area 
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was divided in 32 compartments (Fig. 1) in 
order to describe spatial utilization patterns. 
Borders were drawn considering geomor- 
phologic uniformity, scree slopes and con- 
tour lines. 
To compare the proportion of ibexes present 
in different compartments of the study area 
during period I and period 11, an index of uti- 
lization IU,, was calculated for each period: 

ncdr 
- 

IU,, = x 100 

were ncdr was the number of ibexes counted 
in compartment c on day d at day record r 
(morning, midday, afternoon and evening 
records). 

Encounters in Val Chamuera and other alpine 
areas 
To determine the occurrence of interspecif- 
ic encounters and the circumstances in 
which they occurred, observations were 
performed in June and July 1997 in Val 
Chamuera, from May to November 1997 
and from April to October 1998 in other 
alpine areas of four Swiss cantons where 
ibexes and chamois were susceptible to 
have contacts with sheep. An "encounter" 
was defined as an approach between ani- 
mals of two different species, the distance 
separating both animals being less than or 
equal to 50 m. The minimum distance ob- 
served (estimated with animal length and 
field marks), the duration of the encounter, 
and the reaction of the animals to each oth- 
er (which animal moved away) were 
recorded in a questionnaire. Data records 
were standardized, and encounters were 
recorded by the authors and selected state 
game-keepers. 

RESULTS 

Number and distribution of Alpine ibexes 
and domestic sheep in Val Chamuera 
During period I, 45 & 4 ibexes (% f 6, n=lO 
days) were counted in the study area: 12 k 
5.5 were males, 12 1- 5.5 females, 17 k 2 ju- 
veniles, and 5 f 2 undetermined. Ibexes 
were most active in the morning and 
evening, while at midday approximately 
50% of recorded animals were inactive. Fe- 
male, juvenile, and rarely male ibexes 
moved almost daily down to the salt lick (in 
compartment B) in the evening, and went 
back to higher areas in the morning, always 
going through compartment A. These salt 
lick-associated compartments (A and B), 
presented an index of utilization which was 
particularly high (IU > 10, Fig. 2). 
During the first week after the arrival of 
sheep, most of them were fenced in the low- 
er part of the pastures. Later, they were all 
free to use the whole area, but the shepherd 
gathered them together around the cabin 
every 2-3 days to count them. Immediately 
after the arrival of sheep, the number of 
ibexes dropped to 21 f 8 (Z f 6, n=7), 
which corresponds to a reduction of 53.3%. 
The reduction was especially high for adult 
males with 75%, against 25% for adult fe- 
males. Between June 13 and 19, only a few 
sheep were sometimes present in the upper 
part of the pasture; when they were not pre- 
sent, the number of ibexes observed was 
again around 40. 
The activity pattern of ibexes did not dif- 
fer after the arrival of sheep. In the early 
morning and in the evening, there was still 
a high concentration of ibexes in the low- 
er part of the study area, particularly in 
salt lick-associated compartments: ibexes 
still moved to the salt lick in the evening, 
although sheep were often present on their 
way. The presence of ibexes close to the 
salt lick was even observed once when the 
shepherd and his dog were gathering the 
sheep around the cabin. Thirteen of 32 
compartments were used by ibexes as well 
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Period 11 

Figure 2 - Spatial occupation of the study area (in Val Chamuera, Switzerland) by Alpine ibexes dur- 
ing period I (June 3 to 12, 1997), and by Alpine ibexes and sheep during period I1 (June 13 to 26, 
1997). Shades of grey of the compartments refer to the index of utilization IU, defined as described in 
the text (white: IU=O; light grey: IU>O- 10; dark grey: IU>10-20; black: IU>20). Hatched compartments 
indicate the presence of sheep. The number of observations (n) is given for each time period. 
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Figure 3 - Map of Switzerland with main lakes and canton borders (FR: Freiburg, BE: Berne, SG: St. 
Gallen, GR: Grison). Black points indicate the areas of the Swiss Alps where encounters were record- 
ed during the 1997 and 1998 mountain summer grazing season. The arrow shows the location of Val 
Chamuera. (This figure was drawn with the data of the Swiss Federal Office for Statistics.) 

as by sheep (spatial overlap of 40.6%), but 
in general these overlapping compart- 
ments were used successively. Except in 
salt lick-associated compartments, ibexes 
and sheep were observed only twice si- 
multaneously in the same compartment (C 
and E). However, wild and domestic ani- 
mals were separated in both cases by a 
large distance (>50 m). 
At the end of July, 6 f 5 ibexes (“x f 6, n=3) 
were registered: only a few females with 
newborn kids, occupying two compartments 
(E and F) in the upper part of the study area, 
were present. Sheep were still distributed 
over the whole study area, but used less 
compartments than in period 11, concentrat- 
ing on the pastures in the western and cen- 
tral parts of the area. The only compartments 
used by sheep on the eastern part were D, E 
and F. However, sheep and ibexes were nev- 
er observed there simultaneously. 

Encounters 
During both 1997 and 1998 summer graz- 
ing seasons, 26 encounters were recorded 
between ibexes and sheep, 27 between 
chamois and sheep, and 17 between ibex- 
es and chamois. The areas where encoun- 
ters were registered are shown in Fig. 3 .  
The shortest recorded distances were 3-5 
m between wild Caprinae and domestic 
sheep (n = 5 with ibex, and n = 4 with 
chamois, Fig. 4), and 0-3 m between ibex- 
es and chamois (n = 5 ,  Fig. 4). 
The duration of encounters varied from a few 
seconds to more than 1 h (Fig. 5) ,  depending 
on the activity of the animals involved and on 
the circumstances which led to encounters. 
Physical contact was observed once between 
an ibex kid and a chamois kid, who played 
together for > I  5 min. Long-lasting encoun- 
ters, associated with short distances, were 
recorded three times between ibexes and 
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Figure 4 - Minimum distances recorded in encounters between Alpine ibex and chamois (white), 
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Figure 5 - Duration of encounters recorded between Alpine ibex and sheep (black), chamois and sheep 
(grey), and Alpine ibex and chamois (white). 

chamois (21 h, 1-10 m), twice between ibex- 
es and sheep (>1 h, 3-5 m), and four times 
between chamois and sheep (>30 min, 3-10 
m). In these cases, animals were observed 
grazing on the same pasture. All other regis- 

tered long-lasting encounters were associated 
with minimum distances >10 m. Short-last- 
ing encounters (< 1 min) occurred when an- 
imals were moving from one place to anoth- 
er, and met individuals of another species on 
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Figure 6 - Interactions between animals during encounters. Black: no change was discernible in the 
behaviour of involved animals; light grey: ibex went away; dark grey: chamois went away; white: 
sheep went away. 

their way. In Val Chamuera, all encounters 
recorded between ibexes and sheep (n = 9) 
were observed in salt lick-associated com- 
partments, and 10 of the 60 encounters reg- 
istered in other alpine areas also occurred in 
the neighbourhood of a salt lick. 
In the majority (58%) of encounters be- 
tween sheep or chamois and ibexes, adult 
male ibexes were involved. In contrast, dif- 
ferences between the considered sex and age 
classes were not obvious in chamois. How- 
ever, those could not be identified in sever- 
al encounters. In most encounters (81.4%), 
no change was discernible in the behaviour 
of the animals involved (Fig. 6). 

DISCUSSION 

In Val Chamuera, the reduction of the num- 
ber of ibexes started in May, suggesting that 
the cause of migration was independent of 
sheep. However, the sudden reduction ob- 
served immediately after the arrival of 
sheep, and the higher number registered as 

soon as all sheep were fenced outside of the 
study area, indicate that the presence of 
sheep had an influence on the spatial distri- 
bution of ibexes. Furthermore, generally 
ibexes and sheep did not use the same com- 
partments of the area simultaneously. There- 
fore, segregation of ibexes by sheep seemed 
to occur in the present study. Dubost (1986) 
and Rebollo et ul. (1993) also described seg- 
regation of Pyrenean chamois (Rupicupra 
pyrenaica pyrenaica) by domestic sheep, 
and Bassano et al. (1996) reported that the 
contemporary presence of chamois or ibex- 
es with cattle can rarely be observed despite 
a significant overlap of ranges of wild ru- 
minants and cattle. However, in contrast to 
our results, Bassano et al. (1 997) observed 
a difference in the activity pattern of ibexes 
after the arrival of livestock. Interestingly, 
the index of utilization of salt lick-associat- 
ed compartments remained very high de- 
spite the presence of sheep, and several en- 
counters occurred in these compartments. 
Involved animals did not move very close to 
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each other, and these encounters were all 
short-lasting, but the attraction of the salt 
lick was apparently strong enough for ibex- 
es to put up with the proximity of sheep. 
Several encounters recorded in other areas 
of the Swiss Alps also occurred in the neigh- 
bourhood of a salt lick, but in other cases 
animals of different species were attracted 
by rich pastures. In general, it seemed that 
animals showed tolerance to each other near 
attractive resources, supporting the observa- 
tions reported by Couturier (1 962). Between 
ibexes and chamois, very short minimum 
distances, and once even body contact, were 
recorded, which was not observed between 
individuals of wild Caprinae species and do- 
mestic sheep. However, several long-lasting 
encounters associated with short distances 
were recorded between ibexes or chamois 
and sheep. In contrast, in a study performed 
by PCpin and N’Da (1991), a passive toler- 
ance was observed between Pyrenean 
chamois and sheep until the minimum limit 
of only 50 m. However, these observations 
were conducted in only one area, and the 
present study shows that the presence or ab- 
sence of attractive resources has an influ- 
ence on the behaviour of animals present on 
alpine meadows. The present results support 
the observations of Laurent (1996) who re- 
ported interspecific encounters at distances 
shorter than 50 m. 
Interestingly, more male than female ibexes 
were involved in encounters. This apparent 
higher tolerance of males towards sheep 
contradicts the observations performed in 
Val Chamuera, where males left the study 
area first. This suggests that in this last case 
the presence of sheep was not the only cause 
of migration of ibexes. Ibexes might have 
left the area even if sheep had not arrived, 
but the presence of livestock might have ac- 
celerated their migration to other summer 
ranges. 
In conclusion, ibexes and chamois can stay 
in the proximity of domestic sheep, espe- 
cially in situations where attractive re- 

sources influence their behaviour. Our study 
indicates that encounters between free-rang- 
ing individuals of different Caprinae 
species, domestic and wild, are not uncom- 
mon events in the Alps. However, interspe- 
cific body contacts are rare, and the proba- 
bility of interspecific transmission of infec- 
tious agents by physical contact appear to be 
low. As regards IKC, encounters can never- 
theless be considered to be a predisposing 
factor for the interspecific transmission of 
M .  conjunctivae since aerosol infection or 
transmission by eye-frequenting insects is 
possible. Further studies are needed to bet- 
ter understand the mechanisms of interspe- 
cific transmission of pathogens and to im- 
prove management practices in order to con- 
trol diseases shared by domestic and wild 
Caprinae species. 
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