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ABSTRACT. Comparison of social patterns during the rut within three European populations of Corsican
Mouflons (Ovis gmelini).— A comparative analysis of three wild populations of mouflons revealed major
differences in their social organization during the breeding season. In the most typical Mediterranean biotope
(Cazorla), males whatever their age, showed a strong tendency to be alone isolation, which can be interpreted as
a precocious involvement in breeding activities. Furthermore, mouflons in this area live in small groups owing
to the existence of heavily forested area and the scarcity of the resources. Conversely, in Carlit and Caroux,
mouflons showed a marked trend to gather during this season. In Caroux, there was lower proportion of lonely
males and a higher simultaneous presence of all male classes in mixed groups the in than Carlit. In this area, oldest
males could be less behaviourally exclusive compared to the younger ones. Ecological factors and social
processes may induce obvious different social tendencies both between age/sex classes in a given population and
between different populations, and thus a different social organization during the rut.
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Introduction

So far, many ecologists studying mammals have
established correlations between species-specific pat-
terns of social organization and their environment
(Crook, 1970; Eisenberg et al., 1972; Alexander,
1974; Estes, 1974; Geist, 1974; Jarman, 1974; Clutton-
Brock & Harvey, 1977; Schaller, 1977; Poole, 1985).

However, various researchers have considered
the intraspecific variability of social systems as a
fundamental biological aspect rather than as an aber-
rant behaviour (Crook, 1970; Lott, 1984). Variability
in social organization has been shown for various
ungulates (Leuthold, 1970; Walther, 1972; Franklin
et al., 1975; Schaller, 1977; Georgii, 1980; Schaal,

1982, 1987; Bon et al., 1986; Jarman & Southwell
1986; Teillaud, 1986; Maublanc et al., 1987), includ-
ing mating systems (Nievergelt, 1974; Emlen &
Oring, 1977; Rubenstein, 1986; Schaal, 1987).
Except for few exceptions (Schaller, 1977; Berger,
1979; Shackleton & Shank, 1984; Berducou &
Bousses, 1985; Bon et al., 1986), researche on flex-
ibility on the social organization of mountain ungu-
lates is rather scarce. Among the species inhabiting
European massifs, the populations of mouflons (Ovis
gmelini) resulting from numerous introductions per-
formed in continental Europe from 1950 to 1960,
certainly cover the largest diversity of habitats. Thus,
because of its particular status, this species appears
as a good model for studying the variability of social
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parameters with respect to various types of environ-
ment.

Ecological variables are thought to influence or
constrain the range of types of social organization
and lability in mating system between different
populations in different environmental or density
situations are expected (Emlen & Oring, 1977).

The aim of this work is to compare Mouflon
social grouping patterns during the full rut between
three populations living in different habitats. The
social parameters analysed were group size, group
types and social tendencies.

Material and Methods
Study areas

The study was carried out both in France, in the
Parc National du Carlit (eastern Pyrénées) in 1981-
82 and the Massif du Caroux-Espinouse (Hérault)
from 1984 to 1986, and in Spain, in the Parque
Natural de la Sierra de Cazorla, Segura y las Villas
(Andalucia) in 1987 (fig. 1).

Cazorla is a forested mountain region (1000 to
2000 m) with a strong Mediterranean climate (see
Fandés, 1986). Upon this typical Mediterranean cli-
mate are superimposed mountain conditions. Five
sympatric species of wild ungulates inhabit the area,
namely wild boar (Sus scrofa L.), red deer (Cervus
elaphus), mouflon (Ovis gmelini), fallow deer (Dama
dama), and Spanish ibex (Capra hispanica), the last
two of which in high densities.

Caroux is a low mountain area which lies from
300 m to 1100 m. The climate is characterized by a
transition from a Mediterranean to an oceanic influ-
ence (Baudiere, 1970; Auvray, 1983). Three species
of ungulates live there: mouflon, wild boar and roe
deer (Capreolus capreolus), the latter being at the
limit of its distribution area.

Carlit area ranges from 1400 to 2900 m in
altitude. The climate is characterized by continental
and oceanic influences combined with a Mediterra-
nean one in the southern parts (Gonzalez, 1984).
Mouflons share the biotope with isards (Rupicapra
pyrenaica).
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Cazorla is a very wooded area, while forest and
open areas are balanced in Caroux and, in Carlit
forest account for only 20% of the area. There is a
clear gradient of decreasing Mediterranean condi-
tions from Cazorla to Carlit.

43°N

FIGURE 1. Location of the three study areas.
Localizacién de las tres dreas de estudio.

Data collection

Along systematic itineraries (20 in Carlit, 17 in
Cazorla, and 32 in Caroux), the age and sex of the
observed animals and the composition of the group
to which they belonged to, were recorded. All data
were collected during one mon around the peak of
matings which were estimated as follows: if it is
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assumed that the gestation period varies slightly
(150 to 155 days: Rougeot, 1969), the maximum
period of matings can be estimated by subtracting
the gestation time from the maximum lambing
period in spring for each area (Carlit: Gonzalez,
1984; Caroux: Cugnasse, 1982; Bon et al. (in
prep.); Cazorla: Dardaillon, pers. comm. The peak
took place at the end of October-beginning of
November in Carlit, and at mid-November in
Caroux and Cazorla.

Five age/sex classes were defined: > 4 years old
(M4), 2-3 years old (M3), > 1 year old males (M2),
1 year old ewes (F) and lambs (L).

Like other authors (Krimer, 1969; Jarman, 1974,
Wittenberger, 1980) a group was defined, regardless
its permanence, as a gathering of individuals within
25 m with one another, exhibiting spatial and social
cohesion.

Four classes of group size with 1,2 to 5, 6 to 10,
11 and more individuals, were considered.

Of the 36 group types resulting from the observed
association of the various age/sex classes, 19 were
selected accounting for the greatest proportion. These
latter were labelled with the symbols of the age/sex
classes belonging to the observed groups (e.g. adult
males alone: M4, groups of oldest males: M4M4,
females with lambs: FL, etc...). For better under-
standing, we called matriarchal groups those contain-
ing at least one ewe, one lamb and/or one young
male. Mixed groups resulted from the association of
at least one adult male (M3 and/or M4) with one
ewe, or with a matriarchal group.

Social tendencies (Bon & Campan, 1989) were
defined as the relative proportion of individuals of a
given age/sex class involved in the different group
types. These groups may already contain one or
more animals of the age/sex class considered.

Statistical analysis

G test and X2 test were used in order to compare
group size and group type distributions respectively.
A Z test was used to compare two proportions.

In order to test the effect of the study area (i=1,
2, 3) on the distribution of the age/sex classes (j=1,
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2,..., 5) in the group types (k=1, 2,..., 10) (i.e. the
social tendencies), a log linear model (McCullagh &
Nelder, 1983) was employed. Because of their low
frequency, different group types were grouped 1n
larger categories:

- M4AM2FL: M4FL + M4M2FL + M4M2F

- M3M2FL: M3FL + M3M2FL

- M2FL: M2FL + M2F + FL

- MAM3M2FL: M4AM3FL + M4M3M2FL

The modality “alone” refers to solitary animals of
each age/sex class.

Let xijk be the number of mouflons in the site i,
belonging to the age/sex class j and observed in the
group type k. This value is an observed frequency in
the (i, j, k) cell of a contingency table and represents
arealization of a random variable Xijk whith a mean
theoritical frequency mijk. This contingency table is
incomplete because cells corresponding to the inter-
section of age/sex class j and group types k not
including this age/sex class are structurally empty.
As daily observation of groups were independent,
was assumed Xijk as an independent variable even if
some mouflons were observed more than one time.
The model with interactions between the three fac-
tors is:

log mijk = + ai + Bj + k + (of) ij +
+ (o) ik + (B) jk + (of) ijk (1)

for all i, j, k belonging to the non-empty cells. Three

factors are expectee to affect the observed frequen-

cies:

1) site with 3 levels;

2) age/sex (AS) with 5 levels;

3) group type (GT) with 10 levels.

ai, Bj and k are the parameters of the model
corresponding to the classifying factors S, AS and
GT; (aB)ij, (av)ik, (B)jk and (af)ijk the four interac-
tion factors S.AS, S.GT, AS.GT and S.AS.GT, pis
the intercept corresponding to the general mean
(noted 1 in the generalized linear model results).

In order to test the effects of the three factors on
the age/sex classes distribution in the group types,
we considered different submodels derived from the
complete model (1). The difference of deviance
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between a model and a submodel was used to test
each hypothesis. Such tests were likelihood ratio
tests. The difference of deviance roughly follows a
X2 distribution with degrees of freedom (df) equal to
the difference of df related to the deviance of each
model.

Results
Structure of the sampled populations

One sequence of models yielded the goodness-of-
fit statistics (table I). Assuming that first differences
of the deviance have, in the appropriate hypothesis,
an approximate scaled chi-squared distribution, it is
clear that the model containing S.GT and AS.GT
interactions only provides a reasonable fit. The addi-
tion of the S.AS interaction yields no further ex-
planatory power. The model best fitting the count
data is: log mijk = pu + i + Bj + k + (of) ij + (o)
ik + + (B jk.

Therefore, there was no significant differences of

TABLEIL Goodness-of-fit statistics for a sequence of models fitted
to the mouflon data.

[Resultadosde las distintas hip6tesis contrastadas con el
fin deanalizar el efecto de los diferentes factoressobre las tendencias
sociales.]

First Mean
Model Deviance difference df deviance
1 22319
595.8 2 297.9
S 1636.1
498.8 4 124.7
S+AS 1137.3
706.8 9 78.5
S+AS+GT 430.6
259.2 18 144
+S. GT 1714
127.2 16 8.0
+ AS. GT 44.2
12.6 8 1.6
+S.AS 31.6
complete 0.0
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the structure of populations between the areas. On
the other hand, the participation of the age/classes in
the different group types differed between the sites.
Consequently, different group type distributions were
found.

In order to look for the social characteristics of
each areas, social tendencies, group size and group
type distributions have been analyzed in detail.

Social tendencies of the age/sex classes
1. Males

A comparison between the three zones (fig. 2)
revealed a clear significant gradient (table II): what-
ever their age, males in Cazorla tended to be isolated
very often while in Carlit they exhibited the weakest
tendency. Conversely, they were mostly included in
mixed groups in Carlit, whereas their proportion in
Cazorla was the lowest one. Males in Caroux lay in
an intermediate position in relation to their associa-
tive tendencies, but as far as mixed groups are
concerned they exhibited trends more similar to
those of the rams in Carlit than to those of the
Cazorla ones.

In Carlit, M4 and M3 were more often associated
together, whereas in Caroux and, especially in Cazorla,
they seemed to avoid one another (table II). The M4
in Caroux and Cazorla tended to gather relatively
more often with peers of the same class than in
Carlit, whereas the frequency of M3 associated with
ewes without M4, increased from Carlit to Cazorla.

2. Females and lambs

Females and lambs showed very similar tenden-
cies. They were mostly included in mixed groups in
Carlit and Caroux (fig. 2) whereas they took part in
few of them in Cazorla (table II), particularly lambs.
In this last zone, females were more balanced be-
tween matriarchal groups (about 42%) and mixed
ones (about 33%). Single females were never ob-
served in Carlit and Caroux, whereas they amounted
to 10% in Cazorla.
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FIGURE 2. Social tendencies of the age/sex classes: C1) Carlit; C2) Caroux; C3) Cazorla.
[Tendencias sociales de cada clase de edad y sexo: C1) Carlit; C2) Caroux; C3) Cazorla.]
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TABLE II. Comparison of the social tendencies of the age/sex classes between the three areas.

[Comparacién de las tendencias sociales de las clases de edad y sexo entre las tres 4reas.]

Carlit vs Cazorla

Caroux vs Cazorla

Carlit vs Cazorla

M4 alone z=-428 p<0.001 z=-448 p < 0.001 z=-168 p<0.05

M3 alone z=-3.04 p<0.005 z=-341 p<0.001 z=0.15 NS

M2 alone z=-19 p < 0.05

M4 in mixed groups z=24 p < 0.01 z=3.54 p < 0.001 z=04 NS

M3 in mixed groups z=1.89 p <0.05 z =2.06 p < 0.05 z=-0.08 NS

M2 in mixed groups z=194 p < 0.05 z =024 NS z = 1.88

p < 0.05

M4 with M3 z=5.1 p < 0.001 z=46 p < 0.001 z=198 p < 0.05

F in mixed groups z=7.02 p < 0.001 =64 p < 0.001 z=34 p < 0.001

L in mixed groups z = -5.56 p < 0.001 z=-5.04 p<0.001 z=-263 p<0.005
Comparison of group size df=7, p<0.001; Caroux-Cazorla: X2 = 36, df=7,

and grouping patterns
1. Group sizes

There was a difference between the three areas
(G=33.4, df=6, p<0.001) in the frequency of classes
of group size (fig. 3). Caroux and Carlit were similar
(G=1.5, df=3, NS). The heterogeneity arose from
Cazorla since the paired comparisons Carlit-Cazorla
(G=14.6, df=3, p<0.001) or Cazorla-Caroux (G=30.1,
df=3, p<0.001) were significant. In Cazorla, the
proportion of lonely individuals or small groups was
very high, whereas groups of more than six animals
were scarce. Conversely, in Caroux and Carlit, large
herds were frequently observed and gatherings ex-
ceeding six mouflons accounted for 25% of the
groups.

2. Group types

Again the three areas differed (X2 = 65.9, df = 14,
p<0.001) in their social groupings (fig. 4a). Compari-
son in pairs also revealed differences (Carlit-Caroux:
X?=1243,df =7, p<0.001; Carlit-Cazorla: X2 = 37.8,
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p<0.001).

There were two clear differences from Carlit to
Cazorla: first, an increasing proportion of M4, F, FF
and matriarchal groups; in Cazorla, the latter were
the most abundant (among them, mother-lamb asso-
ciations account for 30%). Conversely, mixed asso-
ciations were the most frequent gathering pattern in
Carlit (about 60%) and decrease markedly in Cazorla
where they were less frequent (25%). Male herds,
with similar proportions in Caroux and Carlit, were
more often seen than in Cazorla. Furthermore, in this
last zone, and particularly in Caroux, the occurence
of M3 was scantier than that of M4 while, in Carlit,
their proportion was similar to that of M4.

Examining more closely the mixed herds, a simi-
lar percentage of M3 associated with females and
youngs without M4 was observed, whatever the area.
But, there was a slight decreasing tendency from
Carlit to Cazorla (fig. 4b). On the other hand, in
Caroux and Carlit, the proportion of M4 included in
matriarchals groups without M3 was high and similar
for both (X2=1.3, df=1, NS), in contrast with what
was actually observed in Cazorla (Carlit-Cazorla:
X2=3.1, df=1, p<0.05). The simultaneous presence of
M3 and M4 associated with ewes and youngs did not
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differ between Caroux and Cazorla (X2=2.8, df = 1,
NS) and was very low compared with its occurence
in Carlit (Carlit-Caroux: X? = 10.8, df = 1, p<0.01).
Overall, the presence of M3 and M4 with ewes was
scant and similar for Cazorla and Caroux. The pat-
tern was different in Carlit, where the simultaneous
presence of M4 and M3 in mixed herds was charac-
teristic.

Discussion

The coincidence of births with the growing sea-
son in northern latitudes is an evolutive ecological
adaptation in order to improve the survival chances
of the newborns (Geist, 1974; Bunnell, 1982;
Thompson & Turner, 1982). In temperate regions or
in mountain biotopes where seasons are very clear-
cut, mating season is short and predictable. But even
in some temperate climates, the lambing period may
greatly vary between massifs (Pfeffer, 1967; Schaller,
1977). The more precocious mating period in Carlit
is related to the Alpine climate and good summer
availability which allow the ewes to enter in estrus
early in autumn (Festa-Bianchet, 1988; Edge &
Odum-Edge, 1990). The strong summer mediterranean
influence in Caroux and above all in Cazorla delayed
the maximum lambing period (Stewart, 1982) and
then delayed rutting period in more arid biotope
(Nievergelt, 1974; Lenarz, 1979; Leslie & Douglas,
1979; Alados, 1985).

Ecological conditions are known to affect the
social behaviour of ewes. Current evolutive theories
argue that the main problem for females is to survive
and rear their offspring(s) (Emlen & Oring, 1977,
Wittenberger, 1980; Clutton-Brock et al., 1982). As
female and lamb survival strongly depends upon
ecological factors, female social behaviour is very
sensitive to feeding conditions. It is well established
that group size depend on various factors such as
habitat structure (Estes, 1974; Geist, 1974; Jarman,
1974), food availability and anti-predator behaviour
(Bradbury & Vehrencamp, 1976; Berger, 1979; Krebs
& Davies, 1981; Pulliam & Caraco, 1984; Clark &
Mangel, 1986; Festa-Bianchet, 1988), as well as on
other ecological factors such as the climatic condi-
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tions (Underwood, 1982; Grubb, 1988). High disper-
sion of females and hence the large proportion of
small groups in Cazorla probably result from more
wooded covertry (Hillman, 1987; Jarman, 1974;
Schaal, 1982; Maublanc et al., 1987) and lower food
availability arising from the Mediterranean biotope
and interspecific competition compared with Carlit
and Caroux. Between these last two areas, the results
show no significant differences in the group size
distribution pattern. This may be a result of an
ecological equivalence of biotopes during this sea-
son.

On the other hand, theories of mating systems
argue that the best strategy for males which do not
invest in rearing youngs is to maximize their mates
(Bradbury & Vehrencamp, 1976; Emlen & Oring,
1977; Wittenberger, 1980; Clutton-Brock et al., 1982;
Risenhoover & Bailey, 1985). Mouflon and bighom
populations are characterized first by a high segrega-
tion between males and females outside the mating
period, and second by an obvious promiscuous mating
system (Geist, 1974; Lenarz, 1979; Auvray, 1983;
Gonzélez, 1984; Bon & Campan, 1989). Thus, if these
hypotheses are supported, reproductive males would
adapt their behaviour to female social behaviour.

The high proportion of single males is typical in
the rutting season in all populations of wild sheep
(Grubb & Jewell, 1966; Pfeffer, 1967; Geist, 1971;
Auvray, 1983; Gonzéilez, 1984, 1985). Female dis-
persion amplifies this phenomenon and accounts for
the greater tendency of rams to be alone in Cazorla.
Conversely, the highest proportion of mixed groups
and the scarcity of single males in Carlit reflect a
more synchronous mating activity. Thus, an increas-
ing grouping tendency of receptive females would
induce the gathering of competitive males, and an
increase of group size.

Males in Cazorla exhibited a marked tendency to
be isolated even when yearling, a tendency increas-
ing with age. This could result of a particular
socialization process (Berger, 1979). In a compara-
tive study, Berger showed that desert lambs which
live in a poorer social context were more often
without peers than Chilcontin (Alpine population)
lambs. This social process is bound to account for
their future social tendencies leading desert lambs to
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be lonelier when adult. Furthermore desert lambs
exhibited sexual behaviour earlier than Alpine lambs.
In the rutting season, both social processes and
precocious sexual behaviour may have a positive
convergent effects on the earlier sexual activities of
the yearling males which explain the divergence
between Cazorla and the more northern populations.

Concerning male social tendencies, the large pro-
portion of mixed herds with males M3 and M4 in
Carlit seems to reveal a less exclusive, competitive
behaviour between male classes than in Caroux and
Cazorla, which can be ascribed to the higher socia-
bility developed during the socialization process in
the Alpine biotope. Alternatively, this finding could
also be explained by the high proportion of M3 in
Carlit, so that the M4 in Carlit cannot prevent
younger rams from courting the females.
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Resumen

Comparacion de los patrones sociales durante el
celo en tres poblaciones de muflon (Ovis gmelini).

Las variables ecoldégicas determinan la
organizacion social y los sistemas de apareamiento
de muchas especies, encontrdndose una gran
variabilidad entre poblaciones de una misma especie.
Se pretende comparar las tendencias sociales de
cinco clases de edad y sexo en tres poblaciones
europeas de muflén (Ovis gmelini) durante el pico de
reproduccion, calculado por la diferencia entre el
periodo maximo de nacimientos y el periodo de
gestacion. Un gradiente de medio alpino a

17

mediterraneo distingue respectivamente las zonas de
Carlit, Caroux y Cazorla.

La comparacién poblacional no revela diferencias
entre las zonas. El andlisis log-linear muestra una
diferencia importante en las tendencias sociales de
las distintas clases de edad y sexo, y segin el area
(tabla I). En el biotopo mas mediterraneo (Cazorla)
los machos, independientemente de la edad, muestran
una fuerte tendencia a estar aislados (fig. 2), lo que
para los jovenes se podria interpretar como una
participacién precoz en las actividades reproductoras
(Berger, 1979). Ademads, en esta zona, los muflones
viven en grupos de tamaifio reducido (fig. 3), debido
seguramente tanto a que el drea es mdas boscosa
como a que los recursos son més escasos. Cazorla se
caracteriza también por una fuerte proporcién de
grupos matriarcales, mientras que la de los grupos
mixtos es menor. Por el contrario, en Carlit y Caroux,
los muflones forman grupos de gran tamarfio en esta
estaciéon. La mayor diferencia entre ambas es la
proporcién menor de machos aislados y la mayor
presencia simultdnea de todas las clases de machos
en grupos mixtos en Carlit. Parece que en esta zona,
los machos mds viejos podrian presentar una menor
exclusién comportamental frente a los mas jévenes,
y/o que estos ultimos sean demasiado numerosos
para que los machos viejos les impidan acercarse a
las hembras. Los factores ecoldgicos y los procesos
sociales pueden inducir tendencias sociales claramente
distintas entre las clases de edad y sexo, dentro del
mismo 4drea y entre las distintas dreas, y por tanto
organizaciones sociales diferentes durante el celo.
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