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Abstract

The behavioural ecology of the Alpine marmot Marmota marmota (Linné, 1758) was studied
Jun.—Sep. 1990 in the Vanoise National Park (French Alps). We describe the socio-spatial structure
of a high-altitude population, to give additional information on the formerly unclear marmot social
organization.

The social unit was the family group, with a common home range between 0.9 and 2.8 ha; a
slight overlapping occurred (9 to 12.5 %). Each home range had a central area of main burrows, where
the hibernaculum was located, and peripheral areas.

Space utilization and distribution of activities during the season were analysed. Some activities
took place exclusively in the centre area while peripheral parts were used for foraging. This latter
increased in Aug. and decreased in Sep., marmots tending to remain more and more at the centre area
as the hibernation period approached.
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Introduction

The last 20 years have seen numerous studies on social organization in
North-American ground-dwelling squirrels (Rodentia, Sciuridae) (see for review
BarasH 1974b; HooGLAND 1981; ARMITAGE 1981, 1988; MICHENER 1983; MURIE
& MICHENER 1984). This group is an interesting model for studying behavioural
ecology because of different systems of social and spatial organization, from
defense of individual territories to constitution of egalitarian harems (MICHENER
1983). The delay of sexual maturity, either because of a short growing season or
low quality food, would be the main factor determining the level of sociality
(ARMITAGE 1981). This results from life in open habitats, adult-subadult seasonal
coincidence (MICHENER 1983, 1984) and population density (DossonN 1984;
FERRON & OUELLET 1989).
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Among ground-dwelling squirrels, the genus Marmota is well presented (14
species) and widespread over the whole holarctic region [6 species in North-
America, 8 in Eurasia (HONACKI et al. 1982)]. The social organization of four
North-American species has been extensively studied and well described: Mar-
mota monax is solitary and aggressive (GRIzzELL 1955; BRONSON 1963, 1964;
Davis 1981; OUELLET & FERRON 1986; FERRON & OUELLET 1989), M. flaviventris
exhibits polygynous harems (ARMITAGE 1962, 1974, 1975, see 1991 for a review),
M. olympus and M. caligata have distinct social groups, with members sharing a
common home range (BArRAsH 1973, 1974a; HoLmes 1984). Nevertheless, the
social organization of the Alpine marmot remains unclear (ZELENKA 1965;
ARNOLD 1990a; but see BARASH 1976). Here we aim to give new information on
the social and spatial organization of this species at high altitude.

Methods
Study Area

The study was conducted in the Nature Reserve of “La Grande Sassiére” in the Vanoise
National Park (French Alps). Altitude ranges from 1,850 to 3,757 m. The climate is typical of high
mountains, with marked winter precipitation (snow). The study site, covered by subalpine and alpine
vegetation, is located in the lower part of the Reserve at 2,350 m close to the Sassiére mountain stream.

Observations

Marmots were captured with live traps, weighed, aged and sexed by ano-genital distances
(ZELENKA 1965). Early in Jul. we were able to distinguish four age classes from body mass and body +
tail length measurements (ZELENKA 1965): adult (= 3-yr-old), 2-yr-old, yearling and infants.

Animals were marked by attaching a numbered tag to one ear. To allow rapid identification, a
piece of colored plastic was put on the other ear.

In 1990, 325 h of observation were conducted from Jun. to the end of Sep. Four neighbouring
groups (A, B, C and D) were observed directly using scan sampling (ALTMANN 1974). Only one
group was observed on a particular day. In observation periods, the location of each group member
was noted at 10-min intervals, mapped approximately, and activities recorded as follows:

Foraging (F): marmots foraged lying down and crawling through vegetation, but sometimes sat
and used forepaws to manipulate food such as Poaceae and thistle Carlina acaulis.

Postures (P): sitting, lying down, half out of a burrow, adopted during rest, visual exploration.

Locomotion (L): all movements not associated with food intake.

Social interactions (SI): recognitive (greetings, KING 1955), cohesive (allogrooming, play-
fighting, BARASH 1989) and agonistic (threat, chase, fight, BARASH 1989) behaviours.

Selfgrooming (SG)

Alert (A): characterized by two kinds of upright posture, squatting on haunches or standing on
hindlegs. Alarm calls are often emitted.

Marking (M): active marking behaviour is performed by muzzle rubbing on stones, rocks, or
burrow mounds or directly on the ground, previously scratched.

Defecation (D)

Other (O): all other behavioural patterns observed, such as gathering and carrying nest
materials, digging burrow . . .

Home range for the whole group was calculated according to the convex polygon method
(MOHR 1947) and using the technique described by ARMITAGE (1975).

Statistical analyses were performed using x* tests. Relative contributions (rc) higher than the
average contribution to the total y* were interpreted.
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Results

Group Composition

Groups B, C and D each contained a pair of adults, subadults and/or
juveniles from one or several years (Table 1). Group A contained two uniden-
tified animals: a female captured in 1991 and an adult male subordinate that left
the group in 1991 (unpubl. data).

Except in group C, the three non-adult age classes were not all present at the
same time in a group.

Group composition changed during the season because of mortality, new
births and dispersal.

Reproduction occurred in three of the four groups studied in 1990, one litter
in each breeding group (Table 1). Infants emerged between 24 Jun. and 14 Jul.
(Table 2). This variability among groups could have been due to differences in the
date of emergence from hibernation.

Disappearances were also noted. Subadults and adults vanishing from groups
A, B and C (Table 1) were assumed dispersed. Infants also disappeared during the
summer (Table 2) but dispersal cannot account for such cases (ARNOLD 1990a),
which were more likely due to diseases, predation (by the golden eagle, Aquila
chrysaetos, or red fox, Vulpes vulpes) or to infanticide (SHERMAN 1981; MICHENER
1982; BALFOUR 1983; McLEAN 1983; BRODY & MELCHER 1984; HOOGLAND 1985).

Home Range

The home range size of groups A, B and C varied from 2.4 to 2.8 ha
(Table 3). Group D’s smaller home range may have been slightly underestimated
because of a rocky barrier. Home ranges overlapped 9 to 12.5 % and overlaps
were similar for each group (Table 3).

A home range comprised a main burrow system (MBS) and peripheral areas.
The MBS exhibited a high density of burrow entrances, outside latrines, and
contained both the hibernaculum and birth burrow. Burrows in peripheral areas,
used in emergencies, were much shallower than main burrows. Conspicuous
trails occurred between the most frequently used burrows and the most used
areas.

Facies of home ranges (Fig. 1) have been described from topography and
types of vegetation (GENSAC & ROTHE 1974).

Groups A and C occupied subalpine meadows (M) edged by taluses (T) with
a gentle slope and few rocks. The MBS were located in the talus. Members of
groups A and C also used a riparian area (RA).

The group B MBS and an auxiliary burrow system (ABS) were located in
two mounds overhanging the river. The density of rocks was relatively important
and rocks on top of mounds were often used for watching and/or rest. This group
of marmots occupied a peat bog (PB) and a subalpine meadow (M).

Group D occupied a steeply sloping subalpine meadow (M) with an area of
rockslides overhung by a rocky barrier.
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Table 2: Reproductive parameters in three family groups of Alpine marmot

Dates of Litter size Disappeared
Group fecondation birth emergence (no. infants)
B 3/4 May 5 Jun. 14 Jul. 3 0
C 16/17 Apr. 19 May 27 Jun. 5 2
D 13/14 Apr. 16 May 24 Jun. 4 2

Table 3: Home range size and density of marmots on the study site

Home Overlapping Total Density

Group range size ha (% of home range) no. of (no./ha)
ha A B C marmots

A 2.4 — 0.3 (12.5) 0 9 (5) 3.8 (2.1)

B 26 0.3 (11.5) — 0.26 (10) 8 (10) 3.1 (3.9)

C 2.8 0 0.26 (9) — 7 ) 25 (3.2)

D 0.9 0 0 0 2 (%) 22 (4.4)

Total area 8.7 26 (28) 3 (3.2

no.: number and density of marmots at the beginning of the observation period early Jun., in brackets
from Aug. onwards
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Fig. 1: Study area: home ranges of 4 family groups (A—D) of Alpine marmots and parts of the home
ranges of groups B and C. MBS: main burrow system, ABS: auxiliary burrow system, peripheral areas
= M: subalpine meadow, T: talus, RA: riparian area, PB: peat bog
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Utilization of Space and Distribution of Activities

Analysis of space utilization and distribution of activities were performed
only on groups B and C.

Both groups used parts of the home range differentially (group B:
X' =153.55, df = 6, p <0.001; group C: y* = 46.73, df = 6, p < 0.001)
(Fig. 2). In these two cases, the MBS was more used than any other part,
particularly in Sep. (group B: rc = 16.54; group C: rc = 8.26). Although the MBS
area is small, more than % of all activities took place there. This highlights the
functional importance of the MBS. In group B, use of the ABS decreased as the
season progressed (rc = 38.78). In group C, use of meadows and talus increased
in Aug. (meadows: rc = 5.16; talus: rc = 7.7) and then decreased in Sep.
(meadows: rc = 6.8; talus: rc = 4.6).

Most frequent activities were foraging, then postures, locomotion and social
interactions. The distribution of activities varied with the season (group B:
=99, df = 16, p < 0.001; group C: ¥* = 156.9, df = 10, p < 0.001) (Fig. 2).
In both cases foraging increased in Aug. (group B: rc = 12.6; group C: rc = 37.1)
whereas social interactions decreased (group B: rc to x* = 8.7; group C: rc =

Group C

Fig. 2: Spatial distribution of activities of Alpine marmots from Jul. to Sep. (in % of observations).
Activities: F: foraging, P: postures, L: locomotion, SI: social interactions, Sg: selfgrooming, A: alert,
M: marking, D: defecation, O: other. Parts of home range: see Fig. 1
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12.3). In group B, foraging was infrequent in Jul. (rc = 6.3) whereas social
interactions were frequent (rc = 5). Alert decreased in Sep. (rc = 5.8). In group
C, social interactions increased in Sep. (rc = 22.8).

For both groups spatial distribution of activities changed during the season
(Fig. 2). Some parts were less used in Aug. Some activities observed in a given
part of the home range in Jul. were no longer observed in the same place in Aug.
Social interactions, locomotion and postures were mainly confined to the MBS in
both groups, whereas foraging was performed everywhere, although mainly in
peripheral areas.

Discussion

Group Composition

The social unit of Marmota marmota is a family group in which individuals
share a common home range and hibernate together (BarasH 1976; ARNOLD
1990b). The typical social unit is a dominant pair of adults and their offspring
(ARNOLD 1990a).

Considering that monogamy is a mating system and not a social system (see
WicKLER & SEIBT 1983), breeding by only one adult pair in a family group
characterizes monogamy (KLEIMAN 1977). Our results supported the hypothesis
that the mating system of Marmota marmota is monogamy (ARNOLD 1990a; but
see BArasH 1976).

One correlate of monogamy is the parental manipulation of progeny (ALE-
XANDER 1974) whereby the older offspring care for subsequent litters of their
parents while their own reproduction is inhibited. This was observed in Alpine
marmots. Only territorial females reproduced; subordinate females failed to
conceive or resorbed their litters (ARNOLD 1990a). Our results confirmed that the
presence of more than two adults in a group is not rare. ARNOLD (1990a) found
that about ! of the 3- and 4-yr-old individuals spend one more year in the natal
home range.

ARNOLD (19902a) showed that often females did not reproduce the next year,
after giving birth. In our groups we estimated that females could reproduce two
years consecutively, but not three. Additional data are required.

Our results confirm the high level of sociality of Marmota marmota. Its
social system is close to that of North-American species such as M. olympus and
M. caligata, which have short growth seasons (BARASH 1974b, 1976).

Home Range

ZELENKA (1965) and MANN & JANEAU (1988) described two different kinds of
spatial organization in Alpine marmots:

1) isolated family group. Home range size from 2 to 5.75 ha.

2) colony, composed of several family groups, with a slight home range
overlap. Size of home range for a family in the colony is from 0.9 to 2 ha.

The home-range sizes of groups A, B and C belong to the first category.
Conversely, home-range overlap between groups in our study belongs to the
second category.
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The term “colony“ should be clarified. ARMITAGE (1962) used it first for
Marmota flaviventris to describe a social group with an adult male and a harem.
In ZELENKA (1965) and MANN & JANEAU (1988) it denoted several family groups,
and BARAsH (1976) used it for one family group, but adopted “colony town” for
M. olympus and M. caligata (1989), similar to the meaning of “colony” used by
ZELENKA (1965) and MANN & JANEAU (1988) for the Alpine marmot. Marmot
populations studied by ARMITAGE (1986) were clumped on habitat patches.
Therefore the term “colony” involves limits such as natural barriers that reduce
exchanges. In our study we preferred to use only the term family group and to
avold the term “colony”. Indeed, in the Reserve of “La Grande Sassiére”, groups
are not patchily distributed but form a continuum over more than 5 km without
any natural barriers. Therefore it was not possible to identify colonies. For the
same reason, isolated family groups were not observed. In our study, one colony
could then correspond to the population.

Distribution of Activities

The activity budget of the Alpine marmot was characterized by foraging,
postures, locomotion and social interactions.

Foraging increased in Aug. whereas other activities such as postures and
social interactions decreased, but foraging decreased in Sep. while other activities
increased. This fluctuation in foraging was expected. It was strongly correlated
with weight gain and hibernation. As summer proceeded, both Marmota caligata
and M. olympus became lethargic but continued to gain weight, despite reduced
foraging (BArAsH 1989). The rate of weight gain and food consumption by
M. monax changed seasonally even when fed ad lib. (BAILEY 1965, Davis 1967).
Similarly, captive M. flaviventris showed roughly annual cycles in food con-
sumption, body mass and metabolic rate (WARD & ARMITAGE 1981). It seems that
under natural conditions, hibernation is induced by food deprivation and facili-
tated by the presence of large amounts of fat (Lyman & Dawe 1960). Moreover,
the seasonal decrease in metabolism rate may well facilitate weight gain and create
a physiological predisposition for hibernation. This also allows fat deposition
without increased food intake (BarasH 1989).

Utilization of Space

The MBS was the most frequently used area. Activities such as postures
frequently occurred there. Such activity is related to the different functions of
postures and to the configuration of the MBS. For instance, when marmots
rested, reducing vigilance, the proximity of numerous deep burrows permitted
rapid escape in an emergency. Postures could also be associated with visual
exploration because the MBS was always a high point permitting a more efficient
surveillance of the area to detect predators and intruders. Finally, the rocks (e.g.
in group B) in this area served behavioural thermoregulation (TURK & ARNOLD
1988). Social interactions were observed more often on the MBS. This could
result from frequent use of this area anyway, but scarcity of interactions between
social groups could also be involved.
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Peripheral areas were mainly used for foraging. At the end of the season
most marmots tended to stay in the MBS, and occupied peripheral areas least.
This was related to changes of activity (decrease of general activity and foraging,
increase of MBS-related activities). Thus the distribution of activities and utiliza-
tion of space by Alpine marmots changed notably during the season. The timing
of hibernation could be the determinant factor.
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