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Abstract 

Scent-deposition was investigated in Marmota rnarmota L. at Gran Paradiso National Park. 448 h 
of focal and scan sampling were performed on 22 marmots in four subsequent years. Results show 
that: (1) 97.4 % of the scent-deposition is done within 25 m of the edge of the territories or of the 
main burrows (x’ = 100.4, df 9, p < 0.001); (2) being a reproducing adult is the most prominent factor 
in scent-deposition (x’ = 32.4, df = 18, p < 0.002). The role of factors affecting scent-deposition in 
territorial defence and social communication is discussed. 

Daniela LENTI BOERO, Istituto di Psicobiologia, Corso di Laurea in Psicologia, Via Saffi 15, I- 
61029 Urbino, Italy. 

Introduction 

Olfaction is an important communication channel in both solitary and social 
mammalian species (JOHNSON 1973; THIESSEN & RICE 1976; SHOREY 1977). Due 
to its low fading (WILSON 1968), individual characteristics and motivational states 
of the senders can be detected immediately during the olfactory inspection (RALLS 
1971; EBLING 1981) or  later, in absence of the emitter of the signal. This fact 
makes olfactory communication an economical channel for marking limited 
resources such as territories, sexual partners or food (JOLLY 1966; PETERS & MECH 
1975, 1978; EISENBERG & KLEIMAN 1977; MACDONALD 1979; CLAPPERTON et al. 
1988; CLAPPERTON 1989). It has been pointed out that deferred communication 
allows matching across time of the individual and the scent-marked resource, in 
particular territory, thus reducing the frequency of escalated agonistic encounters 
among high-quality animals (GOSLING 1982). 
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Scent-deposition also serves social olfactory communication in many species 
of rodents (BUGLASS et al. 1994; EVSIKOV et al. 1994; WERNER 1994). Among the 
ground-dwelling sciurids, scent glands, in particular oral, cheek and anal glands, 
are ubiquitous, and it has been reported that odour exchange carries information 
about sexual, individual, and group identity, motivational state and environmental 
parameters (STEINER 1974; HARRIS & MURIE 1982; HALPIN 1984). In the yellow- 
bellied marmot ( M .  flawzventrzs) (ARMITAGE 1962, 1976), and in the Olympic 
marmot ( M .  olympus) (BARASH 1973, 1989), scent-deposition and the related 
displays seem to convey information about social dominance, aggression, and /or 
social excitement; the Vancouver marmot ( M .  wancouwrenszs) is the only North 
American species where scent-deposition was reported to mark territories, with 
the adult males being the most prominent scent markers (BARASH 1989). In the 
alpine marmot, scent-deposition, in particular by means of cheek or anal glands, 
was hypothesized to serve the purpose of territorialism by many authors. (BOPP 
1954, 1956, 1958; MULLER-USING 1956; KOENIG 1957; MUNCH 1958; LATTMAN 
1973; LENTI BOERO 1991a,b; but see BARASH 1976), particularly during the mating 
season in springtime (ZELENKA 1965). However, few quantitative data were 
presented to support this hypothesis. In this paper the role of scent-deposition of 
the alpine marmot in resource defence and social communication is investigated. 

Methods 

The Species 

The alpine marmot is a high-altitude hibernator that lives in social groups consisting of a 
monogamous pair and offspring (BOW 1954, 1956, 1958; ZELENKA 1965; LAITMAN 1973; LENTI 
BOERO 1987, 1989, 1991a; MANN & JANEAU 1988; ARNOLD 1990a,b, 1993; PERRIN et al. 1993; but 
see BARASH 1976). The limiting resource is the hibernating burrow (LENTI BOERO 1988) and social 
hibernation is a prominent behavioural trait (ARNOLD 1990a,b, 1992). Daily activities mainly consist 
in foraging and spotting and/or  sunning at main burrows o r  specific spotting points widespread on  
the territories, with a main function of territory control (ZELENKA 1965; LENTI 1983; ]-ENTI BOERO 
1987, 1994a). Three different behaviours related to scent-deposition were discriminated. (1) Cheek 
rubbing: an animal approaches a log or  a rock and rubs its cheeks once or  twice alternatively against 
it, starting from the anterior part of the muzzle (MULLER-USING 1956; KOENIG 1957; h'iUNCH 1958; 
ZELENKA 1965). (2) Paw rubbing: the animal rapidlv rubs its foreleg on the ground for a few seconds, 
without removing grass or soil. ZELENKA (1965) hypothesized that this pattern was involved in the 
removal of conspecifics' scent traces, because it frequently precedes cheek rubbing. In the present 
study paw rubbing was considered as a scent-deposition pattern for itself because: (a) it was exhibited 
separately from o r  after cheek rubbing on the same olfactory spots; (b) during trapping and sedation 
procedures, sweaty paws were frequently observed (LENTI BOERO, pers. obs.), suggesting the existence 
of exocrine sweat glands in the alpine marmots. Pedal exocrine glands have been described in Mongolian 
marmot (Marmota sibirica) (AD'IA 1993) and in Columbian ground squirrel (Spermophilus colurnbiunus) 
(KIVETT 1978), and in many other rodents (COILINS et al. 1994; PETRULE & JOHUSTON 1994; 
VASILIEVA 1994). (3) Stiff tail posture: while walking, the marmot abruptly stops and sits on  the grass 
on its hind legs, while forelegs are completely extended. The tail is stiff and parallel to the back of the 
animal and gently waved forward and backward or  from left to right, o r  the anal region is rubbed 
(BOW 1954; MUNCH 1958; COUTURIER 1964). This behaviour is conspicuous and may last for more 
than 1 min. Three glands, located in the distal portion of the anus, may be involved (LA'ITMAN 1973; 
GRIMOND et al. 1991). Those glands are easily extruded by holding the tail up in the anaesthetized 
animal (LENTI BOERO unpubl. data). In the woodchuk the secretions of anal glands were found to 
inhibit the activity of conspecifics (BARASH 1989). In the alpine marmot, BOW (1954) found anal gland 
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secretions near logs in different study colonies. Observing at a distance, I could not see the deposition 
of secretions, but frequently saw the deposition of other odorous substances, composed of both high- 
and low-volatility chemicals, sucb as faeces on the ground. In alpine marmots the possibility of urine 
scent deposition associated with chemosignalling, as happens in mice, rats and humans (EGGERT et al. 
1994; LUSZYC et al. 1994; MUCIGNAT CAREITA et al. 1994), needs further exploration. 

Study Area and Turnover of Social Groups 

Data were collected from 1985 to 1988 during the months of Jul.,  Aug. and early Sep. The study 
area was located at 2300 m, above the timberline in a small valley branching from the main Cogne 
Valley at the Gran Paradiso National Park, Valle d’Aosta, Italy. The area was crossed by a stream and 
ended on one side in a projecting rock. A small talus was present and vegetation consisted mostly of 
alpine meadow and rhododendron (Rhododendron ferrrrgineum). For further details see LENTI (1985) 
and LENTI BOERO (1992a,c). To determine space use and scent-deposition sites, the entire area was 
subdivided in a grid of 114 squares of 25 m on each side. Each square was denoted by a letter and a 
number and the whole matrix was superimposed on a photograph of the study area as suggested by 
BARASH (1973). The surface covered by the grid measured 7.6 ha. During the study the area supported 
three distinct home ranges, covering 9 ha: Tanab, FamGia and FamGenz (LENTI BOERO 1991~) .  In 
1988 the social groups inhabiting the Tanab and FamGia home ranges were completely replaced by 
two pairs immigrating from outside the colony. Individual data for animals living in FamGenz home 
range were available only from 1987, because animals were successfully trapped only from that year. 
However, some animals in the group were recognized by their natural markings since 1986, thus 
showing that FamGenz was inhabited by the same family group since 1986. A total of five different 
social groups was observed during the entire study (further details, LENTI BOERO 1991c, 1994b). 

Subjects and Collection of Data 

A total of 22 adult and subadult marmots and 13 newborns were live trapped and marked for 
individual recognition. Adopting a conservative view, as suggested by ARNOLD (1993), nine of these 
adults were probably related to their offspring, 12 adults and subadults were of unknown relatedness 
because they were trapped within a social group after reaching adult body size, and only one satellite 
male was certainly unrelated because he was born and trapped in a distant area 3 yr before his arrival 
in the study colony (LENTI BOEKO 1991~) .  In addition, 12 unmarked animals of unknown relatedness 
and age and 5 newborns were observed. Observational data were collected by means of focal animal 
sampling (ALTMANN 1974) lasting 15 min for each animal sampled at random. The observer noted the 
presence of conspecifics in the surroundings. In all, 221 h of direct observation, concentrated in the 
early morning (0600-1 100 h) and late afternoon (1700-2000 h) were performed. The observer sat in an 
inconspicuous place with 10 x 40 binoculars or a 30 x 60 telescope. Observations were recorded on 
a portable tape recorder and later transcribed. When a scent-deposition episode was performed by an 
animal, the specific square of its occurrence was verbally recorded on the tape and mapped on the 
photograph of the area. Additional information on scent-deposition patterns and about space use of 
each family group was gathered on selected days by means of 1302 scan samples, lasting 10 min each. 
During this time the colony was thoroughly scanned and the position and activity of any identified 
animal was marked on the photograph map; consequently foraging ranges and preferred spotting 
points were determined. The total amount of time spent in scanning was 217 h (LENTI BOERO 1991b, 
1994a). 

Data Analysis 

Data were analysed with the GLIM 3.77 package designed for fitting generalized linear models. 
The object of statistical modelling is to present a simplified or smoothed representation of the 
underlying population. This is done by separating random variation from systematic features of the 
data, represented by a regression function involving parameters which can be simply related to the 
structure of the sample. Systematic features can be variates (numerical values) or factors, having two 
or more levels, and the package interactively calculates the scaled deviances and residual sum of squares 
for each variate, factor, or interaction among them, requested by the experimenter. Scaled deviances 
asymptotically approach a x 2  distribution, which is utilized in probability testing (GILCHRIST 1984; 
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A ~ T K I N  et al. 1989). A further advantage of the G I  IM 3.77 package is that it is possible to choose the 
distribution most suitable for representing the data. 

The major problem in analysing the data from this sample was the disparity of time of observation 
for each individual, due to different time of permanence in the colony. Consequently, when individuals 
were included in age and sex class for data analysis, the total number of scent-deposition events 
observed was considered as primarily related to time of observation and successively to all other factors 
of interest, following the procedures suggested by AITKIN et al. (1989). In this way it was possible to 
disentangle the differences that had to be ascribed to time of observation, from the significant differences 
that had to be ascribed to all other factors o r  to interactions between them. A Poisson distribution 
was chosen when time of observation was considered and a binomial distribution was chosen for the 
analysis of binary data. For further details see LENTI BOERO (1993). 

In addition, Friedman two-way ANOVA on behavioural patterns was performed with SYSTAT. 

Results 

Scent-deposition Patterns and Substratum 

Postures related to scent-deposition were abruptly exhibited by .walking or  
foraging marmots. No scent-deposition event was ever observed during sunning 
o r  spotting on  the burrow, but scent traces might remain after digging o r  simply 
after staying for hours in the same place. 

Territorial males patrolled the borders by walking along conspicuously and 
flagging the tail. During such visual display either paw or  cheek rubbing was 
repeatedly exhibited many times. Patrolling the territory borders typically lasted 
more than 15 min, sometimes up to 1 hr, and was very informative about the 
boundaries of the area that the animals aimed to delimit. This display should 
be differentiated from common scent-deposition events because it was never 
interrupted by feeding. 

Scent deposition was exhibited on horizontal substrata (meadow, ground) 
and / o r  vertical substrata (rocks, logs, bushes). Patterns seemed to be adopted 
according to the substratum (Table I). Stiff tail posture (STP) and paw rubbing 
were the only patterns exclusively adopted on  horizontal substrata; cheek rubbing 
was exhibited either on  horizontal substrata or  on vertical substrata, where it was 
always the chosen pattern. Cheek and paw rubbing were equally frequent (x’ = 
3.7734, df = I ,  0.10 > p > 0.05), however, paw rubbing was preferred in scent- 
deposition on  horizontal substrata (x’ = 39.054, df = I ,  p < 0.001). STP was the 
least common behaviour (8.5 % of all patterns observed). Adult reproducers 
preferably exhibited cheek rubbing (F = 10.21, df = I ,  p = 0.001) or  cheek and 
paw rubbing in combination (F = 3.8, df = 1, p = 0.05). No differences in pattern 
choice were found in non-reproducers. 

Scent-deposition Behaviour in Time and Space 

The same scent-deposition places, like a particular rock or  log or  specific 
areas on  the meadow, were utilized by different individuals of a social group. 
Some stones and rocks polished by frequent use over years were identified in the 
colony (LENTI BOERO pers. obs.). The individuals recruited to the colony in 1988 
deposited scent traces at almost the same spots as the previous residents. Of all 
scent-deposition, 97.35 70 was spatially distributed within 25 m of the main 
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burrows or within 25 m of the boundaries of each family home range or on the 
overlapping zones (Table 2). Notwithstanding the fact that the periphery of 
each home range was the least utilized area (LENTI BOERO 1991b, 1994a), scent- 
deposition was more frequent on the squares of the grid near the boundaries (x’ = 
100.4, df = 9, p < 0.001) than in any other place, including burrows. No scent- 
deposition was ever observed at those boundaries abutting empty areas. Also, a 
difference among various social groups in different colonies was found (x’ = 
22.69, df = 9, p < O.OOO2), due to a higher rate of scent-deposition among the 
new resident pairs (new resident adults without offspring vs. old resident adults 
with offspring: x’ = 26.05, df = 11, p < 0.006). 

Sex, Reproductive Status and Social Contexts in Scent Deposition 

Scent-deposition behaviour was not sex biased across the summer (xz = 3.75, 
df = 18, ns) and was exhibited by animals in all age classes, except that no young- 
of-the-year was ever observed displaying a scent-deposition pattern during the 
whole study (Table 3). Reproducing adults of both sexes deposited scent traces 
more than any other age classes (x’ = 32.4, df = 18, p < 0.02). Scent-deposition 
was exhibited with greater frequency in Ju1. than in Aug. and early Sep. only by 
reproducing males (reproducing males vs. reproducing females, x’ = 133.77, df = 
9, p < O.0001). No significant effect was found in seasonal trend when animals of 
all age and sex classes were considered (x‘ = 49.43, df = 39, ns). Scent deposition 
of both adult reproducers was not specifically affected by the presence or absence 
of a litter (x’ = I ,  df = 39, ns) and was not affected by the number of group 
components among related non-reproducers (x2  = 1.2, df = 13, ns). 

Scent-deposition Displays and Social Interactions 

Reproducers and non-reproducers deposited scent traces more often when 
alone than when a conspecific was foraging in the same or an adjacent square of 
the grid (x2  = 26.7, df = 1, p < 0.0005). Scent-deposition in connection with 
social interactions was equally distributed among animals belonging to the same 
or  different groups (x’ = 4.16, df = 1, ns). 

Much scent-deposition in the presence of conspecifics was performed in front 
and in sight of other marmots watching the display or together with social 
interactions. Of the scent-deposition episodes performed in the presence of mar- 
mots from the same social group, 64 % were preceded or followed by close- 
contact amicable interactions such as sniffing different parts of the partner’s body 
(LENTI BOERO 1987, 1992a) (Table 4). No scent-deposition was ever observed 
together with social grooming. Individuals belonging to different groups never 
engaged in amicable interactions related to scent-deposition. However, it must be 
considered that in the entire study inter-group amicable interactions were very 
rare (LENTI BOERO 1987, 1992a, unpubl. data). Of the scent-deposition episodes 
exhibited in the presence of marmots from different social groups, 29 % were 
performed together with agonistic interactions, such as chasing or biting. Scent 
deposition was more frequently preceded or followed by amicable interactions 
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Table 3: Scent-deposition episodes by sex and reproductive status 

Subjects 

No. of scent-deposition events 
per h 

Jul .  Aug. All summer 

Reproductive males (n = 3) 5.1 1 . 1  2 .9  
Reproductive females (n = 4) 1.9 1 1.4 

Non-reproductive males (n = 10) 1 0.7 0.8 
Non-reproductive females (n = 4) 0.7 0.3 0.5 
Young-ot-the-year (n = 13) 0 0 0 

I All subjects (n = 34) 1 . 8  0.7 0.9 

than by agonistic ones (x’ = 58.01, df = 6, p < 0.0001). In the latter case, marmots 
showed signs of excitement or distress such as pilo-erection and tail-flagging. 

Discussion 

Role of Scent-deposition in Territorial Defence against Intruders 

The classic hypothesis of delayed chemical communication in resource defence 
(i.e. scent marking) was that by marking animals would inhibit intruders from 
entering a territory : GOSLING ( I  982) named this the Uexkull-Hediger hypothesis, 
after its first proponents. This hypothesis predicts that the deposition of scent 
marks on a territory would maximize the possibility of being detected by intruders. 
Indeed this is the case in alpine marmots; as for other territorial mammals (PETERS 
& MECH 1975, 1978), their scent-deposition always occurred along borders with 
inhabited territories and no scent mark was ever performed at boundaries with 
empty areas. Animals seemed to walk along invisible olfactory barriers and 
actively avoided intruding into neighbours’ territories even when residents were 
temporarily absent; intrusions were rare and were always detected, both by 
individuals foraging and by those ‘spotting at burrows’ (LENTI BOERO 1983, 1987, 
1991a). Any scent mark from any individual seemed to be effective, suggesting 
that scent traces from a social group were all efficacious, possibly because they 
were perceived as having a similar scent. 

In the present study, a seasonally declining trend of scent-deposition was 
observed from Jul. to Aug. and Sep. Additional data testifying to a very high rate 
of scent-deposition behaviour collected in the last week of Jun. in 1985 and 1986 
(LENTI BOERO, unpubl. data) seem to confirm this trend. 

ZELENKA (1965) reports that in his study colonies, scent-deposition was 
evident at the borders of territories but present only during the mating season in 
Apr. and May, and never during the summer months. BONESI (1993) reports a 
seasonal trend in scent deposition at the boundaries of territories, with a higher 
frequency in Jun.  and Jul. LE BERRE (1994) found that marmots marked more 
near main burrows than at the edges of the territories. BARASH (1976) did not 
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report territorial behaviour after observing two unifamiliar colonies with no 
neighbouring conspecifics and two contiguous colonies living in the Vanoise 
National Park; for this reason he argues that there is no evidence in territorial 
defence in alpine marmots. 

The differences encountered in all those studies might suggest that scent- 
deposition in alpine marmots is adapted to different ecological and social environ- 
ments and that it cannot be exhibited at all when not socially needed, as at 
boundaries with empty areas. The differences in seasonal trend encountered might 
be ascribed to socio-ecological factors such as longer permanence of snow cover 
and /or greater pressure from intruders involving greater effort in territory defence 
in the early season. However, further research is needed to clarify this aspect. 

Role of Different Age and Sex Classes in Scent-deposition 

In discussing this aspect it must be remembered that each olfactory trace 
conveys information not only for the ‘stranger’s group’, but for the ‘home group’ 
as well. In fact, the same scent-deposition places were utilized by different 
individuals in each social group, and seemed to belong to the whole family as 
much as burrows, ‘spotting points’, foraging areas and latrines, as in other ground 
squirrel species (HALPIN 1984; BARASH 1989). However, two different behavioural 
profiles related to reproductive status and sex in the second instance emerged in 
this study: in Jul., male reproducers deposited scent traces more than female 
reproducers, both adult reproducers deposited more than non-reproducers and 
young-of-the-year did not deposit scent traces at all. Together with territory 
patrolling, the seasonal trend was the only sex difference reported in this study, 
testifying to a temporary and slight sexual dimorphism in territorial defence. 
Interestingly, scent-deposition rate in reproducers was not related to the presence 
of a litter, suggesting that the territory itself and/or food and burrows within it 
are the defended resources of common interest. Scent-deposition rate was lower 
for reproducers in established groups than for newcomers; this could be ascribed 
to a ‘new residency effect’ or, conversely, to the fact that old residents rely on 
scent marks deposited by other members of the group. Unfortunately it is not 
possible to disentangle this problem: new residents never had offspring in the first 
year (LENTI BOERO 1991a,c) and old residents always had offspring, consequently 
novelty and offspring factors are superimposed. However, the olfactory barrier 
around each territory inhabited by adults and subadults is provided by the effort 
of all members of a social group, whether related or unrelated. This cooperative 
effort in scent marking among subadult classes is probably related to the coinci- 
dence of interests: it is important to preserve resources from intruders but, if 
inheritance of the territory occurs, it is important to know the territory and how 
to defend it. Too high a rate of scent deposition in subadults, however, might 
provoke agonistic interactions on the part of reproducing adults (LENTI BOERO, 
unpubl. data). This might have happened also with the only satellite male which 
was certainly not related: this animal deposited olfactory scents at the same spots, 
near boundaries and near the main burrow, as other group members, and those 
traces were effective in keeping out intruders. However, his scent-deposition 
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frequencies were similar to the frequencies exhibited by male reproducers: 4.1 and 
1.4 marks per h in Jul. and Aug., respectively. This animal was continuously 
chased and disappeared from the colony in Ju1. 1987. 

Role of Scent-deposition Displays in Social Communication 

In the yellow-bellied marmot and in M .  olympus (ARMITAGE 1976; BARASH 
1989), scent deposition was reported as being important mainly in dominance or 
subordinate relationships, both within a social group and between neighbouring 
groups, thus acting also as a visual display. BARASH (1989) states that anal glands 
might excrete an alarm pheromone during tail flipping or  during anal social 
inspection, hence the scent-deposition display might convey two channels of 
information: visual and olfactorial. Alpine marmots, in particular reproducers, 
exhibited a high percentage of scent-deposition in front of conspecifics, suggesting 
a function in communication of hierarchy as well. The detailed anatomy of 
olfactory investigations that immediately preceded or followed scent deposition 
in front of subordinates seemed to confirm this observation (LENTI BOERO, 
unpubl. data). 

O n  the contrary, when displaying in the presence of conspecifics from 
neighbouring groups, animals gave the impression that ‘displaying in front of‘ 
prevented escalated fighting. When trespass beyond the olfactory point occurred, 
an agonistic encounter followed, and the intruder was chased back to the olfactory 
point or line (LENTI BOERO 1992a). Indeed, nearly all the agonistic interactions 
among individuals belonging to neighbouring groups were observed along the 
scent-marked boundaries of territories (LENTI BOERO 1992a). BONEsI (1993) 
reports similar data for a colony studied in the East Alps. 

In conclusion, deposition of olfactory traces in a social group of alpine 
marmots is a multipurpose behaviour aiming both at territorial defence and at 
social communication. 
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