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Abstract 

 
The aim of the study was to see if there is any correlation between the characteristics of the 

marmot warning calls and the direction of an approaching threat. We studied Alpine marmots 

(Marmota marmota) in the UNESCO Biosphere Reserve of Val Müstair, Switzerland. The 

Alpine marmot is a highly social rodent native to the western and central Alps. In potentially 

dangerous situations, the marmots call to warn their conspecifics. The fieldwork consisted of 

experiments where two people approached one marmot at a time from a certain direction to 

simulate a potential threat. Two people observed and filmed the experiments, the approachers 

also recorded occurring calls from the marmot. The experiment was practiced several times 

from different cardinal directions. The data analysis consisted of comparing the recorded calls 

to see if there was any correlation between the audio frequency of a call and the direction of 

the approachers. We also analysed data on the number of whistles in a call and the distance 

between the approachers and the marmot. The result showed that there might be a correlation 

between the sound of the marmots warning calls and the direction of a potential threat. The 

number of calls a marmot produces might depend on whether a threat approaches from below, 

above or the same altitude as the marmot. This might be because marmots are more 

habituated to humans walking above them than below in our study area.  

 

 

1. Introduction 

 
The Alpine marmot (Marmota marmota) is a highly social rodent native to the western and 

central Alps. It occurs at altitudes about 200 m over the treeline. The Alpine marmot is an 

animal that is often sighted along hiking trails, and is often seen scouting the environment for 

danger from their burrows (Arnold, 1999). In potentially dangerous situations, the marmots call 

to warn their conspecifics. The two main predators of the marmots are the Golden eagle (Aquila 

chrysaetos) and the Red fox (Vulpes vulpes). They whistle only one time by immediate danger 

and several times by intermediate danger. The crucial point of giving one or several calls is the 

distance to the source of the danger. The Golden eagle is a predator who is an immediate 

danger, as it usually attacks fast and cannot be easily detected during the descent. An 

intermediate danger could for instance be a fox which marmots can detect from a far distance. 

The first animal who spots a potential danger calls and warns the others (Arnold & Blumstein, 

1995). When danger occurs, the marmots generally run to the next safe burrow entrance and 

in some cases, they stop and observe the situation (Arnold, 1999). There are also calls to 

scare the enemy. For this purpose, they all call as loudly as they can (Arnold, 1999). It is 

unknown if the marmots have different calls to distinguish between the direction of approach 

of a threat. The aim of the study was to investigate if the alarm calls contain information about 

the position of the enemy. The hypothesis is that the types of marmots’ calls are influenced by 

the direction of threat. 
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2. Materials & Methods 

 
Study area 

Our study area was in Switzerland in the UNESCO Biosphere Reserve Val Müstair, around 

Buffalora and Jufplaun (46.37° N, 10.15°E). Our study population consisted of several families 

with contiguous territories. We focused on four groups, A, B, C (Fig. 1) and D (Fig. 2). The area 

was in the altitude between 1900 m.a.s.l. and 2300 m.a.s.l. All the families lived near a hiking 

path. The marmots in the area are hunted in each fall. 

Figure 1. Map of the study areas in the Biosphere Reserve Val Müstair.   

               Area A, B and C are marked on the map (www.geo.admin.ch)  

 

Material:   

We used a microphone (Tascam DR-44WL) for recording the calls. With binoculars (8-fold 

magnification) and a spotting scope (Carl Zeiss Diascope 85 T* FL, 20-60-fold magnification), 

we observed the marmots from distances between 50 and 300 meters. A range finder (Yukon 

Extend LRS- 1000) was used to measure the distance from the approachers to the marmots. 

With a compass (Garmin Tri-tronics Alpha 100), we determined the approaching direction. 

Furthermore, the compass was used to determine in which direction the marmot was looking 

in the beginning of the experiment. A video camera (Panasonic HDC-SD90) was used to film 

each experiment. Pictures were taken before the experiment using an adapter (Kowa TSN) to 

attach a mobile phone through the spotting scope. The approachers used radio speakers 

(Kenwood) to stay in contact with the observers. We noted the position of the marmots, the 

starting point and the direction of approach in a map of 1:10000 (www.geo.admin.ch). 

http://www.geo.admin.ch/
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Figure 2. Map of the study areas in the Biosphere Reserve Val Müstair.  

               Area D is marked on the map (www.geo.admin.ch) 

 

Methods: 

For every experiment, the group was split into two parts, two approachers and two observers. 

The observers observed the marmots and noted the marmots’ reactions. They filmed the whole 

experiment as well. The approachers walked in normal speed in a straight line towards the 

marmots. They measured the starting distance and when the marmots reacted by standing up 

or calling, they wrote down the distance to the animals and waited for 10s before proceeding 

the approach. The call was recorded with a microphone. When all the marmots had 

disappeared underground, the approachers went to the burrow to make sure that no further 

call was to expect from re-emerging marmots. If a marmot was distracted by hikers or a car, 

we waited for 5 to 10 minutes until the marmots had returned to their normal behaviour (eating 

or resting). We tried to focus on the biggest marmot because we wanted to approach the oldest 

one. Usually the oldest marmots have the most experience, therefore they are the most likely 

to make the ”warning call”. 

Different ways of determining the direction were used. We used relative approaching direction 

(above, below, same altitude) and cardinal approaching direction (north, south, east, west), as 

well as relative approaching direction (left, right) in the marmots’ perspective. We analysed if 

approaching from different directions had an influence on the number of calls, its audio 

frequencies or on the distance of alarm calls (Distance of alarm call is the distance between 

the approachers and the marmot when it makes the first alarm call). 
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The recordings were analysed with Raven Lite 2.0 to evaluate the calls in detail. With the help 

of the program we determined the lowest and highest frequencies of the calls as well as the 

time distance between the calls.  

 

3. Results 

 
We performed 21 approaches in total and twelve of them elicited an alarm call. Approaches 

from left elicited an alarm call 6 times, from right 3 times and from front and behind in total 3 

times. 4 calls were stimulated by an approach from above, 5 by an approach from below and 

3 from the same altitude. 

Results revealed that the median of notes per call depends on the approaching direction. The 

median of alarm calls caused by people approaching from the left was 2 and 3 from the right. 

Analysing the median of calls elicited by approaches from above, below and same height 

showed that the median is highest for alarm calls caused by threats approaching from above. 

Approaching from below and same altitude elicited less alarm calls. (Fig. 3). On average, there 

were the most alarm calls if approachers came from right and the least when they approached 

the marmots from the left. (Fig. 4). With cardinal directions, there weren’t any differences. 

 

  

 

No correlation between the calls frequencies and the relative approaching direction was found 

when analyzing the sound recordings. There was also no difference between the relative 

approaching direction samples (Table. 1). There was also no correlation found when we 

analysed the call frequencies and the cardinal approaching direction. We had no data with 

recordings from the west side (Table 2.). 
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Figure 4. Average number of calls 

for approaches from right and left 

Figure 3. Average number of calls for 

approaches form above, below and 

same altitude 
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Table 1. The table shows the different audio frequencies (Hz) for approaches from above, 

below and same altitude.  

 

 

 

Table 2. The table shows the different audio frequencies (Hz) for approaches from north, 

south and east.  

 

 

 

 

 

 

 

 

 

 

 

Above, Low 

Frequenzy

Below, Low 

Frequenzy

same 

altitude, Low 

Frequenzy

Above, High 

Frequenzy

Below, High 

Frequenzy

same 

altitude, High 

Frequenzy

1833.7 1745.5 2388.1 3627.3 3927.3 3731.3

2708.1 1902.4 2031.7 3664.9 4023.2 3460.3

2362.4 2414.8 1714.6 3519.5 3014.6 3473.2

1706.9 2527.5 1718.4 3569.0 3186.6 3582.5

2413.9 1808.3 3219.7 3709.4

1667.4 3881.6

Standart 

deviation

404.01 349.14 255.37 55.48 408.98 113.78

average 2152.76 2111.93 1932.25 3595.16 3542.16 3591.37

North, Low 

Frequenzy

South, Low 

Frequenzy

East, Low 

Frequenzy

North, High 

Frequenzy

South, High 

Frequenzy

East, High 

Frequenzy

1833.7 2708.1 2388.1 3627.3 3664.9 3731.3

2362.4 2031.7 1745.5 3519.5 3460.3 3927.3

1706.9 1714.6 2413.9 3569.0 3473.2 4023.2

2527.5 1718.4 1902.4 3881.6 3582.5 3014.6

1808.3 1667.4 3709.4 3186.6

2414.8 3219.7

Standart 

deviation
345.27 374.09 324.47 139.41 99.67 391.66

average 2107.63 1996.25 2088.69 3649.32 3578.08 3517.13

Figure 5. Shows the time spaces between calls 

by the relative approaching direction. 

Figure 6. Represents the Spaces between calls 

by the cardinal approaching direction. 
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The elapsed time between calls gets longer with increasing number of calls. But there is no 

correlation of the elapsed time between the calls and the relative/cardinal approaching 

direction. (Table. 1) 

The average alarm call distance was the longest when the marmots were approached from 

below or right and the shortest when they were approached from above or left. 

 

4. Discussion 

Regarding the analysis of the correlation between calls and direction of left and right shown in 

figure 4, there is probably no correlation. When a marmot makes a warning call and the rest of 

the marmots hear it, they will most likely not stand in the exact same position as the one who 

makes the warning. Therefore, the direction of the approaching threat is different for each 

individual, having separate call characteristics does not benefit the marmots. 

According to the result, the cardinal direction had no influence on the marmots call 

characteristics. This might be because the marmot mainly lives in smaller areas around the 

barrow system. Because they don´t travel far distances they have no use of being able to 

orientate using cardinal direction. 

The results show that the relative approaching direction might affect the warning call of the 

marmot. In figure 3 it is shown that the median number of whistles per call is higher when the 

marmots are approached from above and the median is the lowest when the marmots are 

approached from below. We didn't expect this results because usually threat that comes from 

above is considered to be the most dangerous threat. We might have this result because in 

literature the threat that comes from above is approaching the marmot from the sky. In our 

experiment we approached the marmots from the higher point on the ground, not from the sky. 

Figure 7 indicates that the marmot starts to whistle at a much closer distance when the 

approachers come from above than from below. This could be because the approachers who 

are coming from above are always visible for the marmot and it may therefore have more time 

to observe the approacher. All the areas are near hiking trails. The trails in the areas we visited 

were mostly situated above the marmots’ position. Therefore, it may not see people as an  

Figure 7. Average distance from 

the first alarm call 
Figure 8. Average alarm call distance 

for approaches from left and right 
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immediate threat and makes several calls. There were less calls when we approached them 

from below. It might be because of topographic conditions in the area, that makes it difficult for 

the marmot to sight the threat all the time. The marmot might therefore experience the situation 

as more dangerous when the threat is coming from below. 

Tables 1 and 2 show that there is no difference between the frequencies of various calls. This 

could be because the marmots don't have such a sensitive hearing, like for example birds. 

Distinguishing the frequencies doesn't give the marmot any further advantage to the marmots. 

Our low amount of samples doesn’t give a robust overview of the situation, therefore possible 

patterns may not have been discovered. 

Further investigation of the research question may reveal undiscovered patterns in the 

characteristics of marmots calls that might help to understand the behaviour of the animal 

better.   
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