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1. Introduction

In many regions of Europe, the return of large car-

nivores regularly leads to livestock damage. This results 

in discussions regarding risk assessment as well as im-

plementation and financing of protection measures. 

Fences were previously used to contain livestock; how-

ever, electric fences are now also increasingly used as a 

relatively simple, low-cost method to protect livestock 

from predation. 

Several studies have assessed the effectiveness of 

electric fences as a damage prevention measure (Cortés, 

2007; Liere et al., 2013; Wam et al., 2004), but the be-

haviour of large predators when encountering such 

fences is still poorly understood. Some authors have 

concluded that canines, especially wolves, tend to crawl 

underneath fences (e.g. Bourne, 2002; Reinhardt et al., 

2012). However, based on their personal observations, 

shepherds have reported that wolves are able to jump 

over fences, electrified or not, usually when sheep are 

penned during the night. Such claims raise crucial 

questions for livestock protection: How do wolves ap-

proach a fence and how do they succeed to cross it? 

Do strategies and behaviour vary between different in-

dividuals or packs? What is the role of social learning?

To address these questions a series of experiments 

was conducted in 2015 by AGRIDEA - Swiss Asso-

ciation for the Development of Agriculture and Rural 

Areas. The aims of the study were to: 

1. gain knowledge about the behaviour of wolves 

towards three designs of fences that are used in Swiss 

agriculture;

2. study wolves’ strategies to approach, investigate 

and cross fences;

3. gain insights into the way wolves take advantage 

of weak points in fencing systems. 

2. Study animals

The experiments were conducted in the Sainte-

Croix animal park (Rhodes, France) in autumn 2015 

with two packs of captive wolves:

- Grey wolves (Canis lupus lupus): seven individuals 

(three males, four females); classic family structure 

with a well-established hierarchy; the parents were 

born in 2005 and the offspring in 2010 and in 2012;

- Arctic wolves (Canis lupus arctos): seven individuals 

(four males, three females); six siblings from the year 

2014 and an older sister born in 2013. 

All individuals were born in captivity, but were not 

socialized with humans. They showed a natural fear of 

humans and maintained a distance of approximately 

8-15 metres from persons entering their enclosure. 

There were no neutered individuals in either pack. 
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3. Experimental design

The grey wolves were kept in an enclosure of 0.87 

hectares, while the arctic wolf enclosure was 0.64 hec-

tares. The wolves were deprived of food for four days 

prior to the first experiment. Afterwards, meat (beef or 

poultry, as used for their regular feeding) was placed 

inside an electric fence for 72 hours. After these three 

days the wolves were fed normally before starting over 

with the next experiment. The electric fence was set 

up as a triangle to facilitate observation and record-

ing: part of the wolves’ normal enclosure was used for 

the two shorter sides and the longer side was formed 

by the experimental fence (Fig. 1). The length of the 

tested fence was about 45 metres in the arctic wolves 

enclosure and about 25 metres in the grey wolves en-

closure. 

Three remote cameras (in video mode) and two 

thermal cameras were used to record all experiments in 

their entirety (Fig. 2). In addition, one person in a hide 

with a handheld camera filmed the wolves’ behaviour 

during the day. To avoid a “site effect” we investigated 

if wolves regularly used the experimental areas prior 

to the experiments. These observations confirmed that 

wolves frequently passed through the areas where the 

experiments were set up.

Fig. 1. Enclosures of the two wolf packs studied with 

indications of the experimental setting. 

red line – experimental fence; yellow arrows w1 and w2 – thermal 

cameras; blue stars – remote cameras; blue line – internal fence, 

non-electrified; zones 1 and 2 – experimental areas under constant 

observation/recording by cameras; zone 3 – area where 

food was placed during experiments.

Fig. 2. Installation of the camera equipment: remote camera 

(Bushnell, above) and thermal camera (AXIS Q1921-E, below).
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Two designs of fences (Table 1) were tested alter-

nately with each pack and a third design with the arctic 

wolves only, according to the following sequence: 

Experiment 1: Flexinet (electrified net); 

Experiment 2: fence with two wires (type A) (Fig. 3); 

Experiment 3: Flexinet; 

Experiment 4: fence with two wires (type A);

Experiment 5: fence with two wires (type B). 

This last test was conducted with the arctic wolves 

only because construction works within the grey wolf 

enclosure did not allow completion of the final exper-

iment as originally planned.

Table 1. Designs and characteristics of the fences tested.

Fence design

Flexinet

Fence with two electrified poly wires 

(type A)

Fence with two electrified poly wires 

(type B)

Height (cm)

90

Bottom wire: 25

Top wire: 65

Bottom wire: 35

Top wire: 80

Colour

Orange

White and red

White and red

White and red

White and red

Tension (volt) / Amperage (Ø)

V: 3400 / A: 1.7

V: 3600 / A: 2.0

V: 3300 / A: 1.9

V: 3600 / A: 2.0

V: 3300 / A: 1.9

Fig. 3. Meat left during an experiment in the grey wolf 

enclosure. In this case, a two-wire fence was tested. A thermal 

camera and two remote cameras can be seen, fixed on wooden 

poles and facing towards the fence or meat.

Voltage and amperage were measured immediately 

before the start of each experiment as well as after-

wards using a Gallagher fence volt/current meter and 

fault finder (specifications: voltage: 0.2 to 10 kV; cur-

rent: 1-35 A; battery: CR2032). 

After each experiment, all equipment was removed 

and reinstalled for the next experiment. During the 

period between experiments wolves were free to roam 

in their enclosure, including the experimental areas. It 

can be assumed that the wolves already had some con-

tact with electrified wires in the past, since some parts 

of their enclosures were additionally secured with one 

or two such wires inside. Unfortunately, nothing can 

be said about the details or number of such contacts 

with electrified wires. However, the fence material we 

used in our experiments was different from the elec-

trified steel wire already within the enclosures. As far 

as we know the wolves had not encountered such ma-

terial before.

Based on observations made during the day, an 

ethogram was compiled and continuously updated 

(Fig. 4). The behaviour “obs” was not recorded during 

the night because the data analysis was conducted by 

two different persons who carried out video-analyses 

using slightly different observation protocols. For each 

behaviour that lasted longer than 3 seconds (e.g. ex-

ploring the fence), its duration, frequency and associat-

ed posture (e.g. with self-assurance or with caution) was 

noted. For each behaviour that did not last 3 seconds 

(e.g. sniffing the ground), only the frequency was noted.
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3. Results and discussion

Throughout the experiments, none of the grey 

wolves and probably only two arctic wolves crossed 

the test fences. Neither pack attempted to jump over 

a fence. 

The flexinet fence was crossed on three occasions 

by a single arctic wolf. It may have been the same in-

dividual each time, but we were not able to clearly 

identify individuals with the thermal camera. Due to 

the elasticity of the net, the wolf managed to pass with 

a somersault when it ran directly into the net. A wolf 

damaged the net while getting out and subsequently 

the fence was left lying on the ground. During the rest 

of this night the damaged fence was passed six times. 

This might be a critical starting point for a learning 

process in how to jump over fences. However, we 

were not able to investigate this hypothesis further.

The type A fence with wires at 25 cm and 65 cm 

was not crossed by any wolf. However, the type B 

fence with wires at 35 cm and 80 cm was crossed 

by at least two different arctic wolves that crawled 

under the lower wire a total of nine times. One wolf 

touched the upper wire with its nose and then rushed 

through the fence between the wires. On several oc-

casions a wolf that had got inside brought a piece of 

meat close to the fence and other wolves took it out 

from the other side. Sometimes a wolf carried a piece 

of meat back across the fence.  

During exploratory behaviour towards experimen-

tal fences the wolves’ heads pointed mostly straight 

ahead or downwards (Fig. 5). This suggests that they 

scanned fences for weak points, particularly on the 

lower parts. In grey wolves, this tendency was more 

pronounced when exploring the wire fences than the 

flexinet-fence. The results with arctic wolves show al-

most no such effect of the fence design. Furthermore, 

the following behaviour pattern was generally found 

before a wolf crossed the fence: after an initial explo-

ration of the fence by several members or the whole 

pack, social interactions noticeably decreased and the 

behaviour of the wolves seemed to change from pre-

dominantly cautious to a more confident behaviour 

until one individual crossed the fence. This may have 

involved habituation (non-associative learning).

In both packs, the frequency of wolf presence close 

to fences decreased over the three experimental days. 

Only during experiment 5, in which the bottom wire of 

the fence had been lifted to a height of 35 cm and a wolf 

crawled under several times, was the opposite tendency 

observed (Fig. 6). This suggests that motivation to ap-

proach and explore the fence declined over the 72 hours 

of our experiments if wolves were not able to cross it. 

Fig. 5. An arctic wolf investigating the bottom part of a flexinet. 

The meat was placed on the left behind the fence.

Fig. 4. Total time that wolves were observed engaged in 

various behaviours by pack (grey vs. arctic) during the day 

and at night. 
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– resting; 

– digging; 

– behaviour relating to the wolf itself such as cleaning,   

    urinating, feeding, etc.; 

– social interaction; 

– exploring the fence with caution; 

– moving with caution; 

– looking in the direction of the fence or over it; 

– standing around (for at least 3 seconds); 

– moving with self-assurance; 

– sniffing the ground or other elements of the fence; 

– exploring the fence with self-assurance 

    (sniffing or observing); 

– passing the fence (only occurred in the experiment 

    with the arctic wolves). 
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Fig. 6. Frequency of wolf 

presence at test fences as a 

function of each experiment 

for the arctic wolves during 

the day (top) and at night 

(middle) and the grey wolves 

during the night only (there 

were insufficient approaches 

to the experimental fence 

during the day to include in 

the figure). 

F – experiments with the 

flexinet; L – experiments with 

a two-wire fence. 

The first digit corresponds 

to the order of the conducted 

experiments (1 – first time; 

2 – second time) and the 

second digit corresponds to the 

number of days (top) or nights 

(bottom) within an experiment 

(e.g. F2-3 – second experiment 

with a flexinet, third night). 

Each experiment included three 

nights. For the observation time, 

each minute with wolf presence 

was summarized for all present 

wolves (e.g. 100 – one single 

wolf was present for 100 minutes 

or five wolves were present 

together for 20 minutes). In the 

boxes the distribution of wolf 

presence is shown as a function 

of daytime (orange) or night 

time (blue).

Our observations suggest there could be a correla-

tion between the hierarchical position of an individu-

al and the frequency of the presence of this individual 

close to the fence. In both packs, a dominant individ-

ual was often seen close to the fence (an arctic wolf 

female and a grey wolf male). However, a dominant 

female grey wolf was rarely observed near the fence. 

We did not observe a clear hierarchy among the male 

arctic wolves. In future research, it would be interest-

ing to study the possible correlation between social 

status and frequency of exploration. Such data could 

help understand if and how the behaviour of pack 

leaders influences other members in their attempts to 

explore and pass fences. 
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In addition, we also observed clear differences be-

tween the two packs: the grey wolves were much more 

cautious while approaching the fences and tended to 

stay further from them than the arctic wolves. The 

latter generally showed more social interactions as 

well as more explorative behaviour, they more often 

approached fences during the day and they appeared 

more confident while doing so. On the other hand, 

digging in front of the fence was observed among the 

grey wolves (Fig. 7) but was rare among the arctic 

wolves.

Once a wolf crossed the fence, other members of 

the pack became much more focused on that indi-

vidual. However, it was not observed during any of 

our experiments that a wolf copied the behaviour of 

passing the fence after having observed a pack mem-

ber doing so. Nevertheless, there might be a potential 

to learn in this way. 

4. Final considerations

The insights gained from this study contribute to 

understanding the behaviour of wolves towards elec-

tric fences. Since the experiments were carried out 

with only two packs of wolves, each of which showed 

different behaviours, the results should not be gen-

eralized. It would be useful to perform similar tests 

with other wolves in order to further investigate the 

diversity of behaviours among packs and individuals 

which could be of significance in their management. 

Furthermore, it should be noted that there may be 

considerable differences in the behaviour of captive 

versus free-ranging wolves. Nevertheless, our findings 

reaffirm the importance of fence design and invite 

further research with the aim of providing better in-

formation for livestock farmers to increase the effec-

tiveness of predator-exclusion fencing.

Fig. 7. A remote camera image of two 

male grey wolves exploring and digging 

in front of a type A two-wire fence (top 

wire 65 cm and bottom wire 25 cm). The 

meat was on the right behind the fence.


