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1 Abstract

In this thesis five different protection harnesses for hunting dogs against canidae attacks were
assessed. Hunting dogs can be attacked and severely injured or killed by wolves (Canis lupus)
when released during hunting. So far there is no effective protection method. Similar
problems are reported with African wild dogs (Lycaon pictus) and dholes (Cuon alpinus) with
other domestic animals. In this study the experimental harnesses were presented on a dummy
to lure the animals to attack them. The harnesses with physical (screws or spikes on the back)
and ultrasound (immediate bite controlled and 19 second continuous ultrasound) deterrents
were only assessed during wolf attacks, whereas the harness with electric shocks was also
tested on the other two species. Neither physical nor ultrasound deterrents showed a large
enough aversive response in the wolves. Electric shocks, given to the animals when biting the
dummy, triggered an immediate release of the dummy in all three species. Long term effects
differed between species and individuals. The exposed wolf did not touch the dummy again
after a second exposure, whereas all except one African wild dog bit the dummy again in
consecutive trials. Some individuals returned to bite a second time even in the same trial. An
assessment of the long term effect on dholes was not possible, as the individuals were
undistinguishable. Based on the data obtained in this study a harness with electric deterrent
seems the most promising.

Keywords:
electric deterrent, hunting dog protection, spike harness, ultrasound deterrent

2 Introduction

The wolf population in Sweden has been growing steadily over the past 20 years to the
present size of approximately 200 animals (Aronson and Svensson 2009; Wabakken et al.
2001) and so have the problems associated with it. People living in wolf areas are most
affected by these problems, and consequently are more negative towards wolves than people
in the rest of Sweden (Ericsson et al. 2003).

A survey in Finland showed that dog-keeping and hunting was considered to be the second
largest future problem associated with a growing wolf population, after fear of human attacks
and general concern (Bisi et al. 2007). Many hunters in Sweden consider wolf attacks on
hunting dogs to be the major problem (Backeryd 2007). Outside of the reindeer farming area,
where wolves are not allowed in Sweden, attacks on hunting dogs have presumably the most
serious conflict potential concerning a large wolf population (Persson and Sand 1998). This is
even more important to hunters than the competition by the wolves for prey animals (Ericsson
and Heberlein 2002). In other countries, like the USA, there are also concerns about losing
hunting dogs (Naughton-Treves et al. 2003), although the Nordic hunting tradition with
unleashed prey herding dogs is very rare outside Scandinavia. Those dogs chase e.g. moose
on their own without a human nearby and have consequently a higher risk of being injured or
killed (Persson and Sand 1998). Some hunters avoid using hunting dogs in regions with wolf
populations (Bisi et al. 2007; Andersen et al. 2003; Karlsson and Thoresson 2000). The
amount of time a dog spends hunting in wolf territories is the most influential factor in
determining the risk of being attacked by a wolf (Karlsson and Thoresson 2000). However
hunting with a dog is more likely to be successful than without (Ruusila and Personen 2004).
The reduction of hunting opportunities can lead to a loss of this hunting tradition (Andersen et
al. 2003). This can increase negative attitude towards wolves, as hunting plays a large
socioeconomic role in some regions (Bisi et al. 2007). Hence a possibility to protect hunting
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dogs against wolf attacks might lead to a better acceptance of a growing wolf population in
Sweden. Although there had been several attempts to reduce predation on dogs, up to now
there is no effective preventive method (Kojola and Kuittinen 2002). Some of these attempts
used the concept of a harness around the dog. Adopting the principle of electric fences that
has proven to be effective in preventing wolves from attacking livestock, a harness with
electric deterrent has been developed in Finland (Karlsson et al. 1999; Karlsson et al. 2006).
Another harness produced in Sweden has two strips with each two rows of steel spikes along
the back of the dog (http://www.hundskydd.se/bodyswe.asp). According to the
Viltskadecenter the harness with spikes has the potential of protecting dogs from wolf attacks
(Karlsson 2009) and it was positively tested for feasibility during hunting practice. Neither
harness was tested for their protective effect. People are in addition emotionally affected by
wolves due to the historical perception of wolves and public attention is high in relation to the
number of wolves (Naughton-Treves et al. 2003).

Compared to the killing of other domestic animals, like sheep or cattle, the depredation of
dogs is however a minor problem (Muhly and Musiani 2009). In Wisconsin, 29 dogs were
attacked by wolves between 1976 and 2000 compared to 329 attacks on other domestic
animals (Treves et al. 2002). However 40.2% of the verified incidences involved dogs. There
were more dogs (247) than cows (28) killed by wolves in the northeastern Belarus from 1990
to 2000 (Sidorovich et al. 2003). These numbers indicate that the risk for depredation on dogs
can be regionally different. In Sweden wolves are the most dangerous predator for dogs,
although encounters are generally few (Persson and Sand 1998). In 2008, 41 dogs were
attacked by wolves with a lethal outcome in 27 cases, whereas only 16 dogs were attacked by
bears, lynx and wolverine together and only two of them were killed (Karlsson 2008). The
number of dogs being attacked by wolves has increased drastically in the last 10 years. For
example only 12 dogs were killed by wolves in Norway and Sweden in 1997 (Ministry of
Environment of Sweden 2000). Nevertheless there were more hunting dogs in wolf territory
killed or injured by other incidences in connection with hunting than by wolf attacks (2.6%
and 0.8% of 614 hunting dogs, respectively) in 1999/2000 (Karlsson and Thoresson 2000). In
Sweden 86 % of the dogs attacked by wolves between 1995 and 2005 were attacked during
hunting (Backeryd 2007). Dogs attacked in the northeastern Belarus from 1990 — 2000 were
hunting dogs (47%) or, mostly chained, guard dogs near houses (Sidorovich et al. 2003).

Wolf attacks on dogs are not well reported in the scientific literature, but appear not to be a
recent problem. Dog predation has been described by Fritts and Paul (1989) to occur back in
1979 in Minnesota, USA, but reports from further back in time are lacking. In Minnesota,
dogs were mostly attacked in areas where no livestock was present; most reported attacks on
dogs in Minnesota occurred in house yards. More recent accounts have been published on
wolf attacks in Finland. Here attacks on dogs were found to be spatially and temporally
clustered, suggesting that there are behavioral differences between individual wolves or wolf
packs (Fritts and Paul 1989; Kojola et al. 2004). Some wolves seem to actually seek for dogs
instead of encountering them incidentally. Dog killing behavior is not expressed by all
wolves, as there are wolf territories with no attacks on dogs (Kojola et al. 2004). The pack
with most attacks on dogs is not necessarily the one living in the area with the highest dog
density.



2.2 Interspecies comparison

Beside the wolf other members of the Canidae family can cause problems when they are
living close to humans. Two examples are the African wild dog (Lycaon pictus) and the dhole
(Cuon alpinus). Like the wolf, they belong to the wolf-like Canidae family (Wayne et. al
1997). A phylogenetic tree derived from morphologic data show Cuon and Lycaon as a
monophyletic group (Zarzay and Ricankova 2004). Nuclear and mitochondrial phylogenetic
trees suggest a clade of Lycaon, Cuon, and Canis (Bardeleben et al. 2005). However, using
samples of different individuals of one species for genetic comparison with other species can
lead to different results. Hence the relation between these three species remains unsolved.

2.2.1 African wild dogs (Lycaon pictus)

African wild dogs have been eradicated in several areas because humans were afraid of
livestock depredation (Gusset et al. 2004). Farmers have a highly negative attitude towards
wild dogs (Rasmussen 1999). Attacks on cattle as well as on sheep and goats have been
reported (Woodroffe et al. 2007). However, wild dog attacks on domestic animals are
relatively few in comparison to other carnivores (Woodroofee et al. 2005). It has been
claimed that 15% of the lost livestock were killed by wild dogs but Gusset and colleagues
(2004) reported that only 2.3 % of dead livestock were actually killed by wild dogs. Still, if
natural prey species are reduced, wild dog predation can have a severe impact on local
farmers (Woodroffe et al. 2005). No reports on attacks on domestic dogs have been found.

2.2.2 Dholes (Cuon alpinus)

Dholes were once widely spread e.g. in Bhutan, but since they were seen as pest for livestock
they were poisoned by farmers (Wang and Macdonald 2006). Today dholes are only
responsible for a small percentage (13%) of the lost livestock compared to e.g. leopards
(53%) or tigers (26%). However in areas where dhole population is recovering successfully
they can be responsible for up to 40% of the damages and about a third of their prey biomass
can come from domestic livestock (Wang and Macdonald 2009). Cattle, yak and sheep have
been killed by dholes but so far no attacks on domestic dogs are reported.

2.3 Aims of the project

The main aim of the project was to evaluate the efficiency of five versions of harness in
preventing serious biting attacks on domestic dogs by wolves. The first two harnesses were
provided with screws or steel spikes which would make it painful for wolves to bite into,
comparable to the “hedgehog principle”. With the other harnesses a biting wolf would be
exposed to two different versions of an intensive ultrasound, known to be deterrent to dogs
and wolves, or to an electric shock. Not only will the behavior of the wolves in the first
encounter with the harness be tested, but also in repeated trials with the same setting. If the
animals are not affected by the deterrent, they are expected to continue biting in the dummy
even in consecutive trials. A further aspect will be to estimate if an animal will learn from the
negative experience of another pack member, or if they have to experience the deterrent
themselves. Another aim of the project was to compare the deterrent effect of the electric
harness on wolves, African wild dogs and dholes. It is predicted that either all three species
keep attacking the dummy after being exposed to the electricity or none of them will approach
the dummy again.



3 Material and methods
3.1 Subjects

3.1.1 Wolves

The wolf pack (Figure 1) used for the study lives in the
Kolmarden Safari Park. In the beginning, the pack
consisted of four 6.5 year old male wolves: Moody, Ludo,
Dobby and Snipe. They were all hand raised together and
were used in an educational programme where they were
visited inside their enclosure by small groups of visitors
accompanied by a guide. These wolves were also well
accustomed to cars, since they live in a safari park. During
the opening season visitor cars and busses were driving
through the main enclosure. Also the keepers used jeeps
on a daily basis to drive through the enclosure.

Two wolves had to be put down during the study period
(Dobby after 22 trials, Snipe after 68 trials). About two
month after Dobby’s dead the hierarchy of the pack
became unstable. After another month Moody and Snipe
had a severe fight ending with Snipe being put down due
to his injuries (Safari Park keepers, pers. comm., 2009).
The testing was paused after each of these two wolves had
been put down to allow the animals to get used to the new
structure.

3.1.2 African wild dogs

The African wild dogs (Figure 2) lived in an enclosure in
the Safari Park. They were considered dangerous to
humans, and no one was allowed to enter the enclosure
with them. The pack consisted of an extended family with
a parent pair, 15 fertile male offspring, two castrated male
offspring and three female offspring with ages ranging
from 6.5 to 1 year. All individuals that were biting the
dummy were distinguished by their spot pattern, albeit not
all of them could be identified in the studbook.

3.1.3 Dholes

The dhole pack (Figure 3), consisting of a parent pair and
six male and four female offspring, lived in an enclosure
inside the zoo. Age ranged from 4.5 to 0.5 year. It was not
possible to distinguish the individuals during the tests.
They were accustomed to keepers but not to unfamiliar
persons inside the enclosure.

Figure 1: Canis lupus in the
Kolmarden Safari Park

Figure 2: African wild dog in th
Kolmarden Safari Park




3.2 Management

3.2.1 Wolves

The main exhibit was 1.6 ha large and connected with a netted tunnel to a smaller back
enclosure (ca 1800m?). Most nights the wolves were in the back enclosure and were let out
into the large enclosure in the morning. The gates in the tunnel were kept closed, so that the
wolves could not move between enclosures on their own.

The wolves shared the main enclosure with six to seven brown bears (Ursus arctos) from
March to November. In the morning the bears were taken inside the bear-house and were fed
there. They stayed there while the wolves were tested and the enclosure was prepared. The
bears did not have access to the back enclosure at any time. They stayed in the main enclosure
over night. The wolves were usually fed three times a week with two kilograms of meat each.
Furthermore they had access to the food distributed for the bears in the enclosure (e.g. dog
pellets, bread, fresh horse heads from the zoo’s slaughtery).

3.2.2 African wild dogs

The outdoor part of the enclosure of the African wild dog was
0.5 ha. It was connected to a house to which the dogs have
access day and night. Once a day, the dogs were locked
outside while their indoor quarters were cleaned. Usually the
tests were performed during this time, but some days it was
necessary to lock out the dogs a second time, offering an
extra opportunity.

The African wild dogs were fed fresh meat three times a
week corresponding to 1-1.5 kg per dog and day. During the
winter they were fed inside the house after the cleaning of the
inside area.

3.2.3 Dholes
The dholes lived in a 0.26 ha outdoor enclosure. There were
an isolated hut and other hiding places in the enclosure.

They were fed with meat corresponding to 0.5-1 kg per Figure 3: Dhole in the
individual and day distributed on three feeding days per Kolmérdén Wildlife Park
week.

3.3 Experimental set-up

3.3.1 General set-up

The general idea was to use a “hunting dog” dummy to trigger attacking behavior in the test
animals. The dummy was provided with different harness modifications to prevent severe
damages. The dummy was replaced by animal legs in five trials to raise the interest of the
animals in the dummy. Three trials were made with a dead badger instead of a dummy.

For the experiments with the wolves the dummy was tied to a car with a rope that was five
meters long and it was pulled with an approximate speed of 20 km/h. The car was driven by
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one of eight different animal keepers and always with the same instructions. Feedback on
speed was given during the trials, so that the speed could be varied within a trial or between
trials in response to the wolves’ behavior. Three to five rounds were completed per trial
depending on the wolves’ behavior. A trial took on average approximately 5.5 minutes to
complete. Some trials had to be finished early due to damages on the dummy. In total 91 trials
were done with the wolf pack.

In the African wild dog enclosure the dummy was attached to a cable car arrangement that
was used to offer meat as enrichment and was operated from the outside of the enclosure. The
dummy was pulled into the wild dog enclosure, leaving it hanging approximately 0.5 m off
the ground. Trials were ended when the wild dogs showed a clear reaction towards the
dummy. In total there were 27 trials and one preliminary test involving the African wild dogs.

The dummy was presented to the dholes from two different visitor platforms. It was attached
to a rope and either thrown as far as possible into the enclosure from the platform in the
south-eastern end of the enclosure and pulled back or it was dragged along a visitor walkway
along the north side of the enclosure. In that sense the set up was similar to that of the African
wild dogs. In the second set-up for the dholes the dummy was brought to a place 25 meter
away from a person pulling at the rope. It was thrown in and pulled along the walkway so that
the dholes could chase it. The speed was adapted to the behavior of the dholes. Trials were
ended when the dholes clearly lost interest in the dummy, when the video disc was full (after
approximately 20 minutes) or when they showed a clear reaction after being shocked by the
dummy. There were 29 trials done with the dholes.

All tests and the used deterrents therein were approved by the Swedish Ethical Committee on
animal experiments (permit number 78-09) and the Board of Agriculture (permit number 31-
11582/09).

3.3.2 Study period
The study was conducted from 2009-05-05 to 2010-04-06. The interval between tests ranged
from 3.5 hours to 1.5 month depending on the animals’ behavior.

3.3.3 Dummies

The dummy used for the wolves and the African wild dogs consisted of a plastic bag filled
with old fabric (Figure 4). Some dummies had a layer of artificial fur wrapped around the bag.
The dummy dragged by the safari car was attached to a plastic board (two trials with metal
grid instead of plastic) to prevent damages from the road. Lead weights were added to prevent
tumbling.

Several different dummies were used depending on the size of the dog harnesses used. The
dummy for the dholes consisted of 0.5 m of a fire fighter hose filled with old fabric. This
change was done since the diameter of the dummy for the wolves and African wild dogs
seemed to be too large for the dholes to bite.

In some of the wolf trials 2,4,5-trimethylthiazoline (TMT) was spread on the dummy in
different concentrations and distributions to increase the interest in the dummy. TMT is a
component of the secretion of the anal gland of the red fox (Vernet-Maury 1980, cited by
Laska et al. 2005) and was chosen in an attempt to trigger an attack by the wolves. In some



other trials the dummy was stained with fresh blood before use or a horse tail was attached to
it, in attempts to lure the wolves to bite.

3.3.4 Harnesses

Protector Body dog harnesses from Hundskydd AB (www.hundskydd.se) were used as a basic
harness in the study with the wolves. It consisted of eight layers of which four layers were
Kevlar. The harness was closed around the dummy like it would be closed around a dog. In
later trials only the Kevlar layers were used.

The harness was modified differently in different trials:

flap: At the rear end of the harness an additional flap made of Viraduk (Holmen Paper
Braviken) was attached to it to give additional protection. The flap was also used in one trial
each with screws and spikes and in all trials with electronic contact strips in the harness.

screws: On the dorsal part of the harness two sets of three longitudinal rows of screws
(Figure 4) were attached. The two sets had an approximated distance of 8 cm. The screws had
an average transverse distance of 1.5 cm to 2.5 cm (longitudinal). Slotted machine screws
according to DIN 963 were used. They were 2 cm long and had a diameter of 3 mm.

n‘\. .
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Figure 4: Dummy with screw proteCtion harness and flap (r?ght side is
the front of the dummy)

Figure 5: Spikes in relation to screws. The spikes are placed in the
same area on the dummy as the screws (see Figure 4).
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spikes: Metal spikes (Figure 5) were attached along the same line as the screws. The spikes
had an average distance of 5.5 cm (transverse) to 3.5 cm (longitudinal). They were 5 cm long
and had a diameter of 3 mm. The spikes were the original spikes used by Protector for the
first generation of harnesses (http://www.hundskydd.se/bodyswe.asp). The screws were still
on the harness with the spikes. However they were placed between the spikes and the wolves
would not reach them.

contacts: One to three pressure activated contact strips (ENT-20; Bircher Reglomat AG) were
inserted into the flaps and longitudinal to the dummy. The contacts were connected to a
buzzer (93 dBA; 6-30 VDC/20 mA; Clas Ohlson). The buzzer was placed inside the car and
in later trials acoustically dampened. The sound was used to indicate on the video recording
when the wolves bit hard enough to close the contact.

triggered ultrasound: A dog Dazer ultrasound repellent (K-Il Enterprises Camillus NY) was
attached to the “neck” of the dummy. It was directed towards the rear of the dummy. It
generated an ultrasound (26 kHz) pure tone with a measured source level of 75 dB re
20 pParms at 1 m in line with the beam axis (measured with 2209 Impulse Precision Sound
Level Meter 2209 and Condenser Microphone Cartridge Type 4138; Briel & Kjeer, Neerum
Denmark). The ultrasound was triggered by the wolves when they bit the contacts in the
dummy hard enough to close the contact. The duration of the ultrasound depended on how
long the wolf bit the contact strip.

continuous ultrasound: The Dazer was connected to a time switch counting 19 seconds. When
the wolves triggered the Dazer, the ultrasound continued to be on for 19 seconds.

electric shocks: Electric wires were sewed in four parallel spirals on the Kevlar or the fire
fighter hose (Figure 6). Two of the spirals were connected to the positive pole and the other
two, lying alternately between the positive to the negative pole. This would ensure that an
animal biting into the dummy would get an electric shock in the mouth. At the front end of
the dummy a plastic tube was attached to the rope. It protected a remotely controlled dog e-
collar (1210NCP; Dogtra-Europe). It was used on the maximum power (level 127). The
electric shock was manually released via the remote control. The shock was only initiated if a
clear response of the animal could be expected, e.g. with a longer lasting bite while pulling
the dummy.

Figure 6: Electric dummy made of a fire fighter hose. Wires have
alternating poling and a dog trainings collar is attached to the front ().
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Before using a deterrent, tests with an “unprotected” dummy were made with the wolves and
the dholes. There was only one preliminary test with the African wild dogs before using the
electric harness. Trials without deterrents were also made before the use of either version of
the ultrasound and the electricity with the wolves. There were trials with deactivated
ultrasound while using the continuous ultrasound.

To minimize confounding effects of different deterrents it was decided to start with the
presumed weaker deterrents (screws and spikes) and end with the strongest (electricity).

3.3.5 Animal Legs

Animal legs (horse or sheep) were used in 5 trials with the wolves to encourage hunting
behavior. They were pulled behind a car with a rope. When the wolves managed to rip off the
leg from the rope, they were allowed to keep it. The sheep leg was used after the last trial with
electric dummy.

3.3.6 Badger

A badger from road kill was used in three consecutive trials with the wolves (Figure 7). The
badger was found and collected 2009-05-05 and was used in three consecutive trials from
2009-05-25. Between finding and using the badger was stored in a freezer and between the
trials in a fridge. X-rays were done before and after use. The badger was in one piece and the
wolves did not feed on it.

Figure 7: Badger with harness. For the trials it was attached to a
different plastic base than shown in this picture (compare Figure 6).

3.3.7 Ethogram
The behaviors of the animals and the dummy including animal legs and the badger were
scored according to the ethograms in Table 1 and Table 2 respectively.

3.3.8 Recordings

Recordings were made with a Sony Digital Video Camera Recorder Handycam DCR-SR190E
with hard disk drive or a Sony Digital Video Camera Recorder DCR-DVD403E with DVD-
RW (TDK) or DVD+RW (TDK) recording. In the safari park wolf enclosure recordings were
made from the trunk of the car filming backwards while driving. All other recordings were
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made at a position close to the place where the dummy was put into the enclosure with good
view on the dummy.

3.3.9 Data Analysis

The data was analysed with The Observer XT 7.0 (Noldus Information Technology, The
Netherlands). Calculations were made with Microsoft Office Excel 2007. Averages with
standard deviation for biting behavior over trials from individuals as well as all individuals in
one group were calculated. In case of the wolves averages and standard deviation for chasing
behavior was calculated as well.

Table 1: Behavior scored for animals

Behavior Description

Bite Opening and closing the mouth around any part of the dummy or close
to the dummy.
Biting positions were defined as in front, neck, middle and rear part, in
air close to object and loose pieces (part of the artificial fur that was
ripped off the dummy).

Biting duration Time from closing the mouth around any part of the dummy and
opening the mouth again.
Vocalization Any sound generated by the animals with the vocal cords.

Ripping of pieces  Detaching a part of the dummy from the main object.
Ripping of dummy Detaching the main part of the dummy from the rope.
Locomotion group:

Chase Following the dummy in different speeds while the dummy is moving
monotonously or the dummy has been moving monotonously and the
animals continue to express this behavior without changes.

Out of vision Outside the recording angle of the camera or so far away that the
behavior is not describable.

Behaviors only scored for dholes:

Nose-push Moving the dummy or parts of the dummy with the nose
Nose-tip Touching the dummy for a very short time with the nose and pull back
directly

Table 2: Behaviors scored for the dummy

Behavior Description
Locomotion group:
Standing No changing of spatial position.
Chase Changing spatial position over a long time in one direction.
Out of vision The dummy is outside the recording angle of the camera and its
behavior cannot be estimated by the movement of the car.
Ripped of Main part of the dummy is no longer connected to the rope.
Electricity The electric dog collar is activated manually.
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4 Results

4.1 Without deterrent
For the calculation of the trials without deterrent the trials with meat-dummies were excluded.

4.1.1 Wolves

Moody was the most intensive chaser in the pack followed by Ludo (Table 3). Moody was
usually the wolf that chased the dummy in the first position, meaning he was closest to the
dummy (Table 4). The average time of chasing by each wolf was divided by the average
duration of the trials. The average duration of the trials was calculated by the time the dummy
was “standing”, “chasing” or “out of vision” during a trial. This is the time the wolves had
access to the dummy. Generally the willingness of the wolves to chase the dummy was
reduced over time (Table 3).

Table 3: Average proportion of time spent chasing during trials

All Moody Ludo Dobby Snipe
wolves

No deterrent
All trials without deterrent*
Trials before use of deterrents 0.42+0.25 0.63+0.24

0.33+0.28 0.42+0.31 0.35+0.21 0.28+0.17 0.23+0.24
0.56+0.2 0.28+0.17 0.23+0.10

Before ultrasound 0.21+0.24 0.26+0.26 0.17+0.23 - 0.19+0.25
Before ultrasound 19 s 0.28+0.42 0.27+0.47 0.24+0.37 - 0.32+0.54
While ultrasound 19 s 0.22+0.10 0.27+0.15 0.18+0.05 - -
Before electricity 0.12+0.01 0.13 0.11 - -
With deterrent

Screws 0.35+0.21 0.56+0.19 0.43+0.17 0.10+0.06 0.30+0.11
Spikes 0.46+0.30 0.58+0.33 0.50%0.26 - 0.31+0.34
Ultrasound 0.43+0.36 0.42+0.37 0.38+0.33 - 0.47+0.39
Ultrasound 19 s 0.20+0.17 0.22+0.19 0.17%+0.15 - -
Electricity 0.26+0.22 0.33+0.26 0.19+0.16 - -

Calculated by average time of chasing divided by average duration of trials. Average duration of trials was
calculated by the average time of chasing, standing and dummy out of vision.
*total number of trials for Moody and Ludo 33, Dobby 15 and Snipe 30.

Table 4: Average proportion of time spend chasing as wolf closest to dummy during trials
without deterrent

Moody Ludo Dobby Snipe
All trials without deterrent* 0.33+0.17 0.08+0.06 0.02+0.01 0.03+0.06
Trials before use of deterrents 0.50+0.22 0.12+0.08 0.02+0.01 0.00
Before ultrasound 0.23+0.12 0.02+0.02 - 0.04+0.02
Before ultrasound 19 s 0.15+0.13 0.07+0.03 - 0.15+0.16
While ultrasound 19 s 0.18+0.08 0.08+0.02 - -

Before electricity 0.04 0.08 - -

Calculated by average time of chasing with modifier first divided by average duration of trials. Average duration
of trials was calculated by the average time of chasing, standing and dummy out of vision.
*total number of trials for Moody and Ludo 33, Dobby 15 and Snipe 30.
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Moody had the highest percent of trials with biting (76% out of 33 trials; Table 5). Dobby had
the second highest number (47% out of 15 trials; Table 5), albeit the reference is different. As
Dobby was put down during the study there were only 15 (instead of 33 for Moody and Ludo)
trials without deterrent for Dobby. Snipe took part in 30 trials.

Table 5: Proportion of trials in which biting occurred for wolves

Moody Ludo Dobby Snipe
All trials without deterrent* 0.76 0.33 0.47 0.07
Screws 1.00 0.33 0 0
Spikes 1.00 0.67 - 0
Ultrasound** 0.59/0.32 0.18/0 - 0.45/0.18
Ultrasound 19 s** 0.80/0.40 0.40/0.30 - -
Electricity** 0.43/0.29 0/0 - -

*total number of trials for Moody and Ludo 33, Dobby 15 and Snipe 30.

**first number includes all bites during trials; second number only bites that triggered deterrent for sure
(ultrasound: 48 bites in 8 trials; ultrasound 19 s: 19 bites in 5 trials; electricity: 2 bites in 2 trials)

The rear was the part of the dummy with the highest biting frequency with 0.43 bites per
minute (Table 6). In the trials before using any deterrent the rate was even higher with 0.68
bites per minute. The middle part of the dummy had a lower rate of bites. The front and neck
part of the dummy had an even lower frequency of bites. The average duration of a bite
during all trials without deterrent was 0.83 seconds (Table 7).

Table 6: Average rate of bites per minute for wolves

Any  Anywithoutair Rear Middle Front Neck Air

All trials without 0.74 059 043 0.15 0 001 015
deterrent +1.61 +1.32 +1.02 +041 +0.03 +0.03 =+0.37
Trials before use of 1.09 0.84 0.68 0.14 001 0.01 0.25
deterrents +1.85 +1.45 +121  +0.33 10.04 +0.04 =0.46
7

Screws 0.51 029 0.20 0.08 0 001 022
+0.83 +0.56 +0.39  £0.16 +0.04 +0.29

Spikes 0.80 059 049 0.10 0 0 021
+1.34 +1.12 +1.02  £0.12 +0.29

Ultrasound 0.66 053 0.29 0.22 0 001 014
+1.31 +1.10 +0.66  +0.48 +0.05 =+0.24

Ultrasound 19 s 0.73 050 0.30 018 001 001 0.23
+0.92 +0.81 +050 +0.33 +0.03 +0.04 +0.27

Electricity 0.16 0.16 0.13 0.03 0 0 0
+0.43 +0.42 +0.36  +0.08 +0.06
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Table 7: Average duration of bites for wolves

All trials without  Screws  Spikes Ultrasound*  Ultrasound  Electricity

deterrent 19 s* fakad
Duration 0.83 0.80 1.55 0.45+0.53 0.75+0.87 0.14+0.20
[s] +0.83 +0.66 +1.60 1.05+1.52 1.39+2.13 0.18+0.03

*first number includes all bites during trials; second number only bites that triggered ultrasound for sure
(ultrasound: 48 bites in 8 trials; ultrasound 19 s: 19 bites in 5 trials)

** first number includes all bites during trials; second number is average duration of starting electric shock to
release of dummy (2 bites in 2 trials)

In 14 trials (42 % of all trials) pieces were ripped off the dummy and in 3 trials before using
the first deterrent the complete dummy was ripped off the attachment to the car or the plastic
base (Table 8).

Table 8: Proportion of trials in which pieces or the entire dummy were ripped off for wolves

All trials without ~ Screws Spikes Ultrasound Ultrasound Electricity

deterrent 19s
Pieces 0.42 0.67 0 0.27 0.30 0
Dummy 0.09 0 0 0 0 0

4.1.2 African wild dogs
There was only one preliminary test without electricity. In this test the wild dogs showed a
clear interest in the dummy and were biting and even ripping off pieces of the dummy.

4.1.3 Dholes

There were two trials with a neutral dummy presented to the dholes. The dholes showed
interest in the dummy and were biting and pulling hard at it repeatedly. The average biting
duration for both these trials was 2.62+0.93 seconds with a maximum of 68.78 seconds and a
minimum of 0.32 seconds.

4.2 Screws/Spikes

The harness with screws and additional spikes was only tested on the wolf pack. There were
three trials with each modification. Dobby was only present in the trials with screws. The
proportion of time spent chasing during trials was comparable to the trials before using screws
(Table 3).

In all six trials the dummy was bitten by one or two wolves (Table 5). The rate of bites into
the dummy was reduced compared to the rate in trials with the control dummy (Table 6).
Most of these bites were directed at the rear. Fewer bites were directed at the middle. The
average biting duration with screws was slightly lower (0.80 seconds) and with spikes higher
(1.55 seconds) compared to trials without screws/spikes (Table 7).

Pieces were ripped off in 67% of trials with screws and nothing was ripped off during trials
with spikes (Table 8).
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4.3 Ultrasound/Ultrasound 19 seconds

The harness with bite-controlled ultrasound and 19 second continuing ultrasound was only
tested on the wolf pack. Previous experience showed a negative response of wolves to
ultrasound (Amundin, pers. comm., Kolmarden Wildlife Park, 2009). In preliminary tests
neither African wild dogs nor dholes showed a negative response to the ultrasound even at
very close range. The wild dogs may not have heard the sounds, since they hardly reacted at
all.

There were 23 trials with the ultrasound and eleven trials with continuous ultrasound. Snipe
was only present in the trials with the bite-controlled, momentary ultrasound.

The proportion of time spent chasing during the trials with momentary ultrasound was
comparable to the time in trials with spikes (Table 3). However on average the wolves chased
the dummy much less during the trials with continuous ultrasound.

The amount of trials with biting was reduced for Moody and Ludo as well (Table 5). In
contrast Snipe bit more during the ultrasound trials than he did before. Moody and Ludo bit in
more trials with continuous ultrasound compared to trials with momentary ultrasound. The
average rate of biting was comparable to the biting rate in trials without deterrent (Table 6).
Due to technical problems the ultrasound was not triggered by every bite. The average biting
duration for all bites into the dummy regardless if they have triggered or not was 0.45 seconds
for momentary and 0.75 seconds for continuous ultrasound (Table 7). The average biting
duration for only those bites which triggered an ultrasound for sure were 1.05 seconds and
1.39 seconds respectively (Table 7). In eight trials with momentary ultrasound the ultrasound
was triggered for 48 times in total. The continuously ultrasound was triggered 19 times in five
trials.

With both arrangements there were trials during which pieces of the dummy were ripped off
(Table 8).

4.4 Electricity

4.4.1 Wolves
There were seven trials using the electricity with the safari wolf pack. Only Moody and Ludo
were present for these tests.

The average time spent chasing the dummy was higher in the previous trials with continuous
ultrasound or without deterrent directly before the trials with electricity (Table 3).

Ludo did not bite during the electricity tests (Table 5). Moody bit the dummy in 3 trials, but
received only an electric shock in two trials (Table 9). In the first trial after the electric shock
Moody bit the dummy again. After another electric shock in the third trial he did not touch the
dummy again. Six trials with the dummy with increasing intervals were made until 35 days
after the first shock (31 days after the second shock) without Moody biting in the later four
trials. Moody was willing to attack a sheep leg 37 days after the first shock.

The duration of the bites was shorter than with any other modification (Table 7). The dummy
was released from biting after the electric shock within 0.18+0.03 seconds in average.
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Table 9: Moody’s biting behavior during trials with electricity

Days since Dummy  Total of bites into Rate of bites into Electric shock at
first shock dummy dummy/min ... bite of the trial
0 dummy 2 0.45+0.45 first

2 dummy 7 1.56+0.11 -

4 dummy 2 0.22+0.03 second

7 dummy 0 0 -

11 dummy 0 0 -

18 dummy 0 0 -

35 dummy 0 0 -

37 sheep leg 28 8.67+£2.75 -

4.4.2 African wild dogs
There were 27 trials using the electric harness with the African wild dogs.

In general the wild dogs were interested in the dummy throughout the experiment. There was
a shift of individuals that dominantly interacted with the dummy over time. In the beginning
e.g. dog 1 was interacting in a lot of trials, but her interest was decreased in later trials. On the
other hand e.g. dog 4 showed more interest in the dummy during later trials.

There was a slight decrease in the bite duration over time (Figure 8). A bite usually lasted
around one second (Figure 8). The individual wild dogs behaved differently towards the
dummy. Some were observed biting the dummy in a high number of trials (e.g. dog 13)
whereas other were only rarely (e.g. dog 2) or not at all (e.g. dog 19) observed biting
(Table 10).

The behavior of the dogs was strongly influenced by weather conditions. At days with very
low temperatures or strong wind they usually interacted less or not at all with the dummy.
There was a lot of snow in the enclosure and the dogs predominantly moved in the tracks they
had made.
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Figure 8: Temporal development of average duration of bites (dark grey) in seconds
and total number of electric shocks (light grey) per trial for all African wild dogs.
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Table 10: Biting behavior and response to electric shocks by African wild dogs

Dog Nr. trials Nr. trials Total shocks Max nr. shocks Biting Biting  Vocalization Time until
with biting with shock per trial after shock after shock release of
(+ in air) same trial  any trial* dummy [s]**
1 9 (+3) 5 7 3 3 y 3 0.14+0.06
2 1(+1) 0 0 0 - - 0 -
3 6 (+2) 1 2 (+1 uncertain) 2 (+1 uncertain) 3 y 0 0.93+£0.12
4 8 (+2) 2 2 1 0 y 0 0.12+0.00
5 9 2 2 (+1 uncertain) 1 (+1 uncertain) (1, in air) y 0 1.84+2.95
6 3 (+4) 0 0 0 - - 0 -
7 3 (+2) 2 1 (+2 uncertain) 1 (+1 uncertain) 0 y 0 1.19+0.87
8 9 (+1) 2 (+1 uncertain) 4 (+1 uncertain) 3 2 y 1 0.14+0.03
9 11 (+1) 2 2 1 (1,inair) y 0 0.18+0.03
10 10 (+3) 3 3 1 1 y 0 0.24+0.11
11 10 (+1) 1 1 (+1 uncertain) 1 (+1 uncertain) 2 y 0 1.76+1.52
12 8 (+1) 4 4 1 (1,inair) y 1 0.16+0.14
13 14 (+4) 2 3 2 3 y 0 0.16+0.04
14 4 (+2) 3 2 (+2 uncertain) 1 (+1 uncertain) 0 y 1 1.16+1.25
15 9 (+1) 2 2 1 1 y 0 0.26+0.03
16 10 4 (+1 uncertain) 4 (+2 uncertain) 2 2 y 0 0.42+0.30
17 6 2 2 1 0 y 0 0.20+0.00
18 2 1 1 1 0 n 1 0.30
19 0 0 0 0 - - 0 -
all 24 (+1) 15 42 (+10 uncertain) 9 (+1 uncertain) 17 (+3)  15out of 7 0.58+0.97
16 dogs

*y: biting occurred; n: no biting occurred;
** calculated with maximal amount of shocks per individual
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Several individuals were shocked repeatedly (Table 10). The maximum number of shocks per
individual within a trial was seven (dog 1). Some dogs did not give a clear reaction after
receiving a shock or did not let go of the dummy during activated electricity. These
individuals have an uncertain number of shocks (e.g. dog 3 received 2 or 3 shocks during the
experiment). There are also several individuals that received more than one shock in one trial.
The highest total number of shocks applied on all dogs in one trial is 9 to 10 (Table 10). There
is no linear temporal development of the amount of shocks per trial (Figure 8).

The release of the dummy after being shocked was mostly immediate with an average of
0.58+0.97 seconds (Table 10). Excluding occasions without a clear response towards the
electricity the average was 0.18+0.09 seconds. The average release time of the dummy is
reduced with consecutive shocks per animal (Figure 9). However it is not a linear reduction
and there are increases between single shocks. Furthermore the basis for the averages in not
the same, e.g. there had been more first shocks than fifth shocks. Half of the individuals that
were exposed to electricity bit once more in the same trial. The average between being
shocked and biting again was about 2.5 minutes with a maximum delay of 11 minutes and a
minimum of 9 seconds (Table 11). Another dog might bite the dummy after a shorter time
(Table 11). Biting by all but one shocked dog occurred in trials following the electricity
exposure (Table 10). Although dogs vocalized in response to getting shocked they bit the
dummy again, sometimes even in the same trial (Table 10).

0.9 A
0.8
0.7 -
0.6 -
0.5 A
0.4 A
0.3

Duration until release [s]

0.2
0.1 A

0 : 2 3 s 5 ’ 7 5
Number of shock

Figure 9: The average duration until a wild dog released the dummy per shock the dog

received. All durations for the first, second etc bites for all dogs have been averaged.

(basis for averages:16 first, 15 second, 10 third, 4 fourth, 2 fifth, 1 sixth and 1 seventh

shocks)

Table 11: Lasting effect of electric shock on African wild dogs [min] when another bite
occurred in the same trial

Average until next bite Max until next bite * Min until next bite
Same dog 2:30£3:00 11:00 0:09
Other dog 1:00+4:00 6:30 0:04

*exact on minutes
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4.4.3 Dholes
There were 27 electricity trials with the dholes. They showed interest in the dummy
throughout the experiment.

In total the electric shock was used 12 to 13 times on the dholes (Table 12). As the individuals
could not be distinguished it is not possible to say how many individuals received an electric
shock. Usually there was only one shock per trial (Table 12), but in three to four trials there
were two shocks. In one trial on January 11" the dhole that was biting the dummy did not
show a clear response so it might be possible that it did not receive a shock. From what can be
seen in the video the dhole most likely bit at a location where it only came into contact with
cables coming from one pole. Consequently the electric circuit was not closed and no shock
was delivered. The very first dhole that was shocked responded to the continuous electric
exposure with a roll before letting go of the dummy. The average time until release of the
dummy was 0.72+£1.49 seconds. Excluding the wunsure shock the average was
0.33%0.48 seconds. In six out of the total of 12-13 cases the dhole vocalized when releasing
the dummy. The average time until the next bite within the same trial was 1:26 minutes
(Table 12).

Table 12: Response to electric shocks by dholes

Date Shock Vocalization Time until release of Time until next bite
dummy [s] [min]

2010-01-08 2 once 1.57 0:41
0.16 -

2010-01-11 1-2 5.42 0:08
0.20 -

2010-01-13 1 0.12 0:08
2010-01-15 1 yes 1.10 0:58
2010-01-27 2 0.12 1:50
0.12 0:12

2010-02-08 1 0.08 -
2010-02-22 1 yes 0.08 1:21
2010-02-24 1 yes 0.16 0:18
2010-03-17 2 twice 0.10 5:00*
0.12 4:00*

Average 0.72+1.49 1:26+1:30

*gxact on minutes

In addition two other behaviors (nose-push and nose-tip) of the dholes towards the dummy
were analyzed. However there was no clear trend visible in regard of the exposure to electric
shocks.

4.5 Badger

The wolves were very reluctant to bite the badger. Only one wolf, Moody, bite into the
badger. Most bites were directed at the rear, which was not protected by the harness
(Table 13). The badger was ripped out of the harness in the first trial. The bite into the middle
part happened after this. The bite into the middle of the badger in the second trial was with
harness and had a duration of 1.4 seconds.
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Table 13: Bites into badger

Trial number Rear Middle Front Neck
1 6 1* 0 0
2 0 1** 0 0
3 7 0 0 0

* without harness
** with harness

The badger had already several damages from being presumably Killed by a car before being
presented to the wolves. The skull was fractured and the hip was dislocated. One front leg
including the shoulder was possibly broken. After all three trials with the wolves, the hind
legs of the badger were still intact. There was an additional fracture in the 10/11/12 thoracic
vertebrate (Figure 10).

KOLMARDENS d33URPARK

88: 2592
83-85-85

Figure 10: X-ray images of the spine of the badger. a: before use b: after three trials with
the wolves

5 Discussion

The main aim of the study was to assess different deterrent methods to keep wolves from
attacking hunting dogs. The results suggest that neither mechanical (screws and spikes) nor
ultrasound deterrents are promising. Electricity had a lasting effect on one wolf regarding
attacks on the dummy. However, a sheep leg was taken when used instead of the dummy
about a month after the second shock. This may, however, only indicate that the wolf was
able to distinguish the deterrent dummy from the sheep leg. Food in this form had been given
throughout the experiment.

The comparative study conducted with dholes and African wild dogs revealed that neither
dholes nor wild dogs did seem to learn from negative experiences of other pack members with
electricity. Even though the African wild dogs showed a tendency to be less intimidated by
the electric shocks, they usually released the dummy immediately when exposed to electricity.
The lasting effect is different for different individuals.

5.1 General development

Since lasting effects could not be excluded, the order of testing the different deterrents was
important. Based on logic assumptions, but not necessarily on factual effects, it was decided
to start with the weaker deterrents (screws and spikes) and end with the strongest (electricity).
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On top of this the habituation or boredom factor may have influenced the results. This may be
reflected in the average chasing time which showed a tendency to decrease in later trials
(Table 3). Although the distance between the wolves and the dummy could not be measured
from the video tapes, there was a clear impression that the wolves did not approach the
dummy as close in the later trials as in the earlier once. This lends further support to the
possible habituation effect.

Immediately prior to the ultrasound trials the amount of chasing by the wolves was second
lowest of all trials without deterrent indicating a decrease in motivation in the wolves or a
response to the screws/spikes. The lowest amount of chasing occurred in the trial prior to the
first use of the electricity. There are two possible explanations for this; Firstly, the animals got
used to the “game” of chasing the dummy. As they were usually not rewarded for their
efforts, they might have become habituated and less motivated. Secondly, there were a lot of
social disturbances in the pack during the project, which reached a climax shortly before and
during the ultrasound trials. Not until two of the animals were put down during the study, the
hierarchy of the remaining individuals was settled. These changes most likely affected their
interest in the dummy.

A possible habituation effect would not only be displayed in the trials without deterrent, but
also in trials with different modifications. So even if the average time spent chasing the
dummy decreased the more deterrents that were tested, this does not warrant the conclusion
that the deterrents used later in the trial series were more effective. To evaluate the efficiency
of the deterrents the biting behavior is of importance, and probably a better indicator. This
will be discussed for each deterrent separately in section 5.2 to 5.4.

The African wild dogs were biting the dummy throughout the experiment, but there were
differences between trials in their interest in the dummy. These differences are most likely
explainable by weather conditions, recent feeding or unusual activities outside the enclosure
(e.g. removing of snow with a tractor). It was not possible to determine the identity of all the
wild dogs. Consequently it was not possible to draw any conclusions about relations between
biting and rank, gender or age. Nevertheless all dogs could be distinguished and thereby
individual biting behavior could be analyzed. Individuals showed different degrees of interest
in the dummy. In general the dogs biting in the beginning of the experiment did not bite in
later trials and vice versa. The “first set” of dogs probably lost their interest in the dummy
after several trials which allowed the other, presumably lower-ranked dogs, to interact with
the dummy.

The dholes were generally interested in the dummy throughout the experiment. There were
trials when they showed little to no interest, but usually a few trials later they were interested
again. The behavior of the dholes towards the dummy might have been influenced by recent
feedings or the initiation of the mating season.

5.2 Screws/Spikes

In all trials with screws and spikes the dummy was bitten by at least one wolf (Table 5).
Consequently an efficient protection is questionable, although the biting rates were clearly
reduced with the deterrents. Yet a lower biting rate could mean that the bites were only longer
and thereby fewer per minute. At least for the screws this could be shown to not be true, as
the average duration of the bites was comparable to trials without deterrent. The average
duration of bites with spikes was longer than without deterrent. Screws had a larger effect on
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the biting behavior of the wolves than spikes. Since the spikes are longer than screws, the
opposite was expected. A possible reason for this counterintuitive result could be that the
wolves learned to place their bites on parts without screws during the trials with the screws,
which were carried out directly prior to the ones with spikes, and were thereby more efficient
in the trials with the spikes. The biting rate per minute on the rear part of the dummy is more
than doubled with the spike trials compared to screw trials, indicating that the wolves prefer
to attack this region.

To sum it up, neither screws nor spikes stopped the wolves from attacking the dummy. In
trials with the screws there were even pieces ripped out of the dummy. Average bites of
0.80 seconds and 1.55 seconds with screws and spikes respectively should be long enough to
injure a dog severely. These modifications might give the dog a small time advantage
compared to the situation without protection, because the wolves have to adapt to the new
situation, but according to these results it cannot protect it from being bitten.

5.3 Ultrasound/Ultrasound 19 seconds

The dummy with the ultrasound received bites in fewer trials than the dummy used before.
During the ultrasound trials the social structure of the wolf pack was instable, which most
likely has influenced the results. Therefore more trials were done with the ultrasound than
with the screws and spikes. The location of the bites (rear, middle etc.) did not bias the results
as there were connectors to trigger the ultrasound at each of these parts of the dummy. Still
the complete dummy was not covered with connectors, and far from all bites triggered the
ultrasound. Also the connectors may have been malfunctioning. Therefore the number of
trials in which the ultrasound was successfully triggered was even lower than the trials with
bites. Furthermore there were problems with logging the bites in the car as the connection to
the dummy was sometimes broken and hence the buzzer was not activated. For the results that
refer to “triggered ultrasound” only those bites are used that were registered in the car. It is
possible that there were more bites that triggered the ultrasound without being registered.

The average biting rate during both ultrasound modes was only slightly lower than in all trials
without deterrent combined. It was not predictable for the wolves when the ultrasound would
be working and when not. Therefore it is not useful to assess the biting rate of successfully
triggering bites. The average biting duration of all bites in the ultrasound trials was shorter
than in trials without deterrent. The momentary ultrasound was not necessarily on during the
complete successful bite. Usually the buzzer in the car indicated that the ultrasound was
triggered for a shorter length of time than the wolf bite. Hence instead of letting go of the
dummy, the wolf decreased the biting force. The continuous ultrasound gives signal for
19 seconds no matter how shortly it was triggered. As the average biting duration with this
mode was longer (1.39 s) for successful triggering bites than for the momentary ultrasounds
(1.05 s) it is unlikely that it had a highly deterring effect.

In total the dummy with the ultrasound was bitten repeatedly in both set-ups. It was also
bitten in the same trial after the ultrasound had been triggered. Consequently the deterrent
effect of the ultrasound is questionable. However, since the Dazer is highly directional, the
sound pressure level of the ultrasound reaches its highest levels only in front of the Dazer and
in line with the sound beam. At an angle of 30° off the beam axis the sound pressure level at
one meter distance is already reduced by about 14 dB. Thus the wolves might not have
experienced the maximum sound pressure level of the ultrasound if coming in from the side
of the dummy to bite.

21



As far as can be ascertained from the literature, ultrasound has not been systematically tested
on wolves as a deterrent so far. Studies on dogs and dingoes showed only a small to no effect
of ultrasound as a repellent (Blackshaw et al. 1990; Edger et al. 2007). Dingoes showed
feeding behavior under an ultrasound source emitting a 24 KHz to 25 KHz tone, with a
duration of around 100 ms and a sound pressure level of 82 dB (probably 20 pPa) as well as
under a silent ultrasound source in 57 out of 60 cases (Edger et al. 2007). Although the
sample size was small and in two cases the food under the ultrasound source was not eaten,
Edger and his colleagues concluded that the ultrasound produced no measureable effect as a
deterrent. The reaction of domestic dogs towards ultrasound is more diverse (Blackshaw et al.
1990). Emissions with a sound pressure level from 60 dB to 75 dB (reference pressure not
given) did not have aversive effects on all dogs. However an ultrasound with an output of 120
dB and a sweep frequency of 17 kHz-5 kHz-55 kHz had an immediate aversive effect on nine
out of 13 dogs. Hence an ultrasound with these configurations might have an effect on wolves
as well. Yet even if the wolves had an initial aversive response to ultrasound (Amundin, pers.
comm., Kolmarden Wildlife Park, 2009), they were not deterred from biting the dummy. This
together with the fact that not all dogs were repelled by the ultrasound tested by Blackshaw
and colleagues (1999), suggests that it is unlikely that the ultrasound would have a strong
enough aversive effect to stop a wolf from hunting a dog.

5.4 Electricity

Electricity had an immediate effect on all tested groups. It was always possible to terminate
an attack on the dummy with the electric shock. Moody, as the only wolf exposed to
electricity, released the dummy within 0.18 seconds after the electric shock. The only other
wolf in the pack during these trials, Ludo, did not bite the dummy. This might be due to the
fact that Moody was shocked first and that Ludo saw the reaction of Moody. Yet as Ludo did
not seem to be very much motivated in chasing and biting the dummy in previous trials, it
might just have been that he was not interested in attacking the dummy.

The African wild dogs released the dummy on average after 0.58 seconds. However there
were some bites when the dummy was not released even after longer exposure. It is possible
that in these bites the dogs managed to bite into the dummy in a way that they were not
connected to both electric poles, and hence were not shocked. As the reaction of the wild dogs
to an electric shock was usually obvious, sometimes including a fear vocalization, this
hypothesis is likely. There were ten cases without clear response to the electricity. Excluding
these cases from the analysis results in an average release time after the shock of 0.18
seconds. This is the same time as for Moody, keeping in mind that the accuracy of the time is
limited by the frame rate in the video, i.e. 1/25 of a second or 0.04 s. The time until the wild
dogs released the dummy was reduced with an increased number of shocks per individual.
This indicates that the dogs became more cautious. However as the basis was different for the
later shocks as not all animals were shocked the same amount of times, it is possible that
single wild dogs hold on longer to the dummy in later shocks, as also indicated by the
increase of the average duration until release between e.g. second and third shock (Figure 9).

The dholes released the dummy on average 0.72 seconds after the shock. There was one bite
without a clear response towards the dummy, with the same possible explanation as above for
the wild dogs. Excluding this case the average release time was 0.33 seconds. Hence the
dholes hold on slightly longer to the dummy than the other species. Whether or not this would
make any difference to a dog being bitten remains to be investigated. Another dummy was
used for the dholes than for the African wild dogs and the wolves. It might be that the
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transmission of the shock through the cables is slightly different. Furthermore the dholes had
the only set-up where the dummy was lying in the snow during the experiment. The dummy
inevitably got wet, especially on days with less cold weather and it is likely that the wires on
the dummy got at least partly short circuited. Hence the intensity of the shock for a dhole
biting into the far end of the dummy would have been reduced. How much could not be
measured, unfortunately. This points to the requirement of an electric harness to be water
proofed until objected to a bite. Another possibility to explain the longer delay to release the
dummy in response to an electric shock is that the dholes just need longer to respond to the
shock. Still, the reaction time of the dholes is rather short and the electricity is useful to
terminate an attack.

Coyotes showed an immediate response to electrical shocks received via a collar as well and
aborted attacks on lambs (Andelt et al. 1999). Thus electricity seems to be a good possibility
to directly interfere with attacks at least from wolf-like carnivores on domestic animals.

The immediate effect seems to be working in all three tested species, yet the long lasting
effects of the electric shocks were different. The lasting effect on wolves seems to be more
than a month after two exposures. However there seems to be a clear association for the wolf
between the bad experiences with the dummy as a sheep leg was taken only two days after the
last trial with dummy. Probably the sheep leg was rather perceived as a food item instead of a
dummy with a potential deterrent. The dummy was not touched during the last trial, but the
wolves followed at least partly showing a general interest in the set-up. Therefore it seems as
if they learned to distinguish between the potentially harmful dummy and food without
harness. It is possible that wolves after an encounter with a harness-wearing dog would only
learn to avoid other dogs with harnesses and not all dogs. Schultz et al. (2005) showed that
depredation on life stock by two wolves was reduced after using a dog training collar to apply
electric shocks to the wolf if they were too close to the farm. Up to ten command centers,
situated in an area to be protected, which emitted regular beeps that would trigger an electric
shock on the collar if the wolf would come closer than 0.4 km to the command center, were
installed on the farm. The depredation was reduced for over a year and the wolves seemed to
have learned to associate the command center with the negative experience. The association
between dogs with harnesses and the electric shock should be much more obvious to a wolf
than with the mentioned command centers. In the set-up with the command center the
livestock could have been even further away than the command center when the wolf received
a shock. In case of a dog wearing an electric harness the wolf would only get a shock when it
is biting and not when it is close to it. Thereby the connection between action and reaction
should be more clearly. Still, it is not sure that wolves would learn to connect all hunting dogs
with the electric shock or only specific dogs (e.g. races or those with vests).

Coyotes did not approach a lamb directly after receiving an electric shock (Andelt et al.
1999). However they were willing to approach a lamb again after several minutes and only
repeated exposure to electricity led to a reduction in attacks and even retreating behavior.
After repeated exposures the lasting effect was shown for more than four month.

The lasting effect on the African wild dogs in this study was comparably smaller. They were
biting the dummy more than once in 17 out of 52 cases. The most shocks per trial that one
individual received was three. Individual differences towards electric shocks were also shown
in dogs (Christiansen et al. 2001). Different breeds need a different number of electric shocks
before they abort the approach on a sheep. Hence it is not surprising that some of the wild
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dogs were more tolerant towards electricity. Trials following high numbers of shocks usually
had reduced bite duration. This might be a secondary effect, as the animals were only shocked
when they were biting for a longer time in order to ensure a clear-cut response. Hence if the
animals only bit for short durations the number of shocks would decrease automatically. As
the average biting duration in the latest trials was only slightly shorter than in the first trials
there does not seem to have been an influence of the electricity on bite duration.

The next bite by another dog after a dog was exposed to electricity was within a minute.
Therefore it is very unlikely that a pack of wild dogs would be deterred when one individual
is exposed to electricity. In rare occasions the next bite by the dog that was shocked was
within 10 seconds. As the motivation for the wild dogs to attack real prey must be expected to
be higher, the tolerance to getting a second shock within a short time should be high as well.
Except for one dog all the others bit again in following trials and most of them were exposed
to the electricity more than twice in the same trial. This supports the conclusion that the
deterring effect of the electricity on African wild dogs does not seem to last for a long time.

The lasting effect on dholes is not that easy to figure out as it was not possible to distinguish
between the individual animals. Still, the dholes showed no intense fear response towards the
dummy. Arguing that it might be possible, that in later trials only those dholes were biting
that had not been shocked before, a more nervous and fearful behavior of the pack would be
expected as a majority (12-13 shocks with 13 individuals) would have been shocked. As there
was more than one dhole biting in the end it is unlikely that they are deterred from biting the
dummy by only one electric shock. It can therefore be assumed that the dholes bite again in
following trials after being shocked. There were only three trials in which two animals were
shocked. This would mean that the deterrent effect of the electricity might last for the ongoing
trial, but did not have an effect over a longer time span. A conclusion on how many shocks a
dhole would tolerate before completely losing interest in the dummy is not possible.

The dholes did not seem to be deterred by seeing another dhole getting a shock. They usually
retreated from the dummy as a first reaction, but so they did every time when another dhole
was moving abruptly. Hence it is not necessarily a reaction to the shock. The average time
until the next bite after a shock was ca. 1.5 minutes. This is a longer delay than between two
bites of African wild dogs. However the dholes were generally less interested than the African
wild dogs and thereby it is not surprising that the delay between to bites was longer. If
assumed that the 1.5 minutes between two bites is only due to the shock it would probably
give the attacked animal enough time to escape.

5.5 Skeletal protection

In order to assess the skeletal damages occurring in a dog when bitten through the standard
Protector harness, a dead badger wearing the harness without deterrents were presented to the
wolves. The number of bites was relatively low and most bites were directed at the rear of the
badger. Those bites are not useful for estimating the protective effect of the harness, as the
rear was not protected by the harness. Still, the bones in the legs were intact after trials,
indicating that the wolves did not use their maximum biting force, as they should not have
problems breaking these bones (Wroe et al. 2005). There was only one bite into the harness.
The bite duration was in the range of a bite into a dummy without deterrent. There were
damages to the spine in the badger caused by the wolves. However it is not sure if this
damage was caused while the badger was wearing the harness or from the bite into the badger
after it was dragged out of the harness. As the bites into the unprotected legs did not cause
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any skeletal damages it was not to be expected that the bite into the middle would.
Consequently it is not possible to say whether or how much the used harness is protecting
against skeletal damages.

5.6 Suggestions for harness layout

Based on the data from this study and from what is known about damages caused by wolves
in hunting dogs the following suggestions for future harnesses can be made. The harness
should cover the complete rear and parts of the hind leg of the dog, as these were the most
frequently attacked regions by wolves in this study and it is also one of the regions with most
damages caused by wolves on dogs (Backeryd 2007). A flap connected to the back area of the
harness hanging over the rear might be a possible solution. It might also attract the attention
of the wolves and thereby direct bites away from any part of the dog. In an electric harness the
flap should contain a switch triggering the electricity. The switch could be similar to the
pressure activated contacts in this study. However they have to be waterproof and closer to
each other. The fabric in between the electric wires should be water repellent, to avoid short
circuiting in wet weather. The biting force needed for activation should not be too high,
because the dog should not get damaged before the contacts are pressed. Too easily activated
contacts bear the risk of a lot of false activations, when the dog is e.g. running through thick
bushes. Contacts should also be placed on the back of the harness. Most killed dogs show
injuries in the upper back/neck region, indicating that these areas are sensitive (Backeryd
2007). It cannot be asserted that a wolf or even a group of wolves ends the attacks on a dog
after the first wolf received an electric shock. Therefore also secondary target areas should be
protected.

The electric output should have both electric poles on the harness, so that no grounding is
necessary. Both poles have to cover a large surface without short-circuiting. Poles and
contacts should be located at the same place to make sure that the wolf biting into the harness
gets an electric shock from activating the contacts. A number of parallel cables from each
pole is favorable as it increases the chance of a shock even if the harness is partly damaged. A
big problem is that the electric circuit has to be open without endangering the dog wearing the
harness. The harness should not short-circuit in wet weather or when the dog is taking a swim.
In addition there needs to be a protection that the dog is not getting a shock when a wolf is
triggering the electricity or if the dog is simply scratching itself.

5.7 Conclusion
In conclusion only the harness with electric shocks was successful in deterring wolves from
attacking a dog dummy. Neither physical (screws and spikes) nor ultrasound deterrents had a
strong enough deterrent effect. Exposure to electricity triggered an immediate avoidance
behavior in dholes and African wild dogs as well. However the effect did not last as long as
for the wolves.

This study gives indications on a promising deterring harness against wolf attacks on hunting
dogs. As only the electric harness succeeded in terminating an attack future research should
focus on this approach rather than on the other tested deterrents. There is more research
needed to verify these results as only one group of each species was tested in this study.
Especially further research about the lasting effect of the electricity on wolves would be
interesting. In addition the strength of the electricity needed to deter an animal should be
assessed. If the usability of an electric harness is proven on more animals it would be
necessary to construct a harness that is waterproof and not dangerous for the dog wearing it.
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