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ABSTRACT Electronic training collars, or shock collars, have received relatively little application as a non-

lethal management tool for reducing livestock losses caused by gray wolves (Canis lupus). One of the major
obstacles to using shock collars on wolves has been the lack of a safe and efficient collar design. We developed
a new shock-collar design and tested it for safety and efficacy on captive wolves. Our design used a radiocollar
with a shock unit mounted on the back. Shock units were fitted with rounded probes that contact the back of
a wolf’s shaved neck and with externally mounted batteries to increase battery life. We tested our design in 5
different captive trials conducted during 2003–2005 at the Wildlife Science Center, Minnesota, USA, and
eliminated neck damage shown in previous shock-collar research, while retaining the ability to effectively
deliver a shock. We extended battery life to 80 days. We believe this new shock-collar design could be used as
a safe and efficient alternative to lethal control in certain situations for wild wolves. Ó 2013 The Wildlife
Society.
KEY WORDS behavior, Canis lupus, depredation, gray wolf, non-lethal management, shock collars, site-aversive
conditioning.

Greater numbers of gray wolves (Canis lupus) on the
landscape can lead to an increase in the number of livestock
depredations (Mech 1995). Non-lethal management tools
hold promise for reducing livestock losses caused by wolves
(Hawley et al. 2009; Davidson-Nelson and Gehring 2010;
Gehring et al. 2010a, b; Rossler et al. 2012). Past research
suggests that electronic training collars, or shock collars, can
be effective in altering the behavior of animals (e.g., Linhart
et al. 1976; Andelt et al. 1999; Lee et al. 2007, 2008, 2009).
However, a major obstacle to using shock collars as a nonlethal form of management for free-ranging wild wolves has
been the safety and efficiency of shock-collar designs. Past
shock-collar research with captive wolves has described
problems such as animal safety concerns, short battery life,
inconsistency of shock units, and practicality of properly
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fitting collars in the field (Shivik et al. 2003, Hawley
et al. 2009). Hawley et al. (2009) encountered problems with
the shock-collar design in field tests and suggested that the
development of a safer, more efficient shock collar was
essential to the future use of shock collars as a non-lethal
management tool for wolves. A primary concern with shock
collars has been the welfare of the animal wearing this device.
Shivik et al. (2003) found that unaltered factory Innotek
shock collars caused mild to moderate pressure necrosis on
the necks of captive wolves that had been wearing the collars
for 1–2 days. Schultz et al. (2005) recaptured a free-ranging
wild wolf that had been fitted with a factory shock-collar the
previous year. Although the wolf appeared healthy, and the
collar was no longer present, they noted 2 small scars on the
neck where the probes made contact. Both of these injury
types were a direct result of either the type of probe on the
collar and/or collar tightness.
Commercial shock collars fitted as specified by the
manufacturer typically include a tightened vinyl collar strap
with the shock unit placed under the neck of the animal.
Manufacturer-provided probes included with the shock unit
are sharp and pointed, to allow for probe contact through fur.
Commercial shock collars are designed for domestic dogs,
which can be closely monitored for possible neck damage and
Wildlife Society Bulletin

Figure 1. Conceptual diagram illustrating the iterative process used to develop a new shock collar for gray wolves. Trials were conducted during 2003–2005 on
captive wolves at the Wildlife Science Center, Minnesota, USA. In a sequential manner, solutions were obtained before new concerns were addressed in
subsequent trials.

collars removed if necessary. Wildlife managers do not have
these options with permanently fitted shock collars on freeranging wolves. We believe commercial shock-collar designs
must be improved for the safety of wolves and the practicality
of using shock collars as a non-lethal management tool for
wild wolves.
Our objectives were to 1) create a safer probe design that
would not damage skin and tissue; 2) reduce risk of injury to
the animal by creating a design that did not require a tight
collar; and 3) extend battery life of shock units. Rossler et al.
(2012) successfully used the final design outlined in this
paper as part of field experiments on wild wolves. We present
the iterative development and refinement of this new shockcollar design, including a series of trials on captive wolves and
wolf–dog hybrids, which hereafter we refer to collectively as
wolves (Fig. 1).

STUDY AREA
We conducted our captive trials at the Wildlife Science
Center, Forest Lake, Minnesota, USA, during 2003–2005.
The Wildlife Science Center served as an educational and
research center and maintained a captive population of
wolves and wolf–dog hybrids, along with other wildlife
species. Captive wolves were housed in outdoor pens
containing 1–4 individuals. Individuals were excluded
from subsequent trials if neck damage was noted and/or
they were undergoing medical treatment at the Wildlife
Science Center facility.

Prior to all our captive trials, we tested shock units for
consistency of delivering a shock by hanging collars 50 cm
from the ground and triggering the shock unit with a handheld Innotek shock transmitter. Shock collars present a
flashing red light and an audible shock pulse when activated
by the transmitter. We monitored the pulse of the red light,
while listening to the consistency of the audible pulse of the
shock. We tested all shock units for overall consistency with
these 2 methods for 2–3 trials of 10 seconds each. J. E.
Hawley and S. T. Rossler conducted these tests of shock
collars.
Handling and Monitoring Protocol
In all trials, we chemically immobilized wolves using an
intramuscular injection of 10 mg/kg ketamine hydrochloride
and 2 mg/kg xylazine hydrochloride (Wydeven et al. 1995)
in order to fit radiocollars. We shaved hair to skin surface on
the back of the neck underneath the shock units to insure
probe contact. Collars were fitted similar to a radiocollar on
wild wolves, with enough space to fit 4 fingers snugly under
the collar (Fig. 2). Once recovered, wolves were released into
their captive facilities. Two days after fitting collars, shock
units were remotely triggered via a hand-held shock

METHODS
Battery Life and Consistency of Shock
We first tested battery life of 5 factory-shipped Innotek Free
Spirit Training shock collars (Model no. M016701; Invisible
Fence Technologies, Garret, IN). We placed collars outdoors
in forested cover type (Hawley 2005). All 5 collars were
powered by one, 3-V lithium battery. Manufacturer
specifications suggested a battery life of nearly 60 days for
the shock units under normal environmental conditions. We
checked collars daily to determine the maximum battery life,
but we never triggered a shock in these collars. Batteries were
considered expired when the built-in battery indicator light
ceased flashing, and a shock was no longer delivered.
Hawley et al.
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Figure 2. Shock-collar design developed in Trial 5 of captive tests on gray
wolves at the Wildlife Science Center, Minnesota, USA, and used in field
research on wolves in northern Wisconsin, 2005 and 2006 (Rossler
et al. 2012).
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transmitter to determine whether shock units were
functioning properly and in contact with the skin. If trials
extended to 18 days (i.e., if no neck damage was noted, health
of animals was not compromised, or if Wildlife Science
Center personnel did not require the wolf for educational
purposes), we remotely shocked trial wolves again. We
classified the reaction of wolves to shocks as 1) no reaction
(normal behavior exhibited with no observed impact of
shock); 2) moderate reaction (shock caused wolf to scratch,
yelp, run for several meters, and/or attempt to bite the collar);
and 3) severe reaction (shock caused wolf to jump, spin, seek
shelter, and/or bark). Daily, we used a Y-pole (Heart of the
Earth Animal Equipment, Fruitdale, SD) to physically
restrain wolves so that we could visually check animals for
neck damage. We identified neck damage as varying, relative
degrees (i.e., none, mild, or severe) of pressure necrosis or
contact dermatitis.
Trial 1—Testing Factory Shock Probes
We suspected 2 serious health risks existed while using
unaltered factory shock collars on free-ranging wolves,
including 1) possible development of pressure necrosis on the
neck from shock probes and 2) asphyxiation due to tightness
of collars. Innotek shock collars were shipped with 1.5-cm
pointed probes and 2-cm backup probes (Fig. 3a). In Trial 1,
we replaced 1.5-cm factory probes, with 2-cm probes on 3
shock units and ground the tip of the probe off to create a
smooth surface for probe–skin contact. The 3 shock units
with the new rounded probes along with 1 shock unit with
the original 1.5-cm pointed probes were removed from the
factory vinyl collars. These 4 shock units were then mounted
on the back of a Telonics very high frequency (VHF)
radiocollar (Telonics, Inc., Mesa, AZ) via 2 metal brackets
on a custom plastic mount designed to drop off in 2–3
months (i.e., drop-off design). Holes were drilled through
the back of the radiocollar for probe contact with the skin
(Fig. 3b). Caution was taken to prevent drilling through the
collar antenna. Shock units were mounted on the very top of
the collar ensuring the unit would ride correctly in the middle
and back of the neck. We assumed an average adult wolf neck
circumference of 40 cm (R.N. Schultz, unpublished data).
We speculated that the weight of the VHF unit of the
radiocollar would keep the shock probes in contact with the
skin of the back of the wolf’s neck. This eliminated the need
to fit a tight collar on a free-ranging, wild animal. In Trial 1,
we tested collars on 4 captive wolves and wolf–dog hybrids.
Trial 2—Testing a New Shock Probe
In Trial 2, we used 0.5-inch- (1.3-cm-) diameter acorn nuts
as replacement probes in an attempt to reduce injury to neck
skin and tissue. Because Innotek shock probe studs were too
small, we manufactured a threaded metal sleeve to fit over the
probe studs in order to fit our new acorn nut probes. The
sleeve was made by cutting 2.5-cm-long threads off of a 0.5inch- (1.3-cm-) diameter concrete strike anchor and drilling
through the center of the threaded section with a #36 drill
bit. The now hollow interior of the sleeve was threaded with
a #6-32 fluted tap using a table lathe and screwed onto the
factory shock unit, allowing for the acorn nut to be directly
418

Figure 3. Shock-collar probes used in captive tests of shock collars on gray
wolves at the Wildlife Science Center, Minnesota, USA, 2003–2004. (a)
Innotek shock units fitted with custom 2-cm rounded probes (left) and 1.5cm pointed probes (right). (b) Modified shock collar with new probes and
drop-off design.

fastened to the custom sleeve. The surface of the acorn nut
(1.3-cm diam) provided a wider, smoother surface for probe
contact with skin (Fig. 3b). We also attempted to increase
battery life of shock collars in this trial. We externally
connected 2 additional 3-V lithium batteries (Model
CR123A; Sanyo, San Diego, CA) via a parallel circuit to
our original system. We estimated that this modification
would increase battery life by approximately 30 days.
Batteries were externally soldered onto the side of the shock
unit. We then encased the unit and batteries in a highdensity polymer (bioplastic) to provide protection and waterproofing. Total weight of the modified shock unit was 182 g.
This new design was then mounted, using the drop-off
design from Trial 1, to the back of 4 radiocollars and fitted on
4 wolves. Total weight of radiocollar and shock unit was
582 g or 1.7% of body mass.
Trial 3—Reducing Neck Irritation
In Trial 3, we made minor adjustments to 4 collars (otherwise
identical to collars in Trial 2 and included the drop-off
design). We rounded off and sanded smooth (with Dremel
Wildlife Society Bulletin

tool) the interior edge of collars. The entire collar was then
wrapped in 3 layers of electrical tape to provide a smooth
surface. These 4 collars were then fit on 4 different wolves.
Trial 4—Increasing Battery Life
In an effort to further increase battery life, a 3-V, BR-C-cell
lithium battery (Panasonic, Secaucus, NJ) was incorporated
into the original Innotek factory shock units. We developed 3
designs relative to placement of the battery to determine the
best profile and fit when placed on wolves. One design
secured the battery to the side of the unit, and 2 designs had
battery attachment on top. The newly attached battery and
entirety of the shock unit were coated with a high-density
polymer to water proof and seal the system. Total weight of
the modified shock unit was 223 g.
We removed the shock-collar drop-off system used in
Trials 1–3 and permanently attached the unit to a radiocollar.
The shock unit was initially attached by placing the probes
through the collar and securing the shock unit with acorn nut
probes affixed on the inner dorsal side of the radiocollar
(Hawley 2005). Loctite adhesive (Henkel Corp-Industrial,
Rocky Hill, CT) was used to secure the acorn nuts and insure
they would not loosen. Butyl rubber collar material (25-cm
long; Telonics, Inc.) was placed over the shock unit to add
additional support and protection. The butyl rubber strip was
pulled flush and glued (Amazing Glue; Eclectic Products
Inc., Pineville, LA). We drilled 4 holes through the butyl
rubber segment and corresponding locations on the
radiocollar. Two rivets were placed through the butyl rubber
strip on each side of the shock unit securing it to the
radiocollar. Excess rubber material was cut and removed
from the collar. Clamps were placed under the shock unit and
above the butyl rubber until glue had set and hardened.
In addition to permanently attaching the shock unit to the
radiocollar, we used a counter-weight to reduce any chance
the collar would rotate after adding additional weight of the
shock unit (Hawley 2005). Two 113-g lead waterfowl decoy
weights were formed around the VHF section of the
radiocollar. The amount of weight used as counter balance
was proportional to the additional weight of the shock unit
while not exceeding 3–4% of body mass for total weight of a
collar (Kenward 2001). Approximately 40 sections of 30-cmlong  10-cm-wide strips of duct tape were used to secure
the counterweights to the collar. Total weight of radiocollar,
shock unit, and counterweights was 849 g or 2.4% of body
mass. The 3 new collar designs were placed on 6 captive
wolves (i.e., 2 replicates of each collar design). Wildlife
Science Center staff monitored health of collared wolves,
documented collar position on the neck, and inspected each
wolf for contact between shock probes and neck each day.
Shock units were not triggered during Trial 4 due to
concerns about ingestion of lead counterweights.
Trial 5—Changes to Counterweights
In Trial 5, we made minor adjustments to collars used in
Trial 4. We moved the section of hair to be shaved on the
wolf’s neck approximately 5 cm higher, toward the head. We
replaced lead counterweights with 2 sections of steel rod
(total wt ¼ 227 g) due to concerns about ingestion of lead
Hawley et al.
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and toxicity. Sections of steel rod were approximately 2.5 cm
in diameter and 10 cm long, and attached to the collar using
the same duct taping method as in Trial 4. We placed shock
collars on 4 captive wolves, each housed in a separate pen. We
used 2 shock collars with the side battery attachment design,
which had the greatest contact with the back of the wolf’s
neck in Trial 4, and 2 collars with the top-mounted design.
Wildlife Science Center staff monitored health of collared
wolves, documented collar position on the neck, and
inspected each wolf for contact between shock probes and
neck each day. Shock units were only triggered on day 2
during Trial 5.

RESULTS
Battery Life and Consistency of Shock
We found single 3-V lithium batteries expired after 18–22
days (x ¼ 20, SE ¼ 1) in shock units that were never
triggered to shock. This raised questions about the ability of
shock collars to have any long-term effect on a wolf’s
behavior after only 20 days of treatment. Extending battery
life became a high-priority goal in refining shock-collar
design for Trial 2. Six out of 10 shock units delivered a
consistent shock (10–20 pulses/sec), whereas 4 collars
shocked intermittently or not at all during our testing. By
testing and removing the faulty shock units from our sample,
we were able to eliminate some of the variability between
collars. For all trials, we used shock units that delivered a
consistent shock, with shock intensity set at the highest level
(i.e., intensity level was 5 on our model). Shock units
administered 1 mAmp (0.845 V DC and 2.45 V AC)
electrical impulses.
Trial 1—Testing Factory Shock Probes
We observed that collars swayed from side-to-side with
movement of wolves, but appeared to remain in good contact
with the shaved portion of the back of the neck. When shock
units were triggered on day 2, all 4 animals showed a
moderate reaction to the shock (Table 1). On day 6, all 4
wolves began showing neck damage in the area of probe
contact on the back of the neck and we removed collars. Of
the 3 collars with rounded probes, one showed mild pressure
necrosis, whereas the other 2 exhibited severe pressure
necrosis. Severe pressure necrosis was also noted on the collar
with pointed probes (Table 1). All 4 animals were
administered medical treatment and antibiotics, and made
full recoveries.
While successful improvements had been made in the
overall ease-of-use in collar design during Trial 1, animal
health and safety became our first priority for Trial 2. We
speculated that the primary problems with our collar design
in Trial 1 were 1) faulty probe shape and design; and 2)
excessive movement of the radiocollar, causing a back-andforth motion with pressure exerted at the probes. Based on
findings in Trial 1, we developed a new probe for Trial 2 that
was larger in width, and would thus spread the force of the
probes over a larger surface area (Fig. 1).
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Table 1. Wolf reaction to shock and neck damage noted in captive tests of shock collars on wolves at the Wildlife Science Center, Minnesota, USA, 2003–
2005.
Day 2: reaction to shocka
Trial
1—Test factory shock probes (n ¼ 4)
2—Test new shock probe (n ¼ 4)
3—Reduce neck irritation (n ¼ 4)
4—Increase battery life (n ¼ 6)c
5—Modify counterweights (n ¼ 4)

None

Mod

Severe

0
1
1

4
2
2

0
1
1

0

4

0

Day 18: reaction to shocka
None

1

Mod

2

Neck damageb

Severe

None

Mild

Severe

0

0
1
3
0
0

1
3
0
6
4

3
0
0
0
0

Shock reaction by wolves was classified as: none ¼ no reaction; mod ¼ moderate reaction with scratching, yelping, running for several meters, and/or biting
at the collar; or severe ¼ jumping, spinning, seeking shelter, and/or barking.
b
Neck damage was classified as pressure necrosis or contact dermatitis. Pressure necrosis was only noted in Trial 1.
c
Trial was halted before shocks were administered on day 2.
a

Trial 2—Testing a New Shock Probe
We extended battery life of shock units to an average of
54 days (SE ¼ 1). Two of 4 shock-collared wolves exhibited
a moderate reaction and one exhibited a severe reaction to the
shock. One wolf exhibited no reaction to the shock (Table 1).
We believe that this latter animal’s collar had shifted too far
to one side, and probes were not making contact with skin.
On day 8, 3 of 4 wolves began showing neck damage to the
shaved area on the back of the neck and we removed collars.
We noted that the external batteries had been broken off one
wolf’s collar (i.e., individual that did not react to shocking
attempts), and we concluded this was the probable cause of
its failure. We noted that neck damage was not as severe as
Trial 1; however, we did observe neck damage on 3 of 4
animals (Table 1). Neck damage in Trial 2 was not located in
the shock probe region; rather, we observed mild contact
dermatitis near the edges of the radiocollar. We speculated
that neck irritation was likely caused by the rough edges of
the radiocollar contacting the shaved area of the wolf’s neck
(Fig. 1). This problem would likely not be noted for animals
that were fully furred because the fur would provide
protection to the underlying skin.
Trial 3—Reducing Neck Irritation
Two of 4 shock-collared wolves showed a moderate reaction,
one exhibited a severe reaction, and one did not react to the
shock on day 2 (Table 1). We captured this latter animal and
found that the shock unit was functioning well. However,
this individual had been used in Trial 1, and we noted
thickened scar tissue on the back of its neck, which may have
caused reduced sensitivity to the shock. We removed this
individual from further testing. On Day 18, we observed that
2 of 3 wolves showed a moderate reaction to the shock and
one wolf showed no reaction (Table 1). The 3 wolves were
physically restrained and collars were removed. We noted
that the wolf that did not react to the shock had a collar that
had been accidentally turned off, possibly due to a
malfunction or human error. All 3 wolves showed no neck
damage, and collars and shock units were intact (Table 1).
Trial 4—Increasing Battery Life
We extended the shock unit battery life to an average of
80 days (SE ¼ 1). Collars with battery attachment on the
420

side had a lower profile and remained in a more upright
position when compared with 2 designs that had topmounted batteries. However, probe contact appeared to be
an issue with all 3 designs. Counterweights caused collars to
ride higher on the neck, closer to the head, and above the
shaved area. Before day 2 of the trial, Wildlife Science Center
staff observed un-collared wolves chewing on shock units of
collared wolves, as well as collared animals chewing on their
own collars. Wolves were immediately restrained and collars
removed due to lead ingestion concerns. Chewed collars were
missing pieces of lead counterweights, suggesting captive
wolves may have consumed portions of lead weight. Lead
poisoning tests proved negative. All 6 wolves experienced
mild contact dermatitis either on the shaved area or through
longer, unshaved hair (Table 1). Subsequently, for Trial 5, we
moved the shaved area higher on the neck and switched from
lead counterweights to steel weights to prevent any risk of
lead poisoning of wild wolves whose health could not be
monitored (Fig. 1).
Trial 5—Changes to Counterweights
Monitoring results of the 2 collars with side-mounted
batteries showed an upright position of the collar and
consistent contact of probes with the shaved portion of the
collared wolf’s neck. Our movement of the shaved area
higher on the neck added stability to position and reduced
movement of collars. Both collar designs with the battery
mounted on top of the shock unit continued to rotate
throughout the trial. On day 2, all wolves exhibited a
moderate reaction to the shock (Table 1). On day 14 we
removed all collars due to Wildlife Science Center needs for
use of the wolves in educational exhibits. All 4 wolves
presented mild contact dermatitis near the probes (Table 1).

DISCUSSION
Shivik et al. (2003) and Hawley et al. (2009) suggested that
ability of a shock collar to reliably deliver a shock treatment
to an experimental animal was essential to produce aversive
conditioning. The effectiveness of shock collars depends
largely on their ability to consistently deliver a shock
treatment over an extended period of time, as well as the
behavior of study organisms during and after the shock
Wildlife Society Bulletin

treatment. Shivik et al. (2003) described a large variation in
behavioral responses to shock collars by captive wolves. It is
unknown whether Shivik et al. (2003) tested shock unit
consistency, but some of the variability they considered to be
behavioral may have been due to variability in shock units.
This is not to say, however, that variability in individual
behavior and response did not exist in our trials. Of 19 shock
attempts on 16 wolves in our trials, 14 (74%) caused
moderate reactions, 2 (10%) caused a severe reaction, and 3
(16%) caused no reaction in wolves (Table 1). Two wolves
exhibiting no reaction to the shock had collar malfunctions in
our study and one wolf had neck scarring that likely
interfered with shock delivery.
Hawley (2005) suggested that battery life, fit, and shifting
of shock collars, and safety as necessary variables to be
considered when designing a new shock collar. Our new
design increased battery life of factory shock collars from
approximately 20 days to 80 days. Increased battery life
allowed us to reinforce shock stimuli to undesired behavior of
wild wolves in field trials (Hawley et al. 2009, Rossler
et al. 2012). Reinforcement of the stimulus to unwanted
behavior is often necessary for conditioning to occur
(Coppinger and Coppinger 2001). Inconsistency issues of
shock-collar rotation or movement around the wolf’s neck
were addressed with our new, final design (Trial 5).
Counterweights prevented complete rotation of shock
collars. We also found that shaving a small portion of hair
on the back of the neck aided in the consistent placement of
shock probes on the back of the neck and reduced movement
of collars.
We permanently affixed shock units to conventional VHF
collars to minimize any inconsistencies of the shockcollardrop-off mechanism designed by Hawley (2005).
The permanent attachment of shock units decreased the
likelihood that shock units would prematurely drop off. After
developing and testing our new, larger probes in captive
trials, we felt comfortable placing shock units permanently
on radiocollars. The larger probes also avoided problems of
pressure necrosis found with factory probes. We noted mild
contact dermatitis on wolves when using the larger probes;
however, this may also have been related to skin irritation
from shaving the fur on the back of the neck. Our results
were based on limited trials on captive wolves; however, our
final shock-collar design (Trial 5) was successfully used in
field trials on 10 wild wolves (Rossler 2007, Rossler
et al. 2012).
Additional changes to our design are needed to further
improve battery life and fit. Increasing battery life would
make shock collars a more reliable and possibly more
acceptable management tool. We believe a radiocollar–
shock-unit system should be maintained for purposes of
placing only one collar on an animal. This system makes it
easier and faster to place on wolves during immobilization.
Development of a radiocollar–shock-unit system with an
internal battery system to counterweight collars (instead of
external weights) is recommended. Removal of external
weights also may aid in reducing contact dermatitis because
less force will be applied at the probes. Adaptation of shockHawley et al.
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collar technology to global positioning system radiocollars
might be possible; however, antennas are typically mounted
on the top of these collars and may interfere with the correct
placement of shock units. Further development would be
needed, with trials, before shock units could be used with
global positioning system collars. We suggest that future
modifications should be made, including 1) a reduction in the
weight and profile of the shock unit and 2) extension of
battery life by directly wiring shock units to radiocollar
batteries.

MANAGEMENT IMPLICATIONS
Our design is usable for wolf depredation-management
situations, particularly in chronic problem areas (see Rossler
et al. 2012). Livestock pastures (i.e., shock zones) can be
established using shock towers that house Innotek transmitters wired to a reed switch timer (Rossler 2007). This
system allows managers to remotely trigger shock collars to
provide a 12-second shock, with a 48-second delay before the
next shock, whenever a shock-collared wolf enters the shock
zone (Schultz et al. 2005, Hawley et al. 2009, Rossler
et al. 2012). Shock zones with a radius of 0.8 km from shock
towers were established by Rossler et al. (2012). Shock collars
can be an expensive management tool (Rossler et al. 2012),
but may be particularly valuable for recovering population of
wolves and other canid species, where lethal control is not a
management option.
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