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The use of aversive conditioning, repellents and deterrents in the man-
agement of predator—livestock problems is evaluated based on a com-
prehensive literature review, contact with leading authorities and visits
to areas with similar predation problems. The status of these manage-
ment tools is reported and their applicability under Scandinavian con-
ditions evaluated. Aversive conditioning usually involves treating baits
with an emetic compound (usually lithium chloride), and has shown
inconsistent and inconclusive results. Repellents and deterrents include
physical, chemical and acoustic stimuli or devices that cause predators
to stop an unwanted behaviour or to retreat from an area. Chemical
repellents are not particularly effective against coyotes but have been
effective for wolverines and bears under some conditions (e.g. with
the availability of untreated, alternative prey). Projectile repellents give
an immediate, positive result with bears, but their use is limited.
Visual and acoustic devices work well, but only for a limited time, as
predators quickly habituate to these devices. To summarize, these
methods generally show little promise in reducing livestock depreda-
tion on a large-scale or long-term basis, especially under the condi-
tions prevailing in Scandinavia.
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Introduction

In an effort to reduce large carnivore predation on
livestock there have been numerous attempts to mod-
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ify predator behaviour to discourage their recognition
of livestock as acceptable prey (Linnell et al., 1996).
Aversive conditioning refers to the elimination of an
established, undesired behaviour, by associating that
behaviour with some negative conditioning stimulus.
There are many types of conditioning stimuli de-
signed to affect subjects physiologically and psychg-
logically. Stimuli (sights, sounds, tastes, etc.) are
applied such that the subject associates a negative
event (illness, pain, fear, etc.) with performance of the
undesired behaviour. If conditioning is successful the
undesired behaviour is stopped or moderated (a con-



ditioned response). The retention time of the condi-
tioned response and the number of treatments neces-
sary to achieve it are important measures of the
success and practicality of a particular conditioning
stimulus. For predators, most aversive conditioning
attempts have focused on establishing taste or smell
aversions to certain prey items (food aversion learn-
ing), or eliminating aggressive or overly curious be-
haviour towards people (deterrents and repellents).

Deterrents, defined by Follmann et al. (1980), in-
clude any physical, chemical, acoustic or other device
designed to discourage the presence of an animal in a
specific area (campgrounds, garbage dumps, etc.).
Repellents include chemical sprays, projectiles, explo-
sives, visual stimuli, or any other technique designed
to discourage an approaching or attacking animal
from completing that approach. To be effective, de-
terrents should have a long-lasting effect, whereas
repellents may provide only an immediate, short-term
effect. Thorough reviews of these topics have been
published previously by Follmann et al. (1980) and
Hunt (1984). This article reviews these techniques and
explains their limitations, especially under Scandina-
vian conditions. Together with the companion article
on guardian animals (Smith et al., 2000) an attempt is
made to review many of the potential methods used
for reducing livestock depredation.

Methods

The authors contacted many of the known experts in
the field, seeking their advice on the most important
literature as well as copies of the more obscure mate-
rial. They then reviewed as much of the original
literature as possible and have included an extensive
reference section. In addition, they visited areas of
the western USA where predation losses are high and
these types of antipredation techniques are commonly
used. The information obtained from the literature
and the scientific experts was incorporated into this
review, presenting both the positive and negative
aspects. Because of the large amount of contradictory
data that has been published, some sections of the
review are presented in a chronological, or case-by-
case manner, which should allow the reader better to
evaluate the way in which the conclusions have been
reached.

Results and discussion
Aversive conditioning

There is no question that animals can be taught to
avoid selected foods with aversive conditioning, and
there is a vast body of literature from laboratory
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investigations, mostly on rats (Dorrance & Gilbert,
1977; Riley & Clarke, 1977). Most predation-related
research on aversive conditioning has concentrated
on attempting to instil coyotes (Canis latrans), bears
(Ursus sp.) and wolves (C. lupus) with an aversion to
a target prey by lacing baits (rabbit, sheep, chickens,
etc.) with an emetic chemical compound that causes
severe nausea. Most studies have tested lithium chlo-
ride (LiCl) (Gustavson et al., 1974), but other emetic
compounds used include cupric sulfate (CuSO,)
(Dorrance & Roy, 1978), anthelmintic thiabendazole
(TBZ) (Ziegler et al., 1983; Gustavson et al., 1983),
emetine hydrochloride (EHCI) and alpha-naphthyl-
thiourea (ANTU) (Wooldridge, 1980).

Theoretically, aversive conditioning of predators
against a selected prey could be a useful tool for
managers for a number of reasons. It is non-lethal,
thus reducing management-related mortality of
predators in threatened populations, and it addresses
the increasing public pressure against lethal control
for all populations. If the predator in question is
territorial, then aversively conditioned individuals
would continue to defend their territories from other
non-conditioned individuals, thus reducing depreda-
tion by transients and immigrants. Lastly, this tech-
nique probably would have limited negative effect on
non-target species if the chemicals and dosages were
carefully selected.

There continues to be considerable controversy
over this technique, with inconsistent results leading
to questions as to whether an aversion to eating a
particular animal will deter killing of that animal.
Both sides of this debate will be presented, although
readers are strongly encouraged to read the selected
articles and form their own opinion.

Laboratory studies

Gustavson et al. (1974) indicate that captive coyotes
may acquire LiCl-based aversions for selected prey.
These results were somewhat inconclusive because
two out of three coyotes continued killing lambs after
the first treatment, and subsequent treatments in-
cluded an intraperitoneal injection of LiCl. Addi-
tional testing of three coyotes, using LiCl-laced rabbit
carcasses together with a LiCl injection, instilled an
aversion to live rabbits which, after two treatments,
lasted for 4 weeks, 2 weeks and 1 week for the three
coyotes (Gustavson et al., 1974). These results were
criticised by Bekoff (1975) because of the use of two
treatment methods (first bait then bait and injection)
and the inappropriateness of these methods to field
applications. Gustavson et al. (1975) responded that
the methods were appropriate for the hypotheses that
they tested (that aversions could be instilled at all,
without regard to whether or not these would be
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