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Carnivores

Wildlife Services—A Leader in Developing Tools and Techniques for Managing

Carnivores

KATHLEEN A. FAGERSTONE, U.S. Department of Agriculture, Animal and Plant Health Inspection Service,
Wildlife Services, National Wildlife Research Center, Fort Collins, CO, USA
GAIL KEIRN, U.S. Department of Agriculture, Animal and Plant Health Inspection Service, Wildlife Services, National

Wildlife Research Center, Fort Collins, CO, USA

ABSTRACT Did you ever wonder who invented the breakaway snare or the Livestock Protection Collar? These and
many other wildlife management tools and techniques are the result of the ingenuity and creativity of U.S. Department

of Agriculture Wildlife Services (WS) program scientists, technicians, and field specialists, with the help of collaborators

at universities, other federal and state agencies, and private partners. This manuscript will highlight some of the tools and

methods that were developed, tested, or registered by WS National Wildlife Research Center scientists for use in predator

damage management.
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INTRODUCTION AND HISTORY

The National Wildlife Research Center (NWRC)
and its predecessor laboratories have a long history of
developing tools for managing livestock predation.
The NWRC is the research arm of the U.S. Depart-
ment of Agriculture Wildlife Services program (W),
whose mission is to resolve problems caused by the
interaction of wild animals and society. WS has been
in existence since the establishment of the Bureau of
Biological Survey (BBS) in 1886. The NWRC began
in 1922 with the establishment of The Eradication
Methods Laboratory of the BBS, whose mission was
the “investigation of poisons . . . to aid the effective-
ness of campaigns to destroy predators and rodents.”
That mission was quickly changed when the labora-
tory was renamed the Control Methods Research
Laboratory and in 1931, a division of food habits
research was established. At this point, the laboratory
began its emphasis on systematic laboratory and field
studies, as well as a focus on nonlethal and lethal means
of managing damage by mammals and birds. In 1939,
the BBS became the Fish and Wildlife Service under
the U.S. Department of Interior, the Denver Wildlife
Research Center (DWRC) was established, and preda-
tor management research became a major research
area. Early research consisted mainly of experiments
with lethal baiting techniques and studies to assess the
effects of strychnine, thallium, and 1080 bait stations
on the populations of predators and other wildlife.
Other predator methods research between 1930 and
1960 focused on coyote (Canis latrans) food habits,
movements, and development of the Coyote Getter—

a sodium cyanide ejector. During the 1960s, research
was conducted on coyote population dynamics, fertil-
ity control, and tranquilizers for use with traps.

In 1972, President Nixon’s Executive Order 11643
banned the use of poisons in cooperative federal
programs. Following this ban, two federal agencies re-
ceived funding for predator research. Between 1973
and 1987, the USDA Agricultural Research Service
(ARS) at the U.S. Sheep Experiment Station near
Dubois, Idaho, conducted predator research and
funded extramural research at 7 universities. ARS
made significant contributions to methods develop-
ment, particularly in the areas of anti-predator electric
fencing, livestock guarding dogs, and synthetic coyote
lures (USDA ARS 1987). Meanwhile, the DWRC in-
creased its predator research focus, conducting stud-
ies on livestock losses, coyote biology, ecology, and
behavior, along with increased emphasis on nonlethal
predation management tools (USFWS 1978), includ-
ing studies of electric fencing, livestock guarding dogs
and husbandry practices, chemical repellents and aver-
sive agents, and frightening devices. Selective or site-
specific lethal techniques were also developed, includ-
ing the Livestock Protection Collar (LPC), the M-44
cyanide ejector, and the large gas cartridge for coyote
den fumigation. The mission of the DWRC at that
time included not only research on wildlife damage
management, but also on migratory birds and endan-
gered species.
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In 1985, Congress transferred the Animal Dam-
age Control Program, including part of the DWRC
and some of its field stations, to the USDA’s Animal
and Plant Health Inspection Service (APHIS). The
DWRC’s mission narrowed to wildlife damage man-
agement. From 1986 to 1990, research (directed by
Congress) focused primarily on maintaining exist-
ing chemical tools by completing the Environmental
Protection Agency (EPA) re-registration process for
predation management products, including the LPC,
the M-44, and the gas cartridge (Fall 1990, Fagerstone
et al. 1990). With the successful completion of the
re-registration process, and with new Congressional
direction to develop nonlethal management methods,
the predator research program focused on nonlethal
techniques, methods selective for individual problem
animals, and procedures perceived by the public to be
more humane (Fall and Mason 2002). In 1997, the
Animal Damage Control Program formally changed
its name to Wildlife Services (WS) and the DWRC
was officially moved to Fort Collins, Colorado, at Col-
orado State University’s Foothills Research Campus,
and renamed the National Wildlife Research Center.

A primary objective of the NWRC has always been to
transfer information and technology to user groups,
including private industry. However, after a tool or
technique has been transferred, used, manufactured,
or sold by others, the NWRC’s role in methods
development is frequently forgotten. Although gen-
eral reviews of predation management research on
methods and strategies are available (Connolly 1996,
Rollins et al. 1995, Knowlton et al. 1999, Mason et al.
2001, Fall and Mason 2002), the goal of this manu-
script is to provide historical information on specific
contributions of the NWRC and its predecessor—the
DWRC—to the development of predator damage
management tools and techniques. Both centers have
worked closely with numerous partners, including WS
operations, universities, other government agencies,
non-governmental organizations, private companies,
and international agencies. As such, development of
most of the tools and techniques mentioned in this
manuscript was done in partnership with other indi-
viduals and agencies.

CHEMICAL EFFECTS DATABASE

Between 1943 and 1987, numerous chemicals were
evaluated by the DWRC and by the U.S. Geological
Survey’s Patuxent Wildlife Research Center (formerly

part of the U.S. Fish and Wildlife Service) for their
potential use in preventing wildlife damage to agricul-
ture, property, and natural resources. These historical
studies led to the development of new chemical man-
agement tools and now provide valuable information
for scientists involved in environmental risk manage-
ment and the development of safe, effective damage
management tools. The NWRC’s chemical effects
database contains approximately 11,000 published
bioassay records and data for over 2,000 chemicals
analyzed and evaluated for toxicity to animals and
plants, repellency, immobilization, and reproductive
inhibition. The NWRC has published much of the
information from those studies and in March 2011
placed this database on the NWRC web page www.
aphis.usda.gov/wildlife damage/nwrc/index.shtml.
Several of the chemicals discussed below were evalu-
ated during this period and then commercialized.

PREDACIDES

During its long history, the NWRC has developed
and conducted research on several predacides (Sava-
rie et al. 1979, Savarie and Connolly 1983). The pre-
dominant application of predacides has been for the
control of mammalian carnivores such as red foxes
(Vulpes vulpes) and coyotes that prey on livestock
and poultry. Predacides are also used in conservation
programs for control of native and invasive predators
that prey upon threatened or endangered species, or
are vectors of communicable disease. NWRC employs
staff dedicated to obtaining approval for the use of
pesticides from the EPA and for drugs from the U.S.
Food and Drug Administration (FDA). Managing
only animals that cause predation is a goal of lethal
predator management, so predacide labels are written
with strict requirements on the use of specific delivery
systems and placements that limit exposure to non-
target animals and to the environment (Fagerstone
2002). Through NWRC’s registration unit, APHIS
has registered active ingredients and end-use prod-
ucts with the EPA for the following unique predator
applications.

COMPOUND 1080

Sodium monofluoroacetate’s (Compound 1080) toxic
nature was noted in the 1930s, but it was not seri-
ously investigated as a pesticide until World War II,
when shortages of strychnine and red squill necessi-
tated the development of other toxicants (Fagerstone
et al. 1994). Sodium monofluoroacetate was tested
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beginning in 1944 as part of the chemical screening
program described above. It received the acquisi-
tion number 1080 and is now commonly known as
Compound 1080, or just 1080 (Atzert 1971). The
early studies in the 1940s marked the beginning
of NWRC research on 1080 linked to its use as a
vertebrate pesticide to control coyotes. The NWRC
was also instrumental in the development and reg-
istration in 1985 of 1080 for use in the Livestock
Protection Collar, a device that targets only those
animals causing livestock depredations. The LPC
is a rubber collar filled with a dilute solution of
Compound 1080 that is placed around the neck of
a lamb or kid goat. It is used in areas where coyotes
are killing livestock. The toxicant is dispensed as the
coyote attacks the neck of the sheep and punctures
the collar (Connolly 1993). Compound 1080 has also
been widely used since the 1950s in New Zealand and
Australia for invasive species management.

SODIUM CYANIDE (M-44)

The NWRC’s predecessor began research on sodium
cyanide in the 1920s, and sodium cyanide ejectors
have been used in predator damage management
programs since the late 1930s. The first device, the
Coyote Getter, was developed by a private individual
who introduced the product to government trappers
(Blom and Connolly 2003). When the coyote pulled
on the top of the ejector, sodium cyanide was ejected
into the coyote’s mouth. The Coyote Getter was used
in federal predator control programs until the 1970s
despite some performance and safety issues. Over the
years, WS Operations and NWRC conducted consid-
erable research to enhance the safety and effectiveness
of the product, resulting in its increased use (Connolly
1996). The M-44, where the cyanide capture contents
are expelled by the release of a spring-driven plung-
er, officially replaced the Coyote Getter in federally-
supervised predator damage control programs in the
1970s. It is now used to control coyotes, red fox, gray
fox (Urocyon cinereoargenteus), and wild dogs that are:
1) suspected of preying upon livestock and poultry; 2)
suspected of preying upon federally designated threat-
ened or endangered species; or, 3) vectors of commu-
nicable disease such as rabies. It is also used to con-
trol arctic fox (Alopex lagopus) that depredate federally
designated threatened or endangered species in the

Aleutian Islands, Alaska.

GAS CARTRIDGE

Gas cartridges were developed by the NWRC’s
predecessor more than 50 years ago and have been
used since then to control burrowing rodents and
smaller predators in dens. The original WS cartridge
contained 7 active ingredients, but this was reduced to
2 ingredients during the 1970s, to make the cartridge
safer and its registration easier to obtain (Savarie et al.

1980).

The APHIS gas cartridge is a fumigant cartridge con-
taining carbon and sodium nitrate, enclosed by a card-
board cylinder. The gas cartridge is ignited and placed
into a burrow or den, with all entrances closed to
prevent the escape of gas; ignition results in high
of carbon monoxide gas. The
American Veterinary Medicine Association’s 2007
panel on euthanasia recommends this method to
quickly induce unconsciousness without pain. APHIS
maintains a gas cartridge for use on coyotes, red fox,
and striped skunks (Mephitis mephitis) in dens (Savarie
et al. 1980, Ramey et al. 1992). It is a selective man-
agement tool because the dens of the target animals
can be identified by size, tracks, remains of prey, scat,
and observation of animals at the site.

concentrations

PARA-AMINOPROPIOPHENONE (PAPP)

A major thrust for NWRC has been the continual
development of safer yet still effective management
tools. NWRC scientists conducted research during the
1970s on para-aminopropiophenone (PAPP), a more
humane and safer predacide to replace Compound
1080 for the control of coyotes (Pan et al. 1983,
Savarie et al. 1983). Formulation difficulties and re-
gurgitation by dosed animals caused problems with its
development, and research on PAPP was not pursued
as a priority after Compound 1080 was registered for
use in the animal-specific Livestock Protection Col-
lar (Connolly 1980). However, NWRC transferred
the research findings on PAPP to New Zealand sci-
entists, who have pursued PAPP as a new predacide.
The New Zealand Environmental Risk Management
Authority has recently approved the use of 3 products
containing PAPP within bait stations to control stoats
(Mustela erminea), ferrets (Mustela putorius), and fe-
ral cats (Felis catus) (Murphy et al. 2007, Eason et al.
2010). PAPP induces methemoglobinemia, which
acts to prevent oxygen from binding to red blood
cells. This reduces oxygen supply to the brain, causing
animals to become lethargic, sleepy, and unconscious
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prior to death. PAPP is considered a humane alterna-
tive to Compound 1080, as animals dosed show few
symptoms before unconsciousness. The chemical
exhibits low toxicity to most bird species, no second-
ary poisoning risks, and has a simple effective antidote
(Savarie et al. 1983).

CHEMICAL REPELLENTS

NWRC has a long history of research into repel-
lents, and has investigated the effectiveness of many
commercially available or candidate coyote deter-
rents, including the aversive agent lithium chloride.
The only substance identified that is reliably aversive
is d-pulegone, for which the NWRC was awarded a
patent in 1999 (Mason et al. 1999). This mint-scented
compound deters feeding and is effective because it is
irritating and causes post-ingestive malaise. However,
it has not been used operationally due to difhculties in
delivering it effectively to coyotes.

BAITS, LURES, AND ATTRACTANTS

Odorous chemicals are routinely used to lure preda-
tors to traps, bait stations, and census stations. Dur-
ing the 1970s and 1980s, several NWRC investigators
evaluated various odor attractants in an attempt to
improve the efficacy and selectivity of coyote control
techniques (Linhart et al. 1977). The studies resulted
in development and field-testing of effective synthetic
coyote attractants, such as CFA (synthetic monkey
pheromone) (Linhart et al. 1977), SFE (synthetic
fermented egg) (Bullard et al. 1978, Turkowski et al.
1983), and FAS (fatty acid scent) (Roughton 1982).

Windberg (1996), Mason and Burns (1997), and
Mason et al. (1999) examined novelty and visual cues
to manipulate coyote bait acceptance, and applied
their research results to improve M-44 performance.
Efforts have also continued to use odor attractants
to elicit varying coyote behaviors, such as rolling,
licking, or biting, during development of lures and
slow-release formulations (Phillips and Blom 1994,
Mason and Blom 1998, and Kimball et al. 2000).
More recently, NWRC scientists worked with col-
laborators to develop the bait formulation and
attractants  currently used to deliver recombi-
nant rabies vaccine to coyotes and foxes in Texas
and raccoons in the northeastern United States.

DISEASE VACCINES AND

CONTRACEPTIVES

Limiting coyote numbers by inhibiting reproduc-
tion has been an attractive research area for NWRC
for many years, and chemical compounds such as
stilbestrol have proved effective in initial trials (Lin-
hart et al. 1968). However, it has proved difficult
to deliver baits to a sufficiently large fraction of the
coyote population (Connolly and Longhurst 1975).
The use of contraceptives remains an attractive idea,
as NWRC studies have shown that most depredations
can be attributed to territorial, dominant coyotes (Till
and Knowlton 1983). Researchers suggest that sterility
could be used to reduce predatory behavior by these
territorial pairs of coyotes, because they would have
no need to provide for pups (Till and Knowlton 1983;
Knowlton 1989; Bromley and Gese 2001a, 2001b).

WS has a long history of involvement with state, local
and federal agencies in the effort to control the spread
of rabies in the United States. In 1995, WS cooper-
ated with the Texas Department of Health and other
agencies and organizations to develop and implement
an oral rabies vaccination (ORV) program in Texas.
The ORV program aimed to prevent the northward
spread of a strain of canine rabies that was prevalent
in coyotes. An important contribution of NWRC was
verifying that coyotes would be immunized if they
consumed baits containing the rabies vaccine. While
canine rabies was eradicated from the United States in
2007, the risk of reintroduction from wildlife popula-
tions is still high in areas with feral and free-roaming

dogs.

Throughout the world, there is a critical need to
control population growth in dogs, especially in
areas where canine rabies remains endemic. The
GonaCon™ Immunocontraceptive Vaccine (Gona-
Con) was developed and patented by NWRC scientists
(Miller et al. 2008) and has demonstrated contracep-
tive effects lasting at least 1-3 years in most mammal
species. The vaccine is registered by the EPA for use
in adult female white-tailed deer (Odocoileus virginia-
nus). GonaCon also has potential to address worldwide
dog overpopulation issues that are a serious problem
in developing countries. Millions of animals are de-
stroyed annually because they pose risks of spreading
rabies (Carroll et al. 2010). Rabies continues to chal-
lenge public health systems in developing countries,
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especially Africa and Asia, where many of the esti-
mated 55,000 annual human rabies deaths occur. The
threat of rabies virus transmission to humans from
dogs increases when the density of dogs exceeds the
threshold density at which canine rabies is maintained.
Integration of GonaCon into national rabies vaccina-
tion programs represents a potentially cost-effective
strategy to complement or replace other population
control methods. NWRC scientists, in collaboration
with the Navajo Nation Animal Control Program in
Arizona, have shown the simultaneous injection of the
GonaCon with a canine rabies vaccine in feral dogs
did not affect the development of rabies antibodies
(Bender et al. 2009). These findings could aid in the
development of new vaccination programs, as well as
a combined rabies-contraceptive vaccine strategy, for
use with feral dog populations.

TRAPS AND CAPTURE DEVICES

For more than 50 years, WS Operations, the NWRC,
and its predecessors have engaged in collaborative
research to improve animal traps and trapping systems
(Fall 2002). Most of this research has focused on im-
proving the efficiency, selectivity, and safety of coyote
traps; results of this research have led to the avail-
ability of greatly improved designs for foothold traps,
pan tension devices, snares and cable restraints, trap
monitors, and trap tranquilizers. NWRC researchers
have even been instrumental in improving box-type
traps for small carnivores. For instance, design modi-
fications to an enclosure system affixed to a box trap
allowed for increased trapping success for kit
fox (Vulpes macrotis) and increased trap mobility

(Kozlowski et al. 2003).

Foothold traps have been in use for capturing wild
animals for centuries and remain one of the most
important capture techniques used by Wildlife Ser-
vices. However, public concern about the humaneness
of their use has encouraged research on safer, more
selective designs. NWRC scientists have worked with
Wildlife Services field personnel for many years on
modifications to increase the selectivity and humane-
ness of foothold traps (Linhart et al. 1981). Rubber-
padded traps were introduced into the United States
from Europe in the 1930s, and became of interest
to NWRC in the 1960s because of their potential
application in capturing and releasing animals dur-
ing radio-telemetry studies (Fall 2002). NWRC re-
searchers tested padded jaw traps beginning in 1983

(Linhartetal. 1986, Olsen et al. 1986) and worked with
a manufacturer to produce a padded jaw trap (Wood-
stream Corporation’s SoftCatch” System) for coyotes
that reduced injuries, but was able to effectively cap-
ture coyotes (Linhart et al. 1988, Linhart and Dasch
1992, Phillips et al. 1992). Traps and capture devices
have been improved and changed as a result of NWRC
testing for capture rate, injury rate, and selectivity
(Phillips and Mullis 1996, Shivik et al. 2000). NWRC
has been heavily involved in a national program to
evaluate traps according to international standards for
animal welfare and to develop guidelines of best man-
agement practices for trapping furbearers (Fall 2002).

NWRC rescarchers also worked with trap manufactur-
ers to assess and modify pan tension devices for traps.
These devices prevent activation of traps by smaller
nontarget animals and are important in providing trap
specificity in areas where threatened or endangered
species are present. Linhart et al. (1981) and Turkows-
ki et al. (1984) evaluated early pan tension devices and
suggested modifications. Phillips and Gruver (1996)
evaluated a newer after-market pan tension system.
Several pan tension devices are now available for traps
to make them safer for nontarget animals.

WS Operations and the NWRC have been instru-
mental in devising and improving predator capture
devices using cable restraints. Using employee designs,
WS has produced versions of cable restraints, such as
the WS Turman (WS-T) snare originally produced
by employees in Idaho and subsequently modified by
WS in California (Shivik et al. 2005). Phillips et al.
(1990) looked at the biomechanics to determine how
much force domestic and native ungulates and coyotes
could exert on snare cables. They used this data to pre-
dict which snares would effectively hold coyotes while
releasing livestock and wildlife (Phillips et al. 1990,
Phillips 1996). Shivik et al. (2000) and Darrow et al.
(2008) made further evaluations of cable restraints and
suggested improvements. The lock design approach
may have application for auto-collaring coyotes for re-
mote attachment of radio telemetry collars or aversive
conditioning collars (Shivik et al. 2000, Shivik and
Martin 2001). NWRC research has highlighted the
importance of thoroughly testing restraining devices
using standardized injury and efficacy scores.

Stricter state legislation of traps has required a greater
frequency of trap check intervals, which can reduce
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trapper efficiency and increase the costs associated
with wildlife damage management programs. NWRC
electronics engineers and researchers were instrumen-
tal in developing early trap monitoring devices. Hal-
stead et al. (1996) developed and examined a variety of
trap monitors, with the assistance of WS Operations
personnel. Trap monitors have been found to reduce
time required to check traps and snares in remote
areas, and allowed trappers to meet requirements for

daily trap checks (Darrow and Shivik 2008).

TRANQUILIZER TRAP DEVICE
(PROPIOPROMAZINE HYDROCHLORIDE)
During the 1960s, researchers, field specialists, and
others recognized a need to sedate animals captured
in foothold traps. Such a tranquilizer trap device
could reduce damage to the animal caused by the trap,
reduce animal stress, and prevent animals from escap-
ing. The original drug tested by NWRC was diazepam
(Balser 1965); however, because diazepam was on the
Drug Enforcement Administration list of controlled
substances, WS Operations could not authorize it
for use. NWRC researchers therefore identified and
tested a variety of other drugs (Savarie and Roberts
1979). Ultimately, an alternative formulation using
the sedative propiopromazine hydrochloride (PPZH)
was chosen for development. In 1998, APHIS ob-
tained an Investigational New Animal Drug (INAD)
number from the FDA allowing shipment of PPZH
in a tranquilizer trap device for use to sedate coyotes,
wolves (Canis lupus), and feral dogs caught in foothold
traps (Fagerstone and Schafer 1998, Sahr and Knowl-
ton 2000, Savarie et al. 2004). The device is currently
used primarily during wolf research and management
activities.

FENCING AND BARRIERS

Though the effective use and installation of wire and
electric fences to protect livestock have been described
for many decades, costs associated with installation,
and low-density stocking rates for livestock, often
preclude the use of fencing in the United States.
Electric fencing and fence-charging technology were
developed primarily in Australia and New Zealand
and were introduced into the United States in the
mid-1970s. Since that time, the evaluation of bar-
rier and electric fences to exclude coyotes has received
considerable research attention from NWRC scien-
tists and others. Linhart et al. (1982) field-tested vari-
ous configurations of electric fencing for protecting

pastured sheep from coyote predation and found that
properly configured fences reduced coyote predation.
About 35% of livestock producers surveyed (U.S.
Department of Agriculture 2000) use fencing to
reduce livestock predation.

FRIGHTENING AND AVERSIVE
TECHNIQUES

Although visual and sound-emitting devices, such as
lights, radios, loud noises, scarecrows, plastic stream-
ers, propane cannons, and aluminum pie pans have
been used for many years to frighten predators and
reduce predation on livestock, NWRC scientists were
the first to fabricate and test a portable multi-stimulus
device specifically for that purpose called the Electron-
ic Guard (Linhart 1984, Linhart et al. 1984). Field
tests of these electronic frightening devices for pro-
tecting farm flock sheep confined to fenced pastures
showed that devices emitting light and sound stimuli
could abruptly stop coyote predation for varying time
periods and substantially reduce losses (Linhart 1984,
Linhart et al. 1984). The devices, which emit bursts of
light or sound with varying frequencies, also deterred
coyotes from attacking sheep in some open-range
situations (Linhart et al. 1992). The Electronic Guard
was sold by the Pocatello Supply Depot from 1991
through 2005.

VerCauteren et al. (2003) more recently developed
two versions of animal-activated acoustic frighten-
ing devices, one with, and one without, an add-
ed pop-up scarecrow and strobe light. Both were
effective in reducing predation by coyotes on lambs
and ewes. However, neither has been commercially
manufactured. A more recent innovation by NWRC
researchers is the Radio Activated Guard (RAG), which
contains lights and a siren that are activated when a
radio-collared animal comes close to a livestock herd
(Breck et al. 2002; Shivik et al. 2003). The RAG has
been used to deter endangered species such as wolves
from causing livestock depredations. A version of the
RAG system is commercially available as the Model
9000 Frightening Device (Avian Systems Louisville,
Kentucky) and is designed to keep radio-collared pred-
ators out of small areas (Breck et al. 2002). Shivik et
al. (2003) also designed a movement-activated guard
device (MAG), which uses a strobe light and recorded
sound effects. The MAG is activated by movement us-
ing a passive infrared detector. In field tests, the MAG
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device effectively protected a carcass from feeding by
a variety of mammalian and avian predators for up to
29 days (Breck et al. 2002). Frightening devices confer
enough protection that about 6% of producers used
frightening devices in 2000 (USDA 2000).

NWRC researchers were also the first to test shock col-
lars as aversive training tools for wildlife. Linhart et al.
(1976) was able to deter coyotes from killing rabbits
during a pen trial using shock collars manufactured
by the NWRC. Other NWRC studies have shown
that electronic dog-training collars, which produce
a mild electrostatic shock when triggered by a radio
signal, can be effective aversive conditioning tools to
interrupt or prevent coyote attacks on domestic sheep
(Andelt et al. 1999, Mason et al. 2001). Shivik and
Martin (2001), in collaboration with a manufactur-
er, constructed a sound-activated collar. Devices are
triggered when a radio-collared animal approaches
a protected pasture and the collar detects domestic
animal calls, such as bleating (Shivik 2001, Shivik and
Martin 2001).

GUARDING ANIMALS

Although guarding animals have been used success-
fully for many centuries in Europe and Asia to pro-
tect livestock from bears and wolves, they were not
evaluated as a method of reducing livestock losses
in the United States until NWRC researchers began
investigating them in the 1970s (USFWS 1978). The
first scientific experiments with guarding dogs were
conducted by Linhart et al. (1979), who demonstrated
a significant reduction in sheep losses to coyotes by
use of Hungarian Komondor dogs. Much of the sub-
sequent research through 1987 was conducted by ARS
and others (Green and Woodruff 1987). However, in
the 1980s, WS implemented a plan to encourage the
use of guard dogs in concert with other predation
damage management methods. This initiative resulted
in widespread use of guard dogs by livestock produc-
ers. By 2004, 32% of sheep producers in the United
States were using guard dogs to protect their livestock
from predators, primarily coyotes (USDA 2005). Use
of guarding animals continues to expand and NWRC
scientists continue to evaluate their use. Gehring et
al. (2011) found that electric fencing enhanced the
effectiveness of guarding dogs by preventing them
from leaving livestock pastures. Researchers also deter-
mined that llamas could be effective livestock guards
in fenced pastures (Cavalcanti and Knowlton 1998,

Meadows and Knowlton 2000). Livestock protec-
tion dogs are now essential management tools in the
United States. Without livestock protection dogs,
thousands of sheep and lambs would be injured or
killed by predators in the United States every year.

CONCLUSION

Over the past 80 years, NWRC researchers have
developed a large number of methods and tools that
are now in use by wildlife managers to manage live-
stock predation. An emphasis on traditional predator
research related to livestock depredations is continuing
at the NWRC Logan, Utah field station. In addition,
NWRC researchers have conducted novel research on
nontraditional predators. For example, techniques de-
veloped by NWRC researchers to manage vampire bat
rabies include topical and systemic treatment of bats
with an anticoagulant (Linhart et al. 1972; Thompson
et al. 1972); the techniques have been used through-
out Latin America. Many techniques have been de-
veloped for managing invasive predators. Techniques
developed to control invasive mongoose depredations
on endangered species include the development of a
diphacinone toxicant bait (Stone et al. 1994), effective
lures, and a standard operating procedure for detecting
and monitoring mongoose. Repellents, lures, traps,
toxicants, fumigants and detector dogs have all been
developed for managing the invasive brown treesnake
(Boiga irregularis) (Engeman and Vice 2001, Savarie
et al. 2001, Savarie et al. 2005).

NWRC researchers have been instrumental in the
development of techniques that are broadly applicable
to all taxa, including use of passive integrated tran-
sponders (PIT tags) for wildlife (Fagerstone and Johns
1987). During the late 1970s, the NWRC devel-
oped innovative technologies, including miniaturized
telemetry transmitter methodologies for birds and
small mammals that were transferred to private com-
panies. In collaboration with the National Aeronautics
and Space Administration, the NWRC developed the
first satellite tracking systems for use with polar bears
(Ursus maritimus) and loggerhead sea turtles (Caretta
caretta). NWRC has developed hundreds of analytical
methods for identification of chemicals and pesticides
in various matrices, including water, soil, and tissues.
More recently, NWRC has developed the ability to
apply molecular genetics technology for the identi-
fication of canine predators (species, sex, individual
animal) by analyzing saliva collected from predated
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livestock carcasses. Currently, NWRC researchers are
continuing the traditional predator-livestock work,
but researchers are also conducting investigations in
several other areas as well. Urban predator conflicts are
being investigated, looking at coyotes as well as other
species such as bears. And additional research is being
conducted in the areas of human health and safety and
human dimensions.
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