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INTRODUCTION

Predation by coyotes (Canis latrans) on sheep (Qvig aries)
flocks has been considered to be a majof problem among stockmen
in the western half of the United States since the mid-1800's,
Through the 1960's, control of coyote numbers by trapping, poison-
ing, shooting, and den hunting was the principal goal of govern-
ment programs and beounty systems in an effort to resolve the
conflict (Wagner 1972), The attitudes of the public concerning
predator control changed during the 1960's (Leopold et al, 1964),
and climaxed in 1972 with the banning of the use of all toxicants
for predator control on publiec land (Nixon 1972).

Emphasis in coyote damage control has been directed toward
non-lethal methods following the ban on toxicants., Research
in this area has increased tremendously since 1972, with studies
conducted in relation to causes and magnitude of sheep losses
(Bowns et al. 1973; Davenport et al. 1973; Henne 1975), behavior
(Jansen 1974, Lehner 1976), taste-aversion conditioning (Gustavsen
1974), olfactery repzllents (Lehner et al, 1976), and toxic
collars (Willson 1975), However, few, if any, recent studies
have given results that have been of direct benefit to the live-
stock producer (Linhart 1975).

Facters related to the management of sheep have been suggested
as being important in reducing or preventing losses to coyotes,
Fencing (Jardine 1508, 1909, and 1911; Shelton 1973a: Thompson
1976), lighis (Gier 1968), bells (Hawbecker 1939), dogs (Howard

1974b), confinement at night (Gier 1968) and during lambing
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(Early et al, 1974a and 1974b), and method of disposallof sheep
carcasses (Boggess 1975) have all been suggested as possible
factors in relation to predation by coyotes; however, an intensive
study of these factors has hever been conducted.

Statements by two authors best summarize the need for a
study of the relétionShips between shéep management and coyote
predation. Gilbert (1973:45) states that "steps taken to prevent
the initial attack may be much more practical than attempts to
break the killing habit."™ Balser (1974b:173) reported: “Ultimately,
we should be able to characterize losses to predators so a more
refined management program can be designed to alleviate damage."
Lack of knowledge in the area of coyote damage prevention through

management was ample Jjustification for this study.



LITERATURE REVIEW

Conflicts between livestock and predators have occurred
in the United States since domestic animals were first introduced
(Presnall 1949), Losses of cattle (Bos taurus), sheep, swine

(Sus scrufa), sgoats (Capra hircus), and poultry have occurred

most often (Balser 1974b), with wolves (Canis lupus and C, niger),

coyotes, mountain lions (Felis concolor), bobecats {(Lynx rufus),

and dogs (Canis domesticus) being the principal predators (Wentworth

1948), Today, the conflict centers on predaticn by ccyctes on
sheep and lambs (Cain et al. 1972; McCabe and Kozicky 1972; Balser
1974a and 1974b).

Most of the sheep-coyote problem occurs in the 17 western
states, About 80 percent of the sheep in the United States are
in the states west of and including North and South Dakota, Nebraska,
Kansas, Oklahoma, and Texas (Gee and Magleby 19746). Historically
and presently, the highest densities of coyotes occur in this
same area (Young and Jackson 1951), although the coyote has
expanded its range to the north (Dobie 19€1) and the east (Richens
and Hugie 1974).

Several methods have been used in attempts to resolve the
livestock~predator problem§. The payment of bounties was initiated
in the late sixteenth century by the Jesuit Fathers in Lower
California (Presnall 1949) and by the Massachusetts Bay Colony
in 1630 (Wentworth 1948), This practice was continued and expanded
through the 1800's and early 190C's following the assumptions

that the bounty system reduced predator numbers and, in turn,



rredator losses of livestock.e In Kansas, bounties were first
raid on coyotes in 1877, and the system was in effect through
the 1960's (Gier 1968),

The bounty on coyotes came under question as early as 1905
(Lantz 19052 and 1905b), Up to $20,000 per year was being paid
in Kansas without materially affecting coyote numbers, The
damage attributed to coyotes was likewise not being reduced
(Bennitt 1948), Nielsen (1973) reported that bounty hunters
would typically hunt where they had the best success (not necessarily
where livestock losses were occurring) and would move on after
taking the coyotes in an area that were the easlest to trap
or shoot, Many bounties were paid to 6pportunists who, after
killing a coyote, decided to collect the bounty. The bounty
itself did not create the incentive to hunt., DMost bountied
animals were taken during the fall and winter months when hunting
is easiest., This is, in effect, a harvest of the annual surplus
and not a method of population reduction. Fraud was also common
in many bounty programs and was a reason (along with the ineffect-
iveness of the system) for repealing many bounty laws (Young
1932, Gerstell 1641), The bounty on coyotes was removed in
Kansas in 1970 (Henderson 1972).

The Federal Government became involved with the issue of
predator control on 1 July 1915, when $125,000 was appropriated
to the Biological Survey in the Department of Agriculture for
organizing a program to reduce losses of livestock to predatory
'mammals, Annual livestock losses to predators in the West ranged
from $20-330 million at that time (Bell 1921, Henderson 1930).

Shooting, trappling, and poizoning accounted for 424 welves,



9 mountain lions, 11,890 coyotes, and 1,564 bobcats thé first
year, An outbreak of rabies in 1916 led te an emergency appro-
priation of $75,000 for rabies control (Bell 1921), By 1926,
losses to predaters had been reduced substantially, as had the
number of gray wolves, primarily through the use of poison baits
(Bell 1926). The rabies outbreak had also been controlled.
Goldman (1925} advocated exterminaticn of mountain lions and
wolves and effective control of coyotes “as their extermination
is apparently a practical impossibility" (Goldman 1925133).

He stated that large predatory mammals no longer had a place

in the advancing civilization because of their destruction of
livestock and game (Geldman 1925 and 1930),

Objections to the policy of extermination of the larger
predators were voiced as early as 1925. Howell (1930) and Hall
(1930) suggested that the cost of control by the Biological
Survey was greater than the loss inflicted by predators. Adams
(1930) and Howell (1930) felt that drastic reduction or elimination
of coyotesz would be followed by excessive increases in rabbits
and rodents which wnuld necessitate control of the new pests.
Dixon (1930) and Hall (1930) objected to the wastagé of fur
of animals caught during the summer months when fur was not
prime and to the destruction of nen-target furbearers that often
were not skinned, Dice (1925) stated that the predatory mammals
are of great value in scientific study and should not be exter-
minated. Anthony (1931) called for research on the poisoning
program‘of the Biological Survey and reduction of the use of
poisons.

In 1931, Congress supported the existing program by authorizing



the Biological Survey to conduct control of predatory mammals

and injurious rodents for an additional 10 years (Young 1932).
The program was transferred to the Department of the Interior's
Fish and Wildlife Service in 1939 and became known as the Division
of Predator and Rodent Control. General population reduction

of the coyote was the main goal of the Division, but taking

of individual, offending animals also became a useful strategy
during this period., The control tools most widely used prior

to 1940 included trapping, shooting, denning, and poison {(usually
strychnine) drop baits., In the early 1940's, the cyanide gun

or “coyote getter" came into wide use along with thallium later
in.the decade (Wagner 1972), Sodium monofluoracetate, commonly
called 1080, was developed during World War II and was used
extensively in predator control beginning about 1948 (Atzert
1971). The program continued along these lines through the
1550's and early 1960's, except that the use of thallium was
discontinued because of its high toxicity and nonselectivity
(Wagner 1972).

The Leopold Report (Leopold et al., 1964) recommended that
the Division of Predator and Rodent Control reassess its goals
and that more research be conducted in the area of animal damage
control., This report led to the formation of the Division of
Wildlife Services (Berryman 1966) with a philosophy based on
minimum effective control (Cain et al. 1972), To apply this
philosophy. 1080 use was reduced and control was aimed more
specifically at troublesome individuals rather than general
population reduction, WM-#4's (spring-loaded cyanide guns) ex-
tensively replaced the "coyote getters" during this period,

also (Wagner 1972),



To further examine the subject, an intensive study and
evaluation of the entire predator control situation was conducted
in 1971 by the Advisory Committee on Predator Control {Cain
et al, 1972). Fifteen recommendations were suggested, the most
important of which was Number 21

"We recommend that immediate Congressional action

be sought to remove all existing toxlic chemicals from

registration and use for cperational predstor control.

We further recommend that these restrictions extend

to those toxicants used in field rodent centrel whose

action is characterized by the secondary poisoning of

scavengers, Frending, and in addition te, such Congressionail

action, we recommend that the Secretary of the Interior
disallow use of the aforementioned chemicals in the

federal operational program of predator and rodent conirol,

and that this ruling be made a standard in cooperative

agreements with the states. Horesover, we recommend that

the individual states pass legislation to ban the use

of toxicants in predator control® (Cain et al, 1972:5-6).,
This recommendation triggered Executive Order 11643 (Nixon 1872)
in February of 1972, restricting the use of chemical toxicants
on Federal lands for the purpose of killing predatory mammals
or birds. An orcder issued in March of 1972 by the Environmental
Protection Agency (Ruckelshaus-1972) halted interstate shipment
of all pesticides registered for use In contrelling predatory
animals. Sodium cyanide, strychnine, and 1080 were banned because
of their highly toxic effect on non-target species and because
of the secondary poisoning hazard of 1080,

Experimental use permits for M-44's were granted to several
states from Februvary 1974 through February 1975, It was concluded
from the experimental period that M-44's are safe and reasonably
selective when used by trained applicators under supervision

(Matheny 1976). Following President Ford's modification of

Executive Order 11643 (Ford 1975}, several state Departments
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of Agriculture and the Department of the Interior obtained regis-
trations approving M-44's for use in predator control (Matheny
1976) .

Predator control has also been conducted under private and
state sponsorship, but aside from a few bounty records such
as Gier (1968), documentation has been poor. During the last
3 decades of the nineteenth century, many ranches employed full-
time weclf and coyote hunters (Presnall 1949) and some ranchers
today empley trappers to conduct control on their lands (Wagner
1972). Spert hunting and fur trapping alse contribute to the
harvest by the private sector. In Califernia in 1967-68, sports-
men took about 8 timesz (84,900) as many coyotes as federal trappers
(10,316} according to Howard (1974a), In most cases, tools
used by the Federal Government in predator contrel have also
been available to private individuals, and have been used in
a similar manner but to an unknown extent.

In Kansas, the bounty system was in effect from 1877 to
1970, The Division of Predator and Rodent Control program was
used for a short time during the 1640's and in a few western
counties from 1953 to 1967 without state assistance. Cyanide
guns, drop baits, and 1080 were used in this program., In 1953,
the extension trapper system similar to that used in Missouri
(Sampson and Breohn 1955) was begun. Extension specialists teach
producers how to stop their losses themselves by using control
techniques or changing management practices., The program is
a predator damage control program, not predator control as such
(Henderson 1972). A4lthough the M-44's were used in Kansas during

o

the experimental use period, they are net presently registered



for use in predator control in the siate (Matheny 1976),

Prior to 1960, most of the research on coyotes dealt with
the search for effective control methods and the determination
of the coyctes' relationships with livestock and game animals
(primarily through studies of food habits). Food habits have
been studied by analyzing stomach contents (Dixon 1925) and
scats (Murie 1946)., The first complete analysis was done by
Sperry (1933, 1934, 1939, and 1941) followed by Bond (1939),
Grater (1943), Murie (1945), Fitch (1948), Murie (1951), Fichter
et al. (1955), Fitch and Packard {1955), Tiemeier (1955), and
Korschgen (1957). From these studies, it was determined that
rabbits made up a large portion of the coyote's diet, followed
in importance by rodents and livestock (much of which was carrion).
Of lesser importance were poultry, game birds and mammals, fruits,
and insects. Coyotes seem to be opportunists and take whatever
is available., Additional studies of foed habits by Ozoga and
Harger (1964), Gier (1968), Hawthorne (1972), Chesness (1973),
Korschgen (1973), Mathwig (1973), Gipson (1974 and 1975), Meinzer
et al. (1975), Bogzgess (1975), Gipson and Sealander (1976),
and Nellis and Keith (1976), have confirmed the results of the
earlier studies,

It was recognized early that coyotes in their relations
with livestock had the greatest impact on sheep (Presnall 1948),.
£ rule of thumb among sheepmen was that coyotes destroyed about
$1.,00 worth ef lamb and mutton per ewe per year. Coyotes have
generally not caused severe problems with cattle operations.
Fitch (1948) stated that the coyotes' relations with range cattle

are generally harmonious, but occassionally individual coyotes
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may cause serious damage by learning to kill small calves,
Coyotes may also worry heifers in the act of calving which may
result in a dead calf (Boles 1949)., Severe predation on goats
occassionally occcurs in areas where these animals are raised
in large numbers (Hawbecker 1939). Foultry are quite vulnerable
to coyotes when running loose and confinement is necessary to
prevent extensive losses (Gier 1968)., The first study done to
obtain an accurate estimate of predator losses over a state was
done by Boles (1949), He estimated the predator losses and costs
of control at over $350,000 for 1948 in Kansas,

Sportsmen have often backed predator control programs in
the belief that more game can be raised if the predator population
is reduced. Several authors in the early 1940's recommended
predator control for the enhancement of game populations (Horn
1941 ; Kartehner 1941; Pauley 19413 Riter 1941), The food habits
studies showed that, in general, game animals make up only a
small part of the coyote's diet. However, Arrington and Edwards

(1951) reported that, through intensive coyote control, an antelope

(Antilocapra americana) population was able to increase dramatically.
Although in most cases, coyotes are not able to contrel deer
populations through predation (Randle 1943), in certain instances
they may account for a large proportion of the fawn mortality

{(Cook et al, 1971)., Removal of covotes and other predators

led to better reproduction and survival in white-tziled deer

(0docoileus virginianus), turkeys (Meleaesris gallopavel, and

bobwhite quail {Colinus virginianus) in Texas {Beasom 1974a).

Other studies of coyotes and game animals have concernsd waterfowl
nest depredations (Sooter 1946) and predation on elk (Cervus

canadensis) (Robinson 1952),
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Most of the research on steel traps, coyote getters, poisons,
and other control methods was conducted by Robinson (1943, 1948,
1953a, and 1962). Finding the cheapest and most effective means
of predator control was the goal of his work, Castro and Preshall
(1944) compared the efficiency and humaneness of chain-nooase
and steel-jaw traps, Ward and Spencer (1947) determined lethal
dose levels of 1080 for several predators and scavengers, Balser
(1965) déscribed the use of tranquilizer tabs to be used in
conjuncticn with steel traps to make trapping more humane and
to allow release of pets'unharmed.' Little research into non-
lethal methods of contrel was conducted until the 1960°s, Balser
(1964) and Linhart et al. (1968) used antifertility agents in
attempts to suppress reproduction in coyotes with varied success,
Eariy work on population trends of coyotes was conducted
by Robinson (1953b) who determined trends on selzcted areas
in Wyoming, Colorado, and New Mexico., This work was extended
(Robinson 1961a, Linhart and Robinson 1972) and served as a
basis for modern censusing methods (Linhart and Knowlton 1975).
Bennitt (1948) and Gier (1968) attempted toc convert numbers
of coyotes bountied to actual population sizes., Population
dynamics and coyote~prey interactions have been studied intensively
by Knowlton (1972), Clark (1972), and Wagner and Stoddart (1972).
Other early research was concuerned with diseases and parasites
(Day and Shillinger 1935; LEads 19483 Gier 1948 and 1968), aging
by tooth cementum layers (Linhart and Knowlion 1967) and tooth
wear (Gier 1968), movements (Robinsen and Grand 1958, Hawthorne
1971}, and hybrids with dogs (Bee and Hall 1951, Kenrelly and

Roberts 1969) and wolves (Kolenosky 1971).
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During the 1960's, the attitudes of the public concerning
predator control in general and coyotes in particular were changing
(Leopold et al, 196u).‘ Coyotes had historically been thought
of as vermin by most people while the methods and magnitude
of control by stockmen and government trappers had been questioned
by only a few., But public sentiment turned from control of
predators more toward aesthetic values as people became aware
of and concerned with the coyote-livestock problem. This sentiment
reached a peak in the early 1370'S~==the same time the ban on
toxicants wasg issued (Nixon 1972)--—-and was stated well by Reed
(1972:1403)1 "We feel that it is no longer in the naticnal interest
for the Federal Government tc be conducting an operational program
which largely focuses on the killing of resident animals for
the benefit of private and commercial interests,"

Many recommendations dealing with the conflict over predator
control were offered during this period; a few of the most sige
nificant ones follow, Reduction in use or complete banning
of toxicants for use in predator control was suggested by Cain
et al. (1972} and Hornocker (1972) and was carried out by President
Nixon (1972) as stated above. The same authors recommended
that the Division of Wildlife Services be professionalized with
emphasis placed on qualified wildlife biologists as field agents.
MeCabe and Kozicky (1972) and Leopold (1972) stated that predator
control should rot be handled by the Bureau of Sport Fisheries
and Wildlife; Cummings (1972) and Howard (1974a) believed that
this respensibility belonged to the U, S, Department of Agriculture
cr the state Departments of Agriculture because a conservaticn

agency (U, S, Department of Interior) cannot do a good job of
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animal control, Cain et al. (1972), MeCabe and Kozicky (1972),
and Berryman (1972) suggested that an insurance system to cover
livestock losses be examined. With this method, the livestock
induétry as a whole would pay for the losses of a few of its
members. Hall (1966) recommended that sheep be excluded from
public land and stated that this exclusion would remove the
principal excuse for federal predatory mammal control. McCabe
and Kozicky (1972) stated that proper domestic-animal husbandry
may lessen or abolish the need for predator removal., Several
authors (Berryman 1966; Cain et al. 1972; Cummings 1972; Hornocker
1972; Howard 1972; Reed 1972) agreed that more research was
needed in the areas of predator management and control.

Following the change in public attitude toward predator
control and the ban on toxicants came a redirection of research
efforts in depredations control through nen~lethal methods (Linhart
1975)« Determination of causes and magnitude of losses is the
first step in analysis of the predator-livestock protlem (Balser
1974a). Several authers including Bowns et al, (1973), Davenport
et al, (1973), Henne {1975), Bowns (1976), and Connolly et al,
(1976} have deseribed the carcasses of sheep and lambs killed
by coyotes and other predators, Few estimates of the magnitude
of sheep losses 1o predators had been made prior to 1973 (Boles
1949; Nielsen and Curle 1970; Reynolds and Gustad 19713 Cain
et al. 1972; Wagner 1972). Several recent studies have recorded
predator losses under varying degrees of predator control in
various areas of the western United States (Bowns et al, 1973;
Davenport et al, 1973; Wagner and Pattison 1973; Early et al.

1974a and 1974b; Boggess 1975; Henne 1975; Magleby 197%; DeLorenzo
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and Howard 1976; Dorrance and Roy 19763 Klebenow and McAdoo
1676), Precdator losses ranged from less than 1 percent of the
tetal sheep flock to over 8 percent of the ewes and nearly 30
percent of the lambs, Losses ranging from 2 to 4 percent were
most commonly reported.

Several studies dealing with the life history and ecology
of the coyote have been conducted to gather information that
can possibly be applied in livestock loss reduction, Investi-
gations into home-range sizes (Gipson and Sealander 1972, Chesness
1972 and 1973), population dynamics (Mathwig 1973; Boggess 1975;
Connolly and Longhurst 1975; Nellis and Keith 1976}, reprcductive
biology (Gipson et al, 1975; Bekoff and Diamond 1976; Kennelly
and Johns 1976), physical development (Bekoff and Jamiesen 1975),
behavior (Jansen 1974, Lehner 1976), communications (McCarley
1975), elicited howling (Wenger 1975}, taxonomy (Gipson et al.
1974, Richens and Hugie 1974), and habits of suspected damaging
coyotes (Andelt 1976) have been reported. An extensive annual
survey to determine population trends in coyotes was implemented
in 1972 using scent-station lines (Linhart and Knowlton 1975).

Specific research on methods of livestock loss reduction
has dealt primarily with nonelethal methods,,but several projects
have analyzed the effectiveness and selectivity of lethal control
methods (Beasom 1574b; Beasom and Gober 19753 Gipson 1975; ﬁatheny
1976). Non-lethal technigues studied include taste-aversion
conditioning (Gustavson 1974; Gustavson et al. 1974; Bekoff
19754 and Gustavson et al. 1975), use of olfactory repelients
(Lehner et al, 1976), and the use of toxic collars on sheep

(Willson 1975). Few, if any, of the above studies have given
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results that have been of direct benefit to the 1ivestéck producer,

Several authors have suggested that techniques of sheep
management mdy affect losses to predators (Young and Jackscn
1951, Balser 1974a and 1974b). Fencing was used as early as
the 1890's to deter coyotes (Thompson 1976). Early experiments
with coyote-proof pastures were reported by Jardine (1908, 1909,
and 1911), Relationships between fencing and predators have
been discussed by Lantz (1905b), Coll (1922), McAtee (1939),
Kalmbach (1948), Fitzwater (1972), Shelton (1973a), Henderson
(1974), and Thompson (1976). The use of barrier fencing in
Australia to reduce sheep losses to dingoes was discussed by
Bauer (1964) and McKnight (1969). Other factors of sheep manage-
ment that may be related tc predator losses include the use
of herders (Kalmbach 1948, McCabe and Kozicky 1972), lights
(Gier 1968), bells (Hawbecker 1939), and dogs (Howard 1974b);
confinement at night (Gier 1968, Wade 1973a) and during lambing
(McCabe and Kozicky 1972; Huston and Shelton 1973; Wade 1973a;
Early et al, 1974a and 1974b); and proper disposal of sheep
carcasses (Tiemeier 1955; Boggess 1975; Lehner 1976; Todd and
Keith 1976). Although the above factors have all been suggested
as possible deterrents to predation (especially by coyotes),
an intensive study of these methods has never been conducted.
Since little research has been conducted in this area, this
study was initiated in an effort to determine the importance

¢f these and other factors in reducing losses to predators.



