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Abstract 

A study was conducted in 1975 and 1976 to assess domestic 
sheep (Ovid aries) losses to coyotes (Canis latrans) and evaluate the 
effectiveness of lithium chloride (LiCI) for controlling depredation 
in Saskatchewan. Nineteen seventy-five was a control year during 
which no program of aversive conditioning was in place. In 1976, 
lithium chloride was introduced as a taste aversion producing 
agent in treated baits and carcasses at 16 sites. Results were col- 
lected through personal interviews with cooperators and by means 
of mail-in questionnaires. Total lamb and sheep mortality attrib- 
uted to coyotes within the monitored flocks was 4.0% in 1975 and 
1.5% in 1976. Coyotes preyed on lambs 90% of the time in 1975and 
78% in 1976. In 1975 coyotes killed 802 lambs and 80 adult sheep in 
the monitored flocks. Within the total flock population, lamb 
losses were 3.6% and adult sheep losses were 0.4%. In 1976 coyotes 
killed 223 lambs, (2.3% of lambs) and sheep losses remained rela- 
tively stable at 78 (0.7% of adults). Lamb losses comprised 1.1% of 
the total flock population, and adult sheep losses 0.4%. During a 
period of relatively stable pricing, monetary losses were estimated 
at $41,195.34 in 1975 and $11,531.00 in 1976. The concurrence of 
lethal and other nonlethal coyote control measures, together with 
absence of coyote demographic data, precludes the unequivocal 
statement that the 66% reduction in predation was caused by LiCl 
treatment, but we suggest that LiCl was a major influence. 

The livestock industry on the North American plains has advo- 
cated reduction of coyote (Canis latrans) populations primarily 
because of predation on domestic sheep (Ovis aries). The biosocio- 
economic aspects of coyote control are complex and decisions 
concerning predator control often are based on emotion rather 
than objective information. Problems associated with objectively 
evaluating the situation are both philosophical and practical 
(McCabe and Kozicky 1972). Rounds (1980) points out that it is 
problematic to accurately assess the economic ramifications of 
wildlife presence from both positive and negative points of view. 
Equally important are ecological implications (Craighead and 
Craighead 1956). The Cain Report (Cain et al. 1972) and subse- 
quent research have met with limited success in attempting to 
address predation problems. 

Gustavson et al. (1974) hypothesized that if coyotes eat baits 
treated with an illness inducing drug (lithium chloride) they will 
associate the taste of meat with subsequent gastrointestinal dis- 
comfort and will generalize (transfer) this association to liveanim- 
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als, thus suppressing predatory attacks. They developed aversion 
in captive coyotes when intraperitoneal injections of LiCl followed 
consumption of bait. Further studies (Gustavson et al. 1976) found 
that this condition could be established using LiCl in baits or 
carcasses of selected prey. 

Gustavson et al. (1974, 1976, 1977, 1982) advocated use of LiCl 
treated baits as a method of reducing domestic sheep losses to 
coyotes and presented preliminary data on the success of LiCl as a 
taste aversion producing agent in Saskatchewan (Gustavson et al. 
1977). This paper re-assesses the technique using the Saskatchewan 
data base and examines the magnitude of sheep losses among some 
producers experiencing severe depredation in Saskatchewan. 

Five sheep management systems are operative in Canada: (I) 
range flock, (2) farm flock, (3) total confinement, (4) controlled 
environment, and (5) lamb feedlot (Agriculture Canada 1976). 
Range flocks are located in the prairie provinces and are most 
vulnerable to predators (U.S. Department of Interior 1978). Farm 
flocks are the most common sheep management operation in 
Canada (Agriculture Canada 1976), and losses to predators are 
generally lower with this type of management (Dorrance and Roy 
1976). Total confinement, controlled environment, and feedlot 
enterprises usually do not experience losses to predators but are 
labor intensive and costly (Agriculture Canada 1976). Dorrance 
and Roy (1976) however, found that when predation did occur in 
confined flocks, it was particularly severe because the situation 
allows the predator an opportunity to kill a large number of sheep. 

Methods 

Data concerning coyote depredation on domestic sheep in Sas- 
katchewan was collected through personal interviews and by mail- 
in questionnaire in 1975 and 1976. Participating producers were 
those who had contacted the Problem Wildlife Unit (Saskatche- 
wan Agriculture’s Animal Industry Branch) either directly, or 
indirectly through livestock specialists or agricultural representa- 
tives, and who were thought to be experiencing unusually severe 
depredation problems. The sample, therefore, is not random. Pro- 
ducers were asked to respond to questions concerning the number 
of sheep on hand, losses of stock, cause(s) of loss, type(s) of coyote 
control employed and past history of depredation. 

Most producers, while co-operative, kept poor or no written 
records, necessitating recall from memory. Possibility of error was 
admitted by most. Producers often attributed deaths to predation 
despite the possibility of other causes. In the case of missing sheep 
the producer was left to surmise the cause of loss. There may be a 
natural tendency to assume that the same pattern of loss prevails 
among the unobserved animals as among the observed (Wagner 
and Pattison 1973). When carcasses were available and not too 
decomposed we determined whether or not predation had 
occurred by methods outlined by Davenport et al. (1973). Necrop- 
sies were not performed. Preparation and development of baits 
were described by Gustavson et al. (1982). 
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The estimated cash loss of adult sheep and lambs was based on 
the average value per head of sheep and lambs handled by the 
Saskatchewan Sheep and Wool Marketing Commission in 1975 
and 1976. It is not practical to account for variations in dollar value 
of sheep because of health and breed. 

Privately owned and community sheep pastures comprised the 
original 22 sites selected for experimentation with LiCl as an 
aversive conditioning agent for controlling coyote predation on 
domestic sheep in 1975. Six sites were eliminated from analyses 
because either no sheep were lost to coyotes in 1975, or farmers did 
not wish to cooperate. Four of the 16 sites were community pas- 
tures grazed by several flocks belonging to participating patrons. 
All sheep in 1 pasture were considered 1 flock. Lithium chloride 
treated baits were not used in 1975 (control year), but some pro- 
ducers employed other lethal and non-lethal methods of coyote 
control. 

Results 
Flock size and structure varied from 101 to 4,543 sheep (ewes 

and rams) and lambs (Table I). Total losses of sheep and lambs to 
coyotes in 1975 was 892 or 4.0% of the 22,407 animals. Treated 
baits were used in 1976 in the same pastures, and coyotes preyed 
upon 301 of 20,574 sheep and lambs for predation rate of 1.5%. 
Overall losses, therefore, decreased 66% when LiCl was used 
(Table 1). 

Coyotes were suspected of killing 802 lambs and 80 adult sheep 
in 1975 (Table I). Lamb losses constituted 7.3% of all lambs and 
adult sheep losses accounted for 0.7% of the adult population in 
monitored flocks. In 1976 lamb losses decreased to 223 or 2.3% of 
the total lamb population. Sheep losses remained relatively stable 
at 78 or 0.7% of the total number of adult sheep. Coyotes preyed on 
lambs in 89.9% of the cases in 1975 and 74.2% in 1976. Ten kills 
were not identified as to age of animal. 

Prices per head of sheep remained relatively stable between years 
(lambs $41.27, 1975, and S41.60, 1976; sheep $24.40, 1975, and 
$28.90, 1976; Sask. Sheep and Wool Marketing Comm., pers. 
comm.). The estimated value of sheep lost in 1975 was $41,195.34 
compared to %I I,53 I .OO in 1976. Losses varied among study sites in 
both number and estimated values. 

Attitudes towards coyote control were surveyed in 1980. Pro- 
ducers were asked if they were in favor of controls on hunting, 
trapping, and predator control programs. Nineteen respondents 
indicated yes, and two answered no. Nearly all landowners, there- 

fore, do not favor extermination of coyotes. 

Discussion 
Several problems arise in assessing LiCI as a coyote damage 

control technique. First, co-operators were advised to employ 
other coyote control measures such as confinement of small lambs, 
disposal of carrion and use of traps and snares while using LiCI. 
Most producers, however, were lax in using alternative measures 
when LiCl was introduced. Nevertheless, it is impossible to attrib- 
ute changes in depredation rates to a single control measure. 
Second, one must assume that predation rates remain constant. 
Third, since loss estimates were not based on actual counts by the 
investigators, producers may over-estimate losses in hopes that a 
compensation program would be initiated if losses appeared 
severe. Fourth, it was necessary in most cases to rely on the 
producer to diagnose cause of death. It is possible that animals died 
of other causes and that coyotes fed upon carcasses as carrion. 

Rock (1976) recorded losses of sheep to coyotes between 1970 
and 1974 at a community pasture in southwestern Saskatchewan 
(Site 16, Table I). Predator losses ranged from 0.7% to 2.7% of the 
total flock among years. This pasture was used for an intensive 
coyote program relying heavily on the use of Compound 1080 
(sodium monofluoroacetate). Loss of ewes ranged between 0.2% 
and 0.5% for the neriod 1970 to 1975. the lamb losses ranged from 
1.2% to-5.9% fo; the same period.‘Necropsies were p&formed 
during 3 of the 5 years and predation losses closely approximated 
non-predation losses in most years. 

Dorrance and Roy (1976) estimated domestic sheep losses to 
predators in Alberta in 1974 by personal interviews with 5% of the 
membership of the Alberta Provincial Sheep Breeders Associa- 
tion. Producers attributed 88% of predation losses to coyote result- 
ing in a calculation of 1.4% coyote-caused ewe losses and 2.5% 
coyote-caused lamb losses. 

The percent of lambs and sheep lost to various causes in 15 
American Western States in 1974 was reviewed by Gee et al. ( 1977). 
Coyotes preyed upon an average of 2.5% of the adult sheep and 
8.1% of the lambs in monitored flocks. 

Reynolds and Gustad (1971) reported a 5.3% loss of sheep to 
coyotes for the states of Montana, Wyoming, Colorado, and 
Texas. Nielson and Curle (1970) reported 6.1% loss in Utah apd 
Early et al. (1974) estimated 3.4% for Idaho. During these years 
predator control programs relied heavily on the use of toxicants 
(Wagner 1972) until use was banned in 1972. 

Table 1. Flock structure and absolute mortality of sheep lost to coyotes in 1975-1976 on lithium chloride fiild trial sites in Saskatcbewaml 

Lambs Sheep Total 

1975 1976 1975 1976 1975 1976 

No. in No. lost No. in No. lost No. in No. lost No. in No. lost No. in No. lost No. in No. lost 
Site flock to coyotes flock to coyotes flock to coyotes flock to coyotes flock to coyotes flock to coyotes 
I 400 45 350 38 450 28 330 23 850 73 680 61 
2 130 23 125 3 126 2 103 0 256 25 228 3 
3 379 32 339 9 290 I 326 4 669 33 665 13 
4 350 30 330 I 400 I 310 0 750 31 640 I 
5 165 I5 190 0 I15 2 140 0 280 17 330 0 
6 1,250 20 1,200 25 1,200 5 I.220 10 2,450 25 2,420 35 
7 1,000 198 700 35 1,000 2 700 3 2,000 200 1,400 38 
8 250 NA 250 0 220 NA 220 0 470 IO 470 0 
9 300 60 52 0 250 0 50 0 550 60 102 0 

IO t.000 I.500 47 1,200 II I.500 9 2,200 71 3,000 56 
II 60 ;; 40 0 41 0 40 0 101 22 80 0 
12 400 60 400 15 400 IO 400 3 800 70 800 18 
13 1,212 42 806 4 1,207 5 1,079 3 2,419 47 1,885 7 
14 1,238 26 1,101 32 1,275 6 I.320 2 2,513 32 2,421 34 
I5 745 41 418 7 811 1 838 0 I.556 42 1,256 7 
16 2,027 128 I.730 7 2,516 6 2,467 21 4,543 134 4,197 28 

Total 10,906 802 9,53 I 223 11,501 80 I I.043 78 22,407 892 20,574 301 

‘1975 was control year. 
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Suspected predation losses on our sites were< 1 .O% of the total 
adult sheep pastured in both 1975 and 1976, Coyotes preyed upon 
7.4% of the pastured lambs in 1975 and 2.3% in 1976. Other studies 
clearly indicate that lambs are selected by coyotes more often than 
adult sheep (Nielson and Curle 1970, Dorrance and Roy 1976, 
Rock 1976). Our estimated losses, therefore, fall within the values 
reported on other ranges. 

Despite the possibility of producer bias and the lack of experi- 
mental controls, we believe that the 66% reduction in predation 
losses between 1975 and 1976 on our sites can be attributed in part 
to the use of LiCl. Cumulatively, 4 field evaluations in 3 widely 
separated geographic locations (including this study) resulted in a 
60% reduction in sheep losses to coyotes (Gustavson et al. 1976, 
1977, Ellins et al. 1977). 

The methods and interpretation of similar field trials have been 
criticized (Griffiths et al. 1978, Sterner and Shumake 1978, Con- 
over et al. 1979, Burns 1980). Major problems concern variation in 
ranching operations and coyote abundance, availability of alterna- 
tive prey, the fact that other control measures are used in conjunc- 
tion with LiCl, and the possibility of creating aversion to the 
chemical rather than to the prey. In combination these factors 
obscure results and make accurate interpretation difficult. Since 
we encountered these problems, the observed decrease in predation 
cannot unequivocally be attributed to the use of LiCl. We believe, 
however, that the reduction in predation represents too substantial 
a change not to suggest LiCl as a major influence. 

The ecological advantages of adversive conditioning lie in the 
fact that resident coyotes are not removed from established territo- 
ries. Territorial behavior is strong among coyotes (Camenzind 
1978), and although local populations will wander (Hibler 1977, 
Wade 1978), they return to home areas and exclude conspecifics 
from established territories. If local populations can be condi- 
tioned to avoid sheep, their continued presence should decrease 
immigration of non-conditioned coyotes. Carrying capacity is 
maintained by dispersal of young coyotes (U.S. Department of 
Interior 1978), leaving conditioned adults on ranges. 

Studies investigating factors limiting coyote populations have 
identified food as the predominant constraint (Murie 1940, Gier 
1968, Clark 1972, Wagner 1972, Nellis and Keith 1976, Weaver 
1977). Sheep are not inherently recognized as prey (Lehner 1976), 
but regular exposure to small lambs or carcasses results in learned 
killing (U.S. Department of Interior 1978). Removal of carrion, 
therefore, should be practiced in conjunction with aversive condi- 
tioning to insure best results (Todd and Keith 1976). 

Predation can cause substantial financial loss. The magnitude of 
losses to individual producers, however, is not adequately reflected 
by computing average loss figures. The producer may feel either 
that loss incurred is equivalent to total fall market value, or that it 
equals the monetary value to replace the animal. Nielson and Curle 
(1970) suggest that the loss of a lamb represents economic profit 
which equals the dollar value of the lamb at market time minus the 
average cost of production. This results in reducing the marketable 
crop which increases the average cost of raising each lamb to a 
marketable weight. They also suggest that when a ewe is killed, the 
producer losses the market value of the ewe, and, in some cases, the 
lamb also dies. Appraisal of coyote-livestock interactions is com- 
plex and requires more than a short-term study. If LiCl can reduce 
loses as substantially as our data suggest the result is considerable 
savings to the sheep producer. 

Most producers interviewed in 1980 believed that coyotes have 
appreciable value in the ecosystem. They realized the beneficial 
aspects of coyotes in controlling rodents (Gier 1968, Mathwig 
1973), their aesthetic value, and importance as a fur beater. This 
attitude was usually coupled with a statement suggesting that when 
predation “gets out of hand, coyotes should be controlled.” Most 
were receptive towards the concept of using aversive conditioning 
for coyote control and were further convinced by observing 
changes in predation within their flocks. 

We do not view aversive conditioning as either the single best 
method to reduce livestock losses to predators, or as an inferior 

method of field control. Studies clearly indicate that a combination 
of preventive measures may assure best results. Cost factors relat- 
ing to the type of husbandry practiced and severity of predation 
ultimately determines the feasibility of various methods. Livestock 
producers are interested in reducing losses as quickly and inexpen- 
sively as possible. The use of a variety of control methods will 
obviate attributing success to any single method. The advantages 
of aversive conditioning are that it is inexpensive and ecologically 
sound. Predators are not removed from the ecosystem and non- 
target species are not destroyed. 
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