
changing economic conditions (such as 
falling lamb prices and increasing la- 
bor costs) and land uses (including ru- 
ral residential and vineyard develop- 
ment) led to declining sheep numbers. 
Concurrently, public attitudes toward 
predator control began to change. 
New residents typically did not have 
close ties to the livestock ranching 
community or to agriculture. 

ists responded to ranchers’ requests 
for assistance, typically controlling 

County and federal wildlife special- 

depredating coyotes by traditional 

These included leg-hold traps, poi- 
sons, snares and shooting, sometimes 
with the aid of decoy dogs. All of 
these methods were used with the goal 
of keeping the number of predators 
low to reduce damage to the sheep 
(Hackett 1990). As losses increased, 
producers adopted a wider array of 
nonlethal methods, including tradi- 
tional and electric fencing, keeping 
lambs and other vulnerable animals 

At the UC Hopland Research and Extension Center, sheep are subject to the same 
management problems typically experienced by sheep producers on California’s North 
Coast, including coyote depredation. In the early 197Os, coyotes were observed in 
fenced enclosures to better understand their sheep-killing instincts. 

(Connolly and Longhurst 1975). 

Sheep- ki I I i ng coyotes 
a continuing dilemma 
for ranchers 
Robert M. Timm o Guy E. Connolly 

ince 1951, the UC Hopland Re- 
search and Extension Center 

(HREC) in southeastern Mendocino 
County has been UC’s principal range- 
land sheep research facility. The 
University-owned flock has ranged 
from 600 to 1,500 ewes, producing 525 
to 1,650 lambs annually between 1973 
and 1999. This research flock is subject 
to management problems typically 
experienced by sheep producers in 
California’s North Coast region. Since 
the early 1970s, the center has docu- 
mented increasing losses to preda- 
tors, primarily coyotes (Timm 1990). 
Despite use of all practical lethal and 
nonlethal methods to prevent or con- 
trol predation, lamb and sheep losses 
at Hopland continue to be a difficult 
management challenge, as they are 
for thousands of sheep producers 
throughout the United States. 

The North Coast was the center of 
California’s sheep industry through 
the late 1950s and into the 1960s, when 

near areas of human activity, lambing 
in sheds or small, securely fenced lots, 
and even penning livestock at night. 

Unacceptable losses 
Despite such efforts, livestock 

losses in parts of the North Coast re- 
gion reached unacceptable levels by 
the 1970s (Larson and Salmon 1988; 
Coolahan 1990), a trend that was exac- 
erbated by the 1972 federal ban on us- 
ing toxicants to control predators. As 
the sheep industry declined, Mendo- 
cino County flocks dropped from 
117,900 sheep and lambs in 1962 to a 
low of 16,000 in 1995 (Agricultural 
Commissioner 1962,1995), with a par- 
allel rate of decline noted in Humboldt 
County (Hackett 1990). 

Even with depressed sheep num- 
bers statewide, California producers 
reported losing to predators 9,350 
adult sheep valued at $794,750, which 
was 2.0% of the state inventory on Jan. 
1,1994, of breeding sheep one year 
and older (400,000 head) plus replace- 
ment lambs (65,000 head). Also lost to 
predators were 26,575 lambs valued at 
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$1,036,425,6.6%, of the state inventory 
of market lambs on Jan. 1,1994. Pro- 
ducers in California reported spending 
an average of $3.50 per breeding head 
on predator control efforts in 1994 
(Simpson 1995; NASS 1999). 

At HREC, three-quarters of the live- 
stock losses to predatorshave been at- 
tributed to coyotes. Other predators 
that have killed sheep or lambs in- 
clude stray dogs, bears, golden eagles 
and, since the mid-l980s, mountain 
lions. We believe that the increased 
abundance of predators is a main rea- 
son why the center‘s research sheep 
flock has suffered rising levels of loss 
during the last three decades. Hop- 
land’s sheep and lambs represent a 
loss that exceeds their commercial 
value, because they are often used 
simultaneously in one or more re- 
search projects; if they are killed or 
injured the research is jeopardized. 

The pattern of sheep losses experi- 
enced at Hopland since 1973 is typical 
of ranches in the North Coast region. 
Young lambs are more vulnerable to 
coyote predation than adult sheep. In- 
creased lamb loss is evident over time, 
expressed either as total lambs lost or 
as a percentage of all available lambs 
(fig. 1). While missing lambs may have 
died due to causes other than coyote 
predation, Scrivner et al. (1985) and 
Taylor et al. (1978) attributed to coyote 
predation the same percentage of 
missing lambs as was proven from re- 
covered lamb carcasses. Scrivner et al. 
(1985) calculated that 45% of missing 
lambs were lost due to coyotes from 
1973 through 1983. This is a reasonable 
estimate of average loss to coyotes for 
1984 through 1999 as well. 

From the early 1970s until 1992, 
HREC practiced traditional coyote 
control, with a government wildlife 
damage control specialist working 
year-round to remove predators from 
a large district that included the 
HREC. This strategy changed when 
the U.S. Department of Agriculture 
(USDA) and UC Berkeley initiated an 
intensive coyote behavior study. 

From March 1993 through Sep- 

Scientists at Hopland have conducted important investigations into why coyotes kill 
sheep and how to stop them. Killing behavior was associated more with the pursuit of 
fleeing sheep than hunger, and dominant, territorial coyotes were more likely to attack. 

tember 1994, coyote control was 
stopped on center property, as i t  was 
not compatible with research capture 
and radiotelemetry efforts. Coyote 
control by traditional methods re- 
sumed in early October 1994, and 
continued until late 1995, when use 
of the livestock protection collar 
(LPC) was substituted for all other 
lethal methods. California voters 
banned the active ingredient used in 
the LPC in November 1998, with the 
passage of Proposition 4. 

Sheep-killing behavior 

For nearly 30 years, researchers 
have conducted a series of studies at 
Hopland aimed at reducing predation 
on sheep in the North Coast region. A 
colony of captive coyotes was estab- 
lished at the center in 1973 when coy- 
ote pups were obtained from local 
trappers and reared in confinement. 
To begin predation studies, it was nec- 
essary to confirm whether captive ani- 
mals would kill sheep if given the op- 
portunity. Behavioral observations 
were conducted in fenced enclosures. 
When published, this information was 
the first documented observational 
study of sheep-killing behavior among 
coyotes. Of particular interest was that 
coyotes with no previous prey-killing 
experience readily attacked and killed 
sheep when given the chance. Further- 
more, the stimuli that elicited attack 
and killing behavior were associated 

more with flight behavior of sheep than 
with coyotes’ hunger. Finally, it ap- 
peared that the colony’s more domi- 
nant coyotes were most likely to attack 
sheep (Connolly et al. 1976; Timm and 
Connolly 1977). 

A population model 

When predator studies began at 
HREC, it was known that coyotes were 
hard to control, and that coyote popula- 
tions possess biological mechanisms 
that enabled them to compensate for 
human-caused mortality through in- 
creased production and survival of 
young. However, the integrated effect 
of these mechanisms was poorly under- 
stood. Therefore, we developed a 
simple mathematical model to simulate 
coyote population dynamics. 

The model was used to study the 
probable effects of control on coyote 
populations. In this model, coyote re- 
moval reduced population density, 
thereby stimulating density-dependent 
changes in birth and natural death 
rates. Tests of varying levels of control 
showed that the coyote population 
could maintain itself indefinitely with 
annual kill rates of up to 70%, but an 
annual removal of 75% exterminated 
the population in about 50 years. Popu- 
lations reduced by control recovered to 
precontrol densities within 3 to 5 years 
after control was terminated (Connolly 
and Longhurst 1975). Judging from its 
citation frequency, this coyote model is 
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among the most useful products of 
wildlife research at HREC. 

What attracts, repels coyotes 
Trappers typically use odors and 

scents to attract coyotes to traps or 
other control devices. The lures are of- 
ten based on trqditional recipes con- 
taining rotted meat, scent or secretions 
from mammals, or other odorous com- 
pounds. To chemically define the ac- 
tive components of coyote lures, UC 
Davis researchers and USDA scientists 
began a 10-year cooperative effort to 
evaluate coyote responses to various 
odors and to chemically characterize 
effective attractants. Observations of 
captive coyotes at Hopland from 1974 
through 1983 provided important data 
on responses to prospective attractants 
and repellents. 

Analysis of coyote responses to 
fractions of coyote urine, perfumes 
and scents, and many other candidate 
attractants revealed that the common 
factor was short-chain fatty acids 
(Fagre et al. 1982). Some odors elicited 
specific, predictable behavioral re- 
sponses (Fagre et al. 1983; Scrivner et 
al. 1987). Patents were obtained on 
some of the most promising chemical 
lures (Teranishi and Howard 1986). 

UC Davis scientists cooperated with 
USDA chemists in the mid-1970s to pi- 
lot test a capsaicin (hot pepper)-based 
repellent on sheep. The compound 
was ineffective in preventing coyote 
attacks. Subsequent research using cull 
chickens as prey revealed that even af- 
ter coyotes experienced negative sen- 
sations from noxious and irritating 
compounds, they would not reliably 
learn to avoid treated prey on the basis 
of visual or olfactory cues (Fagre et al. 
1981). 

Guard animals 

specialized breeds of dogs (such as 
Anatolian Shepherd and Great 
Pyrenees) and llamas were used as 
guards to reduce coyote predation on 
lambs and adult sheep. While surveys 
of sheep producers elsewhere confirm 
the effectiveness of guard animals in 

During the late 1980s and the 1990s, 

Fig. 1. Lambs lost at HREC, 1973-1999, by total number and percentage of lambs on 
range. Data were collected from shepherds’ journals, by lambing season (December 
to May). Likely and confirmed kills were counted. 

certain situations (Green 1990), we 
found they had limited value at 
Hopland. 

hibited behaviors effective in deterring 
coyote predation, but others did not. 
Moreover, many of the guard dogs 
and llamas demonstrated an array of 
behavioral problems, adding to the 
complexity of managing the research 
sheep flock. For example, some guard 
dogs attacked and killed deer fawns, 
and the center’s wild turkey popula- 
tion declined, possibly due to dog ha- 
rassment. Our guard llamas did not 
learn to discriminate between 
livestock-herding dogs and other 
canids, often exhibiting attack behav- 
ior toward our valuable herding bor- 
der collies and putting them at serious 
risk of injury. 

We theorize that the center’s rug- 
ged terrain, large pastures, distribu- 
tion of sheep over large areas for re- 
search purposes, and abundant 
predator populations are all factors 
that compromise the effectiveness of 
guard animals here (Timm and 
Schmidt 1989; Timm 1999). 

Some individual guard animals ex- 

Electric fencing 
An electrified wire near ground 

level was added to existing woven- 
wire fences and tested in the mid- 
1970s a s  a means of reducing coyote 
entry into certain pastures. This tech- 
nique was ineffective. In 1992, we 
constructed a high-tensile electric 
fence around a 250-acre pasture to 
test its cost-effectiveness for reduc- 
ing coyote and dog predation. While 
the initial cost was less than conven- 
tional woven-wire fencing, the cost 
advantage was soon lost because of in- 
creased maintenance required to keep 
the electric fence in working order. 

While the electric fence successfully 
reduced coyote and dog depredation 
on sheep and lambs in the enclosed 
pasture, the cost-effectiveness of fenc- 
ing to exclude predators is question- 
able, given the economics of sheep 
production on rangelands such as 
ours. However, good fences, both elec- 
tric and woven wire, enhance the ef- 
fective use of other predator control 
methods such as traps, snares and 
guard animals (Green et al. 1994). 
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Radiotelemetry and alphas 

In 1992, USDA and UC Berkeley 
scientists initiated an intensive field 
study of the coyote population at 
HREC. For more than 5 years, re- 
searchers made continuous efforts to 
capture, radio-collar, release and 
radio-track all coyotes that were using 
center property. More than 150 coy- 
otes captures were made. 

Radiotelemetry studies revealed 
that pairs of resident, territorial coy- 
otes occupied most of the center’s 
land. Subordinate animals including 
many juveniles were more typically 
found occupying spaces between es- 
tablished territories, and they would 
quickly explore territorial areas that 
became vacant when the resident 
dominant adults were removed. 
Radiotelemetry data also strongly sug- 
gested that most depredation on sheep 
and lambs was committed by rela- 
tively few individuals, which tended 
to be “alpha” coyotes - territorial, 
breeding adults (see p. 32) (Sacks et al. 
1999). The results implied that to be ef- 
fective, coyote control should focus on 
individual coyotes involved in killing 
livestock and should take place imme- 
diately preceding the lambing season. 

Livestock protection collar 

killing coyotes that attack livestock is 
the LPC. The collar covers the throat of 
sheep or goats, with the expectation 
that an attacking coyote is likely to 
puncture the collar and receive a toxic 
dose of sodium fluoroacetate. The LPC 
was developed and field-tested over a 
decade of intensive research led by re- 
tired USDA and HREC wildlife re- 
searcher Guy Connolly. Sodium fluo- 
roacetate, the active ingredient found 
to be safest and most effective, re- 
ceived federal registration for use in 
the LPC in 1985 (Connolly 1980,1993; 
Moore 1985). Its relative selectivity 
and safety is documented (Burns et al. 
1991; USDA 1994). The collar requires 
the sacrifice of the lamb in the process, 
because the toxicant is not lethal until 
several hours following ingestion. 

The only known tool for selectively 

Use of the LPC as a sol 
method of controlling 
depredating coyotes fit 
well with USDA and UC 
Berkeley’s ongoing field 
studies at HREC, and we 
wished to test the effect of 
removing only sheep- 
killing coyotes while 
leaving other coyotes un- 
disturbed. In October 1995 
we began to deploy the 
collars on groups of target 
sheep and lambs (typically 
20 to 25 head) whenever 
feasible, in response to re- 
peated coyote attacks. 

Twenty-one deploy- 
ments between October 
1995 and April 1999 re- 
sulted in 13 coyote attacks 
on one or more collared 
sheep. Three deployments 
were unsuccessful because The livestock protection collar is attached to the necks of 

vulnerable sheep. If the coyote punctures the collar while the coyote attacked with- attacking the sheep, it receives a lethal dose of sodium 
out puncturing the Collar. fluoroacetate. This method can selectively control sheep- 
However in 10 deploy- killing coyotes, but it was banned by California voters in 1998. - -  
ments, at least one col- 
lared sheep was attacked and the col- 
lar punctured. We believe our use of 
the LPC resulted in the death of 12 or 
13 livestock- 
killing coyotes. During this time, only 
six coyotes were removed by other le- 
thal means after being identified as 
livestock predators. Our success rate 
for LPC use, in terms of coyotes killed 
per collar exposure, was similar to that 
documented elsewhere (Connolly 
1993; Walton 1991). 

Our greatest successes in reducing 
losses were during the 1997 and 1998 
lambing seasons. When relying on tra- 
ditional, lethal predator control tools 
and methods, such as traps, snares 
and shooting, we commonly removed 
10 to 20 or more coyotes annually from 
HREC property (Conner et al. 1998). 
While using the LPC as our primary 
control tool, we removed an average 
of about six coyotes per year, although 
an exact count is difficult because most 
coyotes killed by LPCs are not found. 

While relying on LPCs, coyote 
sightings and field signs indicated an 

increased presence of coyotes on 
HREC property. This supports the hy- 
potheses that some coyotes are less 
prone than others to attack sheep or 
lambs, and that there may be positive 
value in having stable pairs of domi- 
nant, territory-defending coyotes 
present if they are not attacking sheep. 
However, we suspect that sooner or 
later, most dominant coyotes living 
near sheep will prey on them. There- 
fore, to solve predation problems, one 
needs the capability to remove preda- 
tory coyotes, preferably with a selec- 
tive method such as the LPC. 

the collar. By federal mandate, no 
more than 20 collars can be used in 
any 100-acre pasture, and no more 
than 50 on pastures between 100 and 
640 acres. Because collars cost about 
$24 each and require significant moni- 
toring and labor to search for lost col- 
lars or collared sheep, most users es- 
tablish a small group of collared lambs 
or ewes within a flock. Sodium fluoro- 
acetate is hazardous to humans and 

There are some limitations to use of 
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T
if ingested; as such, its 
federal registration re- 
quires the use of appro- 
priate protective equip- 
ment when handling 
collars or collared 
sheep. Punctured or 
leaking collars, or con- 
taminated sheep car- 
casses, soil or vegeta- 
tion must be cleaned up 
promptly and disposed 
Of as hazardous waste' 

California ban- In a 
mailing to voters, ani- 

During a recent field day, a border collie herded sheep, above. A variety of methods were tested to 
control sheep-killing coyotes, including electric fences, and guard animals such as llamas and dogs. 
None were particularly effective, and the llamas sometimes turned on the border collies. - 

ma1 welfare proponents 
of Proposition 4 argued that sodium 
fluoroacetate caused "cruel, unneces- 
sary deaths" and "immense suffering 
in its victims," and called padded leg- 
hold traps and poisons "indiscrimi- 
nate and cruel." However, a recent 
study from Australia, where sodium 
fluoroacetate is widely used to control 
introduced mammal pests, concluded 
that pain is not associated with fluoro- 
acetate poisoning (Gregory 1996); fur- 
thermore, USDA and UC Berkeley re- 
search conducted at HREC during the 
1990s found that in more than 150 coy- 
ote captures with leg-hold traps, the 
incidence of injury and death was less 
than 5%. 

Unfortunately, passage of the 1998 
antitrapping initiative banned all uses 
of sodium fluoroacetate, including its 
use in the LPC. It also banned sodium 
cyanide, which was used in M-44 
spring-loaded ejector devices; M-44s 
are set in the ground and expel quick- 
acting poison into the mouths of ani- 
mals that tug at their bait. Both chemi- 
cals, now banned, were used in 
California only by government per- 
sonnel. Proposition 4 also banned leg- 
hold traps, including padded traps, 
with no exemptions for research. We 
believe passage of this measure 
banned predator management tools 
with a history of safe and effective use. 
It also made capture of coyotes for re- 
search purposes more difficult. 

Predator management challenges 
The percentage of lambs lost at 

HREC during the 1997 lambing season 
(following the first full year of LPC 
use) was the lowest in more than 15 
years (fig. 1). During the 1998 lambing 
season (December to May), similarly 
small numbers and percentages of 
available lambs were confirmed as 
coyote-killed (1.5% in 1997, and 1.7% 
in 1998); this loss was lower than or 
equal to our lamb loss for any year 
since 1992. To find two consecutive 
years with such low coyote-confirmed 
losses at HREC, one has to look back 
to 1974 and 1975, when coyote num- 
bers were lower and center neighbors 
also raised sheep and conducted 
predator control, thus "buffering" the 
center from coyote immigration. 

However, during the 1998 lambing 
season, a substantially higher number 
of lambs were missing. Carcasses 
could not be recovered in time to de- 
termine the cause of death, if found at 
all. In most years we believe approxi- 
mately half of the missing lambs are 
lost to predators. But in 1998, an un- 
usually high number of missing lambs 
are known to have died because of the 
sustained cold, wet weather condi- 
tions of El Niiio. We did not have suf- 
ficient labor at HREC to locate and re- 
trieve all carcasses of lambs that died 
because of exposure, and scavengers 

typically consume many such car- 
casses within 24 to 48 hours (Robert J. 
Keiffer, personal observation). 

In 1998,51 lambs (69% of those 
found) died of causes other than pre- 
dation (primarily exposure), while the 
remaining 10 lamb carcasses were not 
found in time to determine cause of 
death. We are confident that the in- 
crease in lambs missing over the 1997 
level was due mostly to causes other 
than coyote predation. 

During the 1999 lambing season, 
considerably more lambs were lost 
than in either 1997 or 1998. As in 1998, 
most of these lambs were in the miss- 
ing category, rather than confirmed 
coyote kills. Because 1999 winter 
weather was more normal than in 
1998, we suspect that the majority of 
100 missing lambs in 1999 succumbed 
to coyote predation. 

The passage of Proposition 4 made 
our continued use of sodium fluoroac- 
etate in LPCs impossible at the start of 
the lambing season, the most critical 
time to conduct coyote control. We 
suspect our inability to selectively re- 
move sheep-killing coyotes during the 
prelambing and lambing season re- 
sulted in the higher loss rate in 1999. 

The recent ban on leg-hold traps 
and on the selective use of toxicants 
has made it increasingly difficult to 
achieve effective coyote control, and 
no new methods have evolved to take 
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their place. As a result, losses continue 
to be significant and livestock protec- 
tion costs are higher than ever. Both 
factors contribute to the decline of 
sheep producers’ incomes and profits. 

We continue to conduct field trials 
in an effort to investigate new tech- 
nologies that may be useful in pre- 
venting or reducing livestock loss. Re- 
cent trends in the economics of 
livestock production, as well as in 
public attitudes toward predator man- 
agement, suggest that a successful 
resolution to this wildlife-agriculture 
conflict is unlikely to occur anytime 
soon. 

R.M. Timm is Superintendent and 
Extension Wildlife Specialist, HREC; 
and G.E. Connolly is Wildlife Research 
Biologist (retired), U S D A  National 
Wildlife Research Center, Fort Collins, 
Colo., and former Staff Research 
Associate, Department of Wildlife and 
Fisheries Biology, UC Davis. The 
authors thank Karen Blejwas and two 
anonymous reviewers for providing 
helpful comrnen ts and suggestions. 
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