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Abstract

We surveyed the effectiveness of livestock guard dogsfor reduc-
ing predation on domestic sheep in Colorado during 1993. The
number of producersusing dogsincreased from about 25 in 1986
to >159 in 1993. The proportion of sheep with dogs increased
from about 7% in 1986 to about 68% in 1993. Producerswith
dogs, compared to producer s without dogs, lost smaller propor-
tions of their lambsto predators, especially coyotes (Canis latrans
Say), and smaller proportions of ewes and lambsto black bears
(Ursus americanus Pallas) and mountain lions (Felis concolor L.).
Overall, producerswho did not have guard dogslost 5.9 and 2.1
times greater proportions of lambsto predatorsthan producers
who had dogsin 1986 and 1993, respectively. Proportions of sheep
killed by predators decreased with the number of yearsthat pro-
ducersused guard dogs. Mortalities of ewesto predatorsregard-
less of type of operation and lamb mortality on open range
decreased more from 1986 to 1993 for producerswho obtained
dogs between these years compared to producers who did not
have dogs. Of 160 producers using dogs, 84% rated their dogs
overall predator control performance as excellent or good, 13%
asfair, and 3% aspoor. More producers (n = 105) indicated effec-
tiveness of their dogs did not change with time, compared to pro-
ducers (n = 54) indicating effectiveness changed. More producers
(n =35) also indicated their dogs became mor e effective over time
compared to producers (n =19) indicating their dogs became less
effective. Estimates provided by 125 producersindicate that their
392 dogs saved $891,440 of sheep from predation during 1993. A
total of 154 of 161 (96% ) producer srecommend use of guard dogs
to other producers.

Key Words: Akbash, black bear, Canislatrans, coyote, dog, Felis
concolor, Great Pyrenees, Komondor, mountain lion, sheep,
Ursus americanus

Predators kill substantial numbers of domestic sheep in the 17
western states (Pearson 1986, National Agricultural Statistics
Service 1995). Several methods have been used to reduce these
mortalities (Andelt 1996) including livestock guard dogs (Linhart
et al. 1979, McGrew and Blakesley 1982, Coppinger et al. 1983,
1988, Green and Woodruff 1983b 1988 1990, Green et al. 1984,
Andelt 1992). Andelt (1992) reported that producers with guard
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Resumen

Durante 1993 realizamos un reconocimiento para deter minar
la efectividad de los perros guardianes de ganado bovino para
reducir la predacion de ovinos domésticos en Colorado. El
ndmero de productores que utilizan perros aumenté de aproxi-
madamente 25 en 1986 a mas de 159 en 1993. La proporcién de
ovinos con perros se increment6 de aproximadamente 7% en
1896 a aproximadamente 68% en 1993. L os productor es con per-
ros, comparados con los productores sin perros, perdieron
menor es propor ciones de cor der os debido a predadores, espe-
cialmente coyotes, (Canislatrans Say) y menores propor ciones de
borregas debido a osos (Ursus americanus Pallas) y leones de la
montafia (Felis concolor L.). En general, las proporciones de per -
dida de corderos debido a predadores registradas en 1986 y 1993
fueron 5.9y 2.1 veces mayor es que las de los productores que
tenian perros. Las proporciones de ovinos asesinados por
predador es disminuyo con el numero de afios que los produc-
tores han utilizado perros guardianes. La mortalidad de borre-
gas por predadores, independientemente del tipo de operacion, y
la mortalidad de corderos en pastizales abiertos disminuyo mas
de 1986 a 1993 para los productor es que obtuvieron perrosen
esos afios comparado con los productores que no tenian perros.
De 160 productores que utilizan perros, €l 84% califico e control
de predadores de sus perros como excelente o bueno, el 13%
como regular y el 3% como pobre. Mas productores (n = 105)
indicaron que la efectividad de sus perros no cambio con € tiem-
po, comparado con (n = 54) productores que indicaron que la
efectividad si cambio. Mas productores (n = 35) también
sefialaron que con el tiempo sus perrosllegan a ser mas efectivos,
compar ado con los productores (n = 19) que indicaron que con €
tiempo sus perros fueron menos efectivos. Las estimaciones pro-
porcionadas por 125 productores indican que durante 1993 sus
392 perros evitaron perdidas de ovinos por predadores por un
valor de $ 891,440 ddlares. De 161 productores un total de 154
(96%) recomendaron a otros productores el uso de perros
guardianes.

dogs sustained |ower sheep losses to coyotes than producers with-
out dogs. However, no data were available to compare changesin
sheep mortalities for producers after they obtained dogs.

Green and Woodruff (1989) and Green et al. (1993) reported
that guard dogs repelled black and grizzly bears (Ursusarctos L.)
during most encounters. However, no studies have evaluated the
effectiveness of dogs against black bear or mountain lion preda
tion, nor have any authors reported on the relative effectiveness
of guard dogs for deterring predation by different predators.
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Additional data are also needed to ascertain
rel ationships between herd size, number of
dogs/herd, and number of sheep/dog versus
predation rates.

In this paper, we compare sheep mortal-
ities to predators for producers in
Colorado who had and did not have guard
dogs. We present the effects of herd size,
sheep/dog, dogs/herd, and number of years
dogs were used on predation rates. We
report changes in proportions of sheep
mortalities from 1986 to 1993 for produc-
ers with and without dogs in both years,
and producers who obtained dogs between
those years.

Materialsand M ethods

We determined the effectiveness of
guard dogs for protecting domestic sheep
from predators by telephone surveys of
182 livestock producers with dogs and 60
producers without dogs during 1993. We
believe that our survey included practical-
ly all producers who used guard dogsin
Colorado. The 60 producers were a ran-
dom sample of 143 producers who did not
have guard dogs and responded to a 1986
survey (Andelt 1992).

We requested information on type of
operation, number of ewes and lambs in
the operation, ewe and lamb mortalities
from all causes (weather, disease, preda-
tion, etc.), all predators, and specifically
from coyotes, black bears, mountain lions
and domestic dogs, ratings of effective-
ness, and value of sheep saved based upon
mortality rates before and after obtaining
dogs, during 1993 or the last year that they
used dogs. We compared these datato sim-
ilar data obtained in 1986 (Andelt 1992).

We classified producer operations with
sheep in fenced pastures, open range,
fenced pastures plus open range, fenced
pastures plus open range and feedlots, and
fenced pastures and feedlots as all opera-
tions combined. We censored producers
with sheep solely in feedlots because these
operations usually included large numbers
of sheep and low mortalities to predators.
We classified operations with sheep in
fenced pastures or in a combination of
fenced pastures and feedlots as fenced pas-
tures. We conducted separate analyses on
fenced pasture versus open range opera-
tions because sheep were maintained under
different conditions, and we anticipated
that sizes of herds and predation rates were
different. We defined all predators as the
sum of all predators that killed sheep.

We compared the total number of ewes
and lambs owned by producers with and

260

without guard dogs. We used total num-
bers of ewes and lambs owned to calculate
mortalities to all causes, but we used the
numbers of ewes and lambs that were
guarded by dogs, or were not guarded by
dogs, when calculating proportions of
ewes or lambs killed by predators. For the
1993 survey, we compared mortalities to
various predators only among producers
who indicated the specific predator was
found in their area. Numbers of ewes and
lambs killed by predators for producers
with guard dogs were reported only for
periods when dogs were with sheep. When
dogs were not with sheep for the entire
year, we extrapolated the mortalities by
dividing by the percentage of the annual
period that dogs were with sheep to stan-
dardize the data for comparisons to pro-
ducers without dogs.

We compared the numbers of ewes and
lambs owned among producers with and
without guard dogs using analysis of vari-
ance (ANOVA, GLM Procedure, SAS
Inst. Inc. 1988) after transforming herd
sizes to natural logarithms to equalize
variances. We compared the numbers of
ewe and lamb mortalities to all causes and
to predators among respondents with and
without dogs by testing the slopes of
regression lines obtained by regressing the
number of mortalities against the number
of ewes or lambs owned or maintained
with dogs. We conducted the analyses
with the GLM procedure after weighting
the number of mortalities by 1 divided by
the number of ewes or lambs owned or by
the number of ewes or lambs with dogs.
When the overall F-test indicated signifi-
cant treatment effects, we used 1-sided z-
tests with amean of 0 and a standard devi-
ation of 1 to determine if mortalities for
producers with guard dogs were lower
than for producers without dogs, whereas
2-sided chi-square tests with 1 degree of
freedom were used to determine if mortal-
ities for producers with guard dogs and if
mortalities for producers without dogs dif-
fered between years. We considered a P <
0.0083 as significant in these 6-treatment
comparisons to maintain an experiment-
wise error rate of 0.05.

We used linear regression weighted by
the number of ewes or lambs with guard
dogs (GLM Procedure) to determine the
effect of number of ewes or lambs with
dogs, number of ewes or lambs/dog, num-
ber of dogs’herd, and number of years that
dogs were maintained with sheep on the
proportion of ewes or lambs killed by
predators in individual sheep operations.
We determined changes in ewe and lamb
mortalities from 1986 to 1993 for produc-

ers with and without guard dogs during
both years, and for producers who did not
have dogs in 1986 but used dogs by 1993.
We assumed that coyotes, black bears,
mountain lions, and domestic dogs were
found in a producers area during 1986, if
they were reported there in 1993, and thus
made comparisons between our 1993 and
1986 data for these predators. We deter-
mined changes by subtracting proportions
of ewe or lamb mortalities in 1986 from
those in 1993 for individual producers. We
compared these differences among treat-
ments with ANOV A after weighting the
differences for each producer by the mean
number of ewes or lambs with dogs in
1986 and 1993 in guarded herds.

We assigned rankings to producer rat-
ings (excellent = 4, good = 3, fair = 2,
poor = 1, unacceptable = 0) as to effec-
tiveness of dogs for deterring predation by
various predators, effectivenessin fenced
pastures compared to open range, effec-
tiveness during 1986 compared to 1993,
and compared these rankings with
ANOVA using the GLM procedure. We
used a binomia probability distribution to
determine if the number of producers indi-
cating effectiveness (effectiveness when
surveyed compared to effectiveness when
the dogs first established normal guarding
behaviors) changed, or did not change
with time, and if the number of reported
positive or negative changes varied from
equality. We used Spearman rank correla-
tion to determine if ratings of effective-
ness were associated with proportions of
ewes or lambs killed by predators. We
estimated the value of sheep saved by each
guard dog by multiplying the average
number of ewes and lambs/producer by
differences in predation rates for produc-
ers with and without dogs, multiplying by
the average value of sheep ($77; Colorado
Agricultural Statistics Service 1994), and
dividing by the average number of
dogs/producer. We used ANOVA to com-
pare producer estimates of the value of
sheep saved/dog between 1986 and 1993,
and between fenced pastures versus open
range operators after weighting the aver-
age saving/dog by number of dogs owned
by each producer. We used the “ protected”
least significant difference test (Milliken
and Johnson 1984:31-33) to determine
which treatment pairs were different for
the average number of ewes and lambs
owned, percent changes in ewe and lamb
herd sizes, changes in mortalities from
1986 to 1993 and producer ratings of
effectiveness of dogs when the overall F-
test indicated significant (P < 0.05) treat-
ment effects.
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Results

Survey response

We acquired complete or nearly com-
plete surveys from 182 producers who
used guard dogs between 1987 and 1993,
54 producers without dogs during 1993,
and 6 producers without dogs who last
maintained sheep in 1991 and 1992. We
discarded 6 surveys for producers who
used guard dogs but maintained sheep
only in feedlots. Of 161 producers who
used dogs for 3 1 year, 144 reported data
for 1993 and 17 reported data for the last
year that they used dogs (1987 to 1992).

Sheep and dog demographics

The number of producers using guard
dogs who provided complete or nearly
complete surveys increased from 25 in
1986 to 159 in 1993. The number of sheep
with dogs in fenced pastures and on open
range increased about 900% from 1986 to
1993, from 6% of 340,000 ewes and 8%
of the annual lamb crop of 350,000 in
1986 to 59% of 325,000 ewes and 76% of
320,000 lambs in 1993 (Andelt 1992,
Colorado Agricultural Statistics Service
1993, 1994, 19953a). An additional 19 pro-
ducers (17 producers used dogs for 3 1
year and 2 used dogs for <1 year) used
dogs with 13,650 ewes and 22,500 lambs
between 1987 and 1992. Seventeen of 24
producers who used dogs in 1986 (Andelt
1992, and additional data) continued to
raise sheep in 1993 and all 17 continued to
use dogs. Of the 176 producers with dogs,
83 used Great Pyrenees, 34 used Akbash
dogs, 15 used Komondors, 3 used
Anatolians, and 41 used combinations of
Akbash, Great Pyrenees, Komondors,
Maremmas, Shar Planinetz, hybrids, or
unknown breeds.
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Fig. 1. Percent mortalities of ewes and lambs to predators for producers with animals in
fenced pastures (ewes: P = 0.042; lambs: P = 0.0003), on open range (ewes: P = 0.089;
lambs: P = <0.0001), and in all operations combined (ewes: P = 0.009; lambs: P =
<0.0001) in Colorado. Bars, within a group, with the same letters are not significantly dif-

ferent. Sample sizes ar e above each bar.

Herd sizes

Regardless of year surveyed, producers
who had guard dogs tended to have more
sheep than producers without dogs (Tables
1, 2). Furthermore, operations with dogs
tended to increase in size from 1986 to
1993 whereas operations without dogs
tended to decreasein size.

Modalitiesto all causes

Producers with guard dogs tended to
lose smaller proportions of ewes and par-
ticularly lambs than producers without
dogs regardless of operation or year of our
survey (Tables 1, 2). Overall, mortalities
tended to be higher during 1993 compared
to 1986 but none of the differences were
statistically significant.

Predation

Producers with guard dogs, compared to
producers without dogs, generally lost
smaller proportions of ewes and lambs to
predators regardless of operation during
both survey years (Fig. 1). These compar-
isons generally were statistically signifi-
cant for lambs but not as dramatic for
ewes. Producers who did not have guard
dogs lost 5.9 and 2.1 times greater propor-
tions of lambs to predators than producers
who had dogs in 1986 and 1993, respec-
tively. Non-predator mortalities (i.e. mor-
talities to all causes minus mortalities to
all predators; Tables 1, 2; Fig. 1) were
similar among producers regardless of
whether they owned guard dogs.

Table 1. Mean number ewes/producer and percent mortality from all causesin relation to use of livestock guard dogs reported by sheep producersin

Colorado during 1986 and 1993.

1986 1993
Characteristics of Dogs No dogs Dogs No dogs
sheep operations n X or% n X or% n X or% n Xor % P
Herd size (X)

All operaIionsb 24 1,169B°¢ 138 642A 161 1,265B 56 245A <0.0001
Fenced pastures 11 105A 99 176AB 93 297B 49 120A 0.0008
Open range 11 2,336A 25 1,945A 47 2,982A 5 1,205A 0.089

All mortality (%)

All operations 22 3.7A 138 5.6B 157 5.4AB 56 6.7B 0.036
Fenced pastures 11 3.3A 99 51A 93 4.5A 49 6.4A 0.119
Open range 9 3.7A 25 5.5A 45 5.6A 5 7.8A 0.306

“Probability that the 4 means or regression slopes (% losses) in arow differ.
Includes fenced pasture, open range, fenced pasture—open range, fenced pasture—open range—feedlot, and fenced pasture—feedlot operations.
“Meansin arow followed by different letters are different (P < 0.0083/comparison to obtain an experiment-wise P £ 0.05).
JOURNAL OF RANGE MANAGEMENT53(3), May 2000 261



Table 2. Mean number lambs/producer and percent mortality from all causesin relation to use of livestock guard dogsreported by sheep producersin

Colorado during 1986 and 1993.

1986 1993
Characteristics of Dogs No dogs Dogs No dogs
sheep operations n X or% n X or% n X or% n Xor % P
Herd size (X)

All operationslD 23 1,524B° 131 730A 157 1,451B 56 328A <0.0001
Fenced pastures 10 193AB 92 184A 91 399B 49 175AB 0.0008
Open range 11 2,851A 25 2,144A 46 3,386A 5 1,491A 0.057

All mortality (%)

All operations 20 6.1A 131 11.5B 149 8.3A 56 12.3B <0.0001
Fenced pastures 9 4.5AB 92 10.2B 90 5.8A 49 9.5B <0.0001
Open range 9 6.5A 25 12.2AB 41 8.9AB 5 17.9B 0.026

2Probabil ity that the 4 means or regression slopes (% losses) in arow differ.
Includes fenced pasture, open range, fenced pasture—open range, fenced pasture—open range—feedlot, and fenced pasture—feedlot operations.
“Meansin arow followed by different letters are different (P < 0.0083/comparison to obtain an experiment-wise P £ 0.05).

Regardless of guard dogs, producers lost
similar proportions of ewes to coyotes, but
producers with dogs generally lost smaller
proportions of lambs (Fig. 2). Producers
with guard dogs lost smaller proportions
of ewes and lambs to black bears (Fig.3)
and mountain lions (Fig. 4) than producers
without dogs in all operations combined
and on open range. However, guard dogs
did not appear to affect predation rates by
black bears and mountain lions in fenced
pastures where these rates were relatively
low. Proportions of ewes and lambs killed
by domestic dogs did not vary significant-
ly regardless of the presence of guard dogs
for any type of operation (Fig. 5).
Coyotes, black bears, and mountain lions

generally killed similar proportions of
ewes, but coyotes killed 5 to >10 times
more lambs than either bears or lions.

Five producers with guard dogs and 4
producers without dogs reported that red
foxes (Vulpes vulpes L.) killed 262 and
153 lambs, respectively. Four producers
with dogs and 1 producer without dogs
reported eagles (likely Aquila chrysaetos
L.) killed 446 and 40 lambs. In addition, 1
producer with dogs reported American
crows (Corvus brachyrhynchos Brehm)
killed 2 lambs, and 1 producer indicated
that a guard dog killed 2 lambs.

Open range versus fenced pastures
Mortalities of ewes to predators, and
specifically to coyotes, black bears, moun-
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Fig. 2. Percent mortalities of ewes and lambsto coyotes for producers with animalsin fenced
pastures (ewes. P = 0.803; lambs: P = 0.005), on open range (ewes: P = 0.324; lambs: P=
<0.0001), and in all operations combined (ewes: P = 0.022; lambs; P = 0.0001) in Colorado.
Bars, within a group, with the same letters are not significantly different. Sample sizesare

above each bar.
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tain lions, and domestic dogs did not vary
significantly (F = 0.00-2.50; 1 15-132 df;
P = 0.117-0.970, for the various compar-
isons) between fenced pasture and open
range regardless of the presence of guard
dogs during either year. However, ewe
mortalities to all predators combined were
greater (F = 5.78; 1,133 df; P = 0.018) on
open range than in fenced pastures for pro-
ducers with dogs in 1993. Lamb mortali-
ties were greater (F = 8.35-29.81;
1,51-126 df; P = < 0.0001-0.005 for the
various comparisons) on open range com-
pared to fenced pastures to predators, and
specifically to coyotes, for producers with-
out dogs both years and for producers with
dogsin 1993. Lamb mortalities to moun-
tain lions also were higher (F = 8.87; 1,22
df; P = 0.007) on open range compared to
fenced pastures for producers without
dogs in 1993. In contrast, lamb mortalities
to domestic dogs were higher (F = 4.29;
1,100 df; P =0.041) in fenced pastures
compared to open range for producers
with dogs during 1993.

Relationships: Dog humber s/experience

Each producer used an average of 3.2
(SE = 0.3) dogs in all operations com-
bined, 1.7 (SE = 0.1) dogs in fenced pas-
tures, and 5.6 (SE = 0.7) dogs on open
range. Each producer used an average of
1.8 (SE = 0.1) dogs/herd of sheep in all
operations combined, 1.6 (SE = 0.1)
dogs/herd of sheep in fenced pastures, and
2.2 (SE = 0.2) dogs/herd of sheep on open
range. Each producer had an average of
716 (SE = 67) ewes and lambs/dog in al
operations combined, 414 (SE = 77) ewes
and lambs/dog in fenced pastures, and
1,245 (SE = 115) ewes and lambs/dog on
open range.

Proportions of ewes killed by predators
increased as the number of ewes main-
tained with guard dogs increased in all
operations combined (intercept = 0.0057;

JOURNAL OF RANGE MANAGEMENT 53(3), May 2000



16
B withdogs

14 — No dogs

12

10

Percent
[o+]

Lambs -

Ewes
All operations

Ewes
Fenced pastures

Lambs Ewes Lambs

Open range

Fig. 3. Percent mortalities of ewes and lambs to black bears for producers with animalsin
fenced pastures (ewes: P = 0.186; lambs: P = 0.976), on open range (ewes: P = 0.033;
lambs: P = 0.009), and in all operations combined (ewes. P = 0.002; lambs: P = 0.005) in
Colorado during 1993. Bars, within a group, with the same letters are not significantly dif-

ferent. Sample sizes ar e above each bar.

slope = 0.0000; F= 63.06; 1,153 df; P <
0.0001) and on open range (intercept =
0.0059; slope = 0.0000; F = 28.28; 1,41
df; P < 0.0001), whereas proportions of
lambs killed by predators increased as the
numbers of lambs with dogs increased
only in all operations combined (intercept
= 0.0256; slope = 0.0000; F = 17.63,;
1,146 df; P < 0.0001). Proportions of
sheep killed by predators did not vary (P =
0.168-0.823 for the various comparisons)
by the numbers of ewes or lambs main-
tained/dog. Also, proportions of sheep
killed by predators did not vary (P =
0.173-0.772) with the number of dogs
maintained/herd of sheep regardiess of the
type of operation. Proportions of ewes and
lambs killed by predators decreased with
the number of years that individual pro-
ducers used guard dogs for the analyses of
all operations combined (ewes: [intercept
= 0.0246; slope = —0.0020; F = 31.99;
1,153 df; P < 0.0001]; lambs: [intercept =
0.0526; slope = -0.0029; F = 10.44; 1,146
df; P =0.002]) and for open range (ewes:
[intercept = 0.0264; slope = -0.0022; F =
20.41; 1,41 df; P < 0.0001]; lambs: [inter-
cept = 0.0582; slope = —-0.0032; F = 4.88;
1,38 df; P=0.033]).

Changes in motality rates from 1986
to 1993

Although generaly not statistically sig-
nificant, predation for our entire sample of
producers seemed to increase between

1986 and 1993. However, for the subset of
producers who we surveyed during both
1986 and 1993, producers who obtained
dogs after 1986 generally had decreasesin
predation, whereas predation generally
increased for producers who did not obtain
dogs and predation losses remained about

the same for producers who had dogs dur-
ing both years (Tables 3, 4). Some of these
predation rates were reduced significantly
more for producers who obtained dogs rel -
ative to producers who did not have dogs.
However, in fenced pastures, ewe and
lamb mortalities to predators, specifically
to coyotes, increased more in herds guard-
ed by dogs both years compared to pro-
ducers without dogs and producers who
obtained dogs. These increases were
attributed to 1 producer who reported coy-
otes killed 20 ewes and 55 lambs in 1993,
whereas the other 8 producers with dogs
did not lose any ewes or lambs to preda-
tors during either year.

Producer ratings of guard dogs’ effec-
tiveness

Of 160 producers using guard dogs for 3
1 year between 1987-93, 84% rated their
dogs overall predator control performance
as excellent or good, 13% as fair, and 3%
as poor. For sheep in all operations com-
bined, producers rated guard dogs more
effective against coyotes compared to
black bears and mountain lions, and
against domestic dogs compared to black
bears (F =7.17; 3,372 df; P < 0.0001; Table
5). For sheep within fenced pastures pro-
ducers rated the effectiveness of guard
dogs against coyotes, black bears, moun-
tain lions and domestic dogs as similar (F
=1.03, 3, 194 df; P=0.379). For sheep on
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Fig. 4. Percent mortalities of ewes and lambsto mountain lionsfor producerswith animalsin
fenced pastures (ewes: P = 0.061; lambs: P = 0.283), on open range (ewes: P = 0.0007
lambs: P = <0.0001), and in all operations combined (ewes: P = <0.0001; lambs: P =
<0.0001) in Colorado during 1993. Bars, within a group, with the same letters are not sig-
nificantly different. Sample sizes ar e above each bar.
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Table 3. Mean differencesin percent mortalities for ewesfrom 1986 to 1993 for producer swho had
guard dogs, did not have guard dogs, and those who obtained guard dogs after 1986 in Colorado.
Positive valuesreport increasesin predation wher eas negative valuesreport decreases.

Source of Dogs No dogs Obtained dogs
predation loss n Difference n Difference n Difference P
All predators (%) (%) (%)

All operations’ 19 —0.1AB°® 55 0.9B 31 —0.9A 0.015
Fenced pastures 9 2.7B 48 0.4AB 13 -3.4A 0.019
Open range 6 -0.2A 3 3.3B 6 -1.4A 0.023

Coyotes
All operations 19 -0.IA 54 0.1A 31 -0.4A 0.381
Fenced pastures 9 2.7B 48 0.1A 13 -0.3A 0.032
Open range 6 -0.3A 3 0.6A 6 -1.0A 0.348
Bears
All operations 13 -0.0A 17 0.7A 22 0.JA 0.080
Fenced pastures 4 0.0A 12 0.2A 7 0.2A 0.840
Open range 6 0.1A 3 1.6A 6 0.2A 0.134
Lions

All operations 10 0.0A 24 0.3A 20 -0.4A 0.214

Fenced pastures 3 0.0A 20 -0.3A 5 0.1A 0.955
Open range 3 0.0A 2 1.2A 5 -0.8A 0.400
Dogs

All operations 18 0.0A 45 0.2A 21 -0.2A 0.739

Fenced pastures 9 0.0B 39 0.5B 10 -3.7A 0.024
Open range 5 0.0A 3 0.0A 4 0.2A 0.153

Probabil ity that the 3 means or regression slopes (% losses) in arow differ; numerator df = 2, denominator df = sum of

nsinarow minus 3.

Blncludes fenced pasture, open range, fenced pasture—open range, fenced pasture—open range—feedlot, and fenced

asture—feedlot operations.
Meansin arow followed by different letters are different.

open range, producers rated guard dogs
more effective against coyotes compared
to black bears and mountain lions (F =
3.76, 3, 118 df; P = 0.013). Producers
rated guard dogs more effective against
black bears and mountain lions for sheep
in fenced pastures compared to those on
open range. Producer ratings of the effec-
tiveness of guard dogs against all preda-
tors combined, coyotes, black bears,
mountain lions, and domestic dogs were
inversely associated (n = 39-154; rg =
—0.262— —0.557; P = 0.043—<0.0001)
with proportions of sheep killed by these
predators. A total of 154 of 161 (96%)
guard dog owners indicated they would
recommend dogs to other livestock pro-
ducers, whereas 3 owners indicated they
would recommend dogs only under certain
conditions, and 4 owners would not rec-
ommend dogs.

Changes in effectiveness

Producer ratings of the effectiveness of
guard dogs for deterring predation by all
predators combined were similar (F =
0.06; 1,180 df; P = 0.807) during 1986 (n
=22,X =35) and 1993 (n = 160, X = 3.5).
During 1993, more (P < 0.0001) producers
(n =105, including 64 producers in fenced
pastures and 24 producers on open range)
indicated effectiveness of their dogs did
not change with time compared to those (n
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=54, including including 29 producers
who used fenced pastures and 22 produc-
ers who used open range) who indicated
effectiveness changed. More (P = 0.010)

producers (n = 35, including 19 producers
who used fenced pastures and 14 produc-
ers who used open range) indicated their
dogs were more effective compared to
those (n = 19, including 10 producers who
used fenced pastures and 8 producers who
used open range) who indicated their dogs
were less effective. Of the producers indi-
cating their dogs were more effective, 29
attributed the better performance to matu-
rity of the dogs, 3 indicated more effective
dogs were used, and 2 indicated that their
dogs learned to outsmart predators. Three
producers indicated the federal animal
damage control program was more effec-
tive than before, and 3 others indicated
their own predator control efforts
increased.

Of the producers indicating their dogs
were less effective, 11 felt predators
learned to outsmart the dogs, 4 indicated
the dogs changed their behaviors, 3 indi-
cated there were more predators, 3 indicat-
ed the dogs became too old, 2 indicated
that predator control efforts decreased and
3 producers gave other reasons. Producer
ratings of the effectiveness of guard dogs
for deterring predation on sheep were not
related (rating = 3.29 + 0.03 years; F =
3.39; 1,158 df; P = 0.068) to the number
of yearsthat producers used dogs.

16
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14 -| B Nodogs
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Fig. 5. Percent mortalities of ewes and lambs to domestic dogs for producers with animalsin
fenced pastures (ewes. P = 0.201; lambs: P = 0.532), on open range (ewes: P = 0.443; lambs:
P =1.000), and in all operations combined (ewes. P = 0.442; lambs. P = 0.482) in Colorado
during 1993. Bars, within a group, with the same letters are not significantly different.

Sample sizes are above each bar.
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Table 4. Mean differencesin percent mortalities for lambs from 1986 to 1993 for producerswho
had guard dogs, did not have guard dogs, and those who obtained guard dogs after 1986 in
Colorado. Positive valuesreport increasesin predation wher eas negative valuesreport decreases.

Source of Dog No dogs Obtained dogs
predation loss n Difference n Difference n Difference P?
All predators (%) (%) (%)

All operations’ 17 0.7A° 55 3.0A 27 0.7A 0.162
Fenced pastures 7 5.3A 48 -0.7A 11 -1.8A 0.183
Open range 6 0.2A 3 9.2B 6 -0.3A 0.006

Coyotes

All operations 17 0.8A 54 1.5A 27 0.5A 0.637
Fenced pastures 7 5.3A 48 0.0A 11 -1.0A 0.156
Open range 6 0.2A 3 6.2B 6 -0.5A 0.009

Bears

All operations 12 -0.IA 18 0.1A 18 0.4A 0.054
Fenced pastures 3 0.0A 13 0.2A 5 0.7A 0.468
Open range 6 0.0A 3 0.3A 6 0.5A 0.353

Lions

All operations 9 0.0A 25 0.3A 16 0.6A 0.467
Fenced pastures 2 0.0A 21 -1.4A 3 0.0A 0.690
Open range 3 0.0A 2 24B 5 1.0A 0.015

Dogs

All operations 16 0.0A 45 0lA 20 —0.IA 0.934
Fenced pastures 7 0.0A 39 0.2A 9 -0.9A 0.664
Open range 5 0.0A 3 0.0A 4 0.0A 1.000

alF’robability that the 3 means or regression slopes (% losses) in arow differ; numerator df = 2, denominator df = sum of

nsinarow minus 3.

Includes fenced pasture, open range, fenced pasture—open range, fenced pasture—open range—feedlot, and fenced

ure—feedlot operations.
Meansin arow followed by different letters are different.

Table 5. Producer ratings of the effectiveness of livestock guard dogs for deterring predators from
preying on domestic sheep in Colorado during 1993.

All operations Fenced pastures Open range
Predator n X n x* n X P
All predators 160 3.46 92 357 47 3.33 0.088
Coyotes 160 3.49C° 92 3.58A 47 3.38B 0.160
Black bears 64 2.93A 16 3.38A 35 2.76A 0.038
Mountain lions 43 3.02AB 17 347A 19 2.61A 0.022
Domestic dogs 109 3.30BC 73 3.36A 21 3.05AB 0.193

% = excellent, 3= good, 2 = fair, 1 = poor, 0 = unacceptable.

Probability that the means for fenced pastures and open range do not differ.
“Meansin a column followed by the same letter do not differ (P < 0.05).

Estimated savings/dog

Estimates, by producers who used guard
dogs for 3 1 year, of the average value of
sheep saved/dog from predators within all
operations combined were similar (F =
0.97; 1,134 df; P = 0.327) during 1986 (n
= 12 producers) and 19871993 (n = 124
producers; Table 6). Estimates of the aver-
age vaue of sheep saved/dog from preda-
tors within fenced pastures also were simi-
lar (F=0.27; 1,72 df; P = 0.604) during
1986 (n = 5 producers) and 19871993 (n
= 69 producers), and savings on open
range were similar (F = 0.04; 1,41 df; P =
0.840) during 1986 (n = 6 producers) and
1987-1993 (n = 37 producers). Producers
estimated that each dog saved a greater
value of sheep on open range than within
fenced pastures during both 1986 (F =

15.02; 1,9 df; P = 0.004) and 1987-1993
(F = 8.55; 1,104 df; P = 0.004). From our
data on herd sizes, predation rates, value
of sheep, and number of dogs/producer,

we estimated that the average value of
sheep saved/dog was somewhat |ower than
producer estimatesin all operations com-
bined and fenced pastures, but higher on
open range (Table 6).

Estimated savings during 1993 by 114
producers (X = $2,276) who used 374 dogs
for3 1year and 11 producers (X = $2,242)
who used 18 dogs for <1 year totaled
$891,440. Estimates provided by 12 of 19
producers who used dogs between 1987
and 1992 but not during 1993 indicated that
each of their 24 dogs saved an average of
$5,986 of sheep annually from predation.

The number of guard dogs used by indi-
vidual producers increased with the num-
ber of sheep maintained with dogsin all
operations combined (number dogs = 1.90
+ 0.00050 x number sheep; F = 73.76;
1,122 df; P = <0.0001) and on open range
(number dogs = 3.36 + 0.00038 x number
sheep; F = 8.00; 1,35 df; P = 0.008), but
not in fenced pastures (number dogs =
1.62 + 0.00009 x number sheep; F = 1.30;
1,67 df; P = 0.259). Producer estimates of
the value of sheep saved from predators by
each dog during 1987—-1993 were directly
related to the number of ewes and lambs
that producers maintained with dogs in all
operations combined (saved = 1,424 +
0.33 x number ewes and lambs; F = 17.38;
1,122 df; P < 0.0001) and in fenced pas-
tures (saved = 558 + 0.85 x number ewes
and lambs; F = 57.00; 1,67 df; P <
0.0001), but not on open range (saved =
3,212 + 0.22 x number ewes and lambs; F
=1.39; 1,35 df; P=0.247).

Discussion

We found that 7 of 24 producers using
guard dogs in 1986 stopped raising sheep
by 1993. This rate of going out of business
is similar to an overall rate of declinein
the number of sheep producers from
2,200-2,600 in the 1980’sto 1,800 in

Table 6. Producer estimates and our estimate of the average value (dollars) of domestic sheep saved
from predators by each guard dog in Colorado during 1986 and 1993.

All operations Fenced pastures Open range

Y ear n? X n X n X
Producer

1986 33 3,733 7 686 24 4,100

1993 396 2,506 116.5° 1,149 202.5 3,610
Authors

1993 1,685¢ 683 4,832
“Represents number of dogs.

eighted by number of dogs.

“One dog was used for half the year.

Estimated by multiplying the average number of ewes and lambs/producer by differencesin predation rates for produc-
ers with and without dogs, multiplying by the average value of sheep, and dividing by the average number of dogs/pro-
d

ucer.
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1993 in Colorado (Colorado Agricultural
Statistics Service 1994, 1997). We also
found that the number of producers using
guard dogs and the number of sheep with
dogs increased significantly in Colorado
between 1986 and 1993 even though the
number of sheep producers declined.
Colorado Agricultural Statistics Service
(1995b, 1998) reported 30% of sheep pro-
ducers in Colorado used guard dogs in
1994 and 44% used guard animals (per-
haps mostly guard dogs) in 1997 suggest-
ing a continued increase in use of dogs.
Our data indicate that larger percentages
of animals are being protected by dogs
rather than proportions of producers who
have dogs. Most producers without guard
dogs on open range who we surveyed in
1986 obtained dogs by 1993. These data
indicate that primarily the larger producers
have incorporated dogs.

Although not statistically significant,
predation tended to increase from 1986 to
1993 in herds guarded by dogs. We found
that the proportion of ewes and lambs
killed by predators increased with the size
of operations using guard dogs in 1993.
Thus, the increase in predation from 1986
to 1993 in guarded herds may be related to
the larger size of operations in 1993 com-
pared to 1986.

Green and Woodruff (1989) and Green
et al. (1993) reported that guard dogs
repelled black and grizzly bears during
most encounters. We found that producers
using guard dogs, compared to producers
without dogs, sustained lower predation
on ewes and lambs by black bears and
mountain lions, and rated dogs as success-
ful for deterring those losses. These obser-
vations indicate guard dogs can be suc-
cessful against large carnivores.

Coppinger et a. (1988) and Green and
Woodruff (1990) reported that effective-
ness of guard dogs did not differ between
fenced pasture and open range operations.
We also found that producer ratings of
guard dogs did not differ between fenced
pasture and open range operators for
deterring predation by predators, and
specifically coyotes and domestic dogs,
but guard dogs were rated as more effec-
tive in fenced pastures than on open range
against black bears and mountain lions.
Our data on sheep killed by black bears
and mountain lions suggests the opposite
with guard dogs being more effective on
open range than in fenced pastures.
Producers using guard dogs aso sustained
higher mortalities to predators, especially
coyotes, on open range compared to
fenced pastures, and reported that each
dog saved alarger value of sheep on open
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range than in fenced pastures which prob-
ably was due to having larger herds of
sheep on open range.

Coppinger et al. (1983) reported that
guard dog performance was similar
between small and large flocks of sheep.
Green and Woodruff (1983a) reported that
2 or more dogs, compared to 1 dog, pro-
vided better protection of sheep from
predators, but no data were provided. We
found that proportions of ewes reported
killed by predators on open range were
directly related to the size of the herd with
dogs. However, our direct relationship
between proportions of sheep killed by
predatorsin all operations combined ver-
sus the number of sheep in an operation
may not reflect greater mortalities with
greater herd size, but may be related to
greater mortalities on open range than in
fenced pastures and the associated larger
herds on open range.

Mortalities to predators in this study did
not vary with the number of ewes or
lambs/guard dog nor with the number of
dogs/herd of sheep. This relationship does
not necessarily mean that the number of
ewes or lambs/dog or the number of
dogs/herd does not affect predation rates.
Rather, this relationship may reflect pro-
ducers adjusting numbers of ewes or
lambs/dog or numbers of dogs/herd for
each operation until mortalities are
reduced to a certain level.

We surveyed more producers with sheep
in fenced pastures than on open range,
however, our mortality rates for all opera-
tions combined generally emphasize rates
on open range because we weighted our
analyses by herd sizes which were much
larger on open range. Mortality rates to
coyotes likely are reflective of mortality
rates across Colorado because coyotes
were reported in the area of practicaly all
fenced pasture and open range operations
that we surveyed. However, mortality
rates to black bears and mountain lions
likely exaggerates mortality rates across
Colorado, especially in fenced pastures,
because our data represent mortalities
where these predators were present, and
only about one-third of the producersin
fenced pastures indicated black bears and
mountain lions were found in their areas.

Colorado Agricultural Statistics Service
(1995b) estimated that predators killed
$2.20 million of sheep and lambs in
Colorado during 1994. Estimated total
numbers of mature sheep and lamb mor-
talities divided by the inventory of breed-
ing sheep (320,000) and annual lamb crop
(255,000; Colorado Agricultural Statistics
Service 1995a) indicate that predators

killed 2.0% of ewes and 11.4% of lambs
which was similar to our percentages for
producers without guard dogs. Mortality
rates to coyotes, black bears, mountain
lions, and domestic dogs also were similar
for the 2 surveys. Coyotes were the major
predator of lambs in both surveys. In our
study, producers estimated that their guard
dogs saved $891,440 of sheep from preda-
tion during 1993. This savings has an eco-
nomic "multiplier effect” of about 2.7
(Hoag et a. 1995) which suggests the use
of guard dogs added about $2.4 million of
value to Colorado’s economy during 1993.

Producer estimates were higher than our
estimates of the average value of sheep
saved/guard dog in all operations com-
bined and in fenced pastures. Producer
estimates were based upon mortalities
before compared to after obtaining dogs,
whereas our estimates were based upon
producers with and without dogs. These
differences could be explained if producers
that obtained dogs had higher mortalities
before obtaining dogs than producers that
did not obtain dogs. Our estimates were
higher than producer estimates of the aver-
age value of sheep saved/dog on open
range. These differences could be based
upon our limited sample size for estimating
predation rates for producers without dogs.

Producer estimates of the average value
of sheep saved/dog/year from predators in
fenced pastures ($1,149) and on open
range ($3,610) in this study exceeds the
purchase price of guard dog pups ($240)
and adults ($690) plus $26 in shipping
fees (Andelt 1985) and annual mainte-
nance (food, veterinary care, and miscella
neous costs) which averaged $250 (Andelt
1985) and $286 (Green et al. 1984)/year.
The value of each guard dog increased
with the number of sheep that producers
maintained in fenced pastures but not on
open range. This probably resulted
because the number of guard dogs
increased with the number of sheep owned
by individual producers on open range, but
not in fenced pastures.

We found that most producers indicated
effectiveness of their dogs did not change
with time and, of the producers indicating
effectiveness changed, more producersfelt
their dogs became more effective. In addi-
tion, ewe and lamb mortalities to predators
decreased with the number of years pro-
ducers used dogs. Thus, our data concur
with a subset of the data (Green et al.
1994) indicating performance of the
majority of dogs remained the same or
improved with time.
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Conclusions and M anagement
Recommendations

Guard dogs are an important tool for
reducing sheep mortalities to predators.
Producers with guard dogs, compared to
producers without dogs, lost smaller pro-
portions of their lambs to predators,
specifically to coyotes, and also lost small-
er proportions of their sheep to black bears
and mountain lions. Ewe and lamb preda-
tion generally was lower for producers
who obtained dogs relative to producers
who had not obtained dogs. In addition,
84% of producers rated the effectiveness
of their dogs as excellent or good, most
producers indicated that their dogs did not
decrease effectiveness with time, >96% of
producers indicated that they would rec-
ommend dogs to other producers, all 17
producers that used dogs in 1986 and con-
tinued in the sheep business still used dogs
in 1993 and 125 producers using guard
dogs in 1993 indicated that their dogs
saved over $891,000 in sheep from preda-
tors; these estimates of savings were con-
servative because 32 producers did not
provide estimates. Thus, use of guard dogs
is a successful method for combating pre-
dation on domestic sheep.

In a recent synthesis of coyote and
depredation control literature, Knowlton et
a. (1999) suggest that there may be a dif-
ference in predation risk between pastured
sheep and those on open range. We found
lambs on open range are significantly
more likely to be killed by predators than
those in fenced pastures. Knowlton et al.
(1999) also report that no techniques to
control depredations are universally effec-
tive and that guard dogs are effective in
some situations but not in others. Based on
our data and the opinions of nearly all pro-
ducers, dogs, when properly used, are
effective in the majority of situations
against a variety of predators. However, it
is interesting to note that according to our
data, guard dogs do not significantly
change predation rates on ewes from coy-
otes or domestic dogs regardless of the
operation, but do significantly protect
lambs. Ewes might be more capable of
defending themselves against canids, and
the effects of guard dogs may be less
apparent. On the other hand, lambs are
more vulnerable to coyotes, and they often
are maintained with ewes which likely
reduces predation on ewes, and makes the
effects of guard dogs less apparent. Guard
dogs do not eliminate all depredation loss-
es but significantly reduce them, and they
are economically effective. On the basis of
our data and opinions of producers, we

recommend guard dogs as essential com-
ponents of sheep production in Colorado,
especially to protect lambs against coy-
otes, to protect ewes and lambs against
black bears, mountain lions, and domestic
dogs, and especially for producers using
open rangelands.
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