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Water sources are important for the conservation and management of
bighorn sheep Ovis canadensis (Shaw, 1804). Little is known, however, re-
garding the use of water by reintroduced Rocky Mountain bighorns O. c. ca-
nadensis (Shaw, 1804). Our purpose was to quantify use of water sources by
bighorns to test hypotheses related to the value of these sites on Antelope
Island, Utah, USA, from July 2005 to December 2006. We predicted that
bighorns would increase the number and duration of visits to water during
summer. Moreover, we predicted that animals would visit and spend more
time at water during drought. Our results indicate that bighorns visited and
spent more time around water in summer. These animals, however, did not
visit and spend more time at water during drought. Nevertheless, use of water
sources increased during times of similar precipitation that followed drought,
indicating a potential time-lag in water use by bighorns. Our results underscore
the importance of water for reintroduced bighorns in the deserts of western
USA, and indicate that animals congregate in riparian areas near water and
thereby may facilitate the spreading of diseases and parasites.

Department of Biological Sciences, Idaho State University, Pocatello, ID 83209, USA, e-mail:
jwhiting@stoller.com (JCW); Department of Biological Sciences, Idaho State University, Pocatello,

ID 83209, USA (RTB); Department of Plant and Wildlife Sciences, Brigham Young University,
Provo, UT 84602, USA (JTF)

Key words: Rocky Mountain bighorn sheep, Great Basin, motion-sensor cameras,
reintroduction, water

of artificial water sources by bighorn sheep Ouvis
canadensis (Shaw, 1804) (Broyles and Cutler
1999, Rosenstock et al. 1999, Broyles and Cutler

Free-standing water is an important habitat
component for ungulates occupying arid environ-
ments (Bowyer 1984, Berger 1986, Rautenstrauch
and Krausman 1989, Kie et al. 2003, Cain et al.
2006). Although much debate surrounds the use
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2001, Rosenstock et al. 2001, Rosenstock et al.
2005), this habitat component is important for
the management and conservation of bighorn

sheep in desert ecosystems (Buechner 1960,
Turner 1970, Leslie and Douglas 1979, Bleich et
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al. 2006, Marshal et al. 2006a). The distribution
of water sources can influence range use by
bighorns (Leslie and Douglas 1979, 1980, Rubin
et al. 2002, Oehler et al. 2003, Turner et al.
2004), and the lack of perennial water in some
areas may increase the probability of population
declines (Douglas 1988, Dolan 2006). For ex-
ample, populations of native and reintroduced
desert bighorn sheep O. c. nelsoni (Merriam,
1897) in California became extinct in areas that
received < 200 mm annual precipitation and
lacked dependable water sources (Epps et al.
2004). Furthermore, those authors indicated that
global climate change may have influenced the
persistence and distribution of populations of
bighorn sheep by altering precipitation patterns
and thereby influencing growing seasons of plants
and availability of water sources, especially for
low-elevation mountain ranges (Epps et al. 2004).

Use of water sources by bighorn sheep varies
with periods of increasing ambient temperature,
greater day length, intensified mating activities,
and reduced moisture content in forage (Rubin
et al. 2002, Turner et al. 2004). Native desert
bighorn sheep have remarkable adaptations to
limited water. Indeed, some populations can oc-
cupy areas with no known perennial sources of
water (Alderman et al. 1989, Broyles and Cutler
1999), and in other areas, the distribution of wa-
ter is not an important habitat component for
these animals (Krausman and Leopold 1986a).
Conversely, water sources can be a critical habi-
tat component especially during summer (Rubin
et al. 2002, Turner et al. 2004). For reintroduced
bighorn sheep, range use during summer by
males may be influenced by the distribution of
water sources (Payer and Coblentz 1997). Also
during summer, groups of reintroduced females
and young Rocky Mountain bighorn sheep O. c.
canadensis (Shaw, 1804) occurred within 80 m of
escape terrain and 1 km of water (Brundige and
McCabe 1986). Indeed, female bighorn sheep
with young used areas near steep, rugged habi-
tat and close to water (Bleich et al. 1997). For
some native and reintroduced populations of
Rocky Mountain bighorn sheep, the presence of
water sources during particular seasons can in-
fluence range use and population persistence;
however, data are lacking regarding the specific

use of water sources by Rocky Mountain bighorn
sheep (Shackleton et al. 1999).

Bighorn sheep that congregate in riparian
habitat associated with water sources can exac-
erbate the transmission of diseases and para-
sites. For example, bighorn sheep congregate
around man-made water sources (swimming
pools, birdbaths, and irrigation systems) and ar-
tificial areas of foraging (lawns of golf courses
and residential areas); these gathering places
may promote the spread of diseases and passage
of parasites through fecal contamination (Rubin
et al. 2002, Turner et al. 2004). Nonetheless,
quantitative data demonstrating such a rela-
tionship are sparse (Turner et al. 2004). On An-
telope Island State Park, Utah, USA, all infected
gastropods, intermediate hosts between para-
sitic lungworm larvae Protostrongylus stilesi
and P. rushi and bighorn sheep, occurred in
moist riparian areas associated with water
sources (Rogerson et al. 2008). Of gastropods oc-
cupying habitat types on the island, only those
in riparian areas around water sources were ac-
tive during summer (Rogerson et al. 2008).
Rogerson et al. (2008) indicated that the most
probable site of lungworm transmission to bighorn
sheep was during summer in limited riparian
areas associated with water sources (Rogerson
et al. 2008). Unfortunately, during that study,
bighorn sheep were observed rarely at water,
but the authors conjectured that animals likely
visited these areas repeatedly during summer,
as fresh deposits of feces of bighorn sheep oc-
curred frequently around water (Rogerson et al.
2008).

Our objective was to quantify the use of water
sources by reintroduced bighorn sheep on Ante-
lope Island. We hypothesized that use of water
by these animals was influenced by increasing
temperature, greater day length, lactation, in-
tensified mating activities, and reduced moisture
content in forage (Rubin et al. 2002, Turner et
al. 2004). More specifically, we predicted that
the number and duration of visits to sources
of water would increase substantially during
summer relative to other seasons (Payer and
Coblentz 1997, Rubin et al. 2002, Turner et al.
2004), which could facilitate the transmission of
diseases and parasites as animals congregate
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around water during dry conditions (Rubin et al.
2002, Turner et al. 2004, Rogerson et al. 2008).
Furthermore, observing use of water sources by
bighorn sheep during seasons of differing environ-
mental conditions is critical to understanding
their ecology in arid ecosystems (Burkett and
Thompson 1994, Payer and Coblentz 1997). Con-
sequently, we examined water use by bighorns
during drought conditions and during seasons of
similar rainfall, and we predicted that animals
would visit and spend more time at water sources
during drought.

Material and methods

Study area

We conducted research on Antelope Island State Park
(40°57N, 112°13’'W) in the Great Basin Desert of northern
Utah, USA. Antelope Island is located in the southeast cor-
ner of the Great Salt Lake. The area is 24 km long and 11.3
km wide, with the highest peak at 2134 m and comprises 11
300 ha. Escape terrain for bighorns encompasses about 7%
(8 km2) of the study area (Olson et al. in press). The island
has a mean annual temperature of 17.5°C and receives 562
mm of precipitation annually, with 95% of the snow falling
from November to March. From 1948 to 2007, the mean to-
tal precipitation was 78 mm in summer (July to September)
(Farmington Utah State University Field Station, Western
Regional Climate Center 2007). Human use of the island is
restricted to hiking, biking, and horseback riding on lim-
ited, designated trails (Fairbanks and Tullous 2002).

In March 1996, 26 bighorn sheep were captured near
Kamloops, British Columbia, Canada (50°43’N, 120°25’'W)
and released on Antelope Island. This reintroduced herd
consisted of 4 males, 18 females, and 4 young. Although
these animals were considered California bighorns O. c.
californiana (Douglas, 1829), recent morphometric evidence
indicates that Rocky Mountain and California bighorn sheep
should not be considered separate subspecies (Wehausen
and Ramey 2000). Therefore, in this paper, we considered
these animals to be Rocky Mountain bighorn sheep. The
bighorn sheep on the island were not hunted, and during
the study the average size of the population was 162 animals
(J. C. Whiting, unpubl.). Sympatric ungulates on the island
were bison Bison bison (Linnaeus, 1758) mule deer Odo-
coileus hemionus (Rafinesque, 1817), and pronghorn Antilo-
capra americana (Ord, 1815), and the 2 large mammalian
predators occupying the island were coyote Canis latrans
(Say, 1823) and bobcat Lynx rufus (Schreber, 1777). Those
sympatric ungulates shared water sources with bighorns;
however, at least 40 sources of water exist on the island
(Olson et al., in press), with most of those springs occurring
at low elevation in areas used by bison and deer. General
vegetation types of the island varied from scattered Utah

juniper Juniperus osteosperma, mountain brush, big sage-
brush Artemisia tridentata grass complex, and forbs. Im-
portant forage species for bighorns included bluebunch
wheatgrass Elymus spicatus, spike fescue Luecopoa kingii,
and Sandberg’s bluegrass Poa secunda. Plant nomenclature
follows Welsh et al. (1993). Greater detail concerning the
island and its habitats is provided by Fairbanks and Tullous
(2002) and Rogerson et al. (2008).

Methods

Beginning in April 2004, prior to deploying cameras to
document the use of water sources by bighorn sheep, we
observed bighorns year-round from a designated trail on the
west side of the island and from game trails leading to
sources of water on 116 occasions to determine use of range
and water sources. With this information, coupled with
data regarding range and water use from a previous studﬁ
(Rogerson et al. 2008), we deployed Reconyx Silent ImageT
motion-sensor cameras, which are digital cameras with an
infrared illumination and motion-detection system (Reconyx,
LLP, 3600 Hwy 157, Suite 205, La Crosse, WI 54601) at 7
water sources located in areas used by bighorn sheep from
July 2005 to December 2006. These springs were located in
diverse habitat types and ranged in elevation from 1290 to
1680 m, with the mean (+ SD) distance between any spring
and its nearest neighboring spring of 1.2 km + 0.66 km,
which is a comparatively high density of water sources (Bleich
et al. 1997, Payer and Coblentz 1997).

Water sources differed in the amount and duration of
flow—when setting cameras we selected areas at the head
waters of each spring that had demonstrated use by ungu-
lates (ie, multiple game trails converging upon the head
waters indicating active use). Cameras were set at the same
general location throughout the study and were within 15
m of each centralized water source. When setting the field
of view of the camera, we ensured that the headwaters,
with associated riparian area, and the convergence of game
trails were in view, and that cameras were oriented to
optimize correct categorization of bighorns into sex and age
classes (Jaeger et al. 1991, Bleich et al. 1997). We initiated
the study with 5 cameras and randomly assigned the
placement of these cameras to 5 of 7 springs. By November
2005, however, we placed cameras at all 7 springs. During
our study, cameras were set at any particular spring on
average 60% (range = 46—74%) of the total number of days
in which cameras could have been deployed. Each camera
used 8 AA batteries and a 512 mb compact flash card.
About once each month, we hiked to each camera and
changed the batteries and compact flash cards.

Because visits by bighorn sheep to water sources were
unpredictable, cameras functioned continuously at high
sensitivity and took a picture when an object triggered the
motion sensor of the camera, which had a sensitivity range
of up to 30.5 m and a 40° field of view (Reconyx Silent im-
age, User Guide Recreational Edition). Pictures were taken
while animals were in the field of view of the sensor, and
there was a 20 s interval that elapsed between photo-
graphs. The image settings (brightness, contrast, sharp-
ness, etc.) were preset by the manufacture (Reconyx Silent



130 J. C. Whiting et al.

image, User Guide Recreational Edition). Few bighorn
sheep on the island had identifying marks (ie, radio collars
or ear tags), and it was difficult to determine whether a con-
tinuous stream of pictures of bighorns represented 1 animal
activating the camera numerous times or multiple animals
activating the camera (Cutler and Swann 1999). To help al-
leviate this problem, we arbitrarily considered a lapse of 25
minutes between a bighorn activating a camera as a new
visit. With this criterion, the median number of hours be-
tween successive visits to a camera was 15 (upper and
lower quantile distances = 2 to 26 h). Furthermore, each
picture documented the date, time (Mountain Standard),
and temperature, and we used the first picture in a visit to
gather these abiotic data for that visit. For each visit, we
categorized the total number of bighorns for each sex and
age cohort (male, female, and young), and we further as-
signed males into size categories (Class I, II, III, IV) de-
scribed in Geist (1968).

To investigate whether use of water sources by bighorn
sheep varied by season, we defined seasons according to the
behavior of bighorns on Antelope Island (sensu Marshal et
al. 2006a): spring occurred from 1 April to 30 June and
corresponded to when females became isolated prior to
birthing (Geist 1971, Shackleton and Haywood 1985, Festa-
-Bianchet 1988), during birthing (mean + SD birthdate from
2005 to 2007 on Antelope Island was 17 April + 8.9 days,
range = 31 March to 21 May; J. C. Whiting, unpubl.), and
when females and young gathered in post-parturition
groups (Geist 1971, Hass 1997). We designated summer as
1 July to 30 September. To determine the timing of rut, we
subtracted the gestation time for bighorn sheep, which is
about 175 days (Geist 1971, Blunt et al. 1972, Shackleton et
al. 1984), from the mean birthdate (17 April). The calculated
average rutting date was 24 October. Therefore, we desig-
nated 1 October through 30 November as the rutting period,
because males arrived on rutting grounds and engaged in
rut behavior during those months (Geist 1971, Bleich et al.
1997). Finally, we considered winter as 1 December to 31
March. We used data from the nearest weather station
(Farmington Utah State University Field Station, Western
Regional Climate Center 2007) to determine the total pre-
cipitation (mm) and average temperatures (°C) by seasons
for our study area.

Data analyses

We could not identify individual bighorn sheep consis-
tently; therefore, a group of animals may have visited mul-
tiple water sources in 1 day. This lack of independence
between groups of animals visiting sources of water in a
day was problematic (Jaeger et al. 1991). To help amelio-
rate this problem and to test for differences in the number
of visits by season and year, we considered each day as the
sampling unit. For example, if an animal, or a group of ani-
mals, visited at least 1 water source on a particular day,
then that day was given a value of 1, or a visit. Conversely,
if no bighorns visited any of the water sources in a day then
that day was given a 0, or no visit. This provided a binomial
response variable of visit or no visit for any particular day.
We calculated the proportion of days in which bighorns vis-

ited water sources in a season by dividing the number of
visits by the total number of days cameras were set at wa-
ter sources. We then calculated the associated 95% confi-
dence intervals (CI) for the proportion of days in which
bighorn sheep visited water sources using the procedures
outlined in Bowden et al. (1984) and Bowyer (1991). We rec-
ognize this procedure may overestimate the SE slightly
(Bowden et al. 1984, Bowyer 1991). Nonetheless, this test is
especially appropriate for our data because it allows sam-
pling with replacement (Remington and Schork 1970). More-
over, these calculated values were conservative estimates of
visits to water sources, especially during summer when ani-
mals visited this resource multiple times in a day. These
values and Cls, however, allowed us to test for differences
among the number of visits in spring, summer, rut, and
winter, and between drought conditions (summer 2005) and
non-drought conditions (summer 2006), and between times
with little difference in precipitation (rut 2005 and 2006)
using an unbiased statistical approach.

To test for differences in duration of a visit at a water
source, we first calculated a derived variable of the highest
count of animals for each cohort in a visit multiplied by the
duration (minutes) of that visit (eg, a visit of 5 females and
5 young for 10 minutes equaled a duration of 100). Because
the field of view of cameras was limited, we likely underes-
timated the total number of animals during visits of large
groups (Jaeger et al. 1991). This predicament, however, was
somewhat alleviated by our calculation of the duration of a
visit, because we assumed that larger groups spent more
time at water sources and thus had a greater duration time.
Nevertheless, our methods were conservative because they
underestimated the total duration of animals in large groups
at water sources, which was probably most prevalent dur-
ing summer and rut when large groups tended to frequent
water sources. To test for differences in the duration of a
visit at water sources, we calculated a test statistic (T) us-
ing the median test (Conover 1980) to detect differences for
the median duration of visits among spring, summer, rut,
and winter, and between drought conditions (summer 2005)
compared with non-drought conditions (summer 2006) and
between times of little difference in precipitation (rut 2005
and 2006). We ensured that the assumptions of this test
were met prior to data analysis (Conover 1980). Further-
more, when conducting the median tests, we arbitrarily ad-
justed alpha to 0.02 to help reduce the potential problem of
lack of independence (Bowyer et al. 2007) between groups
visiting multiple water sources in a day.

Results

Temperatures were similar between years
within seasons; however, precipitation totals
differed markedly for both years during spring
and summer (Table 1). During 2005, precipita-
tion was lowest in summer compared with other
seasons. In 2006, however, precipitation was low-
est during rut. Total rainfall in summer 2005
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Table 1. Total precipitation and mean (x SD) temperature by season for Antelope Island
State Park, Utah, USA, from April 2005 to December 2006. We terminated sampling in
December 2006; therefore, precipitation and temperature values for winter 2006 are
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reported only for December.

2005 2006
Season Precipitation Temperature Precipitation Temperature
(mm) (°C) (mm) (°0)
Spring 280 14+4.5 133 17+5.6
Summer 22 23+4.3 122 22+5.2
Rut 82 9+4.9 97 8+4.4
Winter 226 1+£2.2 21 0.0

was 5 times less than total rainfall in summer
2006. Additionally, total rainfall during rut 2005
was similar to precipitation during rut 2006.
We deployed cameras for 2186 camera days:
444 in spring, 746 in summer, 574 in rut, and
422 in winter, of a possible 3633 camera days
during that time (number of days during study
multiplied by 7 water sources). Mean + SD group
sizes of bighorn sheep were similar during
spring (4 + 3.9), summer (4 = 3.8), rut (3 = 2.7),
and winter (2 = 2.3). Bighorn sheep visited water
sources on 852 occasions (109 in spring, 561 in
summer, 166 during rut, and 16 in winter).
Those animals visited water sources signifi-
cantly more often in summer, followed by spring
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Fig. 1. Proportion of the number of visits divided by the
number of days in which cameras were set (+ 95% CI) at 7
water sources used by reintroduced Rocky Mountain bighorn
sheep on Antelope Island State Park, Utah, USA, from July
2005 to December 2006.

and rut, and the least during winter (Fig. 1).
Moreover, duration of time bighorns spent at
and around water sources was 4 times higher in
summer compared with winter (7' = 21.3, df = 3,
p < 0.01; Fig. 2). No difference existed between
the number of visits by bighorn in summer 2005
and in summer 2006 (Fig. 3); however, bighorns
visited water sources twice as often during rut
2005 compared with rut 2006 (Fig. 3). Our de-
rived variable of duration of visits by bighorns at
water sources did not differ between summer
2005 and summer 2006 (7'=0.12,df=1,p =0.73;
Fig. 4), whereas the duration of visits between
rut 2005 and rut 2006 was marginally not signif-
icant (T = 4.62, df = 1, p = 0.03; Fig. 4).
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Fig. 2. Median duration of visits (number of animals in the
group x duration in min) to water sources by reintroduced
Rocky Mountain bighorn sheep during different seasons on
Antelope Island State Park, Utah, USA, from July 2005 to
December 2006.
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Fig. 3. Proportion of the number of visits divided by the
number of days in which cameras were set (+ 95% CI) at 7
water sources used by reintroduced Rocky Mountain bighorn
sheep on Antelope Island State Park, Utah, USA, during
drought conditions (summer 2005) and non-drought condi-
tions (summer 2006) and during times of little difference in
precipitation (rut 2005 compared with rut 2006).

Discussion

Consistent with our prediction, Rocky Moun-
tain bighorn sheep that were reintroduced on
Antelope Island State Park used water sources
considerably more in summer than during other
seasons, which has been documented previously
for populations of native desert bighorns (Leslie
and Douglas 1979, Rubin et al. 2002, Turner et
al. 2004). More importantly, our study provided
a unique test of the differences in number and
duration of visits at water sources during a time
of little precipitation (summer 2005) with a time
of substantially greater precipitation (summer
2006), and between seasons with little difference
in the amount of precipitation (rut 2005 com-
pared with rut 2006). Mean temperatures dur-
ing summer 2005 and 2006 and rut 2005 and
2006 were similar; however, precipitation totals
differed markedly during summer 2005 and
2006. Our results falsified our prediction that
the number and duration of visits to water
sources during the summer with less precipita-
tion (2005) would differ from those during the
summer with substantially more precipitation
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Fig. 4. Median duration of visits (number of animals in the
group x duration in min) by reintroduced Rocky Mountain
bighorn sheep at water sources during drought conditions
(summer 2005) and non-drought conditions (summer 2006)
and during times of little difference in precipitation (rut
2005 compared with rut 2006) on Antelope Island State
Park, Utah, USA.

(2006). Furthermore, our results were counter
intuitive as the number and duration of visits
during periods of little difference in precipita-
tion (rut 2005 and 2006) was drastically differ-
ent. We hypothesize that this reverse pattern
resulted from a time lag in water use by bighorn
sheep in this arid system. During spring 2005,
our study area received twice as much precipita-
tion compared with spring 2006; thus, plants
were probably succulent for longer during late
spring and into early summer in 2005 (Beatley
1974), thereby ameliorating some effects of
drought conditions during summer 2005, and
potentially reducing the need for water by big-
horns during this time. Low amounts of precipi-
tation in summer 2005, however, were possibly
evident in the use of water sources by bighorns
during rut 2005, although the precipitation pat-
terns were similar between rut 2005 and 2006.
These results indicate that although particular
seasons may experience drought conditions, the
effect of those dry conditions on the number and
duration of visits to water sources by bighorns
may be postponed. Therefore, to detect increases
or decreases in use of water sources by bighorns,
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investigators need to document such use over
several seasons, especially during and following
times of drought. This approach, and the knowl-
edge it provides, may be critical in assessing
potential affects of climate change on small pop-
ulations of bighorn sheep.

Increased use and congregation by animals
at watering sources, especially in associated
riparian vegetation, may facilitate the spread of
diseases and parasites and effect water quality
(Bleich 2003, Rosenstock et al. 2005), particu-
larly during summer (Swift et al. 2000, Rubin et
al. 2002, Turner et al. 2004). Bighorn sheep that
visit water sources spend time lingering and
foraging around those areas (Campbell and
Remington 1979, Rogerson et al. 2008). Our re-
sults indicate that reintroduced Rocky Mountain
bighorn sheep increase use of water sources and
their associated riparian habitat during summer
and rut following drought conditions. Infections
of parasitic lungworms combined with pneu-
monia have contributed to the historic decline of
populations of bighorn sheep (Buechner 1960,
Forrester and Littell 1976, Krausman and Bowyer
2003). On Antelope Island, the only active gas-
tropods (an intermediate host between bighorn
and parasitic lungworm larvae) were evident
during summer in riparian areas associated with
limited sources of water (Rogerson et al. 2008).
Our results support those of Rogerson et al.
(2008) in concluding that the most probable site
of lungworm transmission to bighorn sheep is
around water sources during summer. Wildlife
managers and conservationists need to consider
water sources and how the distribution of this
resource may cause overcrowding and thereby
facilitate the spreading of diseases and parasites,
especially for small populations of reintro-
duced bighorns using limited sources of water
(Rogerson et al. 2008).

A need exists for wildlife researchers and
mangers to assess the response of populations of
bighorn sheep to artificial water sources (Broyles
and Cutler 1999, Rosenstock et al. 1999). Al-
though building artificial water sources may in-
crease competition between bighorns and other
ungulates (Krausman and Leopold 1986b), this
resource may reduce the amount of use and con-
gregation of animals around perennial water

sources and thereby decrease the transmission
of parasites (Marshal et al. 2006b, Rogerson et
al. 2008). Furthermore, Rogerson et al. (2008)
detected differences in the number of lungworm
larvae in the feces of male and female bighorns,
and suspected that this discrepancy may have
resulted from use of different water sources by
the sexes. Indeed, female bighorn sheep use dif-
ferent habitat than males outside the mating
season (Bleich et al. 1997), and this segregation
may have important implications for diseases
and parasite transmission for this species (Bowyer
2004, Rubin and Bleich 2005). Future research
regarding use of water should focus on the dif-
ferent use of habitat and water sources by the
sexes during different times of the year and how
that difference can influence range and water
use, and possibly disease and parasite transmis-
sion (Rubin and Bleich 2005).

General guidelines indicate that reintro-
ductions of Rocky Mountain bighorn sheep should
occur in areas consisting of escape terrain and
within 3.2 km of perennial water sources (Smith
et al. 1991, Smith and Flinders 1992, Singer et
al. 2000a, Singer et al. 2000b). Bighorns we
studied came from Kamloops, British Columbia,
Canada, an area which has been the source stock
for reintroductions of animals into Washington,
Utah, Oregon, Idaho, Nevada, and California,
USA (Demarchi and Mitchell 1973, Whittaker et
al. 2004). These bighorns in British Columbia do
not encounter the degree of water stress that is
evident in dry regions of the western United
States where they have been released historically
(Demarchi and Mitchell 1973). Even though
reintroductions are commonly used to reestablish
populations, since 1923, 30% of translocated
populations of bighorn sheep throughout their
distribution were deemed failures (Singer et al.
2000b). Many factors can influence the success
of reintroductions (Smith et al. 1991, Singer et
al. 2000b, Rominger et al. 2004). We hypothesize
that the lack of water sources may have con-
tributed to those failures. Indeed, one reintro-
duced population in the Great Basin Desert of
northern Utah was unsuccessful at least in part
because of lack adequate surface water (Smith et
al. 1988). Although considerable debate exists
regarding the use of artificial sources of water by
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bighorns (Broyles and Cutler 1999, Rosenstock
et al. 1999, Broyles and Cutler 2001, Rosenstock
et al. 2001), constructing additional artificial
water sources may be necessary for populations
of these reintroduced animals (Rosenstock et al.
1999). Indeed, much can be learned to improve
reintroduction techniques and thereby enhance
successful establishment of populations (Smith
et al. 1988, Smith et al. 1991, Valdez and
Krausman 1999, Krausman 2000, Whiting et al.
2008).

Relatively little is known regarding the im-
portance of water for ungulates occupying deserts
in North America compared with animals in-
habiting deserts in Africa and the Middle East
(Cain et al. 2006). Our results underscore the
importance of water sources for populations of
reintroduced Rocky Mountain bighorn sheep in
arid ecosystems. Indeed, persistence of some
populations of desert bighorn sheep is correlated
with the presence of perennial sources of water
(Epps et al. 2004). Summer and drought con-
ditions increase the intensity of use at water
sources and in their associated riparian habitat,
especially for populations of bighorn sheep in
deserts of the western USA. This increased de-
pendence on water during summer and drought
conditions could influence the persistence and
distribution of this species, especially in the face
of a changing climate (Epps et al. 2004). Clearly,
more study is needed, and we hope that our
results will provide an important first step in
this process. In the interim, we recommend
wildlife managers assess water sources prior to
reintroductions, and consider adding artificial
sources of water. Following reintroductions of
bighorn sheep, managers should devise plans to
monitor bighorn use around these water sites
(Rosenstock et al. 1999, Broyles and Cutler
2001, Rosenstock et al. 2001, Cain et al. 2006).
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