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Abstract

Context. Timing (mean birthdate) and synchrony (variance around that date) of births can influence survival of young
and growth in ungulate populations. Some restored populations of ungulates may not adjust these life-history
characteristics to environments of release sites until several years after release, which may influence success of
reintroductions.

Aims. We quantified timing and synchrony of births from 2005 to 2007 in four populations of reintroduced bighorn
sheep (Ovis canadensis) occupying two ecoregions (Central Basin and Range and Wasatch and Uinta Mountains) in Utah,
USA, to investigate whether bighorns would adjust these life-history characteristics to environmental conditions of the two
ecoregions. We also compared timing and synchrony of births for bighorns in their source herd (Antelope Island) with
bighorns in an ecologically similar release site (Stansbury Mountains) during 2006 and 2007.

Methods. We relocated female bighorns to record birthdates of young, and observed groups of collared bighorns to
quantify use of elevation by those ungulates. We also calculated the initiation, rate and timing of peak green-up by
ecoregion, using the normalised difference vegetation index.

Key results. We quantified 274 birthdates, and although only separated by 57 km, bighorn populations occupying the
Central Basin and Range Mountains gave birth an average of 29 days earlier than did those on the Wasatch and Uinta
Mountains, which corresponded with the initiation of vegetation green-up. Additionally, bighorn sheep on the Stansbury
Mountains (ecologically similar release site) gave birth at similar times as did bighorns on Antelope Island (source area).

Conclusions. Populations of bighorn sheep that were reintroduced into adjacent ecoregions adjusted timing of births to
environments and green-up of vegetation in restoration areas. Timing and synchrony of births for reintroduced bighorn
sheep in an ecologically similar release site were the same as those of their source area.

Implications. Consideration should be given to the adjustment of timing and synchrony of births when
reintroducing bighorns, especially when animals are released into different ecoregions. Also, biologists should
select release sites that are ecologically similar to source areas, thereby reducing potential negative effects of animals
adjusting timing and synchrony of births to environmental conditions of restoration areas.
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Introduction

In seasonal environments, natural selection has favoured
ungulates that adjust timing (mean birthdate) and synchrony
(variance around mean birthdate) of births to match favourable
climatic conditions (Sadleir 1969; Bunnell 1980; Rutberg 1987)
and the onset of nutritious forage (Bowyer 1991; Rachlow and
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Bowyer 1991; Loe et al. 2005). Neonates that are born late
suffer decreased survival to their first winter (Clutton-Brock
et al. 1987; Festa-Bianchet 1988; Keech et al. 2000), reduced
survival to yearling age (Guinness et al. 1978; Clutton-Brock
et al. 1987) and decreased future reproductive potential
(Reimers et al. 1983; Festa-Bianchet er al. 2000; Keech et al.
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2000). Differences in timing and synchrony of births hold
important consequences for growth of ungulate populations
(Rutberg 1987; Ims 1990; Whiting et al. 2011). Furthermore,
some restored populations of ungulates may not adjust these
life-history characteristics to environments of release sites
until several years after being released, which may influence
reintroduction success (Marshall and Cambridge 1937; Whiting
etal 2011).

Mountain sheep (Ovis canadensis and O. dalli) occupy areas
from northern Alaska to Mexico (Krausman and Bowyer 2003).
Timing and synchrony of births for these bovids differ by
latitude and elevation (Bunnell 1982; Thompson and Turner
1982). In general, mountain sheep occurring at northern
latitudes and higher elevations give birth late in spring, and the
birthing period is constricted, which allows females to exploit
the shortened growing season (Bunnell 1982; Thompson and
Turner 1982). Conversely, mountain sheep that occupy southern
latitudes give birth during most months, likely because growing
seasons are much less predictable (Lenarz 1979; Thompson and
Turner 1982; Rubin ef al. 2000). Parturition in Rocky Mountain
bighorns (O. c. anadensis) usually occurs when favourable
temperatures and onset of nutritious forage are most conducive
for lactation and, thus, survival of neonates (Bunnell 1982; Festa-
Bianchet 1988; Hass 1997).

Populations of bighorn sheep have declined substantially
since the latter part of the 19th century, and these ungulates
face a precarious future (Buechner 1960; Geist 1971; Krausman
2000). Since the 1920s, considerable effort has been exerted
and money spent to restore populations of bighorn sheep into
historic ranges (Bleich e al. 1990; Krausman 2000). Despite
those efforts, from 1923 to 1997, only 41% of translocated
populations of bighorns were deemed successful (Singer et al.
2000). However, little information exists regarding how the
behaviour of released ungulates influences the success of
reintroductions (Seddon et al. 2007). Indeed, understanding
the behaviour and life-history characteristics of reintroduced
animals that are naive to their surroundings is critical for
successful reintroductions (Griffith ef al. 1989; Seddon et al.
2007), especially in cases when survival or reproductive rates
are low as animals become accustomed to conditions of their
release site (Armstrong and Seddon 2008; Whiting ef al. 2011).

Recent work has documented the importance of timing and
synchrony of births in bighorn sheep and how differences in
these life-history events may influence the success of
reintroductions (Whiting et al. 2011). Furthermore, ideas
regarding ecological similarity (i.e. releasing animals in
restoration sites that have similar environmental conditions as
source areas; Lawrence and Kaye 2011; Noél et al. 2011) have
rarely been applied to ungulate reintroductions. We quantified
timing and synchrony of births from 2005 to 2007 in four
populations of reintroduced bighorn sheep occupying two
ecoregions (Central Basin and Range and the Wasatch and
Uinta Mountains) in Utah, USA, to investigate whether those
bighorns would adjust life-history events to environmental
conditions of the two ecoregions. We also tested for
differences in the use of elevation by bighorns; and the
initiation, rate and timing of peak green-up of vegetation
between ecoregions. Additionally, we compared timing and
synchrony of births in two populations in which the
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environment and habitat were ecologically similar between
source (Antelope Island) and release (Stansbury Mountains)
sites. We hypothesised that bighorns from an ecologically
similar release area would have timing and synchrony of births
comparable to those of females from their source area. Our results
will provide information regarding adjustment of timing and
synchrony of births in reintroduced bighorn sheep, and how
matching ecologically similar release sites with source areas
can improve the establishment of populations and enhance
restoration efforts.

Materials and methods

We estimated birthdates in five reintroduced populations of
bighorn sheep occupying two ecoregions in Utah (Central
Basin and Range and the Wasatch and Uinta Mountains;
Fig. 1; http://www.epa.gov/wed/pages/ecoregions/level_iii_iv.
htm#Level%20, verified 12 July 2011). Populations of
bighorns in the Central Basin and Range Mountains occupied
the Newfoundland Mountains, Antelope Island State Park and the
Stansbury Mountains (Fig. 1). The Newfoundland Mountains are
located in the Great Salt Lake Desert. The highest peak of that
mountain range is 2135m. Major habitat types are juniper
(Juniperus spp.), mountain brush, big sagebrush (Artemisia
tridentata ssp.), sagebrush—grassland and salt-desert shrub.
Antelope Island is the largest island of the Great Salt Lake,
comprising 11300ha (Whiting et al. 2009a, 2009b). The
island is 24 km long and 8.3 km wide, with the highest peak at
2134 m (Whiting et al. 2010a). Habitat types of the island vary
from juniper to mountain brush and big sagebrush—grass complex
(Whiting et al. 2009a). The Stansbury Mountains are located
south-west of Antelope Island (Fig. 1). The highest mountain of
this range is Deseret Peak at 3362 m. This mountain range is
characterised by alpine, conifer, aspen (Populus tremuloides),
maple (Acer spp.), juniper, mountain brush and big sagebrush—
grass complex habitats (Olson ef al. 2008). Weather patterns for
these areas are similar (Table 1).

Our other study areas were located along the Wasatch and
Uinta Mountains on Mount Timpanogos and in Rock Canyon
(Fig. 1). The highest mountain of these two areas reaches 3582 m.
These areas are similar in topography and flora, because they
are adjacent to and are an extension of the Wasatch Range
(Whiting et al. 2008, 2011). Generalised vegetative zones
descending in elevation include alpine, conifer, aspen, maple,
juniper, mountain brush and big sagebrush—grass complex
(Whiting et al. 2008, 20105). Weather patterns of these areas
also are similar (Table 1).

Although bighorn sheep released in the Central Basin and
Range Mountains are considered California bighorns (O. c.
californiana), recent morphometric evidence indicated that
Rocky Mountain and California bighorns should be considered
similar subspecies (Wehausen and Ramey 2000). Therefore, we
considered all populations in our study areas to be Rocky
Mountain bighorns. All indigenous populations of Rocky
Mountain bighorn sheep were extirpated in northern Utah by
the 1930s (Smith et al. 1988). Consequently, from 1996 to 2006,
206 Rocky Mountain bighorn sheep were reintroduced into our
study areas (Table 2). In 2007, an additional 48 bighorns were
released on Mount Timpanogos and in Rock Canyon; however,
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Fig. 1.

Study areas and ecoregions in Utah, USA, where we quantified timing and synchrony of births in

populations of reintroduced bighorn sheep from 2005 to 2007.

Table1l. Study areas, names of weather stations near areas occupied by bighorn sheep, and the number of years data were collected at those stations; as
well as average, yearly climatic information for mountain ranges where bighorns were reintroduced in Utah, USA
All weather data were retrieved online at http://www.wrcc.dri.edu/index.html, verified 18 November 2011
Study area Weather Years Mean max. Mean min. Total precipitation Total snowfall
station monitored temperature (°C) temperature (°C) (mm) (mm)
Central Basin and Range
Newfoundland Mountains Utah Test Range 1989-2008" 18 3 255 409
Antelope Island Antelope Island 1952-1972* 19 3 393 264
Stansbury Mountains Callister Ranch 1967-1984% 18 2 325 850
Wasatch and Uinta Mountains
Mount Timpanogos Pleasant Grove 19462010 18 3 426 1094
Rock Canyon Provo, BYU 19162010 18 4 502 1501

AWeather stations collected data only during a limited number of years, as indicated.

we did not include any of those females in our analyses of
birthdates, because females had not been in release areas for
sufficient time (~4 years) to potentially adjust timing and
synchrony of births (Whiting er al. 2011). Further, we
excluded those females in our analyses when we quantified the
use of elevation, unless they were with groups of bighorns
from previous releases. During our study, the mean (+s.d.)
number of female bighorns in populations occupying the
Central Basin and Range Mountains was 47 &£ 16.7, whereas

15 £ 3.6 females occupied the populations in the Wasatch and
Uinta Mountains.

Previous research in Rock Canyon and on Mount Timpanogos
indicated that bighorn sheep captured in different source areas
and released into adjacent locations within the same ecoregion
adjusted timing and synchrony of births after four birthing
seasons (Whiting et al. 2011); therefore, for collared bighorns
on the Newfoundland Mountains and on Mount Timpanogos,
we used only birthdates of young from females restored to
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Table 2. Study areas, dates of release, source populations and demographics of bighorn sheep that were reintroduced to mountain ranges in

Utah, USA
Release area Date Capture location Females Males Young Total
Central Basin and Range
Antelope Island March 1996 Kamloops, BC, Canada 18 4 4 26
Antelope Island February 2000 Winnemucca, NV, USA 2 4 0 6
Newfoundland Mountains January 2001 Hart Mountain, NV, USA 12 3 1 16
Newfoundland Mountains February 2001 Antelope Island, UT, USA 6 7 2 15
Newfoundland Mountains February 2003 Antelope Island, UT, USA 13 6 1 20
Stansbury Mountains Dec. 2005/Jan. 2006 Antelope Island, UT, USA 32 13 12 57
Wasatch and Uinta Mountains
Mount Timpanogos January 2000 Rattlesnake Canyon, UT, USA 16 6 3 25
Mount Timpanogos January 2001 Hinton, Alberta, Canada 8 2 0 10
Mount Timpanogos February 2002 Sula, MT, USA 2 1 9
Rock Canyon January 2001 Hinton, Alberta, Canada 15 4 3 22

those areas for at least four birthing seasons. Consequently,
we did not use birthdates from identifiable females from
the 2003 Newfoundland Mountains release during 2005 and
2006 (n=13). Also, we did not use one birthdate from an
identifiable female from the 2002 Mount Timpanogos release
during 2005. Additionally, eight uncollared females from
those releases could have been included in our calculation of
birthdates of young, because we could not distinguish them
from other uncollared females. Data for birthdates in Rock
Canyon and on Mount Timpanogos were adapted from
Whiting et al. (2011).

We relocated collared and uncollared females to record
birthdates from 31 March to 5 July from 2005 to 2007. We
searched the Central Basin and Range Mountains a mean (+s.d.)
of every 4 + 3.0 days, and we searched the Wasatch and Uinta
Mountains every 54 3.5 days. We observed several neonates
<24-h old, and we estimated birthdates on the basis of
behaviour of females before, during and after parturition
(Whiting et al. 20106, 2011). We also used first sighting,
motor ability, size, and behaviour of neonates to estimate the
age of young (Whiting et al. 2010h, 2011). To determine
birthdates for neonates of uncollared females, we compared
their young with neonates of estimated ages of collared
females when all females congregated in nursery bands after
parturition (Coté and Festa-Bianchet 2001; Whiting et al. 2008).
We exercised care not to disturb females with young (Gannon and
Sikes 2007).

Differential use of elevation by indigenous populations of
bighorn sheep is an important factor influencing the timing and
synchrony of births across the distribution of this species,
especially when comparisons are made among multiple
populations (Bunnell 1982; Thompson and Turner 1982). To
quantify the use of elevation, we observed groups of collared
bighorns using radio-telemetry equipment, binoculars and
spotting scopes from January 2005 to December 2007
(Whiting et al. 2010b, 2011). Those groups included at least
one adult female. We imported those locations onto maps by
using ArcGIS (ESRI, Redlands, California, USA; Whiting et al.
2010h,2011). We then overlaid those maps with 10-m resolution
digital-elevation models, and each location was ascribed a
value for elevation in metres (Whiting et al. 20105, 2011). As

with timing and synchrony of births, we did not use locations of
identifiable females when they were alone from the 2003
Newfoundland Mountains release during 2005 and 2006 and
from identifiable females from the 2002 Mount Timpanogos
release during 2005.

The normalised difference vegetation index (NDVI) is
satellite imagery that measures greenness of vegetation, and
has been used successfully to link growth of vegetation with
animal ecology (Pettorellieral.2005,2011), as well as to compare
the onset of plant growth with timing of births in ungulates
(Loe et al. 2005). We tested for differences in NDVI values
between the Central Basin and Range and the Wasatch and
Uinta Mountains ecoregions by calculating 95% utilisation
distributions for bighorn sightings in each population, using
the reference bandwidth in R. We clipped those 95%
utilisation distributions by elevation contour lines to exclude
features that were not suitable habitat (i.e. the urban interfaces
along the Wasatch Front). We used the 250-m, 7-day composite,
moderate resolution imaging spectroradiometer (eMODIS-
TERRA, http://pubs.usgs.gov/of/2010/1055/, verified 18
November 2011) to extract mean weekly values for NDVI in
each area from 2001 to 2007. We chose 2001 as the
beginning year of those analyses, because it corresponded with
when the last populations (Rock Canyon and the Newfoundland
Mountains) were established. Thereafter, environmental
conditions of release sites could begin to influence life-history
characteristics in all populations. We then calculated
the yearly initiation of green-up, rate of green-up and timing
of peak green-up by ecoregion, using adaptive Savitzky—Golay
filtering in TIMESAT 3.02 (Jonsson and Eklundh 2002, 2004).

Data analyses

We estimated birthdates of young, pooled them into sampling
intervals (<every 5 days, as indicated previously), and
calculated corrected means (timing of births) and s.d. values
(variance of births) for each population in each year (Johnson
et al. 2004, Whiting et al. 2011). This technique allows
robust comparisons of unequal sampling intervals (bin sizes)
in determining timing and synchrony of births (Johnson et al.
2004). To test for differences between birthdates of populations
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occupying the Central Basin and Range Mountains and those on
the Wasatch and Uinta Mountains, we averaged birthdates by
ecoregion and computed 95% confidence intervals (Cls). We
also tested for differences in synchrony of births between those
populations by averaging the s.d. values by ecoregion and then
computing 95% Cls.

To test for differences in timing of births for bighorn sheep
on Antelope Island (source area) compared with the Stansbury
Mountains (ecologically similar release site), we calculated
corrected means and s.d. values of birthdates for each
population in each year using the equations in Johnson et al.
(2004). We then used those means and s.e. values to construct
95% ClIs to test for differences in timing of births between
areas for each year (Whiting et al. 2008). To determine
whether synchrony of births was different between Antelope
Island and Stansbury Mountains for each year, we used the
corrected s.d. values to calculate coefficients of variation
(CVs). We then used Z-tests to examine differences in the CVs
for each year (Zar 1999).

We tested for differences in the use of elevation by bighorn
sheep in populations that occupied the Central Basin and
Range and Wasatch and Uinta Mountains, as well as on
Antelope Island (source area) compared with the Stansbury
Mountains (ecologically similar release site), using unequal
variance t-tests (Ruxton 2006). To assess differences in
initiation of green-up, rate of green-up and timing of peak
green-up, we calculated NDVI values for those variables for
each population in each year. We then calculated a mean weekly
value (starting at 1 January) for initiation of green-up and timing
of peak green-up, as well as a scaled value of NDVI per week for
the rate of green-up in areas occupied by populations in the
Central Basin and Range and the Wasatch and Uinta Mountains
across all years. We compared those mean values between the
ecoregions by using 95% Cls.

Results

We recorded birthdates for 178 neonates in the Central Basin and
Range Mountains and for 56 neonates on the Wasatch and Uinta
Mountains from 2005 to 2007. Across those years, females in
populations occupying the Central Basin and Range Mountains
gave birth 29 days earlier (mean = 19 April, range = 14-25 April)
than did females in populations on the Wasatch and Uinta
Mountains (mean=18 May, range=9-27 May; Fig. 2).
No difference occurred in the synchrony of births (means and
CIs) between populations in the Central Basin and Range
(mean + CI, 7 +4.3 days) and those on the Wasatch and Uinta
Mountains (9 + 7.6 days).

We observed 718 groups of bighorn sheep that were used
to compare the use of elevation between the populations in the
Central Basin and Range Mountains and those on the Wasatch
and Uinta Mountains. Bighorn sheep that occupied the Central
Basin and Range Mountains used elevations (n=337,
mean= 1643 m, s.d.=150.6 m) that were an average of 370 m
lower than those used by bighorns on the Wasatch and Uinta
Mountains (7=381, mean=2013m, s.d.=280.3m; / =-22.39,
P<0.001). From 2001 to 2007, mean (£95% Cls) initiation of
green-up was 4 weeks earlier in the Central Basin and Range
(mean=8 weeks, CI=1.4 weeks) than on the Wasatch and
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Uinta Mountains (mean=12 weeks, CI=2.0 weeks). Mean
rate of green-up was slower in the Central Basin and Range
(mean=2 NDVI week ', CI=0.9 NDVI week ') than on the
Wasatch and Uinta Mountains (mean=4 NDVI week ', CI=0.9
NDVIweek '), and the mean time of peak green-up was 7 weeks
earlier in the Central Basin and Range (mean=22 weeks,
CI=2.4 weeks) than on the Wasatch and Uinta Mountains
(mean =29 weeks, CI=0.6 weeks).

To compare differences in timing and synchrony of births
between bighorn sheep occupying a source area (Antelope
Island) and those occupying an ecologically similar release site
(the Stansbury Mountains), we recorded birthdates for 67
neonates on Antelope Island and 40 young on the Stansbury
Mountains during 2006 and 2007. Timing of births was
similar between those two areas in 2006, and females on the
Antelope Island gave birth 6 days earlier than those on the
Stansbury Mountains in 2007 (Fig. 3); however, no difference
existed in timing of births across years between females on
Antelope Island and those on the Stansbury Mountains
(Fig. 3). In 2006, synchrony of parturition was not
significantly different between the Antelope Island females
(s.d.=7.9 days, CV=7.5%) and the Stansbury Mountain
females (s.d.=6.6 days, CV =6.4%; Z-test, Z=0.72, P=0.48);
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Fig. 2. Mean birthdates (sample size above bars) across years (with 95%

ClIs) for four populations of bighorn sheep that were reintroduced into adjacent
ecoregions in Utah, USA, from 2005 to 2007.
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Fig.3. Mean birthdates, 95% Cls and the number of young born (above the
mean) for reintroduced bighorn sheep in two populations separated by 36 km
in the Central Basin and Range Ecoregion of northern Utah, USA.
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however, in 2007, synchrony of parturition was protracted
almost twice as long for females on the Stansbury Mountains
(s.d.=9.0 days, CV=28.4%) as for those on Antelope Island
(s.d.=5.7 days, CV =5.6%; Z-test, Z=2.14, P=0.04).

We observed 469 groups of bighorn sheep to test for
differences in the use of elevation between groups of
females from Antelope Island and those from the Stansbury
Mountains. Bighorns on Antelope Island used elevations that
were an average of 130m lower (n=107, mean=1669 m,
s.d.=103.3m) than those used by animals on the Stansbury
Mountains (n=362, mean=1799m, s.d.=228.6m; 7 =-8.31,
P<0.001).

Discussion

Although only separated by 57 km, female bighorn sheep in two
populations occupying the Central Basin and Range Mountains
gave birth an average of 29 days earlier than did females in two
populations on the Wasatch and Uinta Mountains. Year-round,
females in the Central Basin and Range Mountains used
elevations that were an average of 370 m lower than those
used by bighorns that occupied areas on the Wasatch and
Uinta Mountains. Moreover, average initiation of green-up
was 4 weeks earlier and peak green-up was ~7 weeks earlier in
the Central Basin and Range Mountains. Differential use of
elevation by indigenous, female ungulates can influence timing
and synchrony of births (Bunnell 1982; Thompson and Turner
1982), even between adjacent populations that occupy different
elevations (Bowyer 1991). Also, ungulates occupying areas with
early green-up of vegetation, as determined by NDVI values,
give birth earlier (Loe et al. 2005). The earlier birthdates we
documented in bighorn populations in the Central Basin and
Range Mountains were most likely produced by females
adjusting to earlier green-up of vegetation, or by those animals
using lower elevations that had differences in snow accumulation
(Loe et al. 2005), soil moisture, plant communities (Douglas
2001) and phenological development of plants (Festa-Bianchet
1986; Berger 1991). Our results indicated that populations of
bighorn sheep reintroduced into adjacent ecoregions adjusted
timing of births to differences in the environment and green-up
of vegetation in restoration areas. We hypothesise that
females adjusted the length of gestation, which has also been
documented in other ungulates (Rachlow and Bowyer 1991;
Berger 1992; Schwartz and Hundertmark 1993).

Timing of births was similar across years for female bighorn
sheep on the Stansbury Mountains (ecologically similar release
area) compared with those on Antelope Island (source
population). Further, even though bighorns on the Stansbury
Mountains could have used areas of high elevation, they used
elevations that were only 130m higher than areas used by
bighorns on Antelope Island. These mountain ranges are
separated by 36 km and are located in the Central Basin and
Range Ecoregion. The idea of ecological similarity has been
used in plant restorations (Lawrence and Kaye 2011; Noél et al.
2011). This idea has been adopted by some wildlife biologists that
have considered birthing times of reintroduced bighorn sheep and
have tried to match environments of release sites with those of
capture locations (Stockton 20054, 2005b); however,
quantitative evidence of this phenomenon is lacking. Our
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results provided evidence that timing and synchrony of
births for reintroduced bighorn sheep in an ecologically similar
release site were similar to those in their source area, and that
ecological similarity needs to be considered when restoring
bighorn populations.

Most bighorn sheep on Antelope Island came from areas near
Kamloops, British Columbia, Canada (those areas are separated
by >1245 km). Females from that source area usually give birth
in May and early June (Demarchi and Mitchell 1973; Demarchi
et al. 2000). Bighorn sheep on Antelope Island gave birth
~1 month earlier than did females from their source areas in
British Columbia. Additionally, other populations of bighorn
sheep captured in British Columbia and released into areas in the
south-western United States adjusted birthing to mid-April
(Demarchi et al. 2000), similar to what we observed. These
results support previous work, indicating that bighorn sheep
adjust timing and synchrony of births to the environment of
their release sites; however, adjustment of these life-history
events occurred after 4 years (Whiting et al. 2011). Therefore,
this time lag in adjustment of life-history characteristics needs to
be considered when restoring populations of bighorn sheep,
especially when survival or reproductive rates may be low as
animals become accustomed to conditions of their release site
(Armstrong and Seddon 2008; Whiting et al. 2011).

Reintroductions of bighorn sheep are the primary way in
which biologists and conservationists restore populations of
these ungulates (Bleich et al. 1990; Krausman 2000).
Reintroductions of bighorns, however, oftentimes only consist
of ~20 animals (Douglas and Leslie 1999), and the average
number of animals initially released into our study areas was
29. Reintroductions with more animals (>41 bighorns) had
greater success than those with fewer animals (Singer et al.
2000). When releasing bighorns into habitats that are
ecologically dissimilar from their source areas, the effects of
slow adjustment of timing and synchrony of births of young —
and the subsequent decrease in survival and reproductive
potential of late-born young to their first winter — could
possibly be minimised if more bighorns were initially released.

Reintroductions are likely to proceed at an increasing rate,
especially with habitat loss and fragmentation further
threatening bighorn populations (Hein 1997; Seddon et al.
2007). Populations of bighorn sheep have declined
significantly, and these ungulates face a precarious future
(Buechner 1960; Geist 1971). These animals are some of the
rarest ungulates in North America, with some populations listed
as endangered (Krausman 2000; Schroeder ez al.2010). Much can
be learned to improve reintroduction techniques and enhance
successful restoration of bighorn populations (Shannon et al.
2008; Whiting et al. 2011). Such information is a pressing
conservation issue for these ungulates. Our results indicate that
adjustment of timing and synchrony of births needs to be
considered in reintroductions, especially when releasing
bighorns into different ecoregions. We thus support the
management practice of capturing and releasing individuals
from ecologically similar locations, which may reduce the
negative effects of young being born late, such as decreased
survival to their first winter and yearling age, as well as reduced
future reproductive potential (Clutton-Brock et al. 1987; Festa-
Bianchet ef al. 2000; Keech et al. 2000).
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