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Bighorn Sheep
(Ovis canadensis nelsoni)
Legal Status
State: None for subspecies Ovis
Photo by Dee E. Warenycia.
canadensis nelsoni (Nelson’s
bighorn sheep); Peninsular bighorn sheep distinct population
segment (DPS) is Threatened, Fully Protected
Federal: Peninsular bighorn sheep DPS is Endangered; Nelson’s
bighorn sheep is Bureau of Land Management Sensitive, U.S. Forest
Service Sensitive
Critical Habitat: Designated for Peninsular bighorn sheep DPS
occupying the Peninsular Ranges of Southern California on April 14,
2009 (74 FR 17288–17365).
Recovery Planning: A Recovery Plan for Peninsular bighorn sheep in
the Peninsular Ranges of California was approved October 25, 2000
(USFWS 2000).

Taxonomy
The subspecific taxonomy of bighorn sheep (Ovis canadensis) at the
subspecies level in the southwest desert region has been uncertain.
Earlier studies had placed bighorn sheep in one of four subspecies
occurring in the southwest desert region (Cowan 1940). For
populations within the DRECP Plan Area, based on cranial
measurements, bighorn sheep in the Peninsular Ranges were
considered a separate subspecies, O. c. cremnobates, and northerly
populations were designated O. c. nelsoni (Nelson’s bighorn sheep).
More recent genetic and morphometric information does not support
the distinct subspecific delineation of O. c. cremnobates and the current
classification has Nelson’s bighorn sheep as the only bighorn
subspecies occurring in the Plan Area. However, this research does
indicate a north–south variation of Nelson’s bighorn sheep, with the
transition between the southern (warm desert) and the northern (cold
desert) forms at approximately Interstate 15 east of Barstow
(Wehausen 2006). Whether this variation warrants taxonomic
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recognition at a subspecific level remains to be determined, but should
be considered for conservation planning purposes (Wehausen 2006).
In the 2009 federal critical habitat designation, bighorn sheep in the
Peninsular Ranges are treated as a DPS of the Nelson’s bighorn sheep,
and are no longer referred to as a separate subspecies (74 FR 17288–
17365). This DPS is federally listed as endangered and state-listed
threatened and fully protected. Consistent with the federal critical
habitat designation, the common name Peninsular bighorn sheep is
retained in this species profile where the information pertains
specifically to the federally and state-listed DPS.

Distribution
General
Nelson’s bighorn sheep occur in the desert mountain ranges from the
White Mountains in Mono and Inyo counties, south to the San
Bernardino Mountains, then southeast to Mexico (Wehausen 2006;
Shackleton 1985) (Figure SP-M2). An isolated population occurs in
the San Gabriel Mountains (Zeiner et al. 1990). Beyond California, its
range extends into southern Nevada, southern Utah, southwestern
Arizona, and northwestern Mexico and Baja California, Mexico
(Shackleton 1985). Although Nelson’s bighorn sheep has a large
spatial geographic range, actual populations within the range are
scattered and discrete (Shackleton 1985).
The Peninsular bighorn sheep DPS generally occurs in the Peninsular
Ranges from the San Jacinto and Santa Rosa ranges south into Mexico.
The DPS critical habitat is located in Riverside, San Diego, and
Imperial counties (74 FR 17288–17365). The bighorn sheep in this
region are restricted to the east-facing, lower elevation slopes below
about 1,400 meters (4,593 feet), and most occur at elevations
between 91 and 1,219 meters (300 and 4,000 feet) (63 FR 13135).
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Distribution and Occurrences within the Plan Area
Historical
All of the California Natural Diversity Database (CNDDB) occurrences of
Nelson’s bighorn sheep within 5 miles of the Plan Area are historical
(before 1990). These occurrences range from the Last Chance Range
near the northeastern portion of the Plan Area south to the Chocolate
Mountains in the southeastern portion of the Plan Area. Records
marking the eastern boundary of the CNDDB records are from near
Straw Peak, the Newberry Mountains, and the San Bernardino
Mountains east of Joshua Tree National Monument (CDFG 2011).
Five of the six CNDDB records for Peninsular bighorn sheep within 5
miles of the Plan Area are historical. All of these records lie west of the
southern portion of the Plan Area, three are within Anza-Borrego
Desert State Park, one is near In-Ko-Pah Gorge, and one is east of San
Bernardino National Forest (CDFG 2011).

Recent
The California Department of Fish and Game (CDFG)(2010a) prepared
the Biennial Report to the Legislature Regarding Bighorn Sheep
Management pursuant to Section 4094 of the California Fish and Game
Code. This report summarizes census information related to longterm management of bighorn sheep (including the authorization of
hunting tags) and includes sheep counts in specific management units
in 2009 and 2010. The distribution of bighorn sheep is grouped by a
regional system of subpopulations (or metapopulations) based on
natural physical features such as geography and vegetation that affect
species occurrence, as well as manmade obstacles that affect
distribution, such as freeways (CDFG 2010a). Aerial surveys in 2009
and 2010 documented 1,022 bighorn sheep, including ewes, lambs,
and rams, in the following mountain ranges: Marble Mountains;
Clipper Mountains; Kelso Peak and Old Dad Peak; Clark, Kingston, and
Mesquite Mountains; Orocopia Mountains; Sheephole Mountains;
South Bristol Mountains; Cady Mountains; White Mountains; and San
Gorgonio Mountains. The 1,022 individuals represent minimum
populations in these areas because they were the only animals
actually observed; population size is assumed to be larger (CDFG
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2010a). The CDFG (2010a) report included the Peninsular bighorn
sheep metapopulation, with an estimate of about 950 adults and
recruited lambs among the nine distinct subpopulations as of
December 2010. Population sizes and trends throughout the species’
range in the Plan Area are discussed in more detail in the “Population
Status and Trends” subsection.
There are 35 recent occurrences of the Peninsular bighorn sheep DPS
in the Plan Area and 13 occurrences just west of the Plan Area (Dudek
2011). These occurrences are clustered in the extreme southwestern
portion of the Plan Area (Figure SP-M2).

Natural History
Habitat Requirements
Bighorn sheep are mobile and wide-ranging and require a variety of
habitat characteristics related to topography, visibility, forage quality
and quantity, and water availability (USFWS 2000). Bighorn sheep
prefer areas on or near mountainous terrain that are visually open, as
well as steep and rocky (Wehausen 2006). Steep, rugged terrain is
used for escape and lambing. Alluvial fans and washes in flatter
terrain are also used for forage and water and as connectivity habitat
between more rugged areas. Because bighorn sheep predator
avoidance is based on vigilance and visual contact, they tend to avoid
dense vegetation (USFWS 2000). Peninsular bighorn sheep in
particular avoid higher elevations that support chaparral.
Bighorn sheep occur in the following habitats (see Table 1): alpine
dwarf-shrub, low sage, sagebrush, bitterbrush, pinyon-juniper, palm
oasis, desert riparian, desert succulent shrub, desert scrub, subalpine
conifer, perennial grassland, montane chaparral, and montane
riparian (Zeiner et al. 1990). A wide range of forage resources and
vegetation associations is needed to meet annual and drought-related
variations in forage quality and availability (USFWS 2000). Seasonal
forage available in alluvial fans and in washes provides a diversity of
browse during warmer periods that support lactation and thus is
important for reproduction and recruitment of lambs. Foraging
behavior is described in more detail herein.
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Surface water is an important habitat element for bighorn sheep,
although individuals can survive without drinking surface water
(Wehausen 2006). Water availability is especially important in May
through October to support reproduction. As a result, lactating ewes
and lambs congregate near dependable water sources, usually within
2 to 3 miles of water sources during this period (63 FR 13135; USFWS
2000). In populations in the eastern Mojave Desert (Old Dad Peak,
Kelso Mountains, and Marl Mountains), females occur in areas closer
to water and more rugged terrain than males (Bleich et al. 1997).
Water sources adjacent to escape terrain are preferred and a lack of
water may be a limiting factor in the distribution of bighorn sheep
populations; there are no known large populations in regions lacking
water (Wehausen 2006).
Outside the breeding season, males and females commonly occupy
different habitats and usually only come together during the rut
period (USFWS 2000). Females prefer particularly steep, safe areas
for bearing and initial rearing of lambs (Bleich et al. 1997), especially
areas of steep limestone if available (Wehausen 2006). Steep
topography is not only important for lambing and rearing, but also
helps bighorns escape from predators (USFWS 2000). Because
bighorn sheep primarily rely on their sense of sight to detect
predators, open terrain with good visibility is critical for protection
from predation (USFWS 2000). Males tend to occupy much less
rugged habitat during the lambing season (Wehausen 2006).
Table 1. Habitat Associations for Nelson’s Bighorn Sheep
Land Cover Type
Alpine dwarfshrub,
Low sage,
Sagebrush,
Bitterbrush,
Pinyon-juniper,
Palm oasis,
Desert riparian,
Desert succulent
shrub,
Desert scrub,

Land
Cover Use
Primary
habitat
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Habitat
Designation

Yearround

Habitat
Parameters
Bighorn sheep
prefer areas on
or near
mountainous
terrain that are
visually open
and steep and
rocky and that
support surface
water. Males
tend to occupy
much less

Supporting
Information
Zeiner et al.
1990; USFWS
2000;
Wehausen
2006
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Land Cover Type
Subalpine conifer,
Perennial
grassland,
Montane
chaparral,
Montane riparian,
Alluvial fans and
washes

Land
Cover Use

Habitat

Foraging

During
warmer
periods/

Designation

Habitat
Parameters
rugged habitat
during the
lambing season.

Supporting
Information

lambing

Foraging Requirements
Bighorn sheep are generalist foragers and feed on a wide variety of
plant species (Miller and Gaud 1989; Shackleton 1985). For example,
Miller and Gaud (1989) documented 121 plant taxa in fecal samples
and through direct observations of bighorn sheep in a Sonoran Desert
habitat in Western Arizona over an 11-year period. However, the
composition of their diet varies with season and location (Bleich et al.
1997; Miller and Gaud 1989; Shackleton 1985; Wehausen 2006; 74 FR
17288–17365). They must be able to access the seasonal abundance
of plants at various elevations in various habitat types to maximize
resources. Bighorn sheep adjust their feeding ranges to exploit areas
with more nutritive resources, such as within bajadas, early in the
season as high-protein grasses emerge. Because gestation and
lactation have high energetic costs, ewes are especially dependent on
areas with nutritious forage during this period. During the
reproductive season, nutritious forage is typically concentrated on
alluvial fans and bajadas, and in washes where more productive,
wetter soils support more herbaceous forage than steeper, drier,
rockier soils. These areas, therefore, are especially important food
sources during the heat of summer months and in drought conditions
(74 FR 17288–17365). Peninsular bighorn sheep browse year-round
on shrubs such as burro bush (Ambrosia dumosa), small-leaved
hoffmannseggia (Hoffmannseggia microphylla), desert lavender
(Hyptis emoryi), globemallows (Sphaeralcea spp.), and jojoba
(Simmondsia chinensis). Grasses such as six weeks threeawn (Aristida
adscensionis) and red brome (Bromus rubens), as well as cacti
6
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(Opuntia spp.), are primary food sources in the fall (74 FR 17288–
17365). Forbs such as native plantains (Plantago spp.) and common
ditaxis (Ditaxis neomexicana) are primary food sources in the spring
(74 FR 17288–17365). The Peninsular bighorn sheep diet is about
57% shrub, 32% forbs, 8% cacti, and 2% grasses (USFWS 2000).
Bighorn sheep typically stay close (i.e., within 2 to 3 miles) to reliable
sources of water during hot summer months and drink large
quantities at each visit (USFWS 2000). In the Peninsular Ranges, only
during prolonged droughts or summers without significant
thunderstorm activity is the presence of perennial water known to be
a limiting factor. Bighorn sheep have been known to travel at least 10
miles from perennial water sources and typically visit a water source
every 2 to 3 days. Sources of water for bighorn sheep include
rainwater accumulated in natural collection tanks and potholes in
rock, natural springs, and vegetation with high water content, such as
cacti (74 FR 17288–17365).

Reproduction
The primary breeding season, or rut period, is between August and
October (USFWS 2000). The gestation period is about 5 to 6 months
(63 FR 13135). Bighorn sheep tend to have relatively high conception
rates, with a reported rate of 77% to 85% (USFWS 2000). The
lambing period depends on location and resources available, but
generally bighorn sheep have a long lambing season (see Table 2 for
key seasonal periods). The reported lambing period for bighorn sheep
generally occurs between January and June, with most lambs born
between February and May (63 FR 13135). In the Mojave Desert,
lambing may begin in December and end in June, with a small
percentage of births commonly occurring in summer as well
(Wehausen 2006). In a study in the Peninsular Ranges, the lambing
season extended from February through August, with 87% of the
lambs born from February to April (Rubin et al. 2000). Lambs usually
are weaned by 6 months of age.
In the Peninsular Ranges, the reproductive age of ewes ranges from
approximately 2 to 16 years of age and rams may be reproductive as
young as 6 months of age. As the birthing time approaches, ewes seek
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isolated sites with shelter and unobstructed views to bear their lambs,
secluding themselves from other females (USFWS 2000).
Mortality rates are highest in the first year of life and lamb survival (to
6 months of age) varies by group and year (Shackleton 1985; USFWS
2000). Reproductive success in ruminants such as bighorn sheep is
associated with the mother’s body weight, access to resources, quality
of home range, and age. Lamb survival also depends on birth weight
and date (USFWS 2000). Lamb mortality may be caused by disease or
disease processes complicated by environmental conditions, including
habitat modification (USFWS 2000). Rubin et al. (2000) found that
lamb survival in a Peninsular bighorn sheep population was related to
the time or year that lambs are born, with the highest survival rate for
lambs born in February through April, compared to lambs born later.
Douglas and Leslie (1986) found a positive relationship between fall
and winter precipitation and lamb recruitment the following year.
Douglas and Leslie (1986) determined that 52% of the variability in
lamb survival in desert bighorn population in the River Mountains in
Nevada over a 12-year period was accounted for by autumn
precipitation during gestation. However, low lamb survival has also
been correlated with periods of increased rainfall, possibly resulting
from disease (USFWS 2000). It has been hypothesized that increased
standing water causes an increase in populations of Culicoides midges,
which are a vector for bluetongue and epizootic hemorrhagic disease
viruses (USFWS 2000).

X

X

Dec

Aug

X
X

Nov

July

X
X

Oct

June

X
X

Sep

May

Breeding
X
X
X
Lambing
X
X
X
________________
Source: Wehausen 2006.

April

March

Feb

Jan

Table 2. Key Seasonal Periods for Nelson’s Bighorn Sheep

X

X
X

Spatial Behavior
Desert bighorn sheep generally do not migrate seasonally, but they do
exhibit seasonal differences in habitat use patterns (USFWS 2000).
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They tend to concentrate in areas with water during the hot summer
months and expand their ranges away from water sources in the
cooler, wetter season (USFWS 2000). They also alter their ranges
during rutting and lambing seasons (USFWS 2000). Home range size
depends on the availability of required resources, such as water,
forage, and lambing habitat, and, thus, varies geographically (USFWS
2000). Forage quantity and quality, season, sex, and age also influence
home range sizes. Generally, ram home ranges are larger than those of
ewes. In the San Jacinto Mountains, based on a fixed kernel method
for estimating home range (95% utilization distribution), the average
estimated home range size was approximately 9.8 square miles for
rams and 7.8 square miles for ewes (USFWS 2000).
The social structure of bighorn sheep is matrilineal (based on female
associations). They exhibit gregarious and philopatric (remaining in
natal area) behaviors (USFWS 2000). However, rams do not show the
same level of philopatry as females and tend to range more widely,
often moving among groups of ewes (USFWS 2000). At 2 to 4 years of
age, young rams follow older rams away from their natal group during
the fall breeding period, often returning after this period. Rams may
use the same travel routes year after year (USFWS 2000). Ewe
movements to new groups are rare (USFWS 2000).
Long-distance inter-mountain range dispersal movements are
important for bighorn sheep, primarily by rams, but occasionally also
by ewes (Wehausen 2006). Bleich et al. (1990) found substantial
intermountain movement using radiotelemetry, which documented
movement of 11 pairs between mountains in southeastern California.
Epps et al. (2004, p. 103) state that “Three apparent natural
recolonizations have been observed in recent years. It is possible that
additional extinctions and subsequent recolonizations were undetected
between survey years,” but they do not provide more detail about these
recolonizations. Nonetheless, it appears that intermountain movements
are not rare occurrences. Movement of individuals between different
local populations promotes outbreeding, facilitates genetic exchange,
and reduces the chance of inbreeding depression, which can reduce
fitness and vigor by increasing homozygosity and expression of
detrimental recessive alleles.

9

6668
March 2012

DRAFT
March 2012

MAMMALS

Bighorn Sheep (Ovis canadensis nelsoni)

Ecological Relationships
Access to forage and water resources in proximity to rugged escape
habitat is critical for bighorn sheep (USFWS 2000). Because of the
high energy and protein demands for supporting gestation and
especially lactation, the quality of forage during these periods is
important (USFWS 2000). As noted previously, lambing recruitment is
generally positively correlated with high winter precipitation. Poor
quality forage may adversely affect maternal care because ewes are in
poor condition and lamb mortality may be increased through
malnutrition, thus adversely affecting recruitment (USFWS 2000).
Although lack of water may adversely affect lactation, water sources
may also attract natural predators such as mountain lion (Puma
concolor) that prey on all age classes, and coyote (Canis latrans) and
bobcat (Lynx rufus) that prey on lambs (USFWS 2000). Predation may
be an important loss in very small populations, including recent
transplants (Zeiner et al. 1990). For this reason, it is important to have
rugged escape habitat near water sources.
In addition to being sensitive to natural predators, bighorn sheep may
be in competition with both native and non-native animals such as
mule deer (Odocoileus hemionus), livestock, and feral burros for water
and food sources (USFWS 2000). Competition with mule deer may
occur in the more northern bighorn populations, but may not be as
great in the Peninsular bighorn population (USFWS 2000). Cattle,
sheep, and goats may be serious direct and indirect competitors for
food and water sources, and may also be vectors for disease (USFWS
2000). Goats in particular can forage in rugged terrain favored by
bighorn sheep and tend to overgraze, reducing or eliminating
available forage for bighorn sheep (USFWS 2000). Cattle and bighorn
sheep use different habitat types for grazing/browsing (Shackleton
1985), but may compete at water sites. Sheep and goats are an issue
for the northern bighorn populations, but are not currently present in
the Peninsular bighorn range (USFWS 2000). Present competition
with cattle in the Peninsular ranges is also limited due to general
absence of cattle from bighorn habitat (USFWS 2000).
Competition with cattle and feral burros in the Mojave Desert for water
and food resources may occur, but a substantial impact of burros on
bighorn sheep has not been demonstrated (Wehausen 2006). It is also
10
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possible that bighorn use of water sources is affected by the presence of
the non-native honeybee (Apis mellifera) (USFWS 2000).
Domestic sheep are the major disease vector for the northern bighorn
populations, and sheep contact has been associated with major
bighorn die-offs (Wehausen 2006). Goats also may be a disease vector
for bighorn sheep (USFWS 2000). Diseases contracted from domestic
sheep and goats are described subsequently in the Threats and
Environmental Stressors Section.

Population Status and Trends
Global: Subspecies O. c. nelsoni is apparently secure; Peninsular
bighorn DPS is vulnerable (NatureServe 2010)
State: Subspecies O. c. nelsoni is vulnerable; Peninsular bighorn DPS is
critically imperiled (NatureServe 2010)
Within Plan Area: Same as above for Peninsular bighorn DPS.
The 2009 estimate for the northern populations of Nelson’s bighorn
sheep is a population of approximately 4,800 individuals (CDFG
2010a). This compares with an estimated population of 3,737
individuals in 1972 and 4,500 individuals in 2003 (CDFG 2010a).
Although the broad estimate indicates an increasing or at least stable
population, local populations have shown more variability, with some
local population declines (CDFG 2010a). The most recent CDFG aerial
survey counts for the northern populations of the bighorn sheep are
shown in Table 3. The large majority of the counts are within the Plan
Area, with only the White Mountains Management Unit wholly outside
of the Plan Area.
Table 3. Aerial Counts of Nelson’s Bighorn Sheep in Specified
Management Units for 2009–2010.
Mountain Range
Marble Mountains
Clipper Mountains

Survey Date
Ewes
Lambs
Management Units Within Plan Area
October
88
34
2009
October
13
4
2009

11

Rams

Total

65

187

16

33
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Table 3. Aerial Counts of Nelson’s Bighorn Sheep in Specified
Management Units for 2009–2010.
Mountain Range
Kelso Peak and Old
Dad Peak
Clark, Kingston, and
Mesquite Mountains
Orocopia Mountains
Sheephole
Mountains
South Bristol
Mountains
South Bristol
Mountains
Cady Mountains
Cady Mountains
San Gorgonio
Wilderness Area1
Subtotal Within
Plan Area2

Survey Date
October
2009
October
2009
September
2009
May 2009

Ewes
95

Lambs
15

Rams
69

Total
179

45

6

28

79

39

7

21

67

22

3

17

42

October
2009
October
2010
September
2009
October
2010
May 2009

44

13

26

83

33

9

30

72

92

37

38

167

102

23

49

174

48

15

20

83

485

116

315

916

Management Unit Outside Plan Area
White Mountains
March 2009
59
16
31
106
Grand Totals
544
132
346
1,022
1
The eastern portion of the San Gorgonio Wilderness Area is within the Plan
Area. The counts may include desert bighorn using areas west of the Plan Area.
2
Subtotal excludes the 2009 counts for the South Bristol and Cady mountains to
avoid double-counting.
________________
Source: CDFG 2010a.
Note that counts are minimum population sizes because they are based on individuals
actually observed during aerial surveys. Population size is assumed to be larger.

For the Peninsular bighorn, as of December 2010, there were about
950 adults in nine distinct subpopulations north of the Mexican
border, which indicates an upward trend since the mid-1990s (CDFG
2010a). The highest population estimate for the Peninsular bighorn
was 1,170 individuals in 1974 (CDFG 2010a). Since that time,
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population estimates north of the Mexican border for adults have
been 570 in 1988, 400 in 1992, between 327 and 524 in 1993, 347 in
1994, 276 in 1996, and 334 in 1998 (USFWS 2000).

Threats and Environmental Stressors
Nelson’s bighorn sheep are threatened by loss and fragmentation of
important habitats (e.g., lambing and feeding areas, escape terrain,
water, travel, and dispersal routes), disease (mostly livestock
derived), predation, drought, potential resource competition, and
negative interactions with humans (63 FR 13136; USFWS 2000;
Wehausen 2006). In addition, some of these threats are interrelated
and interactive. For example, habitat fragmentation has resulted in
loss of genetic diversity (Epps et al. 2005), which can result in
reduced fitness and vigor and make bighorn sheep more vulnerable to
other threat factors or stressors such as disease, drought, and
predation. These kinds of threats or stressors to Nelson’s bighorn
sheep are magnified in the Peninsular bighorn DPS due to reduced
population numbers and consequent higher risk of extinction.
Habitat loss and fragmentation as a result of fencing along highways
and aboveground canals (e.g., portions of the California aqueduct from
the Colorado River to western Riverside County) and high densities of
human habitation present obstacles to movement of bighorn sheep
between mountain ranges. These physical obstacles limit the potential
for natural colonization of vacant areas and gene exchange among
subpopulations, which are critical to metapopulation viability (CDFG
2010a; Epps et al. 2005; Wehausen 2006). Epps et al. (2005)
examined 27 separate bighorn populations in the central and
southern Mojave Desert and northern Sonoran Desert had a rapid
reduction in genetic diversity (up to 15%) in the 40 years or less of
anthropogenic isolation. They concluded that these barriers have
eliminated gene flow among populations, and that isolated
populations could lose up to 40% of their pre-isolation genetic
diversity over the next 60 years.
Historically, disease contracted from domestic sheep has probably
been the greatest factor in bighorn sheep population declines
throughout its range in North America (USFWS 2000; Wehausen
2006). Extensive domestic sheep grazing in northeastern California,
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northern Nevada, southwestern Idaho, Oregon, and Washington, likely
lead to the extirpation of all native populations in these regions. In
contrast, where domestic sheep grazing has not been economical,
such as Canada and Alaska, little change has occurred in the
distribution of native sheep (Wehausen 2006). Bighorn sheep are
affected by strains of respiratory bacteria (e.g., Pasteurella
pneumonia) carried by healthy domestic sheep, which can result in
high mortality of lambs in spring. Bighorn sheep are threatened
anywhere stray domestic sheep can reach (Wehausen 2006).
Disease has also been implicated in the decline of the Peninsular
bighorn, possibly though reduced lamb recruitment. Serological
assays have documented several pathogens, including bluetongue
virus, contagious ecthyma virus, parainfluenza-3 virus, bovine
respiratory syncytial virus, Anaplasma, Chlamydia, Leptospira,
Pasteurella, Psoroptes, and Dermacentor (Clark et al. 1985; USFWS
2000). In a clinical study, bighorn sheep contracted and died from
pneumonia resulting from exposure to Pasteurella multocida isolated
from a flock of wild and domestic sheep (Callan et al. 1991). Another
study found that bighorn sheep in California and Washington exposed
to domestic sheep contract acute fibrinopurulent bronchopneumonia
and experienced high mortality (Foreyt and Jessup 1982). It is also
possible that feral goats in the Santa Rosa Mountains in the 1970s and
1980s exposed Peninsular bighorn sheep to disease (USFWS 2000).
Fortunately, the presence of disease in Peninsular bighorn sheep has
declined in conjunction with removal of domestic sheep and goats
(USFWS 2000). Also, as noted previously, the northern populations of
bighorn sheep are most likely to be affected by domestic sheep.
Domestic sheep do not currently occur in Peninsular bighorn sheep
habitat and are not currently considered a threat in this region.
As a long-lived species (rams typically live 9 to 12 years and ewes live
10 to 14 years [Bighorn Institute 2011]), under natural conditions
bighorn sheep probably can withstand disease episodes if major
recruitment pulses occur periodically (Wehausen 2000). However, the
disease process can persist for many years and result in substantial
population declines (Wehausen 2006). Persistently small populations
are at high risk of local extinction. Using empirical data for historic
desert bighorn sheep population sites in California, Nevada, Colorado,
Texas, and New Mexico, Berger (1990) found that local populations of
14
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bighorn sheep numbering less than 50 individuals are below a
minimum viable population size. In combination with small
population sizes and obstacles to movement between populations,
disease, therefore, can substantially increase the extinction risk of
local populations that cannot be recolonized, as well as result in
reduced genetic diversity in populations that do persist.
Predation is a significant factor in bighorn sheep mortality, with
mountain lion being the major predator. In the Kingston, Clark, and
Granite mountains, considerable predation by mountain lion has been
documented (Jaeger 1994; Wehausen 1996). In the Granite Mountains,
mountain lion predation caused a steep population decline in the
bighorn sheep population, with the population reduced to 8 ewes for a
period of 3 years (Wehausen 1996). In this study all mortalities in the
first 3 years of the study were from mountain lion predation
(Wehausen 1996). Predation abated after the first 3 years of the study
and the population rebounded at 15% annually the next 3 years
(Wehausen 1996). Areas of the Mojave Desert where mountain lion
predation is a threat to bighorn sheep also support populations of
native or introduced deer, which is the mountain lion’s primary prey
(Wehausen 2006). At least four radio-collared male bighorn sheep in
the eastern Mojave Desert were killed by mountain lions; predation of
females was not confirmed and only males tended to use habitats with
mountain lions (Bleich et al. 1997). In the Peninsular Ranges, predation
is also a frequent cause of mortality. Of 61 documented mortalities of
radio-collared sheep from 1992 to 1998 between Highway 74 in the
Santa Rosa Mountains and the Mexican border, 42 were attributed to
mountain lion (USFWS 2000). Another study of mortality conducted
from 1991 to 1996 in the northern Santa Rosa Mountains found that
predation accounted for 9 of 32 adult bighorn sheep mortalities, of
which, 8 were due to mountain lion predation and 1 due to either
mountain lion or bobcat predation (USFWS 2000). Coyote and bobcat
also prey on bighorn sheep, but are more likely to take lambs; a study
showed that of nine lamb mortalities recorded in 1998 and 1999, five
were attributed to coyote or bobcat predation (USFWS 2000).
Prolonged drought periods can also cause population declines
(USFWS 2000; Wehausen 2006). As discussed previously, high-quality
forage associated with winter precipitation and water sources are
important to support reproduction (USFWS 2000; Wehausen 2006).
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Lamb recruitment is reduced during periods of drought because
gestation or lactation is disrupted or maternal care by ewes in poor
condition is reduced, leaving the lambs vulnerable to malnutrition and
predation. Drought can increase competition with native and nonnative species, such as livestock, for food and water sources
(Wehausen 2006). Competition for water sources can also increase
congregations around water, thus increasing the risk of disease
transmission (USFWS 2000). Epps et al. (2004) examined whether
local extinctions of historic desert bighorn sheep populations are
correlated with regional climate patterns and found that elevation,
precipitation, and availability of dependable springs are strongly
related to population persistence. They concluded that climate has
already affected local extinction patterns and that desert bighorn
sheep are vulnerable to the effects of future climate change.
Within the Peninsular Ranges, negative interactions with humans and
pets, and other urban-related factors, are a threat to the Peninsular
bighorn sheep (USFWS 2000). In addition to loss and fragmentation of
habitat due to urban and rural development, more than 30% of
mortalities in one study were directly attributable to human activities,
including vehicle collisions, poisoning, and entanglement in fences
(USFWS 2000). Humans, pets, off-road vehicles, construction
activities, and aircraft also can affect desert bighorn sheep behavior
(Leslie and Douglas 1980; USFWS 2000). These factors can affect
desert bighorn sheep to the extent that essential activities, such as
foraging or the use of important areas (e.g., water sources, mineral
licks, lambing areas, traditional movement routes), are disrupted,
which can affect the viability of populations through reduced lamb
recruitment (USFWS 2000). Human activities may also induce
physiological stress such as increased heart rate, which can affect the
health of bighorn sheep individuals and lamb recruitment (USFWS
2000). Impacts related to human activities may also occur in the
northern populations. However, with the exception of livestock
grazing and some recreational activities, impacts would be expected
to be less frequent or severe due to reduced human activity in the
more remote areas occupied by bighorn sheep.
Non-native plants used for landscaping, such as oleander (Nerium
oleander) and laurel cherry (Prunus laurocerasus), have been
implicated in the poisoning of bighorn sheep (USFWS 2000). Tamarisk
16

6668
March 2012

DRAFT
March 2012

MAMMALS

Bighorn Sheep (Ovis canadensis nelsoni)
(Tamarix spp.) is highly consumptive of water, reducing critical
surface water sources for bighorn sheep (USFWS 2000).
Mortality in a desert bighorn sheep population in the vicinity of Old
Dad Peak was linked to type C botulinum (Clostridium botulinum)
poisoning near two artificial water catchments (guzzlers) (Swift et al.
2000). The investigators reconstructed the potential cause of the
poisoning as 13 lambs falling into the guzzlers while attempting to
drink, and drowning. The decaying lamb carcasses served as the
substrate for the growth of Clostridium botulinum, which other
individuals ingested (Swift et al. 2000).

Conservation and Management Activities
The Bureau of Land Management (BLM), CDFG, state parks, and
private non-profit organizations (the Bighorn Institute and the AnzaBorrego Foundation) have planned and implemented numerous
conservation and management actions for the bighorn sheep.
Conservation and management activities undertaken by the BLM to
benefit the Peninsular bighorn sheep include the following actions
identified in the Recovery Plan (USFWS 2000):
•

Installation of gap fencing to eliminate cattle grazing from
steep terrain and from water sources in canyons

•

Reduction in grazing pressure on allotments

•

Closure of most routes of travel east of McCain Valley Road,
except to private inholdings, to ranchers, and to Carrizo and
Sacatone overlooks

•

Designation of wilderness study areas and subsequent
management for non-impairment of wilderness values

•

Designation of Jacumba, Carrizo Gorge, Coyote Mountains,
Sawtooth Mountains, Fish Creek Mountains, and Santa Rosa
wilderness areas by Congress, with attendant elimination
of vehicular access

•

Tamarisk control efforts around water sources

•

Establishment of the Santa Rosa Mountains National Scenic
Area Visitors Center to provide public education
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•

Financial assistance to the Bighorn Institute during its
formative years, as well as land transfer and lease under
the Recreation and Public Purposes Act

•

Temporary closure to dogs on most lands in the Santa Rosa
Mountains National Scenic Area

•

Closure of roads into Dead Indian Canyon and Carrizo Canyon

•

Designation of Santa Rosa and San Jacinto Mountains
National Monument, which will prohibit mining and offroad vehicle use on federal lands, support coordinated land
management by federal agencies, and increase the area’s
funding priority.

The BLM also issued an Instruction Memorandum in 1992 regarding
domestic sheep grazing, such that domestic sheep should not be
allowed within 9 miles of desert bighorn habitat, except where
topographic features or other barriers prevent physical contact. Also,
domestic sheep trailed and grazed outside the 9-mile zone in the
vicinity of bighorn sheep habitat should be closely managed and
carefully herded (Wehausen 2006).
CDFG manages the Nelson’s bighorn sheep populations throughout
the state through the Bighorn Sheep Conservation Program (CDFG
2010a). In accordance with Section 1801 of the California Fish and
Game Code, the state policy is to preserve, restore, utilize, and manage
the bighorn sheep population. While all bighorn sheep are fully
protected under state law, limited harvest in selected areas is
provided by state law for biologically sound management (CDFG
2010a). Management of Nelson’s bighorn sheep includes sport
hunting of rams, with a limit on hunting tags for no more than 15% of
the ram population in a single year (CDFG 2010a). As part of the
management program, CDFG is required to report the status of
management units; summarize counts of individuals in specified
management units (see Table 3); report the number of hunting tags
issued; summarize unlawful take of bighorn; report the number of
individuals translocated; and track the environmental impacts of
hunting (CDFG 2010a).
CDFG conducts periodic inventories of the distribution of bighorn sheep
in California in specific management units to assess population trends
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and provide the basis for issuance of hunting tags (see Table 3 for the
2009–2010 counts).
CDFG has also prepared management plans for a number of the major
herds in California. The CDFG Bighorn Sheep Management Program is
currently preparing a range-wide management program that will
provide a strategy to conserve populations throughout the state (CDFG
2010a). In 2010, draft regional management plans were prepared and
submitted for approval for the Cady Mountains and South Bristol
Mountains management units (CDFG 2010a). These plans address the
following issues (CDFG 2010b, 2010c):
1. The numbers, age, sex ratios, and distribution of bighorn sheep
within the management unit
2. Range conditions and a report on the competition that may exist
as a result of human, livestock, wild burro, or any other mammal
encroachment
3. The need to relocate or reestablish bighorn populations
4. The prevalence of disease or parasites within the population
5. Recommendations for achieving the policy objective of Section
4900, which addresses the potential for limited hunting
opportunities for bighorn sheep.
A management objective of the state conservation program is to reestablish bighorn sheep on historic ranges (CDFG 2010a). Since 1983,
CDFG has translocated almost 500 individuals (including the Sierra
Nevada subspecies O. c. sierra).
CDFG also conducts capture-sample-radio collar-release studies for
research purposes. In 2010, 10 individuals were captured-collaredreleased in the Santa Rosa and Vallecito mountains, including 9 ewes
and 1 ram (CDFG 2010a).
Anza-Borrego Desert State Park supports a majority of the range-wide
Peninsular bighorn sheep population in California. Anza-Borrego Desert
State Park has been actively involved in the conservation of Peninsular
bighorn sheep for 30 years. Specific activities relevant to the Desert

19

6668
March 2012

DRAFT
March 2012

MAMMALS

Bighorn Sheep (Ovis canadensis nelsoni)
Renewable Energy Conservation Plan (DRECP) that were identified in
the Recovery Plan (USFWS 2000) are as follows:
•

Construction of guzzlers to supplement water supplies

•

Annual monitoring (conducted for 40 consecutive years;
California Department of Parks and Recreation 2009)

•

Research into bighorn sheep ecology and threats

•

Tamarisk removal from riparian areas within bighorn
sheep habitat to enhance water availability and native plant
community regeneration (approximately 120 miles of
canyons and stream courses had been treated by 2000)

•

Seasonal access closure of bighorn sheep watering areas
from June 1 to October 1

•

Remove feral cattle from bighorn sheep habitat

•

Construct gap fencing to keep stray cattle from entering
bighorn sheep habitat

•

Public outreach, including production of a 15-minute movie
“The Bighorn of Anza-Borrego”

•

Closure of some areas to vehicular traffic.

The Bighorn Institute is a nonprofit organization formed in 1982 that
investigates the causes of bighorn sheep declines, particularly
Peninsular bighorn sheep. The institute began monitoring radiocollared bighorn sheep in the northern Santa Rosa Mountains in 1982
and the San Jacinto Mountains in 1992. Research activities conducted
by the institute include the ecology of bighorn populations in the
Santa Rosa and San Jacinto mountains, lamb ecology, captive breeding
and wild population augments, annual population surveys, and
disease research (Bighorn Institute 2011).
The Anza-Borrego Foundation is the nonprofit cooperating
association for the Anza-Borrego Desert State Park and is a sponsor
for the annual bighorn sheep count, which has been conducted from
1971 through 2010.
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Data Characterization
Data availability for Nelson’s bighorn sheep is excellent and represents
one of the best population datasets for any managed species in
California. In particular, the Peninsular bighorn sheep DPS has been
monitored annually since 1971. Furthermore, extensive research on
the ecology of the Peninsular bighorn sheep DPS has yielded an
excellent understanding of its habitat and ecological relationships.
The CDFG, State Parks, Anza-Borrego Foundation, and the Bighorn
Institute conduct periodic assessments of the Nelson’s bighorn
populations in California, including portions of the Peninsular bighorn
DPS. CDFG assessments are based on historical and current data from
ground, waterhole, and aerial surveys that are suitable for estimating
population size classes (CDFG 2010a). The Bighorn Institute conducts
annual assessments of bighorn populations in the Northern Santa
Rosa and San Jacinto mountains, and includes radiotemeletry data to
study habitat use, reproduction, survival, mortality, and general
ecology (Bighorn Institute 2011). The annual bighorn sheep count in
Anza-Borrego Desert State Park has been conducted annually since
1971 and includes mid-summer counts of ewes, lambs, male and
female yearlings, and rams in about 21 different locations in the park
(California Department of Parks and Recreation 2009).

Management and Monitoring Considerations
The CDFG (2010b, 2010c) identified several management and monitoring
considerations for Nelson’s bighorn sheep, including demography
(numbers, age, sex ratios, and distribution of bighorn sheep within
management units); range conditions; relocation or reestablishment of
populations; and the prevalence of disease or parasites.
The BLM West Mojave Plan determined that the best way to ensure
the long-term viability of bighorn sheep metapopulations would be by
preventing further population losses and fragmentation and restoring
populations in vacant historic habitat. Natural and induced
colonization may require artificial enhancement of populations, such
as water developments (Wehausen 2006). Contact between domestic
sheep and bighorn sheep should be prevented by eliminating or
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carefully managing sheep grazing in the vicinity of bighorn sheep
habitat (Wehausen 2006). To ensure reliable water supply during the
summer months, key water sources within current and historic
bighorn sheep habitat should be closely monitored and potentially
enhanced. Water enhancement may promote development of large
bighorn populations that may produce natural colonists to reestablish
populations in vacant habitat (Wehausen 2006). However, because
water sources may also enhance the populations of bighorn sheep
predators, such as mountain lion, coyote, and bobcat, water
enhancement should be limited.
The federal Recovery Plan for Bighorn Sheep in the Peninsular Ranges,
California (USFWS 2000) identified improving adult survivorship as
likely the strongest positive influence on Peninsular bighorn
population dynamics in the short term. Over the long term,
conservation and effective management of conserved lands are
needed to recover the Peninsular bighorn. Minimizing adverse effects
of human disturbance by preventing further fragmentation is critical
to the persistence of ewe groups bordering the Coachella Valley.
Maintaining adequate buffers between urban development and
bighorn sheep habitat, and effective management of human activities
within ewe group home ranges is needed (USFWS 2000).
Habitat fragmentation and population isolation has led to decreased
genetic diversity in small isolated populations (Epps et al. 2005).
Fragmentation of metapopulations from fenced highways, aqueducts,
and losses of some populations should not be permitted. Epps et al.
(2005) recommend that existing barriers to movement should be
mitigated and new highways in bighorn sheep habitat should be
designed to minimize disruption of connectivity. Fencing near existing
drainage undercrossings should be modified to allow access to the
undercrossings and construction of overpasses should be considered
to reestablish connectivity (Epps et al. 2005).
When reintroduction stock is available, historic habitat should be
restocked to maximize connectivity and the number of populations in
remaining metapopulations. Although evidence suggests that existing
metapopulations can remain viable if adequately managed and
intermountain travel corridors are maintained, opportunities to
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reestablish connections across recent artificial barriers that now
define metapopulations should be considered (Wehausen 2006).

Predicted Species Distribution in Plan Area
A model of mountain ranges and intermountain habitat (CDFG) was
used as the area of suitable habitat for bighorn sheep. There are
12,946,290 acres of suitable habitat for bighorn sheep in the Plan
Area. Appendix B includes a figure showing the distribution of
suitable habitat in the Plan Area.
Appendix C provides a summary of the methodology used to model
DRECP Covered Species with Maxent. Maxent modeling predicted
habitat for two subspecies of bighorn sheep, Peninsular bighorn
sheep and desert bighorn sheep. For the Peninsular bighorn sheep,
24 occurrence points were used to train the Maxent model and eight
occurrence points were used to test the model’s performance.
Overall, the Maxent model has excellent statistical support. Although
the number of occurrence records is small, they occur in a limited
geographical area relative to the Plan Area, increasing the predictive
ability of the model. Based on a natural break in the distribution of
the probability of occurrence that Maxent estimates, all 100-meter
grid cells with greater than 0.201 probability of occurrence were
defined as Peninsular bighorn sheep habitat.
The Maxent model predicts 61,432 acres of Peninsular bighorn
sheep habitat, compared with 12,946,290 acres predicted by the
expert model for bighorn sheep. The Maxent model predicts
Peninsular bighorn sheep habitat in the San Jacinto and Santa Rosa
Mountains from Palm Springs to the Mexico border encompassing all
occurrence data. There are patches of dispersed habitat predicted by
the Maxent model that are not associated with occurrence data and
not overlapped by the expert model. The expert model predicts
habitat similar to the Maxent model, with the most obvious
difference in mountainous areas directly west of Brawley where the
models do not overlap.
For the desert bighorn sheep, 24 occurrence points were used to train
the Maxent model and eight occurrence points were used to test the
model’s performance. Overall, the Maxent model has good statistical
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support, but the relatively small number of occurrence samples limits
the predictive ability of the model. Based on a natural break in the
distribution of the probability of occurrence that Maxent estimates, all
100-meter grid cells with greater than 0.236 probability of occurrence
were defined as desert bighorn sheep habitat.
The Maxent model predicts 2,403,223 acres of desert bighorn sheep
habitat, compared with 12,946,290 acres predicted by the expert model
for bighorn sheep. The Maxent model predicts desert bighorn sheep
habitat around all the known occurrences, which are widely interspersed
throughout the Plan Area. The model does not predict habitat in the
Imperial Valley, West Mojave, and the Owens Lake reach of the Plan Area
where there are no occurrence data. The expert model predicts desert
bighorn sheep habitat, including intermountain habitat, over a greater
portion of the Plan Area than the Maxent model, overlapping most, but
not all, of the Maxent model and occurrence data. Occurrence data in
areas encompassed by the Maxent model but not the expert model may
need to be evaluated to determine if it is extant.
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