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DISCLAIMER

Recovery plans delineate reasonable actions that are believed to be required to
recover and/or protect listed species. We, the U.S. Fish and Wildlife Service,
publish recovery plans, sometimes preparing them with the assistance of recovery
teams, contractors, State agencies, and others. Recovery teams serve as
independent advisors to the U.S. Fish and Wildlife Service. Objectives of the
recovery plan will be attained and necessary funds made available subject to
budgetary and other constraints affecting the parties involved, as well as the need
to address other priorities. Recovery plans do not obligate other parties to
undertake specific actions, and may not represent the views or the official
positions or approval of any individuals or agencies involved in the recovery plan
formulation other than our own. They represent our official position only after
they have been signed by the Director, Regional Director, or Operations Manager
as approved. Approved recovery plans are subject to modification as dictated by
new findings, changes in species status, and the completion of recovery actions.

Literature Citation Should Read As Follows:
U.S. Fish and Wildlife Service. 2007. Recovery Plan for the Sierra Nevada
Bighorn Sheep. Sacramento, California. xiv + 199 pages.

An electronic version of this recovery plan also will be made available at
http://www.fws.gov/cno/es/recoveryplans.html and
http://endangered.fws.gov/recovery/index.html#plans.
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EXECUTIVE SUMMARY

Current Species Status: Sierra Nevada bighorn sheep (Ovis canadensis sierrae
= 0. c. californiana at the time of listing) were listed as an endangered species on
January 3, 2000, following emergency listing on April 20, 1999. In 1995 the
Sierra Nevada bighorn sheep hit a population low of about 100 individuals,
distributed across 5 separate areas of the southern and central Sierra Nevada,
before increasing to about 125 in 1999. Since 1999, conditions have been
particularly favorable for population growth. Based on the most current
information, the total population has grown to 325-350 individuals.

Habitat Requirements and Limiting Factors: Sierra Nevada bighorn sheep use
habitats ranging from the highest elevations along the crest of the Sierra Nevada
(4,000+ meters [13,120+ feet]) to winter ranges at the eastern base of the range as
low as 1,450 meters (4,760 feet). These habitats range from alpine to Great Basin
sagebrush scrub. Primary elements of preferred habitats are visual openness and
close proximity to steep rocky terrain used to escape from predators. Forage
resources vary greatly across habitats used by Sierra Nevada bighorn sheep, and
plant species eaten vary accordingly. Of particular importance to population
parameters is the nutrient content of forage. Nutrient quality of diets varies
greatly with season and elevation and is limited primarily by effects of
temperature and soil moisture on plant growth and population density. Because
of the relationship between elevation and temperature, low-elevation winter
ranges provide an important source of high quality forage early in the growing
season.

Factors limiting Sierra Nevada bighorn sheep recovery include disease, predation,
low population numbers and limited distribution, availability of open habitat, and
potential further loss of genetic diversity due to small population sizes and
inadequate migration between them. Since the vast majority of Sierra Nevada
bighorn sheep habitat is publicly-owned land, loss of habitat has not been a
limiting factor. However, management of bighorn sheep habitat (e.g., fire
suppression) can result in habitat alterations and loss of key dispersal corridors
connecting herds, which could be limiting factors.

Recovery Objective: The recovery objective is to attain population sizes and
geographic distribution of bighorn sheep in the Sierra Nevada that assure long-
term viability of the overall population and thereby allow its delisting as an
endangered species.

Recovery Priority: The Sierra Nevada bighorn sheep has a recovery priority
number of 3. Recovery priorities for listed species range from 1 to 18, with 1
being the highest priority. The priority system uses the criteria of: (1) degree of



threat, (2) recovery potential, and (3) taxonomy (level of genetic distinctiveness).
A fourth factor, conflict, is a supplementary element characterizing whether or not
recovery actions are likely to be in conflict with construction or other
development projects. A priority of 3 has been assigned to the Sierra Nevada
bighorn sheep for the following reasons: (1) there is a high degree of threat
because the population is small in size and its distribution is fragmented; (2) there
is a high recovery potential; and (3) the listed entity, as described, is a distinct
population (which receives the same rating level as a subspecies).

Downlisting Criteria: Potential bighorn sheep habitat in the Sierra Nevada was
divided into 16 herd units (Figure 1), and those herd units were grouped into four
recovery units on the basis of natural breaks in habitat distribution. Of these 16
herd units, 12 were identified as essential to recovery of the species because of
habitat characteristics that make them the most likely areas where recovery will
occur (Figure 4). Two criteria must be met for downlisting.

Downlisting Criterion A1: A minimum of 50 yearling and adult females exist in
the Kern Recovery Unit (Great Western Divide), 155 in the Southern Recovery
Unit (Olancha Peak to Coyote Ridge), 50 in the Central Recovery Unit (Mount
Tom to Laurel Mountain), and 50 in the Northern Recovery Unit (Mount Gibbs
and Mount Warren), for a minimum total of 305 females. The number of females
is the limiting factor in reproductive output because one male can produce
offspring with several females. Consequently, we have not set a delisting
criterion that considers the male population size within recovery units. However,
Delisting Criterion B2 does address males in terms of their occupation of some
herd units prior to delisting.

Downlisting Criterion A2: The measures to prevent contact between domestic
sheep/goats and bighorn sheep have been implemented and are successful.

Delisting Criteria: Three delisting criteria were developed based on biological
parameters, distribution of the herd units, and research on threats to the
population. All three must be met for delisting.

Delisting Criterion B1: The minimum number of females required for
downlisting per recovery unit (Table 5) has been maintained as an average for one
bighorn sheep generation (7 years) with no intervention (ie. population
management, buffering populations through translocations, captive breeding,
etc.). Herd status for delisting must entail at least three censuses, one at the
beginning of the period (qualifying for downlisting), one at the end of the period,
and one intermediate count for each herd unit. Maintaining this number of
females over a generation should be sufficient to indicate that predation is
managed and that the number of individuals within the population is large enough
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to promote regular use of winter range. Sierra Nevada bighorn sheep need herd
sizes to reach a certain threshold before they will utilize areas that predators may
inhabit. This herd size provides for better herd vigilance against predation.

Delisting Criterion B2: Bighorn sheep of both sexes are distributed such that at
least two herd units are occupied in the Kern Recovery Unit, six in the Southern
Recovery Unit, two in the Central Recovery Unit, and two in the Northern
Recovery Unit, for a total of 12 herd units. Currently, seven of those herd units
are occupied. Based on current information these herd units are most likely to
include those essential herd units identified in Figure 4 and Table 4.

Delisting Criterion B3: A population viability analysis projects that all recovery
units are viable. Recovery tasks related to monitoring and research have been
accomplished, allowing the severity of secondary threats (including recreational
disturbance, competition, loss of genetic diversity, and habitat changes due to
altered fire regimes) to be adequately assessed. These threats have either been
ameliorated or have been determined not to pose a significant risk to the
population.

Delisting Criterion B4: Regulatory mechanisms and land management
commitments have been established that provide for long-term protection of
Sierra Nevada bighorn sheep and both their summer and winter habitat.
Protection considered long-term can be provided through appropriate institutional
practices and cooperative agreements between agencies, landowners, and
conservation organizations.

Actions Needed:
The following actions are needed immediately:

1. Protect existing herds through:
a. maximization of population growth;
b. predator management
2. Augmenting small herds through translocations; larger numbers of
individuals are more likely to make adequate use of winter range essential
for achieving positive population growth because they are able to be more
vigilant to the presence of potential predators.
3. Preventing contact between Sierra Nevada bighorn sheep and domestic
sheep or goats.
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Future actions include:

1. Reintroduce bighorn sheep to vacant herd units that are essential to
recovery (Figure 4 and Table 4).

2. Monitor genetic variation of all herd units; take action to maintain variation
if necessary

This recovery plan calls for development of a captive breeding contingency plan
and separate implementation plans for: (1) bighorn sheep monitoring; (2) bighorn
sheep translocation; (3) predator management; (4) genetic management; and (5)
management of a disease outbreak.

Recovery Costs: Cost estimates of all recovery (Part 11) tasks except task 1.1 are
made in the Implementation Schedule (p. 69), totaling $21,730,000 over 20 years.
Additional costs to identify and acquire important habitat not in public ownership
(Task 1.1) will be determined as parcels are identified and acquired.

Date of Recovery: With optimal population growth rates, recovery criteria might
be met to allow downlisting within 10 years (2017) and delisting within another
10 years (2027). Under less than optimal scenarios, including unexpected
catastrophes, one or more additional decades might be needed.
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I. INTRODUCTION
A. BRIEF OVERVIEW
1. LISTING OF BIGHORN SHEEP IN THE SIERRA NEVADA

In 1878, State legislation provided temporary protection from hunting for all
bighorn sheep (Ovis canadensis) in California. In 1883, that protection became
permanent, a status that remains for bighorn sheep in the Sierra Nevada (Wehausen et al.
1987). In 1972, the California subspecies (O. c. californiana), as defined by Cowan
(1940) and including surviving native herds in the Sierra Nevada, was listed as rare under
the 1970 California Endangered Species Act (California Department of Fish and Game
1974); that category was changed to threatened in 1984. In 1999, the California Fish and
Game Commission upgraded the status of the Sierra Nevada bighorn sheep to
endangered. On April 20, 1999, we (the U.S. Fish and Wildlife Service) granted
emergency endangered status to bighorn sheep inhabiting the central and southern Sierra
Nevada of California as a distinct population segment (DPS) and, simultaneously,
published a proposed rule to list the species as endangered (U.S. Fish and Wildlife
Service 1999a, 1999b). The final rule granting endangered status to that population
segment was published on January 3, 2000 (U.S. Fish and Wildlife Service 2000).

2. ORIGIN, MORPHOLOGY, AND TAXONOMY

Wild sheep crossed the Bering land bridge from Siberia during the Pleistocene
and subsequently spread through western North America as far south as Baja California
and northern mainland Mexico (Cowan 1940). Divergence from their closest Asian
relative (Siberian snow sheep; Ovis nivicola) occurred about 600,000 years ago (Ramey
1993). In North America, wild sheep have diverged into two extant species — thinhorn
sheep (Ovis dalli), which occupy Alaska and northwestern Canada, and bighorn sheep
(Ovis canadensis), which range from southern Canada to Mexico. The seven subspecies
of bighorn sheep proposed by Cowan (1940) have come under recent taxonomic scrutiny.
New genetic (Ramey 1993, 1995; Boyce et al. 1997, Gutierrez-Espeleta et al. 1998) and
morphological data (Wehausen and Ramey 1993, 2000), in addition to the reanalysis of
Cowan’s original data (Ramey 1993), do not support Cowan’s original subspecies
distinctions.

Lack of support for the traditional taxonomy includes the classification of bighorn
sheep from the Sierra Nevada. Based on only four immature specimens collected in the
Sierra Nevada, Grinnell (1912) designated Sierra Nevada bighorn sheep a distinct
subspecies (Ovis cervina sierrae). Cowan (1940) failed to find support for Grinnell's
Sierra Nevada subspecies. He included sheep from the Sierra Nevada instead under the
California bighorn (O. canadensis californiana) subspecies, the distribution of which
extended north to British Columbia between the Cascade and Rocky Mountains and



extended south to the southern Sierra Nevada. Cowan (1940) considered bighorn sheep
immediately east of the southern Sierra Nevada to belong to a different subspecies (O. c.
nelsoni); he noted, however, that he could not statistically distinguish bighorn sheep in
the Sierra Nevada from those to the east or to the north and suggested that they
represented intergrades (Wehausen 1991a). Nevertheless, they were classified as
California bighorn sheep for over half a century (Shackleton 1985) and have received
State rare, threatened and, eventually, endangered status under the California Endangered
Species Act as this taxon since 1972,

In contrast to Cowan=s (1940) classification, recent genetic research based on
analysis of the mitochondrial DNA control region has found bighorn sheep from the
Sierra Nevada are allied more with those occupying the adjacent desert region than with
populations to the north (Ramey 1993, 1995). However, Sierra Nevada bighorn sheep
were found to be the only distinctive group in the desert region, which extends east to
Utah and New Mexico and south to northern Mexico (Ramey 1993, 1995). Sequence
data for a 515 base pair section of the mtDNA control region revealed a unique haplotype
(sets of closely linked alleles, or genes, inherited as units) in all bighorn sheep in the
Sierra Nevada (Wehausen, unpubl. data). Additionally, the sequence of the Sierra
Nevada haplotype is as different from the many haplotypes of desert bighorn sheep as are
those of Rocky Mountain bighorn. In that unique Sierra Nevada clade are also three
related haplotypes found mixed with desert bighorn haplotypes in populations to the
immediate east of the southern Sierra Nevada (Wehausen, unpubl. data). Recent
morphometric analyses of skull shape (Wehausen and Ramey 2000) corroborate genetic
results; bighorn sheep from the Sierra Nevada are distinguishable from those immediately
to the east and north. On the basis of concurrence between genetic and morphometric
data, Wehausen and Ramey (2000) reassigned populations of California bighorn outside
of the Sierra Nevada to other subspecies, leaving bighorn sheep in the Sierra Nevada as
their own subspecies. By the rules of zoological nomenclature, they again assume
Grinnell=s (1912) subspecies name sierrae (Wehausen et al. 2005). With that
nomenclature change, the California bighorn subspecies was terminated. Concurrent
with the proposed designation of critical habitat for Sierra Nevada bighorn, on July 25,
2007, the U.S. Fish and Wildlife Service formally proposed a taxonomic revision to
amend the final listing rule from DPS to subspecies, Ovis canadensis sierrae.

B. ECOLOGY
1. HABITAT

Survival of bighorn sheep in their habitat requires two characteristics. The first is
agility on precipitous rocky slopes, which is their primary means of evading predators.
The second is keen eyesight, which is their primary means of detecting predators. Short
legs and a stocky build allow agility on rocks but preclude the fleetness, in less rocky
terrain, that is necessary to outrun coursing predators that will pursue their prey at full



speed rather than employ ambush tactics. Consequently, bighorn sheep select open
habitats that allow detection of predators at sufficient distances to allow adequate lead-
time to reach the safety of precipitous terrain. Optimal bighorn sheep habitat is visually
open and contains steep, generally rocky, slopes. Sierra Nevada bighorn sheep avoid
forests and thick brush, but will use open woodland habitats on rocky slopes. Fire can
play an important role in creating or improving bighorn sheep habitat in some ecosystems
by increasing the visibility of predators. Large expanses lacking precipitous escape
terrain, such as the Owens Valley, can be substantial barriers to movement. Even within
mountain ranges like the Sierra Nevada, bighorn sheep habitat is patchy and the
population structure is naturally fragmented (Bleich et al. 1990a).

Bighorn sheep in the Sierra Nevada utilize a wide range of elevations, from alpine
peaks in excess of 4,000 meters (13,120 feet) to the base of the eastern escarpment as low
as 1,450 meters (4,760 feet) (Wehausen 1980). Within this elevational range there is a
wide variety of vegetation communities, including (from lowest to highest): (1) Great
Basin sagebrush-bitterbrush-bunchgrass scrub; (2) pinyon-juniper woodland and
mountain mahogany scrub; (3) mid-elevation and subalpine forests, woodlands, and
meadows; and (4) alpine meadows and other alpine habitats varying from cliffs to
plateaus. Because of the overall aridity of this region, meadow habitats are patchy in
distribution and occur only where the water table is high due to factors like snow
accumulation. The Great Basin scrub and alpine communities offer the most desirable
habitats for bighorn sheep in terms of visual openness. However, because of the aridity
of the eastern slope of the Sierra Nevada, many of the mid-elevation vegetation
communities have some locations near precipitous rocks with sufficiently sparse plant
cover to allow use by bighorn sheep (Wehausen 1980). Because of their extreme visual
openness and steep rocky nature, alpine environments in the Sierra Nevada provide large
expanses of habitat broken only by canyons containing forests and willow stands, which
bighorn sheep may avoid. In contrast, low elevation winter habitat has been limited to
small areas where topographic and visual features are suitable (Riegelhuth 1965;
McCullough and Schneegas 1966; Wehausen 1979, 1980). High elevation habitat in the
Sierra Nevada has been noted for its aridity relative to other alpine habitats because
precipitation is scant and unpredictable during the summer season when temperatures
permit plant growth (Major and Bamberg 1967). As a result, the vegetation depends
substantially on snowmelt for moisture. Snow and resulting soil moisture show great
spatial variation (Major 1977). Vegetation patterns vary concomitantly with moisture,
ranging from meadow patches to areas almost devoid of plants (Major and Taylor 1977).

2. FOOD HABITS AND NUTRITION

Bighorn sheep are ungulates (hooved, typically herbivorous, quadraped mammal)
that possess a large rumen and reticulum (compartments of the stomach of a mammal that
chews the cud) relative to body weight (Krausman et al. 1993), which permits flexibility
in plants consumed and, notably, allows the digestion of graminoids (grasses, sedges, and



rushes) in all phenological stages (Hanley 1982). This flexibility in food consumption, in
turn, allows flexibility in feeding habitats utilized. Wehausen (1980) and Moore (1991)
provided detailed information on the species composition of diets of bighorn sheep on
different seasonal ranges in the Sierra Nevada. Those authors found great variation in
diets, from those dominated by graminoids to diets dominated by non-graminoid species.
Wehausen (1980) provided nutritional data on plant species in different phenological
stages and noted that bighorn sheep altered their diets based on what provided the best
nutrition at the time. Wehausen (1980, 1992a), Wehausen and Hansen (1988), and
Moore (1991) provided curves of fecal crude protein, which indexes digestibility of the
forage consumed and, thus, general diet quality (Wehausen 1995). Analyses of fecal
nitrogen patterns over 14 years for one wintering area indicated that timing of the first
soaking winter storm (2.5 centimeters or about an inch of precipitation) that initiated
plant growth most affected winter-spring diet quality for bighorn sheep utilizing low
elevation winter ranges. Earlier initiation of plant growth resulted in improved diet
quality later in the growing season. In addition, warmer winter temperatures aided plant
growth and thereby improved diet quality (Wehausen 1992a). The amount of snowfall
from the previous winter appeared to positively influence diet quality on summer ranges,
presumably through the influence of summer snow pack on soil moisture for alpine plants
(Wehausen 1980); overall, summer diet quality was higher following a winter with heavy
snowfall.

Phosphorus may be somewhat lacking in the diets of bighorn sheep in the Sierra
Nevada. Klickoff (1965) found alpine soils in the region of Yosemite National Park
consistently deficient in this mineral, which may reflect leaching of soils by snowmelt
(Major and Bamberg 1967). Wehausen (1983a) found notably lower levels of
phosphorus relative to crude protein (a covariate correcting for phenological stage) for
alpine graminoids in the central and southern Sierra Nevada when compared to the
nearby White Mountains. Wehausen (1980) found bighorn sheep in the Sierra Nevada
consistently selected alpine plants of higher phosphorus content, sometimes at the cost of
higher protein levels. It is not known if lower phosphorus levels in the Sierra Nevada
have population-level effects on bighorn sheep there.

3. BEHAVIOR

Bighorn sheep exhibit a variety of behavioral adaptations to avoid predation. One
such adaptation is group living (Hamilton 1971, Alexander 1974); groups provide more
eyes and ears, allowing members to spend less time surveying for predators and more
time feeding. Studies of this phenomenon have shown that increased in-group size up to
six (or more) bighorn sheep confers an advantage in the proportion of time allocated to
feeding (Berger 1978, Risenhoover and Bailey 1985). The selfish herd concept of
Hamilton (1971) suggests that yet greater group sizes may confer further behavioral
comfort. Such comfort may be an important factor enabling bighorn sheep to utilize



habitats with greater risks of predation, notably low elevation winter ranges in the Sierra
Nevada.

Bighorn sheep are primarily diurnal (active during the daylight hours) (Krausman
et al. 1985). Coupled with their strong reliance on keen eyesight to detect predators,
diurnal behavior minimizes predation risks. Nights generally are spent on rocky slopes,
but bighorn sheep may venture a short distance away from rocky escape terrain to feed
during daylight. How far they venture from safer habitat varies and is apparently
influenced by visual openness (both habitat and weather influences), wind, gender,
season (e.g., whether vulnerable young are present), and abundance of predators.

Bighorn sheep commonly exhibit seasonal changes in habitat use that reflect
various resource needs. Surface water, although important in many desert ranges, is
rarely utilized by bighorn sheep in the Sierra Nevada. Instead, bighorn sheep in the
Sierra Nevada obtain needed moisture from forage or occasional consumption of snow.
Because of relationships between elevation and temperature (Major 1977) and the
influences of those variables on plant growth (Wehausen 1980), altitudinal migration in
high mountain ranges like the Sierra Nevada allows bighorn sheep to maximize nutrient
intake (Hebert 1973, Wehausen and Hansen 1988, Wehausen 1996). In past years,
bighorn sheep in the Sierra Nevada used low elevation ranges extensively in winter and
early spring, alpine ranges in summer and fall, and some intermediate ranges during
transition periods (Wehausen 1980). These seasonal migration patterns changed during
the second half of the 1980s, when Sierra Nevada bighorn sheep stopped using the low-
elevation winter range (Wehausen 1996) (see also section I.C.2 for additional discussion).

Male and female bighorn sheep commonly live in separate groups during much of
the year, and often occupy different habitats (Geist and Petocz 1977, Wehausen 1980,
Bleich et al. 1997). In the Sierra Nevada, both sexes may share common winter ranges,
but they show progressive segregation from winter to spring (Wehausen 1980). During
summer, the two sexes utilize different habitats, with females restricted largely to alpine
environments along the crest and males often at somewhat lower elevations in subalpine
habitats west of the crest (Wehausen 1980). Males again join females during the
breeding season in late fall.

Bighorn sheep have developed conservative philopatric behaviors (reluctance to
disperse from their home range) that make them slow to colonize unoccupied habitat
(Geist 1967, 1971). These behaviors are likely an adaptation to the naturally fragmented
habitats that bighorn sheep commonly occupy.



4. METAPOPULATION STRUCTURE
a. Inbreeding and Small Populations

The naturally fragmented distribution of bighorn sheep has led to the application
of a broad landscape approach to their population ecology. This approach groups
geographically distinct herds into metapopulations, which are networks of interacting
herds (Schwartz et al. 1986, Bleich et al. 1990a, 1996, Torres et al. 1996). Thus, this
approach considers long-term viability not of individual herds, per se, but rather of entire
metapopulations; consequently, both genetic and demographic factors are considered.
Increasing coefficients of inbreeding (mating among relatives) and genetic drift (random
changes in gene frequencies) accompany decreasing population sizes and, over time, can
lead to decreasing levels of heterozygosity (a measure of genetic diversity) that may have
negative demographic effects through inbreeding depression (reduction in fitness due to
mating among relatives) (Soulé 1980) and loss of adaptability. At some level, inbreeding
and associated low genetic variation are likely to be a conservation problem for bighorn
sheep, but that level is not known and will be influenced by their general history of
inbreeding and other factors that challenge them. It has been suggested that lamb
survival and horn growth in bighorn sheep are influenced by inbreeding (Sausman 1982,
Stewart and Butts 1982, Fitzsimmons et al. 1995). Moreover, there is growing evidence
that disease resistance is related to levels of heterozygosity (Carrington et al. 1999,
Coltman et al. 1999).

A small amount of genetic exchange among herds via movements by males can
counteract inbreeding and associated increases in homozygosity (having two identical
forms of a gene) that might otherwise develop within small, isolated populations
(Schwartz et al. 1986). Males have a much greater tendency than females to explore new
ranges, which they may do in search of other females with which to breed (Bleich et al.
1996). If geographic distances between groups of females within metapopulations are
not great, gene migration via males occurs readily (Epps et al. 2005). In the absence of
such a metapopulation structure, populations will be isolated and may benefit from
genetic enrichment via induced migration by individuals translocated between herds
(Epps et al. 2006).

Substructuring also can occur within what are often designated as single herds of
bighorn sheep (Geist 1971, Holl and Bleich 1983, Festa-Bianchet 1986, Wehausen
1992a, Jaeger 1994, Andrew et al. 1997, Rubin et al. 1998). Such substructuring is
defined by separate home range patterns. Although more evident in females, it can occur
in both sexes. Because separate female groups often reflect matrilines (maternal lines)
(Festa-Bianchet 1986), differences in (maternally inherited) mitochondrial DNA profiles
between them may be detectable (Bleich et al. 1996, Boyce et al. 1999). Population
substructuring has been recognized in Sierra Nevada bighorn sheep (Wehausen 1979) and
was incorporated in a previous conservation plan for these bighorn sheep (Sierra Nevada



Bighorn Interagency Advisory Group 1984). Bleich et al. (1996) suggested that separate
female groups are the fundamental building blocks of bighorn sheep metapopulations.

b. The Balance between Extinction and Colonization

The other important long-term process in metapopulation dynamics is the balance
between rates of natural extinction and colonization among constituent populations.
Colonization rates must exceed extinction rates for a metapopulation to persist (Hanski
1991). This balance has not occurred for Sierra Nevada bighorn sheep since about 1850
due to the high rate of local extinctions, resulting in an increasingly fragmented
distribution. In addition to fragmentation resulting from past extinctions, the
reintroduction program during 1979-88 (Bleich et al. 1996) and the more recent collapse
of all herds together resulted in small, isolated groups of bighorn sheep. These small
groups showed a greater propensity to winter at high elevations, resulting in greater
vulnerability to extirpation due to small population size and difficulty surviving severe
winter climates.

5. POPULATION DYNAMICS

Populations change in size over time through gains and losses of individuals from
reproduction, immigration, mortality, and emigration. Immigration and emigration are
sufficiently infrequent events in bighorn sheep (Geist 1971) that they can be largely
ignored. Thus, this section addresses reproduction, mortality, and population regulation
through density-dependent feedback loops. Generally, variation in recruitment (surviving
young), rather than adult survivorship (survival), drives the dynamics of wild ungulate
populations (Gaillard et al. 1998, 2000). However, bighorn sheep can incur all-age die-
offs from occasional disease epizootics (epidemic disease in animals) or other events that
radically affect population dynamics due to significant effects on adult survivorship.
Changes in adult survivorship have notably greater effects on population dynamics than
variation in recruitment (Gaillard et al 2000).

a. Reproduction

Bighorn sheep generally give birth to single young, but there is a low incidence of
twins (Buechner 1960). Bighorn sheep occupying many desert mountain ranges have
protracted lambing seasons covering many months, while those living under colder
winter temperature regimes give birth during short periods in late spring and early
summer (Thompson and Turner 1982, Bunnell 1982, Rubin et al. 2000, Wehausen 2005).
Bighorn sheep in the Sierra Nevada fit this latter pattern (Wehausen 1980). The birthing
season there can begin as early as the second half of April, and end as late as early July
(Wehausen 1991a), with most births occurring in May and June (Wehausen 1996).
Occasional later-born lambs have been seen. Timing of births correlates with the
nutritional regime of females; later birthing appears to be a consequence of lower annual



nutrient intake (Wehausen 1996). The gestation period for bighorn sheep is
approximately 174 days (Shackleton et al. 1984, Hass 1995). The breeding (rutting)
season in the Sierra Nevada, therefore, occurs during late fall and early winter (mostly
November and December), when bighorn sheep are usually still at high elevations.

Nutrient intake can also influence birth rates (Wehausen 1984), including the
frequency with which adult females produce young and the age at which young females
first bear offspring. Two years of age is the youngest that females in the Sierra Nevada
are known to give birth, and age at first lambing may be as high as 4 years under poor
nutritional circumstances, as has been recorded for Dall’s sheep (Ovis dalli; Bunnell and
Olson 1981). Measuring the actual proportion of females producing young is difficult
because of possible unrecorded losses soon after birth. The upper range of summer ratios
of lambs to females recorded shortly after the birthing season in the Sierra Nevada has
been 75-83:100 (Wehausen 1980, Chow 1991), while the lowest reported value was
30:100 (Wehausen 1980).

Survivorship of lambs to yearling age also can vary with environmental and
nutritional factors. For the Mount Baxter and Sawmill Canyon herds in the Sierra
Nevada during 1965-79, 73 percent of the variation in winter lamb:female ratios was
explained by variation in precipitation 8 to 12 months prior to conception (Wehausen
1980). That model suggested that variation in the production of young, rather than
offspring survival, was the primary variable affecting winter recruitment ratios during
that period. However, with decreasing use of winter ranges during the 1980s, lamb
survival declined considerably in that population (Wehausen 1996). Thus, lamb survival
may be sensitive to habitat use patterns and associated environmental factors.

b. Mortality Factors
1. Diseases and Parasitism

Numerous diseases of bighorn sheep have been documented (Bunch et al. 1999),
of which pneumonia and psoroptic scabies have had the greatest population-level effects.
Bighorn sheep show a high susceptibility to pneumonia, usually caused by bacteria of the
genus Pasteurella (some species now called Mannheimia; Post 1971). Pneumonia caused
by Pasteurella alone, or in combination with other pathogens, is the most significant
disease threat for bighorn sheep (Bunch et al. 1999). Lungworms of the genus
Protostrongylus can be important contributors to pneumonia and mortality in bighorn
sheep in the Rocky Mountains (Forrester 1971, Woodard et al. 1974), and methods have
been developed to control these nematode parasites in some wild populations (Schmidt et
al. 1979). Bighorn sheep in the Sierra Nevada carry Protostrongylus lungworms, but
parasite loads have been too low to be considered a management concern (Wehausen
1979, 1980).



Many early die-offs of bighorn sheep, including some in the Sierra Nevada, were
attributed to scabies thought to have been contracted from domestic sheep (Jones 1950,
Buechner 1960). Over the past 20 years, this disease has been a significant mortality
factor among bighorn sheep in the San Andres Mountains of New Mexico (Lange et al.
1980, Hoban 1990, Rominger and Weisenberger 2000). Scabies also has been found
recently in bighorn sheep in California, east of the Sierra Nevada (Clark et al. 1988).
However, in a large sampling of bighorn sheep in the Sierra Nevada during 1979-88, no
clinical evidence of scabies was noted. Similarly, serum samples from those sheep
showed no evidence of exposure to Psoroptes (Mazet et al. 1992).

Other infectious diseases may be of concern for bighorn sheep in selected
instances. Bluetongue virus was responsible for die-offs of bighorn sheep in the Lava
Beds enclosure in California (Blaisdell 1975) and at the Red Rock facility in New
Mexico (Singer et al. 1998). For the Red Rock facility, a comparative study of
bluetongue exposure in adjacent cattle indicated that those bovids likely were not the
source of infection (Singer et al. 1998). Similarly, Singer et al. (1997) found that neither
deer nor cattle caused the Lava Beds die-off. Bluetongue is known to be present east of
the southern Sierra Nevada in the Owens Valley, but the midges that transmit it do not
occur at the elevations occupied by bighorn sheep during the summer when transmission
would typically occur.

The importance of these diseases and their role in the listing and management of
Sierra Nevada bighorn sheep is discussed further in section 1.D.3 and appendix B.

2. Predation and Other Mortality Factors

Bighorn sheep die from a variety of causes other than disease, including predation
and accidents. Of particular interest relative to the conservation of endangered
populations are factors that remove animals at younger ages when considerable
reproductive potential remains.

Various predators kill wild sheep in North America, including wolves, mountain
lions, coyotes, bears, bobcats, wolverines, and eagles (Kelly 1980, Berger 1991, Nichols
and Bunnell 1999, Bleich 1999). Wolves are not known to have occurred in the central
and southern Sierra Nevada in the original range of bighorn sheep (Young and Goldman
1944). In the Sierra Nevada, mountain lions have been the primary predator of bighorn
sheep, accounting for 96 percent of losses attributed to predation (Table 1). Of 147
bighorn sheep deaths recorded in the Sierra Nevada from 1975 to 2000, a minimum of
54.5 percent could be attributed to predation; the actual percentage could be considerably



Table 1. Causes of known bighorn sheep mortalities in the Sierra Nevada by population,
1975-2000. Sources include Andaloro and Ramey (1981), Chow et al. (1993), Wehausen
(1996) and many unpublished records. Data include radio collared individuals and remains
of uncollared individuals encountered during field surveys. Baxter includes the Mount
Baxter and Sawmill Canyon herd units, and Mono Basin includes the Mount Warren and
Mount Gibbs herd units.

Predation Avalanche/ Post ioh
Herd vValanchel 1 pojease Hig way Not
Lion Coyote | Bobcat Accidents Exposure Collision | Known

Langley 7 4
Williamson 5 2
Baxter 50 1 27
Wheeler 3 15 2
Mono Basin 12 2 1 3 5 1 7
Totals 77 2 1 19 5 1 42
Percent 52.4 14 0.7 12.9 3.4 0.7 28.6

higher due to numerous mortalities for which no definitive cause could be assigned
(Table 1).

During the 1990s, bighorn sheep in the Sierra Nevada incurred major winter
losses while remaining at high elevations during the winter, a change in habitat selection
that Wehausen (1996) suggested was a response to increased mountain lion predation on
winter ranges. Those losses were a key factor that put these sheep in danger of
extinction. The development of winter range avoidance and the demographic
consequences of that behavioral change are discussed in detail in 1.C.2.

c. Population Regulation

No population increases indefinitely. Various factors can limit population
growth, depending on the species and its ecological niche. Large herbivores frequently
exhibit S-shaped population growth curves, in which the rate of increase declines with
increasing population size (Caughley and Sinclair 1994). This occurs primarily because
of declining reproductive success associated with increasing population density
(McCullough 1979).

Recent strong population increases for bighorn sheep herds in the Sierra Nevada,
beginning in the late 1990s, have provided opportunities to investigate such density-
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dependent relationships. We have consistently high quality demographic data for the
Wheeler Ridge and Mount Langley herd units, and both have exhibited strong density-
dependent relationships for ratios of lambs to adult females. The most graphic of these
occurred for the Mount Langley herd, where a 3-fold increase from 11 to 33 females over
6 years produced a nearly linear decline in summer ratios of lambs to adult female from
1.00 to 0.41 for a period in which the population carrying capacity may have been limited
by minimal use of low elevation winter ranges (Wehausen and Stephenson 2005b).

The Wheeler Ridge herd exhibited similar strong declines in winter lamb:adult
female ratios with increasing population sizes. However, that herd had similar
relationships for the period prior to low elevation winter range use and after those winter
ranges were re-occupied. Additionally, following re-colonization of that winter range,
the winter ratio of lambs to adult females more than doubled, from 0.42 to 0.89, then
showed the second episode of decline with further population increases (Wehausen and
Stephenson 2004). These findings indicate that population density in conjunction with
forage utilization may tightly regulate bighorn sheep herds in the Sierra Nevada. It
appears that density-dependent effects precipitate expansion of habitat use to fully utilize
the large nutrient base of low elevation winter ranges. This has been observed at Wheeler
Ridge and Mount Langley, both of which exhibited greatly expanded use of low elevation
winter ranges after lamb:adult female ratios dropped to about 0.40, and both have seen a
major increase in that ratio beginning a year after expanded winter range use began.

These findings have important implications for recovery goals. First, they
underline the importance of utilization of low elevation winter ranges to achieve adequate
population sizes. Second, even with the use of such winter ranges, the observed density-
dependent recruitment relationships and population trajectories indicate that population
carrying capacities will be limited in most herds. For instance, under current habitat use
patterns, it appears that the Wheeler Ridge herd is limited in size by its summer range and
may not support more than 50 females. These findings are used in section 11.B.2 to
develop attainable recovery goals.

6. INTERSPECIFIC COMPETITION AND HUMAN DISTURBANCE

Interspecific competition occurs when a resource shared by two species is in short
supply for at least one of those species (Krebs 1972). For bighorn sheep exhibiting
altitudinal migration, questions of competition commonly have focused on winter ranges,
where grazing animals are more concentrated and forage is more limited (Stelfox 1976).
Both native deer (Odocoileus hemionus) and introduced tule elk (Cervus canadensis
nannodes) have overlapped winter ranges used by bighorn sheep in the Sierra Nevada
(Riegelhuth 1965). However, quantitative studies of utilization of key forage species on
the Mount Williamson and Mount Baxter winter ranges did not suggest any competition
(Wehausen 1979, 1980). Wehausen (1992b) attributed limitations on nutrient intake by
bighorn sheep on these ranges to nutritive quality rather than quantity of forage.
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Leopold (1933) considered bighorn sheep to be a wilderness species because they
fail to thrive in contact with urban development. Human disturbance has been suggested
to be detrimental to bighorn sheep in a variety of situations (Graham 1980, MacArthur et
al. 1982, Etchberger et al. 1989, Papouchis et al. 2001). Similarly, Dunaway (1971)
postulated that disturbance of bighorn sheep in the Sierra Nevada by humans was a factor
limiting populations. Results of subsequent research did not support that hypothesis
(Wehausen et al. 1977, Hicks and Elder 1979, Wehausen 1980). Bighorn sheep have
habituated to human activity in many places in the Rocky Mountains, and occasionally in
desert habitats. Any conclusions about the effects of human disturbance, however, must
be limited to the situations studied. Thus, the question should be revisited as situations
change in a direction that suggests disturbance could be detrimental, such as increased
presence of humans in bighorn sheep habitat.

C. ABUNDANCE AND DISTRIBUTION
1. HISTORICAL DISTRIBUTION, ABUNDANCE, AND TRENDS

Bighorn sheep herds were once scattered along and east of the alpine crest of the
Sierra Nevada from the Sonora Pass area south to Olancha Peak (Figure 1). They also
occurred in similar habitat west of the Kern River as far south as Maggie Mountain, with
concentrated use in the regions of Mineral King, Big Arroyo, and Red Spur (Jones 1950).
Additional evidence suggested that herds utilized nonalpine habitat farther south near
Walker Pass (Jones 1949, Garlinger 1987, Wehausen et al. 1987). Whether those
southernmost herds were taxonomically the same as those that occurred farther north in
the Sierra Nevada is unknown.

The total population of bighorn sheep in the Sierra Nevada prior to settlement is
unknown, but it probably exceeded 1,000 individuals. In some cases, early records
provide clear evidence of the occurrence of populations now extirpated. However, the
overall historical record is incomplete and may lack records of some herds that might
have disappeared early in recorded history. Wehausen (1988) postulated some additional
areas that might have supported populations of bighorn sheep, but records for these areas
are lacking.

Population losses for bighorn sheep apparently began shortly after the
immigration of Europeans to the Sierra Nevada in the mid-1800s, and those losses
continued through most of the twentieth century (Wehausen et al. 1987). Of 16 areas in
the Sierra Nevada that likely had separate bighorn sheep herds (excluding the
southernmost non-alpine region), only nine are known to have persisted to the beginning
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Figure 1 - Essential and non-essential herd units within the four recovery units (indicated
by colors). Recovery units are likely to support bighorn sheep, based on analysis of
historic distribution and current habitat characteristics. A subset of these herd units is
essential to recovery of the Sierra Nevada bighorn sheep (see section 11.B.2 and Figure

4).
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of the twentieth century (Table 2). By 1948, the number of areas thought to support
bighorn sheep had dropped to five (Jones 1950). Jones (1950) documented bighorn sheep
in three areas and postulated their existence in two other regions based on sign and
reported observations; he also produced an estimate of 390 bighorn in those five herds.
By the 1970s, sheep remained in only two of those areas, but the one known as the Mount
Baxter herd was found later to represent two demographically distinct, contiguous herds
(Mount Baxter and Sawmill Canyon in Table 2; Wehausen 1979, 1980).

Table 2. Probable locations of historic bighorn sheep herds in the Sierra Nevada, based on
historic records and habitat characteristics.

Last Records of

Viable Native Sources for Sightings,
Region/Population Herds Skulls, or other Data
KERN RIVER 1800s Jones 1950
Mineral King
Big Arroyo, Kaweah Peaks 1800s Jones 1950
SOUTHERN
Olancha Peak 1920s Jones 1949
Mount Langley 1960s Wehausen 1979
Mount Williamson Extant Wehausen 1980, 1999
Mount Baxter Extant Wehausen 1980, 1999
Sawmill Canyon Extant Wehausen 1980, 1999
Taboose Creek, Birch Mountain 1920s Ober 1914, Jones 1949
CENTRAL
Mount Tom to Mount Emerson 1920s Ober 1914, 1931; Wolfe 1979
Pine Creek to Rock Creek 1920s Jones 1949
McGee Creek to Convict Creek 1940s Jones 1949
NORTHERN
Mount Ritter to Dana Plateau 1870s Muir 1894, Jones 1949
Mount Warren, Tioga Crest skulls only Bailey 1932, Jones 1949
Mount Conness
Shepherds Crest skulls only Jones 1949
Matterhorn Peak area skulls only Jones 1949
Sonora Pass 1878 Grinnell and Storer 1924

Specific causes of most population losses in the Sierra Nevada are unknown.
Market hunting for mining towns may have played a role in some areas. A die-off in the
1870s west of the Kern River was attributed to scabies (Jones 1950), presumably
contracted from domestic sheep. Die-offs from pneumonia contracted from domestic

14



sheep may have been the most important cause of losses, but have not been documented.
Beginning in the 1860s, and extending into the twentieth century, large numbers of
domestic sheep were grazed seasonally in the Sierra Nevada (Austin 1906, Vankat 1970).

2. RECENT DISTRIBUTION, ABUNDANCE, AND TRENDS

Bighorn sheep persisted in only two areas in the Sierra Nevada by the 1970s,
constituting three herds (Wehausen 1979, 1980). Intensive field studies from 1975 to
1979 provided the first accurate census data for those herds. The contiguous Mount
Baxter and Sawmill Canyon herds together contained at least 220 sheep in 1978
(Wehausen 1980), with 150 in the Mount Baxter herd and 70 in the Sawmill Canyon
herd. Detailed annual monitoring of the Mount Baxter and Sawmill Canyon herds
through 1986 repeatedly verified similar large numbers (Wehausen 1987, Figure 2). In
contrast, the Mount Williamson herd contained only 30 sheep in 1978. The Mount
Williamson herd was found to be static at 30 individuals during winter censuses in 1983
and 1985 (Wehausen 1983b; Figure 2).

Because of large size and productivity, the Mount Baxter and Sawmill Canyon
herds were used as sources of reintroduction stock beginning in 1979, with subsequent
removals in 1980, 1982, 1986, 1987, and 1988, totaling 103 individuals. Those sheep
were used to reestablish populations at Wheeler Ridge (1979, 1980, 1982, 1986), Mount
Langley (1980, 1982, 1987), Lee Vining Canyon (1986, 1988), and the south Warner
Mountains in northeastern California (1980; Bleich et al. 1990b). The Warner Mountains
population died out in 1988, following contact with domestic sheep (Weaver and Clark
1988), but the other three persist (Figures 1, 2).

The Wheeler Ridge and Mount Langley herds began increasing soon after they
were reintroduced. In contrast, the Lee Vining Canyon population declined initially due
to post-release mortality from particularly inclement weather, followed by reductions due
to mountain lion predation while on winter-spring range in Lee Vining Canyon (Chow
1991). Following supplementation in 1988 and removal of one mountain lion from Lee
Vining Canyon in each of three consecutive winters (Bleich et al. 1990b), this population
increased rapidly (Chow 1991; Figure 2).
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Figure 2. Minimum summer population sizes of Sierra Nevada bighorn sheep, 1977-
2004. (A) Yearling and adult females. (B) All bighorn sheep. (From Andaloro and
Ramey 1981; Chow 1991; Moore and Chow 1990; Ramey and Brown 1986; Wehausen
1980, 1983b, 1987, 1999, 2001, 2002; Wehausen and Stephenson 2004, 2005b). Mono
Basin (Lee Vining Canyon, Lundy Canyon, Mt. Warren, and Mt. Gibbs) includes the Mt.
Warren and Mt. Gibbs essential herd units (see Figures 1 and 4). Where data on males
were incomplete, the typical ratio of 7 adult males per 10 adult females was used to
project total population size.
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Figure 3. Mountain lion depredation permits issued in Inyo and Mono Counties, 1972-
2004, and bighorn sheep winter range census results for the Mount Baxter essential herd
unit (Wehausen 1996, 1999, 2001; Wehausen and Stephenson 2004, 2005).

Beginning in the 1970s, mountain lions apparently became an increasing source
of mortality for Sierra Nevada bighorn sheep populations. Wehausen (1996) reported
evidence of rapid increases in mountain lion activity and kills on the winter ranges of the
Mount Baxter and Sawmill Canyon herds between 1976 and 1988, with documented kills
totaling 49 bighorn sheep. More detailed analysis of those kills by the years in which
they occurred shows two distinct periods of steeply increasing numbers of kills (1974-82
and 1983-88) punctuated by a large decline in kills in 1983 following the removal of one
lion in 1982. Mountain lion depredation problems involving livestock and pets along the
eastern Sierra Nevada in Inyo and Mono Counties also increased notably during the
1980s, especially in the middle of that decade (Figure 3).

Bighorn sheep herds in the Sierra Nevada ceased regular use of low elevation
winter ranges during the 1980s. The timing of those changes in winter habitat use varied
by herd from 1983 for the Sawmill Canyon herd to 1986 for the Mount Williamson herd
and 1987 for the Mount Baxter herd (Figure 3). Similar changes in winter range use were
observed for reintroduced herds. Wehausen (1996) considered three possible
explanations for this behavioral change and concluded that widespread increases in
mountain lion predation of bighorn sheep on winter ranges was the only one that
plausibly explained this widespread phenomenon that was not synchronous, yet occurred
over relatively few years.

However, other influences may have affected the habitat preference of bighorn

sheep during this period. Extremely high densities of mule deer were present at the same
time, with a subsequent population crash exacerbated by long-term drought (Kucera
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1988). In addition to the risk of predation, changes in forage availability and quality due
to a variety of factors may have influenced habitat selection. Nevertheless, the failure of
bighorn sheep to move to lower elevations during the year likely resulted in direct and
indirect impacts to the population (Wehausen 1996).

Population Declines

Regardless of the cause, Sierra Nevada bighorn sheep that remained at high
elevations during the winter were exposed to extreme cold, deep snow and avalanches in
heavy winters. Remaining at high elevation during winter also resulted in notably lower
nutrient intake (Wehausen 1996). For the Mount Baxter and Sawmill Canyon herds, the
consequences were manifested in later lambing and poor lamb survival, which led to
recruitment well below that needed to balance adult mortality. This diminished
recruitment resulted in a population decline (Wehausen 1996) that reached a low in the
reproductive base of about 17 females by 1995 (Wehausen and Chang 1995), or about 15
percent of peak numbers. Summer field surveys in the Mount Williamson herd range
beginning in 1996 coupled with fecal DNA analyses suggested that this population might
have reached a reproductive base low of about five females in 1995.

Reintroduced herds also remained at high elevations during the winter and
suffered similar impacts. Significant losses to one such herd occurred because of the
severe winter of 1995. Winter losses in the Wheeler Ridge herd that year included 12
sheep that died in a single snow avalanche, with only 18 known to have survived that
winter. Earlier surveys of that herd (Ramey and Brown 1986, Wehausen 1991b)
indicated that it might not have reached 40 individuals between the time of its
reintroduction in 1979 and 1995. The population trajectory for that herd lacked an initial
exponential phase (Figure 2), which probably reflected low carrying capacity due to
minimal use of low elevation winter range relative to the number of sheep translocated.

The population in Lee Vining Canyon suffered excessive losses from particularly
inclement weather immediately after sheep were translocated in 1986, followed by lion
predation that threatened to extirpate this fledgling herd. Following supplementation
with eight females and three males in 1988 and the removal of three mountain lions
during 1988 to 1990, this herd exhibited strong recovery (Chow 1991; Figure 2), and had
grown to at least 77 and possibly 86 individuals by 1993 (Chang 1993). A less-than-
complete count the following summer yielded a minimum of 43 for that area, and a
potential maximum of only 69 (Jensen 1994). Beginning in the mid 1990s, a decline in
the use of the Lee Vining Canyon winter range became apparent. During the winter and
spring of 1995, few bighorn sheep used low-elevation winter range and many sheep
disappeared. Repeated thorough counts of this herd the following summer consistently
produced only 29 bighorn sheep (Wehausen and Chang 1995), representing a loss of at
least 50 individuals. Additional winter declines occurred in 1998 and 1999 (Wehausen
and Chang 1998, Wehausen 1999). Further mountain lion predation was documented in
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the spring of 1998 in Lee Vining Canyon, and no females have been found on that winter
range since then. In the summer of 1998, the reproductive bases for the Mount Warren
and Mount Gibbs essential herd units were only seven and two females, respectively.
The former declined to three a year later; however, genotype matches from recent fecal
DNA analyses indicate that at least one of the females missing in 1999 had apparently
moved to Lundy Canyon. Only 22 adult bighorn sheep are known to have existed in the
two essential herd units in the Mono Basin at the time of emergency listing in 1999
(Table 3).

The Mount Langley herd also appears to have suffered a major reduction in the
winter of 1995 due to heavy snowfall. Repeated census efforts beginning in the summer
of 1996 accounted for only 6 females and 11 males that survived that winter (Wehausen
1999), in contrast to 42 bighorn sheep c