focus future research efforts. Smaller, focused models have great potential in
guiding conservation decisions (Starfield and Bleloch 1991, Starfield 1997).

Use of modeling can help to elucidate several issues related to the recovery of
Peninsular bighorn sheep (refer to section I1.D.2.2). Models should be designed to
ask specific questions (Starfield 1997) that increase our understanding of the
ecological processes in the Peninsular Ranges, and should be coupled with field
studies of the bighorn sheep (Beissinger and Westphal 1998). It may be useful to
simulate shorter time periods, as well as the 100 to 200 year intervals typically
used in population viability analyses, so that model predictions (as well as model
assumptions) can be evaluated with the use of field study results (Beissinger and
Westphal 1998). This type of approach will allow conservation biologists to learn
from the models and field studies, and will allow conservation efforts to be
adaptive (Minta and Kareiva 1994).

B. OBJECTIVES AND CRITERIA
1. RECOVERY OBJECTIVE

The ultimate objective of this recovery plan is to protect and maintain sufficient
individuals and habitat of bighorn sheep in the Peninsular Ranges to eventually
delist this species. The recovery of Peninsular bighorn sheep will involve a two-
stage process, beginning with an interim goal of downlisting of the species from
endangered to threatened status, followed by long-term recovery and removal of
threatened status. As new information becomes available, the downlisting and
delisting criteria may warrant modification through future revisions to the
recovery plan.

2. DOWNLISTING CRITERIA

As an interim management goal, Peninsular bighorn sheep may be considered for
downlisting (reclassification to threatened status) when all of the following
objective, measurable criteria are met:

Downlisting Criterion 1: As determined by a scientifically credible
monitoring plan, at least 25 adult ewes are present in each of the following
9 geographic regions (Figure 5) during each of 6 consecutive years
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(equivalent to approximately one bighorn sheep generation), without
continued population augmentation:

1. San Jacinto Mountains

2. Santa Rosa Mountains--North of Highway 74

3. Santa Rosa Mountains--South of Highway 74 through Martinez
Canyon

4. Santa Rosa Mountains--South of Martinez Canyon

5. Coyote Canyon

6. North San Ysidro Mountains (Henderson Canyon to County
Road S-22)

7. South San Ysidro Mountains (County Road S-22 to State
Highway 78)

8. Vallecito Mountains

9. Carrizo Canyon/Tierra Blanca Mountains/Coyote Mountains
Area

Justification: The nine regions were selected on the basis of maintaining:
(1) historical distribution, (2) home range herd memory, and 3)
connectivity among ewe groups to facilitate re-colonization in the event of
localized extirpations. Recovery Team members with knowledge of
current and historical conditions judged that each area was capable of
supporting at least 25 ewes with associated subadults and rams. Within
each of the nine regions, fluctuation in the number of ewe groups,
including re-colonization of former habitats, is expected under the
metapopulation model. As such, ewe groups may merge, split, and
redistribute themselves over time. Although the 9 areas support respective
carrying capacities well in excess of 25 adult ewes, a downlisting objective
based on maximum attainable population size was not selected because
static population levels at full range capacity cannot be maintained in
naturally variable environments, even assuming intensive management
capability. The minimum group size of 25 adult females was selected by
Recovery Team consensus because it:

1. would reduce risk of extirpation from random naturally
occurring events to an acceptable level;
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2. should be achievable with prudent, population and land
management practices;

3. is consistent with management objectives for bighorn sheep in
other metapopulations;

4. should maintain ewe group knowledge of a large home range
that will minimize the extent of geographic gaps between ewe
groups, thereby facilitating interchange of genes and populations
within the metapopulation;

5. falls well within known or estimated historical population
levels; and

6. should provide, in all but the most catastrophic scenarios,

sufficient time for management intervention to prevent extirpation.

Downlisting Criterion 2: Regulatory mechanisms and land management
commitments have been established that provide for long-term protection
of Peninsular bighorn sheep and all essential habitat as described in
section I1.D.1 of this plan.

Justification: Given the major threat of fragmentation to species with
metapopulation structures, connectivity among all portions of habitat must
be established and assured through land management commitments, such
that bighorn sheep are able to move freely throughout all habitat. In
preparation for delisting, protection by means other than the Endangered
Species Act must be assured. Such protection should include alternative
regulatory mechanisms by Federal, State, and local governments, and land
management commitments that would provide the protection needed for
continued population stability.

3. DELISTING CRITERIA

As a long-term management goal of the Peninsular bighomn sheep, three delisting
criteria are proposed;

Delisting Criterion 1. As determined by a scientifically credible

monitoring plan, at least 25 ewes must be present in each of the 9 regions

(Figure 5) listed under Downlisting Criterion #1 above, during each of 12

consecutive years (approximately 2 bighorn sheep generations), including
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the 6 years under Downlisting Criterion #1, without continued population
augmentation.

Delisting Criterion 2. The rangewide population must average 750
individuals (adults and yearlings) with a stable or increasing population

trend over 12 consecutive years (same time period as Delisting Criterion
#1 above).

Justification: Recovery Team members with knowledge of historic and
current population levels evaluated the condition of existing habitat and
determined a carrying capacity of approximately 1,000 bighorn sheep in
the Peninsular Ranges, which approaches historical population estimates.
The required 12-year average population estimate of 750 animals is based
on the assumption that achieving the objectives in Downlisting Criterion
#1 of at least 25 females in each of the 9 geographic areas likely will result
in some areas supporting substantially more than 25 ewes and other sheep.
This scenario likely will result in an overall metapopulation size that
fluctuates between 600 and 1,000 sheep, averaging about 750 sheep with a
normal sex ratio, or approximately 75 percent of estimated carrying
capacity. An average population level would allow for natural population
fluctuations in a random environment and is believed to be reasonably
attainable assuming implementation of the management measures
prescribed in this recovery plan.

Delisting Criterion 3: Regulatory mechanisms and land management
commitments have been established that provide for long-term protection
of Peninsular bighorn sheep and all essential habitat as described in
section I1.D.1 of this recovery plan. Protection considered long-term can
be provided through appropriate institutional practices, such as State Park
General Plans, an amended California Desert Conservation Act Plan, an
amended Forest Plan, a completed Coachella Valley Multispecies Habitat
Conservation Plan, and natural resource management plans on Tribal
lands. In addition, connectivity among all portions of habitat must be
established and assured through land management commitments such that
bighorn sheep are able to move freely throughout the Peninsular Ranges.
Delisting would result in loss of protection under the Endangered Species
Act; therefore continued protection by other means must be assured.
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Justification: This protection should include alternative regulatory
mechanisms, land management commitments, or conservation programs
that would provide the long-term protection needed for continued
population viability.

Recovery of Peninsular bighorn sheep likely will take several decades or longer
due to a low reproductive rate (e.g., only one offspring per female per year and
reproduction starting usually at 2 years of age). The above criteria will be revised
as necessary through a recovery plan amendment or revision if new information
becomes available, or if these criteria no longer pass scientific muster or otherwise
meet the conservation needs of this species based on the best available
information.

C. RECOVERY STRATEGY

This recovery plan describes a strategy to recover and delist bighorn sheep in the
Peninsular Ranges. The strategy consists of taking necessary actions to: (1)
improve population variables (reproduction, recruitment, survivorship), and (2)
secure and effectively manage habitat, including linkages between ewe group
home ranges. The recovery actions to implement this strategy are organized in the
narrative outline below. This recovery strategy is a synthesis of knowledge
accumulated on bighomn sheep in desert environments and elsewhere in North
America. Four biological principles of bighom biology are evident from past
research and have been incorporated into management guidelines by various
agencies (e.g., McQuivey 1978, Wilson et al. 1980, Smith and Krausman 1988,
Bureau of Land Management 1996, New Mexico Department of Game and Fish
1995):

1. Bighorn sheep are wide-ranging animals that are spatially dependent on
large tracts of habitat that provide a diversity of resources needed to offset
seasonal, annual, and longer term cycles of environmental variability and
scarcity;

2. Metapopulation structure requires habitat contiguity between/among
constituent demes (ewe groups) to allow for long-term shifts in

distribution and genetic interchange;
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3. Bighom sheep appear to lack natural or acquired resistance to some

diseases and remain highly vulnerable to diseases introduced by domestic
sheep; and

4. Behavioral responses to human-related activities can be variable among
individuals and populations, which can adversely affect habitat use
patterns and population persistence.

In the short term, acquisition and conservation of the relatively narrow band of
habitat that still remains is crucial to attaining the population recovery and
delisting objectives of this recovery plan. Given the: (1) inability of bighomn
sheep to use higher elevation habitats because of excessive shrub and tree cover,
(2) incompatible land uses that have encroached into habitat along the lower
elevational slopes of the Peninsular Ranges, and (3) pervasive influence of human
activities throughout bighorn habitat, the future of bighorn sheep in the
Peninsular Ranges will depend on rapid and adequate protection of lower
elevational areas that provide critical resources, such as foraging, watering,
lambing, and rearing habitats. Short-term management actions to increase
population recruitment and adult survivorship are also necessary to effect
population increase.

Past studies on bighorn sheep in desert and mountain environments have amassed
a wealth of applicable knowledge that guides the management prescriptions of this
recovery plan. Much of this work applies to bighorn sheep in general and,
therefore, need not be reexamined through further research in the Peninsular
Ranges. The monitoring and research tasks recommended in this recovery plan
are intended to address the longer-term, more complex environmental
relationships that have posed management difficulties in the past. These tasks
will require substantial investment by numerous partners if they are to be
successfully accomplished. However, only through such a cooperative effort will
it be likely that the knowledge requirements for effective management be met.

The success of this recovery plan will also depend on strong education and public
awareness programs. A number of recovery actions outlined in this plan will
directly affect the general public. Therefore, the general public needs information
and outreach on proposed actions being taken, especially in localized areas of

action. Programs that include comprehensive and accurate facts about the ecology
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of Peninsular bighorn sheep and the threats that face them, will be crucial to
obtaining public support for conservation measures.

D. NARRATIVE OUTLINE FOR RECOVERY ACTIONS ADDRESSING
THREATS

Recovery actions are first described in general below, and then are identified as
site-specific tasks, with reference to their appropriate recovery regions, in section
ILE. The following tasks consist of interim and long-term management goals and
activities that range from single event actions or studies to continuous efforts
extending across the entire recovery implementation time line. The task
descriptions and the implementation schedule (Part ITI of this recovery plan) help
frame the duration of the respective goals/actions and responsible entities for
taking the lead or assisting others in implementation responsibilities.

1. PROMOTE POPULATION INCREASE AND PROTECT HABITAT
1.1 Protect, acquire, enhance, and restore habitat. The historic range of
Peninsular bighorn sheep has been adversely affected by urban
development, agriculture, mining activities, and highways that have led to
the destruction, modification, and fragmentation of habitat. Further
development can be expected in the future. As pointed out in section LD
of this recovery plan, the viability and, therefore, the recovery of
Peninsular bighorn sheep are critically dependent on availability of habitat.
Consequently, an important part of this recovery effort is the protection
and restoration of remaining habitat essential to Peninsular bighomn sheep
conservation.

1.1.1 Protect essential habitat. Essential habitat is that habitat
believed necessary for recovery and should, therefore, be protected
from further loss or degradation (Figures 2, 4-9). It is likely that
the valley floor to the east and the north of the Peninsular Ranges
(e.g., Coachella Valley, Imperial Valley) historically was used by
bighorn sheep, for example during long-distance moves to and
from other mountain ranges. Exposure to the hazards of high
density urban development, major freeways, fences, agriculture,
and canals, now would be considered detrimental to bighorn sheep
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recovery. Therefore, the vast majority of the valley floor to the
east of the Peninsular Ranges is not considered essential habitat.

Consequently, “essential habitat” comprises those areas believed to
be necessary for a self-sustaining bighorn population with a high
probability for long-term survival (recovery) in the Peninsular
Ranges of the United States. Essential habitat, therefore, consists
of those physical and biological resources (space, food, water,
cover) needed for: (1) normal behavior and protection from
disturbance, and (2) individual/population growth and movement,
including dispersal necessary to support a future population
expansion to meet the recovery objective (delisting criteria of
approximately 750 animals).

Much of the historical range of the sheep is needed to sustain the

larger population levels necessary for recovery because:

a. Habitat may be colonized and inhabited by future ewe
groups (Bleich et al. 1996), if, for instance, population
spatial structure or environmental conditions change, or the
population grows as a result of recovery actions. The long-
term persistence of a metapopulation depends on the
number of habitat patches that are available for
colonization (Hanski 1989). An important phenomenon,
which is not intuitively obvious, is that destruction of only
a fraction of available habitat can drive a metapopulation to
extinction by disrupting the balance between colonization
and extinction rates (May 1991). Even locally abundant
species can sometimes be very close to extinction if the
proportion of suitable habitat is near the extinction
threshold (Lande 1987).

b. Movement throughout the range is needed to sustain the
metapopulation (Bleich et al. 1990a).
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C. The factors limiting the viability of Peninsular bighorn
sheep are not yet fully understood and, in general, bighormn
sheep habitat use and selection need to be more thoroughly
examined (McCarty and Bailey 1994). It is therefore

necessary to protect all remaining suitable habitat.

d. The habitat of Peninsular bighomn sheep is restricted to a
narrow band along the base of the Peninsular Ranges, from
the San Jacinto Mountains south to Mexico. In some areas,
this band is less than 6 kilometers (4 miles) wide, so
essentially no true "core" habitat exists. Without
protection, connectivity could be severed at any point along
this narrow band of habitat.

€. Habitat near the eastern edge of this band often coincides
with alluvial fans and canyon washes, which provide
Peninsular bighomn sheep with important resources (refer to
section L.B.1).

f. Unpredictable changes in global climate warrant retention
of future options in habitat conservation strategies.

The delineation of essential habitat was based on habitat features
known to be important to bighorn sheep, rather than being based
solely on current use patterns, because population numbers
currently are low and use patterns are known only for a recent short
time period. In addition, data collected on radio-collared animals
(a sample of the entire population) represent a subset of the total
area used. Methods used to delincate essential habitat are outlined
in Appendix B. Compiling historical data and conducting
recommended ecological research will further understanding of
how bighorn sheep use available habitat. See Figures 2, 4-9 for
maps of essential habitat.

1.1.2. Secure habitat. Bighorn sheep habitat that is currently in
private ownership should be secured (e.g., purchased or acquired

by exchange on a voluntary basis) by State or Federal agencies and
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managed compatibly through individual or regional habitat
conservation plans or programs (e.g., Coachella Valley
Multispecies Habitat Conservation Plan, which will delineate these
lands in its planning area), so that proper protection, management,
and restoration measures can be implemented. Interagency ‘
conservation plans or other potential agreements made with local
governments and private land owners should assure: (1) long-term
protection of lands under city and county jurisdiction, and (2)
appropriate land uses adjoining bighorn sheep habitat to prevent
indirect effects from degrading habitat value. Limited funds for
land acquisition will require prioritizing parcels; the value of each
tract of land should be evaluated according to the following
criteria, although not necessarily in the order listed below:

a. At the level of individual ewe groups: how important is
this land in supporting a ewe group in this area?

b. Does this land include particularly important resources
(e.g., water sources, escape terrain, habitat for lambing, or
important forage resources) for the bighorn sheep?

c. Does this land represent important habitat for movement
and dispersal necessary for connectivity among ewe groups
throughout the Peninsular Ranges?

d. Has this ewe group already experienced habitat loss?

e. Would acquisition of this land reduce the cumulative
negative effects of urban growth?

f. Is the habitat imminently threatened?

A list of prioritized parcels should be prepared and updated
annually by land management agencies (Bureau of Land
Management, U.S. Forest Service, California Department of Fish
and Game, Anza-Borrego Desert State Park, Coachella Valley
Mountains Conservancy) to facilitate acquisition when
010846
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opportunities arise. Methods to facilitate public and private
cooperation should be pursued, such as: (1) development of land
use planning guidelines (e.g. the Coachella Valley Multiple
Species Habitat Conservation Plan, conservation guidelines in
Appendix F), (2) development of a public education and outreach
program (refer to I11.D.3), and (3) development of supporting maps
that better identify and explain bighorn sheep ecology and

conservation requirements.

1.1.3 Maintain, manage, and restore habitat quality and
connectivity. As mentioned in section I.D. of this recovery plan,
the recovery of Peninsular bighorn sheep is dependent on the
existence of adequate habitat. Maintenance, management, and
restoration of essential habitat will allow for geographic expansion
when population numbers increase. The ability of bighorn sheep to
move freely throughout all parts of the range is critical to recovery
because it: (1) facilitates exchange of genes between ewe groups,
(2) allows habitat colonization, and (3) allows selection of
alternative habitat in response to predation pressure or temporary
changes in habitat quality (Schwartz et al. 1986, Bleich ez al. 1996)
or human-related disturbance. Shifts in habitat use occur more
readily within existing ewe group home ranges but home range
boundaries themselves also can change, albeit less frequently and
more slowly over time. Therefore, in addition to protection of
designated essential habitat, the following measures should be
taken to restore and maintain habitat quality and to assure
connectivity throughout the range:

1.1.3.1 Remove exotic vegetation and prevent further
invasion by exotic plants. This item refers primarily to
control of tamarisk (7amarix species) along stream courses
but also applies to other species such as fountain grass
(Pennisetum setaceum) in select regions. Additional

funding should be secured to continue and expand current
tamarisk removal programs throughout the Peninsular
Ranges. These programs should include, or be coordinated
with, efforts to eradicate tamarisk outside of bighorn She%?osu
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habitat, as this will reduce future invasion into bighomn
sheep habitat. Tamarisk eradication, such as at Thousand
Palms Oasis, can result in immediate reappearance of
surface water (Barrows 1994), which can help expand
sheep distribution.

1.1.3.2 Reduce or eliminate wild horse populations from
bighorn sheep habitat. Though burros and goats are
currently absent, they also should be eliminated if they
become established. The reduction or removal of non-
native ungulates would: (1) eliminate potential sources of
competition, (2) reduce potential destruction of water
sources and vegetation, and (3) benefit other riparian
dependant wildlife, such as least Bell’s vireo and
southwestern willow flycatcher. The involved State and
Federal agencies, along with the Agua Caliente Band of
Cahuilla Indians, should determine whether wild horse
management in Coyote Canyon (Anza-Borrego Desert State
Park) and Palm Canyon is consistent with bighorn recovery
objectives in these areas. Any continuation of feral horse
grazing should be contingent upon the demonstrated ability
to implement an effective management and monitoring
program to ensure against: (1) the possibility of
competition with sheep for food and water, (2) trespass
onto other land ownerships, and (3) risks to public safety.

1.1.3.3 Implement a fire management plan that recognizes
fire as a natural disturbance in fire-adapted habitats of the
Peninsular Ranges ecosystem and as a process that helps
maintain bighorn sheep habirar. A wildland fire policy
should establish fire management areas for natural and
management ignited prescribed fires. Further research on
the use of fire as a management tool should help guide such
a plan (Smith and Krausman 1988, Krausman et al. 1996;
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and refer to section [1.D.2.3). However, fire can represent a
serious threat to bighorn habitat quality in Sonoran scrub
plant communities, which unlike chaparral are not well
adapted to fire disturbance.

1.1.3.4 Maintain existing water sources and consider
providing additional sources on public lands if water is
thought to be a limiting factor in particular areas. Water
development should be incorporated into research that
investigates the effect that the addition of water has on

bighorn sheep and other species (refer to section [LD.2).

1.1.3.5 Maintain and re-establish connectivity throughout
all habitat. Barriers to movement (roads, fences, increased
use of off-road vehicle areas, renewed railroad activity)
should be prevented. Potential bighorn sheep crossing
areas should be identified and bridged or tunneled to
attempt reestablishing connectivity. Typical culverts are
not adequate because bighorn sheep are not known to move
through dark tunnels. Existing roads appear to represent
barriers between four current ewe groups (Rubin et al.
1998); solutions to promote connectivity should be
attempted. Another important recovery goal is to
reestablish connectivity to habitat south of Interstate 8 and,
ultimately, to Mexico. This task will require the
cooperation of the California Department of Transportation
to incorporate bighorn sheep movement opportunities into
their future construction plans. Coordination with Border
Patrol and the Mexican government will be needed to
control human disturbance and the threat of disease
transmission from domestic sheep and goats while

reestablishing connectivity across the international border.
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1.2 Reduce or eliminate direct and indirect human impacts. In addition to
habitat loss, habitat modification and human activities often directly or
indirectly affect Peninsular bighorn sheep habitat use (refer to sections
I.B.5 and I..D.5). The following actions, which should all be accompanied
by strong educational and public awareness programs (refer to section
I1.D.3), will reduce these impacts.

1.2.1 Reduce impacts from existing and future developments and
projects. These recommended actions pertain to any project
(residential, recreational, resort, commercial, agricultural, or
mining) that has been constructed within bighorn sheep habitat, or
any project adjacent to bighom sheep habitat. Though habitat and
opportunities for sheep movement throughout all suitable habitat
should be maintained, habitat use along the immediate urban
interface should not be encouraged because of risks associated with
behavioral habituation.

1.2.1.1 Construct fences to exclude bighorn sheep from
urban areas where they have begun or may begin using
urban sources of food and water. Fences serve several
functions including: (1) separating bighorn sheep from
potential threats of urbanization (e.g., toxic plants,
parasites, accidents, vector-borne diseases, traffic,
herbicides, pesticides, behavioral habituation), (2)
controlling human and pet access to remaining bighormn
sheep habitat, (3) preventing bighorn sheep from becoming
habituated to and dependent upon artificial sources of food
and water, and (4) modifying habituated behaviors and
redirection into remaining native habitat. In the northern
Santa Rosa Mountains, ongoing coordination with cities
and landowners on a regional fencing strategy will be
critical to the long-term health and maintenance of this ewe
group. Retrofitting existing developments with fences

where sheep currently exploit urban food and water sources
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is particularly important; cooperation by residential
landowners will be critical to the success of excluding the
northern Santa Rosa Mountains ewe group from urban
habitats. Along the remainder of the urban interface, where
sheep have not yet shown indications of habituation to
human habitats, future behavioral habituation also may
occur. Although fencing may be viewed as a last resort to
other potential forms of aversive conditioning, prudent
planning dictates that mitigation be required to offset the
likelihood of future adverse effects (behavioral habituation
and increased mortality rates) when new projects are
approved along the urban interface. Though actual fence
construction could be contingent upon future use by sheep
and the ineffectiveness of other potential deterrents, the
wherewithal, responsibilities, and easements for fences
should be determined and secured at the time of project
approval. Fences should be 2.4 meters (8 feet) high, or
functionally equivalent, and should not contain gaps in
which bighorn sheep can be entangled. Gaps should be 11
centimeters (4.3 inches) or less. This fence design should
only be used at the urban interface. Refer to section
I1.D.1.2.2 for guidelines for livestock fences within bighormn
sheep habitat.

1.2.1.2 Avoid non-native vegetation along unfenced habitat
interfaces where it may attract or concentrate bighorn
sheep. Along fenced sections of the urban interface,
omamental and toxic plants should not extend over or
through fences where they may be accessible to browsing
bighom sheep.

1.2.1.3 Promote the use of native vegetation and limit the
planting of exotic species (including grass) in areas
accessible to bighorn sheep. A list of locally native plants
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should be provided to developers, landscapers, and
homeowners. On Bureau of Land Management lands,
especially livestock grazing allotments in and near bighorn
sheep habitat, utilize only native vegetation in fire

rehabilitation and range improvement projects.

1.2.1.4 Prohibit the use of any known toxic plants where
they may be accessible to bighorn sheep or potentially
invade bighorn sheep habitat. A list of known toxic plants
should be provided to all developers, landscapers, and
homeowners.

1.2.1.5 Discourage the use of plants known to invade and
degrade bighorn sheep habitat (e.g., tamarisk, fountain

grass).

1.2.1.6 Prohibit intentional enticement of bighorn sheep
onto private property. This item includes, but is not
limited to, vegetation, mineral licks, or unfenced swimming
pools, ponds, or fountains upon which bighorn sheep may
become dependent for water.

1.2.1.7 In unfenced areas, monitor the use of pesticides,
fungicides, herbicides, and fertilizers if sheep are using
urban landscapes. All products used should be warranted
by the manufacturer to not be harmful to wildlife when
applied at the label rate, and no applications should exceed
the label rate. Coordination with landowners and
homeowner groups is needed.

1.2.1.8 Regulate the diversion or procurement of water,
whether for human use or irrigation, and whether from
springs or aquifers, that would reduce natural water

sources used by bighorn sheep. Coordination with land
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owners and the State Water Resources Control Board is
needed to redress potential water rights conflicts. The
Regional Water Quality Control Board’s Basin Plan should
recognize bighorn sheep as a beneficial use for perennial
and seasonal waters within essential habitat.

1.2.1.9 Prohibit the construction of water bodies in
developed areas adjoining sheep habitat that may promote
the breeding of midges (Culicoides sp.) and
monitor/control vectors in existing problematic ponds.
Water features should be designed to eliminate blue-tongue
and other vector-bome diseases by providing deeper water
(over 0.9 meters [3 feet]), steeper slopes (greater than 30
degrees), and if possible, rapidly fluctuating water levels
(see Mullens 1989, Mullens and Rodriquez 1990).
Landowners and managers should coordinate with local
mosquito and vector control districts to ensure management

of existing water bodies that harbor vector species.

1.2.1.10 Discourage the artificial feeding of coyotes
because of the potential for increasing predator abundance
and consequent predation on bighorn sheep.

1.2.1.11 Establish a method and secure funding to

consistently monitor and enforce all actions listed under
task 1.2.1.

1.2.2 Reduce or eliminate detrimental human activities within

bighorn sheep habitat. A variety of human activities can affect

bighorn sheep (refer to section 1.D). Bighorn sheep may react in
two ways (Papouchis ef al. 1999): (1) avoidance of disturbance or
human encounters (potentially including habitat abandonment),

and (2) habituation to sources of disturbance if they are sufficiently

predictable. Behavioral habituation can include adjustments to
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timing of use in certain areas, such as by avoiding the area until the
disturbance is gone (Hamilton et al. 1982) or fleeing the
disturbance and returning when the disturbance is absent.
Expansive urban development in and around bighomn sheep in
desert habitats has occurred in three metropolitan areas to date--
Albuquerque, Tucson, and Coachella Valley-and in all instances,
habitat abandonment and population decline has resulted
(Gionfriddo and Krausman 1986; Krausman, in litz. 1998;
Krausman et al. In prep.). Bighom sheep have demonstrated
greater resilience to human disturbance in more remote locales
such as Alberta (MacArthur et al. 1982) and the Sierra Nevada
(Hicks and Elder 1979), though bighom also are known to avoid
excessive human disturbance in areas well away from urban
centers (Papouchis et al. 1999).

Given the potential behavioral vulnerabilities of bighorn sheep to
human disturbance (including dogs) and associated risks to the
persistence of currently depressed populations in the Coachella
Valley, a biologically conservative management approach is
appropriate in the Peninsular Ranges. The public should be
educated regarding problems associated with human-sheep
relationships, and encouraged to continue supporting conservation
efforts (Smith and Krausman 1988). A trails management program
is currently in place on Anza-Borrego Desert State Park and
appears 1o be providing a level of management that is maintaining
relatively stable population levels of bighorn sheep. The success of
this program may be attributable to an intensive educational
program, along with prohibitions against dogs (on trails) and other
disruptive activities, and a strong management presence to ensure
adequate compliance. In addition, the most heavily used areas
typically are located in steep terrain that limits the number and
location of trails to relatively few narrow canyon bottoms. Sheep
are better able to coexist with recreational use where human
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disturbance typically occurs at elevations lower than where sheep
spend most of their time (Hicks 1977).

The following section primarily focuses on the northern Coachella
Valley though the principles pertain rangewide. The relative
remoteness of the Anza-Borrego region renders comparisons with
the heavily populated Coachella Valley difficult, but recreation
activities could be viewed differently because they are part of a
cumulative set of factors affecting the sheep, some of which (e.g.,
development-related pressures in sheep habitat) are more intense in
the Coachella Valley. Though cause and effect relationships have
not been established, the proportionally larger population declines
in the northern Santa Rosa and San Jacinto Mountains than
elsewhere may be related in part to the relatively higher levels of
human disturbance associated with the larger metropolitan area.
Other contributing factors may include the more extensive and
interconnected trail system that is not largely restricted to canyon
bottoms. Most of the trails head upslope and intersect other trails
at higher elevations, forming an extensive trail network throughout
ewe group home ranges, including lambing, rearing, and watering
habitat. The patchwork of differing land ownerships has
contributed to management difficulties. The types of trail use
activities, as well as proliferation of new trails, also have gone
largely unregulated. The Dunn Road, constructed illegally in the
northern Santa Rosa Mountains in the 1970s, also is considered a
trail since much of the use is by recreational pedestrians and
bicycles and vehicular access is restricted. Travel in washes by
vehicles and on foot also should be considered trail use.

The Agua Caliente Band of Cahuilla Indians currently is preparing
a wildlife habitat management plan for the reservation, including a
trails management program, which should be coordinated with the
larger planning effort to ensure attainment of regional objectives.
The Tribe recently banned dog use on its trails system, and will
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coordinate its efforts with other agencies when a draft plan is
complete.

Research should focus on how different kinds and levels of
disturbance affect bighorn behavior and habitat use patterns. The
prevailing lack of baseline data on location, types, and extent of
trail use must be overcome as a prerequisite to studying and better
understanding these effects.

1.2.2.1 Develop and implement a trails management
program with affected land management agencies,
scientific organizations, and user groups. A trails program
in the San Jacinto and Santa Rosa Mountains necessarily
will require interagency cooperation, with specific
responsibilities and levels of funding identified. The cities
and primary land management agencies, with the Bureau of
Land Management in a leadership role, should coordinate
with user groups in developing a plan with the Fish and
Wildlife Service and the Department of Fish and Game so
that it can be effectively implemented on a regional basis.
Regular interagency meetings should be scheduled to
ensure effective coordination and implementation. The
program should consist of the following components:

a. Public education. Preparation of a public education and
outreach program is needed so that trail users better
appreciate and understand bighomn sheep and other
biological values associated with the Peninsular Ranges.
Also see Section I1.D.3. Most members of the public likely
will voluntarily refrain from recreating in sensitive habitats
during critical seasons if they understand the effects of
human related disturbance on bighomn sheep. Nonetheless,
monitoring and enforcement will be necessary to provide
effective management.
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b. Prohibition of dogs in bighorn sheep habitat. Dogs
should remain in developed or designated areas
(campgrounds, picnic areas, on paved roads, etc.) under
restraint and prevented from roaming into bighorn sheep
habitat.

¢. Lambing and rearing habitat. Seasonal restrictions are
needed on selected trails that bisect lambing habitat. In this
Recovery Plan, the lambing season is defined as January 1
to June 30, and lambing and rearing habitat is defined as
those areas in which ewes and lambs are observed during
this period. These definitions were chosen to provide
protection for the majority of lambs during the first 3
months of life and to allow ewes undisturbed access to
lambing areas prior to the peak parturition months
(February through April). Trails that are currently known to
result in disturbance to lambing and rearing habitat are
listed in Table 10.

d. Water sources. Seasonal restrictions or trail relocations
may be appropriate for selected trails that lead to water
sources. Trail use should be avoided near critical summer
water sources from June 1 through September 30, and other
times, as well, if water is scarce. Trail use is prohibited by
regulation [see California Government Code, Title 14,
Section 630(b)(11)(A) and (30)(A)] at Magnesia Springs
and Carrizo Canyon Ecological Reserves. Trails that are
currently known to conflict with the summer water
requirements are listed in Table 10.

e. Trail management. Trails that conflict with lambing,
rearing, and water requirements should be addressed

through management tools, such as seasonal restrictions or
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Table 10. Trails and areas with potential conflicts that should be addressed in an
interagency trails management plan.’

Conflicts with

1 Conflicts with

Trail Lambing from | Water stress Comment
January 1 from June 1
through June though
30 | _September 30

N. Lykken trail X X

Skyline trail X

Museum trail (Palm X X Applies above picnic

Springs) table at Desert Rider’s

Park.

South Lykken trail X

Picnic table trail X Applies above picnic

(south of Tahquitz table.

Canyon)
| Tahquitz Canyon X X

Dunn Road X X

Murray Hill trail X X

complex

Cathedral Canyon X X
 trail

Mirage trail (Bump X Applies above the flat
| and Grind) overlook

Art Smith, Schey, X X

and connecting trails |

Carrizo Canyon trail | X X

Bear Creek Canyon X X

trail

Boo Hoff trail X | X

Guadalupe trail | X X

Morrow trail X X |

* This list of trails should be updated annually through the interagency trails program,

based on the most current information.

relocations. Permanent closures may be necessary where

relocation is not possible and seasonal restrictions cannot

be effectively monitored or enforced. Trails should be used
as a tool to focus human activity away from areas of
concern. New trails in bighomn habitat should be avoided,
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except in select areas along the urban edge, where they
could provide two benefits-alleviate pressure on trails that
intrude deeper into sheep habitat, and provide a disturbance
barrier to discourage potential sheep attraction to urban
sources of food and water. Any new trails should minimize
adverse impacts to alluvial fans, canyon bottoms, and other
areas that may provide essential seasonal forage conditions
while still accomplishing the objective of routing use away
from the more sensitive areas.

f. Monitoring, enforcement, and research. A management
presence by uniformed personnel should be deployed
during peak use periods to educate the public, monitor
compliance with trails rules, and enforce rules against any
violations. Monitoring of bighorn sheep habitat use
patterns should be designed to detect behavioral responses
that can adaptively feedback into revised management
measures. Experimental research to further our
understanding of human/sheep interactions also should be
conducted. See Section I1.D.2.7.

1.2.2.2 Manage activities within bighorn sheep habitat that
fragment or interfere with bighorn sheep resource use
patterns or other behaviors to reduce or eliminate adverse
effects. This task includes but is not limited to road traffic,
trail use, off-trail activity, and aerial activities, such as hang
gliders and helicopters, which may have a negative effect
on bighorn sheep. For example, the U.S. Navy currently
implements a 457-meter (1,500-foot) minimum ceiling for
military flights above bighorn sheep habitat in the north end
of the Anza-Borrego Desert State Park and a 60-meter
(200-foot) minimum ceiling in the remainder of the park.
The 457-meter (1,500-foot) minimum ceiling should apply
to all flights over any bighorn sheep habitat.
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1.2.2.3 Manage livestock grazing to reduce competition for
scarce resources and to minimize the potential for disease
transmission. Existing (Canebrake, with lambing and
watering habitat) and currently inactive (Vallecito and
Oriflamme) allotments should be evaluated and modified or
closed, if necessary to achieve recovery objectives. The
McCain Valley allotment should also be assessed to ensure
compatibility with adjoining sheep habitat. If the closure of
one or more livestock grazing allotments is determined
necessary to remove the impediments to recovery described
above in Section [.B.6 concerning competition or in Section
I.B.7 conceming disease transmission, the Bureau of Land
Management should develop proposed land use plan
amendments to effect such closure(s). Until decisions are
made regarding potential allotment modifications or
closures, the current allotment boundaries should be fenced
according to Bureau of Land Management fence
specifications for cattle and bighorn sheep (Bureau of Land
Management 1989). If any allotments, or portions thereof,
that overlap with bighorn sheep habitat are subsequently
closed through land use plan amendments, the fences
around such allotments should be removed following the
cessation of livestock grazing.

1.2.2.4 Prohibit the grazing of domestic sheep within 14.5
kilometers (9 miles) of bighorn sheep habitat to prevent

disease transmission.

1.2.2.5 Require all cattle grazing allotments adjacent to
bighorn sheep habitat to be fenced where cattle straying
into bighorn sheep habitat degrades forage or water
resources. Fences should comply with Bureau of Land
Management specifications for cattle fences in bighorn
sheep habitat (Bureau of Land Management 1989).
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1.2.2.6 Prohibit the use of goats as pack animals in
bighorn sheep habitat. Goats are known to transmit
diseases to bighorn sheep. Other pack animals, such as
llamas and camels, should be assessed for potential disease
risk and prohibited if a risk exists.

1.2.2.7 Establish a method and secure funding to

consistently monitor and enforce all actions listed under
task 1.2.2.

1.3 Reduce mortality rates. Low survivorship of adult Peninsular bighorn
sheep currently threatens population viability (refer to section 1.B.4).
Measures to improve survivorship are fundamental to this recovery effort.

1.3.1 Reduce mortality due to unnatural causes. A number of
mortalities of Peninsular bighorn sheep have been caused directly
or indirectly by human activities. Some mortality factors, such as
poisoning by plants and vehicular collisions, are a byproduct of
urban developments built within or adjoining bighorn sheep
habitat, or human presence in bighomn sheep habitat (refer to
section I1.D.1.2). Additional causes of mortality should be reduced
with the following actions:

1.3.1.1 Prohibit fences in which bighorn sheep may
become entangled or strangled, or that interrupt habitat
connectivity or block movement of bighorn sheep within
remaining habitat. At the urban interface, fences should
not contain gaps larger than 11 centimeters (4.3 inches)
(refer to section I1.D.1.2.1.1). All other fences should
comply with Bureau of Land Management specifications
for fences within bighorn sheep habitat (Bureau of Land
Management 1989).
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1.3.1.2 Post all movement areas or areas of bighorn sheep
concentration near highways with bighorn sheep crossing
signs to warn motorists. Post informational warning signs
at the entrance to blind curves. Solutions need to be
identified and implemented to reduce the extent of
vehicular related mortality along problematic road
segments such as Highway 74 above Palm Desert, S-22
west of Borrego Springs, and Highway 78 south of Borrego
Springs. If monitoring indicates that more effective
warning systems are needed, flashing yellow lights and
intensified signage, etc., should be phased in. Coordination
with Caltrans and the counties will be required.

1.3.2 Reduce mortality due to natural causes. Predation by
mountain lions represents a threat to the viability of bighomn sheep
in the Peninsular Ranges (refer to sections 1.B.4, I.B.5, and 1.D).
Selective removal of lions may therefore be necessary to facilitate
recovery. The goals of reducing predation pressure are to protect
small subpopulations from extinction and to stimulate population
increases. The following guidelines for implementing predator
management were designed to facilitate recovery of Peninsular
bighorn sheep in accordance with the recovery criteria established
in this recovery plan. The first level of predator control is
essentially an emergency action to protect small subpopulations
from extinction. This level of management was identified to help
the population meet downlisting criterion #1 (the presence of 25
ewes in each of the 9 recovery regions), while the second level of
lion control will be conducted, if necessary, to facilitate
achievement of delisting criterion #2.

Removal of mountain lions should be selective and only target
individual lions known to be, or suspected of, preying on bighorn
sheep. Predator management should not be implemented as a
mitigation measure for habitat loss because it is a temporary
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remedy for a potential short-term problem and does not offset the
permanent impact of habitat loss. Lion removal must be
accompanied by careful monitoring to determine if predator control
achieves the desired protection of bighorn sheep (refer to section
I1.D.2.5). The effects of predator management should be
incorporated into ecosystem level research on the predator/prey
relationships among bighorn sheep, lions, and deer (refer to section
I1.D.2.3). The criteria for implementing predator control may need
to be changed as knowledge regarding this predator-prey
relationship and the balance between predation and population
viability are better understood (refer to section I1.D.2). The
ultimate goal is to restore an ecological system that includes viable

predator/prey systems in which no predator removal is necessary.

Predator Removal Level 1. Predator removal should be
implemented if there are fewer than 15 adult female bighorn sheep
in a given recovery region (refer to the 9 regions in section 11.B)
and predation is a known mortality factor. In this circumstance,
protection of individual bighorn sheep is critical for ensuring
bighorn population survival and persistence in the recovery region.
Lion removal should be implemented solely in the recovery region
of concern, and continue until population growth is reestablished to
a trajectory expected to achieve the downlisting threshold of 25
adult ewes in the region.

Predator Removal Level 2. Predator removal may also be
implemented if there are greater than 25 ewes in each of the 9
recovery regions, to further facilitate the long-term goals of
population recovery. Lion removal should only occur if lion
predation is the primary cause of mortality and low survivorship is
determined to be limiting population recovery. Careful
monitoring, habitat evaluation, and possibly computer simulations
should be used to determine if, when, and where predator removal

should occur. Predator removal should be discontinued if available
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evidence indicates that: (1) lion predation no longer limits bi ghomn
sheep population growth, and (2) continued removal would no
longer result in a population expansion within the recovery region
necessary for the overall recovery of the metapopulation.

1.4 Develop a long-term strategy and maintain the current capability for
captive breeding, reintroduction, and augmentation programs. A small
captive breeding herd (14 animals in 1998) exists at the Bighorn Institute
(refer to sections .C.1 and 1.E.3) and is managed according to the
guidelines outlined in Appendix C. This herd was established in 1984 to
facilitate the study of low lamb survival. Animals born or rehabilitated at
the facility have been released into the northern Santa Rosa Mountains (n
equals 74) or the San Jacinto Mountains (n equals 3), typically as small
groups of yearlings, since 1985 (Ostermann et al. in press).

The Recovery Team should develop a long-term strategy that identifies the
process and circumstances under which captive breeding, reintroductions,
and augmentations may be appropriate and carried out, including the
potential introduction of animals from adjoining metapopulations.
Reintroduction and augmentation are potential tools to (re)establish ewe
groups and restore connectivity among neighboring groups. Augmentation
of dwindling groups may serve as a "rescue effect" (Brown and Kodric-
Brown 1977), thereby reducing the risks associated with naturally
occurring random variations in populations. Augmentation may also play
an important role in the conservation of bighorn sheep because habitat use
patterns are learned from experienced animals. Once use of a particular
area is discontinued by females, it may be more difficult for inexperienced
sheep to become established in this area (refer to section I.B.2). Finally,
augmentation can be of value to address genetic concerns.

Reintroduction and augmentation programs are recognized conservation
tools and have been used extensively to manage bighorn sheep populations
(Bleich e al. 1990b, Ramey 1993); however, they come with a set of
potential problems (Campbell 1980, Kleiman 1989, National Research
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Council 1995). Reintroductions and augmentations also must be
coordinated with other recovery efforts. That is, they are meant to play
supportive roles to other measures that protect Peninsular bighorn sheep
and their habitat, they should be supported through public relations and
education programs (Kleiman 1989, National Research Council 1995), and
they should be preceded or accompanied by other conservation measures
to restore population viability (Stanley Price 1991). Finally, decisions
regarding reintroductions and augmentation need to consider the genetic,

disease, and population structure consequences of such actions.

Although there are advantages to using free-ranging animals in
augmentations and reintroductions, captive breeding also can provide
animals for releases. In addition, captive propagation can be used as a
recovery tool to: 1) conduct recovery related research, 2) maintain genetic
diversity or genetic lineages, and 3) maintain refugial populations.

The long-term strategy should specify the goals of reintroduction and
augmentation activities, and describe the steps that will be followed to
reach these goals. The strategy should be consistent with the guidelines
adopted by the Conservation Breeding Specialist and the Reintroduction
Specialist Groups of the Species Survival Commission of the International
Union for the Conservation of Nature and Natural Resources, The World
Conservation Union, and those of the American Zoo and Aquarium
Association's Caprinae Taxon Advisory Group. Appendix C outlines
additional considerations and a protocol for captive breeding and release
of captive animals.

2. INITIATE OR CONTINUE RESEARCH PROGRAMS NECESSARY TO
MONITOR AND GUIDE RECOVERY EFFORTS.

This section focuses on research topics with management applicability needed for

recovery. The approach is to design management actions so that: (1) results can

be measured, (2) efficacy can be evaluated as testable hypotheses, and (3)

alternative or refined actions can be formulated and tested again (adaptive
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management, as defined by Holling 1978). However, adoption of this approach
for bighorn sheep recovery likely will be more problematic than for most species.
Many results will not become apparent for many years because sheep are long-
lived and behavior can be slow to change and difficult to document.

2.1 Monitor population status. The status, population dynamics, and
population trends of Peninsular bighorn sheep should be monitored so that
the success of this recovery effort can be evaluated. Consistent long-term
monitoring will allow use of adaptive management approaches that would
increase the effectiveness of recovery efforts. Continued monitoring is
also a necessary component of future research. Population monitoring
(abundance, distribution, recruitment) should be coordinated with other
research (e.g., survivorship, habitat selection) to maximize cost efficiency
and the data collected per animal collared, as well as to minimize handling
and marking animals.

2.1.1 Monitor abundance. All bighom sheep habitat in the
Peninsular Ranges should be surveyed by helicopter at least every
other year to generate population estimates. Initially, this will
require that a known number of radio-collared animals are
distributed throughout the range so that mark-recapture abundance
estimations can be generated. The number of collared animals
should be sufficient to achieve an accuracy of plus or minus 25
percent with a probability of 0.05, following the methods described
in Krebs (1989) and Robson and Regier (1964), or approximately
30 percent of the estimated ewe population should be radio-
collared. However, a “sightability” estimate may be generated
after additional surveys are conducted, thereby eliminating the
need to maintain this percentage of radio-collared animals. This
approach would be especially beneficial 1f/when population
numbers become large. Where ewe group delineations are known,
estimates of abundance should be generated for individual ewe
groups as well as for the entire range. Annual waterhole counts
should be continued in Anza-Borrego Desert State Park and
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perhaps reinitiated in the Santa Rosa and San Jacinto Mountains.
Data from waterhole counts can be used to potentially provide
important information about population characteristics (e.g., lamb
to ewe ratios and/or ram to ewe ratios) and to index abundance.
Continuation of waterhole counts concurrent with helicopter
surveys (for 5 to 10 years) may reveal a relationship between
abundance indices and population estimates. This relationship may
allow biologists to use historical waterhole count data (collected
over 28 years) to estimate historical abundance patterns. Aerial
surveys and waterhole counts should be conducted according to the

protocols in Appendix E.

2.1.2 Monitor distribution. Further data should be collected on
distribution of Peninsular bighorn sheep. Ground surveys for
bighorn sign should supplement aerial surveys and telemetry
studies to further define habitat use patterns. Questions regarding
distribution include but are not limited to: (1) how many ewe
groups are currently found in the Santa Rosa Mountains and
Vallecito Mountains, (2) if augmentation or reintroductions are
necessary, where should these occur, and (3) how do the number
and distribution of ewe groups change over time as conditions or
population numbers change?

Abundance monitoring (see task 2.2.1.1) will initially require that
radio-collared animals be distributed throughout the range. The
location of each animal should be obtained via visual location or
fixed wing aircraft telemetry surveys, at least biweekly. In
addition, the locations of all observed animals without collars
should be recorded during biennial helicopter surveys.

2.1.3 Monitor recruitment. Reproductive success, which includes
lamb production and recruitment, should be monitored on a yearly
basis in all ewe groups. Tracking and observing individually

marked ewes generates the most useful data because lamb survival
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to specific ages can be determined, and the reproductive success of
individual ewes can be tracked. Alternatively, the lamb to ewe
ratio of each ewe group could be measured at various times of the
year (e.g., during waterhole counts or helicopter surveys). Ground
surveys should be organized if feasible. If lamb mortality is found
to be high in specific ewe groups, the radio-collaring of lambs may
be necessary to identify causes of mortality. Recruitment should
be compared among ewe groups, years, and management strategies.

2.1.4 Monitor survivorship and cause-specific mortality. Adult
survivorship should be monitored annually in all ewe groups. This
monitoring would require that radio-collared rams and ewes are
present in each area and telemetry signals are monitored on a
regular (at least biweekly) basis. It is important that all mortalities
be investigated promptly so that cause specific mortality rates can
be calculated. A standardized mortality site investigation protocol
should be established. Whenever possible, fresh carcasses or tissue
samples should be collected and submitted to the California
Veterinary Diagnostic Laboratory for pathological examination.
Survivorship and cause-specific mortality should be compared
among ewe groups, years, and management strategies.

2.2 Develop population models. Although a substantial amount of
knowledge exists regarding bighorn sheep in the Peninsular Ranges and
elsewhere, there is a need for further research regarding their ecology and
the factors that influence population viability. Incorporating existing
knowledge into models may provide insight into the ecology of Peninsular
bighom sheep and the system to which they belong. Rather than using the
absolute results of models to make policy or management decisions,
however, the relative outcomes of alternative models should be used to
guide management decisions (Beissinger and Westphal 1998) and future
research efforts. Models uncover knowledge gaps and thereby guide
future research and generate hypotheses that would not otherwise be
addressed. The recovery of Peninsular bighorn sheep will benefit from
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answers to a number of questions. These questions include, but are not
limited to: (1) how do the number of ewe groups, size of groups, and level
of connectivity among groups affect persistence probabilities of the
metapopulation, and (2) what are the relative long-term effects of various

levels of adult and juvenile mortality on population viability?

Although the above questions pertain primarily to viability from the
perspective of population numbers, future models could also incorporate
data to assess genetic diversity. Additional models should explore habitat
selection versus availability.

2.3 Research the relationships between bighorn sheep, mountain lions,
mule deer, and habitat. In the Peninsular Ranges, mountain lions and
mule deer are found within bighorn sheep habitat, and are important
variables affecting this ecosystem (Hayes et al. 2000). To increase our
knowledge of the ecology of Peninsular bighorn sheep, a better
understanding of predation, interspecies relationships, and habitat
selection is needed. Information regarding the relationships will be
valuable in making future management decisions to facilitate population
recovery, including decisions regarding habitat management, reduction of
mortality due to predation, and whether other species should be managed
to achieve recovery of Peninsular bighorn sheep. Pertinent research goals
include, but are not limited to:

a. Estimate the number of mountain lions preying on bighorn sheep.
b. Examine movement patterns of mountain lions within and adjacent
to bighom sheep habitat, and attempt to identify influencing

factors.
c. Examine the spatial and temporal patterns of mountain lion

predation on bighorn sheep and mule deer in relation to the
distribution of both prey species, season, climate patterns, and
habitat characteristics.
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d. Describe the habitat use patterns and distribution of mule deer in
and near bighorn habitat,

Answering some of these questions requires long-term study (perhaps 10
or more years). Such a study would require extensive monitoring and
habitat study of all three species. Experimental approaches involving
removal of mountain lions and manipulation of mule deer populations and
habitat should be designed to test the outcome in terms of predation rates
on bighorn sheep.

2.4 Investigate the relationships between bighorn sheep and coyotes and
bobcats. Although mountain lions appear to be the primary predator of
adult bighorn sheep, predation by coyotes or bobcats also may affect the
viability of bighorn sheep populations, primarily through predation on
lambs. Factors that put bighorn sheep at risk from these predators should
be investigated. Studies should examine what impact expanding
urbanization, the use of urban environments, and artificial water sources
may have on the relationship between these three species.

2.5 Investigate the efficacy of temporary suppression of natural
predation. Mountain lion predation currently is the primary cause of death
of adult radio-collared bighorn sheep in most ewe groups in the Peninsular
Ranges, and threatens population viability (refer to sections 1.B.4 and
I.B.5). Any measures to intervene should be designed so that the
effectiveness of various techniques can be evaluated. The presence of
lions and other predators in the area of interest should be monitored as part
of the investigation. Because mortality and mountain lion predation rates
fluctuate across years (refer to sections 1.B.4 and 1.B.5), it will be
important to evaluate the effectiveness of these actions over multiple
years.

2.6 Research habitat use/selection and dispersal behavior. Habitat use by
sheep has been studied by a number of researchers (refer to section .B.1),

but many questions remain. In the Peninsular Ranges, as in many other
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bighomn sheep habitats, the specific factors that limit populations are not
well understood. A better understanding of habitat use patterns and factors
underlying habitat selection will aid our understanding of resource
requirements and promote informed management decisions. Selected
topics for future research include: (1) water and nutritional requirements
and how these factors affect population characteristics and distribution, (2)
how and where habitat use and movement are influenced by disturbance
barriers and sources of fragmentation, (3) habitat use and how it relates to
predator evasion, (4) how habitat quality influences dispersal behavior,
and (5) how human disturbance affects habitat use patterns.
Documentation of habitat use for essential life functions, such as lambing,
rutting, summer water stress, and dispersal, is needed. A detailed
vegetation map with sources of fragmentation for the entire Peninsular

Ranges would facilitate analyses of these variables on habitat use patterns.

A number of questions exist regarding dispersal behavior. For example,
how often do ewes move between groups? Although preliminary data
suggest it occurs at a low rate, long-term monitoring (two or more bighorn
sheep generations) may be necessary to more accurately estimate the
frequency of such moves. Other questions include, but are not limited to:
(1) what conditions (population density, forage quality, time of year) are
associated with movement of animals between ewe groups; (2) what
habitat features are associated with movement paths; (3) how does range
expansion occur; and (4) how far (and among how many ewe groups) do
rams typically move? The frequency and duration of monitoring will
depend on the specific research questions. For example, long-term studies
are needed to document dispersal behavior, while frequent or nearly
continuous monitoring may be necessary for studying habitat selection and
use patterns (Laundre ez al. 1987). The use of Global Positioning System
collars may provide a valuable tool in such studies.

2.7 Evaluate the effect of human activities on bighorn sheep. Given the
history of bighomn sheep population declines and extirpations in other

areas near urban centers, information is needed on how to manage
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recreational activity in a manner that does not interfere with bighorn
habitat use. Because knowledge of the location and extent of human
activity is a prerequisite to conducting research and making informed
management decisions, responsible land management agencies should
place a high priority on obtaining this information. A variety of study
designs may be appropriate, such as: (1) experimentally prescribing
different management techniques and measuring results, (2) measuring
physiological changes in individuals in response to different disturbance
regimens, (3) determining the effects of human activities on bighorn
population characteristics (e.g., reproduction and recruitment rates), and
(4) determining the effects of human activity on bighorn behavioral
patterns or activity cycles. It is critical that studies seeking to detect the
effects of human disturbance have sufficient sample sizes and statistical
power to avoid type II statistical errors (accepting a false null hypothesis).

2.8 Research disease and preventive measures. There is a need to provide
ongoing screening for pathogens and exposure to infectious diseases to
detect and mitigate emerging epizootics. Although infectious diseases do
not currently appear to play an important role in population dynamics of
bighorn sheep in most of the Peninsular Ranges, it will be important to
continue monitoring the presence and impact of infectious diseases in ewe
groups because outbreaks could occur at any time. Since it will be
essential to radio-collar animals to monitor ewe groups, biological samples
should be collected at the time of capture and tested for presence of
infectious disease. In particular, whole blood and serum should be
analyzed for the presence of specific pathogens and antibodies to those
pathogens. A standardized sampling protocol should be developed and the
laboratories used by researchers should be identified in all reports so that
testing can also be standardized. When feasible, fresh carcasses should be
taken immediately to the California Veterinary Diagnostic Laboratory in
San Bernardino for necropsy. A standardized necropsy protocol should be
developed, and necropsy reports made available to all agencies and
researchers.
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At this time, preventive measures such as vaccination or anthelmintic
treatments do not appear to be warranted in any of the ewe groups with the
exception of the northern Santa Rosa Mountains ewe group. Nematode
parasites have been documented in this group and nematode treatment may
be appropriate. Treatment schemes should be designed so that the
effectiveness of each treatment can be evaluated (control animals or
groups should be used). Infectious disease data should be re-evaluated
periodically or continuously, and recommendations regarding treatment

and preventive strategies based on research findings.

Pathogen monitoring should be extended to cattle and mule deer in the
Peninsular Ranges. Other ungulates may serve as reservoirs for cross

transmission of bluetongue to bighorn sheep.

2.9 Research genetics of bighorn sheep in the Peninsular Ranges.
Genetic issues should be considered and re-evaluated during the recovery
process, especially as new methods become available. Samples should be
used in association with those already collected to more clearly delineate
population structure, to estimate gene flow, to identify the most
appropriate source stock (free ranging and captive) for translocation, to
assess the risk of inbreeding and outbreeding depression, to test if there
has been a recent population bottleneck within a subpopulation, and to
monitor loss of variation due to changes in breeding structure. Research
directed towards the estimation of the effective population size (Ne) should
be a priority, and genetic variability should be directly monitored (Lande
and Barrowclough 1987). In addition, analyses of samples collected from
bighorn sheep within and outside of the Peninsular Ranges would be
useful to better estimate the phylogeographic structure of desert bighorn
sheep and to further identify management units. DNA samples should be
collected from every animal captured in the Peninsular Ranges and from
adjacent populations, using a standardized sampling protocol. A DNA
bank has been established at the University of California at Davis that
consists of over 700 samples from bighorn sheep in the Southwest,
including over 100 samples from the Peninsular Ranges. Given recent and
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anticipated technological advancements, collection and long-term storage

of germinal and somatic cells from captured animals should be initiated
for future use.

3. DEVELOP AND IMPLEMENT EDUCATION AND PUBLIC AWARENESS
PROGRAMS.

Conservation efforts have a higher chance of success if they are supported by the
local community. A number of recovery actions outlined in this recovery plan
will directly affect the general public. It is therefore imperative that strong public
education and awareness programs be implemented. The public needs to be
informed of the reasons why specific recovery actions are being taken. This task
will require an education program on the ecology of Peninsular bighorn sheep,
what threats this species is currently facing, and how recovery actions will reduce
these threats. Coordination with the public and interest groups will be particularly
important for controversial issues, such as trails and predator management. This
knowledge should translate into a respect and concern for this species, leading to
support for conservation measures.

Several programs and sources of information pertaining specifically to Peninsular
bighom sheep already exist. Interpretive displays and materials are found at the
Visitor Center in Anza-Borrego Desert State Park, the Bureau of Land
Management Visitor Center in Palm Desert, Bighorn Institute, Living Desert in
Palm Desert, and Palm Springs Desert Museum. In addition, local interest groups
have hosted guest talks by biologists studying bighorn sheep. These programs
should be continued and additional programs established, such as information
provided to the public through the tourist industry and ecotourism operators. The
effectiveness of educational programs would be increased if a higher degree of
coordination existed among individual programs and other recovery activities.
This coordination would not only allow each program to present the most accurate
and updated information, but would also let the general public see that the
recovery of Peninsular bighomn sheep is a collaborative effort supported by
multiple agencies, organizations, and individuals. Specific recovery actions are:

104 010874

010330



3.1 Distribute information related to recovery efforts. Updated and
accurate information should be available to interested individuals, groups,
or local governments. This material should be provided by the key
agencies involved in the recovery effort and should include information on
the ecology of Peninsular bighorn sheep, current threats to population
viability, and explain recovery actions. Information dissemination should
coordinate with the Coachella Valley Multiple Species Habitat
Conservation Plan.

The need for specific recovery actions should be explained to the general
public. For example, home owners, land managers, and developers should
be provided with information that explains: (1) why restrictions on toxic
plants, fences, and pesticides are needed, and (2) why artificial feeding of
coyotes could adversely affect bighorn sheep. Recreation groups should
be provided with information that explains why certain trail closures are
necessary. Interpretive signs should be posted at all trailheads that enter
bighorn sheep habitat. Trained docents could be present at popular
trailheads during high trail usage periods and during periods of trail

closures to provide additional information and answer questions.

3.2 Continue, update, and coordinate existing education programs.
Existing programs should be expanded and regularly updated to provide an
accurate view of our current knowledge regarding Peninsular bighomn
sheep. Dynamic displays that feature up-to-date population status and
monitoring activities, current research projects, and conservation activities
likely will be most effective. Each program should highlight not only how
its agency’s or organization's activities contribute to the recovery of
Peninsular bighorn sheep, but how these activities complement those of
other agencies/organizations. An annual meeting of government officials
including the Fish and Wildlife Service, the Bureau of Land Management,
California Department of Fish and Game, California Department of Parks
and Recreation, U.S. Forest Service, researchers from the University of
California at Davis, Bighorn Institute, and others, as appropriate (e.g.
educational facility representatives or public relations directors), should be
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held to facilitate the exchange of information and ideas for improving and
updating education programs.

3.3 Develop additional educational programs. An educational program
targeting local schools should be developed. This program might include
a teaching packet that school teachers can use to introduce their students to
Peninsular bighomn sheep and the desert ecosystem in general. Classroom
activities could be combined with visits from biologists or tours of bighorn
sheep habitat, possibly in conjunction with existing programs (e.g., at
Anza-Borrego Desert State Park and The Living Desert). Current
conservation issues, population monitoring, and research projects could be
incorporated into this type of program, possibly through the use of
informative videos or web sites. Cunningham (1993) outlined the use of
such an interactive program in Arizona.

The feasibility of additional educational programs should be investigated.
Possible sites/organizers are the Zoological Society of San Diego, the Los
Angeles Zoo, and museums within Riverside and San Diego Counties.

Additional goals of existing and newly developed programs should be to:

a. Reach people who would not typically be exposed to traditional
programs (i.e., individuals who might not frequent visitor centers
or who do not have school-aged children). This goal might be
accomplished by promoting informative presentations at senior
citizen centers, home owner group meetings, tourist centers, or golf
clubs. In addition, local and national television programs featuring
the Peninsular bighorn sheep should be developed, and press
releases should be encouraged.

b. Stress an ecosystem approach in which habitat protection is an
integral part of the recovery of Peninsular bighorn sheep.
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c. Encourage the public to take part in conservation activities. A
prime example is 28 years of waterhole count data that have been
collected by volunteer counters in Anza-Borrego Desert State Park.
Habitat restoration, such as tamarisk removal or water
development also represent ideal volunteer projects. An
observation logbook might be established at visitor centers to allow

visitors to record bighorn sheep and other species they observed.

d. Conduct public attitude assessments to determine the effectiveness
of specific programs and guide future activities.

3.4 Distribute a protocol to select law enforcement, public health, and
safety officials for the humane treatment of injured bighorn sheep. Injured
bighomn sheep are sometimes found by motorists, pedestrians, or hikers
who then report the situation to public officials in a variety of agencies.
Personnel of these agencies often are not knowledgeable about medical or
humane treatment procedures for injured animals. A protocol needs to be
developed and distributed to city, county, State, and Federal agencies that
are likely to receive reports of injured animals that provides information
on appropriate contacts who are qualified to diagnose and treat injured
animals. Information from such cases should be collected and maintained
by one agency so that a complete data base is available for researchers and
managers.

E. SITE SPECIFIC RECOVERY TASKS.

In this section, the recovery actions described in section ILD are further identified
as site specific recovery tasks. They are matched with the nine recovery regions
listed under the recovery criteria (Table 11). Site specific tasks for each of these
areas are indicated in Table 12.
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Table 11. Recovery criteria regions.

RECOVERY REGIONS

1. San Jacinto Mountains

2. Santa Rosa Mountains--North of
State Highway 74

3. Santa Rosa Mountains--South of Highway 74
through Martinez Canyon

4. Santa Rosa Mountains--South of Martinez
Canyon to slopes west of Village Peak

5. Coyote Canyon--east and west sides

6. North San Ysidro Mountains-- Henderson
Canyon to County Road S-22

7. South San Ysidro Mountains-- County Road S-22
to State Highway 78

8. Vallecito Mountains/Fish Creek Mountains

9. Carrizo Canyon/Tierra Blanca
Mountains/Coyote Mountains A/south of Interstate 8
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Table 12, Site specific tasks recommended for each recovery region. Refer to the narrative outline (section I1.D) for a

complete description of recovery actions.

Recovery Action

Recovery Region

(abbreviated)
SJ SR- |SR- |SR- | CC SY- [SY-S | VM/ | CC/TB/
N74 | S74 MCS N FC M

111 Protect essential habitat X T X X X 1x | X X X X
_1.1.2 Secure habitat X X X X 1x X X X X

1.1.3.1 Remove exotic vegetation 1Xx X X X 1x | X X
:1.1.32 Reduce/eliminate wild horses 1x ] 1 x —-L ]
__1.1.3.3 Implement fire management plan X 1x_ |x 1x X [ X X X [ x

1.1.3.4 Maintain/provide water sources X X X X r X X
:1135 Maintain/reestablish habitat connectivity X } X X X X X X F X B
__1.2.1.1 Construct fences (at urban interface) 1x [ X X 1 }

1.2.1.2 Avoid non-native vegetation X | X X | I
:1213 Promote native plants, limit exotic plants X | X X L I

1.2.1.4 Prohibit use of toxic plants [ X [ X X I |

1.2.1.5 Discourage use of exotic invasive plants | x | X 1x ! T

1.2.1.6_Prohibit enticement onto private property | X | X 1x |

1.2.1.7 Monitor use of pesticide, herbicides, etc. [ X X X I I

1.2.1.8 Regulate water diversion/procurement X X 1x | X X X | X X X

1.2.1.9 Prohibit artificial water sources (Culicoides) | X X j X L

1.2.1.10 Discourage feeding coyotes X X lx I

1.2.1.11 Secure funds/methods to monitor F X X | X X X X | x X X

1.2.2.1 Develop trails management program X X * X X

1.2.2.2 Prohibit activities with negative impacts X X f X X |x X [ x X X

1.2.2.3 Minimize livestock grazing impacts X ] X X

1.2.2.4 Prohibit domestic sheep grazing X X X X X X X X X

1.2.2.5 Fence neighboring cattle allotments X X X

1.2.2.6 Prohibit goats as pack animals X X | X X X X X X X

1.2.2.7 Secure funds/methods to monitor X X | X X X X X X X
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Table 12. Continued.

Recovery Action
(abbreviated)

Recovery Region

SJ

SR-
N74

SR- |SR- |CC SY- | SY-S

S74 | MCS N

VM/
FC

CC/TB/

M

1.3.1.1 Regulate fence construction and design

>

1.3.1.2 Post/monitor highway crossing areas

»”
>
>

<

<

1.3.2 Reduce mortality due to natural causes

E
>
>

»

: 1.4 Develop reintro./augment. strategy
2.1.1 Monitor abundance

"2.1.2 Monitor distribution

[ ™2.1.3 Monitor recruitment

["2.1.4 Monitor survivorship/causes of mortality

2.2 Develop population models

E R Eal BB B k]

El Bl Bl o b

el Ll R LR R

2.3 Research bighon/lions/deer/habitat

2.4 Research impact of coyotes/bobcats

»

2.5 Research methods to decrease predation

4

2.6_Research habitat use/dispersal

2.7 Monitor human impacts

[ 2.8 Research disease/prevention

[ 2.9 Research genetics

[ 31 Distribute recovery information

32 Cont./update public education programs

33 Develop new public education programs

ol B L L E AR

el B L B L E R E R R R R B R F A P B
Lol Eoll Kol Bl BB Bl o 0 0 O R PO R P
foll Kol Bl Bl B E ol POl Ll O EOl Pl POl PO PO

tol R R E A L

Eall Lol El Bl e o L

3.4 Distribute protocol for injured sheep treatment

ol Ll L B A B E R R A A I A A A A

[all ol Kol Bl Bl B N 0 EON R R P P R A P Y A A )

X X X X X

Eal El ok Eol E E Ll O ol O Pl P P P P PO P

SJ: San Jacinto Mountains

SR-N74: Santa Rosa Mountains - north of Highway 74
SR-S574: Santa Rosa Mountains - south of Highway 74
SR-MCS: Santa Rosa Mountains--South of Martinez Canyon

CC: Coyote Canyon--east and west side

SY-N: -North San Ysidro Mountains
SY-S: South San Ysidro Mountains

VM/FC: Vallecito/Fish Creek Mountains
CC/TB/CM : Carrizo Canyon/Tierra Blanca

Mountains/Coyote Mountains




III. IMPLEMENTATION SCHEDULE

The Implementation Schedule that follows outlines actions and estimated costs for
the Peninsular bighorn sheep recovery program, as set forth in this recovery plan.
It is a guide for meeting the objectives discussed in part II of this plan. This
schedule indicates task priority, task numbers, task descriptions, duration of tasks,
responsible agencies, and estimated costs. The agencies responsible for
committing funds are not necessarily the entities that will carry out the tasks. The
agency or agencies with lead responsibility for each task are indicated in the table.

Initiation of these actions is subject to the availability of funds.

The Implementation Schedule indicates speculative, future costs (preparation of
additional plans, or research programs, etc.) as “to be determined”. Some costs
appear as zero because indirect costs, such as those incurred by: (1) contributions
of time and materials by agencies and other groups, and (2) administrative or
regulatory costs by public agencies, are not included in cost totals. Costs of
continuous tasks are estimated assuming a 25-year time to recovery. Though the
Implementation Schedule does not distinguish between public and private costs,
no identifiable or specific expenditures are likely to be needed by the private
sector, other than voluntary efforts contributed by nonprofit organizations and

citizen groups. Priorities (Column 1 of the following table) are assigned as

follows:

Priority 1 - An action that must be taken to prevent extinction or to prevent the
species from declining irreversibly.

Priority 2 - An action that must be taken to prevent a significant decline in
species population/habitat quality or some other significant
negative impact short of extinction.

Priority 3 - All other actions necessary to provide for full recovery of the

species.
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Abbreviations used in the Implementation Schedule:

TBD

cont.

MSHCP

Cities

Counties

To be determined

Continuous

Coachella Valley Multiple Species Habitat Conservation Plan,
which includes participating cities, County of Riverside, and
landowners

Palm Springs, Cathedral City, Rancho Mirage, Palm Desert, Indian
Wells, and La Quinta

San Diego, Imperial, and Riverside Counties

AGENCIES AND ORGANIZATIONS

ACBCI

BI

BLM
CALTRANS
CDFG
CDPR
CVMVCD
CVMC
CVvwD
DoD

FWS
RWQCB
RC
RCFCWCD
SDZS

UCD

USFS

Agua Caliente Band of Cahuilla Indians

Bighorn Institute

Bureau of Land Management

California Department of Transportation

California Department of Fish and Game

California Department of Parks and Recreation
Coachella Valley Mosquito and Vector Control District
Coachella Valley Mountains Conservancy

Coachella Valley Water District

Department of Defense

U.S. Fish and Wildlife Service

Regional Water Quality Control Board

Riverside County

Riverside County Flood Control and Water Conservation District
San Diego Zoological Society

University of California - Davis

U.S. Forest Service

Lead Agency
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR P

ENINSULAR BIGHORN SHEEP

Task Total Cost ($1,000's)
Priority | Task Task Description Duration Responsible Estimated
Cost
# # (Years) Agencies ($1,0005) | FY | FY | FY FY | FY
| 01 | 02 ] 03 | 04 |05
- W —— —___—__—-———“ ——_ _——,—__’—_ —___ _——
1 1.1.1 |Protect essential habitat cont. ACBCI*, BLM*, 0 0 0 0 0 0
FWS*, CVMC*,
MSHCP*,
CDFG*, CDPR*,
CVWD*
. . 4 . | |
I 1.1.2 {Secure habitat cont. BLM*, CDFG*, 70,000 | TBD | TBD 'l"BDW TBD | TBD
CVMC*, CDPR*,
MSHCP*
1 1.1.3.1 |[Remove exotic vegetation and prevent cont. ACBCI*, BLM*, 250 10 10 10 10 10
invasion by exotic plants CDFG*, CDPR*,
CVWD*,
RCFCWCD*
= 1
1 1.1.3.2 JReduce/eliminate wild horses 5 ACBCI*, BLM*, TBD TBD | TBD | TBD | TBD | TBD
CDPR* % f
# 1 1.1.3.4 {Maintain/provide water sources 5 BLM?*, CDFG*, 50 20 20 10 0 0
CDPR*
T - - i j”
1 1.1.3.5 [Maintain/re-establish habitat cont. BLM*  FWS* TBD TBD | TBD | TBD | TBD | TBD
connectivity CDFG*, CDPR*,
Caltrans*, MSHCP*
[- 1 1.2.1.1 [Construct fences to exclude bighorn 5 MSHCP*, CDFG, FWS 500 100 1 100 | 100 | 100 | 100
|sheep from urban areas
1 1.2.1.4 [Prohibit use of toxic plants cont. MSHCP* 0 0 r 0 0 0 0
| 1.2.1.8 [Regulate water diversion/procurement | cont. RWQCB* CVWD* 0 0 ] of o 0 0
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP

3
Task Total Cost ($1,000's)
Priority | Task Task Description Duration Responsible Estimated
Cost
# # (Years) Agencies (51,000's) | FY FY { FY | FY FY
01 02 03 04 05
1 1.2.1.11{Secure funding to implement measures cont. MSHCP* 0 0 0 0 0 0
1 1.2.2.1 |Develop and implement a trails cont. BLM*, CDFG, USFS, TBD TBD | TBD | TBD | TBD | TBD
management program FWS, MSHCP
1 1.2.2.2 |Prohibit fragmenting and interfering cont. |BLM*, USFS* FWS*, TBD TBD | TBD | TBD | TBD | TBD
activities DoD*, CDFG*, CDPR*
Counties*, Cities*
1 1.2.2.3 [Minimize livestock grazing impacts 5 BLM*, USFS* 25 5 5 5 5
1 1.2.2.4 |Prohibit grazing by domestic sheep 5 BLM*, USFS* 0 0 0 | 0 0
- b
1 1.2.2.7 |Secure funding to implement measures cont. |BLM* USFS* FWS*, 0 0 0 0 0 0
. CDFG*, MSHCP*
1 1.3.2 |Reduce mortality due to natural causes cont. | CDFG*, CDPR, FWS, TBD TBD | TBD | TBD | TBD | TBD
+ BLM +
! 2.1.1 |Monitor abundance cont. | CDFG*, CDPR, BLM, 323 11 15 11 15 11
FWS, Bl L
1 2.1.2 |Monitor distribution cont. | CDFG*, CDPR, BLM, 323 11 15 11 T 15 1t
i FWS, Bl 4
l 2.1.3 |Monitor recruitment W cont. | CDFG*, CDPR, BLM, 323 11 15 11 15 11
FWS, BI
3 - 4 4 - } + r.
1 2.1.4 [Monitor survivorship and cause-specific{ cont. | CDFG*, CDPR, BLM, 125 5 5 5 5 5
Jmortality FWS, Bl
L ! - L L X
2 1.1.3.3 {Implement fire management plan 5 USFS*, BLM, CDFG, TBD TBD | TBD | TBD (TBD TBD
| CDPR J
2 1.2.1.2] Avoid non-native vegetation ] __cont. MSHCP* ] 0 0 0 10 0 0
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP

Task Total Cost ($1,000's)
Priority | Task Task Description Duration Responsible Estimated
Cost
# # (Years) Agencies ($1,000s) | FY | FY | FY FY FY
0l 02 03 04 05
e | e T e - ¥ e iy s iy Ry S { —
2 1.2.1.9 [Prohibit Culicoides water sources cont. MSHCP* 0 0 0 0 0 0
2 1.2.2.5 |[Fence cattle allotments adjoining habitat 3 T BLM* TBD TBD | TBD | TBD| 0O 0
2 1.2.2.6 |Prohibit goats as pack animals cont. BLM*, USFS*, 0 0 0 0 0 0
CDFG*, CDPR*
2 1.3.1.1 |Regulate fence design/construction cont. BLM*, USFS*, 0 0 0 0 0 0
MSHCP*
2 1.4 |Develop captive breeding, cont. BL* CDFG,* FWS* TBD TBD | TBD | TBD | TBD | TBD
reintroduction, augmentation strategy
2 2.2 |Develop population models 3 TBD 30 10 10 10
2 2.3 |Research the relationships between 5 FWS,* CDFG,* 650 130 | 130 | 130 130 130
bighorn, mountain lions, mule deer, and CDPR*, SDZS*, UCD*
habitat characteristics
2 2.5 Jinvestigate the efficacy of temporary 5 CDFG*, FWS, CDPR 150 30 30 30 30 30
suppression of natural predation
4 + P
2 2.6 |Rescarch habitat use/selection and 10 TBD 150 15 15 15 15 15
dispersal behavior
2 2.7 |Monitor the effects of human 3 CDFG*, BLM, CDPR, TBD TBD | TBD | TBD
disturbance USFS, FWS
2 2.8 |Research disease and preventive 3 TBD TBD TBD | TBD | TBD
measures |
2 2.9 [Research genetics 3 ] TBD TBD TBD | TBD | TBD |
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP
] Task - Total Cost ($1,000's)
Priority | Task Task Description Duration Responsible Estimated
Cost
# # (Years) Agencies ($1,000's) | FY | FY | FY | FY | FY
S Ll foe]olo)oes
2 -?I— Distribute information on recovery cont. | FWS* BLM, CDFG, 50 TT T _2--.I T -2—
efforts BI, MSHCP, CDPR,
USFS
2 32 -Continue, update, and coordinate cont. FWS* BLM, USFS, ~ 50 2 2 2 2 2
existing programs CDFQG, BI, CDPR,
MSHCP
2 33 -Develop educational programs cont. FWS* BLM, USFS, - 50 1 2 2 2 2 2
CDFG, MSHCP,CDPR,
BI
3 1.2.1.3 [Promote native plants cont. MSHCP* 29 5 1 1 1 -]—
3 1.2.1.5 |Discourage use of exotic invasive plants| cont. MSHCP* 0 0 0 0 0 0 ¥
3 1.2.1.6 |Prohibit enticement on private property cont. MSHCP* 25 1 1 1 1 1 ]
3 1.2.1.7 {Monitor use of pesticide, herbicides 5 MSHCP* 25 S 5 5 5
3 - 1.2.1.10/Discourage feeding coyotes cont. MSHCP* 0 0 0 0 0 0
3 . l.3.l.2-Post/mom'tor highway crossing areas cont. Caltrans*, BLM, 25 TBD | TBD TBD- TBD | TBD
1 CDPR, CDFG
3 2.4 |investigate the relationships between 10 TBD 100 10 10 10 10 10
bighorn, coyote, and bobcat
3 34 -Injured sheep treatment protocol cont. CDFG*, FWS, BLM, 0 0 0 0 h 0 0
MSHCP ]
Total estimated cost of recovery: $73,253,000 +
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V. APPENDICES

APPENDIX A. AN OVERVIEW OF THE PENINSULAR RANGES

The Peninsular Ranges are located in southern California and Mexico, in the
Colorado Desert division of the Sonoran Desert (Ryan 1968). On the north, the
Peninsular Ranges are bordered by the Transverse Ranges. From this point, they
extend south into Mexico, forming the backbone of Baja California. In
California, the ranges form a prominent natural province (Sharp 1976) that is
bounded on the east by the Salton Trough. To the west, the province extends to
the Pacific Ocean, as a 130-kilometer-wide (80-mile-wide) series of northwesterly
trending basins and ranges. The basins form channels below sea level and the
ranges form the islands of San Nicolas, Santa Barbara, Santa Catalina, and San
Clemente.

The highest peak in the San Jacinto Mountains is the 3,292-meter (10,800-foot)
high San Jacinto Peak. Toro Peak, at 2,655 meters (8,700 feet), is the highest
peak in the Santa Rosa Mountains (Oakeshott 1978). The Salton Sea, located to
the east of the Peninsular Ranges, is found in the largest land mass below sea level
in the Western Hemisphere (Ting and Jennings 1976). Historically, the Salton
Sea has alternated between a freshwater lake fed with waters from the Colorado
River, and a dying brackish pond when the waters of the Colorado River flowed
instead to the Gulf of Mexico. When filled, the Salton Sea lapped at the foothills
of the Santa Rosa Mountains. Since approximately 1907, however, the sea has
been an increasingly salty depository for agricultural wastes of the Coachella and
Imperial Valleys (Ting and Jennings 1976).

Bighorn sheep inhabit the eastern slopes of the Peninsular Ranges in habitat
characterized by steep slopes and cliffs, canyons, washes, and alluvial fans. The
remainder of this appendix will, therefore, provide an overview of the eastern
slopes of the Peninsular Ranges.

Within bighorn sheep habitat, annual rainfall is variable with maxima of 35 to 470
millimeters (1.3 to 18.5 inches) during the past 36 years (National Oceanic and
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Atmospheric Administration, 1962 to 1997). Rainfall exhibits a bimodal
distribution pattern with most (approximately 70 percent) occurring in the winter
months and a lesser amount in the late summer months. Winter rains are of the
Pacific marine type, characterized by steady long rain showers, which promote the
spring peak in plant productivity. Summer showers are of the Gulf marine type,
which result in localized and sometimes fierce thunderstorms (Lindsay and
Lindsay 1991). Maximum temperature in bighorn sheep habitat often reaches 46
degrees Celsius (115 degrees Fahrenheit) in summer, while winters are mild, with
temperatures occasionally reaching freezing (National Oceanic and Atmospheric
Administration, 1962 to 1997).

On the eastern slopes of the Peninsular ranges, vegetation associations are
coniferous forest, primarily ponderosa pine (Pinus ponderosa), Jeffrey pine (Pinus
Jjeffreyi), Coulter pine (Pinus coulteri), and white fir (Abies concolor) above
approximately 1,800 meters (5,905 feet), chaparral above approximately 1,500
meters (4,920 feet), and pinyon pine (P. monophylia)-juniper (Juniperus
californica) above approximately 1,200 meters (3940 feet). Lower elevations are
dominated by agave (Agave deserti), ocotillo (Fougquieria splendens), cholla
(Opuntia spp.) and palo verde (Cercidium floridum), creosote (Larrea tridentata),
palo verde-mesquite (Prosopis spp.) associations (Ryan 1968). Bighom sheep
typically are found at elevations less than 1,400 meters (4,600 feet) (Jorgensen
and Turner 1975), usually staying at elevations below the chaparral and pinyon
pine-juniper vegetation associations. These associations can represent visual
obstruction because of denser and taller structures, and therefore make bighorn
sheep more susceptible to predation (refer to section 1.B.1 and 1.B.2).

The Peninsular Ranges are inhabited by a large number of mammalian species
(reviewed by Ryan 1968). The only native sympatric ungulate is the mule deer
(Odocoileus hemionus). Bighom sheep and deer distributions overlap at the upper
elevations of bighorn sheep habitat, with possible geographic and seasonal
differences in the degree of overlap. Deer are observed more frequently at lower
elevations during the winter months. Potential native predators of bighorn sheep
are mountain lions (Puma concolor), bobcats (Lynx rufus), coyotes (Canis
latrans), and golden eagles (Aquila chrysaetos). These species are found
throughout bighorn sheep habitat in the Peninsular Ranges.
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APPENDIX B. DELINEATION OF ESSENTIAL HABITAT FOR
BIGHORN SHEEP IN THE PENINSULAR RANGES

Intended use of the map (Figures 2, 4-9)

A number of habitat models have been developed to rate bighorn sheep habitat
(e.g., Hansen 1980b, Holl 1982, Armentrout and Brigham 1988, Cunningham
1989, Dunn 1996) and components of bighorn sheep habitat have been examined
or discussed by numerous researchers (e.g., Hansen 1980a, McCarty and Bailey
1994). It has been suggested that some of these models be used to rate bighom
habitat in the Peninsular Ranges. However, application of these models here 1s
inappropriate because they were developed in other areas and life zones where
bighom sheep exhibit different habitat requirements. For example, the Hansen
model has been shown to be of limited value in measuring habitat quality in areas
outside the habitats in which it was derived (Andrew and Bleich 1999) and is no
longer used by the California Department of Fish and Game (S. Torres, California
Department of Fish and Game, pers. comm.). Cunningham (1989) suggested that
such habitat models need to be modified before being applied to novel bighom
sheep habitat.

The purpose of mapping bighorn sheep habitat in this recovery plan is not to rate
the relative value of habitat types and areas within the Peninsular Ranges, but to
identify those lands in need of protection, restoration, and management that are
essential to bighorn sheep recovery (refer to section I1.D.1). Rating the quality of
sheep habitat would require a more thorough understanding of habitat selection
versus habitat availability; studies that address this topic in the Peninsular Ranges
have not been conducted to date but are recommended under section I1.D.2.6.
Though bighorn sheep habitat sometimes can be described by its function (e.g.,
habitat for escape or lambing), Wilson et al. (1980) and Bleich et al. (1996)
concluded that all habitat types used by bighorn sheep in desert environments are
necessary for their population viability. The Santa Rosa Mountains Wildlife
Habitat Management Plan (Bureau of Land Management 1980), a long-standing
plan developed and implemented under the Sikes Act (16 USC 670a et seq.,
Public Law 86-797) also recognized this, stating “(e)ach acre of bighorn habitat is
important in maintaining the present population”.
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The purpose of this mapping effort is to delineate those areas believed to be
necessary for a self-sustaining bighorn population with a high probability for long-
term survival and recovery in the Peninsular Ranges of the United States.
“Essential habitat”, therefore, consists of those areas that provide bighorn sheep
with the various physical and biological resources (e.g., space, food, water, cover)
potentially needed for: (1) individual/population growth and movement, and (2)
normal behavior with protection from disturbance. Essential habitat should be
protected from further loss or degradation (refer to section ILD.1.1). The valley
floor to the east and the north of the Peninsular Ranges (e.g., Coachella Valley,
Imperial Valley) likely was used historically by bighorn sheep during rare, long-
distance moves to and from other mountain ranges. However, no such moves
have been documented. Furthermore, the chance of such moves has essentially
been eliminated by high density urban development, major freeways, fences, and
canals. Consequently, the vast majority of the valley floor to the east of the
Peninsular Ranges is not included as essential habitat and is now detrimental to
future use by sheep.

Approach used

The delineation of essential habitat was based on physical and biological features
known to be important to bighorn sheep. These features were identified by
reviewing pertinent literature and by drawing on the collective knowledge and
experience of the Recovery Team and other biologists who have studied bighorn
sheep in the Peninsular Ranges. The knowledge of such biologists played an
important role in the mapping exercise because Peninsular bighorn sheep occupy a
habitat that has marked climate and vegetational differences compared to habitat
of most other bighom sheep populations. The Peninsular Ranges are located in
the Colorado Desert, a division of the Sonoran Desert, which experiences
different precipitation patterns (timing and intensity of rainfall) than the Mojave
or other Sonoran deserts and contains a somewhat different flora (Jaeger 1957,
MacMahon 1985). These differences appear to cause Peninsular bighorn sheep to
use habitat differently than bighom sheep in other areas. For example, dense
vegetation at higher elevations of the Peninsular Ranges restricts bighorn sheep to
the more open desert slopes at lower elevations. For this reason, researchers
familiar with bighom sheep in the Peninsular Ranges have referred to these
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mountains as the “upside-down mountain ranges” (R. Weaver, California
Department of Fish and Game retired, pers. comm.). Therefore, published
information regarding habitat use patterns of bighorn sheep, in general, was
supplemented with knowledge regarding habitat use patterns of Peninsular
bighorn sheep, to identify habitat features that determine the distribution of
bighorn sheep in these ranges.

Delineation of essential habitat is not based solely on known use patterns because:
(1) population numbers currently are low and small populations use less habitat
than larger populations, such as will be needed for recovery; (2) bighorn sheep are
difficult to detect; (3) use patterns are only known for a recent short time period;
(4) telemetry data on radio-collared animals (a sampled subset of the entire
population) represents only the area used by marked animals, not the entire herd;
and (5) habitat loss and human disturbance likely inhibits use of some lower
elevation habitat. However, the delineated habitat boundaries were reviewed by
Recovery Team biologists studying bighom sheep in the Peninsular Ranges to
verify that the mapped habitat encompassed most areas known to be used by
animals currently or in the recent (25 to 30-year) past. However, numerous
documented locations of sheep fell outside the essential habitat boundaries (Figure
6). The resulting map also was compared against a previous modeling effort
(Bureau of Land Management 1980) as part of the validation and refinement
process (see below).

Choice of habitat components

Habitat requirements have been examined by numerous researchers in the past
(e.g., Cunningham 1989, McCarty and Bailey 1994). Topographic cover, water,
and forage appear to be the most consistently recognized habitat requirements,
although other components such as mineral availability, thermal cover, as well as
absence of competition with other ungulates and disturbance from human

activities also have been suggested to be important (Cunningham 1989, McCarty
and Bailey 1994).

Because these habitat components and characteristics largely determine how
bighomn sheep use their habitat in the Peninsular Ranges, information available on
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