
focus future researchefforts. Smaller,focusedmodels have great potentialin

guiding conservation decisions(Starfield andBleloch 1991,Starfield 1997).

Useof modeling can helpto elucidateseveralissuesrelatedto therecoveryof

Peninsular bighornsheep(referto sectionll.D.2.2). Modelsshouldbe designedto

ask specificquestions(Starfield1997)that increaseourunderstandingofthe

ecologicalprocessesin the PeninsularRanges,andshouldbe coupled with field

studiesofthe bighornsheep(BeissingerandWestphal1998). It may beuseful to

simulate shorter time periods, as well as the100 to200 year intervalstypically

used in population viabilityanalyses,so thatmodelpredictions (as well asmodel

assumptions)can be evaluated with the useof field studyresults (Beissingerand

Westphal1998). This typeofapproach will allow conservation biologiststo learn

from the modelsand field studies,andwill allow conservationeffortsto be

adaptive (MintaandKareiva1994).

B. OBJECTIVES AND CRITERIA

1. RECOVERYOBJECTIVE

The ultimate objectiveofthis recovery planis to protect and maintainsufficient

individuals andhabitatof bighornsheepin the Peninsular Rangesto eventually

delist this species.The recoveryof Peninsular bighornsheepwill involve a two-

stage process, beginning withan interim goalof downlistingofthe speciesfrom

endangeredto threatenedstatus,followedby long-termrecovery and removalof

threatenedstatus. As newinformationbecomesavailable,the downlistingand

delisting criteria may warrantmodificationthrough futurerevisionsto the

recovery plan.

2. DOWNLISTING CRITERIA

As an interimmanagementgoal,Peninsular bighornsheepmaybe considered for

downlisting(reclassificationto threatenedstatus)whenall of the following

objective, measurable criteria aremet:

Downtisting Criterion 1: As determined by a scientifically credible

monitoring plan, at least25 adult ewes are presentin eachof thefollowing

9 geographicregions (Figure5) during eachof6 consecutiveyears
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(equivalentto approximatelyonebighomsheepgeneration),without

continuedpopulationaugmentation:

1. SanJacintoMountains

2. Santa RosaMountains--NorthofHighway74

3. Santa Rosa Mountains--SouthofHighway74 throughMartinez

Canyon

4. SantaRosaMountains--SouthofMartinezCanyon

5. Coyote Canyon

6. North SanYsidro Mountains(HendersonCanyonto County

RoadS-22)

7. SouthSanYsidro Mountains(County Road S-22to State

Highway 78)

8. VallecitoMountains

9. Carrizo Canyon/Tierra Blanca Mountains/CoyoteMountains

Area

Justification: The nineregionswere selectedon the basisofmaintaining:

(1) historicaldistribution,(2) home rangeherd memory,and(3)

connectivityamongewegroupsto facilitatere-colonizationin the eventof

localized extirpations.RecoveryTeammembers with knowledgeof

currentandhistoricalconditionsjudgedthat each area was capableof

supportingat least25 ewes withassociated subadultsandrams. Within

eachofthe nineregions,fluctuation in the numberofewegroups,

including re-colonizationof formerhabitats,is expected under the

metapopulationmodel. As such,ewe groupsmay merge, split,and

redistributethemselvesover time. Although the9 areassupportrespective

carryingcapacitieswell in excessof 25 adult ewes,a downlistingobjective

basedon maximumattainable populationsize was not selected because

staticpopulation levels at fullrangecapacity cannot be maintainedin

naturally variableenvironments,evenassuming intensive management

capability. The minimum group sizeof 25 adult femaleswas selectedby

RecoveryTeamconsensusbecauseit:

1. would reducerisk ofextirpationfrom randomnaturally

occurringeventsto an acceptablelevel;
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2. shouldbe achievablewith prudent, populationandland

management practices;

3. is consistentwith managementobjectives for bighornsheepin

othermetapopulations;

4. shouldmaintainewegroupknowledgeof a large homerange

that will minimize the extentof geographicgapsbetweenewe

groups,thereby facilitatinginterchangeof genesandpopulations

within themetapopulation;

5. falls well within known or estimated historical population

levels;and

6. shouldprovide,in all but the most catastrophic scenarios,

sufficient time for managementinterventionto prevent extirpation.

DowntistingCriterion 2: Regulatory mechanismsand land management

commitmentshavebeenestablishedthat provide forlong-termprotection

of Peninsular bighornsheepand all essentialhabitatas described in

section II.D.l ofthis plan.

Justification: Given the majorthreatoffragmentationto specieswith

metapopulationstructures, connectivityamongall portionsof habitatmust

be establishedandassuredthroughlandmanagementcommitments, such

that bighornsheepare ableto move freely throughoutall habitat. In

preparation fordelisting,protection by means other than the Endangered

SpeciesAct mustbe assured.Suchprotectionshouldinclude alternative

regulatorymechanismsby Federal,State,andlocal governments,andland

managementcommitmentsthat would provide the protectionneededfor

continued populationstability.

3. DELISTING CRITERIA

As a long-termmanagementgoalof the Peninsular bighornsheep,three delisting

criteriaare proposed;

Detisting Criterion I: As determinedby a scientificallycredible

monitoring plan,at least25 ewesmustbe presentin eachof the9 regions

(Figure5) listedunderDownlisting Criterion#1 above,during eachof 12

consecutiveyears(approximately2 bighornsheepgenerations),including
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the6 yearsunder DownlistingCriterionHI, without continued population

augmentation.

DetistingCriterion 2: Therangewidepopulation mustaverage750

individuals (adults andyearlings)with a stableor increasingpopulation

trend over12 consecutiveyears(sametime period as Delisting Criterion

#1 above).

Justification: RecoveryTeammemberswith knowledgeofhistoric and

current population levelsevaluatedthecondition ofexistinghabitatand

determineda carrying capacityofapproximately1,000bighornsheepin

the PeninsularRanges, whichapproacheshistoricalpopulationestimates.

The required12-year averagepopulationestimateof 750 animalsis based

on the assumptionthat achievingthe objectivesin Downlisting Criterion

#1 ofat least25 femalesin eachof the9 geographicareas likely will result

in some areas supportingsubstantiallymore than25 ewesandothersheep.

This scenario likely will result inan overall metapopulationsize that

fluctuatesbetween600 and1,000sheep,averagingabout 750sheepwith a

normalsex ratio,or approximately75 percentofestimated carrying

capacity. Anaveragepopulationlevel would allow for natural population

fluctuationsin arandomenvironmentandis believedto bereasonably

attainable assumingimplementationofthe management measures

prescribedin this recoveryplan.

Detisting Criterion 3: Regulatory mechanismsand land management

commitments have beenestablishedthat providefor long-term protection

ofPeninsularbighornsheepandall essential habitat asdescribedin

sectionII.D. I ofthis recoveryplan. Protectionconsideredlong-term can

be providedthroughappropriate institutionalpractices, such asStatePark

GeneralPlans,an amended CaliforniaDesertConservationAct Plan,an

amendedForestPlan,acompletedCoachella Valley Multispecies Habitat

ConservationPlan,andnaturalresource management planson Tribal

lands. In addition,connectivityamongall portionsof habitatmustbe

establishedandassuredthroughlandmanagementcommitmentssuchthat

bighorn sheep are ableto movefreelythroughout thePeninsularRanges.

Delisting would resultin loss ofprotectionunder the EndangeredSpecies

Act; therefore continued protectionby other means must be assured.
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Justification: Thisprotectionshould includealternative regulatory

mechanisms, land managementcommitments,orconservationprograms

that would provide thelong-termprotection needed for continued

populationviability.

Recoveryof Peninsularbighorn sheeplikely will take several decadesor longer

dueto a low reproductive rate(e.g.,only oneoffspring perfemaleper year and

reproductionstartingusually at2 yearsof age). Theabovecriteria will be revised

as necessary through a recoveryplanamendmentor revisionif new information

becomesavailable,or if thesecriteriano longer pass scientific muster or otherwise

meetthe conservation needsofthis speciesbasedon the bestavailable

information.

C. RECOVERY STRATEGY

This recoveryplandescribes a strategy to recoveranddelistbighornsheepin the

PeninsularRanges.The strategyconsistsoftaking necessary actions to: (1)

improve populationvariables(reproduction,recruitment,survivorship),and(2)

secureand effectively manage habitat,including linkages between ewe group

homeranges.The recoveryactionsto implementthis strategyareorganized in the

narrative outlinebelow. This recovery strategyis a synthesisofknowledge

accumulatedon bighornsheepin desertenvironmentsandelsewherein North

America. Four biological principlesofbighorn biology are evidentfrom past

researchandhave beenincorporatedinto management guidelinesby various

agencies(e.g.,McQuivey 1978, Wilson etat. 1980, SmithandKrausman1988,

Bureauof Land Management1996,New Mexico Departmentof GameandFish

1995):

1. Bighorn sheeparewide-ranginganimalsthat are spatially dependenton

large tractsofhabitatthat provide adiversity of resourcesneededto offset

seasonal, annual, andlongerterm cyclesofenvironmentalvariability and

scarcity;

2. Metapopulationstructurerequireshabitat contiguitybetween/among

constituent demes(ewe groups)to allow for long-term shiftsin

distributionand geneticinterchange;
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3. Bighorn sheep appearto lack naturaloracquired resistanceto some

diseasesand remainhighly vulnerableto diseasesintroducedby domestic

sheep; and

4. Behavioral responsesto human-relatedactivitiescanbe variable among

individualsand populations, which canadverselyaffect habitat use

patternsandpopulationpersistence.

In theshort term,acquisitionandconservationoftherelativelynarrow bandof

habitatthat still remainsis crucial to attainingthe population recoveryand

delisting objectivesofthis recovery plan.Given the: (1) inability ofbighorn

sheepto use higherelevationhabitatsbecauseof excessiveshrubandtree cover,

(2) incompatible land uses that have encroached intohabitatalong thelower

elevationalslopesofthe Peninsular Ranges,and (3) pervasiveinfluenceofhuman

activities throughout bighorn habitat, the futureofbighorn sheepin the

PeninsularRangeswill dependon rapid andadequateprotectionoflower

elevational areasthat providecritical resources, such asforaging,watering,

lambing,andrearing habitats. Short-termmanagementactionsto increase

population recruitment andadult survivorshiparealsonecessaryto effect

populationincrease.

Paststudieson bighornsheepin desert andmountain environmentshave amassed

a wealthofapplicable knowledgethat guides themanagementprescriptionsofthis

recoveryplan. Muchofthis work appliesto bighornsheepin generaland,

therefore,need notbe reexaminedthroughfurther researchin the Peninsular

Ranges.Themonitoringandresearch tasksrecommendedin this recovery plan

are intendedto address thelonger-term,morecomplexenvironmental

relationshipsthat haveposedmanagement difficultiesin thepast. Thesetasks

will require substantialinvestmentby numerouspartnersif theyareto be

successfully accomplished. However, onlythroughsuch a cooperative effort will

it be likely that the knowledge requirements for effectivemanagementbe met.

The successofthis recovery plan will alsodependon strongeducationandpublic

awareness programs.A numberof recovery actionsoutlined in this plan will

directlyaffect the generalpublic. Therefore,thegeneral publicneedsinformation

andoutreachon proposedactions being taken,especiallyin localizedareasof

action. Programs that include comprehensiveandaccuratefactsaboutthe ecology
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ofPeninsularbighornsheepand the threats that facethem, will becrucial to

obtainingpublic supportfor conservationmeasures.

D. NARRATIVE OUTLINE FOR RECOVERY ACTIONS ADDRESSING

THREATS

Recoveryactions arefirst described ingeneralbelow, and then areidentifiedas

site-specifictasks,with referenceto theirappropriaterecoveryregions, in section

ll.E. The followingtasksconsistof interim andlong-termmanagementgoalsand

activities that rangefrom singleevent actions or studies to continuous efforts

extending across theentirerecoveryimplementation timeline. The task

descriptionsand the implementation schedule(PartIII ofthisrecoveryplan) help

frame the durationofthe respectivegoals/actionsandresponsibleentitiesfor

taking theleador assistingothersin implementation responsibilities.

1. PROMOTEPOPULATIONNCREASEAND PROTECT HABITAT

1.1 Protect, acquire,enhance,and restorehabitat. The historic rangeof

Peninsularbighomsheephas been adversely affected by urban

development, agriculture,mining activities,and highways that have led to

the destruction,modification, andfragmentationofhabitat. Further

developmentcan be expected in thefuture. As pointed out in sectionI.D

of this recovery plan, theviability and,therefore,therecoveryof

Peninsularbighomsheepare critically dependent on availabilityofhabitat.

Consequently,an important partof this recovery effortis theprotection

and restorationofremaining habitat essentialto Peninsularbighornsheep

conservation.

1.1.1 Protectessentialhabitat. Essentialhabitatis thathabitat

believed necessary for recoveryandshould,therefore,be protected

from further loss or degradation (Figures2, 4-9). It is likely that

thevalley floor to the eastandthe northof thePeninsularRanges

(e.g.,CoachellaValley, ImperialValley) historically wasusedby

bighornsheep,for exampleduring long-distance movesto and

from other mountainranges.Exposureto thehazardsofhigh

density urbandevelopment,major freeways,fences, agriculture,

andcanals,now would be considered detrimentalto bighornsheep
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recovery. Therefore,thevastmajority ofthe valley floor to the

eastofthe Peninsular Rangesis not consideredessential habitat.

Consequently,“essentialhabitat”comprises those areasbelievedto

be necessary for a self-sustaining bighorn population with a high

probability forlong-termsurvival (recovery)in thePeninsular

Rangesof the UnitedStates. Essentialhabitat, therefore, consists

ofthosephysicalandbiological resources(space, food, water,

cover) neededfor: (1) normalbehaviorandprotectionfrom

disturbance,and(2) individuaL/populationgrowthandmovement,

including dispersalnecessaryto supporta futurepopulation

expansionto meet the recovery objective (delisting criteriaof

approximately750 animals).

Much ofthe historical rangeofthesheepis neededto sustain the

larger population levels necessary for recovery because:

a. Habitat may be colonized and inhabited by future ewe

groups(Bleich etat. 1996),if, for instance,population

spatialstructureorenvironmentalconditionschange,orthe

populationgrowsas a resultofrecoveryactions. Thelong-

termpersistenceofametapopulationdependson the

numberofhabitat patchesthat are available for

colonization (Hanski1989). An importantphenomenon,

which is not intuitivelyobvious,is that destructionofonly

a fraction ofavailablehabitat can drive ametapopulationto

extinctionby disrupting the balance between colonization

andextinctionrates (May1991). Even locallyabundant

species cansometimesbevery closeto extinctionif the

proportionofsuitablehabitatis neartheextinction

threshold (Lande1987).

b. Movementthroughout the rangeis neededto sustain the

metapopulation(Bleich etat. 1 990a).
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c. Thefactors limitingtheviability ofPeninsular bighorn

sheepare not yet fully understoodand,in general,bighorn

sheephabitat useand selection need to be morethoroughly

examined (McCartyandBailey1994). It is therefore

necessary to protectall remaining suitable habitat.

d. The habitatof Peninsular bighornsheepis restrictedto a

narrow bandalong the baseofthePeninsularRanges,from

theSanJacintoMountainssouthto Mexico. Insome areas,

this bandis lessthan6 kilometers (4miles) wide, so

essentiallyno true“core” habitatexists. Without

protection, connectivitycould be severed at any point along

this narrowbandofhabitat.

e. Habitat near the eastern edgeof this bandoften coincides

with alluvial fans and canyon washes, which provide

Peninsular bighornsheepwith important resources (refer to

section I.B.1).

f. Unpredictablechangesin global climatewarrantretention

of futureoptionsin habitat conservationstrategies.

The delineationofessential habitat was basedon habitatfeatures
knownto be important tobighomsheep,rather than being based

solelyon current use patterns, because population numbers

currentlyarelow andusepatterns are known only for a recentshort

timeperiod. In addition,datacollectedon radio-collared animals

(a sampleoftheentirepopulation) represent asubsetofthetotal

area used.Methodsusedto delineateessential habitat are outlined

in AppendixB. Compiling historicaldataandconducting

recommendedecologicalresearchwill further understandingof

how bighornsheepuseavailablehabitat.SeeFigures2, 4-9 for

mapsofessential habitat.

1.1.2. Securehabitat. Bighorn sheephabitatthat is currently in

private ownershipshouldbe secured(e.g.,purchasedor acquired

by exchangeon a voluntary basis) byStateor Federal agenciesand
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managedcompatiblythrough individual or regionalhabitat

conservation plansorprograms(e.g.,CoachellaValley

Multispecies Habitat Conservation Plan, which will delineate these

lands in itsplanningarea), sothat properprotection,management,

andrestorationmeasures can beimplemented.Interagency

conservation plansorother potential agreements made withlocal

governmentsandprivate land ownersshould assure:(1) long-term

protectionoflandsundercity and countyjurisdiction, and(2)

appropriate land uses adjoiningbighomsheephabitatto prevent

indirect effects from degrading habitat value.Limited funds for

land acquisition will requireprioritizing parcels; thevalueofeach

tractof landshouldbe evaluatedaccordingto the following

criteria,althoughnot necessarilyin the orderlisted below:

a. At the levelof individual ewe groups: how importantis

this land insupportingaewegroup in this area?

b. Does this landincludeparticularly important resources

(e.g.,watersources,escapeterrain,habitat forlambing,or

importantforageresources)for thebighomsheep?

c. Doesthis land represent important habitatfor movement

anddispersal necessary for connectivity among ewe groups

throughout the Peninsular Ranges?

d. Hasthis ewegroup alreadyexperiencedhabitat loss?

e. Would acquisitionofthis land reduce the cumulative

negative effectsofurbangrowth?

f. Is the habitatimminently threatened?

A list ofprioritized parcelsshouldbepreparedandupdated

annually by landmanagement agencies(BureauofLand

Management,U.S. Forest Service,California DepartmentofFish

and Game,Auza-BorregoDesertStatePark,CoachellaValley

MountainsConservancy)to facilitate acquisitionwhen
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opportunitiesarise.Methodsto facilitatepublic andprivate

cooperationshouldbe pursued, suchas: (1) developmentof land

use planning guidelines(e.g. the Coachella Valley Multiple

Species Habitat ConservationPlan, conservationguidelinesin

AppendixF), (2) developmentofa public education and outreach

program (referto II.D.3), and(3) developmentof supporting maps

that better identifyandexplain bighornsheepecology and

conservationrequirements.

1.1.3 Maintain, manage,andrestore habitatqualit’,.’ and

connectivity. As mentionedin sectionI.D. of this recovery plan,

therecoveryofPeninsular bighornsheepis dependenton the

existenceofadequatehabitat. Maintenance, management,and

restorationofessentialhabitat will allow forgeographicexpansion

when populationnumbers increase.The abilityofbighorn sheepto

move freely throughoutall partsof therangeis critical to recovery

becauseit: (1) facilitates exchangeofgenesbetweenewegroups,

(2) allows habitatcolonization,and(3) allows selectionof

alternative habitatin response topredationpressureortemporary

changes in habitat quality (Schwartzet al. 1986,Bleich et al. 1996)

orhuman-relateddisturbance.Shifts in habitat use occur more

readilywithin existingewe grouphomerangesbut home range

boundaries themselvesalsocanchange,albeit lessfrequentlyand

more slowly overtime. Therefore,in additionto protectionof

designated essentialhabitat,the following measuresshouldbe

takento restoreandmaintainhabitatquality andto assure

connectivity throughout therange:

1.1 .3.1 Removeexoticvegetationandpreventfurther

invasionby exoticplants. This itemrefers primarilyto

control oftamansk(Tamarixspecies)along stream courses

but also appliesto otherspeciessuch as fountain grass

(Pennisetumsetaceum)in selectregions. Additional

fundingshouldbe securedto continueandexpand current

tamariskremovalprogramsthroughout the Peninsular

Ranges.Theseprogramsshould include,or be coordinated

with, efforts to eradicate tamariskoutsideofbighornsheep
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habitat,asthis will reducefuture invasion into bighorn

sheephabitat.Tamarisk eradication,suchas at Thousand

PalmsOasis,can resultin immediate reappearanceof

surfacewater(Barrows1994),which can help expand

sheepdistribution.

1.1.3.2Reduceor eliminatewild horse populationsfrom

bighornsheephabitat. Thoughburrosandgoatsare

currentlyabsent,theyalsoshouldbe eliminatedif they

becomeestablished.Thereductionorremovalofnon-

nativeungulateswould: (1) eliminatepotentialsourcesof

competition,(2) reducepotentialdestructionofwater

sourcesandvegetation,and (3) benefit other riparian

dependant wildlife,such as least Bell’s vireoand

southwesternwillow flycatcher. The involvedStateand

Federalagencies,alongwith theAguaCalienteBandof

CahuillaIndians,shoulddeterminewhetherwild horse

managementin Coyote Canyon(Anza-BorregoDesertState

Park)andPalmCanyonis consistentwith bighorn recovery

objectivesin theseareas. Any continuationof feral horse

grazingshouldbe contingentuponthedemonstratedability

to implementan effective managementandmonitoring

programto ensureagainst: (1) the possibilityof

competitionwith sheepfor food andwater, (2) trespass

onto otherlandownerships,and (3) risksto public safety.

1.1.3.3 Implementafire managementplan that recognizes

fire asa natural disturbanceinfire-adaptedhabitatsofthe

PeninsularRangesecosystemandasa processthathelps

maintain bighornsheephabitat. A wildland fire policy

shouldestablishfire managementareasfor naturaland

managementignited prescribedfires. Further researchon

the useoffire asa managementtool should help guide such

a plan (SmithandKrausman1988,Krausmanetal. 1996;
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and referto sectionII.D.2.3). However, fire can represent a

serious threatto bighornhabitatquality in Sonoran scrub

plant communities,which unlikechaparral are not well

adaptedto fire disturbance.

1.1.3.4 Maintain existingwatersourcesandconsider

providingadditional sourceson public lands if water is

thoughtto be alimitingfactor in particular areas.Water

developmentshouldbe incorporatedinto research that

investigates theeffect that theadditionofwater has on

bighornsheepand otherspecies(referto sectionII.D.2).

1.1.3.5 Maintain andre-establishconnectivity throughout

all habitat. Bamersto movement (roads,fences,increased

useof off-road vehicleareas,renewed railroad activity)

should beprevented.Potential bighornsheepcrossing

areasshouldbe identifiedandbridged or tunneled to

attempt reestablishingconnectivity. Typical culverts are

not adequate because bighornsheepare not knownto move

through darktunnels. Existing roads appear to represent

barriersbetween four currentewe groups(Rubinetal.

1998);solutionsto promote connectivityshouldbe

attempted. Another important recovery goalis to

reestablishconnectivityto habitatsouthofInterstate8 and,

ultimately,to Mexico. This task will require the

cooperationofthe California Departmentof Transportation

to incorporate bighornsheepmovement opportunities into

their futureconstructionplans. Coordination with Border

Patrolandthe Mexicangovernmentwill be needed to

control humandisturbanceandthethreatofdisease

transmissionfrom domesticsheepandgoats while

reestablishingconnectivityacross the internationalborder.
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1.2 Reduceor eliminatedirect andindirect humanimpacts. In additionto

habitat loss, habitat modificationandhumanactivities often directly or

indirectlyaffect Peninsular bighornsheephabitat use (referto sections

I.B.5 and I..D.5). The followingactions,which shouldall be accompanied

by strongeducationalandpublic awareness programs(referto section

II.D.3), will reduce theseimpacts.

1.2.1 Reduceimpactsfrom existing andfuturedevelopments and

projects.These recommended actions pertainto any project

(residential, recreational,resort,commercial,agricultural,or

mining) that hasbeenconstructedwithin bighornsheephabitat,or

any project adjacent to bighornsheephabitat. Thoughhabitatand

opportunities forsheepmovement throughoutall suitable habitat

shouldbe maintained, habitat use along the immediate urban

interfaceshouldnot beencouragedbecauseofrisks associated with

behavioralhabituation.

1.2.1.1 Constructfencesto exclude bighornsheepfrom

urban areas where they havebegunor may beginusing

urban sourcesoffoodandwater. Fencesserveseveral

functionsincluding: (1) separatingbighornsheep from

potentialthreatsof urbanization(e.g.,toxic plants,

parasites,accidents, vector-borne diseases,traffic,

herbicides,pesticides,behavioralhabituation), (2)

controllinghumanandpetaccessto remaining bighorn

sheephabitat, (3)preventingbighornsheep frombecoming

habituatedto anddependentuponartificial sourcesof food

andwater,and (4)modifying habituated behaviorsand

redirectioninto remaining native habitat. In thenorthern

SantaRosaMountains, ongoing coordination withcities

andlandownerson a regionalfencing strategy willbe

critical to the long-termhealthand maintenanceof this ewe

group. Retrofittingexistingdevelopments withfences

wheresheepcurrentlyexploit urban foodandwatersources
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is particularlyimportant;cooperation by residential

landownerswill be critical to the successofexcluding the

northern Santa Rosa Mountainsewegroupfrom urban

habitats.Along the remainderofthe urban interface,where

sheephavenot yetshown indicationsofhabituationto

humanhabitats,future behavioral habituationalsomay

occur. Although fencingmaybe viewed as alast resort to

otherpotential formsofaversiveconditioning,prudent

planningdictatesthat mitigation be requiredto offset the

likelihood of future adverse effects (behavioral habituation

andincreasedmortality rates) when new projects are

approvedalongthe urban interface. Thoughactual fence

constructioncouldbe contingentuponfuture use bysheep

and the ineffectivenessofother potentialdeterrents,the

wherewithal,responsibilities,andeasementsfor fences

shouldbe determined and secured at the timeof project

approval. Fencesshould be2.4 meters (8feet) high, or

functionally equivalent,andshould notcontaingapsin

which bighornsheepcan be entangled. Gapsshouldbe 11

centimeters(4.3 inches)or less. This fencedesign should

only be used at theurbaninterface.Referto section

II.D. 1.2.2 for guidelines forlivestockfences withinbighorn

sheephabitat.

1.2.1.2 Avoidnon-native vegetationalong unfencedhabitat

interfuces whereit mayattract or concentratebighorn

sheep. Along fenced sectionsoftheurban interface,

ornamentalandtoxic plantsshouldnot extend overor

throughfenceswhere they may be accessibleto browsing

bighornsheep.

1.2.1.3 Promotethe useofnativevegetationandlimit the

planting ofexoticspecies(includinggrass)in areas

accessibleto bighornsheep.A list of locally nativeplants
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shouldbe providedto developers,landscapers,and

homeowners.On Bureauof LandManagementlands,

especiallylivestockgrazingallotmentsin andnear bighorn

sheephabitat,utilize only nativevegetationin fire

rehabilitationandrangeimprovement projects.

1.2.1.4 Prohibit the useofanyknowntoxicplants where

theymaybe accessibleto bighornsheeporpotentially

invadebighornsheephabitat. A list of known toxic plants

shouldbe providedto all developers, landscapers,and

homeowners.

1.2.1.5 Discourage the useofplantsknownto invadeand

degrade bighornsheephabitat (e.g., tamarisk,fountain

grass).

1.2.1.6 Prohibit intentional enticementofbighornsheep

ontoprivateproperty. This itemincludes, butis not

limited to, vegetation,mineral licks,orunfenced swimming

pools,ponds, orfountainsuponwhich bighorn sheep may

becomedependentfor water.

1.2.1.7 In unfencedareas,monitorthe useofpesticides,

fungicides,herbicides,andfertilizers if sheep areusing

urban landscapes.All productsusedshouldbe warranted

by the manufacturerto not be harmful to wildlife when

applied at thelabelrate,andno applicationsshould exceed

the label rate. Coordinationwith landownersand

homeownergroupsis needed.

1.2.1.8 Regulate the diversionorprocurementofwater,

whetherfor humanuseor irrigation, andwhetherfrom

springsor aqu~fers,that wouldreduce naturalwater

sourcesusedby bighornsheep. Coordinationwith land
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ownersandtheStateWaterResourcesControlBoardis

neededto redresspotentialwaterrights conflicts. The

RegionalWaterQuality ControlBoard’s BasinPlanshould

recognize bighornsheepas abeneficialuse for perennial

and seasonalwaterswithin essentialhabitat.

1.2.1.9 Prohibit theconstructionofwater bodiesin

developedareasadjoiningsheephabitat thatmaypromote

the breedingofmidges(Culicoidessp.) and

monitor/control vectorsin existingproblematicponds.

Water featuresshouldbe designedto eliminate blue-tongue

andother vector-bornediseasesby providingdeeperwater

(over0.9 meters [3feet]), steeperslopes(greater than30

degrees),andif possible,rapidly fluctuating water levels

(seeMullens 1989,Mullens andRodriquez1990).

Landownersand managersshouldcoordinate withlocal

mosquitoandvector controldistrictsto ensure management

ofexisting waterbodiesthat harbor vectorspecies.

1.2.1.10Discouragethe art~ficialfeedingofcoyotes

becauseofthepotentialfor increasingpredatorabundance

andconsequentpredationon bighorn sheep.

1.2.1.11 Establisha methodandsecurefunding to

consistently monitor andenforceall actionslistedunder

task1.2.1.

1.2.2 Reduce or eliminate detrimentalhumanactivitieswithin

bighornsheephabitat. A varietyofhumanactivities canaffect

bighornsheep(referto sectionI.D). Bighorn sheepmayreactin

two ways (Papouchisetal. 1999): (1) avoidanceofdisturbance or

human encounters (potentiallyincludinghabitat abandonment),

and(2) habituationto sourcesof disturbanceif they are sufficiently

predictable.Behavioralhabituationcan includeadjustmentsto
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timing ofusein certainareas,such asby avoidingtheareauntil the

disturbanceis gone(Hamilton et al. 1982)or fleeing the

disturbanceand returning when thedisturbanceis absent.

Expansiveurbandevelopment inandaround bighornsheepin

deserthabitatshas occurredin threemetropolitanareas to date--

Albuquerque,Tucson,andCoachellaValley—and in all instances,

habitatabandonmentandpopulationdeclinehasresulted

(Gionfriddo andKrausman1986;Krausman,in litt. 1998;

Krausmanetal. In prep.). Bighornsheephavedemonstrated

greaterresilienceto humandisturbancein more remote locales

such as Alberta(MacArthur et al. 1982)andthe SierraNevada

(Hicks andElder 1979),thoughbighorn alsoareknown to avoid

excessivehumandisturbancein areaswell away fromurban

centers(Papouchisetal. 1999).

Given thepotential behavioralvulnerabilitiesofbighorn sheepto

humandisturbance (includingdogs)andassociatedrisks to the

persistenceofcurrentlydepressed populationsin theCoachella

Valley, a biologicallyconservativemanagementapproachis

appropriatein the PeninsularRanges.Thepublic shouldbe

educated regarding problemsassociatedwith human-sheep

relationships,andencouragedto continue supportingconservation

efforts (SmithandKrausman1988).A trails management program

is currentlyin placeon Anza-BorregoDesertStatePark and

appearsto be providing alevel ofmanagementthat is maintaining

relativelystable population levelsof bighorn sheep.The successof

this program may be attributableto anintensiveeducational

program,alongwith prohibitions against dogs (on trails) and other

disruptive activities,and astrong managementpresenceto ensure

adequatecompliance. In addition,themostheavily used areas

typically arelocatedin steepterrain that limits thenumberand

locationoftrails to relatively few narrowcanyonbottoms. Sheep

are better ableto coexistwith recreationalusewherehuman
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disturbancetypically occursat elevations lower than wheresheep

spend mostoftheir time (Hicks1977).

The following section primarily focuseson thenorthernCoachella

Valley thoughtheprinciplespertain rangewide. Therelative

remotenessofthe Anza-Borregoregion renderscomparisonswith

the heavilypopulatedCoachella Valleydifficult, but recreation

activities couldbe vieweddifferentlybecausethey are partofa

cumulativesetof factorsaffecting thesheep,someofwhich (e.g.,

development-relatedpressuresin sheephabitat) are more intense in

theCoachellaValley. Thoughcauseand effect relationshipshave

not beenestablished,the proportionally largerpopulationdeclines

in the northernSantaRosaand SanJacintoMountainsthan

elsewhere may berelatedin part to therelativelyhigherlevelsof

humandisturbance associatedwith thelargermetropolitanarea.

Other contributingfactorsmayincludethe more extensiveand

interconnectedtrail system thatis not largelyrestrictedto canyon

bottoms. Mostof thetrails head upslopeandintersectothertrails

at higherelevations,forming an extensivetrail network throughout

ewegroup homeranges,including lambing,rearing,and watering

habitat. Thepatchworkof differing landownershipshas

contributedto managementdifficulties. The typesoftrail use

activities,as well as proliferationofnewtrails, alsohavegone

largely unregulated.The DunnRoad,constructedillegally in the

northern SantaRosaMountainsin the I 970s, alsois considered a

trail since muchof the useis by recreationalpedestriansand

bicyclesand vehicularaccessis restricted.Travel in washesby

vehicles andon foot alsoshouldbeconsideredtrail use.

The Agua CalienteBandof CahuillaIndianscurrentlyis preparing

a wildlife habitatmanagementplan for thereservation,including a

trails management program,which shouldbecoordinatedwith the

larger planningeffort to ensureattainmentofregionalobjectives.

The Triberecentlybanneddog useon its trails system,andwill
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coordinateits efforts with otheragencieswhen a draft planis

complete.

Researchshouldfocuson how differentkinds andlevelsof

disturbanceaffect bighornbehaviorandhabitat usepatterns.The

prevailing lackofbaseline dataon location,types,andextentof

trail use mustbe overcome as a prerequisiteto studyingandbetter

understanding these effects.

1.2.2.1 Developand implementa trails management

programwith affectedlandmanagementagencies,

scientWcorganizations,and user groups.A trails program

in theSanJacintoand Santa RosaMountains necessarily

will require interagencycooperation,with specific

responsibilitiesand levelsof funding identified. Thecities

and primary land managementagencies,with theBureauof

Land Managementin a leadershiprole, shouldcoordinate

with usergroups in developing aplanwith the Fishand

Wildlife Service and the DepartmentofFish andGame so

that it canbe effectively implementedon aregionalbasis.

Regularinteragencymeetingsshouldbe scheduledto

ensure effectivecoordinationandimplementation.The

programshouldconsistof the followingcomponents:

a. Public education. Preparationof apublic educationand

outreach programis needed sothat trail users better

appreciateand understandbighornsheepand other

biological values associated with the PeninsularRanges.

Also seeSection II.D.3. Most membersofthepublic likely

will voluntarily refrain from recreatingin sensitivehabitats

during critical seasonsif they understand the effectsof

humanrelated disturbanceon bighornsheep.Nonetheless,

monitoringand enforcement willbe necessary to provide

effectivemanagement.
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b. Prohibition ofdogsin bighornsheephabitat. Dogs

should remainin developedor designatedareas

(campgrounds,picnic areas,on paved roads, etc.) under

restraintandpreventedfrom roaminginto bighornsheep

habitat.

c. Lambingandrearing habitat.Seasonal restrictionsare

neededon selectedtrails that bisect lambinghabitat. In this

Recovery Plan, the lambing season is defined as January 1

to June30, andlambingandrearinghabitatis defined as

thoseareasin which ewesandlambs areobservedduring

this period.Thesedefinitions werechosento provide

protection for the majorityof lambs during thefirst 3

monthsoflife andto allow ewes undisturbedaccessto

lambingareasprior to the peak parturitionmonths

(Februarythrough April).Trails thatarecurrentlyknownto

result indisturbance to lambing and rearing habitat are

listed in Table 10.

d. Watersources.Seasonalrestrictionsor trail relocations

may beappropriatefor selectedtrails that leadto water

sources. Trail useshouldbe avoided nearcritical summer

watersourcesfrom June 1 throughSeptember30, and other

times,as well, if water is scarce.Trail useis prohibitedby

regulation [see California GovernmentCode,Title 14,

Section630(b)(ll)(A) and(30)(A)] at MagnesiaSprings

andCarrizoCanyonEcological Reserves.Trailsthat are

currentlyknownto conflictwith the summer water

requirementsarelistedin Table 10.

e. Trail management.Trails that conflict with lambing,

rearing,andwater requirementsshouldbe addressed

through managementtools, such asseasonal restrictionsor
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Table 10. Trails and areas with potential conflicts that should be addressedin an

interagencytrails managementplan.*

Trail

Conflicts with

Lambing from
January 1

through June

30

Conflicts with

Water stress
from June 1

though

September30

Comment

N. Lykken trail X X
Skyline trail X
Museumtrail (Palm
Springs)

X X Applies abovepicnic
tableat DesertRider’s
Park.

SouthLykken trail X
Picnic table trail
(southofTahquitz

Canyon)

X Appliesabovepicnic
table.

TahguitzCanyon X X
Dunn Road X X
Murray Hill trail
complex

X X

CathedralCanyon

trail

X X

Mirage trail (Bump

and Grind)

X Applies above the flat

overlook
Art Smith,Schey,
andconnectingtrails

X X

CarrizoCanyontrail X X
BearCreekCanyon
trail

X X

Boo Hoff trail X X
Guadalupetrail X X
Morrow trail X X
This list of trails should be updated annually through the interagency trails program,

basedon the most currentinformation.

relocations. Permanentclosuresmay be necessarywhere

relocationis not possibleandseasonal restrictions cannot

be effectively monitored or enforced. Trails should be used

asa tool to focus humanactivity away fromareasof

concern. New trailsin bighorn habitatshouldbe avoided,
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exceptin select areasalong theurbanedge, where they

couldprovidetwo benefits—alleviatepressureon trails that

intrude deeper intosheephabitat,andprovide a disturbance

barrierto discouragepotential sheepattractionto urban

sourcesof food andwater. Any newtrails shouldminimize

adverseimpactsto alluvial fans,canyonbottoms,andother

areasthatmay provideessentialseasonalforageconditions

while still accomplishing the objectiveofroutinguse away

from the moresensitiveareas.

f. Monitoring, enforcement,andresearch. A management

presenceby uniformed personnelshouldbe deployed

during peak use periods to educate the public, monitor

compliance with trails rules, and enforce rules against any

violations. Monitoring of bighom sheep habitat use

patterns should be designed to detect behavioral responses

that can adaptivelyfeedbackinto revised management

measures.Experimental researchto further our

understandingof human/sheepinteractionsalsoshouldbe

conducted.SeeSectionII.D.2.7.

1.2.2.2Manageactivitieswithin bighornsheephabitat that

fragmentor interferewithbighornsheepresourceuse

patterns orotherbehaviorsto reduceor eliminateadverse

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 ceilingin the remainderof thepark.

The 457-meter(1,500-foot) minimum ceilingshould apply

to all flights overanybighornsheephabitat.
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1.2.2.3 Managelivestockgrazingto reduce competitionfor

scarceresourcesand to minimize thepotentialfor disease

transmission.Existing (Canebrake, with lambing and

wateringhabitat) and currently inactive (Vallecito and

Oriflamme) allotmentsshouldbeevaluatedandmodified 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 I.B.6 concerning competition or in Section

I.B.7 concerning 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 currentallotmentboundariesshouldbe 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 thegrazingofdomesticsheep within14.5

kilometers(9 miles,)ofbighornsheephabitat toprevent

diseasetransmission.

1.2.2.5 Require all cattlegrazing allotments adjacentto

bighornsheephabitat to befencedwherecattle straying

into bighornsheephabitat degradesforageor water

resources.Fences should complywith Bureauof Land

Management specificationsfor cattle fencesin bighom

sheephabitat (BureauofLandManagement1989).
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1.2.2.6 Prohibit the useofgoatsaspackanimalsin

bighorn sheephabitat. Goats are known to transmit

diseases to bighorn sheep. Other pack animals, such as

llamasand camels, shouldbe assessed forpotentialdisease

risk andprohibitedif arisk exists.

1.2.2.7 Establisha method andsecurefundingto

consistently monitor andenforceall actionslistedunder

task1.2.2.

1.3 Reduce mortalityrates. Low survivorship of adult Peninsular bighorn

sheepcurrentlythreatens population viability (referto sectionI.B.4).

Measuresto improve survivorship are fundamentalto this recoveryeffort.

1.3.1 Reduce mortalitydueto unnaturalcauses.A number of

mortalities of Peninsular bighorn sheep have been caused directly

or indirectly by human activities. Somemortality 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 bighorn sheep habitat (refer to

section II.D.1.2). Additional causesofmortality shouldbe reduced

with the followingactions:

1.3.1.1 Prohibitfencesin which bighornsheep may

becomeentangledor strangled, or that interrupthabitat

connectivityor blockmovementofbighorn sheepwithin

remaininghabitat. At the urban interface,fences should

not contain gaps larger than11 centimeters(4.3 inches)

(referto sectionII.D. 1.2.1 .1). All other fencesshould

complywith BureauofLand Management specifications

for fences within bighornsheephabitat (Bureauof Land

Management 1989).
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1.3.1.2 Post all movement areasor areasofbighornsheep

concentrationnear highwayswith bighornsheep crossing

signsto warn motorists. Post informationalwarningsigns

at the entranceto blind curves. Solutions need to be

identified and implemented to reduce the extentof

vehicular relatedmortality alongproblematicroad

segmentssuch as Highway74 above PalmDesert,S-22
westofBorrego Springs,and Highway78 southofBorrego

Springs. If monitoring indicates that more effective

warningsystemsare needed, flashingyellow lightsand

intensified signage, etc.,shouldbe phasedin. Coordination

with Caltrans and the counties will be required.

1.3.2 Reducemortality dueto natural causes.Predation by

mountainlions represents a threat to theviability of bighornsheep

in the Peninsular Ranges (refer to sections I.B.4, I.B.5, andI.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 weredesigned to facilitate recoveryofPeninsular

bighornsheep in accordance with the recovery criteria established

in this recovery plan. The first level of predator control is

essentiallyan emergencyactionto protectsmall subpopulations

from extinction. This level of management was identifiedto help

thepopulation meetdownlisting criterion#1 (the presenceof25

ewesin each of the9 recovery regions), while the second level of

lion control will be conducted, if necessary, to facilitate

achievementof delisting criterion#2.

Removal of mountain lions should be selectiveandonly target

individual lions knownto be,or suspected of, preyingon bighorn

sheep. Predator management should not be implemented as a

mitigation measure for habitat loss because it is a temporary
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remedyfor a potentialshort-term problem and does notoffset the

permanent impact of habitat loss. Lion removal must be

accompaniedby carefulmonitoringto determineif predatorcontrol

achieves thedesiredprotectionofbighornsheep (refer to section

II.D.2.5). The effectsofpredator managementshouldbe

incorporated into ecosystem level research on the predator/prey

relationships among bighorn sheep,lions, and deer (referto section

ll.D.2.3). The criteria forimplementingpredatorcontrol mayneed

to be changed as knowledge regarding this predator-prey

relationship and the balance between predation and population

viability are better understood (refer to section II.D.2). The

ultimategoal is to restorean ecologicalsystemthat includes viable

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

Predator RemovalLevelI. Predator removal should be

implemented if therearefewer than 15 adult female bighornsheep

in a given recovery region(refer to the9 regionsin sectionII.B)

andpredationis a knownmortality factor. In this circumstance,

protection of individual bighornsheepis critical for ensuring

bighorn population survivalandpersistence in the recoveryregion.

Lion removalshouldbe implementedsolelyin the recoveryregion

of concern, and continue until population growth is reestablished to

a trajectory expectedto achievethe downlisting threshold of25

adult ewesin theregion.

Predator RemovalLevel2. Predator removal mayalsobe

implemented if there are greater than 25 ewes in each of the 9

recoveryregions,to further facilitate thelong-termgoalsof

population recovery. Lion removal should only occur if lion

predation is the primary cause of mortality and low survivorship is

determinedto be limiting population recovery.Careful

monitoring, habitat evaluation, and possibly computer simulations

shouldbe usedto determineif, when, and where predatorremoval

should occur.Predatorremoval shouldbe discontinuedif available
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evidence indicates that: (1) lion predation no longer limits bighorn

sheep populationgrowth,and(2) continuedremoval wouldno

longer resultin a population expansionwithin the recoveryregion

necessary for theoverall recoveryof themetapopulation.

1 .4 Developa long-termstrategyandmaintain thecurrentcapabilityfor

captivebreeding,reintroduction,andaugmentationprograms. A small

captivebreedingherd(14 animalsin 1998) existsat theBighorn Institute

(refer to sections I.C. 1 and I.E.3) and is managed according to the

guidelinesoutlinedin AppendixC. This herdwas establishedin 1984to

facilitate thestudyof low lamb survival. Animals born or rehabilitated at

the facility have been released into the northern Santa Rosa Mountains (n

equals74)ortheSanJacinto Mountains (n equals 3),typically assmall

groupsofyearlings,since1985(Ostermannetal. 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.

Reintroductionandaugmentationarepotentialtools to (re)establishewe

groupsandrestoreconnectivityamongneighboringgroups. Augmentation

ofdwindlinggroupsmay serve as a“rescue effect”(Brown andKodric-

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 maybe 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 et al. 1990b, Ramey1993);however,they comewith aset 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

andtheirhabitat, theyshouldbe supportedthrough publicrelationsand

education programs (Kleiman 1989, National Research Council 1995), and

theyshouldbeprecededor accompaniedby 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 orgeneticlineages,and3) maintainrefugial 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 PROGRAMSNECESSARYTO

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 testablehypotheses,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 recoverylikely will be moreproblematicthan for mostspecies.

Many results will notbecomeapparentfor manyyearsbecausesheeparelong-

lived andbehaviorcanbe slow to changeanddifficult to document.

2.1 Monitorpopulationstatus. Thestatus, population dynamics, and

population trends of Peninsular bighorn sheep should be monitored so that

thesuccessof this recovery effort can beevaluated.Consistentlong-term

monitoring will allow use of adaptive management approaches that would

increase the effectiveness of recovery efforts. Continued monitoring is

alsoa necessarycomponentoffuture research. Population monitoring

(abundance, distribution, recruitment) should be coordinated with other

research (e.g., survivorship, habitat selection) to maximize cost efficiency

and the data collectedper animal collared, as well as to minimize handling

and marking animals.

2.1.1 Monitor abundance.All bighorn sheep habitat in the

Peninsular Ranges should be surveyed by helicopter at least every

other year to generatepopulation 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 begenerated

after additional surveys are conducted, thereby eliminating the

need to maintain this percentage of radio-collared animals. This

approachwould be especiallybeneficial if/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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perhapsreinitiated in the SantaRosa 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 eweratios) and to index abundance.

Continuation of waterhole counts concurrent with helicopter

surveys (for 5 to 10 years) may reveal a relationship between

abundance indicesand populationestimates.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 usepatterns. Questionsregarding

distribution include but are not limited to: (I) how many ewe

groups are currently found in the Santa Rosa Mountains and

Vallecito Mountains, (2) if augmentation or reintroductions are

necessary, whereshouldthese occur,and(3) howdo the number

and distribution of ewe groups change over time as conditions or

populationnumberschange?

Abundance monitoring (see task 2.2.1.1) will initially require that

radio-collared animals be distributed throughout the range. The

locationofeach animalshouldbeobtainedvia visual location or

fixed wing aircraft telemetry surveys,at leastbiweekly. 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

basisin all ewe groups. Trackingandobservingindividually

markedewesgeneratesthe mostusefuldata becauselamb survival
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to specific ages can be determined, and the reproductive success of

individual ewes canbe tracked. Alternatively, the lamb to ewe
ratioofeachewegroup could bemeasuredat varioustimesof 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 specificewegroups,the radio-collaringof lambsmay

be necessaryto identify causesofmortality. Recruitmentshould

be comparedamongewegroups,years,andmanagementstrategies.

2.1.4 Monitorsurvivorshipandcause-speqficmortality. 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

becalculated. A standardizedmortality 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 Developpopulationmodels. Although asubstantialamountof

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

bighorn 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 (Beissingerand Westphal1998)and future

research efforts. Models uncover knowledge gaps and thereby guide

future researchandgenerate hypothesesthat would not otherwisebe

addressed. The recovery of Peninsular bighom sheep will benefit from
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answers to a number of questions. These questions include, but are not

limited to: (1) howdo thenumberofewe groups,sizeofgroups,andlevel

of connectivity amonggroupsaffectpersistence probabilitiesofthe
metapopulation, and (2) what are the relative long-term effects of various

levelsofadult andjuvenilemortality on population viability?

Although theabovequestionspertainprimarily to viability from the

perspectiveofpopulationnumbers,futuremodels couldalso incorporate

data to assess genetic diversity. Additional models should explore habitat

selection versus availability.

2.3 Research therelationshipsbetween bighorn sheep,mountainlions,

muledeer, andhabitat. In the PeninsularRanges,mountainlions and

mule deer are found within bighorn sheep habitat, and are important

variablesaffecting thisecosystem(Hayeset al. 2000). To increase our

knowledgeofthe ecologyof Peninsular bighornsheep,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. Estimatethe numberofmountainlions preyingon bighornsheep.

b. Examine movement patterns of mountain lions within and adjacent

to bighorn 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

distributionof bothprey species, season,climatepatterns,and

habitatcharacteristics.
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d. Describe thehabitatuse patternsanddistributionofmule deerin

and near bighorn habitat.

Answering some of these questions requires long-term study (perhaps 10

or moreyears). Sucha studywould require extensive monitoring and

habitat study of all three species. Experimental approaches involving

removalof mountainlions andmanipulationofmuledeerpopulationsand

habitat should be designed to test the outcome in terms of predation rates

on bighornsheep.

2.4 Investigatethe relationshipsbetweenbighornsheepand 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 Investigatetheefficacyoftemporary suppressionofnatural

predation. Mountain lionpredation currentlyis theprimarycauseofdeath

ofadult radio-collared bighornsheepin mostewe groupsin the Peninsular
Ranges, and threatens population viability (refer to sections I.B.4 and

I.B.5). Any measuresto interveneshouldbe designed so that the

effectivenessofvarioustechniquescan be evaluated. Thepresenceof

lions and other predatorsin the areaof interestshouldbe monitored aspart

oftheinvestigation. Becausemortalityandmountain lionpredationrates

fluctuate across years (refer to sections I.B.4 and 1.B.5), it will be

important to evaluate the effectiveness of these actions over multiple

years.

2.6 Researchhabitat use/selectionanddispersal behavior.Habitat use by

sheephas been studiedby a numberofresearchers (referto sectionI.B.l),

but many questionsremain. In the Peninsular Ranges, as in many other
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bighorn sheep habitats, the specific factors that limit populations are not

well understood.A better understandingofhabitat usepatternsand factors

underlying habitat selection will aidourunderstandingof resource

requirements and promote informed management decisions. Selected

topics forfuture researchinclude: (1) waterandnutritional requirements

andhow thesefactorsaffect populationcharacteristicsanddistribution,(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.

Documentationof habitat usefor essential life functions,suchas lambing,

rutting, summer water stress, and dispersal, is needed. A detailed

vegetation map with sources of fragmentation for the entire Peninsular

Rangeswould facilitateanalysesof thesevariableson habitatuse patterns.

A number of questions exist regarding dispersal behavior. For example,

how often do ewes move between groups? Although preliminary data

suggestit occursata low rate, long-term monitoring (twoormore 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 (populationdensity,forage quality,time ofyear)are

associated with movementofanimalsbetweenewe groups;(2) what

habitatfeatures areassociatedwith movementpaths; (3) how doesrange

expansionoccur;and(4) howfar (and among how many ewegroups)do

ramstypically move? The frequency and durationofmonitoring will

depend on the specific research questions. For example, long-term studies

are needed to document dispersal behavior, while frequent or nearly

continuous monitoring maybe necessary for studying habitat selection and

use patterns(Laundre etal. 1987). Theuseof GlobalPositioningSystem

collars may provide a valuable tool insuchstudies.

2.7 Evaluatethe effectofhumanactivitieson bighornsheep. Given the

historyof bighornsheeppopulation declinesand extirpationsin other

areas nearurbancenters,informationis needed on howto manage
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recreational activity in a manner that does not interfere with bighorn

habitat use.Becauseknowledgeofthe locationandextentof human

activity is aprerequisiteto conductingresearchandmaking informed

management decisions, responsible land management agencies should

placea high priority on obtaining thisinformation.A varietyof study

designsmay be appropriate, suchas: (1) experimentally prescribing

different management techniques and measuring results, (2) measuring

physiologicalchangesin individuals in responseto differentdisturbance

regimens, (3)determiningthe effectsofhumanactivitieson bighorn

population characteristics(e.g.,reproductionandrecruitment rates),and

(4) determining the effectsofhumanactivity on bighornbehavioral

patterns or activity cycles. It is critical that studies seeking to detect the

effects of human disturbance have sufficient sample sizes and statistical

powerto avoid type IIstatisticalerrors (accepting a false nullhypothesis).

2.8 Researchdiseaseandpreventivemeasures.Thereis a needto provide

ongoingscreeningforpathogensand exposureto infectiousdiseasesto

detectandmitigateemerging epizootics. Although infectiousdiseasesdo

not currentlyappearto playan important rolein population dynamicsof

bighorn sheep in most of the Peninsular Ranges, it will be important to

continuemonitoringthe presence and impactof infectiousdiseasesin ewe

groups because outbreaks could occur at any time. Since it will be

essentialto radio-collaranimalsto monitorewegroups,biological samples

shouldbe collected at thetime ofcaptureandtestedfor presenceof

infectious disease. In particular, whole blood and serum should be

analyzed for the presence of specific pathogens and antibodies to those

pathogens. Astandardizedsamplingprotocolshouldbedevelopedandthe

laboratories used by researchers should be identified in all reports so that

testingcanalsobe standardized. Whenfeasible,freshcarcassesshouldbe

taken immediatelyto the California Veterinary DiagnosticLaboratoryin

San Bernardino for necropsy. A standardized necropsy protocol should be

developed,and necropsy reports madeavailableto all agenciesand

researchers.
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At this time, preventive measures such as vaccination or anthelmintic

treatmentsdo not appearto be warranted inany oftheewe groupswith the

exceptionof the northern Santa Rosa Mountainsewegroup.Nematode

parasites have been documented in this group and nematode treatment may

beappropriate. Treatmentschemesshould 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

andpreventivestrategiesbasedon researchfindings.

Pathogen monitoring should be extended to cattle and mule deer in the

PeninsularRanges.Other ungulates mayserveasreservoirsfor cross

transmission of bluetongue to bighorn sheep.

2.9 Researchgeneticsofbighornsheepin thePeninsularRanges.

Genetic issues should be considered and re-evaluated during the recovery

process, especially as new methods become available. Samples should be

used inassociationwith thosealreadycollected to more clearlydelineate

populationstructure,to estimate gene flow,to identify the most

appropriatesourcestock(free ranging and captive) for translocation,to

assess therisk of inbreedingandoutbreeding depression,to testif there

hasbeen arecentpopulation bottleneckwithin a subpopulation,andto

monitor loss of variation due to changes in breeding structure. Research

directedtowards theestimationofthe effective population size(N) should
e

be a priority, and genetic variability should be directly monitored (Lande

andBarrowclough1987). In addition,analysesofsamples collectedfrom

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 samplesshouldbe

collectedfrom everyanimal capturedin the Peninsular Rangesandfrom

adjacentpopulations,usinga standardizedsamplingprotocol. A DNA

bankhasbeenestablishedat theUniversityof California atDavisthat

consistsof over700 samples from bighorn sheep in the Southwest,

including over 100 samplesfrom thePeninsularRanges. Given recentand
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anticipatedtechnologicaladvancements, collection andlong-termstorage

of germinal andsomaticcellsfrom captured animalsshouldbe initiated

for future use.

3. DEVELOP AND IMPLEMENT EDUCATION AND PUBLIC AWARENESS

PROGRAMS.

Conservationefforts havea higherchanceofsuccessif theyaresupportedby the

local community. A numberof recovery actions outlined inthis recovery plan

will directly affect thegeneralpublic. It is thereforeimperativethat strong public

education and awarenessprogramsbe implemented. The publicneedsto be

informedofthereasonswhy specificrecovery actions arebeingtaken. This task

will requirean education programon the ecologyofPeninsularbighorn sheep,

what threatsthis speciesis currentlyfacing, andhow recoveryactionswill reduce

these threats. Coordination with the public and interest groups willbe particularly

important forcontroversialissues,such astrails andpredatormanagement.This

knowledgeshouldtranslateinto a respectand concernfor this species,leadingto

supportfor conservationmeasures.

Severalprogramsand sourcesof information pertaining specificallyto Peninsular

bighornsheepalreadyexist. Interpretivedisplaysandmaterialsare found atthe

Visitor Center inAnza-BorregoDesertStatePark, the Bureauof Land

Management Visitor Centerin PalmDesert,Bighorn Institute,Living Desertin

PalmDesert,and PalmSprings DesertMuseum. In addition,local interest groups

have hostedguesttalksby biologists studying bighornsheep. Theseprograms

shouldbe continuedandadditional programsestablished, such as information

provided to the publicthroughthe tourist industryand ecotourismoperators.The

effectivenessofeducational programswould be increasedif a higher degreeof

coordination existed amongindividual programsand otherrecoveryactivities.

This coordinationwould not only allow each programto presentthemostaccurate

andupdated information,but would alsolet thegeneral publicseethat the

recoveryofPeninsularbighornsheepis a collaborative effortsupportedby

multiple agencies,organizations,andindividuals. Specific recovery actionsare:
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3.1 Distribute information relatedto recoveryefforts. Updatedand

accurate informationshouldbe availableto interestedindividuals, groups,

or local governments.This material shouldbe provided by the key

agencies involvedin the recoveryeffort andshouldinclude informationon

the ecologyofPeninsular bighornsheep,current threats to population

viability, and explainrecoveryactions. Informationdisseminationshould

coordinate with theCoachellaValley Multiple SpeciesHabitat

ConservationPlan.

The need forspecificrecovery actionsshouldbe explainedto thegeneral

public. For example,home owners, land managers,anddevelopersshould

be provided with informationthat explains: (1) whyrestrictionson toxic

plants,fences,andpesticidesareneeded,and(2) why artificial feedingof

coyotescould adversely affectbighornsheep. Recreationgroupsshould

be provided with informationthat explains whycertaintrail closures are

necessary.Interpretive signsshouldbe postedatall trailheads thatenter

bighornsheephabitat. Trained docentscouldbe present atpopular

trailheads duringhigh trail usageperiodsandduring periodsoftrail

closuresto provideadditionalinformationandanswer questions.

3.2 Continue,update,and coordinateexistingeducationprograms.

Existing programsshouldbe expandedandregularlyupdated to providean

accurateview of our current knowledgeregardingPeninsular bighorn

sheep.Dynamicdisplaysthat featureup-to-datepopulation statusand

monitoringactivities,current research projects,andconservation activities

likely will be mosteffective. Each programshouldhighlight not only how

its agency’sor organization’sactivitiescontribute to therecoveryof

Peninsular bighornsheep,but how theseactivitiescomplement thoseof

otheragencies/organizations.Au annualmeetingof government officials

includingthe FishandWildlife Service,the Bureauof Land Management,

California DepartmentofFishandGame,California DepartmentofParks

andRecreation,U.S. ForestService,researchersfrom theUniversityof

Californiaat Davis, BighornInstitute,andothers,as appropriate(e.g.

educationalfacility representatives orpublic relations directors),should be
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held to facilitate theexchangeofinformationandideas forimproving and

updatingeducationprograms.

3.3 Developadditional educationalprograms. An educationalprogram

targetinglocal schools shouldbe developed.This programmight include

a teaching packetthat school teacherscanuseto introduce theirstudentsto

Peninsularbighornsheepandthedesert ecosystemin general. Classroom

activities couldbe combinedwith visits from biologistsortoursof bighorn

sheep habitat,possiblyin conjunction withexistingprograms(e.g.,at

Auza-Borrego DesertStateParkandThe LivingDesert). Current

conservationissues,population monitoring,andresearch projectscouldbe

incorporatedinto this typeofprogram,possibly through the useof

informativevideosor websites. Cunningham (1993) outlined the useof

suchan interactive programin Arizona.

The feasibilityofadditionaleducationalprogramsshouldbe investigated.

Possiblesites/organizersare theZoologicalSocietyof SanDiego, theLos

AngelesZoo, andmuseumswithin Riversideand SanDiego Counties.

Additional goalsof existingandnewly developed programsshouldbe to:

a. Reachpeople whowould not typically be exposed totraditional

programs(i.e., individualswho mightnot frequent visitor centers

or whodo not have school-agedchildren). This goalmight be

accomplishedby promotinginformativepresentations at senior

citizencenters,home owner group meetings, tourist centers,or golf

clubs. In addition,local and national televisionprograms featuring

the Peninsular bighornsheepshould be developed,andpress

releasesshouldbe encouraged.

b. Stressan ecosystemapproachin which habitat protectionis an

integralpartofthe recoveryofPeninsularbighornsheep.
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c. Encouragethepublic to take partin conservation activities. A

prime exampleis 28 yearsof waterholecountdatathat have been

collectedby volunteercountersin Anza-Borrego Desert State Park.

Habitatrestoration,suchastamariskremoval orwater

developmentalsorepresentidealvolunteer projects. An

observationlogbookmight be establishedat visitor centersto allow

visitors to record bighornsheepandotherspecies theyobserved.

d. Conductpublic attitudeassessmentsto determine the effectiveness

of specificprogramsandguide futureactivities.

3.4 Distributea protocolto selectlaw enforcement,public health, and

safetyoffcialsfor thehumanetreatmentofinjuredbighornsheep. Injured

bighornsheeparesometimesfoundby motorists, pedestrians,orhikers

who then report the situationto public officials in a varietyof agencies.

Personneloftheseagenciesoftenare notknowledgeableaboutmedical or

humanetreatmentprocedures for injuredanimals. A protocolneedsto be

developedand distributedto city, county,State,and Federal agenciesthat

are likely toreceive reportsof injuredanimalsthat providesinformation

on appropriatecontactswho arequalifiedto diagnoseandtreat injured

animals. Informationfrom suchcasesshouldbe collected and maintained

by one agencyso that a complete data baseis available forresearchersand

managers.

E. SITE SPECIFIC RECOVERY TASKS.

In this section, the recovery actions describedin sectionII.D are further identified

as sitespecificrecoverytasks. They arematchedwith the ninerecoveryregions

listedunder the recovery criteria(Table 11). Sitespecifictasksfor eachofthese

areasare indicatedin Table 12.

107

010333

010877



Table 11. Recovery criteria regions.

RECOVERYREGIONS

1. SanJacinto Mountains

2. SantaRosaMountains--Northof

State Highway74

3. SantaRosaMountains--Southof Highway 74

through Martinez Canyon

4. Santa Rosa Mountains--Southof Martinez

Canyonto slopeswestofVillage Peak

5. Coyote Canyon--east and westsides

6. North San Ysidro Mountains--Henderson

Canyonto CountyRoadS-22

7. SouthSanYsidro Mountains--County RoadS-22

to StateHighway 78

8. Vallecito Mountains/FishCreekMountains

9. Carrizo Canyon/Tierra Blanca

Mountains/CoyoteMountainsA/southof Interstate8
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Table 12. Site specific tasksrecommendedfor eachrecovery region. Refer to the narrative outline (section II.D) for a

complete descriptionof recovery actions.

RecoveryAction

(abbreviated)

RecoveryRegion

SR-
N74

SY-S VM/
EC

SJ

——
x x

SR-
S74
—
x

SR-
MCS
a
x

CC

—
x

SY-
N
———
x x x

CC/TB!
CM
—
x1.1.1 Protectessentialhabitat

1.1.2 Secure habitat x x x x x x x x x
1.1.3.1 Removeexoticvegetation X X X X X X X X X

1.1.3.2 Reduce/eliminate wild horses x x
1.1.3.3 Implementfire managementplan x x x x x x x x x
1.1.3.4 Maintain/providewater sources x x x x x x
1.1.3.5 Maintain/reestablishhabitatconnectivity x x x x x x x x x
1.2.1.1 Constmct fences (at urbaninterface) x x x
1.2.1.2 Avoid non-native vegetation x x x
1.2.1.3 Promotenative plants, limitexotic plants x x x
1.2.1.4 Prohibituseof toxic plants x x x
1.2.1.5 Discourageuseof exotic invasiveplants x x x
1.2.1.6 Prohibitenticement onto private property x x x
1.2.1.7 Monitor useof pesticide,herbicides,etc. x x x
1.2.1.8 Regulatewater diversion/procurement x x x x x x x x x
1.2.1.9 Prohibit artificial watersources (Culicoides) X X X

1.2.1.10Discouragefeedingcoyotes x x x
1.2.1.11Securefunds/methods to monitor x x x x x x x x x
1.2.2.1 Developtrails managementprogram x x x x
1.2.2.2 Prohibit activitieswithnegativeimpacts x x x x x x x x x
1.2.2.3 Minimize livestock grazingimpacts x x x
1.2.2.4 Prohibit domesticsheep grazing x x x x x x x x x
1.2.2.5 Fence neighboring cattleallotments x x x
1.2.2.6 Prohibit goatsaspackanimals x x x x x x x x x
1.2.2.7 Securefunds/methods tomonitor x x x x x x x x x
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Table 12. Continued.

RecoveryAction

(abbreviated)

RecoveryRegion

SJ SR-
N74

SR-
574

SR-
MCS

CC SY-
N

SY-S VM/
FC

CC/TB!
CM

1.3.1.1 Regulatefence construction anddesign x x x x x
1.3.1.2 Postlmonitorhighway crossingareas x x x x x x

1.3.2 Reducemortality due to naturalcauses x x x x x x
1.4 Developreintro/augment.strategy x x X

2.1.1 Monitorabundance x x x x x x x x x
2.1.2 Monitordistribution x x x x x x x x x
2.1.3 Monitorrecruitnient x x x x x x x x x
2.1.4 Monitor survivorship/causesof mortality x x x x x x x x x

2.2 Developpopulation models x x x x x x x x x
2.3 Researchbighom/lions/deer/habitat x x x x x x
2.4 Researchimpactof coyotes/bobcats x x x x x x x
2.5 Researchmethods todecrease predation x x x x x x
2.6 Researchhabitat use/dispersal x x x x x x x x x
2.7 Monitorhumanimpacts x x x x x x x x
2.8 Researchdisease/prevention x x x x x x x x x
2.9 Research genetics x x x x x x x x x
3.1 Distributerecoveryinforniation x x x x x x x x x
3.2 Cont./updatepublic educationprograms x x x x x x x x x
3.3 Developnew public educationprograms x x x x x x x x x
3.4Distributeprotocol for injured sheeptreatment x x x x x x x x x

SI: SanJacintoMountains
SR-N74: SantaRosaMountains - northof Highway 74
SR-574:SantaRosaMountains- southof highway 74
SR-MCS: SantaRosaMountains--Southof Martinez Canyon
CC: Coyote Canyon--east andwestside

SY-N:
SY-S:

North SanYsidro Mountains
SouthSanYsidro Mountains

VM/FC: Vallecito/FishCreekMountains
CC/TB/CM: CarrizoCanyon/TierraBlanca

Mountains/Coyote Mountains
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III. IMPLEMENTATION SCHEDULE

The Implementation Schedulethat follows outlinesactionsand estimatedcostsfor

the Peninsular bighornsheeprecoveryprogram,asset forth in this recoveryplan.

It is aguide for meeting the objectives discussedin part IIof this plan. This

schedule indicatestaskpriority, tasknumbers,task descriptions,durationof tasks,

responsibleagencies,andestimatedcosts. The agenciesresponsiblefor

committingfundsare not necessarily the entitiesthat will carry out thetasks. The

agency oragencieswith lead responsibility for each task are indicatedin thetable.

Initiation ofthese actionsis subjectto theavailability of funds.

The Implementation Schedule indicates speculative,future costs(preparationof

additional plans,orresearch programs, etc.) as “tobe determined”. Somecosts

appear as zero because indirectcosts,such asthoseincurredby: (1) contributions

oftime andmaterialsby agenciesand other groups, and (2) administrative or

regulatorycostsby public agencies,are not includedin costtotals. Costsof

continuoustasksare estimated assuming a 25-year timeto recovery.Though the

Implementation Schedule does not distinguish betweenpublic andprivatecosts,

no identifiable orspecific expenditures are likelyto be neededby the private

sector, other thanvoluntaryefforts contributedby nonprofit organizationsand

citizengroups. Priorities (Column 1 of the followingtable) are assigned as

follows:

Priority I - An actionthat must be takento preventextinctionor to prevent the

speciesfrom declining irreversibly.

Priority 2 - An actionthat must be takento prevent asignificantdeclinein

speciespopulation/habitatquality or some other significant

negative impact shortof extinction.

Priority 3 - All other actions necessaryto provide forfull recoveryofthe

species.
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Abbreviations usedin the Implementation Schedule:

To be determined

Continuous

Coachella Valley Multiple Species Habitat Conservation Plan,

which includes participatingcities, CountyofRiverside, and

landowners

PalmSprings,CathedralCity, RanchoMirage,Palm Desert,Indian

Wells, andLa Quinta

SanDiego, Imperial,andRiversideCounties

ACBCI

BI

BLM

CALTRANS

CDFG

CDPR

CVMVCD

CVMC

CVWD

DoD

FWS

RWQCB

RC

RCFCWCD

SDZS

UCD

USFS

*

Agua CalienteBandof CahuillaIndians

Bighorn Institute

BureauofLand Management

California Departmentof Transportation

California DepartmentofFish andGame

California Departmentof ParksandRecreation

Coachella Valley Mosquito and Vector Control District

Coachella Valley Mountains Conservancy

Coachella Valley WaterDistrict

DepartmentofDefense

U.S. FishandWildlife Service

RegionalWaterQuality Control Board

RiversideCounty

Riverside CountyFlood ControlandWater ConservationDistrict

SanDiegoZoological Society

UniversityofCalifornia - Davis

U.S. ForestService

LeadAgency

TBD

cont.

MSHCP

Cities

Counties

AGENCIESAND ORGANIZATIONS
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP

Responsible

Agencies

Cost (SI ,000s)

jFYj F’i’

Priority

—
I

Task Task Description

Task

Duration

(Years)

—____
cont. ACBCI*, BLM*,

FWS*, CVMC*,
MSHCP*,

CDFG*, CDPR*,
CVWD*

Total

Estimated
Cost

(SI ,OOOs)

~L2il22L2LIJL
0 0 0 0 0 0

FY FY FY

I
I I

Protect essential habitat

1.1.2 Secure habitat cont. BLM*, CDFG*,

CVMC*, CDPR*,

MSHCP*

70,000 TBD TBD TBD TI3D TBD

I 1 3 1 Remove exoticvegetationand prevent

invasionby exotic plants

cont. ACBCI*, BLM*,
CDFG*, CDPR*,

CVWD*,
RCFCWCD*

250 10 10 10 10 10

1 1.1.3.2 Reduce/eliminate wild horses 5 ACBCI*, BLM*,
CDPR*

TBD TBD TBD TBD TBD TBD

I 1.1.3.4 Maintain/provide water sources 5 13LM~, CDFG*,
CDPR*

50 20 20 10 0 0

1 1.1.3.5 Maintain/re-establish habitat
connectivity

cont. BLM* , FWS*,
CDFG*, CDPR*,

Caltrans*, MSHCP*

TBD TBD TBD TBD TBD TBD

1 1.2.1.1 Construct fences to exclude bighom
sheep from urban areas

5 MSHCP*, CDFG, FWS 500 100 100 100 100 100

I 1.2.1.4 Prohibit use of toxic plants cont. MSHCP* 0 0 0 0 0 0

I 1 2 1 8 Regulate water diversion/procurement cont. RWQCB*, CVWD* 0 0 0 0 (1 0
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP

Responsible

Agencies

Priority

—I

Task Task Description

Task

Duration

(Years)

—cont.

Total

Estimated

Cost
($1,000’s)

1...............MSI~1CP* 0

Cost (S 1,000’s)

IFYI FY

..2L 02 03 I...~2LI2~——— —0 0 0 0 0

FY FY

02

FY

03III .2 I. Secure funding to implement measures

I 1.2.2.1 Develop and implement a trails
management program

cont. RLM*, CDFG, USFS,
FWS, MSHCP

TBD TBD TBD TBD TBD TI3D

I I 2 2 2 Prohibit fragmenting and interfering
activities

cont. BLM*, USFS*, FWS*,
DoD*, CDFG*, CDPR*

Counties*, Cities*

TBD TBD TBD TBD TBD TBD

I 1.2.2.3 Minimize livestock grazing impacts 5 BLM¶ USFS* 25 5 5 5 5 5

1.2.2.4 Prohibit grazing by domestic sheep 5 BLM*, USFS* 0 0 0 0 0 0

I 1.2.2.7 Secure funding to implement measures cont. BLM*, IJSFS*, FWS*, 0 0 0 0 0 0

1.3.2 Reduce mortality due to natural causes cont. CDFG*, CDPR, FWS,
BLM

TBD TBD TI3D TBD TBD TBD

I 2 11 Monitor abundance cont. CDFG*, CDPR, BLM,

FWS, BI

323 11 15 11 15 11

I 2 I 2 Monitor distribution cont. CDFG*, CDPR, I3LM,
FWS, BI

323 II 15 11 15 II

I 2.1.3 Monitor recruitment cont. CDFG*, CDPR, BLM,
FWS, RI

323 11 15 11 15 II

I 2.1.4 Monitor survivorship and cause-specific
mortality

cont. CDFG*, CDPR, BLM,
FWS, BE

125 5 5 5 5 5

2 1.1.3.3 Implement fire management plan 5 USFS*, BLM, CDFG,

CDPR

TBD TI3D TBD TBD TBD TBD

2 1.2.1.2 Avoid non-native vegetation cont. MSHCP* 0 0 0 0 0 0
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I; RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP

Priority Task

—
I 2 1 9

Task Description
Task

Duration

(Years)

—
cont.

Responsible

Agencies

Total
Estimated

Cost

(SI,000’s)

Cost (S 1,000’s)

}FYj FY

K2LL2L
——— —

0 0 0 0 0

FY[ FY IFY

Oil 02103
2

2 Prohibit (7ulicoides water sources MSHCP* 0

2 1.2.2.5 Fence cattle allotments adjoining habitat 3 BLM* TBD TBD TBD TBD 0 0

2 1.2.2.6 Prohibit goats as pack animals cont. BLM*, USFS*,
CDFG*, CDPR*

0 0 0 0 0 0

2 1.3.1.1 Regulate fence design/construction cont. BLM*, USFS*,
MSHCP*

0 0 0 0 0 0

2 1.4 Develop captive breeding,
reintroduction, augmentation strategy

cont. BI,* CDFG,* FWS* TBD TBD TBD TBD TBD TBD

2 2.2 Develop population models 3 TBD 30 10 10 10

2 2.3 Research the relationships between
bighorn, mountain lions, mule deer, and
habitat characteristics

5 FWS,* CDFG,*
CDPR*, SDZS*, UCD*

650 130 130 130 130 130

2 2.5 Investigate the efficacy of temporary
suppression ofnatural predation

5 CDFG*, FWS, CDPR 150 30 30 30 30 30

2 2.6 Research habitat use/selection and

dispersal behavior

10 TBD ISO 15 15 15 15 IS

2 2.7 Monitor the effects of human
disturbance

3 CDFG*, BLM, CDPR,
USFS, FWS

TBD TBD TBD TBD

2 2.8 Research disease and preventive

measures

3 TBD TBD TBD TBD TBD

2 2.9 Research genetics 3 TBD TBD TBD TBD TBD
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP

Priority Task Task Description
Task

Duration

(Years)

Responsible

Agencies

Total
Estimated

Cost

($l,OOO’s)

Cost (51,000’s)

—1~
FY FY FY FY FY

01J02j03j04J05
— ——— —

2 2 2 2 2
2

2 3.1 Distribute information on recovery
efforts

cont. FWS*, BLM, CDFG,
BI, MSHCP, CDPR,

USFS

5

50

2 3.2 Continue, update, and coordinate
existing programs

cont. FWS*, BLM, USFS,
CDFG, BI, CDPR,

MSHCP

50 2 2 2 2 2

2 3.3 Develop educational programs cont. FWS*, BLM, USFS,

CDFG, MSHCP,CDPR,
BI

50 2 2 2 2 2

3 1.2.1.3 Promote native plants cont. MSHCP* 29 5 I I I I

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 I I I I I

3 1.2.1.7 Monitor use of pesticide, herbicides 5 MSHCP* 25 5 5 5 5 5

3 1.2.1.10 Discourage feeding coyotes cont. MSI~1CP* 0 0 0 0 0 0

3 1.3.1.2 Post/monitor highway crossing areas cont. Caltrans*, BLM,

CDPR, CDFG

25 TI3D TBD TBD TBD TBD

3 2.4 Investigate the relationships between
bighorn, coyote, and bobcat

10 TBD 100 10 10 10 10 10

3 3 4 Injured sheep treatment protocol cont. CDFG*, FWS, I3LM,
MSHCP

0 0 0 0 0 0

Total estimatedcostofrecovery: $73,253,000 +

ON
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V. APPENDICES

APPENDIX A. AN OVERVIEW OF THE PENINSULAR RANGES

The PeninsularRangesare locatedin southern CaliforniaandMexico, in the

Colorado Desert divisionofthe SonoranDesert (Ryan 1968).On thenorth, the

PeninsularRangesare borderedby the TransverseRanges.From this point, they

extendsouthinto Mexico, forming thebackboneofBajaCalifornia. In

California,the rangesform a prominent naturalprovince(Sharp1976)that is

boundedon the east by the SaltonTrough. To the west, the province extendsto

thePacific Ocean, as a130-kilometer-wide(80-mile-wide)seriesofnorthwesterly

trendingbasinsandranges.Thebasinsform channels below sealevel and the

rangesform the islandsof San Nicolas, Santa Barbara, Santa Catalina, andSan

Clemente.

The highest peakin theSanJacinto Mountainsis the 3,292-meter(10,800-foot)

highSanJacintoPeak. Toro Peak,at 2,655meters (8,700 feet),is the highest

peakin the Santa Rosa Mountains (Oakeshott1978). The SaltonSea,locatedto

the eastofthe PeninsularRanges,is found in the largest landmassbelowsealevel

in the Western Hemisphere (TingandJennings1976). Historically, theSalton

Seahasalternatedbetween a freshwaterlakefed with watersfrom the Colorado

River,and adying brackish pond when thewatersof theColoradoRiver flowed

insteadto theGulf ofMexico. When filled, the Salton Sea lappedat thefoothills

ofthe Santa RosaMountains. Sinceapproximately1907,however,the sea has

beenan increasingly salty depository foragriculturalwastesofthe Coachellaand

ImperialValleys (Ting andJennings1976).

Bighorn sheepinhabit the easternslopesofthePeninsularRangesin habitat

characterizedby steepslopesandcliffs, canyons,washes,andalluvial fans. The
remainderofthis appendix will, therefore, providean overviewof the eastern

slopesof the PeninsularRanges.

Within bighornsheephabitat,annual rainfallis variablewith maximaof35 to 470

millimeters(1.3 to 18.5 inches) during the past36 years(National Oceanicand
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AtmosphericAdministration,1962 to 1997). Rainfall exhibitsa bimodal

distribution patternwith most(approximately70 percent)occurringin the winter

monthsanda lesseramountin the late summermonths. Winter rains areofthe

Pacific marine type,characterizedby steadylong rain showers,whichpromotethe

springpeakin plant productivity. Summershowersareof theGulfmarinetype,

which result in localized and sometimesfierce thunderstorms(Lindsay and

Lindsay1991). Maximum temperaturein bighornsheephabitat often reaches46

degreesCelsius (115degreesFahrenheit)in summer, whilewintersaremild, with

temperatures occasionallyreachingfreezing(NationalOceanicand Atmospheric

Administration, 1962 to 1997).

On the easternslopesofthePeninsularranges,vegetation associations are

coniferousforest,primarilyponderosapine (Pinusponderosa),Jeffrey pine(Pinus

jeffreyi), Coulter pine(Pinus coulteri),and whitefir (Abiesconcolor)above

approximately1,800meters (5,905feet), chaparralabove approximately1,500

meters (4,920 feet),andpinyonpine(P. monophylla)-juniper(Juniperus

cal~fornica)above approximately1,200meters (3940feet). Lower elevationsare

dominated by agave(Agavedeserti),ocotillo (Fouquieriasplendens),cholla

(Opuntiaspp.) and palo verde(Cercidiumfioridurn),creosote(Larrea tridentata),

paloverde-mesquite(Prosopisspp.) associations(Ryan 1968). Bighornsheep

typically arefoundat elevations less than1,400meters (4,600 feet) (Jorgensen

and Turner 1975),usually staying atelevationsbelow thechaparraland pinyon

pine-junipervegetationassociations.Theseassociationscan represent visual

obstructionbecauseofdenser and tallerstructures,andthereforemake bighorn

sheepmore susceptibleto predation(referto sectionI.B. I andI.B.2).

The Peninsular Ranges are inhabited bya large numberofmammalian species

(reviewed by Ryan1968). The onlynativesympatric ungulateis the mule deer

(Odocoileushernionus). Bighorn sheepanddeerdistributionsoverlap at the upper

elevationsof bighorn sheephabitat, with possiblegeographicandseasonal

differencesin the degreeofoverlap. Deer areobservedmorefrequently at lower

elevations during thewintermonths. Potentialnativepredatorsofbighorn sheep

are mountainlions (Pumaconco1or~,bobcats~Lvnxrufus),coyotes(C’anis

latrans),and golden eagles(Aquila chrvsaetos).Thesespeciesarefound

throughout bighornsheephabitatin the PeninsularRanges.
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APPENDIX B. DELINEATION OF ESSENTIAL HABITAT FOR

BIGHORN SHEEP IN THE PENINSULAR RANGES

Intended useof the map (Figures2, 4-9)

A numberofhabitat models have beendevelopedto rate bighorn sheep habitat

(e.g.,Hansen198Gb,Holl 1982,Armentroutand Brigham 1988,Cunningham

1989, Dunn 1996)andcomponentsofbighornsheephabitat havebeenexamined

ordiscussedby numerousresearchers(e.g.,Hansen1980a,McCartyandBailey

1994). It hasbeensuggestedthat someofthese models be usedto ratebighorn

habitatin the PeninsularRanges. However,applicationofthese models hereis

inappropriate because they weredevelopedin other areasandlife zones where

bighorn sheepexhibit different habitatrequirements.For example,theHansen

model has beenshownto beoflimited valuein measuringhabitat qualityin areas

outside the habitatsin which it was derived(AndrewandBleich 1999)andis no

longer used by the California DepartmentofFishandGame(S. Torres,California

DepartmentofFish and Game, pers.comm.). Cunningham(1989) suggestedthat

such habitat models needto be modifiedbeforebeingappliedto novel bighorn

sheephabitat.

The purposeofmappingbighornsheephabitatin this recovery planis not to rate

the relative valueofhabitattypesandareaswithin thePeninsularRanges,but to

identify thoselandsin needofprotection,restoration,and managementthat are

essentialto bighornsheeprecovery(refer to sectionI1.D.1). Rating the qualityof

sheephabitatwould require a morethoroughunderstandingof habitatselection
versus habitatavailability; studiesthat address thistopic in the Peninsular Ranges

have not beenconductedto date butarerecommended under sectionII.D.2.6.

Though bighornsheephabitatsometimescan be described byits function(e.g.,

habitat for escape orlambing),Wilsonetal. (1980)andBleichet al. (1996)

concludedthatall habitattypesusedby bighornsheepin desert environments are

necessary for their populationviability. The SantaRosaMountainsWildlife

HabitatManagementPlan(Bureauof LandManagement1980),a long-standing

plandevelopedandimplemented under theSikesAct (16 USC 670aetseq.,

Public Law 86-797)alsorecognizedthis, stating “(e)achacreof bighorn habitatis

importantin maintainingthe presentpopulation”.
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The purposeofthis mappingeffort is to delineatethoseareas believed tobe

necessary for a self-sustainingbighornpopulation with ahigh probability for long-

termsurvival andrecoveryin the Peninsular Rangesofthe United States.

“Essential habitat”,therefore,consistsofthose areasthat provide bighornsheep

with thevariousphysicalandbiological resources(e.g., space,food, water,cover)

potentially neededfor: (1) individual/populationgrowthandmovement,and(2)

normalbehaviorwith protectionfrom disturbance. Essentialhabitatshouldbe

protectedfrom furtherloss or degradation(referto sectionII.D. 1.1). The valley

floor to the east and thenorth of the Peninsular Ranges(e.g., CoachellaValley,

ImperialValley) likely was usedhistoricallyby bighornsheepduring rare,long-

distance movesto andfrom other mountainranges.However,no such moves

have beendocumented. Furthermore,the chanceofsuchmoveshasessentially

been eliminated byhigh densityurban development, majorfreeways,fences,and

canals. Consequently,thevastmajority ofthe valley floorto the eastofthe

Peninsular Rangesis not includedasessentialhabitatandis now detrimentalto

future use bysheep.

Approach used

The delineationofessentialhabitat was basedon physicalandbiological features

knownto be importantto bighornsheep.These featureswereidentifiedby

reviewingpertinentliteratureandby drawingon the collective knowledgeand

experienceofthe RecoveryTeamand other biologists who have studied bighorn

sheepin the PeninsularRanges.Theknowledgeofsuch biologists playedan

important rolein themappingexercisebecause Peninsular bighorn sheep occupy a

habitatthat has markedclimateandvegetationaldifferences comparedto habitat

ofmost other bighornsheeppopulations.ThePeninsularRanges are locatedin

the ColoradoDesert,a division of the SonoranDesert,which experiences

different precipitation patterns (timingand intensityofrainfall) than the Mojave
or otherSonoran desertsandcontains a somewhat different flora (Jaeger1957,

MacMahon1985). Thesedifferencesappearto cause Peninsular bighornsheepto

usehabitat differently thanbighornsheepin otherareas.For example,dense

vegetationat higherelevationsofthe Peninsular Ranges restricts bighornsheepto

the moreopendesertslopesatlower elevations. For this reason,researchers

familiarwith bighornsheepin thePeninsularRangeshave referredto these
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mountains as the “upside-downmountainranges”(R. Weaver,California

DepartmentofFishand Gameretired,pers. comm.).Therefore,published

information regarding habitat use patternsofbighornsheep,in general,was

supplementedwith knowledgeregardinghabitatuse patternsofPeninsular

bighornsheep,to identify habitatfeaturesthat determine thedistributionof

bighornsheepin theseranges.

Delineationofessentialhabitatis not basedsolelyon known use patternsbecause:

(1) populationnumberscurrentlyarelow andsmall populations uselesshabitat

than largerpopulations,such aswill be needed forrecovery;(2) bighornsheepare

difficult to detect; (3)usepatterns areonly known fora recentshort time period;

(4) telemetry dataon radio-collaredanimals(a sampledsubsetof theentire

population) represents only the area used by markedanimals,not the entireherd;

and (5)habitatlossandhumandisturbancelikely inhibits useofsomelower

elevationhabitat. However, thedelineatedhabitatboundaries were reviewed by

RecoveryTeam biologistsstudyingbighornsheepin the PeninsularRangesto

verify that the mapped habitat encompassed mostareasknown tobe used by

animals currently orin the recent(25 to 30-year)past. However,numerous

documentedlocationsofsheepfell outside theessentialhabitatboundaries(Figure

6). Theresultingmapalso wascomparedagainst a previousmodelingeffort

(Bureauof Land Management1980)as partofthevalidationand refinement

process (seebelow).

Choiceof habitat components

Habitat requirements have beenexaminedby numerousresearchersin thepast

(e.g.,Cunningham1989,McCarty andBailey 1994). Topographiccover,water,

and forage appearto be the mostconsistentlyrecognized habitatrequirements,

although othercomponentssuch as mineralavailability, thermalcover,aswell as

absenceofcompetition with other ungulatesanddisturbancefrom human

activitiesalsohave beensuggestedto be important(Cunningham1989,McCarty

and Bailey1994).

Because thesehabitatcomponentsand characteristicslargelydeterminehow

bighornsheepusetheirhabitatin the PeninsularRanges,informationavailableon
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