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Disclaimer

Recoveryplansdelineatereasonableactionsrequiredto recoverandlorprotect

listed species.We, theFishandWildlife Service,publishrecoveryplans,

sometimespreparingthemwith theassistanceof recoveryteams,contractors,

StateandotherFederalagencies,Tribes,and otheraffectedandinterestedparties.

Recoveryteamsserveasindependentadvisorsto theFishandWildlife Service.

Objectivesoftheplanwill be attainedandanynecessaryfundsmadeavailable,

subjectto budgetaryandotherconstraintsaffectingthepartiesinvolved.

Recoveryplansdo not obligatecooperatingor otherpartiesto undertakespecific

tasksand maynotrepresenttheviewsnor theofficial positionsor approvalofany

individualsor agenciesinvolved in theplanformulation,otherthanourown.

Theyrepresentourofficial positiononly aftertheyhavebeensignedby the

Director,RegionalDirector,orOperationsManagerasapproved. Approved

recoveryplansaresubjectto modificationasdictatedby newfindings,changesin

speciesstatus,andthecompletionofrecoverytasks.

Literature citation should read as follows:

U.S. Fishand Wildlife Service. 2000. Recoveryplanfor bighornsheepin the

PeninsularRanges,California. U.S. FishandWildlife Service,Portland,

OR. xv+251 pp.

Additional copiesmaybepurchasedfrom:

FishandWildlife ReferenceService

5430GrosvenorLane,Suite 110

Bethesda,Maryland20814-2158

(301)492-6403or 1-800-582-3421

FAX: 301-564-4059

E-mail: fwrs~mail.fws.gov

http://fa.r9.fws.gov/r9fwrsi

Thefee for theplanvariesdependingon thenumberofpagesoftheplan.
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Mission of the U.S. Fish and Wildlife Servicein RecoveryPlanning

Section4(f) oftheEndangeredSpeciesAct of 1973,asamended(theAct), directs

theSecretaryofthe Interior to developand implementrecoveryplansfor species

ofanimalsandplants listed asendangeredandthreatenedunlesssuchrecovery

planswill not promotetheconservationof thespecies.TheFishandWildlife

Servicehasbeendelegatedtheresponsibilityof administeringthe Act. Recovery

is theprocessby whichthedeclineofendangeredorthreatenedspeciesis arrested

or reversed,andthreatsto survivalareneutralized,ensuringlong-termsurvival in

nature. Thegoal ofrecoveryis themaintenanceofsecure,self-sustainingwild

populationsofspecieswith theminimumnecessaryinvestmentofresources.A

recoveryplandelineates,justifies, andschedulesthe managementandresearch

actionsnecessaryto supportrecoveryoflisted species.Recoveryplansdo not, of
themselves,commitstaffingor funds,but areusedin settingregionalandnational

fundingpriorities andprovidingdirectionto local, regional,andStateplanning

efforts. Meanswithin theAct to achieverecoverygoals includetheresponsibility

ofall Federalagenciesto seekto conservelisted species;andtheSecretary’s

ability to designatecritical habitat,to enterinto cooperativeagreementswith

States,to providefinancial assistanceto therespectiveStateagencies,to acquire

land, andto develophabitatconservationplanswith non-Federalapplicants.
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EXECUTIVE SUMMARY

Current SpeciesStatus: Thepopulationofbighornsheepin theUnitedStates~

PeninsularRangeswaslisted asan endangeredspecieson March 18, 1998. The

currentpopulationis approximately334 animals,distributedin 8 knownewe

groups(subpopulations)in Riverside,Imperial, andSanDiego Countiesfrom the

SanJacintoMountainssouthto theMexicanborder.

Habitat Requirementsand Limiting Factors: ThePeninsularbighornsheepis

restrictedto theeastfacing, lowerelevationslopes[typically below 1,400meters

(4,600feet)]of thePeninsularRangesalongthenorthwesternedgeoftheSonoran

Desert. Bighorn sheeparewide-ranginganimalsthat requireavarietyofhabitat

characteristicsrelatedto topography,visibility, wateravailability, and forage

quality andquantity. Steeptopographyis requiredfor lambingandrearinghabitat

and for escapingfrom predators.Openterrainwith goodvisibility is critical

becausebighornprimarily rely on their senseofsight to detectpredators.In their

hot, aridhabitat,wateravailability in someform is critical, especiallyduringthe

summer. A wide rangeofforageresourcesandvegetationassociationsis needed

to meetannualanddroughtrelatedvariationsin foragequality andavailability.

Limiting factorsapparentlyvary with eachewegroupandarenot well understood

in all cases. Therangeof factorsappearto includepredation,urbanrelated

sourcesofmortality, low ratesof lamb recruitment,disease,habitatloss,and

humanrelateddisturbance.

RecoveryObjective: Theobjectiveof this recoveryplan is to secureandmanage

habitatin orderto alleviatethreatssothat populationlevelswill increaseto the

pointthat this speciesmaybe reclassifiedto threatenedstatus,andultimately

delisted.

RecoveryPriority: 3C,percriteriapublishedby FederalRegisterNotice(48 FR

43098;September21,1983).

Downlisting Criteria: Peninsularbighomsheepmaybe consideredfor

downlistingto threatenedstatusasan interim managementgoal, whenall of the

following objective,measurablecriteriaaremet:
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Downlisting Criterion 1: As determinedby ascientificallycrediblemonitoring

plan,at least25 ewesmustbe presentin eachofthefollowing 9 regionsofthe

PeninsularRangesduringeachof6 consecutiveyears(equivalentto

approximately1 bighornsheepgeneration),without continuedpopulation

augmentation:

1) SanJacintoMountains

2) SantaRosaMountains--Northof Highway74

3) SantaRosaMountains--Southof Highway74 throughMartinez

Canyon

4) SantaRosaMountains--Southof MartinezCanyon

5) CoyoteCanyon

6) NorthSanYsidro Mountains(HendersonCanyonto CountyRoadS-22)

7) SouthSanYsidro Mountains(CountyRoadS-22to StateHighway78)

8) VallecitoMountains

9) CarrizoCanyon/TierraBlancaMountains/CoyoteMountainsArea

Down/istingCriterion 2: Regulatorymechanismsandlandmanagement

commitmentshavebeenestablishedthat providefor long-termprotectionof

Peninsularbighornsheepand all essentialhabitatasdescribedin sectionII.D. 1 of

this recoveryplan. Giventhemajorthreatof fragmentationto specieswith

metapopulationstructures,connectivityamongall portionsofhabitatmustbe

establishedand assuredthroughlandmanagementcommitments,suchthat

bighornsheepareableto movefreelythroughoutall habitat. In preparationfor

delisting,protectionby meansotherthantheEndangeredSpeciesAct mustbe

assured.Suchprotectionshouldinclude alternativemechanismsfor regulationby

Federal,State,and local governments,and landmanagementcommitmentsthat

would providetheprotectionneededfor continuedpopulationstability.

Delisting Criteria: Peninsularbighornsheepmaybe consideredrecoveredto a

statusno longerrequiringprotectionundertheEndangeredSpeciesAct and

thereafterremovedfrom theList of Endangeredand ThreatenedWildlife (50CFR

Part 17) whenall of thefollowing criteriaaremet:

Delisting Criterion 1: As determinedby ascientificallycrediblemonitoringplan,

at least25 ewesmustbepresentin eachofthe9 regionsofthePeninsularRanges
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listed underDownlisting Criterion #1 above,duringeachof 12 consecutiveyears

(approximately2 bighornsheepgenerations)including the6 yearsunder

Downlisting Criterion #1,without continuedpopulationaugmentation.

DelistingCriterion 2: Therange-widepopulationmustaverage750 individuals

(adultsandyearlings)with an overall stableor increasingpopulationtrendover

thesameperiodof 12 consecutiveyears(approximately2 generations)asin

delistingcriterion 1.

Delisting Criterion 3: Regulatorymechanismsandlandmanagement

commitmentshavebeenestablishedthat providefor long-termprotectionof

Peninsularbighornsheepandall essentialhabitatasdescribedin sectionlID. I of

this recoveryplan. Furthermore,connectivityamongall portionsofhabitatmust

be established,andassuredthroughlandmanagementcommitments,suchthat

bighornsheepareable to movefreelythroughoutthePeninsularRanges.

Delisting would resultin lossofprotectionundertheEndangeredSpeciesAct;

thereforecontinuedprotectionby othermeansmustbe assured.This protection

should includealternativeregulatorymechanisms,landmanagement

commitments,orconservationprogramsthat would providethelong-term

protectionneededfor continuedpopulationviability.

ActionsNeeded: In theshort-term,improving adult survivorshipappearsto hold

themostbenefitto populationincrease.Overthe long-term,theprimaryactions

neededto attainrecoveryinvolve conservationof thehabitatbaseuponwhich

Peninsularbighornsheepdepend,and effectivemanagementofbighornsheepand

conservedlands. Preventionof further fragmentation,primarily by minimizing

adverseeffectsof humandisturbance,will be critical to thepersistenceofewe

groupsborderingtheCoachellaValley. Adequatespacealongthe urbaninterface

to absorbanthropogeniceffects,andprudentmanagementofhumanactivities

within ewe grouphomeranges,will alsobe necessary.

RecoveryCosts:Total costofrecoverytasksin theImplementationScheduleis

estimatedat $73,253,000.In addition, costsofcertainspecificrecoverytaskswill

be determinedasinformationis obtainedand/orfinal actionsareundertaken.

Theseitemsaredesignatedas“to be determined”in theImplementationSchedule.
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Dateof Recovery: Severalto manydecadeslikely will be requiredbeforea

delistingtargetdatecanbe accuratelyestimated.Fecundity(reproductive

potential)andrateof populationincreaseis low comparedto someungulatesof

similar size,suchas deer. Periodicallydepressedrecruitmentratesandhigh adult

mortality ratesalso lengthenthetime to achievethepopulationobjectives

describedin this recoveryplan.If thepopulationincreasessufficientlyand all

recoverycriteriaaremet, thespeciescouldbeconsideredfor delistingby

approximately2025. However,this time frameis uncertainand couldbe

substantiallyextendedif populationstatusandprotectivemeasuresfail to meet

criteria.
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I. INTRODUCTION

Thepurposeofthis recoveryplanis to (1)establishinterim andlong-termgoals

andobjectives,(2) describesite-specificmanagementactionsto achievethese

goals,and(3) establishascheduleandestimatethe costs required to reclassify as

threatenedand ultimatelydelist thedistinctpopulationsegmentofbighornsheep

(Oviscanadensis)in the Peninsular Ranges of California, a northerly extension of

the mountainous formations of the Baja California Peninsula. This recovery plan

provides guidelines and recommendations to be used in developing and assessing

conservation and management activities to achieve recovery.

A. BRIEF OVERVIEW

1. LISTING OFBIGHORNSHEEPIN THEPENINSULARRANGES

The California Fish and GameCommission listed bighornsheepinhabitingthe

Peninsular Ranges as “rare” in 1971. In 1984, the designation was changed to

“threatened” by the California Department of Fish and Gameto conform with

terminology of the amended California EndangeredSpeciesAct. We(the Fish

and Wildlife Service) listed the distinct vertebrate population segment of bighorn

sheep occupying the Peninsular Ranges of southern California(seeAppendixA)

asendangeredonMarch 18, 1998 (63 FR 13134). For a population to be listed

under the Endangered Species Act as a distinct vertebrate population segment,

three elements are considered (61 FR4722, February7, 1996): (1) the

discreteness of the population segment in relation to the remainder of the species

to which it belongs; (2) the significance of the population segment to the species

to which it belongs,and (3) the population segment’s conservation status in

relationto theEndangeredSpeciesAct’s standardsfor listing (i.e., is the

populationsegment,whentreatedasif it wereaspecies,endangeredor

threatened?).ThePeninsularRangespopulationwill hereafterbe referredto in

this recoveryplanasthePeninsularbighornsheepandwill alternativelybe

referred to as a species, following the definition of”species” in section 3(15) of

theEndangeredSpeciesAct.
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SpeciesDistribution

The population of bighorn sheep addressed in this recovery plan extends along the

Peninsular Mountain Ranges from the San Jacinto Mountains ofsouthern

California southto theUnitedStates- Mexico international border. Though the

range extends south to Volcan Tres Virgenes near Santa Rosalia, Baja California,

Mexico, only the distinct vertebrate populationsegment within the United States

is listed as endangered and addressed in this recovery plan.

The decision to list thePeninsularbighornsheepasfederallyendangeredwas

made because of declining population numbersandcontinuinghabitatloss,

degradation, and fragmentation throughout a significant portion of the Peninsular

bighorn sheep’s range. In addition, periods of depressed recruitment, likely

associated with disease, and high predation, coinciding with low population

numbers,endangerthecontinuedexistenceof theseanimalsin southern

California. Perrecoveryplanningcriteriapublishedin theFederalRegister(48

FR43098, September 21, 1983), the Peninsular bighornsheephasarecovery

priority of 3C, indicating that it is a subspecies facing a high degree of threat but

has a high potential for recovery if appropriately managed. The “C” indicates that

recovery is in conflict with construction or other forms of economic activity.

2. ORIGIN

Wild sheep became established in North America after crossing the Bering land

bridgefrom Eurasiaduringthe late Pleistocene(Geist 1971),which beganabout

1,000,000yearsagoandended10,000yearsagoat the time ofthelast Ice Ages

and the beginning of the Holocene. Therangeofbighorn sheephassincespread

to include deserthabitatsasfar southasnorthernMexico(Manville 1980). In

North America, two speciesof wild sheep currently are recognized: thethinhorn

sheep(Ovisdalli) andthebighornsheep(Oviscanadensis).Bighornsheep,

originallydescribedby Shawin 1804(WilsonandReeder1993),wereonce

divided into sevenrecognizedsubspeciesbasedon differencesin skull

measurements(Cowan1940,Buechner1960, Shackleton1985). These

subspeciesincludedAudubonbighorn sheep(Oviscanadensisauduboni),
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Peninsular bighorn sheep(Oviscanadensiscreinnobates),Nelsonbighornsheep

(Ovis canadensisnelsoni),Mexican bighorn sheep (Ox’is canadensisinexicana),

Weemsbighornsheep(Ovis canadensisweemsi),California bighorn sheep (Ovis

canadensiscaliforniana), andRocky Mountainbighorn sheep(Oviscanadensis

canadensis).Audubonbighornsheeparenow extinct. As describedbelow, this

taxonomy has since been revised.

3. MORPHOLOGYANDTAXONOMY

The term “desert bighorn” is used to describe bighorn sheep that inhabit dry and

relatively barren desert environments, and typically includesbighorn sheep

subspeciesthathave,to date,beenclassifiedasnelsoni,mexicana,cremnobates,

andweemsi(Manville 1 980).~ Thevalidity of thesesubspeciesdelineationshas

beenquestionedandreassessedon thebasisofadditionalmorphologicaland

geneticanalyses(WehausenandRamey1993;Ramey1993, 1995; Gutierrez-

Espeleta etal. 1998; refer to sectionI.A.4). Bighorn sheepin thePeninsular

Ranges were once considered a separate subspecies and were one of the four

desert subspecies recognized by Cowan (1940) based on cranial measurements.

Cowan’s (1940) Peninsularsubspecies(Oviscanadensiscremnobates)did not

include the northern end of thePeninsularRangesin Californiaandextendedeast

acrosstheImperialValleynorthof theMexicanborder. Wehausenand Ramey

(1993)notedthat variousauthorshavearbitrarilychangedthegeographic

boundaries of this subspecies over time based on no additional data or analyses.

Ramey (1993) reanalyzedCowan’s(1940) original data using modern statistical

methods and found little support for his subspeciesof bighornsheep.In that

reanalysis, the apparent distinction of the Peninsular subspecies was found to be

an artifact of unequal age distributions among samples. Wehausen and Ramey

(1993) conducted a new cranial morphometric analysis using a new and much

larger sample and found no statistical support for a Peninsular subspecies. Ramey

(1993, 1995) also investigated this question using restriction site polymorphism

data for mitochondrial DNAand similarly found no statistical support for

description of a subspeciesin thePeninsularRanges.Basedon these

morphometric and genetic results, Wehausen and Ramey(1993) placedPeninsular
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bighornwithin theNelsonsubspecies(Oviscanadensisnelsoni),which is the

current taxonomy.

4. GENETICS

By analyzing micro-satellite andmajorhistocompatibilitycomplexloci, Boyceet

al. (1997)foundhigh levelsofgeneticdiversity within andbetweenpopulations

of desertbighornsheep,includingsheepsubpopulationswithin thePeninsular

Ranges. Similarly, Gutierrez-Espeletaetal. (1998)found significantamountsof

variationatmicrosatelliteloci amongall bighornsheeppopulationsstudied.

However, Ramey (1995) found very little mitochondrial DNA variationbetween

groups of desert bighorn. The results of Ramey(1995), Boyceet al. (1997), and

Gutierrez-Espeleta etal. (1998) differ because various molecular markers and

analytical techniques were employed. Different molecular markers (e.g.,

mitochondrial DNA, microsatellites, allozymes) are subjectto variousratesof

mutation and are likely affected by different evolutionary processes, thereby

providing different levels of insight into thegeneticvariability ofaspecies.One

similarity that has been found in all genetic studies of desert bighorn to date is that

genetic distance increaseswith geographicdistance.For example,Boyceet al.

(1997) and Bleich et al. (1996)foundsupport for partitioningofgeneticvariation

among metapopulations (e.g., the Mojave and Peninsular metapopulations), with

high levels of gene flow within metapopulations, including the Peninsular Ranges,

and low levels between metapopulations.

Within the Peninsular Ranges, at least eightsubpopulations,or ewe groups,

currently exist (Rubinetal. 1998, refer to section I.C.l). Based on sampling of

about one-third of the animals in the metapopulation, Boyceetal. (1999)found

that sevenhaplotypeswere distributedin anon-randomfashionamongtheseewe

groupsandthat a significantamountofmitochondrialDNA variationwas

partitionedamongewegroups,indicatinga high level ofgeneticstructureamong

these subpopulations (Figure 1). Theobservedstructureamongewegroupslikely

was primarily influenced by differences in founding ewes and their limited

movements through the range (W. Boyce, University of California, Davis, pers.

comm.). Boyce et al. (1999)concluded that the movement of ewes (and therefore
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Figure 1. Distribution of seven mitochondrial DNA haplotypes among bighorn sheep ewe
home-range groups in the Peninsular Ranges, California (SJ, San Jacinto Mountains, n=6; D, Deep
Canyon, n=18; M, Martinez Canyon, n6; SSR, South Santa Rosa Mountains, n=3; COY, Coyote
Canyon, n=13; NSY, North San Ysidro Mountains, n=18; SSY, South San Ysidro Mountains, n~7; V,
Vallecito Mountains, n=14; CAR, Carrizo Canyon, n19). Note that the ewe groups are distributed
approximately along a north-south gradient. A ewe group composed primarily of captive-bred
animals, located between the Deep Canyon and San Jacinto Mountains groups, was not included in
the analysis. (Reprinted with permission from Boyce et al. 1999).
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the flow of mitochondrial DNA) between ewe groups is limited but hasoccurred

at low levels in the past. This result is in contrast to the greater level of nuclear

gene flow (indicated by the analyses of micro-satellite and major

histocompatibility complex loci markers discussed above), which is mediated by

the movement of rams among ewe groups (refer to sectionI.B.2).

B. ECOLOGY

1. HABITAT REQUIREMENTS

Bighorn sheep have important habitat requirements that relate to topography,

visibility, wateravailability, andforagequalityandquantity. Duringtheir

evolution,bighornsheepdevelopedpredatorevasionbehaviorsthatdepend

critically on theuseof escapeterrain,which is generallydefinedassteep,rugged

terrain(Hansen1 980c,Cunningham1989). Escapeterrainis importantbecause

bighorn sheep typically do not outrun their predators but, rather, use their

climbing abilities to escape their enemies (Geist 1971, McQuivey 1978). When

ewesarereadyto givebirth theywill typically seekout themostprecipitous

terrain,wheretheir lambswill presumablybe safest(Geist 1971). Thepresence

ofsuchsteepterrainfor predatorevasionandlambingis, therefore,acrucial

componentof sheephabitat(seeAppendixB). Variation in slopeandaspectalso

help bighorn sheep to survive in a harsh environment. During hot weather,

bighorn seek shade under boulders and cliffs, or maymove to north facing slopes

(Merritt 1974,Andrew 1994). During inclementweathertheymayagainseek

protected caves or overhangs, or move to sunny, south facing slopes (Andrew

1994), or slopes that are protected from strong winds.

In additionto mountainousterrain,othertypesofhabitatarecrucial to the

viability of bighomsheeppopulations. M. Jorgensen(CaliforniaStateParks,

pers.comm.)hasobservedbighornat varioustimesoftheyearon numerous

alluvial fans and in washes, such as (1) the Borrego Palm Canyon alluvial fan,

used for forage during cooler months and for water from Mayto November; (2)

PalmWashtinajasin thesouthernSantaRosaMountains,awatersourcein late

summer/fallbeforewinter rains;(3) HarperFlat in Anza-BorregoDesertState
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Park;and(4) Chino Canyon,mostrecentlyin 1982,whensevenewesandlambs

wereobserved.Areasof flat terrain, suchasvalleyfloors, serveasimportant

linkages between neighboring mountainous regions, thereby allowing sheep

temporaryaccessto resources(e.g., forage,water,or lambinghabitat)in

neighboringareas,andallowing geneflow to occurbetweensubpopulations

(Krausman and Leopold 1986, Schwartz et al. 1986, Bleich etal. 1990a, Bleich et

al. 1996).

In theSierraNevadaandMoj aveDesert,thetiming of foragegreen-upin winter

is strongly influenced by elevation and mediated through temperature (J.

Wehausen,White MountainResearchStation,pers.comm.;Wehausen1980,

1983). Low rolling terrainandwashesseasonallyprovidean importantsourceof

highquality forage,with a greaterdiversity ofbrowsespeciesthanin steeper

terrain (Leslie and Douglas 1979). Washes also provide a source of high quality

browsefor longerin the summerthando otherareas(Andrew 1994). Leslieand

Douglas(1979)notedthat theseareasbecameincreasinglyimportantto bighorn

sheepnot only in summerbut duringany periodof limited forageavailability.

BatesandWorkman(1983)observedbighornsheepfeedingin flat terrainin

CanyonlandsNationalPark,andreportedthat plantproductionwashigherin

flatterterrainthanin steeperareas. Similarly, Bleich etal. (1997) reported that

duringperiodsofsexualsegregation,ramsexploitedrolling hills andflat terrain

for theirsuperiorforage. After localizedsummerrainfall events,washesand

alluvial fansprovidethediverse,high quality foragethat is especiallyimportantto

lactatingewes(Turner 1976, BureauofLandManagement1996). Hansenand

Deming(1980)describetheimportanceof succulentspringfoodsat lower

elevationsto lactatingewes.

In thePeninsularRanges,bighornsheepusea wide varietyofplantspeciesas

theirfood source.Turner(1973)recordedtheuseof atleast43 species,with

browsebeingthefoodcategorymostfrequentlyconsumed(Turner 1976, Scott

1986). Cunningham and Ohmart (1986) determined that the bighorn sheep diet in

CarrizoCanyon(at thesouthendof theU.S. PeninsularRanges)consistedof 57

percentshrubs,32 percentforbs, 8 percentcacti, and2 percentgrasses.Scott

(1986)andTurner(1976)reportedsimilardiet compositionsat thenorth end of
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therange. Plantspecieseatenby bighornsheepin the PeninsularRangeswere

also reportedby JorgensenandTurner(1973)and Weaveret al. (1968). Diet

compositionvariedamongseasons(Cunninghamand Ohrnart1986,Scott 1986),

presumablybecauseofvariability in forageavailability, selectionofspecificplant

speciesduring different timesoftheyear(Scott 1986),andseasonalmovements

ofbighornsheep.In Arizona,bighornsheepalso usedawide varietyof forage

speciesthroughouttheyearto copewith thechangingdesertenvironment(Miller

and Gaud 1989).

In ruminants,suchasbighornsheep,fetal growthis relativelyslow during the

earlystagesofgestation,with themajorityoffetal growthoccurringduringthe

final two monthsofgestation(Robbins1993). Following lambing,ewesarefaced

with thecostsof lactation,whicharetypically two to threetimeshigherthanthe

energeticcostsofgestationandmayrangefrom four to seventimes thebasal

metabolicrate(Robbins1993). Consequently,thetimeperiodsurrounding

lambing and nursing is very demanding in terms of the energy and protein

required by bighorn ewes. Failure to acquire sufficient nutrients during the last

two monthsofgestationandduringnursingcanadverselyaffectthesurvivalof

newborn ungulates (Thorne etal. 1976, Julander etal. 1961, Holl etal. 1979).

Furthermore,femalesin poorconditionmayfail to provideadequatematernalcare

following parturition(LangenauandLerg 1976,Festa-BianchetandJorgenson

1996). Crudeproteinanddigestibleenergyvaluesof earlygreen-upspecies,such

asannualgrassesandforbs,areusuallymuchhigherthanthoseof dormant

foragesduringthecritical late gestation,lambing,andrearingseasons.With their

high nutrientcontent,evenminor volumesoftheseforageswithin theoverall diet

compositionmaycontributeimportantnutritional valueatcritical life stages

(Wagner2000). However,duringthereproductiveseason,dueto thevaried

topographyofbighornsheephabitat,theseforagestypically areconcentratedon

specific sites,suchasalluvial fansandwashes,wheremoreproductivesoils

supportgreaterherbaceousgrowththansteeper,rockiersoils. Berbach(1987)

foundthat wheneweswereconfinedto apenandpreventedfrom usingall

vegetation associations during late gestation and early lactation, they and their

lambsdiedofmalnutrition.
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In hot, arid deserts,water is consideredto be an importantresourcefor bighorn

sheep(Joneset at. 1957,Blong andPollard 1968,LeslieandDouglas1979,

TurnerandWeaver1980,Elenowitz 1984,CunninghamandOhmart 1986). A

numberof studieshaveshownthat desertbighornsheepwill concentratearound

water sourcesin thesummer,with mostanimalsfoundwithin a3- to 5-kilometer

(2- to 3-mile) radiusof water(Joneset at. 1957,LeslieandDouglas1979,

Cunningham and Ohmart 1986). Lactating ewes and lambs often are more

dependenton waterandmaythusbe foundcloserto water(Blongand Pollard

1968, LeslieandDouglas1979,Bleich etat. 1997). However,thesepatternshave

notbeenobservedin all habitats(summarizedby Andrew 1994). Watersources

aremostvaluableto bighornsheepif theyoccurin proximity to adequateescape

terrainwith goodvisibility. Therefore,thejuxtapositionofopenescapeterrainto

watersourceswill influencedrinkingpatterns(Cunningham1989,Andrew 1994).

Duringperiodsofhigh rainfall, sheepdistributionis lesscoincidentwith

permanentwatersources(LeslieandDouglas1979). Theimportanceofwaterto

bighornsheephasbeenquestioned(KrausmanandLeopold1986,Broyles 1995),

andsomesmall populationsapparentlyexistwithoutstandingwater(Krausmanet

at. 1985, Krausman and Leopold 1986, and additional examples summarized in

Broyles 1995). Furthermore, it has been theorized that the addition of water to

bighornsheephabitatwould bedetrimentalif it attractedcompetingspeciesto

areasof limited forageresources(Smithand Krausman1988)orexpandedthe

range of mountain lions (Shaw 1993). However, in most populations bighorn

sheepwill drink regularlywhenwateris availableandconcentratenearwater

during summer months, and it is likely that lack of water is a limiting factor for

some populations. In the Peninsular Ranges, bighorn sheep have been observed to

useareaswithout knownperennialwaterduring somemonths,includingthe

lambingseason(E. Rubin,UniversityofCalifornia, Davis,pers.comm.).

Thepredatorevasionbehaviorofbighornsheepdependson theability to visually

detectdangerat a distance.Visibility haslong beenrecognizedasan important

characteristicof bighornsheephabitat(Hansen198Gb). Researchershavefound

that bighorn sheepwill avoidhabitat in whichdensevegetationreducesvisibility

(RisenhooverandBailey 1985, Etchbergeretat. 1989). This appears to be the
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case in the Peninsular Ranges,wherebighorn sheepusuallyremainbelow the

elevation of chaparral and otherdensevegetationassociations.

In the Peninsular Ranges, bighorn sheep habitatoccursalongtheeast-facing

desert slopes, typically below approximately 1,400-meter (4,600-foot) elevations

(Jorgensen and Turner 1975). In thesemountains,bighornsheepavoidhigher

elevations,likely becauseofdecreasedvisibility (andthereforeincreased

predation risk) associated with the denser vegetation found at higher elevations.

The elevational patterns of vegetationassociationsin thePeninsularRanges,in

combination with this predator avoidancebehavior,haveresultedin habitatuse

that is more restricted to lower elevationsthanin mostotherbighornsheep

populations.Resultsfrom helicoptersurveysand a5-yearstudyofradio-collared

bighornin theSanJacintoMountainsfoundthat bighornsheepin these

mountains,whereelevations exceed 3,000 meters (9,842 feet), were largely

restrictedto a narrowbandofhabitatbetween213 and 1,037meters(700to 3,400

feet) in elevation(DeForgeet at. 1997). In thenorthernCoachellaValley, this

lower elevation limit generally coincides with the developed urban interface. At

the lowest elevations of their range, bighorn sheep movement onto the valley floor

(Coachella Valley, ImperialValley) is restrictedby atendencyto avoid venturing

far from escape terrain and by anthropogenic factors that now preclude

intermountainmovementssuchashavebeenrecordedelsewherein thedesert.

Theavailablehabitatof Peninsularbighornsheepcan,therefore,bevisualizedas

along, narrowbandthat runsnorth-southalongthe lower elevationsofthe

Peninsular Ranges (Figure 2). This pattern of predominantly low elevationhabitat

use is unique among desert bighorn sheep populations.

2. BEHAVIOR

The social structure of bighorn sheep is matrilineal (based on female

associations). Gregarious and philopatric (faithful to natalhomerange)behaviors

confer adaptive advantageto prey species because home range familiarity and

group alertness decrease the risk of predation (Boyceetat. 1999). The ranging

patternsandhabitsofewesarelearnedby their offspring(Geist 1971). By

following olderanimals,youngbighornsheepgatherknowledgeaboutescape
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terrain,watersources,andlambinghabitat(Geist 1971). Ewesthat sharethe

same portion of a range, therefore, are likely to be more closely related to each

other than they are to other ewes (Festa-Bianchet 1991, Boyce et at. 1999), and

theterm“homerangegroup” hasbeenusedto describesuchgroups(Geist 1971).

Thesegroupsarereferredto as“ewegroups” in this recoveryplan. Ramsdo not

showthesamelevel ofphilopatryand tendto rangemorewidely, oftenmoving

amongewe groups. As youngramsreach2 to 4 yearsofage,theyfollow older

ramsawayfrom theirnatal groupduring thefall breedingperiod,or rut, and often

return after this period(Geist 1971, Festa-Bianchet1991). Ramsmayfollow the

same travel routes year after year (Geist 1971,Wehausen1980,DeForgeetat.

1997). The sexes tend to loosely segregate during much of theyear,coming

together primarily during the rut (Geist 1971, Bleich etat. 1997), which typically

peaksfrom AugustthroughOctoberin thePeninsularRanges(Rubinetat. 2000).

Duringtherut, ramsjoin theewegroupsandcompeteto breedwith receptive

ewes. Thelargestramspresumablyarethemostsuccessfulbreeders,but smaller

ramshave been reported to breed as well (Hogg 1984). During theperiodof

sexualsegregation,ewesandtheir lambsaretypically foundin steeper,more

securehabitat,while rams inhabitless steepor ruggedterrain(Geist 1971, Bleich

etat. 1997).

Bighornsheepareprimarily diurnal(Krausmanetat. 1985) but maybe active at

anytime ofday ornight (Miller et at. 1984). Theirdaily activity patternincludes

feedingandrestingperiodsthatarenot synchronouseitherwithin orbetween

groups. Foragequality influencesactivity patterns.Whenforagesarelow in

digestibility, sheepmustspendmoretimeruminatingand digestingforage.

Particlesizemustbereducedsufficiently to passfrom therumenandreticulumto

theomasum(Van Soest1982,Robbins1993). As foragesgreen-upand

digestibility increases,passageratesincreaseandruminantscanfeedmore

frequently(Risenhoover1986). Sheeptypically increasethenumberoffeeding

bouts rather than the length of individual bouts. Consequently,sheepestablisha

cycle of feeding and ruminatingthatreflectsforagequalityandoptimizesnutrient

intake (Wagner 1999, 2000).
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Bighorn sheep rely on vigilance to detectpredators.Therefore,theybenefitfrom

gregariousness and group alertness (Geist 1971, Berger 1978). Within a ewe

home range group, ewes appear to associatewith otherewesbasedon their

availability ratherthanon their matrilinealrelationships(Festa-Bianchet1991,

Boyceet at. 1999). Within home range groups, these subgroups are dynamic--

theymaysplit, reform,or changemembershipon adaily orhourlybasisas

animalsmovethroughtheirhomeranges.

Burt (1943)definedhomerangeas ‘...thatareatraversedby theindividualin its

normalactivitiesof foodgathering,mating,andcaringfor young”. Sizeof the

home rangedependson thejuxtapositionofrequiredresources(water,forage,

escape or lambing habitat)and,therefore,variesgeographically.Homerangesize

also is affected by forage quantity and quality, season,sex,andageof theanimal

(Leslie 1977, McQuivey 1978). In most populations,ram homerangeshavebeen

found to be larger than those of ewes (Simmons 1980, DeForgeet at. 1997).

DeForge et at. (1997)reportedaveragehomerangesizes(95 percent utilization

distribution) of 25.5 square kilometers(9.8 square miles) and20.1 square

kilometers(7.8squaremiles) for ramsand ewes,respectively,in theSanJacinto

Mountains,usingthefixed-kernelmethod(SeamanandPowell 1996).

Although most desert bighornsheepdo not seasonallymigratealongelevational

gradients like many populations in higherlatitude mountainranges,theydo

exhibit seasonaldifferencesin habitatusepatterns.In manypopulations,animals

will havea smallerhomerangein summer(McQuivey 1978,Leslie andDouglas

1979,Elenowitz1983),presumablydueto their limited movementawayfrom

permanentwatersources.Duringthecooleror wettermonthsoftheyear,bighorn

sheepoftenexhibit an expandedrangeasanimalsmovefarther from water

sources(Simmons1980). In addition,seasonalchangesin habitatuseare

influencedby lambingandrutting behavior(Geist 1971,Bleich et at. 1997).

Desertsheepalsoseektheearliestwinter green-upofannualsandthefirst

floweringofbrittlebush(Enceliafarinosa),whichareelevationdependent

(J. Wehausen,pers.comm.).
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Thegregariousandphilopatricbehaviorof eweslimits theirdispersaland

exploratoryabilities relativeto thoseoframs(Geist 1967, 1971). Geist(1971)

theorized,however,that ayoungewemight switch to anew ewegroupif she

encounteredneighboringsheepand followed themawayfrom hernatal ewe

group. In thePeninsularRanges,movementofradio-collaredewesbetweenewe

groupsis rare. Duringa3-yearstudy, themostextensivemovementdocumented

wasby oneewethat movedover30 kilometers(18.6miles) andtemporarily

joined asecondewegroup(Rubinetat. 1998). No emigrationofeweshasbeen

observedeventhoughradio-collaredanimalshavebeenregularlymonitoredin the

northernSantaRosaMountainssince1981 (Ostermannet at. in press)and

throughouttherangesince1993(li. Rubin,pers.comm.; DeForgeet at. 1997).

Geneticanalysesof ewedispersalsuggestthat a low ratehasoccurredin the

PeninsularRangesin theevolutionarypast(Boyceet at. 1999). Geneticand

observationaldatasuggest,however,thatrammovementsamongewe groupsare

common(Boyceet at. 1997;DeForgeetat. 1997; Rubinet at. 1998; Bighorn

Institute 1998, 1999).

An importantconsiderationin theconservationofPeninsularbighornsheepis

theirbehavioralresponseto humansandhumanactivity. Bighornhavebeen

consideredawildernessanimalbecausetheydo not thrive in contactwith human

development(Leopold 1933). Theirresponseto humanactivity is highly variable

anddependson manyfactors,includingbut not limited to: thetypeof activity,

the animal’spreviousexperiencewith humans,sizeor compositionof thebighorn

sheepgroup,locationof bighornsheeprelativeto elevationoftheactivity,

distanceto escapeterrain,anddistanceto theactivity (Weaver1973; McQuivey

1978; Hicks and Elder 1979;MacArthuretat. 1979, 1982; Wehausen1980;

Hamiltonet at. 1982; WhitackerandKnight 1998; Papouchiset at. 1999).

Responsescanrangefrom cautiouscuriosityto immediateflight or abandonment

ofhabitat,aswell asdisruptionofnormalsocialpatternsandresourceuse.

Thoughtheeffectof humanactivity in bighornhabitatis not alwaysobvious,

humanpresenceor activity in manycaseshasbeenfoundto detrimentallyalter

normalbehavioralandhabitatusepatterns(refer to sectionI.D.5). For example,

bighornbeganusingurbansourcesof food andwaterin thenorthernSantaRosa

Mountainswhendevelopmentbeganencroachingon sheephabitatin the 1950’s
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(Tevis 1959). Though commonly thought to be the result of releasing captive

raised bighorn sheep, habituation of wild sheep to urbanhabitatsoccurredseveral

decadesbeforethe first releaseofanycaptive-rearedstockin 1985 (DeForgeand

Scott1982; Ostermannet at. in press;V. Bleich, CaliforniaDepartmentofFish

andGame,pers.comm.).

3. REPRODUCTION

In the Peninsular Ranges, ewes estimated to be between 2 and 16 years of age

have been documented to produce lambs (Rubinet at. 2000, Ostermann etat. in

press). Yearling ewes in captivity also have produced lambs (Bighorn Institute

1999). Somerams are believed to be capable of successful breeding as early as 6

months of age (TurnerandHansen1980),thoughthebreedingopportunities of

youngramsarelimited by thesocialpressureof largerrams(Hogg 1984). The

breedingperiod,or rut, occursin the latesummerand fall months. As parturition

approaches, ewes seek isolatedsiteswith shelterandunobstructedviews(Turner

and Hansen 1980), and secludethemselvesfrom otherfemaleswhile finding sites

to bear their lambs(EtchbergerandKrausman1999). In the Little Harquahala

Mountains, the physical and biological characteristics of lambingsitesdid not

differ from sites used at othertimesof theyear(ibid). Lambs are born after a

gestationof approximately6 months--171 to 185 days(TurnerandHansen1980,

Shackleton et at. 1984, Hass 1995). During a 4-year (1993 to 1996) study

conducted in the Peninsular Ranges southoftheSanJacintoMountains,the
lambing season extended from FebruarythroughAugust;however,87 percent of

the lambs were born from February to April, and 55 percent of the lambs were

born in March (Rubin et at. 2000). DeForge etat. (1997) and Cunningham (1982)

reportedasimilar onsetof the lambingseasonin theSanJacintoMountainsandin

CarrizoCanyon,respectively. In theSanJacintoandnorthernSantaRosa

Mountains ewe groups, the lambing season begins in January during some years

(Bighorn Institute 1997). Lambsusuallyareweanedby 6 monthsofage(Hansen

and Deming 1980, Wehausen 1980).

From 1993 to 1996, the reproductive patternsof five ewegroups (Carrizo Canyon,

southSanYsidro Mountains,north SanYsidro Mountains,SantaRosaMountains
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[DeepCanyon],andnorthernSantaRosaMountains)weremonitored(referto

section I.C. I for description of ewegroups)andannuallamb productionaveraged

77 percent (0.77lambsbornper “ewe-year”)for the4-yearperiod(E. Rubin,pers.

comm.). Using a fecal-based enzyme immunoassay, Borjesson etat. (1996)

determined that in the fall of 1992, at least85 percentof sampledadulteweswere

pregnant.Both of theseobservationssuggestthat conceptionratesare not

currentlylimiting populationgrowthin thePeninsularRanges.

Lamb survival (to 6 months of age) wasvariableamonggroupsandacrossyears.

A good year of lamb survival in one group was not necessarily a good year in

another group (Rubin etat. 2000, Table 1). Of the four groups studied, the

northern Santa Rosa Mountainsgrouptypicallyhadthelowestlamb survival,

while the neighboring Deep Canyon group, locatedlessthan8 kilometers (5

miles) away,hadthehighestlamb survival.Researchersworking in thenorthern

portion of the Santa Rosa Mountains have expressed concern over the low lamb

recruitment average observed in this areasinceapproximately1977 (DeForgeet

at. 1982, DeForge and Scott 1982, Turner and Payson 1982). Although lamb to

ewe ratios observed in the Santa Rosa Mountainshavefluctuatedacrossyears

(Wehausen etat. 1987, DeForge etat. 1995), fall lamb to ewe ratios were

consistently low in the northern SantaRosaMountainsduring 1983 to 1994

(DeForge et at. 1995). During 1985 to 1998, recruitment in the northern Santa

RosaMountainsaveraged13 lambsper 100 ewes(Ostermannet at. in press,

Table2). Periodsof low lambto eweratios,aswell as clinical signsof

pneumoniaamonglambs,haveoccasionallybeenobservedin Anza-Borrego

DesertStatePark(JorgensenandTurner 1973,JorgensenandTurner1975,Hicks

1978),butyearsofhigh lamb to eweratios(Cunningham1982, M. Jorgensen,

pers. comm.) and high lambrecruitmentto 6 monthsof age (Rubinetat. 2000)

have been observedin theseareasaswell. In theSanJacintoMountains,low fall

lamb to ewe ratios were documented from 1977 to 1983. However, this group

exhibitedvariablerecruitmentthereafter,with relativelyhigh (greaterthanor

equalto 0.50)fall lamb to eweratios from 1994 to 1996(DeForgeetat. 1997).

Wehausen(1992)suggestedthat periodsof low recruitmentmaynot warrant

alarm because long-lived animals such as bighorn sheep can exist in viable
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Table 1. Lamb survival per ewegroup in thePeninsular Rangesduring 1993 to
1996 (Rubin et al. 2000,basedon observationsof radiocollared ewes).

Ewe
Group

Proportion (1.0~l0Opercent)of lambs living to 6 months of age

1993 1994 1995 1996
1993 to 1996

(# lambs)

Carrizo
Canyon

0.67 0.78 0.50 0.50 0.68 (31)

SanYsidro
Mountains-
north and

southa

0.75 0.25 0.57 0.71 0.57 (42)

Deep
Canyon

NA 0.80 0.67 0.75 0.74 (23)

N. Santa
RosaMts.

NA 0.43 0.10 0.40 0.26 (23)

adatafrom thenorthandsouthSanYsidro groupswerecombinedbecauseofsmall

samplesizesin the southSanYsidro Mountainswhenyearswereconsideredseparately.

populationsif periodsof low offspringrecruitmentareinterruptedby periodic

pulsesof high offspringrecruitment.Most ewegroupsin thePeninsularRanges

appearto haveexhibitedsuchpulsesof high recruitmentbut decliningpopulation

trends(seesectionI.C.3) suggestthat theyhavenot beensufficientto balance

adult mortalityover longertime periods. Chronicallylow lamb to eweratios

observedin thenorthernSantaRosaMountainsewegroup(DeForgeetat. 1995,

Ostermannet at. in press)areaparticularconcern. Signsofillnesshavebeen

observedamonglambsin this ewe group(DeForgeet at. 1982, DeForgeandScott

1982,DeForgeandOstermann1998a),andit is possiblethat low lamb survival is

associatedwith diseaseor diseaseprocessescomplicatedby environmental

conditions,suchashabitatmodification(refer to sectionsI.B.7 andI.D). This

ewegrouphasbeenaugmentedby captiveanimalssince1985(seesectionsL.C. I

andI.E.3),with similar averagerecruitmentrates(to approximately1 yearofage)

observedamongwild-rearedandcaptive-rearedewes(Ostermannel at. in press,

Table2). A 5-yearstudyof radiocollaredlambshasbeeninitiated in this

populationto determinecause-specificmortality (DeForgeandOstermann

I998b).
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Table 2. Peninsular bighorn ewepopulation estimatesand recruitment (lamb
survival until December)for captive-rearedand wild-reared ewesin thenorthern
Santa RosaMountains (Ostermann eta!. in review~.

Year wild- captive- Total

1985 22 0 22

1986 25 0 25
1987 25 5 30

1988 24 9 33

1989 21 11 32

1990 12 12 24

1991 11 10 21
1992 11 13 24
1993 7 10 17
1994 3 8 11
1995 3 7 10
1996 3 7 10
1997 2 7 9
1998 4 6 10

Mean NA NA NA

Lambs recruited
n (lambs/lOO ewes)

3 (12) NA 3 (12)

0(0) 0(0) 0(0)

2(8) 0(0) 2(6)
0(0) 1(9) 1(3)

0(0) 0(0) 0(0)
0 (0) 1 (10) 1 (5)
1 (9) 1 (8) 2 (8)
1 (14) 0 (0) 1 (6)
1 (33) 2 (25) 3(27)

0(0) 0(0) 0(0)
0 (0) 2 (29) 2 (20)
1 (50) 0 (0) 1 (11)

2 (50) 5 (83) 7 (70)

1 (13.9) 1(13.7) 2(13.3)

Wild-reared Captiv Total

4 (18) NA 4 (18)

No. of ewesgreater than or equal
to 2 years ofage

Severalstudieshavedocumentedapositive relationshipbetweenwinter

precipitationandlamb recruitmentin thefollowing year(DouglasandLeslie

1986, Wehausenet at. 1987). However,therelationshipbetweenprecipitation

andlamb recruitmentis nota simpleone. Wehausenet at. (1987) foundthat

periodsof low lamb survival,believedto be aresultof adiseaseepizootic,

coincidedwith periodsofincreasedrainfall. Theseauthorshypothesizedthat

increasedstandingwatercausedpopulationsof Cuticoidesmidges,a vectorof

bluetongueandepizootichemorrhagicdiseaseviruses(Hoff andTrainer1981), to

increase.Anotherhypothesisinvolving thepresenceof livestockasan outside

diseasereservoiralso waspresented(Wehausenetat. 1987). Therelationships

betweenclimate,lamb recruitment,andpopulationtrendslikely differ among

differentbighornsheeppopulations,and arenot fully understood(Rubinet at.

2000).
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In ruminants,reproductivesuccessis relatedto themothersbodyweight,accessto

resources,qualityofhomerange,and age(EtchbergerandKrausman1999).

Survival ofoffspringalso dependson birth weightanddate. Festa-Bianchetand

Jorgenson(1996)foundthat femalesheepreducethecareof lambswhen

resourcesarescarceto favor theirown nutritional requirementsovertheir lambs’

development.Excessivedisturbancealso candisrupt nutritional conditionby

affectingoptimum feeding-ruminatingcycles(Wagner2000). Ewesthat fail to

acquirea minimumlevel ofenergyreserves(i.e.,bodyweight)maynot conceive

(Wehausen1984)orwill producesmalleroffspringwith apoorerchanceof

survival (PriceandWhite 1985).

Ewesin thecaptiveherdat theBighorn Institutehadhigh lamb production(mean

83.6 percent)andrecruitment(mean71.0 percent)during 1985 to 1998.

Productionandrecruitmentof individual ewesin captivity rangedfrom 0 to 108

percent;twins wereproducedtwice. Between1985 and 1998,71 lambs(30

males,41 females)werebornto ewes2 yearsofageor older,resultingin asex

ratioat birthof0.73:1. Elevenof 71 lambs (15.5percent)bornin captivity and6

of39 lambs(15.4percent)capturedfrom thewild died in captivity. Lamb

mortalitieswereattributedto disease(n=1 1), traumaorperitonitis(n=3),and

undeterminedcauses(n=3) (Ostermannet at. in press). Lambsurvival in the

captiveherd during 1999wasthe lowestrecordedfor thispopulation,with only

two of sevenlambssurvivingto yearlingage. Resultsfrom necropsiesperformed

at theCaliforniaVeterinaryDiagnosticLaboratoryindicatedacutebacterial

pneumonia(Pasteurettaspp.)asthecauseofdeathin all five lambs. Previous

studieshaveimplicatedseverestressasa factorin pasteurellosisin domestic

ruminants(Frankand Smith1983, GilmourandGilmour 1989),andin bighorn

pneumoniaepizootics(Feuersteinet at. 1980,Sprakeret at. 1984,Festa-Bianchet

1988). During the 1999 lambingseason,captivebighornwereobservedfleeing

from thefeedingareain responseto constructionnoise from nearbydevelopment

projectson multiple occasions.Additionally, helicopterswere documentedflying

overoradjacentto theenclosuresandcausingalarmresponses(e.g., running

uphill) amongcaptivebighornon over20 occasionsbetweenJanuaryandJuly

1999(Bighorn Institute 1999). Stressresultingfrom humandisturbancemayhave

playedarole in predisposingcaptivelambsto disease.
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4. SURVIVORSHIIP

In theSan JacintoMountains,DeForgeet at. (1997)monitoredthesurvivalof

adult(2 ormoreyearsofage)radiocollaredbighornsheepduring 1993 to 1996

andestimatedannualadult survival to be 0.75 (1 equals100 percent).During

1997and1998, annualsurvival in this ewegroupwas0.67 and0.86, respectively

(BighornInstitute 1997, 1998).

In the northern Santa Rosa Mountains ewe group, adult survivorship was

monitoredduringa 14-yearperiod(1985 to 1998),andwasfoundto range

between0.50 and1.00 annually(Table3; Ostermannet at. in press).Regression

analysisdid not revealanincreasingor decreasingtrendin survivorshipduringthe

14 years. In this ewegroup,whichhasbeenaugmentedwith captiveanimals

since1985(refer to sectionsI.C.1 andI.E.3), annualsurvival ofcaptivereared

animals (n equals 73, mean 0.80) was not statistically different from that of wild-

rearedanimals(n equals43, mean0.81;Ostermannetat. in press).

DuringNovember1992 to May 1998,survivorshipof 113 adult radio-collared

bighornsheep(97ewesand16 rams)wasmonitoredbetweenHighway74 (in the

SantaRosaMountains)andtheU.S.-Mexicoborder. During this period,overall

annualadult survivalwas0.79 (Table4), with no significantdifferenceamong

threeageclassesofadults(Hayeset at. 2000). Survivorshipvariedacrossyears

(range: 0.72 to 0.91,Hayesetat. 2000),but regressionanalysisdid not reveala

decreasingor increasingtrendin survivorshipacrossyears. Annual survivorship

of individualewegroupsrangedfrom 0.70 to 0.87,and ayearof high

survivorshipin one groupwasnot necessarilya yearof highsurvivorshipin other

groups(E. Rubin,pers.comm.).

Survivalofadultbighornsheephasbeenconsideredto be high until 10 yearsof

age(Hansen198Gb),oruntil shortlybeforetheageofecologicallongevity

(CowanandGeist 1971). However,observedvaluesof annualadult survivorship

in thePeninsularbighornsheepappearlow relative to otherreporteddesert

populations: 0.91 or greaterin southeasternCalifornia(Andrew 1994),0.86 or

greaterin northwestArizona(whenhighwaymortalitieswereexcluded,

CunninghamanddeVos 1992),0.82 in New Mexico (Loganet at. 1996),and
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Table 3. Annual survival estimatesafor yearling and adult bighorn sheepin the

northern SantaRosaMountains ewegroup for calendaryears 1985 to 1998

(excluding captive-reared animals; Ostermann etat. in press).

Year Animal Months Survival

(1.0 = 100
percent)

95 percent

Confidence
Interval

1985 305 0.70 0.54-0.86
1986 282 0.88 0.76-1.00
1987 264 0.91 0.80-1.00
1988 234 0.90 0.77-1.00
1989 203 0.78 0.59-1.00
1990 145 0.79 0.57-1.00
1991 105 0.80 0.55-1.00
1992 86 0.88 0.65-1.00
1993 73 0.86 0.60-1.00
1994 45 0.50 0.10-0.90
1995 61 0.83 0.54-1.00
1996 52 0.80 0.45-1.00
1997 42 0.75 0.33-1.00
1998 42 1.00 1.00-1.00

aSu~ivalcalcujatedusingtheKaplan-Meiermethodmodifiedfor a staggeredentrydesign

(Pollocket al. 1989).

0.85 orgreaterfor fouroffive populationsstudiedin theMojavedesert

(Wehausen 1992). The one exception in the Mojave desert was a small

populationin theGraniteMountains,whichwasdocumentedto havelow adult

annualsurvival (0.72)resultingfrom predationby mountainlions (Wehausen

1992).

Survivalof Bighorn Institutecaptiveraisedyearlingandadultbighorn(n equals

73, 1985-1998)12 monthsafterreleasewas0.61. First yearsurvival for females

(0.64)washigher(p lessthan0.005)thanfor males(0.55). First yearsurvival for

bighornreleasedasadults(0.75,n equals12) washigher(p lessthan0.01)than

forbighornreleasedasyearlings(n 61, mean0.57). After thefirst year in the

wild, survival for captive-rearedsheepimprovedsubstantially. Averageannual

survival for captive-rearedbighornexcludingthe first yearafter release(0.88)was

significantly higher thansurvival duringthefirst yearafterrelease(p lessthan
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Table 4. Annual survival of adult bighorn sheep(greater than or equal to 2 years of

age)a,betweenHighway 74 (in the Santa RosaMountains) and the U.S.-Mexico

border, 1992to 1998 (Hayesetal. 2000).

Year Animal

Months

Annual Survival

(1.0 = 100percent)

95 percent Confidence

Interval
244 0.91 0.79-1.00

1993-1994 758 0.79 0.70-0.89
1994-1995 808 0.79 0.70-0.88
1995-1996 605 0.72 0.62-0.85
1996-1997 368 0.82 0.70-0.96
1997-1998 384 0.83 0.70-0.96

Total 3167 0.79 0.75-0.84
a CalculatedusingtheprogramMICROMORT (HeiseyandFuller1985).

bJune1 offirst yearthroughMay 31 of secondyear(except1992, which startedin November).

0.01)andsurvival for wild-rearedbighornduringthesametimeperiod (p equals

0.05). Mountainlion predationwastheprimarycauseof deathfor released

bighorn,followed by urbanization(Ostermannet at. in press).

Between1985 and 1998,survival for yearlingandadult bighornin thecaptive

populationat theBighorn Instituterangedfrom 0.89 to 1.0 andaveraged0.98.

Theonly adult bighornmortalityduring this time periodwas theeuthanasiaofa

terminally ill 14-year-oldewe. Threeyearlingsdied in captivity, two from disease

andoneduringtransportfor release(Ostermannet at. in press). In 1999,two

adultsandayearlingdied in captivity: a 15-year-oldramwaseuthanizedafter

collapsingfrom abrokenhumerus;a 14-year-oldramdiedfrom complications

with old ageandbronchopneumonia;and ayearlingramdied from an extensive

cervicalabscess(Bighorn Institute 1999).

5. CAUSESOFMORTALITY

Causespecificmortality in theSanJacintoMountainswasstudiedfrom 1992 to

1998. Duringthis period,five mortalitieswere attributedto mountainlion (Puma

concotor)predation,two wereattributedto bobcator mountainlion predation,and

threediedofunknowncauses(DeForgeet at. 1997;Bighorn Institute 1997,

1998).
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In thenorthernSantaRosaMountains,artificially irrigatedvegetationattracts

bighornsheepandcreatesahazard. Thoughcommonlythoughtto be theproduct

ofreleasingcaptive-rearedanimalsinto thewild, behavioralhabituationto urban

sourcesof food andwaterbeganwhenurbanizationstartedencroachinginto

bighornhabitatin the1950’s, severaldecadesbeforepopulationaugmentation

beganin 1985 (Tevis 1959,DeForgeandScott 1982,Ostermannet at. in press,V.

Bleich, pers.comm.). A studyof cause-specificmortality conductedfrom 1991 to

1996revealedthatpredationaccountedfor 28 percentof32 adultbighornsheep

mortalities (25 percentdueto lion predationand3 percentdue to eitherlion or

bobcatpredation)and34 percentweredirectly causedbyurbanization(DeForge

andOstermann1998b).The remainderofmortalitiesweredueto disease(3

percent)andundeterminedcauses(34 percent).Of the 11 adult mortalities

attributedto urbanization,5 weredueto automobilecollisions,5 werecausedby

exotic plant poisoning, and 1 bighorn ram was strangled in a wire fence. An

additionalfour bighornsheepwere struckbut not killed by vehicles. Toxic plants

causingmortality includedoleander(Neriurn oleander)andlaurel cherry(Prunus

sp.)(Bighorn Institute 1995, 1996). In 1970,a toxic, ornamentalnightshadeplant

mayhavecausedthedeathof ayoungramin PalmSprings(Weaverand Mensch

1970). Dueto an absenceof comprehensivestudiesof thetoxicity ofnon-native

plantsto bighornsheep,it is unclearhowmanyadditional ornamentalplant

speciesrepresenta risk to bighornsheepin the PeninsularRanges. Exposureto

chemicals,suchasfertilizers,herbicides,andinsecticidesusedin developedareas,

is alsoaconcern(Turner1978);however,little is knownaboutthe level of

exposureoreffectson bighornsheep.Preliminaryresultsfrom an ongoingstudy

ofradiocollaredlambsindicatethat urbanizationis alsoaffectinglamb survival in

this ewegroup. Of thenine lambmortalitiesrecordedin 1998and 1999,five

wereattributedto coyoteorbobcatpredation,oneto mountainlion predation,and

threeto thedirect andindirecteffectsof urbanization(automobilecollision and

drowningin aswimmingpool). Dogsalsohavebeenobservedto chasebighorn

ewesandtheir lambsnearresidentialareas(E. Rubin, pers.comm.). Eight of the

ninedeathsoccurredwithin 300meters(980feet) of theurbaninterface(Bighorn

Institute 1999).

23



Thoughmuledeer(Odocoiteushemionus)aretheprimarypreyof mountainlions

in NorthAmerica(Anderson1983),and therangeofbighorn sheepin the

PeninsularRangeslargelyavoidsoverlapwith mule deer,lion predationthreatens

individualewegroupsin thePeninsularRanges(Hayeset at. 2000)andhasthe

potentialto affectpopulationrecovery. From November1992 to May 1998,

Hayesetat. (2000) foundtheprimarycauseofdeathof radio-collaredadult

bighornsheepbetweenHighway74 (in theSantaRosaMountains)and theU.S.-

Mexico borderwaspredationby mountainlions. Lion predationaccountedfor at

least69 percentofthe61 adultmortalitiesandoccurredin eachoftheewegroups

in this portionoftherange(Hayeset at. 2000). Annually, lion predation

accountedfor 50 to 100 percentofthe bighornsheepmortality, anddid not

exhibit a decreasingor increasingtrendduring 1993 to 1997. Lion predation

appearedto showa seasonalpattern,with themajorityof incidentsoccurring

during the cooler and wetter months of the year. A bighorn sheep’s risk of

predation did not appear to be related to its age. In this study, the remainder of

mortalitieswereclassifiedas: 16 percent--causesotherthanpredationand 15

percent--undetermined cause.

It is unknown,however,how currentlevelsof lion predationobservedthroughout

thePeninsularRangescompareto historic levels. Lions orsign oflion havebeen

observedin thehabitatof Peninsularbighornsheepsincethe 1950’s(Joneset at.

1957,JorgensenandTurner1973,Gross1987, Sanchez1988, BighornInstitute

1990). However,the literatureindicatesa lackof agreementon recentmountain

lion populationtrendsin California(Smallwood1994,SmallwoodandFitzhugh

1995,Torresetal. 1996,Wehausen1996). Pastincidentsof lion predationwere

documentedby JorgensenandTurner(1975),Gross(1987),andBighorn Institute

(1998, 1999). Reported incidents of lion predation were not commonin the past

andpredationwasnot consideredto beaseriousrisk to bighornsheep(Weaver

andMensch1970, JorgensenandTurner 1975,Cunningham1982),but it is

important to note that the increase in the number of radio-collared bighorn sheep

since1993hasgreatlyincreasedthedetectionof suchmortalities. Becauseofthe

roughdesertterrainand themannerin which lionshandletheirprey(buryingor

cachingunderdirt or brush),carcassesoflion-killed bighornsheeparedifficult to

find without theaid oftelemetry. However,deadbighornsheepwithout radio-
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collarshavebeenfoundopportunisticallyduring earlyand recentfield work, and•

it hasbeensuggestedthat theproportionofthesethat werekilled by lions may

haveincreased.It is possiblethat othercausesof mortality, for examplepast

episodesof diseases,havealteredtheproportionof mortalitiesattributedto lion

predation.

Pastfield observationsandrecordsin areasfar from theCoachellaValleyurban

interfacedocumentedmortalitiesresultingfrom predation(of lambs)by coyotes

(Canistatrans)(WeaverandMensch1970,JorgensenandTurner 1975,DeForge

andScott 1982),traincollisions(JorgensenandTurner1973),automobile

collisions(Turner 1976,Hicks 1978),poaching(Joneset at. 1957,Jorgensenand

Turner1973, Cunningham1982),andaccidentalfalls (Turner1976). Golden

eagles(Aquita chrvsaetos)and bobcats (Lynx rufus) arealsopotentialpredators.

6. COMPETITION

In thePeninsularRanges,bighornsheeppotentiallycompetefor resourceswith

othernative ungulates(muledeer),domesticlivestock(cattle),feral animals

(horses),andhumans. Bighorn sheepanddeerhabitatoverlapprimarily atthe

upperelevationsof bighornhabitat,with possiblegeographicandseasonal

differencesin thedegreeofoverlap. Jones(1980)summarizedreportsof possible

competitionfor food andwaterbetweendeerand bighornsheepin othermountain

ranges. Joneset at. (1957)andWeaveret at. (1968)speculatedthat competition

betweenthetwo speciesmayoccurbut likely waslimited in thePeninsular

Ranges.Thehabitatusepatternsofdeerin thePeninsularRangeshavenotbeen

studied;therefore,levelsofcompetitionarenotknown. Recentobservations

suggestthat non-nativehoneybees(Apis meltifera)couldaffect bighornsheepuse

ofcertainwatersources(W. Boyce,pers.comm.).

Numerousreportsandobservationsindicatethat cattlegrazingcanbedetrimental

to bighornsheeppopulations,eitherthroughdirect competitionfor forageor

water,or throughvegetationchangesin responseto cattlegrazing(reviewedby

McQuivey 1978andJones1980)andpotentialdiseasetransmission(e.g.,

DeForgeetat. 1982,Clark etat. 1985,Jessup1981, Jessup1985,Clark et at.
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1993,refer to sectionI.B.7 andI.D), althoughseeSingeret at.(1997).

Historically, largenumbersofcattleweregrazedin thePeninsularRanges(Reed

1986; AppendixA). NumbersweregreatlyreducedwhenAnza-BorregoDesert

StateParkwasestablishedin 1933 andgrazingleaseson park landswere

terminatedin 1970,althoughcattlehavecontinuedto trespasson Parklands from

adjacentallotments. CunninghamandOhmart(1986)foundthat dietaryoverlap

betweencattleandPeninsularbighornsheepin CarrizoCanyonwaslow (lessthan

orequalto 18.2 percent)but notedthat duringtheir study, thetwo speciesused

differentvegetationassociations.Theseauthorscautionedthat competitionmight

increaseif: 1) cattlewereintroducedto bighornsheephabitat(with the impact

beingmostseriousatwatersources),or 2)droughtreducedtheavailabilityof

annualplants. In 1989,cattlewereobservedatawatersourceusedby bighorn

sheepin CarrizoCanyon(Clark etat. 1993),indicatingthat cattlewereusing

bighornsheephabitatin thestudysiteofCunninghamandOhrnart(1986). Cattle

werealso foundin bighornsheephabitatin CoyoteCanyon,RockhouseCanyon,

HellholeCanyon,and Bow Willow Canyon(M. Jorgensen,pers.comm.). During

1987 to 1989, Anza-BorregoDesertStateParkpersonnelremoved117 cattle from

parkland(M. Jorgensen,pers.comm.);however,cattle(both feral orstraying

cattle,and thosecurrentlygrazedlegallyon grazingallotments)arestill found in

or nearbighornsheephabitatin thePeninsularRanges,andrepresentapotential

risk to bighornsheep.

Domesticsheeppresentproblemssimilar to cattlewith regardto competition;

however,theirpresencerepresentsan evengreaterthreatdueto an increasedrisk

of transmittingfatal diseasesto bighorn(referto sectionI.B.7 andI.D). Domestic

goatsalsoarepotentiallyseriouscompetitorsbecauseof theirability to maneuver

in roughcountry andtheirpropensityto overgrazeforage. Jonesetat. (1957)

foundapproximately30 goatsin MartinezCanyonin theSantaRosaMountainsin

1957and observedthat theyhadheavilyusedpartofthis canyon. R. Weaver

(CaliforniaDepartmentofFishandGameretired,pers.comm.)also observed

goatsin this areaandatthe southernedgeoftheU.S. PeninsularRanges(southof

Highway8) in the late 1960’s. Goatspersistedin MartinezandSumacCanyons

(SantaRosaMountains)until theearly1980’s(Bighorn Institute 1983, 1984a,

1984b,1985a,1985b;V. Bleich, pers.comm.; D. Jessupin tilt. 1999). There are
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currentlyno knowndomesticsheepor goatsin therangeofthePeninsularbighorn

sheep,thoughtransientrammovements,suchasalongtheSunriseHighway(51

in SanDiegoCounty)could encountersheeporgoatsin peripheralareas;

reintroductionof thesespecieswould createa seriousrisk to Peninsularbighom

sheep.

Many researchershavedocumentedhigh levelsofcompetition,both for waterand

forage,betweenburros(Equusasinus)andbighorn sheep(e.g.,Weaver1959,

1972, 1973;Mensch1970;SeegmillerandOhrnart1981;Andrewetat. 1997;

Jones1980). Jonesetal. (1957)reportedthepresenceof burrosin Martinez

Canyonandspeculatedthattheiruseof watersourcescould interferewith bighorn

sheepuse. BurrosalsoinhabitedRockhouseCanyon(north) from approximately

the 1930’s to theearly1970’s(M. Jorgensen,pers.comm.). No burrosare

currentlyknownto inhabit thePeninsularRanges,but theycouldposearisk for

bighornsheepif introduced. Feralhorses(Equuscabattus)currently inhabit

CoyoteCanyonin Anza-BorregoDesertStatePark(Auza-BorregoDesertState

Park,unpublisheddata)andPalmCanyon(SanJacintoMountains). Competition

betweenferal horsesandbighornsheephasnotbeenextensivelystudied,but

increasing horse populations were reported to coincide with decreasing bighorn

sheep populations in the Silver Peak Range in Nevada (McQuivey 1978).

Similarly, duringthe3-daywaterholecountsat Anza-BorregoDesertStateParkin

1999and2000, thecontinuouspresenceof 16 and21 wild horses,respectively,

arounda traditionallyusedwaterholecoincidedwith an absenceof bighorn

coming to water over both census periods (M. Jorgensen, pers. comm.).

M. Jorgensenhasobservedthat during periodsof poorrangeforageconditions,

horsescongregatearoundwatersourcesmorethanusual,causingdamagesimilar

to thatofburrosby consumingthebestavailableforageandfouling surface

waters.

Competitionwith domesticlivestock,especiallydomesticsheep(Brigandi 1995),

hasaffectedbighornsheepin thepast(refer to AppendixA). Cattlewerepresent

in thePeninsularRangesasearlyas 1775 (Bolton 1930)andweregrazedin large

numbersthroughouttherange(Turner 1976,Reed1986,Cunninghamand Ohmart

1986). Currently,competitionwith livestockis low in thePeninsularRanges
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becauseofpastandcurrenteffortsto limit livestocknumbers. However,

competitionmaystill occurin localizedsituations. Forexample,bighornuseof

HellholeCanyonhasincreasedmeasurablysincetheremovalof over two dozen

cattlefrom thecanyonand 117 cattlethroughoutthepark in 1987 (M. Jorgensen,

pers.comm.). In CanebrakeCanyon,currentBureauof LandManagement

grazingpermits allowing cattleto usewatersourceslocatedbelowbighornsheep

lambingareasmaybe affectingtheCarrizoCanyonewe group. This ewegroup

alsomaybeaffectedby cattlethat strayoutof agrazingallotmentin McCain

Valley. In addition, thepotentialrisk ofdiseasetransmissionexistsas longas

livestockoccurin bighornsheephabitat.

7. DISEASEAND PARASITISM

It hasbeenhypothesizedthatdiseasehasplayedan importantrole in population

dynamicsof bighornsheepin thePeninsularRanges(DeForgeet at. 1982,

DeForge and Scott 1982, Turner and Payson 1982, Wehausen et at. 1987).

Numerouspathogenshavebeenisolatedordetectedby serologicassayfrom

bighornsheepin theseranges.Thesepathogensincludebluetonguevirus,

contagious ecthyma virus, parainfluenza-3 virus, bovine respiratory syncytial

virus, Anaptasma,Chtamvdia,Leptospira,Pasz’euretta,Psoroptes,and

Dermacentor(DeForge et at., 1982;Clark et at. 1985, 1993; Mazet etat. 1992;

Elliott et at. 1994;Boyce 1995;Crosbieet at., 1997, DeForge et at. 1997).

DeForgeet at. (1982)foundmultiple pathogens(contagiousecthymavirus, blue

tongue,Pasteuretta,andparainfluenzavirus) and low lamb recruitmentin

associationwith overall populationdeclines. Between1982and 1998,39 lambs

showingsignsofillness(lethargy,droopyears,nasaldischarge,andlung

consolidation)werecollectedfrom theSantaRosa(northernandsouthern),

Jacumba,and In-Ko-PahMountainsfor diseaseresearchandrehabilitationatthe

Bighorn Institute(Ostermannet at. in press).Additionally, DeForgeetat. (1995)

documentedapopulationdeclinethroughouttheSantaRosaMountainsduring

1983 to 1994,resultingfrom inadequaterecruitment. Althoughacauseandeffect

relationshipbetweendiseaseandpopulationdeclinehasnot beenclearly

establishedin thePeninsularRanges,resultsfrom severalstudiesprovidesupport
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for this hypothesis(DeForgeet at. 1982,Clark et at. 1985,Wehausenet at. 1987,

Clark et at. 1993,Elliot et at. 1994, DeForgeet at. 1995). Thepresenceof feral

goatsin portionsof theSantaRosaMountainsuntil the late 1970’sto early 1980’s

mayhavecontributedto exposureofwild bighornto diseaseduring this periodof

populationdecline(D. Jessup,in th~t. 1999).

Analysisofspatialvariationin pathogenexposureamongbighornsheepsampled

between1978 to 1990showedthat Peninsularbighorn sheeppopulationsand

otherpopulationsin southernCaliforniahavehigherlevelsofpathogenexposure

thanotherpopulationsofbighornsheepin theState(Elliott et al. 1994).

However,serologicaltestshaverevealedthepresenceof antibodiesto several

infectiousdiseaseagentsin bothhealthyandclinically-ill animals(Clark et at.

1993,Elliott etat. 1994;Boyce1995,DeForgeetat. 1997),andessentiallyall of

theviruses,bacteria,andparasitesthathavebeenreportedfrom Peninsular

bighornsheepappearto be widespreadamongdesertbighornsheepin thewestern

U. S. (Jessupet at. 1990). All evidenceindicatesthat the influenceof diseasein

thePeninsularRangeshassubsidedin morerecentyears. For example,recent

samplingandexaminationofbighornsheepthroughouttherangeindicatethat

mostanimalswereclinically normal(Boyce 1995;DeForgeet at. 1997;Bighorn

Institute 1997, 1998, 1999). Severalcaveatsshouldbe kept in mind when

interpretingserologictestresultsofwild animals(Gardneretat. 1996). An

animal testingpositive for a specific pathogen: 1) mayormaynot be showing

clinical signsof the infectionandmayneverhavebeenadverselyaffectedby the

infection,2) mayno longerharborthepathogen,3) mayor maynotbe resistantto

subsequentre-infection,or4) mayhavebeenexposedto arelatedpathogenthat

inducedtheformationof cross-reactiveantibodies. Ontheotherhand,an animal

testingnegative: 1)mayneverhavebeenexposedto thepathogen,2) maybe

recentlyinfectedby thepathogenunderscrutinybut not yetproducingantibodies,

or3) mayhavebeenexposedto thepathogenanddevelopedanantibodytiter that

hassubsequentlyabated.Detectionofpathogensdoesnot, in itself, imply a causal

relationshipbetweendiseaseandpopulationdeclines. Additional researchis

necessaryto betterunderstandthis relationship. Furthermore,it appearsthat risk

ofdiseaseandparasitesmight differ amongewegroupsbasedon their exposure
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andtheirhabitatusepatterns,so future researchshouldaddressthesequestionsat

the level ofthe ewegroupandthe levelof thepopulation.

Thereducedinfluenceofdiseaseon Peninsularbighornsheep(asthey

simultaneouslycontinueto decline)suggeststhat otherfactors,suchaspredation,

habitatloss/modification,andhumanrelateddisturbancecurrentlylimit the

population. Nonetheless,diseaseand/orparasitesmaystill threatenbighornsheep

in thenorthernSantaRosaMountains. Bighorn sheepin this grouphave

exhibitedlow lamb recruitment(refer to sectionI.B.3), andclinical signsof

illnesshavebeenobservedamongadultsandlambs(DeForgeandScott 1982;

BighornInstitute 1997;DeForgeandOstermann1998a;E. Rubin, pers.comm.).

In addition,during 1991 to 1998,internalparasites(trichostrongyles)were

detectedin this ewegroup(DeForgeandOstermann1998b;E. Rubin andW.

Boyce,pers.comm.),while similarsamplingfailed to detecttheseparasitesin

bighornsheepfrom theremainderof therange(DeForgeei’ at. 1997;Bighorn

Institute 1998; E. Rubinand W. Boyce,pers.comm.). Habitatmodificationand

alteredhabitatusepatternsmayincreasetherisk ofdiseaseandparasitesin this

groupby increasingparasitesurvivalor transmissionratesin irrigated landscapes

(Bighorn Institute 1997,DeForgeandOstermann1998b). It hasbeensuggested,

for instance,that thedensityof RockyMountainbighornsheepis importantin the

transmissionof lungworms(Protostrongytus)in mesicareaswherethesnail

intermediatehostsaresufficientlycommon(UhazyandHolmes 1973). The

differentewegroupsin thePeninsularRangesapparentlyhavedifferentpathogen

exposureprofilesand risks.

C. ABUNDANCE AND DISTRIBUTION

1. HISTORIC ABUNDANCE AND DISTRIBUTION

Bighornsheephavebeendocumentedin thePeninsularRangessinceearly

explorerssuchasAuza observedthemin the1700’s(Bolton 1930);however,

rangewidepopulationestimateswere not madeuntil the I 970’s. Published

estimateswereashigh as971 in 1972(Weaver1972),and 1,171 in 1974(Weaver

1975),while morerecentestimateswere570 in 1988 (Weaver1989),400 in 1992

(U.S. FishandWildlife Service1992),andbetween327 to 524 in 1993 (Torreset

at. 1994). Accuracyof theestimatesin theearly 1970’s(pre-helicoptersurveys),
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especiallyin theSanJacintoMountains,hasbeenquestionedby several

authorities(Wehausen1999;V. Bleich, pers.comm.)(seesectionI.C.3 below for

moredetails).

An examinationof pastrecordsandcurrentdatasuggeststhat thedistribution of

bighornsheephasbeenalteredduring thepast25 years. No newewegroupshave

beendocumentedto form, but ewegroupsalongtheMexicanborderand in the

northernSanJacintoMountains(north ofChinoCanyon)havedisappearedsince

the 1980’s. Lossoftheborderpopulationwaspoorlydocumentedbut the

constructionofInterstate8 in themid-1960’s,railroadactivity, livestock grazing,

poaching,andfire suppressionappearto be likely contributingcauses(Rubin et

at. 1998). DeForge etat. (1997)suggestedthat disturbanceandhabitat

fragmentationweretheprincipalcausesofchangesin distributionin thenorthern

SanJacintoMountains. In thenorthernSantaRosaMountains,thenumberand

distributionofewesis substantiallyreducedfrom the 1980’s,with formerly

importantuseareas,suchasCarrizoandDeadIndianCanyons,currently

supportingfew animals(J. D. Goodman,Universityof Redlands,unpublished

data1963; DeForgeandScott 1982;DeForgeet at. 1995; Bighorn Institute 1998,

1999). TheFishCreekMountainsandareasto thewestoftheVallecito

Mountains(theSawtoothRange,OriflammeMountains,andthelower elevations

oftheLagunaMountains)arebelievedto havesupported“transient”useby sheep

in the past (Weaver etat. 1968, Weaver 1972).

Thedistributionof eweshasbecomemorefragmentedin therecentpast,although

evidenceis not availableto suggestthatramusehasbeencurtailed. At the

southerndistributional limits oftheU.S. population,theconstructionofInterstate

8 precededthelaterdisappearanceofbighornsheepalongtheMexicanborder,

thoughramsstill continueto be foundoccasionally(Jessup,in titt. 2000). At the

extremenorthernendof their range,ewegroupoccupationceasedin thenorthern

SanJacintoMountainsabout20 yearsafterconstructionofthePalmSprings

AerialTramwayin ChinoCanyon,thoughramsstill crossChinoCanyonand

makeuseofmuchoftheareaformerlyoccupiedby theewegroup. Rubin etat.

(1998)suggestedthat in portionsof therange,roadsor increasedtraffic have

contributedto fragmentationby restrictingewemovement,asevidencedby the

distributionallimits of four ewegroupscurrentlycoincidingwith roadways. In

the 1970’s,eweswereobservedto crossHighway74 in the SantaRosaMountains
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(V. Bleich, pers.comm.; D. Jessup,in titt. 1999)andsheepwerestruck by cars

“whereancestralbighorntrails arebisectedby thehighway” (Turner1976).

Thougha radio-collaredewecrossedHighway74 in 1982(DeForgeandScott

1982),no radio-collaredeweswereobservedto crossthis roadfrom 1993 to the

present.CaliforniaDepartmentofTransportationrecordsindicatethat traffic on

this roadhasapproximatelytripled since1970. Since1991,at leastfive rams
havebeenstruckby carswhile crossingHighway74; two werekilled (Bighorn

Institute 1991, 1999). In addition,asignificantreductionin bighornusein

portionsoftheSantaRosaMountainshasbeenobservedsincethe constructionof

theDunnRoad(DeForgein litt. 1997).

2. RECENTABUNDANCE AND DISTRIBUTION

RecentabundanceestimatesofPeninsularbighornsheepnorthoftheU.S.-Mexico

borderwere347, 276, and334 animals(excludinglambs)in 1994, 1996,and

1998,respectively(Table5). Currently,at leasteight subpopulations(ewe

groups)existin therange(Rubin et at. 1998) (Figure 3, Table 6). It is possible

that theSantaRosaMountainssoutheastofHighway74 andtheVallecito

Mountains are each inhabited by more than one ewe group, but additional data are

requiredto confirm this. During 1994 to 1998,thelargestewegroupsin the

PeninsularRangestypically consistedof lessthan30 ewes,while somegroups

hadlessthan 15 ewes(DeForgeet at. 1997; Rubinet at. 1998, 1999; Ostermann

etat. in press)(Table6). TheSanJacintoewegroupcurrentlyconsistsofsix

knownewes(Bighorn Institute 1999). Althoughpermanentemigrationof ewes

betweengroupshasnotbeenobserved,a limited numberof temporarymoves

betweensomegroupsweredocumentedin recentyears(Bighorn Institute 1998,

1999; Rubinetat. 1998),andgeneticevidenceindicatesewemovementin the

past(Boyceet at. 1997). Rammovementsbetweenewegroupsaremorefrequent

(DeForge et at. 1997,Rubinetat. 1998, refer to section I.B.2). These

observationaldataaresupportedby geneticanalyses(Boyceet at. 1997,Boyceet

at. 1999,refer to sectionI.A.3). Theexistenceof distinct ewegroupsthatare

connectedby limited movementof bighornsheepsuggeststhat Peninsularbighorn

sheepcompriseametapopulation(Levins 1970,Torreset at. 1994, Bleich et at.

1996, Boyceetat. 1997). Bighornsheepexhibit apatchydistributionasa result

of naturalbreaksin mountainoushabitat(Schwartzetat. 1986;Bleich et at.

1 990a, 1996),andgeneticanalysessupportthehypothesisthat discreteewe
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Figure 3. Distribution of bighorn ewes in the Peninsular Ranges, California, 1992-1995. Stippled and
shaded areas indicate regions used by home-range groups of ewes identified in this study. 1-Carrizo
Canyon, 2a-south Vallecito Mountains, 2b-north Vallecito Mountains, 3-south San Ysidro Mountains,
4-north San Ysidro Mountains, 5-Coyote Canyon, 6a-Santa Rosa Mountains east of Highway 74
(south), 6b-Santa Rosa Mountains east of Highway 74 (Martinez Canyon), 6c-Santa Rosa Mountains
east of Highway 74 (Deep Canyon), 7-Santa Rosa Mountains west of Highway 74, 8-San Jacinto.
Mountains (U indicates general location of this group, DeForge et aI. 1997). Wide hatch marks
indicate possible connectivity between ewe groups in the Vallecito Mountains and in the Santa Rosa
Mountains. (Reprinted with permission from Rubin et al. 1998).
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groupsexistedin thepast(Boyceet at. 1999). However,it appearsthat some

separationsbetweengroupsareof anthropogenicorigin andmovementof ewes

hasbeenreducedby humanactivity (DeForgeetat. 1997,Rubinei at. 1998,refer

to sectionL.C.2).

Two captivepopulationsofPeninsularbighornsheepcurrentlyexist. TheLiving

DesertMuseum,an educationaland zoo facility in PalmDesert,California,

maintainsasmall group(sevenadult femalesandtwo adult males)at its facility.

Theseanimalsareusedprimarily for educationalpurposes(Terrie Correll,The

Living Desert,pers.comm.). TheBighorn Institute,alsoin Palm Desert,

maintainsasmall captiveherdof approximately30 animals. This private,

nonprofitorganization,establishedin 1982undertheauthorizationof the

CaliforniaDepartmentof FishandGamewith aMemorandumofUnderstanding,

Table 5. Abundanceestimates(and 95 percent confidenceintervals) of bighorn

sheepin the PeninsularRangesnorth of the U.S.-Mexicoborder during 1994,1996,

and 1998. Estimatesexcludelambs (DeForgeetal. 1995; Bighorn Institute 1996,

1998).

Region 1994 1996 1998 Source(s)

Anza-Borrego

DesertStatePark

(including all

habitatoutsideof

SantaRosaandSan

JacintoMountains)

214.0

(149.8to

278.6)

163.0

(131.8to 194.2)

180.7

(149.5to

211.9)

Rubinetat.

1998, 1999

SantaRosa

Mountains

115.5

(91.5to 139.5)

93.8
(71.8to 115.8)

129.0
(91.1to 166.9)

DeForgeet at.
1995,Bighorn

Institute 1996,
1998

SanJacinto

Mountainsa

17 (NA) 19 (NA) 24 (NA) DeForgeet at.

1997, Bighorn
Institute 1998

Total 347
(253 to 458)

276
(210to 439)

334
(262 to 434)

aMinimum numberknownto be alive,basedon absolutecounts(intensivefield studiesof radio-

collaredanimals in combinationwith annualhelicoptersurveys). Confidenceintervals

unavailable.
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conductsresearchandmaintainsabreedingherdat its facility (referto section

J.E.3). Since 1985,77 animalsfrom this herdhavebeenreleasedinto thewild.

Ewe groupsin theSanJacintoandnorthernSantaRosaMountainshavebeen

augmented with captive-reared sheep (n equals 3 in 1997 and 74 during 1985-

1998, respectively)(Ostermannet at. in press).

3. POPULATION TRENDS

Althoughbasedon different techniques,acomparisonof early(pre-1977)and

currentpopulationestimatessuggestsagreatdeclinein Peninsularbighornsheep

numbers.Earlyestimateswerebasedon waterholecountsor foot surveys,

whereashelicoptersurveyswereusedto generatepopulationestimatesstartingin

Table 6. Ewe abundanceestimates(and 95 percentconfidenceintervals) per ewe

group generatedfrom helicopter surveysduring 1994,1996,and 1998(Rubin etal.

1998,1999; DeForgeetal. 1997;DeForgeetal. 1995;Bighorn Institute 1996,1998).

Current ewegroup

delineation

Year

1994

Year

1996

Year

1998

I. CarrizoCanyon 39.0

(20.9-57.2)

23.5

(17.7-29.3)

19.0

(19.0-19.0)
2. Vallecito Mountains 17.7

(6.7-28.6)

19.0

(19.0-19.0)

30.2

(24.3-36.1)
3. SouthSanYsidro

Mountains

15.3

(9.9-20.6)

12.3

(6.9-17.8)

23.0

(8.3-37.7)
4. North SanYsidro

Mountains
32.0

(9.5-54.5)
22.1

(16.2-28.1)
15.3

(6.2-24.5)
5. CoyoteCanyon 21.8

(15.4-28.2)

23.0

(5.5-40.5)

22.8

(17.5-28.0)
6. Santa Rosa

Mountains

east of Hwy. 74

66.2

(42.4-90.0)

83.0

(27.3-138.7)

48.3

(31.6-65.0)

7. SantaRosaMts.
westofHwy. 74

15.9
(13.5-18.3)

14
(14.0-14.0)

11.6
(9.7-13.5)

8. SanJacinto
Mountainsa

(
(na)

(
(na)

(
(na)

~Minimumnumberknownto be alive, basedon absolutepopulationcounts(intensivefield studies

of radiocollaredanimalsin combinationwith annualhelicoptersurveys). Confidenceintervalsare

unavailable.
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1977. Annualhelicoptersurveysconductedin theSantaRosaMountainssince

1977 indicatearegionalpopulationdecline(DeForgeet at. 1995,Wehausenetat.

1987),with a 69 percentdeclineobservedbetween1984and 1994(DeForgeetat.

1995). Rubinetat. (1998) examinedtrendsin abundanceoutsideof theSanta

RosaMountainswith theuseof a26-yeardatasetof annualwaterholecount

observations in Auza-Borrego Desert State Park. These dataindicatedthat

declineshad occurredin some,but not all, ewegroups. This resultsuggeststhat

abundancetrendsareindependentamongewegroups,andis in agreementwith

field datathat showindependentdifferencesin lamb recruitmentandadult

survivalamongewegroups(Rubin et at. 2000.,Hayesetat. 2000, refer to

sectionsI.B.3 andI.B.4). Climatic patternsarehighly correlatedacrossthe

PeninsularRanges,suggestingthat otherlocal factorsspecific to ewegroupsplay

importantrolesin determininglong-termabundancetrends(Rubin et at. 1998).

Independentpopulationtrendsalsowereobservedamongewegroupsin the

Mojave Desert (Wehausen 1992).

DeForgeet at. (1997) foundthat bighornsheepin theSanJacintoMountains

declinedbetween1984 and 1987. Sincethat time thesubpopulationinhabiting

these mountains has been stable but precariously small (Table 7). In the Santa

RosaMountains, mark-recapture estimatesgeneratedfrom helicoptersurveydata

indicatedthat bighorn sheepnumbersappearedto remainstableatlow numbers

from 1990to 1995, following alargepopulationdecline(DeForgeet at. 1995). In

thenorthernpartof thesemountains,thecurrentnumberof animalsis

approximately50 percentofthenumberpresentduringthe 1980’s(Table 8).

Helicoptersurveyssouthof theSantaRosaMountains,encompassingall

Peninsularbighornsheephabitatoutsideof theSantaRosaandSanJacinto

Mountains,indicateda28 percentdeclinein ewenumbersin arecent2-year

period(from an estimateof 141 femalesin 1994 to 102 femalesin 1996;Rubinet

at. 1998), and a statisticallynon-significantincrease(from approximately102 to

112 females)from 1996 to 1998 (Rubinet at. 1999).

Thoughcauseandeffect relationshipsfor thesepopulationdeclinesamongewe

groupshavenot beendocumented,likely contributingfactorsare: high predation

rates;disease;andcumulativeeffectsof habitatloss,modification,fragmentation

andhuman-relateddisturbance.
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Table 7. Ewe population estimates for the San Jacinto Mountains from 1993 to

1999 (DeForgeetal. 1997;Bighorn Institute 1997,1998,1999).

Year Number of ewes

(yearlings and adults)

1993 10
1994 7
1995 8
1996 7
1997 9
1998 8
1999 6

a

Table 8. Fall population estimates of adult (1 year or older) bighorn sheepin the

northern SantaRosaMountains from 1985 to 1998 (Ostermann etal. in press).

Fall population Number of captive-

estimateof reared bighorn in

yearling and adult the population

Year bighorn (ewes)
1985 40(22) 1
1986 46(25) 5
1987 52(30) 16
1988 52(33) 19
1989 50(32) 20
1990 41(24) 26
1991 30(21) 17
1992 35 (24) 20
1993 27(17) 16
1994 23(11) 16
1995 24(10) 16
1996 21(10) 16
1997 22(11) 16
1998 22(10) 15

a minimumnumberknownto bealive, basedon absolutepopulationcount.
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D. REASONSFOR LISTING

The following discussionis organizedaccordingto the listing criteriaunder

section4(a)(1)of theEndangeredSpeciesAct.

I. THE PRESENTORTHREATENED DESTRUCTION,MODIIFICATION,

OR CURTAILMENT OF THEIR HABITAT ORRANGE

Habitat lossis a leadingcauseofcurrentspeciesextinctionsand endangerment

(Burgmanetat. 1993). It represents aparticularlyseriousthreatto Peninsular

bighornsheepbecausethey live in anarrowbandof lowerelevationhabitatthat

representssomeofthemostdesirablerealestatein theCaliforniadesertandis

beingdevelopedat a rapidpace. At least7,490hectares(18,500acresor about30

squaremiles) of suitablehabitathasbeenlost to urbanizationandagriculture

within the rangeof thethreeewegroupsthat occuralongtheurbaninterface

betweenPalmSpringsandLa Quinta(seethemapsreferencedin Appendix B).

Within thenarrowbandofhabitat,bighornsheepneedto be ableto movedaily,

seasonally,andannuallyto makeuseof sparseandsometimessporadically

availableresourcesfoundwithin theirhomeranges.As humansencroachinto this

habitat,theseresourcesareeliminatedor reducedin value,andthesurvivalof ewe

groupsis threatened.Bighorn sheeparealsosensitiveto habitatloss or

modification becausetheyarepoordispersers(Geist 1967, 1971),largelylearning

their rangingpatternsfrom olderanimalsratherthanon theirown(refer to section

I.B.2). Whenhabitatis lost or modified, theaffectedgroupis likely to remain

within their familiarsurroundingsbutwith reducedlikelihoodof population

persistence, due to reducedquantityand/orqualityof resources.Habitat

fragmentationis amajorthreatto bighornsheep(Schwartzet at. 1986, Bleich et

at. 1996) and Peninsularbighornsheepareparticularlyvulnerablebecauseof the

narrowelevationalbandofsuitablehabitat,behavior(useof low elevationhabitat

andewehomerangefidelity), andpopulationstructure. Fragmentationposesa

particularly severethreat to specieswith ametapopulationstructurebecause

overall survival dependson interactionamongsubpopulations.Encroaching

urbandevelopmentandanthropogenicdisturbanceshavethedual effect of

restrictinganimalsto a smallerareaand severingconnectionsbetweenewe

groups. Movementsby ramsthroughdowntownPalm Springs(Tevis 1959,

DesertSun,9/12/1995,DeForgeetat. 1997)mayprovideinsight intopastbighorn
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movementpatterns.Formerlong-distancemovementsacrossthevalley floor to

thenorth and eastof theCoachellaValley, thoughneverdocumented,likely

occurredastheycurrentlystill do betweenothermountainrangesin the desert

southwest(Bleich etat. 1996;J.Wehausen,pers.comm.). Thepotential for such

movementsnow hasbeeneliminatedby high densityurbandevelopment,major

freeways,fences,agriculture,andcanals. Themovementoframsandoccasional

ewesbetweenewe groupsmaintainsgeneticdiversity andaugmentspopulations

ofindividual ewe groups (Soul~ 1980,KrausmanandLeopold 1986, Schwartzet

at. 1986, Burgman et at. 1993, refer to sectionII.A.2). Theoccasionalmovement

of ewes can result in a “rescue effect” (Brown and Kodric-Brown 1977) by

increasingthenumberofewesin adecliningewegroup. Temporarymovesby

femalesbetweenneighboringewegroupscouldalsoprovidenewhabitat

knowledgethat facilitatesfuturerangeexpansion(Geist 1971). Increased

fragmentationreducessuchpossibilities.

Beyondphysicalbarriersto movement,fragmentationalso canresultfrom less

obviousformsofhabitatmodification. As describedabovein sectionI.C.2,

increasedtraffic on roadsapparentlymakebighornsheep,especiallyewes,

hesitantto crosstheseroads(Rubinet at. 1998). Animals that do crosssufferan

additionalrisk ofmortality (Turner 1976,McQuivey 1978,Cunninghamand

deVos1992,DeForgeandOstermann1 998b,BighornInstitute 1999),with the

resultthat agroupwhoserangeis bisectedby theroadcanhavereducedviability

in the long term(CunninghamanddeVos1992). Humandisturbancealongroads

andtrails cancausesheepto avoidthoseareas(Papouchisetat. 1999),potentially

affectingbighornsheepmovementandhabitatuse(referto sectionI.B.2), thereby

“fragmenting”bighornsheepdistributionalthoughthehabitatappearsto be intact.

DevelopmentandhumanpopulationsalongtheeasternslopeofthePeninsular

Rangescontinueto grow ata rapidpaceatthe lowerandupperelevational

boundariesof Peninsularbighornsheephabitat. TheCoachellaValley

AssociationofGovernmentsanticipatesthat by theyear2010,thehuman

populationtherewill increasefrom 227,000to over497,000,not including

165,000to 200,000seasonalresidents.Bighornpopulationdeclinestypically have

beenmostpronouncedin ewegroupsadjoiningtheurban interfacein Coachella

Valley. Thedeclinein local bighornpopulationsin theSanJacintoandnorthern

SantaRosaMountainsparallelsthedemiseof sheeppopulationsnear
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AlbuquerqueandTucson(Krausmanetat. in prep.),othermajormetropolitan

areasthathaveencroachedinto sheephabitatin thedesertsouthwest. Other

cumulativefactorscausedby humanactivitieswithin bighornsheephabitatare

discussedin detailbelow(referto sectionI.D.5).

2. OVERUTILIZATION FORCOMMERCIAL, RECREATIONAL,

SCIENTIFIC, OR EDUCATIONAL PURPOSES

Thereis no regulatedhuntingseasonfor Peninsularbighornsheepin theUnited

States,andpoachingis rarelydocumented.Precautionsshould continueto be

taken,however,to preventpoaching.TheBighorn InstituteandLiving Desert

Museumeachmaintainacaptivepopulationof Peninsularbighornsheepfor

scientific andeducationalpurposes.This useis thoughtto haveno negative

impacton free-rangingbighornsheep. Researchersarerequiredto obtainState

and FederalpermitsbeforehandlingPeninsularbighornsheep. Althoughcurrent

researchtechniquesarenot believedto havea negativeimpactonbighornsheep,

how researchis carriedout mustalwaysbe aconsideration(Bleich etat. 1994,see

Appendix D).

3. DISEASEAND PREDATION

ThewestwardspreadofEuropeansandtheir domesticlivestockacrossNorth

Americawasthoughtto play asignificantrole in reducingthedistribution and

abundanceofbighornsheepdueto the introductionofnew infectiousdiseases

(Spraker1977, Onderkaand Wishart1984). In particular,domesticsheephave

beenrepeatedlyimplicatedin Pasteurettapneumoniadie-offsofbighornsheep.

In thePeninsularRanges,a numberofpathogenshavebeenisolatedordetected

by serologicalassayfrom bighornsheep(refer to sectionI.B.7). In theSantaRosa

Mountains,manyyearsofhigh lambmortality from an apparentdiseaseepizootic

contributedto apopulationdeclinefrom inadequaterecruitment(DeForgeand

Scott 1982, Wehausen et at. 1987,DeForgeet at. 1995). Althoughdiseasesdo

not currently appear to be limiting population growth throughout the range, they

poseapotentialthreatthat couldoccurat any time, especiallyif diseaseepisodes

canbe precipitatedby chronic levelsof disturbance(Geist 1971, Hamiltonetat.

1982, Sprakeret at. 1984,King andWorkman1986,Festa-Bianchet1988,Desert

Bighorn Council 1992).
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Mountainlion predationis an apparentlimiting factor for someewegroupsin the

PeninsularRanges;69 percentof61 mortalitiesofradiocollaredsheepfrom 1992

to 1998betweenHighway 74 in theSantaRosaMountainsandMexicanborder

areattributedto mountainlions (Hayeset at. 2000). Therelatively low

survivorshipofadults(sectionI.B.4) and associatedpopulationdeclineshave

recentlyaffectedtherecoveryof mostewe groups.

4. THE INADEQUACY OF EXISTING REGULATORY MECHANISMS

In 1971, thePeninsularbighornsheepwaslisted underCaliforniaStatelaw asa

rarespecies.Thedesignationwaschangedto “threatened”in 1984 to standardize

terminologyof theamendedCaliforniaEndangeredSpeciesAct. The Peninsular

bighornsheepalsois listedby theStateasa“fully protectedspecies”underthe

FishandGameCode(Section4700). TheCaliforniaEnvironmentalQuality Act,

whichallows public commentandgenerallyrequiresmitigationfor significant

environmentaleffects,includingadverseimpactsto Stateand federallylisted

species,hasnot resultedin conservationbenefitssufficient to maintainstable

populations.

The BureauofLandManagementand CaliforniaDepartmentof Fishand Game

jointly developedtheSantaRosaMountainsHabitatManagementPlanin 1980

andMcCainValley HabitatManagementPlanin 1984 to addresstheneeds,as

identifiedat that time, ofbighornsheepin theseareas.TheDepartmentofFish

and GamealsoestablishedtheCarrizoCanyonandMagnesiaSpring Ecological

Reservesto protect importantwateringsites. Theeffectivenessofthese

managementareasin theSantaRosaMountainshasbeenlimited becauseof

heavyhumanuse,lackof managementpresence,and limited funding. Thelackof

fundsalsohaspreventedacquisitionof all privatelandswithin theprotectedareas,

resulting in continued fragmentation by development. The existence of private

inholdingswithin theboundariesof Anza-BorregoDesertStateParkis alsoa

potentialthreatto Peninsularbighornsheepbecausetheselandsincludeprime
bighornsheephabitat,but a lackof funding and/orunwilling sellershave

preventedpublicacquisitionto date.

In California, it is Bureauof LandManagementpolicy to conserveState-listed

plantsand animalsandto useits authoritiesin furtheranceofthepurposesofthe
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Stateof California’srareandendangeredspecieslaws.TheBureauofLand

ManagementandCaliforniaDepartmentof FishandGamehavedeveloped

conferenceproceduresto promotecooperationin theapplicationofthis policy,

althoughtheyareinconsistentlyimplemented. NeitherStatelisting nor the

proposedFederallisting of bighornsheeppromptedlandmanagementagenciesto

effectively addressadverseeffectsassociatedwith landexchanges,recreational

andcommercialuses,and livestockgrazingprograms. Althoughdomesticsheep

on Federallandsin the PeninsularRangesarenot a currentthreat,adverseeffects

from cattlegrazing(including resourcecompetition,degradationof watersources,

anddiseasetransmission)require resolution.

A numberof developmentprojectswith potentiallysignificantadverseeffectson

bighornsheeprecentlyhavebeenapprovedbecauseprojectproposalsand local

GeneralPlansformostof the cities in the CoachellaValley inadequatelyaddress

threatsto the long-termconservationof Peninsularbighorn sheep. Thoughsome

habitatprotectionis derivedfrom the presenceof theStateandfederally listed

leastBell’s vireo ( Vireo bettiipusittus)andsouthwesternwillow flycatcher

(Empidonaxtraitiji extimus),benefitsarelimited due to thespecializedhabitats

(riparianwoodland)usedby thesebirds. Section404 oftheCleanWaterAct

providesprotectionthrough theU. S. Army Corpsof Engineers’regulationofthe

dischargeofdredgedandfill materialinto certainwatersandwetlandsofthe

UnitedStates,but Corps’jurisdiction canbe avoidedundervarioussituations.

5. OTHER NATURAL OR MANMADE FACTORSAFFECTING THEIR

CONTINUED EXISTENCE

Drought: Prolongeddroughtis anaturalfactor thatcanhavenegativeimpactson

desertbighornsheeppopulations,eitherby limiting watersourcesor by affecting

foragequality (Rosenzweig1968,Hansen1980a,Monson1980, Douglasand

Leslie 1986, Wehausenetat. 1987, refer to sectionI.B.1). Duringdroughtyears,

theconcentrationofbighornsheepnearremainingwatersourcesmayincrease

competitionfor forageaswell aswater,therebylimiting populationgrowth

throughdensitydependentregulation(Caughley1977,Gotelli 1995). In addition,

increased density potentially renders animals more susceptible to diseases or

parasites(AndersonandMay 1979,May andAnderson1979).
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Human Disturbance:Humandevelopmentaffectssheepthroughhabitatloss,

fragmentation, orothermodification(refer to sectionI.D. 1 .1), but theseimpacts

alsoextendintobighornsheephabitatbeyondtheurbanedge. Thougha growing

humanpopulationandincreasedactivity adjacentto andwithin bighornsheep

habitathavepotentialto adverselyaffectbighorn sheep,accuratemappingof trail

locationsandquantitativemonitoringof recreationaltrail usehavenotbeen

conducted.In addition, incrementalproliferationoftrails hasgone largely

unaddressed.

Numerousresearchershaveexpressedconcernoverthe impactof humanactivity

on Peninsularbighornsheep(e.g.,JorgensenandTurner1973,Hicks 1978,Olech

1979,Cunningham1982,DeForgeandScott 1982,Gross1987, Sanchezetat.

1988),aswell ason sheepin otherareas(Graham1980,Gionfriddoand

Krausman1986, SmithandKrausman1988). Leopold(1933)consideredbighorn

sheep a wilderness animal because they fail to thrive in contact with urban

development.A varietyofhumanactivitiessuchashiking, mountainbiking, hang

gliding, horsebackriding, camping,hunting,livestockgrazing,dogwalking, and

useof aircraftand off-road-vehicleshavethepotential to disruptnormalbighorn

sheepsocialbehaviorsanduseof essentialresources,orcausebighornsheepto

abandontraditionalhabitat(McQuivey 1978,MacArthuretat. 1979, Olech 1979,

Wehausen1979,Leslie andDouglas1980,Graham1980,MacArthuretat. 1982,

Batesand Workman1983,Wehausen1983,Miller andSmith 1985,Krausman

andLeopold1986,Krausmanetat. 1989,Goodson1999,Papouchiset at. 1999).

Attemptsto ascriberelativeimportance,distinguishamong,orgeneralizethe

effectsof differenthumanactivitieson sheepbehaviorarenot supportable,given

therangeofpotential reactionsreportedin the literatureandthedifferent variables

impinging on givensituations.

Althoughcaseshavebeencited in which bighornsheeppopulationsdid not

appearto be affectedby humanactivity (e.g.,Hicks andElder 1979,Hamiltonet

at. 1982),numerousresearchers,includingtheseauthors,havedocumentedaltered

bighorn sheepbehaviorin responseto anthropogenicdisturbance.Evenwhen

bighornsheepappearto be tolerantof aparticularactivity, continuedandfrequent

usecancausethemto avoidan area,eventuallyinterferingwith useofresources,

suchaswater,minerallicks, lambingor feedingareas,or useoftraditional

movementroutes(Jorgensenand Turner 1973,McQuivey 1978,Graham1980,

43



Leslie andDouglas1980,DeForgeand Scott1982, Hamilton et’ at. 1982,

Krausmanand Leopold1986, Rubin ei’ at. 1998). In addition,disturbancecan

result in physiologicalresponsessuchaselevatedheartrate(MacArthuretat.

1979, 1982),evenwhenno behavioralresponseis discernable.It wasrepeatedly

cautionedthat humandisturbancethreatenedtheviability ofabighornsheep

populationin theSantaCatalinaMountains,outsideof Tucson,Arizona

(Etchbergeretat. 1989, Krausman et at. 1989,Krausman1993,Krausmanet at.

1995). In thesemountains,Etchbergerei’ at. (1989) foundthat habitatabandoned

bybighornsheephadgreaterhumandisturbancethanoccupiedhabitat. Today,

this populationis extinct, ornearlyso,andhumanactivitiesapparently

contributedto its demise(Schoenecker1997;Krausmanet at. in prep.;

P. Krausman, pers. comm.).

A high level ofhumanactivity occursin thehabitatofPeninsularbighornsheep.

Forexample,duringarecent10-hourperiodin spring,49 hikers,2 mountain

bikers,and 13 dogs(9 unleashed)werecountedin CarrizoCanyonin thenorthern

SantaRosaMountains(Bureauof LandManagement,unpublisheddata). This

trail bisectsa lambingareathat hasreceivedreducedlevelsof sheepusein recent

years. A eweandherlamb wereobservedto wait for overS hoursto cometo

waterbecauseofcontinuousoff-road vehicletraffic (JorgensenandTurner 1973).

Jorgensen(1974)reportedthatbighornsheepuseofimportantwaterholeswas50

percentloweron dayswith off-roadvehicle traffic. In CarrizoCanyon,Hicks

(1978)observedagroupofbighornsheepflee from aspringareawhenaNavy

helicopterpassedoverhead,Olech(1979)notedthatbighornsheepdid not use

waterholeswhenmotorcycleswere heardnearby,andCunningham(1982)

speculatedthat theuseof springsby humans(recreationistsandpersonsentering

CaliforniaacrosstheU. S.-Mexicoborder)reduceduseofthis resourceby

bighornsheep. Sanchezei’ at. (1988)recommendedthat futuremanagement

efforts should attemptto reducehumanimpactson bighornsheepin Carrizo

Canyon. As thehumanpopulationof thesouthernCaliforniadesertgrows, such

humanactivity in bighornsheephabitatwill increase.

Bighorn sheepresponsesto humanactivity aredifficult to predict(Miller and

Smith 1985)anddependon typeof activity, seasonof theactivity, elevationof the

activity relativeto resources(Hicks 1978,Graham1980),anddistanceof the

activity from resourcescritical to bighorn sheep(Miller andSmith 1985),among
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othervariables. For instance,eweswith lambstypically aremore sensitiveto

disturbance(Light andWeaver1973,Wehausen1980),asareanimalsthat are

approachedfrom higherelevations(Hicks 1977,Graham1980). Papouchiset at.

(1999)foundbighornsheepto be moresensitiveto disturbanceduring springand

fall, correspondingwith the lambingandrutting seasons.Etchbergerand

Krausman (1999) observed the abandonment of lambing habitat while

constructionactivitieswereongoing.

Livestock Grazing and Water Diversion: Humanactionsalsoindirectly affect

useofresourcesby bighornsheep. Domesticlivestockandferal animalscan

reducethe availability andquality of resources(waterand forage)requiredby

bighorn sheep(referto sectionI.B.6), andcanfunctionaspotentialvectorsfor

diseasessuchasbluetonguevirus. In portionsofthe range,waterhasbeen

pumpedfrom aquifersanddivertedawayfrom springsfor useby ranchesand

privateresidences,reducingand eliminatingthewatersourcesuponwhich

bighorn sheepdepend(Tevis 1961;Blong 1967; Turner1976;M. Jorgensen,pers.

comm.).

Non-native Plants: In the Peninsular Ranges,the presenceof tamarisk (Tamarix

sp.),alsoknown assaltcedar,representsa seriousthreatto bighorn sheep.This

exoticplant wasintroducedasan ornamentaland windbreakbut is now a major

weedproblem(Lovich etat. 1994). It consumes large amounts of water and has

rapidreproductiveanddispersalrates(Sanchez1975,Lovich et at. 1994),

enabling it to outcompete native plant species in canyon bottoms and washes. It

hasthefollowing negativeeffectson bighornsheep: 1) it reducesor eliminates

standingwaterthat bighornsheepdependon, 2) it outcompetesplant speciesthat

bighornsheepfeedon, and 3) it occursin thick, often impenetrablestandsthat

block accessofbighornsheepto watersourcesandprovidecoverfor predators.

Tamariskhasalsobeenrecognizedasathreatto otherbighorn sheeppopulations

(Sanchez1975)andnativeecosystemsin general(Lovich etat. 1994). Effective

eradication methods are possible (Barrows 1994) and eradication programs

currently areunderwayby theAguaCalienteBandof Cahuilla Indians,Bureauof

LandManagement,andAuza-BorregoDesertStatePark.

Fire Suppression: As describedin sectionI.B.2 of this recoveryplan,bighorn

sheeprely on vigilanceandvisibility to detectandavoidpredators.Long-term

45



fire suppressionresultsin taller andmoredensestandsofvegetation,thereby

reducingopennessandvisibility andin turn makingbighornsheepmore

susceptibleto predation(SierraNevadaBighorn SheepInteragencyAdvisory

Group 1997). In this samemanner,fire suppressioncan influencethedistribution

andhabitatusepatternsofbighornsheepby causingavoidanceof areaswith low

visibility (RisenhooverandBailey 1985,Wakelyn 1987,Etchbergeret at. 1989,

Etchbergeret at. 1990,Krausman1993,Krausmanet at. 1996). In addition,Graf

(1980)suggestedthat fire suppressionreducesforageconditionsin somebighorn

sheepranges.In thePeninsularRanges,changesin vegetationsuccessionare

evidentin someportionsofbighornsheeprange,primarily in higherelevation

chaparralandpinyon-juniperhabitats,andhaveapparentlyinfluencedbighorn

sheepuseofcertaincanyonsandsprings(M. Jorgensen,pers.comm.). Although

temperatureandrainfall likely influencethepatternofvegetationassociations

along the eastern slopes of the Peninsular Ranges more than fire frequency does, a

number of researchers havepointedout that fire is an importanttool in the

management of bighorn sheep habitat (Graf 1980, Smith and Krausman 1988,

Krausman et at. 1996, Sierra NevadaBighorn SheepInteragencyAdvisoryGroup

1997).

E. PAST AND CURRENT MANAGEMENT! CONSERVATION

ACTIVITIES

1. FEDERALAGENCIES

1.1 UnitedStatesFish and Witdt~feService. We listed thePeninsularbighorn

sheepasa Category2 candidatefrom September18, 1985(50FR 37958)until

May 8, 1992,whenit wasproposedfor Federallisting asan endangeredspecies

(57FR 19837). Betweenthedateoftheproposedrule andfinal listing on March

18, 1998(63 FR 13134),certainFederalactivitieswerereviewedunderthe

section7 interagencyregulations(50CFRPart402)andconferenceprocedures

for proposedspecies.SinceFederallisting, themandatoryrequirementsof

sections7, 9, and 10 of theEndangeredSpeciesAct havebeenin effect, in

additionto theallocationof recoveryfundingto theStateundersections4 and 6

of theAct. On July 5, 2000,we proposedto designatecritical habitatthroughout

thePeninsularRangesin California(65 FR 41405). This recoveryplan is

preparedpursuantto section4(f) of theEndangeredSpeciesAct, which requires
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usto givepriority to thepreparationandimplementationofrecoveryplansto

thosespeciesthat aremostlikely to benefit from suchrecoveryplans,particularly

thosethatare,or maybe, in conflict with constructionor otherdevelopment

projectsor otherformsof economicactivity.

1.2 BureauofLandManagement.Approximately26 percentof bighomsheep

habitat in thePeninsularRangesis on public landsadministeredby theBureauof

LandManagement(Figure4). This managementwascustodialin thePeninsular

Rangesuntil implementationoftheCaliforniaDesertConservationAreaPlan

beganin 1980. Implementationofthis plan includedpreparationofthe Santa

RosaMountainsHabitatManagementPlan(1980),McCainValley Wildlife

HabitatManagementPlan(1984),andIn-Ko-PahAreaofCritical Environmental

ConcernManagementPlan(1988),which identifiedactionsto be takenfor the

benefitof bighornsheepin thePeninsularRanges.From 1988 to thepresent,

usingLandandWaterConservationFunddollarsappropriatedby Congressand

taking advantageof landgifts ftom privateindividuals,theBureauofLand

Managementacquiredabout4,520hectares(11,165acres)ofbighornsheep

habitatin thePeninsularRanges,primarily in theSantaRosaMountainsNational

ScenicArea. It shouldbenotedthatwithoutthehelp oftheSantaRosa

MountainsConservancy,agroupofprivatecitizensconcernedwith conservation

oftheSantaRosaMountains,theLandandWaterConservationFunds‘might not

havebeenmadeavailablefor thesepurchases.Otherconservationactivities

included:

• Installationofgap fencingto eliminatecattlegrazingfrom steepterrain

and from watersourcesin canyons;

• Reductionin grazingpressureon allotments;

• Closureof mostroutesoftravel eastofMcCainValley Road,exceptto

privateinholdings,to ranchers,andto CarrizoandSacatoneOverlooks;

• Designationof wildernessstudyareasandsubsequentmanagementfor

non-impairmentofwildernessvalues;

• Designationof Jacumba,CarrizoGorge,CoyoteMountains,Sawtooth

Mountains,FishCreekMountains,andSantaRosaWildernessAreasby

Congress,with attendanteliminationofvehicularaccess;
• Tamariskcontroleffortsaroundwatersources;

• EstablishmentoftheSantaRosaMountainsNationalScenicArea Visitors

Center to provide public education;
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• Financialassistanceto theBighornInstituteduring its formativeyears,as
well aslandtransferandleaseundertheRecreationandPublicPurposes

Act;

• Temporary closure to dogs on most lands in the Santa Rosa Mountains

National Scenic Area; and

• Closureof roadsinto DeadIndianCanyonandCarrizoCanyon.

OnOctober25, 2000, legislationwassignedto createtheSantaRosaandSan

Jacinto Mountains National Monument. The monument covers 110,000 hectares

(272,000acres),including landsadministeredby theBureauof Land

Management, U.S. Forest Service, California Department of Fish and Game,

California Department of Parks and Recreation, Agua Caliente Band of Cahuilla

Indians, Coachella Valley Conservancy, and private owners. The designation will

prohibit mining and off-road vehicle use on federal lands, support coordinated

land management by federal agencies, and increase the area’s funding priority.

1.3 US. ForestService.The San Bernardino National Forest is responsible for

management of bighorn sheep habitat on some public lands. Approximately 3

percentofbighornsheephabitatin the PeninsularRangesis on U.S. Forest

Serviceland(Figure4). Since1978,theForestServicehasacquired3,107

hectares(7,680acres)of land in orwithin 1.6 kilometers(1 mile) of Peninsular

bighornsheeprange. CurrentmanagementoftheSanBernardinoNationalForest

is guidedby theForestLandandResourceManagementPlan(ForestPlan)

establishedin 1989. ForestPlan standardsandguidelinespertainingto Peninsular

bighorn sheep include the following: “coordinate with Bureau of Land

Managementto managethe SantaRosabighornsheeppopulationin accordance

with the(SantaRosaMountainsWildlife) habitatmanagementplan”; “establish

seasonalclosuresasnecessaryto protectimportanthabitat”; “managedomestic

sheepandgoatgrazingto preventdiseasetransferto bighornsheep[a minimum

3.2-kilometer (2-mile) buffer is recommended]”;and“avoid introducingbarriers

to movement of bighorn sheep.” Recent proposed changes in management

relative to Peninsularbighornsheeparediscussedin aprogrammaticBiological

Assessmentcompletedby theSanBernardinoNationalForest(January27, 1999).

This assessmentevaluatedall ongoingactivities occurringin Peninsularbighorn

sheep habitat within the San Bernardino National Forest. Specific actions that

will be implemented include: 1) cattle will be removed from portions of

allotmentsthatoverlapbighornsheephabitat(Wellmanallotment), 2) fences
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within and adjacent to bighorn sheep habitat will comply with specifications listed

in sectionII.D. 1 .2 ofthis recoveryplan,3) abarrierwill be constructedalongthe

gatedclosureonPalmCanyonDrive (alsoknownasDunnRoad)to reduce

unauthorizedvehicularuse,and4) guidelinesfor managementof hiking,biking,

andequestriantrails (e.g.,seasonalclosures)will follow recommendations

outlinedin sectionII.D. 1.2 ofthis recoveryplan.

Additional actionsrecommendedin theSanBernardinoNationalForest

Biological Assessment include: 1) the Forest Service should not authorize forage

use by domestic livestock where they currently do not graze in bighorn sheep

habitat,2) otherexisting grazingallotmentson theSanJacintoRangerDistrict

should not be converted from cattle to domestic sheep or goat use, and 3) the

minimum buffer distance between domestic sheep grazing and bighorn sheep

habitat should be increased from 3.2 kilometers (2 miles) (the current Forest Plan

standard)to 14.5 kilometers(9 miles) throughouttheForest.

2. STATE AGENCIES

2.1 Catfornia DepartmentofFishand Game. To designate areas important to

bighorn sheep conservation in the Santa Rosa Mountains, the Department of Fish

andGameestablisheda StateGameRefugepursuantto FishandGameCode

section10837. Statelandsadministeredby theDepartmentofFishandGame

total about 3 percent of bighorn habitat in the Peninsular Ranges (Figure 4). To

furtheridentify andimplementmanagementneeds,theDepartmentofFishand

Gamecoordinatedwith theBureauofLandManagementin thecompletionofthe

SantaRosaMountainsWildlife HabitatManagementPlan(BureauofLand

Management 1980). Currently, the Department of Fish and Game’s management

activities for bighornsheepareatthehighestlevel in theState’shistory. Funds

providedthroughthesaleof EnvironmentalLicensePlatesandthroughthe

auctionof specialfund-raisingpermitshaveenabled the Department of Fish and

Gameto supportanumberof importantresearcheffortsconcentratingprimarily

on populationcharacteristicsand thediseasestatusofbighornsheep.The

Departmentof FishandGamecooperateswith severaluniversities,agencies,and

non-profitorganizationsin supportofbighorn sheepresearchandconservationin

California. Conservationgoalsfor bighornsheep,aspublishedin theStatewide

Plan for BighornSheep(CaliforniaDepartmentof Fishand Game1983),areas

follows:
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1. Maintain, improve,andexpandbighorn sheephabitatwherepossibleor

feasible.

2. Reestablishbighornsheeppopulationson historicrangeswhere

feasible.

3. Increasebighornsheeppopulationssothat all racesbecomenumerous

enoughto no longerrequireclassificationasrareor fully protected.

4. Provide for aesthetic, educational, and recreational uses of bighorn

sheep.

The California Department of Fish and Game’s Bighorn Sheep Management

Program maintains an inventory of the distribution of bighorn sheep in California.

This assessment of bighorn sheep populations has been conducted as part of a

long-termmanagementplanfor mountainsheepin California. Thepopulationsof

bighorn sheep in California are grouped into metapopulations, or ‘systems’ of

populations, that best represent logical regions to manage for the long-term

viability of the species. This regional approach recognizes the importance of

inter-mountain areas that allow movement and exchange of individuals between

populations, the re-colonization of vacant habitats, and the interagency

coordination of land management. The program’s definition of regional

populationsconsidersnot only vegetativeandgeographicboundaries,but also

man-made barriers that define distributions and have resulted in the fragmentation

of habitat. Given the need to understand the status and dynamics of regional

populationsofbighornsheep,this typeof inventoryshouldprovidean indexfor

documenting regional population changes over time, and help evaluate the success

or failure of management actions at a meaningful level. Further, this approach

mayhelp identify the“missingpiecesofthepuzzle” for optimizing future

reintroduction and management efforts to ensure population viability.

Although a metapopulation approach is an important biological principle for long-

term survival of bighorn sheep populations, it is equally important as a

management concept that prioritizes regional coordination for bighorn sheep

populationandhabitatmanagement.For example,dataregardingextinctionand

recolonizationarelimited, andthebiologicaljustification for consideringsome

regionsastruemetapopulationsis thereforeincomplete. Nevertheless,giventhe

needfor regionalmanagementof bighornsheeppopulations,metapopulations

havebeendefinedbasedon thebestunderstandingof theregions. Several
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investigationshavepostulatedthe importanceof populationsizeandgenetic

diversityto the long-termviability ofbighornsheeppopulations.

CaliforniaStatelaw (AssemblyBill 560),whichwasenactedunderan emergency

provisionin September1999,allows controlofmountainlions to protect

threatened,endangered,fully protected,andcandidatesheepspecies. In these

cases, selective removal of lions is an alternative short-term emergency measure

to facilitate recovery of vulnerable sheep populations, such as in the Peninsular

Ranges (refer to section II.D. 1.3).

2.2 Catfornia DepartmentofParks andRecreation.Two Stateparksarewithin

therangeof thePeninsularbighornsheep:Auza-BorregoDesertStateParkand

Mount San Jacinto State Wilderness. Anza-Borrego Desert State Park comprises

243,000hectares(600,000acres)alongthebackboneof thePeninsularRanges,

encompassing approximately 47 percent of this species’ existing habitat within the

United States (Figure 4). The park also supports a majority of the rangewide

sheep population (Rubin etat. 1998). Therefore, recovery of the species hinges

greatlyon thesuccessfulmanagementofbighornsheephabitat in this Statepark.

Anza-Borrego Desert State Park has been actively involved in the conservation of

bighorn sheep for 30 years (Table 9).

2.3 CoachettaVatteyMountainsC~onservancy. TheConservancywasestablished

by California State legislation in 1990 to “acquire and hold, in perpetual open

space, mountainous lands surrounding the Coachella Valley and to provide for the

public’s enjoyment of and the enhancement of their recreational and educational

expenences on those lands in a manner consistent with the protection of the lands

and the resource values specified in Section 33500 [PublicResources Code]”.

The Conservancy has acquired either fee title or a conservation easement on 973

hectares (2,405 acres) in the San Jacinto and Santa Rosa Mountains, and has

assistedotherentitieswith additionalacquisitions. TheConservancyis preparing

the CoachellaValleyMultiple SpeciesHabitatConservationPlanundercontract

to the Coachella Valley Association of Governments (refer to section I.E.3.2).

3. LOCAL ORGANIZATIONSAND AGENCIES

3.1 BighornInstitute. TheBighorn Instituteis anonprofit,tax-exempt

organizationthatwasformed in 1982 to investigatethe causesof bighornsheep
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declines, particularly Peninsular bighorn sheep. The Institute is located in

RiversideCounty,California,adjacentto theCity of PalmDesert. Its facilities,

which include an office, laboratory, staff residence, and pens for a captive

breedingherdofPeninsularbighornsheep,arelocatedon 120 hectares(297acres)

of land at the base of the Santa Rosa Mountains.

The Institute began monitoring radio-collared bighorn sheep in the northern Santa

Rosa Mountains and the San Jacinto Mountains in 1982 and 1992, respectively.

Long-term studies of the population characteristics, distribution, reproductive

success, nutrition, movements, and general ecology of these bighorn sheep are

ongoing. In the spring of 1998, the Institute initiated a multi-year study of cause-

specific mortality of radio-collared lambs in the northern Santa Rosa Mountains.

The Bighorn Institute has conducted annual helicopter surveys of bighorn sheep in

the Santa Rosa Mountains since 1982 and in the San Jacinto Mountains since

1987, and has also surveyed bighorn sheep throughout the Peninsular Ranges in

Mexico. Since 1982, 39 sick lambs have been captured from the U.S. Peninsular

Ranges for disease research and rehabilitation at the Institute. In 1985, the

Institute began a Captive Breeding and Population Augmentation Program.

Although this program began as a by-product of disease research on causes of low

lamb survival (DeForge etat. 1982, DeForge and Scott 1982), in 1995 it was

redirected as a formal captive breeding program with the primary goals of

producing stock for augmenting and re-establishing wild populations, and

conducting a research program in the Santa Rosa and San Jacinto Mountains.

Captive bighorn are maintained in 12-hectare and 3-hectare enclosures

encompassing rugged hilltops. Ramsand ewes are selectively combined for the

breeding season and the parentage of all captive-born animals is recorded.

Captive animals are not available for public viewing and a standardized feeding

and observation routine is used to limit exposure to humans (Ostermann et at. in

press).

Before release, all bighorn are health-tested, eartagged, and fitted with mortality-

sensing radiocollars. Within the northern Santa Rosa Mountains, bighorn have

been released in Bradley Canyon (n equals60),eastMagnesiaCanyon(n equals

6), andwestMagnesiaCanyon(n equals8). Of the74 captive-rearedbighorn

releasedinto the northernSantaRosaMountains,49 (22males,27 females)were

captive-born and 25 (12 males, 13 females) were wild-born lambs brought into

captivity for research and rehabilitation at I to 5 months of age (Ostermann et at.
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Table 9. Past and presentconservationactivities in Anza-Borrego Desert State

Park.

Year Description of activities
1968 Field studieswere conductedin Anza-Borregoaspartof a statewide

statusreporton bighornsheep(Weaver1972, 1975, 1989;Weaveretat.

1968;WeaverandMensch1970).
circa 1970 ConstructionofBlue Springguzzlerin Vallecito Mountainswith the

Society for theConservationofBighorn Sheep.
1971 The annual Anza-Borrego Bighorn Sheep Count began with about 25

volunteers. A waterhole count has been conducted every summer since

this time and now involves about 75 volunteers counting 24 watering

sites. Over 2,000 volunteers have donated over 60,000 hours to date.
1972-1975 Jorgensen and Turner (1973, 1975) conducted 4 summers of bighorn

sheep research and documented over 100 water sources used by bighorn

sheep. Russi (1978) continued this work in 1976.
1973-

present

Tamarisk removed from riparian areas within bighorn sheep habitat to

enhance water availability and native plant community regeneration.

Currently, a Riparian Restoration Team works full time to remove

tamarisk and other exotic plants. Approximately 208 kilometers (120

miles) of canyons and stream courses have been treated by the team to

date.
1975 A seasonalclosureofbighornsheepwateringareasin CoyoteCanyon

duringJune15 to September15 wasimplemented.This closurewas

expandedin 1996 from June1 to October1.
1982 A bighornsheepguzzlerwasconstructedin collaborationwith

California DepartmentofFish andGameat LimestoneSpringin the
SantaRosaMountains.

1982 163,085hectares(403,000acres)ofAnza-BorregoDesertStatePark
weredesignatedasStateWildernessAreas,settingasidea largeareaof

1983-

present

Parkstaffassistedin annualhelicoptersurveysof theentire SantaRosa

andSanJacintoMountainranges(DeForgee at. 1995, 1997).
1983-1992 ParkstaffassistedtheBighornInstitutewith diseaseresearch.
1987 Feral cattle (117) were removed from bighorn sheep habitat by

helicopter at a cost of $70,000, culminating 16 years of effort to remove

domestic cattle from park lands.
1987 Six bighornsheepguzzlerswereconstructedin the Vallecito Mountains

to providewaterwherenaturalspringsand streamshadbeenusurpedby

humanactivity. Over200volunteersand$30,000were usedand

expendedrespectively,in theproject.
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Table 9. Continued

1987-1988 Gapfencing[22.5kilometers(14miles)] was constructedin the upper

elevationsof the parkto keepstraycattlefrom entering from

neighboringlands. A specialSenateappropriation($200,000)was

obtainedfor thisproject.
1992-

present

Cooperatedon PeninsularRangesBighorn SheepPopulationHealth

Studywith Universityof California (Davis)andthe Zoological Society

of SanDiego.
1994-1998 Helicoptersurveyswereconductedin Anza-BorregoDesertStatePark,

in collaborationwith the Universityof California - Davis andCalifornia

Dept._ofFish_and_Game_(Rubin_et_al._1998,1999).
A 15-minutemovie “The Bighorn of Anza-Borrego”wasproduced.

This movie is seenby thousandsof parkvisitors eachseasonin the

Anza-BorregoVisitor Center.

1995-1996

1996 TheCoyoteCanyonPublic Use Planwas implemented,calling for the

closureof Middle Willows andUpperWillows to motor vehicular

traffic. This trail segmentis 5 kilometers(3.1-miles)long.

in press). In 1997, three captive-reared ewes were released into Tahquitz Canyon

in the SanJacintoMountains. Two of thesefemaleswere captive-born,andthe

third wasawild-born ewecapturedasa lamb from the northernSantaRosa

Mountains(OstermannandDeForge1996,BighornInstitute 1997).

3.2 CoachettaVaiteyMutu~teSpeciesHabitat ConservationPlan. This ongoing

planningeffort is sponsoredby theCoachellaValley Associationof Governments,

with thecooperationof theFishandWildlife ServiceandCalifornia Department

of Fish andGame,andhasbeenin preparationsince1996. Within theareasat

issuein this plan,theAssociation’smembershipincludestheCountyof Riverside

andall ninecitiesin theCoachellaValley, aswell as theAguaCalienteBandof

CahuillaIndians. Thoughtheplanis not yet complete,it currentlyproposesto

addressthe conservation needs of bighorn sheep. Lands in the San Jacinto and

SantaRosaMountainsset aside in the past and future by the cities and Riverside

Countyasopenspacewill provideimportantcontributionsto bighorn sheep

recoveryandcompletionof thehabitatconservationplanif thoselandsare

managedappropriately. If theplanis adopted,participatingFederal,State,and

local governmentswill cooperatein implementingan agreeduponconservation

strategyfor bighorn sheepandotherspeciesovera largeareaof the SanJacinto

andSantaRosaMountainsin RiversideCounty.
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4. INDIAN TRIBES

4.1. Agua CatienteBandofCahuittaIndians. TheAguaCalienteBandof

CahuillaIndians(Tribe) is a federallyrecognizedIndian Tribe whosereservation

wasestablishedin 1876 by ExecutiveOrder. TheAguaCalienteIndian

Reservationencompasses13,000hectares(32,000acres)of land in thewestern

CoachellaValley andis encompassedwithin acheckerboardownershippattern

that supportsa significantamountof bighornsheephabitat.

TheTribe hasa long andrich historyof landstewardship,particularlyin the

foothills oftheSanJacintoandSantaRosaMountain ranges.Fordecades,the

TribehasmanagedtheareaknownastheIndianCanyonsfor cultural resource

protectionand useby thepublicasaTribal park. Protectionof thenatural

resourcesofthereservationandIndianCanyonshasbeentheforemostpriority of

theTribeandhasbeenacknowledgedby theSecretaryoftheInterior.

Currently,the Tribeis preparingacomprehensiveResourceManagementPlanfor

thereservationthat will protectcultural,wetland,landuse,andwildlife resources.

TheTribeactivelyparticipatesandholdsseatson theCoachellaValley

AssociationofGovernments,CoachellaValley MountainsConservancy,and

PlanningAdvisory GroupoftheCoachellaValley Multiple SpeciesHabitat

ConservationPlan.

TheTribe’s PlanningandEnvironmentalDepartmentpresentlyconsistsof 10

professionalsandtechnicianswho, atthedirectionofthe Tribal Council,oversee

all landmanagementissues.TheTribal ResourceManagementPlanwill address

themanagementandprotectionofendangeredspecies,includingbighorn sheep.

To theextentfeasible,theTribe intendsto cooperatewith interestedandaffected

agencieswho sharein the implementationof this recoveryplan.

4.2. Torres-MartinezDesert CahuittaIndians. This federallyrecognizedtribe

supportsapproximatelysix sections(1,554hectaresor 3,840acres)of bighorn

habitatin theextremesouthernSantaRosaMountains.

4.3. Morongo BandofMissionIndians. This federallyrecognizedtribe supports

oneirregularly shapedsection(about280 hectaresor 700 acres)ofbighornhabitat

at theextremenorth endoftheSanJacintoMountains.
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II. RECOVERY

A. CONSERVATION PRINCIPLES USED IN THIS RECOVERY PLAN

Thefollowing sectionsdiscussgeneralconservationprinciples in thecontextof

ourcurrentknowledgeregardingPeninsularbighornsheep,andoutline the

relationshipof theseprinciples to therecoverycriteriafor this species.

Conservationtheoryrecognizesthat populationandgeneticissuesneedto be

addressedin speciesconservation(Lande1988),althoughpopulationthreatspose

agreatershort-termrisk to Peninsularbighornsheep.Theconservationof

Peninsularbighornsheeprequiresanunderstandingofhabitatuse,population

dynamics,behavior,andspatialpopulationstructure,aswell. Ecosystem

protectionprovidesan additionalimportanttool in speciesconservation.Theuse

of modelsin conservationdecision-makingfor therecoveryof bighornsheepin

thePeninsularRangesalsois discussedbelow.

I. POPULATIONCONSIDERATIONS

Populationparametersareimportantto theviability ofall populations;however,

theyarean especiallyimportantconsiderationin the conservationof small

populations(Gilpin andSoul~ 1986). Variation in populationparameters(birth,

death,immigration,andemigrationrates,as well aspopulationageandsex

structure)cancausefluctuationsin populationsizethat makesmall populations

especiallyvulnerableto extinction. Lande(1988)notedthat a shortcomingof

somepastrecoveryplanshasbeenan inadequateemphasison factorsrelatedto

populationcharacteristics,andcautionedthat for manywild populations,risks

relatedto populationparametersareof moreimmediateimportancethangenetic

concerns.

The smallnumberof Peninsularbighornsheep(334 adultsestimatedin 1998)

mandatesthatpopulationdynamicsbe of concernin their conservation.

Furthermore,Peninsularbighornsheepoccurin discreteewe groupsthat have

ecologicalsignificancerelativeto thegeneticanddistributionalstructureofthe

population(Rubin etat. 1998,Boyceet at. 1999),andthereforerepresentan

importantmanagementandconservationunit (Bleich etat. 1996). The

persistenceof suchsubgroupsareimportantto theviability oftheentire
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population(Soul~ 1987). Someof thesegroupsincludelessthan20 ewes,making

themhighly vulnerableto chancevariationin birth and deathevents.Thehigh
maleto femalesexratio in theSanJacintoMountains (DeForgeet at. 1997)

providesan example.

Becauseewegroupsareconnectedby movementsoframsand rarerdispersalby

ewes,Peninsularbighornsheepare consideredto comprisea metapopulation

(Torresetat. 1994,Bleich etat. 1996,Boyceetat. 1997). Metapopulations

typically areassumedto exist in a stateof balancebetweenpopulationextinctions

andcolonizations(HanskiandGilpin 1991). However,in thecaseofPeninsular

bighorn sheep, the use of a metapopulation approach should not diminish the

importance of individual ewe group viability for the following reasons. Bighorn

sheeparerelativelyslowcolonizers(Geist 1967, 1971; Bleich et at. 1996) and

thereforemetapopulationextinction-colonizationprocesseswould haveto

functionoveravery long time period. Recentabandonmentof habitatanda lack

of knowncolonizationssuggestthatPeninsularbighornsheepcomprisea

nonequilibriummetapopulation”(i.e.,extinctionsareoccurringata fasterrate

thancolonizations)(Harrison1994,Hanskiand Simberloff1997). Hanskiand

Gilpin (1991)cautionedthat suchsystemsmustbemanagedcarefullybecause
theymaynot necessarilyfunctionasa metapopulation.Therefore,extirpationsof

existingewegroupsshouldbe avoided,while colonizationofhabitatshouldbe

promoted.

In thePeninsularRanges,a varietyoffactorshavereducedbighornsheepnumbers

to levelswhererandomvariationsin populationcharacteristicsandenvironmental

factorshavebecomeseriousthreats.Therefore,thisrecoveryeffort shouldstrive

to increasetheoverall populationofbighornsheepby addressingand,where

possible,reversingprocessesthat causedthepastpopulationdecline. This effort

will entail implementingactionsthat increasethesizeof individual ewegroupsby

reducingmortality rates,increasingrecruitment,andallowing inter-group

movementsto occur.

2. GENETIC CONSIDERATIONS

Maintaininggeneticvariation is an importantconservationgoal becauselossof

geneticvariability canresultin inbreedingdepression(a lossoffitness)and the

inability of populationsto respondto long-termenvironmentalchanges(Gilpin
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and Sould1986, Rallsei’ at. 1988,Lande1988,Meffe and Carroll 1994,

FitzSimmonset at. 1995). By reducingthefitnessof individuals,lossofgenetic

variationalso canreducethegrowthratesandresilienceof populations(Lacy

1997). Lossof geneticvariationis a specialconcernwhendealingwith small

populationsbecauseheterozygosityis lost (throughtheprocessesof founder

effects,populationbottlenecks,geneticdrift, andtheeffectsof inbreeding)more

quickly in small populationsthanin largeones(Meffe andCarroll 1994). In the

PeninsularRanges,movementofmalesapparentlyhasmaintainedgeneflow

between ewe groups, resulting in a relatively high level of genetic diversity

(Boyceet at. 1997). However, increased habitat fragmentation couldreducethe

connectivityamonggroups. If ewegroupsbecomeisolated,theywill facean

increased risk of losing genetic variability in additionto vulnerability to natural

random fluctuations in the population.

Evenif geneflow is maintainedamongewegroupsin thePeninsularRanges,the

overall population size (approximately 334 adults) is small enoughto cause

concern. The effective population size (N) (Crow and Kimura 1970), which
e

determinestherateatwhich heterozygosityis lost, is evensmallerthanthecensus

size. Au effectivepopulationsizeof 500 individualshasbeensuggestedasthe

minimum recommendedfor maintenanceof geneticvariation for future

evolutionarychange(Franklin 1980,LandeandBarrowclough1987,Franklinand

Frankham1998),while Lande(1995)suggestedthat this numbershouldbe even

higher. The currentcensussizeofPeninsularbighornsheepfalls far below even

thelowerrecommendation.Becausereducedpopulationlevelsmayplace

Peninsularbighornsheepatrisk, importantgoalsof this recoveryeffort areto

increasetheabundanceofPeninsularbighornsheepandmaintainasmuchgenetic

variationaspossible. This recoveryplanrecommendsmaintenanceof

connectivitywith populationsin BajaCaliforniaand it maybedeemed

appropriatein the future to recreateconnectivityor inducegenemigrationwith the

MojaveDesertmetapopulation.

Althoughtheobservedgeneticvariationamongewegroupsin thePeninsular

Rangesis not knownto conferadaptiveadvantageto local environments,genetic

theoryholds thatexisting geneticvariationshouldbe maintained“in asneara

naturalgeographicdistributionaspossible,so that evolutionaryandecological

processesmaybeallowedto continue” (Meffe andCarroll 1994). In Peninsular

bighornsheep,asin manytaxa,geneticvariationis partitionedamongandwithin
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subunitsorewegroups(Meffe andCarroll 1994,Boyceet at. 1999,refer to

sectionI.A.3). Althoughthereis no evidenceto suggestthat bighornsheepin the

PeninsularRangeslackgeneticdiversity, aconservativeapproachto genetic

conservationsuggeststhat recoverytasksshouldrecognizeandattemptto

preserveexistinggeneticstructurewheneverpossible.This approachwill require

preservation of multiple ewe groups, maintenance of movement opportunities

betweengroups(Schwartzet at. 1986),andjudiciousprotocolsforpopulation

augmentation, reintroduction, and captive breeding programs (Ryman and Laikre

1991,Elliott andBoyce 1992,seeAppendixC). Becausethemajorproblems

facingbighomsheepin thePeninsularRangesrelateto populationdynamicsand

viability, genetictheoryshould not over-ridemanagementobjectivesto maintain

and expandthenumberandsizeofewegroupsthroughoutthePeninsularRanges.

This objectivecanbeaccomplishedby selectingaugmentationandreintroduction

stockfrom theclosestavailablepopulations(Wehausen1991,Ramey1993,

WehausenandRamey1993, Gutierrez-Espeletaetat. 1998).

3. ECOSYSTEMPROTECTION

Lossofhabitatis recognizedastheleadingcauseofspeciesendangermentandthe

leadingthreatto globalbiodiversity(Groombridge1992,Nossand Murphy 1995).

It is alsoconsideredthemostsignificantthreatto theviability ofbighornsheep

populations(Bleichet at. 1996). Thepotentiallynegativeimpactsthathabitatloss

anddegradationhaveon bighornsheeparepresentedin sectionI.D. Although

habitatlossmaynotdirectly causemortality in bighornsheep,lossofimportant

resources(e.g.,water,forage,escapeterrain,lambingareas,movementlinkages)

ultimatelyreducescarryingcapacity,which canaffect survivalandrecruitment

rates. In somecases,thecauseofdeathmaybe documentedasdisease,

malnutrition,orpredation,etc.,whenin facthabitatloss wasthe underlyingcause

that resultedin death. In addition,alteredlandusesthat supportlargerhuman

populationsintroduceincreasedlevelsof anthropogenicdisturbancein adjoining

habitat. Thedeclineorextirpationofbighornpopulationsnearothermetropolitan

areassuchasTucsonneartheSantaCatalinaMountainsandAlbuquerquenearthe

SandiaMountains(Krausmanet at. in prep.),providecasehistory examplesof

apparentvulnerabilityof bighornto urbaninfluences. This recoveryplanwill

attemptto avoidrepeatingthesescenarios,andaccordinglyadoptstheapproachof

conservingthelargerecosystemuponwhichbighornsheepin thePeninsular

Rangesdepend,asaffordedundersection2(b)oftheEndangeredSpeciesAct.
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Such an ecosystem approach also will benefit numerous other commonand

uncommon species.

4. THE USEOF POPULATIONMODELS TO HELP GUIDE RECOVERY

ACTIONS

Models have become an important tool to scientists attempting to understand

complexprocessesbecauseintuition is oftennot reliable (National Research

Council 1995). Conservation biologists frequently use models to gain a better

understanding ofthe many interacting factors (environmental, population, and

genetic)that placea speciesor population at risk. The comprehensivemodeling

of these factors was christened “population vulnerability analysis” by Gilpin and

Sou1~ (1986). Typically, the goal of a population vulnerability or “viability”

analysis is to evaluate the risk of extinction, either in terms of estimated time to

extinction or the probability of extinction in a given time interval (Boyce 1992).

As such, a population viability analysis is similar, in concept, to risk analyses used

to understand issues of public health and safety (Ginzburg etat. 1982).

Population viability analyses, like other forms of risk analysis, contain a degree of

uncertainty becausethey attempt to determinethe likelihood offuture events

based on past and present patterns (of population dynamics, environmental

conditions,etc.). All models are inherently dependentonunderlying assumptions

(Starfield and Bleloch 1991)and on the quality ofdata entered into the model.
Therefore, the results of a population viability analysis must be interpreted with

caution (Caughley 1994, Beissinger and Westphal 1998). Inclusive population

viability analyses may not be appropriate when data are limited (Beissinger and

Westphal1998). This limitation doesnotmeanthattheuseofmodelsshouldbe

discouraged(Ak~akayaandBurgman1995,Starfield 1997, Beissingerand

Westphal1998).

Au additionalroleofmodelingin conservationbiologyis asadecisionmaking

tool (StarfieldandBleloch 1991,Walsh1995,Starfield 1997). Modelscanbe

usedto comparetherelativeeffects(ratherthantheabsoluteoutcome)of

alternativemanagementstrategiesorenvironmentalscenarios(Starfieldand

Bleloch 1991,NationalResearchCouncil 1995,Walsh 1995,Starfield1997,

BeissingerandWestphal1998)andcanhelpguidemanagementstrategiesor
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focusfutureresearchefforts. Smaller,focusedmodelshavegreatpotentialin

guidingconservationdecisions(Starfield andBleloch 1991,Starfield 1997).

Useof modelingcanhelp to elucidateseveralissuesrelatedto therecoveryof

Peninsularbighornsheep(referto sectionll.D.2.2). Modelsshouldbedesignedto

askspecificquestions(Starfield1997)that increaseourunderstandingofthe

ecologicalprocessesin thePeninsularRanges,andshouldbecoupledwith field

studiesofthebighorn sheep(BeissingerandWestphal1998). It maybeuseful to

simulateshortertimeperiods,aswell asthe 100 to 200 yearintervalstypically

usedin populationviability analyses,so thatmodelpredictions(aswell asmodel

assumptions)canbeevaluatedwith theuseof field studyresults(Beissingerand

Westphal1998). This typeofapproachwill allow conservationbiologiststo learn

from themodelsand field studies,andwill allow conservationeffortsto be

adaptive(Minta andKareiva1994).

B. OBJECTIVES AND CRITERIA

1. RECOVERYOBJECTIVE

Theultimateobjectiveofthis recoveryplan is to protectandmaintainsufficient

individuals andhabitatof bighornsheepin thePeninsularRangesto eventually

delist this species.Therecoveryof Peninsularbighornsheepwill involve atwo-

stageprocess,beginningwith an interimgoalof downlistingofthespeciesfrom

endangeredto threatenedstatus,followedby long-termrecoveryandremovalof

threatenedstatus. As newinformationbecomesavailable,thedownlistingand

delistingcriteriamaywarrantmodificationthrough futurerevisionsto the

recoveryplan.

2. DOWNLISTING CRITERIA

As aninterim managementgoal,Peninsularbighornsheepmaybe consideredfor

downlisting(reclassificationto threatenedstatus)whenall of thefollowing

objective,measurablecriteriaaremet:

Downtisting Criterion 1: As determinedby ascientificallycredible

monitoringplan,at least25 adult ewesarepresentin eachof thefollowing

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

continuedpopulationaugmentation:

1. SanJacintoMountains

2. SantaRosaMountains--NorthofHighway74

3. SantaRosaMountains--SouthofHighway74 throughMartinez

Canyon

4. SantaRosaMountains--SouthofMartinezCanyon

5. CoyoteCanyon

6. North SanYsidro Mountains(HendersonCanyonto County

RoadS-22)

7. SouthSanYsidro Mountains(CountyRoadS-22to State

Highway78)

8. VallecitoMountains

9. CarrizoCanyon/TierraBlancaMountains/CoyoteMountains

Area

Justification: Thenineregionswere selectedon thebasisofmaintaining:

(1) historicaldistribution,(2) homerangeherdmemory,and(3)

connectivityamongewegroupsto facilitatere-colonizationin theeventof

localizedextirpations.RecoveryTeammemberswith knowledgeof

currentandhistoricalconditionsjudgedthat eachareawascapableof

supportingat least25 eweswith associatedsubadultsandrams. Within

eachofthenineregions,fluctuationin thenumberofewegroups,

including re-colonizationof formerhabitats,is expectedunderthe

metapopulationmodel. As such,ewe groupsmaymerge,split, and

redistributethemselvesover time. Although the9 areassupportrespective

carryingcapacitieswell in excessof 25 adult ewes,a downlistingobjective

basedon maximumattainablepopulationsizewasnot selectedbecause

staticpopulationlevelsat full rangecapacitycannotbemaintainedin

naturallyvariableenvironments,evenassumingintensivemanagement

capability. Theminimumgroupsizeof 25 adult femaleswasselectedby

RecoveryTeamconsensusbecauseit:

1. would reducerisk ofextirpationfrom randomnaturally

occurringeventsto an acceptablelevel;
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2. shouldbe achievablewith prudent,populationandland

managementpractices;

3. is consistentwith managementobjectivesfor bighornsheepin

othermetapopulations;

4. shouldmaintainewegroupknowledgeof a largehomerange

that will minimizetheextentof geographicgapsbetweenewe

groups,therebyfacilitating interchangeof genesandpopulations

within themetapopulation;

5. falls well within knownor estimatedhistoricalpopulation

levels;and

6. shouldprovide,in all but themostcatastrophicscenarios,

sufficient time for managementinterventionto preventextirpation.

DowntistingCriterion 2: Regulatorymechanismsand landmanagement

commitmentshavebeenestablishedthat providefor long-termprotection

of Peninsularbighornsheepand all essentialhabitatasdescribedin

sectionII.D.l ofthis plan.

Justification: Given themajorthreatoffragmentationto specieswith

metapopulationstructures,connectivityamongall portionsof habitatmust

beestablishedandassuredthroughlandmanagementcommitments,such

that bighornsheepareableto movefreelythroughoutall habitat. In

preparationfor delisting,protectionby meansotherthantheEndangered

SpeciesAct mustbe assured.Suchprotectionshouldincludealternative

regulatorymechanismsby Federal,State,andlocal governments,andland

managementcommitmentsthat would providetheprotectionneededfor

continuedpopulationstability.

3. DELISTING CRITERIA

As along-termmanagementgoalof thePeninsularbighornsheep,threedelisting

criteriaare proposed;

Detisting Criterion I: As determinedby a scientificallycredible

monitoringplan,at least25 ewesmustbepresentin eachof the9 regions

(Figure5) listedunderDownlisting Criterion #1 above,duringeachof 12

consecutiveyears(approximately2 bighornsheepgenerations),including
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the6 yearsunderDownlistingCriterionHI, without continuedpopulation

augmentation.

DetistingCriterion 2: Therangewidepopulationmustaverage750

individuals(adultsandyearlings)with astableor increasingpopulation

trendover 12 consecutiveyears(sametime periodasDelisting Criterion

#1 above).

Justification: RecoveryTeammemberswith knowledgeofhistoric and

currentpopulationlevelsevaluatedthecondition ofexistinghabitatand

determineda carryingcapacityofapproximately1,000bighornsheepin

thePeninsularRanges,which approacheshistoricalpopulationestimates.

Therequired12-yearaveragepopulationestimateof 750animalsis based

on theassumptionthat achievingtheobjectivesin Downlisting Criterion

#1 ofat least25 femalesin eachof the9 geographicareaslikely will result

in someareassupportingsubstantiallymorethan25 ewesandothersheep.

This scenariolikely will resultin an overall metapopulationsizethat

fluctuatesbetween600 and 1,000sheep,averagingabout750 sheepwith a

normalsexratio,or approximately75 percentofestimatedcarrying

capacity. An averagepopulationlevel would allow for naturalpopulation

fluctuationsin arandomenvironmentandis believedto bereasonably

attainableassumingimplementationofthemanagementmeasures

prescribedin this recoveryplan.

Detisting Criterion 3: Regulatorymechanismsandland management

commitmentshavebeenestablishedthatprovidefor long-termprotection

ofPeninsularbighornsheepandall essentialhabitatasdescribedin

sectionII.D. I ofthis recoveryplan. Protectionconsideredlong-termcan

beprovidedthroughappropriateinstitutionalpractices,suchasStatePark

GeneralPlans,an amendedCaliforniaDesertConservationAct Plan,an

amendedForestPlan,acompletedCoachellaValley MultispeciesHabitat

ConservationPlan,andnaturalresourcemanagementplanson Tribal

lands. In addition,connectivityamongall portionsof habitatmustbe

establishedandassuredthroughlandmanagementcommitmentssuchthat

bighornsheepareableto movefreelythroughoutthePeninsularRanges.

Delisting would resultin loss ofprotectionundertheEndangeredSpecies

Act; thereforecontinuedprotectionby othermeansmustbeassured.
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Justification: Thisprotectionshouldincludealternativeregulatory

mechanisms,landmanagementcommitments,orconservationprograms

that would providethe long-termprotectionneededfor continued

populationviability.

Recoveryof Peninsularbighornsheeplikely will takeseveraldecadesor longer

dueto a low reproductiverate(e.g.,only oneoffspringper femaleperyearand

reproductionstartingusuallyat 2 yearsof age). Theabovecriteriawill be revised

asnecessarythrougha recoveryplanamendmentor revisionif newinformation

becomesavailable,or if thesecriteriano longerpassscientificmusteror otherwise

meettheconservationneedsofthis speciesbasedon thebestavailable

information.

C. RECOVERY STRATEGY

This recoveryplandescribesa strategyto recoveranddelistbighornsheepin the

PeninsularRanges.The strategyconsistsoftaking necessaryactionsto: (1)

improvepopulationvariables(reproduction,recruitment,survivorship),and(2)

secureand effectivelymanagehabitat,including linkagesbetweenewegroup

homeranges.Therecoveryactionsto implementthis strategyareorganizedin the

narrativeoutlinebelow. This recoverystrategyis a synthesisofknowledge

accumulatedon bighornsheepin desertenvironmentsandelsewherein North

America. Fourbiologicalprinciplesofbighornbiologyareevidentfrom past

researchandhavebeenincorporatedinto managementguidelinesby various

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

Bureauof LandManagement1996,NewMexico Departmentof GameandFish

1995):

1. Bighorn sheeparewide-ranginganimalsthat arespatiallydependenton

largetractsofhabitatthat provideadiversity of resourcesneededto offset

seasonal,annual,andlongertermcyclesofenvironmentalvariability and

scarcity;

2. Metapopulationstructurerequireshabitatcontiguitybetween/among

constituentdemes(ewe groups)to allow for long-termshifts in

distributionand geneticinterchange;
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3. Bighornsheepappearto lack naturaloracquiredresistanceto some

diseasesand remainhighly vulnerableto diseasesintroducedby domestic

sheep; and

4. Behavioralresponsesto human-relatedactivitiescanbe variableamong

individualsandpopulations,which canadverselyaffect habitatuse

patternsandpopulationpersistence.

In theshort term,acquisitionandconservationoftherelativelynarrowbandof

habitatthatstill remainsis crucial to attainingthepopulationrecoveryand

delistingobjectivesofthis recoveryplan. Given the: (1) inability ofbighorn

sheepto usehigherelevationhabitatsbecauseof excessiveshrubandtreecover,

(2) incompatiblelandusesthat haveencroachedinto habitatalongthe lower

elevationalslopesofthePeninsularRanges,and (3) pervasiveinfluenceofhuman

activities throughoutbighornhabitat,thefutureofbighorn sheepin the

PeninsularRangeswill dependon rapidandadequateprotectionoflower

elevationalareasthat providecritical resources,suchasforaging,watering,

lambing,andrearinghabitats. Short-termmanagementactionsto increase

populationrecruitmentandadult survivorshiparealsonecessaryto effect

populationincrease.

Paststudieson bighornsheepin desertandmountainenvironmentshaveamassed

awealthofapplicableknowledgethat guidesthemanagementprescriptionsofthis

recoveryplan. Muchofthis work appliesto bighornsheepin generaland,

therefore,neednot be reexaminedthroughfurther researchin thePeninsular

Ranges.Themonitoringandresearchtasksrecommendedin this recoveryplan

areintendedto addressthe longer-term,morecomplexenvironmental

relationshipsthat haveposedmanagementdifficulties in thepast. Thesetasks

will requiresubstantialinvestmentby numerouspartnersif theyareto be

successfullyaccomplished.However,only throughsuchacooperativeeffortwill

it be likely thattheknowledgerequirementsfor effectivemanagementbe met.

Thesuccessofthis recoveryplanwill alsodependon strongeducationandpublic

awarenessprograms.A numberof recoveryactionsoutlined in this planwill

directlyaffect thegeneralpublic. Therefore,thegeneralpublic needsinformation

andoutreachon proposedactionsbeingtaken,especiallyin localizedareasof

action. Programsthatinclude comprehensiveandaccuratefactsabouttheecology
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ofPeninsularbighornsheepandthethreatsthat facethem, will becrucial to

obtainingpublic supportfor conservationmeasures.

D. NARRATIVE OUTLINE FOR RECOVERY ACTIONS ADDRESSING

THREATS

Recoveryactionsarefirst describedin generalbelow,andthenareidentifiedas

site-specifictasks,with referenceto theirappropriaterecoveryregions,in section

ll.E. Thefollowing tasksconsistof interim andlong-termmanagementgoalsand

activitiesthatrangefrom single eventactionsorstudiesto continuousefforts

extendingacrosstheentirerecoveryimplementationtime line. Thetask

descriptionsandtheimplementationschedule(PartIII ofthisrecoveryplan)help

framethedurationoftherespectivegoals/actionsandresponsibleentitiesfor

takingtheleador assistingothersin implementationresponsibilities.

1. PROMOTEPOPULATIONNCREASEAND PROTECTHABITAT

1.1 Protect, acquire,enhance,andrestorehabitat. Thehistoric rangeof

Peninsularbighomsheephasbeenadverselyaffectedby urban

development,agriculture,mining activities,andhighwaysthathaveledto

thedestruction,modification, andfragmentationofhabitat. Further

developmentcanbeexpectedin the future. As pointedout in sectionI.D

of this recoveryplan,theviability and,therefore,therecoveryof

Peninsularbighomsheeparecritically dependentonavailabilityofhabitat.

Consequently,animportantpartof this recoveryeffort is theprotection

andrestorationofremaininghabitatessentialto Peninsularbighornsheep

conservation.

1.1.1 Protectessentialhabitat. Essentialhabitatis thathabitat

believednecessaryfor recoveryandshould,therefore,beprotected

from furtherlossor degradation(Figures2, 4-9). It is likely that

thevalley floor to theeastandthenorthof thePeninsularRanges

(e.g.,CoachellaValley, ImperialValley) historicallywasusedby

bighornsheep,for exampleduring long-distancemovesto and

from othermountainranges.Exposureto thehazardsofhigh

densityurbandevelopment,major freeways,fences,agriculture,

andcanals,now wouldbeconsidereddetrimentalto bighornsheep
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recovery. Therefore,thevastmajority ofthevalleyfloor to the

eastofthePeninsularRangesis not consideredessentialhabitat.

Consequently,“essentialhabitat”comprisesthoseareasbelievedto

benecessaryfor a self-sustainingbighornpopulationwith ahigh

probability for long-termsurvival (recovery)in thePeninsular

Rangesof theUnitedStates. Essentialhabitat,therefore,consists

ofthosephysicalandbiological resources(space,food,water,

cover) neededfor: (1) normalbehaviorandprotectionfrom

disturbance,and(2) individuaL/populationgrowthandmovement,

including dispersalnecessaryto supporta futurepopulation

expansionto meettherecoveryobjective(delistingcriteriaof

approximately750 animals).

Much ofthehistoricalrangeofthesheepis neededto sustainthe

largerpopulationlevelsnecessaryfor recoverybecause:

a. Habitatmaybecolonizedandinhabitedby futureewe

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

spatialstructureorenvironmentalconditionschange,orthe

populationgrowsasaresultofrecoveryactions. Thelong-

termpersistenceofametapopulationdependson the

numberofhabitatpatchesthat areavailablefor

colonization(Hanski 1989). An importantphenomenon,

which is not intuitively obvious,is thatdestructionofonly

a fraction ofavailablehabitatcandrive ametapopulationto

extinctionby disruptingthebalancebetweencolonization

andextinctionrates(May 1991). Evenlocallyabundant

speciescansometimesbevery closeto extinctionif the

proportionofsuitablehabitatis neartheextinction

threshold(Lande1987).

b. Movementthroughouttherangeis neededto sustainthe

metapopulation(Bleich etat. 1 990a).
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c. Thefactorslimiting theviability ofPeninsularbighorn

sheeparenotyet fully understoodand,in general,bighorn

sheephabitatuseand selectionneedto bemorethoroughly

examined(McCartyandBailey1994). It is therefore

necessaryto protectall remainingsuitablehabitat.

d. Thehabitatof Peninsularbighornsheepis restrictedto a

narrowbandalong thebaseofthePeninsularRanges,from

theSanJacintoMountainssouthto Mexico. In someareas,

this bandis lessthan6 kilometers(4 miles) wide, so

essentiallyno true“core” habitatexists. Without

protection,connectivitycouldbeseveredat anypoint along

this narrowbandofhabitat.

e. Habitatneartheeasternedgeof this bandoftencoincides

with alluvial fansandcanyonwashes,which provide

Peninsularbighornsheepwith importantresources(referto

sectionI.B.1).

f. Unpredictablechangesin global climatewarrantretention

of futureoptionsin habitatconservationstrategies.

Thedelineationofessentialhabitatwasbasedon habitatfeatures
knownto be importantto bighomsheep,ratherthanbeingbased

solelyon currentusepatterns,becausepopulationnumbers

currentlyarelow andusepatternsareknownonly for arecentshort

timeperiod. In addition,datacollectedon radio-collaredanimals

(a sampleoftheentirepopulation)representa subsetofthetotal

areaused.Methodsusedto delineateessentialhabitatareoutlined

in AppendixB. Compilinghistoricaldataandconducting

recommendedecologicalresearchwill furtherunderstandingof

how bighornsheepuseavailablehabitat.SeeFigures2, 4-9 for

mapsofessentialhabitat.

1.1.2. Securehabitat. Bighorn sheephabitatthatis currentlyin

privateownershipshouldbe secured(e.g.,purchasedor acquired

by exchangeon avoluntarybasis)by StateorFederalagenciesand
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managedcompatiblythroughindividual or regionalhabitat

conservationplansorprograms(e.g.,CoachellaValley

MultispeciesHabitatConservationPlan,which will delineatethese

landsin its planningarea),sothat properprotection,management,

andrestorationmeasurescanbe implemented.Interagency

conservationplansorotherpotentialagreementsmadewith local

governmentsandprivatelandownersshouldassure:(1) long-term

protectionoflandsundercity andcountyjurisdiction, and(2)

appropriatelandusesadjoiningbighomsheephabitatto prevent

indirecteffectsfrom degradinghabitatvalue. Limited fundsfor

landacquisitionwill requireprioritizing parcels;thevalueofeach

tractof landshouldbeevaluatedaccordingto thefollowing

criteria,althoughnotnecessarilyin theorderlisted below:

a. At the levelof individual ewe groups: how importantis

this landin supportingaewegroupin this area?

b. Doesthis landincludeparticularlyimportantresources

(e.g.,watersources,escapeterrain,habitatfor lambing,or

importantforageresources)for thebighomsheep?

c. Doesthis landrepresentimportanthabitatfor movement

anddispersalnecessaryfor connectivityamongewegroups

throughoutthePeninsularRanges?

d. Hasthis ewegroupalreadyexperiencedhabitatloss?

e. Would acquisitionofthis landreducethecumulative

negativeeffectsofurbangrowth?

f. Is thehabitatimminently threatened?

A list ofprioritizedparcelsshouldbepreparedandupdated

annuallyby landmanagementagencies(BureauofLand

Management,U.S. ForestService,CaliforniaDepartmentofFish

andGame,Auza-BorregoDesertStatePark,CoachellaValley

MountainsConservancy)to facilitateacquisitionwhen
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opportunitiesarise.Methodsto facilitatepublic andprivate

cooperationshouldbepursued,suchas: (1) developmentof land

useplanningguidelines(e.g. theCoachellaValley Multiple

SpeciesHabitatConservationPlan, conservationguidelinesin

AppendixF), (2)developmentofa public educationandoutreach

program(refer to II.D.3), and(3) developmentof supportingmaps

that betteridentify andexplainbighornsheepecologyand

conservationrequirements.

1.1.3 Maintain, manage,andrestorehabitat qualit’,.’ and

connectivity. As mentionedin sectionI.D. of this recoveryplan,

therecoveryofPeninsularbighornsheepis dependenton the

existenceofadequatehabitat. Maintenance,management,and

restorationofessentialhabitatwill allow for geographicexpansion

whenpopulationnumbersincrease.Theability ofbighorn sheepto

movefreely throughoutall partsof therangeis critical to recovery

becauseit: (1) facilitatesexchangeofgenesbetweenewegroups,

(2) allowshabitatcolonization,and(3) allowsselectionof

alternativehabitatin responseto predationpressureortemporary

changesin habitatquality (Schwartzet al. 1986,Bleich et al. 1996)

orhuman-relateddisturbance.Shifts in habitatuseoccurmore

readilywithin existingewe grouphomerangesbut homerange

boundariesthemselvesalsocanchange,albeit lessfrequentlyand

moreslowly overtime. Therefore,in additionto protectionof

designatedessentialhabitat,thefollowing measuresshouldbe

takento restoreandmaintainhabitatquality andto assure

connectivitythroughouttherange:

1.1 .3.1 Removeexoticvegetationandpreventfurther

invasionby exoticplants. This item refersprimarily to

control oftamansk(Tamarixspecies)alongstreamcourses

but also appliesto otherspeciessuchasfountaingrass

(Pennisetumsetaceum)in selectregions. Additional

fundingshouldbe securedto continueandexpandcurrent

tamariskremovalprogramsthroughoutthe Peninsular

Ranges.Theseprogramsshouldinclude, or becoordinated

with, efforts to eradicatetamariskoutsideofbighornsheep
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habitat,asthis will reducefuture invasioninto bighorn

sheephabitat.Tamariskeradication,suchasatThousand

PalmsOasis,canresultin immediatereappearanceof

surfacewater(Barrows1994),which canhelpexpand

sheepdistribution.

1.1.3.2Reduceor eliminatewild horsepopulationsfrom

bighornsheephabitat. Thoughburrosandgoatsare

currentlyabsent,theyalsoshouldbeeliminatedif they

becomeestablished.Thereductionorremovalofnon-

nativeungulateswould: (1) eliminatepotentialsourcesof

competition,(2) reducepotentialdestructionofwater

sourcesandvegetation,and (3)benefitotherriparian

dependantwildlife, suchasleastBell’s vireo and

southwesternwillow flycatcher. The involvedStateand

Federalagencies,alongwith theAguaCalienteBandof

CahuillaIndians,shoulddeterminewhetherwild horse

managementin CoyoteCanyon(Anza-BorregoDesertState

Park)andPalmCanyonis consistentwith bighornrecovery

objectivesin theseareas. Any continuationof feral horse

grazingshouldbe contingentuponthedemonstratedability

to implementan effectivemanagementandmonitoring

programto ensureagainst: (1) thepossibilityof

competitionwith sheepfor food andwater,(2) trespass

onto otherlandownerships,and(3) risks to public safety.

1.1.3.3 Implementafire managementplan that recognizes

fire asa naturaldisturbanceinfire-adaptedhabitatsofthe

PeninsularRangesecosystemandasa processthathelps

maintain bighornsheephabitat. A wildland fire policy

shouldestablishfire managementareasfor naturaland

managementignited prescribedfires. Furtherresearchon

theuseoffire asa managementtool should helpguidesuch

aplan(SmithandKrausman1988,Krausmanetal. 1996;
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andrefer to sectionII.D.2.3). However,fire canrepresenta

seriousthreatto bighornhabitatquality in Sonoranscrub

plant communities,which unlikechaparralarenot well

adaptedto fire disturbance.

1.1.3.4 Maintain existingwatersourcesandconsider

providingadditionalsourceson public lands if water is

thoughtto be a limitingfactor in particular areas.Water

developmentshouldbe incorporatedinto researchthat

investigatestheeffect that theadditionofwaterhason

bighornsheepand otherspecies(referto sectionII.D.2).

1.1.3.5 Maintain andre-establishconnectivitythroughout

all habitat. Bamersto movement(roads,fences,increased

useof off-road vehicleareas,renewedrailroadactivity)

shouldbe prevented.Potentialbighornsheepcrossing

areasshouldbe identifiedandbridgedor tunneledto

attemptreestablishingconnectivity. Typical culvertsare

notadequatebecausebighornsheeparenot knownto move

throughdark tunnels. Existing roadsappearto represent

barriersbetweenfour currentewe groups(Rubinetal.

1998);solutionsto promoteconnectivityshouldbe

attempted.Anotherimportantrecoverygoal is to

reestablishconnectivityto habitatsouthofInterstate8 and,

ultimately,to Mexico. This taskwill requirethe

cooperationoftheCaliforniaDepartmentof Transportation

to incorporatebighornsheepmovementopportunitiesinto

their futureconstructionplans. Coordinationwith Border

PatrolandtheMexicangovernmentwill beneededto

controlhumandisturbanceandthethreatofdisease

transmissionfrom domesticsheepandgoatswhile

reestablishingconnectivityacrosstheinternationalborder.
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1.2 Reduceor eliminatedirectand indirect humanimpacts. In additionto

habitatloss,habitatmodificationandhumanactivities oftendirectlyor

indirectlyaffect Peninsularbighornsheephabitatuse(referto sections

I.B.5 and I..D.5). Thefollowing actions,which shouldall be accompanied

by strongeducationalandpublic awarenessprograms(referto section

II.D.3), will reducetheseimpacts.

1.2.1 Reduceimpactsfrom existingandfuturedevelopmentsand

projects.Theserecommendedactionspertainto anyproject

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

mining) that hasbeenconstructedwithin bighornsheephabitat,or

anyprojectadjacentto bighornsheephabitat.Thoughhabitatand

opportunitiesfor sheepmovementthroughoutall suitablehabitat

shouldbe maintained,habitatusealongtheimmediateurban

interfaceshouldnotbe encouragedbecauseofrisks associatedwith

behavioralhabituation.

1.2.1.1 Constructfencesto excludebighornsheepfrom

urban areaswheretheyhavebegunor maybeginusing

urban sourcesoffoodandwater. Fencesserveseveral

functionsincluding: (1) separatingbighornsheepfrom

potentialthreatsof urbanization(e.g.,toxic plants,

parasites,accidents,vector-bornediseases,traffic,

herbicides,pesticides,behavioralhabituation),(2)

controllinghumanandpetaccessto remainingbighorn

sheephabitat,(3) preventingbighornsheepfrom becoming

habituatedto anddependentuponartificial sourcesof food

andwater,and(4) modifying habituatedbehaviorsand

redirectioninto remainingnativehabitat. In thenorthern

SantaRosaMountains,ongoingcoordinationwith cities

andlandownerson a regionalfencingstrategywill be

critical to the long-termhealthand maintenanceof this ewe

group. Retrofittingexistingdevelopmentswith fences

wheresheepcurrentlyexploit urban foodandwatersources
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is particularlyimportant;cooperationby residential

landownerswill be critical to the successofexcludingthe

northernSantaRosaMountainsewegroupfrom urban

habitats.Along theremainderoftheurbaninterface,where

sheephavenot yet shownindicationsofhabituationto

humanhabitats,futurebehavioralhabituationalsomay

occur. Although fencingmaybeviewedasa last resort to

otherpotential formsofaversiveconditioning,prudent

planningdictatesthatmitigationbe requiredto offset the

likelihood of futureadverseeffects(behavioralhabituation

andincreasedmortality rates)whennewprojectsare

approvedalongtheurbaninterface. Thoughactual fence

constructioncouldbecontingentuponfutureuseby sheep

and theineffectivenessofotherpotentialdeterrents,the

wherewithal,responsibilities,andeasementsfor fences

shouldbedeterminedandsecuredatthetimeof project

approval. Fencesshouldbe 2.4 meters(8 feet) high,or

functionallyequivalent,andshouldnotcontaingapsin

which bighornsheepcanbeentangled.Gapsshouldbe 11

centimeters(4.3 inches)or less. This fencedesignshould

only beusedat theurbaninterface.Referto section

II.D. 1.2.2 for guidelinesfor livestockfenceswithin bighorn

sheephabitat.

1.2.1.2 Avoidnon-nativevegetationalong unfencedhabitat

interfuceswhereit mayattract or concentratebighorn

sheep. Along fencedsectionsoftheurban interface,

ornamentalandtoxic plantsshouldnot extendoveror

throughfenceswheretheymaybeaccessibleto 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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shouldbeprovidedto developers,landscapers,and

homeowners.On Bureauof LandManagementlands,

especiallylivestockgrazingallotmentsin andnearbighorn

sheephabitat,utilize only nativevegetationin fire

rehabilitationandrangeimprovementprojects.

1.2.1.4 Prohibit theuseofanyknowntoxicplants where

theymaybe accessibleto bighornsheeporpotentially

invadebighornsheephabitat. A list of knowntoxic plants

shouldbeprovidedto all developers,landscapers,and

homeowners.

1.2.1.5 Discouragetheuseofplantsknownto invadeand

degradebighornsheephabitat (e.g., tamarisk,fountain

grass).

1.2.1.6 Prohibit intentionalenticementofbighornsheep

ontoprivateproperty. This item includes,but is not

limited to, vegetation,mineral licks,orunfencedswimming

pools,ponds,or fountainsuponwhichbighornsheepmay

becomedependentfor water.

1.2.1.7 In unfencedareas,monitorthe useofpesticides,

fungicides,herbicides,andfertilizers if sheepare using

urban landscapes.All productsusedshouldbewarranted

by themanufacturerto not beharmfulto wildlife when

appliedat the labelrate,andno applicationsshouldexceed

the label rate. Coordinationwith landownersand

homeownergroupsis needed.

1.2.1.8 Regulatethediversionorprocurementofwater,

whetherfor humanuseor irrigation, andwhetherfrom

springsor aqu~fers,that wouldreducenatural water

sourcesusedby bighornsheep. Coordinationwith land
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ownersandtheStateWaterResourcesControlBoardis

neededto redresspotentialwaterrights conflicts. The

RegionalWaterQuality ControlBoard’sBasinPlanshould

recognizebighornsheepasabeneficialusefor perennial

andseasonalwaterswithin essentialhabitat.

1.2.1.9 Prohibit theconstructionofwater bodiesin

developedareasadjoiningsheephabitat that maypromote

thebreedingofmidges(Culicoidessp.)and

monitor/controlvectorsin existingproblematicponds.

Waterfeaturesshouldbe designedto eliminateblue-tongue

andothervector-bornediseasesby providingdeeperwater

(over0.9 meters[3 feet]), steeperslopes(greaterthan30

degrees),andif possible,rapidly fluctuatingwaterlevels

(seeMullens 1989,Mullens andRodriquez1990).

Landownersandmanagersshouldcoordinatewith local

mosquitoandvectorcontroldistrictsto ensuremanagement

ofexistingwaterbodiesthat harborvectorspecies.

1.2.1.10Discouragetheart~ficialfeedingofcoyotes

becauseofthepotentialfor increasingpredatorabundance

andconsequentpredationon bighornsheep.

1.2.1.11 Establisha methodandsecurefunding to

consistentlymonitorandenforceall actionslistedunder

task1.2.1.

1.2.2 Reduceor eliminatedetrimentalhumanactivitieswithin

bighornsheephabitat. A varietyofhumanactivities canaffect

bighornsheep(referto sectionI.D). Bighorn sheepmayreactin

two ways(Papouchisetal. 1999): (1) avoidanceofdisturbanceor

humanencounters(potentiallyincludinghabitatabandonment),

and(2) habituationto sourcesof disturbanceif theyaresufficiently

predictable.Behavioralhabituationcan includeadjustmentsto
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timing ofusein certainareas,suchasby avoidingtheareauntil the

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

disturbanceand returningwhenthedisturbanceis absent.

Expansiveurbandevelopmentin andaroundbighorn sheepin

deserthabitatshasoccurredin threemetropolitanareasto date--

Albuquerque,Tucson,andCoachellaValley—andin all instances,

habitatabandonmentandpopulationdeclinehasresulted

(Gionfriddo andKrausman1986;Krausman,in litt. 1998;

Krausmanetal. In prep.). Bighornsheephavedemonstrated

greaterresilienceto humandisturbancein moreremotelocales

suchasAlberta(MacArthur et al. 1982)andtheSierraNevada

(Hicks andElder 1979),thoughbighorn alsoareknownto avoid

excessivehumandisturbancein areaswell away from urban

centers(Papouchisetal. 1999).

Giventhepotentialbehavioralvulnerabilitiesofbighornsheepto

humandisturbance(including dogs)andassociatedrisksto the

persistenceofcurrentlydepressedpopulationsin theCoachella

Valley, abiologicallyconservativemanagementapproachis

appropriatein thePeninsularRanges.Thepublic shouldbe

educatedregardingproblemsassociatedwith human-sheep

relationships,andencouragedto continuesupportingconservation

efforts (SmithandKrausman1988).A trails managementprogram

is currentlyin placeon Anza-BorregoDesertStateParkand

appearsto be providing alevel ofmanagementthat is maintaining

relativelystablepopulationlevelsof bighornsheep.Thesuccessof

thisprogrammaybeattributableto anintensiveeducational

program,alongwith prohibitionsagainstdogs(on trails) andother

disruptiveactivities,andastrongmanagementpresenceto ensure

adequatecompliance. In addition,themostheavilyusedareas

typically arelocatedin steepterrain that limits thenumberand

locationoftrails to relatively fewnarrowcanyonbottoms. Sheep

arebetterableto coexistwith recreationalusewherehuman
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disturbancetypically occursatelevationslower thanwheresheep

spendmostoftheir time(Hicks 1977).

Thefollowing sectionprimarily focuseson thenorthernCoachella

Valley thoughtheprinciplespertainrangewide.Therelative

remotenessofthe Anza-Borregoregionrenderscomparisonswith

theheavilypopulatedCoachellaValley difficult, but recreation

activities couldbe vieweddifferentlybecausetheyarepart ofa

cumulativesetof factorsaffectingthe sheep,someofwhich (e.g.,

development-relatedpressuresin sheephabitat)aremoreintensein

theCoachellaValley. Thoughcauseand effect relationshipshave

not beenestablished,theproportionallylargerpopulationdeclines

in thenorthernSantaRosaandSanJacintoMountainsthan

elsewheremaybe relatedin part to therelativelyhigherlevelsof

humandisturbanceassociatedwith thelargermetropolitanarea.

Othercontributingfactorsmayincludethemoreextensiveand

interconnectedtrail systemthat is not largelyrestrictedto canyon

bottoms. Most of thetrails headupslopeandintersectothertrails

athigherelevations,forming an extensivetrail network throughout

ewegrouphomeranges,including lambing,rearing,andwatering

habitat. Thepatchworkof differing landownershipshas

contributedto managementdifficulties. Thetypesoftrail use

activities,aswell asproliferationofnewtrails, alsohavegone

largely unregulated.TheDunnRoad,constructedillegally in the

northernSantaRosaMountainsin the I 970s,alsois considereda

trail sincemuchof theuseis by recreationalpedestriansand

bicyclesandvehicularaccessis restricted.Travel in washesby

vehiclesandon foot alsoshouldbeconsideredtrail use.

TheAguaCalienteBandof CahuillaIndianscurrentlyis preparing

awildlife habitatmanagementplanfor thereservation,including a

trails managementprogram,which shouldbecoordinatedwith the

largerplanningeffort to ensureattainmentofregionalobjectives.

TheTribe recentlybanneddog useon its trails system,andwill
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coordinateits efforts with otheragencieswhenadraftplan is

complete.

Researchshouldfocuson how differentkinds andlevelsof

disturbanceaffect bighornbehaviorandhabitatusepatterns.The

prevailinglackofbaselinedataon location,types,andextentof

trail usemustbe overcomeasaprerequisiteto studyingandbetter

understandingtheseeffects.

1.2.2.1 Developand implementa trails management

programwith affectedlandmanagementagencies,

scientWcorganizations,andusergroups. A trails program

in theSanJacintoand SantaRosaMountainsnecessarily

will requireinteragencycooperation,with specific

responsibilitiesand levelsof funding identified. Thecities

andprimarylandmanagementagencies,with theBureauof

Land Managementin a leadershiprole, shouldcoordinate

with usergroupsin developingaplanwith theFishand

Wildlife ServiceandtheDepartmentofFish andGameso

that it canbe effectivelyimplementedon aregionalbasis.

Regularinteragencymeetingsshouldbe scheduledto

ensureeffectivecoordinationandimplementation.The

programshouldconsistof thefollowing components:

a. Public education. Preparationof apublic educationand

outreachprogramis neededsothat trail usersbetter

appreciateand understandbighornsheepand other

biologicalvaluesassociatedwith thePeninsularRanges.

Also seeSectionII.D.3. Most membersofthepublic likely

will voluntarilyrefrain from recreatingin sensitivehabitats

during critical seasonsif theyunderstandtheeffectsof

humanrelateddisturbanceon bighornsheep.Nonetheless,

monitoringand enforcementwill be necessaryto provide

effectivemanagement.
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b. Prohibition ofdogsin bighornsheephabitat. Dogs

shouldremainin developedor designatedareas

(campgrounds,picnic areas,on pavedroads,etc.)under

restraintandpreventedfrom roaminginto bighornsheep

habitat.

c. Lambingandrearing habitat. Seasonalrestrictionsare

neededon selectedtrails that bisectlambinghabitat. In this

Recovery Plan, the lambing season is defined as January 1

to June30, andlambingandrearinghabitatis definedas

thoseareasin whichewesandlambsareobservedduring

thisperiod.Thesedefinitions werechosento provide

protectionfor themajorityof lambsduring thefirst 3

monthsoflife andto allow ewesundisturbedaccessto

lambingareasprior to thepeakparturitionmonths

(FebruarythroughApril). Trails that arecurrentlyknownto

resultin disturbance to lambing and rearing habitat are

listed in Table 10.

d. Watersources. Seasonalrestrictionsor trail relocations

maybe appropriatefor selectedtrails that leadto water

sources. Trail useshouldbe avoidednearcritical summer

watersourcesfrom June 1 throughSeptember30, and other

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

regulation[seeCaliforniaGovernmentCode,Title 14,

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

andCarrizoCanyonEcologicalReserves.Trailsthat are

currentlyknownto conflictwith thesummerwater

requirementsarelistedin Table 10.

e. Trail management.Trails that conflict with lambing,

rearing,andwaterrequirementsshouldbe addressed

throughmanagementtools, suchasseasonalrestrictionsor
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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
DunnRoad X X
MurrayHill 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 mostcurrentinformation.

relocations.Permanentclosuresmaybenecessarywhere

relocationis not possibleandseasonalrestrictionscannot

be effectively monitored or enforced. Trails should be used

asa tool to focushumanactivity away from areasof

concern. Newtrails in bighornhabitatshouldbeavoided,
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exceptin selectareasalongtheurbanedge,wherethey

couldprovidetwo benefits—alleviatepressureon trails that

intrudedeeperinto sheephabitat,andprovideadisturbance

barrierto discouragepotential sheepattractionto urban

sourcesof food andwater. Any new trails shouldminimize

adverseimpactsto alluvial fans,canyonbottoms,andother

areasthatmayprovideessentialseasonalforageconditions

while still accomplishingtheobjectiveofroutinguseaway

from themoresensitiveareas.

f. Monitoring, enforcement,andresearch. A management

presenceby uniformedpersonnelshouldbedeployed

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 canadaptivelyfeedbackinto revisedmanagement

measures.Experimentalresearchto furtherour

understandingof human/sheepinteractionsalsoshouldbe

conducted.SeeSectionII.D.2.7.

1.2.2.2Manageactivitieswithin bighornsheephabitat that

fragmentor interferewithbighornsheepresourceuse

patternsor otherbehaviorsto 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)minimumceiling in theremainderof thepark.

The 457-meter(1,500-foot) minimumceiling should apply

to all flights overanybighornsheephabitat.
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1.2.2.3 Managelivestockgrazingto reducecompetitionfor

scarceresourcesand to minimizethepotentialfor 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,thecurrentallotmentboundariesshouldbe 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 thegrazingofdomesticsheepwithin 14.5

kilometers(9 miles,)ofbighornsheephabitat toprevent

diseasetransmission.

1.2.2.5 Requireall cattlegrazing allotmentsadjacentto

bighornsheephabitat to befencedwherecattlestraying

into bighornsheephabitat degradesforageor water

resources.Fencesshould complywith Bureauof Land

Managementspecificationsfor 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 assessedfor potentialdisease

risk andprohibitedif arisk exists.

1.2.2.7 Establisha methodandsecurefundingto

consistentlymonitorandenforceall actionslistedunder

task1.2.2.

1.3 Reducemortality rates. Low survivorship of adult Peninsular bighorn

sheepcurrentlythreatenspopulationviability (referto sectionI.B.4).

Measuresto improve survivorship arefundamentalto this recoveryeffort.

1.3.1 Reducemortality dueto 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 thefollowing actions:

1.3.1.1 Prohibitfencesin which bighornsheepmay

becomeentangledor strangled,or that interrupt habitat

connectivityor blockmovementofbighorn sheepwithin

remaininghabitat. At theurbaninterface,fencesshould

not containgapslargerthan 11 centimeters(4.3 inches)

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

complywith BureauofLandManagementspecifications

for fenceswithin bighornsheephabitat(Bureauof Land

Management 1989).
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1.3.1.2 Post all movementareasor areasofbighornsheep

concentrationnear highwayswith bighornsheepcrossing

signsto warn motorists. Post informationalwarningsigns

at theentranceto blind curves. Solutions need to be

identifiedandimplementedto reducetheextentof

vehicularrelatedmortality alongproblematicroad

segmentssuchasHighway74 abovePalmDesert,S-22
westofBorregoSprings,andHighway78 southofBorrego

Springs. If monitoring indicates that more effective

warningsystemsareneeded,flashingyellow lightsand

intensifiedsignage,etc.,shouldbe phasedin. Coordination

with Caltrans and the counties will be required.

1.3.2 Reducemortality dueto natural causes.Predation by

mountainlions representsathreatto 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

managementweredesigned 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 wasidentified to help

thepopulation meetdownlistingcriterion#1 (thepresenceof25

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

lion control will be conducted, if necessary, to facilitate

achievementof delistingcriterion#2.

Removal of mountain lions should beselectiveandonly target

individual lions knownto be,or suspectedof, 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-termproblemanddoesnot offset the

permanent impact of habitat loss. Lion removal must be

accompaniedby carefulmonitoringto determineif predatorcontrol

achievesthedesiredprotectionofbighornsheep(referto section

II.D.2.5). Theeffectsofpredatormanagementshouldbe

incorporated into ecosystem level research on the predator/prey

relationships among bighorn sheep,lions, and deer(refer to section

ll.D.2.3). Thecriteria for implementingpredatorcontrolmayneed

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 includesviable

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

PredatorRemovalLevelI. Predator removal should be

implemented if therearefewer than 15 adult femalebighornsheep

in a givenrecoveryregion(refer to the9 regionsin sectionII.B)

andpredationis aknownmortality factor. In this circumstance,

protection of individual bighornsheepis critical for ensuring

bighornpopulationsurvivalandpersistencein therecoveryregion.

Lion removalshouldbe implementedsolelyin therecoveryregion

of concern, and continue until population growth is reestablished to

a trajectory expectedto achievethe downlisting threshold of25

adult ewesin theregion.

PredatorRemovalLevel2. Predatorremovalmayalsobe

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

recoveryregions,to furtherfacilitatethe long-termgoalsof

population recovery. Lion removal should only occur if lion

predation is the primary cause of mortality and low survivorship is

determinedto be limiting populationrecovery. Careful

monitoring, habitat evaluation, and possibly computer simulations

shouldbeusedto determineif, when,andwherepredatorremoval

shouldoccur. Predatorremoval shouldbediscontinuedif available
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evidence indicates that: (1) lion predation no longer limits bighorn

sheep populationgrowth,and(2) continuedremovalwould no

longerresultin apopulationexpansionwithin therecoveryregion

necessaryfor theoverall recoveryof themetapopulation.

1 .4 Developa long-termstrategyandmaintain thecurrentcapabilityfor

captivebreeding,reintroduction,andaugmentationprograms. A small

captivebreedingherd(14animalsin 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

facilitatethestudyof low lamb survival. Animalsborn or rehabilitatedat

thefacility havebeenreleasedinto thenorthernSantaRosaMountains(n

equals74)ortheSanJacintoMountains(n equals3),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

ofdwindlinggroupsmayserveasa“rescueeffect” (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 maybemoredifficult 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,theycomewith 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 supportedthroughpublic relationsand

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

theyshouldbeprecededor accompaniedby otherconservationmeasures

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 RESEARCHPROGRAMSNECESSARYTO

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

bemeasured,(2) efficacycanbeevaluatedastestablehypotheses,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 bighornsheeprecoverylikely will bemoreproblematicthanfor mostspecies.

Manyresultswill not becomeapparentfor 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 thisrecoveryeffort canbe evaluated.Consistentlong-term

monitoring will allow use of adaptive management approaches that would

increase the effectiveness of recovery efforts. Continued monitoring is

alsoa necessarycomponentoffuture research.Populationmonitoring

(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” estimatemaybe generated

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

abundanceindicesand populationestimates.This relationshipmay

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,whereshouldtheseoccur,and(3) howdo thenumber

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

locationofeachanimalshouldbeobtainedvia visual locationor

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

markedewesgeneratesthemostusefuldatabecauselamb survival
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to specific ages can be determined, and the reproductive success of

individualewescanbe tracked. Alternatively, the lamb to ewe
ratioofeachewegroupcouldbemeasuredatvarioustimesof 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,theradio-collaringof lambsmay

benecessaryto 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 siteinvestigationprotocol

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

guidemanagementdecisions(Beissingerand Westphal1998)and future

research efforts. Models uncover knowledge gaps and thereby guide

future researchandgeneratehypothesesthat 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) how do thenumberofewe groups,sizeofgroups,andlevel

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

levelsofadult andjuvenilemortality on populationviability?

Although theabovequestionspertainprimarily to viability from the

perspectiveofpopulationnumbers,futuremodelscouldalso incorporate

data to assess genetic diversity. Additional models should explore habitat

selection versus availability.

2.3 Researchtherelationshipsbetweenbighorn sheep,mountainlions,

muledeer, andhabitat. In thePeninsularRanges,mountainlions and

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

variablesaffectingthis ecosystem(Hayeset al. 2000). To increaseour

knowledgeoftheecologyof Peninsularbighornsheep,abetter

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. Estimatethenumberofmountainlions 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. Describethehabitatusepatternsanddistributionofmule deerin

and near bighorn habitat.

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

ormoreyears). Sucha studywould requireextensivemonitoringand

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 relationshipsbetweenbighornsheepandcoyotesand

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 Investigatetheefficacyoftemporarysuppressionofnatural

predation. Mountain lion predationcurrentlyis theprimarycauseofdeath

ofadult radio-collaredbighornsheepin mostewegroupsin thePeninsular
Ranges, and threatens population viability (refer to sections I.B.4 and

I.B.5). Any measuresto interveneshouldbe designedsothat the

effectivenessofvarioustechniquescanbeevaluated.Thepresenceof

lions and otherpredatorsin theareaof interestshouldbe monitoredaspart

oftheinvestigation. Becausemortalityandmountainlion predationrates

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/selectionanddispersalbehavior. Habitat use by

sheephasbeenstudiedby anumberofresearchers(refer to sectionI.B.l),

but manyquestionsremain. In thePeninsularRanges,asin manyother
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bighorn sheep habitats, the specific factors that limit populations are not

well understood.A betterunderstandingofhabitatusepatternsand factors

underlyinghabitatselectionwill aidourunderstandingof resource

requirements and promote informed management decisions. Selected

topics for future 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 habitatusefor essentiallife 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 habitatusepatterns.

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-termmonitoring(two ormorebighorn

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,foragequality, time ofyear)are

associatedwith movementofanimalsbetweenewe groups;(2) what

habitatfeaturesareassociatedwith movementpaths;(3) how doesrange

expansionoccur;and(4) how far (andamonghowmanyewegroups)do

ramstypically move?Thefrequencyanddurationofmonitoringwill

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

usepatterns(Laundre etal. 1987). Theuseof GlobalPositioningSystem

collarsmayprovideavaluabletool in suchstudies.

2.7 Evaluatethe effectofhumanactivitieson bighornsheep. Given the

historyof bighornsheeppopulationdeclinesand extirpationsin other

areasnearurbancenters,informationis neededonhow to manage
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recreational activity in a manner that does not interfere with bighorn

habitatuse.Becauseknowledgeofthe locationandextentof human

activity is aprerequisiteto conductingresearchandmaking informed

management decisions, responsible land management agencies should

placea highpriority on obtainingthis information.A varietyof study

designsmaybeappropriate,suchas: (1) experimentally prescribing

different management techniques and measuring results, (2) measuring

physiologicalchangesin individuals in responseto differentdisturbance

regimens,(3) determiningtheeffectsofhumanactivitieson bighorn

populationcharacteristics(e.g.,reproductionandrecruitmentrates),and

(4) determiningtheeffectsofhumanactivity on bighornbehavioral

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

effects of human disturbance have sufficient sample sizes and statistical

powerto avoidtypeII statisticalerrors(acceptingafalsenull hypothesis).

2.8 Researchdiseaseandpreventivemeasures.Thereis aneedto provide

ongoingscreeningforpathogensand exposureto infectiousdiseasesto

detectandmitigateemergingepizootics.Although infectiousdiseasesdo

not currentlyappearto playan importantrolein populationdynamicsof

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

continuemonitoringthepresenceandimpactof infectiousdiseasesin ewe

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

essentialto radio-collaranimalsto monitorewegroups,biological samples

shouldbe collectedatthetime ofcaptureandtestedfor presenceof

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

analyzed for the presence of specific pathogens and antibodies to those

pathogens.A standardizedsamplingprotocolshouldbedevelopedandthe

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

testingcanalsobestandardized.Whenfeasible,freshcarcassesshouldbe

takenimmediatelyto theCaliforniaVeterinaryDiagnosticLaboratoryin

San Bernardino for necropsy. A standardized necropsy protocol should be

developed,and necropsyreportsmadeavailableto all agenciesand

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

treatmentsdo not appearto be warrantedin any oftheewe groupswith the

exceptionof thenorthernSantaRosaMountainsewegroup.Nematode

parasites have been documented in this group and nematode treatment may

beappropriate.Treatmentschemesshould be designedsothatthe

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.Otherungulatesmayserveasreservoirsfor 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

usedin associationwith thosealreadycollectedto moreclearlydelineate

populationstructure,to estimategeneflow, to identify themost

appropriatesourcestock(free rangingandcaptive)for translocation,to

assesstherisk of inbreedingandoutbreedingdepression,to testif there

hasbeenarecentpopulationbottleneckwithin a subpopulation,andto

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

directedtowardstheestimationoftheeffectivepopulationsize(N) should
e

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

andBarrowclough1987). In addition,analysesofsamplescollectedfrom

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 everyanimalcapturedin thePeninsularRangesandfrom

adjacentpopulations,usingastandardizedsamplingprotocol. 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 germinalandsomaticcellsfrom capturedanimalsshouldbe initiated

for future use.

3. DEVELOPAND IMPLEMENT EDUCATION AND PUBLIC AWARENESS

PROGRAMS.

Conservationefforts havea higherchanceofsuccessif theyaresupportedby the

local community. A numberof recoveryactionsoutlinedin this recoveryplan

will directly affect thegeneralpublic. It is thereforeimperativethat strongpublic

educationandawarenessprogramsbe implemented.Thepublic needsto be

informedofthereasonswhy specificrecoveryactionsarebeingtaken. This task

will requirean educationprogramon theecologyofPeninsularbighornsheep,

what threatsthis speciesis currentlyfacing, andhow recoveryactionswill reduce

thesethreats. Coordinationwith thepublic andinterestgroupswill be particularly

importantfor controversialissues,suchastrails andpredatormanagement.This

knowledgeshouldtranslateinto a respectand concernfor this species,leadingto

supportfor conservationmeasures.

Severalprogramsandsourcesof informationpertainingspecificallyto Peninsular

bighornsheepalreadyexist. Interpretivedisplaysandmaterialsarefoundat the

Visitor Centerin Anza-BorregoDesertStatePark,theBureauof Land

ManagementVisitor Centerin PalmDesert,Bighorn Institute,Living Desertin

PalmDesert,and PalmSpringsDesertMuseum. In addition,local interestgroups

havehostedguesttalksby biologistsstudyingbighornsheep. Theseprograms

shouldbe continuedandadditional programsestablished,suchasinformation

providedto thepublic throughthetourist industryand ecotourismoperators.The

effectivenessofeducationalprogramswould be increasedif ahigherdegreeof

coordinationexistedamongindividual programsand otherrecoveryactivities.

This coordinationwould not only allow eachprogramto presentthemostaccurate

andupdatedinformation,but would alsolet thegeneralpublic seethat the

recoveryofPeninsularbighornsheepis acollaborativeeffort supportedby

multiple agencies,organizations,andindividuals. Specificrecoveryactionsare:
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3.1 Distribute informationrelatedto recoveryefforts. Updatedand

accurateinformationshouldbe availableto interestedindividuals,groups,

or local governments.This materialshouldbe providedby thekey

agenciesinvolved in therecoveryeffort andshouldincludeinformation on

theecologyofPeninsularbighornsheep,currentthreatsto population

viability, and explainrecoveryactions. Informationdisseminationshould

coordinatewith theCoachellaValley Multiple SpeciesHabitat

ConservationPlan.

Theneedfor specificrecoveryactionsshouldbeexplainedto thegeneral

public. For example,homeowners,landmanagers,anddevelopersshould

be providedwith informationthat explains: (1)why restrictionson toxic

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

coyotescouldadverselyaffectbighornsheep. Recreationgroupsshould

beprovidedwith informationthat explainswhy certaintrail closuresare

necessary.Interpretivesignsshouldbe postedatall trailheadsthat enter

bighornsheephabitat. Traineddocentscouldbepresentat popular

trailheadsduringhigh trail usageperiodsandduringperiodsoftrail

closuresto provideadditionalinformationandanswerquestions.

3.2 Continue,update,and coordinateexistingeducationprograms.

Existing programsshouldbeexpandedandregularlyupdatedto providean

accurateview of ourcurrentknowledgeregardingPeninsularbighorn

sheep.Dynamicdisplaysthat featureup-to-datepopulationstatusand

monitoringactivities,currentresearchprojects,andconservationactivities

likely will bemosteffective. Eachprogramshouldhighlight not only how

its agency’sor organization’sactivitiescontributeto therecoveryof

Peninsularbighornsheep,but howtheseactivitiescomplementthoseof

otheragencies/organizations.Au annualmeetingof governmentofficials

includingtheFishandWildlife Service,theBureauof LandManagement,

CaliforniaDepartmentofFishandGame,CaliforniaDepartmentofParks

andRecreation,U.S. ForestService,researchersfrom theUniversityof

Californiaat Davis,Bighorn Institute,andothers,asappropriate(e.g.

educationalfacility representativesor public relationsdirectors),should be
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heldto facilitatetheexchangeofinformationandideasfor improving and

updatingeducationprograms.

3.3 Developadditional educationalprograms. An educationalprogram

targetinglocal schoolsshouldbe developed.This programmight include

a teachingpacketthat schoolteacherscanuseto introducetheir studentsto

Peninsularbighornsheepandthedesertecosystemin general. Classroom

activitiescouldbe combinedwith visits from biologistsortoursof bighorn

sheephabitat,possiblyin conjunctionwith existingprograms(e.g.,at

Auza-BorregoDesertStateParkandTheLiving Desert). Current

conservationissues,populationmonitoring,andresearchprojectscouldbe

incorporatedinto this typeofprogram,possiblythroughtheuseof

informativevideosorwebsites. Cunningham(1993)outlinedtheuseof

suchan interactiveprogramin Arizona.

Thefeasibilityofadditionaleducationalprogramsshouldbe investigated.

Possiblesites/organizersaretheZoologicalSocietyof SanDiego, theLos

AngelesZoo, andmuseumswithin RiversideandSanDiego Counties.

Additional goalsof existingandnewlydevelopedprogramsshouldbe to:

a. Reachpeoplewhowould not typically beexposedto traditional

programs(i.e., individualswho might not frequentvisitor centers

orwho do not haveschool-agedchildren). This goalmight be

accomplishedby promotinginformativepresentationsatsenior

citizencenters,homeownergroupmeetings,touristcenters,or golf

clubs. In addition,local and nationaltelevisionprogramsfeaturing

thePeninsularbighornsheepshould be developed,andpress

releasesshouldbe encouraged.

b. Stressan ecosystemapproachin whichhabitatprotectionis an

integralpartoftherecoveryofPeninsularbighornsheep.
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c. Encouragethepublic to takepart in conservationactivities. A

prime exampleis 28 yearsof waterholecountdatathat havebeen

collectedbyvolunteercountersin Anza-BorregoDesertStatePark.

Habitatrestoration,suchastamariskremovalor water

developmentalsorepresentidealvolunteerprojects. An

observationlogbookmight be establishedat visitor centersto allow

visitors to recordbighornsheepandotherspeciestheyobserved.

d. Conductpublic attitudeassessmentsto determinethe effectiveness

of specificprogramsandguidefuture activities.

3.4 Distributea protocolto selectlaw enforcement,public health, and

safetyoffcialsfor thehumanetreatmentofinjuredbighornsheep. Injured

bighornsheeparesometimesfoundby motorists,pedestrians,orhikers

who thenreportthesituationto public officials in a varietyof agencies.

Personneloftheseagenciesoftenarenot knowledgeableaboutmedicalor

humanetreatmentproceduresfor injuredanimals. A protocolneedsto be

developedand distributedto city, county,State,and Federalagenciesthat

arelikely to receivereportsof injuredanimalsthat providesinformation

on appropriatecontactswho arequalifiedto diagnoseandtreatinjured

animals. Informationfrom suchcasesshouldbecollectedandmaintained

by oneagencyso that acompletedatabaseis availablefor researchersand

managers.

E. SITE SPECIFIC RECOVERY TASKS.

In this section,therecoveryactionsdescribedin sectionII.D arefurther identified

assitespecificrecoverytasks. Theyarematchedwith theninerecoveryregions

listedundertherecoverycriteria(Table 11). Sitespecifictasksfor eachofthese

areasare indicatedin Table 12.
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Table 11. Recoverycriteria regions.

RECOVERYREGIONS

1. SanJacinto Mountains

2. SantaRosaMountains--Northof

State Highway74

3. SantaRosaMountains--Southof Highway 74

throughMartinezCanyon

4. SantaRosaMountains--Southof Martinez

Canyonto slopeswestofVillage Peak

5. CoyoteCanyon--eastandwestsides

6. North San Ysidro Mountains--Henderson

Canyonto CountyRoadS-22

7. SouthSanYsidro Mountains--CountyRoadS-22

to StateHighway 78

8. Vallecito Mountains/FishCreekMountains

9. CarrizoCanyon/TierraBlanca

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

completedescription of 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 Securehabitat 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/eliminatewild horses x x
1.1.3.3 Implementfire managementplan x x x x x x x x x
1.1.3.4 Maintain/providewatersources 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 Constmctfences(aturbaninterface) x x x
1.2.1.2 Avoid non-nativevegetation x x x
1.2.1.3 Promotenativeplants,limit exotic 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 Prohibitenticementontoprivateproperty x x x
1.2.1.7 Monitor useof pesticide,herbicides,etc. x x x
1.2.1.8 Regulatewaterdiversion/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/methodsto 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 activities withnegativeimpacts x x x x x x x x x
1.2.2.3 Minimize livestock grazingimpacts x x x
1.2.2.4 Prohibitdomesticsheepgrazing x x x x x x x x x
1.2.2.5 Fenceneighboringcattleallotments x x x
1.2.2.6 Prohibit goatsaspackanimals x x x x x x x x x
1.2.2.7 Securefunds/methodstomonitor x x x x x x x x x



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 Regulatefenceconstructionanddesign x x x x x
1.3.1.2 Postlmonitorhighwaycrossingareas x x x x x x

1.3.2 Reducemortality dueto 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 Developpopulationmodels 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 Researchmethodsto decreasepredation x x x x x x
2.6 Researchhabitatuse/dispersal x x x x x x x x x
2.7 Monitor humanimpacts x x x x x x x x
2.8 Researchdisease/prevention x x x x x x x x x
2.9 Researchgenetics 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 injuredsheeptreatment 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: CoyoteCanyon--eastandwestside

SY-N:
SY-S:

North SanYsidro Mountains
SouthSanYsidro Mountains

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

Mountains/CoyoteMountains



III. IMPLEMENTATION SCHEDULE

TheImplementationSchedulethat follows outlinesactionsand estimatedcostsfor

thePeninsularbighornsheeprecoveryprogram,asset forth in this recoveryplan.

It is aguide for meetingthe objectivesdiscussedin part II of this plan. This

scheduleindicatestaskpriority, tasknumbers,taskdescriptions,durationof tasks,

responsibleagencies,andestimatedcosts. The agenciesresponsiblefor

committingfundsarenotnecessarilytheentitiesthat will carryout thetasks. The

agencyor agencieswith leadresponsibilityfor eachtaskareindicatedin thetable.

Initiation oftheseactionsis subjectto theavailability of funds.

TheImplementationScheduleindicatesspeculative,futurecosts(preparationof

additional plans,orresearchprograms,etc.)as “to be determined”. Somecosts

appearaszerobecauseindirectcosts,suchasthoseincurredby: (1) contributions

oftime andmaterialsby agenciesandothergroups,and(2) administrativeor

regulatorycostsby public agencies,arenot includedin costtotals. Costsof

continuoustasksareestimatedassuminga25-yeartime to recovery.Thoughthe

ImplementationScheduledoesnot distinguishbetweenpublic andprivatecosts,

no identifiableor specific expendituresarelikely to beneededby theprivate

sector,otherthanvoluntaryefforts contributedby nonprofitorganizationsand

citizengroups. Priorities (Column 1 of thefollowing table) areassignedas

follows:

Priority I - An actionthat mustbe takento preventextinctionor to preventthe

speciesfrom declining irreversibly.

Priority 2 - An actionthat mustbe takento preventa significantdeclinein

speciespopulation/habitatqualityor someothersignificant

negativeimpactshortof extinction.

Priority 3 - All otheractionsnecessaryto providefor full recoveryofthe

species.
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Abbreviations usedin the Implementation Schedule:

To be determined

Continuous

CoachellaValleyMultiple SpeciesHabitatConservationPlan,

which includesparticipatingcities, 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

*

AguaCalienteBandof CahuillaIndians

Bighorn Institute

BureauofLandManagement

CaliforniaDepartmentof Transportation

CaliforniaDepartmentofFish andGame

CaliforniaDepartmentof ParksandRecreation

CoachellaValley MosquitoandVectorControlDistrict

CoachellaValleyMountainsConservancy

CoachellaValleyWaterDistrict

DepartmentofDefense

U.S. FishandWildlife Service

RegionalWaterQuality ControlBoard

RiversideCounty

RiversideCountyFlood ControlandWaterConservationDistrict

SanDiegoZoologicalSociety

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 Removeexoticvegetationandprevent

invasionby exoticplants

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



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



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



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

ThePeninsularRangesare locatedin southernCaliforniaandMexico, in the

ColoradoDesertdivision oftheSonoranDesert(Ryan 1968). On thenorth, the

PeninsularRangesareborderedby theTransverseRanges.From this point, they

extendsouthinto Mexico, forming thebackboneofBajaCalifornia. In

California,the rangesform aprominentnaturalprovince(Sharp1976)that is

boundedon theeastby theSaltonTrough. To thewest,theprovinceextendsto

thePacific Ocean,asa 130-kilometer-wide(80-mile-wide)seriesofnorthwesterly

trendingbasinsandranges.Thebasinsform channelsbelowsealevel andthe

rangesform theislandsof SanNicolas,SantaBarbara,SantaCatalina,andSan

Clemente.

Thehighestpeakin theSanJacintoMountainsis the3,292-meter(10,800-foot)

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

peakin theSantaRosaMountains(Oakeshott1978). TheSaltonSea,locatedto

theeastofthePeninsularRanges,is found in the largestlandmassbelowsealevel

in theWesternHemisphere(Ting andJennings1976). Historically,the Salton

Seahasalternatedbetweena freshwaterlakefed with watersfrom the Colorado

River,andadying brackishpondwhenthewatersof theColoradoRiver flowed

insteadto theGulf ofMexico. Whenfilled, theSaltonSealappedat thefoothills

oftheSantaRosaMountains. Sinceapproximately1907,however,theseahas

beenan increasinglysaltydepositoryfor agriculturalwastesoftheCoachellaand

ImperialValleys (Ting andJennings1976).

Bighorn sheepinhabittheeasternslopesofthePeninsularRangesin habitat

characterizedby steepslopesandcliffs, canyons,washes,andalluvial fans. The
remainderofthis appendixwill, therefore,providean overviewof theeastern

slopesof thePeninsularRanges.

Within bighornsheephabitat,annualrainfall is variablewith maximaof35 to 470

millimeters(1.3 to 18.5 inches)during thepast36 years(National Oceanicand
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AtmosphericAdministration,1962 to 1997). Rainfall exhibitsabimodal

distributionpatternwith most(approximately70 percent)occurringin thewinter

monthsanda lesseramountin the late summermonths. Winter rains areofthe

Pacific marinetype,characterizedby steadylong rain showers,whichpromotethe

springpeakin plant productivity. Summershowersareof theGulfmarinetype,

whichresultin localizedandsometimesfierce thunderstorms(Lindsayand

Lindsay1991). Maximumtemperaturein bighornsheephabitatoftenreaches46

degreesCelsius(115degreesFahrenheit)in summer,while wintersaremild, with

temperaturesoccasionallyreachingfreezing(NationalOceanicand Atmospheric

Administration, 1962 to 1997).

OntheeasternslopesofthePeninsularranges,vegetationassociationsare

coniferousforest,primarilyponderosapine (Pinusponderosa),Jeffreypine (Pinus

jeffreyi), Coulterpine (Pinuscoulteri),and whitefir (Abiesconcolor)above

approximately1,800meters(5,905feet), chaparralaboveapproximately1,500

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

cal~fornica)aboveapproximately1,200meters(3940feet). Lowerelevationsare

dominatedby agave(Agavedeserti),ocotillo (Fouquieriasplendens),cholla

(Opuntiaspp.)andpaloverde(Cercidiumfioridurn),creosote(Larrea tridentata),

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

typically arefoundat elevationslessthan1,400meters(4,600feet)(Jorgensen

and Turner 1975),usuallystayingat elevationsbelow thechaparraland pinyon

pine-junipervegetationassociations.Theseassociationscanrepresentvisual

obstructionbecauseofdenserandtallerstructures,andthereforemakebighorn

sheepmoresusceptibleto predation(referto sectionI.B. I andI.B.2).

ThePeninsularRangesareinhabitedby a largenumberofmammalianspecies

(reviewedby Ryan 1968). Theonly nativesympatricungulateis themule deer

(Odocoileushernionus). Bighorn sheepanddeerdistributionsoverlapat theupper

elevationsof bighorn sheephabitat,with possiblegeographicandseasonal

differencesin the degreeofoverlap. Deerareobservedmorefrequentlyat lower

elevationsduringthewintermonths. Potentialnativepredatorsofbighorn sheep

aremountainlions (Pumaconco1or~,bobcats~Lvnxrufus),coyotes(C’anis

latrans),and goldeneagles(Aquila chrvsaetos).Thesespeciesarefound

throughoutbighornsheephabitatin the PeninsularRanges.
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APPENDIX B. DELINEATION OF ESSENTIAL HABITAT FOR

BIGHORN SHEEP IN THE PENINSULAR RANGES

Intended useof the map (Figures 2, 4-9)

A numberofhabitatmodelshavebeendevelopedto ratebighornsheephabitat

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

1989, Dunn 1996)andcomponentsofbighornsheephabitathavebeenexamined

ordiscussedby numerousresearchers(e.g.,Hansen1980a,McCartyandBailey

1994). It hasbeensuggestedthat someofthesemodelsbeusedto ratebighorn

habitatin thePeninsularRanges. However,applicationofthesemodelshereis

inappropriatebecausetheyweredevelopedin otherareasandlife zoneswhere

bighornsheepexhibit differenthabitatrequirements.For example,theHansen

model hasbeenshownto beoflimited valuein measuringhabitatquality in areas

outsidethehabitatsin which it wasderived(AndrewandBleich 1999)andis no

longerusedby theCaliforniaDepartmentofFishandGame(S. Torres,California

DepartmentofFishandGame,pers.comm.). Cunningham(1989)suggestedthat

suchhabitatmodelsneedto be modifiedbeforebeingappliedto novelbighorn

sheephabitat.

Thepurposeofmappingbighornsheephabitatin this recoveryplan is not to rate

therelativevalueofhabitattypesandareaswithin thePeninsularRanges,but to

identifythoselandsin needofprotection,restoration,andmanagementthat are

essentialto bighornsheeprecovery(refer to sectionI1.D.1). Ratingthequalityof

sheephabitatwould requirea morethoroughunderstandingof habitatselection
versushabitatavailability; studiesthat addressthis topic in thePeninsularRanges

havenot beenconductedto datebut arerecommendedundersectionII.D.2.6.

Thoughbighornsheephabitatsometimescanbedescribedby its function(e.g.,

habitatfor escapeor lambing),Wilsonetal. (1980)andBleichet al. (1996)

concludedthatall habitattypesusedby bighornsheepin desertenvironmentsare

necessaryfor their populationviability. TheSantaRosaMountainsWildlife

HabitatManagementPlan(Bureauof LandManagement1980),a long-standing

plandevelopedandimplementedundertheSikesAct (16 USC 670aetseq.,

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

importantin maintainingthepresentpopulation”.
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Thepurposeofthis mappingeffort is to delineatethoseareasbelievedto be

necessaryfor aself-sustainingbighornpopulationwith ahigh probability for long-

termsurvival andrecoveryin thePeninsularRangesoftheUnitedStates.

“Essentialhabitat”,therefore,consistsofthoseareasthat providebighornsheep

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

potentiallyneededfor: (1) individual/populationgrowthandmovement,and(2)

normalbehaviorwith protectionfrom disturbance.Essentialhabitatshouldbe

protectedfrom furtherloss or degradation(referto sectionII.D. 1.1). Thevalley

floor to theeastandthenorth of thePeninsularRanges(e.g., CoachellaValley,

ImperialValley) likely was usedhistoricallyby bighornsheepduringrare,long-

distancemovesto andfrom othermountainranges.However,no suchmoves

havebeendocumented.Furthermore,thechanceofsuchmoveshasessentially

beeneliminatedby high densityurbandevelopment,majorfreeways,fences,and

canals. Consequently,thevastmajority ofthevalley floor to theeastofthe

PeninsularRangesis not includedasessentialhabitatandis now detrimentalto

future useby sheep.

Approach used

Thedelineationofessentialhabitatwasbasedon physicalandbiological features

knownto be importantto bighornsheep.Thesefeatureswereidentifiedby

reviewingpertinentliteratureandby drawingon thecollectiveknowledgeand

experienceoftheRecoveryTeamandotherbiologistswhohavestudiedbighorn

sheepin thePeninsularRanges.Theknowledgeofsuchbiologistsplayedan

importantrole in themappingexercisebecausePeninsularbighornsheepoccupya

habitatthat hasmarkedclimateandvegetationaldifferencescomparedto habitat

ofmostotherbighornsheeppopulations.ThePeninsularRangesarelocatedin

theColoradoDesert,a division of theSonoranDesert,whichexperiences

differentprecipitationpatterns(timing and intensityofrainfall) thantheMojave
or otherSonorandesertsandcontainsasomewhatdifferentflora (Jaeger1957,

MacMahon1985). Thesedifferencesappearto causePeninsularbighornsheepto

usehabitatdifferentlythanbighornsheepin otherareas.For example,dense

vegetationat higherelevationsofthePeninsularRangesrestrictsbighornsheepto

the moreopendesertslopesatlower elevations. For this reason,researchers

familiarwith bighornsheepin thePeninsularRangeshavereferredto these
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mountainsasthe“upside-downmountainranges”(R. Weaver,California

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

informationregardinghabitatusepatternsofbighornsheep,in general,was

supplementedwith knowledgeregardinghabitatusepatternsofPeninsular

bighornsheep,to identify habitatfeaturesthat determinethedistributionof

bighornsheepin theseranges.

Delineationofessentialhabitatis not basedsolelyon knownusepatternsbecause:

(1) populationnumberscurrentlyarelow andsmall populationsuselesshabitat

thanlargerpopulations,suchaswill be neededfor recovery;(2) bighornsheepare

difficult to detect;(3)usepatternsareonly knownfor a recentshort time period;

(4) telemetrydataon radio-collaredanimals(a sampledsubsetof theentire

population)representsonly theareausedby markedanimals,not the entireherd;

and(5) habitatlossandhumandisturbancelikely inhibits useofsomelower

elevationhabitat.However,thedelineatedhabitatboundarieswerereviewedby

RecoveryTeambiologistsstudyingbighornsheepin thePeninsularRangesto

verify thatthemappedhabitatencompassedmostareasknownto be usedby

animalscurrentlyor in therecent(25 to 30-year)past. However,numerous

documentedlocationsofsheepfell outsidetheessentialhabitatboundaries(Figure

6). Theresultingmapalso wascomparedagainstapreviousmodelingeffort

(Bureauof LandManagement1980)aspartofthevalidationand refinement

process(seebelow).

Choiceof habitat components

Habitatrequirementshavebeenexaminedby numerousresearchersin thepast

(e.g.,Cunningham1989,McCartyandBailey 1994). Topographiccover,water,

andforageappearto bethemostconsistentlyrecognizedhabitatrequirements,

althoughothercomponentssuchasmineralavailability, thermalcover,aswell as

absenceofcompetitionwith otherungulatesanddisturbancefrom human

activitiesalsohavebeensuggestedto be important(Cunningham1989,McCarty

andBailey 1994).

Becausethesehabitatcomponentsand characteristicslargelydeterminehow

bighornsheepusetheirhabitatin thePeninsularRanges,informationavailableon

155



thesepotentialmodelparameterswerecompiledfor analysis. Datathat are

availableconsistedof: (1) a fairly comprehensiveinventoryofwatersourcesfor

Anza-BorregoDesertStatePark,(2) awater sourcesurveyby theBureauof Land

Managementfor thenorthernpartsoftherange,(3) vegetationcommunitymaps,

and(4) topographicrelief.

In desertenvironments,wateris aknownlimiting factorfor manyspeciesof

plantsandwildlife. However,somepopulationsofbighornsheepareknownto

exist in areaswithoutsourcesofperennialwater(summarizedin Broyles 1995),as

is knownto be thecasein partsofthePeninsularRangesfor at leastsomepartsof

theyear(refer to sectionlB. 1). In thePeninsularRanges,thepresenceof

perennialwateris knownto bealimiting factoronly duringprolongeddroughtsor

summerswithoutsignificantthunderstormactivity. However,giventhenumerous

dependablewatersourcesin theSanJacintoMountainsand otherportionsofthe

range(e.g. centralSantaRosaMountains),waterlikely doesnot limit sheep

distributionin theseregions,evenunderdroughtconditions. Thevariablequality

and lackofreliablewatersourcedatain someportionsof thePeninsularRanges,

andthefact thatwateravailability doesnot limit habitatusein muchofthese

ranges,resultedin thedecisionto not usewatersourcesto delineatebighornsheep

habitat. Availableobservationalrecords(Figure6) indicatethatsheeprangeat

least16 kilometers(10miles) from knownperennialwater sources.Given the

existingdistributionof water,sheeparecapableof using,andthereforecanbe

expectedto use,all areasmappedasessentialhabitat.

Generalizedplantcommunitymappinghasbeencompletedwithin bighornhabitat

throughoutRiversideCounty,anddetailedmappinghasbeencompletedin Anza-

BorregoDesertStatePark. However,bighornsheeparegeneralistforagersand

plantsknownto be eatenarebroadlydistributedacrosshabitattypesin the

PeninsularRanges.Extremetopographicreliefprovidesa diversityof

interdigitatedhabitatsandplantcommunitiesacrossthemountainousslopes,

canyons,washes,and alluvial fanswithin thehomerangeofeachewe group.

Consequently,thedistributionof forageplantsdoesnot appearto limit sheep

distribution,thoughit caninfluenceseasonalhabitatusepatterns.
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Theprimaryhabitatcomponentsthat limit thedistributionofbighornsheepin the

PeninsularRangesmaybethoseassociatedwith predatorevasion. Unobstructed

visibility is recognizedasan importanthabitatcharacteristicby manyresearchers

(e.g.,Geist 1971,RisenhooverandBailey 1985,Fairbankset at. 1987,Etchberger

etat. 1989). Bighorn sheeprely on theirkeenvisionandclimbing ability to detect

andevadetheirpredators(Geist 1971). Thepresenceofescapeterrainand an

unobstructedview are,therefore,keyhabitatrequirements(Geist 1971).

All bighornsheephabitatmodelsrecognizeescapeterrainasa keyhabitat

component.However,thedefinition of“escapeterrain” varieswidely (McCarty

andBailey 1994). Someresearchersdefinedit by aminimumslope(e.g.,Andrew

etat. 1999, Dunn1996)or slopeplus aqualitativemeasureofruggedness(e.g.,

Holl 1982,RisenhooverandBailey 1985,ArmentroutandBrigham 1988),while

othershavedescribedescapeterrainwith word modelsthatincorporatea

qualitativedescriptionof slopeandruggedness(e.g., Hansen1 980b,Elenowitz

1983,Gionfriddo andKrausman1986,Fairbanksetat. 1987,Cunningham1989).

Thedifficulty in determininga universaldefinitionmaybebecausebighornsheep

in differentmountainrangeshaveaccessto differenthabitat(in termsofslopeand

ruggedness),and/orbecauseuseofescapeterrainvarieswith groupsize

(RisenhooverandBailey 1985),groupcomposition,andseason(Cunninghamand

Ohmart1986,Bleichet a!. 1997). Furthermore,escapeterrainhasbeendescribed

ashabitatused“for escapefrom perceiveddanger”(VanDykeetat. 1983). This

definitionrecognizesthat escapeterrainis basedon abighornsheep’sperception,

somethingthatapparentlydiffers amongindividuals andpopulations.Desert

bighornsheepfrequentlyhavebeenfoundat slopesof21 to 50 percent(Elenowitz

1983),slopesgreaterthanor equalto 20 percent(Andrewet at. 1999),andslopes

averaging13 to 34 percent(Bleich et at. 1997). A minimumslopeof 20 percent

wasused(in combinationwith canopycover)to definebighornsheephabitatin

NewMexico (Dunn 1996). A slopeof greaterthanor equalto 20 percentwas

adoptedastheminimumrequiredasescapeterrainfor bighornsheepin the

PeninsularRanges.The first stepofthehabitatmappingprocesswas,therefore,

to identify all patchesoflandhavingaslopeof greaterthanorequalto 20 percent

(seefollowing methods).

157



Bighorn sheeparecloselyassociatedwith mountainoushabitatand oftenare

hesitantto venturefar from escapeterrain(Geist 1971). Although theyhavebeen

documentedto movegreatdistancesfrom escapeterrainon rare occasions

(Schwartzet at. 1986),it is not uncommonto observeanimalsmovinga short

distancefrom escapeterrainin searchof forageor watersources,ormoving

betweenneighboringmountainmasses.Washesand alluvial fansoftensupporta

higherdiversity, quality, and quantityofforagespeciesthanlessproductiverocky

slopes(LeslieandDouglas1979),seasonalandperennialwatersources(Wilson

etal. 1980,HollandandKeil 1989),beddingand thermalcover(Andrew 1994),

alternativeforagesourcesin times ofdrought,resourcescarcity,andstress(Leslie

andDouglas1979,Bleich eta!. 1997),anda sourceofforagewith higher

nutritionalvalueduring thelambingandrearingseason(Hansenand Deming

1980). Also referto sectionI.B. 1. Sincetemperaturevariesinverselywith

elevation,theearliestwinter foragegrowthoccursat lowerelevations(Wehausen

1980, 1983),andsheepoftenseekthis earlysourceofnutrients. Thecritical

importanceto bighornofaccessto avarietyof feedinghabitatswasdemonstrated

in theWhippleMountainswhenreintroducedsheepwereconfinedto an enclosure

containingwhatwasconsideredampleforage. At lambingtime, both ewesand

theirnewlambsbegandyingofmalnutrition(Berbach1987),apparentlybecause

theywerenot freeto seekout habitatscontainingmorenutritious forage.

Researchershavedocumentedanimalsrangingata varietyof distancesfrom

mountainousterrain,e.g., 1.6 kilometers(0.80mile) (Denniston1965),0.8

kilometer(0.50mile) (MeQuivey 1978),1.3 kilometers(0.70mile) (Leslie and

Douglas1979),greaterthan 1 kilometer(1.6miles) (Burger 1985),greaterthan

1.6 kilometers(1 mile) (Bleich eta!. 1992),andgreaterthan2.5 kilometers(1.6

miles) (Andreweta!. 1997). Joneset at. (1957)reportedbighorn sheepforaging

asfar as2 kilometers(1.2miles) from thebaseof theSantaRosaMountains.

Elsewherein thePeninsularRanges,bighornsheepwerefrequentlyobserved

within 0.8 kilometer(0.5 mile) from mountainoushabitatfeedingin or moving

acrosswashesandalluvial fans(DeForgeandScott 1982;E. Rubinand M.

Jorgensen,pers.comm.). Accordingly,thesecondstepof themappingprocess
wasto includehabitatwithin 0.8kilometers(0.50mile) of slopesgreaterthanor

equalto 20 percent.
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To identify slopesof 20 percentor greater,7.5’ digital elevationmodels(DEMs)

weremergedtogetherover theentirestudyarea.Thesedigital elevationmodels

are30-meterby 30-meter(98-footby 98-foot) cell grids with avertical accuracy

of 7 meters(23 feet). All grid cellswerethenaggregatedintoslopeclasses.Next,

theslopeclasseswere analyzedto selecthabitatwithin 0.8 kilometer(0.5mile) of

slopesof greaterthanor equalto 20 percent. This selectionwasaccomplishedby

first lumping slopesgreaterthanor equalto 20 percentinto oneclassin a

derivativegrid. A bufferof 0.8 kilometer(0.5mile) wasthenappliedto the

perimeterof all areasofslopein thederivativegrid.

In thePeninsularRanges,bighornsheephabitatis delimitedatupperboundaries

by densevegetationassociations(primarily chaparral)that reducevisibility and

likely increasesusceptibilityto mountainlion predation.Measuringvisibility (by

actualfield measurements)to delineatetheupperboundaryofhabitatwould

requirestudybecauseit is currentlynotknownwhatvisibility thresholdis

acceptableto bighornsheepin thePeninsularRanges.Fire frequencyandits

effect on plant successionchangesvisibility thresholdsovertime (refer to section

I.D). Therefore,to determinetheupperboundaryofbighornsheephabitat,the

westernmostareasusedby bighornsheepwithin thepast25 to 30 yearswere

identifiedandthevegetationassociationsin theseareaswereappliedrangewide

wheredetailedvegetationanalyseswereavailable. Becauseadetailedvegetation

mapwasnot availablerangewide,ateamof biologistsexperiencedwith

Peninsularbighornsheepflew theentireupper/westernboundaryline in a

helicopterandvisually assessedvegetationassociations.Thepathofthe flight

wasdeterminedby consensusamongthebiologistsandwasrecordedvia a Global

PositioningSystem(GPS). The antennaof aTrimble Navigation,LTD., Global

PositioningSystem wasmountedin thehelicopterandpositiondatawere

recordedevery10 seconds.A total of228 kilometers(142miles) wereflown. A

basestation GlobalPositioningSystem,locatedin theAnza-BorregoDesertState

Park,wasrunduring theentireflight. Trimble NavigationPathfinderOffice

softwarewasusedto postprocessthecollectedGlobalPositioningSystemdata

usingbasestationinformation. Trimble NavigationPathfinderOffice (IM) was

thenusedto exportthedataasan ESRI NRC/INFOGeographicInformation

Systems(GIS) readablefile. Only correcteddatawereusedto build theresulting

GeographicInformationSystemlayer. Becausethis line is dynamicin responseto
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fire frequencyandlikely hasshiftedto a lower elevationwith theadventof fire

suppression,a0.8 kilometer(0.5 mile) extensionwas addedto thewestsideof

this line.

Theresultingline in Anza-BorregoDesertStateParkwascheckedagainstdetailed

GeographicInformationSystemmappingof vegetationassociationswithin the

park (Keeler-Wolfet at. 1998). Vegetationassociationsnot typically usedby

bighornsheepin thePeninsularRangeswereexcludedfrom essentialhabitat.

Theseassociationsprimarily includedMuller’s oak (Quercuscornelius-rnutteri),

sugarbush(Rhusovata), chamise(Adenostomafascicutatum),andmanzanita

(Arctostaphvlosspp.)associations.Associationsencompassedwithin bighorn

sheephabitatincludedbrittlebush(Encetiafarinosa),desertlavender(Hyptis

emo,yi),cholla (Opuntiaspp.),burro-weed(Ambrosiadumosa)and creosote

(Larrea tridentata), andothercreosoteassociations.Theresultingline supported

thehabitatboundarythatwasderivedduring thehelicopterflight alongthe

westernmarginofcurrentbighornsheephabitat.

To validatethechoiceofgreaterthanorequalto 20 percentslopeand0.8

kilometer(0.5mile) distancefrom this slopeasmodelparameters,Recovery

Teammembersexperiencedwith Peninsularbighornsheepflew theeasternmost

line ofbighorn sheephabitatin anorthernportionof therange(SanJacinto

MountainsandSantaRosaMountains). Thepathofthis flight wasdeterminedby

consensusamongtheteammembers,basedon theirobservationsofbighornsheep

in theseranges,andwasbelievedto representthe low elevation(easternmost)

boundaryofhabitatcommonlyusedby Peninsularbighornsheep.The pathofthis

flight, which wasrecordedvia GlobalPositioningSystem,supportedthechoiceof

the greaterthanorequalto 20 percentslopeplus 0.8kilometer(0.5mile) distance

from thisslopeastheeastern,lower elevationhabitatboundary.

Theresultinghabitatboundarieswerereviewedby RecoveryTeammemberswho

havestudiedbighorn sheepin thePeninsularRangesto verify whetherthoseareas

knownto beusedby sheepin therecentpast (within thepast25 to 30 years)were

includedwithin themodeledhabitatboundaries.This reviewincludeda

comparisonof bighornsheepsighting locationsagainstthemapandverified that
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mostareasusedby sheepwithin thepast25 to 30 yearswereincludedwithin the

modeledhabitatboundaries(Figure6).

Mapping Refinement

Uponfurtherreviewby RecoveryTeammembers,it wasdeterminedthat the
modeledhabitatincludeda habitattypenot likely to beusedby Peninsular

bighorn sheep.This habitattype,classifiedasmudhills (Augustineand Ward

1995)wasfoundin theBorregoBadlandsandCamzoBadlandsofAnza-Borrego

DesertStatePark. Muchofthis soil typewasremovedfrom thedelineatedmap

becauseit did not correspondwith knownbighornsheephabitatusepatterns.

Conversely,thepreliminaryhabitatboundariesexcludedseveralsmall islandsof

“nonhabitat”(definedby themodelingof slopeanddistancefrom slope). Because

RecoveryTeammembersfamiliarwith theareasconsideredtheseislandsto be

bighornsheephabitaton thebasisof knownsightingsin nearbyor comparable

areas,theseislandswereincludedin delineatedhabitat.

A small numberof knownobservationsfell outsidethe delineatedboundariesat

lowerelevationson relatively flat terrain,suchasClarkDry Lakeand Coyote

Canyon. Theseobservationssupportpreviouslypublishedreportsofbighorn

sheepoccasionallymovingawayfrom mountainousareas.However,therelative

rarityofrecordsbeyondthe0.8 kilometer (0.5mile) distancefrom slopewas

judgedto indicatethat suchhabitatwasnot essentialto populationrecoveryif the

habitatdelineatedwithin the0.8 kilometer(0.5mile) distancefrom slopewere

protected. In otherareas,theoppositeprocesswasrequiredto minimize the

habitatedgeto arearatio consistentwith soundtenetsofresourcemanagement

andpreservedesign. Along somesegments,the0.8 kilometer (0.5 mile) distance

from slopewasexpandedslightly to capture“nonhabitat”areasthat wouldhave

representeddeepbut narrowintrusionsinto an otherwisestableandmanageable

essentialhabitatboundary.

Furthermodificationsweredeemednecessaryalongtheurbaninterfacein the

CoachellaValley. The0.8 kilometer(0.5 mile) distancefrom slope largely has

beenlost to urbandevelopment.Muchofthe remainingvalley floor andalluvial

habitatwithin the0.8 kilometer(0.5 mile) distanceis highly fragmentedand
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degradedwith marginalor detrimentalvalueto bighornconservation(e.g.,vacant

lots alongHighway111, parcelsborderedon threesidesby urbandevelopment).

A seriesofmeetingswith affectedjurisdictionsand majorlandownerswas

convenedundertheauspicesoftheCoachellaValleymultiple-speciesplanning

effort to discussandrefinethedelineationof essentialhabitatalongtheurban

interface. Landswithoutlong-termconservationvaluewereexcludedfrom

essentialhabitat(Figures7, 8, 9). Thelargerfragmentsthat still remainwere

includedwithin essentialhabitatwheretheywerecontiguouswith mountainslope

habitatandofa configurationamenableto effectivemanagement.Subjectto

implementationofrequiredconservationmeasures,theessentialhabitatboundary

doesnot includedevelopmentprojectspreviouslyreviewedandapprovedby us.

Finally, pursuantto SecretarialOrder3206 June5, 1997, wehaveenteredinto

governmentto governmentdiscussionswith thevariousAmericanIndiantribes

thatpossesslandsin bighornsheephabitat. Wecoordinatedwith thetribesto

encouragetheir participationin delineatingessentialhabitatanddevelopingthe

PeninsularbighornsheepRecoveryPlanin awaythatpromotesrecoveryofthe

speciesandminimizesthesocial,cultural,andeconomicimpactson tribal

communities. We workedwith andsupportedtheeffortsofthe Torres-Martinez

DesertCahuillaIndiansto obtaindataon thevalueof Reservationlandsto

bighorn sheepconservationbut theTribehasnot agreedthatsufficient

informationis availableto demonstratethat theirlandsareessentialto recovery.

Basedon coordinationwith theMorongoBandof MissionIndians,tribal lands

within theessentialhabitatboundarywill be includedfor sheepconservation.The

AguaCalienteBandof CahuillaIndianshascoordinatedwith us in thedelineation

and haveagreedthata reservation-widehabitatconservationplanningeffort will

determineappropriatelandmanagementissuesat a finer scalewithin theessential

habitatboundary.
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APPENDIX C. GUIDELINES FOR DEVELOPING A LONG-TERM
STRATEGY FOR REINTRODUCTION, AUGMENTATION, AND

CAPTIVE BREEDING OF BIGHORN SHEEP IN THE PENINSULAR

RANGES

Thepurposeof this appendixis to provideguidelinesfor developinga long-term

strategyfor reintroduction,augmentation,andcaptivebreedingofbighornsheep

in thePeninsularRanges,asidentifiedin therecoveryplan (task1.4). This

appendixis organizedinto two sections.Thefirst sectionoutlinessomeof the

preliminarystepsneededto identify casesin whichreintroductions,

augmentations,andcaptivebreedingmaybeappropriate,andhighlightssome

importantconsiderationsin thedevelopmentof a long-termstrategy.Thesecond

sectionpresentsprotocolsfor captivebreedingandreleaseofcaptiveanimals,and

representsguidelinespreparedby theBighornInstitutefor an existingcaptive

breedingandreleaseprogram. This sectionaddressesmanyofthe issues

identifiedin ourPolicyRegardingtheControlledPropagationofSpeciesListed

UndertheEndangeredSpeciesAct (65 FR 56916;September20, 2000).

I. Considerationsin developing a long-term strategy for reintroductions and

augmentations

A numberofdecisionsmustbemadewhendevelopingalong-termstrategyfor

augmentationandreintroductionofbighornsheepin thePeninsularRanges.

Importantpreliminarystepsarepresentedherein outline form:

1) Identify thegeneralgoalsofthe long-termstrategyin relationto theoverall

recoveryeffort. Thesegoalsshouldconsidertheviability ofthepopulation

with respectto populationdynamicsandgenetics.

2) Determineif existingewegroupsshouldbeaugmentedor newgroups

established.A populationmodel,using estimatedpopulationparameters(e.g.,

abundance,recruitment,survivorship,dispersal),shouldbeusedto evaluate

theeffectivenessof variousoptions(including theoptionof no augmentation

or reintroductions)on theviability ofthemetapopulation.
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3) Identify and prioritizesites for augmentationsandreintroductions.This

assessmentmustevaluatenot onlythesite’s importanceto theviability of the

entirepopulation,but alsomustaddressthefollowing questions:

a) Whatis/wasthecauseof extinctionor endangermentin this location?

b) Hasthiscausebeenminimizedor removed?

c) Is reintroductionoraugmentationthebestconservationoptionfor this

particularsituation?Haveothernecessarymeasures,suchashabitat

restorationorprotection,beentaken?

4) Determineaugmentationandreintroductiontechniques.Thesuccessof

previousbighornsheepaugmentationandreintroductionprojectshasbeen

mixed, anda numberofquestionsremain(DesertBighornCouncil 1996). In

reintroducingor augmentingPeninsularbighornsheep,thefollowing issues

needto be evaluated:

a) Determinewhetherto usecaptiveor free-ranginganimals. Forthe

following reasons,cautionshouldbe exercisedwhenusingcaptive

animals:

i) If multiple, consecutivegenerationsofanimalsarebredin captivity,

theymayundergo“domesticationselection”;that is, captive

individualsmayhavebehavioralormorphologicalphenotypesthat

performwell in captivity butnot in thewild. In addition,captive

animalsmayhavebeenraisedin an overly protectiveenvironment

whereselectionagainstdeleteriousgeneswasrelaxed(Brambell 1977,

Campbell1980, Elliott andBoyce 1992,Bushet a!. 1993).

ii) Captiveanimalsmaybe diseasevectorsto wild populationsif they

havebeenexposedto novel diseasesduring exsitu (outsidethe

originalsite,orcaptive)propagation(Campbell1980,Woodfordand

Kock 1991,Bushetat. 1993),or if theyhavecontinuedto harbor

pathogensthat havebeen“purged” from wild populations.

iii) Theuseof captiveanimalsduring augmentationscanreduceor

increasetheeffectivepopulationsizeofthewild population(Ryman

andLaikre 1990,Elliott andBoyce 1992).

Part 11 ofthis appendixprovidesprotocolsby which theseconcernsmaybe

minimized. Releasesof free-ranginganimalsaretypically moresuccessful
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thanarethoseofcaptiveanimals(Griffith eta!. 1989,Gordon1991,

StanleyPrice 1991);however,an advantageofusingcaptiveanimalsis
that theirgeneticprofilestypically areknown. In addition,thepotential

effectson population(StevensandGoodson1993)andgeneticsof

removinganimalsfrom thewildpopulationmustbe considered.Currently

thesmall sizeofewegroupswithin thepeninsularRangeslimits the
availability of free-ranginganimalsfor translocation.Additional genetic
studiesmayhelp identify sourceswithin the PeninsularRangesor

elsewhere.Futureprojectscould involve both captiveandfree-ranging

bighornsheep.

b) If captiveanimalsareto beusedin reintroductionsandaugmentations,

determinethedesiredsizeofthe captiveherd,and optimumfacilities and

managementtechniques.Onealternativeis to establisha largecaptive

herdthatis housedin a largerenclosureandmanagedlessintenselythan

theexistingcaptiveherd. An approachsimilar to this is usedby theNew

MexicoDepartmentofGameandFish(1997)at theirRedRockWildlife

Area,wherebighornsheeparehousedin a fencedareaofover 500
hectares(1,235acres). Potentialadvantagesofsuchafacility arethat

releasedanimalsmayhavetraits morecharacteristicof free-ranging

animals(asopposedto animalsraisedin a moreconfinedenvironment),

andalargercaptivepopulationmaylessengeneticconcernsassociated

with small founderpopulations. As with anycaptivebreedingprogram,

however,thesourceofanimalsfor this captivepopulationwould haveto

be considered,andbothpopulationand geneticmanagementguidelines
would haveto beaddressed(seepartII ofthisappendix).

c) Determinethebestpopulationcompositionofreleasedgroups. This

considerationapplieswhethercaptiveorfree-ranginganimalsareused.

Thenumber,age/sexcomposition,andexperienceofreleasedanimalsare

importantconsiderations(LenarzandConley 1980, Wilsonand Douglas

1982,Kleiman 1989). Thegregariousbehaviorof bighornsheepsuggests
that largergroupsaredesirable(Wilsonand Douglas1982). However,

smallergroupsizesmore likely mimic naturalre-colonizationevents. The

sexratioshouldmaximizethereproductivepotentialofthereleasedgroup
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orthewild populationduringreintroductionsand augmentations

respectively.Forbighornsheep,this typically meansalow ramto ewe

ratio (Lenarzand Conley 1980). Younganimalshavehighreproductive

value(Gotelli 1995)andhaveastrongtendencyto integratewith existing
herdswhenusedasreleasestock(Ostermannet al, in press),anl thusare
desirablefor augmentationprograms. LenarzandConley(1980)

suggestedthattheoptimum agefor releasedbighornsheepis 3 years.
However,inclusionofa smallnumberofolderorfree-ranging,and

presumablymore experienced,individualsincreasesthe likelihood of

successofareintroduction.Theeffect ofthesevariablesneedsto be

considerednotonly with respectto howtheywill influencesuccessof the

release,but alsohow theremovaloftheseanimalswill affect thesource

stockfrom whichtheycame(StevensandGoodson1993).

d) Identify appropriatereleaseanimalsbasedon pedigreeandproximity to
theintendedreleasearea. Thoughbasedsolelyon genetictheory,this
approachis conservativelydesignedto: (1) preservethepotential for
geneticadaptationsto local conditions,(2) preventoutbreedingdepression,

and(3) maintaintheexistinggeneticstructurecurrentlyfoundamong

Peninsularbighornewegroups(Brambell 1977,Boyceet a!. 1999).

However,otheroptionsareavailableto preventlossofheterozygosityin

thewild population(May 1991). In general,thepreservationofthegene

pool oftheentiremetapopulation(wild andcaptivepopulationsincluded)

shouldbetheprimaryconcern(Foose1991). Therefore,when
reintroducingoraugmentinganimals,caremustbetakento avoid genetic

swampingofnativepopulations(Kleiman 1989, Rymanand Laikre 1991,

Foose1991,Elliott andBoyce 1992). Furthermore,during any

reintroductionoraugmentation,thenumberandsexratioofreleased

animalsmustbeconsidered,asit will affect effectivepopulationsize

(Crow andKimura 1970,FitzSimmonset at. 1997). The secondsectionof
thisappendixdiscussesthegeneticconsiderationsofcaptivebreedingand

releaseof captiveanimalsin detail.
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e) Determinethemosteffectivemeansofreleasinganimals. These

considerations,which applyto boththereleaseofcaptiveand free-ranging

animals,shouldinclude:

i) Whetherto usea ‘soft’ or ‘hard’ release(Berbach1987,Mooreand

Smith 1991).

ii) How far to movefree-ranginganimalsduringreintroductionsand

augmentations.Thephilopatricbehaviorofbighornsheepmay result

in animalsattemptingto returnto theirnatalhomerange. Researchon

dispersalandmovementpatternsmayguide thesedecisions(refer to

sectionII.D.2 of this recoveryplan).

iii) Duringwhich timeof yearto conductreleases.

iv) Whatspecificreleasesite to use. For instance,how far shouldrelease

sitesbe from otherbighornsheep(Bleich et at. 1996)or from human

development?This questionmaybeassessedby releasingand

monitoringasmall numberof sentinelanimalsduring a feasibility

study(Kleiman 1989,Chivers1991).

5) Determinemethodsfor monitoringand assessingthe successofreintroduction

oraugmentationprograms,in relationto thegoalsof this recoveryeffort

(StanleyPrice1991),and identify a specificschedulefor future reviewand

possiblerevisionof the long-termstrategy.

II. Captive breeding and releaseofcaptive bighorn sheep

While it is nota long-termsolution(Snydereta!. 1996),captivebreedingis a

powerful tool for rescuingspeciesthreatenedwith extinction(Caughley1994,

Philippart1995,CaughleyandGunn 1996). Captivebreedingcanalsobeusedto

delayextinctionwhile theagentsof adeclineareinvestigated(Caughleyand

Gunn 1996). Otheradvantagesofcaptivepropagationinclude theability to

moderateenvironmentalvariance,managegeneticdiversity, increasetheeffective

populationsize,andexpandanimal numbersto providestock for wild populations

(Fooseet at. 1995). Releasingcaptive-bornanimalsinto thewild to supportweak

populationsis an increasinglycommonpractice(Griffith et a!. 1989,Kleiman

1989,Snyderetat. 1996).
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Although therearebenefitsofcaptivepropagationprogramsfor releasinganimals

into thewild (Griffith etat. 1989,Kleiman 1989,Caughley1994,Fooseet at.

1995),theseprogramscanbe costly, labor intensive,andtheireffectivenesshas

beenquestioned(Campbell1980,Philippart 1995, CaughleyandGunn 1996,

Snyderet a!. 1996). Additionally, therearea numberofpotentialrisksassociated

with captivebreedingandreleaseprograms. Our PolicyRegardingControlled

Propagationof SpeciesListed UndertheEndangeredSpeciesAct (65 FR 56916;

September20, 2000)identifiedthefollowing risks that mustbe addressedwhen

planningcontrolledpropagationand reintroductionprograms:(1) removalof

naturalparentalstockthat mayresultin an increasedrisk ofextinctionby

reducingtheabundanceof wild individualsandreducinggeneticvariabilitywithin

naturallyoccurringpopulations;(2) catastrophiceventsthat cancausethe lossof

someorall ofthecaptivepopulation;(3)potential for inbreedingorotheradverse

geneticeffectsthat mayresultfrom increasingonly aportionofthegenepool; (4)

potentialerosionof geneticdifferencesbetweenpopulations;(5)exposureto new

selectionregimesin controlledenvironmentsthat maydiminish capacityto

surviveandreproducein thewild; (6) geneticintrogression;(7) increased

predationor competitionfor food,space,and/ormates;and(8) diseasetransfer.

Adheringto establishedcriteriaandupholdingstandardizedprotocolswill

contributeto thesuccessofreintroductionandaugmentationprogramsandreduce

theaccompanyingrisks. In this appendix,generalizedcriteriaandguidelinesfor

reintroductionandaugmentationprogramsarecombinedwith knowledgeof

desertbighornsheepecologyto createmorespecific guidelinesfor Peninsular

bighornsheepcaptivebreedingandreleaseprograms.

In this appendix,reintroductionis definedasthemovementof wild orcaptive

animalsinto formerly occupiedhabitat,while thereleaseofanimalsinto currently

occupiedhabitatis termed“augmentation”or “restocking.” Theultimate

objectiveof theseguidelinesis to establishwild, free-rangingherdsthatno longer

rely on captivebreeding. Separateguidelinesshouldbedevelopedfor captive

breedingprogramswith otherprimarygoals.
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Before commencingacaptivebreedingprogram,afeasibility studyshouldbe

conductedto determineits necessityand potentialfor success.Thefollowing

generalcriteriashouldbeconsidered(Kleimaneta!. 1994): thewild population’s

needfor supportwith respectto geneticdiversity andpopulationstructure,the

availabilityofstock,removaloftheoriginal causeofdecline,protectionof

sufficienthabitat,local politics, governmentalandnongovernmentalagency

support,reintroduction/augmentationtechnology,knowledgeof speciesbiology,

andsufficient financialresources.A summaryofthesecriteria,which aregrouped

into fourcategories,is providedbelow.

Needfor populationand/orgeneticsupport
Becausecaptivebreedingandreintroduction/augmentationprograms

requirelargefinancialandlogisticalcommitments,theneedfor population

and/orgeneticsupportmustfirst be clearlyestablished(Kleiman 1989,

Phillipart 1995, Snydereta!. 1996). TheInternationalUnion for the

ConservationofNatureandNaturalResources(1995)guidelinesfor

reintroductionandaugmentationsrecommendconductingapopulationand

habitatviability workshopbeforeinitiating aprogram. A population

viability analysismayalsofacilitatethedesignandobjectivesofthe

programby providingdirectionon thenumberofanimalsneeded,and

hencethesizeofthefacility needed,andwhetherrestocking(augmenting

populations)or reintroduction(establishingnewgroups)is preferred.

Captivebreedingis oftenexpensiveandnot alwaysthemostcost-efficient

conservationstrategy(Kleiman 1989,Kleimanetat. 1991, Snyderet at.

1996). It mustbeconductedin conjunctionwith otherconservation

measures,andshouldbe basedon specificrecommendationswithin a

recoveryormanagementplanso that it doesnot unjustlypreemptother

recoverytechniques(Snydereta!. 1996).

Environmentalconditions
Captivebreedingshouldonly beundertakenif suitable,unsaturatedhabitat

is available(Brambell 1977,Kleiman 1989, Ounsted1991)andrelease

siteshavesufficient carryingcapacityto support theexpansionofthe

reintroducedor augmentedpopulation. Ideally, releasesitesshould be
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legally protected(Kleimaneta!. 1994). Removingorcontrollingthe

original cause(s)ofdeclineis an essentialstep,asfailure to do so is a

primaryreasonthat reintroductionandaugmentationeffortsare

unsuccessful(Brambell 1977, Ounsted1991,Kleimanet a!. 1994).

However,in somesituations,augmentingapopulationwhile investigating

thecauseofdeclineis an acceptablepractice(CaughleyandGunn 1996).

Thephilopatricbehaviorofbighornsheep(Geist 1971)suggeststhereare

advantagesto augmentinga populationto retaintraditionalherd

knowledge,ratherthanreintroducinganimalsafterextirpation,particularly

if this would allow researchinto thecauseofdecline.

Biopolitical conditionsandfunding
Althoughno breedingprogramcanbe successfulwithout knowledgeof

thespecies’biologyorreintroduction/augmentationtechnology,non-

biological factorssuchaslong-termfunding,projectadministration,and

communicationamongparticipatingorganizationshavebeenfoundto be

importantdeterminantsfor programsuccess(StanleyPrice 1991,Becket

a!. 1994,Kleimaneta!. 1994). Feasibilitystudiesshouldinclude

investigatingprospectsfor long-termfundingandobtainingthesupportof

all relevantgovernmentalandnon-governmentalagencies.Inadequate

funding could severelylimit theprogressandsuccessof theprogram.

Therefore,programsshouldnotbe initiated until fundingis securedto

ensurethat all phases(diseasetesting,research,post-releasemonitoring,

etc.)will beaccomplished.Becausecaptivebreedingprogramsarea

multidisciplinaryundertakinginvolving peopledrawnfrom avarietyof

backgrounds(InternationalUnion for the ConservationofNatureand

NaturalResources1995),thedecisionmakingstructure,aswell asthe

authorityandresponsibilityofeachgroupinvolved shouldbeclearly

delineated(Kleimaneta!. 1994).

Knowledgeofthespeciesand reintroduction/augmentationtechnology
Knowingtheecologicalrequirementsofa speciesis necessaryfor a

successfulbreedingandreleaseprogram. For manyspecies,thelackof

basicinformationandreleasetechnologynecessitatesdetailedstudies

examiningthespeciesbehaviorandbiological needsbeforeestablishinga
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breedingprogram(Kleiman 1989, StanleyPrice 1991). However,pastand

ongoingcaptivepropagationprogramsfor desertbighornsheep(Calkins

1993,New Mexico Departmentof GameandFish 1997,Ostermannetal.

in press)havedemonstratedthepotentialfor establishingself-sustaining

captivepopulationsand thetechniquesdevelopedfor translocations

(RowlandandSchmidt 1981,Wilson andDouglas1982)provide

information that canbe appliedto releasingcaptive-rearedanimalsinto the

wild.

Husbandry

Large,predator-proofenclosureswith nativevegetation,naturalhabitatfeatures,

andadequatefood,salt,mineral,andwaterresourcesareneeded.Native

vegetationshouldbe retainedin theenclosure,andsupplementalfeedmaybe

requiredto preventover-browsing.An enclosurethat containsa varietyof habitat

typesandtopographicrelief will allow captiveanimalsto exhibit naturalbehavior,

suchasusing escapeterrainin responseto disturbance.Presumably,housing

captiveanimalsin conditionsassimilarto thereleasesiteaspossiblewill ease

their transitionto awild environment.During thenonbreedingseason,adult

malesandfemalesshouldbe separatedor haveampleroomto naturallysegregate.

To reducediseasetransmissionrisks, captivepopulationsshouldbemaintained

within thenaturalrangeoftheanimal,in single-speciesfacilities that do not

regularlyexchangestock(Snydereta!. 1996). Thedesignoftheenclosureshould

allow for thesafecaptureofanimalsfor samplingand/orrelease.Enclosure

fencingshouldbegreaterthanorequalto 3 meters(10 feet)in heightabove

groundandextendaminimum of 0.61 meter(2 feet)underground,or employ

otheroptionsto excludepredators.Mountainlions haveenteredenclosuresand

killed captivebighornsheepon severaloccasions(Blaisdell 1971, Sandovol1979,

Winkler 1977). Monitoringconsistingof at leastdailychecksoftheenclosure

and animalsis necessaryfor detectinghealthconcerns,causesofmortalities,and

disturbances.

Diseasepreventionandscreening

Diseasepreventionis ofprimaryimportancefor desertbighornsheepcaptive

breedingprograms.Ofall North Americanwild ungulatespecies,wild sheepare

possiblythemostsensitiveto commonlivestockdiseasesandparasites(Jessup
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1985). Diseaseoutbreaksterminatedreintroductionefforts atboth theLavaBeds

NationalMonumentin California(Blaisdell 1982)andtheSierraDiablo pensin

Texas(Brewer 1997),two initially successfuldesertbighornsheepbreeding

operations.Diseasein thecaptiveanimalsandpoorreintroductionsuccessled to

thereleaseofall bighornsheepfrom theZionNationalParkcaptivepropagation

enclosure(McCutchen1978). Outbreaksofblue-tonguereducedtheRedRock

populationby approximately18 animalsin 1985and25 animals1991 (New

Mexico DepartmentofGameandFish 1997). SeesectionI.E.3 for information

on thecaptivepopulationatBighorn Institute.

Diseaseconsiderationsfor augmentationprogramsincludethepotentialof

introducingdiseaseto thewild populationwhenreleasingcaptive-rearedstock

and theimpactofdiseasesendemicin thewild populationon releasedanimals

(Viggerseta!. 1993). Theprevalenceofdiseasein thewild andcaptive

populationwill determinetheneedto eradicatepathogensin animalsbroughtinto

or releasedfrom captivity andwhetherto releaseorbreedcertainanimals.

Eliminationofall pathogensfrom captiveanimalsis not expectedor

recommended(Bushet a!. 1993,Viggerseta!. 1993),asthismayreducetheir

immunity to diseaseandplacethematrisk ofdiseasesendemicin thewild

population. Regular,standardizeddiseasemonitoringofboththewild andcaptive

populationsis stronglyrecommended.

Diseasepreventionmeasures

Captivebreedingfacilities shouldbe closedto thepublic andthestaff

shouldpracticerigorousdiseasepreventionmeasures,includingavoidance

of potentialdiseasetransmissionfrom othercaptivestocksaswell as

betweenwild andcaptivebighornsheep.All potentialroutesfor disease

transmissionfrom domesticlivestockshouldbe anticipatedandavoided.

For example,whenpurchasinghay, careshouldbe takento avoiddealers

who rotatetheircropswith domesticlivestockgrazing.

Separatequarantinefacilities shouldbe availableto houseincomingstock;

however,animalsknownto besick shouldnot be brought into captivity. It

is importantto determinethecauseof deathfor all animalsthat die in

captivity or soonafterreleaseinto thewild. Freshcarcassesshouldbe
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refrigeratedandtransportedto aveterinarydiagnosticlaboratoryfor full

necropsy.

Disease-freecertification
Diseasescreening(hematology,serumchemistry,serology,virus isolation,

ova andparasitetests,andbacterialculture) shouldbeperformedon

greaterthanorequalto 25 percentofthecaptiveanimalsat leastannually,

andon all pre-releaseanimalswithin 30 daysprior to their releaseinto the

wild. Healthscreeningof pre-releasebighornsheephelpspreventthe

introductionofdiseaseinto thefree-rangingpopulationandoptimizethe

releasedanimal’schancesfor survivalin thewild. Screeningof wild-

caughtbreedstockreducesthechanceofintroducingdiseaseto thecaptive

population. All bighornsheepenteringor leavingthecaptivebreeding

programshouldbecertifiedas“disease-free.”Disease-freecertification

requiresthat within 30 daysprior to release: (1) theanimalsappear

healthyandshowsno signsof activeinfectionuponvisualexaminationby

anU.S. Departmentof Agricultureaccreditedveterinarianfamiliar with

bighornsheep,(2) recentlaboratoryresults(from testing describedabove)

do not indicateactiveinfectionorotherhealthconcerns,(3) theanimal

testsnegativefor OvineProgressivePneumonia(AGlID test),and(4) the

animalshavenotbeenexposedto diseasedanimalsin thecaptivebreeding

facility.

Treatmentofsickanimalsin captivity

Animalsshowingsignsof illness(e.g.,droopingears,nasaldischarge,

coughing,lethargy,weight loss)shouldbecloselyobservedand

biologically sampledto attemptto determinethecauseofillness. Bighorn

sheepin poorcondition,needingfrequenttreatment,or exhibitingsignsof

infectiousorcontagiousdiseaseshouldbe placedin quarantine.

Treatmentshouldbe providedunderveterinarysupervisionif the

conditionis life threatening,unlessresearchneedsdictateotherwise.

Principlesguidinggeneticmanagement

Geneticmanagementstrivesto minimize thelossof naturallyoccurringgenetic

variability by preservinggenesof founderswho representa genepool of interest
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(Ballou andLacy 1995). Goalsfor thegeneticmanagementof captivepopulations

usually includeretaininggeneticvariationfor future evolutionarypotential,

minimizing geneticchangesthat mayoccurwhile a speciesis in captivity, and

avoidinginbreeding(FooseandBallou 1988,HedrickandMiller 1992,Foose

1991,Fooseeta!. 1995). Concernsaboutthefitness,evolutionarypotential,and

locally adaptedgenepoolsof naturalpopulationsrequirethat conservationefforts

alsoconsiderintraspecificgeneticvariation(Soul~ 1986,Millar andLibby 1991,

HedrickandMiller 1992,Cronin 1993). Molecularmarkers(allozymes,
restrictionfragmentlengthpolymorphisms,microsatellites,mitochondrialDNA)

canaid in identifying currentandhistoric levelsofpopulationsubdivision,gene

flow, andpopulationcharacteristics(Milligan eta!. 1994,Avise 1995). However,

it is importantto notethatmolecularmarkersidentify only a small portionof the

genomeandarenot specificallyornecessarilytied to traitsinvolved in either

adaptationor fitness.

Identifying thegeneticstructureofthepopulationbeingaugmentedis considered

afirst steptowardsassuringthat appropriatesubpopulationsaretargetedfor

propagationandrelease(Brambell 1977,Lyles andMay 1987). Peninsular

bighornsheeparedistributedin ametapopulationcomprisingapproximatelyeight

subpopulations,althoughthedegreeto which this structurereflectsanthropogenic

forces is unknown(Torreseta!. 1994,Boyceet a!. 1997, Rubinet a!. 1998,Boyce

eta!. 1999).

Thegeneticeffectsofpopulationsubdivisionarequantifiedby thefixation index

(F; Wright 1951),whichdescribestheproportionofgeneticvariationwithin

bighornsheepsubpopulationsrelativeto thetotal variationin thepopulation. The

fixation indexcanalsobeusedasan index of geneticdifferentiationamong

populations.A high fixation indexvalueindicatessignificantgenetic

substructuringofthepopulation. Moderatevalues(definedasF of0.05 to 0.15,
ST

Wright 1978)for meanF were foundfor six populationswithin thePeninsular
ST

RangesusingnuclearDNA markers(micro-satelliteloci [F equals0.113] and

themajorhistocompatibilitycomplexloci [F equals0.120]). Theysuggest
ST

therearerelativelyhigh levelsofmale-mediatedgeneflow amongpopulations

(Boyceet a!. 1997). Whenmanaginga groupofcloselyrelatedsubpopulations

migrationshouldbemaintainedwhile alsoallowing for geneticdifferentiation

179



amongdemesin responseto local selectivepressure(Nelsonand Soul~ 1987,

Rymaneta!. 1995).

Otherfactorsto considerin reintroductionoraugmentationprogramsareeffectsto

thenative genepool, including introgression,andan increasein thevariancein

family sizeor thenumberof offspringper individual (Rymanet a!. 1995).

Introgressionoccurswhenpopulationswith differentgeneticcharacteristicsare

mixed. It maycausethelossoflocally adaptedgenesthroughinterbreeding,loss

ofentire genepoolsasaresultofdisplacement,and/orhomogenizationof a

previouslygeneticallystructuredpopulationthroughswampingwith acommon

genepool. Factorsrelatingto introgressionthat shouldbeconsideredinclude: the

amountofgeneticdivergencebetweenthecaptiveandwild populations,the

geneticpopulationstructureofthewild population,andthenumberof animalsto

be releasedrelativeto thesizeof therecipientpopulation(Rymaneta!. 1995).

Withoutknowledgeof thegeneticcharacteristicsof thenaturalpopulation,it is

nearlyimpossibleto predicttheoccurrenceor importanceofchangesin the

geneticstructureof theaugmentedpopulation. Althoughproblemswith

outbreedingdepressionusuallyinvolve populationsthat aredistinct subspecies,

theeffectsofgeneticmixing aredifficult to predict,rangingfrom no effect to

outbreedingdepressionevenwithin thesamespeciesundersimilarcircumstances

(Rymanet a!. 1995). Therearesomecircumstanceswhenintrogressioncanbe

beneficial,for example,whenanaturalpopulationhasbeengeneticallydepleted

over an extendedperioddueto small populationsize (Rymanet al. 1995).

A secondproblemwith captiveor supportivebreedingprogramsis thepotentialto

increasethe variancein family sizeornumberofoffspringproducedper

individual (Rymanet a!. 1995). Taking afraction ofthewild populationinto

captivity for enhancedreproductionand survivalmayincreasepopulation

numbers,but it canreducegeneticvariationby inflating thevariancein family

size,aparameterthat is inverselyrelatedto thegeneticallyeffectivesizeofthe

population(RymanandLaikre 1991). Pedigreeanalysis,rotationofbreeding

stock,and geneticmanagementof thecaptiveandwild populationscanhelp

lessenconcernsassociatedwith introgressionandvariancein family size. For

example,in thenorthernSantaRosaMountains,the origin (captiveorwild-born)

ofall animalsin this herd is knownandthesire and/ordamofmostindividualsis
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known(OstermannandDeForge1996). In this case,particularwild-born bighorn

sheepnativeto thegenepool canbe targetedfor captivepropagationif necessary.

This situationpresentsa uniqueopportunityto usehigh intensitygenetic

management(Lacyet a!. 1995)to improveormaintainthegeneticvariability in a

free-rangingpopulation.

Se!ectionofbreedingstock

Evenwhenthemain goalof anaugmentationprojectis to providepopulation

support,Kleiman (1989)recommendedfirst consideringthegenetic

characteristicsof potentialreleaseanimals. Animalsreleasedinto thewild should

be similar to thenativeanimalsoftheregionbecauseoverevolutionarytime,

successfulpopulationsareexpectedto becomemorphologically,physiologically,

andbehaviorallyadaptedto the local environment(Brambell 1977,Kleiman 1989,

Lynch 1996). Obtaininglocally adaptedstockfor captivebreedingandrelease

into thewild is proposedasamethodto approximatethecorrect,locally adapted

genotype,althoughthis mayaddrelatively little geneticvariability to thewild

population(Lyles andMay 1987). However,giventhehabitatfragmentationand

small sizeofseveraldemesin thePeninsularRanges,geneticexchangeto avoid

inbreedingdepressionshouldbeconsidered.

Only bighornsheeplessthan 1 yearof agearerecommendedfor capturefor

breedingstockif animalsareto be placedin small enclosures(approximatelyless

than2 hectares[5 acres])for quarantine.Youngbighornsheepadjustmore

readilyto a captiveenvironmentthanadult bighornsheep(J. DeForge,pers.

comm.),which havediedfrom colliding with fenceswhile in captivity (Montoya

1973,Sandoval1981). Largerenclosureswould reducethis risk.

Matingstrategies

Appropriatelevel of geneticmanagementofcaptivepopulationsdependson the

informationavailable,intendedintensityofmanagement,andgoalsof the

program(Lacyeta!. 1995). Breedingprogramsfor bighornsheepvary from small

populationsreceivinghigh-intensitygeneticmanagementto largeherdswhere

only low-intensitygeneticmanagementis possible. Severallow-intensitymating

strategiesbasedon maximizingtheeffectivepopulationsizeand maximum

avoidanceofinbreedinghavebeendeveloped(Princee1995). Thisdocument
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focuseson conceptsfor intensivegeneticmanagement,which appliesmainly to

small captivepopulations.

Thegeneticimportanceof ananimalis definedasa measureoftheprobability

that it carriesfoundergenesthatare currentlyatrisk ofbeing lost (MacClueret al.

1986,Ballou and Lacy 1995,Thompson1995),thoughthis valuemaybe

compromisedby thepresenceofdeleteriousgenes.Althoughanimalswith many

living relativesin apopulationmaybe lessgeneticallyvaluablethananimalswith

few relatives,this largergroupofrelativesmaybemoresuccessfuldueto superior

fitness. “Mean kinship”, one ofseveralmethodsusedto identify genetically

importantindividuals, is definedastheaverageof thekinshipcoefficients

betweenan individualandall living individualsincludingitself (Ballou andLacy

1995). Animalswith low meankinshipvaluesaregeneticallyimportant. Because

meankinshipis insensitiveto theagestructureofapopulation,theconceptof

kinshipvaluewasintroduced. “Kinship value”considerstheageandreproductive

valueofanimalswhencalculatingmeankinship (Ballou andLacy 1995). Kinship

valueswill exceedmeankinship for animalswhoserelativesareofprime

reproductiveage.

Boththeoryandcomputersimulationstudiessuggestthat matingstrategiesbased

on meankinship (andthereforekinshipvalue)retainthehighestlevelofgeneand

allelediversity (Ballou andLacy 1995,Miller 1995). To theextentpossible,a

strategybasedon kinshipvalue(Ballou and Lacy 1995)shouldbeusedto arrange

matingsin thecaptivepopulation,precludingmatingsbetweenrelatives. Target

founderrepresentationandkinshipvaluecanbeusedto assessthegenetic

importanceof animalsandhelpdirectrotationofbreedingstock. Ramswill

generallycontributegenesfasterthanewesandwill thereforeneedto be rotated

morefrequentlythanewes.

Geneticevaluation

Captivebreedingprogramsshould includeprovisionsfor genetictesting,

including mitochondrialDNA sequenceanalysisand microsatellitetyping on all

foundersin thecaptivepopulation. Genetictestingof captive-bornoffspringis

particularlyimportantin populationswith low intensitygeneticmanagementor in

caseswherepaternityis unknown. Moleculargeneticanalysescanbeusedto
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determinethegeneticsimilarity betweencaptive-rearedand free-rangingsheep,as

well asto constructpedigreesfor captiveorwild populations.

Populationmanagement

Generalobjectivesfor populationmanagementof largecaptivepopulationswith

multiple generationsin captivityare: (1) establishmentof a self-sustaining

captivepopulation,(2)expansionofthepopulationto apredeterminedcarrying

capacityasquickly aspossiblewithin geneticmanagementguidelines,(3)

stabilizationof thepopulationat agivencapacity,with an ageandsexratio that

will achievethegoalsof theprogram(suchasproductionofsurplusstockfor

release)(FooseandBallou 1988). For small captivebreedingprograms,

populationmanagementis mostrelevantto thebehavioralstabilityofthecaptive

populationandminimizingtheimpactofstockrotation. In mostcasesbighorn

sheepshouldbe releasedinto thewild by 10 yearsof age,to preventan

accumulationofold-ageanimals.Ewesthat fail to recruita lamb for 3

consecutiveyearsshouldbeconsideredfor releasebecausetheyarenot

contributingto thegoalof producingstockfor releaseinto thewild.

Surplusor unfit animals
Healthyanimalsdisplayingabnormalbehavioralor physiological

characteristicsshouldbe evaluated.Preferably,if thecharacteristichas

potentialto be alteredto allow releaseinto thewild, theanimal shouldbe

retainedin captivityuntil suitablefor release. If ananimal’sgenetic

characteristicscauseit to be unfit for releaseinto targetpopulations,that

animalcanbe releasedintoanontargetsubpopulationsolong as

deleterioustraits arenot introducedto thewild. Becausetheprimarygoal

of captivepropagationis reintroductionor augmentation,bighornsheep

shouldbereleasedinto thewild wheneverpossible.As a lastresort,

animalsmaybe transferredto azoo facility in cooperationwith the

AmericanZoologicalandAquariumAssociation.
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ReleaseandMonitoring

Researchanddatacollection on the captivepopulation

Captivepopulationscanprovidean ideal controlpopulationfor

experimentalordevelopmentalstudies. Dataon thepopulation

characteristics,behavior,physiology,nutrition, anddiseasesofthecaptive

populationshouldbecollectedto the extentpossiblewithoutriskingthe

animals’ survivalorability to bereleasedinto thewild. Handlingor

continuousobservationat closerangeshouldbeminimizedto avoid

habituation. The captivepopulationat BighornInstitutehasbeenusedin

severalstudies(Castroetal. 1989,Jessupetal. 1990,Borjessoneta!.

1996)that requiredlittle orno additionalhandling.

A SPARKS(SinglePopulationAnalysisandRecordsKeepingSystem;

InternationalSpeciesInformation System[ISIS] 1989)orsimilar format

studbookshould bemaintainedto recordtheidentification,sex,parentage,

dateofbirth, releasedate,releaselocation,and dateaswell ascauseof

deathfor eachindividualbornor broughtinto captivity. Marking of

animalsto facilitate datacollectionmaybe necessaryin largecaptive

populations. Locationsofbirthswithin enclosuresand individualewe

reproductivesuccessshouldalsobe recorded.Notesrecordingthe feeding

rations,generalhealth,andbehaviorof captiveanimals,andunusual

environmentalconditionsshouldbe collectedat leastoncedaily.

Researchanddatacollection on releasedbighorn sheep

Eachreleaseshouldbedesignedasanexperimentto testvarious

techniquesrelatedto factorssuchasreleasesiteandtime (May 1991).

Monitoringpost-releaseanimalsis oneof themostcritical componentsof

areintroductionor augmentationprogrambecauseit allows for the

assessmentof methods,useofadaptivemanagement,andcanprovidea

frameworkfor theoreticalstudies. All releasedbighornsheepshouldbe

fitted with aradiocollarandeartagandmonitoredasfrequentlyas possible

(more thanweekly)to recordtheir integrationprocess,habitatuse,

behavior,health,survivorship,andreproductivesuccess.At aminimum,

monitoringshouldbe designedto documentsurvivalandreproductive
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rates,cause-specificmortality, habitatuseofreleasedbighornsheep

thoughtheir first yearin thewild, andkeybiotic andabiotic factors,such

ashabitatquality andweather.Most importantly,post-releasestudies

should providedatato evaluatethesuccessof theprogram. Long-term

(greaterthanor equalto 3 years)monitoringon at leastamonthlybasisof

greaterthanor equalto 50 percentofreleasedanimalsin asubpopulation

shouldbeincludedin all programs.Monitoringofpost-releaseanimals

should includeplannedstudiescomparingcaptive-rearedandwild-reared

sheep(e.g.,reproductivesuccess,survivorship,vigilance,maternal

behavior,reactionsto disturbance,etc.),andtheoreticalstudies(May

1991,SarrazinandBarbault1996).

Peer-reviewedProgramAssessment

Guidelinesfor reintroductions(Kleiman 1989,StanleyPrice 1991,Chivers1991)

suggestan assessmentphasein which theexperiences,results,andconclusionsof

areintroductionoraugmentationprogramwouldbepublishedatintervalsor atthe

completionof thestudy. Short-termsuccessof suchprogramscanbeevaluated

by: 1) thesurvivaland/orreproductiveratesofreleasedanimals,or2) theamount

of geneticdiversityretainedand/orhabitatpreserved,or 3) public educationand

researchinterestgenerated,or4) thetime gainedto allow continuedresearchinto

theproblemssuppressingthepopulation(Kleiman 1989;Caughleyand Gunn

1996). Themulti-facetednatureof captivebreedingandreleaseprograms

requiresthat assessmentsexamineboththecaptivebreedingandreleasephases,as

well asthe indirectbenefitsgeneratedfrom theprogram. Reportingfailures

encounteredin captivebreedingandreleaseprogramsis ofequalor greatervalue

thanreportingsuccesses,althoughit is donemuch lessfrequently.

References

Avise,J. C. 1995. MitochondrialDNA polymorphismandaconnectionbetween

geneticsand demographyof relevanceto conservation.Conservation

Biology9:686-690.

185



Ballou, J. D. andR. C. Lacy. 1995. Identifying geneticallyimportantindividuals

for managementof geneticvariationin pedigreedpopulations. Pages76-

Ill inJ.D.

Ballou, M. Gilpin, andT. J.Foose,editors. Populationmanagementfor survival

andrecovery. ColumbiaUniversityPress,NewYork.

Beck,B. B., L. G. Rapaport,M. R. StanleyPrice,and A. C. Wilson. l994.

Reintroductionof captive-bornanimals. Pages265-186in P.J. S. Olney,

G. M. Mace,andA. T. C. Feistner,editors. CreativeConservation:

Interactivemanagementof wild andcaptiveanimals. ChapmanandHall,

London.

Berbach,M. W. 1987. Thebehavior,nutrition, andecologyofapopulationof

reintroduceddesertbighornsheepin theWhippleMountains,San

BernardinoCounty,California. M.S. thesis. California Polytechnic

University,Pomona. l3Spp.

Blaisdell,J. 1971. Progressreporton selectednationalparkservicebighorn

projects. DesertBighornCouncil Transactions15:90-93.

Blaisdell,J. 1974. LavaBedsCaliforniabighorn -- was 1973typical? Desert

Bighorn Council Transactions18:46-47.

Blaisdell, J. 1982. LavaBedswrap-up:what did we learn? DesertBighorn

Council Transactions26:32-33.

Bleich, V. C., J. D. Wehausen,R. R. RameyII, andJ. L. Rechel. 1996.

Metapopulationtheoryandmountainsheep:implicationsfor conservation.

Pages353-373in MetapopulationsandWildlife Conservation.D. R.

McCullough, ed. IslandPress,Washington,D.C. 429pp.

Boyce,W. M., P. W. Hedrick,N. E. Muggli-Cockett,S. Kalinowski, M. C. T.

Penedo,R. R. Ramey. 1997. Geneticvariationofmajor

186



histocompatibilitycomplexand microsatelliteloci: a comparisonin

bighornsheep.Genetics145 :421-433.

Boyce,W. M., R. R. RameyII, T. C. Rodwell,E. S. Rubin, andR. S. Singer.

1999. Populationsubdivisionamongdesertbighornsheep(Ovis

canadensis)ewesrevealedby mitochondrialDNA analysis. Molecular

Ecology8:99-106.

Borjesson,D. L., W. M. Boyce,I. A. Gardner,J. DeForge,B. Lasley. 1996.

Pregnancydetectionin bighornsheep(Ovis canadensis)usinga fecal-

basedenzymeimmunoassay.JournalofWildlife Diseases32:67-74.

Brambell,M. R. 1977. Reintroduction.InternationalZoo Yearbook17:112-116.

Brewer,C. 1997. Statusofdesertbighornsheepin Texas- 1996. DesertBighorn

Council Transactions41:87-89.

Bush,M., B. B. Beck, R. J.Montali. 1993. Medical considerationsof

reintroduction. Pages24-26in Zoo andWild Animal Medicine. M. E.

Fowler,editor. W. B. SaundersCompany,Philadelphia.

Calkins,G. 1993. Statusof bighornsheepin Texas,1992. DesertBighorn

Council Transactions37:59-60.

Campbell,5. 1980. Is reintroductionarealisticgoal?Pages263-69in M. E.

SoulsandB. A. Wilcox, editors. ConservationBiology. Sinauer

Associates,Sunderland.

Castro,A. E., S. R. Montague,J. F. Dotson,D. A. Jessup,J. R. DeForge. 1989.

Susceptibilityof afetal tonguecell line derivedfrom bighornsheepto five

serotypesofbluetonguevirus andits potentialfor the isolationofviruses.

JournalofVeterinaryDiagnosticInvestigation1:247-253.

Caughley,G. 1994. Directionsin conservationbiology. Journalof Animal

Ecology63:215-244.

187



Caughlcy,G. andA. Gunn. 1996. Conservationbiology in theoryandpractice.
Blackwefl Science,Cambridge.

Chivers,D. J. 1991. Guidelinesfor re-introductions:proceduresandproblems.

Pages89-98in J. H. W. Gipps, editor. BeyondCaptiveBreeding: Re-

introducingendangeredmammalsto thewild. Symposiumofthe

ZoologicalSocietyof London. Oxford UniversityPress.

Cronin,M. A. 1993. MitochondrialDNA in wildlife taxonomyandconservation

biology: cautionarynotes. Wildlife SocietyBulletin 21:339-348.

Crow, J. F. andM. Kimura. 1970. An introductionto populationgeneticstheory.

BurgessPublishingCompany,Minneapolis,Minnesota. S9lpp.

DesertBighornCouncil. 1996. Problemsand concernsassociatedwith bighorn

translocations.Paneldiscussion.DesertBighorn Council Transactions

40:51-70.

Elliott, L. F. andW. M. Boyce. 1992. Implicationsofcaptivebreedingprograms

for theconservationofdesertbighornsheep.DesertBighornCouncil

Transactions36:54-57.

FitzSimmons,N. N., S. W. Buskirk, and M. H. Smith. 1997. Geneticchangesin

reintroducedRockyMountainbighornsheeppopulations.Journalof

Wildlife Management61(3):863-872.

Foose,T. J. and J. D. Ballou. 1988. Populationmanagement:theoryandpractice.

InternationalZoo Yearbook27:26-41.

Foose,T. J. 1991. Viablepopulationstrategiesfor re-introductionprogrammes.

Pages165-172in J. H. W. Gipps,editor. BeyondCaptiveBreeding:Re-

introducingendangeredmammalsto thewild. Symposiumofthe

ZoologicalSocietyof London. Oxford UniversityPress.

188



Foose,T. J.,L. de Boer,U. S. Seal,and R. Lande. 1995. Conservation

managementstrategiesbasedon vi~ble populations.Pages273-294in J.

D. Ballou, M. Gilpin, andT. J. Foose,editors. Populationmanagementfor

survivalandrecovery. ColumbiaUniversityPress,New York.

Geist,V. 1971. Mountainsheep:astudy in behaviorandevolution. The

Universityof ChicagoPress.Chicagoand London. 383 pp.

Gordon,I. J. 1991. Ungulatere-introductions:thecaseofthescimitar-horned

oryx. Beyondcaptivebreeding:reintroducingendangeredmammalsto the

wild. SymposiaoftheZoologicalSocietyof London62:217-240.

Gotelli,N. J. 1995. A primerofecology. SinauerAssociates,Inc. Sunderland,

Massachusetts.2O6pp.

Griffith, B. J.,J. M. Scott,J. W. Carpenter,andC. Reed. 1989. Translocationas

a speciesconservationtool: statusandstrategy.Science245:477-480.

Hedrick,P. W., andP. 5. Miller. 1992. Conservationgenetics:techniquesand

fundamentals.EcologicalApplications2:30-46.

InternationalUnion for theConservationof Natureand NaturalResources.1995.

Re-introductionSpecialistGroup/SpeciesSurvivalCommission

Guidelinesfor Re-introductions.

Jessup,D. A. 1985. Diseasesof domesticlivestockwhich threatenbighornsheep

populations.DesertBighornCouncil Transactions29:29-33.

Jessup,D. A., J. R. DeForge,S. Sandberg.1990. Biobullet vaccinationofcaptive

and free-rangingbighornsheep. Pages429-434in Proceedingsofthe2nd

InternationalWildlife RanchingSymposium- Edmonton,Canada.

Kleiman, D. G. 1989. Reintroductionofcaptivemammalsfor conservation.

BioScience39:152-161.

189



Kleiman,D. G., B. B. Beck, J. M. Dietz, L. Dietz. 1991. Costsofare-

introductionprogramandcriteriafor success:accountingand

accountabilityin theGoldenLion TamarinConservationProgram.Pages

125-142in J. H. W. Gipps,editor. BeyondCaptiveBreeding:Re-

introducingendangeredmammalsto thewild. Symposiumof the

ZoologicalSocietyofLondon. Oxford UniversityPress,Oxford.

Kleiman,D. G., M. R. StanleyPrice,B. B. Beck. 1994. Criteriafor

reintroductions.Pages287-303in P. J. S. Olney,G. M. Mace,andA. T.

C. Feistner,editors. CreativeConservation:Interactivemanagementof

wild andcaptiveanimals. ChapmanandHall, London.

Lacy,R. C., J. D. Ballou, F. Princee,A. Starfield,andE. A. Thompson. 1995.

Pedigreeanalysisfor populationmanagement.Pages57-75 in J. D.

Ballou, M. Gilpin, and T. J. Foose,editors. Populationmanagementfor

survivalandrecovery. ColumbiaUniversityPress,New York.

Lenarz,M. S. andW. Conley. 1980. Demographicconsiderationsin

reintroductionprogramsfor bighornsheep.Acta Theriologica

25(7):71-80.

Lyles, A. M. andR. M. May. 1987. Problemsleavingtheark. Nature326:245-

246.

Lynch,M. 1996. A quantitative-geneticperspectiveon conservationissues.

1996. Pages47 1-501 in J. C. AviseandJ. L. Hamrick, editors.

ConservationGenetics.ChapmanandHall, New York.

MacCluer,J. W., J. L. Vandeberg,B. Read,and0. A. Ryder. 1986. Pedigree

analysisby computersimulation. Zoo Biology5:147-160.

May, R. 1991. Therole ofecologicaltheoryin planningre-introductionof

endangeredspecies.Pages145-161in J.H. W. Gipps,editor. Beyond

CaptiveBreeding:Re-introducingendangeredmammalsto thewild.

190



SymposiumoftheZoologicalSocietyofLondon. Oxford University

Press.

McCutchen,H. E. 1978. DesertBighorn Council Transactions22:27-28.

Millar, C. I. andW. J. Libby. 1991. Strategiesfor conservingclinal, ecotypic,

anddisjunctpopulationdiversity in widespreadspecies.Pages149-170in

Falk andHolsinger,editors. Theconservationof rareplants. Oxford

Press.

Miller, P. 5. 1995. Selectivebreedingprogramsfor rarealleles:examplesfrom

thePrzewalski’sHorseandCaliforniaCondorpedigrees.Conservation

Biology9:1262-1273.

Milligan, B. G., J. Leebens-Mack,A. E. Strand. 1994. Conservationgenetics:

beyondthemaintenanceofmarkerdiversity. MolecularEcology3:423-

435.

Montoya,B. 1973. Bighorn sheepcapturetechniques.DesertBighornCouncil

Transactions17:155-163.

Moore,D. E. III, andR. Smith. 1991. Theredwolf asa model for carnivorere-

introductions.Beyondcaptivebreeding:reintroducingendangered

mammalsto thewild. Symposiaof theZoologicalSocietyofLondon

62:263-278.

Nelson,K. andM. Soul& 1987. Geneticalconservationof exploitedfishes.

Pages345-368in N. RymanandF. Utter, editors. PopulationGenetics

andFisheryManagement.Universityof WashingtonPress.

New Mexico DepartmentofFishandGame. 1997. Long-rangeplanfor

propagationof desertbighornsheepat theRedRockWildlife Area.

ConservationServicesDivision, October1997. Unpublishedreport. 11

pp.

191



Ostermann,S. D., J. R. DeForge,andW. D. Edge. Captivebreedingand

reintroductionevaluationcriteria: a casestudyofPeninsularbighorn

sheep. ConservationBiology. In press.

Ostermann,S. D., andJ. R. DeForge.1996. PedigreeAnalysisandBreedstock

SelectionCriteria.

Ounsted,M. L. 1991. Re-introducingbirds: lessonsto be learnedfor mammals.

Pages75-85 in J. H. W. Gipps,editor. BeyondCaptiveBreeding:Re-

introducingendangeredmammalsto thewild. Symposiumof the

ZoologicalSocietyofLondon. OxfordUniversityPress.

Philippart,J. C. 1995. Is captivebreedingan effectivesolutionfor the

preservationofendemicspecies?Biological Conservation72:281-295.

Princee,F. P. 1995. Overcomingtheconstraintsofsocialstructureand

incompletepedigreedatathroughlow-intensitygeneticmanagement.

Pages124-154in J. D. Ballou, M. Gilpin, andT. J. Foose,editors.

Populationmanagementfor survivalandrecovery. ColumbiaUniversity

Press,New York.

Roland,M. M. andJ. L. Schmidt. 1981. Transplantingdesertbighornsheep— a

review. DesertBighornCouncil Transactions25:25-28.

Rubin,E. S.,W. M. Boyce,M. C. Jorgensen,S. G. Torres,C. L. Hayes,C. S.

O’Brien, andD. A. Jessup. 1998. Distributionand abundanceofbighorn

sheepin thePeninsularRanges,California. Wildlife SocietyBulletin 26

(3):539-551.

Ryman,N. and L. Laikre. 1991. Effectsofsupportivebreedingon thegenetically

effectivepopulationsize. ConservationBiology 5:325-329.

Ryman,N., F. Utter, andK. Hindar. 1995. Introgression,supportivebreeding,

and genomicconservation.Pages341-365 in J. D. Ballou, M. Gilpin, and

192



T. J.Foose,editors. Populationmanagementfor survivalandrecovery.

ColumbiaUniversityPress,New York.

Sandoval,A. 1979. New Mexico bighornsheepstatusreport. DesertBighorn

Council Transactions23:82-87.

Sandoval,A. 1981. New Mexico bighornsheepstatusreport. DesertBighorn

Council Transactions25:66-68.

Sarrazin,F. andR. Barbault. 1996. Reintroduction:challengesandlessonsfor

basicecology. Trendsin EcologyandEvolution 11:474-478.

Snyder,N. F., S. R. Derrickson,S. R. Beissinger,J. W. Wiley, T. B. Smith,W. D.

Toone,andB. Miller. 1996. Limitations ofcaptivebreedingin

endangeredspeciesrecovery.ConservationBiology 10:338-348.

Soul~,M. E. 1986. Viable Populations.CambridgeUniversityPress,

Cambridge.

StanleyPrice,M. 1991. A reviewofmammalre-introductions,and theroleof the

Re-introductionSpecialistGroupofIUCN/SSC. Pages9-23 in J. H. W.

Gipps,editor. BeyondCaptiveBreeding:Re-introducingendangered

mammalsto thewild. Symposiumof theZoologicalSocietyofLondon.

OxfordUniversityPress.

Stevens,D. R. andN. J. Goodson. 1993. Assessingeffectsofremovalsfor

transplantingon ahigh elevationbighornsheeppopulation. Conservation

Biology 7(4):908-915.

Thompson,E. A. 1995. Geneticimportanceandgenomicdescent.Pages112-

123 in J. D. Ballou, M. Gilpin, andT. J. Foose,editors. Population

managementfor survivalandrecovery. ColumbiaUniversityPress,New

York.

193



Torres,S. G.,V. C. Bleich, andJ. D. Wehausen.1994. Statusofbighornsheep

in California, 1993. DesertBighorn Council Transactions38:17-28.

Viggers,K. L., D. B. Lindenmayer,andD. M. Spratt. 1993. Theimportanceof

diseasein reintroductionprograms. Wildlife Research20:687-98.

Wilson,L. 0. andC. L. Douglas. 1982. Revisedproceduresfor capturingandre-

establishingdesertbighorn. DesertBighorn Council Transactions26:1-7.

Winkler, C. K. 1977. StatusoftheTexasdesertbighornprogram. Desert

BighornCouncil Transactions21:4.

Woodford,M. H., andR. A. Kock. 1991. Veterinaryconsiderationsin re-

introductionandtranslocationprojects.Beyondcaptivebreeding:

reintroducingendangeredmammalsto thewild. Symposiaofthe

ZoologicalSocietyofLondon 62:101-110.

Wright, 5. 1951. Thegeneticalstructureof populations.AnnualsofEugenics

15 :323-354.

Wright, 5. 1978. Evolution andtheGeneticsof Populations.Volume4.

Variability Within andAmongNaturalPopulations.Universityof

ChicagoPress,Chicago.

194



APPENDIX D. GUIDELINES FOR SAFELY CAPTURING. HANDLING,
AND MONITORING BIGHORN SHEEP

Standardresearchmethods,includingsurveys(foot, helicopter,and fixedwing

aircraft),field capture,biological sampling,andradiotelemetrymonitoringhave

beenusedfor assessingabundanceandabundancetrends(DeForgeeta!. 1995,

1997;Rubin eta!. 1998),recruitmentpatterns(Wehausenet a!. 1987, DeForgeet

a!. 1995,DeForgeeta!. 1997,Rubinet a!. 2000, Ostermannet a!. in press),adult

survivorshipandcause-specificmortality (Hayeseta!. 2000,DeForgeeta!. 1997,

DeForgeandOstermann1998b,Ostermanneta!. in press),healthstatusand

diseaseexposure(DeForgeeta!. 1982;Clarketa!. 1985, 1993;JessupandBoyce

1993; Elliott eta!. 1994; Boyce1995;Crosbieet a!. 1997),geneticprofiles

(Boyceeta!. 1997, Boyceeta!. 1999),and spatialdistributionofthepopulation

(Rubin et a!. 1998)in specificsubpopulationsofbighornsheepwithin the

PeninsularRanges.Adaptivemanagement(Holling 1978)will requirethe

continueduseofthesefield researchmethodsto achieverecoveryof Peninsular

bighornsheep.

As with anyhumanintervention,theseresearchmethodsarenot withoutrisks and

consequencesfor free rangingbighornsheep.Low-level helicoptersurveys

providean effectivemethodfor estimatingpopulationsizeanddistribution.

However,alterationsin behavior,movement,and distributionofbighorn sheep

resultingfrom helicopterdisturbance(Bleich et a!. 1990a)couldpotentially

introducebiasinto thoseestimatesoradverselyaffect survivorshipand

reproductionin bighornsheeppopulations(Bleich eta!. 1994). Jessupeta!.

(1984)comparedtherelativerisksandbenefitsof differentcapturemethods,

includingdrop-netting,drive-netting,dartingfrom helicopters,stationarycorral-

trappingandtheuseofahand-heldnetgun operatedfrom a helicopter. Some

methodswerefoundto be inherentlysaferthanothers. All methodspresented

somerisk to individualanimals,andno singlemethodofcapturewasbestfor all

situations. Bleich eta!. (199Gb)documentedchronicinjuries to themandibles

andnecksof bighornramsfrom ill-fitting radiotelemetrycollarsandproposed

potentialadverseeffectson foragingbehavioranddecreasedfitnessof these

otherwisedominantmales.
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Throughconstantcritical re-assessmentof researchactivities,risks canbe

recognizedandaddressedto minimize the impactoftheseactivitieson bighorn

sheeppopulations.In thepast,epidemiologicalanalysisofcapturedata

documentedthe relativesafetyofdropnetand helicopternetgun captureof

bighornsheepoverothermethodsincludingdrive-net,chemicalimmobilization,

andcorraltrapping(Jessupet a!. 1988). Recommendationson collar tightness

(Bleich et a!. 1 990b)havereducedjaw andneckinjuries in bighornramsin recent

years. Risksassociatedwith futureresearchactivitiescanbeminimizedby

requiring: (1) adequatejustification for the activity, (2) thoroughplanning,(3)

selectionofappropriatesurveyandcapturemethods,experiencedpersonnel,and

properequipmentfor theactivity, and(4) constantcritical re-assessmentof

researchactivitiesto recognizeandaddressproblemsarisingfrom theseactivities.

Guidelinesfor specificresearchactivities

Surveys

Fixed-wingaerialsurveyshaveavery low probabilityofaffectingbighornsheep

becauseaircraftaretypically flown at high altitude. During theseflights,

telemetrylocationsof radio-collaredanimalsareobtainedbutvisualobservations

arenot usuallyattempted.Therisk ofdisturbanceto bighornsheepis greater

duringhelicopterandfoot surveys.

Helicoptersurveysmaytemporarilydisruptnormalbighornsheepbehaviorand

maynegativelyaffect bighornsheepif not conductedproperly. Helicopter

surveysshouldbeavoidedduringperiodswhenbighornsheepmaybeespecially

sensitiveto disturbance.Theseperiodsincludethe late winter throughearly

summermonths,whenthemajorityofewesgive birth, andthesummermonths,

whenbighornsheeparedependenton scantwatersources.During surveys,the

helicoptershouldonly remainabovea groupofanimalslong enoughto determine

groupsizeandcomposition. If thegroupappearsto be runningexcessively,if

terrainconditionsarepotentiallydangerousfor theanimals,or if younglambsare

observedin a group,thesafetyoftheanimalsshouldtakepriority over data

collection,andthesurveycrew shouldcontinuemovingto thenextportionofthe

surveyarea. During surveys,the locationofroadsshouldbeconsidered,and
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flight pathsshouldproceedfrom roadsinto habitat,so asto avoiddriving animals

towardsautomobiletraffic.

Foot surveysarenot typically considereda risky researchactivity but the

following considerationswill further reduceanynegativeimpacton bighorn

sheep. Bighornsheepappearto be morecomfortablewhentheyareableto

remainhigherthantheirhumanobserversandwatchthemfrom adistance.

Observersshouldapproachbighornsheepfrom belowandavoidapproachingtoo

closely. Careshouldbe takento avoidstartlingbighornsheepby appearing

suddenlyaroundacornerorovera ridge. Time nearspringsand guzzlersshould

bekept to a minimumto avoiddisplacementofanimalsfrom watersources,

especiallyduring thesummer.

Capture
Theactivemanagementofbighornsheepmayrequire: (1) markingor taggingto

determinepopulationnumbers,rangeusage,movementpatterns,behavior,

reproduction,survival,andcause-specificmortality; (2) treatingorsampling

diseasedindividuals;(3) samplingofhealthybighornsheepfor research;and(4)

relocation(Jessupet al. 1984). In skilled, experiencedhands,theuseofa netgun

from ahelicopterhasbeenshownto beasafemethodofcapture,with fewer stress

relatedcomplicationsand lower injury andmortality ratesthanothermethods

(Jessupet a!. 1988). Dueto thesteep,roughterrainandthescattereddistribution

ofbighornsheepfoundin thePeninsularRanges,netgun captureappearsto be

themostpracticalandcost-effectivecapturetechnique.Theuseof dropnetsand

tanglenetsmayalsobenecessaryon therareoccasionwhenan animalhasto be

capturedwithin or on thefringesof theurbanenvironment.Thesafeuseofthese

techniquesrequirescarefulplanningandadequatenumbersof experienced

personneltrainedin handlingnet-capturedbighornsheep.Thoroughdiscussions

ofcapturemethodsandveterinarymedicalconcernscanbe foundin The Wi!d!fe

RestraintHandbook(CaliforniaDepartmentofFishandGame1996),and the

Wild!~feRestraintSeries(InternationalWildlife VeterinaryServices1996).

Themostcommonveterinaryproblemsoccurringduringthehelicopternetgun

captureof bighornsheeparephysicalinjury, capturestress/capturemyopathy

(disorderofmuscletissueor muscles)andhyperthermia.Physicalinjury can
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occurwhenanettedanimaltumbleson rough,rockyterrain,takesa fall down a

steepslope,orwhenthe nettanglesaroundtheanimal’sneckandcompromises

respiration. Therisk ofphysicalinjury canbeminimizedby nettingtheanimalas

it runsuphill orcapturinganimalson relatively flat saddlesor in flat sandycanyon

bottoms. Capturestress/capturemyopathyoccurswhenananimalseverely

overexertsitself, resultingin pathologicmetabolicchangesandcellulardamagein

muscletissueandinternal organs.Hyperthermiaoccurswhenan animal’sheat

productionfrom muscleactivity exceedsits ability to dissipatethat heat. Dueto

thephysicalexertionexperiencedduring helicopterpursuit,therectaltemperature

ofmostbighornsheepat capturewill be higherthan38.9 degreesCelsius(102

degreesFahrenheit),considerednormalfor restingdomesticsheep(California

Departmentof FishandGame 1996),andwill oftenreach39.4 to 40.6 degrees

Celsius(103to 105 degreesFahrenheit)or greater. Theseanimalsaresusceptible

to hyperthermiaregardlessof theambient temperature.Dousingwith water

aroundtheflanks, inguinalregion, thorax,head,and neckatcaptureto cool the

animalshould be routineduring warmweatherandanytimean animalshowsan

increasingtrendin rectaltemperature.Animalswith heavywinterpelagealso

mayhaveaproblemdissipatingheatevenin coldweatherandmayrequireefforts

to coolthem. Keepingchasetimeswithin conservativelimits will preventmost

problemswith capturestress/capturemyopathyandhyperthermia.A “safe” chase

time will varywith theconditionoftheanimal,terrain,environmentalconditions,

andtheintensityof pursuit. Most individual chasetimes duringCalifornia

DepartmentofFishandGamebighornsheepcapturesareunder3 minutes.

Pursuitof arunninganimalshouldnot exceed5 minutes. Attention mustbepaid

to total chasetime as animalsin agroupmaybe run repeatedlyasindividualherd

membersarecaptured. Pursuitshouldbe calledoff if theanimalappears

disoriented,exhausted,or injured,oranytimea memberofthecapturecrew

determinesthat thereis excessiverisk in continuingthecaptureeffort.

Prolongedrestraintcanalsocontributeto capturestress/capturemyopathyand

hyperthermia.Mostbighorn sheepceasestrugglingwheneyecoversandhobbles

areapplied. Positioningtheanimal in anormalrestingpositionwith its headup

will allow thesheepto belchruminal gasandminimizebloat andregurgitation.

Vital signsshouldbe takenimmediatelyandmonitoredcontinuouslyto monitor

theneed/effectivenessof cooling treatmentor to determineif a severelydistressed
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animalshouldbe released.A severelycompromisedanimal thatis not ambulatory

requiresaggressivetherapy. Jessup(1999)recommendedthat wild sheepwith

rectal temperaturesgreaterthan41.7 degreesCelsius(107degreesFahrenheit),

respirationratesof 75 perminute,and/orheartratesgreaterthan200 perminute

receiveintensivetreatmentfor capturestress/myopathyincludingcooling baths,

balancedintravenousfluids, anti-inflammatorydrugs(fast actingcorticosteroids),

vitamin andmineral supplements,and possiblyintraperitonealbicarbonate.

Medical treatmentof amoderatelycompromisedanimalthat is ambulatory

involvesthetrade-offofcontinuedstressduringthetreatmentperiodwith the

benefitsofmedication. Somemedicationsthemselvesmayhaveadverseeffects

whenadministered.For example,pharmacologicdosesofcorticosteroidsusedin

treatingshockmayinduceparturitionin ewesin late stagesof pregnancy(Plumb

1995). In a field situation,thedecisionto treator releaseis ajudgementcall made

by capturepersonnelin consultationwith an experiencedwildlife veterinarian.

Air transportofbighornsheepto basecampsshouldbeaccomplishedin “sheep

bags”(heavyweaveplasticmeshbagscustomdesignedfor this purpose),which

supporttheanimal in a sternalposition. “Air transportofmountainsheepupside

downsuspendedby theirhobbledlegs is inappropriateandunnecessary”

(Jessup1999). Duringcapturesusingbasecampprocessing,thecapturecrew

shouldbepreparedto processanimalsexhibitingcapturestressat thecapturesite

to reducethehandlingtime.

Processing(applicationoftagsandcollars,collectionofbiological specimens,

administrationofprophylacticmedications)shouldbe carriedout in aquick,

efficientmannerwith minimal disturbanceto theanimal. Prior to release,the

animalshouldbepositionedso that releaseoccursin thedirectionwith thefewest

physicalhazardsandthat allows theanimalto movetowardtheareafrom which it

wascaptured.

Otherissuesto considerwhencapturingandhandlingbighornsheepinclude:

Pregnancystatus- captureof ewesin thelast two monthsofpregnancy

shouldbe avoidedwheneverpossible(Decemberthroughearlysummer).
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Cautionshouldbeusedwhencapturingeweswith veryyounglambs

(springthrough late summer)dueto possibleabandonmentofthe lamb or

exposureof the lambto predationin theabsenceofthemother. These

ewesshouldbe processedat thecapturesite,andshouldnot be transported

to abasecamp.

Extremecautionshouldbeusedwhencapturingyounglambs. Lambs

shouldbeprocessedandreleasedat thecapturesitewheneverpossible.

Wheneverpossible,processingat thecapturesite is preferredto minimize

stresson theanimal,However,for adult animals,thechoiceofprocessing

at thecapturesiteor transportto abasecampwill varywith local

conditions. Very importantfor ewesandlessso for rams,the locationand

distanceofbasecampsfrom thecapturesiteshouldallowdirect access

backinto the areain whichthe animalwascaptured. A generalguideline

is thatthereleasesiteshouldbewithin thehomerangeoftheewegroup

andwithin 5 kilometers(3.1 miles) ofthe capturelocationwith no

insurmountableordangerousobstaclesseparatingtheanimalfrom its

homerange.

Capturepersonnelshouldbemadeawareofhumansafetyandzoonotic

diseaseconcerns.

Keypointsto considerbeforecaptureof bighornsheep:

A detailedcaptureplanmustbepreparedin advanceofthecapturethat

outlinesgoals,methods,potentialproblems,personneland safety

procedures(CaliforniaDepartmentofFishandGame1988).

A pre-capturemeetingshouldbe mandatoryfor all participatingpersonnel.

All personnelmustbe trainedin properanimalhandlingtechniques.

Experiencedveterinaryassistanceandemergencymedicalsuppliesand

equipmentshouldbe readilyavailableto treataphysicallydistressedor
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injuredanimal. Frequentpost-capturemonitoringof individual bighorn

sheepis mandatoryto determineeffectsof capture,tags,andcollarson

survivorship,reproduction,andwell being.

A written reportshouldbepreparedaftereachcapturethat documentsthe

activity, providesacritical assessmentof thecapture,and suggests

improvementsfor futurecaptureactivities.
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APPENDIX E. PROTOCOLS FOR MONITORING POPULATION

ABUNDANCE

This appendixpresentsprotocolsfor two methodsofmonitoringtheabundance

andpopulationtrendsof Peninsularbighornsheep.Thesetwo methodsare: (1)

waterholecountsand(2) aerialhelicoptersurveys. For explanationsof

terminology(e.g.,ewegroup)or referenceto specificnamesoflocations,please

refer to themain body oftherecoveryplanandpaperscited therein.

Waterholecountshavebeenconductedin selectedpartsofAnza-BorregoDesert

StateParksince1971 (M. Jorgensen,pers.comm.)and havebeenusedto assess

abundancetrendsofPeninsularbighornsheep(Rubin et a!. 1998). Prior to 1993,

no markedanimalswerepresentin the areasin whichcountswereconducted.

Countdatawere,therefore,only appropriatefor useasan index ofabundance

ratherthanfor calculationof anabsolutepopulationestimate.Since1993,

however,collaredanimalshavebeenpresentandwaterholecountdatacanbe

usedto generatepopulationestimatesfor someewegroupsin Anza-Borrego

DesertStatePark.

Waterholecountsareorganizedandconductedby volunteersunderthedirection

ofParkstaff. Althoughhelicoptersurveysprovidea morecomprehensive

populationestimationtool, waterholecountsshouldbe continued. Continuation

for atleast 10 moreyearswill allow investigatorsto determinethecorrelation

betweenwaterholecountandaerialsurveypopulationestimates,which maymake

it possibleto generatehistoricalpopulationestimatesusing earlywaterholecount

data. In addition,waterholecountsprovidedatathat aredifficult to determine

from a helicopter(e.g.,reproductivestatusofindividually markedewes;refer to

sectionII.D.2.1 of therecoveryplan),andprovidean opportunityfor the

communityto participatein Peninsularbighornsheepconservationprojects(refer

to sectionII.D.3).

Helicoptersurveyshavebeenconductedin theSantaRosaMountainsannually

since1977 (Wehauseneta!. 1987,DeForgeeta!. 1995),theSanJacinto

Mountainsin 1983, 1984,andannuallysince1987(DeForgeeta!. 1997),andin

somepartsof Anza-BorregoDesertStateParkin theearly 1980’s(M. Jorgensen,
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pers.comm.). Radio-collaredanimalshavebeenpresentin thenorthernSanta

RosaMountainssincetheearly1980’s(DeForgeet a!. 1995)andin theSan

JacintoMountainssince1992(DeForgeet a!. 1997). In 1994, 1996,and 1998,

radio-collaredanimalswerepresentthroughoutthePeninsularRangesandsurveys

coveredall partsof therangesfor thefirst time, making it possibleto generate

populationestimatesfor theentirerangeaswell asfor subregions(Rubinet a!.

1998). Currently,helicoptersurveysin the SanJacintoMountainsandtheSanta

RosaMountainsareconductedby CaliforniaDepartmentof Fishand Gameand

theBighorn Institute,while surveysoftheremainderoftherangeareconducted

by CaliforniaDepartmentofFishandGameand Anza-BorregoDesertStatePark.

Thefollowing sectionsoutlinespecificprotocolsfor eachmonitoringtechnique.

Aerial Helicopter Surveys

Frequencyofsurveys

Helicoptersurveyscoveringtheentire rangeshouldbeconductedat leastevery

otheryear. Recently,theSanJacintoMountainsandSantaRosaMountainshave

beensurveyedannually,while theremainderof therangehasbeensurveyedevery

otheryear(1994,1996, 1998).

Timeofsurvey

Helicoptersurveysshouldbeconductedideallybetweenlate Septemberand early

November.This methodreducestherisk to bighornsheepby avoidingperiods

whenyounglambsarepresent,periodswhenewesreachlate gestation,and

monthsofhigh summertemperatures.In addition, this time periodcoincideswith

partoftherut, orbreedingseason.This approachallows themostaccurate

estimateofthesexratiobecausebighorntendto congregateduring this time.

Areasto besurveyed

All bighorn sheephabitatin thePeninsularRangesshouldbe surveyed.For

consistencyamongyears,thesamepredeterminedareasshouldbe flown every

year,with thesameamountof time (effort) spentperareaduringeachyear. Flight

areasandassociatedapproximatesurveytimesareincludedin this appendix

(TablesE-l andE-2). Mapsarenot includedherebecausethegeographic

referencesin theTablesbelowaccuratelydescribethesurveyareasandthis plan is
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TableE-l. Approximatepolygonsflown by Bighom Institutein annualhelicoptersurveysof the

SanJacintoandSantaRosaMountains. Topographyandsheepsign influencedtheamountof

timespentperarea. Flight polygonsweredevelopedwhile thepopulationwasat a low, andsome

areaswheresheepsign(trailing, bedsites,etc.)hasnotbeennotedfor severalconsecutiveyears

areflown lessintenselythan areaswith sign. If the populationincreases,moretimemaybe

neededto thoroughlysurveyareasthat are only cursorilysurveyednow. Flight timesareactual

timewithin thepolygon.

Polygon Area/Canyons Notes

Number

SanJacintoMountains:

west fork of PalmCanyonnorth to

Blaisdell Canyon

2 SantaRosaMountains:

CalciteMine westto Rattlesnake

Canyon
3 SantaRosaMountains:

westernSantaRosaMountains,westof

RattlesnakeCanyonto Buck Ridgeand

RockhouseCanyon
4 SantaRosaMountains:

Big Washnorth, WonderstoneWash,

TravertinePalms,andBarton,Alamo,

andsouthernSheepCanyons.
5 SantaRosaMountains:

northSheepCanyon,Martinez Canyon
6 SantaRosaMountains:

Agua Alta andToro Canyons
7 SantaRosaMountains:

Guadalupe,Devil, andBearCanyons
8 SantaRosaMountains:

Coyote,Sheep,Deep,Carrizo,andDead

IndianCanyons.
9 SantaRosaMountains:

Magnesia,Bradley, andCathedral

Canyons.

Approx.
flight time
(hours)
2.25

2.25

2.25

1.75

Areassouthof Andreasandnorth

of Chino havebeenflown less

intenselyin recentyearsdueto

lackof bighorn sheepsign. It will

be necessaryto addsurveytime if

distribution expands.

Buck Ridgeflown cursorily.

Barton,Alamo,andSheep

Canyonsflown cursorilydueto

lack of sign.

1.25

2.00

2.25

2.25

2.00

PolygonshouldincludeIndio and

EisenhowerMountains.

WesternCathedralCanyon

appearsto havebeenabandoned

recently— minimal flight time

spentwestof CathedralCanyon.

Surveysmayneedto intensify

westof CathedralCanyonproper

if thepopulationincreases.
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TableE-2. Surveypolygonsflown inbighorn sheephabitatoutsideof theSantaRosaandSan

JacintoMountains. Flight timesareactualtimewithin thepolygon.

Polygon Area PolygonDescription

Number
10
11
12
13
14
15
16
17
18
19
20

21 CarnzoCanyonarea
22 ‘‘

23 ‘‘

24 ‘‘

25 FishCreek

Mountains
26 CoyoteMountains
27 5. of Interstate8

CoyotePeak
NE side of CoyoteCanyon
SW side of CoyoteCanyon
N of CountyRd22 (MontezumaGrade)
Sof CountyRd22 andYaqui Ridge
PinyonRidgeandN side of SentenacCanyon
PinyonMts to Pinyon Canyon
SunsetMm, HarperFlats,to HarperCanyon
HarperCanyonto HapahaFlatsto Alma Canyon
Alma Canyonto FishCreekWashto Split Mm
WhalePeak(FishCreekWashto Smuggler

Cyn)
TierraBlancaMts to RockhouseCanyon
W sideCarrizoWash(to BlackwaterCanyon)
CamzoGorgeto Tule Cyn, E. to DosCabezas
E sideof CarrizoWash(N of railroadtracks)
FishCreekMountains

CoyoteMountains
DosCabezasto U.S.-Mexicoborder

Approx. flight

time(hours)
1.25
3.00
2.25
2.75
2.00
1.00
2.25
1.50
1.75
1.25
1.25

2.00
1.25
2.00
1.25
1.75

1.75
2.00

CoyoteCanyon

N. SanYsidro Mts
S. SanYsidro Mis

Vallecito Mountains

not intendedto representacomprehensivecompendiumofinformationrelatedto

bighornconservationactivities.

Surveytechniques

Thesurveycrewconsistsofthreeobserversin additionto thepilot. When

possible,thesamepilot andpoolofexperiencedobserversshouldbe usedeach

year. Thedoorsof thehelicoptershouldbe removedfor optimumvisibility. Each

polygonshouldbe flown systematicallyat 40 to 60 kilometersperhour(25 to 35

miles perhour), following topographiccontoursof 100to 150-meter(330to 490-

foot) intervals. Thepilot andtheobserversshouldnot beawareofthe locations

ofradio-collaredsheep,andtelemetryshouldnot be usedto locategroupsor

individuals. Thenumberof radio-collaredanimalsin eachsurveypolygonshould

be determinedimmediatelybeforeor during thehelicoptersurvey,by additional

personnel,usingaerial fixed-wing or groundmonitoring. Theseanimalsserveas

“marked” animalsin thecalculationofabundanceestimatesusing mark-recapture

methods(seebelow).TheGlobal PositioningSystembasestationat Anza-

BorregoDesertStateParkheadquartersshouldbe runduringtheentiresurveyso
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that GlobalPositioningSystemlocationdatacanbecorrectedby staffattheir

GeneralPlanoffice. All four individualsin theflight crew areconsidered

observers,andeachofthethreepassengersis assignedoneof thefollowing

additional tasks:(1) to monitor theprogressoftheflight on a topographicalmap,

advisethepilot of polygonboundaries,andrecordthelocationof eachobserved

sheepon themap,(2) maintainadatasheetonto which thedate,time, elevation,

groupsizeandcomposition,numberofcollaredanimals,and,possibly,

identificationof collaredanimalis recordedfor eachgroupofanimals,or(3)

recordtheflight ofthesurveyandthelocationof eachobservedanimalusinga

GlobalPositioningSystemunit. All observedanimalsshould be classifiedas

yearlingewe, adult ewe,yearlingram,ClassII ram,ClassIII ram,ClassTV ram,

or lamb (classificationsmodifiedslightly from thoseusedby Geist1971). When

possible,simultaneousdouble-countsshouldbeconductedduringeachsurvey,

following themethodsofGrahamandBell (1989),to providean additional

abundanceestimate.All sightingsof feral animalsand deershouldberecorded

duringsurveys. Thelocationandcondition ofsprings,tinajas,andotherwater

sourcesalsoshouldbe recorded.

Data Ana!yses

Populationestimatesshouldbe generatedusingestimatorssuchasChapman’s

(1951)modificationofthePetersonestimator(Seber1982),or thejoint

hypergeometricestimator(e.g.,Nealeta!. 1993). Estimatesshouldbecalculated

separatelyfor eachsexandfor thetotal population(ramsandewescombined). In

theeventthat low numbersofcollaredramspreventtheestimationofram

numbers,theramto eweratio andtheestimatednumberofewescanbe usedto

generatean estimateof adultnumbers. Confidenceintervals(95 percent)should

becalculatedusingmethodssuchasthoseofSeber(1982). Simultaneousdouble-

countdatashouldbeusedto estimatethenumberofgroupsmissedandto

generatean additionalestimateof theminimumnumberof animalspresentwithin

thesurveyedareas(GrahamandBell 1989). All reportedresults(e.g.,lamb to

ewe orramto eweratios) shouldclearlystatewhetherornot yearlingsare

included.
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Estimatesshouldbegeneratedfor theentirerange,aswell asfor individual ewe

groups. It is importantto notethat ewegroupdistribution maychangeslowly

overtime. Monitoring ofradio-collaredewesto determineewegroupstructure

will therefore,haveto be continued,andstratificationofsurveydatamayhaveto

bemodified slightly. Furthermore,ewegroupdelineationsin theSantaRosa

Mountainssouth ofHighway74 and in theVallecitoMountainsstill needto be

moreclearlyresolved.

Further considerations

Initially, a sufficientnumberofactiveradio-collaredanimalsmustbepresentin

eachportionoftherangefor usein mark-recaptureestimatecalculations. The

numberofcollaredanimalsshouldbe sufficient to achievean accuracyofplus or

minus25 percentwith probabilityof 0.05, following themethodsdescribedin

Krebs(1989)and RobsonandRegier(1964),or approximately30 percentofthe

estimatedewepopulationshouldberadio-collared. However,a“sightability”

estimatemaybegeneratedafteradditionalmultiple surveysareconducted,

therebyeliminatingtheneedto maintainthispercentageofradio-collaredanimals.

This approachwouldbeespeciallybeneficialif/when populationnumbersbecome

large.

As batteriesexpire,collarsbecomenon-functionalandtheactualnumberof

markedanimalspresentin thesurveyareabecomesdifficult to know. Only those

bighornsheepwith functionalcollarsshouldbe usedasmarkedanimals. This

approachwill requirethat bighornsheepwith “functional” collarsbe

distinguishablefrom thosewith “nonfunctional” collarsat aglance,from the

helicopter. Therefore,anaccurateinventoryof all collaredanimalsmustbe

maintainedandthechoiceofcollarandeartagcolor combinationsmustbe

consideredduringcollaringefforts. No newlycollaredanimalshouldmatch(in

collar and eartagcolor combination)an animalthat is possiblystill presentin the

field.

Within apolygon,an attemptshouldbe madeto “sweep”acrossthesurveyarea,

ratherthan flying over an areamorethanonce. This methodwill reducethe

chanceofdoublecountinganimals. Helicopteractivity at timescausebighorn

sheepto move(Bleich et a!. 1994);therefore,adjacentpolygonsshould,when
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possible,be flown consecutivelyso that groupscanberecognizedandpossible

doublecountseliminated. Theflight polygonsdelineatedin this documentwere

chosen,in part,sothatnaturalbreaksin topographyorroadwayscoincidedwith

polygonboundaries.

Datashouldbe maintainedin an electronicdataset that canbeusedby

investigatorsin thefuture. All rawdatashouldbe retained.Thatis, datashould

not besummarizedbeforebeingenteredinto adataset.

Waterhole Counts

FrequencyofCounts

Waterholecountsshouldbeconductedannually.

TimeofCounts

Countsshouldbeconductedat thesametimeeveryyearso that yearly

comparisonsofram:eweratios, lamb:eweratios,groupsize,andnumberof sheep

observedat watersourcesaremostmeaningful. In addition,countsshouldbe

conductedduring thehottestanddriesttime oftheyearto maximizethenumber

of animalscomingto drink atwatersources.Countshavetypically been

conductedduringtheJuly4thweekend,andshouldcontinueto beheldbetween

mid Juneandthefirst weekof July.

Areasto beCounted

Annual countshavebeenconductedin thesouthernpartof thepark (Carrizo

Canyonarea)during 1973 to 1982,andin thenorthernpartofthepark (San

Ysidro Mountains,CoyoteCanyon,andone site in thesouthSantaRosa

Mountains)since 1971. Countsin thesouthernportionoftheparkwere

discontinuedafter1982becauseof the largenumberofvolunteersthat were

neededto conductcountsatbothendsof theStatepark, andthecomplex logistics

oforganizingand gettingteamsset up in fairly remotecountsites.

In thepast,thenumberof sitescountedin eachareahasvariedslightly across

yearsbecauseof variationin thenumberofavailablevolunteersor unexpected

problems(for example,a fire nearcountsites). Thenumberofsitesdid not
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significantly influencethenumberofsheepcountedin eachportionofthe range

(Rubin et a!. 1998). However,an attemptshouldbe madeto keepthenumberand

locationsofcount sitesconstantduring futureyears. Priority sitesshouldbe those

that havebeencountedmostconsistentlyin thepast. Additionalor “secondary”

sitesshouldbecountedwhenadditionalvolunteersareavailable. Dataanalyses

canthenfocuson datacollectedat “priority” sites,while “secondary”sitescanbe

usedfor morecursorymonitoringofsheeppresence.

CountTechniques

Teamsofthreeto five observersshouldbeassignedto eachcountsite. Eachteam

shouldincludeatleasttwo individualswho areexperiencedat classifyingbighorn

sheepby ageandsex. At eachcountsite, theentireteamshouldbe stationedat a

locationthat allowsobservationof animalscoming to awatersource,while

minimizing disturbanceoftheanimalsor interferencewith theiruseof thewater

source.Theselocationshavebeenidentifiedby Anza-BorregoDesertStatePark

personnel.While at thesesites,observersshouldminimize noiseand movement.

Observationsshouldbe madeduring 7 a.m.to 5 p.m. on 2 consecutivedaysand 7

a.m.to 2 p.m.on thethird day. During theseperiods,observersshould

systematicallyscanall areaswithin view andrecordall sheepobservationson the

supplieddatasheet. Datato be recordedincludedate,time, temperature,group

size andcomposition,thepresenceof collaredanimals,and,if possible,the

identificationofcollaredanimals. Additionally, interactionsamongindividuals

(e.g.,breedingbehavior,lamb nursingbouts)and observationsofotherspecies

(e.g.,deer,coyotes,birds)shouldbe recorded.Thelocationofeachgroupof

bighornsheepshouldbenotedon a topographicmap.

Repeatsightingsofindividual sheepshouldbe recordedassuch,but theyshould

notbecounted.At theendofeachday, eachteamshouldreviewand discusstheir

observationswith neighboringteamssothat repeatobservationscanbe identified

andeliminatedfrom thefinal tally.

DataAnalysis

Theprimaryuseofdatacollectedduringwaterholecountsis to monitor

abundancetrends. Rubinet a!. (1998)usedcountdatato assesslong-termtrends.

In this case,linear regressionanalysiswasusedto determineif thenumberof
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ewesobservedperday showedan increasingor decreasingtrendover a periodof

10 to 26 years. If asufficientnumberofcollaredanimalsarepresentin eachewe

grouparea,abundanceestimatescanbe generatedfor someewegroups,using

mark-recapturetechniques.Lambto eweratioscanbe calculatedto monitor

reproductivesuccessofewe groups. Most lambsare3 to 5 monthsold during

waterholecountsandtheseratioswill not be directlycomparableto ratios

generatedfrom helicoptersurveys,whichrepresentlambrecruitmentto an older

(approximately6 to 8 months)age. Thereproductivestatus(lambpresentversus

notpresent)of individual radio-collaredewescansupplementobservationaldata

collectedby biologistsmonitoringreproductivepatternsofPeninsularbighorn

sheep. Ramto eweratiosshouldbegeneratedfor comparisonamongyears. The

rut typically peaksafterJuly,sotheseratios mayunderestimatetheactualramto

eweratiossincesomeramsmaynothavejoined ewegroupsyet.

Further Considerations

To makewaterholecountdataasusefulaspossiblefor future investigators,it is

importantfor teamsto determinethecompositionofeachgroupasaccuratelyas

possible.Given thegreatdistancessometimesinvolved,aneffort shouldbe made

to equipeachteamwith a spottingscopeandat leastoneindividual shouldbe

experiencedat using it to observeandclassifybighornsheep.

All newobserversmustcompleteaonedayorientationandtrainingsessionledby

Anza-BorregoDesertStateParkpersonnel.In addition,all new observersmustbe

pairedwith individualsexperiencedat classifyingbighornsheepin thePeninsular

Ranges(Bleich 1998).

Datashouldbe maintainedin an electronicdatasetfor usein thefuture. All raw

datashouldberetained.Thatis, datashouldnotbe summarizedbeforebeing

enteredinto a primarydataset.

Reinitiationofwaterholecountsin theSantaRosaMountainsshouldbe

considered.Thisapproachmayenhancetheprobabilityofdetectingrelationships

betweenaerialhelicopterdataand waterholecountdata,therebyfacilitating a

retrospectiveinterpretationof numbersof sheepin the SantaRosaMountainsin

thepast.
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APPENDIX F. RECOMMENDED CONSERVATION GUIDELINES

BACKGROUND

Bighorn sheepin thePeninsularRangesareaffordedprotectionpursuantto the

CaliforniaFishandGameCode(sections4700 asa fully protectedspeciesand

2050asa threatenedspecies).Section4700of theFishand GameCodedoesnot

allow for issuanceofpermitsor licensesto takefully protectedmammals,except

for scientificresearch,notwithstandingany otherprovisionoflaw; therefore,a

CaliforniaEndangeredSpeciesAct section2081 permitthat wouldauthorize

incidentaltakeofPeninsularbighornsheepcannotbeissued. This take

prohibition in turn limits thetypeof mitigation that canbe requiredpursuantto

theCaliforniaEnvironmentalQuality Act. Thesheepalsois listed at50 CFR§
17.11by theU.S.Fish andWildlife Serviceasanendangeredspeciesand

protectedagainsttakeat 50 CFR§ 17.21. Regulationsthatauthorizetakeunder

prescribedcircumstancesarefoundat 50 CFRParts17 and402.

TheCaliforniaEnvironmentalQuality Act requiresthat mitigationmeasuresbe

identifiedandimplementedfor any significant impactsunlessa findingofover-

riding considerationsis adopted.Section15370oftheCaliforniaEnvironmental

Quality Act Guidelinesprovidefive categoriesofmitigationmeasures:“...avoid,

minimize, rectify, reduceor compensate.”Theseforms ofmitigation are

appropriatefor bighornsheeponly to theextentthattheyavoidtakeof the

species,pursuantto Section4700 oftheFishand GameCode,andavoidtake

under50 CFR § 17.21,unlessotherwiseauthorizedby theU.S. FishandWildlife

Serviceunder50 CFR§ 17.22. Accordingly,theFishandWildlife Serviceand

CaliforniaDepartmentofFishandGameworkwith leadagenciesandproject

proponentson acaseby casebasisto identify whichforms of mitigation would be

appropnate.

OBJECTIVES

Theobjectiveof theseguidelinesis to providea setofconsistentmitigation

measuresfor projectproposalsthat do nototherwisethreatensustainablebighorn

sheeppopulationsneededfor recovery.Thesemitigationmeasuresarenot
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intendedfor projectsproposedin locationsthat would fragmenthabitator

precludeeffectivereservedesignandmanagementof thespeciesbecausethose

adverseeffectscannotbe offset. In suchinstances,theFishandWildlife Service

andCaliforniaDepartmentof Fish andGamemayrecommendadditional

avoidance,minimization, andmitigationmeasuresto ensureagainstthe likelihood

of significantadverseeffectsthatwould impingeon takeandjeopardythresholds.

Throughpropercoordination,our agencieswill assistlocal, State,andFederal

governmentsin identifyingwhethertheadverseeffectsofprojectproposalscanbe

mitigatedto a level of insignificance,basedon project location,size,andpotential

for indirecteffects,which typically aretheprimarycriteriainfluencingthetype

andseverityof impact. Theseguidelinesmayrequirefuture modificationbased

on theavailability ofnewinformationon threats,ecologicalrequirements,species

status,etc.

CONSERVATION MEASURES

I. HABITAT COMPENSATION: Acquisitionof off-site habitatmaybe

appropriateto offsetanyresidualeffectsafterapplicationofappropriateavoidance

andminimizationmeasures.For projectsadjacentto bighornsheephabitatthat

provide infrastructureto supportlargerhumanpopulations,habitatcompensation

is generallyappropriatebecauseof theconsequentincreasedlevelsofhuman-

relateddisturbancein adjoiningopenspace.Thecumulativeeffectsof human

disturbancemaybemitigatedby acquisitionofsheephabitatthatwould otherwise

bevulnerableto futuredevelopment.Projectsadjacentto sheephabitatthat do

not resultin indirecteffectsto adjoiningsheephabitatgenerallylackamitigation

nexus.

To maintainsustainablesubpopulations(ewegroups),compensationhabitat

shouldbe acquiredwithin therangeof theaffectedewegroupandat an elevation

comparableto the impact. Bighorn sheepin thePeninsularRangesaremainly

threatenedby habitatlossatlower elevationsthat provideuniqueresources

unavailablefartherup themountainslopes. Therefore,lossof uniqueor limiting

resourcesat lower elevationscannot beoffsetby conservationof different

resourcesassociatedwith habitatsat higherelevations.
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Habitatacquisitionpromotessurvivalandrecoveryby reducingthepotential

futurelossofbighornsheephabitatthroughpermanentprotectionofland

currentlyavailablefor development.Amount of compensationwill bedetermined

on acaseby casebasisbecausetheeffectsof individual projectsarevariable. A

managementendowmentshouldaccompanyall acquiredlandsso that the

responsiblepublic agencyhastheability to effectivelymanageconservedlands.

II. FENCING: Fencingalong theurbaninterfaceprovidesabarrierthat separates

bighornsheepfrom urbanizationthreats(e.g.,diseaseandmortalityassociated

with toxic plants,traffic, parasites,irrigatedlandscapes,pesticides,etc.). Fencing

alsocanhelpmitigatetheadverseeffectsof incompatiblelandusesadjoining

sheephabitat. For example,fencingcontrolshumanaccessintohabitatthat may

otherwiseconflictwith managementobjectivesto minimizehumandisturbance,

especiallyduringsensitivetime periods,suchaslambing. Landusesalongthe

habitatedgeshouldbe designedto not introduceadditionalhumandisturbance.

Recreationalaccessshouldbe providedonly whereaccessis coordinatedwith

naturalresourceagenciesand is consistentwith managementobjectivesin the

regionaltrails plan. Fencingdoesnot offset theeffectsof habitatlossand should

be locatedalongtheedgeandnot within sheephabitat.

A. Fencingshouldbe mandatoryfor anynewdevelopmentin or

adjacentto sheephabitat,wherebighornsheephavebegunormay

beginusingurbansourcesof foodand water.

B. Fencesshouldbe 2.4meters(8 feet)high,chain-linkor functional

equivalent.

C. Fencesshouldnot containgapsin which sheepcanbeentangled

[gapsshouldnotbe largerthan 11 centimeters(4.3 inches)].

III. TOXIC PLANTS: Landscapeplantscancausesicknessor death. Only local

nativeplantsshouldbeusedalong thewildland interface.Known andpotential

toxic plantsshouldnot be usedin areasaccessibleto bighornsheep.Ornamental

plantscurrentlyknownto betoxic to sheepincludeoleander,Prunusspecies,and

plantsin thenightshade(Solanaceae)family.
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IV. LAMBING SEASONAND HABITAT RESTRICTIONS: Seasonal

restrictionsduring this periodminimize impactsto bighornsheepata critical

stageoftheir life cycle. Lambinghabitatis oftenemphasizedbecauseof the

sensitivenatureandbehaviorofewesandlambs. Lambinghabitatcomprises

thoseareasusedfor breeding,sheltering,andnurturingof lambsup to thetime of

weaning,includingthoseareasoccupiedbyewes1 monthbeforegiving birth.

Thoughthelambingseasoncanspanthemajority ofthecalendaryear--fromlate

winterthroughsummer,January1 throughJune30 encompassesthemajorityof

the lambingseason.Trails that traverselambinghabitatshouldbe managedduring

this periodorrelocatedoutsideof sensitivehabitatareas.

V. SUMMER WATER SEASON: Availablewatersourcesduringsummer

monthsarehighly restrictedandbighornsheeparevulnerableto disturbancein

theseareas.If summerrainsfail, watermayremainscarceuntil thefirst winter

rains. Accordingly,interagencycooperationwill beneededto adapttrails

managementprescriptionsto thewaterrequirementsofbighornsheep.Public

education,signage,rangers,andotherformsofmanagementshouldbe providedat

appropriatelocationsto controlaccessduring this period.

Title 14 ofthePublicResourcesCode,Section550(b)(1)andSections630(b)(l I)

and(30) restrictsaccessto waterholeson Statelandsin the SantaRosa

Mountains. Closureperiodsarefrom June15 to September15.

VI. WATER FEATURE DESIGNSPECIFICATIONS: Any artificial water

features(e.g.ponds,lakes) in areasadjoiningbighornhabitatshouldbe designed

to precludeshallow,vegetatededgesthat providebreedinghabitatfor Cu!icoides

midges,an invertebratediseasevector forbluetonguevirus. Waterbodiesshould

bedesignedwith steepsidesanddepthsat least0.6 to 0.9 meters(2 to 3 feet)

alongtheedge[see: Mullens,B. A. 1989. A quantitativesurveyof Cu!icoides

variipennis(Diptera: Ceratopogonidae)in dairywastewaterpondsin southern

California. J.ofMedical Entomology26(6):559-565;andMullens,B. A. andJ.

L. Rodriquez. 1990. Cultural managementof bluetonguevirus vectors. Calif.

Agriculture44(l):30-32].
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WILDLIFE AGENCY RECOVERY AND MANAGEMENT

RESPONSIBILITIES

AUGMENTATION: Augmentationis apotentialrecoverytool thatis addressed

within thecontextoftherecoveryplanandwould be useduntil a self-sustaining

populationis established.Thereleaseofcaptiverearedor translocatedwild

animalsto establishnewpopulationsor supplementsmallpopulationsarenot

acceptablemitigationmeasuresbecausetheydo notcompensatefor thepermanent

lossofhabitatorensurethecontinuedviability of habitatto supportself-

sustaining,wild populations.

PREDATORCONTROL: Predatorcontrol is apotentialmanagementtool

availableto theFishand Wildlife ServiceandCaliforniaDepartmentofFishand

Gameto addressspecificsituations.Bighorn sheepareadaptedto survivenatural

levelsofpredation,drought,disease,competition,etc.,whichdo not pose

problemsin properlyfunctioningecosystems.Becausepredatorcontrolis a

temporarysolutionto remedyashort-termproblem,it doesnot constitute

mitigation for thepermanentlossofsheephabitat.
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APPENDIX G. RESPONSETO COMMENTS

The following issuesareacompilationof all substantivecommentsreceivedby

theFishandWildlife Servicefrom technicalreviewers,agencies,andthepublic,

which werenot otherwiserespondedto by directly incorporatingchangesinto the

text ofthefinal recoveryplan. Theissuesareorganizedby generalsubjectmatter.

LEGAL ISSUES

Issue.~ Designationofessentia!habitat i!lega!lv usurpsauthorityover local !and

usep!anningby imposingprohibitionsonprivatepropertyandmandating

erectionoffences.Ident~fyingprivate!andsfor protectionwithout committing

Federa!fundingor conservationincentivesexposes!oca!governmenttoproperty

taking lawsuitsbecausecities andcountieslackthewherewithalto cooperatein

implementationoftheplan. To avoidrepresentinga moratoriumonfuture

deve!opment,can somedeve!opmentin essentia!habitat goforwardif adequately

mitigated,and fso, whatcriteria or standardswouldbe used?

Response:Essentialhabitat(in contrastto critical habitat,discussedbelow) is a

nonregulatoryindicationofthoseareaswebelieveto beimportantto the

conservationof bighornsheep.Themapis intendedto provideinformationthat

canadvanceconservationefforts throughtheactivitiesof otheragenciesandthe

public. By sharingbiological information,we intendto promotepublic policy
decisionsthat balancetheconservationneedsofbighornsheepwith other

competinglanduses.As such,thedesignationofessentialhabitatdoesnot affect
thediscretionof local andStategovernmentsor privatelandownersoverlanduse

decisions. Given thebiological importanceofthehabitatto recovery,limited

developmentcouldoccurin essentialhabitatif adequatelymitigatedanddesigned

to be compatiblewith bighornsheeprecovery. Furthermore,the identificationof

areaswith biological importancecan provideawider rangeofpotential landuses

that generateeconomicopportunity. For example,localgovernmentsandprivate

landownerscanstructureeconomicincentivesto conservebighornhabitatby

creatingprogramswherebydevelopmentsin otherareascanprovideasourceof

incometo landownerswith habitatof higherconservationvalue. This mitigation

bankconcepthasgainedwidespreadacceptancein numerousotherareaswhere
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localgovernmenthascreatedamitigation nexusthatavoidspropertytaking

lawsuitsandpromotesregionalhabitatconservationplanning.

Issue: MembershipoftheRecoveryTeamandpeerreviewteamconsistsof

individualswhoselivelihooddependsonfunding,permits,andrecommendations

from theStateandFederalgovernment.Therefore,theseindividua!s are

reluctantto voicecriticismswith therecoveryplanningprocessforfear of

retribution. In addition, authorsofthedraft recoveryplan standto gain

financially bycreatingan opencheckbook/cashcowwith questionableresearch

projectshavingno accountability.

Response:At ourinvitation, membersagreedto participateon theRecovery

Teamfor thepurposeofprovidingscientificadviceto theFishandWildlife

Serviceandcooperatingagencies,includingassistancein developingand

implementingtherecoveryplan. Thedraft recoveryplanwas largelywrittenby
teammemberswho providedtheinformation andopinionsneededto completea

draftplan. Thoughconsensuswasachievedon mostissuesaddressedby theteam,
weandcooperatingagenciesjudgedhowbestto incorporatevariousviewswhere

full agreementwasnot reached.Manyof theresearchtopicsrecommendedin the

recoveryplanareareflectionofscientificquestionsthat remainunresolved.Any

funding to addresstheseresearchneedswill bedirectedon a competitivebasisto

thebestqualified individualsavailable. Fundingandpermittingactionsby usand

cooperatingagencieshaveandwill follow applicablelawsandregulationsthat

ensureagainstpreferentialtreatmentandcapriciousbehavior. RecoveryTeam

membersarenotdependentupontheFishand Wildlife Serviceor the listing of

bighornsheepfor their continuedlivelihood. Membersareunderno obligation

whatsoeveranddo notenjoyeconomicbenefitfor theirvoluntaryparticipationon

theRecoveryTeam.

Issue: Unduerelianceon unpublishedinformationfails tojustify thespendingof

$16Mevery5yearsfor severaldecades.Theconclusions,recoverycriteria, and

habitat mappinglackcredibility dueto their relianceon over 100 unsupported

citationsand thatunderlyingdata wereintentional4’ withheldfrompublic review.

Thepublic hasa right to inspectall theunpublishedinformationcited in thedraft

plan as an aid to provideinformedcomments;therefore,thepublic comment
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periodshouldbe extendeduntil after thesedatahavebeenmadeavailable.
Followingtheresponseto all commentsandcorrectionofmanydeficiencies,the

draft recoveryplan shouldbe circulatedagainfor public review.

Response:Thedraft recoveryplan wasbasedon thebestavailabledata,which

includespersonalexperienceofcredibleresearchers.Unpublishedinformation

cited in thedraft recoveryplanwasdocumentedandcompiledprior to completion

of thefinal recoveryplanandhasbeenavailablealongwith publishedpapers,for

public inspection.Any factsor interpretationsbasedon unpublishedinformation

cited in thedraft recoveryplanfor whichdocumentationcouldnot be obtained
havenot beenincludedin thefinal recoveryplan. Justificationfor research

recommendedin therecoveryplanwasnotbasedon citedunpublished

informationbuton consensusrecommendationsoftheRecoveryTeamand

concurrencebythecooperatingagencies.Uponreassessingtherelative

importanceof theunpublishedinformationcitedin thedraft recoveryplanto the

findings andconclusionsin therecoveryplan,wehavedeterminedthat the

unpublishedinformationunavailablefor review in thedraft recoveryplandid not

materiallyaffect any significantfindingsor recommendationsin thefinal recovery

plan. As aresult,weelectedto not reopenthepublic commentperiod. In

responseto any substantivecommentsreceivedafterreviewofthe unpublished

information,therecoveryplanmaybe appended,revisedorupdated.

Issue: Therecoveryplan is toogeneralto meetthespec~ficcriteria at 16 U S.C.
1533(1). Theunusablescaleoftheessentialhabitatmapwasintentionallyvague

andfails to meetthesitespeqficstandardsfor describingmanagementactions

necessaryfor recovery.

Response:Section4(f) oftheAct requiresthatrecoverycriteriabemeasurable

and sitespecific,with estimatesofassociatedtimeframesand costs.We believe

that theserequirementshavebeensatisfied. Thescaleofthedraft essentialhabitat

mapin thedraft recoveryplanwasdesignedto portrayaspecificconceptoutside

and alongtheurbaninterfacebasedon bighornhabitatrequirementsand

principlesofconservationbiology. Thedraftmapwasdesignedto elicit input

from interestedpartiessothat thefinal mapcouldbestreflect theconcernsof

local interests.Weelectednot to depictdraft essentialhabitatin thedraft
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recoveryplanat aparcelspecific scalebecauseit would haveengendered

unnecessaryand unproductivecontroversyandsuggesteda predetermined

outcome. We schedulednumerousmeetingswith all local jurisdictionsandmajor
landownersto refinetheboundariesalongtheurbaninterface. As described

belowundertheEssential/CriticalHabitatsection,consensusamongFederal,

State,andlocal governmentswasachievedalongthemajority oftheurban

boundary.

Issue: A recoveryplan is unnecessary~fbighornsheepin thePeninsularRanges

aresynonymouswith theNelson‘s subspecies.

Response:Section4(f) of theAct requirespreparationofrecoveryplansfor listed

specieswheneverprudent. This commentimplies that bighornsheepin the

PeninsularRangesdo not comprisean entitythat canbe listed undertheAct.

Pleaserefer to theFederalRegisterNotice,datedMarch 18, 1998,aswell as

sectionl.A. 1. of therecoveryplan,for a discussionof theapplicability ofour

policy on implementingtheAct’s provisionsfor listing distinct vertebrate

populationsegments.

Issue: The Fish and WildlfeService‘s authorityandintendeduseofthe
“RecommendedConservationGuidelines” in AppendixF is notapparent.

Furthermore,theguidelinesappearintendedto restrictthepowerandoverride

thelegislativeauthorityof leadagencies.

Response:TheFishandWildlife ServiceandDepartmentofFish andGame
preparedtheseguidelinesto assistlocal governmentsin theirimplementationof

theCaliforniaEnvironmentalQuality Act andlandusedecisionmaking,not to

usurpthediscretionof othergovernmentalagencies.It is ourintentionto provide

consistentguidanceasearlyas possiblein thedecisionmakingprocesssothat (1)

ourrecommendationsdo not comeasa surpriselater on in theplanningprocess,
and(2) projectscanbedesignedto accommodatethehabitatrequirementsof

bighornsheep.
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PROCEDURALISSUES

Issue: Thebibliograpiwcontainsmanyblanksfor theauthorsnames,indicating

that suchinformationcannotbe relied upon.

Response:Theblanklines in placeof thenameofanauthoris a bibliographic

conventionthat indicatesthesameauthorasfor theprecedingreference.In the

final planthebibliographicformat hasbeenrevisedto show full references.

Issue. The recoveryplan shoulddescribehow thepublic will trackagency

implementationofrecoverytasks,be involvedin prioritizing lands to be acquired,
beinvolvedin futuremodificationsto recoverycriteria, commenton land

exchanges,etc. Similarly, thedraft recoveryplan did not ident~fr how entities,

suchaslocalgovernment,wereexpectedtofulfil! assignedtaskresponsibilitiesin

theImplementationSchedule.The recoverytasksoften lacksitespec~cityanddo

not ident~fyapplicablemechanismsor responsibleentitiesfor implementingthe

tasks. For example,thehabitatprotectionobjectivefor task1.1 doesnot describe
who, how, or wherethe action wouldbecompleted.As a result, affectedparties

havebeenpreventedfromprovidingmeaningfulreviewoftherecoveryplan.

Response:Thepublic cantrackimplementationby communicatingdirectlywith

theagenciesassignedto implementspecific tasks. Progressandupdatesshould

be incorporatedinto thepublic educationandoutreachprogramsrecommendedin

therecoveryplan. Thepublic mayalsotracktheextentofappropriations

allocatedby legislativebodiesasan indicationof agencycapabilityfor

implementingtherecoveryplan. Local governmentsshould interprettherecovery

plan asguidancefor contributingto therecoveryprocess.Manyoftheprovisions

in therecoveryplan shouldbeimplementedthroughtheregionalhabitat

conservationplansponsoredby theCoachellaValley Associationof

Governments.Thisplanrepresentsastakeholdersgroupthatprovidesan

opportunityfor involvementby all interests.Any of therecoverytasksthat apply

to respectivejurisdictionsshouldbeviewedasan opportunityto cooperatively

participatewith otheragenciesin thecommongoalofbighornsheeprecovery.
We encouragelocal governmentsto usetheir applicableauthoritiesfor

conservation/managementofopenspacein thefurtheranceofbighornrecovery.
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Participatingagenciescanprovidemoredetailedguidanceon therolesand

responsibilitiesof local governmentascasespecificquestionsarise. If the

recoveryplan is updatedorrevisedin thefuture,thepublic will be givenanother

opportunityto commenton theplan.

Issue: The recoveryplan shouldcontain an economicimpactanalysisto estimate

thecostsofrecovery. The total estimatedcostsofrecoveryimplementation

shouldbedeterminedandprovidedto thepublicfor commentbeforethe recovery
plan is approved. Projectedfundinglevelsfor monitoringappearinadequate;~fa
long-termmonitoringprogram is needed,whyarecostsprojectedfor only 5

years.

Response:Thoughaneconomicimpactanalysisis notrequiredby law or

regulation,section4(f) oftheAct requiresan estimateofcoststo achieve

recovery.We haveprojectedtotal costsbasedon aroughestimateof 25 yearsto

recovery,with moredetailedcostestimatesfor thefirst five years. Certaincosts

aredifficult to estimateaccuratelywithout detailedscopesofwork, realestate

appraisals,etc. As aresult,cost estimatesin theImplementationScheduleshould

be viewedasapproximationsthat inform thepublic andparticipatingagencies

abouttheresourceestimatesnecessaryto achievetherecoveryobjectivesofthe

recoveryplan.

Issue: The recoveryplan shoulddescribethestudyareasfor all research

conductedin thePeninsularRanges.

Response:Thereadershouldreferto thereferencescited to obtainmoredetailed

informationon thestudymethodsof literaturecited in therecoveryplan. The

purposeofthis recoveryplan is not to compileandsummarizeall research

conductedin theareaat issue.

Issue: Relianceuponforthcomingplanningefforts,suchas theCoachellaValley

multispeciesplan to addressimmediatebighornsheepconservationneeds,

unnecessarilydefersactionsneededto avertthenear-termrisk ofextinction.
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Response:Wearenot awareof anysuchdeferralsandintendto useour legal
authoritiesundersections4 (designationofcritical habitat),7 (interagency

consultation),and 10 (habitatconservationplanning)wheneverappropriateduring

the interim periodwhile theCoachellaValleyplan is in preparation.

Issue: The recoveryplan shouldcritically examinepastmanagementmistakesso

that theyarenotrepeatedin thefuture.

Response:Muchoftherecoveryplanreflectson thepast(e.g.,sectionI.D) and

looks to thefuture (e.g.,sectionII.D). ManyoftheRecoveryTeammembers

havemanyyearsofexperiencein thePeninsularRangesand,therefore,havea

solidhistoricalperspective.A focused,intensivehistoricalinquiry likely would

resultin arguableconclusionsofdubiousmerit thatcould adverselyaffect current

interagencycooperation.Thepurposeofrecoveryplansis to assessthecurrent

situationwith aview towardsfuturefeasibilityof implementingneeded

conservationactions.

Issue: Manyofthetableswerenot asdescriptiveastheycouldhavebeen

because(1) thetablesexcludedpotentiallyavailabledata,suchasfromyears

beforeor after thosepresentedin thetables,and (2) statisticalanalyseswerenot

conducted.

Response:In someinstances,morerecentdatawerenot available;in othercases,

datafrom earlieryearswerenot comparablebecauseof differentdatacollection

methodologies;andin othercircumstances,availabledatahavenot yetbeen

compiledand analyzed. In mostinstances,statisticalanalyseswerenot included

becausethis informationwasprovidedin thereferencescitedandbecausethe

purposeof recoveryplansis moreinformativeandprescriptivethananalyticaland
quantitative.

Issue: The recoveryplanshoulddiscussthefinancialsituationoftheBighorn

Institute,along with a detailedcritique ofoverall operations.

Response:Financialissuesassociatedwith theBighorn Institutearenot aconcern

oftheFishandWildlife Serviceorcooperatingagencies.Overalloperations
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regardingresearchandcaptiverearinghavebeenthesubjectofannualreviewsby

theCaliforniaDepartmentof FishandGameprior to Federallisting andnow fall

underthepurviewofsection10(a)(1)(A),not section4(f) oftheAct.

Issue: A repositoryfor all data collectedon bighorn sheepshouldbe createdand

madeavailable to thepublic at large.

Response:Creationof sucharepositorywould notbepossibleunlessagencies
andresearchersdonatedproprietaryinformationandpersonalproperty. The

conceptposesnumerouslegal,economic,andadministrativeissuesthatexceed

ourauthoritiesandthoseofcooperatingagencies.

Issue: NumerouscommentsrequestedtheFish and Wildl~fe Serviceand

cooperatingagenciesto conductadditionalresearchandfurther analyzedata not

in theirpossessionbeforeissuinga recoveryplan.

Response:TheAct’s mandateto usethebestavailableinformationdoesnot

requireusto conductadditionalresearchorobtainunavailabledataasa

prerequisiteto preparingandcompletingrecoveryplans. A courtstipulated

settlementagreementrequiredcompletionoftherecoveryplanunderan

establishedschedule.

Issue: The draft recoveryplanfocusesexcessivelyon habitat conservation

insteadofpopu!ationrecovery;thevariousproblemsshouldbedealt with in

orderof importance.

Response:As describedin thedraft andfinal recoveryplans,multiple, apparently

cumulativefactorsaredepressingpopulationlevels,with contributingcauses

differingamongewegroups. Therelativeimportanceof factorsaffecting

reproduction,recruitment,andadult survivalarepoorly understoodin someewe

groups,thoughintensivelystudiedin others. Thesecomplexitiesmakeit difficult

to determine relativeimportanceandmanagementpriority. Therefore,wehave

andwill addressconcurrentlyall probablefactorsaffectingindividual ewegroups

to theextentpossible. If thehabitatbaseuponwhich bighornsheepdependis not
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protected,sufficient spacewill not be availableto support“recovered”population

levels.

Issue: The Fish and Wildlife Serviceshouldlist credentialsofRecoveryTeam

members.

Response:By practiceand for consistency,we do notprovidethis information

regardingteammembers.Memberswereselectedfor a varietyofskills and

experiencesthatmaynot beapparentfrom briefsynopses.

Issue: The Fish and Wildl~feServicerejected,without explanation,many

commentsprovidedbyRecoveryTeammembersthemselves.Disagreements

within theteamshouldbe discussedin therecoveryplan.

Response:Thevariousviews heldbymembersof theteamwerediscussedopenly

at team meetings until a consensusemerged. Various iterations, including the
final recoveryplan,havebeenreviewedmultiple timesby teammembers,andall

commentshavebeenincorporatedinto therecoveryplan directlyoraftergroup

discussionwherefurtherconsiderationwaswarranted.We areunawareofany

significant scientificdisagreementwithin the teamregardingthecontentofthe

recoveryplan. Regardless,theFishandWildlife Serviceandcooperating
agenciesassumeultimateresponsibilityfor therecoveryplan,inasmuchas

RecoveryTeamsfunction asexpertadvisorsto theFishand Wildlife Service.

Issue: Thepeerreviewprocessofthedraft recoveryplanwasflawed,failed to

addressall the issuesraisedandtofollow academicprotocol,and therefore,

shouldnot be referredto aspeerreview. The draft recoveryplan misleadsthe

public into thinkingthat thepeerreviewersendorsethedraftplan.

Response:Thepeerreviewprocessreferredto in thedraft recoveryplan

representedseparatetechnicalandagencyreviewsprior to public releaseandwas
not intendedto follow academicprotocols. Thoughmostofthecomments

receivedby thetechnical(peer) reviewerswereaddressedin thedraft recovery

plan,thedraft recoveryplandid notclaim that thereviewersnecessarilyagreed

with or endorsedtheplan. TheRecoveryTeamandFishandWildlife Service
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haveincludedandaddressedin this list of issuesand responsesall substantive

commentssubmittedby technicalreviewersnototherwiseincorporatedinto the

draftor final recoveryplans.

Issue: Researchtasksin therecoveryplan shouldidentifytestablehypotheses.

Response:TheRecoveryTeamis not aresearchteam;therefore,thisrecovery

planrepresentsa generalstrategyfor recoverythat identifiesmajorresearchtopics

that shouldbepursued.It wouldnot be appropriateto proposevarious

experimentaldesignsandhypothesesat this time becausetheadditionallevel of

analysisrequiredshouldmoreproperlyoccurwhendetailedresearchproposalsby

individual researchersareprepared.

Issue: The RecoveryTeamshouldincludea trainedlanduseplannerto improve

theeffectivenessofcoordinatingconservationactivitieswith localjurisdictions,

suchasthecities and counties.

Response:Oneofthe currentRecoveryTeammembershasan extensive

backgroundin landuseplanning,havingworkedin that capacityfor numerous

jurisdictionsfor manyyears. In addition,severalothermemberswork routinely
with local governmentin landuseplanningmattersandhaveathorough

understandingoflegalandproceduralrequirementsneededto coordinateeffective

interagencyconservationprograms.

ESSENTIAL/CRITICAL HABITAT ISSUES

Issue: All localjurisdictionsshouldbeextendedthesameopportunityasthe

Indian tribes in determiningessentialhabitatboundaries. Failure to do sowill

doomtherecoveryplanningeffort.

Response:FederallyrecognizedIndiantribesenjoy aspecialrelationshipandtrust

privilegesundernumerousexecutive,legislative,andjudicial mandatesnot

extendedto non-Tribalentities. Nonetheless,within thecontextoftheCoachella

Valley multispeciesplanningprogram,the FishandWildlife Serviceand

CaliforniaDepartmentofFishand Gameconvenednumerousmeetingswith city
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andcountygovernmentsto discussandrefineessentialhabitatboundariesin a

processsimilar to that usedwith thetribes. TheFishand Wildlife Service,

Departmentof FishandGame,andlocaljurisdictionsachievedagreementalong
virtually theentireurbanboundaryexceptfor aboutsix proposedprojectsites.

TheFishandWildlife ServiceandDepartmentof FishandGamewill attemptto

resolveresidualdifferencesfor eachoftheproposeddevelopmentsthrough

individualregulatoryactions.

Issue: Thesuggested20percentslopedelimitinglowerelevationalboundariesin

mostcasesliesbelowthe213-meter(700-foot)lower elevationlimit described

elsewherein therecoveryplan asthe lowerelevationallimit ofsheepdistribution.

Theessentialhabitat line shouldbesetalongthe213-meter(700-foot)elevation

contourfrom PalmSpringsto La Quinta, which wouldavoidlambingand
wateringareasandprovideopportunitiesfor unrestrictedhiking. Essential

habitatshouldnotextendonto thevalleyfloorfarther than existingwildernessor

theproposedNationalMonumentboundary. The mapappearsto representa no

growth effort that wouldextortextrememitigationfrom developers.

Response:The213-meter(700-foot) lowerelevationallimit ofsheepdistribution

typically correspondsto theurbaninterfaceatthenorthernendoftheCoachella

Valley,whereasin the southernendof thevalley,the urbaninterfaceoccursalong

lowerelevationalcontours. As describedelsewhere,sheepin thePeninsular

Rangesareadaptedto surviveat lowerelevationsanddependon lowerelevational

slopesand alluvial habitatsfor importantresources.Theextentof suitablehabitat

is influencedby soils, aspect,andothertopographicfeaturesthat do not

necessarilycorrespondwith fixed elevationcontourlines,orwildernessand

proposedmonumentboundaries,whichwereestablishedfor avarietyofreasons
apartfrom thehabitatneedsof bighornsheep.

Issue. Habitat compensationshouldnot be requiredfor developmentadjacentto

sheephabitat becausedevelopmentofthesefragmentedareaswouldnot affect

sheep.

Response:Mostoftheproposeddevelopmentalongtheurbaninterfaceoccurs

within, ratherthanadjacentto, sheephabitat. As discussedin therecoveryplan,

231



bighornsheepin thePeninsularRangesspendmuchoftheir time at lower

elevations,whereotherwisescarceresources,suchasfoodandwater,commonly

occur. Flattertopographycontainsmoreproductivealluvial soils that support

morediverseandnutritional foodsourcesthanoccursonsteeper,rockierslopes.

Thoughalluvial habitatsaremorefragmentedby urbandevelopment,these

smallerpatchesstill supporthabitatvalue,thoughmuchreducedfrom historical
conditions. Developmentofhabitatfragmentsalsoindirectly affectssheepby

supportingalargerhumanpopulationthat increasestheamountofdisturbancein

adjoiningsheephabitat. As long assuitablehabitatconditionsexistwithin the

historicalrangeofthespeciesanddevelopmentresultsin indirectadverseeffects

to sheepin nearbyhabitat,local governmentshaveamitigationnexusunderthe

CaliforniaEnvironmentalQuality Act. Mitigationmeasurescanbedesignedto
conservelargerpatchesofcomparablevaluehabitatby requiringoffsite habitat

replacement,therebycontributingto theconservationofsheepevenif smaller

habitatfragmentsarepermittedfor development.To contributeto recovery,we

recommendthatlocal governmentsconsideroffsite habitatreplacementfor

permitteddevelopmentofresidualhabitatsbetweenthe essentialhabitatboundary

and800 meters(2,624feet)from toeof20 percentslope.

Issue: Proposeddesignationofessentialhabitat requiresadequatelegal noticeto

landownersin thevicinity ofhabitatproposedfor conservationsothatan

opportunityto commenton theproposalisprovided. Thepublic commentperiod

shouldbeopenedindefinitelyuntil essentialhabitat is displayedon detailed

aerialphotographyandhasbeenmadeavailablefor public comment.A more

detailedmapofessentialhabitat thenshouldbeprovidedfor public comment

beforetherecoveryplanis completed.

Response:TheFishandWildlife Servicebroadlyannounceda45-daypublic

commentperiodon thedraft recoveryplan(64 FR 73057;December29, 1999),

which wasextendedan additional weekasaconvenienceto thepublic. This

noticingprocessfulfilled all legal requirements.As describedabove,theFishand

Wildlife Servicecoordinatedwith affectedinterestsin solicitinginput and

promotingdiscussionto achieveconsensuson theessentialhabitatboundary.
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Issue.Thedraft recoveryplan doesnot adequatelydescribetheimportanceofthe

Mount SanJacintoStateParkto sheeprecovery.

Response:Theparkis largelylocatedabovetheelevationwherebighornsheep

normallyoccur.

Issue.~ Theessentialhabitatmapshouldmodelfoodandwater resourcesaswas

donefor physiography.

Response:Foodandwaterresourcesgenerallyaretoo dynamicto quantify

becausetheirdistributionis a functionofunpredictablyvariablerainfall patterns.

For example,randomlyoccurringthunderstormsdo notprovideuniformly

distributedmoistureregimensthroughoutsheephabitatbut ratherresult in

localizedgreen-upfollowing high intensity, shortdurationprecipitationevents.

Sheeptypically respondto thesesporadiceventsby exploitingephemeralsources

offood andwater. Patternsofsheepdistributionrelativeto perennialwater

sourceshavebeenanalyzedanddiscussedin AppendixB.

Issue: The draft recoveryplan didnot identify thespec~ficprojectspreviously

approvedbytheFishand Wildl~feServicethatwouldbeexcludedfrom areas

mappedasessentialhabitat. Essentialhabitat shouldbe designatedon areas

previouslyapprovedby theFish and Wildl~feServicefor developmentWscient~fic

data indicatetheseareasshouldbepart ofcritical habitatfor recovery. Essential

habitatshouldincludenotyetconstructedprojectsthathavebeenpreviously

approvedbytheFish and WiIdl~feServicebecausetheseareasareneededfor
sheeprecovery.

Response:TheFishandWildlife Servicecompletedsection7 consultationon the

Ritz-CarltonGolfCourseandMiradadevelopmentprior to releaseofthedraft
recoveryplan,and completedsection7 conferenceson theJimenezPit, Cahuilla

ZoneReservoir,and Shadowrockprojectsprior to listing. TheFishandWildlife

Serviceandprojectproponentsagreedto reconfigurationofprojectdesignsand

otherconservationmeasureson theformer four projects.Agreementon thelatter

projecthasnotbeenachievedandtheaffectedareais consideredessentialhabitat
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unlesstheprojectis reconfiguredto beconsistentwith thesection7 conference

opinion.

Issue: Critical habitatshouldbe designatedevenfit divulgeslocationsand

consequentlyexposessheepto harm.

Response:On July 5, 2000,theFishandWildlife Servicepublishedaproposed

rule (65 FR 41405)to designatecritical habitatundera separateprocesspursuant

to arecentsettlementagreementwith theplaintiffs who challengedournot

prudentfinding that accompaniedthe listing. This topic wasdiscussedin the

proposedrule.

Issue. Therecoveryplanshoulddescribetherelationshipofessentialhabitat and

critical habitatfrom a regulatoryandproceduralperspective.

Response:Thoughthetwo designationsaresimilar in theirfocuson defining

future survivalandrecoveryneeds,theydiffer significantly from aregulatory
perspective.Forpurposesofthis plan,essentialhabitatis an informative

designationintendedto providescientificguidanceto cooperatingagenciesand

thepublic, while critical habitatis statutorilydefinedwith implementing

regulations that govern Federal agencyactivity. Critical habitat receives
protectionundertheAct throughtheprohibitionagainstdestructionoradverse

modificationofcritical habitatasset forth undersection7 oftheAct with regard

to actionscarriedout, funded,or authorizedby a Federalagency.Asidefrom the

protectionthat maybeprovidedundersection7, theAct doesnotprovideother
formsofprotectionto landsdesignatedascritical habitat. Critical habitat

designationdoesnot imposeany restrictionsto activitieson privateor othernon-

Federallandsthat do not involve aFederalpermit,authorization,or funding. The

processfor designatingcritical habitatis distinct from theprocessfor completing

therecoveryplan. A proposalto designatecritical habitatfor thePeninsular

bighornsheepwaspublishedin theFederalRegisteron July 5, 2000(65FR
41405). Theessentialhabitatmappedin therecoveryplanhasthesameboundary

astheproposedcritical habitat,with slightdiscrepanciesintroducedby a legal

descriptionfor critical habitatalongboundariesimposedby a

township/range/sectioncoordinategrid.
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Issue: Undevelopedbutfencedpropertyshouldnot be mappedasessential

habitat.

Response:Areasthatcanbeenhancedorrestoredareincludedasessentialhabitat

if theyarenecessaryfor recovery. Fencingoftendoesnot establishan effective

movementbarrierto sheep,thoughit cancauseentanglement,injury, anddeath.

The Fishand Wildlife Serviceadvisesthat fencesconstructedto excludebighorn
sheepcouldresultin takeif built atthewronglocationor improperlydesigned.

Issue: The recoveryplan shouldprovidemorespec{fic guidelinesto local

jurisdictionsfor conservinghabitat andreducingtheeffectsofurbanization. For

essentialhabitat to beeffective,therecoveryplan shouldprovideguidanceon

futureregulation oftakeundersections7 and10 oftheAct, which should

spec(17callyprohibit authorizationoffuture takef ewegrouppopulation levels

drop belowpredeterminedthresholdsand/orpopulationsincreaseto a point

suggestingprogresstowardsrecovery. For example,thethresholdapproachused

for predatormanagementalso couldbeappliedto habitatloss.

Response:AppendixF wasdesignedto providegeneralguidelinesthatwould fit

mostprojectsin oradjacentto sheephabitat. Morespecific guidelineswouldbe

difficult without acaseby caseanalysisof individual projects.TheFishand

Wildlife Servicecannot userecoveryplansto predeterminefuture regulatory

decisionsundersections7 and 10 becausetheAct did not envisionrecoveryplans

asaregulatorymechanism.

Issue: The draft recoveryplanplacesinordinate importanceon landusecontrols

and too little emphasison reducingpredationpressure. Byfailing to manage
threatsunderits control, suchaspredation,theFish and Wildl~feServiceunfairli’

shqisonerousregulatoryimpositionsontoprivatepropertyowners. Another

commenterclaimedthat theacknowledgedlackofunderstandingconcerning

factorslimiting populationviability underminesthecredibility oftheproposed

landusecontrols,andthat theuncertaintyoveradverseeffectsofurban

developmenteliminatesanynexusfor governmentalregulation.
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Response:The FishandWildlife Serviceintendson concurrentimplementation

of numerousrecoverytaskscommensuratewith availablefunding. Completionof

the recoveryplanprovidesabasisfor increasedfundingallocationsto cooperating

agencies.Becausenumerousfactorsaredepressingpopulationgrowth,it would

notbeappropriatefor theFishandWildlife Serviceandcooperatingagenciesto

attemptto prioritize threatsandaddressonly oneat atime. Focusingsolelyon

predatorcontrolandallowingcontinuedlossof valuablehabitatwould bebased

on atheorythathabitatlossdoesnot adverselyaffectbighornsheep. The

availableevidencesuggeststheopposite.Theewegroupsadjoiningmetropolitan

areashistoricallyhavedeclinedto agreaterdegreeandcurrentlyaremoreseverely

threatenedwith extirpationthanmoresoutherlyandremoteewegroupsthat have

not sustainedsubstantiallossofhabitatin thepast.

Issue: Thedraft recoveryplan doesnotadequatelyidentifythespecificlands

mappedasessentialhabitat andtargetsall availablehabitatwithoutscientflcalh’

analyzingwhetherportionsoftheareasupportanysuitablehabitat at all.

Response:Appendix B presentsa habitat model that analyzedavarietyofhabitat

characteristicsbasedon informationin thescientificliteratureanddistributional

datathroughoutthePeninsularRanges.Areaswith unsuitablesoilsand

topographywereexcluded,aswereareasgreaterthan800 meters(2,624feet)

from toeof20 percentslope,thoughsheepareknownto usetheseareas. Based

on thewide-rangingmovementsofsheepin thePeninsularand otherranges

throughoutthedesertsouthwest,sheepareknownto useabroadrangeofhabitats

in desertenvironments.Noneoftheareasmappedasessentialhabitatcontains

soils, vegetation,ortopographythat is unsuitablefor useby sheep. Thoughsheep

maynot useoroccur in certainareasasfrequentlywhenpopulationsizesare

small anddistributionis moreconstrained,it is sometimesdifficult to tracksheep

movements,especiallywhenonly a small percentageofcertainsubpopulations

haveradiocollars. Thus,theknowndistributionis alwaysan underestimateof

actualdistribution.

Issue: Thedesignationof “essentialhabitat” is an illegal subterfugefor avoiding

thestatutoryrequirementfor designatingcritical habitat andanalyzing

consequenteconomiceffects.
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Response: A proposalto designatecritical habitatfor thePeninsularbighorn

sheepwaspublishedin theFederalRegisteronJuly 5, 2000(65 FR 41405),under
termsofthesettlementagreementreferencedabove.A noticeofavailability for

thedrafteconomicanalysisonproposedcritical habitatdesignationwaspublished

in theFederalRegisteronOctober19, 2000(65FR 62691).

Issue: Numerousland ownersrequestedthat their landsbe specificallyremoved

fromareasdesignatedasessentialhabitat becauseofthesignificantsocialand

economicimpactsthatshouldbeminimizedperexistingFishand Wildlife Service

policyon recoveryplanning.

Response:As discussedabove,theFishandWildlife Servicehasmet with many

landownersand agenciesin an effort to refinetheessentialhabitatboundaryso
that socialand economicimpactsareminimizedto theextentthatthepotentialfor

recoveryis notcompromised.Thesediscussionsresultedin substantialagreement

with all partiesinvolved over thevastmajorityoftheurbaninterface.The

resultingessentialhabitatboundarywasdesignedto minimize economicconflict

to theextentconsistentwith maintainingthelikelihoodof futurerecovery.

Essentialhabitatdiffers significantlyfrom critical habitat. Undercritical habitat,

exclusionsareaproceduraloutcomeofapplying section4(b)(2)and/or“special

management”undertheEndangeredSpeciesAct. Under4(b)(2),economicand

socialimpactsareevaluated.However,thereis no suchprocessidentifiedfor

exclusionsfor essentialhabitatbecauserecoveryplansarenonregulatory

documentsdesignedto guide,notdictate,recoveryof thespecies.

Issue: The draft recoveryplan wasdeficientbecauseit did notquant~fythe

acreageofdiferentlandownerships,historical distribution, andextentof
proposedessentialhabitat.

Response:Acreageswerenot calculatedin thedraftrecoveryplanbecausean

updatedlandownershipmapwasnot availableandapreciseboundaryalongthe
urban interfacewasnotdelineated.In thefinal recoveryplan,land ownershipis

delineatedwith respectto essentialhabitatin Figure4; however,the land

ownershipmapis somewhatoutdatedandany acreagefigureswouldbe

approximate.Approximateland ownershippercentagesaresummarizedin
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SectionI.E. oftheplan. Historical trendsalong theurbaninterfacesare

summarizedin SectionD. 1.

Issue: Landsthat historicallyneverwereusedby sheepshouldbe identified. The

term “unoccupiedhabitat” is scient~ficallvundefinedand inappropriatelyusedto

describeunsuitablehabitatfrom whichbighorn sheepare absent.

Response:Historical informationprior to theuseofaerialsurveysandradio

telemetryis of limited utility becausetheruggedtopographyandlackofroads

throughoutthePeninsularRangesgreatlyrestrictedthe extentof accesson the

ground. Therefore,it is notpossibleto reliablyconcludethat certainareaswere

not usedhistorically. Similarly,giventherelativelysmall samplesizeofradio-

collaredsheepat present,especiallyrams(which arefar morewiderangingthan

ewes),morerecentdatacannotbe properlyinterpretedto concludethat sheepare

absentfrom certainareas. Therefore,theremainingundevelopedportionsof

historicalrangeconstitutethecurrentdistributionofbighornsheepin the

PeninsularRanges. Useof theterms“occupied~~,“unoccupied~~,“suitable”,and

“unsuitable”,aremoreconceptualthanempirical. Thus, thesetermsaddlittle to

ourunderstandingofsheepbiology, andasaresult,thefinal recoveryplanavoids

useofthis terminology.

Issue: Giventhetendencyofsheepto not venturefarfrom escapeterrain,

justification in therecoveryplan is notadequateto supporttheneedfor habitat

up to 0.8 kilometer(0.Smile)from toeof20percentslope.Twentypercentslope

doesnotrepresenteffectiveescapeterrain; therefore,a steeperslopeshouldbe

usedfor ident{fyinghabitat in needofconservation.The recoveryplan doesnot

adequatelydescribewhat constitutesa movementcorridor on thedesertfloor. If
sheepavoidhumandisturbance,thefragmentedhabitatpatcheson thedesert

floor within theurban matrixwouldappearto havelow habitat valuefor sheep.

Response:Thoughsheeptypicallyare foundin steeperterrain,numerousrecords

exist in thePeninsularRangesandelsewhereof occurrencesover0.8 kilometer

(0.5mile) from escapeterrain. The0.8 kilometer(0.5-mile)distancewasselected

to capturethemoretypical movementsonto the alluvial slopes. The20 percent

slope for escapeterrainwastakenfrom thepublishedliterature. As discussedin
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AppendixB, arangeofslopeshavebeenrecognizedby variousauthorsasescape

habitat. Flattertopographyencompassesmoreproductivesoils that supportmore

diverseandnutritious foragethat is seasonallycritical to sheep.Flatter
topographyalsocanbe importantfor dispersalandfor sourcesofseasonalwater.

Sheepin otherareasofthedesertsouthwesthavebeenknownto movemany

kilometersacrossthedesertfloor to reachneighboringmountainranges.Given

the limited number ofdocumentedmovementsofthis kind, not enoughis known
to delimit linkagedimensions.Ramsareespeciallyproneto useflatterareas

fartherremovedfrom escapeterrain. Ruggednesson flattertopographycan

functionasescapehabitatbut hasbeendifficult to measureandaccountfor in

studiespublished to date. The essentialhabitat map excludesthe lessfrequently
usedandlowervaluehabitatscharacterizedby smallpatchsizeandproximity to

humandisturbance.

Issue: Designationofessentialhabitat asproposedwouldrestrictaccessfor

constructionandmaintenanceofinfrastructuralfacilities likefloodcontroland

water supply. Flood controlfacilities shouldnot be includedin essentialhabitat

becauseanyuseby sheepis incidentalto theprimarypurposeoftheselands.

Response:Caseby caseprojectreviewsundertheregulatoryprovisionsof

sections7 and 10 of theAct will detenninewhetherconstructionofinfrastructural

facilities arecompatiblewith sheepsurvivalandrecovery. Basedon discussions
with Riverside County Flood Control and Water ConservationDistrict and

CoachellaValley Water District, normal operations and maintenanceofexisting
facilitieswouldnot conflictwith themanagementobjectivesfor essentialhabitat.

Floodcontrol facilitiestypically occurin washesandalluvial habitatthat have

beenmostaffectedby historicalhabitatlossesandoften still supportthesame
importanthabitatvaluesasthesurroundingareas. As such,thesefacilities arenot

defactounsuitableor detrimentalto sheepuse. If reasonablymanaged,these

areascanfulfill their intendedfunctionwhile atthesametimenotconflictingwith

sheepusein thearea.

Issue: The recoveryplan doesnotdiscussthepossibilitythatpasthabitat loss

from urbanizationin theSanJacinto andnorthernSantaRosaMountainsmay
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haveresultedin irreversiblepopulationdeclines,renderingessentialhabitat

designationin this areapotentiallyuseless.

Response:Therecoveryplanstrivesto intensifymanagementefforts to offset the

lossofhistoric habitat,andtherebymaintainfunctionalpopulationlevelsin the

future. If populationsbecomeextirpatedandtheRecoveryTeamandcooperating

agenciesdeterminethathabitatareasareno longercapableofsupportingself-

sustainingpopulations,futurerevisionsoftherecoveryplanmaydeleteessential

habitat and managementobjectives for thoseareas.

BIOLOGICAL ISSUES

Issue: Onecommenterthoughtthat theeyesightofbighorn equalingthat of

humansaidedby 8-powerbinocularsshouldbeemphasized.

Response:Accordingto Geist(1971),scientificevidenceis not availableto

supportthis popularmyth,which probablyoriginatedwith theexperiencesof

hunters with the species.

Issue: The regular sightingsofbighornsheepin ChinoCanyonand Tachevah

CanyonallegedbyFish and Wildlife Servicebiologistsappearinconsistentwith

portionsofthedraft recoveryplanthat statebighornsheepvanishedfrom the

northernSanJacintoMountainsafter constructionofthePalmSpringsAerial

Tramway.

Response:Thoughramsstill rangenorthof ChinoCanyon,eweshavenot been

documentedin thenorthernSanJacintos(northof ChinoCanyon)sincethe late

1980’s. Thetramwaywasconstructedin theearlyto mid-1960’s.

Issue: Thehigh numberofundeterminedcausesofdeathindicatesthat a better

explanationis neededofhowthedeathswerediscoveredandhow thecauseswere

diagnosed.

Response:Most deathswere discoveredfrom radiocollaredanimalsbecausethe

fateofuncollaredanimalsis far moredifficult to ascertain.Whendeadanimals
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are found,thecauseofdeathis sometimesdifficult to determinebecausein many

cases,coyotesandotherscavengershaveconsumedthecarcassso thoroughlythat
theoriginal causeof death(whetherpredationor not) cannot bedetermined.

Issue: Somecommentersthoughttherecoverycriteria of25 ewesper9 ident~fied

regionsandan averageof750 adultsfor delistingis too low to assuresurvival

andrecovery,andthat theestimatedrangewidecarrying capacityof1,000sheep
appearslow. Anothercommenterthoughtthecriteria requiring a minimumof25

ewesin eachewegroupwouldbe toodfftcult to achieve.

Response:Theteamandagenciesdecidedthat it wouldbe difficult tojustify a

higherpopulationlevel thanwasknownhistorically, especiallygiventhe

extensivehabitatlossandfragmentation,andotherfactorsthatlikely have

reducedcarryingcapacityovertime. Teammembersmostfamiliarwith the

PeninsularRangesassessedcurrentandhistoric habitatquality, andmaderegional

comparisonswith otherbighornsheephabitatsin estimatingcurrentconditions

andcarryingcapacity. The9 regionsweredeemedcapableof supportingin

excessof 25 ewes,with thecarryingcapacityin mostoftheregionssubstantially

exceedingtheminimum. Because750 is an averagefigure, it would benecessary

for thepopulationto rise abovethat level for someperiodof time, likely in

responseto changingcarryingcapacity.Theaveragingcriterionwasselected

becauseit allows naturalpopulationfluctuationsandmanagementflexibility. If

thelong-termcarryingcapacityexceeds750 animals,thepopulationlikely would

exceedthe750minimum establishedin therecoveryplan.

Issue: Theoperationsby theBighornInstitutearecontributingto thedecline

insteadofthe recoveryofbighornsheep.Alternativemethods,suchason-the-

groundsurveys,shouldbe usedfor estimatingpopulationsizeanddistribution,

insteadofmorehighly disruptivehelicopterflights. Helicoptercensusesand

capturesarefar morestressfulto sheepthan researchers,hikers, and riders

quietlymovingthroughsheephabitat.

Response:TheBighorn Instituteconductshundredsof daysofon-the-ground
work and only about6 daysofhelicopterwork eachyear. Conductingon-the-

groundstudiesis oftennot feasibleon privatepropertyandcouldresultin
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significantdisruptionto sheepif implementedat a level neededto estimate

populationdistribution andabundanceatprecisionlevelscomparableto aerial

techniques.Evenat currentlevels,on-the-grounddisturbanceassociatedwith

researchactivitiescouldbe detrimentalif not for rigoroussafeguards.For

example,Bighorn Institutebiologistsregularlydocumentthroughradiotelemetry

thattheirpresence“bumps” or “pushes”sheepin flight awayfrom them,atwhich

point thefield methodologyrequiresbackingoff, which oftenpreventsthe

recordingoffield data.

Issue. Whyis agricultural useadjoiningbighorn sheephabitat considereda

morecompatibleuse,whereasresidentialand resortdevelopmentsarenot?

Response:Agriculturalactivitiesdo not generatethehigh levelsofsecondary

impacts,suchashumanrecreationin adjoininghabitat,asis typically associated

with urbanlanduses. In addition,agriculturallandscanbe restoredto sheep

habitat,whereasurban landusescannot. Thoughagriculturallandswere

excludedfrom delineatedessentialhabitat,severalRecoveryTeammembers

recommendedtheybe includedbecauseof theirrestorationpotential.

Issue: Numerouscommentersinquiredwhetherstudieshavebeenconductedand

evidenceexistsfor thepresenceofbighorn sheepon their lands.

Response:We haveincludedamapwith known locality recordsto providea

betterindicationofbighornsheepdistribution. Referencescited throughoutthe

recoveryplanshouldbeperusedto determinestudyareasandmethods.Thelack

of recordsfor certainareasdoesnotnecessarilyindicatethat sheepareabsent,

only that theirpresencehasnotbeendocumented.

Issue: Theslow reproductiverate and long-termestimatesfor recoveryshouldbe

acceleratedby importingsheepto increasepopulation levels.

Response:Unlessthefactorsthat limit populationgrowth in the Peninsular

Rangesareaddressed,it is unlikely thataprogramto introduceanimalsfrom

outsideareaswould be successful.However,alleviatingin situ decimatingfactors

would allow theresidentpopulationto expandon its own,which would foregothe
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needfor translocation.Importing animalsalsoposesrisksofdisease

transmission.Regardless,bighornsheeppopulationsthroughouttheMojave

Desertarecurrentlydepressedto the extentthatsurplusanimalsarenotavailable

for importation.

Issue: Given thehistoryofpopulationdeclinesin regionsadjoining urban areas,

it doesnotseemplausiblefor therecoveryplanto claim thatPeninsularbighorn

sheephavea highpotentialfor recovery.

Response:Therecoveryplan attemptsto build on pastexamplesandtaking

actionsoonenoughto reversethedeclineofsheepin ourmountains.The

RecoveryTeamandcooperatingagenciesbelievethat therecoverypotentialis

high if themanagementrecommendationsin therecoveryplanareimplemented.

Issue: Thefurther researchandplanningrequiredthroughthecaptiverearing

and augmentationguidelinesin AppendixC doesnot recognizeor expeditethe

immediaterecoveryneedsandissuesthatmustbeaddressedin theshort-term.

Aftermanyyearsofoperation,theseissuesshouldalreadyhavebeenaddressed

andaplan ready to implement.

Response:The existingoperations oftheBighorn Institutearereviewedannually

by theagenciesandadjustmentsmadeif needed.Captivebreedingfor population

augmentation,populationmonitoring,andresearchhavebeenand continueto be

theprimaryemphasesuntil changesin directionare agreedto by theInstitute,

agencies,and RecoveryTeam.

Issue: Onecommentersuggestedthat thedraft recoveryplan wasdeficient

becausea recentdiscoveryofa desertbighorn sheeppopulationin Ventura

Countywasnot addressed.

Response:Sheeppopulationsin VenturaCountyarenot includedin thedistinct

populationsegmentlisted in thePeninsularRangesand,therefore,arenot relevant
to therecoveryplan.
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Issue: Becausebighorn sheeparewildernessanimals,moreemphasisshouldbe

placeon conservationeffortsin Anza-BorregoDesertStatePark, insteadof

urbanizingCoachella Valley, whereprospectsfor successare lessthan in more

remoteareas.

Response:Numeroussubpopulationsarenecessaryto maintainthelarger
PeninsularRangesmetapopulation.Therefore,recoverywill requireprotectionof

all areasneededto maintaintheconstituentsubpopulations.Thisprotectionwill

requireincreasedmanagementemphasisandcooperationamonglandmanagersin

urbanizedareas.

Issue: Thelimited dispersalandcolonizationcapabilities contradictstatements

elsewherein therecoveryplanthat bighorn sheeparewideranginganimals

dependantupon largetracksofhabitat.

Response:True, eachindividual is a wide-ranging animal with a relatively large
homerange. This behaviorandknowledgeoftheseareasis learnedby the

offspring,which is transmittedacrossgenerations.Thoughcolonizationsofnew

habitatareknownto occur,theyarenot acommonevent. Ramsaremorewide-
rangingthanewesandareknownto movebetweenmountainrangesandewe

groups.

Issue: Thedraft recoveryplan doesnot clearly indicatehowor whethermodels

would be usedto assistin gaininga betterunderstandingofthe interacting

factorsthatplacesheepat risk.

Response:Modelsareatool that helpassimilateknowledgeandunderstand

factorsthat placebighornsheepatrisk, for laterapplicationthroughmanagement

prescriptions.Modelsshouldbeusedanytimetheycanhelpusto better

understandbighornsheeppopulationdynamics,genetics,orecosystems.Though

therecoveryplanprovidesexamplesofhigh priority issuesthat shouldbe

examinedwith models,thepointsatwhich amodel wouldbeappropriateare

difficult to predict. Modeling is includedin thesectionon researchbecauseit is

an ongoingprocessthat will haveto be appliedandmodifiedasquestionsarise

andmoredatabecomeavailable.
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Issue: The recoveryplan is biologically inconsistent,arguingon theonehand

that humandisturbancein wildareascausesthemto avoidotherwiseimportant

habitat buton thehandarguing thatfencesareneededto preventsheepfrom

beingattractedto urban areas.

Response:Bighorn sheepreactdifferently to various kinds ofdisturbance
dependingon numerousfactors,includinglocation. ThenorthernSantaRosa

Mountainsewegroupis theonly herdthathashabituatedto usingtheurban

interface,yetwheninwild habitatdistantfrom theurbanedge,thesesamesheep

reactsimilarly to nonhabituatedherds—thatis, individualsrevertto normalwild

behaviorwhenawayfrom theurbanedge. Thereactionis perhapsmost

pronouncedduringthelambingseason,wheneweswith lambsarefrequently

displacedby humandisturbance.This effect hasbeenrepeatedlydocumented

throughradiotelemetryresearch,wheresheeparesometimesinadvertently

“bumped”or“pushed”fartherawayby researchers,eventhoughthesheeparestill

hundredsofmetersdistant andnotvisible to theresearchers.In otherwords,

behavioralreactionsoftendependon geographicalandseasonalcontext,with the

spectrumofcontrastingresponsesto humanstimuli mostclearlyevidentwithin

this ewegroup.

PREDATORCONTROLISSUES

Issue: Radiocollarsmayrendersheepmorevulnerableto predationand

thereforeshouldnot be usedasprevalentlyastheyare today.

Response:We arenotawareofdatathat indicatesradiocollaredanimalsareat

greaterrisk ofpredationthanuncollaredanimals. Nonetheless,cooperating
agencieshaveattemptedto balancethenumberofradiocollarsto minimize

potentialrisk withoutcompromisinginformationneededto achievepopulation

recovery.

Issue: Whereasonecommenterassertedthat theproposedpredatormanagement

measuresweretoo laxandshouldbemoreaggressivein termnsofmoving
predatorsfrom theareabeforetheybecomean issue,anothercommenterclaimed
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that scientflcevidencewassufficientto indicatethat mountainlion predationwas
not aproblemandthat managementmeasures,therefore,werenot warranted.

Response:This issuewasdiscussedvigorouslyby theteamand agencies.

Becausedocumentedmortalitieswereparticularlyhigh in certainewegroups,the

teamand agenciesdecidedtheprudentcourseofactiondictatedameasured

managementresponse,whichwould bemodifiedasmoredatabecameavailable.

Issue. Predatormanagementshouldbegivenhigherpriority than land

managementrestriction becausemortality to predatorsis themorelikely limiting

factoron bighornpopulations.

Response:Thedraft recoveryplanandavailableevidenceindicatethat individual

subpopulationsareaffectedby avarietyof influencesthataffect populationlevels

andthatthecombinationsandrelativestrengthoftheseinfluencestypically differ

amongewe groupsandchangeovertime. Therefore,therecoveryplanfocuseson

therangeofthreatsfacingbighornsheep.Therecoveryplanprescribes

predeterminedcriteriafor initiating predatormanagementandrecognizesthe

importanceofhabitatprotectionsothatrecoveredpopulationshavesufficient
spaceto inhabit.

Issue: Thelong-termdeclinein habitatquality anddeerpopulationsin theSanta

RosaMountainsshouldbe identifiedasa causeofhigh levelsofmountainlion

predationon bighornsheep,with a strategyto reversethesituation. The recovery

planshouldmoreclearlyestablishthe relationshipofbighornsheepto muledeer
bysuperimposinga deerdistribution map.

Response:Mule deertypically occurathigherelevationsthanbighornsheep,

thoughrangesmayoverlapregionallyandseasonally,suchasduringthewinter

whendeerin someareasmoveto lower elevations.Traditionalpredator/prey

theoryholds that predatorpopulationsincreaseanddecreasein responseto
fluctuatingpreypopulations.However,thereareno dataindicatingthat high

levelsof predationaredueto declinesin habitatqualityor deerpopulations,or

whetherpreyswitchingmaybeoccurringin thePeninsularRanges.Becausedata

on habitatquality, aswell asdeerandmountainlion populationsin thePeninsular
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Rangesarenot sufficiently robustto provideinsight into thesequestions,thedraft

andfinal recoveryplansproposefocusedresearchto addressthisecologicalissue.

Issue: The recoveryplan doesnotprovidecompellingevidencethatthe

predator/preysystemis not viable,andtherefore,predatorsshouldnotbe

managedunlessa causeand effectrelationshipwith bighornpopulationdeclines

is established.

Response: Thehighincidenceofpredation,comparativelyloweradult

survivorshipratesthanin otherregions,and long-termpopulationdeclines

suggestto landmanagersthatpredationis a limiting factorto populationgrowth
in someareasofthePeninsularRanges.The cooperatingagencieshaveagreed

thatthis evidenceis sufficient to promptresponsiblebutcautiousmanagement

intervention.

Issue: Onecommenterarguedthat counterto claimsin thedraft recoveryplan,

theonlyavailablescientflcevidenceindicatesa decliningtrendin statewide

mountainlionpopulations.

Response:Theevidencepresentedbythecommenterlackedassociatedstatistical

analysis;therefore,thestatisticalresolutionofthedatacannotbeevaluatedandno

-conclusiononpopulationtrendis possible.

TRAIL ISSUES

Issue: Theconstantpresenceofbighorn sheepalongHighway 111 in Rancho
Mirage indicateshumanactivities,suchashikingandjeepuse,maynot create

movementbarriers, assuggestedin thedraft recoveryplan. Furtherinformation

is requestedto supportwhybackroadsandtrails aredetrimentalto sheepwhen

theyare knownto cross6-lanehighways(e.g. Highway111 in RanchoMirage).

Response:Therecoveryplancitesnumerousstudiesthathavedocumented

avoidancebehaviorto humanrelateddisturbance(seePapouchiset al. 1999for

example).Numerousrecordsof vehicularrelatedmortalityprovidefurther

evidenceofadverseeffects. The recoveryplanseeksto remedythemaladaptive
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behaviorofhabituationto urbansourcesoffoodandwaterso that sheeparebetter

ableto survivein thewild.

Issue: A trails mapto clarfyandaccompanyTable10 is needed.

Response:Thougha good idea,an accuratetrails mapis not currentlyavailable.

Thecooperatingagenciesarepursingthe developmentofsuchamap.

Issue: Detailedmapsoflambing, rearing, and wateringhabitatareneededto
just~fyanydecisionsto closetrails.

Response:Thedistributionof lambing,rearing,andwateringhabitatis

incompletelyknownand,therefore,cannotbe accuratelymapped.Thefinal

recoveryplanhasbeenmodified to includeamorecompletesetof information

uponwhichtrails decisionsshouldbebased.

Issue.’ A permitsystemshouldbe usedfor controllingtrail useon all trails for

whichconflictswereidentifiedin therecoveryplan.

Response:Thecooperatingagenciesareworkingwith interestgroupsin the

formulationofa rangeofalternativetrails strategiesthatincludethisoption.

Issue: The recoveryplanshouldconsiderthat in theSanJacintoMountains,the

existingtrails networkappearstoprovideapassivedisturbanceboundarythat

maycontrolsheepaccessto theurban interfaceandpreventexposureto the

urbanhazardsexperiencedin thenorthernSantaRosaMountains. Consequently,

seasonalorpermanenttrail closurescouldhaveunintendedadverseeffects.

Response:A trails managementplanpreparedby thelandmanagementagencies

and interestgroupswill considerthemerits ofthis comment. Certainadjustments

to theexistingtrails networkandassociatedmonitoringcouldbe implementedto

improveuponthis concept.

Issue: Morespecificityis neededin describingwherehumandisturbanceand

other indirect effectsofurbanizationis conflictingwith sheepconservation.
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Response:Humanintrusionandassociateddisturbancehasthepotentialto extend
whereveraccessinto habitatis provided. Thoughlambingandwateringhabitats

areparticularlyvulnerable,excessivehumanusethroughouttheyearmayalso

affectbighornpersistence.

Issue.’ Will mitigationcreditsbegivenfor theeradicationofinvasivenon-native

plants?

Response:Conservationmeasuresfor proposedprojectswill be determinedon a

caseby casebasisthroughregulatoryprocessesoflocal, State,andFederal

agencies.

Issue: TheJanuarythroughJunetrail conflictsin theSanJacintoMountains

appearexcessiveif the lambingseasonthereextendsonly throughmid-March.

Response:Thedraft recoveryplanstatedon page12 that DeForgeeta!. (1997)

foundasimilaronsetto the lambingseasonin Februaryin theSanJacintos.

Cunninghamfoundthat lambingin CarrizoGorgeextendedonly to mid-March.

Lambsarecritically dependentupontheirmothersfor severalmonthsafterbirth.

Issue: Ratherthan monitoringto ensurecompliancewithseasonaltrail closures

beforeallowingconstructionoftrail reroutesoutoflambinghabitat, therecovery

planshouldallowsimultaneousconstructionofalternativetrail routesto enhance

theeffectivenessofseasonalclosureson existingtrails in lambing habitat.

Response:Thefinal recoveryplanhasbeenmodifiedto incorporateflexible

approachesthatwill beprovidedin moredetail in thetrails managementplan

preparedby thecooperatingagenciesand interests.Withoutadequate

managementandmonitoring,this approachcouldresultin moretrails andno

reductionin useofproblematictrails.

FENCINGISSUES

Issue: The draft recoveryplan doesnotprovideevidencefor theeffectivenessof

theproposedfencingasa mitigation measureandfails to addresstheassociated
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financialandvisualburdens.Exceptin areaswith vehicularrelatedmortalities,

theneedforfencingis questionable,consideringthepotentiallydetrimental

effectsofseveringhabitat, restrictingsheepmovement,andrenderingsheepmore
vulnerableto predationagainstfences.Alternativestofences,suchas

nonmotorizedtrails adjoiningdevelopment,whichwouldprovidea deterrentto

sheepmovementinto urbanareas, warrant moreanalysis. By imposingthe

mandateforfencingon privateproperty withoutadequatejustification, thedraft

recoveryplanactedin an arbitrary mannerin excessofstatutoryauthority.

Response:Thecooperatingagenciesare opento alternativemeansofcontrolling

sheepmovementsinto urbanareas. However,somelandownersandjurisdictions

havechosenfencingasanaffordableandreliablesolutionto theproblemof

behavioralhabituation. Wheninstalled,fenceshaveproveneffectiveand

aestheticconcernshavebeenaddressedthroughalternativedesignsand

alignments. Fencingalongtheurban interfaceis intendedto benefitsheepby

curtailingmovementinto areaswith unnaturalsourcesofmortality andhelp
reduceherdmortality ratesto sustainablelevels. Thedemonstratedlossof

animalsto vehicularrelatedmortality,poisoningfrom landscapingplants,

drownings,etc.,establisha legal nexusto warrantmeasuresto preventthese

adverseeffects.

NON-NATIVE ANIMAL ISSUES

Issue: Therecoveryplan needsto establisha bufferzonebetweenbighorn sheep

habitat andcattlegrazing,aswasdonefor domesticsheepgrazing,sothat the

risk ofdiseasetransmissionis minimized.

Response:Thereis no conclusiveevidenceto supportabuffer zonefor disease

protectionfrom cattleasthereis for domesticsheep.Therecoveryplan
recommendsresearchon diseasetransmissionbetweenlivestock andbighorn,and

if abufferzoneis shownto bewarranted,future iterationsoftherecoveryplan

will be amendedaccordingly.

Issue: Cattlegrazingand associatedfencingshouldnotbe allowedfor various

reasons,includingdiseasehazardsandrisk ofphysicalinjury to bighornsheep.
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Response:Weagreethat fencingshouldbe minimizedandeliminatedif possible.

If fencingis necessary,designguidelineshavebeendevelopedthat minimize and
preventtherisk of injury. Therecoveryplanestablishestheneedto thoroughly

reviewtheappropriatenessofcattlegrazingin sheephabitatandtakeactionif

prudent.
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