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Disclaimer

Recoveryplansdelineate reasonableactions requiredto recoverandlor protect

listed species.We, the FishandWildlife Service,publishrecoveryplans,

sometimespreparingthemwith theassistanceof recovery teams,contractors,

StateandotherFederalagencies,Tribes,and other affected and interestedparties.

Recovery teamsserveasindependentadvisorsto the FishandWildlife Service.

Objectivesofthe plan willbe attainedandany necessary funds made available,

subjectto budgetaryandotherconstraints affectingthe partiesinvolved.

Recovery plansdo not obligatecooperatingor other parties to undertakespecific

tasksand may not represent the views nor theofficial positions or approvalofany

individualsor agencies involvedin the planformulation,other thanourown.

They represent our official positiononly after they havebeensignedby the

Director,RegionalDirector,orOperationsManager asapproved. Approved

recoveryplansare subjectto modificationas dictatedby newfindings,changesin

species status,andthe completionofrecoverytasks.

Literature citation should read as follows:

U.S. Fishand Wildlife Service. 2000. Recovery plan for bighornsheepin the

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

OR. xv+251 pp.

Additional copies may bepurchasedfrom:

FishandWildlife Reference Service

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 theplanvaries dependingon the numberofpagesofthe plan.
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Mission of the U.S. Fishand Wildlife Servicein Recovery Planning

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

theSecretaryofthe Interior to developand implement recovery plans forspecies

ofanimalsandplants listedasendangeredandthreatenedunlesssuch recovery

plans will not promotetheconservationof the species. The FishandWildlife

Service has beendelegatedthe responsibilityof administeringthe Act. Recovery

is the processby which the declineofendangeredorthreatenedspeciesis arrested

or reversed,and threatsto survival are neutralized,ensuring long-termsurvival in

nature. Thegoal ofrecoveryis themaintenanceofsecure,self-sustainingwild

populationsofspecieswith the minimum necessary investmentofresources.A

recovery plan delineates,justifies, and schedules themanagementandresearch

actions necessaryto supportrecoveryoflisted species.Recovery plansdo not, of
themselves, commit staffingor funds,but areusedin setting regionalandnational

fundingpriorities andproviding directionto local, regional,andStateplanning

efforts. Means within the Actto achieve recoverygoals include theresponsibility

ofall Federalagenciesto seekto conservelisted species;andtheSecretary’s

ability to designatecritical habitat,to enterinto cooperativeagreementswith

States,to providefinancial assistanceto the respectiveStateagencies,to acquire

land, andto develop habitat conservation plans with non-Federalapplicants.
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EXECUTIVE SUMMARY

Current SpeciesStatus: Thepopulationofbighornsheepin the UnitedStates~

PeninsularRangeswaslisted asan endangeredspecieson March 18, 1998. The

current populationis approximately334 animals,distributedin 8 knownewe

groups(subpopulations)in Riverside, Imperial,and SanDiego Countiesfrom the

SanJacintoMountainssouthto the Mexicanborder.

Habitat Requirementsand Limiting Factors: ThePeninsularbighornsheepis

restricted to the eastfacing, lowerelevationslopes[typically below 1,400meters

(4,600 feet)]of the PeninsularRangesalong the northwestern edgeofthe Sonoran

Desert. Bighorn sheeparewide-ranginganimalsthat require a varietyofhabitat

characteristics relatedto topography, visibility,wateravailability, and forage

quality andquantity. Steeptopographyis required for lambingandrearinghabitat

and for escapingfrom predators.Open terrainwith goodvisibility is critical

because bighorn primarily relyon their senseofsight to detectpredators.In their

hot, arid habitat, wateravailability in some formis critical, especiallyduring the

summer. A wide rangeofforageresourcesand vegetation associationsis needed

to meet annualanddrought relatedvariationsin foragequality andavailability.

Limiting factors apparentlyvary with eachewegroupandarenot well understood

in all cases. Therangeof factorsappearto includepredation,urbanrelated

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

human relateddisturbance.

RecoveryObjective: The objectiveof this recovery planis to secureandmanage

habitat in orderto alleviate threats sothat population levels willincreaseto the

point that this species may bereclassifiedto threatenedstatus,andultimately

delisted.

RecoveryPriority: 3C,per criteria publishedby FederalRegisterNotice(48 FR

43098;September21,1983).

Downlisting Criteria: Peninsular bighomsheepmaybe consideredfor

downlistingto threatenedstatusasan interim managementgoal, whenall of the

following objective, measurable criteriaaremet:
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Downlisting Criterion 1: As determinedby a scientifically credible monitoring

plan, atleast25 ewes mustbe presentin eachofthe following9 regionsofthe

Peninsular Ranges during eachof6 consecutiveyears(equivalentto

approximately1 bighornsheepgeneration),without continuedpopulation

augmentation:

1) SanJacintoMountains

2) Santa RosaMountains--Northof Highway74

3) Santa RosaMountains--Southof Highway74 through Martinez

Canyon

4) Santa RosaMountains--Southof MartinezCanyon

5) CoyoteCanyon

6) NorthSan YsidroMountains (HendersonCanyonto CountyRoad S-22)

7) SouthSanYsidro Mountains(CountyRoadS-22to StateHighway78)

8) VallecitoMountains

9) CarrizoCanyon/TierraBlancaMountains/CoyoteMountains Area

Down/istingCriterion 2: Regulatorymechanismsandland management

commitments have beenestablishedthat providefor long-termprotectionof

Peninsularbighornsheepand all essentialhabitatas described in sectionII.D. 1 of

this recoveryplan. Given the major threatof fragmentationto specieswith

metapopulationstructures, connectivityamongall portionsofhabitatmustbe

establishedand assured through landmanagementcommitments, suchthat

bighornsheepareableto move freely throughoutall habitat. In preparation for

delisting,protectionby means other than theEndangeredSpeciesAct mustbe

assured.Suchprotectionshould includealternativemechanisms for regulationby

Federal,State,and local governments,and landmanagement commitmentsthat

would providethe protection needed forcontinuedpopulationstability.

Delisting Criteria: Peninsular bighornsheepmaybe consideredrecoveredto a

statusno longerrequiringprotection undertheEndangeredSpeciesAct and

thereafter removedfrom the Listof Endangeredand ThreatenedWildlife (50 CFR

Part 17) whenall of the followingcriteriaaremet:

Delisting Criterion 1: As determinedby a scientifically credible monitoringplan,

at least25 ewes must be presentin eachofthe9 regionsofthe PeninsularRanges
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listed underDownlisting Criterion#1 above,during eachof 12 consecutiveyears

(approximately2 bighornsheepgenerations) includingthe6 yearsunder

Downlisting Criterion#1,without continued populationaugmentation.

DelistingCriterion 2: The range-widepopulationmustaverage750 individuals

(adultsandyearlings)with an overall stable orincreasingpopulation trend over

the same periodof 12 consecutiveyears(approximately2 generations)asin

delisting criterion1.

Delisting Criterion 3: Regulatorymechanismsandlandmanagement

commitments have beenestablishedthat provide forlong-termprotectionof

Peninsular bighornsheepandall essentialhabitat asdescribedin sectionlID. I of

this recovery plan.Furthermore,connectivity amongall portionsofhabitat must

be established,and assured through land managementcommitments,suchthat

bighornsheepareable to move freely throughout the PeninsularRanges.

Delisting would resultin lossofprotection under theEndangeredSpeciesAct;

therefore continuedprotection by other meansmustbe assured.This protection

should includealternative regulatory mechanisms,landmanagement

commitments,orconservation programsthat would provide thelong-term

protection needed forcontinued populationviability.

ActionsNeeded: In the short-term,improving adult survivorshipappearsto hold

the most benefitto population increase.Over thelong-term,theprimaryactions

neededto attain recoveryinvolve conservationof thehabitatbase uponwhich

Peninsularbighornsheepdepend,and effectivemanagementofbighornsheepand

conservedlands. Preventionof further fragmentation,primarily by minimizing

adverse effectsof humandisturbance,will be critical to the persistenceofewe

groupsbordering the CoachellaValley. Adequatespace alongthe urban interface

to absorbanthropogeniceffects,and prudentmanagementofhuman activities

within ewe grouphomeranges,will alsobe necessary.

RecoveryCosts:Total costofrecoverytasksin the Implementation Scheduleis

estimated at$73,253,000.In addition, costsofcertain specificrecoverytaskswill

be determined asinformationis obtained and/orfinal actionsareundertaken.

Theseitemsaredesignatedas “tobe determined”in the ImplementationSchedule.
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Dateof Recovery: Severalto many decades likely will be required before a

delistingtargetdatecanbe accuratelyestimated. Fecundity (reproductive

potential) and rateof populationincreaseis low comparedto someungulatesof

similar size,suchas deer. Periodicallydepressedrecruitmentratesandhigh adult

mortality ratesalso lengthenthe timeto achieve the population objectives

describedin this recoveryplan.If the population increases sufficientlyand all

recoverycriteriaaremet, thespeciescould be consideredfor delistingby

approximately2025. However,this time frameis uncertainand couldbe

substantiallyextendedif populationstatusandprotective measures failto meet

criteria.
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I. INTRODUCTION

Thepurposeofthis recovery planis to (1)establishinterim andlong-termgoals

andobjectives,(2) describesite-specific managementactionsto achievethese

goals,and (3) establish ascheduleandestimate thecosts required to reclassify as

threatenedand ultimatelydelist thedistinctpopulation segmentofbighornsheep

(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 bighorn sheep inhabiting the

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)

as endangered on March18, 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 the EndangeredSpeciesAct’s standardsfor listing (i.e., is the

population segment, whentreatedasif it wereaspecies,endangeredor

threatened?).The PeninsularRangespopulationwill hereafterbe referredto in

this recoveryplanas thePeninsularbighornsheepand will alternativelybe

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

the EndangeredSpeciesAct.

1
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Species Distribution

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

Peninsular Mountain Ranges from the San Jacinto Mountains ofsouthern

California southto the UnitedStates- 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 the Peninsularbighornsheepasfederally endangeredwas

made because of declining population numbersandcontinuinghabitat loss,

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. Perrecovery planning criteria publishedin theFederalRegister(48

FR43098, September 21, 1983), the Peninsular bighornsheephas a recovery

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

bridge fromEurasiaduring thelate Pleistocene(Geist 1971),which beganabout

1,000,000 yearsagoandended10,000yearsagoat the time ofthe last IceAges

and the beginning of the Holocene. The rangeofbighorn sheephas sincespread

to include desert habitats asfar southasnorthernMexico (Manville 1980). In

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

sheep(Ovisdalli) andthebighornsheep(Oviscanadensis).Bighornsheep,

originally describedby Shawin 1804(WilsonandReeder1993),wereonce

divided into seven recognizedsubspeciesbasedon differencesin skull

measurements(Cowan1940,Buechner1960, Shackleton1985). These

subspecies included Audubonbighorn sheep(Ovis canadensis auduboni),

2
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Peninsular bighorn sheep(Ovis canadensiscreinnobates),Nelson bighornsheep

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

Weems bighorn sheep(Ovis canadensisweemsi),California bighorn sheep (Ovis

canadensiscaliforniana), andRocky Mountainbighorn sheep(Oviscanadensis

canadensis).Audubon bighornsheeparenow extinct. As described below, 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

subspeciesthat have, to date, beenclassifiedasnelsoni, mexicana,cremnobates,

andweemsi(Manville 1 980).~ The validityof thesesubspeciesdelineationshas

beenquestionedandreassessedon the basisofadditionalmorphological and

genetic analyses(WehausenandRamey1993;Ramey1993, 1995;Gutierrez-

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

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(Ovis canadensis cremnobates)did not

include the northern end of the PeninsularRangesin Californiaandextended east

across the ImperialValleynorthof the Mexicanborder. Wehausenand Ramey

(1993) notedthat various authors have arbitrarily changed thegeographic

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

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

methods and found little support for his subspeciesof bighorn sheep.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 subspecies in the PeninsularRanges. Basedon these

morphometric and genetic results, Wehausen and Ramey(1993) placedPeninsular

3
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bighorn within the Nelsonsubspecies(Ovis canadensisnelsoni),which is the

current taxonomy.

4. GENETICS

By analyzing micro-satellite andmajor histocompatibilitycomplexloci, Boyceet

al. (1997) found high levelsofgeneticdiversity within and betweenpopulations

of desert bighornsheep,includingsheepsubpopulations within the Peninsular

Ranges. Similarly, Gutierrez-Espeletaetal. (1998) foundsignificantamountsof

variationat microsatelliteloci 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 increases withgeographic distance.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, orewe 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 a non-random fashionamongtheseewe

groupsandthat a significantamountofmitochondrialDNA variationwas

partitionedamong ewegroups,indicatinga high level ofgeneticstructure among

these subpopulations (Figure 1). Theobservedstructure amongewegroupslikely

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 has occurred

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,bighornsheepdevelopedpredatorevasion behaviorsthatdepend

critically on the useof escapeterrain,which is generally defined assteep,rugged

terrain (Hansen1 980c,Cunningham1989). Escape terrainis important because

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

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

ewes are readyto give birth they will typically seekout the mostprecipitous

terrain, wheretheir lambs willpresumablybe safest(Geist 1971). The presence

ofsuch steepterrainfor predator evasionandlambingis, therefore,acrucial

componentof sheephabitat (seeAppendixB). Variation inslopeandaspectalso

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,othertypesofhabitat arecrucial to the

viability of bighomsheeppopulations. M. Jorgensen(CaliforniaStateParks,

pers. comm.) hasobservedbighorn atvarioustimesofthe yearon 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)

Palm Washtinajasin the southern Santa Rosa Mountains, a watersourcein late

summer/fallbeforewinter rains; (3) Harper Flatin Anza-BorregoDesertState
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Park;and(4) Chino Canyon,most recentlyin 1982,when seven ewes and lambs

wereobserved.Areasof flat terrain, such asvalleyfloors, serveas important

linkages between neighboring mountainous regions, thereby allowing sheep

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

neighboringareas,andallowing gene flowto occur betweensubpopulations

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

al. 1996).

In the SierraNevadaandMoj aveDesert,the timingof forage green-up in winter

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

Wehausen,White Mountain ResearchStation,pers.comm.;Wehausen1980,

1983). Low rolling terrain and washes seasonally providean importantsourceof

high qualityforage,with a greaterdiversity ofbrowsespecies thanin steeper

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

browse forlongerin the summer thando otherareas(Andrew 1994). Leslieand

Douglas (1979) notedthat these areas became increasingly importantto bighorn

sheepnot only in summerbut duringany periodof limited forageavailability.

BatesandWorkman (1983)observedbighornsheepfeeding in flat terrain in

CanyonlandsNational Park, and reportedthat plantproductionwashigherin

flatter terrain thanin steeperareas. Similarly, Bleich etal. (1997) reported that

during periodsofsexualsegregation,ramsexploitedrolling hills andflat terrain

for theirsuperior forage.After localizedsummerrainfall events, washes and

alluvial fansprovide the diverse, highquality foragethat is especiallyimportantto

lactatingewes (Turner1976, BureauofLandManagement1996). Hansen and

Deming(1980)describethe importanceof succulentspringfoods at lower

elevationsto lactatingewes.

In the Peninsular Ranges, bighornsheepusea wide varietyofplant species as

theirfood source.Turner(1973) recordedtheuseof at least43 species, with

browse being the foodcategorymostfrequentlyconsumed (Turner1976, Scott

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

CarrizoCanyon(at thesouthendof theU.S. Peninsular Ranges) consistedof 57

percent shrubs,32 percentforbs, 8 percentcacti, and2 percentgrasses.Scott

(1986)andTurner (1976) reported similardiet compositionsat the northend of
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the range. Plantspecieseatenby bighornsheepin the PeninsularRanges were

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

composition variedamongseasons(Cunninghamand Ohrnart1986,Scott 1986),

presumablybecauseofvariability in forageavailability, selectionofspecificplant

speciesduring different timesofthe year (Scott1986),andseasonal movements

ofbighornsheep.In Arizona,bighornsheepalso useda widevarietyof forage

speciesthroughout the yearto cope with the changing desert environment (Miller

and Gaud 1989).

In ruminants,such asbighorn sheep,fetal growthis relatively slow during the

earlystagesofgestation,with themajorityoffetal growthoccurringduring the

final two monthsofgestation (Robbins1993). Following lambing,ewes are faced

with thecostsof lactation,which are typicallytwo to threetimeshigher than the

energeticcostsofgestationandmay rangefrom four to seventimes the basal

metabolic rate(Robbins1993). Consequently,the time periodsurrounding

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 monthsofgestationandduring nursing can adversely affect the survivalof

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

Furthermore, femalesin poorcondition mayfail to provide adequate maternal care

following parturition(Langenauand Lerg1976,Festa-BianchetandJorgenson

1996). Crudeproteinanddigestibleenergyvaluesof earlygreen-upspecies,such

as annualgrassesandforbs,areusuallymuchhigherthanthoseof dormant

foragesduring thecritical late gestation, lambing,and rearingseasons.With their

high nutrientcontent,even minor volumesoftheseforageswithin theoverall diet

composition may contribute importantnutritional value atcritical life stages

(Wagner2000). However, during the reproductive season,dueto the varied

topographyofbighornsheephabitat, theseforagestypically areconcentratedon

specific sites, such asalluvial fansandwashes, where more productive soils

supportgreater herbaceous growth than steeper,rockiersoils. Berbach (1987)

found that when eweswereconfinedto a penandpreventedfrom usingall

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

lambsdiedofmalnutrition.
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In hot, arid deserts, wateris consideredto be an importantresource for bighorn

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

TurnerandWeaver1980,Elenowitz 1984,CunninghamandOhmart 1986). A

numberof studies have shownthat desertbighornsheepwill concentratearound

water sources in the summer, withmostanimalsfound within 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, Leslie and Douglas1979,Bleich etat. 1997). However, these patterns have

not been observedin all habitats(summarizedby Andrew 1994). Water sources

are mostvaluableto bighornsheepif theyoccurin proximity to adequate escape

terrain with goodvisibility. Therefore,thejuxtapositionofopen escapeterrainto

watersources will influence drinking patterns(Cunningham1989,Andrew 1994).

Duringperiodsofhigh rainfall, sheepdistributionis lesscoincident with

permanentwatersources (LeslieandDouglas1979). The importanceofwaterto

bighornsheephasbeen questioned(KrausmanandLeopold1986,Broyles 1995),

andsomesmall populationsapparentlyexist without standing water(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)orexpanded the

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

sheepwill drink regularlywhen wateris availableandconcentratenear water

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

use areas without known perennialwaterduring somemonths,including the

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

Thepredatorevasionbehaviorofbighornsheepdependson the abilityto visually

detectdangerat adistance.Visibility has long been recognized asan important

characteristicof bighornsheephabitat (Hansen198Gb). Researchers have found

that bighorn sheep will avoidhabitat in whichdensevegetation reduces visibility

(RisenhooverandBailey 1985, Etchbergeretat. 1989). This appears to be the
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case in the Peninsular Ranges, where bighornsheepusually remain below the

elevation of chaparral and other dense vegetation associations.

In the Peninsular Ranges, bighorn sheep habitatoccurs along the east-facing

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

(Jorgensen and Turner 1975). In thesemountains,bighornsheepavoidhigher

elevations,likely becauseofdecreasedvisibility (andtherefore increased

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

The elevational patterns of vegetation associationsin the PeninsularRanges,in

combination with this predator avoidancebehavior, have resulted in habitat use

that is more restricted to lower elevationsthanin most other bighorn sheep

populations.Resultsfrom helicoptersurveysand a5-yearstudyofradio-collared

bighornin theSanJacintoMountainsfoundthat bighornsheepin these

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

restrictedto a narrow bandofhabitat between213 and 1,037meters(700to 3,400

feet) in elevation(DeForgeet at. 1997). In the northern Coachella Valley,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 a tendencyto avoid venturing

far from escape terrain and by anthropogenic factors that now preclude

intermountain movements such as have been recorded elsewherein thedesert.

The available habitatof Peninsularbighornsheepcan,therefore,be visualized as

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 natal home range)behaviors

confer adaptive advantageto prey species because home range familiarity and

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

patterns and habitsofewes arelearnedby their offspring(Geist 1971). By

following olderanimals,youngbighornsheepgather knowledge about escape
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terrain,water sources, and lambing habitat(Geist 1971).Ewesthat share the

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

the term“homerangegroup” hasbeen usedto describe suchgroups(Geist 1971).

Thesegroupsare referredto as “ewegroups” in this recoveryplan. Ramsdo not

showthe samelevel ofphilopatryand tendto rangemorewidely, often moving

amongewe groups. As youngrams reach2 to 4 yearsofage,they follow older

rams away fromtheirnatal group during thefall breeding period, or rut,and often

return after this period(Geist 1971, Festa-Bianchet1991). Rams mayfollow 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 August throughOctoberin the PeninsularRanges(Rubinetat. 2000).

During therut, ramsjoin the ewe groupsandcompeteto breedwith receptive

ewes. The largest ramspresumablyare the mostsuccessfulbreeders, but smaller

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

sexualsegregation,ewesandtheir lambs aretypically foundin steeper,more

securehabitat, whilerams inhabitless steepor ruggedterrain (Geist1971, Bleich

etat. 1997).

Bighornsheepare primarilydiurnal(Krausmanetat. 1985) but maybe active at

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

feedingandresting periods thatarenot synchronouseither within orbetween

groups. Foragequality influences activity patterns. Whenforagesare lowin

digestibility, sheepmust spend more time ruminatingand digestingforage.

Particle size must be reduced sufficientlyto passfrom the rumenandreticulumto

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

digestibility increases, passage rates increaseandruminantscan feedmore

frequently(Risenhoover1986). Sheeptypically increasethenumberoffeeding

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

cycle of feeding and ruminating that reflectsforagequalityandoptimizesnutrient

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

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

home range group, ewes appear to associatewith other ewes basedon their

availability ratherthanon their matrilineal relationships(Festa-Bianchet1991,

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

they maysplit, reform,or changemembershipon adaily orhourlybasisas

animals move throughtheirhomeranges.

Burt (1943)definedhomerangeas ‘...thatarea traversed by the individualin its

normal activitiesof foodgathering,mating,andcaring foryoung”. Sizeof the

home range dependson thejuxtapositionofrequiredresources(water,forage,

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

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

(Leslie 1977, McQuivey 1978). In most populations,ram home ranges have been

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

DeForge et at. (1997) reportedaveragehome rangesizes(95 percent utilization

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

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

Mountains, using thefixed-kernelmethod(SeamanandPowell 1996).

Although most desert bighornsheepdo not seasonally migrate alongelevational

gradients like many populations in higherlatitude mountainranges,theydo

exhibit seasonaldifferencesin habitatuse patterns. In manypopulations,animals

will have a smaller homerangein summer(McQuivey 1978,Leslie andDouglas

1979,Elenowitz1983),presumablydueto their limited movement awayfrom

permanentwatersources.During the cooler or wetter monthsoftheyear,bighorn

sheepoften exhibitan expandedrange asanimalsmove fartherfrom water

sources (Simmons1980). In addition, seasonalchanges in habitat use are

influenced by lambing andrutting behavior(Geist 1971,Bleich et at. 1997).

Desertsheepalsoseektheearliestwinter green-upofannuals and thefirst

floweringofbrittlebush(Enceliafarinosa),which are elevationdependent

(J. Wehausen, pers. comm.).
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The gregariousandphilopatricbehaviorof eweslimits theirdispersal and

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

theorized,however,that ayoungewemight switch to a new ewe groupif she

encountered neighboringsheepand followed themawayfrom hernatal ewe

group. In the PeninsularRanges,movementofradio-collared ewes betweenewe

groupsis rare. During a3-yearstudy, themostextensive movement documented

was by oneewethat movedover30 kilometers(18.6miles) andtemporarily

joined asecondewegroup (Rubinetat. 1998). No emigrationofeweshas been

observedeven though radio-collaredanimalshave been regularly monitoredin the

northern SantaRosaMountainssince1981 (Ostermannet at. in press)and

throughout therangesince1993(li. Rubin,pers.comm.; DeForgeet at. 1997).

Geneticanalysesof ewedispersalsuggestthat a low rate has occurredin the

Peninsular Rangesin the evolutionary past(Boyceet at. 1999). Genetic and

observational datasuggest,however,that ram movements amongewe groupsare

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

Institute 1998, 1999).

An importantconsiderationin theconservationofPeninsular bighornsheepis

theirbehavioral responseto humansandhuman activity. Bighorn have been

consideredawildernessanimal because theydo not thrive in contact with human

development(Leopold 1933). Their response to humanactivity is highly variable

anddependson manyfactors,includingbut not limited to: the typeof activity,

the animal’sprevious experiencewith humans,size or compositionof the bighorn

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).

Responses can rangefrom cautiouscuriosityto immediateflight or abandonment

ofhabitat, as well as disruptionofnormal socialpatternsandresource use.

Though the effectof humanactivity in bighorn habitatis not alwaysobvious,

human presence oractivity in manycaseshas been foundto detrimentallyalter

normal behavioralandhabitat use patterns (refer to sectionI.D.5). For example,

bighorn beganusing urbansourcesof food andwaterin the northern SantaRosa

Mountains when developmentbeganencroachingon 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 urbanhabitats occurred several

decades beforethe first releaseofany captive-reared stock in1985 (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),though thebreedingopportunities of

youngramsarelimited by thesocialpressureof larger rams (Hogg1984). The

breeding period, orrut, occursin the late summerand fall months. As parturition

approaches, ewes seek isolatedsites with shelterandunobstructedviews (Turner

and Hansen 1980), and seclude themselvesfrom other females while findingsites

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

Mountains, the physical and biological characteristics of lambingsitesdid not

differ from sites used at othertimesof the year(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 Februarythrough August;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)

reported a similar onsetof the lambingseasonin theSanJacinto Mountainsandin

CarrizoCanyon, respectively.In theSanJacinto andnorthernSanta Rosa

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

(Bighorn Institute 1997). Lambsusually are weanedby 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 the 4-yearperiod(E. Rubin, pers.

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

determined that in the fall of 1992, at least85 percentof sampledadult eweswere

pregnant.Both of these observationssuggestthat conception ratesare not

currentlylimiting population growthin the PeninsularRanges.

Lamb survival (to 6 months of age) wasvariableamong groupsandacrossyears.

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 Mountains grouptypicallyhad the lowestlamb survival,

while the neighboring Deep Canyon group, locatedlessthan8 kilometers (5

miles) away,had thehighestlamb survival.Researchersworking in the northern

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

recruitment average observed in this area since approximately1977 (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 Santa RosaMountainsduring 1983 to 1994

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

RosaMountains averaged13 lambsper 100 ewes (Ostermannet at. in press,

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

pneumonia among lambs, haveoccasionallybeenobservedin Anza-Borrego

DesertStatePark(JorgensenandTurner 1973,Jorgensen andTurner1975,Hicks

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

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

have been observedin these areas aswell. In theSanJacinto Mountains,low fall

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

exhibited variablerecruitmentthereafter,with relativelyhigh (greater than or

equalto 0.50) fall lamb to eweratios from1994 to 1996(DeForgeetat. 1997).

Wehausen(1992) suggestedthat periodsof low recruitment may not 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 the Peninsular Rangesduring 1993 to
1996 (Rubin et al. 2000,basedon observationsof radiocollared ewes).

Ewe
Group

Proportion (1.0~l0O percent)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 thenorthand southSanYsidro groups were combinedbecauseofsmall

samplesizesin the southSanYsidro Mountainswhenyearswereconsideredseparately.

populationsif periodsof low offspringrecruitmentare interrupted byperiodic

pulsesof high offspring recruitment.Most ewegroupsin the Peninsular Ranges

appear to have exhibited suchpulsesof high recruitment but decliningpopulation

trends(seesectionI.C.3) suggestthat they have not been sufficientto balance

adult mortalityover longertime periods. Chronicallylow lamb to eweratios

observedin thenorthernSantaRosaMountains ewe group (DeForgeetat. 1995,

Ostermannet at. in press)area particular concern.Signsofillness have been

observed amonglambsin this ewe group (DeForgeet at. 1982, DeForgeandScott

1982,DeForgeandOstermann1998a),and itis possiblethat low lamb survival is

associatedwith diseaseor diseaseprocesses complicated byenvironmental

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

ewe group has beenaugmentedby captive animals since1985(seesectionsL.C. I

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

observed amongwild-rearedandcaptive-reared ewes (Ostermannel at. in press,

Table2). A 5-yearstudyof radiocollared lambs has been initiatedin this

populationto determinecause-specificmortality (DeForgeandOstermann

I998b).
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Table 2. Peninsular bighorn ewe populationestimatesand recruitment (lamb
survival until December) forcaptive-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

Several studies have documented apositive relationship betweenwinter

precipitationandlamb recruitmentin thefollowing year (DouglasandLeslie

1986, Wehausenet at. 1987). However, the relationshipbetweenprecipitation

andlamb recruitmentis not asimpleone. Wehausenet at. (1987) foundthat

periodsof low lamb survival,believedto be a resultof a disease epizootic,

coincided with periodsofincreasedrainfall. Theseauthorshypothesizedthat

increasedstandingwatercausedpopulationsof Cuticoidesmidges, a vectorof

bluetongueandepizootichemorrhagicdiseaseviruses(Hoff andTrainer1981), to

increase.Anotherhypothesis involvingthe presenceof livestock asan outside

diseasereservoiralso was presented (Wehausenetat. 1987). Therelationships

between climate,lamb recruitment,andpopulationtrendslikely differ among

different bighornsheeppopulations,and arenot fully understood(Rubinet at.

2000).
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In ruminants,reproductivesuccessis relatedto the mothersbodyweight,accessto

resources, qualityofhomerange,and age(Etchberger and Krausman1999).

Survival ofoffspringalso dependson birth weightanddate. Festa-Bianchetand

Jorgenson(1996)foundthat femalesheepreduce thecareof lambs when

resources are scarceto favor their ownnutritional requirements overtheir lambs’

development.Excessivedisturbancealso candisrupt nutritional conditionby

affectingoptimum feeding-ruminatingcycles(Wagner 2000). Ewesthat fail to

acquire a minimumlevel ofenergy reserves(i.e.,body weight) may not conceive

(Wehausen1984)orwill produce smalleroffspringwith a poorer chanceof

survival (Price and White1985).

Ewesin the captive herd attheBighorn Institutehadhigh lamb production(mean

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

Productionandrecruitmentof individual ewesin captivity ranged from0 to 108

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

males,41 females)werebornto ewes2 yearsofageor older, resultingin a sex

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

of39 lambs (15.4 percent)capturedfrom thewild died incaptivity. Lamb

mortalitieswereattributedto disease(n=1 1), trauma orperitonitis(n=3), and

undetermined causes (n=3)(Ostermannet at. in press). Lamb survivalin the

captiveherd during 1999wasthe lowestrecordedfor this population, withonly

two of sevenlambs survivingto yearlingage. Resultsfrom necropsiesperformed

at the CaliforniaVeterinaryDiagnostic Laboratoryindicatedacutebacterial

pneumonia(Pasteurettaspp.)asthecauseofdeath inall five lambs. Previous

studies haveimplicatedseverestressasa factorin pasteurellosis indomestic

ruminants (Frankand Smith1983, GilmourandGilmour 1989),andin bighorn

pneumonia epizootics(Feuersteinet at. 1980,Sprakeret at. 1984,Festa-Bianchet

1988). During the1999 lambing season,captive bighornwereobservedfleeing

from the feeding areain responseto constructionnoise fromnearby development

projectson multiple occasions. Additionally,helicopterswere documentedflying

overoradjacentto theenclosuresandcausingalarmresponses(e.g., running

uphill) among captive bighornon over20 occasionsbetweenJanuaryandJuly

1999(Bighorn Institute 1999). Stressresultingfrom humandisturbancemayhave

played a rolein predisposingcaptivelambsto disease.
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4. SURVIVORSHIIP

In theSan Jacinto Mountains, DeForgeet at. (1997)monitoredthesurvivalof

adult(2 ormoreyearsofage)radiocollared bighornsheepduring 1993 to 1996

andestimated annualadult survival to be 0.75 (1 equals100 percent).During

1997and1998, annual survivalin this ewegroup was0.67 and0.86, respectively

(BighornInstitute 1997, 1998).

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

monitoredduring a14-yearperiod(1985 to 1998),andwas foundto range

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

analysisdid notrevealanincreasingor decreasing trendin survivorshipduring the

14 years. In this ewegroup, which has beenaugmentedwith captive animals

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

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

reared animals (nequals43, mean0.81;Ostermannetat. in press).

DuringNovember1992 to May 1998,survivorshipof 113 adult radio-collared

bighornsheep (97 ewes and16 rams) was monitored betweenHighway74 (in the

SantaRosa Mountains)andthe U.S.-Mexicoborder. During this period, overall

annualadult survival was0.79 (Table 4), withno significant difference among

three ageclassesofadults (Hayeset at. 2000). Survivorshipvaried acrossyears

(range: 0.72 to 0.91,Hayesetat. 2000), butregressionanalysisdid notreveala

decreasingor increasingtrendin survivorshipacrossyears. Annual survivorship

of individual ewe groups rangedfrom 0.70 to 0.87,and ayearof high

survivorshipin one group was notnecessarilya yearof highsurvivorshipin other

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

Survivalofadult bighornsheephasbeen consideredto be high until 10 yearsof

age (Hansen198Gb),oruntil shortly before the ageofecologicallongevity

(Cowan andGeist 1971). However,observedvaluesof annualadult survivorship

in the Peninsular bighornsheepappearlow relative to other reported desert

populations: 0.91 or greaterin southeastern California(Andrew 1994),0.86 or

greaterin northwestArizona (when highwaymortalitieswereexcluded,

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 Santa RosaMountains ewegroup for calendar years 1985 to 1998

(excluding captive-rearedanimals; Ostermannetat. 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~ivalcalcujatedusingthe Kaplan-Meiermethodmodified fora staggeredentrydesign

(Pollocket al. 1989).

0.85 orgreater for fouroffive populationsstudiedin the Mojavedesert

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

populationin the GraniteMountains,which was documented to havelow adult

annual survival (0.72)resultingfrom predationby mountainlions (Wehausen

1992).

Survivalof Bighorn Institute captiveraisedyearlingandadult bighorn(n equals

73, 1985-1998)12 months afterreleasewas0.61. First yearsurvival for females

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

bighorn released as adults (0.75,n equals12) washigher(p lessthan0.01)than

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

wild, survival forcaptive-rearedsheepimproved substantially.Average annual

survival forcaptive-rearedbighornexcluding thefirst yearafter release(0.88)was

significantly higherthansurvival during thefirst yearafter release(p lessthan
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Table 4. Annual survival of adult bighorn sheep(greater than or equal to 2 years of

age)a,between Highway74 (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 forwild-rearedbighorn during the same time period (p equals

0.05). Mountain lion predation was the primary causeof death for released

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

Between1985 and 1998,survival foryearlingandadult bighornin the captive

populationat the BighornInstitute rangedfrom 0.89 to 1.0 andaveraged0.98.

Theonly adult bighornmortalityduring this time period was the euthanasiaofa

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

and oneduring transport forrelease(Ostermannet at. in press). In1999,two

adultsanda yearling diedin captivity: a 15-year-oldram waseuthanizedafter

collapsingfrom a brokenhumerus;a 14-year-oldram diedfrom complications

with old age andbronchopneumonia;and ayearlingram diedfrom an extensive

cervical abscess(Bighorn Institute 1999).

5. CAUSESOF MORTALITY

Causespecificmortality in theSanJacintoMountainswas studiedfrom 1992 to

1998. During this period, fivemortalitieswere attributedto mountain lion(Puma

concotor)predation, twowereattributedto bobcat or mountain lion predation,and

threediedofunknowncauses(DeForgeet at. 1997;Bighorn Institute1997,

1998).
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In the northern Santa RosaMountains,artificially irrigatedvegetationattracts

bighornsheepandcreatesahazard. Thoughcommonlythoughtto be the product

ofreleasingcaptive-rearedanimalsinto thewild, behavioral habituationto urban

sourcesof food andwater began when urbanization started encroaching into

bighorn habitatin the1950’s, severaldecades before population augmentation

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

Bleich, pers. comm.). Astudyof cause-specificmortality conducted from1991 to

1996revealedthatpredationaccountedfor 28 percentof32 adult bighornsheep

mortalities (25 percentdueto lion predationand3 percentdue to either lion or

bobcatpredation)and34 percentweredirectly caused byurbanization(DeForge

andOstermann1998b).The remainderofmortalitiesweredueto disease(3

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

attributedto urbanization,5 weredueto automobile collisions,5 were caused by

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

additionalfour bighornsheep werestruckbut not killed by vehicles. Toxic plants

causingmortality includedoleander(Neriurn oleander)andlaurel cherry(Prunus

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

may have caused the deathof ayoungramin Palm Springs (Weaverand Mensch

1970). Dueto an absenceof comprehensivestudiesof thetoxicity ofnon-native

plantsto bighornsheep,it is unclearhowmanyadditional ornamental plant

speciesrepresent arisk to bighornsheepin the PeninsularRanges. Exposureto

chemicals, such as fertilizers,herbicides,andinsecticides used in developedareas,

is alsoa concern (Turner1978);however,little is known about thelevel of

exposureoreffectson bighornsheep.Preliminary resultsfrom an ongoingstudy

ofradiocollaredlambs indicatethat urbanizationis alsoaffectinglamb survival in

this ewegroup. Of the ninelambmortalitiesrecordedin 1998and 1999,five

were attributedto coyoteorbobcatpredation,oneto mountain lion predation,and

threeto the directandindirect effectsof urbanization(automobilecollision and

drowningin a swimmingpool). Dogsalso havebeenobservedto chase bighorn

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

nine deaths occurred within300meters(980 feet)of theurbaninterface(Bighorn

Institute 1999).
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Thoughmule deer(Odocoiteushemionus)are theprimarypreyof mountainlions

in North America(Anderson1983),and the rangeofbighorn sheepin the

Peninsular Rangeslargely avoidsoverlap withmule deer, lionpredation threatens

individual ewe groupsin the Peninsular Ranges (Hayeset at. 2000)andhasthe

potentialto affect populationrecovery. From November1992 to May 1998,

Hayesetat. (2000) foundthe primary causeofdeathof radio-collaredadult

bighornsheepbetweenHighway74 (in the Santa Rosa Mountains)and theU.S.-

Mexico border waspredationby mountainlions. Lion predation accounted forat

least69 percentofthe61 adultmortalitiesand occurredin eachoftheewegroups

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

accountedfor 50 to 100 percentofthe bighornsheepmortality, anddid not

exhibit a decreasing orincreasingtrend during1993 to 1997. Lion predation

appearedto show aseasonalpattern,with themajorityof incidents occurring

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--causes other than predationand 15

percent--undetermined cause.

It is unknown,however, how current levelsof lion predationobservedthroughout

the Peninsular Rangescompareto historic levels. Lions orsign oflion have been

observedin the habitatof Peninsular bighornsheepsince the1950’s(Joneset at.

1957,Jorgensen and Turner1973,Gross1987, Sanchez1988, BighornInstitute

1990). However, theliterature indicatesa lackof agreementon recentmountain

lion population trendsin California(Smallwood1994,SmallwoodandFitzhugh

1995,Torres etal. 1996,Wehausen1996). Past incidentsof lion predationwere

documented by JorgensenandTurner (1975), Gross (1987),andBighorn Institute

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

andpredation was notconsideredto be a seriousrisk to bighornsheep(Weaver

andMensch1970, JorgensenandTurner 1975,Cunningham1982),but it is

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

since1993hasgreatlyincreasedthe detectionof suchmortalities. Becauseofthe

rough desert terrainand themannerin which lions handletheirprey(buryingor

cachingunderdirt or brush),carcassesoflion-killed bighorn sheeparedifficult to

find without the aidoftelemetry. However, dead bighornsheepwithout radio-
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collarshavebeen foundopportunisticallyduring earlyand recentfield work, and•

it hasbeensuggestedthat theproportionofthesethat were killedby lions may

haveincreased.It is possiblethat othercausesof mortality, for examplepast

episodesof diseases, have altered the proportionof mortalities attributedto lion

predation.

Past fieldobservationsandrecordsin areasfar from the Coachella Valleyurban

interface documented mortalitiesresultingfrom 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),and accidental falls (Turner1976). Golden

eagles(Aquita chrvsaetos)and bobcats (Lynx rufus) arealsopotential predators.

6. COMPETITION

In the PeninsularRanges,bighorn sheeppotentially competefor resourceswith

othernative ungulates (mule deer), domesticlivestock(cattle),feral animals

(horses),andhumans. Bighorn sheepand deerhabitat overlap primarily at the

upperelevationsof bighornhabitat,with possiblegeographicandseasonal

differencesin the degreeofoverlap. Jones (1980) summarized reportsof possible

competitionfor food andwaterbetweendeerand bighornsheepin othermountain

ranges. Joneset at. (1957) and Weaveret at. (1968)speculatedthat competition

between the two species mayoccurbut likely waslimited in the Peninsular

Ranges.The habitat usepatternsofdeerin the Peninsular Ranges have not been

studied;therefore,levelsofcompetitionare notknown. Recentobservations

suggestthat non-native honey bees(Apis meltifera)couldaffect bighornsheepuse

ofcertainwater sources(W. Boyce, pers.comm.).

Numerous reportsandobservations indicatethat cattle grazing can bedetrimental

to bighornsheeppopulations,either throughdirect competitionfor forageor

water,or through vegetation changes in responseto cattle grazing (reviewedby

McQuivey 1978andJones1980)andpotentialdisease transmission(e.g.,

DeForgeetat. 1982,Clark etat. 1985,Jessup1981, Jessup1985,Clark et at.

25

010251

010795



1993,refer to sectionI.B.7 andI.D), althoughseeSingeret at.(1997).

Historically, large numbersofcattle were grazedin the PeninsularRanges(Reed

1986; AppendixA). Numbersweregreatly reduced whenAnza-BorregoDesert

StatePark wasestablishedin 1933 andgrazingleaseson park lands were

terminatedin 1970,althoughcattle havecontinuedto trespasson Parklands from

adjacentallotments. CunninghamandOhmart (1986) foundthat dietary overlap

betweencattleandPeninsular bighornsheepin CarrizoCanyonwaslow (less than

orequalto 18.2 percent)but noted that during theirstudy, thetwo speciesused

different vegetationassociations.Theseauthorscautionedthat competitionmight

increaseif: 1) cattle wereintroducedto bighornsheephabitat(with the impact

being most serious at watersources),or 2) drought reducedtheavailabilityof

annual plants. In1989,cattlewereobserved at a watersourceusedby bighorn

sheepin CarrizoCanyon (Clarketat. 1993),indicatingthat cattle wereusing

bighorn sheep habitatin thestudysiteofCunninghamandOhrnart(1986). Cattle

werealso foundin bighornsheephabitatin CoyoteCanyon, Rockhouse Canyon,

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

1987 to 1989, Anza-BorregoDesertStateParkpersonnelremoved117 cattle from

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

cattle,and thosecurrentlygrazed legallyon grazingallotments)arestill found in

or near bighornsheephabitatin the PeninsularRanges,andrepresent apotential

risk to bighornsheep.

Domestic sheep present problems similarto cattlewith regardto competition;

however,theirpresencerepresentsan evengreaterthreatdueto an increasedrisk

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

goatsalsoare potentially serious competitors becauseof theirability to maneuver

in rough countryandtheirpropensityto overgrazeforage. Jonesetat. (1957)

found approximately30 goatsin MartinezCanyonin the SantaRosaMountainsin

1957and observedthat they had heavily used partofthis canyon. R. Weaver

(California DepartmentofFishandGameretired,pers.comm.)also observed

goatsin this areaandat thesouthernedgeoftheU.S. PeninsularRanges (southof

Highway 8) in thelate 1960’s. Goats persistedin MartinezandSumacCanyons

(Santa RosaMountains)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 the rangeofthe Peninsular bighorn

sheep,thoughtransientrammovements,such as along theSunriseHighway(51

in SanDiegoCounty)could encountersheeporgoatsin peripheralareas;

reintroductionof thesespecies wouldcreatea seriousrisk to Peninsular bighom

sheep.

Many researchershavedocumentedhigh levelsofcompetition,both for waterand

forage,betweenburros(Equus asinus)andbighorn sheep(e.g.,Weaver1959,

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

Jones1980). Jonesetal. (1957)reported thepresenceof burrosin Martinez

Canyonand speculatedthattheiruseof water sources could interfere with bighorn

sheepuse. Burrosalsoinhabited RockhouseCanyon(north) from approximately

the 1930’s to the early1970’s(M. Jorgensen,pers. comm.). No burros are

currentlyknownto inhabit the PeninsularRanges,but theycouldposea risk for

bighorn sheepif introduced. Feral horses(Equuscabattus)currently inhabit

Coyote Canyonin Anza-BorregoDesertStatePark(Auza-BorregoDesertState

Park,unpublisheddata)andPalmCanyon(SanJacintoMountains). Competition

between feral horsesandbighornsheephas notbeenextensivelystudied,but

increasing horse populations were reported to coincide with decreasing bighorn

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

Similarly, during the3-daywaterholecountsat Anza-BorregoDesertStateParkin

1999and2000, thecontinuouspresenceof 16 and21 wild horses, respectively,

arounda traditionally usedwaterhole coincidedwith an absenceof bighorn

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

M. Jorgensenhasobservedthat during periodsof poorrangeforageconditions,

horses congregatearoundwater sources more thanusual,causingdamagesimilar

to thatofburrosby consumingthe bestavailableforageandfouling surface

waters.

Competition withdomesticlivestock,especiallydomesticsheep(Brigandi 1995),

hasaffected bighornsheepin the past(refer to AppendixA). Cattlewerepresent

in thePeninsularRangesas earlyas 1775 (Bolton 1930)andweregrazedin large

numbers throughout therange(Turner 1976,Reed1986,Cunninghamand Ohmart

1986). Currently,competitionwith livestockis low in the Peninsular Ranges
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becauseofpastandcurrent effortsto limit livestock numbers.However,

competitionmaystill occurin localizedsituations. For example, bighornuseof

HellholeCanyonhasincreased measurablysincetheremovalof over two dozen

cattlefrom thecanyonand 117 cattlethroughoutthepark in 1987 (M. Jorgensen,

pers. comm.). InCanebrake Canyon,currentBureauof Land Management

grazingpermits allowing cattleto usewatersources located below bighornsheep

lambingareas may be affecting theCarrizo Canyonewe group. Thisewegroup

alsomay be affected by cattlethat strayoutof a grazing allotment in McCain

Valley. In addition, the potentialrisk ofdiseasetransmission exists as long as

livestockoccurin bighornsheephabitat.

7. DISEASEAND PARASITISM

It has been hypothesized that disease has playedan important rolein population

dynamicsof bighornsheepin the PeninsularRanges(DeForgeet at. 1982,

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

Numerous pathogens have beenisolatedordetectedby serologic assayfrom

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,and parainfluenza virus)and low lamb recruitmentin

associationwith overall populationdeclines. Between1982and 1998,39 lambs

showingsignsofillness(lethargy,droopyears,nasal discharge, andlung

consolidation) were collectedfrom theSantaRosa (northern and southern),

Jacumba,and In-Ko-Pah Mountains fordiseaseresearchandrehabilitationat the

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

documenteda population declinethroughoutthe SantaRosaMountains during

1983 to 1994,resultingfrom inadequaterecruitment. Although a cause andeffect

relationshipbetween disease andpopulationdecline has notbeenclearly

establishedin the PeninsularRanges, resultsfrom several studies providesupport
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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). The presenceof feral

goatsin portionsof the Santa Rosa Mountainsuntil the late 1970’sto early 1980’s

may havecontributedto exposureofwild bighorn to diseaseduring this periodof

population decline(D. Jessup,in th~t. 1999).

Analysisofspatialvariationin pathogenexposureamongbighornsheepsampled

between1978 to 1990showedthat Peninsularbighorn sheeppopulationsand

otherpopulationsin southernCaliforniahavehigher levelsofpathogenexposure

than otherpopulationsofbighorn sheepin theState(Elliott et al. 1994).

However,serologicaltests have revealed the presenceof antibodiesto several

infectious diseaseagentsin both healthy andclinically-ill animals (Clarket at.

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

theviruses,bacteria,andparasites that have been reportedfrom Peninsular

bighornsheepappearto be widespread among desert bighornsheepin the western

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

the PeninsularRangeshas subsidedin more recentyears. For example,recent

samplingandexaminationofbighornsheepthroughout the range indicatethat

most animalswereclinically normal (Boyce1995;DeForgeet at. 1997;Bighorn

Institute 1997, 1998,1999). Several caveatsshouldbe kept in mind when

interpretingserologictest resultsofwild animals(Gardneretat. 1996). An

animal testingpositive for a specific pathogen: 1) may or maynot be showing

clinical signsof the infectionandmay never have been adverselyaffectedby the

infection, 2) mayno longer harbor the pathogen, 3) may or maynotbe resistantto

subsequent re-infection,or4) mayhavebeen exposedto a related pathogenthat

induced theformationof cross-reactiveantibodies. On the otherhand,an animal

testingnegative: 1)may never have been exposedto the pathogen, 2) maybe

recentlyinfectedby thepathogenunder scrutiny butnot yet producingantibodies,

or3) may have been exposedto thepathogenanddeveloped anantibodytiter that

has subsequentlyabated.Detectionofpathogens doesnot, in itself, imply a causal

relationship between diseaseandpopulationdeclines. Additionalresearchis

necessaryto better understandthis relationship. Furthermore,it appearsthat risk

ofdiseaseandparasitesmight differ among ewegroupsbasedon their exposure
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andtheirhabitatusepatterns,so future researchshouldaddress thesequestionsat

the level ofthe ewegroupandthe levelof the population.

The reduced influenceofdiseaseon Peninsularbighornsheep(as they

simultaneouslycontinueto decline)suggeststhat otherfactors,such aspredation,

habitat loss/modification,andhumanrelateddisturbancecurrentlylimit the

population. Nonetheless,diseaseand/or parasites maystill threatenbighornsheep

in thenorthernSanta RosaMountains. Bighorn sheepin this group have

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

illness havebeenobservedamongadultsandlambs (DeForgeandScott 1982;

Bighorn Institute1997;DeForgeandOstermann1998a;E. Rubin, pers.comm.).

In addition, during1991 to 1998,internalparasites(trichostrongyles)were

detected in this ewe group(DeForgeandOstermann1998b;E. Rubin andW.

Boyce,pers.comm.),while similarsamplingfailed to detect these parasitesin

bighorn sheepfrom the remainderof therange(DeForgeei’ at. 1997;Bighorn

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

alteredhabitatuse patterns mayincreasetherisk ofdiseaseandparasitesin this

group by increasing parasitesurvivalor transmission rates inirrigated landscapes

(Bighorn Institute 1997,DeForgeandOstermann1998b). It has beensuggested,

for instance,that the densityof RockyMountainbighornsheepis importantin the

transmissionof lungworms(Protostrongytus)in mesic areaswherethesnail

intermediate hosts are sufficientlycommon(UhazyandHolmes 1973).The

different ewe groupsin the PeninsularRangesapparently have differentpathogen

exposureprofilesand risks.

C. ABUNDANCE AND DISTRIBUTION

1. HISTORIC ABUNDANCE AND DISTRIBUTION

Bighorn sheep have beendocumentedin the PeninsularRangessince early

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

rangewidepopulationestimateswere not madeuntil the I 970’s. Published

estimates were ashigh as971 in 1972(Weaver1972),and 1,171 in 1974(Weaver

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

(U.S. Fish and Wildlife Service1992),andbetween327 to524 in 1993 (Torreset

at. 1994). Accuracyof theestimatesin the early1970’s(pre-helicoptersurveys),
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especiallyin theSanJacintoMountains,has beenquestionedby several

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

more details).

An examinationof pastrecordsandcurrent datasuggeststhat thedistribution of

bighorn sheep has beenaltered duringthepast25 years. No newewegroupshave

been documentedto form, but ewegroupsalong theMexicanborderand in the

northern San JacintoMountains(north ofChinoCanyon)have disappeared since

the 1980’s. Lossofthe borderpopulationwas poorlydocumentedbut the

constructionofInterstate8 in the mid-1960’s,railroadactivity, livestock grazing,

poaching,and fire suppression appearto be likely contributingcauses(Rubin et

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

fragmentation were the principalcausesofchangesin distributionin thenorthern

SanJacintoMountains. In thenorthernSanta Rosa Mountains, the numberand

distributionofewesis substantially reducedfrom the 1980’s,with formerly

important useareas,such as CarrizoandDeadIndianCanyons,currently

supporting fewanimals(J. D. Goodman,Universityof Redlands,unpublished

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

1999). The FishCreekMountainsandareasto thewestofthe Vallecito

Mountains (theSawtoothRange,Oriflamme Mountains,andthe lower elevations

oftheLagunaMountains) arebelievedto havesupported “transient”use bysheep

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

The distributionof eweshasbecomemorefragmentedin the recentpast,although

evidenceis not availableto suggestthatram use has been curtailed.At the

southerndistributional limits oftheU.S. population, the constructionofInterstate

8 preceded the later disappearanceofbighornsheepalong the Mexicanborder,

though ramsstill continueto be found occasionally (Jessup,in titt. 2000). At the

extreme northernendof their range,ewegroup occupation ceasedin the northern

SanJacintoMountains about20 yearsafterconstructionofthe Palm Springs

AerialTramwayin ChinoCanyon,thoughramsstill cross ChinoCanyonand

makeuseofmuchofthe areaformerly occupiedby the ewe group.Rubin etat.

(1998) suggestedthat in portionsof therange,roads or increasedtraffic have

contributedto fragmentationby restrictingewemovement, as evidencedby the

distributionallimits of four ewegroupscurrentlycoincidingwith roadways. In

the 1970’s,ewes wereobservedto cross Highway74 in the SantaRosaMountains
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(V. Bleich, pers.comm.; D. Jessup,in titt. 1999)andsheepwerestruck by cars

“whereancestralbighorntrails are bisectedby thehighway” (Turner1976).

Thougha radio-collaredewecrossed Highway74 in 1982(DeForgeandScott

1982),no radio-collared eweswereobservedto crossthis road from1993 to the

present. California DepartmentofTransportationrecordsindicatethat traffic on

this road has approximately tripled since1970. Since1991,at leastfive rams
have been struckby carswhile crossing Highway74; two were killed (Bighorn

Institute 1991, 1999). In addition,a significantreductionin bighorn use in

portionsofthe Santa RosaMountainshasbeenobservedsince the constructionof

the Dunn Road (DeForgein litt. 1997).

2. RECENTABUNDANCE AND DISTRIBUTION

RecentabundanceestimatesofPeninsular bighornsheepnorthoftheU.S.-Mexico

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

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

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

that the Santa Rosa Mountains southeastofHighway74 and the Vallecito

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

requiredto confirm this. During 1994 to 1998,the largestewegroupsin the

PeninsularRangestypically consistedof lessthan30 ewes, whilesomegroups

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

etat. in press)(Table6). TheSanJacintoewegroupcurrentlyconsistsofsix

known ewes(Bighorn Institute 1999).Althoughpermanent emigrationof ewes

betweengroupshas not beenobserved,a limited numberof temporarymoves

betweensomegroupswere documentedin recentyears(Bighorn Institute 1998,

1999; Rubinetat. 1998),andgeneticevidenceindicatesewemovementin the

past(Boyceet at. 1997). Ram movements betweenewegroups are morefrequent

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

observational data aresupportedby geneticanalyses(Boyceet at. 1997,Boyceet

at. 1999,refer to sectionI.A.3). The existenceof distinct ewegroupsthat are

connected bylimited movementof bighornsheepsuggeststhat Peninsular bighorn

sheepcomprise a metapopulation(Levins 1970,Torreset at. 1994, Bleich et at.

1996, Boyceetat. 1997). Bighornsheepexhibit a patchy distribution as a result

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

1 990a, 1996),andgeneticanalysessupportthehypothesisthat discrete ewe
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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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groups existedin the past(Boyceet at. 1999). However,it appearsthat some

separations between groups areof anthropogenicorigin andmovementof ewes

has been reducedby humanactivity (DeForgeetat. 1997,Rubinei at. 1998,refer

to sectionL.C.2).

Two captive populationsofPeninsularbighornsheepcurrentlyexist. TheLiving

DesertMuseum,an educationaland zoofacility in PalmDesert,California,

maintains asmall group (sevenadult femalesand twoadult males) atits facility.

These animals are used primarily foreducational purposes(Terrie Correll, The

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

maintains asmall captive herdof approximately30 animals. This private,

nonprofit organization, establishedin 1982under the authorizationof the

California Departmentof FishandGamewith a MemorandumofUnderstanding,

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

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

and 1998. Estimates excludelambs (DeForgeetal. 1995; Bighorn Institute 1996,

1998).

Region 1994 1996 1998 Source(s)

Anza-Borrego

DesertStatePark

(including all

habitat outsideof

Santa Rosa and San

JacintoMountains)

214.0

(149.8 to

278.6)

163.0

(131.8to 194.2)

180.7

(149.5to

211.9)

Rubin et at.

1998, 1999

Santa Rosa

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 number known to be alive, basedon absolutecounts(intensive field studies ofradio-

collaredanimals in combination with annual helicoptersurveys). Confidenceintervals

unavailable.
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conductsresearchandmaintains a breedingherdat its facility (referto section

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

Ewe groupsin theSanJacinto andnorthernSanta RosaMountains have been

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

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

3. POPULATION TRENDS

Although basedon different techniques,acomparisonof early(pre-1977) and

current population estimatessuggestsagreatdeclinein Peninsular bighornsheep

numbers.Early estimates were basedon waterholecounts orfoot surveys,

whereashelicoptersurveyswereusedto generatepopulation estimatesstartingin

Table 6. Ewe abundanceestimates(and 95 percent confidence intervals) per ewe

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

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

Current ewe group

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)

~Minimumnumber known to bealive, basedon absolutepopulationcounts(intensivefield studies

of radiocollaredanimals in combination with annual helicoptersurveys). Confidenceintervalsare

unavailable.
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1977. Annualhelicoptersurveysconductedin the SantaRosaMountainssince

1977 indicate aregionalpopulationdecline (DeForgeet at. 1995,Wehausenetat.

1987),with a 69 percentdeclineobservedbetween1984and 1994(DeForgeetat.

1995). Rubinetat. (1998) examinedtrendsin abundanceoutsideof the Santa

Rosa Mountains with the useof a 26-year datasetof annualwaterholecount

observations in Auza-Borrego Desert State Park. These data indicatedthat

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

abundancetrendsareindependentamongewegroups,andis in agreementwith

field datathat showindependentdifferencesin lamb recruitmentandadult

survivalamongewegroups (Rubinet at. 2000.,Hayesetat. 2000, refer to

sectionsI.B.3 andI.B.4). Climatic patterns are highlycorrelatedacross the

PeninsularRanges,suggestingthat otherlocal factorsspecific to ewegroups play

important roles in determininglong-term abundancetrends (Rubinet at. 1998).

Independentpopulationtrendsalsowereobservedamongewegroupsin the

Mojave Desert (Wehausen 1992).

DeForgeet at. (1997) foundthat bighornsheepin theSanJacinto Mountains

declinedbetween1984 and 1987. Sincethat time thesubpopulationinhabiting

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

RosaMountains, mark-recapture estimates generatedfrom helicopter survey data

indicatedthat bighorn sheepnumbersappearedto remain stable atlow numbers

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

the northern partof thesemountains,the current numberof animalsis

approximately50 percentofthenumber present during the1980’s(Table 8).

Helicoptersurveyssouthof the SantaRosaMountains, encompassingall

Peninsular bighornsheephabitat outsideof the SantaRosaand SanJacinto

Mountains, indicated a28 percent declinein ewenumbersin arecent2-year

period (froman 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 habitat loss,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-

estimate of 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 absolutepopulation count.
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D. REASONSFOR LISTING

The following discussionis organizedaccordingto the listing criteria under

section4(a)(1)of theEndangeredSpeciesAct.

I. THE PRESENT OR THREATENEDDESTRUCTION,MODIIFICATION,

OR CURTAILMENTOF THEIR HABITAT OR RANGE

Habitat lossis a leadingcauseofcurrentspeciesextinctionsand endangerment

(Burgmanetat. 1993). It represents aparticularlyseriousthreatto Peninsular

bighornsheepbecausethey live in a narrow bandof lowerelevationhabitatthat

represents someofthe most desirable realestatein the California desertandis

being developed at a rapid pace.At least7,490hectares(18,500acresor about30

squaremiles) of suitable habitat has beenlost to urbanizationandagriculture

within the rangeof thethreeewegroupsthat occur along theurbaninterface

between Palm SpringsandLa Quinta(seethemapsreferencedin Appendix B).

Within the narrow bandofhabitat, bighornsheepneedto be ableto movedaily,

seasonally,and annuallyto makeuseof sparseandsometimessporadically

available resourcesfound withintheirhomeranges.As humansencroachinto this

habitat,these resources are eliminated or reducedin value,andthe survivalof ewe

groupsis threatened. Bighornsheeparealsosensitiveto habitatloss or

modification becausethey arepoordispersers(Geist 1967, 1971),largelylearning

their rangingpatternsfrom older animals ratherthanon theirown (referto section

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

within their familiarsurroundings but with reduced likelihoodof population

persistence, due to reduced quantity and/orqualityof resources.Habitat

fragmentationis amajorthreat to bighornsheep(Schwartzet at. 1986, Bleich et

at. 1996) and Peninsular bighorn sheep areparticularlyvulnerablebecauseof the

narrow elevational bandofsuitable habitat, behavior (useof low elevationhabitat

andewehome rangefidelity), and populationstructure. Fragmentation poses a

particularly severethreat to species with a metapopulation structurebecause

overall survivaldependson interactionamongsubpopulations.Encroaching

urbandevelopmentandanthropogenic disturbances have thedual effect of

restricting animalsto a smaller areaand severing connectionsbetween ewe

groups. Movementsby ramsthrough downtownPalm Springs(Tevis 1959,

DesertSun,9/12/1995, DeForgeetat. 1997)may provideinsight into past bighorn
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movement patterns.Former long-distancemovementsacross thevalley floor to

thenorth and eastof theCoachellaValley, though neverdocumented,likely

occurred as theycurrentlystill do between othermountainrangesin the desert

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

movementsnow has been eliminatedby high densityurbandevelopment,major

freeways,fences,agriculture,andcanals. The movementoframsandoccasional

ewes betweenewe groupsmaintains geneticdiversity 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

increasingthenumberofewes in a declining ewegroup. Temporarymovesby

femalesbetween neighboringewegroups couldalsoprovide newhabitat

knowledgethat facilitates futurerangeexpansion(Geist 1971). Increased

fragmentationreduces such possibilities.

Beyondphysical barriersto movement,fragmentationalso can resultfrom less

obviousformsofhabitatmodification. As describedabovein sectionI.C.2,

increasedtraffic on roads apparently make bighornsheep,especiallyewes,

hesitantto cross these roads (Rubinet at. 1998). Animals that do cross sufferan

additionalrisk ofmortality (Turner 1976,McQuivey 1978,Cunninghamand

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

resultthat a group whose rangeis bisectedby theroadcanhave reducedviability

in the long term(CunninghamanddeVos1992). Humandisturbancealongroads

andtrails can causesheepto avoid those areas(Papouchisetat. 1999),potentially

affectingbighornsheepmovementandhabitat use (referto sectionI.B.2), thereby

“fragmenting”bighorn sheep distributionalthoughthe habitatappearsto be intact.

Developmentandhuman populations along theeasternslopeofthe Peninsular

Rangescontinueto grow at a rapid pace at the lowerandupperelevational

boundariesof Peninsular bighorn sheephabitat. The Coachella Valley

AssociationofGovernmentsanticipatesthat by theyear2010,the human

populationthere will increasefrom 227,000to over497,000,not including

165,000to 200,000seasonal residents. Bighornpopulationdeclinestypically have

beenmostpronouncedin ewegroupsadjoining theurban interfacein Coachella

Valley. Thedeclinein local bighorn populationsin theSanJacintoandnorthern

Santa RosaMountainsparallels the demiseof sheeppopulationsnear
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AlbuquerqueandTucson(Krausmanetat. in prep.),othermajormetropolitan

areasthathave encroached intosheephabitatin the desertsouthwest. Other

cumulativefactorscausedby humanactivitieswithin bighorn sheep habitatare

discussedin detail below (referto sectionI.D.5).

2. OVERUTILIZATION FORCOMMERCIAL, RECREATIONAL,

SCIENTIFIC, OR EDUCATIONAL PURPOSES

Thereis no regulated hunting season for Peninsular bighornsheepin the United

States,andpoachingis rarelydocumented.Precautionsshould continueto be

taken,however,to preventpoaching.TheBighorn Institute andLiving Desert

Museumeachmaintainacaptivepopulationof Peninsularbighornsheepfor

scientific andeducationalpurposes.This useis thoughtto haveno negative

impacton free-rangingbighornsheep. Researchers are required toobtainState

and Federal permits beforehandlingPeninsular bighornsheep. Although current

research techniquesarenot believedto havea negative impact on bighornsheep,

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

Appendix D).

3. DISEASEAND PREDATION

The westwardspreadofEuropeansandtheir domesticlivestock across North

Americawas thoughtto play asignificantrole in reducingthe distributionand

abundanceofbighornsheepdueto the introductionofnew infectious diseases

(Spraker1977, Onderkaand Wishart1984). In particular, domesticsheephave

been repeatedly implicatedin Pasteurettapneumonia die-offsofbighornsheep.

In the PeninsularRanges,a numberofpathogenshave been isolatedordetected

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

Mountains,manyyearsofhigh lambmortality from an apparent disease epizootic

contributedto a populationdeclinefrom inadequate recruitment (DeForgeand

Scott 1982, Wehausen et at. 1987,DeForgeet at. 1995). Although diseasesdo

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

pose apotentialthreat thatcouldoccurat 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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Mountain lionpredationis an apparentlimiting factor forsomeewegroupsin the

PeninsularRanges;69 percentof61 mortalitiesofradiocollared sheepfrom 1992

to 1998betweenHighway 74 in theSanta RosaMountainsandMexican border

areattributedto mountainlions (Hayeset at. 2000). Therelatively low

survivorshipofadults(sectionI.B.4) and associated populationdeclineshave

recentlyaffectedthe recoveryof mostewe groups.

4. THE INADEQUACY OF EXISTING REGULATORY MECHANISMS

In 1971, the Peninsular bighornsheepwaslisted under CaliforniaStatelaw as a

rarespecies.Thedesignationwas changedto “threatened”in 1984 to standardize

terminologyof theamendedCaliforniaEndangeredSpeciesAct. The Peninsular

bighornsheepalsois listedby theStateas a “fully protected species”underthe

FishandGame Code(Section4700). The California EnvironmentalQuality Act,

whichallows publiccommentandgenerally requires mitigation forsignificant

environmentaleffects,includingadverseimpacts toStateand federallylisted

species, hasnot resultedin conservation benefitssufficient to maintain stable

populations.

The BureauofLand Managementand California Departmentof Fishand Game

jointly developedthe Santa RosaMountainsHabitatManagementPlanin 1980

andMcCain Valley Habitat ManagementPlanin 1984 to address theneeds,as

identified atthat time, ofbighornsheepin theseareas.The DepartmentofFish

and Gamealsoestablishedthe CarrizoCanyonand MagnesiaSpring Ecological

Reservesto protect importantwateringsites. The effectivenessofthese

managementareasin the Santa Rosa Mountains has beenlimited becauseof

heavyhumanuse, lackof management presence,and limited funding. The lackof

fundsalsohaspreventedacquisitionof all privatelandswithin the protectedareas,

resulting in continued fragmentation by development. The existence of private

inholdingswithin the boundariesof Anza-Borrego DesertStateParkis alsoa

potentialthreatto Peninsular bighornsheepbecause theselandsinclude prime
bighornsheephabitat,but a lackof funding and/orunwilling sellershave

preventedpublicacquisitionto date.

In California, it is Bureauof LandManagementpolicy to conserveState-listed

plantsand animalsandto useits authoritiesin furtheranceofthe purposesofthe
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Stateof California’s rareandendangeredspecies laws. The BureauofLand

ManagementandCaliforniaDepartmentof FishandGame have developed

conferenceproceduresto promote cooperationin the applicationofthis policy,

althoughtheyareinconsistentlyimplemented. NeitherStatelisting nor the

proposedFederallisting of bighornsheeppromptedlandmanagementagenciesto

effectively addressadverseeffects associatedwith landexchanges,recreational

andcommercialuses,and livestockgrazingprograms. Althoughdomesticsheep

on Federallandsin the PeninsularRangesare nota currentthreat,adverseeffects

from cattlegrazing(including resourcecompetition,degradationof watersources,

anddiseasetransmission)require resolution.

A numberof development projectswith potentially significant adverseeffectson

bighornsheeprecentlyhave beenapprovedbecauseproject proposalsand local

GeneralPlansformostof the cities in the CoachellaValley inadequatelyaddress

threatsto the long-term conservationof Peninsular bighornsheep. Thoughsome

habitatprotectionis derivedfrom the presenceof theStateandfederally listed

leastBell’s vireo ( Vireo bettiipusittus)andsouthwesternwillow flycatcher

(Empidonaxtraitiji extimus),benefits arelimited dueto thespecializedhabitats

(riparian woodland)usedby thesebirds. Section404 oftheCleanWaterAct

provides protectionthrough theU. S. Army Corpsof Engineers’regulationofthe

dischargeofdredgedandfill materialinto certain watersandwetlandsofthe

UnitedStates,but Corps’jurisdiction canbe avoidedundervarioussituations.

5. OTHER NATURAL OR MANMADE FACTORSAFFECTING THEIR

CONTINUED EXISTENCE

Drought: Prolonged droughtis anaturalfactor that canhavenegativeimpactson

desertbighornsheeppopulations,eitherby limiting watersourcesor by affecting

foragequality (Rosenzweig1968,Hansen1980a,Monson1980, Douglasand

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

the concentrationofbighornsheepnear remaining water sources mayincrease

competition forforageas well aswater,therebylimiting populationgrowth

throughdensity dependentregulation(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 these impacts

alsoextend into bighornsheephabitatbeyondthe urbanedge. Though agrowing

human populationandincreasedactivity adjacentto andwithin bighornsheep

habitathavepotentialto adverselyaffectbighorn sheep,accurate mappingof trail

locationsandquantitative monitoringof recreationaltrail usehavenotbeen

conducted.In addition, incrementalproliferationoftrails hasgone largely

unaddressed.

Numerous researchers haveexpressedconcern over the impactof humanactivity

on Peninsular bighornsheep(e.g.,JorgensenandTurner1973,Hicks 1978,Olech

1979,Cunningham1982,DeForgeandScott 1982,Gross1987, Sanchezetat.

1988),as well ason sheepin other areas(Graham1980,Gionfriddo and

Krausman1986, SmithandKrausman1988). Leopold (1933)consideredbighorn

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

development.A varietyofhumanactivitiessuch as hiking,mountainbiking, hang

gliding, horseback riding,camping,hunting,livestockgrazing,dogwalking, and

useof aircraftand off-road-vehicleshave thepotential to disruptnormalbighorn

sheepsocial behaviorsanduseof essentialresources,orcause bighornsheepto

abandontraditional habitat(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 ascribe relative importance, distinguish among,orgeneralize the

effectsof different humanactivitieson sheepbehaviorare notsupportable,given

therangeofpotential reactionsreportedin the literatureandthe differentvariables

impinging on givensituations.

Althoughcaseshave beencited in which bighornsheeppopulations did not

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

at. 1982),numerous researchers,includingtheseauthors,havedocumentedaltered

bighorn sheep behaviorin response toanthropogenicdisturbance.Even when

bighornsheep appearto be tolerantof a particularactivity, continuedandfrequent

usecancausethemto avoidan area,eventuallyinterfering with useofresources,

such as water,minerallicks, lambing orfeedingareas,or useoftraditional

movementroutes (Jorgensenand Turner 1973,McQuivey 1978,Graham1980,
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Leslie andDouglas1980,DeForgeand Scott1982, Hamilton et’ at. 1982,

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

result in physiologicalresponses such as elevatedheartrate(MacArthuretat.

1979, 1982),evenwhenno behavioral responseis discernable.It wasrepeatedly

cautionedthat human disturbance threatened theviability ofa bighorn sheep

populationin the SantaCatalinaMountains,outsideof Tucson,Arizona

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

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

by bighornsheephad greater humandisturbancethanoccupiedhabitat. Today,

this populationis extinct, ornearlyso,andhumanactivitiesapparently

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

P. Krausman, pers. comm.).

A high level ofhuman activityoccursin the habitatofPeninsularbighornsheep.

For example, during a recent 10-hour periodin spring,49 hikers,2 mountain

bikers,and 13 dogs (9 unleashed)werecountedin CarrizoCanyonin the northern

SantaRosa Mountains (Bureauof LandManagement,unpublisheddata). This

trail bisects alambingarea that has received reduced levelsof sheepusein recent

years. A eweandherlamb wereobservedto wait for overS hoursto cometo

waterbecauseofcontinuous off-roadvehicle traffic(JorgensenandTurner 1973).

Jorgensen (1974) reported that bighornsheepuseofimportantwaterholeswas50

percentloweron days with off-roadvehicle traffic. In CarrizoCanyon,Hicks

(1978)observeda groupofbighornsheepflee from aspringarea when aNavy

helicopter passed overhead, Olech (1979) notedthatbighornsheepdid notuse

waterholes when motorcycleswere heardnearby,andCunningham(1982)

speculatedthat the useof springsby humans(recreationists and persons entering

CaliforniaacrosstheU. S.-Mexicoborder)reduced useofthis resource by

bighorn sheep.Sanchezei’ at. (1988) recommendedthat future management

efforts should attemptto reduce humanimpactson bighornsheepin Carrizo

Canyon. As the human populationof thesouthernCalifornia desertgrows, such

human activityin bighorn sheep habitat willincrease.

Bighorn sheepresponsesto humanactivity aredifficult to predict(Miller and

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

activity relativeto resources (Hicks1978,Graham1980),anddistanceof the

activity from resourcescritical to bighorn sheep(Miller and Smith 1985),among
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othervariables. For instance,ewes with lambstypically are moresensitiveto

disturbance(Light andWeaver1973,Wehausen1980),as areanimalsthat are

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

(1999) found bighornsheepto be more sensitiveto disturbanceduring springand

fall, correspondingwith the lambingandrutting seasons.Etchbergerand

Krausman (1999) observed the abandonment of lambing habitat while

constructionactivitieswereongoing.

Livestock Grazing and Water Diversion: Human actionsalsoindirectly affect

useofresourcesby bighornsheep. Domesticlivestockandferal animalscan

reducethe availability andquality of resources (waterand forage) required by

bighorn sheep(referto sectionI.B.6), andcan function as potential vectorsfor

diseases such asbluetonguevirus. In portionsofthe range,waterhas been

pumpedfrom aquifersanddivertedaway fromsprings foruseby ranchesand

private residences, reducingand eliminating thewatersources upon which

bighorn sheepdepend (Tevis1961;Blong 1967; Turner1976;M. Jorgensen,pers.

comm.).

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

sp.),also known assaltcedar,represents a serious threatto bighorn sheep.This

exoticplant wasintroducedasan ornamentaland windbreak butis now a major

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

rapid reproductiveanddispersalrates (Sanchez1975,Lovich et at. 1994),

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

has the followingnegativeeffectson bighornsheep: 1) it reducesor eliminates

standingwaterthat bighornsheepdependon, 2) it outcompetesplant speciesthat

bighornsheepfeedon, and 3) it occursin thick, often impenetrablestandsthat

block accessofbighornsheepto water sources and providecoverfor predators.

Tamarisk hasalsobeen recognized as a threat to other bighornsheeppopulations

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

eradication methods are possible (Barrows 1994) and eradication programs

currently are underwayby theAgua Caliente Bandof Cahuilla Indians,Bureauof

Land Management,andAuza-BorregoDesertStatePark.

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

sheeprely on vigilanceandvisibility to detectandavoid predators.Long-term
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fire suppression resultsin taller andmoredensestandsofvegetation,thereby

reducingopennessandvisibility andin turn makingbighorn sheep more

susceptibleto predation (SierraNevada Bighorn SheepInteragencyAdvisory

Group 1997). In this samemanner,fire suppressioncan influence the distribution

andhabitat use patternsofbighornsheepby causing avoidanceof areas withlow

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

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

(1980)suggestedthat fire suppressionreduces forageconditions in some bighorn

sheepranges.In the PeninsularRanges,changesin vegetationsuccession are

evidentin someportionsofbighornsheeprange,primarily in higherelevation

chaparralandpinyon-juniperhabitats,andhave apparently influencedbighorn

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

temperatureand rainfalllikely influencethepatternofvegetation associations

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

number of researchers havepointedout that fire is an important toolin 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

sheepas a Category2 candidatefrom September18, 1985(50 FR 37958) until

May 8, 1992,whenit was proposed forFederal listingasan endangered species

(57 FR 19837). Betweenthe dateoftheproposedrule and final listing onMarch

18, 1998(63 FR 13134),certainFederalactivitieswerereviewedunder the

section7 interagencyregulations(50CFR Part402) and conferenceprocedures

for proposed species.SinceFederallisting, the mandatoryrequirementsof

sections7, 9, and 10 of theEndangeredSpeciesAct have been ineffect, in

additionto the allocationof recoveryfundingto the State under sections4 and 6

of theAct. On July5, 2000,we proposedto designatecritical habitatthroughout

the PeninsularRangesin California(65 FR41405). This recoveryplan is

prepared pursuantto section 4(f)of theEndangeredSpecies Act, which requires
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usto givepriority to the preparationandimplementationofrecoveryplansto

thosespeciesthat aremostlikely to benefit from suchrecoveryplans,particularly

thosethatare,or maybe, in conflict with constructionor otherdevelopment

projects or other formsof economicactivity.

1.2 BureauofLandManagement.Approximately26 percentof bighomsheep

habitat in the Peninsular Rangesis on public landsadministeredby the Bureauof

LandManagement(Figure4). This managementwascustodialin the Peninsular

Rangesuntil implementationoftheCaliforniaDesertConservationArea Plan

beganin 1980. Implementationofthis plan includedpreparationofthe Santa

RosaMountainsHabitat ManagementPlan(1980), McCainValley Wildlife

Habitat Management Plan(1984),andIn-Ko-PahAreaofCritical Environmental

ConcernManagementPlan (1988), which identified actionsto be taken for the

benefitof bighornsheepin the PeninsularRanges.From 1988 to the present,

usingLandandWater Conservation Fund dollars appropriated by Congressand

taking advantageof land gifts ftomprivateindividuals,the BureauofLand

Management acquiredabout4,520hectares(11,165acres)ofbighorn sheep

habitatin the Peninsular Ranges, primarilyin theSantaRosa Mountains National

ScenicArea. It shouldbenotedthat without the helpoftheSantaRosa

Mountains Conservancy,a groupofprivatecitizens concerned with conservation

ofthe SantaRosaMountains, the LandandWater ConservationFunds‘might not

have been madeavailablefor thesepurchases.Other conservation activities

included:

• Installationofgap fencingto eliminatecattle grazing from steep terrain

and from water sourcesin canyons;

• Reductionin grazing pressureon allotments;

• Closureof most routesoftravel eastofMcCain Valley Road, exceptto

privateinholdings,to ranchers,andto CarrizoandSacatoneOverlooks;

• Designationof wildernessstudy areasandsubsequentmanagementfor

non-impairmentofwildernessvalues;

• Designationof Jacumba, CarrizoGorge, CoyoteMountains, Sawtooth

Mountains,Fish CreekMountains,andSanta RosaWildernessAreas by

Congress,with attendant eliminationofvehicular access;
• Tamariskcontrol efforts around watersources;

• Establishmentofthe SantaRosaMountainsNational Scenic AreaVisitors

Center to provide public education;
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• Financialassistanceto the Bighorn Institute duringits formativeyears,as
well as landtransferandlease under the RecreationandPublicPurposes

Act;

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

National Scenic Area; and

• Closureof roads intoDeadIndianCanyonandCarrizoCanyon.

On October25, 2000, legislationwassignedto create the Santa Rosaand San

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

(272,000 acres),including landsadministered by the Bureauof 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 Peninsular Rangesis on U.S. Forest

Service land(Figure4). Since1978,the Forest Service hasacquired3,107

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

bighornsheeprange. Current managementoftheSanBernardino NationalForest

is guided by 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

seasonalclosures asnecessaryto protect importanthabitat”; “manage domestic

sheepand goatgrazingto prevent diseasetransferto bighornsheep[a minimum

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

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

relative to Peninsularbighornsheeparediscussedin a programmaticBiological

Assessment completedby theSanBernardino NationalForest(January27, 1999).

This assessmentevaluatedall ongoingactivities occurringin Peninsular bighorn

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

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

allotmentsthat overlap bighornsheephabitat(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 recovery plan,3) a barrierwill be constructedalong the

gated closure on Palm CanyonDrive (alsoknown as DunnRoad)to reduce

unauthorizedvehicularuse,and4) guidelinesfor managementof hiking, biking,

andequestriantrails (e.g.,seasonal closures)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 theSanJacinto Ranger District

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) throughout theForest.

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

andGame established aStateGameRefugepursuant to FishandGame Code

section10837. State lands administered by the DepartmentofFishandGame

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

further identifyandimplementmanagementneeds,the DepartmentofFish and

Game coordinated with the BureauofLandManagementin thecompletionofthe

Santa Rosa MountainsWildlife HabitatManagementPlan (BureauofLand

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

activities for bighorn sheep are at thehighestlevel in theState’shistory. Funds

provided through the saleof EnvironmentalLicensePlatesandthrough the

auctionof specialfund-raisingpermitshaveenabled the Department of Fish and

Gameto supportanumberof importantresearcheffortsconcentrating primarily

on population characteristicsand thediseasestatusofbighorn sheep.The

Departmentof Fish and Gamecooperateswith severaluniversities,agencies,and

non-profitorganizationsin supportofbighorn sheepresearchandconservation in

California. Conservationgoalsfor bighornsheep,as publishedin theStatewide

Plan for BighornSheep(California Departmentof Fishand Game1983),are as

follows:
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1. Maintain, improve,andexpand bighornsheephabitat where possibleor

feasible.

2. Reestablishbighornsheeppopulationson historicranges where

feasible.

3. Increasebighornsheeppopulationssothat all racesbecome numerous

enoughto no longer requireclassificationas rare or 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-term managementplanfor mountainsheepin California. The populationsof

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, butalso

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 index for

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

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

may help identify the “missing piecesofthe puzzle” 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,data regarding extinctionand

recolonization arelimited, andthebiologicaljustification for consideringsome

regionsas truemetapopulationsis thereforeincomplete. Nevertheless,given the

need forregionalmanagementof bighornsheeppopulations,metapopulations

have been definedbasedon the best understandingof theregions. Several
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investigations havepostulatedthe importanceof population sizeandgenetic

diversityto the long-term viabilityofbighornsheeppopulations.

CaliforniaStatelaw (AssemblyBill 560), which was enactedunderan 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 Stateparks are within

the rangeof the Peninsular bighornsheep:Auza-BorregoDesertStateParkand

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

243,000hectares(600,000acres)along the backboneof the Peninsular Ranges,

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. TheConservancywas established

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

assisted otherentitieswith additional acquisitions.TheConservancyis preparing

the Coachella Valley Multiple SpeciesHabitatConservation Planundercontract

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 the Cityof Palm Desert.Its facilities,

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

breedingherdofPeninsularbighorn sheep,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 equals 60), eastMagnesiaCanyon(n equals

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

releasedinto the northernSanta RosaMountains,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 present conservation activitiesin 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 Spring guzzlerin Vallecito Mountains withthe

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 was implemented.This closurewas

expandedin 1996 from June1 to October1.
1982 A bighornsheepguzzlerwasconstructedin collaboration with

California DepartmentofFish andGameat LimestoneSpringin the
SantaRosaMountains.

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

1983-

present

Parkstaffassisted in annualhelicoptersurveys of theentire SantaRosa

and San Jacinto Mountain ranges(DeForgee at. 1995, 1997).
1983-1992 Park staffassistedtheBighornInstitute withdiseaseresearch.
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 provide water where natural springsand streams had been usurpedby

human activity. Over 200volunteersand $30,000were usedand

expended respectively,in theproject.
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Table 9. Continued

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

elevationsof the park to keepstraycattlefrom entering from

neighboringlands. A special Senateappropriation ($200,000)was

obtained for thisproject.
1992-

present

Cooperatedon Peninsular RangesBighorn Sheep Population Health

Studywith Universityof California (Davis) andthe Zoological Society

of SanDiego.
1994-1998 Helicoptersurveyswereconductedin Anza-Borrego DesertStatePark,

in collaborationwith the Universityof California -Davis andCalifornia

Dept._ofFish_and_Game_(Rubin_et_al._1998,1999).
A 15-minute movie“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 and UpperWillows 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 San JacintoMountains. 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 theCoachella Valley Associationof Governments,

with thecooperationof theFishandWildlife ServiceandCalifornia Department

of Fish and Game, andhasbeenin preparationsince1996. Within theareasat

issuein this plan,theAssociation’smembershipincludestheCountyof Riverside

andall ninecitiesin theCoachellaValley, aswell as theAguaCaliente Bandof

CahuillaIndians. Thoughtheplanis not yet complete,it currently proposesto

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

Santa RosaMountainsset aside in the past and future by the cities and Riverside

Countyasopenspacewill provideimportantcontributionsto bighorn sheep

recoveryandcompletionof thehabitatconservationplanif thoselandsare

managedappropriately. If theplanis adopted,participating Federal, State,and

local governmentswill cooperatein implementingan agreeduponconservation

strategy forbighorn sheepandotherspeciesovera large areaof the San Jacinto

andSantaRosaMountainsin RiversideCounty.
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4. INDIAN TRIBES

4.1. Agua CatienteBandofCahuittaIndians. TheAguaCalienteBandof

Cahuilla Indians (Tribe)is a federallyrecognizedIndian Tribe whosereservation

was establishedin 1876 byExecutiveOrder. The Agua CalienteIndian

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

Coachella Valleyandis encompassed within a checkerboard ownershippattern

that supports asignificantamountof bighornsheephabitat.

The Tribe has along andrich historyof landstewardship,particularlyin the

foothills oftheSanJacintoandSanta Rosa Mountainranges.Fordecades,the

Tribe has managed the area known as theIndianCanyonsfor cultural resource

protectionand use by thepublicas aTribal park. Protectionof thenatural

resourcesofthereservationandIndianCanyonshas been theforemostpriority of

the Tribe and has beenacknowledgedby theSecretaryoftheInterior.

Currently, the Tribeis preparing acomprehensiveResourceManagementPlanfor

the reservationthat will protect cultural,wetland, land use,andwildlife resources.

The Tribe activelyparticipatesandholds seatson the Coachella Valley

AssociationofGovernments,Coachella Valley MountainsConservancy,and

Planning AdvisoryGroupoftheCoachellaValley Multiple Species Habitat

ConservationPlan.

The Tribe’s PlanningandEnvironmentalDepartment presentlyconsistsof 10

professionals and technicianswho, at the directionofthe Tribal Council,oversee

all landmanagementissues.TheTribal Resource ManagementPlanwill address

the managementandprotectionofendangeredspecies,includingbighorn sheep.

To the extentfeasible,theTribe intendsto cooperate with interestedandaffected

agencies whosharein the implementationof this recoveryplan.

4.2. Torres-MartinezDesert Cahuitta Indians. This federallyrecognizedtribe

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

habitatin the extremesouthernSantaRosaMountains.

4.3. Morongo BandofMission Indians.This federally recognized tribesupports

oneirregularly shapedsection(about280 hectaresor 700 acres)ofbighornhabitat

at the extremenorth endoftheSanJacintoMountains.
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II. RECOVERY

A. CONSERVATION PRINCIPLES USED IN THIS RECOVERY PLAN

Thefollowing sections discussgeneralconservation principlesin the contextof

our current knowledgeregardingPeninsularbighorn sheep,and outline the

relationshipof theseprinciples to the recovery criteria forthis species.

Conservation theoryrecognizesthat populationandgeneticissuesneedto be

addressedin speciesconservation(Lande1988),althoughpopulationthreatspose

a greater short-termrisk to Peninsularbighorn sheep.The conservationof

Peninsular bighornsheeprequiresanunderstandingofhabitat use,population

dynamics, behavior,andspatialpopulation structure,aswell. Ecosystem

protection providesan additional importanttool in species conservation. The use

of modelsin conservationdecision-making for the recoveryof bighorn sheep in

the Peninsular Rangesalsois discussedbelow.

I. POPULATION CONSIDERATIONS

Population parameters are importantto theviability ofall populations; however,

they arean especially importantconsiderationin the conservationof small

populations (GilpinandSoul~ 1986). Variation in populationparameters(birth,

death,immigration,andemigrationrates,as well as population age and sex

structure) cancausefluctuationsin populationsizethat makesmall populations

especially vulnerableto extinction. Lande(1988) notedthat a shortcomingof

somepast recovery plans has beenan inadequateemphasison factors relatedto

populationcharacteristics,andcautionedthat for many wildpopulations,risks

relatedto population parametersareof more immediateimportancethangenetic

concerns.

The small numberof Peninsular bighornsheep(334 adultsestimatedin 1998)

mandatesthatpopulationdynamicsbe of concernin their conservation.

Furthermore, Peninsular bighornsheep occurin discreteewe groups that have

ecologicalsignificance relativeto thegeneticanddistributionalstructureofthe

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

importantmanagementandconservationunit (Bleich etat. 1996). The

persistenceof suchsubgroupsare importantto theviability ofthe entire
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population(Soul~ 1987). Someof thesegroupsincludelessthan20 ewes,making

themhighly vulnerableto chancevariationin birth and deathevents.Thehigh
maleto female sex ratioin theSanJacinto Mountains(DeForgeet at. 1997)

provides anexample.

Because ewegroupsareconnectedby movementsoframsand rarer dispersalby

ewes,Peninsularbighornsheepare consideredto comprisea metapopulation

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

typically are assumedto exist in a stateof balance between populationextinctions

andcolonizations(HanskiandGilpin 1991). However,in the caseofPeninsular

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

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

sheepare relatively slowcolonizers(Geist 1967, 1971;Bleich et at. 1996) and

therefore metapopulationextinction-colonizationprocesseswould haveto

function over avery long timeperiod. Recent abandonmentof habitatanda lack

of known colonizationssuggestthatPeninsular bighornsheepcomprise a

nonequilibriummetapopulation”(i.e.,extinctions are occurring at a faster rate

thancolonizations)(Harrison1994,Hanskiand Simberloff1997). Hanskiand

Gilpin (1991) cautionedthat suchsystemsmustbe managed carefully because
they may notnecessarilyfunction asa metapopulation.Therefore,extirpationsof

existingewegroups shouldbe avoided,while colonizationofhabitatshouldbe

promoted.

In thePeninsularRanges,a varietyoffactors have reduced bighornsheepnumbers

to levels whererandomvariationsin population characteristicsandenvironmental

factorshave becomeserious threats.Therefore,this recovery effortshouldstrive

to increase theoverall populationofbighornsheepby addressingand,where

possible, reversing processesthat causedthe past populationdecline. This effort

will entail implementing actionsthat increasethe sizeof individual ewegroupsby

reducing mortalityrates,increasing recruitment,andallowing inter-group

movements tooccur.

2. GENETIC CONSIDERATIONS

Maintaininggeneticvariation is an important conservationgoal because lossof

geneticvariability canresultin inbreeding depression(a lossoffitness)and the

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

FitzSimmonset at. 1995). Byreducing thefitnessof individuals,lossofgenetic

variationalso can reduce the growth ratesandresilienceof populations (Lacy

1997). Lossof genetic variationis a specialconcern when dealingwith small

populationsbecauseheterozygosityis lost (throughtheprocessesof founder

effects,populationbottlenecks,geneticdrift, andthe effectsof inbreeding)more

quickly in small populations thanin largeones(Meffe and Carroll1994). In the

PeninsularRanges, movementofmalesapparentlyhas maintained gene flow

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

(Boyceet at. 1997). However, increased habitat fragmentation could reducethe

connectivity amonggroups. If ewegroups becomeisolated, they will facean

increased risk of losing genetic variability in additionto vulnerability to natural

random fluctuations in the population.

Evenif gene flowis 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

determines therateatwhich heterozygosityis lost, is even smaller than the census

size. Au effectivepopulation sizeof 500 individualshas beensuggestedasthe

minimum recommendedfor maintenanceof geneticvariation forfuture

evolutionarychange(Franklin 1980,LandeandBarrowclough1987,Franklinand

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

higher. The currentcensus sizeofPeninsular bighornsheepfalls far below even

the lower recommendation. Because reduced population levels mayplace

Peninsularbighornsheepatrisk, importantgoalsof this recovery effort areto

increase the abundanceofPeninsular bighornsheepand maintain as muchgenetic

variation as possible.This recovery planrecommendsmaintenanceof

connectivity withpopulationsin BajaCaliforniaand it may be deemed

appropriate in thefuture to recreateconnectivityor induce gene migrationwith the

Mojave Desertmetapopulation.

Although the observedgeneticvariationamongewegroupsin the Peninsular

Rangesis not knownto conferadaptive advantageto local environments,genetic

theoryholds thatexisting geneticvariationshouldbe maintained“in as neara

natural geographicdistributionaspossible,so that evolutionaryandecological

processes may be allowedto continue” (Meffe andCarroll 1994). In Peninsular

bighorn sheep, asin many taxa,geneticvariationis partitionedamongandwithin
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subunitsorewegroups(Meffe andCarroll 1994,Boyceet at. 1999,refer to

sectionI.A.3). Althoughthereis no evidenceto suggest thatbighornsheepin the

PeninsularRangeslack geneticdiversity, aconservativeapproachto genetic

conservationsuggeststhat recoverytasksshouldrecognizeandattemptto

preserve existinggeneticstructure wheneverpossible.This approach will require

preservation of multiple ewe groups, maintenance of movement opportunities

between groups (Schwartzet at. 1986),andjudiciousprotocolsforpopulation

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

1991,Elliott andBoyce 1992,seeAppendixC). Because themajorproblems

facingbighomsheepin the PeninsularRangesrelateto population dynamicsand

viability, genetic theoryshould not over-ridemanagementobjectivesto maintain

and expand the number and sizeofewegroupsthroughoutthe PeninsularRanges.

This objective can be accomplishedby selecting augmentationandreintroduction

stockfrom the closestavailable populations(Wehausen1991,Ramey1993,

Wehausen andRamey1993, Gutierrez-Espeletaetat. 1998).

3. ECOSYSTEM PROTECTION

Lossofhabitatis recognized as the leadingcauseofspecies endangermentandthe

leading threatto globalbiodiversity(Groombridge1992,Nossand Murphy 1995).

It is alsoconsideredthemostsignificantthreatto theviability ofbighornsheep

populations (Bleichet at. 1996). The potentiallynegativeimpacts that habitatloss

anddegradation haveon bighornsheepare presentedin sectionI.D. Although

habitat loss may not directly causemortality in bighorn sheep,lossofimportant

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

ultimately reduces carryingcapacity,which canaffect survival andrecruitment

rates. In somecases,the causeofdeath may bedocumentedas disease,

malnutrition,orpredation, etc., when in facthabitatloss was the underlyingcause

that resulted indeath. In addition,alteredlandusesthat support largerhuman

populations introduceincreasedlevelsof anthropogenicdisturbancein adjoining

habitat. The declineorextirpationofbighornpopulationsnear othermetropolitan

areassuch as Tucson near theSantaCatalinaMountainsand Albuquerque near the

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

apparentvulnerabilityof bighornto urban influences.This recoveryplanwill

attemptto avoidrepeating thesescenarios,andaccordinglyadopts the approachof

conserving the larger ecosystemuponwhichbighornsheepin the Peninsular

Rangesdepend, as affordedundersection 2(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 manyinteracting factors (environmental, population, and

genetic)that placea speciesor population at risk. The comprehensive modeling

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 does not mean that the useofmodels should be

discouraged(Ak~akayaandBurgman1995,Starfield 1997, Beissingerand

Westphal1998).

Au additionalroleofmodeling in conservationbiologyis as adecisionmaking

tool (StarfieldandBleloch 1991,Walsh1995,Starfield 1997). Models can be

usedto comparethe relative effects (rather than the absoluteoutcome)of

alternative management strategiesorenvironmentalscenarios (Starfieldand

Bleloch 1991,National ResearchCouncil 1995,Walsh 1995,Starfield1997,

BeissingerandWestphal1998)and can help guide management strategiesor
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focus future researchefforts. Smaller,focusedmodels have great potentialin

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

Useof modeling can helpto elucidateseveralissuesrelatedto therecoveryof

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

ask specificquestions(Starfield1997)that increaseourunderstandingofthe

ecologicalprocessesin the PeninsularRanges,andshouldbe coupled with field

studiesofthe bighornsheep(BeissingerandWestphal1998). It may beuseful to

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

used in population viabilityanalyses,so thatmodelpredictions (as well asmodel

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

Westphal1998). This typeofapproach will allow conservation biologiststo learn

from the modelsand field studies,andwill allow conservationeffortsto be

adaptive (MintaandKareiva1994).

B. OBJECTIVES AND CRITERIA

1. RECOVERYOBJECTIVE

The ultimate objectiveofthis recovery planis to protect and maintainsufficient

individuals andhabitatof bighornsheepin the Peninsular Rangesto eventually

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

stage process, beginning withan interim goalof downlistingofthe speciesfrom

endangeredto threatenedstatus,followedby long-termrecovery and removalof

threatenedstatus. As newinformationbecomesavailable,the downlistingand

delisting criteria may warrantmodificationthrough futurerevisionsto the

recovery plan.

2. DOWNLISTING CRITERIA

As an interimmanagementgoal,Peninsular bighornsheepmaybe considered for

downlisting(reclassificationto threatenedstatus)whenall of the following

objective, measurable criteria aremet:

Downtisting Criterion 1: As determined by a scientifically credible

monitoring plan, at least25 adult ewes are presentin eachof thefollowing

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

continuedpopulationaugmentation:

1. SanJacintoMountains

2. Santa RosaMountains--NorthofHighway74

3. Santa Rosa Mountains--SouthofHighway74 throughMartinez

Canyon

4. SantaRosaMountains--SouthofMartinezCanyon

5. Coyote Canyon

6. North SanYsidro Mountains(HendersonCanyonto County

RoadS-22)

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

Highway 78)

8. VallecitoMountains

9. Carrizo Canyon/Tierra Blanca Mountains/CoyoteMountains

Area

Justification: The nineregionswere selectedon the basisofmaintaining:

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

connectivityamongewegroupsto facilitatere-colonizationin the eventof

localized extirpations.RecoveryTeammembers with knowledgeof

currentandhistoricalconditionsjudgedthat each area was capableof

supportingat least25 ewes withassociated subadultsandrams. Within

eachofthe nineregions,fluctuation in the numberofewegroups,

including re-colonizationof formerhabitats,is expected under the

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

redistributethemselvesover time. Although the9 areassupportrespective

carryingcapacitieswell in excessof 25 adult ewes,a downlistingobjective

basedon maximumattainable populationsize was not selected because

staticpopulation levels at fullrangecapacity cannot be maintainedin

naturally variableenvironments,evenassuming intensive management

capability. The minimum group sizeof 25 adult femaleswas selectedby

RecoveryTeamconsensusbecauseit:

1. would reducerisk ofextirpationfrom randomnaturally

occurringeventsto an acceptablelevel;
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2. shouldbe achievablewith prudent, populationandland

management practices;

3. is consistentwith managementobjectives for bighornsheepin

othermetapopulations;

4. shouldmaintainewegroupknowledgeof a large homerange

that will minimize the extentof geographicgapsbetweenewe

groups,thereby facilitatinginterchangeof genesandpopulations

within themetapopulation;

5. falls well within known or estimated historical population

levels;and

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

sufficient time for managementinterventionto prevent extirpation.

DowntistingCriterion 2: Regulatory mechanismsand land management

commitmentshavebeenestablishedthat provide forlong-termprotection

of Peninsular bighornsheepand all essentialhabitatas described in

section II.D.l ofthis plan.

Justification: Given the majorthreatoffragmentationto specieswith

metapopulationstructures, connectivityamongall portionsof habitatmust

be establishedandassuredthroughlandmanagementcommitments, such

that bighornsheepare ableto move freely throughoutall habitat. In

preparation fordelisting,protection by means other than the Endangered

SpeciesAct mustbe assured.Suchprotectionshouldinclude alternative

regulatorymechanismsby Federal,State,andlocal governments,andland

managementcommitmentsthat would provide the protectionneededfor

continued populationstability.

3. DELISTING CRITERIA

As a long-termmanagementgoalof the Peninsular bighornsheep,three delisting

criteriaare proposed;

Detisting Criterion I: As determinedby a scientificallycredible

monitoring plan,at least25 ewesmustbe presentin eachof the9 regions

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

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

augmentation.

DetistingCriterion 2: Therangewidepopulation mustaverage750

individuals (adults andyearlings)with a stableor increasingpopulation

trend over12 consecutiveyears(sametime period as Delisting Criterion

#1 above).

Justification: RecoveryTeammemberswith knowledgeofhistoric and

current population levelsevaluatedthecondition ofexistinghabitatand

determineda carrying capacityofapproximately1,000bighornsheepin

the PeninsularRanges, whichapproacheshistoricalpopulationestimates.

The required12-year averagepopulationestimateof 750 animalsis based

on the assumptionthat achievingthe objectivesin Downlisting Criterion

#1 ofat least25 femalesin eachof the9 geographicareas likely will result

in some areas supportingsubstantiallymore than25 ewesandothersheep.

This scenario likely will result inan overall metapopulationsize that

fluctuatesbetween600 and1,000sheep,averagingabout 750sheepwith a

normalsex ratio,or approximately75 percentofestimated carrying

capacity. Anaveragepopulationlevel would allow for natural population

fluctuationsin arandomenvironmentandis believedto bereasonably

attainable assumingimplementationofthe management measures

prescribedin this recoveryplan.

Detisting Criterion 3: Regulatory mechanismsand land management

commitments have beenestablishedthat providefor long-term protection

ofPeninsularbighornsheepandall essential habitat asdescribedin

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

be providedthroughappropriate institutionalpractices, such asStatePark

GeneralPlans,an amended CaliforniaDesertConservationAct Plan,an

amendedForestPlan,acompletedCoachella Valley Multispecies Habitat

ConservationPlan,andnaturalresource management planson Tribal

lands. In addition,connectivityamongall portionsof habitatmustbe

establishedandassuredthroughlandmanagementcommitmentssuchthat

bighorn sheep are ableto movefreelythroughout thePeninsularRanges.

Delisting would resultin loss ofprotectionunder the EndangeredSpecies

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

mechanisms, land managementcommitments,orconservationprograms

that would provide thelong-termprotection needed for continued

populationviability.

Recoveryof Peninsularbighorn sheeplikely will take several decadesor longer

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

reproductionstartingusually at2 yearsof age). Theabovecriteria will be revised

as necessary through a recoveryplanamendmentor revisionif new information

becomesavailable,or if thesecriteriano longer pass scientific muster or otherwise

meetthe conservation needsofthis speciesbasedon the bestavailable

information.

C. RECOVERY STRATEGY

This recoveryplandescribes a strategy to recoveranddelistbighornsheepin the

PeninsularRanges.The strategyconsistsoftaking necessary actions to: (1)

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

secureand effectively manage habitat,including linkages between ewe group

homeranges.The recoveryactionsto implementthis strategyareorganized in the

narrative outlinebelow. This recovery strategyis a synthesisofknowledge

accumulatedon bighornsheepin desertenvironmentsandelsewherein North

America. Four biological principlesofbighorn biology are evidentfrom past

researchandhave beenincorporatedinto management guidelinesby various

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

Bureauof Land Management1996,New Mexico Departmentof GameandFish

1995):

1. Bighorn sheeparewide-ranginganimalsthat are spatially dependenton

large tractsofhabitatthat provide adiversity of resourcesneededto offset

seasonal, annual, andlongerterm cyclesofenvironmentalvariability and

scarcity;

2. Metapopulationstructurerequireshabitat contiguitybetween/among

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

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

diseasesand remainhighly vulnerableto diseasesintroducedby domestic

sheep; and

4. Behavioral responsesto human-relatedactivitiescanbe variable among

individualsand populations, which canadverselyaffect habitat use

patternsandpopulationpersistence.

In theshort term,acquisitionandconservationoftherelativelynarrow bandof

habitatthat still remainsis crucial to attainingthe population recoveryand

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

sheepto use higherelevationhabitatsbecauseof excessiveshrubandtree cover,

(2) incompatible land uses that have encroached intohabitatalong thelower

elevationalslopesofthe Peninsular Ranges,and (3) pervasiveinfluenceofhuman

activities throughout bighorn habitat, the futureofbighorn sheepin the

PeninsularRangeswill dependon rapid andadequateprotectionoflower

elevational areasthat providecritical resources, such asforaging,watering,

lambing,andrearing habitats. Short-termmanagementactionsto increase

population recruitment andadult survivorshiparealsonecessaryto effect

populationincrease.

Paststudieson bighornsheepin desert andmountain environmentshave amassed

a wealthofapplicable knowledgethat guides themanagementprescriptionsofthis

recoveryplan. Muchofthis work appliesto bighornsheepin generaland,

therefore,need notbe reexaminedthroughfurther researchin the Peninsular

Ranges.Themonitoringandresearch tasksrecommendedin this recovery plan

are intendedto address thelonger-term,morecomplexenvironmental

relationshipsthat haveposedmanagement difficultiesin thepast. Thesetasks

will require substantialinvestmentby numerouspartnersif theyareto be

successfully accomplished. However, onlythroughsuch a cooperative effort will

it be likely that the knowledge requirements for effectivemanagementbe met.

The successofthis recovery plan will alsodependon strongeducationandpublic

awareness programs.A numberof recovery actionsoutlined in this plan will

directlyaffect the generalpublic. Therefore,thegeneral publicneedsinformation

andoutreachon proposedactions being taken,especiallyin localizedareasof

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

obtainingpublic supportfor conservationmeasures.

D. NARRATIVE OUTLINE FOR RECOVERY ACTIONS ADDRESSING

THREATS

Recoveryactions arefirst described ingeneralbelow, and then areidentifiedas

site-specifictasks,with referenceto theirappropriaterecoveryregions, in section

ll.E. The followingtasksconsistof interim andlong-termmanagementgoalsand

activities that rangefrom singleevent actions or studies to continuous efforts

extending across theentirerecoveryimplementation timeline. The task

descriptionsand the implementation schedule(PartIII ofthisrecoveryplan) help

frame the durationofthe respectivegoals/actionsandresponsibleentitiesfor

taking theleador assistingothersin implementation responsibilities.

1. PROMOTEPOPULATIONNCREASEAND PROTECT HABITAT

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

Peninsularbighomsheephas been adversely affected by urban

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

the destruction,modification, andfragmentationofhabitat. Further

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

of this recovery plan, theviability and,therefore,therecoveryof

Peninsularbighomsheepare critically dependent on availabilityofhabitat.

Consequently,an important partof this recovery effortis theprotection

and restorationofremaining habitat essentialto Peninsularbighornsheep

conservation.

1.1.1 Protectessentialhabitat. Essentialhabitatis thathabitat

believed necessary for recoveryandshould,therefore,be protected

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

thevalley floor to the eastandthe northof thePeninsularRanges

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

bighornsheep,for exampleduring long-distance movesto and

from other mountainranges.Exposureto thehazardsofhigh

density urbandevelopment,major freeways,fences, agriculture,

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

eastofthe Peninsular Rangesis not consideredessential habitat.

Consequently,“essentialhabitat”comprises those areasbelievedto

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

probability forlong-termsurvival (recovery)in thePeninsular

Rangesof the UnitedStates. Essentialhabitat, therefore, consists

ofthosephysicalandbiological resources(space, food, water,

cover) neededfor: (1) normalbehaviorandprotectionfrom

disturbance,and(2) individuaL/populationgrowthandmovement,

including dispersalnecessaryto supporta futurepopulation

expansionto meet the recovery objective (delisting criteriaof

approximately750 animals).

Much ofthe historical rangeofthesheepis neededto sustain the

larger population levels necessary for recovery because:

a. Habitat may be colonized and inhabited by future ewe

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

spatialstructureorenvironmentalconditionschange,orthe

populationgrowsas a resultofrecoveryactions. Thelong-

termpersistenceofametapopulationdependson the

numberofhabitat patchesthat are available for

colonization (Hanski1989). An importantphenomenon,

which is not intuitivelyobvious,is that destructionofonly

a fraction ofavailablehabitat can drive ametapopulationto

extinctionby disrupting the balance between colonization

andextinctionrates (May1991). Even locallyabundant

species cansometimesbevery closeto extinctionif the

proportionofsuitablehabitatis neartheextinction

threshold (Lande1987).

b. Movementthroughout the rangeis neededto sustain the

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

sheepare not yet fully understoodand,in general,bighorn

sheephabitat useand selection need to be morethoroughly

examined (McCartyandBailey1994). It is therefore

necessary to protectall remaining suitable habitat.

d. The habitatof Peninsular bighornsheepis restrictedto a

narrow bandalong the baseofthePeninsularRanges,from

theSanJacintoMountainssouthto Mexico. Insome areas,

this bandis lessthan6 kilometers (4miles) wide, so

essentiallyno true“core” habitatexists. Without

protection, connectivitycould be severed at any point along

this narrowbandofhabitat.

e. Habitat near the eastern edgeof this bandoften coincides

with alluvial fans and canyon washes, which provide

Peninsular bighornsheepwith important resources (refer to

section I.B.1).

f. Unpredictablechangesin global climatewarrantretention

of futureoptionsin habitat conservationstrategies.

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

solelyon current use patterns, because population numbers

currentlyarelow andusepatterns are known only for a recentshort

timeperiod. In addition,datacollectedon radio-collared animals

(a sampleoftheentirepopulation) represent asubsetofthetotal

area used.Methodsusedto delineateessential habitat are outlined

in AppendixB. Compiling historicaldataandconducting

recommendedecologicalresearchwill further understandingof

how bighornsheepuseavailablehabitat.SeeFigures2, 4-9 for

mapsofessential habitat.

1.1.2. Securehabitat. Bighorn sheephabitatthat is currently in

private ownershipshouldbe secured(e.g.,purchasedor acquired

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

conservation plansorprograms(e.g.,CoachellaValley

Multispecies Habitat Conservation Plan, which will delineate these

lands in itsplanningarea), sothat properprotection,management,

andrestorationmeasures can beimplemented.Interagency

conservation plansorother potential agreements made withlocal

governmentsandprivate land ownersshould assure:(1) long-term

protectionoflandsundercity and countyjurisdiction, and(2)

appropriate land uses adjoiningbighomsheephabitatto prevent

indirect effects from degrading habitat value.Limited funds for

land acquisition will requireprioritizing parcels; thevalueofeach

tractof landshouldbe evaluatedaccordingto the following

criteria,althoughnot necessarilyin the orderlisted below:

a. At the levelof individual ewe groups: how importantis

this land insupportingaewegroup in this area?

b. Does this landincludeparticularly important resources

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

importantforageresources)for thebighomsheep?

c. Doesthis land represent important habitatfor movement

anddispersal necessary for connectivity among ewe groups

throughout the Peninsular Ranges?

d. Hasthis ewegroup alreadyexperiencedhabitat loss?

e. Would acquisitionofthis land reduce the cumulative

negative effectsofurbangrowth?

f. Is the habitatimminently threatened?

A list ofprioritized parcelsshouldbepreparedandupdated

annually by landmanagement agencies(BureauofLand

Management,U.S. Forest Service,California DepartmentofFish

and Game,Auza-BorregoDesertStatePark,CoachellaValley

MountainsConservancy)to facilitate acquisitionwhen
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opportunitiesarise.Methodsto facilitatepublic andprivate

cooperationshouldbe pursued, suchas: (1) developmentof land

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

Species Habitat ConservationPlan, conservationguidelinesin

AppendixF), (2) developmentofa public education and outreach

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

that better identifyandexplain bighornsheepecology and

conservationrequirements.

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

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

therecoveryofPeninsular bighornsheepis dependenton the

existenceofadequatehabitat. Maintenance, management,and

restorationofessentialhabitat will allow forgeographicexpansion

when populationnumbers increase.The abilityofbighorn sheepto

move freely throughoutall partsof therangeis critical to recovery

becauseit: (1) facilitates exchangeofgenesbetweenewegroups,

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

alternative habitatin response topredationpressureortemporary

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

orhuman-relateddisturbance.Shifts in habitat use occur more

readilywithin existingewe grouphomerangesbut home range

boundaries themselvesalsocanchange,albeit lessfrequentlyand

more slowly overtime. Therefore,in additionto protectionof

designated essentialhabitat,the following measuresshouldbe

takento restoreandmaintainhabitatquality andto assure

connectivity throughout therange:

1.1 .3.1 Removeexoticvegetationandpreventfurther

invasionby exoticplants. This itemrefers primarilyto

control oftamansk(Tamarixspecies)along stream courses

but also appliesto otherspeciessuch as fountain grass

(Pennisetumsetaceum)in selectregions. Additional

fundingshouldbe securedto continueandexpand current

tamariskremovalprogramsthroughout the Peninsular

Ranges.Theseprogramsshould include,or be coordinated

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

sheephabitat.Tamarisk eradication,suchas at Thousand

PalmsOasis,can resultin immediate reappearanceof

surfacewater(Barrows1994),which can help expand

sheepdistribution.

1.1.3.2Reduceor eliminatewild horse populationsfrom

bighornsheephabitat. Thoughburrosandgoatsare

currentlyabsent,theyalsoshouldbe eliminatedif they

becomeestablished.Thereductionorremovalofnon-

nativeungulateswould: (1) eliminatepotentialsourcesof

competition,(2) reducepotentialdestructionofwater

sourcesandvegetation,and (3) benefit other riparian

dependant wildlife,such as least Bell’s vireoand

southwesternwillow flycatcher. The involvedStateand

Federalagencies,alongwith theAguaCalienteBandof

CahuillaIndians,shoulddeterminewhetherwild horse

managementin Coyote Canyon(Anza-BorregoDesertState

Park)andPalmCanyonis consistentwith bighorn recovery

objectivesin theseareas. Any continuationof feral horse

grazingshouldbe contingentuponthedemonstratedability

to implementan effective managementandmonitoring

programto ensureagainst: (1) the possibilityof

competitionwith sheepfor food andwater, (2) trespass

onto otherlandownerships,and (3) risksto public safety.

1.1.3.3 Implementafire managementplan that recognizes

fire asa natural disturbanceinfire-adaptedhabitatsofthe

PeninsularRangesecosystemandasa processthathelps

maintain bighornsheephabitat. A wildland fire policy

shouldestablishfire managementareasfor naturaland

managementignited prescribedfires. Further researchon

the useoffire asa managementtool should help guide such

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

serious threatto bighornhabitatquality in Sonoran scrub

plant communities,which unlikechaparral are not well

adaptedto fire disturbance.

1.1.3.4 Maintain existingwatersourcesandconsider

providingadditional sourceson public lands if water is

thoughtto be alimitingfactor in particular areas.Water

developmentshouldbe incorporatedinto research that

investigates theeffect that theadditionofwater has on

bighornsheepand otherspecies(referto sectionII.D.2).

1.1.3.5 Maintain andre-establishconnectivity throughout

all habitat. Bamersto movement (roads,fences,increased

useof off-road vehicleareas,renewed railroad activity)

should beprevented.Potential bighornsheepcrossing

areasshouldbe identifiedandbridged or tunneled to

attempt reestablishingconnectivity. Typical culverts are

not adequate because bighornsheepare not knownto move

through darktunnels. Existing roads appear to represent

barriersbetween four currentewe groups(Rubinetal.

1998);solutionsto promote connectivityshouldbe

attempted. Another important recovery goalis to

reestablishconnectivityto habitatsouthofInterstate8 and,

ultimately,to Mexico. This task will require the

cooperationofthe California Departmentof Transportation

to incorporate bighornsheepmovement opportunities into

their futureconstructionplans. Coordination with Border

Patrolandthe Mexicangovernmentwill be needed to

control humandisturbanceandthethreatofdisease

transmissionfrom domesticsheepandgoats while

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

habitat loss, habitat modificationandhumanactivities often directly or

indirectlyaffect Peninsular bighornsheephabitat use (referto sections

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

by strongeducationalandpublic awareness programs(referto section

II.D.3), will reduce theseimpacts.

1.2.1 Reduceimpactsfrom existing andfuturedevelopments and

projects.These recommended actions pertainto any project

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

mining) that hasbeenconstructedwithin bighornsheephabitat,or

any project adjacent to bighornsheephabitat. Thoughhabitatand

opportunities forsheepmovement throughoutall suitable habitat

shouldbe maintained, habitat use along the immediate urban

interfaceshouldnot beencouragedbecauseofrisks associated with

behavioralhabituation.

1.2.1.1 Constructfencesto exclude bighornsheepfrom

urban areas where they havebegunor may beginusing

urban sourcesoffoodandwater. Fencesserveseveral

functionsincluding: (1) separatingbighornsheep from

potentialthreatsof urbanization(e.g.,toxic plants,

parasites,accidents, vector-borne diseases,traffic,

herbicides,pesticides,behavioralhabituation), (2)

controllinghumanandpetaccessto remaining bighorn

sheephabitat, (3)preventingbighornsheep frombecoming

habituatedto anddependentuponartificial sourcesof food

andwater,and (4)modifying habituated behaviorsand

redirectioninto remaining native habitat. In thenorthern

SantaRosaMountains, ongoing coordination withcities

andlandownerson a regionalfencing strategy willbe

critical to the long-termhealthand maintenanceof this ewe

group. Retrofittingexistingdevelopments withfences

wheresheepcurrentlyexploit urban foodandwatersources
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is particularlyimportant;cooperation by residential

landownerswill be critical to the successofexcluding the

northern Santa Rosa Mountainsewegroupfrom urban

habitats.Along the remainderofthe urban interface,where

sheephavenot yetshown indicationsofhabituationto

humanhabitats,future behavioral habituationalsomay

occur. Although fencingmaybe viewed as alast resort to

otherpotential formsofaversiveconditioning,prudent

planningdictatesthat mitigation be requiredto offset the

likelihood of future adverse effects (behavioral habituation

andincreasedmortality rates) when new projects are

approvedalongthe urban interface. Thoughactual fence

constructioncouldbe contingentuponfuture use bysheep

and the ineffectivenessofother potentialdeterrents,the

wherewithal,responsibilities,andeasementsfor fences

shouldbe determined and secured at the timeof project

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

functionally equivalent,andshould notcontaingapsin

which bighornsheepcan be entangled. Gapsshouldbe 11

centimeters(4.3 inches)or less. This fencedesign should

only be used at theurbaninterface.Referto section

II.D. 1.2.2 for guidelines forlivestockfences withinbighorn

sheephabitat.

1.2.1.2 Avoidnon-native vegetationalong unfencedhabitat

interfuces whereit mayattract or concentratebighorn

sheep. Along fenced sectionsoftheurban interface,

ornamentalandtoxic plantsshouldnot extend overor

throughfenceswhere they may be accessibleto browsing

bighornsheep.

1.2.1.3 Promotethe useofnativevegetationandlimit the

planting ofexoticspecies(includinggrass)in areas

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

homeowners.On Bureauof LandManagementlands,

especiallylivestockgrazingallotmentsin andnear bighorn

sheephabitat,utilize only nativevegetationin fire

rehabilitationandrangeimprovement projects.

1.2.1.4 Prohibit the useofanyknowntoxicplants where

theymaybe accessibleto bighornsheeporpotentially

invadebighornsheephabitat. A list of known toxic plants

shouldbe providedto all developers, landscapers,and

homeowners.

1.2.1.5 Discourage the useofplantsknownto invadeand

degrade bighornsheephabitat (e.g., tamarisk,fountain

grass).

1.2.1.6 Prohibit intentional enticementofbighornsheep

ontoprivateproperty. This itemincludes, butis not

limited to, vegetation,mineral licks,orunfenced swimming

pools,ponds, orfountainsuponwhich bighorn sheep may

becomedependentfor water.

1.2.1.7 In unfencedareas,monitorthe useofpesticides,

fungicides,herbicides,andfertilizers if sheep areusing

urban landscapes.All productsusedshouldbe warranted

by the manufacturerto not be harmful to wildlife when

applied at thelabelrate,andno applicationsshould exceed

the label rate. Coordinationwith landownersand

homeownergroupsis needed.

1.2.1.8 Regulate the diversionorprocurementofwater,

whetherfor humanuseor irrigation, andwhetherfrom

springsor aqu~fers,that wouldreduce naturalwater

sourcesusedby bighornsheep. Coordinationwith land
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ownersandtheStateWaterResourcesControlBoardis

neededto redresspotentialwaterrights conflicts. The

RegionalWaterQuality ControlBoard’s BasinPlanshould

recognize bighornsheepas abeneficialuse for perennial

and seasonalwaterswithin essentialhabitat.

1.2.1.9 Prohibit theconstructionofwater bodiesin

developedareasadjoiningsheephabitat thatmaypromote

the breedingofmidges(Culicoidessp.) and

monitor/control vectorsin existingproblematicponds.

Water featuresshouldbe designedto eliminate blue-tongue

andother vector-bornediseasesby providingdeeperwater

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

degrees),andif possible,rapidly fluctuating water levels

(seeMullens 1989,Mullens andRodriquez1990).

Landownersand managersshouldcoordinate withlocal

mosquitoandvector controldistrictsto ensure management

ofexisting waterbodiesthat harbor vectorspecies.

1.2.1.10Discouragethe art~ficialfeedingofcoyotes

becauseofthepotentialfor increasingpredatorabundance

andconsequentpredationon bighorn sheep.

1.2.1.11 Establisha methodandsecurefunding to

consistently monitor andenforceall actionslistedunder

task1.2.1.

1.2.2 Reduce or eliminate detrimentalhumanactivitieswithin

bighornsheephabitat. A varietyofhumanactivities canaffect

bighornsheep(referto sectionI.D). Bighorn sheepmayreactin

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

human encounters (potentiallyincludinghabitat abandonment),

and(2) habituationto sourcesof disturbanceif they are sufficiently

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

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

disturbanceand returning when thedisturbanceis absent.

Expansiveurbandevelopment inandaround bighornsheepin

deserthabitatshas occurredin threemetropolitanareas to date--

Albuquerque,Tucson,andCoachellaValley—and in all instances,

habitatabandonmentandpopulationdeclinehasresulted

(Gionfriddo andKrausman1986;Krausman,in litt. 1998;

Krausmanetal. In prep.). Bighornsheephavedemonstrated

greaterresilienceto humandisturbancein more remote locales

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

(Hicks andElder 1979),thoughbighorn alsoareknown to avoid

excessivehumandisturbancein areaswell away fromurban

centers(Papouchisetal. 1999).

Given thepotential behavioralvulnerabilitiesofbighorn sheepto

humandisturbance (includingdogs)andassociatedrisks to the

persistenceofcurrentlydepressed populationsin theCoachella

Valley, a biologicallyconservativemanagementapproachis

appropriatein the PeninsularRanges.Thepublic shouldbe

educated regarding problemsassociatedwith human-sheep

relationships,andencouragedto continue supportingconservation

efforts (SmithandKrausman1988).A trails management program

is currentlyin placeon Anza-BorregoDesertStatePark and

appearsto be providing alevel ofmanagementthat is maintaining

relativelystable population levelsof bighorn sheep.The successof

this program may be attributableto anintensiveeducational

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

disruptive activities,and astrong managementpresenceto ensure

adequatecompliance. In addition,themostheavily used areas

typically arelocatedin steepterrain that limits thenumberand

locationoftrails to relatively few narrowcanyonbottoms. Sheep

are better ableto coexistwith recreationalusewherehuman
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disturbancetypically occursat elevations lower than wheresheep

spend mostoftheir time (Hicks1977).

The following section primarily focuseson thenorthernCoachella

Valley thoughtheprinciplespertain rangewide. Therelative

remotenessofthe Anza-Borregoregion renderscomparisonswith

the heavilypopulatedCoachella Valleydifficult, but recreation

activities couldbe vieweddifferentlybecausethey are partofa

cumulativesetof factorsaffecting thesheep,someofwhich (e.g.,

development-relatedpressuresin sheephabitat) are more intense in

theCoachellaValley. Thoughcauseand effect relationshipshave

not beenestablished,the proportionally largerpopulationdeclines

in the northernSantaRosaand SanJacintoMountainsthan

elsewhere may berelatedin part to therelativelyhigherlevelsof

humandisturbance associatedwith thelargermetropolitanarea.

Other contributingfactorsmayincludethe more extensiveand

interconnectedtrail system thatis not largelyrestrictedto canyon

bottoms. Mostof thetrails head upslopeandintersectothertrails

at higherelevations,forming an extensivetrail network throughout

ewegroup homeranges,including lambing,rearing,and watering

habitat. Thepatchworkof differing landownershipshas

contributedto managementdifficulties. The typesoftrail use

activities,as well as proliferationofnewtrails, alsohavegone

largely unregulated.The DunnRoad,constructedillegally in the

northern SantaRosaMountainsin the I 970s, alsois considered a

trail since muchof the useis by recreationalpedestriansand

bicyclesand vehicularaccessis restricted.Travel in washesby

vehicles andon foot alsoshouldbeconsideredtrail use.

The Agua CalienteBandof CahuillaIndianscurrentlyis preparing

a wildlife habitatmanagementplan for thereservation,including a

trails management program,which shouldbecoordinatedwith the

larger planningeffort to ensureattainmentofregionalobjectives.

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

complete.

Researchshouldfocuson how differentkinds andlevelsof

disturbanceaffect bighornbehaviorandhabitat usepatterns.The

prevailing lackofbaseline dataon location,types,andextentof

trail use mustbe overcome as a prerequisiteto studyingandbetter

understanding these effects.

1.2.2.1 Developand implementa trails management

programwith affectedlandmanagementagencies,

scientWcorganizations,and user groups.A trails program

in theSanJacintoand Santa RosaMountains necessarily

will require interagencycooperation,with specific

responsibilitiesand levelsof funding identified. Thecities

and primary land managementagencies,with theBureauof

Land Managementin a leadershiprole, shouldcoordinate

with usergroups in developing aplanwith the Fishand

Wildlife Service and the DepartmentofFish andGame so

that it canbe effectively implementedon aregionalbasis.

Regularinteragencymeetingsshouldbe scheduledto

ensure effectivecoordinationandimplementation.The

programshouldconsistof the followingcomponents:

a. Public education. Preparationof apublic educationand

outreach programis needed sothat trail users better

appreciateand understandbighornsheepand other

biological values associated with the PeninsularRanges.

Also seeSection II.D.3. Most membersofthepublic likely

will voluntarily refrain from recreatingin sensitivehabitats

during critical seasonsif they understand the effectsof

humanrelated disturbanceon bighornsheep.Nonetheless,

monitoringand enforcement willbe necessary to provide

effectivemanagement.
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b. Prohibition ofdogsin bighornsheephabitat. Dogs

should remainin developedor designatedareas

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

restraintandpreventedfrom roaminginto bighornsheep

habitat.

c. Lambingandrearing habitat.Seasonal restrictionsare

neededon selectedtrails that bisect lambinghabitat. In this

Recovery Plan, the lambing season is defined as January 1

to June30, andlambingandrearinghabitatis defined as

thoseareasin which ewesandlambs areobservedduring

this period.Thesedefinitions werechosento provide

protection for the majorityof lambs during thefirst 3

monthsoflife andto allow ewes undisturbedaccessto

lambingareasprior to the peak parturitionmonths

(Februarythrough April).Trails thatarecurrentlyknownto

result indisturbance to lambing and rearing habitat are

listed in Table 10.

d. Watersources.Seasonalrestrictionsor trail relocations

may beappropriatefor selectedtrails that leadto water

sources. Trail useshouldbe avoided nearcritical summer

watersourcesfrom June 1 throughSeptember30, and other

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

regulation [see California GovernmentCode,Title 14,

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

andCarrizoCanyonEcological Reserves.Trailsthat are

currentlyknownto conflictwith the summer water

requirementsarelistedin Table 10.

e. Trail management.Trails that conflict with lambing,

rearing,andwater requirementsshouldbe addressed

through managementtools, such asseasonal restrictionsor

87

010313

010857



Table 10. Trails and areas with potential conflicts that should be addressedin an

interagencytrails managementplan.*

Trail

Conflicts with

Lambing from
January 1

through June

30

Conflicts with

Water stress
from June 1

though

September30

Comment

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

X X Applies abovepicnic
tableat DesertRider’s
Park.

SouthLykken trail X
Picnic table trail
(southofTahquitz

Canyon)

X Appliesabovepicnic
table.

TahguitzCanyon X X
Dunn Road X X
Murray Hill trail
complex

X X

CathedralCanyon

trail

X X

Mirage trail (Bump

and Grind)

X Applies above the flat

overlook
Art Smith,Schey,
andconnectingtrails

X X

CarrizoCanyontrail X X
BearCreekCanyon
trail

X X

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

basedon the most currentinformation.

relocations. Permanentclosuresmay be necessarywhere

relocationis not possibleandseasonal restrictions cannot

be effectively monitored or enforced. Trails should be used

asa tool to focus humanactivity away fromareasof

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

couldprovidetwo benefits—alleviatepressureon trails that

intrude deeper intosheephabitat,andprovide a disturbance

barrierto discouragepotential sheepattractionto urban

sourcesof food andwater. Any newtrails shouldminimize

adverseimpactsto alluvial fans,canyonbottoms,andother

areasthatmay provideessentialseasonalforageconditions

while still accomplishing the objectiveofroutinguse away

from the moresensitiveareas.

f. Monitoring, enforcement,andresearch. A management

presenceby uniformed personnelshouldbe deployed

during peak use periods to educate the public, monitor

compliance with trails rules, and enforce rules against any

violations. Monitoring of bighom sheep habitat use

patterns should be designed to detect behavioral responses

that can adaptivelyfeedbackinto revised management

measures.Experimental researchto further our

understandingof human/sheepinteractionsalsoshouldbe

conducted.SeeSectionII.D.2.7.

1.2.2.2Manageactivitieswithin bighornsheephabitat that

fragmentor interferewithbighornsheepresourceuse

patterns orotherbehaviorsto reduceor eliminateadverse

effects. This task includes but is not limited to road traffic,

trail use, off-trail activity, and aerial activities, such as hang

gliders and helicopters, which may have a negative effect

on bighorn sheep. For example, the U.S. Navy currently

implements a 457-meter (1,500-foot) minimum ceiling for

military flights above bighorn sheep habitat in the north end

of the Anza-Borrego Desert State Park and a 60-meter

(200-foot)minimum ceilingin the remainderof thepark.

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

to all flights overanybighornsheephabitat.
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1.2.2.3 Managelivestockgrazingto reduce competitionfor

scarceresourcesand to minimize thepotentialfor disease

transmission.Existing (Canebrake, with lambing and

wateringhabitat) and currently inactive (Vallecito and

Oriflamme) allotmentsshouldbeevaluatedandmodified or

closed, if necessary to achieve recovery objectives. The

McCain Valley allotment should also be assessed to ensure

compatibility with adjoining sheep habitat. If the closure of

one or more livestock grazing allotments is determined

necessary to remove the impediments to recovery described

above in Section I.B.6 concerning competition or in Section

I.B.7 concerning disease transmission, the Bureau of Land

Management should develop proposed land use plan

amendments to effect such closure(s). Until decisions are

made regarding potential allotment modifications or

closures,the currentallotmentboundariesshouldbe fenced

according to Bureau of Land Management fence

specifications for cattle and bighorn sheep (Bureau of Land

Management 1989). If any allotments, or portions thereof,

that overlap with bighorn sheep habitat are subsequently

closed through land use plan amendments, the fences

around such allotments should be removed following the

cessation of livestock grazing.

1.2.2.4 Prohibit thegrazingofdomesticsheep within14.5

kilometers(9 miles,)ofbighornsheephabitat toprevent

diseasetransmission.

1.2.2.5 Require all cattlegrazing allotments adjacentto

bighornsheephabitat to befencedwherecattle straying

into bighornsheephabitat degradesforageor water

resources.Fences should complywith Bureauof Land

Management specificationsfor cattle fencesin bighom

sheephabitat (BureauofLandManagement1989).
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1.2.2.6 Prohibit the useofgoatsaspackanimalsin

bighorn sheephabitat. Goats are known to transmit

diseases to bighorn sheep. Other pack animals, such as

llamasand camels, shouldbe assessed forpotentialdisease

risk andprohibitedif arisk exists.

1.2.2.7 Establisha method andsecurefundingto

consistently monitor andenforceall actionslistedunder

task1.2.2.

1.3 Reduce mortalityrates. Low survivorship of adult Peninsular bighorn

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

Measuresto improve survivorship are fundamentalto this recoveryeffort.

1.3.1 Reduce mortalitydueto unnaturalcauses.A number of

mortalities of Peninsular bighorn sheep have been caused directly

or indirectly by human activities. Somemortality factors, such as

poisoning by plants and vehicular collisions, are a byproduct of

urban developments built within or adjoining bighorn sheep

habitat, or human presence in bighorn sheep habitat (refer to

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

with the followingactions:

1.3.1.1 Prohibitfencesin which bighornsheep may

becomeentangledor strangled, or that interrupthabitat

connectivityor blockmovementofbighorn sheepwithin

remaininghabitat. At the urban interface,fences should

not contain gaps larger than11 centimeters(4.3 inches)

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

complywith BureauofLand Management specifications

for fences within bighornsheephabitat (Bureauof Land

Management 1989).
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1.3.1.2 Post all movement areasor areasofbighornsheep

concentrationnear highwayswith bighornsheep crossing

signsto warn motorists. Post informationalwarningsigns

at the entranceto blind curves. Solutions need to be

identified and implemented to reduce the extentof

vehicular relatedmortality alongproblematicroad

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

Springs. If monitoring indicates that more effective

warningsystemsare needed, flashingyellow lightsand

intensified signage, etc.,shouldbe phasedin. Coordination

with Caltrans and the counties will be required.

1.3.2 Reducemortality dueto natural causes.Predation by

mountainlions represents a threat to theviability of bighornsheep

in the Peninsular Ranges (refer to sections I.B.4, I.B.5, andI.D).

Selective removal of lions may therefore be necessary to facilitate

recovery. The goals of reducing predation pressure are to protect

small subpopulations from extinction and to stimulate population

increases.The following guidelines for implementing predator

management weredesigned to facilitate recoveryofPeninsular

bighornsheep in accordance with the recovery criteria established

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

essentiallyan emergencyactionto protectsmall subpopulations

from extinction. This level of management was identifiedto help

thepopulation meetdownlisting criterion#1 (the presenceof25

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

lion control will be conducted, if necessary, to facilitate

achievementof delisting criterion#2.

Removal of mountain lions should be selectiveandonly target

individual lions knownto be,or suspected of, preyingon bighorn

sheep. Predator management should not be implemented as a

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

permanent impact of habitat loss. Lion removal must be

accompaniedby carefulmonitoringto determineif predatorcontrol

achieves thedesiredprotectionofbighornsheep (refer to section

II.D.2.5). The effectsofpredator managementshouldbe

incorporated into ecosystem level research on the predator/prey

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

ll.D.2.3). The criteria forimplementingpredatorcontrol mayneed

to be changed as knowledge regarding this predator-prey

relationship and the balance between predation and population

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

ultimategoal is to restorean ecologicalsystemthat includes viable

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

Predator RemovalLevelI. Predator removal should be

implemented if therearefewer than 15 adult female bighornsheep

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

andpredationis a knownmortality factor. In this circumstance,

protection of individual bighornsheepis critical for ensuring

bighorn population survivalandpersistence in the recoveryregion.

Lion removalshouldbe implementedsolelyin the recoveryregion

of concern, and continue until population growth is reestablished to

a trajectory expectedto achievethe downlisting threshold of25

adult ewesin theregion.

Predator RemovalLevel2. Predator removal mayalsobe

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

recoveryregions,to further facilitate thelong-termgoalsof

population recovery. Lion removal should only occur if lion

predation is the primary cause of mortality and low survivorship is

determinedto be limiting population recovery.Careful

monitoring, habitat evaluation, and possibly computer simulations

shouldbe usedto determineif, when, and where predatorremoval

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

sheep populationgrowth,and(2) continuedremoval wouldno

longer resultin a population expansionwithin the recoveryregion

necessary for theoverall recoveryof themetapopulation.

1 .4 Developa long-termstrategyandmaintain thecurrentcapabilityfor

captivebreeding,reintroduction,andaugmentationprograms. A small

captivebreedingherd(14 animalsin 1998) existsat theBighorn Institute

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

guidelinesoutlinedin AppendixC. This herdwas establishedin 1984to

facilitate thestudyof low lamb survival. Animals born or rehabilitated at

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

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

groupsofyearlings,since1985(Ostermannetal. in press).

The Recovery Team should develop a long-term strategy that identifies the

process and circumstances under which captive breeding, reintroductions,

and augmentations may be appropriate and carried out, including the

potential introduction of animals from adjoining metapopulations.

Reintroductionandaugmentationarepotentialtools to (re)establishewe

groupsandrestoreconnectivityamongneighboringgroups. Augmentation

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

Brown 1977), thereby reducing the risks associated with naturally

occurring random variations in populations. Augmentation may also play

an important role in the conservation of bighorn sheep because habitat use

patterns are learned from experienced animals. Once use of a particular

area is discontinued by females,it maybe more difficult for inexperienced

sheep to become established in this area (refer to section I.B.2). Finally,

augmentation can be of value to address genetic concerns.

Reintroduction and augmentation programs are recognized conservation

tools and have been used extensively to manage bighorn sheep populations

(Bleich et al. 1990b, Ramey1993);however,they comewith aset of

potential problems (Campbell 1980, Kleiman 1989, National Research

94

010320

010864



Council 1995). Reintroductions and augmentations also must be

coordinated with other recovery efforts. That is, they are meant to play

supportive roles to other measures that protect Peninsular bighorn sheep

andtheirhabitat, theyshouldbe supportedthrough publicrelationsand

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

theyshouldbeprecededor accompaniedby other conservation measures

to restore population viability (Stanley Price 1991). Finally, decisions

regarding reintroductions and augmentation need to consider the genetic,

disease, and population structure consequences of such actions.

Although there are advantages to using free-ranging animals in

augmentations and reintroductions, captive breeding also can provide

animals for releases. In addition, captive propagation can be used as a

recovery tool to: 1) conduct recovery related research, 2) maintain genetic

diversity orgeneticlineages,and3) maintainrefugial populations.

The long-term strategy should specify the goals of reintroduction and

augmentation activities, and describe the steps that will be followed to

reach these goals. The strategy should be consistent with the guidelines

adopted by the Conservation Breeding Specialist and the Reintroduction

Specialist Groups of the Species Survival Commission of the International

Union for the Conservation of Nature and Natural Resources, The World

Conservation Union, and those of the American Zoo and Aquarium

Association’s Caprinae Taxon Advisory Group. Appendix C outlines

additional considerations and a protocol for captive breeding and release

of captive animals.

2. INITIATE OR CONTINUE RESEARCH PROGRAMSNECESSARYTO

MONITOR AND GUIDE RECOVERY EFFORTS.

This section focuses on research topics with management applicability needed for

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

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

alternative or refined actions can be formulated and tested again (adaptive
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management, as defined by Holling 1978). However, adoption of this approach

for bighorn sheep recoverylikely will be moreproblematicthan for mostspecies.

Many results will notbecomeapparentfor manyyearsbecausesheeparelong-

lived andbehaviorcanbe slow to changeanddifficult to document.

2.1 Monitorpopulationstatus. Thestatus, population dynamics, and

population trends of Peninsular bighorn sheep should be monitored so that

thesuccessof this recovery effort can beevaluated.Consistentlong-term

monitoring will allow use of adaptive management approaches that would

increase the effectiveness of recovery efforts. Continued monitoring is

alsoa necessarycomponentoffuture research. Population monitoring

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

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

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

and marking animals.

2.1.1 Monitor abundance.All bighorn sheep habitat in the

Peninsular Ranges should be surveyed by helicopter at least every

other year to generatepopulation estimates. Initially, this will

require that a known number of radio-collared animals are
distributed throughout the range so that mark-recapture abundance

estimations can be generated. The number of collared animals

should be sufficient to achieve an accuracy of plus or minus 25

percent with a probability of 0.05, following the methods described

in Krebs (1989) and Robson and Regier (1964), or approximately

30 percent of the estimated ewe population should be radio-

collared. However, a“sightability” estimate may begenerated

after additional surveys are conducted, thereby eliminating the

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

approachwould be especiallybeneficial if/when population

numbers become large. Where ewe group delineations are known,

estimates of abundance should be generated for individual ewe

groups as well as for the entire range. Annual waterhole counts

should be continued in Anza-Borrego Desert State Park and
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perhapsreinitiated in the SantaRosa and San Jacinto Mountains.

Data from waterhole counts can be used to potentially provide

important information about population characteristics (e.g., lamb

to ewe ratios and/or ram to eweratios) and to index abundance.

Continuation of waterhole counts concurrent with helicopter

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

abundance indicesand populationestimates.This relationship may

allow biologists to use historical waterhole count data (collected

over 28 years) to estimate historical abundance patterns. Aerial

surveys and waterhole counts should be conducted according to the

protocols in Appendix E.

2.1.2 Monitor distribution. Further data should be collected on

distribution of Peninsular bighorn sheep. Ground surveys for

bighorn sign should supplement aerial surveys and telemetry

studies to further define habitat usepatterns. Questionsregarding

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

groups are currently found in the Santa Rosa Mountains and

Vallecito Mountains, (2) if augmentation or reintroductions are

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

and distribution of ewe groups change over time as conditions or

populationnumberschange?

Abundance monitoring (see task 2.2.1.1) will initially require that

radio-collared animals be distributed throughout the range. The

locationofeach animalshouldbeobtainedvia visual location or

fixed wing aircraft telemetry surveys,at leastbiweekly. In

addition, the locations of all observed animals without collars

should be recorded during biennial helicopter surveys.

2.1.3 Monitor recruitment. Reproductive success, which includes

lamb production and recruitment, should be monitored on a yearly

basisin all ewe groups. Trackingandobservingindividually

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

individual ewes canbe tracked. Alternatively, the lamb to ewe
ratioofeachewegroup could bemeasuredat varioustimesof the

year (e.g.,during waterhole counts or helicopter surveys). Ground

surveys should be organized if feasible. If lamb mortality is found

to be high in specificewegroups,the radio-collaringof lambsmay

be necessaryto identify causesofmortality. Recruitmentshould

be comparedamongewegroups,years,andmanagementstrategies.

2.1.4 Monitorsurvivorshipandcause-speqficmortality. Adult

survivorship should be monitored annually in all ewe groups. This

monitoring would require that radio-collared rams and ewes are

present in each area and telemetry signals are monitored on a

regular (at least biweekly) basis. It is important that all mortalities

be investigated promptly so that cause specific mortality rates can

becalculated. A standardizedmortality site investigation protocol

should be established. Whenever possible, fresh carcasses or tissue

samples should be collected and submitted to the California

Veterinary Diagnostic Laboratory for pathological examination.

Survivorship and cause-specific mortality should be compared

among ewe groups, years, and management strategies.

2.2 Developpopulationmodels. Although asubstantialamountof

knowledge exists regarding bighorn sheep in the Peninsular Ranges and

elsewhere, there is a need for further research regarding their ecology and

the factors that influence population viability. Incorporating existing

knowledge into models may provide insight into the ecology of Peninsular

bighorn sheep and the system to which they belong. Rather than using the

absolute results of models to make policy or management decisions,

however, the relative outcomes of alternative models should be used to

guide management decisions (Beissingerand Westphal1998)and future

research efforts. Models uncover knowledge gaps and thereby guide

future researchandgenerate hypothesesthat would not otherwisebe

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

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

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

levelsofadult andjuvenilemortality on population viability?

Although theabovequestionspertainprimarily to viability from the

perspectiveofpopulationnumbers,futuremodels couldalso incorporate

data to assess genetic diversity. Additional models should explore habitat

selection versus availability.

2.3 Research therelationshipsbetween bighorn sheep,mountainlions,

muledeer, andhabitat. In the PeninsularRanges,mountainlions and

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

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

knowledgeofthe ecologyof Peninsular bighornsheep,a better

understanding of predation, interspecies relationships, and habitat

selection is needed. Information regarding the relationships will be

valuable in making future management decisions to facilitate population

recovery, including decisions regarding habitat management, reduction of

mortality due to predation, and whether other species should be managed

to achieve recovery of Peninsular bighorn sheep. Pertinent research goals

include, but are not limited to:

a. Estimatethe numberofmountainlions preyingon bighornsheep.

b. Examine movement patterns of mountain lions within and adjacent

to bighorn sheep habitat, and attempt to identify influencing

factors.

c. Examine the spatial and temporal patterns of mountain lion

predation on bighorn sheep and mule deer in relation to the

distributionof bothprey species, season,climatepatterns,and

habitatcharacteristics.
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d. Describe thehabitatuse patternsanddistributionofmule deerin

and near bighorn habitat.

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

or moreyears). Sucha studywould require extensive monitoring and

habitat study of all three species. Experimental approaches involving

removalof mountainlions andmanipulationofmuledeerpopulationsand

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

on bighornsheep.

2.4 Investigatethe relationshipsbetweenbighornsheepand coyotes and

bobcats. Although mountain lions appear to be the primary predator of

adult bighorn sheep, predation by coyotes or bobcats also may affect the

viability of bighorn sheep populations, primarily through predation on

lambs. Factors that put bighorn sheep at risk from these predators should

be investigated. Studies should examine what impact expanding

urbanization, the use of urban environments, and artificial water sources

may have on the relationship between these three species.

2.5 Investigatetheefficacyoftemporary suppressionofnatural

predation. Mountain lionpredation currentlyis theprimarycauseofdeath

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

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

effectivenessofvarioustechniquescan be evaluated. Thepresenceof

lions and other predatorsin the areaof interestshouldbe monitored aspart

oftheinvestigation. Becausemortalityandmountain lionpredationrates

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

important to evaluate the effectiveness of these actions over multiple

years.

2.6 Researchhabitat use/selectionanddispersal behavior.Habitat use by

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

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

well understood.A better understandingofhabitat usepatternsand factors

underlying habitat selection will aidourunderstandingof resource

requirements and promote informed management decisions. Selected

topics forfuture researchinclude: (1) waterandnutritional requirements

andhow thesefactorsaffect populationcharacteristicsanddistribution,(2)

how and where habitat use and movement are influenced by disturbance

barriers and sources of fragmentation, (3) habitat use and how it relates to

predator evasion, (4) how habitat quality influences dispersal behavior,

and (5) how human disturbance affects habitat use patterns.

Documentationof habitat usefor essential life functions,suchas lambing,

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

vegetation map with sources of fragmentation for the entire Peninsular

Rangeswould facilitateanalysesof thesevariableson habitatuse patterns.

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

how often do ewes move between groups? Although preliminary data

suggestit occursata low rate, long-term monitoring (twoormore bighorn

sheep generations) may be necessary to more accurately estimate the

frequency of such moves. Other questions include, but are not limited to:

(1) what conditions (populationdensity,forage quality,time ofyear)are

associated with movementofanimalsbetweenewe groups;(2) what

habitatfeatures areassociatedwith movementpaths; (3) how doesrange

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

ramstypically move? The frequency and durationofmonitoring will

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

are needed to document dispersal behavior, while frequent or nearly

continuous monitoring maybe necessary for studying habitat selection and

use patterns(Laundre etal. 1987). Theuseof GlobalPositioningSystem

collars may provide a valuable tool insuchstudies.

2.7 Evaluatethe effectofhumanactivitieson bighornsheep. Given the

historyof bighornsheeppopulation declinesand extirpationsin other

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

habitat use.Becauseknowledgeofthe locationandextentof human

activity is aprerequisiteto conductingresearchandmaking informed

management decisions, responsible land management agencies should

placea high priority on obtaining thisinformation.A varietyof study

designsmay be appropriate, suchas: (1) experimentally prescribing

different management techniques and measuring results, (2) measuring

physiologicalchangesin individuals in responseto differentdisturbance

regimens, (3)determiningthe effectsofhumanactivitieson bighorn

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

(4) determining the effectsofhumanactivity on bighornbehavioral

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

effects of human disturbance have sufficient sample sizes and statistical

powerto avoid type IIstatisticalerrors (accepting a false nullhypothesis).

2.8 Researchdiseaseandpreventivemeasures.Thereis a needto provide

ongoingscreeningforpathogensand exposureto infectiousdiseasesto

detectandmitigateemerging epizootics. Although infectiousdiseasesdo

not currentlyappearto playan important rolein population dynamicsof

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

continuemonitoringthe presence and impactof infectiousdiseasesin ewe

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

essentialto radio-collaranimalsto monitorewegroups,biological samples

shouldbe collected at thetime ofcaptureandtestedfor presenceof

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

analyzed for the presence of specific pathogens and antibodies to those

pathogens. Astandardizedsamplingprotocolshouldbedevelopedandthe

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

testingcanalsobe standardized. Whenfeasible,freshcarcassesshouldbe

taken immediatelyto the California Veterinary DiagnosticLaboratoryin

San Bernardino for necropsy. A standardized necropsy protocol should be

developed,and necropsy reports madeavailableto all agenciesand

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

treatmentsdo not appearto be warranted inany oftheewe groupswith the

exceptionof the northern Santa Rosa Mountainsewegroup.Nematode

parasites have been documented in this group and nematode treatment may

beappropriate. Treatmentschemesshould be designed so that the

effectiveness of each treatment can be evaluated (control animals or

groups should be used). Infectious disease data should be re-evaluated

periodically or continuously, and recommendations regarding treatment

andpreventivestrategiesbasedon researchfindings.

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

PeninsularRanges.Other ungulates mayserveasreservoirsfor cross

transmission of bluetongue to bighorn sheep.

2.9 Researchgeneticsofbighornsheepin thePeninsularRanges.

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

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

used inassociationwith thosealreadycollected to more clearlydelineate

populationstructure,to estimate gene flow,to identify the most

appropriatesourcestock(free ranging and captive) for translocation,to

assess therisk of inbreedingandoutbreeding depression,to testif there

hasbeen arecentpopulation bottleneckwithin a subpopulation,andto

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

directedtowards theestimationofthe effective population size(N) should
e

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

andBarrowclough1987). In addition,analysesofsamples collectedfrom

bighorn sheep within and outside of the Peninsular Ranges would be

useful to better estimate the phylogeographic structure of desert bighorn

sheep and to further identify management units. DNA samplesshouldbe

collectedfrom everyanimal capturedin the Peninsular Rangesandfrom

adjacentpopulations,usinga standardizedsamplingprotocol. A DNA

bankhasbeenestablishedat theUniversityof California atDavisthat

consistsof over700 samples from bighorn sheep in the Southwest,

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

of germinal andsomaticcellsfrom captured animalsshouldbe initiated

for future use.

3. DEVELOP AND IMPLEMENT EDUCATION AND PUBLIC AWARENESS

PROGRAMS.

Conservationefforts havea higherchanceofsuccessif theyaresupportedby the

local community. A numberof recovery actions outlined inthis recovery plan

will directly affect thegeneralpublic. It is thereforeimperativethat strong public

education and awarenessprogramsbe implemented. The publicneedsto be

informedofthereasonswhy specificrecovery actions arebeingtaken. This task

will requirean education programon the ecologyofPeninsularbighorn sheep,

what threatsthis speciesis currentlyfacing, andhow recoveryactionswill reduce

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

important forcontroversialissues,such astrails andpredatormanagement.This

knowledgeshouldtranslateinto a respectand concernfor this species,leadingto

supportfor conservationmeasures.

Severalprogramsand sourcesof information pertaining specificallyto Peninsular

bighornsheepalreadyexist. Interpretivedisplaysandmaterialsare found atthe

Visitor Center inAnza-BorregoDesertStatePark, the Bureauof Land

Management Visitor Centerin PalmDesert,Bighorn Institute,Living Desertin

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

have hostedguesttalksby biologists studying bighornsheep. Theseprograms

shouldbe continuedandadditional programsestablished, such as information

provided to the publicthroughthe tourist industryand ecotourismoperators.The

effectivenessofeducational programswould be increasedif a higher degreeof

coordination existed amongindividual programsand otherrecoveryactivities.

This coordinationwould not only allow each programto presentthemostaccurate

andupdated information,but would alsolet thegeneral publicseethat the

recoveryofPeninsularbighornsheepis a collaborative effortsupportedby

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

accurate informationshouldbe availableto interestedindividuals, groups,

or local governments.This material shouldbe provided by the key

agencies involvedin the recoveryeffort andshouldinclude informationon

the ecologyofPeninsular bighornsheep,current threats to population

viability, and explainrecoveryactions. Informationdisseminationshould

coordinate with theCoachellaValley Multiple SpeciesHabitat

ConservationPlan.

The need forspecificrecovery actionsshouldbe explainedto thegeneral

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

be provided with informationthat explains: (1) whyrestrictionson toxic

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

coyotescould adversely affectbighornsheep. Recreationgroupsshould

be provided with informationthat explains whycertaintrail closures are

necessary.Interpretive signsshouldbe postedatall trailheads thatenter

bighornsheephabitat. Trained docentscouldbe present atpopular

trailheads duringhigh trail usageperiodsandduring periodsoftrail

closuresto provideadditionalinformationandanswer questions.

3.2 Continue,update,and coordinateexistingeducationprograms.

Existing programsshouldbe expandedandregularlyupdated to providean

accurateview of our current knowledgeregardingPeninsular bighorn

sheep.Dynamicdisplaysthat featureup-to-datepopulation statusand

monitoringactivities,current research projects,andconservation activities

likely will be mosteffective. Each programshouldhighlight not only how

its agency’sor organization’sactivitiescontribute to therecoveryof

Peninsular bighornsheep,but how theseactivitiescomplement thoseof

otheragencies/organizations.Au annualmeetingof government officials

includingthe FishandWildlife Service,the Bureauof Land Management,

California DepartmentofFishandGame,California DepartmentofParks

andRecreation,U.S. ForestService,researchersfrom theUniversityof

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

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

updatingeducationprograms.

3.3 Developadditional educationalprograms. An educationalprogram

targetinglocal schools shouldbe developed.This programmight include

a teaching packetthat school teacherscanuseto introduce theirstudentsto

Peninsularbighornsheepandthedesert ecosystemin general. Classroom

activities couldbe combinedwith visits from biologistsortoursof bighorn

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

Auza-Borrego DesertStateParkandThe LivingDesert). Current

conservationissues,population monitoring,andresearch projectscouldbe

incorporatedinto this typeofprogram,possibly through the useof

informativevideosor websites. Cunningham (1993) outlined the useof

suchan interactive programin Arizona.

The feasibilityofadditionaleducationalprogramsshouldbe investigated.

Possiblesites/organizersare theZoologicalSocietyof SanDiego, theLos

AngelesZoo, andmuseumswithin Riversideand SanDiego Counties.

Additional goalsof existingandnewly developed programsshouldbe to:

a. Reachpeople whowould not typically be exposed totraditional

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

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

accomplishedby promotinginformativepresentations at senior

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

clubs. In addition,local and national televisionprograms featuring

the Peninsular bighornsheepshould be developed,andpress

releasesshouldbe encouraged.

b. Stressan ecosystemapproachin which habitat protectionis an

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

prime exampleis 28 yearsof waterholecountdatathat have been

collectedby volunteercountersin Anza-Borrego Desert State Park.

Habitatrestoration,suchastamariskremoval orwater

developmentalsorepresentidealvolunteer projects. An

observationlogbookmight be establishedat visitor centersto allow

visitors to record bighornsheepandotherspecies theyobserved.

d. Conductpublic attitudeassessmentsto determine the effectiveness

of specificprogramsandguide futureactivities.

3.4 Distributea protocolto selectlaw enforcement,public health, and

safetyoffcialsfor thehumanetreatmentofinjuredbighornsheep. Injured

bighornsheeparesometimesfoundby motorists, pedestrians,orhikers

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

Personneloftheseagenciesoftenare notknowledgeableaboutmedical or

humanetreatmentprocedures for injuredanimals. A protocolneedsto be

developedand distributedto city, county,State,and Federal agenciesthat

are likely toreceive reportsof injuredanimalsthat providesinformation

on appropriatecontactswho arequalifiedto diagnoseandtreat injured

animals. Informationfrom suchcasesshouldbe collected and maintained

by one agencyso that a complete data baseis available forresearchersand

managers.

E. SITE SPECIFIC RECOVERY TASKS.

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

as sitespecificrecoverytasks. They arematchedwith the ninerecoveryregions

listedunder the recovery criteria(Table 11). Sitespecifictasksfor eachofthese

areasare indicatedin Table 12.
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Table 11. Recovery criteria regions.

RECOVERYREGIONS

1. SanJacinto Mountains

2. SantaRosaMountains--Northof

State Highway74

3. SantaRosaMountains--Southof Highway 74

through Martinez Canyon

4. Santa Rosa Mountains--Southof Martinez

Canyonto slopeswestofVillage Peak

5. Coyote Canyon--east and westsides

6. North San Ysidro Mountains--Henderson

Canyonto CountyRoadS-22

7. SouthSanYsidro Mountains--County RoadS-22

to StateHighway 78

8. Vallecito Mountains/FishCreekMountains

9. Carrizo Canyon/Tierra Blanca

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

complete descriptionof recovery actions.

RecoveryAction

(abbreviated)

RecoveryRegion

SR-
N74

SY-S VM/
EC

SJ

——
x x

SR-
S74
—
x

SR-
MCS
a
x

CC

—
x

SY-
N
———
x x x

CC/TB!
CM
—
x1.1.1 Protectessentialhabitat

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

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

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

RecoveryAction

(abbreviated)

RecoveryRegion

SJ SR-
N74

SR-
574

SR-
MCS

CC SY-
N

SY-S VM/
FC

CC/TB!
CM

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

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

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

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

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

SY-N:
SY-S:

North SanYsidro Mountains
SouthSanYsidro Mountains

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

Mountains/Coyote Mountains
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III. IMPLEMENTATION SCHEDULE

The Implementation Schedulethat follows outlinesactionsand estimatedcostsfor

the Peninsular bighornsheeprecoveryprogram,asset forth in this recoveryplan.

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

schedule indicatestaskpriority, tasknumbers,task descriptions,durationof tasks,

responsibleagencies,andestimatedcosts. The agenciesresponsiblefor

committingfundsare not necessarily the entitiesthat will carry out thetasks. The

agency oragencieswith lead responsibility for each task are indicatedin thetable.

Initiation ofthese actionsis subjectto theavailability of funds.

The Implementation Schedule indicates speculative,future costs(preparationof

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

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

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

regulatorycostsby public agencies,are not includedin costtotals. Costsof

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

Implementation Schedule does not distinguish betweenpublic andprivatecosts,

no identifiable orspecific expenditures are likelyto be neededby the private

sector, other thanvoluntaryefforts contributedby nonprofit organizationsand

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

follows:

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

speciesfrom declining irreversibly.

Priority 2 - An actionthat must be takento prevent asignificantdeclinein

speciespopulation/habitatquality or some other significant

negative impact shortof extinction.

Priority 3 - All other actions necessaryto provide forfull recoveryofthe

species.
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Abbreviations usedin the Implementation Schedule:

To be determined

Continuous

Coachella Valley Multiple Species Habitat Conservation Plan,

which includes participatingcities, CountyofRiverside, and

landowners

PalmSprings,CathedralCity, RanchoMirage,Palm Desert,Indian

Wells, andLa Quinta

SanDiego, Imperial,andRiversideCounties

ACBCI

BI

BLM

CALTRANS

CDFG

CDPR

CVMVCD

CVMC

CVWD

DoD

FWS

RWQCB

RC

RCFCWCD

SDZS

UCD

USFS

*

Agua CalienteBandof CahuillaIndians

Bighorn Institute

BureauofLand Management

California Departmentof Transportation

California DepartmentofFish andGame

California Departmentof ParksandRecreation

Coachella Valley Mosquito and Vector Control District

Coachella Valley Mountains Conservancy

Coachella Valley WaterDistrict

DepartmentofDefense

U.S. FishandWildlife Service

RegionalWaterQuality Control Board

RiversideCounty

Riverside CountyFlood ControlandWater ConservationDistrict

SanDiegoZoological Society

UniversityofCalifornia - Davis

U.S. ForestService

LeadAgency

TBD

cont.

MSHCP

Cities

Counties

AGENCIESAND ORGANIZATIONS
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RECOVERY PLAN IMPLEMENTATION SCHEDULE FOR PENINSULAR BIGHORN SHEEP

Responsible

Agencies

Cost (SI ,000s)

jFYj F’i’

Priority

—
I

Task Task Description

Task

Duration

(Years)

—____
cont. ACBCI*, BLM*,

FWS*, CVMC*,
MSHCP*,

CDFG*, CDPR*,
CVWD*

Total

Estimated
Cost

(SI ,OOOs)

~L2il22L2LIJL
0 0 0 0 0 0

FY FY FY

I
I I

Protect essential habitat

1.1.2 Secure habitat cont. BLM*, CDFG*,

CVMC*, CDPR*,

MSHCP*

70,000 TBD TBD TBD TI3D TBD

I 1 3 1 Remove exoticvegetationand prevent

invasionby exotic plants

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

CVWD*,
RCFCWCD*

250 10 10 10 10 10

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

TBD TBD TBD TBD TBD TBD

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

50 20 20 10 0 0

1 1.1.3.5 Maintain/re-establish habitat
connectivity

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

Caltrans*, MSHCP*

TBD TBD TBD TBD TBD TBD

1 1.2.1.1 Construct fences to exclude bighom
sheep from urban areas

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

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

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

Responsible

Agencies

Priority

—I

Task Task Description

Task

Duration

(Years)

—cont.

Total

Estimated

Cost
($1,000’s)

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

Cost (S 1,000’s)

IFYI FY

..2L 02 03 I...~2LI2~——— —0 0 0 0 0

FY FY

02

FY

03III .2 I. Secure funding to implement measures

I 1.2.2.1 Develop and implement a trails
management program

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

TBD TBD TBD TBD TBD TI3D

I I 2 2 2 Prohibit fragmenting and interfering
activities

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

Counties*, Cities*

TBD TBD TBD TBD TBD TBD

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

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

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

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

TBD TBD TI3D TBD TBD TBD

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

FWS, BI

323 11 15 11 15 11

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

323 II 15 11 15 II

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

323 11 15 11 15 II

I 2.1.4 Monitor survivorship and cause-specific
mortality

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

125 5 5 5 5 5

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

CDPR

TBD TI3D TBD TBD TBD TBD

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

Priority Task

—
I 2 1 9

Task Description
Task

Duration

(Years)

—
cont.

Responsible

Agencies

Total
Estimated

Cost

(SI,000’s)

Cost (S 1,000’s)

}FYj FY

K2LL2L
——— —

0 0 0 0 0

FY[ FY IFY

Oil 02103
2

2 Prohibit (7ulicoides water sources MSHCP* 0

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

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

0 0 0 0 0 0

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

0 0 0 0 0 0

2 1.4 Develop captive breeding,
reintroduction, augmentation strategy

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

2 2.2 Develop population models 3 TBD 30 10 10 10

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

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

650 130 130 130 130 130

2 2.5 Investigate the efficacy of temporary
suppression ofnatural predation

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

2 2.6 Research habitat use/selection and

dispersal behavior

10 TBD ISO 15 15 15 15 IS

2 2.7 Monitor the effects of human
disturbance

3 CDFG*, BLM, CDPR,
USFS, FWS

TBD TBD TBD TBD

2 2.8 Research disease and preventive

measures

3 TBD TBD TBD TBD TBD

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

Priority Task Task Description
Task

Duration

(Years)

Responsible

Agencies

Total
Estimated

Cost

($l,OOO’s)

Cost (51,000’s)

—1~
FY FY FY FY FY

01J02j03j04J05
— ——— —

2 2 2 2 2
2

2 3.1 Distribute information on recovery
efforts

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

USFS

5

50

2 3.2 Continue, update, and coordinate
existing programs

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

MSHCP

50 2 2 2 2 2

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

CDFG, MSHCP,CDPR,
BI

50 2 2 2 2 2

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

3 1.2.1.5 Discourage use of exotic invasive plants cont. MSHCP* 0 0 0 0 0 0

3 1.2.1.6 Prohibit enticement on private property cont. MSHCP* 25 I I I I I

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

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

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

CDPR, CDFG

25 TI3D TBD TBD TBD TBD

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

10 TBD 100 10 10 10 10 10

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

0 0 0 0 0 0

Total estimatedcostofrecovery: $73,253,000 +

ON
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V. APPENDICES

APPENDIX A. AN OVERVIEW OF THE PENINSULAR RANGES

The PeninsularRangesare locatedin southern CaliforniaandMexico, in the

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

PeninsularRangesare borderedby the TransverseRanges.From this point, they

extendsouthinto Mexico, forming thebackboneofBajaCalifornia. In

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

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

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

trendingbasinsandranges.Thebasinsform channels below sealevel and the

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

Clemente.

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

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

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

the eastofthe PeninsularRanges,is found in the largest landmassbelowsealevel

in the Western Hemisphere (TingandJennings1976). Historically, theSalton

Seahasalternatedbetween a freshwaterlakefed with watersfrom the Colorado

River,and adying brackish pond when thewatersof theColoradoRiver flowed

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

ofthe Santa RosaMountains. Sinceapproximately1907,however,the sea has

beenan increasingly salty depository foragriculturalwastesofthe Coachellaand

ImperialValleys (Ting andJennings1976).

Bighorn sheepinhabit the easternslopesofthePeninsularRangesin habitat

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

slopesof the PeninsularRanges.

Within bighornsheephabitat,annual rainfallis variablewith maximaof35 to 470

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

distribution patternwith most(approximately70 percent)occurringin the winter

monthsanda lesseramountin the late summermonths. Winter rains areofthe

Pacific marine type,characterizedby steadylong rain showers,whichpromotethe

springpeakin plant productivity. Summershowersareof theGulfmarinetype,

which result in localized and sometimesfierce thunderstorms(Lindsay and

Lindsay1991). Maximum temperaturein bighornsheephabitat often reaches46

degreesCelsius (115degreesFahrenheit)in summer, whilewintersaremild, with

temperatures occasionallyreachingfreezing(NationalOceanicand Atmospheric

Administration, 1962 to 1997).

On the easternslopesofthePeninsularranges,vegetation associations are

coniferousforest,primarilyponderosapine (Pinusponderosa),Jeffrey pine(Pinus

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

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

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

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

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

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

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

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

and Turner 1975),usually staying atelevationsbelow thechaparraland pinyon

pine-junipervegetationassociations.Theseassociationscan represent visual

obstructionbecauseofdenser and tallerstructures,andthereforemake bighorn

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

The Peninsular Ranges are inhabited bya large numberofmammalian species

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

(Odocoileushernionus). Bighorn sheepanddeerdistributionsoverlap at the upper

elevationsof bighorn sheephabitat, with possiblegeographicandseasonal

differencesin the degreeofoverlap. Deer areobservedmorefrequently at lower

elevations during thewintermonths. Potentialnativepredatorsofbighorn sheep

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

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

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

BIGHORN SHEEP IN THE PENINSULAR RANGES

Intended useof the map (Figures2, 4-9)

A numberofhabitat models have beendevelopedto rate bighorn sheep habitat

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

1989, Dunn 1996)andcomponentsofbighornsheephabitat havebeenexamined

ordiscussedby numerousresearchers(e.g.,Hansen1980a,McCartyandBailey

1994). It hasbeensuggestedthat someofthese models be usedto ratebighorn

habitatin the PeninsularRanges. However,applicationofthese models hereis

inappropriate because they weredevelopedin other areasandlife zones where

bighorn sheepexhibit different habitatrequirements.For example,theHansen

model has beenshownto beoflimited valuein measuringhabitat qualityin areas

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

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

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

such habitat models needto be modifiedbeforebeingappliedto novel bighorn

sheephabitat.

The purposeofmappingbighornsheephabitatin this recovery planis not to rate

the relative valueofhabitattypesandareaswithin thePeninsularRanges,but to

identify thoselandsin needofprotection,restoration,and managementthat are

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

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

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

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

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

concludedthatall habitattypesusedby bighornsheepin desert environments are

necessary for their populationviability. The SantaRosaMountainsWildlife

HabitatManagementPlan(Bureauof LandManagement1980),a long-standing

plandevelopedandimplemented under theSikesAct (16 USC 670aetseq.,

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

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

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

termsurvival andrecoveryin the Peninsular Rangesofthe United States.

“Essential habitat”,therefore,consistsofthose areasthat provide bighornsheep

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

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

normalbehaviorwith protectionfrom disturbance. Essentialhabitatshouldbe

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

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

ImperialValley) likely was usedhistoricallyby bighornsheepduring rare,long-

distance movesto andfrom other mountainranges.However,no such moves

have beendocumented. Furthermore,the chanceofsuchmoveshasessentially

been eliminated byhigh densityurban development, majorfreeways,fences,and

canals. Consequently,thevastmajority ofthe valley floorto the eastofthe

Peninsular Rangesis not includedasessentialhabitatandis now detrimentalto

future use bysheep.

Approach used

The delineationofessentialhabitat was basedon physicalandbiological features

knownto be importantto bighornsheep.These featureswereidentifiedby

reviewingpertinentliteratureandby drawingon the collective knowledgeand

experienceofthe RecoveryTeamand other biologists who have studied bighorn

sheepin the PeninsularRanges.Theknowledgeofsuch biologists playedan

important rolein themappingexercisebecause Peninsular bighorn sheep occupy a

habitatthat has markedclimateandvegetationaldifferences comparedto habitat

ofmost other bighornsheeppopulations.ThePeninsularRanges are locatedin

the ColoradoDesert,a division of the SonoranDesert,which experiences

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

MacMahon1985). Thesedifferencesappearto cause Peninsular bighornsheepto

usehabitat differently thanbighornsheepin otherareas.For example,dense

vegetationat higherelevationsofthe Peninsular Ranges restricts bighornsheepto

the moreopendesertslopesatlower elevations. For this reason,researchers

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

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

information regarding habitat use patternsofbighornsheep,in general,was

supplementedwith knowledgeregardinghabitatuse patternsofPeninsular

bighornsheep,to identify habitatfeaturesthat determine thedistributionof

bighornsheepin theseranges.

Delineationofessentialhabitatis not basedsolelyon known use patternsbecause:

(1) populationnumberscurrentlyarelow andsmall populations uselesshabitat

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

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

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

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

and (5)habitatlossandhumandisturbancelikely inhibits useofsomelower

elevationhabitat. However, thedelineatedhabitatboundaries were reviewed by

RecoveryTeam biologistsstudyingbighornsheepin the PeninsularRangesto

verify that the mapped habitat encompassed mostareasknown tobe used by

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

documentedlocationsofsheepfell outside theessentialhabitatboundaries(Figure

6). Theresultingmapalso wascomparedagainst a previousmodelingeffort

(Bureauof Land Management1980)as partofthevalidationand refinement

process (seebelow).

Choiceof habitat components

Habitat requirements have beenexaminedby numerousresearchersin thepast

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

and forage appearto be the mostconsistentlyrecognized habitatrequirements,

although othercomponentssuch as mineralavailability, thermalcover,aswell as

absenceofcompetition with other ungulatesanddisturbancefrom human

activitiesalsohave beensuggestedto be important(Cunningham1989,McCarty

and Bailey1994).

Because thesehabitatcomponentsand characteristicslargelydeterminehow

bighornsheepusetheirhabitatin the PeninsularRanges,informationavailableon
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thesepotentialmodelparameterswere compiled foranalysis. Datathat are

availableconsistedof: (1) a fairly comprehensiveinventoryofwater sources for

Anza-BorregoDesertStatePark, (2) a watersourcesurvey by the Bureauof Land

Management for thenorthernpartsofthe range, (3)vegetationcommunitymaps,

and(4) topographicrelief.

In desertenvironments,wateris aknownlimiting factor for many speciesof

plants and wildlife.However,some populationsofbighornsheepareknownto

exist in areaswithoutsourcesofperennial water(summarizedin Broyles 1995),as

is knownto be thecasein partsofthePeninsularRangesfor at least somepartsof

the year (refer to sectionlB. 1). In thePeninsularRanges, the presenceof

perennialwateris knownto be a limiting factor only during prolongeddroughtsor

summerswithoutsignificantthunderstormactivity. However, given thenumerous

dependablewatersourcesin theSanJacintoMountainsand otherportionsofthe

range(e.g. centralSantaRosa Mountains), water likely does notlimit sheep

distributionin theseregions,even underdroughtconditions. The variablequality

and lackofreliablewatersourcedatain someportionsof the PeninsularRanges,

andthe fact that wateravailability does not limithabitatusein muchofthese

ranges,resultedin the decisionto not use watersourcesto delineate bighornsheep

habitat. Availableobservationalrecords(Figure6) indicate thatsheep rangeat

least16 kilometers (10miles) from known perennial water sources. Given the

existingdistributionof water,sheepare capableof using, andthereforecanbe

expectedto use,all areas mapped as essential habitat.

Generalized plant communitymappinghas beencompletedwithin bighorn habitat

throughoutRiversideCounty,anddetailed mappinghasbeen completed inAnza-

BorregoDesertStatePark. However, bighorn sheep are generalistforagersand

plants knownto be eatenare broadly distributedacross habitattypesin the

PeninsularRanges.Extremetopographicreliefprovides a diversityof

interdigitated habitatsandplantcommunitiesacross themountainousslopes,

canyons,washes,and alluvial fanswithin the home rangeofeachewe group.

Consequently,thedistributionof forage plants does notappearto limit sheep

distribution,though itcaninfluenceseasonalhabitatusepatterns.
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The primary habitatcomponentsthat limit the distributionofbighornsheepin the

Peninsular Ranges may be those associatedwith predatorevasion. Unobstructed

visibility is recognized asan important habitat characteristicby many researchers

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

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

andevadetheirpredators (Geist1971). The presenceofescapeterrainand an

unobstructed vieware,therefore, key habitat requirements (Geist1971).

All bighornsheephabitat models recognize escape terrain as a key habitat

component.However, thedefinition of“escapeterrain” varies widely (McCarty

andBailey 1994). Someresearchersdefined it by aminimumslope(e.g.,Andrew

etat. 1999, Dunn1996)or slope plus a qualitative measureofruggedness(e.g.,

Holl 1982,Risenhoover and Bailey1985,ArmentroutandBrigham 1988),while

othershave described escape terrain with word models that incorporate a

qualitative descriptionof slopeandruggedness(e.g., Hansen1 980b,Elenowitz

1983,Gionfriddo and Krausman1986,Fairbanksetat. 1987,Cunningham1989).

The difficulty in determining a universal definition may be because bighorn sheep

in differentmountainrangeshave accessto different habitat(in termsofslopeand

ruggedness),and/orbecause useofescape terrainvarieswith group size

(Risenhoover and Bailey1985),groupcomposition,andseason(Cunninghamand

Ohmart1986,Bleichet a!. 1997). Furthermore, escape terrain has been described

as habitat used“for escapefrom perceived danger” (Van Dykeetat. 1983). This

definitionrecognizesthat escape terrainis basedon a bighorn sheep’s perception,

somethingthatapparentlydiffers amongindividuals andpopulations. Desert

bighornsheepfrequentlyhave been foundat slopesof21 to 50 percent (Elenowitz

1983), slopes greaterthan or equal to20 percent(Andrewet at. 1999),andslopes

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

was used(in combinationwith canopycover)to define bighornsheephabitatin

New Mexico(Dunn 1996). A slopeof greater than or equalto 20 percent was

adopted as the minimum required as escape terrain for bighornsheepin the

PeninsularRanges.The first stepofthe habitatmappingprocesswas,therefore,

to identify all patchesofland having aslopeof greater than or equalto 20 percent

(seefollowing methods).
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Bighorn sheepare closelyassociatedwith mountainoushabitatand often are

hesitantto venturefar from escape terrain (Geist1971). Although they have been

documentedto move great distancesfrom escape terrainon rare occasions

(Schwartzet at. 1986),it is not uncommonto observe animalsmoving ashort

distancefrom escapeterrainin searchof forageor watersources,ormoving

betweenneighboringmountainmasses. Washesand alluvial fans oftensupporta

higherdiversity, quality, and quantityofforage speciesthanlessproductiverocky

slopes(LeslieandDouglas1979),seasonal and perennial water sources (Wilson

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

alternativeforagesourcesin times ofdrought,resourcescarcity,andstress(Leslie

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

nutritional value during the lambingandrearing season (Hansenand Deming

1980). Also referto sectionI.B. 1. Sincetemperature varies inversely with

elevation, the earliest winterforagegrowth occurs at lowerelevations(Wehausen

1980, 1983),andsheepoftenseekthis earlysourceofnutrients. Thecritical

importanceto bighornofaccessto avarietyof feedinghabitatswas demonstrated

in the Whipple Mountains when reintroducedsheepwere confined toan enclosure

containing what was considered ampleforage. At lambingtime, both ewesand

their newlambs begandyingofmalnutrition (Berbach1987),apparentlybecause

they were not freeto seekout habitats containing morenutritious forage.

Researchershave documented animals ranging ata 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),greater than1 kilometer(1.6miles) (Burger 1985),greater than

1.6 kilometers(1 mile) (Bleich eta!. 1992),and greater than2.5 kilometers (1.6

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

asfar as2 kilometers (1.2miles) from the baseof the Santa Rosa Mountains.

Elsewherein the PeninsularRanges,bighornsheepwerefrequentlyobserved

within 0.8 kilometer(0.5 mile) from mountainoushabitat feedingin or moving

across washesandalluvial fans (DeForgeandScott 1982;E. Rubinand M.

Jorgensen, pers. comm.).Accordingly,the secondstepof themappingprocess
wasto include habitatwithin 0.8kilometers (0.50mile) of slopesgreater than or

equalto 20 percent.
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To identify slopesof 20 percent orgreater,7.5’ digital elevation models (DEMs)

weremergedtogetherover theentire studyarea. Thesedigital elevation models

are 30-meterby 30-meter(98-footby 98-foot) cell grids with a vertical accuracy

of 7 meters(23 feet). All grid cells were thenaggregatedinto slopeclasses.Next,

the slopeclasseswere analyzedto selecthabitatwithin 0.8 kilometer(0.5 mile)of

slopesof greater than or equalto 20 percent. This selection was accomplished by

first lumping slopes greaterthan or equalto 20 percent into oneclassin a

derivativegrid. A buffer of 0.8 kilometer(0.5mile) was thenappliedto the

perimeterof all areasofslopein the derivativegrid.

In the PeninsularRanges,bighornsheephabitatis delimitedat upper boundaries

by dense vegetationassociations (primarilychaparral)that reduce visibilityand

likely increasesusceptibilityto mountainlion predation. Measuring visibility (by

actualfield measurements)to delineatethe upper boundaryofhabitat would

requirestudybecause itis currentlynot known what visibility thresholdis

acceptableto bighornsheepin the PeninsularRanges.Fire frequency andits

effect on plant successionchangesvisibility thresholds over time(refer to section

I.D). Therefore, to determine theupperboundaryofbighornsheephabitat, the

westernmostareasused by bighornsheepwithin the past25 to 30 yearswere

identifiedandthe vegetationassociationsin these areaswereapplied rangewide

wheredetailedvegetationanalyseswereavailable. Because a detailedvegetation

map was notavailablerangewide, ateamof biologists experiencedwith

Peninsularbighornsheepflew theentireupper/western boundaryline in a

helicopterandvisually assessedvegetationassociations.The pathofthe flight

wasdeterminedby consensusamongthe biologistsandwas recorded viaa Global

PositioningSystem(GPS). The antennaof a TrimbleNavigation,LTD., Global

PositioningSystem wasmountedin thehelicopterandpositiondatawere

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

basestation GlobalPositioningSystem,located in theAnza-BorregoDesertState

Park, wasrunduring theentireflight. Trimble NavigationPathfinder Office

software was usedto post process thecollectedGlobal PositioningSystemdata

using basestationinformation. Trimble Navigation PathfinderOffice (IM) was

thenusedto export thedataasan ESRI NRC/INFOGeographicInformation

Systems(GIS) readablefile. Only correcteddatawereusedto build the resulting

GeographicInformationSystemlayer. Because thisline is dynamicin responseto
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fire frequency and likely hasshiftedto a lower elevationwith the adventof fire

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

this line.

The resultingline in Anza-BorregoDesertStatePark was checkedagainstdetailed

GeographicInformationSystemmappingof vegetationassociationswithin the

park (Keeler-Wolfet at. 1998). Vegetation associationsnot typically usedby

bighorn sheepin the PeninsularRangeswereexcludedfrom essential habitat.

Theseassociationsprimarily includedMuller’s oak (Quercuscornelius-rnutteri),

sugarbush(Rhusova ta),chamise(Adenostomafascicutatum),andmanzanita

(Arctostaphvlosspp.)associations. Associationsencompassed within bighorn

sheephabitat included brittlebush(Encetiafarinosa),desert lavender(Hyptis

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

(Larrea tridentata),andother creosoteassociations.The resultingline supported

the habitat boundary that was derivedduring thehelicopterflight along the

westernmarginofcurrentbighornsheephabitat.

To validate the choiceofgreater thanorequalto 20 percent slopeand0.8

kilometer(0.5 mile) distancefrom this slopeasmodelparameters,Recovery

Teammembersexperiencedwith Peninsular bighornsheepflew the easternmost

line ofbighorn sheep habitatin a northern portionof the range (SanJacinto

Mountains and Santa RosaMountains). The pathofthis flight wasdeterminedby

consensus among the team members, basedon theirobservationsofbighornsheep

in theseranges,andwas believedto representthe low elevation(easternmost)

boundaryofhabitat commonly used by Peninsular bighornsheep.The pathofthis

flight, which wasrecordedvia GlobalPositioningSystem,supported thechoiceof

the greater thanorequalto 20 percentslopeplus 0.8kilometer(0.5mile) distance

from this slope as the eastern,lower elevationhabitatboundary.

The resulting habitat boundaries werereviewedby Recovery Teammemberswho

have studied bighornsheepin the PeninsularRangesto verify whetherthoseareas

knownto be used bysheepin the recentpast (within the past25 to 30 years)were

included within the modeled habitatboundaries.This review included a

comparisonof bighornsheepsighting locationsagainst the mapandverified that
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most areasusedby sheepwithin thepast25 to 30 years wereincludedwithin the

modeled habitatboundaries(Figure6).

Mapping Refinement

Upon further reviewby RecoveryTeammembers, it was determinedthat the
modeled habitatincludeda habitattypenot likely to be usedby Peninsular

bighorn sheep.This habitattype,classifiedas mud hills(Augustineand Ward

1995)was foundin theBorregoBadlands andCamzoBadlandsofAnza-Borrego

Desert State Park. Muchofthis soil typewas removedfrom the delineated map

because it did notcorrespondwith known bighornsheephabitat use patterns.

Conversely, the preliminary habitat boundariesexcludedseveralsmall islandsof

“nonhabitat” (defined by the modelingof slope anddistancefrom slope). Because

RecoveryTeammembers familiarwith the areas considered these islandsto be

bighornsheephabitaton thebasisof knownsightingsin nearby or comparable

areas, these islandswereincludedin delineatedhabitat.

A small numberof knownobservationsfell outsidethe delineatedboundaries at

lower elevationson relatively flat terrain,such as Clark DryLakeand Coyote

Canyon. Theseobservationssupportpreviously publishedreportsofbighorn

sheepoccasionallymovingaway frommountainousareas.However, the relative

rarityofrecordsbeyondthe0.8 kilometer (0.5 mile)distancefrom slopewas

judgedto indicatethat such habitat wasnot essentialto populationrecoveryif the

habitatdelineated within the0.8 kilometer (0.5 mile)distancefrom slopewere

protected. In otherareas,the opposite process was requiredto minimize the

habitat edgeto arearatio consistentwith soundtenetsofresourcemanagement

and preservedesign. Alongsomesegments,the0.8 kilometer (0.5 mile) distance

from slopewas expandedslightly to capture“nonhabitat”areasthat would have

represented deepbut narrowintrusionsinto an otherwise stableandmanageable

essentialhabitatboundary.

Furthermodificationsweredeemednecessary along theurbaninterfacein the

Coachella Valley. The0.8 kilometer(0.5 mile) distancefrom slopelargely has

beenlost to urbandevelopment.Muchofthe remainingvalley floor andalluvial

habitat within the0.8 kilometer(0.5 mile) distanceis highly fragmentedand
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degradedwith marginalor detrimentalvalueto bighorn conservation(e.g.,vacant

lots alongHighway111, parcels borderedon threesidesby urbandevelopment).

A seriesofmeetings withaffectedjurisdictionsand majorland owners was

convenedunder the auspicesofthe Coachella Valley multiple-species planning

effort to discuss and refine thedelineationof essentialhabitatalongthe urban

interface. Landswithoutlong-term conservationvalue were excluded from

essential habitat (Figures7, 8, 9). The largerfragmentsthat still remain were

included within essential habitat where theywerecontiguouswith mountainslope

habitatandofa configuration amenableto effectivemanagement.Subjectto

implementationofrequired conservationmeasures,the essential habitatboundary

doesnot include developmentprojectspreviously reviewedandapprovedby us.

Finally, pursuantto SecretarialOrder3206 June5, 1997, wehave entered into

governmentto government discussionswith the various AmericanIndiantribes

that possesslandsin bighornsheephabitat. We coordinated with the tribesto

encourage theirparticipationin delineatingessentialhabitatanddeveloping the

Peninsularbighorn sheep Recovery Planin a way thatpromotesrecoveryofthe

species and minimizes the social, cultural,andeconomicimpactson tribal

communities. We workedwith andsupportedtheeffortsofthe Torres-Martinez

Desert Cahuilla Indiansto obtaindataon the valueof Reservationlandsto

bighorn sheepconservation but the Tribe hasnot agreed thatsufficient

informationis availableto demonstratethat theirlandsare essentialto recovery.

Basedon coordinationwith the MorongoBandof MissionIndians,tribal lands

within the essential habitat boundary will beincludedfor sheepconservation.The

AguaCaliente Bandof CahuillaIndianshas coordinated with usin thedelineation

and have agreed that a reservation-widehabitatconservation planningeffort will

determineappropriate land managementissuesat a finer scale within 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

The purposeof this appendixis to provideguidelinesfor developinga long-term

strategyfor reintroduction, augmentation,andcaptive breedingofbighornsheep

in the PeninsularRanges,as identifiedin the recovery plan (task1.4). This

appendixis organized intotwo sections.Thefirst sectionoutlinessomeof the

preliminarystepsneeded to identify cases in which reintroductions,

augmentations,andcaptivebreedingmay be appropriate,andhighlightssome

important considerations in the developmentof a long-term strategy.Thesecond

section presents protocolsfor captivebreedingandreleaseofcaptiveanimals,and

representsguidelinespreparedby the BighornInstitutefor an existing captive

breedingandreleaseprogram. This section addresses manyofthe issues

identifiedin ourPolicyRegardingthe Controlled PropagationofSpeciesListed

Under theEndangeredSpecies Act(65 FR 56916;September20, 2000).

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

augmentations

A numberofdecisions must be made when developing along-termstrategy for

augmentationandreintroductionofbighornsheepin thePeninsularRanges.

Importantpreliminarystepsarepresentedherein outline form:

1) Identify thegeneralgoalsofthe long-termstrategyin relationto theoverall

recoveryeffort. These goalsshouldconsider theviability ofthe population

with respectto population dynamics andgenetics.

2) Determineif existingewegroupsshouldbe augmented or new groups

established.A populationmodel,using estimated population parameters(e.g.,

abundance,recruitment,survivorship,dispersal),shouldbe usedto evaluate

the effectivenessof various options (including the optionof no augmentation

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

assessment must evaluatenot only thesite’s importanceto theviability of the

entire population, butalsomustaddress thefollowing questions:

a) Whatis/wasthe causeof extinctionor endangermentin this location?

b) Has this cause beenminimizedor removed?

c) Is reintroductionoraugmentationthe bestconservationoption forthis

particularsituation?Haveothernecessary measures,such as habitat

restorationorprotection, beentaken?

4) Determineaugmentationandreintroductiontechniques.Thesuccessof

previous bighornsheepaugmentationandreintroductionprojectshas been

mixed, and a numberofquestionsremain (DesertBighornCouncil 1996).In

reintroducingor augmenting Peninsularbighornsheep,the followingissues

needto be evaluated:

a) Determinewhetherto usecaptiveor free-ranging animals.Forthe

following reasons, cautionshouldbe exercisedwhenusingcaptive

animals:

i) If multiple, consecutivegenerationsofanimalsare bredin captivity,

they may undergo“domesticationselection”;that is, captive

individuals mayhavebehavioralormorphological phenotypesthat

perform well incaptivity butnot in thewild. In addition, captive

animals mayhavebeen raisedin an overly protectiveenvironment

where selection againstdeleteriousgeneswas relaxed (Brambell1977,

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

ii) Captive animals maybe disease vectorsto wild populationsif they

have been exposedto novel diseases duringex situ(outside the

original site,orcaptive)propagation (Campbell1980,Woodfordand

Kock 1991,Bushetat. 1993),or if they have continuedto harbor

pathogensthat havebeen“purged” from wild populations.

iii) Theuseof captiveanimals duringaugmentationscan reduceor

increase the effectivepopulationsizeofthewild population(Ryman

andLaikre 1990,Elliott andBoyce 1992).

Part 11 ofthis appendixprovidesprotocolsby which these concerns may be

minimized. Releasesof free-ranging animalsaretypically moresuccessful
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than arethoseofcaptive animals (Griffitheta!. 1989,Gordon1991,

StanleyPrice 1991);however,an advantageofusingcaptive animalsis
that theirgeneticprofiles typically are known. Inaddition,thepotential

effectson population(Stevens andGoodson1993)andgeneticsof

removinganimalsfrom thewildpopulationmustbe considered. Currently

thesmall sizeofewegroupswithin thepeninsularRangeslimits the
availability of free-ranginganimals for translocation. Additional genetic
studiesmay help identify sources within the Peninsular Ranges or

elsewhere. Futureprojectscould involve both captiveandfree-ranging

bighornsheep.

b) If captive animalsareto beusedin reintroductionsandaugmentations,

determine the desired sizeofthe captiveherd,and optimumfacilities and

managementtechniques.Onealternativeis to establisha large captive

herdthatis housedin a largerenclosureandmanagedlessintenselythan

the existing captiveherd. An approach similarto this is used by the New

Mexico DepartmentofGameand Fish (1997) attheirRedRock Wildlife

Area,where bighorn sheep arehousedin a fenced areaofover 500
hectares(1,235 acres).Potential advantagesofsuch a facilityarethat

released animals may have traits more characteristicof free-ranging

animals(asopposedto animals raised ina more confined environment),

anda larger captivepopulationmaylessen geneticconcernsassociated

with small founder populations. As with anycaptivebreeding program,

however, thesourceofanimals forthis captivepopulationwould haveto

be considered, and bothpopulationand geneticmanagement guidelines
would haveto be addressed(seepartII ofthisappendix).

c) Determine the best population compositionofreleased groups.This

consideration applieswhethercaptiveorfree-ranginganimalsareused.

The number, age/sex composition,andexperienceofreleased animalsare

important considerations (LenarzandConley 1980, Wilsonand Douglas

1982,Kleiman 1989). Thegregariousbehaviorof bighorn sheepsuggests
that larger groups are desirable(Wilsonand Douglas1982). However,

smallergroup sizesmore likely mimic natural re-colonizationevents. The

sexratioshouldmaximize the reproductivepotentialofthereleasedgroup
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orthe wild population during reintroductionsand augmentations

respectively.Forbighornsheep,this typically means alow ramto ewe

ratio (Lenarzand Conley 1980).Younganimalshave high reproductive

value(Gotelli 1995)and have a strong tendencyto integrate withexisting
herds whenusedasreleasestock(Ostermannet al, in press),anl thusare
desirablefor augmentationprograms. LenarzandConley (1980)

suggestedthat theoptimum age for released bighornsheepis 3 years.
However, inclusionofa smallnumberofolderorfree-ranging,and

presumably moreexperienced,individuals increases thelikelihood of

successofa reintroduction. Theeffect ofthese variablesneedsto be

considered not only with respect to how they will influence successof the

release,but alsohow theremovaloftheseanimalswill affect thesource

stock fromwhich they came (StevensandGoodson1993).

d) Identify appropriate release animals basedon pedigreeandproximity to
theintendedreleasearea. Though basedsolelyon genetic theory, this
approachis conservativelydesignedto: (1) preservethepotential for
geneticadaptations tolocal conditions,(2) prevent outbreedingdepression,

and(3) maintain theexistinggenetic structure currently foundamong

Peninsular bighornewegroups (Brambell1977,Boyceet a!. 1999).

However, other optionsareavailableto prevent lossofheterozygosityin

thewild population (May1991). In general,the preservationofthegene

pool ofthe entire metapopulation (wildandcaptive populationsincluded)

shouldbethe primaryconcern(Foose1991). Therefore,when
reintroducingoraugmentinganimals,care must be takento avoid genetic

swampingofnativepopulations (Kleiman1989, Rymanand Laikre 1991,

Foose1991,Elliott andBoyce 1992).Furthermore, duringany

reintroductionoraugmentation,thenumberandsexratioofreleased

animalsmustbe considered, as it willaffect effective population size

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

releaseof captiveanimalsin detail.
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e) Determinethemosteffective meansofreleasing animals.These

considerations,which applyto both the releaseofcaptiveand free-ranging

animals,should include:

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

Smith 1991).

ii) How far to movefree-ranginganimalsduringreintroductionsand

augmentations.The philopatricbehaviorofbighornsheepmay result

in animalsattemptingto returnto theirnatalhome range.Researchon

dispersalandmovementpatternsmayguide these decisions (referto

sectionII.D.2 of this recoveryplan).

iii) Duringwhich timeof yearto conduct releases.

iv) Whatspecific releasesite to use. Forinstance,how far shouldrelease

sitesbe from other bighornsheep(Bleich et at. 1996)or from human

development?This question may be assessedby releasing and

monitoring asmall numberof sentinelanimals duringa feasibility

study(Kleiman 1989,Chivers1991).

5) Determine methods for monitoringand assessingthe successofreintroduction

oraugmentation programs,in relationto thegoalsof this recovery effort

(Stanley Price1991),and identify a specificschedule forfuture review and

possible revisionof the long-term strategy.

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). Captive breeding canalsobe usedto

delayextinctionwhile theagentsof a decline are investigated(Caughleyand

Gunn 1996). Otheradvantagesofcaptive propagationinclude the ability to

moderateenvironmentalvariance,managegeneticdiversity, increase the effective

populationsize,andexpandanimal numbersto providestock for wild populations

(Fooseet at. 1995). Releasingcaptive-bornanimalsinto the wild to supportweak

populationsis an increasinglycommonpractice (Griffithet a!. 1989,Kleiman

1989,Snyderetat. 1996).
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Although there are benefitsofcaptivepropagationprogramsfor releasinganimals

into the wild (Griffith etat. 1989,Kleiman 1989,Caughley1994,Fooseet at.

1995),theseprogramscanbe costly, labor intensive,andtheireffectiveness has

been questioned (Campbell1980,Philippart 1995, CaughleyandGunn 1996,

Snyderet a!. 1996). Additionally, therearea numberofpotential risks associated

with captive breedingandreleaseprograms. Our PolicyRegardingControlled

Propagationof Species ListedUnder theEndangeredSpecies Act (65 FR56916;

September20, 2000) identified the followingrisks that mustbe addressed when

planning controlledpropagationand reintroduction programs: (1) removalof

natural parental stockthat may resultin an increasedrisk ofextinction by

reducingtheabundanceof wild individualsandreducinggeneticvariabilitywithin

naturallyoccurringpopulations; (2) catastrophic eventsthat can cause the lossof

someorall ofthe captive population; (3)potential for inbreeding orotheradverse

geneticeffects that mayresultfrom increasingonly aportionofthe gene pool; (4)

potential erosionof geneticdifferencesbetween populations;(5)exposureto new

selection regimesin controlledenvironmentsthat may diminishcapacityto

surviveandreproducein the wild; (6)geneticintrogression;(7) increased

predation or competition forfood,space,and/ormates;and (8) diseasetransfer.

Adhering to established criteriaandupholding standardizedprotocolswill

contributeto the successofreintroductionandaugmentation programs and reduce

the accompanyingrisks. In this appendix, generalizedcriteriaand guidelines for

reintroductionandaugmentation programsarecombined withknowledgeof

desert bighornsheepecology tocreatemorespecific guidelines forPeninsular

bighornsheepcaptivebreedingandreleaseprograms.

In this appendix, reintroductionis defined as the movementof wild orcaptive

animals into formerlyoccupiedhabitat,while the releaseofanimals into currently

occupied habitatis termed“augmentation” or “restocking.” The ultimate

objectiveof theseguidelinesis to establishwild, free-rangingherds thatno longer

rely on captive breeding.Separate guidelinesshouldbe developed for captive

breedingprogramswith other primarygoals.
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Before commencing a captive breedingprogram,afeasibility studyshouldbe

conductedto determine its necessityand potentialfor success. The following

generalcriteriashouldbe considered(Kleimaneta!. 1994): the wild population’s

need forsupportwith respectto geneticdiversity andpopulation structure, the

availabilityofstock,removaloftheoriginal causeofdecline,protectionof

sufficienthabitat,local politics, governmentalandnongovernmental agency

support,reintroduction/augmentationtechnology,knowledgeof species biology,

andsufficient financialresources.A summaryofthese criteria, which are grouped

into fourcategories,is providedbelow.

Needfor populationand/or geneticsupport
Because captive breedingandreintroduction/augmentation programs

require large financial andlogisticalcommitments,the need forpopulation

and/orgeneticsupport mustfirst be clearlyestablished (Kleiman1989,

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

ConservationofNatureandNaturalResources(1995) guidelinesfor

reintroduction and augmentations recommend conducting apopulationand

habitat viabilityworkshopbeforeinitiating aprogram. A population

viability analysismayalsofacilitate thedesignand objectivesofthe

program by providing direction on the numberofanimals needed, and

hence the sizeofthe facility needed,andwhetherrestocking(augmenting

populations)or reintroduction(establishingnew groups)is preferred.

Captivebreedingis often expensiveandnot alwaysthemost cost-efficient

conservation strategy(Kleiman 1989,Kleimanetat. 1991, Snyderet at.

1996). It must beconductedin conjunction with other conservation

measures,andshould bebasedon specificrecommendations within a

recovery or management planso that it doesnot unjustlypreemptother

recovery techniques (Snydereta!. 1996).

Environmentalconditions
Captivebreedingshouldonly beundertakenif suitable, unsaturatedhabitat

is available(Brambell 1977,Kleiman 1989, Ounsted1991)and release

siteshave sufficient carrying capacityto support the expansionofthe

reintroduced or augmentedpopulation. Ideally, release sitesshould be
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legally protected(Kleimaneta!. 1994). Removingorcontrollingthe

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

primary reasonthat reintroductionandaugmentationefforts are

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

However,in somesituations,augmenting a populationwhile investigating

thecauseofdeclineis an acceptablepractice (Caughley and Gunn1996).

The philopatric behaviorofbighornsheep(Geist 1971)suggests there are

advantagesto augmentinga populationto retaintraditional herd

knowledge,rather than reintroducing animals after extirpation,particularly

if this would allow research into thecauseofdecline.

Biopolitical conditions andfunding
Althoughno breedingprogramcan besuccessfulwithout knowledgeof

thespecies’biologyorreintroduction/augmentationtechnology,non-

biological factorssuch aslong-term funding,projectadministration, and

communicationamong participatingorganizationshave been foundto be

importantdeterminants for program success (Stanley Price1991,Becket

a!. 1994,Kleimaneta!. 1994). Feasibilitystudiesshould include

investigatingprospects forlong-termfundingandobtaining thesupportof

all relevant governmentalandnon-governmentalagencies.Inadequate

funding could severely limit theprogressand successof theprogram.

Therefore, programsshouldnot beinitiated until fundingis securedto

ensurethat all phases (diseasetesting,research, post-release monitoring,

etc.) will beaccomplished.Becausecaptivebreeding programs are a

multidisciplinaryundertaking involvingpeopledrawn from a varietyof

backgrounds (InternationalUnion for the ConservationofNature and

NaturalResources1995),the decisionmakingstructure,as well as the

authorityand responsibilityofeach groupinvolved shouldbe clearly

delineated (Kleimaneta!. 1994).

Knowledgeofthe species and reintroduction/augmentation technology
Knowing theecological requirementsofa speciesis necessaryfor a

successfulbreedingandreleaseprogram. For many species, the lackof

basic informationandreleasetechnology necessitatesdetailedstudies

examining thespeciesbehaviorandbiological needsbeforeestablishing a
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breedingprogram(Kleiman 1989, StanleyPrice 1991). However, pastand

ongoing captivepropagation programsfor desertbighornsheep(Calkins

1993,New MexicoDepartmentof Game and Fish1997,Ostermannetal.

in press) have demonstratedthepotentialfor establishingself-sustaining

captive populationsand thetechniquesdeveloped fortranslocations

(RowlandandSchmidt 1981,Wilson andDouglas 1982) provide

information that can beappliedto releasingcaptive-rearedanimals into the

wild.

Husbandry

Large,predator-proofenclosureswith native vegetation, naturalhabitatfeatures,

and adequate food, salt, mineral,andwater resourcesareneeded. Native

vegetationshouldbe retainedin theenclosure,andsupplementalfeed may be

required to preventover-browsing.An enclosurethat containsa varietyof habitat

typesandtopographicrelief will allow captiveanimalsto exhibit natural behavior,

such asusing escape terrainin responseto disturbance.Presumably, housing

captive animalsin conditions as similarto the release site as possible will ease

their transition to a wildenvironment.During thenonbreedingseason,adult

males andfemales shouldbe separatedor haveampleroom to naturallysegregate.

To reduce disease transmissionrisks, captive populations should bemaintained

within the natural rangeoftheanimal,in single-speciesfacilities thatdo not

regularly exchangestock(Snydereta!. 1996). The designoftheenclosureshould

allow for thesafecaptureofanimalsfor samplingand/orrelease.Enclosure

fencingshouldbe greater thanorequalto 3 meters(10 feet)in heightabove

ground and extend a minimumof 0.61 meter(2 feet) underground,or employ

other options to excludepredators.Mountainlions have entered enclosuresand

killed captive bighornsheepon severaloccasions (Blaisdell1971, Sandovol1979,

Winkler 1977). Monitoringconsistingof at least daily checksoftheenclosure

and animalsis necessary for detecting healthconcerns,causesofmortalities, and

disturbances.

Diseasepreventionandscreening

Disease preventionis ofprimaryimportancefor desert bighornsheepcaptive

breedingprograms.Ofall North Americanwild ungulate species, wild sheepare

possibly the mostsensitiveto common livestockdiseases andparasites(Jessup
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1985). Diseaseoutbreaks terminated reintroductionefforts atboth theLavaBeds

National Monumentin California (Blaisdell1982)andtheSierraDiablo pensin

Texas(Brewer 1997),two initially successfuldesert bighornsheepbreeding

operations.Diseasein the captive animalsandpoorreintroduction success ledto

thereleaseofall bighornsheep fromthe Zion NationalParkcaptivepropagation

enclosure (McCutchen1978). Outbreaksofblue-tongue reduced theRedRock

populationby approximately18 animalsin 1985and25 animals1991 (New

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

on the captive population at BighornInstitute.

Diseaseconsiderationsfor augmentation programsincludethepotentialof

introducingdiseaseto the wildpopulationwhenreleasingcaptive-rearedstock

and the impactofdiseasesendemic in the wild populationon releasedanimals

(Viggerseta!. 1993). Theprevalenceofdiseasein the wild andcaptive

population will determine the needto eradicatepathogensin animals brought into

or releasedfrom captivity andwhetherto releaseorbreed certainanimals.

Eliminationofall pathogensfrom captive animalsis not expected or

recommended(Bushet a!. 1993,Viggerseta!. 1993),as this may reducetheir

immunity to diseaseandplace them at riskofdiseasesendemicin the wild

population. Regular, standardized disease monitoringofboth thewild andcaptive

populationsis strongly recommended.

Diseasepreventionmeasures

Captive breedingfacilities shouldbe closedto thepublic andthestaff

shouldpracticerigorous disease preventionmeasures, includingavoidance

of potentialdiseasetransmissionfrom other captivestocksaswell as

betweenwild and captive bighornsheep.All potentialroutesfor disease

transmissionfrom domesticlivestockshouldbe anticipatedandavoided.

For example,when purchasinghay, careshouldbe takento avoid dealers

who rotatetheircrops with domesticlivestockgrazing.

Separatequarantine facilitiesshouldbe availableto house incomingstock;

however,animalsknownto besick shouldnot be brought into captivity. It

is importantto determinethe causeof death forall animalsthat die in

captivity or soonafterrelease into thewild. Freshcarcassesshouldbe
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refrigeratedandtransportedto a veterinarydiagnostic laboratoryfor full

necropsy.

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

ova andparasitetests,andbacterialculture) shouldbe performedon

greater thanorequalto 25 percentofthe captiveanimalsat leastannually,

andon all pre-releaseanimals within30 days priorto their releaseinto the

wild. Health screeningof pre-releasebighornsheephelps prevent the

introductionofdiseaseinto thefree-rangingpopulationandoptimizethe

releasedanimal’schances forsurvivalin thewild. Screeningof wild-

caughtbreedstockreducesthechanceofintroducing diseaseto the captive

population. All bighornsheepenteringor leaving the captive breeding

programshouldbe certified as “disease-free.” Disease-free certification

requiresthat within 30 daysprior to release: (1) the animals appear

healthyandshowsno signsof activeinfectionuponvisual examination by

anU.S. Departmentof Agriculture accreditedveterinarian familiar with

bighornsheep,(2) recentlaboratoryresults(from testing describedabove)

do not indicate activeinfectionorotherhealthconcerns,(3) theanimal

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

animals have not beenexposedto diseased animalsin thecaptivebreeding

facility.

Treatmentofsick animalsin captivity

Animalsshowingsignsof illness(e.g.,droopingears,nasal discharge,

coughing,lethargy,weight loss)should be closelyobservedand

biologically sampledto attemptto determine thecauseofillness. Bighorn

sheepin poorcondition,needing frequenttreatment,or exhibiting signsof

infectious or contagiousdisease shouldbe placedin quarantine.

Treatmentshouldbe providedunderveterinarysupervisionif the

conditionis life threatening,unlessresearch needs dictateotherwise.

Principlesguiding geneticmanagement

Genetic managementstrivesto minimize the lossof naturally occurringgenetic

variability by preservinggenesof founders who representa genepool of interest
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(Ballou andLacy 1995). Goals for thegeneticmanagementof captivepopulations

usually includeretaininggeneticvariation forfuture evolutionarypotential,

minimizing geneticchangesthat mayoccur whilea speciesis in captivity, and

avoidinginbreeding(FooseandBallou 1988,Hedrick andMiller 1992,Foose

1991,Fooseeta!. 1995). Concernsabout thefitness,evolutionarypotential,and

locally adaptedgenepoolsof naturalpopulationsrequirethat conservationefforts

alsoconsiderintraspecificgeneticvariation(Soul~ 1986,Millar andLibby 1991,

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

can aidin identifying currentandhistoric levelsofpopulationsubdivision,gene

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

it is importantto notethatmolecularmarkersidentify only asmall portionof the

genome and arenotspecificallyornecessarilytied to traitsinvolved in either

adaptationor fitness.

Identifying thegeneticstructureofthepopulationbeing augmentedis considered

afirst steptowards assuringthat appropriatesubpopulations are targeted for

propagationandrelease(Brambell 1977,Lyles andMay 1987). Peninsular

bighornsheeparedistributedin a metapopulation comprising approximatelyeight

subpopulations,althoughthe degreeto which this structure reflectsanthropogenic

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

eta!. 1999).

The genetic effectsofpopulation subdivisionare quantified by thefixation index

(F; Wright 1951),whichdescribesthe proportionofgenetic variation within

bighornsheepsubpopulationsrelativeto thetotal variationin thepopulation. The

fixation index canalsobe used asan index of genetic differentiation among

populations. A highfixation indexvalueindicatessignificantgenetic

substructuringofthepopulation. Moderate values (defined as Fof0.05 to 0.15,
ST

Wright 1978)for mean F were found forsix populations within the Peninsular
ST

Rangesusingnuclear DNAmarkers(micro-satelliteloci [F equals0.113] and

the major histocompatibilitycomplexloci [F equals 0.120]). Theysuggest
ST

there arerelativelyhigh levelsofmale-mediatedgeneflow amongpopulations

(Boyceet a!. 1997). Whenmanaginga groupofcloselyrelatedsubpopulations

migrationshouldbemaintainedwhile alsoallowing for geneticdifferentiation
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amongdemesin responseto local selectivepressure(Nelsonand Soul~ 1987,

Rymaneta!. 1995).

Otherfactorsto consider in reintroductionoraugmentation programsareeffectsto

thenative genepool, including introgression,andan increasein thevariancein

family size or the numberof offspring per individual (Rymanet a!. 1995).

Introgressionoccurswhen populations with differentgeneticcharacteristics are

mixed. It may cause the lossoflocally adapted genes through interbreeding, loss

ofentire genepoolsas a resultofdisplacement,and/orhomogenizationof a

previously genetically structured population through swamping with acommon

gene pool. Factorsrelatingto introgressionthat shouldbeconsideredinclude: the

amountofgeneticdivergencebetweenthe captive and wild populations, the

geneticpopulation structureofthe wild population, and thenumberof animalsto

be released relativeto the sizeof the recipientpopulation(Rymaneta!. 1995).

Without knowledgeof thegeneticcharacteristicsof the natural population, itis

nearlyimpossibleto predict theoccurrenceor importanceofchangesin the

geneticstructureof the augmentedpopulation. Althoughproblemswith

outbreedingdepressionusuallyinvolve populationsthat are distinctsubspecies,

the effectsofgenetic mixingare difficultto predict,rangingfrom no effect to

outbreedingdepressionevenwithin the same species under similar circumstances

(Rymanet a!. 1995). There aresomecircumstanceswhen introgression can be

beneficial, forexample,when a natural populationhasbeen genetically depleted

over an extendedperioddueto small population size (Rymanet al. 1995).

A secondproblemwith captive or supportivebreedingprogramsis thepotentialto

increasethe variancein family size ornumberofoffspringproduced per

individual (Rymanet a!. 1995). Taking afraction ofthe wildpopulationinto

captivity for enhancedreproductionand survival may increase population

numbers, butit can reducegeneticvariation by inflating the variancein family

size,aparameterthat is inversely relatedto the genetically effective sizeofthe

population(RymanandLaikre 1991). Pedigree analysis, rotationofbreeding

stock,and geneticmanagementof the captive and wild populations can help

lessenconcernsassociatedwith introgression and variancein family size. For

example,in thenorthernSanta Rosa Mountains, theorigin (captiveorwild-born)

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

sheepnativeto the gene pool canbe targetedfor captive propagationif necessary.

This situationpresentsa uniqueopportunityto use high intensitygenetic

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

free-ranging population.

Se!ectionofbreedingstock

Evenwhen themain goalof anaugmentationprojectis to provide population

support,Kleiman (1989) recommendedfirst considering the genetic

characteristicsof potential releaseanimals. Animalsreleasedinto the wildshould

be similar to the native animalsofthe region because over evolutionarytime,

successfulpopulations are expectedto becomemorphologically, physiologically,

andbehaviorallyadapted to thelocal environment(Brambell 1977,Kleiman 1989,

Lynch 1996). Obtaininglocally adaptedstock for captive breedingandrelease

into the wild is proposedas amethodto approximate thecorrect,locally adapted

genotype, althoughthis may addrelatively little geneticvariability to the wild

population(Lyles andMay 1987). However, given the habitat fragmentationand

small sizeofseveral demes in the PeninsularRanges, geneticexchangeto avoid

inbreedingdepression should be considered.

Only bighornsheeplessthan 1 yearof age are recommended for capture for

breeding stockif animalsareto be placedin small enclosures (approximatelyless

than2 hectares [5 acres])for quarantine.Young bighornsheepadjust more

readilyto a captiveenvironmentthanadult bighornsheep(J. DeForge, pers.

comm.), which have died from collidingwith fenceswhile in captivity (Montoya

1973,Sandoval1981). Larger enclosureswould reduce thisrisk.

Matingstrategies

Appropriatelevel of genetic managementofcaptivepopulationsdependson the

informationavailable,intendedintensityofmanagement,andgoalsof the

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

populationsreceiving high-intensitygeneticmanagementto large herdswhere

only low-intensitygeneticmanagementis possible. Several low-intensity mating

strategiesbasedon maximizingthe effective population sizeand maximum

avoidanceofinbreedinghave beendeveloped(Princee1995). Thisdocument
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focuseson concepts for intensivegeneticmanagement,which applies mainlyto

small captivepopulations.

Thegeneticimportanceof an animalis defined as a measureofthe probability

that it carries foundergenesthatare currently atrisk ofbeing lost (MacClueret al.

1986,Ballou and Lacy 1995,Thompson1995),thoughthis value maybe

compromisedby the presenceofdeleteriousgenes.Althoughanimalswith many

living relativesin a population maybe lessgenetically valuable than animalswith

few relatives, this larger groupofrelatives may be moresuccessfuldueto superior

fitness. “Meankinship”, one ofseveral methods usedto identify genetically

importantindividuals, is defined as theaverageof the kinshipcoefficients

betweenan individual andall living individualsincluding itself (BallouandLacy

1995). Animals withlow mean kinship values are genetically important. Because

mean kinshipis insensitiveto the age structureofa population, the conceptof

kinship value wasintroduced. “Kinship value” considers the age andreproductive

valueofanimals whencalculatingmean kinship(Ballou andLacy 1995). Kinship

values will exceed mean kinship foranimalswhose relatives areofprime

reproductiveage.

Both theoryandcomputersimulationstudies suggestthat matingstrategiesbased

on mean kinship(andthereforekinship value) retain the highest levelofgeneand

allelediversity (Ballou andLacy 1995,Miller 1995). To the extent possible, a

strategy basedon kinship value(Ballou and Lacy 1995)shouldbeusedto arrange

matingsin thecaptivepopulation, precluding matings between relatives. Target

founder representationandkinship value can be usedto assessthegenetic

importanceof animalsandhelp direct rotationofbreedingstock. Rams will

generally contributegenesfaster than ewesandwill thereforeneedto be rotated

more frequently thanewes.

Geneticevaluation

Captive breedingprogramsshould includeprovisionsfor genetic testing,

including mitochondrialDNA sequenceanalysisand microsatellitetyping on all

foundersin thecaptivepopulation. Genetic testingof captive-bornoffspringis

particularly importantin populationswith low intensitygeneticmanagement orin

caseswhere paternityis unknown. Moleculargeneticanalysescan be used to
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determinethegeneticsimilarity betweencaptive-rearedand free-rangingsheep,as

well asto construct pedigrees for captiveorwild populations.

Populationmanagement

General objectives forpopulationmanagementof large captive populationswith

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

captive population, (2) expansionofthepopulationto a predetermined carrying

capacityasquickly as possible within genetic managementguidelines,(3)

stabilizationof thepopulationat agivencapacity, withan age and sex ratiothat

will achieve thegoalsof the program (such asproductionofsurplus stock for

release) (Foose andBallou 1988). For small captivebreedingprograms,

populationmanagementis most relevant to the behavioralstabilityofthe captive

populationandminimizing theimpactofstockrotation. In mostcasesbighorn

sheepshouldbe releasedinto the wild by10 yearsof age,to preventan

accumulationofold-ageanimals.Ewes that fail to recruit a lamb for3

consecutiveyearsshouldbe consideredfor releasebecausethey are not

contributingto thegoalof producingstockfor release into the wild.

Surplusor unfit animals
Healthyanimalsdisplayingabnormalbehavioral or physiological

characteristicsshouldbe evaluated. Preferably,if the characteristic has

potentialto be alteredto allow release into the wild, theanimal shouldbe

retained incaptivityuntil suitablefor release. If an animal’sgenetic

characteristicscauseit to be unfit for release into target populations,that

animal canbe releasedinto a nontarget subpopulation solong as

deleterioustraits are notintroducedto thewild. Becausethe primary goal

of captivepropagationis reintroductionor augmentation, bighornsheep

shouldbereleasedinto the wildwheneverpossible. As a last resort,

animalsmaybe transferredto a zoo facilityin cooperationwith the

American ZoologicalandAquarium Association.
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Release andMonitoring

Researchanddatacollection on the captivepopulation

Captivepopulations can provide anideal controlpopulationfor

experimentalordevelopmentalstudies. Dataon the population

characteristics, behavior,physiology, nutrition,anddiseasesofthe captive

populationshouldbe collectedto the extentpossiblewithoutrisking the

animals’ survivalorability to be releasedinto thewild. Handling or

continuousobservationat close rangeshouldbe minimized toavoid

habituation. The captive population at Bighorn Institute has been usedin

several studies (Castroetal. 1989,Jessupetal. 1990,Borjessoneta!.

1996)that requiredlittle orno additionalhandling.

A SPARKS(Single PopulationAnalysisandRecords KeepingSystem;

InternationalSpeciesInformation System[ISIS] 1989)orsimilar format

studbookshould be maintainedto record the identification, sex, parentage,

dateofbirth, release date, release location,and date as well as causeof

death for each individualbornor broughtinto captivity. Marking of

animalsto facilitate data collection maybe necessary in largecaptive

populations. Locationsofbirthswithin enclosuresand individualewe

reproductive successshouldalsobe recorded.Notes recording the feeding

rations, generalhealth,andbehaviorof captiveanimals,andunusual

environmental conditionsshouldbe collectedat least oncedaily.

Researchanddatacollection on releasedbighorn sheep

Each releaseshouldbe designed as an experimentto testvarious

techniquesrelatedto factors such asreleasesiteandtime (May1991).

Monitoring post-releaseanimalsis oneof themostcritical componentsof

a reintroduction or augmentation program because it allows for the

assessmentof methods, useofadaptivemanagement,andcanprovide a

frameworkfor theoreticalstudies. All releasedbighornsheepshouldbe

fitted with aradiocollarandeartag and monitoredasfrequentlyas possible

(more than weekly)to recordtheir integration process, habitat use,

behavior,health,survivorship,andreproductivesuccess.At a minimum,

monitoringshouldbe designedto documentsurvivalandreproductive
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rates, cause-specificmortality, habitat useofreleasedbighornsheep

thoughtheir first yearin thewild, and keybiotic andabiotic factors,such

as habitat qualityandweather.Most importantly,post-releasestudies

should provide datato evaluate the successof the program.Long-term

(greater thanor equalto 3 years)monitoringon at leasta monthly basisof

greaterthan or equalto 50 percentofreleasedanimalsin asubpopulation

shouldbe included inall programs.Monitoringofpost-releaseanimals

should include plannedstudiescomparingcaptive-rearedandwild-reared

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

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

1991,Sarrazin and Barbault1996).

Peer-reviewedProgram Assessment

Guidelinesfor reintroductions(Kleiman 1989,StanleyPrice 1991,Chivers1991)

suggestan assessment phasein which theexperiences,results,andconclusionsof

areintroductionoraugmentationprogramwouldbe published atintervalsor atthe

completionof thestudy. Short-term successof such programs can be evaluated

by: 1) the survivaland/orreproductiveratesofreleasedanimals,or2) theamount

of geneticdiversityretainedand/orhabitatpreserved,or 3) public educationand

research interest generated,or4) thetime gainedto allow continued research into

the problemssuppressingthepopulation (Kleiman1989;Caughleyand Gunn

1996). Themulti-facetednatureof captive breedingandreleaseprograms

requiresthat assessmentsexamine both thecaptivebreedingandreleasephases, as

well as the indirectbenefitsgeneratedfrom theprogram. Reporting failures

encounteredin captivebreedingandreleaseprogramsis ofequalor greatervalue

thanreportingsuccesses,althoughit is donemuch lessfrequently.
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APPENDIX D. GUIDELINES FOR SAFELY CAPTURING. HANDLING,
AND MONITORING BIGHORN SHEEP

Standard researchmethods, includingsurveys(foot, helicopter,and fixed wing

aircraft),field capture,biological sampling,andradiotelemetrymonitoringhave

been used forassessing abundanceandabundancetrends(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), health statusand

diseaseexposure(DeForgeeta!. 1982;Clarketa!. 1985, 1993;Jessup andBoyce

1993; Elliott eta!. 1994; Boyce1995;Crosbieet a!. 1997),genetic profiles

(Boyceeta!. 1997, Boyceeta!. 1999),and spatialdistributionofthe population

(Rubin et a!. 1998)in specificsubpopulationsofbighorn sheep within the

PeninsularRanges.Adaptivemanagement (Holling1978)will require the

continued useofthese field research methodsto achieverecoveryof Peninsular

bighornsheep.

As with anyhuman intervention, these research methods are notwithoutrisks and

consequences forfree rangingbighorn sheep.Low-level helicoptersurveys

providean effectivemethodfor estimatingpopulation size and distribution.

However, alterationsin behavior,movement,and distributionofbighorn sheep

resultingfrom helicopterdisturbance(Bleich et a!. 1990a)couldpotentially

introducebiasinto those estimatesoradverselyaffect survivorshipand

reproductionin bighornsheeppopulations(Bleich eta!. 1994). Jessupeta!.

(1984)comparedthe relative risksandbenefitsof different capture methods,

includingdrop-netting,drive-netting, dartingfrom helicopters, stationary corral-

trappingandthe useofa hand-held netgun operatedfrom a helicopter. Some

methodswerefoundto be inherently safer thanothers. All methods presented

somerisk to individualanimals,andno singlemethodofcapture was bestfor all

situations. Bleich eta!. (199Gb)documented chronicinjuries to the mandibles

andnecksof bighorn ramsfrom ill-fitting radiotelemetry collars andproposed

potentialadverseeffectson foragingbehavioranddecreasedfitnessof these

otherwisedominantmales.
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Through constantcritical re-assessmentof researchactivities,risks can be

recognizedandaddressedto minimize theimpactoftheseactivitieson bighorn

sheeppopulations.In thepast,epidemiologicalanalysisofcapture data

documentedthe relative safetyofdrop netand helicopter netgun captureof

bighornsheepover other methods includingdrive-net, chemicalimmobilization,

and corral trapping(Jessupet a!. 1988). Recommendationson collar tightness

(Bleich et a!. 1 990b) have reducedjaw and neckinjuries in bighornramsin recent

years. Risksassociatedwith future researchactivitiescan be minimized by

requiring: (1) adequatejustification for the activity, (2) thoroughplanning,(3)

selectionofappropriate surveyandcapturemethods,experiencedpersonnel,and

properequipment for theactivity, and (4) constantcritical re-assessmentof

researchactivitiesto recognize and address problems arisingfrom theseactivities.

Guidelinesfor specific researchactivities

Surveys

Fixed-wingaerialsurveyshave avery low probabilityofaffecting bighornsheep

becauseaircraftaretypically flown at highaltitude. During theseflights,

telemetrylocationsof radio-collared animalsareobtainedbut visual observations

are not usuallyattempted.The riskofdisturbanceto bighornsheepis greater

duringhelicopterandfoot surveys.

Helicoptersurveysmaytemporarilydisrupt normal bighornsheepbehaviorand

maynegativelyaffect bighornsheepif not conducted properly.Helicopter

surveysshouldbe avoided during periods when bighornsheepmay be especially

sensitiveto disturbance.These periods include thelate winter through early

summermonths,when themajorityofewes give birth,andthe summermonths,

whenbighornsheeparedependenton scant watersources.During surveys,the

helicoptershouldonly remain abovea groupofanimalslong enoughto determine

group sizeandcomposition. If the groupappearsto be runningexcessively,if

terrainconditionsare potentially dangerous for theanimals,or if younglambs are

observedin a group, the safetyofthe animalsshouldtake priorityover data

collection,andthe survey crewshouldcontinue movingto the next portionofthe

surveyarea. During surveys,the locationofroadsshouldbe considered, and
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flight paths shouldproceedfrom roadsinto habitat,so asto avoiddriving animals

towardsautomobiletraffic.

Foot surveysare nottypically considereda risky researchactivity but the

following considerationswill further reduceanynegative impacton bighorn

sheep. Bighorn sheep appearto be morecomfortablewhen they are able to

remain higher thantheirhumanobserversandwatch them froma distance.

Observers shouldapproachbighornsheep frombelowandavoid approachingtoo

closely. Care shouldbe takento avoidstartlingbighornsheepby appearing

suddenly around acornerorovera ridge. Timenear springsand guzzlersshould

be keptto a minimumto avoiddisplacementofanimalsfrom water sources,

especiallyduring the summer.

Capture
The activemanagementofbighornsheepmayrequire: (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,the useofa netgun

from ahelicopterhasbeenshownto be asafemethodofcapture,with fewer stress

relatedcomplicationsand lower injury andmortality rates thanothermethods

(Jessupet a!. 1988). Dueto thesteep,roughterrainandthe scattered distribution

ofbighorn sheepfoundin the PeninsularRanges,netgun capture appearsto be

the most practical andcost-effectivecapturetechnique.The useof drop netsand

tangle nets may also be necessaryon the rare occasion whenan animalhasto be

capturedwithin or on thefringesof theurbanenvironment.Thesafeuseofthese

techniquesrequirescarefulplanningandadequate numbersof experienced

personnel trained in handlingnet-capturedbighornsheep.Thorough discussions

ofcapturemethodsand veterinary medicalconcernscan be foundin The Wi!d!fe

RestraintHandbook(California DepartmentofFishandGame1996),and the

Wild!~feRestraint Series(InternationalWildlife VeterinaryServices1996).

Themostcommon veterinary problems occurring during thehelicopternetgun

captureof bighorn sheep arephysical injury,capture stress/capturemyopathy

(disorderofmuscletissue or muscles)andhyperthermia.Physical injury can
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occurwhenanettedanimaltumbleson rough, rocky terrain, takes a fall down a

steep slope,orwhen the net tanglesaroundthe animal’s neckandcompromises

respiration. The riskofphysical injury can be minimized by netting the animal as

it runsuphill orcapturinganimalson relatively flat saddlesor in flat sandycanyon

bottoms. Capturestress/capturemyopathyoccurswhen an animal severely

overexertsitself, resultingin pathologic metabolicchanges andcellulardamagein

muscle tissueandinternal organs.Hyperthermiaoccurswhenan animal’s heat

productionfrom muscleactivity exceedsits ability to dissipate that heat.Dueto

the physical exertion experiencedduring helicopter pursuit, the rectaltemperature

ofmost bighornsheepat capturewill be higher than38.9 degrees Celsius (102

degreesFahrenheit),considerednormal for resting domestic sheep(California

Departmentof Fish andGame 1996),andwill often reach39.4 to 40.6 degrees

Celsius (103to 105 degreesFahrenheit)or greater. These animals are susceptible

to hyperthermia regardlessof the ambienttemperature.Dousingwith water

around theflanks, inguinalregion, thorax,head,and neck at capture to cool the

animalshould be routineduring warm weatherandanytimean animalshowsan

increasingtrendin rectaltemperature. Animalswith heavywinterpelagealso

may have a problem dissipatingheatevenin coldweatherandmayrequireefforts

to coolthem. Keeping chasetimeswithin conservativelimits will preventmost

problems withcapturestress/capturemyopathyandhyperthermia. A “safe” chase

time will vary with the conditionoftheanimal,terrain, environmental conditions,

andthe intensityof pursuit. Mostindividual chase timesduringCalifornia

DepartmentofFishandGame bighornsheepcaptures are under3 minutes.

Pursuitof arunninganimalshouldnot exceed5 minutes. Attention must be paid

to total chasetime as animalsin a group maybe run repeatedlyasindividualherd

members arecaptured. Pursuitshouldbe calledoff if the animal appears

disoriented,exhausted,or injured,oranytimea memberofthe capturecrew

determinesthat thereis excessiverisk in continuingthe captureeffort.

Prolongedrestraintcanalsocontributeto capturestress/capture myopathyand

hyperthermia.Most bighornsheepceasestrugglingwhen eye coversandhobbles

areapplied. Positioning theanimal in a normal restingpositionwith its headup

will allow the sheepto belchruminal gasandminimizebloat andregurgitation.

Vital signsshouldbe takenimmediatelyandmonitoredcontinuously to monitor

the need/effectivenessof cooling treatmentor to determineif a severelydistressed
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animalshouldbe released.A severelycompromisedanimal thatis not ambulatory

requiresaggressivetherapy. Jessup (1999) recommendedthat wild sheep with

rectal temperatures greater than 41.7degrees Celsius(107degreesFahrenheit),

respiration ratesof 75 per minute, and/or heartratesgreaterthan200 perminute

receiveintensive treatmentfor capturestress/myopathyincludingcooling baths,

balanced intravenousfluids, anti-inflammatorydrugs(fast actingcorticosteroids),

vitamin andmineral supplements,and possiblyintraperitonealbicarbonate.

Medical treatmentof amoderatelycompromisedanimalthat is ambulatory

involves thetrade-offofcontinued stress during thetreatmentperiodwith the

benefitsofmedication. Somemedicationsthemselvesmay have adverse effects

whenadministered.For example,pharmacologicdosesofcorticosteroidsusedin

treating shock may induceparturitionin ewesin late stagesof pregnancy(Plumb

1995). In a field situation,the decisionto treat or releaseis ajudgementcall made

by capture personnel in consultation withan experienced wildlife veterinarian.

Air transportofbighornsheepto base campsshouldbe accomplished in“sheep

bags” (heavyweave plastic meshbagscustomdesignedfor this purpose), which

supporttheanimal in a sternal position. “Airtransportofmountainsheep upside

down suspendedby theirhobbledlegs is inappropriateandunnecessary”

(Jessup1999). Duringcaptures using base campprocessing,the capturecrew

shouldbe preparedto process animals exhibitingcapturestress at the capture site

to reduce thehandlingtime.

Processing(applicationoftagsand collars,collectionofbiological specimens,

administrationofprophylactic medications)shouldbe carriedout in a quick,

efficient manner withminimal disturbanceto theanimal. Prior to release, the

animalshouldbepositionedso that releaseoccursin the direction with thefewest

physicalhazardsandthat allows theanimalto movetoward the area from whichit

wascaptured.

Otherissuesto considerwhen capturingandhandlingbighornsheepinclude:

Pregnancystatus- captureof ewesin the lasttwo monthsofpregnancy

shouldbe avoided whenever possible(Decemberthroughearlysummer).
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Caution shouldbe used when capturing ewes with veryyounglambs

(springthrough late summer) dueto possibleabandonmentofthe lamb or

exposureof the lambto predation in the absenceofthe mother. These

ewesshouldbe processedat the capture site, andshouldnot be transported

to abasecamp.

Extremecaution shouldbeusedwhen capturingyoung lambs.Lambs

shouldbeprocessedandreleased at the capture site whenever possible.

Wheneverpossible,processingat the capture siteis preferred to minimize

stresson theanimal,However, foradult animals, the choiceofprocessing

at thecapturesite or transportto a base camp will vary withlocal

conditions. Very importantfor ewesand lessso forrams,the locationand

distanceofbasecampsfrom the capture site should allow directaccess

back into the areain which the animal wascaptured. A generalguideline

is that thereleasesiteshouldbe within the home rangeofthe ewe group

andwithin 5 kilometers(3.1 miles) ofthe capture location withno

insurmountable ordangerousobstaclesseparating the animal fromits

homerange.

Capture personnelshouldbe made awareofhumansafetyandzoonotic

diseaseconcerns.

Keypointsto considerbeforecaptureof bighornsheep:

A detailed capture plan must bepreparedin advanceofthe capturethat

outlinesgoals,methods,potential problems,personneland safety

procedures (California DepartmentofFishandGame1988).

A pre-capture meetingshouldbe mandatory forall participatingpersonnel.

All personnelmustbe trainedin proper animal handlingtechniques.

Experiencedveterinaryassistanceandemergency medical suppliesand

equipmentshouldbe readilyavailableto treat a physically distressed or
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injuredanimal. Frequentpost-capturemonitoringof individual bighorn

sheepis mandatoryto determineeffectsof capture,tags,andcollarson

survivorship, reproduction,andwell being.

A written reportshouldbe prepared after eachcapturethat documents the

activity, provides a criticalassessmentof thecapture,and suggests

improvementsfor futurecaptureactivities.
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APPENDIX E. PROTOCOLS FOR MONITORING POPULATION

ABUNDANCE

This appendix presents protocols fortwo methodsofmonitoring theabundance

andpopulationtrendsof Peninsular bighornsheep.Thesetwo methodsare: (1)

waterhole countsand(2) aerialhelicoptersurveys. For explanationsof

terminology(e.g.,ewegroup)or referenceto specificnamesoflocations,please

refer to the mainbody ofthe recovery planandpaperscited therein.

Waterhole counts have been conductedin selectedpartsofAnza-BorregoDesert

State Park since1971 (M. Jorgensen, pers. comm.)and have been usedto assess

abundance trendsofPeninsular bighornsheep(Rubin et a!. 1998). Prior to 1993,

no marked animals were presentin the areasin which countswereconducted.

Count datawere,therefore,only appropriate for use asan index ofabundance

ratherthan for calculationof an absolute population estimate.Since1993,

however,collaredanimalshavebeen presentandwaterhole count data can be

usedto generate population estimates forsomeewegroupsin Anza-Borrego

Desert State Park.

Waterholecounts areorganizedandconductedby volunteers under the direction

ofParkstaff. Although helicoptersurveysprovidea morecomprehensive

population estimation tool,waterholecounts shouldbe continued. Continuation

for at least10 moreyearswill allow investigatorsto determinethe correlation

betweenwaterholecountandaerial survey populationestimates,which may make

it possible to generatehistoricalpopulationestimatesusing early waterhole count

data. Inaddition, waterholecountsprovide datathat are difficultto determine

from a helicopter(e.g.,reproductivestatusofindividually markedewes;refer to

sectionII.D.2.1 of the recovery plan),andprovidean opportunityfor the

community to participatein Peninsular bighornsheepconservation projects (refer

to sectionII.D.3).

Helicopter surveys have been conductedin the Santa RosaMountains annually

since1977 (Wehauseneta!. 1987,DeForgeeta!. 1995),theSanJacinto

Mountainsin 1983, 1984,andannually since1987(DeForgeeta!. 1997),andin

somepartsof Anza-BorregoDesertStateParkin the early1980’s(M. Jorgensen,
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pers. comm.).Radio-collaredanimalshave been present in the northern Santa

RosaMountains since the early1980’s(DeForgeet a!. 1995)andin theSan

Jacinto Mountains since1992(DeForgeet a!. 1997). In 1994, 1996,and 1998,

radio-collared animalswerepresentthroughout the PeninsularRangesandsurveys

coveredall partsof therangesfor thefirst time, making it possibleto generate

population estimates for theentire rangeas well as for subregions (Rubinet a!.

1998). Currently, helicoptersurveysin the SanJacintoMountainsandthe Santa

RosaMountains areconductedby CaliforniaDepartmentof Fishand Gameand

the BighornInstitute,while surveysoftheremainderofthe range are conducted

by CaliforniaDepartmentofFishandGameand Anza-Borrego DesertStatePark.

The followingsectionsoutlinespecificprotocols for eachmonitoringtechnique.

Aerial Helicopter Surveys

Frequencyofsurveys

Helicoptersurveyscovering theentire rangeshouldbe conducted at least every

otheryear. Recently, theSanJacinto MountainsandSanta Rosa Mountains have

been surveyedannually,while theremainderof the range hasbeensurveyedevery

other year (1994,1996, 1998).

Timeofsurvey

Helicoptersurveys shouldbeconductedideallybetweenlate Septemberand early

November. Thismethodreduces the risk to bighornsheepby avoidingperiods

whenyounglambs are present, periodswhenewes reachlate gestation,and

monthsofhigh summer temperatures. Inaddition, this time periodcoincideswith

partoftherut, orbreedingseason.This approachallows the most accurate

estimateofthe sex ratio because bighorn tendto congregate duringthis time.

Areasto besurveyed

All bighorn sheephabitatin the PeninsularRanges shouldbe surveyed.For

consistencyamongyears,thesamepredeterminedareasshould be flown every

year,with the sameamountof time (effort) spent per area during eachyear. Flight

areasand associated approximate survey times areincludedin this appendix

(TablesE-l andE-2). Maps arenot included here because thegeographic

referencesin the Tables belowaccuratelydescribe the survey areasand thisplan is
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TableE-l. Approximate polygonsflown by Bighom Institute in annualhelicoptersurveysof the

SanJacinto and Santa RosaMountains. Topographyandsheepsign influenced the amountof

time spentperarea. Flight polygonsweredevelopedwhile thepopulationwas ata low, andsome

areas where sheep sign(trailing, bedsites,etc.)hasnotbeennoted for several consecutiveyears

are flownlessintenselythan areas withsign. If the populationincreases, more time may be

neededto thoroughlysurveyareasthat are only cursorily surveyednow. Flight times areactual

time within the polygon.

Polygon Area/Canyons Notes

Number

SanJacintoMountains:

west forkof PalmCanyonnorth to

Blaisdell Canyon

2 Santa RosaMountains:

Calcite Mine west toRattlesnake

Canyon
3 Santa RosaMountains:

western SantaRosaMountains,westof

RattlesnakeCanyonto Buck Ridge and

RockhouseCanyon
4 SantaRosaMountains:

Big Washnorth, WonderstoneWash,

TravertinePalms, andBarton,Alamo,

andsouthernSheepCanyons.
5 Santa RosaMountains:

north SheepCanyon, Martinez Canyon
6 Santa RosaMountains:

Agua Alta and ToroCanyons
7 Santa RosaMountains:

Guadalupe,Devil, and BearCanyons
8 Santa RosaMountains:

Coyote,Sheep, Deep,Carrizo,and Dead

IndianCanyons.
9 SantaRosaMountains:

Magnesia,Bradley, andCathedral

Canyons.

Approx.
flight time
(hours)
2.25

2.25

2.25

1.75

Areas southof Andreasandnorth

of Chino havebeenflown less

intensely in recentyearsdue to

lackof bighorn sheepsign. It will

be necessaryto add surveytime if

distribution expands.

Buck Ridge flowncursorily.

Barton, Alamo, andSheep

Canyonsflown cursorily due to

lack of sign.

1.25

2.00

2.25

2.25

2.00

Polygon should includeIndio and

EisenhowerMountains.

WesternCathedralCanyon

appears to havebeenabandoned

recently— minimal flight time

spent westof CathedralCanyon.

Surveysmayneedto intensify

westof CathedralCanyonproper

if thepopulationincreases.
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TableE-2. Survey polygonsflown inbighorn sheephabitatoutsideof the Santa Rosa andSan

JacintoMountains. Flight times are actual timewithin thepolygon.

Polygon Area Polygon Description

Number
10
11
12
13
14
15
16
17
18
19
20

21 CarnzoCanyon area
22 ‘‘

23 ‘‘

24 ‘‘

25 FishCreek

Mountains
26 CoyoteMountains
27 5. of Interstate8

Coyote Peak
NE side of CoyoteCanyon
SW side of CoyoteCanyon
N of County Rd22 (Montezuma Grade)
Sof County Rd22 and Yaqui Ridge
Pinyon Ridge and Nside of Sentenac Canyon
Pinyon Mts toPinyon Canyon
SunsetMm, Harper Flats, toHarperCanyon
HarperCanyonto Hapaha Flats to Alma Canyon
Alma Canyonto Fish Creek Wash to Split Mm
WhalePeak (Fish Creek Wash to Smuggler

Cyn)
Tierra Blanca Mts to Rockhouse Canyon
W side Carrizo Wash(to Blackwater Canyon)
CamzoGorge to TuleCyn, E. to Dos Cabezas
E sideof Carrizo Wash (N of railroad tracks)
FishCreekMountains

Coyote Mountains
Dos Cabezas to U.S.-Mexico border

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. San YsidroMis

Vallecito Mountains

not intendedto represent a comprehensivecompendiumofinformationrelatedto

bighorn conservationactivities.

Surveytechniques

Thesurvey crewconsistsofthreeobserversin additionto thepilot. When

possible,the same pilotandpoolofexperienced observersshouldbe usedeach

year. The doorsof thehelicoptershouldbe removed for optimumvisibility. Each

polygon shouldbe flown systematicallyat 40 to 60 kilometers perhour(25 to 35

miles per hour), following topographiccontoursof 100 to 150-meter(330to 490-

foot) intervals. The pilot andthe observersshouldnot be awareofthe locations

ofradio-collaredsheep,andtelemetryshouldnot be usedto locate groupsor

individuals. The numberof radio-collaredanimalsin each survey polygonshould

be determinedimmediatelybefore orduring thehelicoptersurvey,by additional

personnel,using aerialfixed-wing or groundmonitoring. These animalsserveas

“marked” animalsin the calculationofabundanceestimatesusing mark-recapture

methods(seebelow).TheGlobal PositioningSystembasestationat Anza-

BorregoDesertStatePark headquartersshouldbe run during the entire survey so
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that GlobalPositioningSystemlocationdatacanbecorrectedby staffattheir

General Planoffice. All four individualsin theflight crew are considered

observers, and eachofthe three passengersis assigned oneof the following

additional tasks:(1) to monitor the progressoftheflight on a topographicalmap,

advise the pilotof polygonboundaries,andrecord the locationof eachobserved

sheepon the map, (2)maintainadatasheetonto which the date, time,elevation,

group sizeandcomposition,numberofcollaredanimals,and,possibly,

identificationof collaredanimalis recorded foreachgroupofanimals,or(3)

record theflight ofthe survey and the locationof eachobserved animalusinga

GlobalPositioningSystemunit. All observedanimalsshould be classifiedas

yearlingewe, adult ewe,yearlingram,ClassII ram, ClassIII ram,ClassTV ram,

or lamb (classifications modifiedslightly from those used by Geist1971). When

possible, simultaneous double-countsshouldbe conducted during eachsurvey,

following the methodsofGrahamandBell (1989), toprovidean additional

abundanceestimate. Allsightingsof feral animalsand deershouldbe recorded

duringsurveys. The locationandcondition ofsprings,tinajas, and other water

sourcesalsoshouldbe recorded.

Data Ana!yses

Population estimatesshouldbe generatedusingestimators such asChapman’s

(1951) modificationofthePetersonestimator (Seber1982),or thejoint

hypergeometricestimator(e.g.,Nealeta!. 1993). Estimatesshouldbecalculated

separately for each sexandfor thetotal population (rams and ewescombined). In

the eventthat low numbersofcollaredramspreventthe estimationofram

numbers,the ramto eweratio andthe estimated numberofewes canbe used to

generatean estimateof adultnumbers. Confidence intervals(95 percent)should

be calculated using methods such as thoseofSeber(1982). Simultaneousdouble-

countdatashouldbe usedto estimate thenumberofgroups missedandto

generatean additionalestimateof the minimumnumberof animals present within

thesurveyedareas(GrahamandBell 1989). All reported results(e.g.,lamb to

ewe or ram to eweratios) shouldclearly statewhetherornot yearlings are

included.
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Estimates should be generated for theentirerange,as well as for individualewe

groups. It is importantto notethat ewegroupdistribution may changeslowly

overtime. Monitoring ofradio-collaredewesto determineewegroup structure

will therefore, haveto be continued,andstratificationofsurveydata mayhaveto

be modifiedslightly. Furthermore,ewegroup delineationsin theSantaRosa

Mountainssouth ofHighway74 and in theVallecitoMountainsstill needto be

more clearlyresolved.

Further considerations

Initially, a sufficient numberofactiveradio-collaredanimals must be presentin

eachportionoftherangefor usein mark-recaptureestimate calculations. The

numberofcollared animalsshouldbe sufficient to achievean accuracyofplus or

minus25 percent with probabilityof 0.05, following the methods describedin

Krebs(1989)and RobsonandRegier(1964),or approximately30 percentofthe

estimatedewe populationshouldberadio-collared. However, a “sightability”

estimatemay be generated afteradditional multiplesurveysareconducted,

therebyeliminatingthe need tomaintainthis percentageofradio-collaredanimals.

This approachwould be especiallybeneficialif/when populationnumbersbecome

large.

As batteriesexpire, collarsbecomenon-functionalandthe actualnumberof

markedanimals presentin the survey area becomes difficultto know. Onlythose

bighorn sheep with functional collarsshouldbe used as markedanimals. This

approach will requirethat bighornsheepwith “functional” collarsbe

distinguishablefrom those with “nonfunctional” collars at aglance,from the

helicopter. Therefore,an accurate inventoryof all collared animals mustbe

maintained and the choiceofcollar andeartagcolor combinations mustbe

consideredduring collaringefforts. No newly collaredanimalshould match(in

collar and eartag color combination) ananimalthat is possiblystill presentin the

field.

Within apolygon,an attempt shouldbe madeto “sweep”across thesurveyarea,

ratherthan flying over an area more thanonce. This methodwill reduce the

chanceofdoublecountinganimals. Helicopteractivity at timescausebighorn

sheepto move (Bleichet a!. 1994);therefore,adjacentpolygonsshould,when
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possible,be flown consecutivelyso that groups can be recognized and possible

doublecountseliminated. Theflight polygons delineatedin this documentwere

chosen,in part, so that naturalbreaksin topographyorroadwayscoincidedwith

polygon boundaries.

Datashouldbe maintainedin an electronicdataset that can be used by

investigatorsin thefuture. All raw datashouldbe retained.Thatis, datashould

not be summarized before beingenteredinto a dataset.

Waterhole Counts

FrequencyofCounts

Waterhole countsshouldbe conductedannually.

TimeofCounts

Countsshould be conductedat thesametime every yearso that yearly

comparisonsofram:ewe ratios,lamb:eweratios, groupsize,andnumberof sheep

observedat watersources are mostmeaningful. In addition,countsshouldbe

conductedduring thehottestand driesttime ofthe yearto maximize thenumber

of animals comingto drink at watersources. Countshavetypically been

conductedduring the July 4thweekend,andshouldcontinueto be held between

mid June and thefirst weekof July.

Areasto beCounted

Annual counts have beenconductedin the southern partof the park (Carrizo

Canyonarea) during1973 to 1982,andin the northern partofthe park (San

Ysidro Mountains, CoyoteCanyon,and onesite in thesouthSanta Rosa

Mountains) since1971. Counts in thesouthernportionofthe park were

discontinuedafter1982becauseof the large numberofvolunteersthat were

neededto conductcounts at both endsof the Statepark, andthe complexlogistics

oforganizingand gettingteamsset upin fairly remotecount sites.

In thepast,thenumberof sites countedin each area has varied slightly across

yearsbecauseof variationin the numberofavailable volunteers or unexpected

problems(for example,a fire near countsites). The numberofsitesdid not
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significantly influence thenumberofsheepcountedin eachportionofthe range

(Rubin et a!. 1998). However,an attempt shouldbe madeto keep the numberand

locationsofcount sitesconstantduring futureyears. Priority sitesshouldbe those

that have been counted most consistentlyin thepast. Additionalor “secondary”

sitesshouldbe counted whenadditionalvolunteersareavailable. Dataanalyses

can then focuson datacollected at“priority” sites, while “secondary” sitescan be

used for more cursorymonitoringofsheeppresence.

CountTechniques

Teamsofthreeto five observersshouldbeassignedto each countsite. Eachteam

shouldinclude at leasttwo individuals who are experienced at classifying bighorn

sheepby age and sex.At each countsite, theentireteamshouldbe stationedat a

locationthat allowsobservationof animals comingto a watersource,while

minimizing disturbanceoftheanimalsor interferencewith theiruseof thewater

source.Theselocationshavebeenidentifiedby Anza-Borrego DesertStatePark

personnel.While at these sites, observersshouldminimize noiseand movement.

Observationsshouldbe made during7 a.m.to 5 p.m. on 2 consecutive daysand 7

a.m.to 2 p.m. on the thirdday. During theseperiods,observers should

systematically scanall areas within viewandrecordall sheepobservationson the

supplieddatasheet. Datato be recordedincludedate, time,temperature,group

size andcomposition, thepresenceof collaredanimals,and,if possible, the

identificationofcollaredanimals. Additionally,interactions amongindividuals

(e.g.,breedingbehavior,lamb nursingbouts)and observationsofotherspecies

(e.g.,deer, coyotes, birds) shouldbe recorded.The locationofeach groupof

bighorn sheepshouldbe noted ona topographicmap.

Repeatsightingsofindividual sheepshouldbe recorded as such, but theyshould

not be counted.At the endofeachday, eachteamshouldreviewand discusstheir

observations withneighboringteams sothat repeatobservations can be identified

andeliminatedfrom the finaltally.

DataAnalysis

The primary useofdatacollected duringwaterholecountsis to monitor

abundancetrends. Rubinet a!. (1998) used count datato assesslong-termtrends.

In this case,linear regression analysis was used to determineif the numberof
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ewes observed perday showedan increasingor decreasingtrend overa periodof

10 to 26 years. If asufficientnumberofcollaredanimalsare presentin eachewe

group area, abundance estimatescanbe generatedfor someewegroups,using

mark-recapturetechniques.Lambto eweratios canbe calculatedto monitor

reproductivesuccessofewe groups. Most lambsare3 to 5 monthsold during

waterhole countsandthese ratios willnot be directly comparableto ratios

generated fromhelicoptersurveys,which representlambrecruitmentto an older

(approximately6 to 8 months)age. Thereproductivestatus(lamb present versus

notpresent)of individual radio-collaredewescansupplementobservational data

collected bybiologistsmonitoring reproductivepatternsofPeninsular bighorn

sheep. Ramto ewe ratiosshouldbegeneratedfor comparison amongyears. The

rut typically peaksafterJuly,so theseratios mayunderestimatetheactualramto

ewe ratios since some rams may not havejoined ewegroupsyet.

Further Considerations

To make waterhole count data asusefulas possible forfuture investigators,it is

importantfor teamsto determine thecompositionofeach group asaccuratelyas

possible. Given the great distancessometimes involved,an effortshouldbe made

to equipeachteamwith a spottingscopeandat leastoneindividual shouldbe

experiencedat using it to observeandclassifybighornsheep.

All newobserversmust complete aoneday orientationandtraining session led by

Anza-BorregoDesertStateParkpersonnel.In addition,all new observersmustbe

pairedwith individuals experiencedat classifyingbighornsheepin the Peninsular

Ranges (Bleich1998).

Data shouldbe maintainedin an electronicdatasetfor usein thefuture. All raw

datashouldbe retained. Thatis, datashouldnotbe summarized beforebeing

entered into a primary dataset.

Reinitiationofwaterholecountsin the SantaRosaMountainsshouldbe

considered. This approach mayenhancethe probabilityofdetectingrelationships

betweenaerialhelicopterdataand water holecountdata, thereby facilitatinga

retrospectiveinterpretationof numbersof sheepin the Santa RosaMountainsin

thepast.
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APPENDIX F. RECOMMENDED CONSERVATION GUIDELINES

BACKGROUND

Bighorn sheepin the PeninsularRangesare affordedprotectionpursuantto the

California FishandGameCode(sections4700 as a fullyprotectedspeciesand

2050as athreatenedspecies).Section4700of the Fishand Game Code does not

allow for issuanceofpermitsor licensesto take fully protectedmammals,except

for scientific research,notwithstandingany otherprovisionoflaw; therefore, a

California EndangeredSpeciesAct section2081 permit that would authorize

incidentaltakeofPeninsular bighornsheepcannot beissued. This take

prohibition in turnlimits the typeof mitigation that can be required pursuantto

the CaliforniaEnvironmentalQuality Act. Thesheepalsois listed at50 CFR§
17.11by the U.S. FishandWildlife Service as an endangered speciesand

protected againsttakeat 50 CFR§ 17.21. Regulations that authorize take under

prescribed circumstances are found at50 CFR Parts17 and402.

TheCaliforniaEnvironmentalQuality Act requiresthat mitigation measuresbe

identified and implemented forany significant impacts unless a findingofover-

riding considerationsis adopted.Section15370oftheCaliforniaEnvironmental

Quality Act Guidelinesprovidefive categoriesofmitigation measures: “...avoid,

minimize, rectify, reduce orcompensate.”These formsofmitigation are

appropriatefor bighornsheeponly to the extent that they avoidtakeof the

species,pursuantto Section4700 ofthe Fishand GameCode,andavoid take

under50 CFR § 17.21,unlessotherwiseauthorized by theU.S. FishandWildlife

Service under50 CFR§ 17.22. Accordingly,the Fish andWildlife Serviceand

CaliforniaDepartmentofFishandGameworkwith lead agencies and project

proponentson a caseby case basisto identify which formsof mitigation would be

appropnate.

OBJECTIVES

The objectiveof theseguidelinesis to providea setofconsistent mitigation

measures for project proposalsthat do not otherwisethreatensustainablebighorn

sheeppopulations needed forrecovery.These mitigation measures arenot
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intendedfor projects proposedin locationsthat would fragmenthabitator

preclude effective reserve designandmanagementof thespeciesbecausethose

adverse effects cannotbe offset. In such instances, the FishandWildlife Service

and California Departmentof Fish andGame may recommendadditional

avoidance,minimization, andmitigation measuresto ensureagainst the likelihood

of significant adverse effects thatwould impingeon takeandjeopardythresholds.

Through proper coordination, our agencies willassist local, State,andFederal

governments in identifyingwhethertheadverseeffectsofproject proposals canbe

mitigatedto a level of insignificance,basedon project location,size,andpotential

for indirecteffects, whichtypically are theprimarycriteria influencing the type

and severityof impact. These guidelines may requirefuture modification based

on theavailability ofnew informationon threats,ecologicalrequirements, species

status,etc.

CONSERVATION MEASURES

I. HABITAT COMPENSATION: Acquisitionof off-site habitat may be

appropriate to offsetanyresidualeffects afterapplicationofappropriate avoidance

and minimizationmeasures.For projectsadjacentto bighornsheephabitatthat

provide infrastructureto support largerhumanpopulations,habitatcompensation

is generally appropriate becauseof the consequentincreasedlevelsofhuman-

related disturbancein adjoiningopenspace.Thecumulativeeffectsof human

disturbance may bemitigatedby acquisitionofsheephabitatthatwould otherwise

be vulnerableto future development. Projects adjacentto sheephabitatthat do

not resultin indirect effectsto adjoiningsheephabitat generally lack a mitigation

nexus.

To maintainsustainable subpopulations (ewegroups),compensationhabitat

shouldbe acquired within the rangeof theaffectedewegroup andat an elevation

comparableto the impact. Bighorn sheepin the Peninsular Rangesaremainly

threatenedby habitat loss at lower elevationsthat provideuniqueresources

unavailable fartherup the mountainslopes. Therefore,lossof unique orlimiting

resources atlower elevations can not be offset byconservationof different

resourcesassociated with habitats at higherelevations.
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Habitat acquisition promotessurvivalandrecovery by reducing the potential

future lossofbighornsheephabitatthroughpermanent protectionofland

currentlyavailablefor development.Amount of compensationwill be determined

on a case by casebasisbecause the effectsof individual projects are variable. A

management endowmentshouldaccompanyall acquiredlandsso that the

responsiblepublic agency has theability to effectivelymanageconservedlands.

II. FENCING: Fencingalong theurbaninterface provides abarrierthat separates

bighornsheep fromurbanization threats(e.g.,diseaseandmortality associated

with toxic plants,traffic, parasites,irrigatedlandscapes, pesticides, etc.). Fencing

alsocan help mitigate theadverseeffectsof incompatible land uses adjoining

sheephabitat. For example,fencingcontrolshumanaccessintohabitatthat may

otherwise conflict withmanagement objectivesto minimizehumandisturbance,

especiallyduringsensitivetime periods,such aslambing. Land uses along the

habitatedgeshouldbe designedto not introduce additionalhumandisturbance.

Recreational accessshouldbe provided onlywhereaccessis coordinated with

natural resourceagenciesand is consistentwith management objectivesin the

regionaltrails plan. Fencing doesnot offset the effectsof habitat lossand should

be located along the edgeandnot within sheephabitat.

A. Fencingshouldbe mandatoryfor any new developmentin or

adjacentto sheephabitat,where bighornsheephave begunormay

beginusing urbansourcesof foodand water.

B. Fences shouldbe 2.4meters (8 feet) high, chain-linkor functional

equivalent.

C. Fences shouldnot containgapsin which sheepcan be entangled

[gapsshouldnotbe larger than11 centimeters (4.3 inches)].

III. TOXIC PLANTS: Landscapeplants can cause sickness or death.Only local

native plantsshouldbe usedalong thewildland interface.Known andpotential

toxic plantsshouldnot be usedin areasaccessibleto bighornsheep.Ornamental

plantscurrently knownto betoxic to sheepincludeoleander,Prunusspecies,and

plantsin the nightshade (Solanaceae)family.
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IV. LAMBING SEASON ANDHABITAT RESTRICTIONS: Seasonal

restrictions duringthis periodminimize impactsto bighornsheepat acritical

stageoftheir life cycle. Lambinghabitatis often emphasized becauseof the

sensitivenatureandbehaviorofewesandlambs. Lambinghabitat comprises

those areas used for breeding,sheltering,andnurturingof lambsup to thetime of

weaning, including those areasoccupiedbyewes1 month beforegiving birth.

Though the lambing season can span the majorityofthe calendaryear--fromlate

winterthrough summer, January1 throughJune30 encompasses the majorityof

the lambingseason.Trails that traverselambinghabitatshouldbe managedduring

this periodor relocated outsideof sensitivehabitatareas.

V. SUMMER WATERSEASON: Available water sources during summer

months are highly restrictedandbighornsheepare vulnerable todisturbancein

these areas.If summer rains fail, water may remain scarceuntil thefirst winter

rains. Accordingly, interagency cooperation will be neededto adapttrails

management prescriptionsto thewaterrequirementsofbighornsheep.Public

education,signage, rangers,andotherformsofmanagementshouldbe provided at

appropriatelocationsto control accessduring this period.

Title 14 ofthe PublicResourcesCode,Section550(b)(1)and Sections 630(b)(lI)

and(30) restricts accessto water holeson State landsin the Santa Rosa

Mountains. Closureperiodsarefrom June15 to September15.

VI. WATER FEATURE DESIGNSPECIFICATIONS: Any artificial water

features(e.g.ponds,lakes) in areasadjoiningbighorn habitatshouldbe designed

to precludeshallow,vegetatededgesthat provide breeding habitat forCu!icoides

midges, aninvertebratedisease vector forbluetonguevirus. Water bodiesshould

be designed with steepsidesanddepthsat least0.6 to 0.9 meters(2 to 3 feet)

along the edge [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 apotentialrecovery tool thatis addressed

within the contextofthe recovery planandwould be useduntil a self-sustaining

populationis established.Thereleaseofcaptivereared ortranslocatedwild

animalsto establish new populations orsupplementsmallpopulations arenot

acceptable mitigation measures because theydo not compensatefor the permanent

lossofhabitatorensurethecontinued viabilityof habitatto supportself-

sustaining, wildpopulations.

PREDATORCONTROL: Predator controlis apotentialmanagementtool

availableto the Fishand Wildlife ServiceandCalifornia DepartmentofFishand

Game to address specificsituations.Bighorn sheepareadaptedto survivenatural

levelsofpredation,drought,disease,competition,etc., whichdo not pose

problemsin properlyfunctioning ecosystems.Becausepredatorcontrolis a

temporarysolutionto remedy a short-term problem, it does notconstitute

mitigation for the permanent lossofsheephabitat.
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APPENDIX G. RESPONSETO COMMENTS

The followingissuesare acompilationof all substantivecommentsreceivedby

the Fish and Wildlife Servicefrom technical reviewers, agencies,and thepublic,

which werenot otherwiserespondedto by directly incorporatingchangesinto the

text ofthe final recoveryplan. Theissuesareorganizedby generalsubjectmatter.

LEGAL ISSUES

Issue.~ Designationofessentia!habitat i!lega!lv usurpsauthority over local !and

usep!anningby imposingprohibitionsonprivatepropertyandmandating

erectionoffences.Ident~fyingprivate!andsfor protectionwithout committing

Federa!fundingor conservationincentivesexposes!oca!governmenttoproperty

taking lawsuits becausecities and countieslackthe wherewithalto cooperatein

implementationoftheplan. To avoid representinga 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 be importantto the

conservationof bighornsheep.The mapis intendedto provide informationthat

can advance conservationefforts throughthe activitiesof other agenciesandthe

public. By sharingbiological information,we intendto promote publicpolicy
decisionsthat balance theconservationneedsofbighornsheepwith other

competing landuses.As such,thedesignationofessentialhabitatdoesnot affect
the discretionof local andStategovernmentsor private land owners over land use

decisions. Given thebiological importanceofthehabitatto recovery,limited

developmentcouldoccurin essentialhabitatif adequately mitigatedanddesigned

to be compatible withbighornsheeprecovery. Furthermore, the identificationof

areas withbiological importancecan providea widerrangeofpotential land uses

that generate economicopportunity. For example,localgovernmentsandprivate

landowners can structureeconomic incentivesto conservebighorn habitatby

creating programswhereby developmentsin other areas canprovideasourceof

incometo land ownerswith habitatof higher conservationvalue. This mitigation

bankconcept has gainedwidespread acceptancein numerousother areaswhere
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localgovernment hascreatedamitigation nexus that avoids propertytaking

lawsuitsand promotesregionalhabitat conservationplanning.

Issue: Membershipofthe RecoveryTeamandpeerreviewteamconsistsof

individuals whoselivelihooddependsonfunding,permits, andrecommendations

from the State andFederalgovernment.Therefore,theseindividua!s are

reluctantto voicecriticismswith the recoveryplanningprocessforfear of

retribution. In addition, authorsofthe draftrecoveryplan stand to gain

financially bycreatingan opencheckbook/cash cow with questionable research

projects havingno accountability.

Response:At ourinvitation, members agreedto participate on theRecovery

Teamfor thepurposeofprovidingscientific adviceto the FishandWildlife

Service and cooperatingagencies, includingassistancein developing and

implementingthe recoveryplan. The draftrecoveryplanwas largelywrittenby
teammemberswho provided the informationandopinions neededto complete a

draftplan. Thoughconsensuswas achievedon most issuesaddressedby theteam,
weandcooperatingagenciesjudgedhow bestto incorporate various viewswhere

full agreementwasnot reached.Manyof theresearchtopicsrecommendedin the

recovery plan are a reflectionofscientific questions that remainunresolved.Any

funding to addressthese research needs will be directedon a competitivebasisto

the best qualifiedindividuals available.Funding and permitting actionsby usand

cooperatingagencieshaveandwill follow applicable laws and regulationsthat

ensureagainstpreferential treatmentandcapricious behavior.RecoveryTeam

members are notdependentuponthe Fishand Wildlife Service or thelisting of

bighornsheep for theircontinued livelihood.Members are underno obligation

whatsoever anddo notenjoyeconomic benefit fortheirvoluntaryparticipationon

the RecoveryTeam.

Issue: Unduerelianceon unpublishedinformationfails tojustify the spendingof

$16Mevery5yearsfor severaldecades.Theconclusions,recoverycriteria, and

habitat mappinglackcredibility dueto their relianceon over 100 unsupported

citationsand thatunderlyingdata wereintentional4’ withheldfrompublic review.

Thepublic hasa right to inspect all theunpublishedinformation citedin the draft

plan as an aid to provideinformed comments; therefore, thepublic comment

222

010448

010992



periodshouldbe extended until after these data have beenmadeavailable.
Followingthe responseto all comments and correctionofmanydeficiencies,the

draft recoveryplan shouldbe circulatedagainfor public review.

Response:The draft recoveryplan was basedon the best available data, which

includes personal experienceofcredibleresearchers.Unpublishedinformation

cited in the draft recovery plan was documentedandcompiled priorto completion

of the final recovery planandhasbeenavailablealongwith publishedpapers,for

public inspection. Any facts orinterpretationsbasedon unpublishedinformation

cited in the draft recovery plan for which documentation could notbe obtained
have not beenincludedin the final recovery plan.Justificationfor research

recommendedin the recovery plan was not basedon citedunpublished

informationbut on consensusrecommendationsoftheRecoveryTeamand

concurrence by the cooperatingagencies.Uponreassessingthe relative

importanceof the unpublishedinformationcitedin the draftrecoveryplanto the

findings and conclusions in the recovery plan, we havedeterminedthat the

unpublished informationunavailablefor review in the draftrecoveryplandid not

materially affectany significantfindingsor recommendations in the final recovery

plan. As a result, weelectedto not reopen thepublic commentperiod. In

response toany substantive commentsreceivedafterreviewofthe unpublished

information, the recovery plan maybe appended, revised or updated.

Issue: Therecoveryplan is toogeneralto meet the spec~ficcriteria at16 U S.C.
1533(1). Theunusablescaleofthe essential habitat map wasintentionallyvague

andfails to meet thesitespeqficstandardsfor describing managementactions

necessaryfor recovery.

Response:Section4(f) oftheAct requires that recoverycriteriabe measurable

and sitespecific,with estimatesofassociatedtimeframesand costs.We believe

that these requirements have beensatisfied. The scaleofthe draftessentialhabitat

mapin the draft recoveryplanwas designedto portray a specific concept outside

and along the urban interfacebasedon bighorn habitat requirementsand

principlesofconservationbiology. The draft map was designedto elicit input

from interested parties so that thefinal map could best reflect the concernsof

local interests. We elected notto depictdraft essentialhabitat in the draft
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recovery plan at a parcelspecific scalebecause itwould haveengendered

unnecessaryand unproductivecontroversyandsuggesteda predetermined

outcome. We scheduled numerous meetingswith all local jurisdictionsand major
landownersto refine the boundaries along theurbaninterface. As described

below under the Essential/Critical Habitat section, consensus among Federal,

State,andlocal governmentswas achieved along the majorityofthe urban

boundary.

Issue: A recoveryplan is unnecessary ~fbighornsheepin thePeninsularRanges

aresynonymous with the Nelson‘s subspecies.

Response:Section4(f) of the Actrequirespreparationofrecovery plansfor listed

specieswhenever prudent. This commentimplies that bighornsheepin the

Peninsular Rangesdo not comprisean entity that can belisted under theAct.

Please referto theFederalRegisterNotice,datedMarch 18, 1998,as well as

sectionl.A. 1. of therecoveryplan, for adiscussionof theapplicability ofour

policy on implementingthe Act’s provisions forlisting distinct vertebrate

populationsegments.

Issue: The Fish andWildlfeService‘s authority and intended useofthe
“RecommendedConservation Guidelines”in AppendixF is notapparent.

Furthermore,theguidelinesappearintendedto restrict thepowerand override

the legislative authorityof leadagencies.

Response:The FishandWildlife ServiceandDepartmentofFish andGame
prepared these guidelinesto assistlocal governmentsin theirimplementationof

the California EnvironmentalQuality Act andland use decisionmaking,not to

usurp the discretionof other governmentalagencies.It is ourintentionto provide

consistent guidanceasearlyas possiblein the decision making process so that (1)

ourrecommendationsdo not come as a surpriselater on in theplanningprocess,
and(2) projects can be designedto accommodate the habitat requirementsof

bighornsheep.
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PROCEDURALISSUES

Issue: Thebibliograpiwcontainsmanyblanksfor the authorsnames,indicating

that such information cannotbe relied upon.

Response:Theblanklines in placeof the nameofan authoris a bibliographic

conventionthat indicates the same author as for the precedingreference.In the

final plan thebibliographicformat has been revisedto show full references.

Issue. The recoveryplan should describehow thepublic will trackagency

implementationofrecoverytasks,be involvedin prioritizing lands to be acquired,
beinvolvedin futuremodificationsto recoverycriteria, commenton land

exchanges,etc. Similarly, the draft recoveryplan did not ident~fr how entities,

suchas localgovernment,wereexpectedtofulfil! assignedtaskresponsibilitiesin

the ImplementationSchedule.The recoverytasks oftenlacksitespec~cityanddo

not ident~fyapplicablemechanismsor responsibleentitiesfor implementing the

tasks. For example,thehabitatprotectionobjectivefor task1.1 does notdescribe
who, how, or where theaction would becompleted.As a result, affectedparties

have beenpreventedfromprovidingmeaningful reviewofthe recovery plan.

Response:The public can trackimplementationby communicating directlywith

the agencies assignedto implementspecific tasks. Progressandupdatesshould

be incorporated into thepublic educationandoutreachprograms recommendedin

therecoveryplan. Thepublic mayalsotrackthe extentofappropriations

allocatedby legislative bodies asan indicationof agency capability for

implementing therecoveryplan. Local governmentsshould interpret the recovery

plan as guidance for contributingto the recovery process. Manyoftheprovisions

in therecoveryplan shouldbeimplementedthroughtheregionalhabitat

conservation plan sponsored by the Coachella ValleyAssociationof

Governments. Thisplanrepresents a stakeholders groupthatprovidesan

opportunity for involvementby all interests.Any of the recoverytasksthat apply

to respectivejurisdictionsshouldbe viewed asan opportunityto cooperatively

participatewith otheragenciesin thecommongoalofbighornsheeprecovery.
We encouragelocal governmentsto use theirapplicableauthorities for

conservation/managementofopenspacein thefurtheranceofbighornrecovery.
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Participatingagenciescan provide more detailedguidanceon the rolesand

responsibilitiesof local governmentascasespecific questionsarise. If the

recovery planis updatedorrevisedin thefuture,thepublic will be given another

opportunityto commenton theplan.

Issue: The recoveryplan shouldcontain an economicimpactanalysisto estimate

the costsofrecovery. The total estimated costsofrecoveryimplementation

should be determined andprovidedto thepublicfor comment before therecovery
plan is approved. Projectedfundinglevelsfor monitoringappearinadequate;~fa
long-termmonitoringprogramis needed,whyarecostsprojectedfor only 5

years.

Response:Though an economicimpact analysisis notrequiredby law or

regulation, section 4(f)oftheAct requiresan estimateofcoststo achieve

recovery.We have projected totalcostsbasedon a roughestimateof 25 yearsto

recovery,with more detailed costestimatesfor thefirst five years. Certaincosts

are difficult to estimateaccuratelywithout detailed scopesofwork, realestate

appraisals,etc. As a result,cost estimatesin theImplementationScheduleshould

be viewed as approximationsthat inform thepublic andparticipatingagencies

about the resource estimates necessaryto achievetherecoveryobjectivesofthe

recoveryplan.

Issue: The recoveryplan shoulddescribethe study areasfor all research

conductedin thePeninsularRanges.

Response:The readershouldreferto thereferencescited to obtain more detailed

informationon thestudymethodsof literaturecited in therecoveryplan. The

purposeofthis recovery planis not to compileandsummarizeall research

conductedin the area atissue.

Issue: Relianceuponforthcomingplanningefforts,such as the CoachellaValley

multispeciesplan to address immediatebighornsheepconservationneeds,

unnecessarilydefersactions neededto avert thenear-termrisk ofextinction.
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Response:Wearenot awareof any such deferralsandintendto useour legal
authorities undersections4 (designationofcritical habitat),7 (interagency

consultation),and 10 (habitatconservation planning)wheneverappropriate during

the interim period while the Coachella Valley planis in preparation.

Issue: The recoveryplan should critically examinepastmanagement mistakes so

that theyarenotrepeatedin thefuture.

Response:Muchofthe recovery planreflectson the past(e.g.,sectionI.D) and

looks to thefuture (e.g.,sectionII.D). ManyoftheRecoveryTeammembers

have manyyearsofexperience in the Peninsular Rangesand,therefore,have a

solidhistorical perspective.A focused,intensivehistorical inquiry likelywould

resultin arguableconclusionsofdubiousmerit thatcould adversely affect current

interagencycooperation.Thepurposeofrecovery plansis to assess the current

situationwith a view towards futurefeasibilityof implementingneeded

conservationactions.

Issue: Manyofthetables werenot asdescriptiveastheycould have been

because(1) the tables excludedpotentiallyavailabledata,suchasfromyears

before or after thosepresentedin thetables,and (2) statisticalanalyses were not

conducted.

Response:In someinstances,more recent data were notavailable;in othercases,

datafrom earlieryears werenot comparable becauseof differentdatacollection

methodologies;andin other circumstances,availabledatahave not yet been

compiledand analyzed. In most instances,statisticalanalyses were not included

becausethis information was providedin thereferencescited andbecausethe

purposeof recoveryplansis more informativeandprescriptivethan analyticaland
quantitative.

Issue: The recoveryplanshould discuss thefinancialsituationofthe Bighorn

Institute,along with a detailedcritique ofoverall operations.

Response:Financialissuesassociatedwith theBighorn Institute are not a concern

ofthe FishandWildlife Serviceorcooperating agencies.Overalloperations
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regardingresearchandcaptive rearing have been the subjectofannualreviewsby

theCalifornia Departmentof FishandGameprior to Federallisting andnow fall

under the purviewofsection10(a)(1)(A),not section4(f) oftheAct.

Issue: Arepositoryfor all data collectedon bighorn sheep shouldbe createdand

madeavailable to thepublic at large.

Response:Creationof such a repositorywould not be possibleunlessagencies
and researchers donatedproprietaryinformation and personalproperty. The

concept posesnumerouslegal,economic,andadministrative issues that exceed

ourauthoritiesandthoseofcooperatingagencies.

Issue: Numerouscommentsrequested the Fish andWildl~fe Serviceand

cooperatingagenciesto conductadditionalresearch andfurther analyzedata not

in theirpossessionbeforeissuinga recoveryplan.

Response:The Act’s mandateto use the best available information does not

requireusto conductadditionalresearchorobtain unavailable data as a

prerequisiteto preparingandcompletingrecoveryplans. A court stipulated

settlement agreement required completionoftherecoveryplan under an

establishedschedule.

Issue: The draft recoveryplanfocusesexcessivelyon habitat conservation

instead ofpopu!ationrecovery;thevariousproblemsshouldbedealt with in

orderof importance.

Response:As describedin the draftandfinal recovery plans,multiple, apparently

cumulative factorsaredepressingpopulation levels, with contributing causes

differingamongewegroups. Therelativeimportanceof factors affecting

reproduction,recruitment,andadult survivalare poorlyunderstoodin someewe

groups, though intensivelystudiedin others. These complexities make it difficult

to determine relative importanceandmanagementpriority. Therefore,wehave

and will addressconcurrentlyall probable factors affectingindividual ewegroups

to the extentpossible. If the habitat base upon which bighornsheepdependis not
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protected,sufficient space will notbe availableto support“recovered” population

levels.

Issue: The Fish and Wildlife Service shouldlist credentialsofRecoveryTeam

members.

Response:By practiceand for consistency,we do not provide thisinformation

regarding team members. Memberswereselectedfor a varietyofskills and

experiencesthatmaynot be apparentfrom briefsynopses.

Issue: The Fish andWildl~feServicerejected,without explanation,many

commentsprovidedby RecoveryTeammembers themselves.Disagreements

within theteamshouldbe discussedin the recoveryplan.

Response:The various views held bymembersof the teamwerediscussedopenly

at team meetings until a consensusemerged. Various iterations, including the
final recovery plan, have been reviewedmultiple timesby teammembers,andall

commentshavebeenincorporated into the recovery plan directlyoraftergroup

discussionwhere further consideration waswarranted.We areunawareofany

significant scientific disagreement withinthe teamregarding thecontentofthe

recovery plan. Regardless, the FishandWildlife Serviceandcooperating
agenciesassumeultimate responsibility for the recovery plan,inasmuchas

Recovery Teams function as expert advisorsto the Fishand Wildlife Service.

Issue: Thepeerreviewprocessofthe draft recoveryplanwasflawed,failed to

addressall the issues raised andtofollow academicprotocol,and therefore,

should notbe referredto aspeerreview. The draft recoveryplan misleads the

public into thinking that thepeerreviewersendorsethe draft plan.

Response:The peer reviewprocessreferredto in the draftrecoveryplan

representedseparate technicalandagencyreviewsprior to public release and was
not intendedto follow academic protocols.Thoughmostofthecomments

receivedby thetechnical(peer) reviewerswereaddressedin thedraft recovery

plan, the draft recovery plan did not claimthat the reviewersnecessarilyagreed

with or endorsedtheplan. The RecoveryTeamandFish andWildlife Service
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haveincludedand addressedin this list of issuesand responsesall substantive

commentssubmittedby technical reviewers not otherwiseincorporatedinto the

draftor final recoveryplans.

Issue: Researchtasksin therecoveryplan should identify testablehypotheses.

Response:TheRecoveryTeamis not a researchteam;therefore,thisrecovery

plan represents a general strategy forrecoverythat identifies major researchtopics

that shouldbepursued.It would not beappropriateto propose various

experimentaldesignsand hypotheses at thistime because theadditionallevel of

analysisrequired shouldmoreproperlyoccur when detailed researchproposalsby

individual researchersare prepared.

Issue: The RecoveryTeamshouldincludea trainedlanduseplannerto improve

theeffectivenessofcoordinatingconservationactivitieswith localjurisdictions,

such as thecities and counties.

Response:Oneofthe currentRecoveryTeam membershasan extensive

background in landuseplanning,havingworkedin that capacity for numerous

jurisdictionsfor manyyears. In addition,severalothermemberswork routinely
with local governmentin land use planningmattersandhave athorough

understandingoflegal andproceduralrequirementsneededto coordinate effective

interagencyconservation programs.

ESSENTIAL/CRITICAL HABITAT ISSUES

Issue: All localjurisdictionsshouldbe extended the same opportunity as the

Indian tribes in determiningessential habitatboundaries. Failure todo so will

doomthe recoveryplanningeffort.

Response:FederallyrecognizedIndiantribesenjoy aspecialrelationship andtrust

privilegesunder numerousexecutive,legislative,andjudicial mandates not

extendedto non-Tribal entities.Nonetheless,within thecontextofthe Coachella

Valley multispeciesplanning program, the FishandWildlife Serviceand

CaliforniaDepartmentofFishand Game convened numerousmeetingswith city
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andcounty governmentsto discuss and refineessentialhabitat boundariesin a

process similarto that used with the tribes. The Fishand Wildlife Service,

Departmentof FishandGame, and localjurisdictionsachieved agreement along
virtually the entire urban boundary except for aboutsix proposedprojectsites.

The FishandWildlife Service and Departmentof FishandGame willattemptto

resolve residualdifferencesfor eachoftheproposeddevelopmentsthrough

individualregulatoryactions.

Issue: Thesuggested 20percentslopedelimitinglower elevationalboundariesin

most cases lies below the 213-meter(700-foot)lower elevationlimit described

elsewherein therecoveryplan as the lower elevationallimit ofsheepdistribution.

Theessential habitatline shouldbe set along the 213-meter(700-foot)elevation

contourfrom Palm Springsto La Quinta, which wouldavoidlambing and
watering areas andprovideopportunitiesfor unrestrictedhiking. Essential

habitat should not extend onto the valleyfloorfarther than existingwildernessor

theproposedNational Monument boundary.The mapappearsto representa no

growth effort that wouldextortextreme mitigationfrom developers.

Response:The 213-meter (700-foot) lowerelevationallimit ofsheepdistribution

typically correspondsto the urban interface at the northernendofthe Coachella

Valley,whereasin the southernendof thevalley,the urbaninterfaceoccursalong

lowerelevational contours.As describedelsewhere,sheepin the Peninsular

Ranges areadaptedto survive at lower elevations anddependon lower elevational

slopesand alluvialhabitats for importantresources.Theextentof suitable habitat

is influencedby soils, aspect, and other topographic featuresthat do not

necessarilycorrespondwith fixed elevation contourlines,orwildernessand

proposedmonumentboundaries,which wereestablishedfor a varietyofreasons
apartfrom the habitat needsof bighornsheep.

Issue. Habitat compensationshouldnot be requiredfor development adjacentto

sheephabitat becausedevelopmentofthesefragmentedareas would not affect

sheep.

Response:Mostoftheproposed developmentalong theurbaninterfaceoccurs

within, rather than adjacent to, sheep habitat. As discussedin the recovery plan,
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bighornsheepin the PeninsularRangesspendmuchoftheir time at lower

elevations, where otherwisescarceresources,such asfoodand water, commonly

occur. Flatter topography contains moreproductivealluvial soils that support

more diverseandnutritional food sources than occurs on steeper, rockierslopes.

Thoughalluvial habitatsaremorefragmentedby urbandevelopment,these

smallerpatchesstill supporthabitat value, thoughmuchreducedfrom historical
conditions. Developmentofhabitat fragments alsoindirectly affectssheepby

supporting a larger humanpopulationthat increases the amountofdisturbancein

adjoiningsheephabitat. As long assuitablehabitatconditions exist within the

historical rangeofthespeciesanddevelopment results in indirect adverse effects

to sheep innearbyhabitat, localgovernmentshaveamitigationnexus under the

CaliforniaEnvironmentalQuality Act. Mitigation measurescan be designedto
conserve largerpatchesofcomparablevalue habitat byrequiringoffsite habitat

replacement, thereby contributingto the conservationofsheep evenif smaller

habitatfragments are permitted for development. Tocontributeto recovery, we

recommendthatlocal governmentsconsider offsitehabitatreplacement for

permitteddevelopmentofresidual habitatsbetweenthe essential habitat boundary

and 800meters (2,624 feet)from toeof20 percent slope.

Issue: Proposeddesignationofessentialhabitat requires adequatelegal noticeto

landownersin the vicinityofhabitatproposedfor conservationso thatan

opportunity to commenton theproposalisprovided. Thepublic commentperiod

shouldbeopenedindefinitelyuntil essential habitatis displayedon detailed

aerialphotographyand hasbeenmadeavailablefor public comment.A more

detailedmapofessentialhabitat thenshouldbeprovidedfor public comment

before the recoveryplanis completed.

Response:The Fish and WildlifeServicebroadlyannounceda 45-daypublic

comment periodon thedraft recoveryplan (64 FR 73057; December29, 1999),

which was extendedan additional weekas aconvenienceto thepublic. This

noticing process fulfilledall legal requirements.As describedabove, the Fishand

Wildlife Service coordinated withaffectedinterests insolicitinginput and

promoting discussionto achieveconsensuson the essentialhabitatboundary.
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Issue.Thedraft recoveryplan doesnot adequately describe the importanceofthe

Mount SanJacinto StateParkto sheeprecovery.

Response:The parkis largely located above the elevation where bighornsheep

normallyoccur.

Issue.~ Theessentialhabitat mapshouldmodelfoodand water resources as was

donefor physiography.

Response:Foodandwaterresources generallyaretoo dynamicto quantify

becausetheirdistributionis a functionofunpredictably variablerainfall patterns.

For example,randomlyoccurringthunderstormsdo not provide uniformly

distributed moistureregimensthroughoutsheephabitatbut rather result in

localized green-upfollowing high intensity, shortduration precipitationevents.

Sheeptypically respondto these sporadic events by exploiting ephemeral sources

offood andwater. Patternsofsheepdistributionrelativeto perennial water

sources have beenanalyzedanddiscussedin AppendixB.

Issue: The draft recoveryplan didnot identify thespec~ficprojectspreviously

approved by the Fish andWildl~feServicethatwould beexcludedfrom areas

mappedas essentialhabitat. Essentialhabitat shouldbe designatedon areas

previouslyapproved by the Fish andWildl~feServicefor developmentWscient~fic

data indicate these areasshouldbepart ofcritical habitatfor recovery. Essential

habitatshouldinclude notyetconstructedprojectsthat havebeenpreviously

approved by theFish and WiIdl~feService because theseareasareneededfor
sheeprecovery.

Response:The FishandWildlife Service completed section7 consultationon the

Ritz-CarltonGolfCourse andMiradadevelopment prior toreleaseofthe draft
recovery plan,and completed section7 conferenceson the JimenezPit, Cahuilla

ZoneReservoir,and Shadowrockprojectsprior to listing. The FishandWildlife

Serviceandprojectproponents agreedto reconfigurationofprojectdesignsand

otherconservationmeasureson the former four projects.Agreementon the latter

project has not been achieved and the affected areais consideredessentialhabitat
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unlessthe projectis reconfiguredto be consistent with the section7 conference

opinion.

Issue: Critical habitat shouldbe designatedevenfit divulgeslocationsand

consequentlyexposessheepto harm.

Response:On July 5, 2000,the FishandWildlife Service published aproposed

rule (65 FR 41405)to designatecritical habitat under aseparateprocess pursuant

to a recentsettlement agreementwith the plaintiffs who challengedournot

prudentfinding that accompaniedthe listing. This topic was discussedin the

proposedrule.

Issue. Therecoveryplanshoulddescribethe relationshipofessential habitat and

critical habitatfrom a regulatory andproceduralperspective.

Response:Though thetwo designationsare similarin theirfocuson defining

future survival and recoveryneeds,they differsignificantly from a regulatory
perspective. For purposesofthis plan, essential habitatis an informative

designation intendedto provide scientific guidanceto cooperatingagenciesand

thepublic, while critical habitatis statutorilydefinedwith implementing

regulations that govern Federal agencyactivity. Critical habitat receives
protectionunder theAct throughthe prohibition againstdestructionoradverse

modificationofcritical habitat asset forth under section7 oftheAct with regard

to actionscarriedout, funded,or authorized by a Federalagency.Asidefrom the

protectionthat may be provided under section7, theAct does notprovideother
formsofprotectionto landsdesignatedas critical habitat.Critical habitat

designation does notimposeany restrictionsto activitieson private or other non-

Federallandsthat do not involve a Federal permit,authorization,or funding. The

processfor designatingcritical habitatis distinct from the process for completing

the recovery plan. Aproposalto designate critical habitat for the Peninsular

bighornsheepwas publishedin the FederalRegisteron July 5, 2000(65 FR
41405). Theessentialhabitat mapped in therecoveryplan has the sameboundary

as the proposedcritical habitat,with slight discrepanciesintroducedby a legal

description forcritical habitatalongboundaries imposed bya

township/range/sectioncoordinategrid.
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Issue: Undeveloped butfencedpropertyshould notbe mappedas essential

habitat.

Response:Areas that can beenhancedorrestored are included asessentialhabitat

if they are necessary forrecovery. Fencing oftendoesnot establishan effective

movementbarrierto sheep, thoughit cancauseentanglement,injury, anddeath.

The Fishand Wildlife Serviceadvisesthat fencesconstructedto excludebighorn
sheep could resultin takeif built at the wrong locationor improperly designed.

Issue: The recoveryplan shouldprovidemorespec{fic guidelinesto local

jurisdictionsfor conservinghabitat and reducing the effectsofurbanization. For

essential habitatto beeffective,the recoveryplan shouldprovideguidanceon

futureregulation oftakeunder sections7 and10 oftheAct, which should

spec(17callyprohibit authorizationoffuture takef ewegrouppopulation levels

drop belowpredeterminedthresholdsand/orpopulationsincreaseto a point

suggestingprogress towardsrecovery. For example,the threshold approachused

for predatormanagementalso could be applied to habitatloss.

Response:Appendix F wasdesignedto provide generalguidelinesthatwould fit

mostprojectsin oradjacentto sheephabitat. Morespecific guidelineswouldbe

difficult without a case by caseanalysisof individual projects. The Fishand

Wildlife Service can not use recoveryplansto predeterminefuture regulatory

decisions undersections7 and 10 because the Act didnot envisionrecoveryplans

asa regulatory mechanism.

Issue: The draft recoveryplanplacesinordinate importanceon land usecontrols

and too little emphasison reducingpredationpressure. Byfailing to manage
threatsunderits control, suchaspredation, the Fish andWildl~feServiceunfairli’

shqisonerous regulatoryimpositionsontoprivatepropertyowners. Another

commenterclaimedthat the acknowledgedlackofunderstanding concerning

factorslimiting populationviability underminesthecredibility oftheproposed

landusecontrols,and that the uncertainty over adverseeffectsofurban

development eliminates anynexusfor governmentalregulation.
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Response:The FishandWildlife Service intends on concurrent implementation

of numerous recoverytaskscommensurate with availablefunding. Completionof

the recoveryplanprovidesa basis forincreasedfundingallocationsto cooperating

agencies.Becausenumerousfactorsaredepressing populationgrowth, it would

not be appropriate for the Fish and WildlifeServiceand cooperatingagenciesto

attempt to prioritize threatsandaddress only one at a time. Focusing solelyon

predatorcontrolandallowingcontinued lossof valuablehabitatwould bebased

on a theory that habitat loss does not adversely affect bighornsheep. The

available evidencesuggeststheopposite.The ewe groups adjoiningmetropolitan

areas historically have declined to a greaterdegreeand currently are more severely

threatenedwith extirpation than more southerly and remoteewegroupsthat have

not sustainedsubstantiallossofhabitat in the past.

Issue: Thedraft recoveryplan does notadequatelyidentify thespecificlands

mappedasessentialhabitat and targetsall availablehabitat withoutscientflcalh’

analyzingwhetherportionsofthe areasupportany suitable habitat atall.

Response:Appendix B presentsa habitat model that analyzed a varietyofhabitat

characteristics basedon informationin thescientificliterature anddistributional

datathroughout the PeninsularRanges.Areas with unsuitable soilsand

topographywereexcluded,as were areas greaterthan800 meters(2,624 feet)

from toeof20 percentslope,thoughsheepareknownto usetheseareas. Based

on the wide-rangingmovementsofsheepin thePeninsularand otherranges

throughout the desertsouthwest, sheepareknownto use a broad rangeofhabitats

in desertenvironments.Noneofthe areasmappedas essential habitat contains

soils, vegetation,ortopographythat is unsuitable foruseby sheep. Thoughsheep

may notuseoroccur in certainareasas frequentlywhenpopulation sizesare

small anddistributionis moreconstrained,it is sometimesdifficult to tracksheep

movements, especially when onlya small percentageofcertain subpopulations

have radiocollars. Thus,the known distributionis alwaysan underestimateof

actual distribution.

Issue: Thedesignationof “essentialhabitat” is an illegal subterfugefor avoiding

thestatutoryrequirementfor designatingcritical habitat andanalyzing

consequenteconomiceffects.
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Response: A proposal to designate critical habitat for the Peninsular bighorn

sheepwas published in theFederalRegister on July5, 2000(65 FR 41405),under
termsofthesettlementagreementreferencedabove.A noticeofavailability for

the draft economic analysis onproposedcritical habitat designation waspublished

in the Federal Register onOctober19, 2000(65 FR62691).

Issue: Numerous land owners requested that theirlandsbe specificallyremoved

fromareasdesignatedas essential habitat becauseofthesignificantsocialand

economic impacts thatshouldbe minimizedperexisting Fish andWildlife Service

policyon recoveryplanning.

Response:As discussed above, the FishandWildlife Service hasmet with many

landownersand agenciesin an effort to refine theessentialhabitat boundaryso
that socialand economic impacts are minimizedto theextentthat the potential for

recoveryis notcompromised.These discussions resultedin substantial agreement

with all partiesinvolved over thevastmajorityofthe urban interface. The

resulting essentialhabitat boundary was designedto minimize economic conflict

to the extent consistent with maintaining the likelihoodof futurerecovery.

Essentialhabitatdiffers significantlyfrom critical habitat. Under critical habitat,

exclusions are a procedural outcomeofapplying section4(b)(2) and/or “special

management”under the EndangeredSpeciesAct. Under4(b)(2), economic and

social impacts are evaluated. However, thereis no such process identified for

exclusionsfor essentialhabitat becauserecoveryplansare nonregulatory

documentsdesignedto guide, not dictate,recoveryof thespecies.

Issue: The draft recoveryplan was deficient becauseit did notquant~fythe

acreageofdiferentlandownerships,historical distribution, and extentof
proposedessentialhabitat.

Response:Acreages were not calculatedin the draft recovery planbecausean

updated landownership map was notavailableand a precise boundaryalongthe
urban interface was not delineated. In the final recoveryplan,land ownershipis

delineatedwith respectto essential habitatin Figure4; however,the land

ownership mapis somewhat outdatedand anyacreage figureswould be

approximate.Approximate land ownership percentages are summarizedin
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SectionI.E. oftheplan. Historical trendsalong the urbaninterfacesare

summarizedin SectionD. 1.

Issue: Lands that historically never wereusedby sheep shouldbe identified. The

term “unoccupiedhabitat” is scient~ficallvundefined and inappropriatelyusedto

describeunsuitablehabitatfrom whichbighorn sheep areabsent.

Response:Historical informationprior to the useofaerialsurveysand radio

telemetryis of limited utility becausetheruggedtopographyandlackofroads

throughout the PeninsularRangesgreatly restricted theextentof accesson the

ground. Therefore, itis not possibleto reliably concludethat certain areas were

not usedhistorically. Similarly,given the relativelysmall sample sizeofradio-

collaredsheepat present, especially rams(which are far morewideranging than

ewes), more recent data cannotbe properlyinterpretedto concludethat sheepare

absentfrom certainareas. Therefore,the remainingundevelopedportionsof

historical range constitute the currentdistributionofbighornsheepin the

PeninsularRanges. Useof the terms“occupied~~, “unoccupied~~,“suitable”,and

“unsuitable”, are moreconceptualthanempirical. Thus, these terms addlittle to

ourunderstandingofsheepbiology, and as a result, the final recoveryplanavoids

useofthis terminology.

Issue: Giventhetendencyofsheep to not venturefarfrom escapeterrain,

justification in the recoveryplan is not adequateto supporttheneedfor habitat

up to 0.8 kilometer(0.Smile)from toeof20percentslope.Twentypercentslope

does not represent effectiveescapeterrain; therefore,a steeperslopeshouldbe

usedfor ident{fyinghabitat in needofconservation.The recoveryplan does not

adequatelydescribewhat constitutesa movement corridoron the desertfloor. If
sheep avoid humandisturbance,thefragmentedhabitatpatcheson the desert

floor within theurban matrix wouldappearto have lowhabitat valuefor sheep.

Response:Thoughsheeptypicallyare foundin steeperterrain,numerousrecords

exist in thePeninsularRangesandelsewhereof occurrencesover0.8 kilometer

(0.5mile) from escapeterrain. The0.8 kilometer(0.5-mile)distancewas selected

to capturethe moretypical movementsonto the alluvial slopes. The20 percent

slope for escapeterrainwas taken from the publishedliterature. As discussedin
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AppendixB, arangeofslopeshavebeen recognizedby variousauthorsas escape

habitat. Flatter topographyencompassesmore productivesoils that supportmore

diverseandnutritious foragethat is seasonally criticalto sheep.Flatter
topographyalsocan be important for dispersal and for sourcesofseasonalwater.

Sheepin otherareasofthedesertsouthwesthave been known to move many

kilometersacross the desertfloor to reach neighboring mountainranges.Given

the limited number ofdocumentedmovementsofthis kind, not enoughis known
to delimit linkagedimensions.Ramsareespeciallyproneto use flatter areas

fartherremovedfrom escapeterrain. Ruggednesson flatter topography can

functionas escape habitat but has been difficult to measureandaccountfor in

studiespublished to date. The essentialhabitat map excludesthe lessfrequently
usedandlower value habitats characterizedby smallpatch sizeandproximity to

humandisturbance.

Issue: Designationofessentialhabitat asproposedwouldrestrictaccessfor

construction and maintenanceofinfrastructuralfacilities likefloodcontroland

water supply. Flood controlfacilities should notbe includedin essentialhabitat

because any useby sheepis incidentalto theprimarypurposeoftheselands.

Response:Caseby caseproject reviewsunder the regulatoryprovisionsof

sections7 and 10 of the Act will detenninewhether constructionofinfrastructural

facilities arecompatiblewith sheepsurvivalandrecovery. Basedon discussions
with Riverside County Flood Control and Water ConservationDistrict and

CoachellaValley Water District, normal operations and maintenanceofexisting
facilities would not conflict with the management objectives foressentialhabitat.

Flood controlfacilities typically occurin washesandalluvial habitatthat have

beenmostaffectedby historical habitatlossesand oftenstill supportthe same
important habitatvaluesas the surroundingareas. As such, thesefacilities are not

defactounsuitable or detrimentalto sheepuse. If reasonablymanaged,these

areas canfulfill their intendedfunctionwhile at thesametime not conflicting with

sheep usein thearea.

Issue: The recoveryplan does not discuss thepossibilitythatpasthabitat loss

from urbanizationin theSanJacinto andnorthernSanta RosaMountainsmay
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haveresultedin irreversiblepopulationdeclines,rendering essential habitat

designationin this areapotentiallyuseless.

Response:Therecoveryplanstrivesto intensifymanagement effortsto offset the

lossofhistoric habitat,andtherebymaintain functionalpopulationlevels in the

future. If populations become extirpatedandthe Recovery Teamandcooperating

agenciesdeterminethat habitat areasareno longercapableofsupportingself-

sustaining populations, futurerevisionsofthe recoveryplanmay delete essential

habitat and managementobjectives for thoseareas.

BIOLOGICAL ISSUES

Issue: Onecommenterthought thattheeyesightofbighorn equaling thatof

humansaidedby 8-powerbinocularsshould beemphasized.

Response:Accordingto Geist(1971),scientificevidenceis not available to

supportthis popularmyth, which probably originated withtheexperiencesof

hunters with the species.

Issue: The regular sightingsofbighornsheepin ChinoCanyon andTachevah

Canyonallegedby Fish andWildlife Servicebiologistsappearinconsistentwith

portionsofthedraft recoveryplanthat statebighornsheepvanishedfrom the

northernSanJacintoMountains afterconstructionofthe PalmSprings Aerial

Tramway.

Response:Though ramsstill range northof ChinoCanyon,eweshave not been

documentedin thenorthernSanJacintos(northof ChinoCanyon) since thelate

1980’s. Thetramwaywasconstructedin the early tomid-1960’s.

Issue: Thehigh numberofundeterminedcausesofdeathindicates thata better

explanationis neededofhow thedeathswere discoveredandhow the causes were

diagnosed.

Response:Most deathswere discoveredfrom radiocollaredanimalsbecausethe

fateofuncollared animalsis far more difficult to ascertain.When dead animals
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are found, thecauseofdeathis sometimesdifficult to determine because in many

cases,coyotesandotherscavengershave consumed the carcassso thoroughly that
theoriginal causeof death(whetherpredation or not) can not bedetermined.

Issue: Some commenters thought the recovery criteriaof25 ewesper9 ident~fied

regions andan averageof750 adultsfor delistingis too low to assuresurvival

andrecovery,and that the estimated rangewidecarrying capacityof1,000sheep
appearslow. Anothercommenterthought thecriteria requiring a minimumof25

ewesin each ewegroupwouldbe toodfftcult to achieve.

Response:Theteamandagenciesdecidedthat it would bedifficult tojustify a

higherpopulationlevel than was knownhistorically, especially given the

extensivehabitat lossandfragmentation,and other factors thatlikely have

reducedcarrying capacity overtime. Team members most familiar with the

PeninsularRangesassessedcurrent andhistoric habitatquality, andmaderegional

comparisonswith other bighornsheephabitatsin estimating currentconditions

and carryingcapacity. The9 regionswere deemed capableof supportingin

excessof 25 ewes, with the carrying capacity inmostofthe regions substantially

exceeding theminimum. Because750 is an average figure,it would be necessary

for the populationto rise abovethat level for some periodof time, likely in

responseto changing carryingcapacity.Theaveragingcriterion was selected

becauseit allows naturalpopulationfluctuations andmanagement flexibility.If

thelong-termcarrying capacity exceeds750 animals, thepopulationlikely would

exceed the750minimum establishedin therecoveryplan.

Issue: Theoperationsby the Bighorn Institutearecontributingto the decline

insteadofthe recoveryofbighorn sheep.Alternativemethods,such as on-the-

groundsurveys,shouldbe usedfor estimatingpopulationsize anddistribution,

insteadofmorehighly disruptivehelicopterflights. Helicoptercensusesand

captures arefarmore stressfulto sheepthan researchers,hikers, andriders

quietlymovingthroughsheephabitat.

Response:TheBighorn Instituteconducts hundredsof daysofon-the-ground
work and only about6 daysofhelicopterwork eachyear. Conductingon-the-

groundstudiesis oftennot feasibleon privatepropertyandcouldresultin
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significant disruptionto sheepif implemented at alevel neededto estimate

populationdistribution andabundanceatprecisionlevelscomparableto aerial

techniques. Even at currentlevels,on-the-grounddisturbanceassociatedwith

researchactivitiescouldbe detrimentalif not for rigoroussafeguards.For

example,Bighorn Institutebiologists regularlydocumentthrough radiotelemetry

thattheirpresence“bumps” or “pushes”sheep inflight awayfrom them,at which

point the field methodologyrequiresbackingoff, which often prevents the

recordingoffield data.

Issue. Whyis agricultural use adjoiningbighorn sheep habitat considereda

more compatibleuse,whereas residential andresortdevelopmentsarenot?

Response:Agriculturalactivitiesdo not generate the high levelsofsecondary

impacts,suchas human recreationin adjoining habitat, asis typically associated

with urban landuses. In addition,agricultural lands can berestoredto sheep

habitat,whereasurban landusescannot. Though agricultural landswere

excludedfrom delineated essentialhabitat, severalRecoveryTeammembers

recommendedtheybe includedbecauseof theirrestorationpotential.

Issue: Numerouscommentersinquiredwhetherstudies have beenconductedand

evidenceexistsfor thepresenceofbighorn sheepon their lands.

Response:We haveincludeda map with known locality recordsto provide a

better indicationofbighornsheepdistribution. References cited throughout the

recoveryplanshouldbe perusedto determinestudyareas and methods. The lack

of recordsfor certainareasdoes not necessarilyindicatethat sheep areabsent,

only that theirpresence hasnotbeen documented.

Issue: Theslow reproductiverate and long-term estimatesfor recovery shouldbe

acceleratedby importingsheepto increasepopulation levels.

Response:Unless thefactorsthat limit populationgrowth in the Peninsular

Ranges areaddressed,it is unlikely that a programto introduceanimalsfrom

outsideareaswould be successful.However, alleviatingin situ decimatingfactors

would allow the residentpopulationto expand onits own, whichwould foregothe
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need fortranslocation.Importing animalsalsoposes risksofdisease

transmission. Regardless,bighornsheeppopulationsthroughoutthe Mojave

Desertare currentlydepressedto the extentthatsurplusanimals are notavailable

for importation.

Issue: Given the historyofpopulationdeclinesin regions adjoiningurban areas,

it does notseemplausiblefor the recoveryplanto claimthatPeninsularbighorn

sheep havea highpotentialfor recovery.

Response:Therecoveryplan attemptsto build on pastexamplesandtaking

action soon enough to reverse thedeclineofsheepin ourmountains.The

RecoveryTeam and cooperatingagenciesbelieve that therecoverypotentialis

high if the managementrecommendationsin therecoveryplanare implemented.

Issue: Thefurther research andplanningrequired through the captiverearing

and augmentation guidelinesin AppendixC does notrecognizeor expeditethe

immediate recoveryneedsandissuesthat must beaddressedin the short-term.

After manyyearsofoperation,these issuesshouldalreadyhave beenaddressed

andaplan ready toimplement.

Response:The existingoperations oftheBighorn Institutearereviewedannually

by the agencies andadjustmentsmadeif needed.Captivebreedingfor population

augmentation,populationmonitoring,andresearchhavebeenand continueto be

theprimaryemphasesuntil changesin directionare agreedto by theInstitute,

agencies,and RecoveryTeam.

Issue: One commentersuggestedthat the draftrecoveryplan was deficient

becausea recentdiscoveryofa desertbighorn sheeppopulationin Ventura

County was not addressed.

Response:Sheep populationsin VenturaCountyare not includedin thedistinct

populationsegmentlisted in thePeninsularRangesand, therefore, are not relevant
to the recovery plan.
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Issue: Becausebighorn sheeparewildernessanimals,more emphasisshouldbe

placeon conservation effortsin Anza-BorregoDesertState Park,insteadof

urbanizingCoachella Valley, whereprospectsfor success arelessthan in more

remoteareas.

Response:Numerous subpopulations are necessaryto maintainthelarger
Peninsular Rangesmetapopulation.Therefore, recovery will requireprotectionof

all areas neededto maintainthe constituentsubpopulations.This protection will

requireincreased managementemphasis and cooperationamonglandmanagersin

urbanizedareas.

Issue: Thelimited dispersaland colonizationcapabilities contradictstatements

elsewherein the recoveryplanthat bighorn sheeparewide ranging animals

dependantupon large tracksofhabitat.

Response:True, eachindividual is a wide-ranging animal with a relatively large
homerange. This behaviorandknowledgeoftheseareasis learnedby the

offspring, whichis transmittedacrossgenerations.Though colonizationsofnew

habitat areknownto occur, they are not acommonevent. Rams aremorewide-
ranging than ewesandare knownto move betweenmountainrangesandewe

groups.

Issue: Thedraft recovery plan does not clearly indicatehowor whether models

would be usedto assistin gaininga betterunderstandingofthe interacting

factorsthatplacesheepat risk.

Response:Modelsarea toolthat helpassimilateknowledgeandunderstand

factorsthat placebighornsheepatrisk, for laterapplicationthrough management

prescriptions.Models shouldbe usedanytimethey can help usto better

understand bighornsheeppopulation dynamics,genetics,orecosystems.Though

the recoveryplanprovidesexamplesofhigh priority issuesthat shouldbe

examined with models, thepointsat which amodel wouldbe appropriate are

difficult to predict. Modeling is included in the sectionon researchbecauseit is

an ongoing processthat will have to be appliedandmodifiedas questions arise

andmoredatabecomeavailable.
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Issue: The recoveryplan is biologically inconsistent,arguingon theone hand

that humandisturbancein wildareas causesthemto avoidotherwiseimportant

habitat buton the hand arguing thatfencesareneededto preventsheepfrom

beingattractedto urban areas.

Response:Bighorn sheepreact differently to various kinds ofdisturbance
depending on numerous factors,including location.ThenorthernSantaRosa

Mountainsewe groupis theonly herdthathashabituatedto using the urban

interface, yetwheninwild habitatdistantfrom the urban edge, thesesamesheep

reactsimilarly to nonhabituatedherds—thatis, individualsrevertto normalwild

behaviorwhenawayfrom the urbanedge. The reactionis perhapsmost

pronouncedduringthe lambingseason,when ewes with lambs arefrequently

displacedby humandisturbance.This effect has beenrepeatedly documented

throughradio telemetry research,wheresheeparesometimesinadvertently

“bumped”or“pushed”farther away byresearchers,even though the sheep arestill

hundredsofmetersdistant and notvisible to the researchers. Inotherwords,

behavioralreactionsoften dependon geographicalandseasonalcontext,with the

spectrumofcontrasting responsesto humanstimuli most clearlyevidentwithin

this ewegroup.

PREDATORCONTROLISSUES

Issue: Radiocollarsmayrendersheep more vulnerableto predationand

thereforeshouldnot be usedasprevalentlyas they aretoday.

Response:We are not awareofdatathat indicatesradiocollared animals are at

greaterrisk ofpredationthanuncollaredanimals. Nonetheless,cooperating
agencieshave attemptedto balancethenumberofradiocollars tominimize

potentialrisk withoutcompromisinginformationneededto achievepopulation

recovery.

Issue: Whereasone commenterassertedthat theproposedpredatormanagement

measureswere too lax andshouldbemoreaggressivein termnsofmoving
predatorsfrom the area beforetheybecomean issue,anothercommenterclaimed

245

010471

011015



that scientflcevidencewassufficientto indicatethat mountainlion predationwas
not aproblemandthat managementmeasures,therefore,werenot warranted.

Response:This issue was discussed vigorously by theteamand agencies.

Because documented mortalities wereparticularlyhigh in certainewe groups, the

teamand agencies decided theprudentcourseofactiondictated ameasured

managementresponse,which would bemodifiedas more databecameavailable.

Issue. Predator managementshouldbe given higherpriority than land

management restriction because mortalityto predatorsis the morelikely limiting

factoron bighornpopulations.

Response:The draftrecoveryplanandavailableevidence indicatethat individual

subpopulations are affected by a varietyof influencesthataffect populationlevels

andthat thecombinationsandrelativestrengthoftheseinfluencestypically differ

amongewe groups and change over time.Therefore,the recoveryplanfocuseson

therangeofthreatsfacing bighornsheep.The recovery plan prescribes

predeterminedcriteriafor initiating predatormanagementandrecognizes the

importanceofhabitatprotection so thatrecovered populationshave sufficient
spaceto inhabit.

Issue: Thelong-termdeclinein habitatquality and deerpopulationsin the Santa

Rosa Mountainsshouldbe identifiedasa causeofhigh levelsofmountain lion

predationon bighornsheep,with a strategyto reverse thesituation. The recovery

planshould more clearly establish therelationshipofbighornsheep to mule deer
bysuperimposinga deer distributionmap.

Response:Mule deertypically occur at higher elevations than bighornsheep,

thoughrangesmay overlapregionallyandseasonally,such as during thewinter

when deerin some areas moveto lower elevations.Traditionalpredator/prey

theoryholds that predatorpopulationsincreaseanddecreasein responseto
fluctuating prey populations. However, thereareno dataindicatingthat high

levelsof predation aredueto declines in habitat quality or deer populations, or

whether preyswitchingmay beoccurringin the PeninsularRanges.Becausedata

on habitat quality,as well as deerandmountainlion populationsin thePeninsular

246

010472

011016



Rangesare not sufficiently robustto provide insight into thesequestions,the draft

and final recovery plansproposefocusedresearchto address thisecologicalissue.

Issue: The recoveryplan doesnotprovidecompelling evidence that the

predator/preysystemis not viable,andtherefore,predatorsshouldnot be

managedunlessa cause andeffectrelationshipwith bighornpopulation declines

is established.

Response: The highincidenceofpredation,comparatively loweradult

survivorshiprates than inotherregions,and long-termpopulationdeclines

suggestto land managers that predationis a limiting factor to population growth
in someareasofthePeninsularRanges.The cooperatingagencieshave agreed

thatthis evidenceis sufficient to prompt responsible but cautious management

intervention.

Issue: One commenterarguedthat counterto claimsin the draft recovery plan,

the only availablescientflcevidenceindicatesa declining trendin statewide

mountainlionpopulations.

Response:The evidencepresentedby the commenterlackedassociatedstatistical

analysis; therefore,the statistical resolutionofthe data cannot be evaluatedandno

-conclusionon population trendis possible.

TRAIL ISSUES

Issue: Theconstantpresenceofbighorn sheep along Highway111 in Rancho
Mirage indicateshumanactivities, such as hiking andjeepuse,maynot create

movementbarriers, assuggestedin the draft recoveryplan.Furtherinformation

is requestedto supportwhybackroads and trails are detrimentalto sheepwhen

theyare knownto cross6-lane highways(e.g. Highway111 in Rancho Mirage).

Response:The recovery plancitesnumerousstudiesthathave documented

avoidance behaviorto humanrelated disturbance(seePapouchiset al. 1999for

example).Numerousrecordsof vehicular relatedmortalityprovide further

evidenceofadverseeffects. The recovery plan seeksto remedy the maladaptive
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behaviorofhabituationto urban sourcesoffood andwaterso that sheepare better

ableto survivein the wild.

Issue: Atrails mapto clarfyandaccompanyTable10 is needed.

Response:Thougha good idea,an accuratetrails mapis not currentlyavailable.

Thecooperating agenciesare pursing the developmentofsuch amap.

Issue: Detailed mapsoflambing, rearing, and wateringhabitat areneededto
just~fyanydecisionsto closetrails.

Response:The distributionof lambing,rearing,andwateringhabitatis

incompletely knownand,therefore,cannotbe accuratelymapped. The final

recoveryplan hasbeenmodified to include a morecompletesetof information

upon whichtrails decisionsshouldbe based.

Issue.’ A permitsystem shouldbe usedfor controllingtrail useon all trails for

which conflictswereidentifiedin therecoveryplan.

Response:The cooperatingagenciesareworkingwith interestgroupsin the

formulationofa rangeofalternative trailsstrategiesthat include thisoption.

Issue: The recoveryplanshouldconsiderthat in theSanJacintoMountains,the

existing trails network appears toprovideapassivedisturbanceboundary that

maycontrolsheepaccessto theurban interface andpreventexposureto the

urbanhazardsexperiencedin thenorthernSanta RosaMountains. Consequently,

seasonal orpermanenttrail closurescouldhave unintended adverseeffects.

Response:A trails management planpreparedby the land managementagencies

and interest groupswill consider themerits ofthis comment. Certainadjustments

to theexistingtrails networkandassociated monitoring couldbe implementedto

improveuponthis concept.

Issue: More specificityis neededin describingwhere human disturbance and

other indirect effectsofurbanizationis conflictingwith sheepconservation.
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Response:Human intrusionandassociated disturbancehas the potential to extend
wherever access into habitatis provided. Thoughlambingandwatering habitats

are particularly vulnerable, excessive human use throughout the year mayalso

affect bighorn persistence.

Issue.’ Will mitigation creditsbegivenfor theeradicationofinvasive non-native

plants?

Response:Conservationmeasures for proposed projects willbe determinedon a

case by case basis through regulatory processesoflocal, State,and Federal

agencies.

Issue: TheJanuarythroughJunetrail conflictsin theSanJacintoMountains

appearexcessiveif the lambing season there extends onlythroughmid-March.

Response:The draft recoveryplanstatedon page12 that DeForgeeta!. (1997)

found a similar onsetto the lambingseasonin Februaryin theSanJacintos.

Cunninghamfoundthat lambing in Carrizo Gorgeextendedonly to mid-March.

Lambs are critically dependentupontheirmothers for several monthsafterbirth.

Issue: Ratherthan monitoringto ensurecompliancewith seasonaltrail closures

before allowingconstructionoftrail reroutes outoflambinghabitat, the recovery

planshouldallowsimultaneousconstructionofalternative trail routesto enhance

the effectivenessofseasonal closureson existingtrails in lambing habitat.

Response:Thefinal recoveryplan has beenmodifiedto incorporate flexible

approaches thatwill be providedin more detailin thetrails managementplan

preparedby the cooperatingagenciesand interests.Without adequate

managementand monitoring, this approach couldresultin moretrails andno

reductionin useofproblematictrails.

FENCINGISSUES

Issue: The draft recoveryplan does notprovideevidencefor the effectivenessof

theproposedfencingasa mitigation measure andfails to addresstheassociated
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financialand visualburdens.Exceptin areas with vehicularrelatedmortalities,

the needforfencingis questionable,considering thepotentiallydetrimental

effectsofseveringhabitat, restricting sheepmovement,and rendering sheep more
vulnerableto predationagainstfences.Alternativestofences,suchas

nonmotorizedtrails adjoiningdevelopment,whichwouldprovidea deterrentto

sheep movementinto urbanareas, warrant moreanalysis. By imposing the

mandateforfencingon privateproperty withoutadequatejustification, thedraft

recoveryplanactedin an arbitrary mannerin excessofstatutoryauthority.

Response:The cooperatingagenciesare opento alternative meansofcontrolling

sheepmovementsinto urbanareas. However, somelandownersandjurisdictions

have chosen fencing as anaffordableandreliable solutionto theproblemof

behavioralhabituation. Wheninstalled,fenceshave proven effective and

aesthetic concerns have beenaddressedthroughalternativedesignsand

alignments. Fencingalong theurban interfaceis intendedto benefit sheep by

curtailing movement into areas withunnaturalsourcesofmortality and help
reduce herdmortality ratesto sustainablelevels. The demonstrated lossof

animalsto vehicular relatedmortality,poisoningfrom landscapingplants,

drownings, etc.,establisha legal nexusto warrant measuresto preventthese

adverseeffects.

NON-NATIVE ANIMAL ISSUES

Issue: Therecoveryplan needsto establisha bufferzonebetween bighornsheep

habitat and cattlegrazing,as was donefor domestic sheep grazing, so that the

risk ofdiseasetransmissionis minimized.

Response:Thereis no conclusive evidenceto supporta buffer zonefor disease

protectionfrom cattle as thereis for domesticsheep.Therecoveryplan
recommendsresearchon disease transmission betweenlivestock andbighorn,and

if a buffer zoneis shownto be warranted,future iterationsoftherecoveryplan

will be amended accordingly.

Issue: Cattlegrazingand associatedfencingshould notbe allowedfor various

reasons,including diseasehazardsand riskofphysicalinjury to bighornsheep.
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Response:We agreethat fencingshouldbe minimizedandeliminatedif possible.

If fencingis necessary,designguidelineshave been developedthat minimize and
preventtherisk of injury. The recovery plan establishes the needto thoroughly

review the appropriatenessofcattle grazingin sheephabitatandtake actionif

prudent.
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