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As the Nation’s principal conservation agency, the
Departmentofthe Interior hasresponsibilityfor mostof
our nationallyownedpublic landsandnatural resources.
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resources,protectingourfish andwiWlife, preservingthe
environmentaland cultural valuesof our nationalparks
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life through outdoorrecreation. TheDepartmentassesses
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their developmentis in the bestinterestsofall ourpeople.
The Department also has a major responsibility for
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wholive in islandTerritories underU.S. administration.
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DISCLAIMER PAGE

Recoveryplansdelineatereasonableactionswhicharebelievedto berequiredto recoverand/or
protectlisted species.Plansarepublishedby theFishandWildlife Service,sometimesprepared
with theassistanceofrecoveryteams,contractors,Stateagencies,andothers.Objectiveswill be
attainedandany necessaryfundsmadeavailablesubjectto budgetaryandotherconstraints
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not necessarilyrepresenttheviews, official positions,orapprovalof any individualsoragencies
involvedin theplanfonnulation,otherthantheFishandWildlife Service,andgnjy aftertheyhave
beensignedby theRegionalDirectororDirectoras~ppr.Q~d.Approvedrecoveryplansare
subjectto modificationasdictatedbynewfindings,changesin specialstatus,andthecompletion
ofrecoverytasks.

LiTERATURE CiTATION SHOULD READ AS FOLLOWS

:

FishandWildlife Service. 1994. Deserttortoise(Mojavepopulation)RecoveryPlan. U.S. Fish
andWildlife Service,Portland,Oregon.73 pagesplus appendices.

Additional copiesmaybepurchasedfrom

:

FishandWildlife ReferenceService
5430GrosvenorLane,Suite110
Bethesda,Maryland20814
Telephone:(301)4926403or
l-(800) 582 3421

Thefeesforplansvary dependingon thenumberofpages.
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EXECUTIVE SUMMARY

Current Status:

Therangeofthedeserttortoise,Gopherusagassizii,includestheMojaveandSonorandesertsin
southernCalifornia, southernNevada,Arizona,thesouthwesterntip of Utah,andSonoraand
northernSinaloa,Mexico. TheMojavepopulationof thedeserttortoise(an administrative
designationfor animalsliving northandwestoftheColoradoRiver) waslistedasthreatenedon
April 2, 1990. Critical habitatfor theMojavepopulationwasdesignatedon February8, 1994.

Habitat Requirementsand Limiting Factors:

TheMojavepopulationof thedeserttortoiseoccursprimarilyon flats andbajadascharacterizedby
scatteredshrubsandabundantinter-spaceforgrowthofherbaceousplants,with soils rangingfrom
sandto sandy-gravel.Deserttortoisesarealsofoundon rockyterrainandslopes,andthereis
significantgeographicvariationin theway deserttortoisesuseavailableresources.

TheMojavepopulationwaslistedbecausedeserttortoisenumbersaredecliningprecipitouslyin
manyareas.Thesedeclinesaremainly attributedto directandindirecthuman-causedmortality
coupledwith the inadequacyofexistingregulatorymechanismsto protectdeserttortoisesandtheir
habitat. Impactssuchasthedestruction,degradation,andfragmentationofdeserttortoisehabitat
resultfrom urbanization,agriculturaldevelopment,livestockgrazing,mining, androads.Human
“predation” is alsoamajorfactorin thedeclineofdeserttortoisepopulations.Predationis used
herein its broadestsense,meaningthetakingofdeserttortoisesoutoftheirpopulationseitherby
death(accidentalor intentional)orremovalfrom nativehabitat. An upperrespiratorytractdisease
(URTD) is an additionalmajorcauseofdeserttortoisemortality andpopulationdecline,
particularlyin thewesternMojaveDesert.

Recovery Objective:

Delistingthroughrecovery.

Delisting Criteria:

Genetics,morphology,behavior,ecology,andhabitatusedefinesix distinctpopulationsegments
orrecoveryunits’ within therangeof theMojavepopulation: northernColorado,eastern
Colorado,upperVirgin River,easternMojave,northeasternMojave,andwesternMojave. The

1 Forthepurposeof this document,the following definitionsshouldbeused:

Recoveryunit - a geographicareaharboringanevolutionarilydistinctpopulationof thedeserttortoise
(Mojavepopulation);
DesertWildlife ManagementArea(DWMA) - adminisu~ativeareawithin therecoveryunit whichis managed
suchthatreserve-levelprotectionis affordeddeserttortoisepopulationswhile maintainingandprotecting
othersensitivespeciesandecosystemfunctions(e.g.,watersheds).

i
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populationwithin arecoveryunitmaybeconsideredfordelistingwhenthefollowing criteriaare
met

(1) As determinedby ascientificallycrediblemonitoringplan,thepopulationwithin arecovery
unitmustexhibitastatisticallysignificantupwardtrendor remainstationaryfor atleast25 years
(onedeserttortoisegeneration);

(2) enoughhabitatmustbeprotectedwithin arecoveryunit, or thehabitatanddeserttortoise
populationsmustbe managedintensivelyenoughto ensurelong-termviability;

(3) provisionsmustbemadeforpopulationmanagementwithin eachrecoveryunit sothatdiscrete
populationgrowthrates(lambdas)aremaintainedat orabove1.0.

(4) regulatorymechanismsorlandmanagementcommitmentsmustbe implementedthatprovide
for long-termprotectionof deserttortoisesandtheirhabitat;and

(5) thepopulationin therecoveryunit is unlikely to needprotectionundertheEndangeredSpecies
Act in theforeseeablefuture.

Actions Needed:

This RecoveryPlandescribesa strategyfor recoveryanddeisting. Keyto thisstrategyis

- theestablishmentof atleastoneDesertWildlife ManagementArea

- implementationofreservelevelprotectionwithin eachDWMA

so asto maintainatleastoneviablepopulationata minimumdensityof 10 adulttortoisesper
squaremile within eachof thesix recoveryunits. Basedon geneticanddemographic
considerationsoutlinedin thePlanit is recommendedthateachDWMA within arecoveryunit be
atleast1,000squaremilesin extentsoasto containaviablepopulationof deserttortoisesthatis
relatively resistantto extinctionprocesses.To insurepopulationpersistencethePlanproposes
multipleDWMAs connectedby protectedfunctionalhabitatwithinrecoveryunitswhereverenough
extantdeserttortoisehabitatexists. Multiple, smaller,andmoreintensivelymanagedDWMAs
with a combinedareaof 1,000squaremilesmaybe necessaryin recoveryunitswhereindividual
DWMAs of 1,000 squaremiles arenotpossibleto containaviablepopulation. In all, 14 DWMAs
areproposed.

TheRecoveryPlanrecommendsgeneralareaswhereDWMAs shouldbeestablishedwithin
recoveryunits. DWMA selectionandboundarydelineation,however,shouldbe accomplishedby
landmanagementagenciesin closecoordinationwith theFishandWildlife ServiceandState
wildlife agencies,aftersolicitinginputfrom otherinterestedparties. ThedesignofDWMAs
shouldfollow acceptedconceptsof reservedesign. Action Need 1 is recommendedto establishthe
DWMAs:

1. Developandimplementrecoveryunit managementplans. This taskincludes(a) selectionand
delineationof DWMAs, (I,) securingof habitatin DWMAs, (c) developmentof managementwithin
DWMAs necessazyto reduceoreliminatefactorswhichhavecauseddeclinesin deserttortoise
populations,(d) implementationof DWMA management,and(e) monitoringof therecoveryeffort.

Additional actionsneededto accomplishrecoveryare:
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2. Environmentaleducationto inform thepublicaboutthestatusof thedeserttortoiseand
regulationswithin DWMAs

.

3. Researchactivitiesnecessaryto monitorandguidetherecoverveffort

.

Costs:

(in $l,000s) Costsof specificmanagementactionsin
DWMAs will bedeterminedafterrecoveryunit management
plansaredevelopedandareshownas“to be determined”
(TBD).

Year

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

Need 1

860

2055

0

0

1135

0

0

1135

0
0

1135

0

0

Recovery
Costs

:

6,320

Need2

950

0

0

0

0

0

0

0

0

0

0

0

0

950

Need 3

1760

1817

1750

1225

1205

325

305

285

285

300

90

50

70

9,432

Total

3570

3872

1750

1225

2340

325

305

1420

285

300

1225

50
70

16,702

Dateof Recovery: Delistingcouldbe initiatedin year
2019 if recoverycriteriahavebeenmet.
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proposedDesertWildlife ManagementAreas;AppendixG proposes
ameansto analyzetheenvironmentaldeterminantsof population
size;AppendixH containsdesignateddeserttortoisecritical habitat
mapswhichwerebaseduponDWMA boundariesproposedin the
Draft Plan;andAppendixI providesasummaryof thecomments
receivedon theDraft Plan.

A. Status of the Mojave Population of the Desert
Tortoise.
1. Listing of the Mojave Population.

In theearly 1970’s,biologistsbeganto recognizethatdeserttortoise
populationsweredecliningthroughmuchoftheirrangein the
United States.In 1980,theFishandWildlife Servicelistedthe
deserttortoiseontheBeaverDamSlopein Utahasafederally
threatenedspeciesanddesignatedcritical habitat. In 1984, the
DefendersofWildlife, NaturalResourcesDefenseCouncil,and
EnvironmentalDefenseFundpetitionedtheFishandWildlife
Serviceto list thedeserttortoiseasendangered(FishandWildlife
Service1985). In 1985,theFishandWildlife Servicemadea
determinationthatthelisting waswarranted,but actionwas
precludedbecauseof otherpendinghigherpriorities. New
informationon mortality ratesresultedin theemergencylisting of
deserttortoisesnorthandwestoftheColoradoRiver(excludingthe
BeaverDamSlopepopulation)asendangered,onAugust4, 1989
(FishandWildlife Servicei989a). TheentireMojavepopulation*
wassubsequentlylistedasthreatenedon April 2, 1990(Fishand
Wildlife Service1990a). Theprimaryreasonsfor listing this
populationincludeddeteriorationandlossofhabitat,collectionfor
petsorotherpurposes,elevatedlevelsof predation,lossofdesert
tortoisesfrom disease,andtheinadequacyof existingregulatory
mechanismsto protectdeserttortoisesandtheirhabitat(Fishand
Wildlife Servicei990a).

2. Critical habitat designation.

In 1993severalenviromnentalgroupssuedtheDepartmentof the
Interiorto compeldesignationofcritical habitatfor theMojave
populationof thedeserttortoise,allegingthattheSecretaryhad
failed to meetthedesignationdeadlineundersection4(bX6)(C)(ii)
oftheEndangeredSpeciesAct Finalcritical habitatdesignationfor
theMojavepopulationwaspublishedin theFederalRegisterin
February1994 (59FR 5820). Designatedcritical habitatfor the
deserttortoiseencompassesportionsoftheMojaveandColorado
desertsthatcontaintheprimaryconstituentelementsandfocuseson
areasthatareessentialto thespecies’recovery.Thecritical habitat

* “Mojave population”asusedhereis aregulatorydesignationfor thosedeserttortoisesoccurringnorthand
westof theColoradoRiver. Elsewherein thisdocument“population”adheresto thebiologicaldefinition:
agroupof individualsin agivenareaatagiventime (Ehrlich etal. 1974).

2
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unit boundarieswerebasedonproposedDWMAs in theDraft
RecoveryPlanfortheDesertTortoise(MojavePopulation)(Fish
andWildlife Service1993)(AppendixH). Furtherdiscussionof
critical habitatandits relevanceto recoveryof thespeciescanbe
foundin Sectionll.E.

3. Current population trends.

It is estimatedthatmanydeserttortoisepopulationshavedeclinedat
ratesrangingbetween3 and59%peryear(Beny 1990,as
amended).Thesedeclineshavebeenattributedto directtakeby
humans(e.g.,collectionfor petsorfood,shooting,killing and
injuring with motorvehicles);habitatloss,degradation,and
fragmentation(e.g.,dueto roads,agriculture,residential
development,military training);diseases;andrecentdrought
(Sieverset al. 1988,Luckenbach1982,Coombsi977aandb,
AppendixD). Populationsin areaswith ahighincidenceofknown
human-causedmortality exhibitthegreatestdeclines(Figure1).

B. Reasonsfor Decline.
Thefollowing accountdrawsuponalargebody ofliterature
detailingthemajorcausesof deserttortoisepopulationdecline
(rable 1). This informationis reviewedin AppendixD andin
Jacobson(1994),exceptwhereotherwisecited.

Themostseriousproblemfacingtheremainingdeserttortoise
populationsin theMojaveregion(theareaoccupiedby theMojave
populationof thedeserttortoise)is thecumulativeloadof human
anddisease-relatedmortality accompaniedbyhabitatdestruction,
degradation,andfragmentation.Virtually everyextantdesert
tortoisepopulationhasbeenaffectedbyoneormoreofthese
factors. While therecentdroughtundoubtedlyexacerbatedalready
difficult conditionsfor deserttortoises,currentpopulationdeclines
arenot simp1ytheresultof drought Droughtis anaturaloccurrence
whichdeserttortoiseshaveexperiencedandsurvivedfor thousands
ofyears(VanDevenderetal. 1987).

Asaresultofcumulativeimpacts,deserttortoisepopulationshave
beenextirpatedoralmostextirpatedfromlargeportionsof the
westernandnorthernpartsof theirgeographicrangein California
(e.g.,Antelope,IndianWells.andSearlesvalleys)(AppendixD).
Populationdeclinesorextirpationsattributableto cumulativeimpacts
haveoccurredin andneartheCaliforniacommunitiesofMojave,
Boron,KramerJunction,Barstow,Victorville, AppleValley,
LucerneValley, andTwentyninePalms. Similarpatternsareevident
nearLasVegas,Laughlin,andMesquite,Nevada;andStGeorge,
Utah. Futureextirpationscanbeexpectedin thevicinity of all cities,
towns,andsettlements.
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Figure 1. The numberofadultdeserttortoisesfoundon deserttortoisetrendplots
locatedin California (Berry 1990,asamended)Thestudyplotsshownoccurin areaswith
ahighincidenceofknown human-causedmortality. All dataarenormalizedto thehighest
populationsizerecordedwithin theyearspopulationsweremonitored. Thedownward
trendin populationdensityishighly significant(Fl,l4 = 28.4,p<0.0001).
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Table 1. Partialsummaryof referencesrelatingtheeffects(direct andindirect)of human
activities,off highwayvehicles(OHVs), andgrazingofdomesticcattleandsheepondesert
tortoisehabitatandon thedeserttortoise(GopherusagassiziO.
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1. Human contact and direct mortality.

Human“predation”is amajorfactorin thedeclineof thedesert
tortoise. Herepredationis usedin its broadestsense,meaningthe
takingof deserttortoisesoutof theirnaturalpopulationseitherby
death(accidentalor intentional)orby removal. Peopleillegally
collectdeserttortoisesforpets,food,andcommercialtrade. Some
newimmigrantsto theUnitedStatescollectdeserttortoisesfor
medicinalorotherculturalpurposes(Section4.1 ofAppendixD).
Stewart(1991)reportedthatfrom 12.5 to 43.7%of deserttortoises
with radiotransmitterswerepoachedorsuspectedof beingpoached
from his researchsitein thewesternMojaveDesertbetween1987
and1991. Berry(1990,asamended)presentedsimilarevidenceof
illegal collectionsatastudyplotnearStewart’ssiteduringthe
1980’s. Evenin remoteareas,deserttortoisesonpermanentstudy
plots havebeencollectedandlaterhaveappearedin cities ortowns
dozensof miles awayfrom theplots.

Deserttortoisesareoftenstruckandkilledby vehicleson roadsand
highways,andmortality ofdeserttortoisesdueto gunshotandoff-
highwayvehiclesis commonin partsof theMojaveregion,
particularlynearcitiesandtownswherepeopleanddeserttortoises
mostfrequentlycomein contact. Forexample,between1981 and
1987,40%of thedeserttortoisesfounddeadonastudyplot in the
FremontValley, California,werekilled by gunshotorvehicles
travelingcross-countryoron trails (Berry 1990,asamended).Berry
(1986a)reportedthatnearly15%of635 deserttortoisecarcasses
thatwereexaminedfrom severalCaliforniastudysitesshowedsigns
of gunshot.

2. Predation.

Deserttortoises,particularlyhatchlingsandjuveniles,arepreyed
uponby severalnativespeciesof mammals,reptiles,andbirds.
Domesticandferal dogsareanew, andprobablysignificant,source
of mortality (CauseyandCude 1978,Berry 1979). Predationby the
commonraven(Co,visscorax) is intenseon youngerageclassesof
thedeserttortoise,andtheFishandWildlife Service’sBreeding
Bird SurveyProgramprovideddatato showa 15-fold increasein
ravenpopulationsin theMojaveDesertanda4.7-foldincreasein
ravenpopulationsin theColoradoandSonorandesertsfrom 1968
and1988(BureauofLandManagementet al. 1989, Table1).
Ravenpopulationincreasesseemto be dueto increasedfood
supplies,(e.g.,roadkills, landfills, trash,garbagedumps,
agriculturaldevelopments),aswell asnewsitesfor perchesand
nests(e.g.,fenceposts,powerpolesandtowers,signs,buildings,
bridges,andfreewayaccess-ramps).

Thecontributionof mammalianoravianpredationto overall desert
tortoisemortality is notwell understood.Thebest-documented
predatoris theraven. Berry (1990,asamended)believesthat
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predationpressurefrom ravensprobablyhasresultedin suchhigh
lossesofjuvenilesin someportionsoftheMojaveregionthat
recruitmentof immaturedeserttortoisesinto theadultpopulationhas
beenhalted.Increasedmortality ofyoungdeserttortoisescombined
with drasticallyloweredsurvivorshipof adultsis likely responsible
for observedcatastrophicpopulationdeclines(Berry 1990,as
amended).

3. Disease.

Diseasehascontributedto highmortality ratesin thewesternMojave
Desertin thelast fouryears(Berry 1990,asamended,Avery and
Berry 1990,Jacobson1994). Diseaseis alsosuspectedof
contributingto declinesin deserttortoisepopulationsin the
ChuckwallaBenchareaof theeasternColoradoDesertandatsome
siteson theBeaverDamSlopein thenortheasternMojaveDesert
(Berry 1992,Jacobsonet al. 1994).

An upperrespiratorytractdisease(URTD) is prevalentin captive
deserttortoisesandhasbeenidentifiedin wild deserttortoisesin
manylocalitiesin theMojaveregion. Thediseaseis currentlya
majorcauseofmortality in thewesternMojaveDesertandperhaps
elsewhere.RecentstudieshavedemonstratedMycoplasmaagassizii
sp.nov. asthecausativeagentofURTD. A serologicaltesthas
beendevelopedto determineexposurestatusof deserttortoisesto
URTD (Schumacheret al. 1993). Predisposingfactorssuchas
habitatdegradation,poornutrition,anddroughtarealsolikely
involved (Jacobsonet al. 1991). Droughtandconcomitantpoor
nutritionhavethepotentialto compromisedeserttortoises
immunologicallyand,therefore,makethemmoresusceptibleto
URTD. However,in recentexperimentalstudies,URTD was
inducedin apparentlyhealthydeserttortoiseswhenchallengedwith
anisolateofM. agassiziiobtainedfrom anill deserttortoise(M.B.
Brown,UniversityofFlorida, pers.comm. 1993). Undercertain
conditions,evenhealthydeserttortoisesmaybecomeinfectedwith
thecausativeorganismanddevelopsignsofURTD. Controlling
human-relatedspreadof URTD (Jacobson1994),improvinghabitat
conditions,andmonitoringhealthstatusof deserttortoise
populationsaresomeofthemoreimportantmanagementtools
whichcanbeusedin controllingURTD in wild populationsof the
deserttortoise.

URTD appearsto be spreading,andmayhavebeenintroducedto
wild populationsthroughillegal releasesofcaptivedeserttortoises
thatwereill (Jacobson1994). Wild deserttortoiseswith signsof
URTD arecommonlyfoundnearcities andtownswith
concentrationsofcaptivedeserttortoises(Marlow andBrussard
1992).

A shelldisease,characterizedby lesions,is correlatedwith desert
tortoisedeclinein theChuckwallaBenchpopulationin theeastern
ColoradoDesert(Jacobsonetal. 1994,Berry 1992). Lesions
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typically appearat seamsbetweenadjacentscutesandthenspread
towardthemiddleof eachscutein anin~egularpattern.A varietyof
mineralandmetaldeficiencies,aswell asvarioustoxicants,are
knownto causeintegumentarypathologyin mammals,suggestinga
diseaseortoxicosismaybe responsiblefor theseobservedshell
abnormalities(AppendixD).

4. Habitat destruction, degradation, and
fragmentation.

Changesin vegetationaccumulatingoveralmostacenturyandahalf
in theMojaveregionhavebeensubstantial.Ingeneral,these
changesarecharacterizedby decreasesin perennialgrassesand
nativeannualsandanincreasein exoticephemeralssuchasred
brome(Bromusrubens). Continuousstandsof exoticephemerals
providefuel whichcancarryfire overlargeareas.Historically,fires
weresmall orinfrequentovervastareasoftheMojaveregion,and
becausenativedesertplantshavenotevolvedwith fire andarenot
adaptedto it, theygenerallyarekilled by high-intensityfire. The
increasingincidenceandseverityof firesin theMojaveregionare
alreadyconvertingdesertshrublandsinto ephemeralgrasslands.
Theeffectsof invadingexoticgrasseson severalecosystemshave
recentlybeenreviewedby D’Antonio andVitousek(1992).

Thesevegetationalchangescanbedetrimentalto deserttortoisesfor
anumberof reasons.First, theseanimalsrequireperennialshrubs
forcoverfrom theintensesolarradiationin thedesert.Second,
perennialgrassesareimportantsecondaryfoodsourcesforthe
deserttortoisein manyareas.Third, recurrentfires andcompetition
from exoticephemeralsmayreducetheabundanceanddiversityof
nativeforbswhich arethemajorfoodsourceof thedeserttortoise.
Finally, majorfires fragmentdeserttortoisehabitat;fires canalso
kill deserttortoises(AppendixD).

Habitatfragmentationis amajorcontributorto populationdeclines
(Berry 1984b,Berry andBurge 1984,Berry andNicholson1984b,
andBeny 1984c).Deserttortoisesrequireagreatdealof spaceto
survive(Figure2; seealsoAppendixC). Overits lifetime, each
deserttortoisemayrequiremorethan 1.5 squaremiles ofhabitatand
maymakeforaysof morethan7 milesat atime(Berry 1986b;
Esqueet al. in prep; K.H. Berry,pers.comm.1993). In drought
years,deserttortoisesforageover largerareas(Figure2) andthus
haveagreaterprobabilityofencounteringpotentialsourcesof
mortality. Roadsandurbanareasformbarriersto movementand
tendto createsmall,local populationswhich aremuchmore
susceptibleto extinctionthanlarge,connectedones(Wilcox and
Murphy 1985).
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Grazingby cattle,domesticsheep,andferalequidscanalsoaffect
deserttortoisesandtheirhabitatsnegatively. Livestockcankill
deserttortoisesandeggsdirectly by trampling. Grazingcanalso
damagesoil crusts,reducewaterinfiltration, promoteerosion,
inhibit nitrogenfixation in desertplants,andprovideafavorable
seedbedfor exoticannualvegetation.Habitatdestructionand
degradationis especiallyevidentin thevicinity of livestockwater
sources.Off-roadvehicle(ORV) usealsodestroys,degrades,and
fragmentsconsiderableareasofdeserttortoisehabitat;and
disturbancesfrom bothgrazingandORVs facilitatetheinvasionof
exotic plantsandincreasedincidenceoffire (Table 1, AppendixD).

A varietyof otherhumanuseshavecausedsignificantquantitative
andqualitativelossesofdeserttortoisehabitat.Urbanization;
agriculturaldevelopment;constructionanduseof transportation
routesandcorridors;developmentof utility corridors;exploration
for anddevelopmentof hardrock minerals,sandandgravelpits,oil
andgas,andothermineralresources;andconcentratedvisitor use
areall importantcausesof widespreadhabitatdestruction. In some
portionsofthedesert,military activities suchasmaneuvers,
bombings,andexplosionsalsocontributeto thedegradationand
lossofdeserttortoisehabitat(Kryzik andWoodman1991,Fishand
Wildlife Service1992). Thecombinedeffectsofthesevarious
activitieshaveresultedin extirpationsandpopulationdeclinesof
deserttortoisesthroughouttheMojaveregion. Therelative
contributionsofthesefactorsarewell documentedin someareas,
but not in others(Table 1, AppendixD).

C. Current Management

1.Endangered SpeciesAct protection.
Section9 of the EndangeredSpeciesAct prohibits the takeof any
listed wildlife species,including the deserttortoise.Thedefinition of
“take” includesto harass,harm, hunt, shoot,wound, kill, trap,
capture,collect,or attemptto engagein anysuch conduct. “Harm”,
in the definition of “take”, includessignificant habitatmodification
ordegradationwhereit actually kills or injures wildlife by
significantly impairing essentialbehaviorpatterns,including
breeding,feeding,or sheltering(50 CFR 17.3). Sections7 and 10
of the EndangeredSpeciesAct provideregulatorymechanismsfor
actionsaffecting deserttortoisesonpublic andprivate lands,
respectively.Section7(a)(1) directsFederal agenciesto usetheir
authoritiesto carry out programsfor the conservationof endangered
and threatenedspecies.Through the section7(a)(2)process,all
Federal agenciesare requiredto ensurethat anyaction they
authorize,fund, or carry out in the United Statesor upon the high
seasis not likely to jeopardizethe continuedexistenceofany listed
species[50CER 402.01(a)]. Sectionl0(a)(l)(B) of the
EndangeredSpeciesAct givesthe Fish andWildlife Servicethe
authority to issuepermitsto non-Federal andprivateentitiesfor the
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takeof listed wildlife species,aslong assuchtaking is incidentalto,
andnot thepurposeof, carryingoutotherwiselawful activities(16
U.S.C. 1539). A section10(a)(l)(B)permitis grantedonly if the
applicantinstitutesappropriateconservationmeasuresforhabitat
maintenance,enhancement,andprotection,coincidentwith the
action.

Sincetheemergencylisting of thedeserttortoisein August1989,
theFishandWildlife Servicehasreviewedhundredsofproposals
foractivitiesthatcouldadverselyaffect thedeserttortoise. Overthis
time,theFishandWildlife Service,otherFederalagencies,and
Statewildlife agencies,havedevelopedandimplementedmeasures
to minimizeharmandmortality to deserttortoisesresultingfrom
humanactivities. Thesemeasuresincludethefollowing provisions
for avoidingimpactsto deserttortoisesfoundin projectareas:
movinganimalsfrom harmrsway to adjacentundisturbedhabitat
wheretheirprobabilityof survival is increased;landacquisitionand
protectionascompensationfor destructionof deserttortoisehabitat;
increasedlaw enforcement;improvedmanagement;public education;
andresearch.TheFishandWildlife Servicehasspecifiedthatall
handlingof deserttortoiseswouldbein accordancewith procedures
approvedby them.

Thesection7 processcaninfluencetheplanningactivitiesofFederal
agenciesto reduceimpactsto deserttortoisesand,in somecases,
benefitdeserttortoises.Forexample,throughinformal consultation
with theFishandWildlife Service,theMarineCorpsdevelopedan
alternativelocationfor anewairfield thatavoidedimpactsto the
largestconcentrationofdeserttortoisesat theMarineCorpsAir
GroundCombatCenterat TwentyninePalms,California. In
anotherexample,throughthesection7 consultationprocesstheFish
andWildlife ServiceandtheNavydevelopedaprogrammatic
approachfordeserttortoisemanagementandroutineoperationsat
theNavalAir WeaponsStationatChinaLake,California. This
consultationspecifiedstandardmitigation measuresfor Navystaff to
implementwheneverdeserttortoisesareencounteredduring an
action. TheNavyhasestablishedanareaof approximately200,000
acresin whichit will attemptto avoidsitingany newfacilities that
would resultin thedisturbanceofgreaterthan2.5 acresofdesert
tortoisehabitatatanyonetime. TheNavyalsocommittedto
continueits ongoingeffortsto removeferalburrosfrom desert
tortoisehabitatandto fenceits boundaryto preventlivestockgrazing
on its lands. In Nevada,programmaticconsultationsdirectedurban
developmentandORV usein theLas VegasValley to areasof
degradedor poorhabitat,therebyreducingconflictsin areas
necessaryfor deserttortoiserecovery.

Otherimportantsection7 consultationshaveresultedin timeand
spacerestrictionson domesticsheepandcattlegrazingandreduced
impactsto deserttortoisesandtheirhabitatresultingfrom ORY
activities,right-of-waydevelopment,mining operations,military
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actions,andmanyotheractivitiesauthorized,funded,orcarriedout
by Federalagencies.

In 1991,theFishandWildlife Serviceissueda3-yearsection
10(a)(1)(B)incidentaltakepermitto Clark Countyandthecities of
LasVegas,NorthLas Vegas,Henderson,andBoulderCity in
Nevada.As aconditionof thepermit,thepermitteesare
implementingahabitatconservationplan(HCP) whichprovidesfor
conservationandmanagementofat least400,000acresin Clark
Countyfor thebenefitofthe deserttortoise(RECON 1991). Three
typesof mitigationmeasuresarerequiredby thetermsofthepermit:
(1) conservationandmanagementof deserttortoisehabitat,(2)
initiation ofadeserttortoiseresearchandrelocationprogram,and
(3) impositionofa$550-per-acremitigationfeeon projectsin the
permitarea. Keymanagementactionstobe implementedon the
400,000ormoreacresof conservationlandsinclude: acquisition
andretirementofgrazingprivileges;designationofroadsandtrails
andeliminationof off-highwayvehicleeventsovermostof the
conservationlands;nonewlandfills or intensiverecreationsites;and
adequateenforcement,biological monitoring,andmaintenance
actionsneededto implementtheseactions. The$550-per-acre
mitigationfeesaretobeusedto fundtheconservationandmitigation
measures.Thepermitteesarepursuingalong-termincidentaltake
permitwhich will addressall ofClarkCountyfor aperiodof 20
yearsormore.

TheFishandWildlife Serviceis alsoinvolved in preparationof
HCPsfor WashingtonCounty,Utah.andNyeCounty,Nevada,
andseveralothersection10(a)(l)(B)permitshavebeenissuedor
arependingfor smallerprojects.WashingtonCounty,Utah is in
theprocessof applyingfor a20-yearincidentaltakepermitfor
deserttortoise. OnMay4, 1994,theFishandWildlife Service
receivedaproposedWashingtonCountyHCP(WashingtonCounty
Commission1994).aspartofapermitfor incidentaltakeof desert
tortoiseandits habitat. Themajormitigationproposedfortakeof
deserttortoiseis increasedprotectionof theremainderofdesert
tortoisehabitatin theareathroughestablishmentof adeserthabitat
reserve,ordesertwildlife managementarea.Landownership
within thereservewill be Federal,andlandexchangesand
acquisitionarerequiredto consolidatehabitatandmanagement
efforts. Managementof thedeserthabitatreserveis proposedto be
by BLM througheventualestablishmentofaNationalConservation
Area. Theproposedreserveextendsfromthe easternboundaryof
thePaiuteIndianReservationon thewest,to theCity of Hurricane
on theeast. Within thereserve,landuseswill becarefully
controlledandall managementactionswill placethedesert
tortoise/habitatconservationasthehighestpriority. Acquisitionof
habitat,fencing,enforcement,education,andremovalofcompeting
usescomprisethemajority of mitigationmeasuresfor proposed
take. TheWashingtonCountyHCP alsoincludesproposed
conservationmeasuresfor otherlisted andcandidatespecies.
Fundingfor administration,implementation,andmonitoringof the
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WashingtonCountyHCPincludescollectionofcounty-widefees:
0.2%of all newconstructioncosts,plus$250peracreforplotted
housingdevelopments.TheFishandWildlife Serviceis currently
reviewingtheWashingtonCountyHCP.

TheBureauofLandManagement’s(BLM) CaliforniaDesert
District, in cooperationwith theFishandWildlife Service,
CaliforniaDepartmentofFishandGame,andlocalgovernments,is
currentlydevelopingtheWestMojaveCoordinatedManagement
Plan. Thismulti-speciesmanagementstrategyfor 8.6 million acres
will providefor long-termconservationofthedeserttortoiseand
otherrareorsensitivespecies,suchastheMohavegroundsquirrel.
Theplanwill bethebasisfor aprogrammaticsection7 consultation
for BLM activitiesin theplanningareaandserveasan HCPfor
localgovernmentsto obtainsectionl0(a)(1)(B)permits.Thisplan is
expectedto bethefirstof severalregionalconservationplanning
effortsin California,whichwould implementtheguidanceprovided
in thisRecoveryPlan.

2. BLM management.

TheBLM managesmostdeserttortoisehabitatin theMojaveregion
andinitiatedmanagementactionsto conservethisspecies.In 1988,
theBLM issuedahabitatmanagementplanforconservationofthe
deserttortoiseon public landsthroughoutits rangein theUnited
States(Spangetal. 1988). Theplangroupsdeserttortoisehabitat
intothreegoal-orientedcategories:

CategoryI—Maintainstable,viablepopulationsandprotect
existingtortoisehabitatvalues;increasepopulations,where
possible.

Category11—Maintainstable,viablepopulationsandhalt
furtherdeclinesin tortoisevalues.

Category111—Limit tortoisehabitatandpopulation
declinesto theextentpossibleby mitigatingimpacts.

Habitatareasarecategorizedaccordingto fourcriteria:
(1) importanceof thehabitatto maintainingviablepopulations,
(2) resolvabiityofconflicts, (3)deserttortoisedensity,and
(4) populationstatus(stable,increasing,ordecreasing).BLM’s
goal is to maintainviabledeserttortoisepopulationsin category1
and2 habitatsandto limit populationdeclinesto theextentpossible
in category3 habitats. Theplanidentifiesmanagementactions
neededto implementthesegoals,whichaddressenvironmental
education,ORY use,energyandmineraldevelopment,livestock
use,landsandrealty actions,andotheractivitieswhichmayaffect
deserttortoises. Includedis aprovisionto compensatefor residual
impactsto deserttortoisesafterothermitigationmeasuresare
incorporatedintoproposedactions. A compensationformulawas
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developedandadoptedto implementthisprovision(DesertTortoise
CompensationTeam1991).

TheFederalLandPolicyManagementAct of 1976(public law 94-
579) directedtheBLM to managepublic landsfor multipleuseand
sustainedyield. Wildlife is identifiedasoneofthemajorusesof
public lands. TheSikesAct (publiclaws93-452and95-420)
authorizestheBLM to developandimplementplansin cooperation
with Statewildlife agenciesforthedevelopmentandprotectionof
wildlife habitat. In responseto theseauthorizations,theBLM has
developednumeroushabitatmanagementplanswhichaddressthe
managementandconservationofthedeserttortoise. TheCalifornia
DesertConservationAreaPlan, 1980(BLM 1980a),amanagement
strategyfor 12.1 million acresofpublic land,identifiedfive areas
wherehabitatmanagementplanswereto bedevelopedto conserve
deserttortoisehabitat. This planalsodesignatedeightcrucial desert
tortoisehabitatareaswith specificmanagementactionsto protect
deserttortoises.In addition,theBLM carriesout landexchanges
andusesLandandWaterConservationfundsto acquiredesert
tortoisehabitat. SpeciallandusedesignationssuchasAreasof
Critical EnvironmentalConcernandResearchNaturalAreashave
alsobeenestablishedby theBLM forthedeserttortoisein the
Mojaveregion.

3. Management by other agencies.

TheBLM is theprimarylandmanager,butanumberof other
Federal,State,andlocal entitiesalsomanagedeserttortoisehabitat
in theMojaveregion. TheNationalParkServiceprovides
protectionfor deserttortoisehabitatatJoshuaTreeNational
Monumentandat DeathValleyNationalMonumentin California.
andLakeMeadNationalRecreationAreain Nevada.The
DepartmentofDefensemanageslargeparcelsof land,particularlyin
Californiaat theFort Irwin NationalTrainingCenter,theNaval Air
WeaponsStationatChinaLake,EdwardsAir ForceBase,the
MarineCorpsAir GroundCombatCenteratTwentyninePalms,and
theChocolateMountainsGunneryRange,andin Nevadaat the
Nellis Air ForceBase. Deserttortoisemanagementplanshavebeen
orarebeingpreparedfor someof thesemilitary lands. TheFishand
Wildlife Service’sDesertNationalWildlife Refugeprovides
protectionfor aportionofthedeserttortoisehabitatin theCoyote
SpringareaofNevada. Otherlandsaremanagedby Stateparksand
wildlife agencies,BureauofIndian Affairs,Bureauof Reclamation,
andothergovernmentagencies.

4. State laws protecting desert tortoises.

All fourstatesin whichtheMojavedeserttortoiseoccurshavelaws
thatprovidesomeprotectionfor this species;for instance,the
collectionof deserttortoisesis prohibitedin all four states.In
Nevada,section501.110.1(d)oftheNevadaRevisedStatutes
prohibitstransportationofdeserttortoiseswithin Nevadaoracross
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Statelines. Thedeserttortoiseis alsolistedasathreatenedspecies
undertheCaliforniaEndangeredSpeciesAct of 1984. Similar to the
FederalAct, this legislationrequiresStateagenciesto consultwith
theCaliforniaDepartmentof FishandGameon activitieswhichmay
affecta listed species.Compensationis requiredby California
DepartmentofFishandGamefor projectswhichresultin lossof
deserttortoisehabitat.

D. Desert Tortoise Habitat.
1. Desert regions and vegetational communities.

TheMojaveregionincludesportionsofboththeMojaveand
Sonorandeserts.Within theMojaveregion,theMojaveDesertis
representedin partsofInyo, Kern,Los Angeles,SanBernardino,
andRiversideCountiesin California;thenorthwesternpartof
MohaveCounty in Arizona;ClarkCounty,andthesouthernpartsof
Esmeralda,Nye,andLincoln CountiesinNevada;andpartof
WashingtonCounty,Utah. TheColoradoDesert,adivisionof the
SonoranDesert,is locatedsouthoftheMojaveDesert,andincludes
ImperialCountyandpartsof SanBernardino,andRiverside
Counties,California.Theclimatic,geological,and ecological
featuresof thoseportionsoftheMojaveandColoradodeserts
inhabitedby thedeserttortoisearedescribedin AppendixE.

2. Habitat requirements.

Within thevariedvegetationalcommunitiesoftheMojaveregion,
deserttortoisescanpotentiallysurviveandreproducewheretheir
basichabitatrequirementsaremet. Theserequirementsinclude
sufficientsuitableplantsfor forageandcover,andsuitable
substratesfor burrowandnestsites.Throughoutmostof the
Mojaveregion,deserttortoisesoccurprimarily on flatsandbajadas
with soils rangingfrom sandto sandy-gravel,characterized
vegetationallyby scatteredshrubsandabundantinter-shrubspace
for growthof herbaceousplants. Deserttortoisesarealsofoundon
rockyterrainandslopesin partsoftheMojaveregion,andthereis
significantgeographicvariationin thewaydeserttortoisesuse
availableresources(seeSectionI.F. for furtherdetails).

E. Natural History of the Desert Tortoise.

1. Nomenclature and description.

Thegenericassignmentofthedeserttortoisehasgonethrougha
seriesofchangessinceits original descriptionby Cooper(1863)as
Xerobatesagassizii.Until thestatusofthegenusis furtherclarified,
thisRecoveryPlanwill usethemorefamiliarGopherusagassizii.
MorafkaandBrussard(in prep.)detailthehistoryofthis
nomenclature.
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ThegenusGopheruscontainsbetween15 and 19 fossil, andfour
living, species(Auffenberg1976,Crumly 1984). Generally,these
speciesaredividedinto two groupsbasedonmorphologicaland
geneticevidence(Auffenberg1976,Crumly 1984,Lambetal.
1989). Onegroupincludestheliving G. agassizii andtheTexas
tortoise(G.berlandieri). TheextantMexicanbolsontortoise(G.
flavomarginatus)andgophertortoiseof thesoutheasternUnited
States(G.polyphemus)areincludedin thesecondgroup. The
recentlydescribedpeninsularBajaCalifornianXerobates
lepidocephaluswould haveaddedafifth extantspeciesto thegenus,
but this taxonis mostprobablybasedon individualsof Sonoran
DesertG. agassiziiwhichwerereleasedinto theCaperegionofBaja
California(Crumly 1994).

Thedeserttortoiseis theonly naturallyoccumngtortoisein the
Mojaveregion. It is distinguishedfrom theotherthreespeciesof
thegenusGopherusby acombinationof characters,includinga
roundedfront head,interhumeralseamlongerthanintegularseam,
singletriangularaxillaryscale,anddistancefrom baseof first claw
to fourthclaw equalfor forefootandhindfoot(BrameandPeerson
1969). In comparisonto theMojave G. agassizii,G. berlandieri
exhibitsawedge-shapedhead,relativelysmalladult size,abifurcate
andupturnedgularprojectionin males,andahigh-domedcarapace
(BogertandOliver 1945,BeblerandKing 1979). G. polyphemus
hasaroundedheadandis similar in maximumsizeto G. agassizii,
but its carapaceis moreelongateandtendsto bewidestat midhody,
whereasin G. agassiziithecarapaceis widestat aboutthefourth
costalscute(Grant1960,BehlerandKing 1979). G.
flavomarginatusattainsthe largestsizeofany ofthefourspecies.It
is distinguishedfrom G. agassiziiby abroadheadandthepresence
ofapaleyellow lateralborderon its carapacelaminac(Morafica
1982). EscapedorreleasedcaptivetortoisesotherthanG. agassizii
(particularlyG. berlandieri)areoccasionallyencounteredin the
Mojaveregion.

2. Paleontology and distribution.

Theearliestfossilsof G. agassiziicomefrom Pleistocenedeposits
(Brattstrom1961). During theHolocene,G. agassiziirangedasfar
westasCalifornia’s SanJoaquinValley (Miller 1942,VanDevender
andMoodie 1977). Priorto EuropeansettlementoftheMojave
region,its rangeincludedtheMojaveandSonorandesertsin
southernCalifornia,southernNevada,westernArizona,the
southwesterntip of Utah,andSonoraandSinaloa,Mexico
(Stebbins1954, 1966). This speciesis alsofoundon Tiburon
Islandin theSeaofCortez(Linsdale 1940). Thedeserttortoiseis
nowconsiderablyreducedin numbersthroughoutmuchof this area
andhasbeenextirpatedfrom partsof its historicrange(Spanget al.
1988, Berry 1978).
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3. Genetics and morphology.

Jennings(1985)usedstarch-gelelectrophoresisof allozymes
encodedby about20 loci to exploregeneticvariationin G. agassizii.
Althoughhefoundno fixedgeneticdifferencesamongsamples,
phenogramsgeneratedfrom geneticdistancevaluessuggesttwo
majorpopulationgroupingsthatcorrespondroughly with the
MojaveregionandSonoranDesertin Arizona. In addition,a
plasmaproteinwaspolymorphicin samplesfrom theMojave
Desert,but monomorphicin samplesfrom theSonoranDesert
(Glennet al. 1990).

Basedon mitochondrialDNA (mtDNA) restriction-fragment
polymorphisms,Lambet al. (1989)describedthreemajorgenetic
unitswithin C. agassizii.Oneunit is foundin theColoradoand
Mojavedesertsanda secondin theSonoranDesertfrom west-
centralArizonato centralSonora.TheColoradoRiverappearsto
havebeenasufficientbarrierfor thesetwo assemblagesto have
evolvedindependentlysincethePliocene. Thethird majorunit is
foundin southernSonoraandSinaloa,southof the YaquiRiver.

Morphologicalvariationcoincidesreasonablywell with themtDNA
genotypesfoundnorth ofMexico. Therearethreedistinct shell
phenotypesin theUnitedStates: (1) theCaliforniaphenotypefrom
CaliforniaandsouthwesternNevada;(2) theSonoranDesert
phenotypefrom Arizonasouthandeastof theColoradoRiver, and
(3) theBeaverDam Slopephenotypefrom extremesouthwestern
UtahandArizonanorthoftheGrandCanyon(WeinsteinandBerry
1987). TheCaliforniaandSonoranDesertphenotypescorrespond
to theMojaveregionandSonoranDesertmtDNA genotypes,
respectively.

Thus,basedon geneticandmorphologicalcriteria,C. agassiziiis
dividedinto atleasttwo well-differentiatedentities,onein the
SonoranDesertin Arizonaandonein theMojaveregion. A third
mayexistin SonoraandSinaloa,Mexico.

4. Ecology and natural history.

Themostcompleteaccountof thebiology,ecology,andnatural
historyof thedeserttortoiseis thatof WoodburyandHardy (1948).
Theseauthorsstudiedapopulationof deserttortoiseson theBeaver
DamSlopein extremesouthwesternUtahfor morethan10 years.
Theirstudypresenteddetailsof reproduction,growthand
development,longevity, foodhabits,behavior,movementpatterns,
andgeneraladaptationsto desertconditions.Althoughnoother
single studyof C. agassiziicoversasmanytopicsasWoodburyand
Hardy’s,areasonablylargebodyof literatureexistsonmostaspects
of deserttortoisebiology. Berry (1986c) listsover30papers
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publishedbetween1976and 1985 on topicssuchasdistribution,
abundance,habitatuse,size-ageclassdistributions,sexratios,
mortality rates,timeandenergybudgets,thermalrelations,
metabolism,andtheeffectsof landuseon populationdynamics.
The following generalaccountis baseduponinformationcontained
in thesepapersexceptwhereotherwisereferenced.

Deserttortoisesspendmuchof theirlivesin burrows,emergingto
feedandmateduring late winterandearlyspring. Theytypically
remainactivethroughthespring,andsometimesemergeagainafter
summerstorms. Duringtheseactivity periods,deserttortoiseseata
wide varietyof herbaceousvegetation,particularlygrassesandthe
flowersofannualplants(Berry 1974,Luckenbach1982). Desert
tortoisesareessentially“K-strategists”(MacArthurandWilson
1967),with delayedmaturityandlong life. Eggsandhatchlingsare
quite vulnerable,andpre-reproductiveadult mortalityaverages98%
(Wilbur andMorin 1988,Turneret al. 1987,Morafka in press).
Adults, however,arewell protectedagainstmostpredators(other
thanhumans)andotherenvironmentalhazardsandconsequentlyare
long-lived (Germano1992,Turneret al. 1987). Theirlongevity
helpscompensatefor theirvariableannualreproductivesuccess,
which is correlatedwith environmentalconditions.

Deserttortoisesarewell adaptedto living in ahighly variableand
oftenharshenvironment.In adverseconditionstheyretreatto
burrowsorcaves,at whichtimetheyreducetheirmetabolismand
lossofwaterandconsumevery little food.Adult deserttortoises
losewateratsuchaslow ratethat theycansurvivefor morethana
yearwithoutaccessto freewaterofany kind. Duringarecent
drought,deserttortoisesat astudysite in easternCalifornianotonly
survivedwith very little foodorwater,but theyproducedan average
of threeeggsper femaleperyear(B. Henen,UCLA, pers.comm.).
Deserttortoisesapparentlytoleratelargeimbalancesin theirwater
andenergybudgets(NagyandMedica1986). This ability enables
themto surviveleanyearsandexploit resourcesthatareonly
periodicallyavailable. Duringyearsofaverageorbetterthan
averageprecipitationandforageproduction,deserttortoisescan
balancetheirwaterbudgetsandhaveapositiveenergybalance,
providingopportunityforgrowthandreproduction(Nagyand
Medica1986). All themechanismsby whichdeserttortoises
maintaintheirenergyandwaterbalancein thefaceof stochastic
availability of resourcesarestill notclear,butdeserttortoisesseem
to be flexible in theirmechanismsof energyandwatergainandin
theirexpendituresof theseresources(Wallis et al., 1992).
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F. Distinct Population Segmentsof the Desert

Tortoise

1. Background.

As ageneralrule, mostwidespreadspeciesshowsubstantial
geographicvariationin genetic,morphological,ecological,
physiological,andbehavioraltraits. This is largely attributedto
naturalselectionfavoringdifferentcharacterstatesin different
climatesandbiotic communities(Darwin 1859),orgeneticdrift
(Wright 1931). Suchdivergence,whichmayarisefrom pastor
presentbarriersto dispersalorfrom meredistance(Williams 1992),
requiresatleastthepartialisolationofgenepoolswithin aspecies.

Thedeserttortoiseis noexceptionto this generalization,because
groupsofpopulationswithin theMojaveregionexhibitdifferent
habitat.preferences,foodhabits,periodsof activity, selectionof
sitesforburrowingandegg-laying,andsocialbehavior(seeSection
I.F.2. below). This is not surprising,sincethis region
encompassestwo majorNorthAmericandeserts,eightvegetational
provinces,andnumerousvegetationtypes(AppendixE).

Sections2(bandc) and3(15)oftheEndangeredSpeciesAct
provideprotectionto “any distinctpopulationsegmentof any [listed]
speciesof vertebratefishorwildlife which interbreedswhen
mature.” Waples(1991)statesthat, “[a] vertebratepopulationwill
beconsidered~s~ct... for purposesof protectionundertheAct
if thepopulationrepresentsanevolutionarilysignificantunit (ESU)
ofthebiological species.”An ESUis apopulation,orgroupof
populations,thatrepresentssignificantadaptivevariationwithin a
species(Ryder 1986). Evidenceofcurrentorpastreproductive
isolationis not,by itself, sufficientevidencefor ESUdesignation.
Rather,theidentificationof ESUsrequiresevidencethat population
unitshaveundergonesignificantevolutionarydifferentiation. Thus
theidentificationofESUsrequiresdataon rangeanddistribution,
naturalhistory,morphometrics,andgenetics;concordanceamong
two ormoreof thesedatasetsstrengthensthecasefor ESU
designation(Ryder1986).Thefollowing questionsarerelevant
(Waples1991):

(1) Is thepopulationgeneticallydistinct?

(2) Doesthepopulationoccupyunusualordistincthabitat?

(3)Doesthepopulationshowevidenceof unusualordistinct
adaptationto its environment?
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2. Evolutionarily significant units of the desert
tortoise within the Mojave region.

Datafrom avariety ofsourcesindicatethat thereareatleastsix
ESUsof thedeserttortoisewithin theMojaveregion. TheseESUs
consistofpopulationsor groupsofpopulationsthatshow
significantdifferentiationin genetics,morphology,ecology,or
behavior(Tables2, 3,4,and5) andthusareimportantcomponents
of theevolutionarylegacyof Gopherusagassizii. Theconservation
of all theseESUswill helpto ensurethat“the dynamicprocessof
evolution[in this species]will not beunduly constrainedin the
future” (Waples1991). HereaftertheseESUsarereferredto as
“recoveryunits” (Figure3).

In thefollowing accounts,informationontheecologyand
distributionofdeserttortoisescomesprimarily fromunpublished
dataandfield notesoftheRecoveryTeam.

Northern Colorado Recovery Unit

.

This recoveryunit is locatedcompletelyin California. Heredesert
tortoisesarefound in thevalleys,onbajadasanddesertpavements,
andto alesserextentin thebroad,well-developedwashes.They
feedonbothsummerandwinterannualsanddensingly in burrows
undershrubs,in intershrubspaces,andrarelyin washes.The
climateis somewhatwarmerthanin otherrecoveryunits,with only
2 to 12 freezingdaysperyear. ThetortoiseshavetheCalifornia
mtDNA haplotypeandphenotype.Allozyme frequenciesdiffer
significantly betweenthis recoveryunit andtheWesternMojave,
indicatingsomedegreeof reproductiveisolationbetweenthetwo.

EasternColorado Recovery Unit

.

Deserttortoisesin theeasternColoradorecoveryunit,alsolocated
completelyin California,occupywell-developedwashes,desert
pavements,piedmonts,androcky slopescharacterizedby relatively
species-richSucculentScrub,CreosoteBushScrub,andBlue Palo
Verde-Ironwood-SmokeTreecommunities.Winter burrowsare
generallyshorterin length,andactivity periodsarelongerthan
elsewheredueto mild wintersandsubstantialsummerprecipitation.
Thetortoisesfeedon summerandwinterannualsandsomecacti;
theydensingly. TheyalsohavetheCaliforniamtDNA haplotype
andshelltype.

Upper Virgin River Recovery Unit

.

This recoveryunit encompassesall deserttortoisehabitatin
WashingtonCounty,Utah,excepttheBeaverDamSlope,Utah
population.Thedeserttortoisepopulationin theareaof St. George,
Utah,is at theextremenortheasternedgeof the species’rangeand
experienceslong,coldwinters(about100 freezingdays)andmild
summers,during whichthetortoisesarecontinuallyactive. Here
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theanimalslive in acomplextopographyconsistingof canyons,
mesas,sanddunes,andsandstoneoutcropswherethevegetationis
atransitionalmixtureof SagebrushScrub,CreosoteBushScrub,
BlackbushScrub,and apsammophyticcommunity. Deserttortoises
usesandstoneandlavacavesinsteadof burrows,travelto sand
dunesforegglaying, andusestill otherhabitatsfor foraging. Two
ormoredeserttortoisesoftenusethesameburrow. Shell
morphologyandmtDNA havenotbeenstudiedin thisrecoveryunit,
butallozymevariationis similar to thatfoundin thenortheastern
Mojaverecoveryunit.

EasternMolave RecoveryUnit

.

Primarily in California,this recoveryunit alsoextendsinto Nevada
in theAmargosa,Pahrump,andPiutevalleys. In theeastern
Mojaverecoveryunit, deserttortoisesareoftenactivein latesummer
andearlyautumnin additionto springbecausethis regionreceives
bothwinterandsummerrainsandsupportstwodistinctannual
floras on whichtheycanfeed.Thesedeserttortoisesoccupya
varietyofvegetationtypesandfeedon summerandwinterannuals,
cacti,perennialgrasses,andherbaceousperennials.They den
singly in calichecaves,bajadas,andwashes.This recoveryunit is
isolatedfrom thewesternMojaveby theBakerSink,a low-
elevation,extremelyhotandaridstrip thatextendsfrom Death
Valley to Bristol Dry Lake. Thisareais generallynotsuitablefor
deserttortoises.DeserttortoiseshaveboththeCaliforniaandthe
southernNevadamtDNA haplotypeandtheCaliforniashelltype.
Theyarealsodifferentiatedfrom deserttortoisesin thenortheastern
Mojaverecoveryunit atseveralallozymeloci.

Northeastern Molave Recovery Unit

.

Thisrecoveryunit is foundprimarily in Nevada,extendinginto
CaliforniaalongtheIvanpahValleyandinto extremesouthwestern
Utah andnorthwesternArizona. Deserttortoisesherearegenerally
found in CreosoteBushScrubcommunitiesofflats, valley bottoms,
alluvial fans,andbajadas,but theyoccasionallyuseotherhabitats
suchasrocky slopesandBlackbushScrub. Twoormoredesert
tortoisesoftendentogetherin calichecavesin bajadasandwashes,
andtheytypically eatsummerandwinter annuals,cacti,and
perennialgrasses.ThreemtDNA haplotypesarefoundin this
recoveryunit, but theyexhibit low allozymevariability with
relatively little local differentiation. A distinctshellphenotype
occursin theBeaverDamSloperegion.

Western Mojave Recovery Unit

.

TheWesternMojaverecoveryunit is completelyin Californiaandis
exceptionallyheterogeneousandlarge. It is composedofthe
WesternMojave,SouthernMojave,andCentralMojaveregions,
eachof whichhasdistinctclimatic andvegetationalcharacteristics.
ThemostpronounceddifferencebetweentheWesternMojaveand
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otherrecoveryunits is in timing of rainfall andtheresulting
vegetation.Mostrainfall occursin fall andwinter andproduces
winterannuals,whicharetheprimaryfoodsourceof tortoises.
Abovegroundactivity occursprimarily in spring,associatedwith
winterannualproduction.Thus, tortoisesareadaptedto aregimeof
winterrainsandraresummerstorms. Here,deserttortoisesoccur
primarily in valleys,on alluvial fans,bajadas,androlling hills in
saltbrush,creosotebush,andscrubsteppecommunities.Tortoises
dig deepburrows(usuallylocatedundershrubsonbajadas)for
winterhibernationandsummerestivation. Thesedeserttortoises
generallydensingly. TheyhaveaCaliforniamtDNA haplotypeand
aCaliforniashell type.
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Figure 3.
Mojaveregion

Approximateboundariesof recoveryunits ofthedeserttortoisein the
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Table 2. Vegetationcommunitiesand typicalfoodsusedby thedeserttortoise

(Gopherusagassizil)within recoveryunits.

Recovery Units Vegetation Communities1 Plant Foods

(1) SucculentScrub(Fouquieria,OpuntuzYucca),
(2) BluePaloVerde-SmokeTreeWoodland.
(3) CreosoteBushScrub(lavaflows)

(1) SucculentScrub(Fouqueria,Opuntia, Yucca),
(2)BluePaloVerde-Ironwood-SmokeTreeWoodland,
(3) CreosoteBushScrub(rockyslopes)

Summerandwinterannuals

Summerandwinter annuals,
cacti

UpperVirgin
River

Northeastern
Mojave

EasternMojave

WesternMojave

TransitionalVegetation:
(1) SagebrushScrub,
(2)Psammophytes,GreatBasin(sandsage),
(3) BlackbushScrub

(1) CreosoteBushScrub,
(2) Big GalletaScrub-Steppe,
(3) DesertNeedlegrassScrub-Steppe.
(4) BlackbushScrub

(1) Big Galleta-ScrubSteppe,
(2) SucculentScrub(Yucca,Opuntiaspecies),
(3) CreosoteBushScrub,
(4) CheesebushScrub(eastMojavetype),
(5) IndianRiceGrassScrub-Steppe

(1) CreosoteBushScrub,
(2) MojaveSaltbush-AllscaleScrub(endemic),
(3) IndianRiceGrassScrub-Steppe,
(4) HopsageScrub,
(5) Big GalletaScrubSteppe,
(6) CheesebushScrub(westMojavetype),
(7) DesertPsammophytes,
(8) BlackbushScrub

Summerandwinter annuals,
perennialgrasses,cacti (<5%)

Summerandwinterannuals,
cacti,perennialgrasses

Summerandwinterannuals,
cacti,perennialgrasses,
herbaceousperennials

Winter annuals,
fewherbaceous
perennials,cacti

Northern
Colorado

Eastern
Colorado

tFrorn AppendixE
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Table3. Topography,substrate,winterburrowsitepreference,anddenningbehaviorof
thedeserttortoise(Gopherusagassizii)in eachrecoveryunit.

RecoveryUnit PhysicalAttributesof Habitat BurrowSites DenningBehavior

NorthernColorado Flats, valleys,bajadas, Undershrubs,in Single
rocky slopes,small washes intershrubspaces,

few in washes

EasternColorado Eats,valleys,fans,small Shallow burrows, Single
washes,deeplydissectedwashes, bajadas,moreuse
rocky slopes of shrubs

UpperVirgin River Rockcaves,sandstonecrevices Burrowsin sand, Multiple
andin sandstone
crevices;(Do nor use
habitatlike NE Mojave,
evenif available)

EasternMojave Flats, valleys,fans, bajadas, Somecalichecaves, Single
rocky slopes bajadas,washes

NortheasternMojave Eats,valleys,fans,bajadas, Calichecaves, Multiple
rocky slopes bajadas.washes

WesternMojave Flats,valleys,fans, rolling Undershrubs, Single
hills, mountainousslopes,rock in bajadas,few
outcrops,badlands,sanddunes, in washes
lavaflows
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Table4. Distribution ofrecoveryunits ofthedeserttortoiseby geneticunit (mtDNA)
andphenotype.

RecoveryUnit Genetic Phenotype

NorthernColorado California California

EasternColorado California California

UpperVirgin River EasternNevada/Utah Unknown

EasternMojave California,SouthernNevada California

NortheasternMojave WesternNevada,Central BeaverDamSlope,
Nevada,EasternNevada’ Unknown
Utah

WesternMojave California California

Table5. Numbersof freezingdaysand amountsand timing of precipitation within
deserttortoiserecoveryunits.

Precipitation
RecoveryUnit Meannumberof freezing Meanannual %precip.

daysannually precip.(mm) July-Sept.

NorthernColorado 2-12 112-129 33-34

EasternColorado 12-16 96-100 32-37

UpperVirgin River 96 210 24-29

EasternMojave 24-46 112-208 28-38

NortheasternMojave 46-127 100-210 24-31

WesternMojave(totals) 33-104 90-150 6-27

Fremont-KramerDWMA 33-84 90-150 6-10

Ord-RodmanDWMA 57-104 108 18-27

Superior-CronesDWMA 57+ 109 27
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G. Desert Tortoise Life History, Population
Dynamics,and Other Factors Which Dictate a
Slow and Uncertain Recovery.

Thelife history strategyof thedeserttortoisedependson longevity
anditeropariry(reproductionmanytimesperlifetime). Under
naturalconditions,this strategyallowsthe speciesto persistin spite
of thestressesofextremelyharshandvariableenvironments.
Becauseadultsnormally live longenoughto havemultiple
opportunitiesto reproduce,populationscangrow orat leastremain
stationary(neithergrowingordeclining)if longperiodswith
unsuccessfulreproductionarepunctuatedoccasionallywith afew
successfulyears. Thesefactorsalsomakerecoveryof thedesert
tortoisemoredifficult, andoneortwo goodyearsof reproductive
successdo not signalatrendtowardrecoveryanymorethanseveral
pooronessignalinevitableextirpation.

This life history strategyis advantageouswhereavailability of
resourcesis unpredictableandjuvenilesurvivalratesarehighly
variable,butevenmoderatedownwardfluctuationsin adult survival
ratescanresultin rapidpopulationdeclines(Stearns1976). Thus,
maintaininghighsurvivorshipof adultdeserttortoisesis thekey
factorin therecoveryof thisspecies.

Evenwhenadultsurvivorshipis “normal” (approximately98%per
year),deserttortoisepopulationsarenot capableof rapidgrowth.
Forexample,the7-yearaverageeggproductionata studysitenear
Goffs, California,was5.8 eggsperfemaleperyear(Turneret al.
1986,B. Henen,UCLA, pers.comm.). At this rateof egg
productionandassuming“normal” adultsurvivorship,population
growthwouldbe lessthan0.5%peryear(Figure4). At this growth
rate,morethan 140yearswould berequiredfor thepopulationto
doublein size.

Underreasonablyfavorableconditions,adeserttortoisepopulation
might be ableto grow atan averagerateof 1%peryear. At that rate
ofgrowth,its doublingtime wouldbe70years. This meansthat a
populationthathasdecreasedto 10 adultspersquaremile would
requirethreedoublings,or210years,to reachadensityof 80per
squaremile.

No populationwith ratesof growthaslow asthesecanstandloss
ratesofbreedingadultsashigh asthosereportedin thepopulations
shownin Figure 1 without seriousthreatofextinction. Desert
tortoisepopulationscanwithstandhighratesofnaturaljuvenile
mortality aslong astheprobabilityof adultssurvivingeachyear
doesnot dropbelow approximately98% (Figure5; AppendixC).
Thus, thedeserttortoiseis extremelyvulnerableto extinctionin
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areasin whichtheprobabilityof adultsurvivalhasbeensignificantly
reduced.Otherspecieswith similar life history strategies(e.g.,
Californiacondor,blackrhinoceros,bluewhale) havebeencaught
in alteredenvironmentsin which theprobabilityof adult survivalhas
decreaseddramatically.Thesespeciesareall in dangerof
extinction.

Otherfactorsalsoaffectrecoverabilityofthis species.Forexample
deserttortoiseshavecomplexsocialbehaviorsandintimate
farrilliarity with theirhomeranges,whicharequite large. This
meansthattranslocatingdeserttortoisesis not likely to bevery
successful(Berry 1986b)until researchprojectsdetermineif
translocationcanbeasuccessfulmeansof recovery(AppendixB).

Deserttortoiserecoveryis furthercomplicatedby thelargearea
involved. TheMojaveregionspansfourstates(eachwith different
lawsandregulations),two differentdeserts(MojaveandColorado),
andseveralhundredthousandsquaremiles. Thereis considerable
geneticandecologicalvariability within thedeserttortoise
throughouttheMojaveregion. Maintainingthisvariability is
necessaryfor deserttortoisesto adaptto thesevariedenvironmental
conditionsandpossiblefuturechangesin theenvironment.In
addition,thethreatsfacingthedeserttortoisediffer in degree,
althoughnotnecessarilyin kind,in differentpartsof theMojave
region.Consequentlymanagementactionsneededto promote
recoverywill haveto be tailoredto theneedsofspecificareas.If
recoveryis to be achieved,thecooperativeeffortsof amyriadof
State,Federal,andlocal agencieswill benecessaryto abatethese
threatsandimplementtherecoverystrategyoutlinedin this
RecoveryPlan.
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Figure4. Simulatedpopulationgrowthrateof deserttortoisesassumingvarious ratesof
mortality andmaturation.Alphais theageof first reproduction.

1.0
(

0

.0-i

0~
0

0~
0

-i
2

Annual E~ Production
K

3 4 5 6 7

29



DesertTortoise(MojavePopulation)Recover,’Plan

A~opherusagassizii

Figure 5. Adult andjuvenilesurvivorshipnecessaryto haveanetreproductiverateof 1
(viz., apopulationneithergrowingnordeclining)whenfemalesproduceanaverageof 5 to 6
eggsperyear.

SimulationAssumingThat
ReproductiveAgeis 15 years

0.15 W0,

.~ 4

~0

0

______ ______ 0)

w 0.10 ~
__ __ 2

8
C,,

0.05
w
.4-.

0

.0
A
0

0.00 &
0.7 0.8 0.9 1.0

ProI~bIityofAdLits Surviving One Year
2

30





DesertTortoise(MojavePopulation)RecoveryPlan

H. RECOVERY

A. Principles Followed in Developing
Recovery Goals.

Thefollowing biological principlesprovidetheframeworkfor
developmentofdelistingcriteriaandtherecoverystrategyforthe
Mojavepopulationof thedeserttortoise.

1. Maintenance of distinct population segments.

Dataon habitatuse,generalecology,genetics,andbehavior
reviewedin sectionI.F. definesix distinctpopulationsegmentsor
recoveryunitsofthedeserttortoisewithin theMojaveregion: the
northernColorado,theeasternColorado,theUpperVirgin River,
theeasternMojave,thenortheasternMojave,andthewestern
Mojaverecoveryunits (Tables2, 3,4,and5, Figure3). Preserving
viablepopulationsof deserttortoiseswithin eachoftheseunits is
essentialto thelong-termrecovery,viability, andgeneticdiversity of
thespecies.Identificationoftheserecoveryunitsalsofacilitatesthe
tailoringof recoverystrategiesto thevaryingbiologicalrequirements
andmanagementneedsofeachrecoveryunit. Within recovery
units,DesertWildlife ManagementAreas(DWMAs) needto be
identifiedin whichrecoveryactionswill beimplementedto provide
for the long-termpersistenceof viabledeserttortoisepopulations
andtheecosystemsuponwhich theydepend.

2. Genetic considerations in population viability.

In smallpopulations,short-termgeneticdeteriorationoccursfrom
inbreedingandlossof geneticheterozygosity(FrankelandSoul~
1981,RailsandBallou 1983). This geneticdeteriorationcancause
problemsin individual fitnessandin thepopulation’sability to
increase.In thelonger-term,inbreedingdepressionandlossof
heterozygositycan limit theability ofthepopulationto respond
adaptivelyto changesin environmenL Bothoftheseproblemscan
contributeto theprobabilityof populationextinction.

Theextentto whichgeneticdeteriorationcanaffectpopulationsis
relatedto thegeneticallyeffectivesize(Ne) ofthepopulation
(looselydefinedasthenumberof individualsactuallypassingon
theirgenesto thenextgeneration).In vertebrates,Ne isusually
between0.1 and0.5 ofthetotal populationsize,N (Rymanet al.
1981,ShullandTipton 1987). Thereareno dataon Ne/N ratiosin
deserttortoises,but theagestructureandmatingstrategiesofthis
speciesindicatethat its Ne/Nratiowill beatthe lowerendofthat
range. The long-termevolutionarypotentialof populationsrequires
an Ne ofabout500individuals,althoughthis numberis notvery
preciseandmightbeoff by an orderof magnitude(Landeand
Barrowclough1987). Thus, if theNe/Nratiofor adeserttortoise
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populationis 0.1, andan Neof about500to 5,000individualsis
requiredto maintainthelong-termevolutionarypotentialofthe
species,thenapopulationsize(N) of 5,000to 50,000would be
requiredfor ageneticallyhealthypopulation.Deserttortoise
populationagestructuresindicatethatthepercentageof adultsin the
populationrangebetween4 and40%(seeAppendixC); thus,a
populationof 5,000total individualscouldhavebetween200and
2,000adult animals;apopulationof50,000total individualscould
havebetween2,000and20,000adults. While estimatesthatvary
overtwo ordersofmagnitudearenotverysatisfying,they indicatea
needfor cautionin assessingtheconditionsunderwhich a
populationwill remainviable. Thus,aminimally viablepopulation
ofdeserttortoisesfrom geneticconsiderationsshouldprobably
containatleast2,000to 5,000adultanimals.

3. Demographic considerations in population viability.

In additionto geneticdeteriorationthatcanoccuratverysmall
populationsizes,numerousnegativedemographiceffectscanoccur
whenpopulationsizesaresmallorwhentheirdensitiesarelow.
Whenpopulationdensitiesarevery low, randomvariationsin sex
ratios,agedistributions,andbirth anddeathratesamongindividuals
(calleddemographicstochasticity)cancausethepopulationto
fluctuatewidely andpotentiallygoextinct (Richter-DynandGoel
1972). In very sparsepopulations,malesandfemalesmayhave
problemsfindingmates.This phenomenonis calledtheAlleeeffect,
andit alsocanresultin populationdeclinesorextinction(Ehrlich
andRoughgarden1987). In deserttortoises,thepopulation
densitiesbelowwhichdemographicstochasticityandtheAllee effect
becomeamatterof concernareestimatedto beapproximately10
adultspersquaremile (SeeAppendix C). Belowthisdensity
extinctionbecomesincreasinglypossible.

Evenatmuchlargersizes,populationscangoextinctfrom a variety
of random(stochastic)events,althoughlargepopulationshavea
muchlowerprobabilityof extinctionthansmallones.Recovery
targetsshouldbesetatpopulationlevelsthat havecomfortable
extinctionprobabilities.To determinethe likelihoodofstochastic
extinctionsfordeserttortoisepopulationsofvarioussizes,three
populationviability analyses(PVAs) were performed(AppendixC).
A PVA providesan estimateof howlargeapopulationhastobe to
haveagivenprobabilityofpersistenceoveracertainperiodoftime.

Thefirst PVA modeledpopulationpersistenceasafunctionofthe
discretepopulationgrowthrate(lambda)andits vanance.Using
datafrom 13 studyplots (seeAppendixC), theaveragelambdawas
calculatedto be0.985 andits variance0.08. Usingthesefigures,
themodelpredictedthat50%ofthepopulationsstartingwith 20,000
adultanimalswould go extinctwithin about500years,or20
tortoisegenerations.This predictionwasbaseduponobserved
variability in populationgrowthratesduring 1979-89,relatively
equitableyearsfor deserttortoises,atleastwith respectto food
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production.Evenso, theaveragelambdaof0.985showsthat
populationsdeclinedduring theseyears,althoughnotdrastically.
However,during 1990and 1991,populationgrowthratesdeclined
substantiallybecauseof thecumulativeeffectsofdroughtand
disease.Thus,anadditionalanalysiswasconductedwhich
incorporatedgreatervariability in populationgrowthrateson the
assumptionthat droughtsandepizooticsarelikely to recurduring
thenext fewcenturies.Increasingthevariationin the1979-89
growthratesby 50%resultedin themodelpredictingthata
minimumpopulationsizeofapproximately40,000to 60,000adult
deserttortoiseswouldbe requiredin orderfor thepopulationto
persistfora500-yearmedianextinctiontime.

A secondPVA wasbasedon detaileddemographicdatafrom the
Goffs studysitein Californiaandsamplesfrom 19 populationsin
CaliforniaandNevadawhich havebeenmonitoredfor anumberof
years(Berry 1990,asamended).Themeanlambdafor this more
extensivesamplewasdeterminedto be0.975with astandard
deviationof0.019 (dueentirely torandomvariationaround
populationtrends;theothersourcesofvariationhadbeenpartitioned
out). This modelpredictedthatapopulationwith thismeanlambda
(0.975)couldneverpersistfor morethanabout390years,or
approximately15 tortoisegenerations,regardlessofinitial
populationsize. Runningthemodelwith lambdasof 1.0 anda
standarddeviationof 0.019gavequite long times to extinction. A
third PVA alsoemphasizedtheimportanceof lambdasnear1.0 for
populationpersistence.

4. Comprehensiveconsiderationsin population
viability.

Theseanalysesofminimal viablepopulationsandpopulation
persistenceprobabilitiessuggestseveralthings. First, tortoise
populationsat minimumdensities(10adultspersquaremiles)
requireatleast200to 500squaremiles to begeneticallyviable(see
Sectionsll.A.2 andIL.A3). Second,if lambdasareslightly below
1.0butvary overarangeofapproximately25%,extremelylarge
reserves(5,000squaremiles to support50,000adultsat minimal
density)arenecessaryto supportpopulationsthatarerelatively
resistantto extinctionwithin thenexthalfcentury. Third, if lambdas
arebelow0.975on average,no populationsizeis largeenoughfor
persistenceto 500years.

Thesefindings indicatethatsuitableDWMAs couldbe somewhere
between200 to 5,000squaremiles,afairly widerangeofchoices.
In view of thisuncertainty,atleast1,000squaremilesis
recommendedasthetargetsize. Reservesofthissizewill likely
providesufficientbufferingfromdemographicstochasticityand
geneticproblemsatlow populationdensities,andtheyarelarge
enoughto supportrecoveredpopulationsthat havereasonable
probabilitiesof persistenceinto thefuture. Theutility of large
reservesin preventingextinction is oneof thebestestablishedtenets
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of conservationbiology (e.g.,TerborghandWinter 1980; Soul6and
Simberloff1986). And,all elsebeingequal,largereserveswill
conservemorespeciesthansmallones(Wilcox 1980;Simberloff
andAbele 1982;Wilcoveetal.1986).

Largereserveswill alsofacilitatemanagingdeserttortoise
populationswithin theDWMAs to maintainaveragelambdasof 1.0
ormoreduringtherecoveryprocess.Largereservesaremorelikely
to havesufficientinternalenvironmentalheterogeneityandenough
isolatedareasin theirinteriorsto ensurethatsomesubpopulations
will begrowingevenif othersaredeclining. In summary,genetic,
demographic,andotherconsiderationspointto the inescapable
conclusionthat smallreservesin ahighly fragmentedhabitatarea
recipeforextinctionofthedeserttortoise.

A preliminaryanalysissuggeststhat theremaybeamechanisticlink
betweenmeanannualproductionofgrassesandforbsandmaximum
tortoisedensities(seeAppendixG). However,additionalresearch
is necessaryto ascertainwhatpropertiesoftheenvironment
determinethemaximumnumberoftortoisesthatcanbesupportedin
particularregionsofthedesert.Informationfrom thiskind of
researchis critical to aproperevaluationprocessoftheefficacyof
managementschemes.

5. Reserve architecture.

DWMA sizeis nottheonly importantconsiderationin determining
theprobabilityof successin preservingdeserttortoisepopulations.
PrinciplesofreservedesigndictatethattheshapeofDWMAsis also
very important(seeSectionII.D.l.d). Populationpersistencewill
bemaximizedin arecoveryunit if theunit hasseverallargeDWMAs
(eachofwhich is atleast1,000squaremiles; seeSectionll.A.3).
Furthermore,theseDWMAs shouldbedesignedtominimize
perimeterrelativeto area.TheoptimalshapeforsuchaDWMA is
circular,but thisconfigurationmaynotbefeasible(seeFigure6A).
FewerlargeDWMAs perrecoveryunits diminishpersistence
probabilities;aminimally acceptableconditionis onelargeDWMA
with aminimumperimeter/arearatio(Figure6B). Whenno other
choiceis available,it maybenecessaryto createsmallerDWMAs.
Thesemustbeconnectedwith verywide stripsof suitabletortoise
habitat(Figure6C). In extremecases,it maybenecessaryto create
DWMAs that aresmallerthantherecommendedsizeand
unconnectedtootherDWMAs by functionalhabitat. SuchDWMAs
mustbe intenselymanagedto controlextrinsicsourcesof mortality
(Figure6D). Moredetailson reservedesignarefoundin Section
D.1.b.
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RECOVERY UNITS

Figure6. Schematicrepresentationof possiblewildlife reserveswithin recoveryunits; (A)
Therecommendedarrangementin which severalDWMAs will belocatedin eachrecovery
unit; (B) Theminimally acceptablearrangementin whichthereis noredundancyin DWMAs,
(C)Theminimally acceptablearrangementin situationsin which it is not possibleforaround
DWMA - corridorsofsuitablehabitatneedto connectsmallerunitsof aDWMA; (D) The
generallyunacceptablealternativeof small, unconnectedDWMAs. Suchreservesmustbe
intenselymanagedin perpetuityto ensurepopulationpersistence.

A.

HighlyDesireable(redundancy)
Acceptable

B.

D.

1000 mi2

Unacceptableexceptastheonly alternativefor
preservinganevolutionarily mportantpopulation
segment(requiresparticularly intensemanagement)

Minimally AcceptableWhere
NoOtherOpportunityExirn
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6. Ecosystemprotection.

Section2(b)of theEndangeredSpeciesAct providesfor protection
of theecosystemson whichthreatenedorendangeredspecies
depend.Thus,survivalandrecoveryofthedeserttortoiseshould
occurin its naturalhabitat,not in zoologicalgardensorother
artificial situations,andDWMAs shouldprotecttheenvironmentsin
whichthedeserttortoiselives. In preservingtheseenvironments,
otherspecieswill benefit,includingmanyrareand/orsensitive
species.Landmanagersarestronglyencouragedto takeamulti-
speciesapproachto reservedesignandincludehabitatof otherrare
ordecliningspeciesintoDWMAs. Suchanapproachwould reduce
theneedto list otherspeciesof plantsandanimalsin theMojave
region.

B. Recoveiy Strategy
ThisRecoveryPlandescribesastrategyfor therecoveryand
delistingoftheMojavepopulationofthedeserttortoise. This
strategyincludes: (1) identificationof six recoveryunits within the
Mojaveregion. (2)establishmentofa systemof DWMAs within
recoveryunits,and(3) developmentandimplementationof specific
recoveryactionswithin DWMAs. Thisrecoverystrategywill be
revisedasrecoveryactionsareimplementedandnewinformation
becomesavailablefrom researchandmonitoring.

1. Size and number of reserves.

Thekeyto this recoverystrategyis timely establishmentof atleast
oneDWMA in eachrecoveryunit andpromptimplementationof
reserve-levelprotectionwithin them. DWMAs mustbelocatedin
areaswith gooddeserttortoisehabitatcurrentlysupportinga
minimumof severalhundredadultanimalsat a densityof no fewer
than 10persquaremile (SeeSectionll.A). MorethanoneDWMA
within eachrecoveryunitwill increasetheprobabilitythata
populationwithin arecoveryunit will recover. TheRecoveryPlan
identifies 14 proposedDWMAs (Table6, Figures7, 8,9, 10,
ApendixF), someof whichoccurin morethanonerecoveryunit.
Summarydescriptionsofthe14 proposedDWMAs arepresentedin
AppendixFandBrassardet al. (1994).

2. Experimental managementzones.

All DWMAs shouldrestricthumanactivitiesthatnegativelyimpact
deserttortoises(Sectionll.E. 1., AppendixF,Brussardet al. 1994).
However,amaximumof 10%of tortoisehabitatwithin aDWMA
maybedesignatedasanexperimentalmanagementzone(EMZ)
wherecertainprohibitedactivities(e.g.,intrusiveresearchon desert
tortoises)maybepermittedon an experimentalbasisduringthe
recoveryperiod. EMZs shouldbe locatedtowarda DWMA’s
periphery.
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3. Modification of the RecoveryPlan.

Conservationbiology workswith thebestavailableknowledgefor
any givenspeciesin its currentsituationasthebasisfor hypotheses
ormodelsthatwill besteffecttherecoveryofthespecies.These
modelsoriginate,andaredebated,on thescientific sideof
conservationbiology. Theyevolvequite slowly, andareusually
stablethroughouttheplanningprocess.However,newdatacan
becomeavailableatanytime, andsuchnewdatashouldbeableto
influencemanagementpractices.Thus, this RecoveryPlanshould
bereassessedeverythreeto fiveyearsoratany timeit becomes
apparentthattheplanis not fulfilling its functionto guiderecovery.
Reassessmentshouldbebasedon recentandongoingresearch,on
populationandhabitattrends,andon theresultsof anyrestoration
efforts both insideandoutsideoftheDWMAs. Thereassessment
teamshouldconsistof representativesfrom all affectedFederal,
state,andlocalwildlife andlandmanagementagencies,andexperts
in thefield from otheragencies,theprivatesector,andacademia.
TheDesertTortoiseManagementOversightGroupshouldfacilitate
thisreviewprocess.
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Table6. List ofDesertWildlife ManagementAreas,theircurrentestimateddensities
(adultspersquaremile), anddegreeof threat(l=low, 5=extremelyhigh).

t

Estimated
Density Degreeof

RecoveryUnit DWMA (adults/mi2) Threat

NorthernColorado
Chemehuevi 10-275 1

EasternColorado
Chuckwalla 5-175 4

UpperVirgin River
UpperVirginRiver upto250 5

EasternMojave
Fenner1 10-350 3
Ivanpah2 5-250 3
Piute-Eldorado2 40-90 2

NortheasternMojave
BeaverDamSlope 5-60 5
CoyoteSpring up to 90 2
Gold Butte-Pakoon 5-60 2
MormonMesa 40-90 3

WesternMojave
Fremont-Kramer 5-100 5
Ord-Rodman 5-150 4
Superior-Cronese 20-250 5
JoshuaTree3 up to 200 1

1 Locatedin boththeeasternandnorthernColoradorecoveryunits.
2 Locatedin boththeeasternandnortheasternMojaverecoveryunits.
3 Southeasterncornerof thisDWMA is locatedin theeasternColoradorecoveryunit.
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Figure 7. ProposedDWMAs in thenorthernColoradoandeasternColoradorecoveryunits.
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Figure 8. ProposedUpperVirgin RiverDWMA in theUpperVirgin Riverrecoveryunit.
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Figure9. ProposedDWMAs in theeasternandnortheasternMojaverecoveryunits.
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Figure 10. ProposedDWMAs in thewesternMojaverecoveryunit.
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C. RecoveryObjective and Delisting Criteria.

1. Recovery objective.

TheobjectiveofthisRecoveryPlanis therecoveryanddelistingof
theMojavepopulationofthedeserttortoise. Managementactions
andresearchnecessaryto effectrecoveryaredescribed,supported,
andscheduled.

2. Recovery criteria.

Deserttortoisepopulations,which areonly capableofvery slow
growth,havedeclinedsubstantiallythroughoutmuchof theMojave
regionin thelasttwo decades.Therefore,desiredimprovementin
thestatusofthesepopulationswill necessarilybea very long
process,measuredin decadesorcenturies.Nevertheless,delisting
maybe consideredif populationsizeis stationaryor increasing
(long-termtrendsin lambdaareequalto orlessthan1.0),sufficient
habitatis protectedormanagedforrecoveryandlong-term
persistence,regulatorymechanismsarein place,andthepopulation
is unlikely to becomethreatenedagainin theforeseeablefuture.

Recoveryunits areconsidereddistinctpopulationsegmentsandmay
be individuallydelistedif theymeettherecoverycriteria.
Specifically,thepopulationwithin arecoveryunitmaybe
consideredfor delistingwhenall of thefollowing criteriaaremet:

Delisting Criterion 1:

As determinedby ascientificallycrediblemonitoringplan,the
populationwithin arecoveryunitmustexhibitastatistically
significantupwardtrendorremainstationaryfor atleast25 years
(onedeserttortoisegeneration).Consistentwith AppendixA, a
samplingplanshouldbe institutedineachrecoveryunit to monitor
theprogressof recovery. AppendixA callsfor apopulation
estimationevery5 years;thusdatafrom atleastfive estimatesneed
to beconsideredin evaluatingpopulationtrends.Monitoring should
continuefollowing delistingto ensurepopulationstability.

Delisting Criterion 2:

Enoughhabitatmustbeprotectedwithin arecoveryunit, or the
habitatandthedeserttortoisepopulationsmustbemanaged
intensivelyenough,to ensurelong-termpopulationviability.
Consistentwith sectionll.A., atleastoneDWMA mustbe
establishedin eachrecoveryunit that is, exceptunderunusual
circumstances,atleast 1,000squaremiles in area.
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Delisting Criterion 3:

Provisionsmustbemadeforpopulationmanagementat each
DWMA sothatpopulationallambdasaremaintainedatorabove 1.0
into thefuture.

Delisting Criterion 4:

Regulatorymechanismsor landmanagementcommitmentshave
beenimplementedthatprovideforadequatelong-termprotectionof
deserttortoisesandtheirhabitat,suchasthosedescribedin Sections
ll.D. andE. Delistingwouldbe followed by alossofprotection
undertheEndangeredSpeciesAct; thereforeadequateprotection
throughalternativemeansis essentialbeforedelistingcanoccur.For
example,managementplansfor Federallandsshouldprovide
adequateassurancesofhabitatprotectionprior to considerationof
delisting. Theform oftheseregulations,commitments,andtheir
implementationshouldbedeterminedduringfutureland
managementplanningefforts andwill likely vary throughoutthe
Mojaveregionandby agency,reflectingthedifferingmanagement
needsof differentareas.Reasonableassurancemustexist,on acase
by casebasis, thatconditionswhichbroughtaboutpopulation
stability will bemaintained,orasnecessary,improvedduringthe
foreseeablefuture.

Delisting Criterion 5:

Thepopulationin therecoveryunitis unlikely to needprotection
undertheEndangeredSpeciesAct in theforeseeablefuture.Detailed
analysesof thelikelihoodthatapopulationwill remainstableor
increasemustbecarriedoutbeforedeterminingwhetherit is
recovered.Theseanalysesshouldincludeobservedandanticipated
effectsof: (a) fluctuationsin abundance,fecundity,and
survivorship;(b) movementsof deserttortoiseswithin theareaand
to orfrom surroundingareas;(c) changesin habitat,including
catastrophicevents;(d) lossofgeneticdiversity;and(e) anyother
threatsto thepopulationwhichmightbe significant.

Whenthepopulationwithin arecoveryunitmeetsall ofthesefive
criteriait maybeconsideredrecoveredandeligible for delisting.
Whenall recoveryunits areconsideredrecovered,theMojave
populationof thedeserttortoisecouldbeconsideredfordelisting.
Theserecoverycriteriaweredesignedto provideabasisfor
considerationof delisting,butnot for automaticdelisting. Before
deistingmayoccur,theFishandWildlife Servicemustdetermine
that thefollowing five listing factorsareno longerpresentor
continuetoadverselyaffectthe listedspecies:(1) thepresentor
threateneddestruction,modification,orcurtailmentofthespecies’
habitatorrange;(2) overutilizationfor commercial,recreational,
scientific,oreducationalpurposes;(3) diseaseandpredation; (4)
inadequacyof existingregulatorymechanisms;and (5)other
human-madeornaturalfactorsaffectingthecontinuedexistenceof
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thespecies(50CFR424.11). Thefinal decisionregardingdelisting
wouldbemadeonly afterathoroughreviewof all relevant
informationby theFishandWildlife Service.

Thefiverecoverycriteriaandthemethodsto determinedensitieswill
berevisedasappropriateasnewinformationpertinentto these
topicsbecomesavailable.Revisionsmustbe basedon thebestdata
availableandmustbeapprovedby theFishandWildlife Service.

D. Narrative Outline Plan for RecoveryActions
Addressing Threats

Thedeserttortoisewaslistedasthreatenedprimarily becauseof a
varietyof humanimpactswhichcumulativelyhaveresultedin
widespreadandseveredeserttortoisepopulationdeclineandhabitat
loss. Thedestruction,degradation,andfragmentationof desert
tortoisehabitatandlossofindividualdeserttortoisesfrom human
contact,predation,anddiseaseareall importantfactorsin thedecline
of theMojavepopulation(sectionI.B.). If thedeserttortoiseis to
be recoveredwithin its nativerange,thecausesofthedeclinemust
stop,atleastwithin theDWMAs. Somefactorsarelikely more
importantthanothers;for instance,urbanizationhasprobably
causedmorehabitatlossthanlight cattlegrazing. However,
eliminatingall factorsthataredeleteriousto deserttortoise
populationswill certainlyresultin fasterrecoverythanwill selective
eliminationof afew.

Becauseof themanypolitical jurisdictionsin theMojaveregion,
implementationof recoveryactionswill requireunprecedented
interagencycooperation.Delaysin implementingthis Recovery
Plancausedby political constraintswould increasethecostsof
recoveryanddecreasethelikelihood thatrecoveryefforts will
successfullyavertextinctionofthedeserttortoise. Interagency
cooperationcouldbefacilitatedby theDesertTortoiseManagement
OversightGroup. All agencieswith managementresponsibilitiesfor
thedeserttortoiseneedto participatein theimplementationof the
recoverystrategy.

Deserttortoisesoutsideof DWMAs will still beprotectedby section
9 oftheEndangeredSpeciesAct. Takeof deserttortoisesis
prohibitedunlessspecificallyauthorizedby theFishandWildlife
Servicepursuantto sections7 or 10 oftheEndangeredSpeciesAct.
Thesedeserttortoisesmaybeimportantin recoveryoftheMojave
populationby providingasourceofadultdeserttortoisesfor
repopulatingextirpatedpopulationsin DWMAs oncetranslocation
techniqueshavebeenperfected.HabitatoutsideDWMAs may
providecorridorsforgeneticexchangeanddispersalofdesert
tortoisesamongDWMAs.

In addition,isolatedpopulationsof healthydeserttortoisesfound
outsideofDWMAs shouldbe noted,butno activemanagementis
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recommendedfor thesepopulationsunlessit is neededtoensure
theirviability. Theseisolatedpopulationsmayhaveabetterchance
ofsurviving thepotentiallycatastrophiceffectsofURTDorother
diseasesthanlarge,contiguouspopulations.

Accomplishmentoftherecoveryactionsdescribedin thissectionis
neededtoreduceoreliminatehuman-causedimpactsin therecovery
units andto implementtherecoverystrategydescribedin section
ll.C. Recoveryactionsarelistedin astepdownform in which
broadcategoriesofrecoveryactionsaresteppeddownto specific
tasks. Taskslistedherealsoappearin theImplementationSchedule
(Sectionifi), in which costsandschedulingareestimatedandlead
Federalagenciesareidentifiedfor specificactions. DWMA-specific
tasksandcosts,whichwill becrucialto implementationof
managementplans,arenotdetailedhereor in theImplementation
Schedulebecausetheywill varydependingon thenumber,location,
andsizeofDWMAs selectedandthemanagementneedsof specific
areas.Thecontributionsofstateagencieswill comeintoplay when
specificmanagementplansarewrittenfor eachrecoveryunit.

AlthoughDWMA-specific managementactionscannotyetbe
preciselydefined,thereductionandeliminationofthreatsnecessary
to recoverthedeserttortoisebroadlydefinetherangeof actions
necessarywithin DWMAs. Actionswhichwill likely be neededin
all DWMAs to addressthesethreatsarelisted in SectionII.E. The
summarydescriptionsforeachDWMA in AppendixFinclude
recommendationsto addresssite-specificmanagementneedsofthe
14 proposedDWMAs. Theserecommendationsarepresentedto ald
landmanagersin thedevelopmentof managementplans. These
plansshouldimplementtheguidanceprovidedin thisRecovery
Plan. Thecostsassociatedwith thefollowing recommendedtasks
areprovidedin theImplementationSchedule(SectionIII). The
ImplementationSchedulewill beamendedandexpandedas
managementplansaredevelopedandDWMA-specificmanagement
actionsareidentified. In addition,asnewinformationbecomes
availableandrecoveryactionsareimplemented,ongoingrecovery
actionsmaybemodifiedto speedrecovery.

1. Establish DWMAs and implement managementplans for
each of the six recoveryunits.

Managementplansshouldbedevelopedandimplementedforeachof
thesix recoveryunits. Suchmanagementplansshoulddeterminethe
number,size,location,andboundariesof DWMAs; determinehow
habitatwithin DWMAs will besecuredandmanaged,anddescribe
howmonitoringof therecoveryeffortwill beaccomplished.Plans
shouldbe developedby landmanagementagenciesin close
coordinationwith theFishandWildlife Service,Statewildlife
agencies,local governments,andthepublic. Splittingrecoveryunits
by political orotherboundariesanddevelopingmorethanone
managementplanto addressa singlerecoveryunit shouldbe
discouraged.Nevertheless,additionalsite-specificplansto address
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managementofindividual DWMAs maybeappropriateto implement
guidanceprovidedin therecoveryunit managementplans.

DWMAs havegreatpotentialto serveasmulti-speciesreserves
whichcouldconservehabitatfor avarietyofspecies.Land
managersshouldbestrongly encouragedto considerthismulti-
speciesapproachin developmentofrecoveryunit management
plans,asit couldprecludetheneedfor Federallisting ofother
sensitivespeciesof theMojaveregion. The WesternMojave
CoordinatedManagementPlan,currentlybeingdevelopedby the
BLM, CaliforniaDepartmentofFishandGame,FishandWildlife
Service,andlocal governments,couldbe thefirst of theserecovery
unitmanagementplans.

l.a. Select DWMAs.

Generalrequisitesfor determiningnumberandsizeof DWMAs in a
recoveryunit aredescribedin theRecoveryStrategy(Sectionll.B.).
Generally,reservesshouldbeestablishedwithin eachrecoveryunit
whichareatleast1,000squaremiles in extent,orif this is not
possible,particularlyintensivehabitatanddeserttortoisepopulation
managementshouldbe implementedto ensurelong-termviability of
thepopulation. In manyareasoftheMojaveDesert,it is possibleto
establishDWMAs largeenoughto provideahighprobabilityof
recovery.However,somepopulationsegmentswill haveto be
recoveredin smallerDWMAs. Thesewill haveto beparticularly
well managedto preventextinctionsbecauseofthehigher
probabilitiesofextinctionascribedto smallpopulations(see
AppendixC). Manypopulationsegmentswithin mostrecovery
unitsarecurrentlydeclining,andhuman-causedmortality,habitat
loss,andthepossiblecatastrophiceffectsof URTD orother
diseasesfurtherendangerthesepopulations.Thus,simply setting
asidetheminimumlandareanecessaryto supportaviable
populationwill notbe adequateto effectrecovery.

ThetaskofselectingDWMAs is listedin theImplementation
Schedulein astepdownfashionby recoveryunit. Table6 lists the
RecoveryTeam’srecommendationsfor DWMAs in thesix recovery
units. ProposedDWMAs aredescribedin Table6, Figures7, 8, 9,
10, AppendixF, andin Brussardet al. (1994).

1.a.l. Northern Colorado Recovery Unit
l.a.2. Eastern Colorado Recovery Unit
1.a.3. Upper Virgin River Recovery Unit
1.a.4. Eastern Mojave Recovery Unit
1.a.5. Northeastern Mojave Recovery Unit
l.a.6. Western Mojave Recovery Unit
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1.b. DelineateDWMA boundaries.

Wheneverpossible,DWMA boundariesshouldbedrawnto include
thebestexamplesof deserttortoisehabitatin specificvegetation
regions. In addition,heterogeneousterrain,soil types,and
vegetationwithin DWMAs will bestprovideprotectionfor theentire
ecosystemsuponwhichhealthydeserttortoisepopulationsdepend.

Boundarydelineationsfor DWMAs (andcontainedEMZs) should
beconsistentwith currenttheoryandpracticeof reservedesign
(Thomasetal. 1990,Noss 1991). Land-managementagencies
shouldfollow theseguidelineswhenestablishingboundariesfor
DWMAs andEMZs. Theseguidelinesshouldalsobefollowed in
prescribingmanagementgoals.

(a) Reservesthat are well-distributed across a species’
native range will be more successfulin preventing
extinction than reservesconfined to small portions of a
species’range. Preservationof one or more viable populations
within eachofthesix recoveryunitswill ensurethat the full range of
variation within the speciesis maintained,enhancingthedesert
tortoise’sability to adaptoradjustto futureenvironmentalchanges.

(b) Large blocks of habitat, containing large
populations of the target species,are superior to small
blocks of habitat containing small populations. While the
persistenceofall deserttortoisepopulationsis subjectto theeffects
of environmentalstochasticityandcatastrophes,thepersistenceof
smallpopulationsis additionallythreatenedby demographicand
geneticstochasticity(seeSectionfl.A. andAppendixC). This
meansthatthe largestpossibleblocksofgooddeserttortoisehabitat
in anarea,containingthemostdensedeserttortoisepopulations,
shouldbeincludedwithin DWMA boundaries.

(c) Blocks of habitat that are close together are better
than blocks far apart. This arrangementfacilitatesdispersalof
deserttortoisesamonghabitatpatches.Connectinghabitatsegments
shouldbeof mediumto high qualityandbewideenoughto
accommodateseveraldeserttortoisehome-rangewidths (several
miles),butnarrowenoughto discontinuecontactbetweenDWMAs
by doublefencing,if necessaryto impedethespreadofdisease
(Figure6). Suchlinkagesarenecessaryboth forademographic
“rescueeffect” (Brown andKodrik-Brown 1977)andforcontinued
geneticinterchange.

(d) Habitat that occurs in less fragmented, contiguous
blocks is preferable to habitat that is fragmented. The
deserttortoisedoesbestin undisturbedenvironmentswherethe
presenceof edgespecies,suchasravens,is minimized. Highly
fragmentedhabitatis mostlyedge(becausesmallpatchesmaximize
theratioofedgeto interiorarea)andshouldbeavoidedto theextent
possiblewithin DWMAs.
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(e) Habitat patchesthat minimize edgeto area ratios are
superior to thosethat do not. This meansthat roundor
squarepatchesofhabitataremorelikely to retaindeserttortoise
populationsthanelliptical orrectangularones.Long, linearstripsare
the leastdesirable.

(f) Interconnected blocks of habitat are better than
isolated blocks, and linkages function better when the
habitat within them is represented by protected,
preferred habitat for the target species.Interpopulation
dispersal,asmentionedabove,is importantforpopulation
persistence.Onepossiblenegativeeffectof interpopulation
dispersalon thedeserttortoiseis thepotentialfor spreadingdisease
from infectedto non-infectedpopulations.Inclusionof isolatedbut
healthypopulationsintoDWMAs couldbevaluablein avoidingthe
possiblecatastrophiceffectsofthis disease. However,asidefrom
theproblemsof diseasetransmission,theadvantagesof dispersal
oftenoutweighthedisadvantages.Thus,maintaininglinkages
amonghabitatpatcheswithin DWMAs andamongtheDWMAs
themselvesis consideredhereto be important. Thiswill require
maintainingconnectingsegmentsofhabitatthat areatleast
marginallyacceptableto thedeserttortoise.

(g) Blocks of habitat that are roadless or otherwise
inaccessibleto humans are better than blocks containing
roads and habitat blocks easily accessibleto humans.
Becausedeclinesin deserttortoisepopulationsareassociatedwith
highdensitiesof accessroutes,vehiculartraffic, andhumanaccess
(AppendixD, Schoenwald-CoxandBuechner1992),theaccess
mustbelimited in theDWMAs. Populationswithin DWMAs that are
inaccessibleto motorizedrecreationorsimilar activitieswill havea
muchbetterchanceof recoverythanthosein DWMAs wherehuman
accessis prevalent.

Delineationof DWMA boundariesshouldbe guidedby theabove
conceptsandwill beintegralto developmentof recoveryunit
managementplans.

1.b.1. Northern Colorado RecoveryUnit
1.b.Z. Eastern Colorado Recovery Unit
1.b.3. Upper Virgin River Recovery Unit
1.b.4. Eastern Mojave Recovery Unit
1.b.5. Northeastern Mojave Recovery Unit
1.b.6. Western Mojave Recovery Unit
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1.c. Secure habitat within DWMAs.

To ensuremanageability,privateandStatelandsin DWMAs
(exclusiveof Stateparksorotherlandsmanagedfor thebenefitof
thedeserttortoise)shouldbeacquiredorconservationagreements
developedto protectdeserttortoisehabitat. Landacquisitions
shouldincludesurfaceandsubsurfacemineralrightswhenever
possible. Habitatconservationplans,orsimilar efforts,should
considerthisasappropriatemitigation for thetakeof deserttortoises
and/orhabitat.

1.c.1. Northern Colorado recovery unit
1.c.2. Eastern Colorado recovery unit
1.c.3. Upper Virgin River recovery unit
1.c.4. Eastern Mojave recovery unit
1.c.5. Northeastern Mojave recovery unit
1.c.6. Western Mojave recovery unit

1.d. Develop reserve-level managementwithin DWMAs.

Becausethefactorscausingthedeclineof thedeserttortoiseare
primarily human-related(seeSectionLB.), manyhumanactivities
within DWMAs will needto be strictly regulatedoreliminated.
Becausethekindsandlevelsof humanusesvary amongrecovery
units andproposedDWMAs, definingspecificmanagementactions
neededfor recoverymustbeprecededby DWMA selectionand
boundarydelineation. DWMA managementneedscouldbe
identifiedin recoveryunit managementplansor in specificDWMA
plans.SectionILE. describesrecommendedrecoveryactionsin
DWMAs which shouldbecomepartof recoveryunit management
plansif DWMAs areselectedanddelineatedasdescribedhere.
Recommendedmanagementactionsshouldbetailoredto theneeds
ofspecificDWMAs andincludeactivitiessuchaseliminatingburro,
horse,anddomesticlivestockgrazing;limiting vehicularaccess,
includingprohibitingnewvehicularaccessandreducingexisting
access;andprohibitingnewsurfacedisturbances,exceptto improve
thequalityof wildlife habitat,watershedprotection,or improve
opportunitiesfor non-motorizedrecreation;amongothers(see
Sectionll.E.).

1.d.1. Northern Colorado recovery unit
1.d.2. Eastern Colorado recovery unit
1.d.3. Upper Virgin River recovery unit
1.d.4. Eastern Mojave recovery unit
1.d.5. Northeastern Mojave recovery unit
1.d.6. Western Mojave recovery unit
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i.e. Implement reserve-level management within DWMAs.

Oncehabitatis secured,managementnecessaryto removethreatsto
thedeserttortoiseandits habitatmustbe implemented.Specific
actionsarerecommendedin Section[I.E. andincludeactivitiessuch
aspartial fencingofDWMA boundariesto controllivestock,burros,
andhorses;increasedlaw enforcement;closureofvehicleroutesand
designationofvehicleways;andconstructionofbarrierfencingand
highwayunderpassesthatcanbeusedby deserttortoises,thus
reducingmortalityof animalson andnearroadsandrailroadtracks.

DWMAs will serveasrecoverysitesfor thedeserttortoise,but they
will alsobeimportantasecosystemreservesandashabitatfor other
rareand/orsensitivespeciesorcommunities. DWMAs alsocanplay
asecondaryrolein providingwatershedprotectionandsomeforms
ofrecreationwhicharecompatiblewith deserttortoiserecovery.
Managementactionsshouldbetailoredto meettheseotherneeds
wheneverpossible.Theseconceptshelpedshapethemanagement
recommendationsin Section[I.E., AppendixF, andBrussardet al.
(1994).

Althoughspecifictasksaredifficult to defineatthis time,
implementationof recoveryunitplanswill beacrucialstepin
recoveringthedeserttortoise.As aresult,implementationis
includedin theImplementationSchedule.Mostcostsandscheduling
arelistedas“to bedetermined”,astheyarecontingentuponsizeand
locationofDWMAs.

1.ei. Northern Colorado recovery unit
i.e.2. Eastern Colorado recovery unit
i.e.3. Upper Virgin River recovery unit
1.e.4. Eastern Mojave recovery unit
1.e.5. Northeastern Mojave recovery unit
i.e.6. Western Mojave recovery unit

11. Monitor desert tortoise populations within recovery
units.

Monitoringof deserttortoisepopulationswill be crucial to
determiningif deserttortoisepopulationsarestationary,declining,
or increasing(recoverycriterion1). Currently,monitoringoftrends
in populationdensities,suchasdescribedin AppendixA, is theonly
defensibleway to evaluaterecoveryof deserttortoisepopulations.
Theadvantagesofthismethodinclude: (1) it assessespopulation
trendsoverlargeareas,not just in singleplots; (2) sampleareasare
selectedrandomly,allowingcomparisonswith standardstatistical
techniques;and(3) it violatesno knownassumptionsof the
underlyingmodel.
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Populationtrendmonitoringshouldbefundedby theappropriate
landmanagementagency,conductedby qualifiedbiologists,and
reviewedby theFishandWildlife Serviceandotherappropriate
agencies.If monitoringindicatesthat thedeserttortoisepopulation
within aDWMA orrecoveryunit is not progressingtowards
recovery,managementwithin DWMAs will needto be modifiedto
ensurepositivepopulationgrowthorstability.

In additionto thepopulationtrendmonitoringdescribedin Appendix
A, intensive,long-termstudyplotsshouldalsobemalntained
throughouttheMojaveregion,becausethedatatheyproduceare
critical for athoroughunderstandingofdeserttortoisepopulation
biology andarenecessaryfor delistingcriterion#4.

1.f.1. Develop monitoring plan

A monitoringplanhasbeencompleted(AppendixA) anda
workshopwill beheldin 1994 to furtherrefinethetechniquesto be
usedfor thedeserttortoise.

1.f.2. Implement monitoring plan

Apply themonitoringplandevelopedin task 1 .f.1. to eachof thesix
recoveryunits.

1.f.2.a. Northern Colorado recovery unit
1.f.2.b. EasternColorado recovery unit
1.f.2.c. Upper Virgin River recovery unit
1.f.2.d. Eastern Mojave recovery unit
1.f.2.e. Northeastern Mojave recovery unit
1.f.2.f. Western Mojave recovery unit

2. Establish environmental education programs.

Startanaggressiveandwidespreadeffort in schools,museums,
huntingclubs,andin BLM andNationalParkServicevisitor centers
andinterpretivesites,etc.to inform thepublic aboutthestatusofthe
deserttortoiseandits recoveryneeds.Developinterpretivekiosksor
visitor centersnearDWMAs to disseminateinformationaboutthe
deserttortoiseandtheneedforregulatedaccessanduseofhabitat.
Educationprogramsshouldincludesuchsubjectsas: husbandryand
adoptionprogramsfor captivetortoises,theillegality of releasing
captivetortoisesto wild lands,theillegality oftranslocatingwild
tortoisesfrom onesite to another,andtherole of euthanasiain
managingcaptiveandwild populationswherediseaseis a serious
threatto survivalofthespecies.Educationeffortsshouldbefocused
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on groupsthatusethedesertonaregularbasis,suchas
rockhounders.A permit systemwouldoffer oneway to do this.

2.a. Develop environmentaleducationprograms.

Recoveryunitmanagementplansshouldincludeanenvironmental
educationfeature,butsuchprogramscouldalsobedevelopedby
landmanagementorotherentitiesto educatecontractedor in-house
constructioncrewsandotherpersonnelwhomight encounterdesert
tortoises,orforeducatingthepublic in urbancentersoutsideof
recoveryunits.

2.b. Implement environmental education programs.

Implementtheenvironmentaleducationprogramdevelopedin task
2 .a.

3. Initiate research necessaryto monitor and guide
recovery efforts.

Unlike thesituationwith manythreatenedorendangeredspecies,
considerabledataexiston manyaspectsofthebiology ofthedesert
tortoise. Unfortunately,few ofthesedataareusefulin recovery
planning. Themagnitudeandscopeof newresearchdataessential
for recoveryplanningrequiresan unprecedentedlevel of
coordinationandcooperationwithin andamongagencies.
Biologistsandresearchscientistsin theDepartmentoftheInterior
(BLM, NPS,Bureauof Reclamation,andNationalBiological
Survey),Departmentof Defense,andotherFederalagenciesmust
work closelywith theircolleaguesin stateagenciesto achievethis
goal. No oneagencycanhandleall theessentialresearch,and
monitoring. Employingtalentsofacademicresearcherswill be
essential.Duringthenexttwo decades,researchprioritieson the
deserttortoiseshouldfocuson thefollowing areas:

3.a. Obtain baseline data on desert tortoise densities
both inside and outside of DWMAs.

In additionto thepopulationmonitoringwithin DWMAs described
in taski.e.,populationdensityanddistributiondataareneededin
someareas.Themethodologyrecommendedto determinedensities
is describedin AppendixA. Thismethodologyshouldbetestedfor
replicabilityandaccuracyin avarietyofhabitats.
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3. b. Develop a comprehensivemodel of deserttortoise
demography throughout the Mojave region and within
each DWMA.

Sucha modelshouldbe basedonat least25 yearsof data. This
timespanrepresentsonedeserttortoisegenerationandis necessary
to capturetheeffectsofnormalenvironmentalvariability on desert
tortoisesurvivalandreproduction.Researchshouldbedonein both
high- andlow-densityareas.

Researchto developdocumentsfor thismodelshouldincludethe
following actions:

3.b.1. Initiate epidemiologicalstudies of URTD and
other diseases.

3.b.2. Research sources of mortality, and their
representation of the total mortality, including human,
natural predation, diminishment of required resources,
etc.

3.b.3. Research recruitment and survivorship of
younger age classes.

3.b.4. Research population structure, including the
spatial scale of both genetic and demographic processes
and the extent to which DWMAs and recovery units
conform to natural population subdivisions.

3.c. Conduct appropriately designed, long-term
research on the impacts of grazing, road density,
barriers, human-use levels, restoration, augmentation,
and translocation on desert tortoise population
dynamics.

3.d. Assess the effectivenessof protective measures
(e.g., DWMAs) in reducing anthropogenic causes of
adult desert tortoise mortailty and increasing
recruitment.
3.e. Collect data on spatial variability of climate and
productivity of vegetation throughout the Mojave region
and correlate this information with population
parameters (e.g., maximum sustainable population size,
see Appendix G).

3.f. Conduct long-term research on the nutritional and
physiological ecology of various age-sizeclasses of
desert tortoises throughout the Mojave region.

3.g. Conduct research on reproductive behavior and
physiology, focusing on requisites for successful
reproduction.
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E. Desert Wildlife ManagementAreas:
Management Recommendations

Generalrequisitesfor sitingDWMAs arefoundin Sectionll.B.;
conceptsof reservedesignneededto guidedelineationofDWMA
boundariesandneededmanagementactionsarelisted in thenarrative
outlineof recoveryactions(Section[I.D.). Thenarrativeoutline
containsonly thoseactionswhichatthis timecanbeidentified.
After DWMAs areselectedandtheirboundariesdelineated,DWMA-
specificmanagementactionsmustbedefinedto addressspecific
threatsandmanagementproblemsin eachDWMA. Thischapter
providesrecommendationsfor managementin the 14 proposed
DWMAs (seeTable7). Although in somerecoveryunits proposed
DWMAs maybelargerthan 1,000squaremiles (AppendixFand
Brussardet al. 1994),decliningpopulationsandcontinuingthreats
from human-causedmortality anddiseasesuggestthatprotecting
only theminimumareanecessaryto supportaviablepopulation
probablywill notbeadequateto achieverecovery. If DWMAs are
selectedandestablishedasdescribedin this RecoveryPlan,andif
DWMA-speciflc managementactionsrecommendedhereinare
implementedtoprotecthabitatandto reversecurrentdeclinesin
deserttortoisepopulations,recoveryshouldbeanachievablegoal.

AppendixF providesabroadrangeof informationon eachproposed
DWMA including: (1) summarydescription,(2)currentdensities
andpopulationsize,(3) landownership,and(4) threatsspecific to
individual DWMAs. Brussardet al. (1994)detailsfurthersite-
specific informationwhichwill beneededby landmanagersto
delineateboundariesandassemblemanagementplansfor DWMAs.
Generalboundariesaredescribedin Figures7, 8,9, 10 andin
AppendixFfor eachDWMA; however,theseboundariescanbe
somewhatflexible.

Only oneDWMA is proposedfor theUpperVirgin Riverrecovery
unit. With intensiveandcarefulmanagementthis recoveryunitcan
supportaviablepopulation. Similarly, apartfrom asmall portionof
theFennerDWMA, theChemehueviDWMA is theonly proposed
DWMA identifiedin thenorthernColoradorecoveryunit andthus is
akey area.TheChuckwallaDWMA is alsovery importantbecause
it is theonly DWMA entirelycontainedwithin theeasternColorado
recoveryunit. TheJoshuaTreeDWMA is partiallyin theeastern
Coloradorecoveryunit,but mostof thedeserttortoisesandmostof
thelandareain this DWMA arein thewesternMojaverecoveryunit.

The 1994designationofcritical habitatfor thedeserttortoise(59FR
5823)wasbasedon recommendationsoftheDraft Plan(Fishand
Wildlife Service1993),andis consistentwith therecommendations
ofthis final Plan(AppendixH). Areasnotincludedin critical
habitat,but recommendedasDWMAs in theDraft Plan,were
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consideredto havecurrentmanagementpolicieswhichprovided
adequateprotectionagainstpotentialhabitat-alteringactivities
becausetheyareprimarily managedasnaturalecosystems.The
regulationofactivitieswithin criticalhabitatthroughsection7 (of the
EndangeredSpeciesAct) consultationwill bebasedon
recommendationsin thisPlan(SectionU C.1.). Critical habitatdoes
notaccomplishthesamegoalsorhaveasdramatican effect upon
tortoiseconservationasdoesarecoveryplanbecausecritical habitat
doesnot applyamanagementprescriptionto designatedareas.
However,designationofcritical habitatdoesprovideprotectionof
deserttortoisehabitatuntil suchtimeastheDesertTortoise
RecoveryPlanis implementedandDWMA managementis
employed.

ThemanagementneedsofDWMAs will likely beinfluencedby
someimportantregulatorydecisionsin thenearfuture. For
instance,theCaliforniaDesertProtectionBill (5.21,H.R. 518),
currentlybeforeCongress,mayaffectproposedDWMA
managementneeds.If passedinto law,proposedDWMAs in the
Californiaportionof theeasternMojaverecoveryunit couldbe
managedwholly orin partby theNationalParkService,andthey
maycontainsignificantlandareadesignatedaswilderness.

Thefollowing actionsarerecommendedforeachDWMA.
However,untilDWMA boundariesareestablished,costestimates
cannotbederived. TheImplementationSchedule(Section111)will
beupdatedasthesecostsbecomeavailable.

1. Recommendedregulations in DWMAs.

For reasonsgivenin SectionLB., if DWMAs areto functionwell as
deserttortoisereserves,somehumanactivitiesmustbe restricted.
Extensive,rigorouslyobtaineddatawhichunambiguouslydefine
activities thatareincompatiblewith deserttortoiserecoveryare
largelyunavailable.However,extensiveanecdotalaswell as other
datado exist andtheysuggeststronglythatthefollowing activities
shouldbeprohibitedthroughoutall DWMAs if populationtrendsare
to bereversedandrecoveryis to occurwithin areasonableperiodof
time. Implementationoftheseregulationswill requireintensive
enforcementandwilling cooperation.

The foilowing activities should be prohibi~d throughout
all DWMAs becausethey are generally incompatible with
desert tortoise recovery and other purposes of DWMAs:

• all vehicleactivity offof designatedroads;all competitive and
organizedeventson designatedroads;

• habitat-destructivemilitary maneuvers,clearingfor agriculture,
landfills,andany othersurfacedisturbancethatdiminishesthe
capacityof thelandto supportdeserttortoises,otherwildlife, and
nativevegetation;
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• domesticlivestockgrazing;

• grazingby feral (“wild”) burrosandhorses;

• vegetationharvest,exceptbypermit;

• collectionofbiologicalspecimens,exceptby permit;

• dumpingandlittering;

• depositionof captiveordisplaceddeserttortoisesorotheranimals,
exceptunderauthorizedtranslocationresearchprojects(see
AppendixB.);

• uncontrolleddogsout ofvehicles;

• dischargeof firearms,exceptforhuntingofbig gameorupland

gamebirds from SeptemberthroughFebruary;and

The following activities are compatible with tortoise
recovery and may be allowed in DWMAs:

• non-intrusivemonitoringof deserttortoisepopulationdynamics
andhabitat;

• limited speedtravelon designated,signedroadsandmaintenance
of theseroads;
• non-consumptiverecreation(e.g.,hiking,birdwatching,casual
horsebackriding, andphotography);

• parkingandcampingin designatedareas;

• fire suppressionthat minimizessurfacedisturbance;

• permittedorotherwisecontrolledmaintenanceofexistingutilities;

• surfacedisturbancesthatenhancethequality of habitatfor wildlife,
enhancewatershedprotection,or improveopportunitiesfor non-
motorizedrecreation.This includestheconstructionofvisitor
centers,wildlife guzzlers,campingfacilities,etc.whereappropriate;

• populationenhancementof nativewildlife speciessuchasdesert
bighorn,Gambel’squail, etc;

• mining onacase-by-casebasis,providedthatthecumulative
impactsof theseactivitiesdo notsignificantly impactdeserttortoise
habitatsorpopulations,thatany potentialeffectson deserttortoise
populationsarecarefullymitigatedduringtheoperation,andthatthe
landis restoredto its pre-disturbancecondition;and

• non-manipulativeandnon-intrusivebiologicalorgeological
research,by permit.
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DWMAs areintendedto providesuitablehabitatfor thedesert
tortoiseandeffectrecovery.Theywill alsoserveasecosystem
reserves,refugesfor otherplantsandanimals,andplay secondary
roles in watershedprotectionandin furnishingnon-motorized
recreationalopportunities.Permitrequirements(on someactivities
listedabove)providean opportunityfortheland-management
agencyto instruct userson thesegoals. Manipulativeor intrusive
biologicalorgeologicalresearchshouldgenerallybediscouragedin
DWMAs exceptunderunusualcircumstances,andnoneshouldbe
allowedexceptby permit.

Whetherornot livestockgrazingshouldbeallowedin DWMAs is
extremelycontroversial.At this time, therearenodatashowingthat
continuedlivestockgrazingis compatiblewith recoveryofthedesert
tortoise,althoughit appearsthat cattlegrazingundercertain
circumstancescanbecompatiblewith deserttortoisesurvival(Tracy
et al., in prep.). Becausetortoiserecoveryis thegoalof
managementwithin DWMAs, until suchdataareforthcoming,no
grazingshouldbe permittedwithin theDWMAs. Datarequiredto
showthatcattlegrazingcanbecompatiblewith recoveryincludea
demonstrationthat adult tortoisedensitiesarestationaryor
increasingandthatregularrecruitmentis occurringinto theadultage
classesin areaswherecattlearegrazed.Suchstudiesmustbe
adequatelycontrolled,replicated,andstatisticallyrobust.

2. Recommendedmanagementactions.

Actionsrecommendedfor immediateimplementationinsideDWMA
boundariesto effectrecoveryof thedeserttortoiseare shownin
Table6. Theseandothernecessaryactionsarediscussedbelow:

2a. Control vehicular accessin DWMAs.

Pavedhighways,unpavedandpavedroads,trails,andtrackshave
profoundimpactson deserttortoisepopulationsandhabitat. In
additionto providingmanyopportunitiesfor accidentalmortality,
theyalsoprovideaccessto remoteareasfor collectors,vandals,
poachers,andpeoplewho do notfollow vehicle-useregulations.
Substantialnumbersof deserttortoisesarekilled on roads. Thus,
deserttortoisesthrivebestwherethedensityofaccessroutesis low,
traffic on themis low, andhumanaccessis limited. Thefollowing
actionsshouldbeimplementedin all DWMAs to controlvehicular
access:

1. Restrictestablishmentof newroadsin DWMAs.

2. Implementclosureto vehicularaccesswith theexceptionof
designatedroutes,includingFederal,State,andCountymaintained
vehicleroutes.

3. implementemergencyclosuresofdirt roadsandroutesasneeded
to reducehumanaccessanddisturbancein areaswherehuman-
causedmortality ofdeserttortoisesis aproblem.
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4. Fenceorotherwiseestablisheffectivebarriersto tortoisesalong
heavily-traveledroads;install culvertsthatallow underpassof
tortoisesto alleviatehabitatfragmentation.

2b. Enforce regulations.

SeveralDWMAs haveseriousproblemswith vandalism,collecting
of deserttortoises,releaseof captives,andunauthorizedvehicleuse,
all of whichcontributeto abnormallyhighdeserttortoisemortality
rates. Therefore,regularandfrequentpatrolsof suchDWMAs by
law enforcementpersonnelwill beessential.

2c. Restore disturbed areas.

Surfacedisturbancein DWMAs shouldbe restoredto pre-
disturbanceconditions(definedasthetopography,soils, andnative
vegetationthatexistin adjacentundisturbedorrelativelyundisturbed
areas).This includessuchactionsasclosingaccessto non-
designatedroadsandrestoringnon-designatedroadbedsto theirpre-
disturbancestate.

2d. Sign and fence DWMAs as needed.

Theperipheryof someDWMAs (on acase-by-casebasis)shouldbe
fencedwith materialsuchasraisedhogwire in areaswhereconflicts
with adjacentlandusesexistandwhereaccesscannototherwisebe
controlled. In anyevent,it is essentialthattheboundariesof the
DWMAs be clearlymarkedto regulateauthorizeduseandto
discourageunauthorizeduse. Boundariesof EMZs alsoshouldbe
clearlymarked.

2e. Implement appropriate administration.

FortheDWMAs to functioneffectively asreserves,localresidents
shouldunderstandand supportthem,assometraditionaluseswill
beeliminated.EachDWMA mayrequireareservemanager,
additionalstaff,andlaw enforcementpersonnel.In somecases,
adjacentDWMAs couldbemanagedby thesamestaff. DWMA
personnelshouldbehiredlocallywheneverpossible.Therelevant
agenciesandtheDWMA employeesshouldmeetwith varioususer
groupsto discussimplementationoflanduserestrictionsin the
DWMAs. Theformationoflocal advisorycommitteesto assistwith
this taskis stronglyrecommended.Certainincentivesmaybe
necessaryto encouragelocalpeopleto respectDWMA boundaries;
thesemight bepaidfor from fundscollectedthroughregionalhabitat
conservationplans. As fundsbecomeavailable,eachDWMA or
groupofDWMAs managedasaunit shouldhavean associated
visitor centeror setof interpretivesitesandpanelsandperhapsother
amenitiessuchascampgroundsorprovisionsfor guidedtours.
Theseamenitieswould attracttouristsandneededrevenueto the
local area. However,increasedtourist traffic will needto be
preventedfrom comingintoconflict with thebiologicalneedsof the
deserttortoise.
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Table7. Actionsrecommendedfor immediateimplementationin proposedDesertWildlife
ManagementAreasto effectrecoveryofthedeserttortoise.

DesertWildlife Management W ~ I ~ T SC CHU OR MMjIV] FE ~ PEJCs ~GBP~CHEJT
1.......I I I I I_

Il—I— -=-=•=•=-—•—- — - — -— =Level of Threatsto DVIMAs 1111111 I I 11 1
(1 =low;5=high) ILI.LLL.ILJ±..LLILLLILILILI2Il_IL

ISSUES 1 II.A.111.11.11.111......

odify Plannedand 0 goingactions — — X X — x x x x x

x x x x x x x xithdrawGrazing —

ithdrawMining — — x — x x

x x x x x x x x x x x x x xevelopDWMAManagementPlans

velopEducationprogram x x x x x x x

ecureHabitat x — x x x — — — — — x— x x x — — — — — x — — —

odifylControl Landfills x x x x x
ign andFenceBoundaries x — x x x x x — — —

— — x x x

— x x x x x x — — x —

— — x x x x x x x x —

— — x x x x x — —

x x x x x x — — — — ——

alt UnauthorizedORVUse

~tVand~ismofDe~rtTortoises

alt Collectingof DesertTortoises

alt Releasesof CaptiveTortoises

ontrol VehicleAccess

UVRV = UpperVirgin River Valley; BDS = BeaverDarnSlope;FK = Fremont-Kramer;Superior-Cronese;
CHU = Chuckwalla;OR= Ord-Rodman;MM = Mormon Mesa;IV = Ivanpah;FE= Fenner;PE= Piute-
Eldorado;CS= CoyoteSpring; GBP= GoldButte-Pakoon;CHE = Chemehuevi;IT = JoshuaTree
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2f. Modify ongoing and planned activities.

Ongoingandplannedactivitiesshouldbemodifiedsotheyare
consistentwith therecoveryobjectiveandrecommendationsof this
RecoveryPlan.

2g. Control use of landfills and sewageponds by desert
tortoise predators.

Identifyandcleanup unauthorizeddumpsin DWMAs. Reduceor
eliminateuseof authorizedlandfills andsewagepondsin andnear
DWMAs by predatorsof deserttortoise(e.g., ravens& coyotes).
Allow no newlandfills orsewagepondswithin DWMAs.

2h. Establish environmentaleducationprogramsand
facilities.

As describedin Task6, visitor centers,interpretivesites,guided
tours,andcampgroundsareall appropriatein townsnearDWMAs
toeducatethepublicaboutthestatusandmanagementneedsof the
deserttortoiseandits habitat. In addition,deserttortoiseprograms
shouldbedevelopedfor usein schools,museums,clubs,themedia,
etc. Educationeffortsshouldbe focusedon groupsusingthedesert
regularly,suchasrockhounders.

Theseactionsarerecommendedto increasemanageability,establish
an enforcementpresence,effectan immediatereductionin thethreats
to extantdeserttortoisepopulationsin DWMAs, andbuild local
supportfor thereserveconcept. In additionto theseactions,
emergencyclosuresofcattleanddomesticsheepallotments,or
placementof allotmentsandlicensesintononusecategorieswill be
neededin manyDWMAs. Mineralwithdrawalswill likely be
neededin someDWMAs to preventimpactsto deserttortoisesand
theirhabitat. Otheractionscritical to recoveryin DWMAs havebeen
definedin Sectionll.D. andtheImplementationSchedule(Section
III), includingresearchnecessaryto guiderecoveryefforts,and
monitoring. In addition,landmanagersareencouragedto
implementmanagementactionswhichpromotetheconservationof
otherspeciesandbiotic communities.

If extinctionoccursin anyDWMA, efforts to recolonizetheDWMA
with wild deserttortoisesfrom thesamerecoveryunit shouldbe
undertaken.Long-termresearchandmonitoringwouldbe
necessaryto ensurethesuccessof any suchrecolonizationeffort.
All translocationsshouldbe donein accordancewith theguidelines
in AppendixB.
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HI. IMPLEMENTATION SCHEDULE

Thetablethatfollows is asummaryof scheduledactionsandcostsfor thisrecoveryprogram. It is
aguide to meettherecoveryobjective. This tableindicatestheschedulingpriority for eachtask,
which agenciesare responsiblefor performingthesetasks,andthe estimatedcoststo perform
them. Implementationof all taskslisted in theImplementationSchedulewill leadto recovery.
Initiation of theseactionsis subjectto availability offunds.

Priorities in columntwo of theimplementationscheduleareassignedasfollows:

1. Priority 1: An actionthat mustbe takento preventextinctionor to preventthespeciesfrom
decliningirreversiblyin theforeseeablefuture.

2. Priority 2: An action that must be takento preventa significantdeclinein populationor
habitatquality,orsomeothersignificantnegativeimpactshortofextinction.

3. Priority 3: All otheractionsnecessaryto meettherecoveryobjective.

ACRONYMS USED IN THE IMPLEMENTATION SCHEDULE

* = LeadAgency
AGED = ArizonaGameandFishDepartment
BLM = BureauofLandManagement
CC = Clark County
CDSP = CaliforniaDepartmentofStateParks
CDFG = CaliforniaDepartmentofFishandGame
CEC = CaliforniaEnergyCommission
DOD = DepartmentofDefense
DOE = Departmentof Energy
DWMA = DesertWildlife ManagementArea
ECRU = EasternColoradorecoveryunit
EMRU = EasternMojaverecoveryunit
EWS = FishandWildlife Service
FHWA = FederalHighwayAdministration
NCRU = NorthernColoradorecoveryunit
NDOW = NevadaDivision ofWildlife
NEMRU = NortheasternMojaverecoveryunit
NPS = NationalParkService
TBD = To be determined
UDWR = UtahDivision ofWildlife Resources
UNR = UniversityofNevada,Reno
USP = UtahStateParks
UVRRU = UpperVirgin Riverrecoveryunit
URTD = Upperrespiratorytractdisease
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Clearly,managersmustbe ableto alleviatedetrimentalimpactson a
populationsothattheexpectedgrowthis at leastzero. At zerothe
populationwill stayconstantin total size. However,evenwith such
management,therewill still berandomforcesthat impel a
populationboth up anddown. Thesearethestochasticfactors
discussedin Section3 ofthis appendix.Thereis oftenathreshold
in totalpopulationsize,density,orspatialarrangementbelowwhich
thesestochasticfactorscanresultin ahighprobabilityofextinction
within agiventime period. A PVA maybeableto predictthis
threshold--theminimumviablepopulation.

Catastrophes.- A catastropheis an extremeeventwhich, by
itself, canresultin populationextinction. Fires, floods, and
epizooticsarecommonlycited catastrophes.In general,
catastrophesarerareeventswhoseprobabilitiesarehardto estimate,
andbecauseof thedifficulty theyaretypically handledin adhoc
fashionoutsideof aformalPVA. TheUpperRespiratoryTract
Disease(URTD) is apossiblecatastrophethreateningdesert
tortoises.However,its rateof spreadandpotentialultimate impact
havenotyetbeenestimatedby epidemiologicalmodels.

Theonly protectionagainstcatastrophesis to haveredundancybuilt
into themanagementsystem—severalwidely-spacedpopulations
wouldnot likely be struckby thesamecatastrophiceventatthesame
time. Forthreatssuchasdroughtor flooding,local populations
wouldhaveto bedistributedoveraregionthat is largecomparedto
thetotal spatialscaleofcatastrophes.Sincetheepidemiologyof
URTD is notyet understood,managingthis epizooticis extremely
problematic.

Desert Tortoise Genetics.

A comprehensivePVA requiresconsideringpopulationgenetics—
includinglossofheterozygosity,inbreedingdepression,
outbreedingdepression,long-termlossof adaptability,pedigrees,
patemities,populationstructure,etc. However,mostPVAs involve
muchsmallertotal populations(TableCl) thancurrentlyexistfor
thedeserttortoise(althoughpopulationdensitymustbeconsidered
vis-a-visshort-termgeneticdeteriorationaswell).

Table Cl. The number of individuals modeledin PVM for endangeredspecies.

Species Number of Individuals

BlackfootedFerrets 6
CaliforniaCondors 28

WhoopingCranes 50
YellowstoneGrizzlies 200
NorthernSpottedOwls 2000

CiS



Desert Tortoise (Mojave Population) Implementation Schedule

1 1 .a.6 Select DWMAs in Western Mojave
Recovery Unit

I 1.b.1 Delineate DWMA boundanes in
Northern Colorado Recovery Unit

1 1 .b.2 Delineate DWMA boundaries in
Eastern Colorado Recovery Unit

Priority Task Task Task Responsible Total Cost Estimates ($1,000)
Number Number Description Duration Party Cost FY1994 FY1995 FY1G9O FY1997 FY1996

(YRS)

1 1 .b.3 Delineate DWMA boundaries in
Upper Virgin River Recovery Unit

1 1 .b.4 Delineate DWMA boundaries in
Eastern Mojave Recovery Unit

IFWS~
BLM
NPS
DOD
CDFG

1FWS*
BLM
CDFG

1FWS*
BLM
CDFG
DOD

1FWS*
BLM
UDWR
UsP

IFWS~
BLM
NPS
NDOW
CDFG
CDSP

20
20
10
10
10

20
20
10

20
20
10
10

20 20
20 20
20 20
10 10

20
20
10
10
10
10

20
20
10
10
10

20
20
10

20
20
10
10

10 10
10 10

5 5
5 5

10
10

9



Desert Tortoise (Mojave Population) Implementation Schedule

Priority Task Task Task Responsible Total Cost Estimates ($1,000)
Number Number Description Dumtion Party Cost FY1994 FY1995 FVI9SO FY1997 FY1998

(i’RS)

1 1 .b.5 Delneate DWMA Boundaries In
Northeastern Mojave Recovery Unit

1 1 .b.6 Delineate DWMA boundaries in
Western Mojave Recovery Unit

1 1 .c.1 Secure DWMAs in Northern Colorado
Recovery Unit

1 1 .c.2 Secure DWMAs In Eastern Colorado
Recovery Unit

1 1 .c.3 Secure DWMAs in UpperVirgin River
Recovery Unit

0%
0%

C.,

9

20
20
10
10
10
10
10

50
100

20
20
20

20
20
10
10
10
10
10

50
100
20
20
20

1FWS
BLM
DOD
NPS
AGFD
NDOW
UDWR

1FWS*
BLM
NPS
DOD
CDFG

5 FWS~
BLM
Corn

5 FWS*
SW
COFc3
DOD

5 FWS’
BLM
UDWR
USP

ma
ma
ma
ma
TBD
mD
mD
ma
ma
ma
ma



Desert Tortoise (Mojave Population) Implementation Schedule

Priority Task

Number Number

Task

Description

Task Responsible

Duration Party

Total

Cost FY1994
Cost Estimates ($1,000)

FY1995 FY1996 FY1997 FY1998

(YRS)
—

I I .c.4 Secure DWMAs in Eastern Mojave
Recovery Unit

1 1 .c.5 Secure DWMA in Noriheastem Mojave
Recovery Unit

1 1 .c.6 Secure DWMAs in Western Mojave
Recovery Unit

1 1 .d.1 Develop DWMA Management Plan In
Northern Colorado Recovery UnIt

1 1 .d.2 Develop DWMA Management Plan in
Eastern Colorado Recovery Unit

5 FWS~
BIM
NPS
NDOW
CDFG
CDSP

5 FWS~
SW
DOD
NPS
AGFD
NDOW
UDWA

5 FWS*
SW
NPS
DOD
CDFG

1FWS*
BLM
CDFG

1FWS*
BLM
CDFG
DOD

ma
ma
ma
ma
ma
ma

ma
ma
ma
ma
ma
ma
ma
lED
1BD
ma
ma
ma

20
40
10

20
40
10
10

0%

20
40
10

20
40
10
10

9

0

0

b

I
0

~i



Desert Tortoise (Mojave Population) Implementation Schedule

Priority Task
Number Number

Task
Description

Task Responsible
Duration Party

CfRS)

Total
Cost

Cost Estimates ($1,000)
FY1994 FY1995 FY19~6 FY1997 FY1996

I 14.3 Develop DWMA Management Plan In
UpperVirgin River Recovery Unit

I 1 .d.4 Develop DWMA Management Plan In
Eastern Mojave Recovery Unit

I I .d.5 Develop DWMA Management Plan In
Northeastern Mojave Recovery UnIt

1 1 .d.6 Develop DWMA Management Plan in
Western Mojave Recovery Unit

0%
00 ft

ft

9

Li
ft

IFWB
SW
UDWR
USP

1FWS*
SW
NPS
NDOW
t~DFG
cOSP

IFWS~
SW
DOD
NPS
AGFD
NOOW
UDWA

IFWS~
OW
NPS
DOD
CDFG

20
40
20
10

40
40
20
10
10
10

50
40
10
10
10
10
10

50
250

50
50
10

20
40
20
10

40
40
20
10
10
10

50
40
10
10
10
10
10

50
250

50
50
10



Desert Tortoise (Mojave Population) Implementation Schedule

1 1 .e.1 Implement DWMA Management Plans In
Northern Colorado Recovery Unit

1 1 .e.2 Implement DWMA Management Plans in
Eastern Colorado Recovery Unit

1 1 .e.3 Implement DWMA Management Plans in
UpperVirgIn River Recovery Unit

1 1 .e.4 implement DWMA Management Plans In
Eastern Mojave Recovery Unit

1 1 .e.5 Implement DWMA Management Plans in
Northeastern Mojave Recovery Unit

1 1 .e.5 Implement DWMA Management Plans in
Western Mojave Recovery Unit

Priority Task

Number Number

Task

Description

Task Responsible

Duration Party

Total

Cost FY1994
Cost Estimates ($1,000)

FY1995 FY19~6 FY1997 FY1995

(YRS)

2 1 .1.1 Develop Monitoring Plan

Cont. BLM*

Cont. BLM*
DOD

Cont BLM*
USP

Cont. BLM*
NPS

Cont. OLMA
DOD
NPS
FWS

Cont. BLM*
DOD
NPS

I FWS~
UNR
CC

lED

lED
lED

lED
lED

lED
lED

ma
lED
lED
ma

lED
lED
ma

10 10
10 10
30 30

0%
‘0

ft
Li
ft

9

Li
ft

ft

0
ft
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Desert Tortoise (Mojave Population) Implementation Schedule

Priority Task
Number Number

Task
Description

2 1 .f.2.a Implement Monitoring Plan in
Northern Colorado Recovery Unit

2 1.f.2.b implement Monitoring Plan in
Eastern Colorado Recovery Unit

2 1 .f.2.c Implement Monitoring Plan in
Upper Virgin River Recovery Unit

2 1 .f.2.d Implement Monitoring Plan in
Eastern Mojave Recovery Unit

2 1 .f.2.e Implement Monitoring Plan in
Northeastern Mojave Recovery Unit

2 1 .L2.t Implement Monitoring Plan in
Western Mojave Recovery Unit

Task Responsible Total Cost Estimates ($1,000)
Duration Party Cost FY1994 FY1995 FY19Q6 FY1997 FY1998

CfRO)

Cont. BLM*

Cont BLM*
DOD
NPS

Cont. BLM*
USP

Cont. BLM*
NPS
CDSP

Cont. BLM*
NPS
FWS

Cont. 0W
DOD
NPS

400

300
100
100

140
60

200
40

600
80

160

600
200
400

100

75
25
25

100

75
25
25

35
15

240
50
10

200
20
40

150
50

100

35
15

240
50
10

200
20
40

150
50

100

-4
0 ft

Lift

‘9

ft

ft

ft

Subtotal costs needs 1 6320 200 2715 0 0 1135



Needs 2: Establish Environmental Education Program

2 2.a Develop Environmental Education Programs 1FWS*
SW
DOD
NPS

Desert Tortoise (Mojave Population) Implementation Schedule

Priority Task Task Task Responsible Total Cost Estimates ($1,000)
Number Number Description Duration Party Cost FY1994 FY 1995 FY1996 FY1997 FY1998

CfRS)

~DGF
AGFD
NDOW
UDWR
CDSP
USP

2 2.b Implement Environmental Education Programs Cont. FWS*
BIM
DOD
NPS
CDGF
AGFD
NDOW
UDWR
CDSP
USP

Subtotal costs needs2

200
200

50
200

50
50
50
50
50
50

200
200

50
200

50
50
50
50
50
50

ma
ma
ma
lED
ma
lED
TBD
TBD
lED
lED

-4

ft
Li
ft

9

Li
ft

ft

ft

ft
950 950 0 0 0 0



Desert Tortoise (Mojave Population) Implementation Schedule

Needs 3: Conduct Tortoise Research

2 3.a Research on Tortoise Densities

C

Cost Estimates ($1000)

FY1994 P11995 P11996 P11997 P11998

—

Priority Task
Number Number

Task
Description

Task Responsible
Duration Party

(YRS)

Total
Cost

5 FWS~
SW
DOD
NPS
CDSP
USP
UDWA

2 3.b.1 Research on Upper Respiratory Tract Disease 3 BLM
and other Diseases AGFD

UDWR
FWS

2 3.b.2 Research on Mortality

2 3.b.3 Research on Recruitment and Survival

2 3.b.4 Research on Population Structure

10 51W
CC

10 6W
DOE
DOD
UDWR

10 BLM*
NPS
DOE
FWS

25
250
100
100
25
25
25

1000
3

10
25

400
200

440
100

20
45

1000
400

60
60

5 5 5 5 5
50 50 50 50 50
20 20 20 20 20
20 20 20 20 20
5 5 5 5 5
5 5 5 5 5
5 5 5 5 5

350
3

10
25

40
100

350

40
100

20 20
50 50
10 10
5 5

100
40
20
20

100
40

300

40 40 40

50 50 50

5 5

100 100
40 40

5

100
40

-4

ft
Li
ft

‘9

ft

ft

ft

ft



Priority Task
Number Number

Desert TortoIse (Mojave Population) Implementation Schedule

Task Task Responsible Total Cost Estimates ($1,000)
Description Duration Party Cost P11994 P11995 P11996 P11997 P11998

(YRS)

2 3.c Research on Human—use Impacts

3 3.d Research on Effectiveness of Protection

3 3.e Research on Climate and Vegetation

3 3.f Research on Nutrition and Physiology

3 3.g Research on ReproductiveBehavior

5 BLM~
DOD
NPS
CC
CEO
FHWA
CDFG

cont. FWS*

cont. NPS

5 BLM
NPS
UDWR
CC

5 BLM~
UDWR

2940
80
80

225
40

250
4

550

100

260
100
100
240

150
45

9432Subtotal costs needs 3

Total costs

420

105
20
40
2

20

100
20
20
80

30
5

1760

420
20
20

120
20

140
2

700
20
20

700
20
20

70

50 50

20

100
20
20
80

30
5

1817

60
20
20
80

30
5

1715

20 20
20 20

30

5

1225

16702 2910 4532 1715 1225 2340

700
20
20

50

ft

Li

‘9

Li

—i.

0

ft

0

30

5

1205

-4
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AppendixA: EstimationofRegionalDensities

AppendixA: EstimationofRegionalDensities

I. Introduction
Accuratedeterminationofdeserttortoisedensitiesis acritical
componentofthis recoveryplan. Densitiesshouldbemonitored
both insideandoutsideofDesertWildlife ManagementAreas
(DWMAs) to determinewhetherornotprotectionfrom human
activitieswithin DWMAs is effectivein reversingcurrentpopulation
declines.Comparisonsof populationgrowthratesbetween
experimentalmanagementzones(EMZs) andotherreserveareaswill
benecessaxyto assesstheimpactof activitiespermittedin theformer
andnot in the latterandto adjustmanagementactionsaccordingly.

Themethoddescribedhereinis to beusedforestimatingdesert
tortoisedensitiesthroughoutarecoveryunit. It shouldnotbe
confusedwith thewidely-usedstrip transectandstudyplot
techniques(Berry 1984a;Berry andNicholson 1984a,l9841~; Karl
1983). Strip transectsprovidedatato~p deserttortoise
distributionandmayallow estimationofrelativedensitiesif properly
calibratedon nearbystudyplotsin similarhabitats. Intensive
surveysof studyplotsproducedetaileddataon habitatcondition,
humanuses,andsuchpopulationattributesasdensities,size-age
classstructure,sexratios,recruitment,causesof death,and
mortality ratesin localizedareas.However,neitherofthese
techniquesis suitablefor economicalandreliableestimatesofdesert
tortoisedensitieson aregionalscale.

II. Hypothesis to be tested
Mostdeserttortoisepopulationsin theMojaveregionhave
experiencedrapiddeclines,andrecoverydependson reversingthese
trends.Becausemostpopulationdeclinesappearto bedirectlyor
indirectlycausedby varioushumanactivities,theestablishmentofa
networkofDWMAs wheresuchactivitiesarecurtailedorcarefully
managedshouldresultin positivepopulationgrowthratesandthe
eventualachievementofrecoverygoals. Thus,monitoringofdesert
tortoisedensityshouldbeperformedto testthefollowing
hypothesis:

H1. If protectionaffordedby DWMAs hasno effectondesert
tortoisepopulationdynamics,therewill benosignificantdifferences
betweenthedensitiesof populationsinsideandoutsideofthe
DWMAs.

Al



AppendixA: EstimationofRegionalDensities

III. Methods
A. Number and Location of SamplePlots Within Each DWMA.

Eachsampleplot shouldbe 1 squarekilometerin area.Thenumber
ofsampleplots perDWMA will dependuponits size,butat least
5%ofthetotal areaoftheDWMA mustbesampledin each
samplingcycle (e.g., 10 squaremiles [25.9squarekilometers]),or
26sampleplots,wouldbe theminimumacceptableareato sample
within aDWMA of 200squaremiles). No fewerthanthreecontrol
plotsmustbesampledoutsideof eachDWMA. Theseplotsmustbe
locatednocloserthan2 miles andnofartherthan 10 miles from the
DWMA boundary. AdjacentDWMAs mayshareoneormore
controlplotsthatfit thesecriteria.

TheDWMAs shouldbedivided into plots 1 squarekilometerin area
usingUniversalTransverseMercatorcoordinates,andeachplot
shouldreceiveauniquenumber.Plotsto besampledshouldbe
chosenfrom arandomnumbertable. If arandomlychosenplot is in
anareathatisveryunlikely to containdeserttortoises,it shouldbe
excludedandanotherplot chosen.Suchexclusionsinclude(1) plots
with averageelevationsover4.000feet,(2) plotstransectedby paved
highways,(3) plots largelyconsistingofplayasorotherareaswith
nonaturalvegetation,and(4) plotswith largeareasof human-
causedsurfacedisturbance(e.g.,agriculturalfield, gravelpit).
Controlplotsshouldbechosenusing thesamecriteriaasplots
within theDWMAs. New plots shouldbechoseneachtimethe
DWMA andthecontrolareasaresampled.

B. Data Collection - Scheduling.

Initial populationestimatesto establishbaselinedensitiesmustbe
accomplishedassoonasDWMA boundariesareestablished.
Resamplingmustoccurevery3 years. Becausepopulation
estimationsmustcoincidewith periodsof highdeserttortoise
activity, all surveysmustbecompletedduringthemonthsof
FebruarythroughMay. This 16-18weekperiodis sufficient for a
teamofproperlytrainedbiologiststo surveyatleast10 sample
plots,allowing forperiodsof inclementweatherandother
complications.

Eachsquarekilometerplot mayrequireup to 7 daysofcomplete
samplingby ateamoffourexperienceddeserttortoisebiologists. If
tenDWMAs required26 plotsplus threeoutsidecontrolseach,this
wouldmeanatotal of290 plots to sample.However,it is unlikely
thatall DWMAs will beestablishedsimultaneously,andwith a3-
yearresamplingschedule,approximatelyone-thirdof this number,
or97, wouldhaveto besampledeveryyear. Thus,nineteams,
startingin areaswith earlygreenupandmovinginto regionswith
laterphenologies,couldaccomplishthesesamplinggoals.
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AppendixA: EstimationofRegionalDensities

C. Data Collection - Methods.

Theremovalmethod(Southwood1978;Zippin 1956, 1958)should
beusedto estimatedensitiesof largeimmatureandadultdesert
tortoises(carapacelength>140 mm) in thesquare-kilometerplots.
Theprinciplebehindthismethodis thatif aknownnumberof
animalsis “removed” (in thiscase,markedandreleasedm situ) on
eachsamplingoccasion,therateatwhichnewcapturesfall off will
bedirectlyrelatedto thesizeofthetotal populationandthetotal
number“removed.” Thus,theremovalmethod,unlike capture-
mark-releasemethods,requiresthatanimalsbehandledonly once
during a survey.Theassumptionsofthismethodarethat (1) the
catchingproceduredoesnot lower theprobabilityof otheranimals
beingcaught,(2) thepopulationremainsstationaryduring the
sampleperiod,(3) thepopulationis notso largethatthecaptureof
oneindividualinterfereswith thecaptureof another,and(4) the
chanceof captureis equalfor all animals.By restrictingthesample
to adultandlargeimmatureanimalsandby analyzingmalesand
femalesseparately,noneoftheseassumptionsis violated.

All samplesshouldbemadeby afour-personteamof experienced
deserttortoisebiologists. Thebiologistsshouldproceedto a
previouslyselected,randomlychosenplot anduseaglobal
positioningdeviceto locateits fourcorners.Temporaryflags, to be
removedafterthesampleperiod,shouldbeusedto markplot
boundaries.Theplot shouldbesearchedthoroughlyfor desert
tortoiseseachday ofthesampleby all fourbiologists,concentrating
on timesofhigh activity. Eachbiologistshouldsearchone quarter
oftheplot to achievecompletecoverageeachday. Deserttortoises
areto besampledonly on thesurface,exceptwhentheycanbe
coaxedout of theirburrowsby thumping. No deserttortoiseswill
bepulled from theirburrowswith hooksor otherdevices.

Uponcapture,adultdeserttortoisesshouldbesexedandmeasured,
in millimeters,alongthemidlineof thecarapace.Thosewith
midlinecarapacelengthof 140mmorgreaterwill be includedin the
sample.Theseanimalsshouldbemarkedwith asmall dotofacrylic
paintplacedon the dorsalsurfaceof boththeanteriorandposterior
marginals;thepaintmarkswill enablethesurveyteamto recognize
previouslyhandled(“removed”)deserttortoises.

Evenif nodeserttortoisesareencountered,eachplot shouldbe
sampledfora minimumof3 daysin weathersuitablefor theanimals
to beaboveground. If deserttortoisesarefound,samplingshould
continuefor7 daysoruntil noumnarkeddeserttortoiseshavebeen
encounteredfor 2 consecutivedays.

D. Data analysis.

Zippin’s (1956, 1958)maximumlikelihoodmethod,asdescribedin
Southwood(1978,pp. 232-236),shouldbeusedto estimatedesert
tortoisedensitiesandtheirstandarderrorsin eachsquare-kilometer
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plot. Becauseplotswererandomlyselected,theseestimateswill
providean accuratepictureof deserttortoisedensitiesandspatial
variationwithin theDWMA andsurroundingareas.

IV. Interpretation of results.
Theimmediategoalof thesesamplesis to obtainreliableestimatesof
deserttortoisedensitiesin theDWMAs andadjacent,non-protected
areas.Thelong-termgoalsareto assessthesuccessof therecovery
strategydevelopedin thisplan,adjustmanagementgoalsas
appropriate,anddeterminewhenrecoveryhasbeenachieved.
Sufficientdatato accomplishthelong-termgoalswill requiremany
samplingperiods. Estimateddensitiesandtheirstandarderrors
accumulatedoveratleast12 years,orfive samples,will be
necessaryto adequatelyfalsify thehypothesesposedaboveandto
considerdeistingarecoveryunit.

If it appearsthatdeserttortoisedensitiesarestill decliningafterthe
secondsample,thesedatashouldtriggerareassessmentof
managementpracticesandsuggestadditionalresearch.For
example,examiningtheeffectivenessof managementefforts
directedatcurtailinghumanactivitieswithin theDWMA would be
appropriateunderthesecircumstances.Ontheotherhand,research
mayshowthat deserttortoisehabitathasbeensodegradedby
previousmanagementpracticesthatit will takeseveralmoreyearsof
freedomfrom disturbancebeforeconditionsfor deserttortoiseswill
improvewithin theDWMA.
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AppendixB: Guidelinesfor TranslocationofDesertTortoises

AppendixB: Guidelinesfor Translocationof
DesertTortoises

(1) Experimentaltranslocationsshouldbe doneoutside
experimentalmanagementzones.No deserttortoisesshouldbe
introducedinto DWMAs—at leastuntil relocationis muchbetter
understood.

(2) All translocationsshouldoccurin goodhabitatwherethedesert
tortoisepopulationis knownto be substantiallydepletedfrom its
formerlevel ofabundance.Translocationof reproductively
competentadultsinto depopulatedareascanhavebeneficialeffects
onpopulationgrowth. Beforepopulationgrowthcanoccur,
however,individualsmustestablishhomerangesandenterinto any
existingsocialstructure.Deserttortoisesshouldbe periodically
evaluatedagainstadefinedhealthprofile (proportionalweight/size,
fecal scans,andbloodpanels).

(3) Areasintowhichdeserttortoisesareto berelocatedshouldbe
surroundedby adeserttortoise-prooffenceorsimilarbarrier. The
fencewill containthedeserttortoiseswhiletheyareestablishing
homerangesandasocialstructure. If theareais not fenced,past
experiencesuggeststhatmostanimalswill simply wanderaway
from theintroductionsiteandeventuallydie. (Fencingis notcheap;
estimatesrangefrom $2.50to $5.00perlinearfoot). Onceanimals
areestablishedsomeor all ofthefencingcanberemovedand
probablyreused.

(4) Thebesttranslocationsinto emptyhabitatinvolvedesert
tortoisesin all ageclasses,in theproportionsin whichtheyoccurin
astablepopulation. Suchtranslocationsmaynotalwaysbe
possible,sinceyoungdeserttortoisesarechronically
underrepresentedin samples,oftendueto observersamplingerror,
andmaynowactuallybeunderrepresentedin mostpopulationsdue
to poorrecruitmentandjuvenilesurvivorshipduringthelast several
years. Deserttortoisessmallerthanthe7-yearage-sizeclassare
particularlyvulnerableto predationandmaybeapoorinvestment
for translocation,unlesspredatorexclusion(fencing,for example)is
incorporatedintosuchendeavors.Maturefemaleswouldprobably
bethebestsex/ageclassto introduceinto belowcarryingcapacity
extantpopulationsbecauseoftheirhighreproductivevalue(low
potentialmortality,highpotentialfecundityformanyyears).

(5) Thenumberof deserttortoisesintroducedshouldnotexceedthe
pre-declinedensity(if known). If thepre-declinedensityis not
known,introductionsshouldnotexceed100 adultsor 200animals
of all ageclassespersquaremile in category1 habitat(Bureauof
LandManagementdesignationfor managementofdeserttortoise
habitat)unlessthereis goodreasontobelievethat thehabitatis
capableof supportinghigherdensities.Post-introductionmortalities
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AppendixB: Guidelinesfor TranslocationofDesertTortoises

might becompensatedby subsequentintroductionsif ecological
circumstanceswarrantthis action.

(6) All potentialtranslocateesshouldbemedicallyevaluatedin
termsofgeneralhealthandindicationsof disease,usingthelatest
availabletechnology,beforetheyaremoved. All translocatees
shouldbegenotypedunlessthedeserttortoisesareto bemovedonly
very shortdistancesorbetweenpopulationsthatareclearly
geneticallyhomogeneous.All translocatedanimalsshouldbe
permanentlymarked,andmostshouldbefitted with radio
transmitterssothattheirsubsequentmovementscanbeclosely
tracked.

(7) If deserttortoisesareto bemovedinto anareathatalready
supportsapopulation—evenonethatis well belowcarrying
capacity—therecipientpopulationshouldbe monitoredfor at least2
yearspriorto theintroduction. Necessarydataincludethedensity
andagestructureoftherecipientpopulation,homerangesof
residentdeserttortoises,andgeneralecologicalconditionsof the
habitat.

Areasalongpavedhighwayscanserveasgoodtranslocationsites,if
properlyfenced. Many suchareassupportgoodhabitats,but
vehicle-causedmortalitiesand/orcollectinghavesubstantially
reducedortotallyextirpatedadjacentdeserttortoisepopulations.
Any translocationsitesshouldbe isolatedby adeserttortoisebarrier
fenceor similarbarriernextto thehighwayorroad. Thepurposeof
fencingthehighwayis obvious—tokeeptranslocatedanimalsfrom
beingcrushedby vehicleson theroad. However,fencingthe other
sidesof thetranslocationareais critical forestablishment.If a
fencedareaorstripof habitatapproximately0.125 to 0.25mile wide
is establishedalonghighways,sometranslocateesshouldestablish
homerangesandasocialstructurewithin this strip. Whenthe
insidefenceis removed,thetranslocateddeserttortoisesandthose
fromtheextantpopulationfartherawayfromtheroadwill
eventuallyexpandtheirhomerangesinto theremaininglow-density
areas. A secondreasonfor insidefencingis to preventany
diseased,but asymptomatic,deserttortoisesfrom infectingnearby,
healthypopulations.Intheeventthatdiseaseis anissueanda
residentpopulationis presentnearby,doubleinsidefencingshould
beconsidered.
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AppendixC: DesertTortoisePopulationViability

AppendixC: DesertTortoisePopulation Viability

I. Introduction

Becausedeserttortoiseslive to suchgreatage,arefoundin very
sparsepopulations,andarevery difficult to study,we know very
little aboutthetortoisepopulationdynamics.Thus,computer
modelinghasbeenusedasameansofsupplementingour
knowledgein this area.We presentherealife historyanalysisof
theconsequencesof demographiccharacteristicsin tortoise
populations,an analysisof trendsin thesepopulations,and,finally,
ananalysisof thepopulationviability ofdeserttortoisesin the
Mojave. Theseexerciseshaveall supportedthenecessityfor large
reserves(DWMAs) for therecoveryofthespecies.

II. Life history analysis

Understandingthe life-history consequencesofmodificationsto
mortalityand/orfecundityto populationpersistenceis crucial to
managementdecisionson deserttortoisepopulations.Nevertheless,
thequalityof datafor suchan analysisareunderstandablypoorfor
this extremelylong-livedspeciesthatmayundergohugenatural
temporalandspatialswingsin populationdensityin responseto a
stochasticallyvaryingenvironment.Mertz (1971)developedan
approachto investigatelife-history consequencesto changing
environmentsof a long-lived species.Wehaveusedthis approach
to estimatetherelativecontributionsofjuvenileandadultmortality,
aswell asfecundity,to theability ofdeserttortoisepopulationsto
maintainthemselvesat stablepopulationdensities.Thebasisof the
analysisis amodelof thedemographyofthedeserttortoise. This
modelpurposelydoesnotcontaingreatdemographicdetail,since
thequestionsaskeddonotrequiregreatdetail. Mertzuseda similar
low-resolutionmodel to ask“broad-brush”questionsabout
CaliforniaCondors.

Thebasisof themodelcomesfrom theworkofLeslie (1966). The
model is basedupontransitionmatricescontainingage-specific
mortality andfecundity. Thefollowing simplifying assumptions
weremade:

1. Mortality for eggsandjuvenileswerelumpedinto aprobability
of survivingto reproductiveage,~.

Cl



AppendixC. Desert TortoisePopulationViability

2. Mortality ofreproductiveadultswastakento bethesame
regardlessofageandwasrepresentedastheprobabilityof surviving
oneyear,p.

Themodelpredictingnetreproductiverateis:

= (~3 * f * * (1 - F) * (1 - ~, (co - a)) / (1 p T)

where:

= Thenetreproductiverateortheproportionalchangein
populationsizepergeneration.

= Theprobabilityofsurviving to reproductiveage.

p = Theprobabilityof an adultsurvivingoneyear.

f = Theproportionoffemalesin thepopulation.

C = Theclutchsize.

F = Theproportionof femalesfailing to breed.

Co = Theageat whichreproductionends.

a = Theageatwhich reproductionbegins.

T = Thetime intervalatwhichreproductionoccurs.

Simulationsillustratedtheconditionsthatproducedanet
reproductiverate,R0, of zero(orstablepopulationsize). These
simulationsincludedthefollowing additional assumptionsfor the
purposeoftheanalysis:

1. Sex ratio was assumedto be0.5.

2. All reproductive-agedfemaleswereassumedto reproduce.

3. Reproductionwasassumedto continueto age100 (this assumption
wascheckedseparatelyandfoundnot to affecttheresultsgreatly).

4. Theageof first reproductionwastakento be 15 years(this
assumptionhasno effect on simulationsconfinedto R0 = 1.0).

5. Egglaying, multipleclutching,andyearswithout reproduction
wereall condensedto an averagenumberofeggsproducedperyear
(thus,separatemortality probabilitiesfor differentclutches,and
clutchesin badyearswerenotconsidered).

Threevariableswereconsidered:

1. p, differencesin which canbe takenasreflectingelevatedadult
mortality.
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2. ~, differencesin whichcanbetakenaselevatedmortality of eggs
orjuveniles.

3. C, differencesin whichcanbetakenasreflectingconditions
moreor lessoptimal for reproduction.

FiguresCl andC2 presentsimulationsshowingthecombinationsof
r, b, andC necessaryto haveR0 = 1.0. Clearly,if apopulationis
healthy,andrelativelyfreefrom sourcesof adultmortality, andthus
havingarof> 0.95 andafecundity>9eggs/year,thenvery few
juvenilesneedsurviveto adulthood. Indeed,somewherein the
orderof only 1%of all eggsneedsurviveto reproductiveage. On
theotherhand,a 10%increasein adultmortality canrequirea300%
increasein juvenilesurvivorship. Furthermore,anyreductionin
fecundityof adultsexacerbatesthisstill further. Theseresults
illustrate therequirementsof deserttortoisesin theirnatural
environments,particularly thepremiumplaceduponadultsurvival.
Thelife-history strategyof deserttortoisesmayhaveevolvedin an
environmentin which99%ofall juvenilesdiebeforereaching
reproductiveage. However,this life-history strategymaynotwork
for deserttortoisesfacedwith increasedmortalityon adults. Desert
tortoisesmayvery well havebeenableto handlehigh juvenile
mortality in thepast,but in populationssufferinghighmortality
fromURTD, off-roadvehicles,andpetcollection,juvenile
survivorshipbecomesincreasinglyimportant.

Thesimulationsalsopointto thenecessityofconsideringall sources
of age-specificmortality in managementplans,notjustmortality in a
particularagegroup. Finally, thesimulationspointto theextremely
potenteffectthatclimatechangecouldhaveif newconditions
resultedin abandoningreproductionaltogetherin numerousbad
yearsinterspersedamongsomewhatbetteryearsforproductionof
foodresources.
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AioPherus agassizii

Figure Cl. Calculatedrequirementsfor adult andjuvenilesurvivorshipin orderto havea
netreproductiverateof 1 (viz., apopulationneithergrowingnordeclining)asafunctionof
theaveragenumberof eggsproducedperyear.
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SimulationAssumingthat
ReproductiveAge is 15 Years
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III. Population Trends in the Mojave Desert
Tortoise in Different Parts of the Mojave
Desert

Thedeserttortoisehasbeenlistedasathreatenedspeciesbecauseof
disturbingdownwardtrendsin populationsizesin manyportionsof
thespeciesrange. Somedeserttortoisepopulationshavereached
suchlow numbersthatextirpationis highlyprobable.Furthermore,
thepopulationdynamicsof thisspeciesaresoponderousthat
recoveryfrom majorreductionsin populationsizeis problematic.
Nevertheless,deserttortoiseshavepersistedin theMojaveDesert
for thousandsofyearseventhoughtherehavealmostcertainlybeen
randomlocal extinctionsand subsequentreinvasions(Hanski1991).
Today,manydeserttortoisepopulationsaresofragmentedthatthey
havelittle ability to recoverfrom majorpopulationdeclines.Thus, it
is very importantto distinguishbetweentheforcescausing“normal”
fluctuationsin populationsizesandthosethatthreatenpopulation
persistence.

Therearetwo kindsof populationchange:stochasticfluctuations
andtrends. Populationtrendsaremonotonicchangesin population
sizecausedby somepersistentdemographicchangein the
population(Figure C3). Forexample,persistentlyreduced
fecundityor increasedratesof mortalitywill causechangesin the
“equilibrium” populationsizeaswell aschangesin theability of
populationsto grow. In thedeserttortoise,suchchangescouldbe
causedby increasedpredationby animalsorhumans,reductionin
theforagebasedueto changesin climateorcompetitionwith
domesticgrazers,etc. Clearly,downwardpopulationtrendsmust
behaltedin orderfor apopulationto persist.

Stochasticfluctuations(FigureC3) occurwhensomerandomevent
causesadownturnfrom whichthepopulationbeginsimmediate
recovery.Theseeventscanbe causedby suchthingsasdrought,
fire, anddisease.Recoveryfrom stochasticfluctuationswill depend
upontheirfrequencyandseverity. Thus,a largepopulationwhich
is infrequentlyinfluencedby randomeventswill haveahigh
probabilityof persistence;alternatively,smallpopulationsrepeatedly
assaultedby stochasticincreasesin mortalityordecreasesin
fecundity will havealowerprobabilityof persistence.
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Figure C3. Hypotheticalpopulationdynamicsover timefor apopulation
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declinesfollowed by recoveryin numbers.

Population Trend

I
N

C,,
C
.2

-5
0
a-

C7



AppendixC: DesertTortoisePopulationViability

Populationsundergoingsteadydownwardtrendswill go extinct.
Thelikely time to extinctionis easilycalculated.However,
extinctionscanalsooccurin populationsthat, on average,are
stochasticallyfluctuatingaroundsomelong-termmean. Thus, it is
critical thatexistingdataon thepopulationdynamicsof desert
tortoisescanbeclassifiedastrendsorasstochasticfluctuations.
Clearly, theseveredroughtsin 1989and 1990contributedto severe
crashesin populationsizesfor manytortoisepopulations(Berry
1990,asamended).Droughtsarestochasticeventsthatwill, of
course,occurin thedesert,anddeserttortoisepopulationshavea
long historyof recoveringfrom theeffectsdroughts. However,
populationsthat havebeenfragmentedinto smallerunits orwith
densitiesreducedby theeffectsofincreasedpredation,human
vandalism,orcompetitionwith grazerswill havealowerprobability
of persistencein thefaceof thesestochasticevents.

Becauseofthedifficulty of obtainingaccuratepopulationsize
estimateson thesecryptic, semi-fossorial,andsparseanimals,most
datacollectedoverthelast 15 yearson thedynamicsofdesert
tortoisepopulationsareinsufficientto determinewhethera
populationis stationary,fluctuatingstochastically,orundergoinga
populationtrend. However,thedatafrom manysamplesmaybe
statistically “blocked” accordingto similaritiesamongsitesin order
to sortoutpossibletrendsandtheircauses.

Datacollectedby theBureauof LandManagement(Berry 1990,as
amended)hasbeensortedinto two categories:theWesternMojave,
which includesareasthatbothdo notnormallyreceivesummerrains
andalsohaveheavyhuman-inducedmortalityof tortoises,andthe
EasternandNortheasternMojaveandEasternandNorthern
Coloradoareaswhichreceivesummeraswell aswinterrainsand
whererelatively little mortality is directly attributableto humans.
Ouranalysisindicatesthat areasreceivingsummerrainsandare
relativelyfreefrom human-inducedmortality showno statistically
significantpopulationtrend(FigureC4), whereasareasin the
WesternMojaveclearlyshowadownwardtrendin populationsize
duringthesametimeperiod(FigureCS).
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Figure C5.Thenumberof adultdeserttortoisesfoundon BLM trendplotslocatedin the
WesternMojave. All dataarenormalizedto thehighestpopulationsizerecordedwithin theyears
populationsweremonitored. Thedownwardtrendin populationdensityis highly significant
(F1,14 = 28.4, p <0.0001).
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This analysisemphasizesthat managementof tortoisepopulations
requiresrecognitionoftwo separatetypesof populationchange:
populationtrendsandstochasticfluctuations.Uncorrected
downwardtrendsaredisastrousandmustbecorrectedorelsethe
populationwill go extinct.Stochasticfluctuationscanbedisastrous
for small populationsorpopulationsthat arefrequentlyvictimsof
stochasticincreasesin mortality. However,large,“healthy” desert
tortoisepopulationsshouldbeableto withstandnormalstochastic
fluctuationswith areasonableprobabilityof persistence.

Thisanalysisalsoshowsthat severalareaswithin theMojaveregion
areseriouslyimpactedby human-inducedmortality. Specificafly,all
ofthesampledsiteslocatedcloseto BLM designatedOff-Highway
Vehicle Areasand/ortownshavehighlevelsofknowndirect
human-inducedtortoisemortality. Theseareashavesignificant
downwardtrendsin populationsizes;thus,thesetrendscan only
resultin extinctionofdeserttortoisesunlesstheircausesare
mitigated.The actualmechanismsofthesedownwardtrendscannot
bedeterminedfrom this analysis,but in all thesampledareasthereis
evidenceofhigh mortality causedby off-highwayvehiclesand
guns.Additionally, it is likely thattortoisesfrom theseareasare
takenaspets,andit is alsolikely thatdiseasedtortoisepetsare
releasedintotheseareas.Thus,theultimatecauseof downward
trendsin deserttortoisepopulationsis uncontrolledhuman
disturbance.

Finally, this analysisleadsto theconclusionthat theDesertWildlife
ManagementAreaconceptis thelogical meansby whichhuman
activity canbecontrolledin deserttortoisehabitat,andit is perhaps
theonly wayto reversedownwardpopulationtrendsin desert
tortoisepopulations.

IV. Population Viability Analysis

Background

Earlierreviewshavediscussedthereasonswhy populationsbecome
extinct(Shaffer1981,Souls1980,Simberloff1986,Gilpin and
Soul6 1986). Fourexplanationsaregenerallyimplicatedin
conditions for extinction (CEE). ThreeoftheCFEsarecanact
very quickly within agenerationortwo, andthefourth cantake
manygenerations.

Oneof theproximateconditionsof extinction is Demographic
Stochasticity,problemscausedby randomdemographic
imbalanceswhich canoccurin small populations(Richter-Dynand
God 1972). Theseeventsincludeimbalancesin sexratios,birth or
deathrates,oragedistributions. In very small populationsmalesor
femalesmayhavedifficulty finding mates,mostofthepopulation
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may be post-orpre-reproductive,etc. These“accidental”
demographicimbalancescanoccurwhenapopulationbecomesvery
smallorvery sparselydistributed,andall ofthemcanresultin
extinction. Demographicstochasticitycertainlycouldbe aforce in
highly fragmentedanddiminisheddeserttortoisepopulationssuch
ascanbefoundin theWesternMojaveandBeaverDamSlope.

A secondconditionofextinction is Social Dysfunction. Thiscan
occurby manymechanisms,andit alsooccursin verysmall
populations. In somepopulations,matingonly occurswhenit is
socially facilitated. This is especiallytruein somebirdsand
mammalsthatform leks,colonies,orherds. The selectiveforces
leadingto vulnerabilitythroughsocialdysfunctionhasbeen
discussedby Simberloff(1986). This CFE is not likely to be
importantfor deserttortoisesbecausethis speciesis widely
distributedandmatingdoesnotoccurin groups. However,no data
existon theextentto whichbreedingbehavioris socially facilitatedin
this species.

A third GEEcomesfrom anyof severalpossibleExtrinsic
Forces.Extrinsicforcesgenerallyoccurwhenthereexists
temporalvariationin abiotic,habitat,orbiotic conditionswith which
thepopulationcannotcontend.Thesecanincluderandomabiotic
catastrophessuchasfloods, droughts,andfires. Theycould
includeepizootics(suchasURTD), or shifts in prey baseof
predators(suchas ravensswitchingfrom road-killedjackrabbitsto
hatchingor yearlingtortoises).Otherforcescouldinclude
anthropogenicchangesin habitatsuchasurbanization,mining, road
development,or livestockgrazing. This CEEcanaffectpopulations
thatarelargeor dense,particularlywhenthefrequencyof
“damaging”extrinsicforcesincreaseto levelsneverencounteredby
a speciesduringits evolutionaryhistory. This CEEis probably the
mostimportantonewith which deserttortoisesmustcontendtoday.

ThefourthCFE is Genetic Deterioration. Short-termgenetic
deteriorationresultsfrom inbreedingdepressionandlossof genetic
heterozygosity(Frankeland Souls1981,Rail andBallou 1983).
Thesefactorscancauseproblemsin individual fitnessandin a
population’sability to increase.A longer-termproblemresulting
from lossof geneticheterogeneityis thatapopulationmaybeunable
to adaptto achangingenvironment.Generally,geneticproblems
occuronly in very smallpopulations.Thus,they maybe aproblem
for thehighly diminishedpopulationsofdeserttortoisein the
WesternMojaveandBeaverDamSlopeareas.

Prescriptionsfor abatinglossof geneticdiversityhasled to the
“50/500rule” (Franklin 1980)which suggeststhatagenetically
effective population sizeofatleast50 isneededto avoidthe
problemsof inbreedingdepressionin theshorttermandthata
genetically effective population sizeof at least500 is needed
to retainenoughgeneticheterogeneityfor long-termevolution.
However,the50/500rulehasbeencriticizedfor a variety of
reasons,andDawsonet al. (1986)havespeculatedthat agenetic
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populationsizeof atleast1500 is neededfor long-termpersistence
of vertebratepopulationssuchasthenorthernspottedowl.

Characteristics important in Defining Minimum Population
Sizes

To ensurepersistenceofthedeserttortoisein theMojaveregionit is
necessaryto determinetheconditionsunderwhichapopulationwill
remainviable. This is calledaPopulationViability Analysis(PVA).
Populationviability is verydifficult to determine(Dawsonet al. 1986)
largely becauseaPVA requiresdatathatareoftennotcollectedforrare
anddifficult-to-study species.Determiningpopulationviability for the
deserttortoiseis especiallydifficult sincethespecieshasalong
generationtime, acomplexdemography,andit is beingassaultedby
ecologicalfactorsto whichit maynothavebeenpreviouslyexposed
during its evolutionaryhistory.

Conservationbiologistsandmanagersmustunderstandanumberof
terms,definitions,andstandardsbeforetheimplicationsof aPVA
canbe clearlyunderstood(Gilpin andSouls1986). Theseare:

Time Frame .- Populationviability mustbedefinedfor aspecific
timehorizon;i.e., theprobabilityofbeingextantT yearsfrom now.
Time spans,T, of 100 or 200yearsarecommonlyused.However,
deserttortoisesmaylive 80 yearsormore,andgenerationtimeis
around25 years. Thus,forthis species,atimehorizonof 500years
(or approximately20 generations)into thefuture is areasonabletime
framefor evaluatingpopulationpersistenceprobabilities.

Population Size .- Earlywork on PopulationViability (Franklin
1980, Shaffer1981)postulatedthatextinctionprobabilitieswerea
functionofpopulationsizealone. Shaffer(1981),working with
datafrom theYellowstoneNationalParkgrizzly bearpopulation,
lookedsolely to demographicandenvironmentalfactorsthat
influencedpopulationfluctuations. On theotherhand,Franklin
(1980)focusedon lossof geneticvariation throughgeneticdrift, a
processwhoserateis inverselyproportionalto populationsize.
Eventhoughboth oftheseearlyefforts atpopulationviability
determinationweremonofactorial,bothprocessescanbe important
andshouldbe consideredin a PVA.

Population Density .- Undersomecircumstances,population
dynamicsmaydependupondensityof individualsperunit area
ratherthanthetotalpopulationnumberremainingin theregion. For
example,finding amatebecomesproblematicalin very sparse
populationsbecausefew animalsof theright sexareencountered.

Spatial Fragmentation .- In situationswhereapopulationis
dividedintoasetof loosely-coupledspatialunits exchangingafew
animalsperyear,theconfigurationof theseunits in two-dimensional
spacemaybe moreimportantthantotalpopulationsize. Thus,a
systemof small local populations,eachofwhich is nonviableby
itself, cannonethelessform aviablesystemif connectivityis
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sufficient sothat localpopulationsthatgo extinctcanbe recolonized
from otherlocalpopulationsin thesystem.

Deterministic vs. Stochastic Factors. - A populationthathas,
on average,negativepopulationgrowthis doomedto extinction.
Thetimeto extinction is straightforwardlycalculatedfrom the
exponentialgrowthequation,dN/dt = rN. If r is thenegativeper-
yearpopulationchange,thenthetimeto extinction,Text, is

= log(N/2)/r,

whereN is thecurrent(i.e., initial) populationsize. Suppose,for
example,that apopulationof25,000is decreasingat 10%peryear,
asis thecasefor severallocal populationsof thedeserttortoise. The
expectedtimeto extinction is easilycalculated--95years.A
doublingof N producesonly asmall increasein time to extinction.
If N were50,000,thenthetimeto extinctionis only increasedto
102 years,hardlyany gainat all. Thefollowing graphshows~
for someothernegativegrowthrates:

Figure C6. Timeto extinctionsfor apopulationof25,000animalsasa
functionofthe intrinsicrateofnaturalincreaseexpressedaspercentdecline
peryear.
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Clearly,managersmustbe ableto alleviatedetrimentalimpactson a
populationsothat theexpectedgrowthis atleastzero. At zerothe
populationwill stayconstantin total size. However,evenwith such
management,therewill still be randomforcesthat impel a
populationbothup anddown. Thesearethestochasticfactors
discussedin Section3 of this appendix.Thereis oftenathreshold
in totalpopulationsize,density,orspatialarrangementbelowwhich
thesestochasticfactorscanresultin ahighprobability ofextinction
within agiventime period. A PVA maybeableto predictthis
threshold--theminimumviablepopulation.

Catastrophes.- A catastropheis an extremeeventwhich, by
itself, canresultin populationextinction. Fires, floods, and
epizooticsarecommonlycitedcatastrophes.Ingeneral,
catastrophesarerareeventswhoseprobabilitiesarehardto estimate,
andbecauseofthedifficulty theyaretypically handledin adhoc
fashionoutsideofaformal PVA. TheUpperRespiratoryTract
Disease(URTD) is apossiblecatastrophethreateningdesert
tortoises.However,its rateof spreadandpotentialultimate impact
havenotyetbeenestimatedby epidemiologicalmodels.

Theonly protectionagainstcatastrophesis to haveredundancybuilt
into themanagementsystem—severalwidely-spacedpopulations
wouldnotlikely be struckby thesamecatastrophiceventatthesame
time. For threatssuchasdroughtor flooding, local populations
wouldhaveto bedistributedover aregionthatis largecomparedto
thetotal spatialscaleof catastrophes.Sincetheepidemiologyof
URTD is notyetunderstood,managingthis epizooticis extremely
problematic.

Desert Tortoise Genetics.

A comprehensivePVA requiresconsideringpopulationgenetics--
includinglossofheterozygosity,inbreedingdepression,
outbreedingdepression,long-termlossof adaptability,pedigrees,
patemities,populationstructure,etc. However,mostPVAs involve
muchsmallertotalpopulations(TableCl) thancurrentlyexistfor
thedeserttortoise(althoughpopulationdensitymustbe considered
vis-a-visshort-termgeneticdeteriorationaswell).

Table Cl. The number of individuals modeled in PVAS for endangeredspecies.

Species Number of Individuals

BlackfootedFerrets 6
CaliforniaCondors 28
WhoopingCranes 50
YellowstoneGrizzlies 200
NorthernSpottedOwls 2000
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Mostdeserttortoisepopulationsareprobablystill largerthaneven
thelargestoftheseabove-citedcases(althoughsomepopulations
mayhavebecomethis smallby thetimetherecoveryplan is
implemented).Furthermore,thegenerationtime of thedesert
tortoiseis long, at least25 years,whichslows geneticdeterioration
in calendartime. Beyondthis, thecurrentinformationaboutthe
geneticsofthedeserttortoiseis extremelyscant. All of thesefacts
suggestthatgeneticconsiderationswill besecondaryto other
problemsthreateningthedeserttortoisewith extinction--atleastfor
thetimebeing.

Nevertheless,geneticalconsiderationsareimportantin reserve
design.DWMAs mustsupporta tortoisepopulationwith a large
enoughgeneticallyeffectivepopulationsizeto maintainsufficient
geneticdiversityfor long-termpersistence.Geneticallyeffective
population,N~, is usuallybetween0.1 and0.5 of thetotaladult
populationsize,N, in vertebrates(Rymanet al. 1981,Shull and
Tipton 1987). Detailsof deserttortoiselife historysuggeststhatthe
Ne/Nratiowill beatthe low endof this range—certainlyno larger
than0.1, particularlyin populationsof low densities. If weassume
thatageneticpopulationsizeof atleast500is necessaryto maintain
thegeneticdiversityrequiredfor long-termevolutionarypotential,
DWMAs shouldcontainno fewerthan5,000adulttortoises.

V. Home Range and Movements

If weknow theamountof areathat atortoiseoccupies,wecan
determinetheprobabilitythat individualswill encounteroneanother
for mating. If thereis adiminishedprobabilityof encounter
betweenmalesandfemales,thenpopulationgrowthwill be impeded
by stochasticdemographicforcesdiscussedin SectionIV of this
appendix.Thus,knowledgeof homerangesizeis critical for
determiningaminimumviablepopulationdensityfor desert
tortoises.

Estimatesofthehomerangesizesof deserttortoisesarenecessarily
constrainedby inadequatedata. In particular,deserttortoisesmay
live in excessof 50 years,andthus,dataon thenormallifetime
movementsof deserttortoisessimply do notexist for logistic
reasons.Indeed,thedifficulty ofworkingwith deserttortoiseshas
resultedin estimatesofhomerangesizethatareseriouslyin error.
Althoughestimatedhomerangesizesof deserttortoiseshavebeen
summarizedrecently(Berry 1986b),mostoftheseestimatesare
baseduponvery small samplesizesor questionablemethods(Table
C2). Small samplesizestendto produceestimatesthat
underestimateactualhabitatuse. Ontheotherhand,manyofthe
statisticalestimatesof homerangesizeassumethat tortoisesuse
theirhabitatas“central-placeforagers”resultingin adistributionof
habitatusethatis spatiallyGaussian(seeTurneret al. 1981). This
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assumptionofspatialnormality tendsto inflateestimatesofhome
rangesize.

In spiteof theseproblems,thesedatacanproduceinsightsinto
homerangesizein deserttortoises.First, someof theseestimates
canbeusedasanindexofhabitatusewithoutclaiming that these
estimatesareseasonal,annual,or lifetime homerangesoftortoises.
If this is done,femalesseemto havehabitat-useindicesthatare
approximately58 %(rangingfrom40 to 73 %) ofthe indicesof
males. Thus,it would appearthathabitatrequirementsof male
tortoisesaredifferentfrom thoseoffemales.Dataon habitatuseby
two populationsofdeserttortoiseshavebeencollectedby Esqueet
al. (in prep.)who havemonitoredpopulationsfrom sitesin Utah
andArizonafor threeyears. Theirpreliminarydatashowthat
estimatesof homerangesizeincreasecontinuallywith thenumberof
relocationsof tortoisesovertime (FigureC7).

Table C2. Homerangeestimates(ha) fordeserttortoisesfrom six sites(afterBerry 1986)

Location Males Females All Source

Argus, California 53 (39 -77) 21 (4 - 46) Berry 1974

Ivanpab Valley, California 22 (3 -89) Turneret al. 1981

19 (2 - 73) Medicaet al 1982

Arden,Nevada 26(20 - 38) 19 (11 - 27) Burge 1977

Picacho, Arizona — (0.3 - 268) J. Schwartzmannunpublisheddata

26(4-33) 15(2-34) Vaughan 1984

BeaverDarnSlope,Arizona 23 (5 - 59) 15 (2 - 34) HohmanandOhmart1980

BeaverDam Slope.Utah -- (4-40) WoodburyandHardy 1948
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Figure C7. Cumulativeestimateof homerangesizeof adultfemaledesert
tortoisesasafunctionofthenumberofrelocationsofeachtortoise(Esqueetal. in
prep.). Relocationswereseparatedin timeby at leasttwo days,andmost
relocationswerespacedevenlyover theactivity seasonof thetortoisesovera
periodofthreeyears. Homerangesizesweredeterminedby theminimumconvex
polygonmethod.

Thisoccursfor two reasons.First, theestimatedependsuponthe
amountof datacomprisingtheestimate.Toofew datapointswill
leadto an underestimationoftheactualuseof thehabitat. Second,
tortoisesneveroccupythesameexactareaofhabitatfrom yearto
year,sothatasmoreandmoredataarecollected,theresulting
estimateof homerangesizebecomeslargerandlarger(FigureC8).
It follows thatto determinethelifetime homerangesizeof desert
tortoises,datawouldbeneededon movementsof tortoisesovera
periodof atleast50 years. Clearly, this is notyet feasible,but the
preliminarydatamayallow areasonableestimate.Homerangesizes
appearto varywith siteandamongdifferentyears. However,in a
datasetcoveringfour sitesacrossmostof theMojave,andcovering
threeyears,theeffectof siteon homerangesizedisappears(Fi,68 =

0.005,p = .94)whentheeffectoffoodavailability (measuredas
productionof springannualplants,F1,68= 15.3,p = .0002)is
enteredinto astatisticalmodel(FigureC8). Furthermore,when
both sexesof tortoisesareconsideredat all sites,it is clearthat home

0 10 20 30 40 50
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rangesizeis stronglypredictedby food availability (FigureC9).
Whenfoodbecomesscarce,homerangesizesbecomelarger.
However,whenannualplant productionexceedsapproximately30
kg drymass/ha,homerangesizesforboth sexesappearto remain
constantatarelativelysmall size. Wheneachgenderof tortoiseis
consideredseparately,it appearsthat femaletortoisesmaintain
approximatelythesamesizehomerangeregardlessof siteorfood
productionat that site (FigureC10). However,maletortoises
greatlyincreasetheirhomerangesizesin responseto low food
availability (FigureC10).

Manytortoisesappear“to anchor”theirannualmovementsto an
overwinteringsite thatmaybe usedrepeatedlyin manyseasons
(FigureCl 1). This fidelity to anoverwinteringcaveor burrowhas
alsobeenseenby C. C. Peterson(unpublisheddata)at TheDesert
TortoiseNaturalAreain theeasternMojaveandat IvanpahValley in
thewesternMojaveofCalifornia. This doesnotmeanthatall
tortoisesinvariablyreturnto thesamewintercaveorburrow,but
ratherthat fidelity to awell-developedcaveorburrowappearsto be
fairly common. If atortoisedoesindeedanchorits useof thehabitat
to an overwinteringcaveorburrowto which it remainsfaithful for
manyyears,thenit canbeassumedthatoverits lifetime atortoise
would rangein all directionsfrom theoverwinteringsiteatdistances
similar to thoseseenin any oneyear. Thus,acircle canbedrawn
with theoverwinteringburrowasthecenterandtheradiusbeingthe
furthestpoint from theoverwinteringburrow. Theresultingareais
theestimatedlifetime homerangeofthetortoise(FigureC12).
Fromthis analysis,theestimatedlifetime homerangefor theCity
Creektortoiserangingfurthestin thethreeyearstudy (female# 11.0
in FigureCl 1) is 180hectaresorabout0.7 squaremile. The
averageestimatefor all tortoisesat City Creekis 97 ha (ranging
from 38 to 180ha).
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Figure C9. Annualhomerangesizesofdeserttortoisesat foursitesin theMojaveDesertduring
theperiodof 1988 to 1991.
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Figure Cli. Homerangesestimatedfrom theminimumconvexpolygonsof relocations
ofnineadultfemaletortoisesfrom theCity CreekStudy Site,St.George,Utah. Polygons
weregeneratedfrom 38-70relocations(seeFig. 7) over athree-yearperiodfrom 1989to
1991. Relocationswereevenlyspacedovertheactivity seasonsofeachyear. In most
casesanoverwinteringcavewasidentified(blacksquare),andin all of thesecases,the
overwinteringcavewasusedrepeatedlyoverthethree-yearperiod.
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Figure C12.Estimatedmaximumlifetime homerangeof adultfemaletortoisesattheCity
CreekStudySite, St. George,Utah.

Becausetheseestimatesarefor females,andbecausefemaleshave
homerangesthatareabouthalfthatof males,it canbe assumedthat
the lifetime homerangeof adultmalesmaybetwice thesesizes,or
about194 ha(rangingup to 360 haor about1.5 squaremiles).

Eventheseestimatesoflifetime homerangesizecouldsubstantially
underestimatethehabitatuseof atortoisethatlivesto avery old age.
Forexample,tortoisesareknownto takelengthy foraysfrom their
homerangesandthenreturn. Both maleandfemaletortoiseshave
beenobservedto makevery long-distanceforays(FigureC13). For
example,attheDTNA Site,onefemaletortoisemovedmorethan8
km from its hibernationburrowoveraperiodof between11 and58
days(the telemetrysignalfrom thetortoisecouldnotbefound

J
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duringa sampleII daysafteraprevioussample,andthetortoise
wasnotrelocateduntil 58 daysafterits previousrelocation). Two
offourtortoisesknownto makelong forayswerefounddeadwithin
threemonthsofthe initiation of theforay. Oneof thosetwo
tortoiseswasthefirst deserttortoisein natureto be observedwith
UpperRespiratoryTractDisease.Of thetwo tortoisesthat lived
afterhavingmadealong-distanceforay,onemovedfrom asmall
areaof activity (lessthan 10 ha) to anothersimilar-sizedareamore
than2 km distant. This tortoiseneverreturnedto theareain whichit
wasoriginally observed.Theothertortoisewasrepeatedlyrelocated
in an areatotaling38 habeforeit madeaforay of approximately
4km.

From theseestimatesof homerangesizesofadulttortoises,wecan
estimatetheminimumviabledensityoftortoisepopulations.
Becausewehavevery fewdataon mate-findingstrategiesin this
species,this estimateis necessarilycrude. Refinements,however,
requireconsiderableadditionaldata.

Maleandfemaletortoiseshavehomerangesthat aredynamicfrom
yearto yearandfrom placeto place. Duringyearsin which food
resourcesaresparse,maletortoisesexpandtheirhomeranges
considerably,andfemaletortoisessomewhatless(FigureC10).
Averagingacrossseveralstudies,malehomerangeshavebeen
shownto expandto approximately50 hectares,with considerable
variability aroundtheaverage,whenfoodresourcesarescarce.
Thus, in yearswhenaveragehomerangesarevery large,
approximately5 maletortoisescan“fit” intoa squaremile with no
overlapof theirannualhomeranges.(This assumesthattortoises
are“overdispersed,”whichmayormaynotbe true.) At this
density,malesmovingaboutastheyhavebeenseento do in years
whenhomerangesarevery large,would theoreticallypatrolall of
theirhabitat.Fewerthanfive maleswould resultin somepartsof
this theoreticalsquaremile not beingpatrolled,andfemalesin the
unpatrolledpartswouldnotcomeinto contactwith malesevery
year. Assumingthatthepopulationis 50%females,thenthe
“minimum contactdensity” whichwouldguaranteethatall females
wouldbematedeveryyearis 10 adult animalsper squaremile, or
higherif thepopulationhadmorefemalesthanmales.

This reasoningsuggeststhattheminimumviabledensityof tortoise
populations—thedensitybelowwhichthepotentialforpopulation
growthis diminisheddueto stochasticdemographicforces--isabout
10 adultsper squaremile. Thus,aDWMA hasto be largeenough
to hold somepredeterminednumberof tortoisesat adensityofno
lessthanthis.
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Figure C13. Long-rangemovementsof tortoisesat theDTNA site.
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VI. Desert Tortoise Demography

Tortoisedemographyis complexbut theoverallfeaturesarewell
known. Thereis a longprereproductiveperiodandfemalesfirst
reproduceat agesbetween12 and25 years(Turneret al. 1984)with
animalsizebing moreimportantthanagein determiningvital rates.
As ageneralrule-of-thumb,185 mmis thecarapacelengthfor first
reproduction.Thereseemsto beno senescence;adultsdieoff at a
slowrateandmaylive formorethan80 years. Adults continueto
reproducethroughouttheirlives. In general,femalesreproducein
mostyearsandmayhavetwo clutchesperyear. The survivalof
juvenilesis very low andprobablyvariesfrom yearto year.

Becauseof limited dataon thedemographicprocessesand
parametersfor deserttortoise,modelingofdeserttortoisepopulation
dynamicsis difficult andnot independentof modelingassumptions.
Thus,threeseparatemodelingexerciseswereconductedto assess
extinctionprobabilitiesin deserttortoises.Thesethreeexercises
wereconductedatdifferenttimesduring theproductionofthe
RecoveryPlan. Thus,somehadthebenefitof morerecentdata.
Thefirst of theanalyses,theGilpin analysis,is therichestwith
respectto thediversity of questionsaskedof themodels. The
second,theTracyanalysis,partitionedthevariancein theempirical
datauponwhichthemodelingis basedinto its different
components.Thethird, thePeacockmodel,wasdoneasacheckon
bothofthepreviousmodelingexercisesby usingacommercially
availabledemographicprogram.

A. The Gilpin Model

A Projection ModeL Thedatafor thisanalysiscomefrom theworkof
Turneret al. (1987)on apopulationnearGoffs, California. From these
data,it is straightforwardto constructan ageorstageprojectionmatrix
(Biehl andGilpin 1990). A stage-structuredmatrix wasconstructedby
collapsingTurneret aL’s (1987) morefinely resolveddata:

Stage1 = hatchlings

Stage2= 1-5 yearsold
Stage3 = 6-10yearsold
Stage4= Subadults
Stage5= Adults

Thesecorrespondto afive elementcolumnvector. Theoutputfrom onerun
of theprogramis:

SIag~1 Siag~2 Siag~ SIag~4 ~Iag~5
.000 .000 .000 .000 6.200
.620 .706 .000 .000 .000
.000 .093 .802 .000 .000
.000 .000 .031 .719 .000
.000 .000 .000 .111 .937

C27



AppendixC: DesertTortoisePopulationViability

Stage1 had23.4485%of theindividuals.
Stage2 had48.3691%of theindividuals.
Stage3 had21.9897%of theindividuals.
Stage4 had2.38581%of theindividuals.
Stage5 had3.80685%of the individuals.
Stage1 Reproductivevalue= 1
Stage2 Reproductivevalue= 1.62349
Stage3 Reproductivevalue= 5.24694
Stage4 Reproductivevalue= 34.402
Stage5 Reproductivevalue= 89.1427

This outputis for asinglerunof themodel. Eachof theparametersin the
transitionmatrix hassomeuncertaintiesassociatedwith it; thus,asensitivity
analysiswas doneon thematrixbeforeany conclusionsweredrawnfrom
themodel. Theseconclusionsaregiven in thefollowing sections.

Theperyeargrowthrateof deserttortoisesis low. TheTurneretal.
(1987)studyfoundonly 2%per year. If thisrateis amaximumthatis
generallytruefor all populations,deserttortoiseshavelow resistanceto
negativedeterministicimpacts(harvestingby humans,predation,disease,
kills by motorvehicles,competitiveinteractionsfrom livestock,etc.)to the
population. Figure C14illustratesthis schematically.

Becauseoftheextremelylong prereproductiveperiod(to anageas
greatas25 years),thereproductivevaluesof deserttortoisesvary
greatly. FigureC15 showsthereproductivevaluesversusagefor
theTurneret al. (1987)deserttortoisedata.

growth
per year A negativedeterministic

density

Figure C14.Twopopulationgrowthcurves.Both A andB havethe samecarrying
capacity(the rightmost point on the abscissawhere the growth curves intersect).
CurveA hasa higherintrinsic rateof increase. If a deterministicforce indicatedby
thedownwardarrowat the right of the figure impactsthepopulation,the population
following curve A could adjust to a lower equilibrium density and could persist.
CurveB, however,hastoo low arateof increaseand would be overwhelmedby the
negativedeterministicforceandthepopulationwould go extinct.
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Figure C1S. Reproductivevalues.

Oneconsequenceofthis is thatintroductionsof deserttortoisesto empty
habitatshouldbestbeaccomplishedwith theadditionofhighreproductive
valueindividuals;i.e., youngadults. Of course,this mathematicalresult is
consistentwith commonsense.

Theageandsizestructureofapopulationof deserttortoisesis very slowto
returnto thestabledistributionfollowing aperturbation.This is muchlike
thehumanpopulation,where,for example,in theUnitedStatesthe
consequencesof thebabyboomwill befelt for acentury. An out-of-
equilibrium age/sizedistributioncouldhaveimplicationsfor deserttortoise
socialstructure.FigureC16 showsonesimulationof age-structured
growththat beginsfroma disturbed(non-steady)state.Notethat theinitial
oscillationshaveaperiodof about14 years. This implies thatany trend
analysisfor lessthan 14 yearscouldgivevery misleadingprojections.

Density dependence.- Nothing is knownaboutthemechanismof
densitydependentpopulationregulationin thedeserttortoise. Thatis, what
setsacarryingcapacity,K? Is K everreached?If so,what determinesK -

foodresources,soil availablefor burrows?Thereis somesuggestionthat
maximumdensitiesofdeserttortoisesaresetby levelsofprimary
productivity (SeeAppendixG). Otherrelevantquestionsinclude: Are
tortoisedensitieshelddownby predation?Is theresocialregulationof
populationdensity?

Demographyanddeterministicpopulationregulationis an areathatneeds
furtherresearchandstudy. Theseprocessesmayvary overtherangeofthe
deserttortoise,andapplicationsofdetailsfrom theGoffs studyto desert
tortoisepopulationsin thefar westernMojaveorto northernpopulationsin

K

100

reproductive
value

1
1 20

age
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NevadaandUtah,maybe inappropriate.However,thegeneralcharacterof
deserttortoisedemographyasrevealedby theGoffs study is probablyv’~’ -~

throughouttherange.

Variable Growth Rates of Desert Tortoises (Environmental
Stochasticity). Growthratesfor deserttortoise populationsare variable
from time period to time period andfrom one local population to the next
local population. With variable growth rates comes the possibility of
stochasticextinction: the populationwill havea run of bad luck and its
densitywill dropbelow the thresholdof extinction. This is environmental
stochasticity.

Figure Cl 6. A projection of age structuredgrowth for a desert tortoise
population.
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A simplediscreteequationforstochasticgrowthis:

Nt+i={lambda}Nt if N<=K

N~+i=l if N>K

whereN~ is thecurrentpopulationsizeandwhereN~+i is thesizeof
thenexttime period,andwhere{lambda} representsarandom
variablefor discretegrowthdescribedbelow. If thecurrent
populationis aboveK, thecarryingcapacity,thepopulationsize
dropsto K thenextyear. But if thepopulationis belowK, thenew
populationsizeis determinedby drawingadiscretegrowthrate,
lambda,from aprobabilitydistributionwith aknownmeanand
variance. In mostexplorationsofthis model,it is assumedthatthe
meanlambdais greaterthan1, whichcorrespondsto an r of greater
than0. Therelationshipbetweenr andlambdais:

p = loge (lambda).

In moresophisticatedmodels(e.g., Goodman1987),the meanand
varianceof thedistributionoflambdavaluesmaychangewith the
sizeofthepopulation;that is theymaybe functionsof N. For
populationsin naturalenvironments,it is almostimpossibleto
determinetherelationshipofmeanandvarianceof lambdato N, if
for no otherreasonthantheproblemofobtainingasufficientlylarge
samplesize. Thus, it will notalwaysbethecasethatthevariationof
populationgrowthwill bemodeledasindependentofN.

Datafor this modelcamefrom deserttortoisepopulationsthathad
beensampledat 13 locationsthroughouttheMojavedesert(Berry
1990,asamended,NevadaDepartmentof Wildlife 1990;SWCA,
Inc. 1990):

California: Chemehuevi
ChuckwallaBench
Goffs
Ivanpahvalley
UpperWardValley
DesertTortoiseNaturalArea
FremontValley
JohnsonValley
KramerHills
LucerneValley
StoddardValley

Nevada: PiuteValley

Arizona. Uttlefield

Samplesof adultdeserttortoisesweretakenat thesestudylocations
atvariousyears. Fromthesesamples,thediscretegrowthrate
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lambdascanbecomputed.Theselambdasarebasedon peryear
growthintervals. For sampleson two successiveyears,the lambda
is givenby:

lambda = final_sample/iitiaLsample.

If theperiodis morethan1 year,therelationshipis

lambda=(fin&sample/initial....sampleY’(l/no....of..years).

wherethe “A” signindicatesexponentiation.Fromthesestudy
locations,someof whichhadmorethantwo samples,27 different
valuesoflambdacanbedetermined,which defineaprobability
distribution. Themeanlambdais .985, with astandarddeviationof
0.08. Theprobabilitydistributionoflambdasis shownin Figure
C17.

Figure C17. Thedistributionof 27 lambdasfrom 13 deserttortoisestudyplots.

Mean A = .965/yr
r = —.015/yr
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Thelowestlambdais 0.8 andthehighestis 1.15. Thesecorrespond
to peryearchangesofroughly -20%and+15%, with ameanof -

1.5%/year. Thattheaveragegrowthratefromthesesitesis -1.5%
doesnotmeanthattheentiredeserttortoisepopulationis only
shrinkingatthisrate,forthesestudypopulationsrepresentfor the
mostpart local populationsin thecentersofgoodhabitat.Theentire
speciespopulationofdeserttortoisescouldsimultaneouslybe
shrinkingin its spatialextent,andthis wouldnotberepresentedin
thesefigures. Furthermore,thesearepre-URTDstudies. Adult
dieoff acceleratesby asmuchasan orderof magnitudenot long after
URTD is first identifiedin thesepopulations.Also, theextreme
growthratesof -20%and+15% probablycorrespondto cases
wheretheagestructureofthepopulationis badlyoutof stableage
distribution(seebelow),or wherethereis someform of animal
movementintoorout ofthelocal population.

Nonetheless,thevariancein lambdavaluespossiblyrepresentsthe
variancethatwouldbepresentin reservesystemswith protected
boundariesandwhichwerefreeof URTD. Thus,thesearegood
numbersto usein afirst-passsimulationstudyof localextinctionof
deserttortoisepopulationson reserves.Theymaysetonekind of
lower limit to thescaleofreserveunits,suggestingthatanything
smalleriscertainto be inadequate.Theymayalsobeabest-case
scenarioinsofarastheconsequencesofdiseasearenotreflectedin
thedata.

To model timeto extinction,N~+i is calculatedusing theempirical
distributionof lambdasin FigureC18. Thefirst simulationassumed
aninitial N of 20,000adult deserttortoisesat equilibrium(i.e., K is
thesamevalue). An extinctionthresholdis takenas2 individuals.
Thedistributionoftimes (in years)to extinction is given in Figure
C18.

FromTableC3 it canbe seenthat, amongotherthings,90% ofthe
populationswill surviveatleast350years,andthatthemeantimeto
extinction is 505 years,with astandarddeviationof 115 years.
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Figure C18. Time to extinctionbasedon currentbestestimatesofstochasticgrowth.

Table C3. Descriptivestatisticsforthedistributionof timesto extinction(Fig. C 18).

Mean: Std. Dev.: Std. Error: Variance: Coef. Var.: Count:

504.8 115.427 16.324 13323.429 22.866 50

Minimum: Maximum: Range: Sum: Sum Squared: # Missing:

332 987 655 25240 13394000 0

< 10th %: 10th 96: 25th %: 50th %: 75th %: 90th %:

5 350 423 499.5 562 633.5

#> 90th 96:
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Figure C19. Extinction time underhypothesizedmanagement(seetext).

Theseprojectionsarebasedon arelativelysimplemodelandon
relativelylimited data.Onewayto getafeelingfor the
reasonablenessof “stability” of suchprojectionsis to changethe
modelslightly. If themeanlambdais raisedfrom 0.985 to 1.000 (a
growthrateformaintainingstablepopulationsize),butthevariance
in growthremainsthesame;that is, that thehistogramin FigureC18
is shiftedrightwardsby an amount0.015, themeantendencyis for
thepopulationto remainstationaryin size. However,it cannot
increaseaboveits K, while at thesametime it hasno lowerbound
otherthanextinction. If themodelis now runwith theslight
increasein meanlambda,thegrowthdistributionsareasshownin
FigureC19.

Themeantimeto extinctionhasnow increasedfive fold to 2,474
years,with a standarddeviationof 1,150years. Thatis, giventhe
hypotheticalsituationfor growthnow assumedfor adeserttortoise
population,a 1.5% elevationof thegrowthrateleadsto a500%
increasein time to extinction. This suggeststhata little management
of tortoisehabitatmay go along wayto help localpopulations.

A secondmanipulationis alsoinstructive. If themeanlambdais
keptat 1.000,but thelocalpopulationis madetentimessmaller
(i.e., ~ = 2000andK =200),themeantimeto extinctionis
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361 years(FigureC20). Thus,the sizeof thepopulation(andhence
thereserve)mattersgreatlygiven theobservedfluctuationin growth
rates. Thus,evenwith improvedmanagement,a reservewith a
maximumpopulationof 2,000deserttortoisesis too small to
achieveareasonablepredictedtime to extinction.

Eventhoughtortoisepopulationsdeclined(meanlambda= 0.985),
theyears1979-1989wererelativelygoodonesfor thedeserttortoise
comparedto thenext two. During 1990and 1991markeddeclines
in numbersoccurred.If thedatafrom 1990-91 areaddedto the
1979-89data,themeanlambda(i. e., theperyeardiscretegrowth
rate)is soreducedthatthemodelpopulationspromptly go extinct.
However,recoveredpopulations,orpopulationson theirway to
recovery,shouldhavetheability to reboundfrom badyears,once
mostof theextrinsicsourcesof mortalityhavebeenremoved.
Clearly, theseyearsarenot thefirst droughtordiseaseepisode
experiencedby deserttortoisesovertheirlong historyof occupation
ofthis region. In additionto badyears,therewill alsobesome
yearsofextraordinarilyhigh lambdasassociatedwith very good
conditions. This impliesthattheaveragelambdafrom the 1979-89
datasetwill still beobtained--onlyits variance(orstandard
deviation)will be increased.Theamountof theincreasein the
standarddeviationwill dependon thefrequencyofvery goodyears
andvery badyears,whateverthatmaybe.
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Thismodelcanalsobe usedto examinethetime to extinctionfor
variousmodificationsto variationin lambdas.Populationceilings
of 200, 2000and20,000adultdeserttortoisewereused,andthe
variationin lambdasis increasedby certainpercentageamountwhile
all elsewaskeptconstant.Fifty trials wereperformedfor eachcase,
andthemediannumberof yearsofpersistenceis usedasthe
estimatorof timeto extinction. Theresultsareshownin Figure
C21. Timeto extinctionincreaseslinearlywith the logarithmof
populationsize,asis expectedfrom standardtheory. Thehighest
line is for the1979-1989data.The500yeartime to extinction is
reachedwith apopulationceiling (K) of 20,000adultdesert
tortoises.Thethreelower lineson thefigure,basedupon
simulationsusingceilingsof200,2000and20,000adult animals,
showtheeffectof increasingthevariancein lambdato 120%,150%
and200%of its valuein the 1979-1989dataset.

Thisexperimentshowsthat thehigherthevariability ofpopulation
growth,thelargerthepopulationsizerequiredfor viability. For
example,about50,000adulttortoiseswould berequiredfor a
mediantime to extinctionof500yearsif theactualvariancein
lambdais 120%ofthe 1979-89value. Sincepopulationsizeis a
functionof reservesize,areservelargeenoughto supportthis
numberofadulttortoiseswouldbenecessary.Thatis, this model
suggeststhat reserveslargeenoughto support50,000adult desert
tortoiseswould beadvisablebuildingblocksto achieveamedian
timeto extinctionof 500yearsforrecoveredpopulations.

Thismodeldoesnot incorporatethreeimportantfeatures.First, it
ignorescatastrophes.Second,it extrapolatesfrom thelastdecadeof
deserttortoisehistoryhundredsof yearsinto thefuture. Many
things,suchasclimatechange,could invalidatethesedata
considerably.Third, it doesnotaccountfor spatialstructureandthe
possibleinteractionsof local populations. Nonetheless,this
analysisdoesshowthatareasonablereservesizefor long-term
protectionof deserttortoisesshouldbe largeenoughto
accommodateroughly50,000adultanimals.
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Sensitivity of Extinction to var(lambda)
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Figure C21. Mediantime to extinctionasafunction ofpopulationcarryingcapacity
(denotedN....max)andofthevarianceof thediscretegrowthrate,lambda. Thestandard
deviationoflambdais increasedby 20%,50%and100%abovethevalueusedin the
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B. The Tracy Analysis

Ma*rix Population ModeL - Theonly compilationofdetailed
demographicdatafor thedeserttortoisecomesfrom studiesatthe
GoffsSite in California(Turneret al. 1987,Buruhamet al. 1987).
From thesedatait is straightforwardto constructastage-transition
matrix (Caswell 1989). All tortoiseswereplacedinto five stage
categories(TableC4), andthesestageswereincorporatedintoa
five-stagedemographicmodel (FigureC22).

Thedemographicflows modeledin FigureC22 areplacedintoa
transitionmatnx:

P1
G1
0

0
0

F2 F3 F4 F5

~2 0 0 0
G2 P3 0 0
o G3 P4 0
o 0 G4 P5

TheGandP elementsofthis matrixmodelwereestimatedfrom the
simulatedsurvivorshipcurve(FigureC23)for theGoffs Site
(Turneret al. 1987,Burnhamet al. 1987). TheF element(only
“adults” produceeggs)wastakenasa variablebasedupon
populationgrowthratesto be modeled.

Table C4. Descriptionoftheagesof deserttortoisesincludedin thefive stagesfor the

stage-baseddemographicmodelof deserttortoisepopulationgrowth.

Ag~
1
2
3
4
5

hatchlings

I to 5 yearsold

6 to 10 yearsold

subadults

adults
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Figure C22. Conceptualmodelofthelife cycle ofdeserttortoisesin which individuals
moveamongthefive stageswithin thelife cycle accordingto two probabilitiesof
movement:~x is theprobabilityof an individual remainingin aparticularstagex, Gx is the
probabilityof an individualmovingto thenextolderstagex, andFx is thenumberof
hatchlingsproducedby individualssurvivingto the adultstage.

Figure C23.Simulatedsurvivorshipcurvefor deserttortoisesattheGoffs Siteestimated
from datapresentedin Turneretal. (1984)andBuruhametal. (1987). Survivorsare
presentedasproportionof thepopulationstill alive asafunctionoftortoiseage.
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Growth of Mojave Populations

Nineteensitesin CaliforniaandNevadahavebeenmonitoredfor
deserttortoisepopulationsizessince1979(TableCS). At all of
thesesitespopulationshavebeensampledmorethanonceovera
periodof 13 yearsyielding atotal of 39 estimatesofthediscrete
growthrate(lambda,I) calculatedas,

1 = (N*/N)(1/(t*t))where:
— Populationsizeat time =

N = Populationsizeattime = t

= timeoftheinitial sample

t = timeof thesecondsample

Themeanlambdafor all monitoringsiteswas0.975 (FigureC24A)
with astandarddeviationof 0.091. However,this standard
deviationfor themeanlambdaincludesvariationattributableto
severalsources:(I) differencesin lambdaamongsites,(2)
differencesin lambdadueto temporaltrendsin populationsize,(3)
year-to-yearvariationaroundthetemporaltrends,and(4) errorsin
theestimationofpopulationsizes. An analysisofcovariancewas
performedto partitionthesesourcesofvariationaroundthemean
lambda(FigureC25). Thestandarddeviationfor themeanlambda
dueonly to year-to-yearvariationaroundthetemporaltrends,plus
theestimationerrors,wasonly 0.019(FigureC24B). Until an
analysisis performedto determinetheerrorsin population
estimation,it is not possibleto sortout theyear-to-yearvariation
aroundthemeanlambdacompletely.

Usingthetransitionmatrix from Goffs andthemeanLambdafor the
39 sitesin CaliforniaandNevada,theunknownF~ in themodelcan
besolvedfor. Thisresultsin thetransitionmatrix for the“average”
populationin theMojave to be,

.000 .000 .000 .000 .500

.360 .614 .000 .000 .000
A = .000 .076 .715 .000 .000

.000 .000 .171 .840 .000

.000 .000 .000 .174 .940
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Table C5. Long-termmonitoringsitesatwhich populationsizesofdesert
tortoiseshavebeenestimatedbetween1979and 1992.

Sites Receiving Winter and SummerRains
ChemehueviValley, California
ChuckwallaBench,California
ChuckwallaValley, California
IvanpahValley, California
UpperWardValley, California
ChristmasTree,Nevada
CoyoteSprings,Nevada
Gold Butte,Nevada
PiuteValley, Nevada
SheepMountain,Nevada
TroutMountain,Nevada

Sites Receiving Winter Rains Only
DesertTortoiseNaturalArea (Interior),California
DesertTortoiseNaturalArea(Visitors Center),California
FremontValley,California
FremontPeak,California
JohnsonValley, California
KramerMountains,California
LucerneValley,California
StoddardValley, California

C42



AppendixC: DesertTortoisePopulationViability

Figure C24. FrequencydistributionofLambdasfor (A) all 39 Lambdaestimations,and
(B) for theresidualsaftervariationdueto site, time, andsite * time interactionareremoved.

C
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Figure C25. Proportionsof variancearoundthemeanlambdafor 39 sitesin California
andNevada.

Whenthe“A” matrix (thetransitionmatrix) is multipliedtimesa
vectorcontainingthenumberof tortoisesin eachof thefive stages,
theresultis anewvectorcontainingthenumbersof tortoisesin each
stageonetime step(oneyear)into thefuture. After manyrepeated
time steps,therelativeproportionsof tortoisesin eachstageremains
aconstant,andthepopulationis saidto havereachedastable-age
distribution. Thestable-agedistributionfor an idealizedpopulation
with thegrowthandsurvival characteristicsoftheGoffs population
andtheLambdaoftheaveragepopulationfrom themonitoredsites
is given in FigureC26. This stable-agedistributionis similar to a
collectivesizedistributionassembledfrom dataat severalstudy sites
in theMojaveandSonorandeserttortoisepopulations(FigureC27).
Moreover,whenthedatain FigureC27 arecollapsedto astage
distributionandcomparedto thestage-baseddistributionassembled
fortheGoffs population(Turneretal. 1987,Burnhamet al. 1987),
it wouldappearthat theGoffspopulationis typicalof otherdesert
tortoisepopulations(FigureC28).

Theprincipaldifferencebetweenthestagedistributionsin Figure
C26 (simulated)andFigureC28 (observedin thefield) is that the
modeleddistributionhasagreaterproportionofindividualsin the
hatchlingand 1-5yearageclassesthando thedistributionsfrom
Goffs andthemulti-site aggregate.While it is truethatthereare
high levelsofmortality at theyoungerages(with only
approximately7%of all hatchlingssurviving to theageof six
years),the low proportionsof youngtortoisesin theempirical
distributions(FigureC28) morelikely reflectthedifficulties with
locatingvery small tortoisesin thefield. Regardless,theproportion
ofindividualsthat areadultsis veryhigh: 42%in thesimulated
populationand60%in theempiricaldatasets.

PartitionedVariancein Lambdasfor
MojaveDesertTortoisePopulations
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Figure C26.Theproportionof individualsin eachagestageofthemodeled
populationwhenthepopulationis in stable-agedistribution.

Figure C27.Numbersofindividualsasafunctionofcarapacelengthfor populationsin theMojaveand
Sonorandeserts.
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Figure C28.Percentof individualsin thepopulationasafunctionof stage(age
categories)for (a) theGoffspopulation(Turneret al. 1987,Burnham1987),and(b) an
aggregateofpopulationsin theMojaveandSonorandeserts.

Effects of Environmental Stochasticity.- Environmental
stochasticitycancausepopulationgrowthratesto vary from time to
time andfrom locality to locality, andvariablepopulationgrowth
ratescanincreasetheprobabilityof extinction. For example,a
populationcouldhavearunof yearswith stochasticdropsin
populationsizeuntil its densitydropsbelowarecoverythreshold
andit subsequentlygoesextinct.

Stochasticpopulationgrowthwassimulatedwith a “Monte Carlo”
simulation,with lambdabeingdrawnfrom aprobabilitydistribution
with differentmeans(all below 1.0andincludingtheobservedmean
of 0.975),andastandarddeviationof0.19 (thestandarddeviation
dueto randomvariationaroundpopulationtrendscalculatedfrom
sampledpopulations;seeFigureC24). An additionalsimulation
wasperformedholdingthemeanlambdaat0.975andusing two
differentstandarddeviationsaroundlambda(0.019 and0.038). All
simulatedpopulationswerestartedwith differentnumbersof
tortoisesto assesstheeffectofmeanlambda,standarddeviationof
lambda,andstartingpopulationsizeon thecomputedtimeto
extinction(extinctionwasassumedto occurwhenthepopulation
reachedtwo individuals).

Of course,all simulationswith lambdasbelow 1.0eventuallygo
extinct. Thetimerequiredto reachextinctiontheoreticallyis affected
by bothlambdaandthestochasticvariationaroundlambda(Figure

stage4 stage5
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C29). However,theeffectofthemeanlambdawasconsiderably
greaterthanwasthestandarddeviationaroundthosemeans.The
model’spredictionthat apopulationwith ameanlambdaof 0.975
(theobservedmeanof sampledpopulationsin Californiaand
Nevada)couldneverpersistfor morethanapproximately390 years
(approximately15 tortoisegenerations),regardlessofthe initial
populationsize,wasparticularly disturbing.

Partitioningthevariancein lambdasinto its componentswasalso
instructive. Theimportanceofwithin-populationenvironmental
stochasticityis trivial unlesslambdasarecloseto 1.0. Eventhen,
suchpopulationsarepredictedto persistfor a longtime.
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PopulationViabilily for
theMojaveDesertTortoise

80000

Initial Population Size

200000

Initial Population Size
2

Figure C29.ResultsofaMonteCarlo simulationof themeantimetoextinctionfor
deserttortoisepopulations(a) asafunctionof lambdaall with astandarddeviationof
0.019, and(b) asafunctionof two differentstandarddeviationsat a lambdaof 0.975
for populationsstartingatdifferentinitial sizes.
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C. The PeacockModel

Projection ModeL - Demographicdatafor thedeserttortoise
wasenteredinto RAMAS/Stage,asingle-species,stage-based
modeldevelopedby Applied Biomathematics(Ferson,1990).
RAMAS simulatesdiscrete-timestage-structuredpopulation
dynamics.This model is usedto predictthebehaviorofpopulation
trajectories(probabilityofextinctionorpopulationexplosion)as
influencedby demographicparametersandstochasticenvironmental
variables. RAMAS is amodelingenvironmentwhich allowsthe
userto build aspecies-specificmodelusingmathematical
expressionsbaseduponstagemodelingtheory(Lefkovitch 1965).

Theeffectofenvironmentalvariability on demographicprocesses
wasnotmeasuredindependentlyfor thedeserttortoise;thus,the
effectof stochasticenvironmentalvariationon populationdynamics
couldnotbemodeledseparatelyfrom demographicvariation. Five
life history stagesweredefinedasin theGilpin Analysis(seeabove)
andtheTracy Analysis(seeabove): 1)hatchlings,2)1-5yearolds,
3) 6-10yearolds,4)subadults,5) adultsor 17-100yearolds.
Transitionmatrixvariables:~x (probabilityofremainingin astage),
Gx (probabilityof movingto thenextolderstage)andFx (number
ofhatchlingsproducedby individualssurvivingto theadult stage)
werethenusedto simulatepopulationgrowthovera600-year
period,

P1 F2 F3 F4 F5

G1 E’2 0 0 0
0 G2 P3 0 0

0 0 G3 P4 0
0 0 0 G4 P5

Survivalprobabilitiesestimatedfrom demographicdata(Turneret
al. 1987)wereusedto constructatransitionmatrix (TableC6).
Becausedataon survivorshipfrom theeggto hatchlingstageare
unavailable,F~ wasdefinedastheaveragenumberof eggs
producedperadultfemaleperyear.(Moreproperly,F~ shouldbe
thenumberofhatchlings--whichwill alwaysbelower thanthe
numberof eggsbecausenotall eggslive tobecomehatchlings—but
reliabledatawerenotavailable.) Initial populationsizewasmodeled
as20,000individuals;additionalsimulationswerealsoconducted
using startingpopulationsof 40,000,60,000,and 100,000
individuals. The initial stagedistributionusedfor all simulations
wasbaseduponstable-agedistributiongenerationby TheTracy
Analysis (FigureC26).

Simulation Results. - Thesimulationofpopulationdynamics
overa 600-yearperiodpredictsasteadydeclinein thepopulation
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(FigureC30). With astartingpopulationof 20,000,thetotal
declinesto 100 individualsby 327 years,24 individualsby 400
years,andgoesextinct (atoneindividual) at553 years. Lambda
averagedoverthefirst 400 yearsof thesimulationwas0.979.
Abundancesin eachstageat 200,400,and600yearsshowa
preponderanceofindividualsin stages1 and2 (FigureC31) with
very low recruitmentfrom stage2 to 3 (althoughthis resultis likely
dueto theoverestimationofrecruitmentofhatchlingsinto the
population).A stable-stagedistributiongeneratedat theendof 200
yearsindicatesthat theadultbreedingpopulationwould be reduced
to 100 individuals. Although thetotal populationwasstill relatively
high (N=1400)after200 years,asmall breedingpopulation(based
uponthenumberof adultspresent)dueto primarily to the low
recruitmentofindividualsfrom stage2 to 3, resultsin apotentially
unstablepopulation.

Populationprojectionsusingstartingpopulationsof 40,000,
60,000,and100,000individualsshowthat after200 years
populationswouldbe 200,300, and400individualsrespectively.
By 400 years,all simulations,regardlessof startingpopulationsize,
producedpopulationsof lessthan 100total individualsandbreeding
adultpopulationsof lessthan 10 individuals(TableC7). Giventhe
currentsurvivalprobabilities,deserttortoiseswould beextinct
(fewerthanoneindividual) in lessthan 600years(FigureC32).

Table C6. Thetransitionmatrixusedin populationsimulations,calculatedusingsurvival
probabilitiesfrom Turneret al. 1987.

Hatchlings 1-5 6-10 11-16 Adults

Hatchlings 0 0 0 0 5.8

1-5-yearolds 0.36 0.619 0 0 0

6-10-yearolds 0 0.057 0.6 0 0

ll-16-yearolds 0 0 0.085 0.806 0

Adults 0 0 0 0.126 0.925
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Figure C30.Populationprojectionbaseduponsurvivalprobabilitiesfor eachstage
(Turneret al. 1987). Thestartingpopulationsizewas20,000individuals. The
populationgoesextinct (at 1 individual) at553years.

Table C7. Thetotal numberof individualsremainingin thepopulationgivencurrent
survivalprobabilitiesafter200,400,and600yearsof simulation. Simulationswere
conductedfor populationswith initial sizesof 20,000,40,000,and60,000,and 100,000
individuals.

InitialSize200y 400y 600y

20,000 1,400 24 0

40,000 2,900 48 0

60,000 4,300 72 1
100,000 5,700 96 1
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Figure C31. The stablestagedistributiongeneratedby thesimulations.
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Figure C32.Populationprojectionswith startingpopulationsof 40,000,60,000,
and 100,000individuals. Regardlessofstartingsize, all populationsgo extinctat
thesametime.
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VII. Viability of the Mojave Desert Tortoise
Population

Severalcriteriaimportantto recoveryandlong-termpersistencefor
thedeserttortoisehavebeenreviewedin thisappendix.These
includeavoidingconditionsfor extinction(CEE) which are(1)
demographicstochasticity,(2)socialdysfunction,and(3) genetic
deterioration.TheseCFEsarecloselyrelatedto populationdensity
andpopulationsize. Therefore,thevulnerabilityof apopulationto
theseCFEscanbedirectly affectedby two conditions:(1) extrinsic
sourcesofmortality, and(2) theareaoccupiedby thepopulation.
Any planto recover thedeserttortoisethroughtheestablishmentof
reservesmustconsiderboththesizesofthereservesandcontrolling
levelsofmortality on the reserves.

Population Density and Size of Reserves

In Section5 of this appendixit wasshownthataminimum
populationdensityfor deserttortoisesis approximately10 adultsper
squaremile. Belowthis densitytherewill beahighprobabilityof
demographicstochasticity,socialdysfunction,and genetic
deterioration. Section4 of this appendixshowsthatapopulationof
at least5,000tortoises(all ageclasses)is necessaryto maintain
sufficientgeneticdiversity for long-termevolutionarypotential.
Takentogether,thesetwo analysesindicatethatanareaof at least
500 squaremilesis necessaryto maintainevolutionarypotentialat
minimumdensity(FigureC32). In practice,reservesshouldbe
largerthanthis becauseacceptabletortoisehabitatis patchyandnot
all areasareoccupied. Thus, 1,000squaremiles shouldbe takenas
theminimumsizefor aviable reservebasedon thesecriteria.

Population Numbers and Size of Reserves

In SectionVI. ofthis appendixit wasshownthatdeserttortoise
populationsareextremelyvulnerablewhenlambdadecreasesto low
levels. For example,apopulationwith a lambdaof 0.975will
decreaseto halfits startingsizein only 25 years. However,thetime
it takesapopulationwith a lambdaof0.975to declineto extinction
dependsmostuponthesizeofthepopulationbeforeit beginsits
decline. Forall populationswith lambdaslessthan 1.0 thereis a
curvilinearrelationshipbetweenmeantimeto extinctionandinitial
populationsize(FigureC29). At populationsizesexceeding10,000
to 20,000individuals,anyfurther increasesin populationsizedo
not greatlyincreasethetime to extinction. Thatis, if variancesin
lambdadueto year-to-yearvariationin populationtrendsaresmall,
very largepopulationsdo not haveamuchlowerrisk of extinction
thando populationsof approximately10,000to 20,000individuals.
However,thetimeto extinctionfor very smallpopulationsis
stronglyrelatedto populationsize. If deserttortoisepopulations
becomesmallerthan 10,000to 20,000individuals,strict
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managementofextrinsicsourcesofmortality is requiredto prevent
thepopulationallambdafrom falling muchbelow 1.0. if this
managementis ineffective,thepopulationwill rapidlyprogressto
extinction.

Takentogether,thesecharacteristicsofdeserttortoisepopulation
dynamicsindicatetwo themesofmajorimportancefor recovery: (1)
Reservesshouldbe largeenoughto containat least20,000
individualsto bufferthepopulationadequatelyfrom extinction
vulnerability dueto small size. (2) Populationsmustbe managedto
preventlambdasfrom falling below 1.0 on average;otherwisethe
populationsbecomeextremelyvulnerableto extinction. These
themestranslatedirectlyto two managementprescriptions:(1)
Assumingthatmostcurrentpopulationdeclineswill notbe reversed
until minimal viabledensityis reached(10adultspersquaremile,
FigureC33), reservesshouldbe no smallerthan 1000squaremiles.
(2) Sourcesofextrinsicmortality, i.e., thethreatslistedin Appendix
D, shouldbereducedto thepointthatlambdascanreachat least1.0.
Theprecisemeansby whichthis canbe achievedaregiven in the
RecoveryPlansectioncalled,“DesertWildlife ManagementAreas:
DescriptionsandSpecificManagementRecommendations.”

Reserve Sizes in Relation to both Population Density
and Size

Considerationsof bothminimumpopulationdensitiesandminimum
populationnumbersindicatethatreserves,or DWMAs, shouldbeat
least1,000squaremiles. Whenpopulationsarewell above
minimumviable density(e.g.,30 or more.~duli tortoisespersquare
mile) andlambdascanbemaintained,on average,at 1.0 orgreater
througheliminationofextrinsicsourcesofmortality, smaller
reservesthatprovidehigh-quality,securehabitatfor 10,000to
20,000tortoisesshouldprovidecomfortablepersistence
probabilitiesfor thespecieswell into thefuture.
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Figure C33. Idealizedpopulationdensitiesasafunctionof time shownbefore,during,andafter
recovery. Downwardtrendsarereversedatornearminimumviabledensity. Subsequently,the
population“recovers”by growingsignificantly for 25 years. At thattime, thepopulationcould
continueto grow in responseto goodconditionscreatedby propermanagementuntil (or if) the
populationreachesa“carrying capacity”. After thepopulationhasbecomedense,thepopulation
might continueto grow,fluctuatearoundahighdensity,or, if managementis relaxed,it mayagain
decreaseslowly.
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AppendixD: Human Activities Which Directly or
Indirectly ThreatenNaturally-
OccurringPopulationsofDesert
Tortoisesand Their Habitats in
the 1990’s

1. introduction

The purposeofthis appendixis to review,update,document,and
summarizehuman-inducedpressuresoperatingon naturally
occurringpopulationsofdeserttortoisesin theMojaveandColorado
deserts.Theappendixbeginswith abriefoverviewof prehistoric
andhistorictrendsin human-deserttortoiseinteractionsboth
globally—relativeto theentiretortoisefamily (Testudinidae),and
regionally—relativeto deserttortoises. This documentfocuseson
demonstratedandprobablethreatsto deserttortoiserecoveryareas.
Whereappropriate,recordsof specificthreatsto othercheloniansare
incorporatedto establishtheirpotentialimpactto deserttortoises.
Thecollective,synergistic,andcumulativenatureof threatsis
illustratedwith acasestudyofprogressiveextirpationof desert
tortoisesin theAntelopeValley, CaliforniaofthewesternMojave
recoveryunit.

II. Methodsand Sourcesof Data

The following resourceswereused,in descendingorderof
confidence:(1) peer-reviewedjournalarticles;(2) published
symposiaandprofessionaltexts; (3) governmentagencyreportsand
data (4)environmentalimpactstatementsandrelateddocuments;
(5) reportsandcommentariesof privateconsultants;and(6)
properlyattributedpersonalcommunicationsofqualified
professionalsandlaypeople.

Wehavedrawnparticularlyonthefollowing publishedorreleased
surveysof humanthreatsto deserttortoises: (1) CaliforniaStatewide
DesertTortoiseManagementPolicy (BLM andCalifornia
DepartmentofFishandGame1990); (2) Chapters3,4,6, 8, and
10 of Berry (1984); (3) (Final) CumulativeImpactsStudyon the
DesertTortoisein theWesternMojaveDesert(ChambersGroup,
Inc. 1990b);and(4) “AssessmentofBiological Informationfor
Listing theDesertTortoiseasanEndangeredSpeciesin theMojave
Desert,A PredecisionDocument”(FishandWildlife Service
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1990b). Also of interestwerelocally focusedsupplementalreports,
e.g.,DesertTortoiseImpactsAnalysis(Lamb 1991)andtheShort-
TermHabitatConservationPlanfortheDesertTortoisein Las
Vegas,ClarkCounty,Nevada(RECON 1991).

III. History of Human-Desert Tortoise Interactions

A. Prehistoric Accounts.

Prehistorichumanpredationon deserttortoisesin Californiaand
Nevadawasvigorousandwidespread(SchneiderandEverson
1989). Aboriginalgroupsthatuseddeserttortoisesincludedthe
Chemehuevi,California; OwensValley PaiuteandMono,
Tubatulabal,andPanainintShoshoni,California; theCahuillain
California;andSouthernPaiuteofAshMeadowsandShoshoniof
Beatty,Nevada.However,someaboriginalgroupssuchasthe
Mohavehada “greataversionto eatingdeserttortoiseandspokein a
derogatorymanneraboutgroupsthatdid eattheanimal” (Schneider
andEverson1989).

Humanpredationofteninvolvedwell-developedtechniquesfor
hunting(SchneiderandEverson1989). Forexample,in Mexico,
SeriIndiansuseddogsto locatedeserttortoises,waterto induce
themto emergefrom theirburrows,andhookedprobesfor
extractingthemfrom theirburrows. PapagoIndiansevendeveloped
protocolsfor roastingdeserttortoiseflesh(removingtheplastron
andinsertinghotrocks). Huntingpracticesvariedwith boththe
locationandchronologyof thesite.

Morafica (1988)reviewedtheLateQuaternaryprehistoryof human-
deserttortoiseinteractionsglobally,emphasizingdataon the
progressiveextirpationofthebolsontortoise,Gopherus
flavomarginatus.Humanpredation,whichis still ongoing,appears
to havehadapivotalrole in reducingbolsontortoisedistribution
overthelast20,000years.

B. Human-Tortoise Interactions and Human Cultures.

Globally, tortoisesarepreyeduponfor avariety ofreasons
(SwinglandandKlemens1989).Swingland(1989)stated:

In economicterms,thetortoiseis animportantpart
ofrural dynamics,beingusedfor food in mostparts
of theworld,asamusicalinstrument(maracasand
banjo),asascooporwaterbail in boats,andcanned
asmeatin partsof theMediterranean.The adultsare
oftenkeptin villagepensfor foodandasa sourceof
batchlings,which arebecominganeweconomic
productofthis traditionalhabit
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Thetraditionsof developingcountriesmayseem
tangentialto areviewofthreatsto deserttortoises
posedby humanactionsin thesouthwesternUnited
States,but in factmanyformerresidentsofthese
areasarebringing theirtraditionalpracticeswith them
asthey immigrateto thepluralistic societiesofLos
Angeles,LasVegas,andelsewherein theWest.

Highwaymortalitiesandhabitatmodificationand
fragmentationhavecritical negativeimpactson
telTestrialturtlesin themoreindustrialsocieties
(SwinglandandKlemens1989). Mostauthorsof
speciesaccountsin SwinglandandKlemens’ book
describedsimilar threats.Forexample,Kiemens
(1989)describedproblemsfacedby emydidturtlesin
NewEngland,aregionsubjectto thekindsof
developmentwhichnowincreasinglycharacterize
MojaveDesertlandscapes.

Nowherearethecorrelationswith humaninfluences
morepronouncedthanin thehistoryoftheinsular
tortoisesofMadagascarandtheadjacentwestern
IndianOcean. More thanadozenputativetaxaof
giant tortoisesonceoccurredin thisregion(Arnold
1979). Ofthese,all butasinglepopulationofthe
speciesGeochelonegiganteawereapparentlydriven
to extinctionby thedirector indirectimpactof abrupt
humancolonization. Thechronologyofthesehuman
colonizationsandresultingtortoiseextinctionswere
strikinglycorrelated.Interestingly,similar
extinctionswerenotobservedontheadjacentAfrican
mainlandwheremorethanhalfadozentortoisetaxa
of varyingsizeshaveoccurredsympatricaflywith
hominoidsfor tensofmillions ofyears. Perhapsthe
continuedexistenceof themainlandtortoisespecies
canbe explainedby long-termassociationswith
hunter-gatherersin complexandrelatively stable
relationships.In contrast,thesuddenappearanceof
humans,especiallyin thesimplifiedandisolated
ecosystemsof oceanicislands,hadamuchmore
catastrophicimpacton tortoisesandtheirhabitats.
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IV. Human-Induced Threats to Desert Tortoises

A. Deliberate Removal of Desert Tortoises by Humans.

1. Predationfor food. The useof tortoisesfor food was
historically theprimarymotive for collectionson aglobalscale
(SwinglandandKlemens1989)andregionallyfor deserttortoisesin
theGreatBasinandsouthwesterndeserts(SchneiderandEverson
1989). Manycultureshaveengagedin bothindividualand
commercialexploitationofdeserttortoisesasfood items(Berry and
Nicholson1984b). Commercialexploitationhasincludedexportof
deserttortoisesfrom theMojaveDesertto restaurantsin Los
Angeles,theCentralValley,andelsewherein theWest. Such
practicescontinuetoday.Meatmarketswhich offerlive aquatic
turtlesstill existin someareasofmetropolitanLosAngeles--
MontereyParkfor example. Asian nationalswerearrestedin two
separateincidentsfor takingoveronedozendeserttortoisesfromthe
WesternMojaveDesertfor foodandceremonialpurposesin 1991
and1993(Ditzler 1991,BLM files).

2. Collection andcommercialtradefor pets. This threatis
similar to, andmaynotbeclearlyseparablefrom, collectingdesert
tortoisesfor foodorotherpurposes.Collectionsfor petsandthe
commercialtradewereundoubtedlyof importancein thepast(Berry
andNicholson1984b). Commercialcollectingofdeserttortoises
continuedto be significantinto the 1970’s,eventhoughfull legal
protectionwasextendedto thespeciesin Californiaby 1961 (St.
Amant 1984). Intensecollectingofdeserttortoisesoccurredwell
into the 1960’s in theJawboneCanyonregionof KernCounty,
California(DavidJ. Morafka,pers.comm.). Dr. A. D. Stock
(UniversityofNevada,pers.comm.to D.J.Morafica)similarly
recalledfairly intensecommercialcollectingofdeserttortoisesand
Gila monsters(Heloderinasuspectwn)in theBeaverDamSlope
regionofsouthwesternUtah. Twoinstancesofcommercial
collectingin Nevadaweredocumentedin 1982and1983(Berryand
Burge1984). In onecase,morethan30 wild deserttortoiseswere
takento Alabama.

In spiteofFederalandStatelistings,commercialcollectingstill
occurs. FeliciaProbert,aBLM District Rangerin Riverside,
California,describedanongoingcaseinvolving theattemptedsale
ofdeserttortoisesin 1990,at aBarstowgasstation.An arrest
warrantwasissued,butthesuspectapparendyfled thecountryto
avoidprosecution.Othercasesprovidecircumstantialevidenceof
large-scaletake. Forexample,asubstantialdeclinein subadultand
adultdeserttortoisesoccurredbetween1982and 1987at theKramer
Hills studysite in California,without anyevidenceofmortality
(Berry 1990,asamended).Within thesametime frame,signsof
humanexcavationof deserttortoisesburrowswereobservednear
thestudysite (A.P.Woodmanpers.comm.),andasheepherder
reportedto aBLM employeethathesawatmck containingovera
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dozendeserttortoisesatnearbyKramerJunction(Berry 1990,as
amended).

Familiesandindividualsstill collectdeserttortoisesfor personal
pets,especiallywhentheyarefound on roads. This threatisserious
in areaswith highvisitoruseandis, surprisingly,evenoperativein
remotedesertareas.Threeexamplesofdeserttortoisestakenfrom
researchsites(and,in somecaseslaterrecovered)providean
indicationof theextentof thethreat. Duringstudiesconductedfrom
1987to 1991 nearKramerJunctionin thewesternMojaveDesert,
two of 16 deserttortoiseswith radio transmitterswerelost to
poaching;five othersmayhavealsobeenpoached(Stewart1991).
Thisareaexperienceshumantraffic ofmorethan500visitors/mi2peryear. In anotherexample,oneof afew dozendeserttortoises
with transmitterswasremovedfrom a studysitein theWardValley,
California in summerof 1990 (A. Karl pers.comm.). The site is in
an areawith fewerthan 100 visitor-usedays/mi2peryear. The
transmittereddeserttortoisewasrecoveredat amotelparkinglot in
BullheadCity, Arizona. In Nevada,oneof 78 deserttortoises
(1.3%)markedin 1986at theBLM~s CoyoteSpringValley study
sitewasfoundasacaptivein theLas VegasValleyafew yearslater
(BettyL. Burge,per. comm.). This siteis in arelatively remotepart
of Nevadaandhasfew humanvisitors.

NaturalistsattheDesertTortoiseNaturalAreain easternKern
County,Californiadescribedprobableillegal takeduringspring
(Howland1989,Ginn 1990,Jennings1991). Additional
informationisalsoavailablefrom personaldiscussionsbetween
agencybiologistsandthepublic by phone,atmeetings,or in
governmentoffices. Eachyear,Berry (pers.comm.)receives
severalaccountsfrom individualswhodescribe“saving” desert
tortoisesfrom traffic onhighways.Mostsuchdeserttortoisesare
eitherinappropriatelyreleasedorretainedin captivity.

Thethreatof collectionsshouldnotbeunderestimatedandwill
continueto remainhighfor threereasons.First, mostnewarrivals
to theSouthwestareunawarethat deserttortoisesareprotected.
Second,thepresenceoflaw enforcementofficersin opendesert
landsis inadequate.And third,commercialpoachingof rare,
threatened,andendangeredspeciesis well documented,andin some
cases,a lucrativebusiness(Reisner1991,Poten1991). Reisner
(1991),whopresentedapowerfuldocumentaryoftheeffectsof
poachingon alligators,pointedout thatmanywildlife biologiststend
to attributepopulationdeclinesto habitatloss,whenillegal
collectionsareamajorfactor.

B. Vandalism.

Shootingandvandalismplay amajorrolein lossesofdesert
tortoisesin manyareas,particularlywherehumanvisitationis high
(measuredin visitor-usedays/unitareaperyear). Deliberate
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shootingofdeserttortoisesorcrushingthemwith vehicleshasbeen
documented(Berry 1986a,Berry andNicholson1984b;Michael
Coffeen,BLM, Glenallen,Alaska,pers.comm.). Actsof
vandalismhavealsoincludedbeheading,severingofbodyparts,
andoverturning.At theBLM’s westernMojaveDesertstudyplots,
14.6%to 28.9%ofall deserttortoisecarcassesboreevidenceof
gunshots,whereascarcassesfrom theless-visitedeasternMojave
Desertyieldedgunshotfrequenciesof 0%to 3.1%(Berry 1986a).
FencingtheDesertTortoiseNaturalArea did noteffectivelyreduce
thefrequencywith whichcarcassesbearinggunshotholeswere
encountered,at leastin thevicinity oftheinterpretivecenter(Berry
andShieldset al. 1986). The highestrateof vandalismwas
recordedin theFremontValley, where40.7%of deserttortoises
founddeadbetween1981 and1987showedsignsof gunshotsand
othervandalism(Berry 1990,asamended).

In 1991, local residentsofMesquite,Nevada,andSt. George,
Utah,threatenedto undertake“reprisal” killings of deserttortoisesin
responseto therecentFederallisting,economichardships,and
perceivedlossof localself-government(Tim Duck,BLM, St.
George,Utah;pers.comm.to DavidI. Morafka). Residents
threatenedto shootdeserttortoisesor flip themoverto immobilize
them.

Desertvisitorsalsoharassdeserttortoises.Threeincidentsof
harassmentoccurredattheDesertTortoiseNaturalAreain the
springof 1990whenvisitors handledwild deserttortoises(Ginn
1990). In onecase,agroupof adultsfrom Francepokedadesert
tortoisewith astick. Jennings(1991)describedthetramplingofa
burrowby avisitor.

Peoplewhovandalizedeserttortoisesaredifficult to identify and
classify,thusincreasingtheproblemof apprehendingandeducating
them. Somewho aresuspectedofshootingdeserttortoisesclaimto
behuntingrabbits,but such“hunters”areregardedas“plinkers” by
legitimatehunters.In general,“...illegal huntersfacelittle threatof
arrestfrom thethinly spreadforceof ... federalandstatewildlife
enforcementofficers” (Satchell1990). While no lawenforcement
officerhascaughtapersonin anactofvandalismto deserttortoises
sincethespecieswasfederallylistedin Augustof 1989,thethreats
andactualmortalitiesfrom suchactsremainhighin manyareas.

C. Deliberate Manipulation of Desert Tortoises by Humans.

1. Relocationandtranslocation. Relocationcanbe defined
as“... movingan animalorpopulationof animalsawayfrom an
areawheretheyareimmediatelythreatened...toanareawherethey
would belessproneto habitatloss...” (DoddandSiegel1991).
Pastrelocationsof deserttortoiseswerefrequentlymotivatedby
sincereattemptsat conservation,but theirresultshavebeenboth
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variedanddisappointing,somuchsothatpoorlyplannedand
executedrelocationsshouldbe treatedasathreat.

Severalfactorsarelikely to contributeto low successratesof
relocations:(1) thetendencyofthereleaseddeserttortoisesto travel
orwanderfromthesiteorattemptto returnhome;(2) increased
vulnerabilityto predators;and (3) thepotentialfor agonistic
responsesfrom residentorhostdeserttortoises(Berry 1986b,
Stewart1991). Significantlyhighermortality rateswererecorded
for relocateddeserttortoisesthanin thehostorcontrolpopulationin
a 1990-1991relocationproject(Weinstein1992). Thehigher
mortality ratesdid notappearto be associatedwith higherratesof
predationoravailability offoodandwater.

Thepotentialfor introducingor spreadingdiseasesmustnotbe
overlooked.DiseasessuchasURTDposeagravethreatto wild
populations,especiallybecausesucha significantproportionof ill
deserttortoisesareasymptomatic(Brown etal. 1992,Jacobson
1994). DiseasessuchasURTD maybepassedfrom motherto
offspringthroughtheeggsandfrom maleto femalethroughseminal
fluid.

illegal relocationsby local desertresidentsandvisitors occur
frequentlyandmustbe treatedasan ongoingthreat. Suchactivities
havebeenbestdocumentedat theDesertTortoiseNaturalAream
easternKern County,California (Howland1989,Ginn 1990,and
Jennings1991),butareby nomeanslimited to thatsite. For
example,illegal releasesorattemptedreleasesof six wild desert
tortoiseswererecordedin 1990elsewherein California(Ginn 1990,
GilbertGoodlett,BLM files).

2. Releaseof captivedeserttortoises. Captivereleases
posenumerousproblemsto theirwild hostpopulations,notto
mentiontheinhumanityofplacinganimalswhichhavebeen
providedwith water,food, andshelteronaregularbasisinto a
hostileenvironment.Examplesof areasof concernincludegenetic
pollution,thepotentialfor introducingorspreadingdisease,and
disturbanceto thesocialstructureof thehostpopulation. In terms
ofgenetics,themostpotentiallydisruptivereleasesinto theMojave
regionwouldbetheintroductionofSonoranDeserttortoisesor
Texastortoises(Gopherusberlandieri),which arereportedto
hybridizewith deserttortoisesin captivity.

Releaseofcaptiveshasbeen,andcontinuestobe,aproblem
(Jacobson1993). The CaliforniaDepartmentof FishandGame
releasedthousandsofcaptivesandhasformalrecordsfor over800
releasesundertakenin the 1960’sand 1970’s(Berry andNicholson
1984a). In the1970’s,CaliforniaDepartmentofFishandGame
alsosetup aprogramto rehabilitatecaptivedeserttortoisesand
preparethemfor returnto thewild throughquarter-wayandhalf-
wayhouseprojects.Ofmorethan200 individualsexposedto the
deserttransitionalpens,only 15%survivedmorethanafewyears.
About 30 of thesurvivors,someof which wereapparentlyill with
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URTD, weresubsequentlyreleasedin AntelopeValley (Cook
1983).

Informationon theprevalenceofreleasedor formercaptivedesert
tortoisesin wild populationscanbederivedfrom severalsources.
Forexample,asinglecaptivereleasewasfound among45 wild
deserttortoisesregisteredduring aformalsurveyin theBlack
Mountains,MojaveCounty,Arizona(Hall 1991). In theLasVegas
Valley in 1990,13 (1.5%)captivedeserttortoiseswerefound
amongasampleof 842wild deserttortoisescollectedfromprivate
parcelsof land(HardenbrookandTomlinson1991). Tenofthe 13
captiveswerefoundin closeproximity to urbandevelopment.
NaturalistsattheDesertTortoiseNaturalAreain California
interceptedpeoplein theprocessofreleasingcaptivesand
discoveredrecentlyreleasedcaptives(Howland1989,Ginn 1990,
andJennings1991).Howland(1989)reportedillegal releasesand
an attemptedreleaseof five deserttortoises,threeofwhich showed
signsofURTD. Jennings(1991)recordedtwo suchinstances.
Releasedcaptivesmay introduceinfectiousdiseases,including
URTD,to wild populations(e.g.,seeBerry andSlone 1989,
Jacobson1993). In theMojavepopulation,theoutbreakand
incidenceofURTD appearsto becloselycorrelatedwith knownand
suspectedreleasesitesfor captives,aswell aswith theproximity to
urbandevelopmentanddegreeof humanaccess(e.g.,Hardenbrook
andTomlinson1991,Jacobson1993,andTomlinsonand
Hardenbrook1992).

V. Human-InducedHabitat Alterations Coupled

with Lossesof Desert Tortoises

A. Urbanization.

Manyterrestrialcheloniansareaffectedby habitatdestructionand
fragmentationresultingfromurbanization(SwinglandandKiemens
1989, Kiemens1989). In addition,populationsofcheloniansare
oftendepressedin thevicinity ofroadsasaresultofanimalskilled
by vehiclesor collectedby visitors.

TheportionsofthedesertSouthwestoccupiedby deserttortoises
haveexperiencedepisodichumansettlementssincethemid to late
1800’s. A checkerboardorbraidedpatternof public andprivate
landshasencouragedpatchydevelopment.Currentareasofrapid
developmentinclude,butarenotlimited to, theAntelope,Peerless,
Fremont,Indian Wells,Lucerne,YuccaandVictor valleysof the
westernMojaveDesert;theMojaveRiverValleyof thewesternand
centralMojave;LasVegasandVirgin Rivervalleys,andthetowns
ofMesquite,St. George,andSearchlightin theeasternMojave
Desert;Laughlin,BullheadCity, LakeHavasuCity, Parker,and
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Blythe alongtheColoradoRiver; andpartsoftheChuckwallaValley
(Beny 1984a).

TierraMadre(1991)providedcarefuldocumentationfor thecurrent
statusof deserttortoisesfor about225 squaremiles in theCity of
Lancasterandsurroundingareas.Surveyorswalkedtransectsand
recordeddeserttortoisesignon90squaremiles of undeveloped,
nonagriculturallands. Threedeserttortoisecarcassesandasingle
live deserttortoise(observedin 1983)weretheonly remaining
recordsof thepresenceof thisoncecommonspecies.Within the
City limits andthegeneralplanningarea,evidenceof sheepgrazing,
shotgunshellsandrifle cartridges,trash,litter, ORV tracks,
domesticcanines,unimprovedroads,andravenswererecordedin
over50%of thetransects.Thelackof deserttortoisesignwas
attributedin partto thesedisturbances.Roughlyathirdofthearea
wasfoundto beno longersuitablefor deserttortoises(TierraMadre
1991).

Deserttortoisepopulationshavevirtually beenextirpatedto the
southoftheCity ofLancaster(JudyHohman,FishandWildlife
Service,Ventura,California,pers.comm.). Occasionaldesert
tortoisesignis still observedeastof Palmdale,butnot in Palxndale
westof Hwy 14 (PalrndaleFreeway)orsouthofHwy 138
(PearblossomHighway). No signsof deserttortoiseswerefound
in a surveyof 68 squaremilesof northeasternPalmdaleandat
SaddlebackButteStatePark(FeidmuthandClements1990).

LasVegasillustratesregionaltrendsfor futuregrowthin theeastern
MojaveDesert.TheCity is projectedto increasein populationby
morethan 100%,from 674,000in 1988 to 1,400,000in 2030
(ClementAssociates,Inc. 1990).Numbersofvisitors areexpected
to similarly increase.TheCity ofSt. George,Utah,mayincreasein
populationby asmuchas1000%in thenext35 years. In addition,
theSouthernCaliforniamegalopolisis spreadingnorth andeast
frommetropolitanLos Angelesinto thedesertsof Kern,Los
Angeles,SanBernardino,andRiversidecounties.Thedesert
portionofSanBernardinoCounty,with a 1984populationof
192,100,is projectedto reach~l,800 (a230%increase)by the
year2010.

In theColoradoDesert,theCoachellaandImperialvalleysare
centersfor continuingurbanandagriculturalgrowth,aprocess
whichdatesbackto theturnof thecentury(Berry andNicholson
1984b). Here,mostdevelopmentdoesnot impingedirectly on
importantdeserttortoisehabitats.However,theproposedtransfer
ofurban-generatedwastesto desertlandfills via rail throughthe
ChuckwallaBenchAreaofCritical EnvironmentalConcern
(RIECON 1991)andthenewprisonin theChuckwallaValleybring
urbanthreatsto portionsof theColoradoDesert.

Urbanenvironmentshaveindirectimpactson deserttortoise
populationsandhabitatattheirinterfacewith thedesert(Berryand
Nicholson1984b,Berry andBurge 1984,Lamb1991). Dogsrange
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into thedesert,oftenfor severalmiles (seePredators:Non-natives).
Unauthorizedcollectingof deserttortoises,dumpingoftrash,and
removalof vegetationarecommonnearurbandevelopment.
ChildrenandadultsshootfirearmsanduseORVsindiscriminately
adjacentto towns. For example,Lamb(1991),in discussing
ORV/off-highway-vehicleusein theeasternMojave,reportedthat
the“...greatestamountof unauthorizedoff-highwayvehicleuse
occursaroundurbanizedareassuchasBeaverDam,WindyAcres,
andMesquite,Nevada.”

B. Agriculture.

Agriculturaldevelopmentyieldsdisturbancepatternssimilar in
distributionandextentto urbandevelopment.However,no future
projectionsfor agriculturalgrowthcanrival theratesfor urban
centers.As of 1980,about3,000squaremiles of deserttortoise
habitathadbeendevelopedfor agriculturalusein California,
especiallyin theAntelope,Victor, Lucerne,CoachellaandImperial
valleys,andaroundtheCantil-KoehnDry Lakeregion(Berry and
Nicholson1984b).Otherareasthathaveexperiencedadditional
developmentsince1980includetheCadizandChuckwallavalleys
andpartsoftheColoradoRiverValleynearBlythe in California
(Berry andNicholson1984b);andMesquiteandtheVirgin River
Valley in Nevada,Arizona,andUtah (Lamb 1991).

Most agriculturaldevelopments,suchasalfalfa farming,drawwater
from local orregionalgroundwateraquifersandrequireclearingof
nativevegetation,plowingof previouslyundisturbedsoils, and
applicationsof pesticidesand/orfertilizers. All suchactivitieseither
kill deserttortoisesdirectly,obliteratetheirhabitats,lowerprimary
productivity,orotherwisenegativelyimpactwildlands. Evenfields
longfallow containpesticidesandfertilizers,alongwith compacted
anddisturbedsoils. Old fields areofteninvadedby Mediterranean
andAsianweedsandbecomesourcesof seeds.For example,
Russianthistlesblow fromadjacentagriculturalfieldsat Cantil into
theDesertTortoiseNaturalAreain easternKernCounty,California,
wheretheyarebecomingestablished(BLM andCalifornia
Departmentof FishandGame1988).

Deserttortoisedeathsoccurredasaresultofjackrabbitpoisoningin
theCantil, California,farmingareain 1952and 1953(Berryand
Nicholson1984b).Populationsof themarginatetortoise(Testudo
marginata)areadverselyaffectedin agriculturalareasin Greece,
wheretheyarekilled by machineryandherbicides(Stubbs1989a).
TheEgyptiantortoise(T. ideinmanni)is alsothreatenedby
agriculture,relatedhumansettlements,dogs,andcorvids
(Mendelssohn1990).

Pumpingofgroundwaterfor agriculturalandurbandevelopments
hascausedlocal andwidespreaddepressionofthewatertablein
numerousvalleysandbasinswithin deserttortoisehabitat(seeBerry

D1O



AppendixD: Threats

andNicholson1984b). Forexample,in thewesternMojaveDesert,
depressionsin thewatertableat KoehnDry Lakeandadjacent
FremontValley wereevidentfromthe 1950’sto the 1970’sdueto
pumpingof groundwaterfromdeep-waterwells for cottonand
alfalfafarming(Koehler1977). Depressionofthewatertable
resultedin thedeathofmesquitetreesalongtheedgeofKoehndry
lake. By 1983,largefissures,which canfunctionasgiantpit-fall
traps,formedin theearth. Onesuchfissurewasa mile-long, 15- to
20-feetdeep,andvariedfrom 6 inchesto 50 feetin width. Similar
fissuresoccurredat RogersDry LakeonEdwardsAir ForceBasein
1990-1991.

C. Garbage, Trash, and Balloons.

Turtlesandtortoisesareknownto eatforeignobjects,suchas
rocks,balloons,plastic, andothergarbage(JohnBehler,Chairman
oftheFreshwaterTurtleandTortoiseGroup,SpeciesSurvival
Commission,InternationalUnion for theConservationofNature,
andNew York ZoologicalSociety,pers.comm;KarenBjorndabl,
pers.comm.). Suchobjectscanbecomelodgedin the
gastrointestinaltractorentangleheadsandlegs,causingdeath.A
deserttortoisewasobservedconsumingtrashfrom anabandoned
campsiteandfire ring adjacentto theDesertTortoiseNaturalAreain
1991 (BLM files for Site4, DesertTortoiseNaturalArea
InterpretiveCenter). Burge(1989)hasfoundmetalfoil andglass
chipsin scatof wild deserttortoises. Shealsodiscoveredadesert
tortoiseentangledby arubberbandcaughtin themouthandaround
theforelegs. In still anothercase,string,whichwascaughtaround
adeserttortoise’sleg, resultedin theeventualamputationofthe
limb.

Unauthorizeddepositionof refuseoccurscloseto towns,cities,and
settlementsin remote,inaccessibleareas.Remnantsof 130balloons
werefoundon asquare-milestudyplot in theLucerneValley in
1990(southernMojaveDesert,California),which is about9 miles
fromthenearesttown. Only oneofthe 130balloonswasa weather
balloon; fourweremessageballoons;andtheremaining125 were
individualballoons,possiblyreleasedby childrenatschoolsduring
fairs orothercelebrations.Balloonsarefoundon studyplotsin
remotepartsoftheeasternMojaveandSonorandesertsalso. Burge
(1989)describedhow sheansweredlettersandnotesattachedto
balloonsandlearnedthat someballoonswerereleased100to 200
miles from landingsites. Refusesuchasbicycletires,chains,lawn
clippings,sheetrock, andmorerecently,plasticbottleswith toxic
wastesarenotunusualsights. OntheWardValleystudyplot in the
northernColoradoDesert,California,bagsof garbageapparently
droppedfrom an airplanewerefound(Burge- BLM field notes).
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D. Mortality and Collections Associatedwith Freeways,
Highways, Paved and Dirt Roads, and Railroads.

Impactsof roadsondeserttortoisepopulationsarewell documented
in Californiaandcanbe assumedto similarly affectdeserttortoises
elsewhere.Deserttortoisesarefrequentlykilled orcollectedon
freeways,pavedhighwaysandroads,anddirt roads,resultingin
depletionof adjacentpopulations(e.g.,Boarmanet al. 1992). A
significantandparallelpatternof lossin terrestrialwoodturtles
(Clemmysinscuipta)andboxturtles(Terrepenecarolina)wasnoted
in southwestNew Englandwhereagrowingnumberof roadsand
highwayshavefragmentedwoodturtle habitat(Klemens1989).

Deserttortoisepopulationsaredepletedupto amile ormoreon
eithersideof roadswhenaveragedaily traffic is greaterthan 180
vehicles(Nicholson1978a,1978b). Numbersofjuveniledesert
tortoisesonpermanentstudyplots in Californiaweresignificantly
loweradjacentto well-useddirt andpavedroads(BerryandTurner
1984). Significantdifferencesin deserttortoisedensitieswerealso
documentedadjacentto Highway58 in SanBernardinoCounty,
California(Boarmanetal. 1992). Basedon deserttortoisesign,a
similar situationoccursalongHighway395 (LaRue1992). The
breedingcohortofdeserttortoiseswasseverelydepressedon a
U.S. Ecologystudyplot about2 miles from Interstate40 in eastern
SanBernardinoCounty,California (Karl 1989,andin Damesand
Moore 1991). Evendirt roadswith relatively low vehicleusecan
contributeto depressionsin localdeserttortoisedensities(Berryet
al. 1986a).

Railroadsaresimilarsourcesof mortality for deserttortoisesand
otherchelonians(U.S. Ecology1989,DamesandMoore 1991,
Mount 1986). Deserttortoisescangetcaughtbetweenthetracks,
overheat,anddie orbecrushedon thetracksby trains. Railroad
workershavereportedfindingdeaddeserttortoisesbetweenthe
tracks(U.S. Ecology1989). Deserttortoisepopulationsadjacentto
railroadsareprobablydepletedin thesamewaythatdeserttortoise
populationsarediminishedadjacentto well-useddirt orpaved
roads.Theeffectsof railroadsondeserttortoiseswasexaminedat
theU.S. Ecologystudyplot; however,theeffectsof therailroad
couldnotbe separatedfrom theeffectsoftheadjacentGoffsRoad
(DamesandMoore 1991).

E. Mining, Minerals, and Energy Development.

Explorationandextractionof locatableminerals,fossil fuels,
geothermalresources,andothertypesof mineralresourcesoccurin
mostdeserttortoisehabitats. Thepotentialfor fragmentingDWMAs
with small andlargedisturbancesfrommining andmineral
explorationandextractionis highfor someareasandmoderateto
low for others.Thetypesof impactsarenumerous,including: (1)
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cross-countrytravelby vehiclesduringtheexplorationphase;(2)
constructionofroads;(3)disturbanceofthesoil surfaceand
vegetationfor accessto themineralresources(shafts,mill sites,
openpits, placerdiggings,tailings, leachpits, etc.); (4)production
of toxicproductsorbyproducts;(5)developmentof small towns
andsettlementsto supportlargemines;and(6) temporary(short-or
long-termoil andgasleases)orpermanenttransferoftitle ofpublic
landsto theprivatesector,and(7) refuseof stakesandwire from
seismictesting.

Examplesoftheabove-listedproblems,including large-scale
destructionof deserttortoisehabitat,areobviousin thewestern
MojaveDesertwith themining ofgold, tungsten,andboraxin the
RandMountains,Atolia, andBoron, respectively.Thenewcyanide
heap-leachprocessfor obtaininggold hasinitiatedanewerain
surfacedisturbancethroughouttheMojaveregion.

As of 1991,leasingfor oil andnaturalgasexplorationand
developmentwaslesscommonin theMojaveregionthan
developmentofhard-rockminerals. However,it is nonethelessa
substantialthreat. Major explorationin the 1970’sin theIvanpah
Valley left behindan uncappedwell, peripheralunmitigateddamage
to thehabitat,andan unauthorizedroad(Berry andNicholson
1984b). Duringthe 1980’s,severalareasof 0.5 to afew acreswere
clearedand/ordamagedbyexploratoryoil andgaswells in the
proposedFremont-KramerDWMA. At onesite, an ORVtrail was
established,mudwasdumpedfrom thewell overseveralhundred
squarefeet,andadditional surfaceareawasclearedandcompacted
to constructtemporaryliving quarters(BLM files).

F. Utility and Energy Facilities and Corridors.

MostproposedDWMAs haveoneor morepoleorpowerlines,
naturalgaspipelines,fiberopticcables,and/orcommunicationsites.
In someStates,thelocalitiesforutility andenergycorridorsare
specifiedin land-useplans(e.g.,BLM 1980). Construction,
operation,andmaintenanceoffacilities usuallyinvolvesclearingof
land, creationof accessroutes,andgenerallylarge-scale
disturbances.Vegetationis removedordegraded,soils are
disturbed,andtrenchesaredug. Disturbancesareusuallylinearin
natureandaresimilar to thosedescribedaboveforurbanization,
agriculturaluses,androads.

Thezoneofdisturbancein utility corridorscangraduallyincrease
from 50 to 100 feetto severalhundredyardsasthenumberof
transmissionlinesincreases.Naturalgaspipelinesaresimilar the
areaofdisturbedsoils devoidofvegetationcanbe 125 feetormore
in width.

Thepotential forutility linesandenergycorridorsto fragment
habitatis obvious;lessobviousareimpactsthatoccurduring
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constructionandfrom long-termmaintenance.Forexample,the
temporaryopeningof deeptrenchesforpipelinescanform
significant“pit traps” into whichdeserttortoisesmayfall (Olsonet
al. 1992, S. Hale,pers.comm.). Towerssupportingtransmission
linesalsoprovidepredatorybirdswith newperchingandnesting
siteswhich areotherwisescarcein thegenerallytreelesshabitatof
theMojaveregion(seePredators:Native,below).

G. Military Operations.

Impactsto deserttortoisesandtheirhabitatscausedby military
activitiesfall intoatleastfourcategories:(1) construction,
operation,andmaintenanceof basesandsupportfacilities (air strips,
roads,etc.); (2) developmentoflocal supportcommunities,
includingurban,industrial,andcommercialfacilities; (3) field
maneuvers;including tanktraffic, air togroundbombing,static
testingof explosives,littering with unexplodedordnance,shell
casings,andrationcans;and(4)distributionofchemicals.The
severalmilitary basesandtestrangesin theMojaveDesertinclude
Edwards,andGeorgeAir Forcebases,TwentyninePalmsMarine
Air-GroundCombatCenter,FortIrwin NationalTrainingCenter,
ChinaLakeNavalAir WeaponsStation,theMojaveB and
RandsburgWashTestRanges,andCuddebackAerial Gunnery
Range.TheChocolateMountainsAerial GunneryRangeis the
primarybaseaffectingdeserttortoisehabitatin theColoradoDesert.

Somemilitary activitiesoccurredoutsidetheabovedesignatedbases
duringWorld WarII andlater. GeneralPattonconductedextensive
maneuversusingtanksin Nevada,California,andArizonato
preparetroopsfor theNorthAfrican campaignsin the 1940’s(e.g.,
seeBerry andNicholson1984b,Prose1986). Additional
maneuversoccurredin 1964in Californiaaspartof DesertStrike
(Berry andNicholson1984b). Eventodaysomemilitary activities
overflow baseboundaries,damagingordestroyingadjacent
habitats.

Hundredsof squaremiles oftheIvanpah,Fenner,Chemehuevi,and
ChuckwallaDWMAs wereaffectedby tankmaneuversduringthe
early 1940’s. Deserttortoisepopulationsandhabitatarestill
recoveringfrom theseimpactsthatoccurredalmost50yearsago.
Theeffectsof tankmaneuverson soil compactionaresignificant,as
arechangesin composition,abundance,anddistributionof
perennialplants(Prose1985,ProseandMetzger1985,Proseet al.
1987). In general,areaswith intensedisturbance(camps,roads,
andparkinglots) probablywill requireadditionaldecadesor
centuriesfor recovery.

Theconstructionof military bases,testfacilities, andsupporting
civilian communitieshavesubstantiallyaffecteddeserttortoise
populationsandhabitatin entirevalleyssinceabout1940. For
example,with developmentoftheNavalOrdnanceTestStation
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(presentlytheNavalAir WeaponsStation)at ChinaLakein the
1940’sand1950’s, humanpopulationsrapidly grewto about
20,000peoplein IndianWellsValley. Deserttortoisepopulations
correspondinglydeclinedto low levelsby the late 1970’s(Berry and
Nicholson1984a). Similarpatternswereobservedat EdwardsAir
ForceBaseandTwentyninePalms. At EdwardsAir ForceBase,
thecivilian populationofabout13,000peopleaffecteddesert
tortoisepopulationsfor morethan30 milesin anydirection. Large
numbersofdeserttortoiseswerecollectedon thebase,especiallyon
runways,andrelocatednorthofbaseboundaries(Berryand
Nicholson1984b).

Detailedreportson impactsto tortoisesfrommilitary maneuversare
availableprimarily fortheNationalTrainingCenteratFortIrwin
(Krzysik 1985,Krzysik andWoodman1991,Woodmanet al.
1986)andto a lesserextenttheNavalAir WarfareCenterat China
Lake(Kiva Biological ConsultingandMcClenahanandHopkins
Assoc. 1991).

Dramaticreductionsin shrubs(especiallycoverof creosote),
pulverizationof soils,andhighfrequenciesofweedyannualswere
observedatFort Irwin in areasheavilyusedby tanks(Krzysik
1985,Krzysik andWoodman1991,Woodmanet al. 1986).The
mostrecentassessmentoftanktraffic andtheimpactofordnance
directly on deserttortoiseswassummarizedby Krzysik and
Woodman(1991):

In 1983,deserttortoisedensitywaslow in thetwo
main valleysusedfor trainingexercises,butby 1989
tortoisedensitydecreasedby an additional62%.
Trainingscenarioshaveincreaseddramaticallyin the
northwestportionof thefort since1985,andin this
areatortoiseshavedeclinedby 81%.

Military ORV useresultsin somehabitatdamage.However,little
habitatdamagefrom ORVswasreportedon theNavalAir Weapons
Stationexceptduringretrievalof ordnancewith ORVs (Kiva
Biological ConsultingandMcClenahanandHopkinsAssociates
1991).

Military maneuvers,installations,andcampscanencourage
congregationsof deserttortoisepredatorssuchasthecommonraven
(seePredator:Natives,below). Stubbs(1989b),in describing
threatsto Egyptiantortoisepopulationsin IsraelandNorthAfrica,
statedthat thebrown-neckedraven(Corvusruficollis) wasa
predatorofconcernandthat: “Army campsin thedesertalsoserve
to increasetheravenpopulation.”

Explosionsof ordnance,statictests,andair-to-groundbombingon
oradjacentto military installationsmayaffectdeserttortoisehabitat
andpopulations. Forexample,anewbombcrater,phosphorus
flares,andparachuteswerediscoveredon theChuckwallaBench
studyplot in Californiaduring 1988 (Berry 1990,asamended).
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Military activitiesassociatedwith theChocolateMountainsAerial
GunneryRangewereprobablyresponsible.Nearby,two student
pilots releasedtwelve500-poundbombsnearacampsitewith 10
civilians (Bernstein1989,Coleman1989,HurstandHealy 1989,
Katoaka1989). Thebombsleft foot-deepcraters10- to 12-feet
wide andsetfire to yuccas,paloverdes,andcreosotebushes.

Damageis alsoincurredby collectorsofscrapmetalfrom military
operationsandutility lines. OntheChuckwallaBench,Milpitas
Washdrainage,andon theChocolateMountainsAerial Gunnery
Range,California,scrapcollectorsillegally traveloff-road in search
ofmetalto sell. In 1989,unauthorizedtravelcausedsomuch
habitatdamagethattheBLM closedsomeareasof theChuckwalla
Bench(BLM 1989b).

H. Off-Highway (OHV) or ORV - Recreation.

ORV usetakesmanyforms: organizedeventssuchastheFast
CamelCruisein thesoutheasternColoradoDesert,California;large-
orsmall-scalecompetitiveracesinvolvingup to thousandsof
motorcycles(e.g.,theBarstowto LasVegasmotorcycle
competition);andcasualfamily activities. ORV activitiesareamong
themostdestructive,widespread,andbestdocumentedofthreatsto
thesurvival ofdeserttortoisesandothervertebrates,andto the
integrity oftheirhabitats(Adamset al. 1982gaandb, 1984;Berry
andNicholson1984b;BrattstromandBondello 1983;Bury 1987,
Bury andLuckenbach1983, 1986;Bury etal. 1977;Busackand
Bury 1974;Luckenbach1975;Sheridan1979; Stebbins1974, 1975;
WebbandWilshire 1983).

The list of impactsfrom ORVuseis extensive,including: mortality
of deserttortoiseson thesurfaceandbelowground;collapsingof
deserttortoiseburrows;damageordestructionof plantsusedfor
food, water,andthermoregulation;damageordestructionof the
mosaicofcoverprovidedby vegetation;adverseeffectsto the
generalwell-beingof deserttortoisesthroughwaterbalance,
thermoregulation,andenergyrequirements;noisepollution; impact,
damageordestructionof soil crusts;soil erosion;proliferationof
weeds;andincreasesin numbersandlocationsof wild fires.

ORY usein thedeserthasincreasedandproliferatedsincethe
1960’s (Adamset al. 1982a,Stebbins1974). As of 1980,ORV
activitiesaffectedapproximately25%of all deserttortoisehabitatin
Californiaand67%of habitatwhichsupporteddensitiesestimatedat
morethan100individuals/mi2(Berry andNicholson1984b).
Substantialportionsof deserttortoisehabitatin southernNevadaare
alsoaffected(BerryandBurge1984,Burge 1986).

Governmentdocumentsprovideampleevidenceof severedeclines
in biomassofplantsandvertebratesaswell asdeserttortoise
densitiesin thewesternandsouthernMojavedesertsdueto
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OHV/ORV-relatedactivities(BusackandBury 1974.Bury et al.
1977,Berry andNicholson 1984b,Berry 1990,asamended).Bury
(1987)demonstratedthatdeserttortoisedensitiesandhealth
(measuredby length-scaledbodyweight)alsodeterioratedasa
resultof ORV activitieswhencontrastedto valuesfrom appropriate
control areas.

In theSouthwest,theBLM andsomeothergovernmentalagencies
havebeen(andcontinueto be)ineffectivein preventingORV
competitiveeventsandcasualusefrom causingmorehabitatdamage
andlossin importantdeserttortoisehabitats(Burge 1983, 1986,
Woodman1983,BLM 1989a,1990a,FishandWildlife Service
1989a,1989b,1989c). For example,whencompetitiveeventsare
held,old routesarewidened,newroutesareformed,race
participantsandobserverscampandparkin unauthorizedareas,race
monitorsareunableto preventunauthorizedactivities,andgarbage
is notappropriatelyhandled.In general,morehabitatis damagedor
destroyedwith eachnewevent. In 1989,theBLM andFish and
Wildlife ServicemonitoredtheannualBarstow-to-Vegasraceand
reportedthatmotorcyclesandothervehiclesstrayedbeyondthe
designatedcourseby an averageof 30 feet,causingdamageor loss
of hundredsof acresofdeserttortoisehabitatin theeasternMojave
Desert(BLM 1989a,1990a).

TheBLM hasbeenunableto protectimportanthabitatsin theRand
MountainsandFremontValleyofeasternKern County,California
from damageby casualrecreationalvehicleusers(Goodlettand
Goodlett1991,1992). Thisarea,which is partof theproposed
Fremont-KramerDWMA andadjacentto theDesertTortoiseNatural
Area,hasexperiencedintensiveORV-orientedrecreationsince
1973,andhasthehighestrate(40.7%) ofvandalismto desert
tortoises(Berry 1990, asamended).Between1989and1990,BLM
closedmuchoftheareato recreationaluseon an emergencybasisto
protectdeserttortoises,but thenreopenedanetworkof “designated
routes”in Novemberof 1990. After routedesignation,vehicle-
orientedrecreationiststraveledon closedroutesandvandalizedsigns
markingclosedroutes.Motorcyclistsillegally traveledparallel to
designatedroutes,creatingnewtracksandtrails andwidemng
existingroutes. Justprior to, during,andaftertheThanksgiving
holiday in 1991,the levelof unauthorizedusewasextremelyhigh
(GoodlettandGoodlett1992). For example,of65 vehicles
observedin a4-hourperiod,only 38%werefollowing regulations
andtravelingon authorizedroutes,whereas62%traveledcross-
countyorwereon closedroutes.In asecondexperiment,39
transects(eachofwhich was500 feetlong) wereestablished
perpendicularto designated,openroutes,anddatawererecordedon
numbersof trails andtrackscrossingthetransects.Eighty-five trails
and553 recent,unauthorizedtrackswererecorded.An averageof
16 unauthorizedtrails or trackscrossedeachtransect,oronetrack
every31 feet. In athirdexperiment,17 trails signedas“closed”
wererakedto removetracksbeforeThanksgivingandthenre-visited
aweeklater. Therewere 195 newtracksor 11.5unauthorized
tracksperclosedroute.
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I.Livestock Grazing.

Negativeinteractionsbetweengrazinganddeserttortoisesarenot
restrictedto theAmericanSouthwest. In thehabitatof Testudo
ideinmanniin NorthAfrica andIsrael,livestockgrazingchangesthe
compositionof desertvegetationandthealteredvegetationis less
favorableto rodents(Stubbs1989b). Rodentburrowsarevital to
thesurvivalof thespeciesduringsummer.Livestockgrazinghas
alsocontributedto declinesin Chelonoidischilensis(Waileret al.
1989,pers.comm.). In referenceto aproposednaturepreservein
Israel,Mendelssohn(1990)statedthat “...areaswerebadlyaffected
orevendestroyedby overgrazing.” Mendelssohn(1983)adds:

The...Egyptiantortoise...isendangeredby muchof
its habitatsbeingturnedinto agriculturalland,and,in
theremainingareas,by overgrazingbyBedouin
herdswhich destroystheprotectivevegetationand
exposestheturtlesto predationby ravens.

Sheep,cattle,burros,andhorsescanaffectdeserttortoisesand their
habitatsdirectly andindirectly. Thedegreeofimpactdependsona
numberof factorsincluding,butnot limited to: resiliencyof soil
andvegetationtypes,typeof stock,stockingrates,seasonof use,
andyearsof usewith andwithoutrest. Otherfactorswhich interact
with livestockgrazingandcanaffectthedegreeandextentof
impactsinclude: introductionandspreadof weeds,previous
grazing-inducedchangesin vegetation,fire, drought,andotherland
uses.

livestockcantrample,injure,orkill deserttortoiseseitherabove
groundorwhile in burrows. Tramplingof live deserttortoisesby
cattlehasbeenobservedin theeasternMojaveDesert(M. Coffeen
pers.comm.,T. Duck pers.comm)andjuveniledeserttortoises
havebeentrampledin thewesternMojaveDesert(Berry 1978a,
BerryandShieldsetal. 1986, NicholsonandHumphreys1981;
CraigKnowles,BLM field notesfor StoddardValley). Livestock
canalsotrampledeserttortoisenests. Feralburrosdamagednests
ofgiant tortoisesin theGalapagos,therebyreducingnestingsuccess
(FowlerdeNeiraandRoe 1984).

livestockcanalsotrampleburrowsandothercoversites. BLM
studyplot files (journalnotes,35-mmslides)for deserttortoises
containnumerousexamplesofburrowstrampledby cattleand
sheep.Forexample,sheepdamaged10%anddestroyed4%of 164
freshly-useddeserttortoiseburrowsona studyplot in thewestern
MojaveDesertduringlessthan2 weeksof grazing(Nicholsonand
Humphreys1981). Juveniledeserttortoiseburrowsareparticularly
vulnerableto tramplingbecauseoftheirlocationsandtheshallow
soil coveringprotectingthetunnels.
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Livestockalsotrampleshrubs(e.g.,creosote)usedassites for
deserttortoiseburrowsandpallets,andwhichprovideprotection
frompredatorsandtemperatureextremes.Cattleandsheephave
beenobservedbreakingapartlargecreosotebusheswhile feedingon
annualplantsin coppicemoundsandwhenseekingshadeand
beddingsites(Berry 1978,JeffAardahl,pers.comm.). Cattlehave
alsobeenobservedswinging theirheads/hornsbackandforth in
creosotebushes,breakingapartthebranches(HaroldAvery, BLM,
Riverside,pers.comm.). Oncethebrancheswerebroken,thecattle
thenatetheannualplantsin coppicemoundsat thebaseof the
creosote.Theoverallresultwasalossof shrubbiomassand
canopycoverandreductionin shade-givingproperties,etc. Burge
(1977)andBerry andTurner(1984,1986)describedtheimportance
of shrubsin providingcoverforburrowsandshadefor desert
tortoises.Forexample,mostjuvenileburrows(80%)were
shelteredby shrubs,particularlycreosoteandburro bush,
(Ambrosiadumosa).

Grazingcancausesoil erosionandsoil compactionsimilar to
vehicle-inducedcompaction(Arndt1966,Ellison 1960,
Klemmedson1956). Datafrom 25 grazingstudiesshowedthat
filtration ratesdecreaseby about25%in areasoflight to moderate
grazing,andabout50% in areasofheavygrazing(Gifford and
Hawkins 1978). Runoffof precipitationin heavilygrazedareaswas
150% greaterthanin areasof moderategrazingand1000%greater
thanin areasoflight grazing(Sharpet al. 1964). Whengrasses
werecontinuallygrazed,theirrootsystemsshrink, andtheir
capacityto hold soil from erosionwasreduced(Johnson1983).
Livestockgrazingalsohasnegativeimpactson soil crustsand
cryptogams(e.g.,Avery et al. 1992).

Livestockgrazingcanandhasalteredperennialvegetationin a
numberofways.Livestockgrazinghascaused,orcontributed
substantiallyto, thereductionandlossofnativeperennialgrasses
(e.g.,membersofthegeneraBouteloua,Hilaria, Stipa,Oryzopsis,
Poa,Muhienbergia,Sporobolus)in thedesertaswell asin other
partsof thewesternUnitedStates(e.g.,Bentley 1898;Frenkel
1970; Humphrey1958, 1987;Rowlands,unpubi.;BLM 1980).
Perennialgrassesin manyareashavebeenreplacedby woody
shrubs,oftenwith anunderstoryof non-nativeannualgrasses
introducedfrom EuropeandAsia. Livestockplayanimportantrole
in proliferationofnon-nativeweedssuchasErodiumcicutarium,
Schismusbarbatus,S. arabicus,Bromus,andSalsolaiberica (Kay,
Meyers,andWebb 1988).This profoundchangein structureof
vegetationhascontributedto invasionofweedsandan increasein
fire (seebelow).

Livestockgrazinghasaffectedcompositionof shrubsusedfor cover
by deserttortoises.Forexample,sheepreducedsomeperennial
shrubsby 65 to 68%in volumeandby 16 to 29%in cover(Webb
andStielstra1979). In areasconsistentlyandheavilygrazedby
sheep,coverof many speciesof shrubswassubstantiallyreduced
andcreosoteandweedswereoftenthepredominantvegetation
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(WebbandStielstra1979). Thefollowing shrubscanbereducedin
numbersandvigor in suchgrazedsites: burrobush,goldenhead
(Acamptopappussphaerocephalus),Andersonthornbush(Lycium
andersoni),spinyhop sage(Grayiaspinosa),winter fat (Ceratoides
lanata),andMojaveaster(Machaerantheratortifolia).

Livestockgrazingcanaffectquality andquantityof plantfoods
availableto deserttortoises,andtherebyaffectnutritional intake.
Datagatheredthroughspringof 1992indicatethatdeserttortoises
aregenerallyquite selectivein theirchoicesof foods(Burge 1977,
NagyandMedica1986,Turneret al. 1987,Avery 1992,Esque
1992, 1994,Henen1992, Jennings1992, 1993). Deserttortoises
mayhaveindividualpreferencesandseekoutparticularspeciesto
eat. In someareas,thepreferencesareclearlyfor nativeplantsover
theweedynon-natives.Foodpreferencesmayvaryby age,sex,
andlocality.

Therelationbetweenfoodavailability andgrowth,reproduction,
andgeneralwell-beingof deserttortoiseshasbeenthediscussionof
manypublishedpapers(e.g.,Tracy 1992). Forexample,juvenile
deserttortoisesexhibit increasedgrowthin yearswhenrainfall and
forageareabundant(Medicaet al. 1975). Deserttortoisesalso
producemoreeggswhenmorefoodandwaterareavailablethan
whentheseresourcesarescarce(dueto droughtorgrazingpressure)
(Turneret al. 1986, 1987, Henen1992).

Juveniledeserttortoisesmaybeatgreatestrisk in grazedareas,
becausetheyarelikely to betoo smallto reachremainingfooditems
concealedwithin shrubsafterlivestockhaveusedan area. Juveniles
arelesslikely to travelthedistancesnecessaryto locateremaining
patchesof forage. If soilshavebeenchurnedby trampling,
juvenilesmaynotbeableto traveleasilyacrossthelandscape.In
addition,juvenilesmay requiredietswith moreproteinthanadults
(seeAdestetal. 1989 for thebolsontortoise,alsoTroyer 1984).

The mostsubstantialimpactsto vegetation,soils, anddesert
tortoiseslikely occurat andin thevicinity ofheavy-usesiteswhere
livestockarewatered,beddeddown,or trailed. The lossof cover
andchangesin vegetationareoftenevidentfor manyacresaround
eachcattlewateringtroughor tank. Biologistshaveobservedtrails
leadingto stock-wateringsitesmilesfrom the actualwaters. Sheep
beddingandwateringareasalsoreceivesubstantialimpacts
(NicholsonandHumphreys1981). Lossof covercanincrease
vulnerabilityofdeserttortoisesto predation(seebelow).

J. Invasion and Establishment of Weedyand Non-Native
Plants.

Therelationshipsamonglivestockgrazing,invasionofnon-native
plants,andfire arecomplex. Fromaglobalperspective,invasions
by non-nativegrassesaremostseverein thearidandsemi-arid
westernUnited States(D’Antonio andVitousek1992). Cheatgrass
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(Bromustectorum)for example,spreadthroughouttheGreatBasin
in conjunctionwith theintroductionof sheepandcattle.

Many speciesof non-nativeplantsfrom EuropeandAsiahave
invadeddeserttortoisehabitatsin theMojaveandColoradodeserts
andhavebecomecommonto abundantin someareas,particularly
wheredisturbancehasoccurredandis ongoing. Someof themore
commonnon-nativeornativeweedyspeciesfoundwithin the
Mojaveregioninclude: bassia(Bassiahyssop~folia),sandbur
(Ambrosiaacanthicarpa),westernragweed(Ambrosiapsilostachya
var. caI~fomica),commonspikeweed(Hemizoniapungens),
pineappleweed(Matricaria matricaricides),fiddleneck(Amsinckia
intermedia,A. tessellata),flixweed(Descuraniasophia),tumble
mustard(Sisymbriumaltissimum),Londonrocket(Sisymbrium
iric), Russianthistle (Salsolaiberica),redstemfilaree (Erodiwn
cicutarium),turkeymullein (Eremocarpussetigerus),andhorehound
(Marrabiumvulgare)(in partfromTierraMadre1991,andBLM
files). Severalspeciesofannualgrassesarealsoimportant,
including: foxtail chessorredbrome(Bromusrubens),cheatgrass
ordowny brome(Bromustectorum),barley(Hordeumglaucum,H.
jubatum,H. leporinum),Mediterraneanorsplit grass(Schismus
barbatus),andArabgrass(S.arabicus).

Theaboveweeds—particularlyfilaree, foxtail chess,andcheatgrass-
-thrivein manyopendesertswhichhavebeenorare(1) grazedby
livestock,particularlysheep;(2) disturbedby OHV/ORVsand
cross-countrytravel; (3) usedfor military maneuvers;and(4) used
for settlements,townsites,orair-strips. Weedyspecies,whichlack
adaptationsfor germinatingin thickly crusteddesertsoils,gainentry
whencrustsarebroken. Certainsoil types,suchasaeoliansands,
areparticularlyvulnerableto suchinvasions.

As non-nativeplantspeciesbecomeestablishedin someareas,some
nativeperennialandannualplant speciesdecrease,diminish,or die
out (D’Antonio andVitousek1992). Forexample,underpressure
from livestockgrazing,manynativeperennialbunchgrasseshave
declined,diedout, andbeenreplacedwith suchspeciesasfoxtail
chess(Robbinset al. 1951). Thenativebunchgrassesinclude,but
arenotlimited to: desertneedlegrass(Stipaspeciosa),Indian rice
grass(Oryzopsishymenoides),bushmuhly (MuhienbergiaporterO,
thegramagrasses(Boutelouasp.),fluffgrass(Erioneuron
puichellum),andmembersof thegeneraPoaandSporobolus.
Many areasformerlyoccupiedby thenativegrasseshavebeenfilled
by annualgrassesandweedsfromEuropeandAsia.

Somebotanistsview non-nativespeciesasaggressivecompetitors
capableof replacingnativespecies(FrankVasek,pers.comm.,
WebbandStielstra1979,D’Antonio andVitousek1992). Lossof
nativeplantsandreplacementby weedy,non-nativeplantshas
resultedin whatsomecall disdlimaxvegetation(Vasek,pers.
comm.). Nativeplantpopulationsin disturbedhabitatshavebeenin
aweakenedconditionfor decades,andaremorevulnerableto
competitionthanatany othertime in thehistoric past(Vasek,pers.
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comm.).Droughtconditionsin thelast few yearshaveplaced
additionalpressureson nativeplantpopulations.

Few quantitativedataareavailableto documentpatternsof
successfulinvasionofnon-nativeplantsin thenorthernMojave;
however, vegetation samplesfrom RockValley, Nevada,clearly
showaremarkableincreasein abundanceof foxtail chess(Figure
Dl). Furthermore,expansionoffoxtail chessdoesnotcorrelate
with populationsizesofnativeplants(FigureD2), suggestingthat
foxtail chessis successfullyinvadingtheMojave,butmaynotbe
competitivelydisplacingnativeplants. In someareas,thebromes
havebecomesoabundantthat theyarecapableof fuelingfires that
threatenthevery structureof thedesertasashrubland(seeSection
5.K. below). A prime exampleis thePakoonBasinin northern
Arizona (Lamb 1991).

K. Fire.

Firehasthepotentialto beanimportantforcegoverninghabitat
quality and persistence of desert tortoises. Impacts of fire on desert
tortoises have not been well documented; however, a few accounts
provide some evidence that animals areinjuredorkilledby fire
(e.g., Woodbury and Hardy 1948, Richard Franklinpers.comm.).
Remains of 14 deserttortoisesthoughtto havebeenkilled by afire 2
years earlier were found near Bunkerville, Nevada, in December
1942 (Woodbury and Hardy 1948). Stubbs (1981a, 1981b, 1984)
provided substantial evidence of the serious impacts of fire on a
population of Testudohermanniin Greece in alyki heaths,which is
similar in appearance to the saltbush or alkali sink communities in
Californiadeserts.Firesmaim or kill tortoisesin Greeceassurely
astheydo in theUnitedStatesif thetortoises are above ground or
exposed in shallowburrows.

With the help of Richard Franklin (BLM, Riverside, California),
data were assembled from BLMfiles in areaswheredeserttortoises
occur in Utah, Arizona, Nevada,andCalifornia. In excessof5,000
fires occurred in the four-state region, burning more than 1 million
acres (Table Dl).
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FigureDl. Historical
time (Hunter1989).
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TableDl. Numberof fires andareasburnedfrom 1980 to 1990 in theMojaveDesert.

State No. of fires No. of acres

Utah 830 49,944.6
Arizona 745 102,031.8
Nevada 2,114 159,275.8

California 1,437 243,316.9

Total 5,126 554,569.1

Most fires during the 1980’s occurred in Nevada,butmorehabitat
was burned in California (Figure D3). During the 1980’s, the trend
was towards an increasing number of fires in California, compared
with a downward trend in the number of fires in Nevada (Figure
D3, Tables D2 and D3). These trends were not due to lightning,
and there was no significant trend in the number of fires caused by
lightning in California or Nevada (Figures D3 and D4). Thus, fires
directly caused by humansexplaintrendsin both California and
Nevada.Thefrequencyof firesin California is significantly related
to winter rainfall (TableD3). In yearswhenwinterrainfall exceeded
eight centimeters, more fires occurred in the subsequent spring and
summer seasons (Figure D5, Table D4). Rainfall is responsible for
increasedplantproduction,which in turncanproducemorefuel for
fire (Figure D5, see section on invasion ofnon-nativeweeds,
above). Fires are more prevalent in areas where European and
Asian weeds are successfullyestablished.Ironically, in years with
high rainfall thatcouldproducegreateramountsofpotentialfoodfor
deserttortoises,morefiresoccurwhich directlyendangerdesert
tortoisesanddestroyshrubcovernecessaryfor suitabledesert
tortoisehabitat. Firesareassociatedwith changesin annualand
perennialdesertvegetationnotnecessarilyassociatedwith changes
in climate(BrownandMinnich 1986; Humphrey 1963, 1974;
O’Leary and Minnich 1981, Reynolds and Bohning 1956). The
relations among fire, disturbance,andchangesin annualplant
composition are complex. Biomass of weedy species has increased
remarkably in deserts and desert tortoise habitat due to disturbance
from vehicles, grazing, agriculture, and urbanization, etc. (Figure 5,
see transect data in Berry 1990 as amended). Weedy, non-native
grassessuchasredbrome,cheatgrass,andsplit grass;and forbs
increasinglyblanket the desert floor, resist decomposition, and
provide flammable fuel for fires. Once fires occur, they may
improve opportunities for invasionandincreasesin the weeds. For
example, Brown and Minnich (1986) reported that ‘...postfire herb
cover was 23% greater in burned than unburned stands

[and]...mostcoverwasof exoticEuropeanannuals...”
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df Sum of Squares Mean Square F-Value P-Value

Intercept ij 34285.401 34285.461
year 1 23476.809 23476.809 9.356 .0136 I
Residual 9 22584.100 2509.344

TableD2. Resultsofa regressionanalysisof thenumberoffires occurringin theLas
VegasDistrict asafunctionof time (yearin whichthefire occurred).

Type III Sums of Squares
Source

Dependent: no. of fires

Model Summary
Dependent: no. of fires

Mean Squaredf Sum of Squares

Model
Error
Total

Model Coefficient Table
Dependent: fires

Beta Std. Error

Intercept
year

K 2

R-Squared .510 AdI. R-Squared .455 RMS Residual 50.093

F-Value P-Value

76.809

234

23476.809 9.356 .0136
2509.3441 II

10 46060.909

t-Test P-Value

I 1501.682 j 406.259 j 3.696 .0049
-14.609 4.776 -3.059 .0138
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Table D3. Results of a regression analysis of the number of fires occurring in the
California Desert District as a function of time (yearin which thefire occurred)and
whether or not winterrainfallwasaboveorbeloweightcentimeters(rainfall category).

Type Ill Sums of Squares

~5q

df Sum of Squares Mean Square F-Value P-Value

year 20384.861 20384.861 14.581 .0051
rain category 1~ 8055.276 8055.276 5.754 .0433
Residual 8 11199.806 1399.976
Dependent: No. of Fires

Model Summary
Dependent: No. of Fires

R-Squared .649 Adj. R-Squared .562 RMS Residual 37.416

df Sum of Squares Mean Square F-Value P-Value
Model 2j 20734.921 10367.461 7.405 .0151
Error I 81 11199.806 1399.976 I
Total 10 31934.727

Model Coefficient Table

Dependent: No. of Fires

Beta Std. Error t-Test P-Value
Intercept ( -1201.322 350.189 -3.430 .0089
year [________ 15.897 4.166 3.816 .0051
rain category below 8 -70.955 29.580 -2.399 .0433

above8 0.000
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Figure D4. Number of fires occurringbetween1980and 1990 in theCalifornia Desert
District of the BLM. Fires are presented as thoseproducedby lightning,humans,andthe
total of lightning and human-induced fires.
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Figure D5. Number of fires occurring between 1980 and 1990 in the Las Vegas District
of theBLM. Firesarepresentedasthoseproducedby lightning,humans,andthetotal of
lightning andhuman-inducedfires.
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(
Table D4. Results of a regressionanalysisofthenumberof fires occurringin theLas
Vegas District as a functionof time (yearin which the fire occurred).

Type III Sums of Squares

F-Value P-Value

Model
Error
Total

Model Coefficient Table
Dependent: No. of Fires

Beta Std. Error t-Test P-Value

Intercept

year
rain category

-1201.322 350.189 -3.430 .0089
15.897 4.166 3.816 .0051

below 8 -70.955 29.580 -2.399 .0433
0.000 •I1 •1

Source df Sum of Squares Mean Square F-Value P-value

11120384.861120384.861114.5611.0051I
1 8055.276 8055.276 5.754 .0433
8 11199.806 1399.976

year
rain category
Residual

Dependent: No. of Fires

Model Summary
Dependent: No. of Fires

R-Squared .649 Adj. R-Squared .562 RMS Residual 37.416

df Sum of Squares Mean Square

I 21 20734.921 10367.461 7.405 .0151
I 81 11199.806 1399.976II

10 31934.727
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Desertperennialsarepoorlyadaptedto burningandarepoor
colonizers (Tratz and Vogi 1977, Tratz 1978). Creosote,for
example, can require hundreds of years to recolonizeandrecover
(Vasek 1980, 1983). Fuel loads provided by canopies of split grass
and brome make it morelikely forfire to becomehotenoughto
damageshrubs. Ultimately, fire can change the character of desert
shrublandsintoMediterraneangrass and weedlands. Some
shrublands have already been converted to annual grasslands in
parts of the Apple, Stoddard, and Victor valleys in the southern
MojaveDesert(R. Franklin, pers. comm.) and in the Pakoon Basin
of northwesternArizona(Lamb1991). In thelatterarea,88,152
acres of habitat burnedfrom 1980to 1990. Conversionof
shrublandsto annual grasslands can be devastating for desert
tortoises,which dependuponshrubsfor cover.

Relations among fire, rain, domestic grazing, proliferation of
weeds, and destruction of deserttortoisehabitatsarecomplex;but
understandingtheserelationsis essential to promoting long-term
habitat recovery. Grazing can promote invasion of weeds, which
can enhance the destructive forcesoffires. Forexample,grazingof
sheep in California deserts is authorized by the BLMwhen winter
rainsproducesufficientpoundageof winterannuals.Thus, rainfall
simultaneouslyprovidesopportunitiesfor sheep grazing, which in
turnencouragesproliferationofweedsand provides fuel for fires.
Rainfall, especiallywhenabovethenorm,virtually always
encouragesfires in disturbed habitats. Many desert fires are ignited
by humans, thezieby turning a “bounty” of potential desert tortoise
foods into a season with higher potential for fires and habitat
destruction.

L Harvest and Vandalism of Vegetation.

Cacti and tree yuccas (Yuccabrev~folia, Y schidigera)are the
primary targets of both legal and illegal harvesters. Harvesting
operationsimposemuchthesame negativeimpacts as ORY
activities:crushingofdeserttortoisesandtheirburrows,removalof
vegetative cover, compaction of soils,andinhibitionof annualand
grass gennination (Berry and Nicholson1984b). Harvestingof
yuccas can be viewedasaform of desertificationbecauseoftheloss
of cover and structure in theplantcommunitiesandthelongperiod
required for recovery.

Berry and Nicholson (1984b) summarizedthedataonyucca
harvesting in California throughtheearly 1980’s. In recent years,
SanBernardinoCountyhasmodifiedthepermittingprocessto
enhance protection of the environment, but has continued to issue
permitsfor yuccaharvestson privatelandsin theeasternMojave
andnorthernColoradodeserts;notablyin theFenner,northern
Ward, and Chemehuevi valleys. Several dozen square miles of
private lands have recently been harvested bothlegallyandillegally,
and some illegal harvests occurred on public lands (U.S. Ecology
1989).
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Vandalism of vegetation is commonin some parts of the desert.
Treeyuccasandcacti are frequenttargetsandareshotorseton fire,
sometimessettingoff wild fires (R. Franklin, pers.comm.). For
example,useof semi-automaticandautomaticweaponsto vandalize
vegetationis increasinglyfrequentin the southern parts of the
NeedlesResourceArea (Chemehuevi DWMA)and “a...pipe
bombing was associatedwith moreshootingofstructuresandcactus
in the Turtle Mountain area” (BLM 199 lb).

Al. Predation.

1. Native predators. Many species of predators prey on desert
tortoises at different stages of their life cycle, including predation on
eggsby Gilamonsters(Beck 1990),destruction(andprobably
consumptionofeggs)by kit foxesandcoyotes(Turneret al. 1987),
predation of juvenile and immature desert tortoise by ravens (Berry
1985, WoodmanandJuarez1988, Farrell 1989), and predation of
immature and adult desert tortoises by golden eagles (Berry 1985).
Many authors have reported predation by ophidians, feids, canids,
and musteids.

Natural predation in undisturbed, healthy ecosystems is generally
not an issue of concern.Undercertain situations, however, the
level and type of predation becomesamanagementissue,andaction
mustbe takento controlthepredator(s).Themostobviousexample
is whennumbersofdeserttortoisesbecomeprecariouslylow in
local areas or regions, and anylossof individualsis likely to
threaten that population. Predationratesmaybe alteredwhen
natural habitats are disturbed or modified. Forexample,densitiesof
predatorsmayincrease,food habits of predators may be altered so
that desert tortoises become more frequent components in the diets,
and predators may be ableto preyupondeserttortoisesmoreeasily
when cover has been reduced.

The most importantpredatorsofdeserttortoisesatthis time are the
commonraven (Corvuscorax) and the coyote (Canislatrans).
Based on data from over1,000remains,ravensgenerally kill
juvenile desert tortoises with a carapace length of lessthan 110mm
(Campbell 1983, Berry 1985, Woodmanand Juarez 1988). The
evidencethatravensarepreyinguponandnotscavengingjuvenile
deserttortoisesis three-fold. First, ravenshavebeenobserved
killing juveniledeserttortoises(TomCampbell,JimFarrell,Ted
Rado,andothers,pers.comm.). In contrast,scavengingof
juveniles has notbeen observed(althoughscavengingoflarger
road-killed desert tortoises has been documented).

Second,largenumbersof youngdeserttortoiseremainsshowsigns
consistentwith ravenpredation. Many remainsshowpuncture
wounds made by ravens’beaks or have entry wounds on the
carapaces or plastrons where ravens pecked throughtheshellsand
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withdrewtheorgans(Berry 1985). Thepatternsof damageto the
shellandremovalofheads,legs,andgirdlesareconsistentfrom one
geographicregionto anotherandfromonespeciesoftortoiseto
another (see Geffen 1990, for TestudokleinmannO.Thepuncture
wounds and openingsin the shell must have been made when the
tortoise was alive or within minutesofdeath,whentheshellwas
soft andpliableandcouldbeopenedwithoutfracturingit. Third,
largenumbersofyoungdeserttortoiseremainsarefoundin andat
the base of raven nests, as well asnearperches.Concentrationsof
shellshavebeendiscoveredalongfenceposts (Campbell1983),at
the bases of known raven perches and nests (Woodman and Juarez
1988),andalongtransmissionline towers(Farrell 1989). For
example, between 1987 and 1990,564 shells of carapacelengthless
than 110mmwerecollectedin Californiafrom 1987 to 1990 on
studyplots,alongpowerlines,andatravennestsandperchsites.
Of this total, 215 (38%) were found on study plots and 349 (62%)
were found associatedwith ravenperchornestsites,mostofwhich
were along powerlines.

In spring1991,a case of probableravenpredationoccurredata
researchsiteon theNational Training Center, Ft. Irwin, California
(D. Moraika, pers. comm.). In early 1990,two contiguous
predator-proofenclosureswereestablishedfor neonatedesert
tortoises.Oneenclosurehada roofof chicken-wirescreento
prevent avian predation, and the other did not. In late summerand
autumn 1990, approximately30juvenileshatchedinsidetheroofed
enclosure, 18 in the outside enclosure, and another 12 werefree
ranging. During a2-weekperiodin spring1991 (29 April to 9
May), an avianpredator,presumablyaraven,preyeduponand
killed the 18 desert tortoises in the open enclosure. Of the 12 free-
roamingdeserttortoises(eachwith aradiotransmitter)outsidethe
enclosures,8 werefounddead.All shellshadpunctureseither
through the carapace or plastron or both in patterns consistent with
raven predation (Campbell 1983, Berry 1985, and others). The
shells were within a few hundredfeetof thesiteswhere desert
tortoises were last seen alive.

Raven predation on juveniles can be a threat to the long-term
persistence of desert tortoise populations.In California, desert
tortoise study sites that show high percentages of raven-killed
juvenilesalsoshow significantchangesin size-ageclassstructureof
populationsfrom the 1970’sto the 1980’s(Berry et al. 1986aand
b). Thedatashowsignificantdeclinesin percentagesoflive
juvenilesdeserttortoisesaswell asdeclinesin recruitment of
juvenile and immature desert tortoises into the young adult size-age
classes. Ray et al. (1992) developed a simple model to evaluate
spatially structured raven predation on juvenile tortoises. This model
predicts that ravens mustincreasemortality ofjuveniles5 years old
by 25%before a discrete reduction in population growth from 1.02
to 1.00 can occur.

The extent of raven predationvariesregionallyandappearsto be
correlatedwith densitiesof ravenpopulations.Berry (1985)
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demonstrated that the proportion of juvenile shells showing evidence
of raven predation was significantly higher in thewesternMojave
than the eastern Mojave and southernColoradodeserts.Thispattern
is consistentwith ravensurveysin which large numbers of raven
sightingswererecordedin thewesternMojave,intermediate
numbersin theeasternMojave,andrelatively fewin thesouthern
Coloradodeserts(Knowleset al. 1989a,1989b).Considerable
predationalsooccursin theeasternMojaveDesert. Forinstance,
most of the 248 desert tortoise remains collected in 1988 at or near
three active raven nests and one foraging site in the eastern Mojave
wereestimatedto havediedthatyear(Farrell 1989).

Populationsof commonravensapparentlyhavebeenincreasingfor
manydecades.NumbersofravensobservedduringFishand
Wildlife Service breeding bird surveys in the Mojave Desert
increased by 1528% between 1968 (the year the surveyswere
initiated) and 1988 (Fish and Wildlife Service, Laurel, MD; cited in
BLM1989). Increases of 474% were also documentedfor the
Colorado Desert during the same time period. Probable causes for
population increases are increased availability of foods (e.g.,
landfills, sewageponds,dumpsters,highways,cities)andwater
(e.g., sewage ponds, agricultural fields, golf courses). Artificial
sources of food and water help sustain more individuals during
times of low natural resource availability, such as winter and
summer. Such artificial food sources also probably facilitate larger
clutch sizes or increased frequencies of clutchesandgreater
fledglingsuccessforthecommonraven. In addition,human-made
structureshaveincreased numbers and distributionofperchesand
nest sites(powerandtelephonepoles,bridges,bill boards,freeway
overpasses, etc.). The presence of human refusein almost a quarter
of 226 raven pellets collectedfrom the eastern Mojave Desert in May
1991 demonstrates the close relationship between humans and
ravens (Camp et al. 1992). In another example, ravens spent 51%
of non-flight time along transmission towers, railroads, telephone
poles, and non-nativetamariskshrubsin the eastern Mojave
(Sherman and Knight 1992).

Aparallel issue involves Egyptian tortoises, which are preyed upon
by the hooded crow (Corvuscoronesardonius)and the brown-
necked raven (C. coraxruficollis) in Israel, Egypt, and elsewhere in
North Africa (Geffen and Mendelssohn1989, Mendelssohn1990,
Stubbs 1989b):

WhenI came to Palestine in 1933 the brown-necked
raven was not a rare, but neitherwas it a common,
desert bird. Each pair has a territory of about 100
kilometers2 and there were small nomadic flocks of
immaturesandnon-breedingadults. After the
foundationof theStateof Israel,whenlargescale
immigration,agricultural,andsettlement
developmentbegan,thebrown-neckedravenbecame
synanthropicandstartedapopulationexplosion.
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Formerly a cliff-nesting species, it now began to nest
on trees, on power line pylons, and on and in large
buildings (hangars, etc.). ..Thehoodedcrowhas
recentlybeen removed from the list of protected
species because of its populationexplosionand
damage to agriculture. Brown-necked ravens are still
on the list ofprotectedspeciesbutin case of damage
are controlledby rangersoftheNatureReserves
Authority.

[Thehooded crow] was formerly distributed only in
areas close to the Mediterranean, where human
settlements were quite dense and high trees for
nestingwere available. Predation on young Testudo
graecafloweri(a semi-desert subspecies) has been
observed several times. Following human
settlementstheyadvancedeastwardspenetratinginto
the area ofT. kleinmanniandrecentlyreachingBeer
Sheva,50 kilometersfrom theirformerdistribution
area. This synanthropicspeciescanreachvery high
densities,notwithstandingthatbreedingpairsare
territorial,but feedalsooutsidetheirterritory, asdo
the flocks of immatures and non-breeding adults.
Recentresearchcarriedout not farfrom TelAviv,
hasshownthattherecanbeup to 17 breedingpairs
in 1 kilometer2!

[Thebrown-neckedravenj...becamealso
synanthropicandinvadedtheareasof T. kleinmanni
from theeast,sothatnow bothspeciesaresympatric
there. Lack of trees so far prevents these corvids
from exploitingmuchofthearea,butI haveseen
even the hooded crow, not such a good flyer as the
brown-necked raven, flying several kilometers from
the next settlement over the T. kieinmanni habitat,
apparentlyforaging(Mendelssohn1990).

Shellsofyoungtortoisesof bothspecies,somestill
bloodyfrom predation,areoftenreported. The
disappearanceof T. graecaflowerifrom some areas
is likely dueto crowpredation,andthereis increased
concernaboutthe impactofbrown-neckedravenson
Egyptiantortoises(Mendelssohn1990).

The abovedocumentationis sufficient to demonstratethatcorvidsin
generalareextremelyefficientanddemandingpredatorsonyoungor
small tortoisesthroughouttheworld. Theirimpact,relativeto other
predators and to tortoise population growth and general
survivorship,is likely to varyfrom siteto site.

Coyoteshavebeenimplicatedin heavylevelsofpredationon desert
tortoisesattheDesertTortoiseNaturalArea,RandMountains,and

D35



AppendixD: Threats

FremontValleysince1988.Coyotesdugupandateseveraladult
deserttortoiseswhich werefitted with radiotransmitters(Charles
Peterson,UCLA, pers.comm.). However,deserttortoisesmay
havebeenill (with URTD) ordeadandthenscavengedby coyotes,
orcoyotesmayhavebeenattractedto theareaby largenumbersof
dying anddeaddeserttortoises.Feraldogsmayhavealsobeen
responsiblefor someof thepredation.

2. Domesticandferal predators.Domesticand feral dogsare
documentedthreatsto captiveandwild tortoisesalike,notonly for
deserttortoisesbut for otherspeciesaswell (Swinglandand
Klemens1989). With thegrowingnumberandsizesofcities,
towns,andsettlementsin thedesert,thistypeofthreatis increasing
andwill bedifficult to control. Dogs singly,andin packs,often
roammiles from home,digup deserttortoisesandinjure them
beyondrecovery. Forexample,in 1971and1972,manyburrows
destroyedordamagedby dogsandtwo severelyinjureddesert
tortoiseswerefoundnearscatteredhomesalongHighway58 in
Kern County,California(K. Berry pers.comm.). Dog tracksand
scatswereunambiguouslyidentified(sizeandshapeof print; size
andcompositionof scat).

Dogshavealsoattackeddeserttortoiseson BLM’s permanentstudy
plots in California. Judgingfrom gnawedandchewedscutesand
bones,alargeproportionof deserttortoisesobservedattheLucerne
Valley studyplot in 1986and 1990appearedto havebeenattacked
by dogs. Numerousdogpackswereobservedatthesametime
(BLM ifies, Riverside,California).

At theDesertTortoiseNaturalArea in California,two dogswere
observedharassingadeserttortoise(Jennings1991). Also at the
DesertTortoiseNaturalArea,GeorgeMoncskooftheDesert
TortoisePreserveCommittee(pers.comm.to Kristin Berry)chased
apackofdogsfrom a deserttortoise. In theadjacentFremont
Valley permanentstudyplot, dogpackswereobservedonthree
occasionsin springof 1991,anddogshadapparentlyexcavated
deserttortoiseburrowsandprobablykilled deserttortoisesthere
(Craig KnowlesandPaulFrank,pers.comm.).On oneoccasion,
thedogschargedafieldworker. In eachcase,thenearesthuman
habitationwas2- to 3-milesaway.

N. Diseasesand Toxicosis.

In this section,diseasesrelatedto toxicosisarediscussed.
Informationon otherdiseasesmaybe foundin Jacobson(1994).

Evidenceis mountingthatdeserttortoisesareexperiencingtoxic
effectsandhigherratesofmortality from oneormoreelementsor
compounds,suchasselenium,heavymetals,chlorinated
hydrocarbons,organophosphates,aswell asnitro compoundsand
alkaloidsin plants. In somecases,suchchemicalsoccurnaturally
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orresultfrom distributionorconcentrationthroughhuman-induced
activities.While researchon theaforementionedsubjectsin desert
tortoisesis in preliminarystages,existingdataaresufficient to
suggestthatthesesourcesofmortalitymaybe important,especially
whencoupledwith drought.

Levelsof mercuryin theliversofdeserttortoisesill with URTDat
theDesertTortoiseNaturalAreaweresignificantlyhigherthanin
deserttortoisesfrom theIvanpahValley(easternMojaveDesert)
(Jacobsonet al. 1991). Themercurylevelsin livers ofDesert
TortoiseNaturalAreadeserttortoisescouldbehigherfor natural
reasons,e.g.,naturallyhigherlevelsin soils andplants,or perhaps
higherlevelsasaresultofmining:

Manyattributemercurylevelsto emissionsfrom industrialactivity in
the area. However, most of the area is within an epithermal
alterationareadueto, andwithin acidvolcanicrocks. Theserocks,
andthesaprolitesandsoilsmantlingtheserocks,containanomalous
levels of mercury. Many of the deposits currently being
mined...weredefinedin partby usingmercurygeochemicaltracing.
Theremaybenaturallyhigh levelsof mercuryin plants,andthose
animalsthatgrazetheseplants. In addition,considerablesmelting
oforeshasoccurredin theearlypartofthis centurythatcouldhave
resulted in emissions and deposition of elemental mercury in the
surroundingsoils (e.g.,TropicoMill) (RobertWaiwood,BLM
geologist,pers.comm.).

Jacobson et al. (1991), in summarizing the potential effects of
mercuryondeserttortoises,stated:

...severalinvestigatorshavereportedalteredhost
resistanceto pathogens...depressedantibody
responsesto mitogenstimulation...,andthyxmc
cortexandsplenicfollicular atrophywith
concomitantdepressionof ... antibodyresponseto
mitigenstimulation...

Between1982and1988,deserttortoisepopulationson the
ChuckwallaBenchpermanentstudyplot (RiversideCounty,
California)sustainedabouta70%declinein numbers(Berry 1990,
as amended). Dead desert tortoises and a high proportion of the
remaininglive animalsshowedsignsof shelldisease(Berry 1990as
amended).Theseanimalshadexperienceddyskeratosisand
metabolicdisorderstypical oftoxicosisfrom suchelementsor
compounds as selenium; mercury, lead, and other heavy metals;
chlorinated hydrocarbons; and/or organophosphate (Jacobson et al.
1991).Theexactcause(s)of theshelldiseasehasnotbeen
determined,but it is widespreadin theCaliforniadeserts,andmost
commonin the eastern Mojave, northern Colorado, and southern
Coloradodeserts(K. Berry, pers.comm.).

During spring 1991,two partiallyparalyzed,dyingdeserttortoises
werediscoveredin theeasternMojaveDesertofCaliforniaand
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southernNevada.A necropsyofoneoftheseanimalsshowedit
hadbeensufferingfrom lymphangiectasiaof thegastrointestinal
tract;focalulcerationandheterophilicinflammationof thenasal
sinuses;markeddenervationatrophyandedemaofskeletalmuscle;
andmyelomalacia,liquefactionnecrosis,anddegenerationofthe
spinalcord (etiologyunknown)(JamesKlaassen,APL Veterinary
Labs,LasVegas.NV, pers.comm.).Theparalysisandsomeother
symptomswere typicalofseleniumtoxicosisin swine(E.R.
Jacobsonpers.comm.,Casteelet al. 1985). Sheepandcattlealso
experience similarsymptoms,notonly from selenium,but from
poisoning by some species of locoweed (Astragalussp.).
Poisoningfrom locoweedcanoccur in four ways: as selenium
converterplants;throughpoisoningby aliphaticnitrocompounds;
by locoine(the toxic principleis notyetknown);andwith congenital
defectsandabortion. Somelocoweedsmayalsoreducecell-
mediatedimmuneresponses.Seleniumtoxicosiscanoccurin
rangeswherethenonselemumaccumulatingforageis depletedby
livestockandselenium-accumulatingplantsremain(Bloodet al.
1989,Fuller andMcClintock 1986). Deserttortoisesin someparts
oftheMojaveregionconsumelocoweed,including speciesknown
to havepropertiestoxic to livestock(e.g.,A. layneae;seeFullerand
McClintock 1986).

Manyotherspeciesofdesertplantsbesideslocoweedaretoxic to
livestock(Keeleretal. 1978)andcouldaffectdeserttortoises. The
levelsof leadin plantsandsoilsshouldalsobe explored,especially
alongroadwaysandadjacentto mines(RobertWaiwood,pers.
comm.).

0. Noise and Vibration.

Anthropogenicnoisehasseveralpotentialimpactson desert
tortoises,includingdisruptionofcommunicationanddamageto the
auditorysystem.Backgroundnoisehasbeenshownto maskvocal
signalsessentialfor individualsurvivalandreproductivesuccessin
otheranimals(e.g.,bushcrickets,Conocephalusbrevipennis,Bailey
andMorris 1986;greentreefrogs,Hyla cinerea,EhretandGerhardt
1980). Deserttortoisesareknownto havehierarchicalsocial
interactions (Brattstrom 1974), arecapableof hearing(Adrianet al.
1938; Patterson,1971, 1976),andcommunicatevocally (Campbell
andEvans1967;Patterson,1971, 1976). Deserttortoisesuse
elevendifferentclassesof vocalizationsin avariety ofsocial
encounters(Patterson1971, 1976). The signalsarerelativelylow in
amplitude,havefundamentalfrequenciesaslow as0.2 kHz or
lower,andharmonicsashighas4.5 kHz (Patterson1976).

Manyhuman-inducedsourcesof noises,suchasautomobiles,jets,
andtrains,coverawidefrequencybandwidth.Whensuchsounds
propagatethroughtheenvironment,thehighfrequenciesrapidly
attenuate,but thelow frequenciesmaytravel greatdistances(Lyon,
1973). Thedominantfrequenciesthatremainafterpropagation
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correspondcloselyto thefrequencybandwidthcharacteristicof
deserttortoisevocalizations.Themaskingeffectof thesesounds
may significantlyalteran individual’s ability to effectively
communicateor respondin appropriateways.Thesameholdstrue
for incidentalsoundsmadeby approachingpredators;maskingof
thesesoundsmayreduceadeserttortoise’sability to avoidcapture
by apredator. Thedegreeto whichmaskingaffectsdeserttortoise
survival and reproduction probably depends on the physical
characteristics(i.e., frequency,amplitude,andshort-andlong-term
timing) ofthenoiseandtheanimalsignal,thepropagation
characteristicsof thesoundsin theparticularenvironment,the
auditoryacuitiesof deserttortoises,andimportanceof thesignal in
mediatingsocialorpredatorinteractions.

Loudnoises(andassociatedvibrations)maydamagethehearing
apparatusofdeserttortoises. Sourcesofnoiseandvibration
include,butarenotlimited to: cars,trucks,andothervehicleson
pavedhighways,dirt roads,andtesttracks;trains;recreation
vehiclestravelingon oroff road;terrestrialmilitary vehicles;
commercialandmilitary aircraft; equipmentassociatedwith
explorationfor anddevelopmentofhard-rockmineralsandsaleable
andleasableminerals;explosionsfrommilitary ordnance;air to
groundbombingor releaseofmissiles;mining; roadconstruction;
andnucleartests. Little researchhasbeenperformedon desert
tortoiseears,but it isclearthattheyareabletohear,andthe
relatively complexvocalrepertoiresdemonstratedby deserttortoises
suggeststhattheirhearingacuityis similarly complex. Brattstrom
andBondello(1983)experimentallydemonstratedthatORVnoise
can reduce hearing thresholds of Mojave fringe-toed lizards (Uma
scoparia). Relatively short bursts (500 sec) of loud sounds (95
decibelsat5 meters)causedhearingdamageto seventestlizards.
Comparable results were obtained when desert iguanas
(Dipsosaurusdorsalis)wereexposedto 1 to 10 hoursofmotorcycle
noise (Brattstrom and Bondello 1983). Repeated or continuous
exposure to damaging noises is likely to cause an even greater
reduction in auditory response of these lizards. It is not
unreasonable to expect loud noises to similarly impact the auditory
performance of desert tortoises.

Ground vibrations can cause desert tortoises to emerge from their
burrows;slappingthegroundseveraltimeswithin afew feetof a
deserttortoiseburrowentrancewill oftencauseadeserttortoiseto
emerge(C. Peterson,pers.comm.,andothers). Researchis needed
to determinewhatkinds ofvibrationsandnoisecausea desert
tortoiseto emergefrom its burrow.

P. Other Potential Impacts.

Impactsto deserttortoisepopulationsandtheirhabitatsdescribed
abovearewell documentedorestablished.While chelonianexperts
andconservationbiologistsmaynotagreeon theimportanceof each

D39



AppendixD: Threats

particularimpactor thedegreeofeffect, theygenerallyhave
concludedthatsuchimpactsshouldbesubstantiallyreducedor
eliminated.

Another group of impacts which can be categorized as “potential
impacts” includes air pollution, acid rain, acid precipitation,
electromagnetic fields, electromagnetism, global warming, and
greenhouse effects. The role of these factors in the status and
recoveryof deserttortoisepopulationsshouldbecomeapparentas
moreinformationbecomesavailable.

VI. Cumulative and SynergisticEffects of Human
Uses on Desert Tortoise Populations and
Habitats

A. Interface betweenthe Desertand DevelopedAreas.

Overall, desert tortoise habitats most susceptible to negative impacts
are those atthe interfacesbetweendevelopedlandsandopendesert.
At this interface,many,if not all, threatsdescribedabovemaybe
present. For example, deserts adjacent to urban and agricultural
areas are exposed to deliberate take or removal of desert tortoises,
vandalism,releaseof captives,translocationof wild deserttortoises,
unauthorized or authorized deposition of trash, dumping of toxic or
hazardouswaste,vehiclekills on andoff road,proliferationoftrails
androads,clearingoflandfor utility linesandcorridors,casual
ORVuse and general recreation, invasions of weedy and non-native
plants,human-causedfires,harvestandvandalismofvegetation,
predation by domestic animals, and noise. Even near small
settlements, isolated tracts,andranches,thesamefactorsare
present, and the cumulative impacts can spread in a radius of several
milesfrom suchareas.Dogpacks,for example,canbe found
digging up and killing desert tortoises miles from home. Ravens
canuseresourcesavailableat humansettlement,suchasperches,
nestsites,water,andfood,asa springboardfor preyingonwild
animalsnearby.Examplesofexistingproblemareasincludebutare
not limited to the Antelope, Indian Wells, Fremont, Apple, Victor,
Lucerne, Johnson, Chuckwalla, and northern Ivanpah valleys in
California;LasVegas,Laughlin,PiuteandMesquitein Nevada;and
the Virgin River Valley and S~ George in northern Arizona and
Utah.

B. Human Access.

The densityofpavedanddirt roads,routes,trails, andwaysin
deserttortoisehabitathasadirect effectonmortality ratesandlosses
of deserttortoises.Thestatusof deserttortoisepopulationsis
directly linkedto access,becauseaccessallowspeopleto penetrate
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into remotepartsof thedesert,andpeoplecauseorcontributeto
mortality of deserttortoisesandhabitatloss(Nicholson1978,Berry
1986, 1992,seediscussionabove).As mileageof roads,trails, and
tracks increased on BLMstudy plots in California, desert tortoise
population declines occurred at greater rates (Berry 1990, as
amended, 1992).

The types of human activities recorded on ornearaccessroutesin
remotepartsof thedesertinclude,but arenotlimited to: takeor
removalofdeserttortoises(predationfor food,collectionsfor pets,
and commercial trade),vandalism,translocationandreleaseof
captive desert tortoises, dumping of trash and otherwastes,vehicle
kills on and off roads, proliferation of roadsandtrails, invasionof
weedy, non-native plants, fire, harvestof andvandalismto
vegetation,andpredationby dogsand ravens. Remoteareasofthe
desertarealsodisturbedby mining,grazing,military use(pastand
current),andtheaccessroutesthatpermitsuchactivities. Thelong
list of threats to deserttortoisesbecomesagreaterburdenwheneach
individual,vehicle,family, orevent(e.g.,vehicleraceortour)
enters desert tortoise habitat. As numbers of visitor daysincrease,
the potential for lossesofdeserttortoisesandtheirhabitatsincreases
(e.g., Berry 1986a).

To ensurerecoveryofdeserttortoises,mortality from human-related
sourcesmustbe eliminatedorreducedto very low levels. Because
ofthenaturalhistory characteristicsofthespecies,lossesofevena
few adultscandelayorpreventrecovery(seeAppendixC).
Currently,actsof vandalism,collecting,releaseofcaptives,vehicle
kills, etc. occur on all or nearly all deserttortoisestudysites.Low
rates of deserttortoisemortality from human causes have been
documentedfor only afew relativelyremoteareaswith low levelsof
humanaccess,suchaspartsof Ivanpah,Ward,Fenner,
Chemehuevi,andPiutevalleys. Vandalismandvehiclekills occur
at these sitesbut atrelatively low rates. Thelevelofhumanaccess
in DWMAs,as measured in linear miles of access routes per square
mile or township,shouldmirror road/routedensitiesin areaswhere:
(1) human-caused death ratesare very low, and (2) stableor
increasing desert tortoise populationsexist. Routedensitiesin
DWMAsshould be reduced wherehuman-causedmortality ofdesert
tortoisesis aproblem.

C. RecoveryRates of Habitat.

Natural recovery rates of soils and perennial vegetation in desert
habitatsfrom developmentofutility-line corridors,military
activities,andhumansettlementsmay requiredecades,centuries,or
evenmillennia (Lathrop1983b,LathropandArchbold 1980,Vasek
1989, Vasek et al. l975a,1975b,Webband Newman1982,Webb
et al. 1983). Recovery rates of native annual plants, a critical source
of foodfor deserttortoises,hasnotbeenexaminedin depth and
cannotbeestimated.Potentially,recoveryofnativeplant
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communitiescouldbehastenedby revegetation.However,the
scienceofrestorationandrevegetationof nativeecosystemsis in its
infancy. In general,becauseof theuncertaintiesandcosts
associatedwith revegetationandthelong periodsrequiredfor
naturalrecovery,thefirst priority in mitigation shouldbeto
minimizelanddisturbance(Kayet al. 1988).

VII. A Case Study in Extirpation of Desert
Tortoise Populations: Antelope Valley in Los
Angeles and Kern Counties, California

TheAntelopeValley is currentlythemostbroadiyurbanized
landscapewithin theMojaveregion. Portionsofthis valley
supportedhigh densitiesof deserttortoisesfrom 1920’sto the
1950’s(Berry 1984b),but aseriesofhumanactivitiesgradually
reduceddeserttortoisepopulationsanddestroyedor damagedthe
habitat. Examplesofcausativefactorsinclude,but arenot limited
to: collectionofdeserttortoisesfor food,pets,andcommercial
purposes;agriculturalandurbandevelopment;constructionof
roads,railroads,andutility corridors;miningandenergy
development;highnativepredatordensities(ravens);and
uncontrolledpredationby domesticandferalpets(Berry 1984b,
Luckenbach1982). The AntelopeValley is nowcharacterizedby
numerouscitiesandsmall towns,severalmajorStatehighways,
EdwardsAir ForceBase,severalairportsandairfields, light and
heavyindustry,andaburgeoninghumanpopulation.Partsof the
Valley havebecomesuburbsof thegreaterLosAngelesarea.The
town of Rosamondwasrecentlyatoxic-wastedisposalsite andis
nowidentifiedhashavinghigh ratesofcancerin thehuman
population.Alfalfa andothercropsaresupportedwith crop
dusting,fertilizers,plowing,andirrigation. Skipdevelopmenthas
left hundredsofacresof scatteredlots coveredby Asian and
Mediterraneanweeds(TierraMadreConsultants,Inc. 1991),which
fuel increasingnumbersofwildfires.

Thevastnetworkofpavedanddirt roadsrendermostareas
accessibleto ORV-orientedrecreationistsandgeneralrecreationists.
Power,communication,water,gaslines,andfiber-opticcables
bordermanyoftheseroads,creatingbroadcorridorsof disturbed
anddestroyedhabitat. Telephoneandpowerpolesfurther
contributeto pressureson deserttortoisesbecausetheyhavebecome
perchsitesforincreasinglyabundantravenpopulations.

As of 1991,extirpationofdeserttortoisesfrom theAntelopeValley
wasnearlycomplete.Deserttortoisesignis occasionallyobserved
eastofPalmdalebutnotin Palmdalewestof Highway 14 (Palmdale
Freeway)orsouthofHighway 138 (PearblossomHighway)(J.
Hohman,pers.comm.). For instance,deserttortoisesignwas
observedrecentlyin thevicinity ofLakeLos Angeles(G.M.
Groenendaal,Tehachapi,California,pers.comm. 1991). Desert

D42



AppendixD: Threats

tortoisesignhasalsobeenreportedin northeasternPalmdale
(FeldmuthandClements1990),anddeserttortoiseshavebeen
observedrecentlyatSaddlebackButte StateParkby parknaturalists.

Surveysfor tortoisesandhabitatconditionwereconductedin a225
squaremile area,includingtheCity of Lancasterandsurrounding
lands(TierraMadre). Only 90 squaremilesof landwere
undeveloped,nonagriculturallands. The only remainingrecordsof
thepresenceoftheoncecommondeserttortoisewerethreedesert
tortoisecarcassesanda single live deserttortoise(observedin
1983). An analysisof disturbance,whichincludedtypesof impacts
observedoneachdeserttortoisetransectandfrom aerial
photographs,wasconductedin thesamearea(TierraMadre1991).
Veryhighlevelsofdisturbancewererecordedin thecity and
surroundinglands,andlackof deserttortoisesignwasattributedin
partto thisdisturbance.Roughlyathird oftheareahadbeen
renderedunsuitablefor deserttortoises.

Althoughwe lackthedatabaseandchronologicalhistoryto resolve
specificcontributionsto extirpationof deserttortoises,theAntelope
Valley providesunambiguousevidenceofthecumulativeand
synergisticeffectsofhumanactivitieson deserttortoisesandhow
suchtrendshaveledto thedemiseof deserttortoisepopulations
from asubstantialportionofthehistoricalrangein thewestern
Mojave Desert. Furthermore, these same patterns are operative
nearbyin theIndianWells, Fremont,Victor, MojaveRiver, Apple,
Lucerne, and Johnson valleys. Humanactivities are likely having
thesameimpactin theLasVegas,ColoradoRiver, andVirgin River
valleys.
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AppendixE: VegetationandClimateoftheMojaveRegion

AppendixE: Vegetationand Climateof the Mojave
Region

I. Regional Setting
NorthAmericaincludesfive desertregions(Jaeger,1957): The
ChihuahuanDesertofNorthCentralMexico andadjacentpartsof
TexasandNew Mexico;theSonoranDesertofnorthwestMexico
andpartsofsouthernCaliforniaandArizona;theMojaveDesertin
partof southeasternCalifornia,southernNevadaandadjacentparts
ofUtahandArizona;theGreatBasinDesertin theGreatBasin
regionof Nevada,Utah, Oregon,Idaho,Wyoming andColorado;
andtheNavahoanDesertofthefour cornersregionof Utah,
Colorado,ArizonaandNewMexico.

TheDesertTortoisedoesnotoccurin theGreatBasinor the
NavahoanDeserts.It doesoccurin theotherthreedesertsbut our
presentinterestis concernedwith its rangein theMojaveDesertand
in thatportionof theSonoranDesertlocatedwestof theColorado
River, namelytheColoradoDesertofCalifornia.

Mojave Desert

TheMojaveDesertis locatedin southernCalifornia,southern
Nevada,thenorthwestcornerof Arizona,andthesouthwestcorner
ofUtah. TheMojaveDesertis borderedon thenorthby theGreat
BasinDesert,on thewestby theSierraNevada,on thesouthby the
SanGabrielandSanBernardinoMountainsandby theSonoran
Desert,andon theeastby theHurricaneCliffs in Utah,andby
GrandWashCliffs andthePeacockandHualapaiMountainsin
Arizona.

TheboundaxybetweentheMojaveDesertandtheGreatBasin
Desertis basicallydefined,atlow elevations,by avegetational
component,namelythecreosotebush(Larrea tridentata)which
occursin theMojave,butnot in theGreatBasin (Cronquist,et al.,
1972). Theboundaxyis thusan irregularline acrosssouthern
Nevadaextendingroughly from Olancha(southofBishop),in Inyo
County,Californiato St. George,in thesouthwestcornerof
WashingtonCounty,Utah. TheMojaveDesertincludesall of Clark
Countyaswell asthesouthernpartsofEsmeralda,Nye,and
Lincoln Counties,Nevada.
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Sonoran Desert

ThegreaterSonoranDesertincludessevengeographicaldivisions
(ShreveandWiggins 1951).ThelowerColoradoValley divisionof
theSonoranDesertoccursin westernArizona,in southeastern
California,in northwesternSonora,andin BajaCaliforniaeastof
thePeninsularRangesasfar southasBahiade Los Angeles. The
othersix divisionsoftheSonoranDesertoccurelsewherein Arizona
andin Mexicoanddo notconcernusatpresent.

TheLowerColoradoValley Division wasconsideredby Jaeger
(1957)to consistoftwo parts: theYumandesertin Arizonaand
Sonora;andtheColoradoDesertin California,BajaCaliforniaanda
smallpartofArizonanearNeedles,California. TheLower
ColoradoValley Division in retainedasaunit by Crosswhiteand
Crosswhite(1982)astheLowerColorado-GilaDivision, sinceit
includesmuchof Arizona’sGilaRiverdrainage.Nevertheless,use
of ColoradoDesertfortheCaliforniaportionhasgainedwidespread
andconsistentcurrency.We follow thatcustomandconsiderthe
ColoradoDeserttobethatpartoftheColorado-GilaDivision ofthe
SonoranDesertlocatedwestof theColoradoRiver.

TheboundarybetweentheMojaveDesertandtheColoradoDesert
hasbeensubjectto controversy.Towardthewest,theLittle San
BernardinoandCottonwoodMountainsprovideexcellentboundary
definition. Farthereast,mountainsseemlessprominentandmore
widely spaced,andprovidelittle definition. To thecontrary,broad
lowlandareasprovidenorthto southcontinuity,with Sonoran
elementsextendingfarto thenorth,andMojaveanelements
extendingfar to thesouth. As aresult,theboundarybetweenthe
two desertshasvariouslybeeninterpretedto befarthernorthor
farthersouth(Referencesin VasekandBarbour,1977)thanthe
arbitraryline runningfrom Indlo to Needlesasindicatedby
CrosswhiteandCrosswhite(1982). Mostinterpretationsextendthe
ColoradoDesertnorthwardalongtheColoradoRiverValley to the
vicinity of Needles,California.

A morenortherlydistributionof theColoradoDesertalongthe
ColoradoRiverValley andalsoasfarwestastheBristolMountains,
wasproposedby Rowlandset al. (1982) afteranalysisof
vegetationandclimate. Webasicallyadoptthedefinitionof the
ColoradoDesertproposedby Rowlandswith only minor
modification. According,theboundarybetweentheMojaveand
Sonoran(Colorado)DesertsextendseastwardalongtheLittle San
BernardinoandCottonwoodMountains,thengoesnorthfrom
CottonwoodPassalongtheeasternedgeoftheHexie, Pinto,
SheepholeandBullion Mountainsto Ludlow. It continues
northwardthroughBroadwellLakeandthenloopsaroundthe
northernendof theBristol Mountains. Theboundaryreturns
southeastbetweentheGraniteandOld DadMountains,andthen
headseastwardalongthenorthernedgeoftheMarble, Clipper,
PiuteandDeadMountainsbeforecrossingtheColoradoRiverabout
20miles northofNeedles.
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TheboundarybetweentheMojaveDesertandtheSonoran(Yuman)
DesertextendseastwardintoArizona,skirtsaroundthesouthern
endof theBlackMountainsandproceedseastwardto thebaseofthe
HualapalMountains,approximatelyatthe latitudeof Yucca,
Arizona.

Thetriangularportionof MohaveCounty,Arizonabetween
Needles,YuccaandParkerDamis includedin theColoradoDesert
on two mapsby Jaeger(1957),buthis discussionof theYuman
Desertclearlyindicatesits extensionalongtheColoradoRiverto the
north of Needles.We adoptthestrict interpretationthat the
ColoradoDesertoccurswestoftheColoradoRiver(andGulfof
California)in CaliforniaandBajaCalifornia,andtheYumanDesert
occurseastof theColoradoRiverandGulf of California) in Arizona
andSonora.

TheMojaveDesertincludesmostof SanBernardinoCountyand
partsofInyo, Kern,Los AngelesandRiversideCounties,
California, andthewesternpartof MohaveCounty,Arizona. The
ColoradoDesertoccurswestoftheColoradoRiver in Imperialand
partsof SanBernardino,Riverside,andSanDiegoCounties,
California.

Subdivisions of the Mojave Desert

TheMojaveDeserthasbeendivided intofive regionsfor the
convenienceofdescription(RowlandCt al., 1982);namelythe
Northern,Eastern,Central,SouthwesternandSouthCentral
regions. We agreethatthefive regionsaredefinedon thebasisof
significant,largescaledifferencesin soils andlandforms,in
climate,in plantecologyandvegetation,andin animalecology.
Accordingly,we acceptthefive Mojaveanregions,butproposea
slightly simplernomenclatureby shorteningthelast two regional
namesto theWesternregionandtheSouthernregionrespectively.
Wealsoproposesomerathermind changesin theboundaries.
Thoseboundariesaresomewhatarbitraryanddo not follow straight
lines. Hence,thefollowing descriptionsofthefive Mojavean
regionsmustbeconsideredapproximate:

I - A NorthernMojaveregionhastwo sections: aCalifornia
sectionroughlycorrespondingto thedesertareasof Inyo
County;andaNevadasectionroughly correspondingto the
desertportionsof EsmeraldaandNyeCounties.

II - An EasternMojaveregionhasthreesections: a Southern
Nevadasectionin ClarkCountyandthedesertportionof
Lincoln County;an Arizonasectionin westernMohave
County,Arizona,andextendingto St.George,Utah; anda
CaliforniasectionfromtheSodaLakeBasinto theNevada
StateLine.
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ff1 - A SouthernMojaveregion(theSouthcentralregionof
theRowlands,etal., 1982)occursroughlyfrom Victorville
to Ludlow in SanBernardinoCounty,California,andthen
southwardto theLittle SanBernardinoandCottonwood
Mountainsin RiversideCounty,California.

lV - A CentralMojaveregionincludestheareaaround
Barstow,andextendsnorthwardnearlyto thePanamint
Range,andeastwardtowardBakerandLudlow, all in San
BernardinoCounty,California.

V - A WesternMojaveregion(theSouthwesternregionof
theRowlands,et al., 1982)occursin SanBernardino,Kern
andLos AngelesCounties,California,roughlyin thearea
from Tronato Victorville andwestto thebordering
mountains.

Subdivisions of the Colorado Desert

Subdivisionsof theColoradoDesert. TheColoradoDeserthas
informallybeensubdividedintoeasternandwesternregionsby
Rowlands(unpubl.). Suchsubdivisionis useful. However,we
suggestthreesubdivisionsof theColoradoDesert,basedlargely on
generalconsiderationsoftopographyandvegetation.

I - TheNorthernColoradoDesertregionincludesthearea
from theBristolMountainsto theColoradoRivernorthof
Needles,andsouthwardto theCoxcombMountainsand
Vidal Wash.

II- An EasternColoradoDesertregionincludesthearea
southfrom PintoBasinandVidal WashbetweentheSalton
TroughandtheColoradoRiver.

[LI - TheSouthwesternColoradoDesertregionincludesthe
SaltonTroughandthedesertto thesouthandwestfromthe
Little SanBernardinoMountainssouthintoBajaCalifornia,
Mexico (Thepeninsularstrip ofColoradoDesertalongthe
Gulf ofCaliforniacoastmaycompriseafourth subdivision.)

Boundaries between desert subdivisions

TheboundarybetweenNorthernandEasternMojaveregionscomes
southwardfromEmigrantValley inNyeandLincoln Counties,
Nevada,to IndianSpringsValley andthenaroundthewesternedge
oftheSpringMountainswhereit crossesinto Californiajust eastof
theRestingSpringandNopahRanges. It skirtsthewestedgeof
PabrumpValley andturnswestwardaroundthesouthedgeofthe
KingstonRange. It thenfollows thenorthedgeof Kingstonwash
to thenorthendof SilurianValley, atthejunctionofSaltCreekwith
theAmargosRiver.
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TheboundarybetweentheNorthernandCentralMojaveregions
proceedswestwardfrom SaltCreekthroughalow channelto Leach
LakeandPilotKnob Valleyto thesouthendof theSlateRange.
Thisboundaryis southoftheOwlsheadandQuail Mountains,and
northof theAvawatzandGraniteMountains.

TheboundarybetweentheNorthernandWesternMojaveregions
goesnorth alongthewestedgeof theSlateRangeandturns
westwardat thenorth endof SearlesValley,passingjustnorth of
theSouthernArgusMountainsandtheCosoBasin,joining the
SierraNevadajustsouthofLittle Lake.

TheboundarybetweentheWesternandCentralMojaveregions
goessouthfrom thesouthendofthe SlateRange,skirting thewest
edgeofBlackHills, to FrernontPeak,loopsaroundFremontPeak
andcutsbackto thesoutheast,passingalongthenorthedgeof
HarperLakeandthengoesduesouthto Hinidey,joining theMojave
RivernearHodge.

TheboundarybetweentheWesternandSouthernMojaveregionsis
theMojaveRiver, from HodgesouthwardthroughVictorville to the
SanBernardinoMountains.

TheboundarybetweentheCentralandSouthernMojaveregions
goeseasterlyfrom Hodge,passingsouthofLenwood,to Daggett.
It thenfollows InterstateHighway40 to Ludlow.

TheboundarybetweentheCentralMojaveandtheNorthern
Coloradoregionsproceedsnorthfrom Ludlow throughBroadwell
Lake,andpassesalongthenorthwestedgeof theBristol Mountains
to thenortherntip of theBristol Mountains.

TheboundarybetweentheCentralandEasternMojaveregions
proceedsfrom thenortherntip oftheBristol Mountainsnorthward
throughSoda,SilverandSilurianLakesto thejunctionof Salt
CreekandtheAmargosaRiver.

TheboundarybetweentheEasternMojaveandtheNorthern
Coloradoregionsproceedssoutheastfrom thenortherntip of the
Bristol MountainsbetweentheOld DadMountainsandtheGranite
Mountainsto thenortherntip oftheMarbleMountains. It proceeds
eastwardalongthenorthernedgeoftheClipperMountainstoward
GoffandthenorthernendoftheDeadMountains. It crossesthe
southernmostcoupleof miles ofNevadabeforeendingatthe
ColoradoRiver.

TheboundarybetweentheEasternMojaveregionandtheYuman
DesertoftheColorado-GilaDivision oftheSonoranDesert goes
from theColoradoRiverto theBlackMountainsin Arizonaandthen
aroundthe southernendof theBlack Mountainsandproceeds
eastwardto thebaseoftheHualapaiMountains,approximatelyat
the latitudeofYucca,Arizona.
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TheboundarybetweentheSouthernMojaveandtheNorthern
Coloradoregionsgoessouthfrom Ludlow alongtheeasternedgeof
theBullion Mountainsandtheeasternedgeof theSheephole
Mountainsto Clark’s Pass.

TheboundarybetweentheSouthernMojaveandtheEastern
Coloradoregionsgoessouthfrom Clark’s Passin a sinuouspathat
thebaseof thePinto andHexieMountainsaroundPintoBasinand
SmoketreeWashto CottonwoodPassattheeasternendof the
CottonwoodMountains. It continueswestwardto thesoutheastend
of theLittle SanBernardinoMountainsnearCactusCity.

TheboundarybetweentheSouthernMojaveandtheSouthwest
Coloradoregionsfollows thescarpof theLittle SanBernadino
Mountainswestwardto MorongoValley.

TheboundarybetweentheEasternColoradoandtheSouthwest
Coloradoregionsgoessouthwestfrom CactusCity aroundthe
MeccaHills andthensoutheastalongtheedgeof theSaltonTrough
to theColoradoRiver.

II. Major Topographic Features

Thedesertregionunderconsiderationvariesextensivelywith regard
to number,sizeandstatureof mountains.Topographicdiversityis
greatestin theNorthernMojaveDesertregionwith numeroushigh
mountainrangesandlargebasinsatlow elevations.For example,
thesink of theAmargosaRiverin DeathValley reaches280feet
belowsealevelwhereasTelescopePeakin thePananiintRangea
few miles to thewestreachesan altitudeof 11,049feetabovesea
level. Topographicdiversityandthestatureofmountainsgenerally
decreasessouthward.Concomitantly,theproportionof opendesert
consistingof broadplainsand gentlealluvial fansalsoincreases
southward.Hence,eachsubdivisionof thedeserthasits own
characteristicarrayoflandforms.

TheNorthernMojaveDesertregionincludestheAmargosa(8,738).
Coso(8,160),Kingston(7,323),LastChance(674),Nelson
(7,701),Nopah(6,394),Panarnint(11,049),RestingSprings
(5,264),Saline(6,548),andnorthernArgusRanges(8,839)aswell
asCalifornia,Chicago,Death,Eureka,Greenwater,Long,
Panamint,andSalineValleys in theCaliforniasection. Featuresof
theNevadasectionincludetheBareMountains(6,316),Gold
Mountain(7,565),theSporttedRange(6,254),andpartof the
AinargoasRange(8,738)aswell asSarcobatusFlat, theAmargosa
Desert(Valley)andAsh Meadows.

TheEasternMojaveDesertregionalsohasimpressivemountains
andValleys.TheNevadasection,includingArizona,includesthe
Black(5,456),Cerbat(6,900),Eldorado(5,060),Newberry
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(5,639),Spring(11,919),andVirgin (8,056)Mountainsandthe
Desert(6,540),Las Vegas(6,943),McCullough(7,026)and
Pintwater(7,040)andSheep(9,120)Ranges.It alsoincludes
Desert,Dry Lake,Eldorado,Hidden,Hualapai,IndianSpring,Las
VegasandpartsofIvanpah,PahrumpandPiuteValleys. The
CaliforniasectionincludesTableMountain(6,176),andtheCastle
(5,120),Clark (7,929),Granite(6,786),Ivanpah(6,163),Mescal
(6,493),Mesquite(5,160),New York (7,530,Old Dad(4,250),
Pinto (6,144),Providence(7,040) MountainsorRanges,aswell as
Clipper,Ivanpah,Lanfair, Mesquite,Pahrump,Piute,Silurian,and
ValjeanValleysandtheSodaLakeBasinandtheDevil’s
Playground.

TheSouthernMojaveDesertregionincludestheBullion (4,187),
Cottonwood(4,375),Hexie(3,820),Little SanBernardino(5,814),
Newberry(4,882),Ord (6,270),Pinto (3,963),Rodman(6,010),
Sheephold(4,685),andSidewinder(5,168)Mountains. It also
includesAntelope,Apple, Johnson,Lucerne,Sidewinder,
Stoddard,andYuccaValleysaswell asDale,Emerson,Melville,
Soggy,RabbitandLucerneDry Lakes.

TheCentralMojaveDesertregionincludestheAvawatzMountains
(6,154),CalicoMountains(4,542),EagleCrags(5,512),Granite
Mountains(4,862),Pilot Knob (5,428),SlocumMountains
(5,124),SodaMountains(3,617)andTiefort Mountains(5,090).
ImportantBasinsareGoldstone,Harper,Coyote,Troy, Cronese,
SodaandSuperiorDry LakesandthelowerhalfoftheMojave
River.

TheWesternMojaveDesertregionincludesthesouthernArgus
Mountains(6,562),El PasoMountains(5,244),FremontPeak
(4,584),RandMountains(4,755),RedMountain(5,270),and
numeroussmallermountains. ImportantBasinsincludeAntelope,
Fremont,IndianWells,SearlesandVictor (part)Valleys,aswell as
China,Cuddeback,Koehn,El Mirage,RogersandRosamondDry
Lakes.

TheNorthernColoradoDesertregionincludestheBristol (3,422),
Calumet(3,723),Chemehuevi(3,697),Clipper (4,604),Iron
(3,296),Marble (3,842),Old Woman(6,326),Piute (4,165),
Sacramento(3,308),Turtle (4,231),andWhippleMountains
(4,131). ImportantvalleysareCadiz,Chemuevi,Fenner,Vidal and
Ward,togetherwith Bristol andCadizDry Lakes.

TheEasternColoradoDesertregionincludestheArica (2,163),Big
Maria(3,100),CargoMuchacho(2,130),Chuckawalla(4,504),
Chocolate(2,967),Coxcomb(4,416),Eagle(5,350),Granite
(4,353),Little Chuckawalla(1,261),Little Maria(3,043),Little
Mule (1,465),McCoy (2,835),Mule (1,801,Orocopia(3,815),
Palen(2,443),PaloVerde(1,795),Riverside(2,252),andWest
Riverside(2,667)Mountains,andtheMeccaHills (1,642). It also
includesChuckawallaValley,FordDry Lake,HayfieldLake,
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McCoy Wash,Milpitas Wash,Palenalley, PaloVerdeMesa,Palo
VerdeValley, PintoBasinandRiceValley.

TheSouthwesternColoradoDesertincludestheAlgodonesDunes,
FishCreekMountains(2,334),Indio Hills (1,739),and
SuperstitionMountains(759). Its mainfeaturesaretheBorrego,
CoachellaandImperialValleysandtheSaltonSea.

Climate of the Mojave and Colorado Deserts

Weatherrecordingstationsarerelatively few,especiallyin the
mountainousNorthernandCentralMojaveregionsandtheremote
lowlandareasthatexperiencedearlyagriculturaldevelopment.The
climatic data(TableEl) andtheaccompanyingdescriptionaredrawn
largely from Rowlands(unpubl.),Huning (1978),andRowlandset
al. (1982). Temperaturesaregiven in degreesCelsius;precipitation
is given in mmrainfall.

Thetwomajorclimatic factors,temperatureandprecipitation,are
bothextremelyvariablein both spaceandtime. Temperature
decreaseswith latitude andelevation,thuspermittingacalculationof
lapserate. Temperaturealsoshowsextensive,but predictable
seasonalvariationandextreme,unpredictableyearlyvariation.
Precipitationincreaseswith elevationandalsohasmarkedseasonal
variationandevenmoreextremeyearlyvariation.

Temperature

Thehottestplacesarein low elevationbasins. MeanJuly maxima
arenearly470C inDeathValley,43 atBaker,41 at Trona,32 to 40
atotherMojaveDesertstationsandfrom 32 to 36 at neighboring
GreatBasinstations.MeanJuly maximarangefrom41 to 43 over
muchoftheColoradoDesertandfrom 39to 43 in theYumanDesert
of Arizona,reflectingtheslightly higherelevationsof thelatter.

Thecoldestplacesareat thehigherelevationsof theNorthernand
EasternMojaveDesert.MeanJanuaryminimarangefrom -6 to -10
C atGreatBasinStations,but-ito +5 in theNorthernMojave,-6 to
+3 in theEasternMojave, and-3 to +2 in theWestern,Centraland
SouthernMojave. MeanJanuaryminimarangefrom +2 to +5 in the
ColoradoDesertandfrom -1 to +5in theYumanDesertof Arizona,
againreflectingslightly higherelevationsofthe latter.

Thenumberof freezingdaysrangesabove144atGreatBasin
stations,3 to 127in theMojaveDesert(plus 157 at Alamoon the
GreatBasinmargin),1 to 19 in theColoradoDesert,and0 to 65 in
theYumanDesert.

Meanannualtemperaturesrangeroughly from 11 to 14 at
neighboringGreatBasin stationsand 14 to 19 at MojaveDesert
stations,exceptfor two hotterstationsin DeathValley at22 and25.
Meanannualtemperaturesrangefrom 21 to 23 in theColorado
Desertand18 to 23 in theYumanDesert.
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Precipitation

Precipitationis deliveredby stormswhichfollow oneof thethree
principalpatterns:wintercyclonicstorms;summerthunderstorms;
anderratichurricanes(locally called“chubascos”).Winter storms
bringmoisturefrom thenorthPacific. Theyareusuallywidespread,
mostlyoflow intensity,andfrequentlydeliversnowat thehigher
elevations.Theireffectsdiminishtowardthesouthandtowardlow
elevations.

Summerthunderstormsareusuallyintense,of fairly shortduration
andsomewhatlocal. Chubascosarevery large,violent, andmay
deliver very largeamountsof rain,but theyarequite sporadic. Both
summerthunderstormsandchubascosbring moisttropicalair
northwardfrom theGulf ofCaliforniaandup theColoradoRiver
Valley into theEasternMojaveDesert.Thesestormsmaydiverge
northwestwardthroughtheSaltonTrough,orwestwardthrough
RiceValley,but theireffectsusuallydiminish awardfrom the
ColoradoRiverValley.

Total precipitationrangesfrom 90 to 203 mmat nearbyGreatBasin
stations,50 to 260 atstationsin theNorthernandEasternMojave
Desertregions,and80 to 170mmin theWestern,Centraland
SouthernMojaveregions(plus recordingsof263 and377 near
mountainsat thesouthernmarginof theWesternMojaveDesert).
Totalprecipitationrangesfrom49 to 139mm in theColoradoDesert
andfrom77 to 281 in theYumanDesert.

Thepercentageof summerprecipitationrangesfrom 5 to 40 at Great
Basinstations,15 to 20 in theNorthernMojave,20 to 40 in the
EasternMojave,only 3 to 10 in theWesternMajoave,but 6 to 36 in
theCentralandSouthernMojave. Thepercentageof summer
precipitationrangesfrom 11 to 36 in theColoradoDesertand35 to
59 in theYurnanDesert.

Precipitationduring thespringis usuallyrecordedon morethan
threedaysayearat stationsin theGreatBasin,theEasternMojave
Desert,andSouthernMojaveDesert,theNorthernColoradoDesert,
andtheYumanDesert,buton fewerthanthreedaysatEastern
ColoradoandSouthwestColoradoDeserts.

Vegetation of the Mojave and Colorado Deserts

Vegetationin thedesertareasstrongiyreflectsavailability ofwater
andevaporativedemandfor water. Consequently,vegetational
biomassis very low at low elevationswith theircharacteristiclow
precipitationandhigh temperatures.Vegetationalbiomassgenerally
increaseswith elevationasprecipitationincreasesandtemperatures
decrease.Vegetationstructurefollows a similarpatternwith the
predominantgrowthform beinglow shrubsat low elevationsandin
valleybottoms,largershrubsatintermediateelevations,small trees
at higherelevationsandlargertreesathighmountainelevations.
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Vegetationalspeciescompositionfollows asimilar elevational
patternandis furthermodifiedby regionalclimatic andother
environmentalfactors.

Classification

TheCaliforniadesertvegetationhasbeendescribedin detailand
classifiedby Rowlands(unpubl.).Webasicallyfollow his
classificationwith slightaugmentationfrom includedreferences
(e.g.Thorne, 1982,1986,VasekandThorne, 1988). Theentire
desertareasupportssevenmajorvegetationalcomplexes(TableE2).
Eachcomplexincludesoneto severalsubcomplexes,andeach
subcomplexincludesoneto severalvegetationtypes.A vegetation
typetypically includesall thenumerous,similarcommunities
dominatedby agivengroupofperennialplants.

VegetationacrosstheMojaveDesertis quitecomplicated,withmuch
variationin speciescompositionandmuchinterdigitationbetween
vegetationunits.A rangeofvariationin spaceandin timeexistsfor
eachenvironmentalparameter,andarangeofvariationin tolerance
to eachparameterexistsin eachspecies.Althoughexact
correspondencebetweenvariationin speciescompositionand
variationin physicalenvironmentalfactorsdoesnotexist,
vegetationalunitsmustreflectgoodgeneralizationson species
composition,biomassproductivity,soils, climaticconditionsand
thewatertable.

Manyof thecommonspeciesmaylive in morethanonevegetation
type.Hence,Complexis an appropriatetermfor majorvegetational
units (Rowlandsunpubl.). Furthermore,theoccurrenceof common
speciesoutsidetheirprimaryvegetationunit leadsto difficulty in
delimitationandclassification,andhenceto differencesofopinion
regardingthecorrectclassificationofvegetation.In all probability,
thereis no suchthing asa “correctclassification”(Rowlands
unpubl.). Any systemof classificationis only asgoodas its
utilitarian value. We follow thesystemoutlinedby Rowlands
basedon thejudgementthatthevegetationalunits describedare
reasonablein termsofrepetitiveobservationandusefulin termsof
managementunits.

Vegetation Types

I. DesertScrubComplex

TheDesertScrubComplexincludesthreesubcomplexes.This
vegetationoccurson slopes,plains,andalluvial fansandin basins
andvalleys atlow elevationsovermostofthedesertarea.

1. TheMojave-ColoradoDesertSubcomplexis most
commonandwidespread,occurringovermorethan70%of
theareaof theMojaveandColoradoDeserts.Its three
componentvegetationtypesexperiencesimilar climatic
conditions.This vegetationis limited by coldtemperaturesat
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northernorupperelevationalmargins,andby high saltor
extremearidity atlow elevations.

CreosoteBushScrubis by far themostimportant
andwidespreaddesertvegetationtype.It occurson
mostterrainbelowabout1,500meters,being
commonon alluvial fansandgentleslopes,
becominglesscommonon steep,rocky slopes.It is
dominatedin variousproportionsby Larrea tridentata
andAmbrosiadumosa,but agreatmanyother
species(seeTableE3) alsooccurin various
proportionsat variousplaces,andmayevenassume
co-dominance.

TheratioofPotentialEvaporationto Precipitation
variesfrom4 at upperelevationsto 32 in Death
Valley. Precipitationrangesfrom 40 to about270
mm. MeanJanuaryminimumtemperaturesrange
from -6 to 6 degreesC, andmeanJulymaximarange
from 34 to 47 (TableE4).

CheesebushScruboccurswithin theCreosoteBush
Scrubzoneon sandy,mobilesubstrate,usuallyin
washesanddrainagechannelsoftheMojaveDesert
which do nothavean overstotymicrophyll
woodland.Somecomponentsevidentlyplay arole in
secondarysuccession(Vasek1975a,b). Plantsin
this vegetationseemto tolerateslightly lowerwinter
temperaturesthanthosein theCreosoteBushScrub
(TableE4).

SucculentScruboccurson upperslopesandbajadas
within theCreosoteBushScrubzone,thus
experiencingthemostfavorableclimaticconditionsof
thatzone.It is dominatedby stemsucculentspecies:
mostlyCactaceae,butalsoYucca,in theMojave
Desert;andmostlyAgavaceae,butalsoCactaceae
andFouquieria, in theColoradoDesert.Other
speciesof theCreosoteBushScrub alsooccurhere,
but thestrongdominanceof sternsucculentplants,
whichundergoCAM metabolism,warrants
recognitionasafunctionalvegetationtype.

2. TheSaline-AlkaliScrubSubcomplexoccupiesmostly
sinksandvalley bottoms,andalsosomeuplandslopeswith
orwithoutpronouncedsalineoralkalineconditions.Thefive
vegetationtypesaredominatedby chenopodiaceousshrubs
andconstitutewhatothershavecalled‘saltbushscrub’.The
first threevegetationtypesareprimarily xerophyticin nature
andthelasttwo typesarehalophytic.
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ShadscaleScruboccurson alkalinesoilsat low
elevationsin theGreatBasinandthenorthernand
easternMojaveDesert.It alsooccursonheavysoils
on steepslopesin mountainsoftheDeathValley
region. It toleratesboth highsaltlevelsandveryarid
conditions.ShadscaleScruboftenoccupiesa
positionbetweenCreosotebushScruband
SagebrushScrub,similar to thepositionof
BlackbushScrub,andtheclimateis similar to that
for BlackbushScrub(TableE4). ShadscaleScrubis
dominatedbyAtriplexconfertifolia,althoughseveral
otherspeciesusuallyarealsopresent(TableE3).

DesertHolly Scruboccupiesextremelyarid sites
mostly in thenorthernandeasternMojaveDesert.In
DeathValley, standsof DesertHolly occuratthefoot
of alluvial fanswhichcontainahighpercentageof
carbonaterocksandaverysaltysubstrate.
Precipitationis very low butsummertemperatures
andthepotentialevaporationareveryhigh(Table
E4).Atriplexhyinenelytraoftenoccursin pure,albeit
sparse,stands,butsometimesAtriplexpolycarpaor
Tidestromiaoblong~foliaarealsopresent.

MojaveSaitbush- AllscaleScruboccursonly in the
southwestMojaveDesertnearKramerJunctionand
FremontPeak.It occupiessomeuplandareasandis
rathersimilar to ShadscaleScrub.Thedominant
speciesareAtriplex spin~feraandA.polycarpabut
othercomponentsmayalsooccur(TableE3).

AlIscale - Alkali Scruboccursin andaroundsinks
anddry lakeswhereavailablegroundwatermay
containup to 2.5%salts. This vegetationincludes
succulentor semi-succulenthalophytessuchas
Atriplexpolycarpaandseveralotherspeciesof
Atriplex,Kochiaspp.,Suaedatorreyanaand
Haplopappusacradenius.Theclimateis hotanddry
(TableE4),but thevegetationis mediatedprimarily
by thesaltywatertable.

lodinebush- Alkali Scrubis similar to thepreceding
in habitat,climateandphysiognomy,butoccursin
sinkswhereavailablegroundwatermaycontainup
to 6% salts.Thisvegetationis dominatedby
succulenthalophytes,primarilyAllenrolfea
occidentalis.It mayalsoincludeSarcobatus
venniculatus,Nitrophila occidentalisandseveral
others(TableE3).
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3. TheGreatBasinScrubSubcomplexoccursprimarily in
theGreatBasinbut is representedby significantoccurrences
ofthreevegetationtypesat upperelevationsoftheDesert
ScrubZone,in theeasternandnorthernMojaveDesertand
to a lesserextentsouthward.It generallyoccursatelevations
below theXeric ConiferWoodland(seebelow)andabove
theCreosoteBushScrubandSucculentScrub.

SagebrushScrubis thedominantscrubvegetationof
theGreatBasinregion,butmaybe foundat upland
MojaveDesertsites,suchasRoundValley northof
theProvidenceMountains.Theclimateis generally
colderin winterandcoolerin summerthanfor the
two precedingsubcomplexes,andtheprecipitationis
alittle higher(TableE4). UsuallyArtemisiatridentata
dominatesoverextensiveareas,butsometimesis
replacedbyArtemisianova,especiallyonheavy,
rocky soils.Many otherspecies(TableE3) also
occurin variouscombinationsat differentplaces.
SagebrushScruboften formsanunderstoryto
PinyonandJuniperWoodlandtypes.

BlackbusbScruboccurswidely in theMojaveDesert
on rocky, heavysoils atelevationsof 1,000to 2,000
meters.It occurssparinglyin theColoradoDesert.
This vegetationis dominatedby Coleogyne
ramosissima.In addition,Grayiaspinosa,
Ceratoideslanata,Thamnosmamontana,andspecies
ofEphedra,Yucca,Lycium,Haplopappus,etc.
(TableE3), mayalsooccurbutspeciesdiversity is
usuallylow atany onelocality. Theclimateis similar
to that ofSucculentScrub,buta little coolerin
summer(TableE4).

HopsageScrubis commonin theeasternMojave
Desert,usuallyon sandy-loamysoils with only
moderaterockcontent.Otherwisethehabitatand
climaticconditionsarevery similarto thoseof
Blackbushscrub.Grayiaspinosais theusual
dominant,oftenwith anyof severalspeciesof
Lyciumasaco-dominant.Haplopappuscooperiand
severalcomponentsof CreosoteBushScrubmay
alsobepresent.

SometimesJoshuaTrees(Yuccabrev~folia)may
occurin HopsageScrub,BlackbushScrub,
ShadscaleScrub,CreosoteBushScrub,Succulent
Scrub,andtheJuniper- One-leafPinyon
Woodlands.In thesecases,JoshuaTreesmay
appearasvisualdominants,but theyprovidevery
minorfractionsof groundcoverorbiomass.Hence,
JoshuaTreesarenotdominantanywhere,despite
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theirconspicuityaroundtheMojaveDesert,anddo
not provideconsistentbasisfor recognizinga
separatevegetationtype(Rowlands1978).

II. DesertWoodlandForest-ConiferComplex

A ConiferWoodland-ForestComplex,with two subcornplex
components,occursin mountainsandhigh elevationdesertareas.

1. TheXeric ConiferWoodlandSubcomplexcoverslarge
areasbetweenabout1,200to 2,800metersin elevation.It
includesthreevegetationtypesdominatedby shrubsand
small trees.This subcomplexis ahighlyproductiveand
floristically diversedesertvegetation.

UtahJuniper- One-LeafPinvonWoodland is
commonin theGreatBasinregionandin the
NorthernandEasternMojaveDesert.It occursin the
ProvidenceMountainsandthenhasamajor
disjunctionin theSanBernardinoMountains.The
overstorytreesareJuniperusosteospermaandPinus
monophylla,andsometimesafew JoshuaTrees.
SomearborescentshrubsareQuercusturbinella and
Cercocarpusled~folius. A rich assortmentof other
associatedshrubsis partly listedin Table3. The
climateis similar to thatofSagebrushScrubbut is a
little wetterandcolder(TableE4).

CaliforniaJuniper- One-LeafPinyonWoodland
occurson mountainsborderingtheMojaveDesert
from justnorthof WalkerPassin KernCounty,
Californiasouthwardto themountainsborderingthe
ColoradoDesertin SanDiegoCounty, California.It
alsooccurson mountainsof sufficientstaturewithin
thedesertareasuchastheGraniteMountainsand
GranitePass*,theOld Woman,Coxcomb,Eagle,
CottonwoodandLittle SanBernardinoMountains.
This vegetationtypeis dominatedby small trees
(Pinusmonophylla)andarborescentshrubs
(Juniperuscal~fomica).Someoftheotherassociated
speciesarelistedin TableE3. Themoresouthern
distributionmakesfor awarmerclimatethanfor the
precedingtype(TableE4).

CaliforniaJuniper- Four-LeafPinvonWoodland
occursin thepeninsularrangesof Californiaand
BajaCaliforniaatthewesternmarginof theColorado
Desert.ThedominantspeciesareJwziperus

* Thesuddenchange from a UtahJuniperWoodlandin theProvidenceMountainsto a CaliforniaJuniper

Woodlandin theGraniteMountainsandGranitePassmaybestrongbiogeographicalevidencein favorof
including theGraniteMountainsin theColoradoDesertratherthantheMojaveDesert.
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californica, Pinusquadnfolia, and P. monophylla.
Someof theassociatedunderstoryspecies(Table
E3) includeseveralfoundin DesertChaparraland
RedshanksChaparral(Hanes,1977).Theclimateis
similar to thatof thepreceding(TableE4).

2. A DesertMountainForestSubcomplexoccursin the
limited areaat highermountainelevations,and essentially
representsub-humidislandsin an aridenvironment.Three
vegetationtypesareincluded.

WhiteFir Forestelementsoccurin small pocketsin
theNew York, ClarkandKingstonRanges.These
smallpocketsof forestareessentiallyimbeddedin
theupperpartsofUtahJuniper-OneleafPinyon
Woodlandwherelocalsitecharacteristicsmediatean
evapotranspirationratewell belowthatexpectedfor
theregion.Someof theassociatedspecies(TableE3)
arefoundwith WhiteFir in theCharleston(Spring)
Mountains.Thesepocketsrepresentthewestern
mostattenuationof theWhitefir-Douglasfir-Blue
sprucezoneof theWasatchSeriesofthe GreatBasin
vegetation(VasekandThorne,1988).Thedominant
treeisAbiesconcolor.

SubalpineWoodlandis foundonupperslopesof
highdesertmarginmountainsfrom theSweetwater
Mountainsto theTransverseandPeninsularRanges
of SouthernCalifornia, andon thehighestdesert
mountains,namelytheInyo, PanamintandWhite
Mountains,atelevationsofabout2,900to 3,500
meters.ThemaintreesarePinusfiexilisand
sometimesAcerglabnanorJuniperusoccidentalis.
This woodlandmayoverlaptheupperPinyon
Woodlandat its lowermarginandmayoverlapthe
BristleconePineForestat thehigherelevations.The
treesareusuallysmall andsparselydistributed.A
few associatedshrubsarelistedin TableE3. The
climateis characterizedby low precipitationandcold
winters.

BristleconePineForestis foundon thehighest
mountainsin theMojaveDesertandGreatBasin
FromtheInyo,PanamintandWhiteMountainsof
Californiato NevadaandUtah.A fewtreesalso
occurin theLastChanceMountains.Thetrees,
primarilyPinuslongaeva,areusuallysmalland
scattered.Theysometimesform small forest-like
standsin theInyo andWhiteMountains,butmore
commonlyarescatteredin a ‘woodland’.
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III. DesertMicrophyll WoodlandComplex

A DesertMicrophyll WoodlandComplexwith two subcomplexes
occursin low desertareaswith favorable,but oftenintermittent,soil
moistureconditions.

1. A PaloverdeMicrophvll Woodlandoccurringin washes
andon slopeswith substantialregularsummerrain (e.g.
WhippleMountains),includestwo vegetationtypes.

Foothill Paloverde- SaguaroWoodlandoccursin
SonoranDesertareaswith substantialsummerrain.
It is sparselyrepresentedin California,beingfound
only neartheColoradoRiver,primarily in the
WhippleMountains,but is far moreimportant
southwardin Arizona.Similarly, thetwo most
conspicuouscomponents,Cercidiummicrophyllum
andCarnegieagigantea,arealsorarein California.

BluePaloverde- Ironwood- SmoketreeWoodlandis
rathercommonin theColoradoDesert.It occurs
throughouttheCreosoteBushclimatic zone,usually
beingconcentratedin washes.Themaincomponents
areCercidiumfioridum,Olneyatesota,
Psorathamnusspinosa,Chilopsislinearis,Acacia
greggii,andafewothers(TableE3). Theunderstory
is drawnfrom speciesalsofoundin CreosoteBush
ScrubandCheesebushScrub.

2. A MesquiteMicrophvll Woodlandwith only one
vegetationtype is foundin basinsnearandaroundseepsand
sinks,or onsandsheetsoverashallow,salty watertable.

MesquiteThicketis dominatedby Prosopis
glandulosaandProsopispubescens.Theunderstory
associatesarecommonlyhalophyticspeciesfoundin
theAliscale - Alkali Scrubandthelodinebush-

Alkali Scrub.Theclimateis hotandarid(TableE4).
This vegetationtypeis controlledmostlyby the
occurrenceof waternearthesurface.

IV. Streamside(Riparian)andWoodlandComplex

A RiparianandOasisWoodlandComplex,with two subcomplexes,
is foundin areasnearrunningwater.

1. StreamsideWoodlandSubcomplex,with two vegetation
types,is foundalongrivers andstreams.This vegetation
reflectsazonal humidconditionswithin anaridzone,being
dependenton waterflow in orunderastreamchanneland
thereforeessentiallyindependentof thegeneralclimate.
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Cottonwood- Willow - MesquiteBottomland
vegetationoccursintermittentlyin narrowstripson
eithersideofmajorstreams,suchastheColorado,
MojaveandVirgin Rivers(nearParker,Victorville
andBeaverDam, respectively).It is dominatedby
Populusmacdougallii,P.fremontii,Salix exiguaand
otherwillows, and Prosopisglandulosa.This
vegetationhasbeensufferingextensivedegradation
from theafter-effectsof damconstruction,
exhaustiverecreationaldevelopmentandinvasionof
tamarisktrees.

Cottonwood- Willow StreamsideWoodlandoccurs
alongsmallstreamsthatflow into thedesert.Some
examplesaretheAmargosaGorgenearChina
Ranch,AndreasandPalmCanyonsnearPalm
Springs,theWhitewaterRiver andmanycanyons
drainingthePanamintMountainsandtheeasternside
of theSierraNevada.Thedominanttreesare
PopulusFremontii,Salix spp.,occasionallyPlatanus
racemosa,and,in theColoradoDesert,
Washingtoniafi1~fera.

2. DesertOasisWoodlandSubcomplexhasonevegetation
typeoccurringprimarily in theColoradoDesert,but also at
Sonoranlocalities in Mexico andArizona,andsparinglyin
theMojaveDesertasfarnorth assouthernNevadaandDeath
ValleyNationalMonument.

PalmOasesoccuraroundspringsandseeps,being
especiallycommonalongtheSanAndreasfault.
Washingtoniafil~ferais theonly speciesconsistently
foundin all palmoases.Thesoil surfaceis oftensalt
encrusted.Plantsof theSaltgrassMeadowand
Allscale- Alkali Scrubarefrequentin theunderstory.
Theclimateis similar to thatof thePaloverde-
Ironwood-SmoketreeWoodland(TableE4).

V. DesertandSemidesertGrasslandComplex

A Desertand SemidesertGrasslandComplex,occursin rather
scatteredlocations,usuallyneartheecotonebetweenscrub
vegetationandwoodlandvegetation.

1. A Desert-SemidesertScrubSteppeSubcomplex,in
whichperennialbunchgrassesareatleastco-dominantwith
shrubs,is widespreadbutscatteredin theMojaveDesert.It
includesfourvegetationtypes(TableE2).

E17



AppendixE: VegetationandClimateoftheMojaveRegion

IndianRicegrassScrub-Steppeoccursin theWestern
and SouthernMojavewherewinterrainfall is the
primarymoisturesource,or in mountainsabove
1,500meterswherewintersarecold. Thedominant
grasses,OryzopsishymenoidesandStipaspeciosa,
haveC3 metabolism.Shrubcomponentswithin the
grassmatrixareusuallyLarrea tridentataand
Ambrosiadumosa.A scatteredoverstoryof Yucca
brev4foliaorJuniperuscal~fomicafrequentlyoccurs
athigherelevations.Theclimateis somewhatlike
thatofBlackbushScrub,but a little hotterin summer
(TableE4) andperhapsa little wetter.

DesertNeedlegrassScrub-Steppealsooccursin the
WesternandSouthernMojave,frequentlyat
localitieswith significantsummerrain.Extensive
standsof Stipaspeciosaoftenhaveascattered
overstoryof Yuccabrev~foliaorJuniperus
californica. Shrubassociatesaremostlythoseofthe
BlackbushScrub(TableE3). Theclimateis slightly
coolerthanthatoftheRicegrassScrubSteppe(Table
E4).

Big GalletaScrub-Steppeis widely distributed
throughtheMojaveDesertin areaswhereatleast
20%of theprecipitation falls in summer.It is
dominatedby Hilaria rigida, Boutelouaeriopodaand
Muhlenbergiaporteri, whicharesummer-activeC4
grasses.The scatteredoverstoryconsistsof
JuniperusosteospermaandYuccabrev~folia
jaegerianain theEasternMojaveand Juniperus
cal~fornicaandYuccabrev~foliabrev~foliain the
WesternandSouthernMojaveDesert.Associated
scrubspeciesaremostly thoseof theHopsageScrub
andBlackbushScrub(TableE3). Below 1,000
meters,wherean overstoryis not present,conditions
approachthoseofCreosoteBushScrub.Above
1,000meters,an overstoryis usuallypresentand
conditionsaremorelike thoseof HopsageScrubor
BlackbushScrub(TableE4).

Galleta- Blue GramaScrub-Steppeoccursmostly in
theEasternMojaveDesertatelevationsabove1,400
meterswhereit replacestheprecedingtype.It is
dominatedby thesummeractiveC4 grasses,Hilaria
jamesiiandBoutelouagracilis. Shrubassociatesare
usuallythoseof SagebrushScrubandtheoverstory,
whenpresent,is usuallyJuniperusosteosperma.The
climateis similar to that ofSagebrushScrub(Table
E4.)
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2. A DesertAlkali GrasslandSubcomplexwith one
vegetationtype,occurs on highlysaliferoussubstrates
aroundspringsandalkali seepsat low elevations.

SaltgrassMeadowoccurslocally at Saratoga
Springs,TecopaSprings,andvariousplacesalong
theAmargosaRiver. It is dominatedby Distichlis
spicataandmayalsoincludeSporobolusairoides,
Anemopsiscal~fomica,Juncuscooperiandseveral
others(TableE4).Shrubcoverandbiomassare
ratherlow. Thefew shrubsaremostlyhalophytes
like Allenrolfea.Theclimateis veryharshwith little
precipitationandveryhighsummertemperatures.

VI. DesertSaxicoleShrubComplex

A DesertSaxicoleScrubComplex,with two subcomplexesoccurs
onsteepcliffs androck faces,andthereforeconsistsof highly
localizedandedaphicallyspecializedazonalplantassemblages.

1. TheCalciphyteSaxicoleSubshrubSubcomplexhasone
vegetationtypewhichgrowson rockoutcropswidely
distributedin theNorthernandEasternMojaveDesert.

CalciphyteSaxicoleSubscruboccursin crevicesand
on rock facesof dolomite,dolomitic limestoneand
similarcalciferousoutcroppings.It includestwo
series:adolomitic serieson rockshighin calcium-
magnesiumcarbonate;and,agypsicolusserieson
rocksrich in calciumsulfate.Thespecies
compositionis highly variablefrom onelocality to
another.Manyarerareendemics.A partial list of
suchspeciesfor eachseriesis givenin TableE3.

2. TheNon - CalciphyteSaxicoleSubshrubSubcomplex
alsohasonevegetationtypewhichoccurson rock outcrops
whicharenot oronly slightly, calciferous.

Non - CalciphyteSaxicoleSubscrubalsooccursin
theNorthernandEasternMojaveDesertbut is more
commonto thesouth. Therocksubstratesarerather
heterogeneous,andthespeciesassemblagesvary
extensivelyfrom onelocality to another.A partial list
of speciesis givenin TableE3.
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AppendixE. VegetationandClimateoftheMojaveRegion

VII. DesertPsammophyteComplex

A DesertPsammophyteComplexwith only onesubcomplex,the

DesertPsammophyteSubcomplex,occurson sanddunes.

1. TheDesertPsarnmophyteSubcomplexoccurson sand
dunesin both deserts.Thelargestduneshavetherichest
flora, andthemostconstantspecies,Larreatridentaraand
Coldeniaplicata,arenotrestrictedto dunesandcertainlyare
notobligatepsammophytes.Many speciesarerestrictedto
sanddunesorsandysubstrates.Someof theseobligate
psammophytesapparentlydo notoccurin northerndune
systemsandothersdo. Somerareendemicsoccuronly on
theEurekaValley dunesystem(Swalleniaalexandre,
Oenotheraavita eurekensis).Somerare speciesoccuronly
in theAlgodonesDunes(Astragalusmagdalenaepeirsonii,
Crotonwigginsii, Helianthusniveustephrodes,Pholisma
sonorae).Thespeciescompositionvariesfrom onelocality
to another.Thevegetationis quitecomplex,consistingof
local azonalassemblages.Theyareprobablymediated
largely by thefactof sandsubstrate,perhapswith associated
wateravailability characteristics,ratherthanby climateper
Se.
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Table El. Climatic Summaryfor stationsin severaldesertregions. (% J-S = percentof precipitationfalling in
summer;W andS = numberof winterandspringdayswith 2.5mm precipitation.)

Temperature(0C) Precipitation(mm)
Mean Mean Mean No. Mean No. of days

Station EIev Ann Jan July Days Ann J-S w/ 2.5 mm ppt
Mm Max Freeze W S

GreatBasin
Sarcobatus 1225 13.5 -6.5 36.8 144 89.9 40.0 6 3
Bishop 1252 13.4 -6.2 34.9 147 157.5 4.7 9 0
Caliente 1342 11.7 -8.7 35.2 165 202.7 27.4 18 5
DeepSpr. 1593 11.3 -10.1 33.4 155 131.3 12.8 9 3
Goldfield 1733 -6.8 32.0 150 127.8 23.3

NorthernMojave
Cow Creek -38 25.1 4.9 46.7 3 49.5 17.4 4 0
Greenland -51 22.4 3.1 46.6 8 41.4 18.4 4 0
Beatty 1010 15.3 -2.4 37.5 88 118.0 14.9 11 2
WildroseRS 1250 ---- -1.6 35.1 --- 185.2 19.8

EasternMolave i
Baker 319 ---- 0.9 42.9 --- 75.2 20.7 8 1
Littlefield 567 18.2 -1.1 40.3 74 157.5 23.8 15 3
Las VegasWPAP 659 18.9 -0.1 40.1 46 99.1 40.0 8 3
BoulderCity 770 19.4 3.3 38.4 13 137.2 33.4 11 3
St. George 823 15.6 -5.3 38.4 96 209.6 29.2 16 4
DesertGameR 890 16.8 -1.5 38.2 127 103.9 27.1 6 3
Kingman 1016 16.4 -0.7 36.6 59 276.9 33.1 15 7
Alamo 1049 13.7 -5.9 37.7 157 164.9 30.7 12 2
Searchlight 1070 17.5 1.7 36.1 34 208.7 37.3 11 5
Pierce Ferry 1177 ---- -2.2 35.6 --- 256.5 35.9
YuccaGrove 1204 ---- -2.5 35.3 --- 185.4 21.0
Mitchell’s Cay 1320 ---- -3.1 34.2 --- 171.5 27.5
MountainPass 1442 ---- -2.0 34.8 --- 173.0 31.2
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TableEl. ClimaticSummaryfor stationsin severaldesertregions. (Continued.)

Mean
Temperature (0C)
Mean Mean No.

Precipitation (mm)
Mean No. of days

Station Elev Ann
Mm

Jan July
Max

Days
Freeze

Ann J-S w /2.5 mmppt
W S

WesternMolave
Trona 517 18.9 -0.6 41.3 47 82.0 8.4 8 0
Lancaster 717 16.1 -1.9 37.4 80 124.2 2.9 11 0
Inyokern 744 17.6 -1.1 39.4 65 90.7 5.6 8 0
PalmdaleAP 767 15.8 -1.6 36.7 81 139.2 3.2 12 0
BuckusRanch 806 16.6 -1.2 37.0 67 162.9 5.5 12 1
Palmdale 809 16.5 -2.7 36.6 60 130.8 3.7 12 0
Mojave 846 ---- -0.7 37.4 --- 128.5 8.1
Victorville 871 15.3 -2.7 35.4 84 135.7 5.6 9 0
Fairmont 933 15.7 2.2 32.6 29 376.7 2.3 20 0
Randsberg 1076 17.2 1.6 36.7 33 149.6 9.9 11 1
Valyermo 1129 13.9 -2.5 40.3 103 263.3 7.6 13 1
Llano 1164 16.1 0.9 34.5 44 174.8 7.9 13 2
Haiwee 1166 15.5 -1.3 37.0 73 150.6 9.6 8 2

CentralMojave
Barstow 653 17.7 -0.4 39.1 57 108.5 27.2 10 2

SouthernMojave
TwentyninePalms 602 19.7 1.6 37.2 29 104.4 36.3 5 4
JoshuaTree 838 ---- ---- ---- --- 123.7 23.4
LucerneValley 919 15.8 -2.4 38.9 104 108.2 18.1 10 3
Hesperia 974 ---- ---- ---- --- 157.7 6.3
KeeRanch 1318 ---- ---- ---- ---- 167.6 9.2 7 2

NorthernColorado
225 23.3 5.3 42.3 1 129.3 32.8 8 3
278 22.5 4.7 42.3 6 111.8 33.9 7 3
281 23.0 5.6 42.1 2 79.5 20.1 5 2

-S.

ParkerRes
Needles
IronMtn



TableEl. Climatic Summaryfor stationsin severaldesertregions. (Continued.)

Temperature(0C)
Mean Mean
Jan July

Mlix

No.
Days
Freeze

Precipitation (mm)
Mean No. of days
Ann I-S w/2.Smmppt

W 5;

EasternColorado
Blythe
EagleMtn
Hayfield

SouthwesternColorado
El Centro
Imperial
Brawley
Thermal
Mecca
Indio
PalmSprings
BorregoSpr.

81
297
418

—11
-20
-36
-37
-53

3
128
191

22.2
23.0
21.1

22.6
22.4
22.9
22.8
22.1
22.9
22.3
21.1

2.0
5.6
3.4

3.4
3.9
3.2
3.9
2.9
3.4
4.4
2.6

42.2
41.0
40.5

42.8
41.6
42.1
41.8
41.2
41.6
42.2
41.4

12 100.3
1 82.8

16 95.6

15 65.3
5 49.0
7 59.4
12 70.1
12 75.9
15 79.8
12 138.9
19 89.2

YumanDesert
Yuma
Weliton
Dateland
Gila Bend
PhoenixP0
OrganPipeNM
Ajo
KofaMtns
Yucca
Wickenburg
Wickieup
Aguila
Signal

Station Elev
Mean
Ann
Mm

32.7
36.5
31.9

28.0
25.0
21.4
21.4
24.1
19.7
11.2
26.8

5 1
5 1
61

5 1
5 0
20
4 1
30
4 0
92
7 1

42
79
138
225
330
507
537
541
594
631
648
665
762

t:’1

22.2
21.4
22.9
22.3
21.5
20.7
21.8
23.1

18.2
18.8
18.8

0f4

i
03.7

1.1
3.4
3.0
4.0
2.8
4.8
8.0

—1.1
0.6
0.2

41.3
41.6
43.1
42.7
39.8
39.2
39.4
39.9

39.3
40.3
39.7

11
38
15
13
6
19
6
0

65
55
58

82.3
105.7
76.7
142.5
194.1
207.8
231.9
140.7
167.1
272.0
264.6
236.1
281.2

38.0
41.6
35.1
39.9
39.0
47.6
48.6
58.8
36.3
40.3
38.8
37.0
40.7

33
4 4
44
75
8 10
8 10
99
8 6

13 8
12 7
12 7



AppendixE: Vegetationand ClimateoftheMojaveRegion

Table E2. ClassificationofDesertVegetation.

Complex

Subcomplex
VegetationType

Desert Scrub

Great Basin Scrub
SagebrushScrub

BlackbushScrub

HopsageScrub

Saline Alkali Scrub
ShadscaleScrub

DesertHolly Scrub

MOjaveSaltbush-AlIscaleScrub

Allscale-Alkali Scrub

lodinebush-AlkaliScrub

Mojave Colorado Desert Scrub
CreosoteBushScrub

CheesebushScrub

SucculentScrub

Desert Conifer Woodland-Forest

Xeric Conifer Woodland
UtahJuniper-OneleafPinyonWoodland

CaliforniaJuniper-OneleafPinyonWoodland

CaliforniaJumper-FourleafPinyonWoodland

Desert Montane Forest
WhiteFir Forest

SubalpineWoodland

BristleconePineForest
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AppendixE: VegetationandClimateoftheMojaveRegion

Table EZ. Classificationof DesertVegetation. (Continued.)

Desert Microphyll Woodland

Paloverde Microphyll Woodland
Foothill Paloverde-SaguaroWoodland

Blue Paloverde-Ironwood-SmoketreeWoodland

Mesquite Microphyll Woodland
MesquiteThicket

Riparian and Oasis Woodlands
Riparian Woodland

Cottonwood-WillowRiparianWoodland

Cottonwood-Willow-MesquiteBottomland

Oasis Woodland
PalmOasis

Desert and SemidesertGrassland
Desertand SemidesertScrub Steppe

IndianRicegrassScrubSteppe

DesertNeedlegrassScrubSteppe

Big GalletaScrubSteppe

Galletta- Blue GramaScrubSteppe

Desert Alkali Grassland
SaltgrassMeadow

Desert Saxicole Subscrub

Calciphyte Saxicole Subscrub
CalciphyteSaxicoleSubscrub

Non-Calciphyte Saxicole Subscrub

Non-CalciphyteSaxicoleSubscrub

Desert Sand Dune
Desert Psammophyte

DesertPsammophyte
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Table E3. Somecharacteristicplantsof desertvegetation.

Great Basin Scrub Subcomplex

SagebrushScrub
Artemisiatridentata
Purshiaglandulosa
Chrysothamnusviscidiflorus
Cowaniamexicana
Tetradymiasp.
Gutierreziasarothrae
Sitanionhystrix

BlackbushScrub
Coleogyneramosissima
Yuccabrevifolia
Grayia spinosa
Artemisiaspinescens
Ephedranevadensis
Atriplexconfertifolia
Tetradymia spp.
Lycium spp.

HopsageScrub
Grayiaspinosa
Lyciumandersonii
Haplopappuscoopen
Ambrosiadumosa

Artemisianova
Chrysothamnusnauseosus
Coleogyneramosissima
Ceratoideslanata
Oryzopsishymenoides
Poasecunda
Ephedraviridis

Yuccabaccata
Thamnnosmamontana
Ceratoideslanata
Agaveutahensis
Ephedraviridis
Atriplexcanescens
Eriogonum spp.
Haplopappusspp.

Lyciumpallidum
Lyciwnshockleyi
Larrea tridentata
Yuccabrev~folia

Saline - Alkali Scrub Subcomplex

ShadscaleScrub
Atriplexconfertifolia
Ceratoideslanata
Grayiaspinosa
Gutierrezia spp.
Yuccabrev~fo1ia

DesertHolly Scrub
Atriplexhyinenelytra
Tidestromiaoblong~folia

Mojavesaltbush- AllscaleScrub
Atriplexspin~fera
Ceratoideslanata
Tetradymiaglabrata
Tetradymiastenolepis

Allscale-alkaliScrub
Atriplexpolycarpa
Atriplextorreyi
Atriplexcanescens
Suaedatorreyana
Allenrolfeaoccidentalis
Sarcobatusvermiculatus
Suaedaspp.

Atriplexcanescens
Artemisiaspinescens
Menodoraspinescens
Coleogyneramosissima

Atriplexpolycarpa

Atriplexpolycarpa
Larrea tridentata
Yuccabrev~folia

Atriplexconfert~folia
Atriplexlentiformis
Kochiaspp.
Haplopappusacradenius
Prosopisspp.
Nitrophila occidentalis
Atriplexspp.
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Table E3. Somecharacteristicplantsof desertvegetation.(Continued.)

Saline - Alkali Scrub Subcomplex

Aliscale-alkaliScrub(Continued.)
Salicorniautahensis
Phragmitesaustralis
Plucheasericea

Sporobolusairoides
Juncuscooperi

Mojave-Colorado Desert Scrub Subeomplex

CreosoteBushScrub
Larreatridentata
Hymenocleasalsola
Enceliafannosa
Opuntiaspp.
Lyciumspp.
Hilaria rigida
Oryzopsishymenoides

CheesebushScrub
Hymenocleasalsola
Brickellia incana
Chrysothamnuspaniculatus
Ambrosiaeriocentra
Cassiaarmata
Chilopsislinearis

SucculentScrub
Agavespp.
Yuccaspp.
Ferocactusacanthodes
Mammilaria spp.
Fouquieriasplendens
Ambrosiadumosa

Ambrosiadumosa
Atriplex spp.
Acamptopappussphaerocephalus
Yuccaspp.
Daleaspp.
Stipaspeciosa

Enceliafarmosa
Brickellia oblong~folia
Baccharisspp.
Larreatridentata
Acaciagreggii

Nolina spp.
Opuntiaspp.
Echinocereusspp
Coryphanthaspp.
Larrea tridentata
Enceliafarinosa

Xeric Conifer Woodland Subcomplex

UtahJuniper- OneleafPinyonWoodland
Juniperusosteosperma
Yuccabrev~foIia
Artemisianova
Coleogyneramosissima
Ceanothusgreggii
Fallugiaparadoxa
Chrysothamnusviscidiflorus
Quercusturbmella
Purshiaglandulosa
Hilaria jamesii
Gutierreziaspp.

Pinusmonophylla
Artemisiatridentata
Ephedraviridis
Eriogonumwrightii
Cercocarpusled~folius
Chrysothamnusteretifolius
Rhustrilobata
Cowaniamexicana
Ribesvelutinum
Stipaspp.
Thamnosmamontana
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Table E3. Somecharacteristicplantsof desertvegetation.(Continued.)

Xeric Conifer Woodland Subcomplex (Continued.)

CaliforniaJuniper- OneleafPinyonWoodland
Juniperusca4fornica
Yuccabrev~folia
Quercusdunnii
Eriogonumspp.
Crossosomabibelovii
Purshiaglandulosa
Nolinaparryi
Opuntiabasillaris
Stipaspeciosa

CaliforniaJuniper- FourleafPinvonWoodland
Juniperusca4fornica
Arctostaphylosglauca
Nolinaparryi
Yuccaschidigera
Ceanothusgreggii
Adenostomafasciculatum

Pinusmonophylla
Quercusturbinella
Arctostaphylosglauca
Ephedraspp.
Haplopappusspp.
Prunusfasciculata
Salviadorii
Hilaria rigida
Boutelouagracilis

Pinusquadnfolia
Pinusmonophylla
Yuccawhipplei
Rhusovata
Opuntiaspp.
Adenostomaspars~foliwn

Desert Montane Forest Subcomplex

WhiteFir Forest
Abiesconcolor
Juniperusosteosperma
Ainelanchierutahensis
Holodiscusmicrophyllus
Philadelphusmicrophyllus
Quercusturbinella
Ribesvelutinum

SubalpineWoodland
Pinusfiexilis
Acerglabrumdifusum
Artemisiatridentata
Chamaebatiariamillefoliwn
Ribesmontigenum

BristleconePineF

.

Pinusiongaeva
Antennariarosea
Astragaluskentrophyta
Cymopteruscinerarius
Haplopappusacauiis
Phloxcovillei

Pinusmonophylla
Acerglabrwn d~fusum
Fraxinusanomala
Petrophytumcaespitosum
Quercuschrysolepis
Ribescerewn

Pinuslongaeva
Juniperusoccidentalis
Ribescerewn
Chrysothamnusviscid~florus
Symphoricarpusiong~florus

Pinusfiexilis
Arenarialdngii
Chrysothamnusviscid~florus
Erigeronpygmaeus
Muhienbergiarichardsonis

E28



AppendixE: VegetationandClimateoftheMojaveRegion

Table E3. Somecharacteristicplantsof desertvegetation.(Continued.)

Paloverde Microphyll Woodland Subcomplex

Camegieagigantea
Enceliafarinosa

Foothill Paloverde-SaguaroWoodland
Cercidiummicrophyllum
Larreatridentata
Opuntiabigelovii

Blue Paloverde-Ironwood-SmoketreeWoodland
Cercidiumfioridum Bebbiajwicea
Olneyatesota Prosopisspp.
Psorathamnusspinosa Hymenocleasalsola
Chilopsislinearis Ambrosiadwnosa
Castelaemoryi Larreatridentata
Acaciagreggii Chrysothamnuspaniculatus
Hyptis emoryi Hoffinannseggiamicrophylla
Cassiaarmata Brickellia spp.

Mesquite Microphyll Woodland Subcomplex

MesquiteThicket
Prosopisglandulosa
Atriplexpolycarpa
Atriplextorreyi
Atriplexcanescens
Nitrophila occidentalis
Sarcobatusvermiculatus

Prosopispubescens
Atriplexconfertifolia
Atriplexlentiformis
Kochiaspp.
Suaedatorreyana
Salicomiautahensis

Streamside Woodland Subcomplex

Cottonwood- Willow - MesquiteBottomland
Populusfremontii
Salix spp.
Tamarixspp.

Cottonwood- Willow - StreamsideWoodland
Populusfremontii
Platanusracemosa
Washingtoniafil~fera
Plucheasericea
Baccharisspp.

Salixexigua
Prosopisglandulosa

Salix spp.
Prosopisspp.
Typhaspp.
Phragmitesaustralis

Desert Oasis Woodland Subcomplex

PalmOasis
Washingtoniafil~fera
Sporobolusairoides

Plucheasericea
Distichlis spicata
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Table E3. Somecharacteristicplantsofdesertvegetation.(Continued.)

Desert-SemidesertScrub Steppe Subcomplex

IndianRicegrassScrubSteppe
Oryzopsishymenoides
Larreatridentata

DesertNeedlegrassScrubSteppe
Stipaspeciosa
Yuccabrevifolia
Ephedranevadensis
Purshiaglandulosa
Tetradymiaspinosa
Eriogonumfasciculatumvar.po4folium

Big GalletaScrubSteppe
Hilaria rigida
Muhienbergiaporteri
Oryzopsishymenoides
Juniperusspp.
Ambrosiadumosa
Hymenocleasalsola
Haplopappusspp.
Thamnosmamontana
Yuccabaccata

Galleta-BlueGramaScrubSteppe
Hilariajamesii
Sitanionhystrix
Juniperusosteosperma

Stipaspeciosa
Ambrosiadumosa

JuniperuscaI~fomica
Coleogyneramosissima
Haplopappuslinearifolius
Lyciwnandersonii

Boutelouaeriopoda
Stipaspeciosa
Yuccabrev~folia
Larrea tridentata
Ephedranevadensis
Yuccaschidigera
Salazariamexicana
Menodoraspinescens
Opuntia spp.

Boutelouagracilis
Oryzopsishymenoides
Artemisiatridentata

Desert Alkali Grassland Subcomplex

SaltGrassMeadow
Distichlis spicata
Phragmitesaustralis
Anemopsiscal~fomica
Plucheasericea

Sporobolusairoides
Allenrolfeaoccidentalis
Juncuscooperi

Saxicole Subscrub Subcomplexes

CalciphvteSaxicoleSubscrub
-dolomitic-

Arctomeconmerriami
Astragalusfunereus
Buddleiautahensis
Cowaniamexicana
Dudleyasaxosa
Eriogonumintrafactum
Fendlerellautahensis
Forsellesianevadensis

Arenarialdngii
Astragaluspanamintensis
Cymopterusgilmani
Dedeckerautahensis
Eriogonwngilmani
Eriogonumheermanniifloccosum
Forsellesiapungens
Gilia ripleyi
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Table E3. Somecharacteristicplantsof desertvegetation.(Continued.)

Saxicole Subscrub Subcomplexes

CalciphvteSaxicoleSubscrub
-dolonutic-(Continued.)

Hecastocleisshockleyi
Hedeomanana
Mortonia utahensis
Penstemoncalcareus
Salviafunerea
Viola charlestonensis
Notholaenajonesii
Mentzeliaprerospenna
Enceliopsisargophylla
Eriogonuminsigne
Phaceliapalmneri
Arctomeconcal~fomica

Non-Calciphyte- SaxicoleSubscrub
Peucephyliwnschottii
Perityleemoryi
Pleurocoronispluriseta
Arabisspp.
Dudleyaspp.
Notholaenaspp.
Pellaeaspp.

Holmgrenanthepetrophile
Mimulusrupicola
Phaceliainustelina
Penstemonstephensii
Scopulophilarixfordii
Cheilanthesfeei
Notholaenasinuata
Phaceliapuichella
Enceliopsisnudicaulis
Petalonyxpanyi
Psathyrotespil~fera
Camissoniamultzjuga

Haplopappuscuneatus
Brickellia desertorum
Heucherarubescens
Mimulus spp.
Cheilanthesspp.

Desert PsammophyteSubcomplex

DesertPsarnmophyte
Larreatridentata
Coldeniaplicata
Psorothamnusenwryi
Ephedratnfurca
Palafoxiaarida
Atriplexcanescens
Petalonyxthurberi
Oryzopsishymenoides
Croton wigginsii
Haplopappusacradenius
Abroniavillosa

Hesperocallisundidata
Ammobromasonorae
Hilaria rigida
Prosopisglandulosa
Atriplexpolycarpa
Helianthusniveus
Swalleniaalexandre
Oenotheraavita eurekensis
Astragaluslentiginosusmicans
Astragalusmagdalenaepeirsonii
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Table E4. Vegetationtypeswithin theCalifornia deserttogetherwith a summaryof the rangesof climatologicalvariable
associatedwith each(LL = Lower limit, UL = UpperLimit).

VegetationalCategory

I. DesertScrub Complex
A. GreatBasinScrubSubcomplex

1. SagebrushScrub

2. BlackbushScrub
3. HopsageScrub

B. Saline-AlkaliScrubSubcomplex

1. ShadscaleScrub

2. DesertHolly Scrub

3. MojaveSaitbush-

AliscaleScrub

4. AlIscale - Alkali Scrub

5. lodinebush- Alkali Scrub

C. Mojave - ColoradoDesertScrubSubcomplex

1. CreosotebushScrub

2. CheesebushScrub

3. SucculentScrub

II. XericConiferWoodland- DesertMontaineForestComplex

A. Xeric ConiferWoodlandComplex

1. UtahJuniper- One-leaf

PinyonWoodland

2. CaliforniaJuniper- One-leaf

Pinyon Woodland

3. CaliforniaJuniper- Four-leaf

Pinyon Woodland

Mean Annual
Precip (mm)
LL UL

175 325

150 240

150 240

Temperature(0C)
MeanJan. MeanJuly
Minima Maxima
LL UL LL UL

PotEJPpt
Range

LL UL

-12 -4 25 36 2 5

-8 -4 29 37 3 7
-8 -4 29 37 3 7

Approx. Elev.
(xIOOm)

LL UL

12 26(30)

10 20

10 20

130 225 -8 -4 31 37 3 7 10 18

42 90 -8 -4 37 47 10 32 -0.8 8(15)

110 150

82 170

42 275

42 275

42 275

150 275

175 375

175 400

-1 1 37 40 6 8 6

-5 5 36 43 8 20 -0.8

-10 6 39 47 10 32 -0.8

-6 6 30 47 4 32 -0.7

-10 6 30 47 3 32 -0.7

-8 -2 29 47 2 7 10

-13 -4 23 36 1 4

-9 -2 34 38 1 4

10

12(18)

7

13
20

20

15 30

12 18

•1.

‘.4

I-.

225 400 -9 -l 35 39 1 4 II 17



Table E4. Vegetationtypes within the California deserttogetherwith a summaryof the rangesof climatologicalvariable
associatedwith each(LL = Lower limit, UL = UpperLimit). (Continued.)

VegetationalCategory MeanAnnual
Precip(mm)
LL UL

II. Xeric ConiferWoodland- DesertMontaineForestComplex

(Continued.)

B. DesertMontaineForestSubcomplex

I. White Fir ForestEnclaves

Ill. DesertMicrophyll WoodlandComplex
A. PaloverdeMicrophyll WoodlandSubcomplex

1. FoothilPaloverde- Saguaro

Woodland

2. BluePaloverde- Ironwood -

SmoketreeWoodland
B. MesquiteMicrophyll WoodlandSubcomplex

I. MesquiteThicket

IV. A. Streamsideand OasisWoodlandComplex

1. Cottonwood- Willow - Mesquite

Bottomland

2. Cottonwood- Willow - Streamside

Woodland

B. DesertOasisWoodlandSubcomplex

1. PalmOases

250 325

Temperature(0C)
MeanJan. MeanJuly
Minima Maxima
LL UL LL UL

PotE/Ppt
Range

LL UL

-10 -7 26 30 1.5 3

115 160 1 6 40 44 10 12

80 160 1 6 40 44 10 20

42 160 -2 6 40 47 8 32

80 160 -4 6 35 42 5 17

125 250 -7 I 30 38 3 9

80 150 1 6 40 44 10 15

Approx. EIcv.
(xlOOm)
LL UL

19 24

3 4

0 8

-0.8 8

0 10

8 20

0 10

•4.
0

0
-4



Table 4. Vegetationtypes within the Californiadeserttogetherwith asummaryof the rangesof climatologicalvariable
associatedwith each(LL = Lower limit, UL = UpperLimit). (Continued.)

VegetationalCategory Mean Annual
Precip(mm)
LL UL

V. DesertandSemidesertGrasslandComplex

A. Desert- SemidesertScrub-SteppeSubcomplex

1. IndianRicegrassScrub-Steppe

2. DesertNeedlegrassScrub-Steppe

3. Big GalletaScrub-Steppe

4. Galleta- BlueGramaScrub-Steppe

B. DesertAlkali GrasslandSubcomplex

1. SaltgrassMeadow

VI. DesertSavicoleSubscrubComplex
A. CalciphyteSaxicoleSubscrubSubcomplex

1. CalciphyleSaxicoleSubscrub1

B. Non-CalciphyteSaxicoleSubscrub

Subcomplex

I. Non-CalciphyteSaxicoleSubscrub’

VII. DesertPsammophyte(SandDune)Complex

A. DesertPsammophyteSubcomplex

1. DesertPsammophyte1

120 300

120 250

110(80)250

175 300

Temperature(0C)
MeanJan. MeanJuly
Minima Maxima
LL UL LL UL

PotE/Ppt
Range
LL UL

-9 0 28 40 2 8
-9 -2 30 38 2 5
-4 3 35 44 3 8(15)
-9 -3 28 36 2 4

42 120 -5 5 38 47 8 32

100 300

100 300

42 150

-9 0 26 38 2 10

-9 0 26 38 2 10

-4 6 37 47 7 32

Approx. Elev.
(xlOOm)
LL UL

6

10
3(0)

12

23

20

23

23 0

-0.8 10

6 24

6 24

0 10

‘An adequatesynecologoicalanalysisshouldresultinsubstantialsubdivisionof thesetypes.
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AppendixF: SwnmaiyDescriptionsofProposedDesertWild4feManagementAreas

AppendixF: SummaryDescriptionsofProposed
DesertWildlife ManagementAreas

I. NORTHERN COLORADO RECOVERY UNIT

1.ChemehueviDWMA

Current densities:10 to 275 adult deserttortoisespersquaremile.

Location and Description:

TheproposedChemehueviDWMA in SanBernardinoCounty,
California, liesapproximatelysouth ofInterstate40; north of
Highway 62; westof HavasuNational Wildlife Refugeandthe
ChemehueviIndian Reservation;and eastof theOld Woman
Mountains andEssex(Figure 7). TheChemehueviDWMA is
varied,both vegetationallyand topographically. It includeselements
of bothColoradoDesertandMojaveDesertfloras, andelevations
range from about 600to 4,700feet. A numberofbasinsandranges
are represented.The BLM manages67%of the landsin the
proposedDWMA; remalninglandsare in private (25%)or State
(6%)ownership.

The deserttortoisepopulation in this D~VMA is relativelylarge,
unfragmented,and little affectedbyhuman impacts. If this DWMA
is madelarge, as proposedhere, it couldprovidea relatively secure
refugefor the speciesas populationsin otherareasare recovering.

Desert Tortoise Densities and Trends:

Currently the largestand mostrobustpopulation of deserttortoises
remainingwithin thegeographicrangeis found in portionsof the
WardandChemehuevivalleys(Berry andNicholson 1984a,Berry
1990,as amended).Between1979and 1988,densitiesin the
ChemehueviValley increasedfrom 145to 224 tortoisesper square
mile, but haddeclinedby 1992,at leastamongadults andsubadults
by 1992. The changeswerenot statisticallysignificant. At the
northern WardValley plot, total numbersof tortoisescaptured
increasedsubstantiallybetween1980and 1991,anddensitiesof the
tortoisesin the larger sizeclassesincreasedmarkedlyfrom 107 to
190 tortoisesper squaremile, but the changeswerenot statistically
significant. Regionaldensitiesareprobablydepressedfrom military
activitiesin the 1940s,livestockgrazing,and otherhuman uses
(Berry andNicholson 1984b). Densitiesalong major highways,
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suchasInterstate40andHighways62 and95,arealsodepressed
(BerryandTurner1984,Karl 1989).

Threats:

In termsof currentandplannedhumanuseswhichmayadversely
affect deserttortoises,theChemehueviDWMA is oneofthe least
threatenedDWMAs. Major currenthumanuseswhichimpactdesert
tortoisesincludecattlegrazingon theLazyDaisyandChemehuevi
allotments;andfragmentationandmortality causedby highways,
roads,andtheColoradoRiverAqueduct.Wild burrosarealso
presentin theDWMA anddegradedeserttortoisehabitat. Harvest
of Mojaveyuccais aproblemin someareas.

As of 1991,nodocumentedcasesofURTD wereknownfrom the
ChemehueviDWMA, however,about25%of deserttortoisesare
symptomaticfor ashelldisease,whichappearsdifferentfrom that
describedfortheChuckwallaDWMA (K.H. Berry,pers.comm.
1993).

Specific Management Actions:

In additionto themanagementactionsrecommendedfor all DWMAs
(Section11.2.),thefollowing specificactionsshouldbe
implementedin theChemehueviDWMA:

(1) Removelivestockgrazing.

(2) Maintain feralburroswithin herdmanagementareasatzero
populationlevels,or asexperimentalpopulations.Removeferal
burrosoutsideof herdmanagementareas.

(3) Constructdeserttortoisebarriersandunderpassesalong
Interstate40;Highways95 and62; theAtchison,Topeka,andSanta
FeRailroad;andfrequentlyusedroads.Evaluatetheneedfor
barrierfencingalongtheColoradoRiverAqueductandaround
communitiessuchasEssexandVidal, California.

(4) Establishacenter,at ornearNeedles,whereunwantedcaptive
deserttortoisescouldbe deposited.Developprogramsto make
unwanteddeserttortoisesavailablefor researchandeducational
purposes.

(5) Monitorhealthof deserttortoises,particularlyURTD andshell
disease.
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RecommendedResearch:

The following researchtopic is especiallysuitedto themanagement
needsandopportunitiespresentedin theChemehueviDWMA.

(1) Theeffectsof feralburros,utility corridors,andbarrierfencing
ondeserttortoises.
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II. EASTERN COLORADO RECOVERY UNIT

1. Chuckwalla DWMA

Current densities:

5 to 175 deserttortoisespersquaremile.

Location and Description:

TheproposedChuckwallaDWMA is locatedin Riversideand
ImperialCounties,California. Startingwith thenorthwestcorner,
theproposedboundarywould extendalongthenorthfacingslopes
of the OrocopiaMountains,thenruneastwardalongthesouthern
edgeofInterstate10 to Wiley Well Road,thensouthto near
Midway Well, andthennorthandwestalongtheeasternportionof
theChocolateMountainsAerial GunneryRangeto thesouthslopes
of theOrocopiaMountainsandtheSouthernPacific Railroad
(Figure7). TheDWMA containsseveralmountainrangesand
valleys,rangingin elevationfrom400to 4,500feet. Includedis the
ChuckwallaBench,abajadawhichhasin therecentpastsupported
thehighestknowndensitiesof deserttortoises. Plantcommunities
aretypical of theColoradoDesert(AppendixE). Landownershipis
acheckerboardofBLM, military, andprivatelands.

ThisDWMA is notlargeenoughto support50,000adultdesert
tortoisesattargetdensity. AlthoughtheJoshuaTreeDWMA is
primarilyin thewesternMojaverecoveryunit, its southeastcorneris
in theeasternColoradorecoveryunit. Protectionofhabitatthere,as
well asin theChuckwallaDWMA, shouldbeimplementedto protect
sufficienthabitatfor recovery.

Desert Tortoise Densities and Trends:

TheChuckwallaBenchDWMA hastwo studyplots thatprovide
densityestimatesandtrenddata: ChuckwallaBenchand
ChuckwallaValley (Berry 1990,asamended,Berry andNicholson
1984a). In 1979-1982,estimateddensitieswere578tortoisesper
squaremile on theChuckwallaBench;by 1990densitieshad
declinedto 160tortoisespersquaremile. Onthesecondplot,
ChuckwallaValley, densitieswere163 tortoisespersquaremile in
1980andsubsequentlydeclinedto 73 tortoisespersquaremile in
1992. The densityfiguresreflectthehigherdensityportionsof the
DWMA (BerryandNicholson1984a). Declinesareattributableto
vandalism,vehiclekills, ravenpredation,andashelldisease(Berry
1990, asamended,BLM et al. 1989,Rosskopf1989, Jacobsonet
al. 1994).
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Threats:

Habitatin theChuckwaflaDWMA hasbeendegradedordestroyed
dueto military activitiesin the 1940s,domesticsheepgrazing,
agriculturaldevelopment,diversiondikesalongInterstate10,
bombingassociatedwith theChocolateMountainsAerial Gunnery
Range,unauthorizedORV activity, andmining (Berry 1984b,Berry
andNicholson1984b,Bernstein1989, HurstandHealy 1989,
Kataoka1989,Marquis1989). A proposedlandfill sitein theEagle
Mountainsis ofconcernbecauserefusewouldbe transportedvia the
old SouthernPacificrailroad,whichwouldcontributeto
fragmentationof deserttortoisehabitatin theChuckwallaBench
area.

Thepresenceof URTDhasnotbeenconfirmedin theproposed
ChuckwallaDWMA; however,asubstantialportionofdesert
tortoiseson theChuckwallaBenchexperiencedashelldiseasethat
wasassociatedwith highmortality ratesbetween1982and 1991
(Berry 1990,asamended,Jacobsonet al. 1994).

Specific Management Actions:

In additiontothemanagementactionsrecommendedfor all DWMAs
(Sectionll.D.2), thefollowing specificactionsshouldbe
implementedin theChuckwallaDWMA:

(1) Restricttraintraffic to 1991 levelsor constructbarrierfencing
anddeserttortoiseunderpassesalongtherailroadtracksto reduceor
eliminatemortality andpopulationfragmentation.

(2) Constructbarrierfencesandunderpassesfor deserttortoises
alongwell-usedroadsin theDWMA, includingthesouthsideof
Interstate10.

(3) Determineactualandpotentialravenuseofpalmtreesandother
roostandperchsitesattheChuckwallaPrisonandtheadjacentnew
prisonsite.Eliminateravenperchandnestsites.

(4) Work cooperativelywith theChocolateMountainsAerial
GunneryRangeto eliminateunauthorizedbombingof public lands
andmitigatehabitatdamagewhich hasresultedfrom theseactivities.
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RecommendedResearch:

Thefollowing researchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedin theChuckwalla
DWMA

(1) Theeffectsofdirt roadsandmining ondeserttortoise
populationsandhabitat. Researchhabitatrestoration,particularlyof
old agriculturalfields andareasadverselyaffectedby diversion
dikes.

(2) Continueresearchon shellandotherdiseasesto isolatecauses
ofhigh mortality.
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III. UPPER VIRGIN RIVER RECOVERY UNIT

1. Upper Virgin River DWMA

Current densities:

Small areasoftheDWMA containup to at least250adultdesert
tortoisespersquaremile; deserttortoisesin this DWMA occurin a
mosaicof high to low densities.

Location and Description:

TheproposedUpperVirgin RiverDWMA in WashingtonCounty,
Utah, lies approximatelynorthof St. GeorgeandHurricane,Utah,
westofHighway 18,eastof SnowCanyon,andsouthof YantFlat
andCedarBench(Figure8). Deserttortoisesof thisproposed
DWMA arenotableamongpopulationsin theMojaveRegion
becausetheyrepresentthenorthern-mostpopulationofthespecies
anddensitiesarecurrentlyvery highin someareas.Deserttortoise
habitatin thisDWMA is characterizedby ruggedterrainofrocky
outcropsandhills interspersedwith sandyareas.Vegetationis
diverseandincludescreosotescrub,blackbushscrub,biggalleta
scrubsteppe,desertpsammophyte,andUtahjuniper- one-leaf
pinyon woodland(AppendixE). Landownershipis apatchworkof
BLM, State,andprivatelands.

Becausethis recommendedDWMA will notcontain1,000square
milesofcontiguousdeserttortoisehabitatintensivemanagement,
evenafterrecovery,will be necessaryto ensureareasonable
probabilityof long-termpopulationpersistence(Figure6D).

Desert Tortoise Densities and Trends:

OntheCity Creekstudyplot (1-mile square),243 deserttortoises
weremarkedin 1988,of which 163 wereadultsorsubadults(Rick
Fridell, UtahDivision ofWildlife Resources,pers.comm.1993).
However,densitiesaremuchlowerandpatchythroughoutmostof
theproposedUpperVirgin RiverDWMA. Dataareinsufficientto
evaluatepopulationtrends;but,populationscoulddecreasein the
future astcitiesin WashingtonCountygrow andhumanuseof this
areaincreases.

Threats:

Quantitative,ratherthanqualitative,lossof habitatis theprimary
threatto thedeserttortoisepopulationin thisproposedDWMA.
Although avariety ofhumanusesoccur,theconditionof thehabitat
is generallygood. ORV useoccursin SnowCanyonbutis limited
by topography.Cattlegrazingoccurs,but is limited by topography
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andaccessto water. A popularshootingareais locatedin the
westernportionof theDWMA on BLM land. A turkey farm
occupiesalargetractof privateland,anddumpsandlandfills occur
in theDWMA andnearby. Deserttortoisepopulationsarealso
affectedby humanactivitiesin andaroundSt. George,agrowing
communitywith apopulationof 35,600in 1993,up from 28,500in
1990. Interstate15 andHighway 18 arethemajortransportation
corridorsin thearea. No miningoccursin thisDWMA.

URTD is notcurrentlyknown tobeathreatto deserttortoisesin this
DWMA.

Specific ManagementActions:

This is theonly DWMA proposedfor theUpperVirgin River
recoveryuniL Becauseofthesmall sizeofthis proposedDWMA,
managementwill needto be intensiveandpromptlyimplementedif
this deserttortoisepopulationis to be givenareasonablechanceof
long-termpersistence.Acquisitionof privateinholdings(or
developmentofconservationeasementsin perpetuily)isimperative
for recovery, particularlyfor non-Federalandprivatelandsnorth
andnortheastof St. George,ParadiseandPadrecanyons,andnorth
of Hurricane. In additiontothemanagementactionsrecommended
for all DWMAs (Section11.E.2.),thefollowing specificactions
shouldbeimplementedin theUpperVirgin RiverDWMA:

(1) RemovelivestockgrazingfromtheDWMA.

(2) Constructandmaintaindeserttortoisebarrierfencingalong
Interstate15, Highway 18, andtheroadto theturkey farm.

(3) Install underpassesfor deserttortoisesalongHighway 18
betweenParadiseCanyonandTwistHollow, andtheroadto the
turkeyfarm.

(4) Closethedebrisdamroadnorthof St. Georgeor restrictaccess
throughinstallationof alockedgate.

(5) Establishavisitor centeroutsidetheDWMA which would
educatethepublic aboutthedeserttortoiseandserveasadrop-off
sitefor unwantedcaptivetortoises. Developaprogramto make
theseanimalsavailablefor educationalandresearchpurposes.

(6) ConsolidateownershipandmanagementoftheentireDWMA,
primarily for deserttortoise,underFederalmanagementasa
NationalConservationAca.
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RecommendedResearch:

Thefollowing researchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedin theUpperVirgin
RiverDWMA:

(1) Deserttortoisereproductionandgrowthrates.

(2) Deserttortoisenutritional ecologyandphysiology.

(3) Factorsgoverningdeserttortoisedistributionin this DWMA.
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IV. EASTERN MOJAVE RECOVERY UNIT

1. Fenner DWMA

Current densities:

10 to 350deserttortoisespersquaremile.

Location and Description:

TheproposedFennerDWMA in SanBernardinoCounty,
California,wouldincludethenortheasternpartof theClipper
Valley, north-centralpartof theFennerValley, andthesouthern
PiuteValley. TheDWMA wouldbeboundedby theProvidence
Mountainson thewest,HackberryandPiuteMountainsandthe
Nevadaborderon thenorth, theDeadMountainson theeast,and
Interstate40 andtheClipperMountainson thesouth(Figure9).
ThisproposedDWMA is primarily in theeasternMojaverecovery
unit, but asdescribedhere,thesoutheasternedgeis in thenorthern
Coloradorecoveryunit. Theareais heterogeneoustopographically
with elevationsfrom about1,600to 3,454feet.Severalplant
communitiesarepresent,includingBig GalletaScrubSteppe,
SucculentScrub,arich CreosotebushScrub,Hop SageScruband
BlackbushScrub(AppendixE). This proposedDWMA includes
portionsof theEastMojaveNationalScenicArea. Landownership
is about67%public, 28%private,and5%State.

Desert Tortoise Densities and Trends:

Thehighestdensitiesof deserttortoisesoccurin only afew patches
of a few squaremileseach(Berryet al. 1994),with theGoffsstudy
plot supportingthehighestlevels. IntheGoffs area,densitieswest
of Lanfai~r Roadrangefrom 50 to 100deserttortoisespersquare
mile. To theeastof theLanfairRoad,densitiesprobablyaverage
about50 persquaremile. Thedeserttortoisepopulationon the
Goffsplot declinedfrom 440tortoisespersquaremile in 1980to
362 in 1990(Berry 1990, asamended).In lessthan2 yearsof
work on ahealthprofile study in this DWMA, 7 of20 desert
tortoiseseitherdiedorwerepresumeddead(Berry 1991,Nagyet
al. 1990). Densitiesareprobablydepressedthroughoutthe
proposedDWMA asaresultofavariety ofhumanimpacts(Berry
1 984a).

Threats:

TheFenner,Clipper, andPiutevalleyshaveexperiencedharvestof
Mojaveyuccason SouthernPacific lands,with someunauthorized
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harveston BLM lands,andlong-termcattlegrazing. The valleysare
thesitesofmajortransportationandutility corridors,which
undoubtedlyhavecontributedto declinesofadjacentdeserttortoise
populations.SettlementsatGoffs, Essex,andtheProvidence
MountainsStateParkaddto thecumulativeimpactload. As general
recreationpressuresincreasein theEastMojaveNationalScenic
Area,deserttortoisemortality ratesfromcollecting,vandalism,and
roadkillsarelikely to increase.Ravenpopulationsappeartobe
growingin thevalley andnearbyareas(Knowleset al. 1989a,
1 989b).

Fourill deserttortoiseswerefoundon theGoffs studyplot in 1990.
The poorconditionoftheseanimalswasattributedto below
optimumwaterandnutrientuptake(JacobsonandGaskin 1990),
probablydueto drought.Mycoplasmasp.andPasteurellatestudinis
werefoundin aGoffs’ deserttortoisein thesummerof 1991. Both
theseorganismsoftenappeartogetherin deserttortoiseswith URTD
(Jacobsonet al. 1991).

Specific Management Actions:

In additionto themanagementactionsrecommendedfor all DWMAs
(SectionII.E.2.), thefollowing specificactionsshouldbe
implementedin theFennerDWMA:

(1) Removelivestockgrazing.

(2) Implementaprogramto controlravenpredationonjuvenile

deserttortoises.

(3) Constructandmaintaindeserttortoise-prooffencingand
underpassesalongtheAtchison,Topeka,andSantaFeRailroad;
Interstate40; andwell-usedroads,suchastheGoffsRoad.

(4) SigntheDWMA boundaryneartheGoffs settlement.

(5) Establishadrop-offsite for unwantedcaptivedeserttortoises.
Developaprogramto maketheseanimalsavailablefor researchand
educationalpurposes.

(6) Implementemergencyactionto haltharvestofyuccasandother
vegetation.

(7) Closelymonitorpredationby ravenson deserttortoise
populations.Whereappropriate,ensurethatexcessivepredationis
controlledandthatsufficientrecruitmentofjuvenilesinto the
subadultandadultcohortsoccurs.
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RecommendedResearch:

Thefollowing researchtopicsareespeciallysuitedto the
managementneedsandopportunitiesoftheFennerDWMA.

(1) Healthprofiles,disease,andreproductionin deserttortoisesat
establishedsites(continueongoingstudiesuntil complete).

(2) Populationdemography,movements,andfoodpreferencesand
availability.

(3) Theeffectsof smallsettlements,roaddensities,andrailroadson
adjacentdeserttortoisepopulationsandhabitat,andeffectivenessof
barriersandunderpasses.

(4) Methodsto protectdeserttortoisesfrom highdensityforms of
generalrecreation.
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2. Ivanpah DWMA

Current densities:

5 to 250 deserttortoisespersquaremile.

Location and Description:

TheproposedIvanpahDWMA in SanBernardinoCounty,
California, is horseshoein shapeandis composedof theIvanpah,
Kelso,andShadowvalleysandinterconnectingcorridors(Figure
9). Althoughmostofthis proposedDWMA lies in theeastern
Mojaverecoveryunit, IvanpahValley is in thenortheasternMojave
recoveryunit. Elevationsrangefrom 2,500to 4,764feetand
topographyincludesbajadas,rolling hills, lavaflows, oneplaya
lake,andafew majordrainages.Vegetationisdiverseandincludes
sevendistinctcommunities(AppendixE). ThisproposedDWMA
includesportionsoftheEastMojaveNationalScenicArea. This
areais managedalmostentirelyby BLM.

Desert Tortoise Densities and Trends:

Thehighestknowndensitiesof deserttortoiseoccurredin southern
IvanpahValley,whereabout20 squaremiles supportdensitiesof
200to 250persquaremile. Throughoutmuchofthenorthern
Ivanpah,Kelso,andShadowvalleys,densitiesweregenerallyless
than50 persquaremile. About half ofthesewereadultorsubadult
animals(Berry 1990,asamended,Berry 1991). OntheIvanpab
Valleyplot, densitiesdeclinedfrom368tortoisespersquaremile in
1970 to 249 in 1990,but this trendwasnotstatisticallysignificant
(Berry 1990,asamended).Nine of 18 deserttortoisesmonitoredin
IvanpahValley from 1989to 1991 succumbedto drought-related
stress(Nagyetal. 1990,Berry 1992,JacobsonandGaskin 1990).
Inaddition,theproportionofjuveniledeserttortoisesdeclinedfrom
the 1970’s to the 1990’sat theIvanpahValley plot, apparentlyasa
resultof highpredationratesby ravens(Berryetal. 1986b,Berry
1990,asamended,1991,BLM et al. 1989).

Threats:

A variety ofhumanuseshavecontributedto habitatlossand
degradationin thisDWMA. Military maneuversduringthemid
1960’simpactedareasin thesouthemIvanpahValley, while
motorcycleraces,includingtheBarstowto Vegasrace,affected
habitatin theShadowValleyandnorthernIvanpahValley. Cattle
grazingoccurson portionsof five allotmentsin thisDWMA, and
perennialgrassesareheavilygrazedin someareas.Othermajor
humanusesincluderecreationthatcontributesto habitat
degradation,mining,powerlinecorridors. Urbandevelopmentat
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Stateline,Nevada;OHV usein northernIvanpahValley andaround
RoachLake;and landfills,garbagedumps,andsewageponds
whichattractravensall contributeto deserttortoisemortalityand
habitatdestruction.

A fewdeserttortoisesin ahealthprofileresearchprogramtested
positivefor URTD (Mycoplasma)during 1991 (Brownet al. 1993).
Someanimalsalsohaveshelldisease(Berry pers.comm.1993).
An adultdeserttortoisewasfoundparalyzedin ShadowValley in
1991. Possiblecausesoftheparalysisincludedpoisoningresulting
from ingestionoflocoweed(Astragalussp.)orsomeothertoxin
(Klaasan1991,Bloodetal. 1989,Casteelet al. 1985,Fullerand
MeClintock1986).

Specific ManagementActions:

In additionto themanagementactionsrecommendedfor all DWMAs
(Sectionll.E.2.), thefollowing specificactionsshouldbe
implementedin theIvanpahDWMA:

(1) RemovelivestockgrazingfromtheCrescentPeak.Clark
Mountain,KesslerSprings,Valley Wells, andValley View
allotments.

(2) Constructandmaintaindeserttortoise-proofbarriersand
underpassesto protecttortoisesandhabitatfrom Interstate15 and
well-usedroads,suchasNipton andIvanpahRoads.Also,
constructfencingto protectdeserttortoisesfrom recreationalvehicle
useon theIvanpahDry LakeandnearWhiskeyPete’scasino.

(3) Conductintensivenewsurveys(usingstrip transects)in
northernIvanpah,Shadow,andKelsovalleysandCimaDometo
gatherinformationon distributionanddensitiesofdeserttortoises.

(4) Implementaraven-controlprogramto reducepredationon
juveniletortoises.Monitor deserttortoisepopulationsto ensurethat
juvenilesarerecruitedinto subadultandadultcohortsin sufficient
numbersto promotepopulationrecovery.

(5) SignDWMA boundariesin thevicinity of Nipton, Kelso,and
othersimilarsettlementsandareaswith conflicting landuses.

(6) Promotereturnof perennialgrassesandincreasesin cover
valuesofnativegrassesanddecreaserspecies.

(7) Constructdeserttortoisebarriersandunderpassesalongthe
UnionPacificRailroad.
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RecommendedResearch:

The following researchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedin this DWMA:

(1) Disease,health,nutritionalrequirementsandphysiology,as
well aseffectsofgrazingon vegetation,soils, anddeserttortoise
behavior(continueongoingintrusiveresearch).

(2) Theextentandpotentialcausesoftoxicosis(possiblyselenium
poisoning,locoweedpoisoning,orsomeotherform oftoxicosis)in
deserttortoisesin theShadowValley andelsewherein this DWMA.
Identify sourcesof poisonanddistributionofpotentiallypoisonous
plants.

(3) Genotypesofdeserttortoisesin areasofpotentiallinkages
betweenthisDWMA, andtheFennerandPiute-EIDoradoDWMAs.

(4) Theeffectsofutillty towerson thedeserttortoiseandits habitat.
Towersandsimilar structuresmayencouragean increasein avian
predators.
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3. Piute-Eldorado DWMA

Current densities:

40to 90 adult deserttortoisespersquaremile

Location and Description:

TheproposedPiute-EldoradoDWMA in ClarkCounty,Nevada,lies
approximatelywestoftheColoradoRiver,northandeastofthe
CaliforniaStateline,southof BoulderCity, andsoutheastof
GoodspringsandthenorthendoftheMcCulloughMountains
(Figure9). As describedhere,thisproposedDWMA wouldinclude
portionsofboththeeasternandnortheasternMojaverecoveryunits.
This DWMA is heterogeneousvegetationallyandtopographically,
andincludesseveralparallelmountainrangesdividedby valleys,
dry lakes,andbajadas.Severalplantcommunitiesarerepresented,
including ShadscaleScrub,CreosoteBushScrub,Blackbush
Scrub,andUtahJuniper- One-LeafPinyonWoodland(Appendix
E). TheproposedPiute-EldoradoDWMA hasacommonborder
with theFennerandIvanpabDWMAs in California. Land
ownershipis amix ofNationalParkService,BLM, andprivate
lands.

Desert Tortoise Densities and Trends:

ThePiuteValley representsthelargestareaofhighdensitydesert
tortoisehabitatknownin Nevada.Thepopulationis contiguous
with alargerhigh-densityareain Californiaandrepresentsazoneof
contactbetweentwo genetictypes(Brussard1992). Dataare
insufficientto assesspopulationtrends;however,densitiesarelikely
decliningdueto human-relateddisturbanceswhichadverselyaffect
deserttortoises,suchasrecreation,mines,residentialdevelopment,
andlivestockgrazing(AppendixD, NevadaDepartmentofWildlife
1990).

Threats:

Deserttortoiseshavebeenadverselyaffectedby avarietyofhuman
usesin theproposedDWMA. ORV activity, including organized
races,is theprinciple recreationalactivity affectingdeserttortoises.
Transmissionlinesandassociatedaccessroadsrun southwestfrom
HooverDamthroughtheDWMA. Six cattlegrazingallotmentsare
alsopresent. Interstate15 andHighway95 passthroughthe
DWMA andact asformidablebarriersto east-westmovement.
Roaddensityin theareawasestimatedat0.9milespersectionin
1984,buthasprobablyincreasedsincethat time. Historicaswell as
currentminingis evidentin manyportionsof theproposedDWMA.
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A habitatmanagementplan for thisarea,preparedby theBLM in
cooperationwith theNationalParkService,NevadaDepartmentof
Wildlife, andtheNatureConservancy,is currentlyin draft form.
This planwill implementmitigationactionsrequiredin a 10(a)(l)(B)
incidentaltakepermitissuedto ClarkCountyandthecitiesofLas
Vegas,North LasVegas,Henderson,andBoulderCity. The
habitatmanagementplanproposesmanagementplansandpolicies
for about430,000acresin theEldorado,Cottonwood,andPiute
Valleys. It providesfor landusecontrolsincludingremovalof
livestockgrazing,restrictionof landfills andintensiverecreation,
eliminationof mostcompetitiveoff-highwayvehicleevents,and
increasedlawenforcement(BLM 1983). To datefourof thesix
grazingallotmentshavebeenpurchasedandarecurrentlybeingheld
in non-useby The NatureConservancy.

URTD hasbeenobservedin deserttortoisesin this area.The
occurrenceofthisdiseaseis correlatedwith locationsof releasesof
captivedeserttortoises,particularlyin andaroundurbanareasand
degradedhabitats(Marlow andBrussard1992).

Specific ManagementActions:

In additionto themanagementactionsrecommendedfor all DWMAs
(Section11.E.2.),thefollowing specificactionsshouldbe
implementedin theproposedPiute-EldoradoDWMA:

(I) Maintainferal equidswithin herdmanagementareasat zero
populationlevels. Removeferalequidsoutsideherdmanagement
areas.

(2) Constructandmaintaindeserttortoisebarrierfencingto protect
deserttortoisesandtheirhabitatfrom vehiclesandaccessprovided
by Highway 95, StateRoute 163,andtheNipton Highway. Install
underpassesto allow for movementsandgeneflow within this
DWMA.

(3) Establishavisitor centerwhichwouldeducatethepublic about
thedeserttortoiseandits habitatandincludeadrop-offsitefor
unwantedcaptivedeserttortoises. Developaprogramto make
unwantedcaptivesavailablefor researchandeducationalpurposes.

(4) SignDWMA boundariesaroundSearchlight,Laughlinand
othersettlements.

(5) AcquireColoradoRiverCommissionlandsorsecure
conservationeasementsfor surfaceandsubsurfacemanagement.
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RecommendedResearch:

The following researchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedin thePiute-
EldoradoDWMA:

(1) TheeffectsofORV usein theEldoradoValley on thedesert
tortoiseandits habitat

(2) Theimpactsof variouslinearfeatures,particularlyHighway95,
whichdividestheproposedDWMA.

(3) Movementsof deserttortoisesthroughnarrowpasses(i.e.,
betweenEldoradoValley andJeanLake)comparedwith movement
patternsin unstructured,unboundedareas(i.e.,PiuteValley).

(4) Geneticrelationshipsbetweendeserttortoisesin thenorthern
andsouthernendsof theDWMA.
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V. NORTHEASTERN MOJAVE RECOVERY UNIT

1. Beaver Dam Slope DWMA

Current densities:

5 to 56 deserttortoisespersquaremile.

Location and Description:

TheproposedBeaverDamSlopeDWMA in extremesouthwestern
WashingtonCounty,Utah,andnorthwesternMohaveCounty,
Arizona,lies approximatelynorthofInterstate15 andLittlefield,
Arizona;westof thewesternslopeof theBeaverDamMountains;
southofMotoqua,Utah;andeastof theNevadaStateborder
(Figure9). This proposedDWMA would includecritical habitat
designatedfor thedeserttortoisein 1980(FishandWildlife Service
1980). Deserttortoisehabitatin thisDWMA is typically eastern
MojaveDesertScrub,characterizedprimarily by CreosoteBush
Scrub. Joshuatrees(Yuccabrei4folia) arewell developedin this
vegetationtype,especiallyin themorenortherlypartsof theBeaver
DamSlope. Topographyvariesfromthesteep,lower slopesofthe
BeaverDamMountainsto gentlyslopingcreosotebushflats
intersectedby small to majorwashes,whichoftenprovidedeep
caliche-cavehibernaculafor deserttortoises.Mostlandswithin this
proposedDWMA arein privateownershipormanagedby theBLM.
About22.4squaremilesof thisproposedDWMA weredesignated
critical habitatfor thedeserttortoisein 1980(FishandWildlife
Service1980).

The deserttortoisepopulationin thisDWMA is currentlylinked to
theMormonMesapopulationacrossabout15 milesof fair to poor
habitatnorthof theVirgin River. Becauseof its small target
population,theprobabilityof long-termpersistenceof desert
tortoiseson theBeaverDamSlopeDWMA wouldbeenhancedif
thiscorridorremainsviable.

Desert Tortoise Densities and Trends:

Monitoringofdeserttortoisenumbersin this DWMA beganwith the
Woodbury-Hardystudyplot in the 1930s(WoodburyandHardy
1948). Currently,deserttortoisenumbersaremonitoredat 2 plots;
oneontheBeaverDamSlopeandonenearLittlefield. Sincethelate
1970’s,deserttortoisedensitieson theBeaverDamSlopeplot have
declined;thesedeclineshavebeendrasticin someareas(Fridell and
Coffeen1993). Densitieson theLittlefield plot haveremained
approximatelyconstantatabout50 deserttortoisespersquaremile
(Duck andSnider1988),butmorecarcassesthanexpectedhave
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beenfoundoverthelast severalyears,suggestingincreased

mortality.

Threats:

TheproposedBeaverDamSlopeDWMA isoneof themost
threatenedDWMAs. Cattlegrazingoccursovermostof thearea.
Non-nativeannualplantscomprisesignificantportionsof the
ephemeralcover,andperennialgrassesarereducedoreliminatedin
someareasdue,in part, to grazing.(AppendixD). Mining and
agriculturaldevelopmenthaveeliminateddeserttortoisehabitatin
BeaverDamWash. Accessthroughtheareais providedby
Highway91 andanetworkof ranch,mine,andgradeddirt roads.
ORV useis increasingin someareas.

Deserttortoiseswith signsof URTD havebeenfound on theBeaver
Dam Slopein Utah andextremenorthernArizona. A studyof
higherthanexpectedmortality on theBeaverDamSlopeconcluded
thatthinningofshellbone(osteopenia)hadoccurredin 16%of
morethan200deserttortoisecarcassesexaminedandthatthe
osteopeniamaybe relatedto poornutrition (JarchowandMay
1989).

Spec~fic ManagementActions:

Currentdensitiesin thisDWMA areat theminimumnecessaryto
avoiddemographicandstochasticeffectsthatacceleratepopulation
declines(Sectionll.A.2). Immediateimplementationof proposed
managementactionswill benecessaryto avoidextirpationofthis
population. In additionto themanagementactionsrecommendedfor
all DWMAs (Sectionll.E.2.), thefollowing specificmanagement
actionsshouldbeimplementedin theBeaverDam SlopeDWMA:

(1) Removelivestockgrazingor, if desired,establishtermsfor
experimentallivestockgrazingin EMZs.

(2) Initiate asemi-wildbreedingprogram(AppendixB) to rebuild
andrestorethepopulationofdeserttortoisesin this DWMA.

(3) SignDWMA boundariesadjacentto communitiesand
settlementsto reduceconflicting landuses.

(4) ConstructdeserttortoisebarrierfencingalongInterstate15 and
Highway 91 to protectdeserttortoisesfrom vehiclekills, collection,
andvandalism.

(5) ConstructunderpassesalongHighway91 to allow movementof
deserttortoisesandexchangeofgeneticmaterialwithin this DWMA.
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RecommendedResearch:

Thefollowing researchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedin thisDWMA:

(1) TheimpactsofORV useon thedeserttortoiseandits habitat.

(2) Theeffectsof smallsettlementson thedeserttortoiseandits
habitat.

(3) Translocationof deserttortoises.
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2. Coyote Spring DWMA

Current densities:

0 to 90 adultdeserttortoisespersquaremile.

Location and Description:

TheproposedCoyoteSpringDWMA in LincolnandClark
Counties,Nevada,wouldconsistmostly ofFishandWildiife
Servicerefugelandson theDesertNationalWildlife Refuge
(DNWR). This DWMA wouldbeboundedapproximatelyby the
Nye County line on thewest,theDNWR boundaryon thenorthand
south,andHighway 93 on theeast(Figure 9). The flats andlower
slopeswithin thisDWMA arecharacterizedby well-drainedalluvial
sandsandgravelsdominatedfloristicallyby creosoteandbursage.
MojaveyuccaandJoshuatreesarecommonathigherelevations,
andashadscalescrubcommunityis presentwestof theSheep
Range(Schneideretal. 1982).

Desert Tortoise Densities and Trends:

1986 transectdataestimatedadultdeserttortoisedensitiesat36 to 62
persquaremile in theCoyoteSpringValley andHiddenValley
(NevadaDepartmentofWildlife 1990,BLM, LasVegasDistrict,
LasVegasfiles). In 1982,transectswereconductedon theDNWR
eastofAlamoRoad,including areasaroundDesertDry Lakewhich
revealedlowto moderatedensities(0 to 90 deserttortoisesper
squaremile). Theareaeastof AlamoRoadremainsunsurveyed,but
deserttortoisestherearethoughttobepatchilydistributedin low
densities.Dataareinsufficientto evaluatetrends.

Threats:

Dueto resourcemanagementby DNWR,humanimpactshaveleft a
minimal imprint throughoutmuchof this DWMA. NearHighway
93, habitathasbeendegradedby ORV use,dumping,utility
construction,sandandgravel mining,andotherimpacts.Large
herdsofferal horsesarecurrentlypresent,andtherecentdrought
hascausedheavyuseoftherangeby theseanimals. Grazingby
livestockis absentorminimal asall allotmentsarecurrentlyinactive.
Military activitieson theNellis BombingRangehaveresultedin
somelocalizedhabitatdestruction.

Severalcasesofdeserttortoiseswith URTD havebeenreportedin
this area(NevadaDepartmentofWildlife 1990,RIECON 1991).
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Specific ManagementActions:

In additionto themanagementactionsrecommendedfor all DWMAs
(Sectionll.E.2.), thefollowing actionsshouldbe implementedin
theCoyoteSpringDWMA:

(1) Maintainferalequidwithin herdmanagementareasatzero
populations.Removeferal equidsoutsideherdmanagementareas.

(2) Removelivestockgrazingof, if desired,establishtermsfor
experimentalcattlegrazingin EMZs.

(3) Constructandmaintaindeserttortoisebarrierfencingto protect
deserttortoisesandhabitatalongHighways93 and95. Install
deserttortoiseunderpassesalongHighway93 to allow for
movementsandgeneflow betweentheCoyoteSpringsDWMA and
theMormonMesaDWMA.

(4) Establishavisitor centerwhichwouldincludeadrop-offsite for
unwantedcaptivedeserttortoises.Developaprogramto makethese
animalsavailablefor educationalandresearchpurposes.

(5) Modify existingmanagementplansandpoliciesatDNWR to be
consistentwith this RecoveryPlan.

RecommendedResearch:

Thefollowing researchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedin theCoyoteSpring
DWMA

(1) Theeffectsofbombingactivitieson thedeserttortoiseandits
habitat.This researchshouldincludeacomparisonofsurvivorship
of deserttortoisesbothinsideandoutsidebombingranges.
Withdrawareasfrombombingin which researchshowsadverse
effectson deserttortoisesortheirhabitat.

(2) The impactsof all roadtypes(e.g.,highways,roads,tracks,
ways,etc.)on thedeserttortoiseandits habitat,particularlyin the
IndianSpringsValley andThreeLakesValley areaofNellis Air
ForceBase.

(3) Movementpatternsofdeserttortoisesthroughmanaged
corridors(i.e., underpasses)andalongfences(i.e., railroadsand
highways). This researchshouldexaminedeserttortoisebehavior,
establishrnent,geneflow, reproduction,etc.).

(4) Distributionandabundanceof deserttortoiseseastofAlamo
Road.
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3. Gold Butte-Pakoon DWMA

Current densities:

5 to 56 deserttortoisespersquaremile.

Location and Description:

TheproposedGold Butte-PakoonDWMA in MohaveCounty,
Arizona,andClarkCounty,Nevada,would be approximately
boundedon thenorthby theVirgin River, on theeastby theVirgin
MountainsandGrandWash,on thewestby theVirgin Riverand
Gold Butte,andon thesouthby LakeMead(Figure9). A habitat
corridorto promotegeneticexchangebetweenthisGoldButte-
PakoonareaandtheproposedMormonMesaDWMA is includedon
thesouthwesterncornerof thethis DWMA. Deserttortoisesin this
areainhabitrolling hills andslopingbajadas,butarealso foundin
volcanicboulderfieldsof thePakoonBasin. Thevegetationis
mostly creosotebushscrubwith occasionalstandsofJoshuatrees
orMojaveyucca. Landownershipis amix ofBLM, NationalPark
Service,andprivatelands.

Desert Tortoise Densities and Trends:

Densityestimatesareavailablefrom transectdataandat theGold
Butte studyplot (RECON 1991,SWCA 1990). Mostof the
DWMA hasdensitiesof about20 adultdeserttortoisespersquare
mile. Dataareinsufficientto derivetrends.

Threats:

TheentireGold Butte-PakoonDWMA hasbeengrazedby livestock
overthepastcentury. Nativeperennialgrasseshavebeenreduced
oreliminatedin someareas,andnon-nativeannualweedssuchas
filaree andredbromearecommon.Fires,carriedby standsof
introducedannuals,havecontributedto thelossof perennialgrasses
andshrubsin someareas.Historicandcurrentminingactivity is
evidentin partsoftheDWMA, butthemostintensivemining has
historically occurredin lessimportantdeserttortoisehabitatareas,
suchasGoldButte. The ruggednessoftheterrainandrelatively
few roads,especiallyin theGold Butte andPakoonBasinareas,
tendto limit humanimpactsto deserttortoisehabitat. Recently,
however,therehavebeennoticeableincreasesin ORV vehicle
activity, especiallybothnorthandsouthoftheVirgin Riverin
ArizonaandNevada.

Onedeserttortoisewith signsofURTD wasfound in 1991 in the
PakoonBasin,Arizona(T.A. Duck, pers.comm.). URTD hasnot
beenreportedin theGold Butte areain Nevada.
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Specific Management Actions:

In additionto themanagementactionsrecommendedfor all DWMAs
(Sectionil.E.2.), thefollowing specificactionsshouldbe
implementedin theGold Butte-PakoonDWMA:

(1) Removelivestockgrazingor, if desired,establishtermsfor
experimentalcattlegrazingin EMZs.

(2) ConstructdeserttortoisebarrierfencingalongInterstate15 and
Highway 91 toprotectdeserttortoisesfrom vehiclekills, collection,
andvandalism.

(3) SignDWMA boundariesadjacentto communitiesand
settlements(e.g.Littlefield, Arizona,Mesquite,Nevada,etc.)and
otherareaswith conflicting landuses.

RecommendedResearch:

The following researchtopicsareespeciallysuitedto the
managementneedsandopportunitiesofthisDWMA:
(1) Thedirectandindirect impacts(including,soilsandvegetation)
ofgrazingto thedeserttortoiseandits habitat.

(2) Theimpactsof ORV useon thedeserttortoiseandits habitat.

(3) Restorationofdeserttortoisehabitatconvertedto annual
grasslands.
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4. Mormon Mesa DWMA

Current density:

41 to 87 subadultandadultdeserttortoisesat theMormonMesastudyplot.

Location and Description:

The MormonMesaDWMA in ClarkandLincoln Counties,Nevada,
wouldlie eastofHighway 93; southofthenorthernendof the
MormonMountains;westof theeastMormonMountains,Flat Top
Mesa,andtheVirgin River; northof theMoapaValley; and
northeastofHiddenValley (Figure9). Thevegetationis
predominantlycreosotebushscrub. Mohaveyucca,Joshuatree,
andjuniperincreasein dominancewith elevation(AppendixE).
Major landownersincludetheBLM, UnionPacific Railroad,and
otherprivateparties.

Desert Tortoise Densities and Trends:

Estimated1989deserttortoisedensitiesfrom theBLM permanent
studyplot atMormonMesawere41-87subadultsandadultsper
squaremile. Deserttortoisedensitiesarepatchywith thebesthabitat
occurringin thenorthernportionsof theDWMA. Dataare
insufficient to assesspopulationtrends.

Threats:

A varietyof human,or human-associated,usesandimpactsaffect
deserttortoisesin theMormonMesaDWMA (NevadaDepartment
of Wildlife 1990). A networkofroadsaveragingabout1.3 linear
milespersectioncrisscrossestheDWMA, including Interstate15
which separatesSouthMormonMesafromNorth MormonMesa.
ORY useoccursin someBLM-designated“open” areas,aswell.
Domesticsheepgrazingoccurson theeasternhalfofMormonMesa
andcattlegrazingoccurson thewesternsideoftheDWMA. Parts
of 17 grazingallotmentsarecontainedwithin theMormonMesa
DWMA. Mining andutility corridorshavealsoadverselyaffected
deserttortoisesin this area.

Two casesof URTD werereportedin 1989 in this proposed
DWMA. Severalanimalswith symptomsofnutritional deficiency
werealsonotedat thesametime (NevadaDepartmentofWildlife
1990).
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Specific ManagementActions:

In additionto themanagementactionsrecommendedfor all DWMAs
(Sectionll.E.2.), thefollowing specificactionsshouldbe
implementedin theMormonMesaDWMA.

(1) Removelivestockgrazing or, if desired,establishtermsfor
experimentalcattlegrazing in EMZs.

(2) Maintainferal equidswithin herdmanagementareasat zero
populationlevels. Removeferalequidsoutsideherdmanagement
areas.

(3) Constructdeserttortoisebarrierfencingandunderpassesalong
Highway93 andInterstate15 to allow movementof deserttortoises
betweentheMormonMesaDWMA andCoyoteSpringDWMA, and
to connectthenorthernandsouthernpartsoftheMormonMesa
DWMA.

(4) Constructdeserttortoisebarrierfencingandunderpassesalong

theUnion Pacific Railroad.

RecommendedResearch:

Thefollowing researchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedin theMormon Mesa
DWMA:

(1) Movementpatternsof deserttortoisesthroughnaturalcorridors
to determinewhatconstitutesacorridororboundaryedge(see
BeaverDamSlopeDWMA description).Researchshouldinclude
themovementpatternsofdeserttortoisesthroughmanagedcorridors
(i.e., underpasses)andalongfences(i.e., railroadsandhighways),
andexaminedeserttortoisebehavior,establishment,geneflow,
reproduction,etc.

(2) Theimpactsof all roadtypes(highways,roads,tracks,ways,
trails, etc.)on thedeserttortoiseandits habitat.

(3) Distribution andabundanceof deserttortoisesthroughoutthe
DWMA.
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VI. WESTERN MOJAVE RECOVERY UNIT*

1. Fremont-Kramer DWMA

Current densities:

5 to 100 deserttortoisespersquaremile.

Location and Description:

TheproposedFremont-KramerDWMA in KernandSanBernardino
Counties,California, includestheDesertTortoiseNaturalArea on
its northwesternboundaryaswell asotherlandssouthandeastof
KoehnLaketo theRandsburgWashtest rangeoftheChinaLake
NavalAir WeaponsStationin thenortheast,almostto Helendalein
thesoutheast,andto EdwardsAir ForceBasein thesouthwest
(Figure 10). Six plantcommunitiesarerepresented(AppendixE);
andtheterrainischaracterizedby rolling hills andmountainsup to
5,270feet andvalleysaslow as 1,900feet. Landownershipis a
mix of private,BLM, military, andStatelands.

Desert Tortoise Densities and Trends:

Dataonpopulationdensitiesandtrendsareavailablefrom five plots:
two at theDesertTortoiseNaturalArea,aswell asin Frernont
Valley, nearFremontPeakandat KramerHills (Berry 1990,as
amended).Forexample,in 1979 densitiesat theDesertTortoise
NaturalArearangedfrom 339to 387 tortoisespersquaremile; in
1981,theFremontValley plot had278 tortoisespersquaremile,
andFremontPeakhad99 tortoisespersquaremile. By theearly
1990’s,densitieshaddeclinedprecipitously,e.g.88%at theDesert
TortoiseNaturalArea,due to anumberof humanimpacts,URTD,
andravenpredation.

*

TheWesternMojaverecoveryunit is the largestandmostheterogenousof therecoveryunitsin termsof
climate,vegetationaiid topography.It includesthreemajorvegetationtypes—theWesternMojave, Central
Mojave, andSouthernMojave—eachof which hassignificantanddistinctiveelements(Tables4 and5).
FourDWMAs within theWesternMojaverecoveryunit representthisdiversity. TheFremont-Kramer
DWMA representstheWesternMojave region;theSuperior-CroneseDWMA representstheCentralMojave
region,andtheOrd-RodmanDWMA representstheSouthernMojave region. TheJoshuaTreeDWMA, the
fourth within this recoveryunit, containsSouthernMojaveandEasternColoradoelements.Thetortoises
haverespondedto this habitatheterogeneitywith differentfoodhabitsandbehaviorineachof theseareas.
Thus,threeDWMAs areessentialin this recoveryunit to preservetheheterogeneity.Secure,largereserves
areespeciallycriticalbecauseof theseverepopulationdeclinesandheavyhumanusein theseareas.
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Threats:

TheFremont-KramerDWMA is oneof themostthreatened
DWMAs. Collecting,vandalism,roadkills, disease,raven
predation,ORV activity, andotherhuman-relatedimpactshave
contributedto significantpopulationdeclines.Sincethemid-
1980’s,numbersof adult deserttortoiseshavedropped90%over
largeareas.Theareahasbeengrazedby cattleanddomesticsheep,
exploredfor hard-rockandleasableminerals,andhasexperienced
humansettlementssincethe 1860’s. Sincethe 1960’s,ORV
recreationistshavetraveledcross-countryovermuchoftheregion.
Major transportationroutesexist,includingpavedHighways58 and
395,theGarlockRoad,andRed-RockRandsburgRoad. The
Fremont-KramerDWMA haslittle, if any,habitatin pristineor
climax condition(BerryandNicholson1984b,ChambersGroup
Inc. 1990a andb). The DesertTortoiseNaturalArea,whichis
fencedandintensivelymanagedfor deserttortoises,hassomeofthe
leastdisturbedhabitatin theregion.

URTD wasfirst detectedon theFremontValley plot in 1979andis
nowpresentthroughouttheDWMA (AveryandBerry 1990,Berry
1990,asamended,Berry andSlone1989). Recenthigh mortality
ratesaredue in part to this disease(Berry 1990,asamended).

Specific ManagementActions:

Currentdensitiesin thisproposedDWMA areat theminimum
necessaryto avoiddemographicandstochasticeffectsthataccelerate
populationdeclines(SectionLI.A.2.). Immediateimplementationof
proposedmanagementactionswill be necessaryto avoidextirpation
of this population. In additionto themanagementactions
recommendedfor all DWMAs (Sectionll.E.2.), thefollowing
specificactionsshouldbe implementedin theFremont-Kramer
DWMA.

(1) Removelivestockgrazingor, if desired,establishtermsfor
experimentalcattlegrazingin EMZs.

(2) Implementemergencymeasuresto controlunleasheddogsand
dogpacks.

(3) Initiate asemi-wildbreedingprogramto rebuildandrestorethe
population. TheDesertTortoiseResearchNaturalArea is an ideal
placeto beginsuchaprogram.

(4) Constructavisitor educationcenterat theDesertTortoise
NaturalAreawhich would includefacilitiesfor researchaswell asa
drop-offsitefor unwantedcaptivedeserttortoises. Develop
programsto promoteuseofunwantedcaptivesfor researchand
educationalpurposes.
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(5) Constructdeserttortoisebarrierfencingandunderpassesalong
Highway395; partsofHighway 58; theRandsburg-MojaveRoad;
theRedRock-RandsburgRoad;theRedRock-GarlockRoad;and
theAtchison,Topeka,andSantaFe Ralkoadnorthandadjacentto
Highway58 to protectdeserttortoisesfrom vehiclekills, collection,
andvandalism;andto promotemovementofdeserttortoiseswithin
this DWMA.

(6) Signor fenceDWMA boundariesadjacentto communitiesand
settlementssuchasKramerJunction,CaliforniaCity, Cantil,
GalileoHill, Randsburg,Johannesburg,Atolia, andHelendale.

(7) Reducepopulationsofthecommonravenin theFremont-
KramerDWMA to reducepredationon small deserttortoisesto a
pointwhererecruitmentofyounginto theadult cohortcanoccurat
asrapidarateaspossible.

RecommendedResearch:

Thefollowing researchtopicsareespeciallysuitedto the
managementneedsandopportunitiesoftheFremont-Kramer
DWMk

(1) Deserttortoisediseases,includingURTD; toxicosis;shell
lesions;generalhealth;nutritional status;foodpreferencesand
requirements;waterbalanceandenergyflow; predationby feral
dogsandothermammalianpredators;ravenpredation;habitat
restoration;theeffectivenessof deserttortoise-prooffencingand
culvertsin eliminatingroadkills; interactionsof deserttortoiseswith
urbanbarrierfencing;protectivebarriersbetweenurban
developmentandopendesert;andeffectsof mining, domesticsheep
andcattlegrazing,noise/vibrations,andcumulativeimpactson
mortalityandsurvivorship(ongoingresearchshouldbecontinued).

(2) Translocation.Deserttortoisesfrom adjacentlands,suchasthe
El MirageOpenArea, shouldbeexperimentallytranslocatedinto this
DWMA to increasethedensityofdeserttortoisesandsalvage
breedingstock.
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2. Ord-Rodman DWMA

Current densities:

5 to 150 deserttortoisespersquaremile.

Location and Description:

TheproposedOrd-RodmanDWMA southeastofBarstowin San
BernardinoCounty,California,would lie approximatelysouthof
Interstate40, eastofHighway247,westof ArgusMountain,and
northof thecentralportionof theFry Mountains(Figure 10).
Elevationsrangefrom about2,500feetin StoddardValley to over
6,000feetin theOrdMountains. Severalplantcommunitiesare
present: CreosotebushScrub,Indian RiceGrassScrub-Steppe,
BlackbushScrub,andCheesebushScrub(westMojavetype)
(AppendixE). Landownershipis acheckerboardcomprisedof
about65%public and35%private lands.

Desert Tortoise Densities and Trends:

Dataonpopulationdensitiesandtrendsareavailablefrom three
studyplotsin theDWMA: StoddardValley,LucerneValley, and
JohnsonValley (Berry 1990,asamended).In 1991,thedensitiesat
theStoddardValley plot were125tortoisespersquaremile (Berry
1990,asamended).In 1990, densityat theLucerneValley was
estimatedat 82, adeclineof 53%from 1980. At JohnsonValley,
the 1990densityestimatewas18 tortoisespersquaremile, a decline
of 84%from 1980. Densitiesovermostof theDWMA aregenerally
muchlowerthanat theseplots. Densitieswereprobably
considerablyhigherbetweenthe 1930’sand 1950’s(Berry 1984a).
Declinesappearto bedueto human-relatedactivities,URTD,and
ravenpredation(Berry 1984b,Berry 1992).

Threats:

Collecting,vandalism,roadkills, disease,ORV activities,livestock
grazing,mining, excessiveravenpredationandotherhuman-related
impactshavecontributedto significantpopulationdeclines.The
Ord-RodmanDWMA hasalong historyof domesticgrazingby
cattleanddomesticsheep.Vegetationhaslargelybeenalteredby
grazing,butpocketsofsubstantiallyunalteredvegetationremainin
northernLucerneValley, andperhapselsewhere.Major
transportationroutesfor recreationistsoccuralongpowerline
corridorsandCampRock,Troy, andFt. CadyRoads.

Deserttortoiseswith signsofURTD haveconsistentlybeen
observedin easternStoddardValley andLucerneValley since1988
(Berry andSlone1989). Thisdiseaseis now thoughtto be present
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throughouttheDWMA andcontributingto theobservedhighlevels

of mortality(Berry 1990, asamended).

Specific ManagementActions:

In additionto themanagementactionsrecommendedfor all
DWMAs (Sectionll.E.2.), thefollowing specificactionsshouldbe
implementedin theOrd-RodmanDWMA.

(1) Removelivestockgrazingor, if desired,establishtermsand

conditionsfor experimentalcattlegrazingin EMZs.

(2) Implementemergencymeasuresto controloff-leashdogs.

(3) Constructandmaintaindeserttortoisebarrierfencingand
underpassesto protectdeserttortoisesandtheirhabitatfrom traffic
on well-usedhighwaysandroadssuchasHighway247.

(4) Constructandmaintainspecialfencingto protectdeserttortoises
fromrecreational-vehicleusein theJohnsonValley OpenAreaand
surroundinglands.

(5) SignDWMA boundariesin thevicinity of Barstow,Newberry
Springs,Lucerne,Landers,LucerneValley, etc.

(6) Establishadrop-offsite for unwantedcaptivedeserttortoisesat
theBLM’s BarstowWay Station. Developprogramsto promote
useof unwanteddeserttortoisesfor researchandeducational
purposes.

(7) Reducepopulationsofthecommonravento lessenpredationon
juveniledeserttortoisesandensurerecruitmentofjuvenilesinto the
subadultand adultpopulations,thusallowingarapidrecoveryofthe
deserttortoise.

(8) DesignatetheOrd-RodmanDWMA asan EcologicalReserve
andResearchNaturalArea.

RecommendedResearch:

Thefollowing researchtopicsareespeciallysuitedto the
managementneedsandopportunitiesoftheOrd-RodmanDWMA:

(1) Translocationof deserttortoisesfrom adjacentlands,suchas
theJohnsonandStoddardValley OpenAreas,into theDWMA to
augmentlow densitiesof deserttortoisesandto salvagebreeding
stock.
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(2) Diseaseepidemiology;theeffectsof ravensandotherpredators
on deserttortoisepopulations;andtheeffectsofhuntingof upland
birds,big game,andfur bearerson deserttortoisesandtheirhabitat.
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3. Superior-Cronese DWMA

Current densities:

20 to 250deserttortoisespersquaremile.

Location and Description:

TheproposedSuperior-CroneseDWMA in SanBernardinoCounty,
California,would beborderedon thewestby theFremont-Kramer
DWMA andCuddebackDry Lake,on thenorthby thenorthernend
of SuperiorValley andNASA Roadon theNationalTraining
Center,on theeastby WestCroneseDry Lake,on thesoutheastby
Interstate15, andon thesouthandsouthwestby RainbowBasin
NationalNaturalLandmarkandthesouthernendof theGravelHills
(Figure 10). ThisDWMA is diversetopographicallyand
vegetationally.It includesnumerousdry lakesandspringsandparts
of severalmountainranges.Landownershipis about63%BLM,
22%private,and15%Departmentof Defense.

Desert Tortoise Densities and Trends:

PartoftheSuperior-CroneseDWMA hasbeensurveyedfor desert
tortoiseswith triangulartransects(BerryandNicholson1984a;
ChambersGroup 1990; Kiva Biological Consultingand
McClenahanandHopkinsAssociates1991;WoodmanandGoodlett
1990;Woodmanet al. 1984).Thesedataindicatepatchy
concentrationsofdeserttortoisesthroughouttheDWMA. D.
MoraikaandM. Joyner-Griffith(California StateUniversity,
Northridge,pers.comm.)found awiderangeof youngerage-size
classesrepresentedthroughouttheeasternportionoftheDWMA,
indicatinga highprobabilityof successfulreproductionandpossible
recruitmentthere. Densitiesarethoughtto bedepressedasaresult
of anumberofhumanimpactsanddisease.

Threats:

The Superior-CroneseDWMA is oneof themorethreatened
DWMAs. Currentactivitiesinclude livestockgrazing(mostlycattle,
but somesheep),small localmining operations,powerandother
utility lines,civilian andmilitary ORV activity, aerialordnance
testingon thenorthernperiphery,constructionandoperationof
spacecommunicationsandexperimentalstations,small-scale
horticultureandagriculturein thevicinity of CoyoteLake,and
hunting. TheKernRivernaturalgaspipelinewasconstructed
throughtheDWMA in 1991. Oneherdmanagementareafor feral
equidsoccursin thisarea(BLM 1980a).
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An adultdeserttortoisesymptomaticforURTD wasdiscoverednear
Barstowon theFt. Irwin Roadin spring 1991;however,the
proposedSuperior-CroneseDWMA containsat leastsomeareas
wheredeserttortoisesareapparentlyfreeof URTD, shelldisease,
andotherdiseases.The observedhealthofdeserttortoiseswithin
theDWMA appearedto beexcellentasof spring 1992.

Specific ManagementActions:

In additionto themanagementactionsrecommendedfor all
DWMAs (Sectionll.E.2.), thefollowing specificactionsshouldbe
implementedin theSuperior-CroneseDWMA.

(1) Removelivestockgrazingor, if desired,establishtermsand
conditionsforexperimentalgrazingin EMZs.

(2) Establishadrop-offsite forunwantedcaptivedeserttortoisesat
BLM’s BarstowWay Station(seeOrd-RodmanDWMA summary).
Developprogramsto makeunwantedcaptivesavailablefor research
andeducationalpurposes.

(3) Constructbarrierfencingalong Interstate15, Ft. Irwin Road,
Manix Trail, SuperiorLakeRoad,andthenorthernborderofthe
DWMA to protectdeserttortoisesfrom vehicles,collection,and
habitatdegradation.

(4) SignDWMA boundariesadjacentto communitiesand
settlementsincludingBarstow,smallsettlementsnorthofBarstow,
andotherareaswith conflicting uses.

(5) ConstructhighwayunderpassesalongtheFt. Irwin Roadto
allow deserttortoisemovementandto facilitategeneticexchange
throughoutthisDWMA.

(6) Reduceravenpopulationsin theDWMA to lessenmortality of
small deserttortoisesto apointwhererecruitmentintotheadult
cohortcanoccuratasrapidarateaspossible.

(7) Initiatecleanupof surfacetoxic chemicalsandunexploded
ordnance.

(8) FencetheperipheryoftheDWMA asneededto enforce
regulationsandprotectdeserttortoisesfrom hurnanimpacts.Along
theboundarywith theFremont-KramerDWMA, adoublerow of
deserttortoisebarrierfencingmaybe necessaryto preventthe
spreadof URTD intothe Superior-CroneseDWMA.
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RecommendedResearch:

Thefollowing researchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedby theSuperior-
CroneseDWMA:

(1) The effectsof domesticsheepgrazing,wave/radiantenergy,
visitor use,military traffic, ORVs,andhighwaysonthedesert
tortoiseandits habitat.

(2) EpidemiologyofURTD andotherdiseases;physiological
ecological,nutritional,andbehavioralrequirementsof hatchlingand
juveniledeserttortoises;nutritional qualitiesof preferredfood
plants;habitatrestoration;andcharacteristicsof undisturbeddesert
tortoisehabitat. Continueusingthelatestmedicaltechniquesto
assessthehealthof deserttortoises.Conductepidemiological
surveysto determinethedistributionandfrequencyof desert
tortoiseswith URTD andotherdiseases.Thesesurveysarecritical
to determineif fencingis necessarywithin theDWMA orbetween
theFremont-KramerDWMA andtheSuperior-CroneseDWMA.
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4. Joshua Tree DWMA

Current densities:

Up to 200deserttortoisesper squaremile.

Location and Description:

TheproposedJoshuaTreeDWMA in RiversideandSanBernardino
Counties,California,includesJoshuaTreeNationalMonument
(Monument)andadjaceni:landsin thePintoMountains,Eagle
Mountains,andelsewhereon theperimeteroftheMonument
(Figure 10). It includeselementsof boththe ColoradoandMojave
deserts,andit occurspartly in theeasternColoradorecoveryunit
andprimarily in thewesternMojaverecoveryunit. Elevationsrange
from below 1,500feetin PintoBasinto 5,814feetat Quail
Mountain. MostoftheproposedDWMA is managedby the
NationalParkService.

Desert Tortoise Dens~tiesand Trends:

Densitydataareavailablefrom two studyplots in theMonument:
thePanoramaandPintoBasinplots. In 1991,densitieswere
estimatedat200and226deserttortoisespersquaremile at thePinto
BasinandPanoramaplots, respectively(FreilichandMoon 1991).
Triangulartransectshavealsobeenconductedin theMonument.
Thesedatashowthatdisiributionanddensitiesofdeserttortoisesin
theMonumentarepatchy,anddensitiesaretypically muchlower
thanatthetwo study plois. Deserttortoisesarefrequentlyreported
frombetweenSmokeTreeWashandCottonwoodPassnearthe
southernendoftheMonument,andrelativelyhighdensitiesare
thoughtto occurnearthe CoxcombMountains(Karl 1988,Dr. Jerry
Freilich, Monument,pers.comm., 1992). Recentsurveysin the
Monumentindicatefew lortoisesoccurnearthemainroadwhich
dissectstheMonument(J. Freilich, pers.comm., 1992).

Becauseofdiffering tecbniquesusedto calculatedensitiesat
differenttimes,existingdataarenot appropriateto derivetrends.
Basedon alargenumberof remains,Barrow(1979)believed
densitiesweredeclining at thePintoBasinplot; howeverhigher
densitieswereregistered(usingdifferenttechniques)in 1991
(FreilichandMoon 199)).

Threats:

Becauseofprotectivemanagementby theNationalParkService,
this DWMA is oneofthe leastthreatenedDWMAs. Within the
Monument,vehicleaccessis restrictedto 130 miles ofroads,andno
mining, ORV use,orgr2zingis permitted.Prior to establishmentof
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theMonumentin the 1930’s,thewesternhalfof theDWMA was
intensivelygrazed,hard-rockmining occurred,andnumerous
settlementswerepresent.Limited grazingcontinuedinto the1950’s
(Hickman1977). AreasoftheproposedJoshuaTreeDWMA which
lie outsidetheMonumentareprimarily managedby BLM for
multipleuse. Evidenceof miningcanbe seenin theEagleandPinto
Mountains,eastandnorthof theMonument,respectively. The
proposedEagleMountainLandfill is locatedat theeasternendof the
DWMA.

In 1991,two deserttortoiseswerefound with signsof URTD at the
westernendoftheMonumentwherereleasesofdeserttortoises
haveoccurredin thepast. No otherdiseasedanimalshavebeen
reported.

Specific ManagementActions:

In additionto themanagementactionsrecommendedfor all DWMAs
(Sectionll.E.2.), thefollowing specificactionsshouldbe
implementedin theJoshuaTreeDWMA:

(1) Establishaportionofthevisitorcenterfor thepurposeof
educatingvisitorsto theMonumenton thestatusandplight of the
deserttortoiseandits recoveryneeds,andto serveasadrop-offsite
for unwantedcaptivedeserttortoises.Developprogramsto make
theseanimalsavailablefor educationalor researchpurposes.

(2) Constructdeserttortoisebarrierfencingto protectdesert
tortoisesandtheirhabitatfrom humanactivitiesalongroadsandin
urbansettings.This shouldincludedeserttortoisebarrierfencing
alongthenorthsideof theDWMA boundaryandalongtheroad
from CottonwoodPassthroughtheMonumentfrom DesertCenter
to theEagleMountainMine. Deserttortoiseunderpassesshould
accompanyfenceconstructionalongtheCottonwoodPassRoad,as
well. Chain-linkfencemaybe neededin someareasasbarbedwire
doesnotpreventurbanencroachment.If fencingisnotpermitted
within theMonument,expandtheboundaryoftheDWMA tothe
boundaryoftheMonument.

RecommendedResearch:

Thefollowing researchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedin theJoshuaTree
DWMA

(1) Thegeneticorigin ofexistingdeserttortoisesin theMonument,
focusingat thenorthwesternendof theMonumentneartherelease
locations.

(2) Habitatrestoration.
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(3) Deserttortoisepredation,including levelof ravenpredationat
theMonumentandadjacenturbanareas,andravenpredationasa
reflectionofcertaintypesof humanuses.

(4) Theeffectsof non-vehicularorientedrecreationon desert
tortoisesandtheirhabitat.
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AppendixG.’ EnvironmentalDeterminantsofPopulationSize

AppendixG: EnvironmentalDeterminantsof
Population Size

Censusdataandanecdotalaccountsindicatethatdeserttortoise
populationsexistedatquitedifferentdensitiesin variouspartsofthe
Mojaveregionprior to theirrecentdecline. Thus,it is reasonableto
expectthatdifferentDWMAs will supportdifferenttortoisedensities
after recovery,dependinguponeachreserve’sparticularecological
conditionsandgeographiclocation. Site-specificdensitymightbe
equivalentto “carryingcapacity,”thedensityat whichpopulation
growthis reducedasaresultofcompetitionamongindividual
animals,althoughno datademonstratesuchdensity-dependent
feedbackin deserttortoisepopulations.Anotherofthemany
possiblefactorsthatmightdeterminesite-specificdensityis the
averageamountoffood availableto tortoisesduringtheiractive
season.Foodavailability hasthepotentialto control individual
growthratesand,consequently,theageatwhichatortoisereaches
thesizeof reproductivecompetence.Foodavailability also
influencesfecundity. Both of thesefactorsinfluencepopulation
growthratesand,hence,densities.

Somedatado suggestthatfoodavailabilityis relatedto site-specific
deserttortoisedensities.FigureGi showstherelationshipbetween
thehighestrecordedpopulationdensityof adultandsubadult
tortoisesata studysiteandthemeanproductionofannualforbsand
grassesat thesite, thelatterbeinganindexof long-termaverage
foodavailability. Althoughhighly significant,this correlationdoes
notnecessarilyindicatecausation.Manyotherfactors,including
thosethatmightcovarywith foodavailability
(e.g.,variancein food availability), couldactuallybe more
importantin determiningpopulationdensity. Nevertheless,this
relationshipmightbe usedasa startingpointto estimatea “target
density” for eachDWMA.

Beforetheconceptoftargetdensitycanbeutilizedeffectively,
researchmustbeinitiatedto determinethestrengthandgeneralityof
therelationshipindicatedin FigureGI andto identify the
mechanismsunderlyingthisrelationship.FigureGl representsonly
onehypothesisaboutfactorswhichmightdeterminedeserttortoise
populationdensities.
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Figure Gi. Thehighestestimatednumberofadult andsubadultdeserttortoisesin a
studysite asafunctionofthelong-termaverageproductionof springannualsavailablein
thesamearea.ThesitesrepresentedaretheDesertTortoiseNaturalArea (Interior) Study
Site,California;theStoddardValley StudySite,California; theGoffsStudySite,
California;andtheWoodbury/HardyStudySite,Utah.
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AppendixH: CriticalHabitatMaps

AppendixH: Critical Habitatfor theDesert
Tortoise(MojavePopulation)

On February8, 1994,theU.S. FishandWildlife Servicepublished
afinalrule in theFederalRegister(59FR5820)designating6.4
million acresof critical habitatfor theMojavepopulationof the
deserttortoise(G.agassizii). Thisdesignationincludesprimarily
Federallandsin southwesternUtah,northwesternArizona,southern
Nevada,andsouthernCalifornia.

In California,critical habitatdesignationtotals4,754,000acresin
Imperial,Kern,LosAngeles,Riverside,andSanBernardino
counties.Of this,3,327,400acresareBureauofLandManagement
land,and242,200acresaremilitary land. Theremainderincludes
132,900acresofstatelandand 1,051,500acresthatareprivately
owned.

In Nevada,fourunitstotalling 1,224,400acresaredesignatedin
ClarkandLincoln counties.Of this, 1,085,000acresareBureauof
LandManagementland, 103,600acresareNationalParkService
land,and35,800acresareprivate.

In Utah,two unitstotalling 129,100acresaredesignatedin
WashingtonCounty.Thisconsistsof89,400acresof Bureauof
LandManagementland,27,600acresof stateland,1,600acresof
IndianTribal land,and 10,500acresof privateland.

In Arizona,two unitstotalling338,700acresaredesignatedin
MohaveCounty.This includes288,800acresof Bureauof Land
Managementland,43,600acresofNationalParkServiceland,
5,700acresof stateland,and600acresof privateland.
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Cahfornia. Areas of land as follows:

1. Fremont-Kramer Unit. Kern,LosAngeles,andSan
BernardinoCounties.FromBureauofLandManagementMaps:
Victorville 1978andCuddebackLake 1978. (Indexmaplocation
A).

Mt. Diablo Meridian: T. 29 5., R. 39 E., secs.13, 14, 22-
26,35,and36; T. 295., R. 40 E., secs.12-33;T. 29 5., R. 41 E.,
secs.7, 8, 17-20,27-30,and32-36; T. 305., R. 38 E., secs.24—
26, 35,and36; T. 30 5., R. 39 E., secs.1-36exceptsecs.3-5; T.
30 5., R. 40 E.,secs.4-9,and 13-36,exceptthat portionof secs.
13, 14,and23 lyingnorthwesterlyof theRandsburg-MojaveRoad;
T. 30 5., R. 41 E., secs.1-36,exceptsecs.5-8,and 20andthat
portion ofsees.17 and 18 lying easterlyof U.S.Highway395;T.
30 5., R. 42 E., secs.7-10, 15-22,and27-34;T. 31 5., R. 40E.,
secs.I and6, exceptthat portionof sec.6 lying southeasterlyofthe
Randsburg-MojaveRoad;T. 31 5., R. 41 E., secs.1-17,20-29,
and32-36,exceptthatportionof secs.20,29and32 lying westerly
of U.S.Highway395;T. 31 5., R. 42 E., sees.3-10, 15-22,and
27-34;T. 32 5., R. 41 E., secs.1-4,9-16,21-28,and34-36,
exceptthatportionof sees.4,9, 16, 21,27,28,and34 lying
westerlyof U.S. Highway395;T. 32 5., R. 42 E., secs.1-36; T.
32 5., R. 43 E., secs.4-9, 16-21,and 28-33.

SanBernardinoMeridian: T. 7 N., R. 5 W., secs.2-11,
and 14-18,exceptthatportionof sec.18, lying westof U.S.
Highway395;T. 7 N., R. 6 W., secs.1-6, 12,and 13, exceptthat
portionof secs.1, 12, and 13 lying westerlyof U.S. Highway395;
T. 7 N., R. 7 W., secs.1-6; T. 7 N., R. 8 W., secs.1-4; T. 8 N.,
R. 4 W., secs.6, 7, and 18; T. 8 N., R. 5 W., secs.1-35except
secs.24 and25; T. 8 N., R. 6 W., secs.1-36; T. 8 N., R. 7 W.,
secs.1-36; T. 8 N., R. 8 W., secs.1-28,and33-36;T. 8 N., R. 9
W., secs.I and7-24;T. 9 N., R. 4 W., secs.2-11, 14-23,30, and
31; T. 9 N., R. 5W., secs.1-36; T. 9 N., R. 6W., secs.1-36; T.
9 N., R. 7 W., secs.1-4,9-16,and 19-36;T. 9 N., R. 8 W., secs.
24, 25, and3 1-36; T. 9 N., R. 9 W., sec.36; T. 10 N., R. 4 W.,
secs.6, 7, 18-20,and29-34; T. 10 N., R. 5 W., secs.1-36; T. 10
N., R. 6 W., secs.1-36exceptsec.6; T. 10 N., R. 7 W., secs.9-
16, 21-28,and33-36;T. 11 N., R. 5 W., secs.2-11,14-23,and
26-35;T. 11 N., R. 6 W., secs.1-36,exceptthat portionof secs.
6, 7, 18, 19, 30, and31 lying westerlyof U.S.Highway 395;T.
11 N., R. 7 W., that portionof sec.1, lying easterlyU.S. Highway
395;T. 12 N., R. 5 W., secs.3 1-35; T. 12 N., R. 6 W., secs.31-
36; T. 12 N., R. 7 W., that portionof sec.36 lying easterlyof U.S.
Highway395.
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2. SuDerior-CroneseUnit. SanBernardinoCounty. From
BureauofLandManagementMaps: CuddebackLake1978,Soda
Mts. 1978,Victorville 1978,and NewberrySprings1978. (Index
maplocationB).

Mt. Diablo Meridian: T. 29S.,R. 42 E., secs.35and36;
T. 29 S., R. 43 E., secs.25, 26, and31-36; T. 29S., R. 44 E.,
secs.20-36; T. 29S.,R. 45 E., secs.14-16, 19-23,and25-36;T.
29 5., R. 46 E., secs.30-32;T. 30 5., R. 42 E., secs.1, 2, 11-14,
23-26,35,and36; T. 30 5., R. 43 E., secs.1-36; T. 30 5., R. 44

secs.1-36; T. 30 5., R. 45 E., secs.1-36; T. 30 5., R. 46 E.,
secs.3-36;T. 30 5., R. 47 E., secs.7-10, 15-22,and 27-34;T. 31
S.,R. 42 E., secs.1, 2, 11-14,23-26,35, and36;T. 31 5., R. 43
E., secs.1-36; T. 31 5., R. 44 E., secs.1-36; T. 31 5., R. 45 E.,
secs.1-36; T. 31 5., R. 46 E., secs.1-36; T. 31 5., R. 47E., secs.
3-10,15-22,and 27-34;T. 32 5., R. 43 E., secs.1-3, 10-15,22-
27, and34-36;T. 32 5., R. 44 E., secs.1-36; T. 32 S., R. 45 E.,
secs.1-36; T. 32 5., R. 46 E., secs.1-36; T. 32 5., R. 47 E., secs.
3-10,15-22,and27-34.

SanBernardinoMeridian: T. 9 N.,R. I W., thatportionof
secs.1 and2 lying northerlyof InterstateHighway 15;T. 9 N., R.
1 E., thatportionof sec.6 lying northerlyof InterstateHighway 15;
T. 10 N., R. 2 W., secs.1-29; T. 10 N., R. 1 W., secs.1-28,30,
and33-36,exceptthat portionofsecs.33-35lying southwesterlyof
InterstateHighway 15; T. 10 N., R. 1 E., secs.18, 19,30,and31;
T. 10 N., R. 2 E., secs.1-5,8-17,and22-34,exceptthat portion
of secs.25,26,and34 lying southeasterlyofInterstateHighway
15;T. 10 N., R. 3 E., secs.1-12, 14-21,and30, exceptthat
portionof secs.11, 12, 14-16, 19-21,and30 lying southeasterlyof
InterstateHighway15; T. 10 N., R. 4E., that portionof secs.5-7
lying northwesterlyof InterstateHighway 15;T. 11 N., R. 5 W.,
secs.1 and 12; T. 11 N., R. 4W., secs.1-7,9, 11, and 12;T. 11
N., R. 3 W., sees.1-18; T. 11 N., R. 2W., sees.1-36; T. 11 N.,
R. 1 W., secs.1-36; T. 11 N., R. 1 E., sees.1-31; T. 11 N., R. 2
E., sees.1-36exceptsec.31; T. 11 N., R. 3 E., secs.1-36; T. 11
N., R. 4 E., secs.1-34,exceptthatportionof sees.25, 26, 33, and
34 lying southeasterlyof InterstateHighway 15;T. 11 N., R. 5 E.,
secs.1-11 and15-20,exceptthat portionof secs.1,2, 10, 11, 15-
17, 19,and20 lying southeasterlyofInterstateHighway 15;T. 12
N., R. 5 W., sec.36; T. 12 N., R. 4 W., secs.31-36; T. 12 N., R.
3 W., sees.3 1-36;T. 12 N., R. 2 W., sees.3 1-36; T. 12 N., R. 1
W., sees.3 1-36;T. 12 N., R. 1 E., sees.1-36;T. 12 N., R. 2 E.,
sees.3-36; T. 12 N., R. 3 E., sees.7-36;T. 12 N., R. 4 E., secs.
7-36;T. 12 N., R. 5 E., sees.1-5and7-36;T. 12 N., R. 6 E.,
secs.5-9, 15-22,and27-34,exceptthatportion of sees.31-34
lying southerlyof InterstateHighway 15;T. 13 N., R. I E., secs.
1-36;T. 13 N., R. 2 E., sees.19 and29-34; T. 13 N., R. 5 E.,
sees.26-28and32-36;T. 14 N., R. I E., sees.5-10,15-23,and
24-36.
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3. Ord-Rodman Unit. SanBernardinoCounty. FromBureau
of LandManagementMaps: NewberrySprings1978and
Victorville 1978. (IndexmaplocationC).

SanBernardinoMeridian: T. 6 N., R. I E., secs.1-6, 10-
15, 22-27,and34.36;T. 6 N., R. 2 E., secs.1-11, 14-22,and 28-
33;T. 7 N., R. 1 W., secs.1-4, 9-15,22-26,35, and36, except
that portionof secs.4, 9, 10, 15, 22, 23,26, and 35 lying
southwesterlyof StateHighway247;T. 7 N., R. 1 E., secs.1-36;
T. 7 N., R. 2 E., secs.1-36; T. 7 N., R. 3 E., secs.1-36; T. 7 N.,
R. 4 E., secs.1-36; T. 7 N., R. 5 E., secs.4-9and 17-19,except
that portionof secs.4,8,9, and 17-19lying southerlyof the
northernboundaryofTwentyninePalmsMarineCorpsBase;T. 8
N., R. I W., secs.1-18,20-29,and32-36,exceptthatportion of
secs.6,7, 17, 18, 20,29, 32, and33 lying southwesterlyof State
Highway247; T. 8 N., R. I E., secs.1-36;T. 8 N., R. 2 E., secs.
2-36;T. 8 N., R. 3 E., secs.7 and 18-36;T. 8 N., R. 4 E., secs.
13-16and 18-36;T. 8 N., R. 5 E., secs.16-18,19-21,28-30,and
31-33,exceptthatportionof secs.16 and 17 lyingnortherlyof
InterstateHighway40; T. 9 N., R. 1 W., secs.19, 20, and25-36,
exceptthatportionof secs.19, 20,and29-31 lying westerlyof
StateHighway247; T. 9 N., R. 1 E., secs.25-36,exceptthat
portionofsecs.25-27lying northerlyof InterstateHighway40;T.
9 N., R. 2 E., secs.27-35,exceptthat portionof secs.27-30lying
northerlyof InterstateHighway40.

H6



AppendixH: Critical HabitatMaps

ORD-RODMAN

— I

T.7N
ORD MTN$. T.6N

T.5N 4%

H7



AppendixH: Critical HabitatMaps

4. Chuckwalla Unit. ImperialandRiversideCounties.From
BureauofLandManagementMaps: Chuekwalla#18 1978,Parker-
Blythe#161978,SaltonSea#20 1978,andMidway Well #21
1979. (IndexmaplocationD).

SanBernardinoMeridian: T. 3 5., R. 13 E., secs.19-21
and27-35;T. 4 5., R. 8 E.. sees.1-6, 8-16,22-26,and36; T. 4
S., R. 9 E., secs.6-10,and 15-36; T. 4 5., R. 10 E., sees.19-21,
and27-34;T. 4 5., R. 13 E., sees.2-36 exceptsees.12 and 13; T.
4 5., R. 14 E., sees.27-36;T. 4 5., R. 15 E., sees.31 and32; T.
5 5., R. 9 E., sees.1-4, 12, 13, and24; T. 5 5., R. 10 E.. sees.2-
36exceptsee.31; T. SS.,R. 11 E., sees.19-21and 28-33;T. 5
S.,R. 12 B., see.36;T. 5 5., R. 13 E., sees.1-36 exceptsees.6
and7; T. 5 S., R. 14 E., sees.1-36; T. 5 5., R. 15 B., sees.4-9,
16-21,25, 5 1/2see.26, 5 1/2 see.27, andsees.28-36;T. 5 5.,
R. 16 E., sees.28-35;T. 6 S., R. 10 E., sees.1-4,9-16,21-26,35
and36;T.6S.,R.ii E.,sees.4-36;T.65.,R.12E.,secs.1-36;
T. 6 5., R. 13 B., sees.1-36; T. 6 5., R. 14 E., sees.1-36: T. 6
S., R. 15 E., sees.1-36; T. 6 5., R. 16 E., sees.1-36; T. 6 5., R.
17 E., sees.5-9, and 14-36; T. 6 5., R. 18 B., sees.29-36; T. 6
S., R. 19 F., secs.3 1-36; T. 6S., R. 20 E., sees.3 1-34; T. 7 5.,
R. 11 E.,see.1;T.75.,R. 12E.,secs.1-6,9-15,and23-25;T.7
S., R. 13 B., sees.1-30and3 1-36; T. 7 S.,R. 14 B., sees.1-36;
T. 7 5., R. 15 B., sees.1-36;T. 7 5., R. 16 E., sees.1-36; T. 7
S., R. 17 B., sees.1-36; T. 7 5., R. 18 B., sees.1-36; T. 7 5., R.
19 E., sees.1-36; T. 7 5., R. 20 E., sees.3-10, 14-23,and 26-35;
T. 8S., R. 13 B., sees.1,2, and 11-14; T. 8S., R. 14 B., sees.1-
18, andsees.21-26;T. 8 5., R. 15 B., sees.1-30and 34-36;T. 8
S., R. 16 B.. sees.1-36; T. 8 5., R. 17 B., sees.1-36; T. 8 5., R.
18 B., sees.1-36; T. 8 5., R. 19 E., sees.1-36; T. 8 5., R. 20 E.,
sees.3-10, 15-22,and28-33;T. 9 5., R. 15 E., see. 1; T. 9 5., R.
16 B., sees.1-17,20-29,and32-36; T. 9 5., R. 17 B., sees.1-36;
T. 9 5., R. 18 E., sees.1-36; T. 9 5., R. 19 E., sees.1-36; T. 9
S.,R. 20 B., sees.5-8, 17-20,and 29-33;T. 10 5., R. 16 B., sees.
1-5,9-16,and22-26;T. 10 5., R. 17 E., sees.1-36; T. 10 5., R.
18 E., sees.1-36; T. 10 5., R. 19 B., sees.1-36; T. 10 5., R. 20
E., sees.3-36;T. 105., R. 21 B., sees.18-21 and28-34;T. 10 1/2
S., R. 21 B., sees.3 1-33; T. 11 5., R. 17 B., sees.1-5 and 8-15;
T. 11 5., R. 18 B., sees.1-24; T. 11 5., R. 19 E., sees.1-26, 35,
and36; T. 11 5., R. 20E., sees.1-23 and26-34; T. 11 5., R. 21
E., sees.4-8; T. 12S.,R. 19 B., sees.1, 2, 11-14,23-26,35,and
36; T. 12 5., R. 20 B., sees.3-10, 15-22,and27-34; T. 13 5., R.
19 E., sees.1,2, 11, 12, 22-27,and 34-36;T. 13 5., R. 20 B.,
sees.3-10, 14-23,and 26-34.
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5. Pinto Mountain Unit. RiversideandSanBernardino
Counties.FromBureauof LandManagementMaps: YuccaValley
1982,SheepHoleMountains1978,Chuckwalla1978,and Palm
Springs#17 1978. (IndexmaplocationE).

SanBernardinoMeridian: T. 1 5., R. 9 E., secs.10-15,
24, 25, and36; T. 1 S., R. 10 E., secs.7-36; T. 1 S., R. 11 E.,
secs.7-36; T. I S.,R. 12 E., secs.7-36exceptsec. 12; T. 1 5., R.
13 E., secs.13-36;T. 1 5., R. 14 E., secs.13-32;T. 1 5., R. 15
E., secs.13-30and36; T. I S.,R. 16 E., secs.18, 19, and30-32;
T. 2 5., R. 9 E., secs.1, 12, and 13; T. 2 S.,R. 10 E., secs.1-24;
T. 2 5., R. 11 B., secs.1-24; T. 2 5., R. 12 E., secs.1-22 except
sec. 13; T. 2 5., R. 13 E., secs.3-6; T. 2 5., R. 15 E., sec. 1; T. 2
S., R. 16 E., secs.4-9, 16, 17, 20, 21, 28, 29,32,and 33; T. 3
S., R. 16 E., secs.4, 5, 8, and9.
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6. ChemehueviUnit. SanBernardinoCounty. From Bureau
of LandManagementMaps: SheepHole Mts. 1978,Parker1979,
Needles1978,andAmboy 1991. (IndexmaplocationF).

SanBernardinoMeridian: T. I S.,R. 22 E., thatportion of
secs.3-5, lying northwesterlyoftheAtchisonTopekaand SantaFe
Railroad;T. I S.,R. 23 E., thatportionof secs.1-3lying northerly
oftheAtchisonTopekaandSantaFe Railroad,exceptthatportionof
sec.1, lying easterlyof U.S.Highway95;T. I N., R. 22 E., secs.
1-4, 9-16,20-29,and32-36,exceptthatportion of secs.34-36
lying southerlyof theAtchisonTopekaandSantaFeRailroad;T. I
N., R. 23 E., secs.1-36,exceptthatportionof secs.31-34lying
southerlyofAtchisonTopekaandSantaFe Railroad;T. 1 N., R. 24

secs.4-9, 16-21,and29-31;T. 2 N., R. 18 E., secs.1-5, and
9-14;T. 2 N., R. 19 E., secs.2-10,and 16-18; T. 2 N., R. 22E.,
secs.1-5, 8-16,21-28,and33-36;T. 2 N., R. 23 E., secs.5-8,
17-21,and26-36;T. 2 N., R. 24 E., secs.31 and32;T. 3 N., R.
17 E., secs.12, 13, 24, and25;T. 3 N., R. 18 E., secs.1-36;T. 3
N., R. 19 E., secs.1-35; T. 3 N., R. 20 E., secs.5-8, 18, and 19;
T. 3 N., R. 21 E., secs.1-5,9-16,23, and 24; T. 3 N., R. 22 E.,
secs.1-36exceptsec.31; T. 3 N., R. 23 E., secs.2-Il, 14-22,and
28-32;T. 4 N., R. 18 E., secs.1, 2, 10-15,21-28,and32-36;T. 4
N., R. 19 E., secs.1-36; T. 4 N., R. 20 E., secs.1-12, 16-20,and
29-32;T. 4 N., R. 21 E., secs.1-17,20-29,and32-36;T. 4 N.,
R. 22 E., secs.1-36;T. 4 N., R. 23 E., sees.1-35; T. 4 N. R. 24
E., Secs6, 7, 18, and 19; T. S N., R. 15 E., secs.1-6; T. S N., R.
16 E., secs.4-6; T. 5 N., R. 18 E., sees.1-6,8-17,22-26,35, and
36; T. 5 N., R. 19 E.,secs.1-36; T. 5 N., R. 20E., secs.1-36;T.
SN., R. 21 E., sees.1-36; T. 5.N., R. 22 E., secs.2-36;
(Unsurveyed)T. 5 N., R. 23 E., protractedsecs.19, and 29-33;T.
6 N., R. 14 E., secs.1-3, 10-15,and 23-25;T. 6 N., R. 15 E.,
secs.1-36; T. 6 N., R. 16 E., sees.1-23,and27-34; T. 6 N., R.
17 E., secs.1-18,22-26,and36; T. 6 N., R. 18 E., secs.1-36; T.
6 N., R. 19 E., secs.1-36; T. 6 N., R. 20 E., secs.1-36; T. 6 N.,
R. 21 E., secs.1-36;T. 6 N., R. 22 E., secs.3-10, 15-23,and26-
35; T. 7 N., R. 14 E., secs.1-5,8-17,21-28,and33-36;T. 7 N.,
R. 15 E., sees.1-36;T. 7 N., R. 16 E., sees.1-36; T. 7 N., R. 17
E., secs.1-36; T. 7 N., R. 18 E., secs.1-36; T. 7 N., R. 19 E.,
secs.1-36; T. 7 N., R. 20 E., secs.1-36; T. 7 N., R. 21 E., secs.
1-36; T. 7 N., R. 22 E., secs.18-20,and 28-34;T. 8 N., R. 14 E.,
sees.13,23-28,and31-36,exceptthat portionof secs.13,23, 24,
26, 27, 28,31,32,and33 lying northwesterlyof Interstate
Highway 40; T. 8 N., R. 15 E., secs.9-36,exceptthat portionof
secs.9-12,17,and 18 lying northwesterlyof InterstateHighway
40; T. 8 N., R. 16 E., secs.1, 2, and7-36,exceptthatportionof
secs.1, 2, and7-10and 11 lying northerlyof InterstateHighway
40;T. 8 N., R. 17 E.,secs.1-36,exceptthat portionof secs.1-6
lying northerlyof InterstateHighway40; T. 8 N., R. 18 E., secs.
1-36,exceptthatportionofsec.6 lying northerlyof Interstate
Highway40; T. 8 N., R. 19 B., secs.1-36; T. 8 N., R. 20 E.,
secs.1-36; T. 8 N., R. 21 B., secs.7, 17-21,and 27-35;T. 9 N.,
R. 18 E., thatportionof secs.3 1-36lying southerlyofInterstate

H12



AppendixH: Critical HabitatMaps

Highway40; T. 9 N., R. 19 E., secs.23-29,31-36,exceptthat
portion of secs.23,24,26-29,31,and32 lying northerlyof
InterstateHighway40; T. 9 N., R. 20 E., secs.19, 20, and29-33,
exceptthatportionof secs.19 and20lying northerlyofInterstate
Highway40 and5 1/2 5 1/2 sec.27, SW 1/4 SW 1/4 sec.26, and
W 1/2W 1/2 sec.35..
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7. IvanDah Unit. SanBernardinoCounty. From Bureauof
LandManagementMaps: Amboy 1991,lvanpah1979,and
MesquiteLake 1990. (IndexmaplocationG).

SanBernardinoMeridian: T. 9 N., R. 12 E., secs.1,2, 11-
14, and24; T. 9 N., R. 13 E., secs.4-9, 16-21.and28-30;T. 10
N., R. 12 E., secs.25, 35, and 36; T. 10 N., R. 13 E., secs.3-10,
16-21,and28-33;T.11 N.,R. 12E.,secs.1,12, 13,24,25,and
36; T. 11 N., R. 13 E., secs.1-12,15-21,and28-33;T. 11 N., R.
14 E., sec.6; T. 12 N., R. 11 E., secs.1-5and9-15;T. 12 N., R.
12 E., secs.1-18,21-27,35,and 36; T. 12 N., R. 13 E., secs.1-
36; T. 12 N., R. 14 E., secs.4-9, 16-21,and29-32;T. 13 N., R.
10 E., secs.1-5, 10-14, 24, and25; T. 13 N., R. 11 E., secs.1-36;
T. 13 N., R. 12 E., secs.1-36;T. 13 N., R. 13 E., secs.1-36; T.
13 N., R. 14 E., secs.3-9, 16-21, and 28-33;T. 14 N., R. 9 E.,
secs.1, 12, 13, and24; T. 14 N., R. 10 E., secs.1-36;
(Unsurveyed)T. 14 N., R. 11 E., Protractedsees.1-35; T. 14 N.,
R. 11 E., sec.36; T. 14 N.,R. 12 E., secs.1-36; T. 14 N., R. 13

secs.1-36;T. 14 N., R. 14 E., secs.1-5, 8-17,and 19-35; T.
14 N., R. 15 E., secs.1-12, and14-22;T. 14 N., R. 16 E., sec.6;
T. 15 N., R. 9 E., secs.24, 25, and36; T. 15 N., R. 10 E., secs.
1-36exceptsec.6; T. 15 N., R. 11 E., sees.1-36; T. 15 N., R. 12
E., secs.1-36;T. 15 N., R. 13 E.,secs.3-11 and14-36;T. 15 N.,
R. 14 E., sees.12, 13, 23-28,and33-36;T. 15 N., R. 15 E., secs.
1-36; T. 15 N., R. 16 E., secs.1-11, 14-22,and28-33;T. 15 1/2
N., R. 14 E., secs.24 and25; T. 15 1/2 N., R. 15 E., sees.19-36;
T. 15 1/2 N., R. 16 E., secs.19-35;T. 16 N., R. 10 E., secs.25,
35, and36; T. 16 N., R. 11 E., secs.1-36; T. 16 N.,R. 12 E.,
secs.1-36; T. 16 N., R. 12 1/2 E., secs.12, 13, 24, 25, and36; T.
16 N., R. 13 E., secs.7, 17-20,and29-33;T. 16 N., R. 14 E.,
sees.24, 25,35and36, exceptthatportionof secs.24 and35 lying
northwesterlyof InterstateHwy. 15; T. 16 N., R. 15 E., secs.1-3,
10-14, and23-36;T. 16 N., R. 16 E.,secs.6-8, 16-22,and26-36;
T. 17 N., R. 11 E., sees.1-5,8-17,20-29,an31-36;T. 17 N., R.
12 E., secs.3-10, 14-23,and26-36; T. 18 N., R. 11 E., secs.13,
14, 22-28,and33-36;T. 18 N., R. 12 E., secs.18-20,and28-33.

HiS



AppendixH: Critical HabitatMaps

IVAN PAH

T17N

I T.12N

4j~ T.11N

WW T.1ON wwu,~D

T.9N

H16



AppendixH: Critical HabitatMaps

8. Piute-EldoradoUnit. SanBernardinoCounty. From
Bureauof LandManagementMaps: Amboy 1991,Needles1978,
andIvanpah1979. (IndexmaplocationH).

SanBernardinoMeridian: T. 8 N., R. 14 E., secs.1-4,8-
17, 19-24,26-30,32,and33, exceptthatportionof secs.13, 23,
24,26-28,32and33 lying southeasterlyof lnterstateHighway40;
T. 8 N., R. 15 E., secs.1-12, 17, and 18, exceptthatportionof
secs.1,8-12,17, and 18 lying southeasterlyof InterstateHighway
40; T. 8 N., R. 16 E., secs.1-10,exceptthat portionof sections1-
3 and6-10lying southerlyofInterstateHighway40; T. 8 N.,R. 17
E., thatportionof sees.1-6,lying northerlyof InterstateHighway
40; T. 9 N., R. 14 E., secs.1-3, 10-15,22-28,and33-36;T. 9 N.,
R. 15 E., secs.1-36; T. 9 N., R. 16 E., secs.1-36; T. 9 N., R. 17
E., secs.1-36,exceptthatportionof sec.36 lying southerlyof
InterstateHighway40; T. 9 N., R. 18 E., secs.1-36,exceptthat
portionof secs.31-36lying southerlyof InterstateHighway40; T.
9 N., R. 19 E., secs.1-24and26-32,exceptthatportionof secs.
26-29,31,and32 lying southerlyofInterstateHighway40;T. 9
N., R. 20 E., secs.3-8and 17-20,exceptthat portionof sees.19
and20 lying southerlyofInterstateHighway40;T. 10 N., R. 14

secs.11-14,22-27,and34-36;T. 10 N., R. 15 E., secs.1-3,
9-16,and 18-36; T. 10 N., R. 16 E., secs.1-36;T. 10 N., R. 17
E., secs.1-36; T. 10 N., R. 18 E., secs.1-36; T. 10 N., R. 19 E.,
secs.1-36; T. 10 N., R. 20E., secs.1-36; T. 10 N., R. 21 E.,
secs.3-10, 15-22,and28-31;T. 11 N., R. 15 E., secs.9, 15, 16,
21,22, 25-29,and33-36;T. 11 N., R. 16 E., secs.9, 15, 16,21-
23, 25-28,31,and33-36;T. 11 N., R. 17 E., secs.8, 12-17,and
19-36;T.11 N.,R. 18E.,secs.l-4and7-36;T. II N.,R. 19E.,
secs.1-13, 18, 19,23-27,and29-36; T. 11 N., R. 20E., secs.1-
11, 14-23,and26-35;T. 12 N., R. 19 E., secs.1-36;T. 12 N., R.
20E., secs.3-11and 13-36;T. 12 N., R. 21 E., secs.19, 30, and
31; T. 13 N., R. 19 E., secs.3-11 and 13-36;T. 13 N., R. 20 E.,
sees.l9 and29-33; T. 14 N., R. 19 E., secs.19 and29-33.
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Nevada. Areas of land as follows:

9. Piute-Eldorado Unit. Clark County. From BureauofLand
ManagementMaps: MesquiteLake1990,BoulderCity 1978,
lvanpah1979,andDavisDam 1979. (IndexmaplocationH).

Mt. Diablo Meridian: T. 23 5., R. 64 E., secs.3 1-36,
exceptthatportionof sec.31 lying northwesterlyof thepowerline
andalsoexceptthatportionof sees.34-36lying northeasterlyof the
powerline;T. 23 1/2 5., R. 64E., secs.3 1-36,exceptthatportion
of sec.31 lying northwesterlyof thepowerline;T. 23 1/25., R. 65
E., thatportionofsec.31, lying southwesterlyof thepowerline;T.
24S.,R. 63 E., secs.1,2, 11-15,22-28,and33-36,exceptthat
portionof secs.1, 2, 11, 14, and 15 lying northwesterlyof the
powerlineandalsoexceptthat portionof secs.22, 27,28,and33
lying northwesterlyof U.S. Highway95; T. 24 5., R. 64E., secs.
1-36; T. 24 5., R. 65 E., secs.6, 7, 18, 19, 30, and31; T. 25 5.,
R. 61 E., secs.13-15,E 1/2 sec. 16, E 1/2sec.21, secs.22-27,E
1/2 sec.28, secs.35 and36; T. 25S.,R. 62 E., sees.4-9,and
secs.16-36;T. 25 5., R. 63 E., secs.1-4, 9-16,and 19-36,except
that portionof secs.4,9, and16 lying northwesterlyof U.S.
Highway95; T. 25 5., R. 64 E., secs.1-35exceptsecs.13, 24,
and 25,;T. 25 5. R. 65 E., sec.6; T. 26S.,R. 61 E., secs.1, 2,
11-14,24, 25, and36; T. 26 5., R. 62E., secs.1-36exceptsecs.
28 and33; T. 265., R. 63 E., secs.2-36exceptsec. 12; T. 26 5.,
R. 64 E., secs.18-20,and29-33;T. 27 5., R. 62 E., secs.1-3,5-
8, 10-15,22-26,35, and36; T. 27 5., R. 62 1/2 E., secs.1, 12,
13, 24, 25, and36; T. 27 S.,R. 63 B., secs.1-36; T. 27 5., R. 64
E., secs.4-9, 16-21,and26-36;T. 27 5., R. 65 B., secs.31-35;T.
28 5., R. 62 B., secs.1-3,9-16,21-28,and33-36;T. 28 5., R. 63
E., secs.1-20,and 29-32;T. 285., R. 64 B., sees.1-18,21-26,
35, and36; T. 285., R. 65E., secs.2-11, 14-21,and28-35;T. 29
S.,R. 62 B., secs.1-4, 9-16,21-28,34, 35 and36; T. 29 5., R.
63 E., secs.5-10,15-23,and26-36;T. 29 5., R. 64 B., secs.1-3,
9-16,21-28,and3 1-36;T. 29 5., R. 65 B., secs.2-36exceptsecs.
12 and 13; T. 29 5., R. 66 B., secs.30-32; T. 30 5., R. 62 E.,
secs.1, 2, and 11-14; T. 30 5., R. 63 E., secs.1-36exceptsecs.
30 and31; T. 30 5., R. ME., secs.1-36; T. 30 5., R. 65 B., secs.
1-26,30, 31,35, and36; T. 30 5., R. 66 E., secs.4-9, 16-21,and
28-33;T. 31 S.,R. 63 E., secs.1-5, 8-16,22-26,and36; T. 31
S., R. 64 E., secs.1-36;T. 31 5., R. 65 B., secs.1, 2, 6, 11-14,
23-36,exceptthat portionof sec.36 lying southwesterlyof State
Highway 163; T. 31 5., R. 66 B., secs.3-10, 15-22,and27-34,
exceptthatportionof sec.31 lying southwesterlyof StateHighway
163; T. 32 5., R. 64 B., secs.1-6,8-16,22-26,and36;T. 32 5.,
R. 65 E., secs.1-12, 17-20,and29-32,exceptthatportionof secs.
I, and9-12lying southeasterlyoreasterlyof StateHighway 163;T.
32S.,R. 66 B., thatportionof secs.3-6 lying northerlyof State
Highway 163; T. 33 5., R. 65 B., sec.5.
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10. Mormon Mesa Unit. Clark andLincoln Counties.From
Bureauof LandManagementMaps: Pahranagat1978,CloverMts.
1978,Overton1978,IndianSprings1979,LakeMead 1979,and
LasVegas1986. (IndexmaplocationI).

Mt. Diablo Meridian: T. 9S.,R. 62 E., secs.13-15.22-27,
and34-36,exceptthatportionof secs.15,22,27,and34 lying
westerlyof theeasterlyboundaryline oftheDesertNationalWildlife
Range;

T. 9 S.,R. 63 E., secs.18, 19, 30, and31; T. 10 S..R. 62 E.,
secs.1, 2, 11-14,23-25,and36 exceptthat portionof secs.14, 23,
35, and36lying westerlyoftheeasterlyboundaryline oftheDesert
NationalWildlife Range;
T. 10 5., R. 63 E., secs.6, 7, 13-15, 18-20,and22-36; T. 10 5.,
R. 64 E., secs.13-24and 26-34;T. 10 5., R. 65E., secs.18, and
19;T. 11 S.,R. 62 E., thatportionofsec. 1 lying easterlyof the
easterlyboundaryline oftheDesertNationalWildlife Range;T. 11
S.,R. 63 E., secs.1-36; T. 11 S., R. 64 E., secs.4-9, 17-20,30,
and31; T. 11 S.,R. 66 E., secs.31-36;T. 125.,R. 63 E., secs.
1-36; T. 12 S.,R. 64 E., sees.6, 7, and25-36;T. 12 5., R. 65 E.,
secs.1, 12, 13, and24-36,exceptthatportion of secs.1,2, 13,
and24 lying westerlyofUnion PacificRailroad;T. 12S.,R. 66E.,
secs.1-36; T. 12 5., R. 67E., secs.6-8, 16-22,and27-33;T. 12
S.,R. 68 E., secs.23-29and31-36; T. 12 5., R. 69 E., secs.1-5,
8-17,and 19-36;T. 12 1/25., R. 62 E., that portionof sec.36,
lying easterlyoftheeasterlyboundarylineof theDesertNational
Wildlife Range;T. 13 S.,R. 62E., that portionof secs.1, 12, 13,
24, and25 lyingeasterlyoftheeasterlyline oftheDesertNational
Wildlife Range;T. 13 5., R. 63 E., secs.1-36; T. 13 S., R. 64 E.,
secs.1-36; T. 13 S., R. 65E., secs.1-24,N 1/2 26, N 1/2 27, N
1/2 and SW 1/4 sec.28, 29-32,and W 1/233; T. 13 S.,R. 66E.,
secs.1-26, W 1/2 sec.27, 35, and36; T. 13 5., R. 67E., secs.I-
36; T. 13 S.,R. 68 E., secs.1-36,exceptthatportionof secs.25
and33-36lying southeasterlyof InterstateHighway15; T. 13 5.,
R. 69E., secs.1-30,exceptthatportionof secs.25-30lying
southerlyof InterstateHighway 15;T. 13 5., R. 70E., secs.6,7,
18, 19,30,and31, exceptthatportionof secs.30 and31 lying
southerlyof InterstateHighway 15; T. 13 1/2S.,R. 63 E., secs.
31-36;T. 13 1/2 5., R. ME., secs.31-36,exceptthat portionof
sec.36 lying southwesterlyof StateHighway 168;T. 14S.,R. 63
E., secs.1-23,and26-35;T. 145., R. 64E., secs.2-6,8-11, 15,
and 16; T. 14 S., R. 66 E., secs.I, E 1/2 sec.2, 12, E 1/2 sec.13,
andE 1/2 sec.24; T. 14 S.,R. 67 E., secs.1-12and 14-22,except
that portionof secs.12, 14, 15, 21, and22 lying southerlyof
InterstateHighway IS; T. 14S.,R. 68E., that portionof secs.4-7
lying northwesterlyof InterstateHighway IS; T. IS S.,R. 63 E.,
secs.2-11,14-22,and27-34;T. 16S.,R. 63 E., secs.3-10, 15-
22, and28-33; T. 17 S., R. 63 E., secs.7-9, 16-21,and28-32,
exceptthatportionof secs.29and32 lying easterlyof thewesterly
boundaryline of theApexDisposalRoad;T. 18S.,R. 63 E., secs.
5-8, 17-19,and29-31, exceptthat portionof secs.5,8, 17-19,and
29-31lying easterlyofthewesterlyboundaryline oftheApex
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DisposalRoad,andthatportionof sec.31 lying westerlyof the
easterlyboundaryline ofDesertNationalWildlife Range.
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11. Gold Butte-Pakoon Unit. Clark County. From Bureau
ofLandManagementMaps: Overton1978andLakeMead 1979.
(IndexmaplocationJ).

Mt. Diablo Meridian: T. 13 S.,R. 71 E., secs.32-34;T. 14
S.,R. 69 E., secs.24-26,and34-36;T. 14 5., R. 70 E., secs.1,
and 10-36;T. 14 5., R. 71 E.,secs.3-10,15-22,and27-34;T. 15
S., R. 69 E., secs.1-3,9-16,21-28, and33-36;T. 15 5., R. 70
E., secs.2-11,15-22,and28-33;T. 16 5., R. 69 E., secs.1-36
exceptsecs.6, 7, and29-32;T. 16 S.,R. 70 E., secs.4-36 except
sec. 12;T. 16 5., R. 71 E., sees.19, and29-32;T. 17 5., R. 69
E., secs.1-3, 11-14,24, 25, and36; T. 17 5., R. 70 E., secs.1-
36; T. 17 5., R. 71 E., secs.4-10,15-22,and27-34;T. 18S.,R.
69E., sec. 1; T. 18 5., R. 70 E., secs.1-6,10-15, 22-27,and 34-
36; T. 18 5., R. 71 E., secs.3-10,15-22,and27-34;T. 19 5., R.
71 E., secs.3,4,9, 10, 15, 16, 21, 22,27, 28, 33 and34; T. 20
S., R. 71 E., secs.3 and4.
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12. Beaver Dam Sloue Unit. Lincoln County. From Bureau
ofLandManagementMaps: CloverMountains1978andOverton
1978. (IndexmaplocationK).

Mt. Diablo Meridian: T. 8 1/2 5., R. 71 E., thatportionof
sec.34 lying southofa westerlyextensionofthe northline of sec.
26, T. 41 5., R. 20 W. (SaltLakeMeridian),WashingtonCounty,
Utah;T. 9 5., R. 71 E., secs.3, 10, 15-17, 20-22,27-29,and32-
34; T. 10 S., R. 70 E., secs.19-36; T. 10 S., R. 71 E., secs.3-5,
7-10,15-22,and 27-34;T. 11 5., R. 70 E., secs.1-36; T. II S.,
R. 71 E., secs.3-10, 15-22,and 27-34;T. 12 5., R. 70 E., secs.
1-12,14-23,and28-33;T. 12 5., R. 71 E., secs.3-10.
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Utah. Areas of land as follows:

13. BeaverDam SloDe Unit. WashingtonCounty. From
Bureauof LandManagementMaps: St.George1980andClover
Mts. 1978. (Index maplocationK).

SaltLakeMeridian: T. 40 S.,R. 19 W., S 1/2 sec.28, S
1/2 sec.29, S 1/2 sec.31, secs.32 and33; T. 41 S.,R. 19 W., S
1/2 sec.2, 5 1/2 sec.3, secs.4, 5,6, E 1/2sec.7, secs.8-11, 15-
17, E 1/2 sec.18, and secs.19-22,and28-33;T. 41 5., R. 20 W.,
E 1/2 sec. 1, secs.24-26,35, and36; T. 42 S.,R. 19 W., secs.4-
9, 16-22,and 27-34;T. 42 5., R. 20W., secs.1, 2, 11-14,23-26,
35, and36; T. 43 5., R. 18 W., secs.7, 8, 5 1/2 sec. 16, secs.17-
21, and27-34;T. 43 S., R. 19 W., secs.1-36exceptN 1/2sec.1;
T. 43 5., R. 20 W., secs.1, 2, 11-14,23-26,35, and36.
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14. Uyyer Virgin River Unit. Washington County. From
Bureau of Land Management Map: St. George 1980. (Index map
locationL).

SaltLakeMeridian: T. 41 5., R. 13 W., secs.17-21,
exceptNW 1/4NW 1/4 sec.18,W 1/2andW 1/2 E 1/2sec.27,
28, N 1/2 sec.29, N 1/2 sec.30, N 1/2 N 1/2sec.33, exceptthat
portionof secs.28 and33 lying westerlyofGould Wash,andN 1/2
NW l/4andNW 1/4NE1/4sec.34;T.41S.,R. 14W.,S 1/2S
1/2 and NE1/4 SE1/4 and SE 1/4 NE 1/4sec.13, thatportionof
sec.14 lying westerlyof RedCliff Road,sees.15-17exceptN 1/2
NW 1/4andSW 1/4NW 1/4 sec.17, secs.19-22,that portionof
sec. 23 lying westerlyof RedCliff RoadandwesterlyofInterstate
Highway 15, sec. 24, NE1/4 and N 1/2 SE 1/4andSW 1/4 SE 1/4
sec. 25, thatportionof secs.26,27,and32-34lying northwesterly
of InterstateHighway 15, and secs.28-31;T. 41 5., R. 15W.,
secs.14, 19, 20, and 22-36;T. 41 5., R. 16 W., secs.4, 9, 10, 5
1/2 sec.14, 15-16, 19, 21,W 1/2 sec.22, secs.24-25exceptW
1/2SW l/4sec.24andW 1/2NW I/4andW 1/2SW 1/4sec. 25,
andW1/2W 1/2 sec. 25,SW l/4NE 1/4 and NW1/4NW 1/4 and
S 1/2NW 1/4andSW l/4andW 1/2 SE 1/4 see. 27,E 1/2andE
1/2W 1/2andNW l/4NW 1/4andSW 1/45W 1/4sec.28,N 1/2
andSE 1/4andEl/25W 1/4sec.30,NE1/4sec.31,N 1/2sec.
32, N 1/2 and SE 1/4 and N 1/2 SW1/4 sec. 33, sec. 34, SE 1/4 SE
1/4 and that portion of sec. 35 lying westerly of Utah Highway 18,
and sec. 36; T. 41 5., R. 17 W., secs.9, 14-16, NE 1/4 sec. 21, N
1/2 sec. 22, NW1/4 and E 1/2 see. 23, sec. 24, and NE1/4 sec. 25;
T. 42 5., R. 14 W., that portion of secs. 5 and 6 lying
northwesterly of Interstate Highway 15; T. 42 5., R. 15 W., secs.
1, N 1/2 and N 1/2S 1/2 sec. 2, NE 1/4 and W1/2 sec. 3, secs. 4-
9, W1/2 W1/2 sec. 10, N 1/2 N 1/2 sec. 12, sees. 16- 18, N 1/2
andN 1/2 SE 1/4 and NE1/4 SW1/4sec. 19,W 1/2NW 1/4 and
NW1/4 SW1/4 sec. 20, except that portion of secs. 1 and 12 lying
southeasterly of Interstate Highway 15; T. 42 5., R. 16 W., secs.
1,2,NW 1/4andE 1/2sec.3,NE 1/4NE 1/4sec.4,NE 1/4sec.
10, NW1/4 and E 1/2 sec. 11, sec. 12, B 1/2 and NW1/4 and N
1/2 SW1/4 sec. 13, N 1/2 NE1/4 sec. 24, except that portion of
sec. 13 lying westerly of Utah Highway 18.
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Arizona. Areas of land as follows:

15. Beaver Dam SIoie Unit. Mohave County. From Bureau
ofLandManagementMaps: Overton1978 and Littlefield 1987.
(IndexmaplocationK).

Gila andSaltRiverMeridian: T. 41 N., R. 14 W., secs.6,
7, 18, and 19; T. 41 N., R. 15 W., secs.1-24,26-28,30, and31;
T. 41 N., R. 16 W., secs. 1-5, 8-17, 20-29, and 32-36; T. 42 N.,
R. 14W., sec. 31; T. 42 N., R. 15W., secs. 31-36; T. 42 N., R.
16 W., secs. 32-36.

H32



AppendixH: Critical HabitatMaps

BEAVER DAM SLOPE
ARIZONA

H33



AppendixH: Critical HabitatMaps

16. Gold Butte-Pakoon Unit. Mohave County. From
Bureau ofLand ManagementMaps: Overton 1978,Littlefield 1987,
Mount Trumbull 1986, and Lake Mead 1979. (Index maplocation
J).

Gila and Salt River Meridian: T. 32 N., R. 15 W., secs. 1-
18, except those portions of secs. 13-18 lying south of the Lake
Mead National Recreation area boundary line; T. 32 N., R. 16 W.,
secs. 1, 2, 12, and 13; T. 32 1/2 N., R. 15 W., secs. 3 1-36; T. 32
1/2 N., R. 16 W., secs. 35 and 36; T. 33 N., R. 14 W., secs. 4-8,
18, 19, and 28-31; T. 33 N., R. 15 W., secs. 1-36; T. 33 N., R. 16
W., secs. 1-14, 17-20, 23-26, 29-32, 35, and 36; T. 34 N., R. 14
W., secs. 4-9, 17-19, 30, 31, 33, and 34; T. 34 N., R. 15 W.,
secs. 1-36; T. 34 N., R. 16 W., sees. 1-36; T. 35 N., R. 14 W.,
secs. 3-9, 16-22, and 28-35 ; T. 35 N., R. 15 W., secs. 1-36; T. 35
N., R. 16W., secs. 1-36; T. 36 N., R. 14W., secs. 2-11, 14-22,
and 27-34; T. 36 N., R. 15 W., secs. 1-36; T. 36 N., R. 16 W.,
secs. 1-36 except secs. 4-9; T. 37 N., R. 14 W., secs. 15, 22, 27,
31, and 33-35; T. 37 N., R. 15 W., secs. 5, 8, 17-22, and 27-36;
T. 37 N., R. 16 W., sec. 35; T. 38 N., R. 15 W., sec. 6; T. 38 N.,
R. 16 W., secs. 1-12 and
14-22 and 30; T. 39 N., R. 15W., secs. 2-10, 16-21, and 29-32;
T. 39 N., R. 16 W., secs. 1, 12, 13, 20, 23-29, and 32-36; T. 40
N., R. 14 W., sec. 6; T. 40 N., R. 15 W., secs. 1, 10-15, and 21-
36.
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Appendix1: Summaryof Comments

Appendix1: Summaryof theAgencyandPublic
Commenton theDraft DesertTortoise
RecoveryPlan

I. Summary of the Agency and Public Commenton
the Draft Desert Tortoise RecoveryPlan

In April, 1993,theU.S. FishandWildlife Service(Service)
released the Draft Recovery Plan for the Desert Tortoise (Mojave
Population) (Draft Plan) for a 60-day comment period ending on
June 1, 1993 for Federal agencies,stateandlocalgovernments,and
members of the public (58 FR 16691). Due to the complexity of the
plan, the Service extended this comment period an additional 30
days, ending on June 30, 1993 (58 FR28894).

This section summarizesthecontentof significantcommentsonthe
Draft Plan. A total of 143 letters was received, each containing
varying numbers of comments. Manyspecificcommentsre-
occurredin letters.

Thissectionprovidesasummaryofgeneraldemographic
informationincludingthetotalnumberoflettersreceivedfrom
variousaffiliationsandstates.It alsoprovidesa summaryof the21
majorcomments.A completeindexofthecommenters,by
affiliation, isavailablefrom theU.S. FishandWildlife Service,Las
Vegas Field Office, 1500N. Decatur01,LasVegas,Nevada
89108. All letters of comment on the Draft Plan are kept on file in
the Las Vegas Field Office.

Demographic Information

Thefollowing is abreakdownof thenumberoflettersreceivedfrom
variousaffiliations:

Federalagencies 15 letters
stateagencies 9 letters
local governments 6 letters
business/industry 12 letters
environmental/conservation organizations 15 letters
academia/professional 7 letters
multipleuse/recreationorganizations 9 letters
individual responses 70 letters
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II. Summary of Commentsand ServiceResponses

Executive Summary

Comment: Thedifferencebetweentheutility ofDesertWildlife
ManagementAreas(DWMAs) andrecoveryunitsin the
recoveryanddelistingofdeserttortoisesis unclear.

Response:As now definedin theFinalPlan,thesix recovery
umts are geographic areas whichharborevolutionarily
distinctpopulationsof thedeserttortoise,andthe 14
proposedDWMAs arethesmalleradministrativeareas
within eachof thesix geographicareas.DWMAs arethe
managedreserveswhich proteetthedeserttortoise
populationsuntil suchtimeasrecoveryanddelistingcan
occurwhilealsomaintainingandprotectingothersensitive
speciesandecosystemfunctions. Eachrecoveryunit should
haveatleastoneDWMA containing1,000squaremilesof
deserttortoisehabitaL Multiple 1,000squaremileDWMAs
wouldprovideadditionalprotectionin ensuringthe
persistenceofthesixevolutionarilydistinctpopulations
segments.Figure6 furtherdescribesthisconceptin reserve
‘design.

Comment:Thebudgetnumbersshownunder“Need1” arein
threeyearincrementsafter1995. Doesthismeanthatall the
moneywill only bespenteverythirdyear?Additionally,
thesenumbersdonotappearto beconsistentwith the10
yearbudgettablesin thesupplementarydocument“Proposed
DesertWildlife ManagementAreasfor Recovery....”

Response:Theexpenditureoffundsevery3 yearsreflectsthe3-
yearcyclerecommendedin theRecoveryPlanfor
monitoringdeserttortoisepopulations.The 10-yeartables
shownin thesupplementarydocumentreflectwhatfunding
is projectedto benecessaryforimplementationofall
recoveryactions.Thesefigureswill berevisedfollowing
developmentof managementplansforeachDWMA, which
will be muchmoresite-specificanddetailed.

Comment:Theeducationbudgetlistedunder“Need2” shouldbe
revisedtoallow someexpendituresforpublic education
throughoutthetermofthereeoveryplan,ratherthan
spending all the moneyduringthefirst year.

Response:As shownin theImplementationSchedule(Section
III), continuing costsfor implementing educationprograms
are to be determined based on what is recommendedin the
environmentalprogramsthataredevelopedthefirst year.
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Comment: WhatisPublicLaw 1010-618?

Response: Public Law 1010-618is not relevantto thisRecovery

Plan, and the reference has been deleted.

Section I - Introduction

Comment: Based on an overview of the plant literature provided
to Fish and Wildlife Service’sRegion 1 by the National
Ecology Research Center (NERC), there is no scientific
analysis of changes in perennial grass composition in the
Mojave Desert.

Response: This information is reflected in D’Antonio and
Vitousek’s1992 paper (see Literature Cited, Section IV)
which waspublishedafterNERC’s 1990document.

Comment: It would be usefulto providethenumberof acresof
deserttortoisehabitatwhich is currentlyimpactedby
livestockgrazing.

Response: Until DWMAboundaries are determined, it is not
possibleto estimatethenumberofacreswithinrecovery
areasimpactedby livestockgrazing.

Comment: Section 9oftheEndangeredSpeciesAct appliesto
endangered species only. The regulationsat 50CFR1731
include threatened species such as the desert tortoise.

Response: Throughsection4(d)oftheEndangeredSpeciesAct,
the Fish and Wildlife Service may issue regulations deemed
necessary and advisable to provide for the conservation of
threatenedspecies.Throughsuchregulation,theFishand
Wildlife Servicemayprohibit takeof threatenedspecies.

Section II - Recovery

Comment: Targetdensities for desert tortoise populations are
specifiedwithout referencetoorknowledgeof
predisturbancepopulationlevels. Manyof thetarget
densitiesappearunrealisticallyhigh andunobtainable.
Undersuchcircumstancesdelistingwill notbepossiblein
somerecoveryunits.

Response:TheRecoveryTeamagreeswith thiscommentandhas
eliminated the reaching oftargetdensitiesofdeserttortoises
within recovery units as a goal of recovery and delisting.
Rather, the population within a recovery unit must show an
upward or stationary(not declining) trend and maintain a
populationgrowthrate(Lambda)within eachrecoveryunit
equaltoorgreaterthan 1.0 fordelistingto be consideredby
theFishandWildlife Service.
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Comment: The definition of andprohibitionwithin theLimited
UseZones(LUZs) shouldapply to theentireDWMA,
providedthattheseparcelsarebeingdesignatedprincipally
fortheprotectionandpreservationofMojaveDesert
wildlife, including thedeserttortoise;in thisrespect,the
needfor thespecialLUZ designationis questioned.

Response: TheRecoveryTeamagreeswith thiscomment,has
eliminatedtheLUZ designationandextendedLUZ-level
protectionto theentireDWMA, exceptwhereExperimental
ManagementZones(EMZs)areproposed.EMZs mayonly
occupy10%ofa DWMA’s total areaandshouldbe located
on theperipheryof theDWMA boundarywhereany
negativeeffectsfromexperimentalactivitieswill beless
profoundlyfeltwithin themoreprotectedarea.

Comment: It is notclearwhenthereis morethanoneDWMA
established within a recovery unit if all DWMAsmust meet
the delisting criteria or can a recovery unit population be
delistedif only oneDWMA populationmeetsthefour
cntena?

Response:Delistingis consideredon arecoveryunit basis. If
more than one DWMAis established to meet the delisting
criteria then the combined population trend and population
growthrates(lambdas)areevaluatedfor recoveryand
delisting purposes.

Comment: Twelve years is too short atimeperiodfor evidenceof
upwardtrendsin adult populations,uponwhich monitoring
plansarebased.Therefore,it isunrealisticto assume
delistingcanoccurwithin thistimeframe.

Response:TheRecoveryTeamagreeswith thiscomment.The
populationwithin arecoveryunitmustexhibitastatistically
significantupwardtendorremainstationaryfor at least25
years(onedeserttortoisegeneration),thusallowing timefor
recruitmentofbabyandjuveniletortoisesinto theadultage
class.

Comment: Thismethodofpopulationdensityestimationofdesert
tortoisesis unrealisticin applicationdueto themonetary
expenseandamountoftime thatwouldberequired.

Response:The RecoveryTeamis awareofthepotentialproblems
associatedwith therecommendedmethod,however,the
proposalhasinitiatedausefuldialogueonappropriate
methodologyfor theestimationofdeserttortoisepopulation
densities.Forthcoming(1994)will be aworkshopatwhich
statisticallyandeconomicallyacceptablemethodswill be
discussedandrecommendedon anexperimentalbasis.
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Comment: TheDesertTortoiseManagementOversightGroup
(MOG)isrecommendedasthegroupto facilitateinteragency
cooperation.As it is currentlystructured,this group’s
ability to performthis taskis questioned.TheFishand
Wildlife Service(FWS)shouldtaketheleadin facilitating
interagencycooperationandcoordination.TheMOGhasno
formal statusandit is aBLM-orchestratedgroup. If this is
thegroupto be used,it shouldberestructuredwith theFWS
assumingtheleadershiprole.

Response:Becausethemajorityof deserttortoisehabitatis
managed by the BLM, theMOOhasprovedto bea useful
tool in implementing desert tortoise recovery efforts over the
range of the desert tortoisein fourstates.TheEWS will also
be working closely with communitiesthroughthehabitat
conservationplanningprocesstoimplementrecoveryon a
local basis.

CommentPublic education is not adequately addressed in the
Recovery Plan.

Response:Both the Recovery TeamandtheFWSagreethat
publiceducationis avital componentofdeserttortoise
recoveryandhasrevisedportionsoftheRecoveryPlanto
reflectmoreemphasison publiceducation.Costestimates
for developmentof apublic informationprogramare
providedin theImplementationSchedule(SectionIII). The
yearlycostsforimplementationoftheprogramwill be
determinedbasedontherequirementsoftheprogram.

Comment:TheRecoveryPlanmakesno explicit recommendations
formanagementofvehicle-causedmortalitieson existing
highwaysandroadsin proposedDWMAs. Elevenofthe 14
proposedDWMAs areboundedortransectedby hightraffic
volumehighwaysorroads.

Response:TheRecoveryTeamagreeswith thiscommentandhas
added an additional statement to Section II.E.2. of the
RecoveryPlanwhichrecommendstheestablishmentof
fencingorothereffectivebarriersalongheavily-traveled
roadsto decreasedeserttortoisemortality,andthe
installationof culvertsthatallow underpassof tortoisesto
alleviatehabitatfragmentation.

Comment: Thenegativeeffectsof humanactivities(including
cattlegrazing)on deserttortoiseshavenotbeen
demonstrated.Disallowingcertainof theseactivitieswithin
DWMAs withoutprovidingquality supportingmaterial
whichshowsthattheseactivitiesarecontributingtodeclines
in deserttortoisepopulationsdetractsfrom thecredibility of
theRecoveryPlan.
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Response:Desert tortoise recovery is the goal of management
within DWMAs. Until dataareforthcomingwhichshow
thatthesehumanactivitiescanbecompatiblewith recovery,
it is importantthattheynotbepermitted.

Comment: TheServicehasfailedtocomplywith theNational
EnvironmentalPolicy Act of 1969(NEPA)by notpreparing
anEnvironmentalImpactStatement(EIS)for thisPlan.

Response:TheServiceis notrequiredto complywith NEPAin
developmentofrecoveryplans. Recoveryplansare
planningdocumentsthatlist all tasksrecommendedfor
recoveryofaspecies.Thesetasksinvolve potentialactions
by theService,otherFederalagencies,Stateandlocal
governments,theprivatesector,oracombinationof the
above. Recoveryplansimposeno obligationson any
agency,entity, orpersonsto implementthevarioustasks.
Implementationofrecoveryactionswill besubjecttoNEPA
compliance,asappropriate,atthetimetheyareactually
“proposed”andanenvironmentalassessment(EA) orEIS
wouldbe completedatthattime.

Comment:TheServicehasfailedto complywith ExecutiveOrder
12291.

Response:Executive Order12291requiresFederalagenciesto
prepareregulatoryimpactanalysesforany“major rule.” A
majorruleis definedasanyregulationthatis likely to result
in: (1)An annualeffecton theeconomyof$100million or
more;(2) amajorincreasein costsorpricesfor consumers,
individualindustries,Federal,State,or localgovernment
agencies,orgeographicregions;or(3)significantoradverse
effectson competition,employment,investment,
productivity,innovation,oron theability of UnitedStates-
basedenterprisesto competewith foreign-basedenterprises
in domesticorexportmarkets(46FR 13193).A recovery
plandoesnotmeetthedefinitionofaregulationorruleasset
forth in theOrder. Recoveryplansdo not implement,
interpret,orprescribelaw orpolicyordescribethe
procedureorpracticerequirementsoftheService.
Therefore,theServiceis notobligatedto preparea
regulatoryimpactanalysis.

Comment: Therecommendeddeserttortoisehabitatto bemanaged
asDWMAs is unnecessaryfor recoveryofthedeserttortoise
becauseexistingreservedlands,suchasnationalparksand
wildlife refuges,providesufficientlandfor thetortoise.

Response:TheServicedeterminedthatthetortoiseshouldbe
listedasathreatenedspeciesin 1990(55FR 12178)partly
becauseinsufficienthabitatisprotectedwithin
congressionallyprotectedareasto adequatelyconservedesert
tortoises.In addition,theRecoveryPlanrecognizesthat
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AppendixI.~ SummaryofComments

areasof sufficientsizeto supportself-sustainingtortoise

populationsdo not existin alreadyprotectedhabitats.

Section III - Implementation Schedule

Comment: Thebudgetin unconvincing.Wheredid thenumbers
comefrom?

Response:The numbers in the Implementation Schedule are
estimates of what recovery will cost. The number will be
revised as new information becomes available. Cost for full
implementationofrecoveryactionswill bebasedon the
managementplansthatwill bedevelopedforeachDWMA.

Comment: TheUtahDivision of Wildlife Resources(UDWR) is
not inctudedin thetasksfortheNortheasternMojave
RecoveryUnit, althoughasignificantportionoftheBeaver
DamSlopeDWMA occursin Utah. In addition,UDWR is
includedin thedevelopmentactivitiesfor theUpperVirgin
RiverDWMA, butis notincludedin theimplementationand
researchsections.TheUDWRis theleadagencyon tortoise
densityresearchandmonitoring,andreproductiveresearch
in Utah,aswell asa cooperatoron healthandnutrition
studies.

Response:The Implementation Schedule has been revised to
reflect UDWR’srole in the Northeastern Mojave Recovery
Unit andin researchandmonitoringactivities.
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AcronymsUsedin thisDocument

Acronyms Used in this Document

BLM = Bureau of Land Management

BRTF = Blue Ribbon Task Force of the BLM

CDSP = CaliforniaDepartmentof StateParks

CFR = CodeofFederalRegulations

DTNA = DesertTortoiseNaturalArea

DWMA = DesertWildlife ManagementArea

ECRU = EasternColoradorecoveryunit

EMRU = EasternMojaverecoveryunit

EMZ = ExperimentalManagementZone

ESU = Ecologicallysignificantunit

HCP = Habitatconservationplan

kHz = kilohertz

LUZ = Limited UseZone

mm = millimeter

mtDNA = mitochondrialdeoxyribosenucleicacid

MVP = Minimum viable population

NCRU = Northern Colorado recovery unit

NEMRU = NortheasternMojaverecoveryunit

OHV = off-highwayvehicle

ORV = off-roadvehicle

PVA = Population Viability Analysis

R2ECON = Regional Environmental Consultants

TBD = To be determined

UCLA = University of California at Los Angeles

UDWR = Utah Departmentof Wildlife Resources

USP = UtahStateParks

URTD = Upper Respiratory Tract Disease

U.S.C. = UnitedStatesCode

UVRRU = Upper Virgin River recovery unit
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