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As the Nation’s principal conservation agency, the
Departmentofthe Interior hasresponsibilityfor mostof
our nationallyowned publiclandsandnatural resources.
This includes fosteringthewisestuseofouriandandwater
resources,protectingourfish andwiWlife, preservingthe
environmentaland cultural valuesof our nationalparks
and historicalplaces,and providingfor the enjoymentof
life through outdoorrecreation. TheDepartmentassesses
ourenergyandmineralresourcesandworkstoassurethat
their developmentis in the best interestsofallour people.
The Department also has a major responsibility for
AmericanIndian reservationcommunitiesandfor people
wholive in islandTerritories underU.S. administration.
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beensignedby theRegionalDirectororDirector as ~ppr.Q~d. Approvedrecoveryplansare
subjectto modification as dictated by newfindings,changes inspecial status,andthecompletion
ofrecoverytasks.

LiTERATURE CiTATION SHOULD READ AS FOLLOWS

:

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

Additional copies may bepurchasedfrom

:

Fish and WildlifeReferenceService
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EXECUTIVE SUMMARY

Current Status:

The rangeofthedeserttortoise,Gopherusagassizii,includes the MojaveandSonorandesertsin
southern California,southernNevada, Arizona, thesouthwesterntip of Utah,andSonoraand
northernSinaloa, Mexico.The Mojavepopulationof the desert tortoise(an administrative
designationfor animalsliving north andwestoftheColoradoRiver) waslistedas threatenedon
April 2, 1990. Critical habitatfor the Mojavepopulationwas designated onFebruary8, 1994.

Habitat Requirementsand Limiting Factors:

The Mojavepopulationof the deserttortoise occursprimarilyon flatsandbajadascharacterizedby
scattered shrubsandabundant inter-spaceforgrowthofherbaceousplants, withsoils rangingfrom
sand to sandy-gravel. Desert tortoises arealsofound on rocky terrain andslopes,and thereis
significantgeographic variationin the waydeserttortoisesuseavailableresources.

The Mojavepopulationwaslistedbecausedeserttortoisenumbers aredeclining precipitouslyin
manyareas.Thesedeclinesaremainly attributedto directand indirecthuman-causedmortality
coupled with theinadequacyofexistingregulatory mechanismsto protect desert tortoisesandtheir
habitat. Impacts such as thedestruction, degradation,andfragmentationofdeserttortoisehabitat
result from urbanization,agriculturaldevelopment,livestockgrazing,mining, and roads. Human
“predation” is alsoa major factor in the declineofdeserttortoise populations.Predationis used
here inits broadestsense,meaningthe takingofdesert tortoises outoftheirpopulationseitherby
death(accidentalor intentional)orremovalfrom native habitat. An upperrespiratorytractdisease
(URTD) is an additionalmajor causeofdeserttortoisemortality andpopulationdecline,
particularlyin thewestern Mojave Desert.

Recovery Objective:

Delistingthroughrecovery.

Delisting Criteria:

Genetics, morphology, behavior, ecology, and habitat use definesix distinct populationsegments
orrecoveryunits’ within the rangeof the Mojavepopulation: northernColorado,eastern
Colorado, upper Virgin River, eastern Mojave,northeasternMojave,andwestern Mojave. The

1 Forthepurposeof this document,the following definitions should be used:

Recovery unit- a geographic areaharboringanevolutionarilydistinctpopulationof thedeserttortoise
(Mojavepopulation);
Desert Wildlife Management Area (DWMA)- adminisu~ativearea within therecoveryunit which is managed
such thatreserve-levelprotectionis affordeddeserttortoisepopulations while maintaining and protecting
othersensitivespeciesand ecosystem functions(e.g.,watersheds).

i



DesertTortoise(MojavePopulation) Recovery Plan

populationwithin a recovery unit may beconsideredfordelistingwhenthe following criteria are
met

(1) As determinedby ascientificallycrediblemonitoringplan,thepopulationwithin a recovery
unitmust exhibit astatisticallysignificant upward trend orremainstationaryfor atleast25 years
(onedeserttortoisegeneration);

(2) enough habitat must be protectedwithin arecoveryunit, or the habitat anddeserttortoise
populationsmustbe managedintensivelyenoughto ensurelong-term viability;

(3) provisionsmust be madeforpopulationmanagementwithin eachrecovery unit so that discrete
populationgrowthrates (lambdas) aremaintainedat orabove1.0.

(4) regulatory mechanismsorlandmanagementcommitmentsmustbe implemented that provide
for long-term protectionof deserttortoisesandtheirhabitat;and

(5) the populationin therecoveryunit is unlikely to needprotectionunder the Endangered Species
Act in theforeseeablefuture.

Actions Needed:

This RecoveryPlan describes a strategy for recovery anddeisting. Keyto this strategyis

- theestablishmentof atleastoneDesertWildlife ManagementArea

- implementationofreservelevelprotectionwithin each DWMA

so as tomaintainat least one viablepopulationat a minimumdensityof 10 adulttortoises per
squaremile within eachof thesix recoveryunits. Basedon genetic and demographic
considerations outlinedin the Plan itis recommendedthateachDWMA within a recovery unitbe
at least1,000squaremilesin extent so asto contain aviablepopulationof desert tortoises thatis
relatively resistantto extinctionprocesses. To insurepopulationpersistence the Plan proposes
multipleDWMAs connectedby protectedfunctionalhabitatwithinrecovery units wherever enough
extantdeserttortoise habitat exists.Multiple, smaller,and more intensively managed DWMAs
with a combinedareaof 1,000squaremilesmay benecessaryin recoveryunits whereindividual
DWMAs of 1,000 squaremiles are notpossibleto containaviablepopulation. In all, 14 DWMAs
are proposed.

TheRecoveryPlanrecommendsgeneralareaswhereDWMAs shouldbe established within
recoveryunits. DWMA selectionandboundary delineation, however,shouldbe accomplished by
land managementagenciesin closecoordinationwith the Fish andWildlife Service andState
wildlife agencies,after soliciting input from otherinterestedparties. ThedesignofDWMAs
shouldfollow accepted conceptsof reservedesign. Action Need 1 is recommendedto establishthe
DWMAs:

1. Develop andimplementrecoveryunit managementplans. This task includes(a) selection and
delineationof DWMAs, (I,) securingof habitatin DWMAs, (c) developmentof management within
DWMAs necessazyto reduceoreliminatefactorswhich havecauseddeclinesin deserttortoise
populations,(d) implementationof DWMA management,and(e) monitoringof the recoveryeffort.

Additional actions neededto accomplish recoveryare:

ii
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2. Environmentaleducation toinform thepublicaboutthestatusof the deserttortoiseand
regulationswithin DWMAs

.

3. Research activitiesnecessaryto monitorandguidethe recoverveffort

.

Costs:

(in $l,000s) Costsof specific managementactionsin
DWMAs will be determined afterrecoveryunit management
plans are developedandareshownas“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

Date ofRecovery: Delistingcouldbe initiatedin year
2019 if recoverycriteria have beenmet.
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proposedDesert WildlifeManagement Areas;AppendixG proposes
ameansto analyzetheenvironmentaldeterminantsof population
size;AppendixH containsdesignateddeserttortoise criticalhabitat
maps which were based upon DWMA boundariesproposedin the
Draft Plan; andAppendixI provides a summaryof the comments
received on the Draft Plan.

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

In theearly 1970’s,biologistsbeganto recognizethatdeserttortoise
populationswere declining through muchoftheirrangein the
United States.In 1980,theFishandWildlife Servicelistedthe
desert tortoiseontheBeaverDamSlope inUtahasafederally
threatenedspeciesanddesignatedcritical habitat. In 1984, the
DefendersofWildlife, NaturalResourcesDefenseCouncil, and
EnvironmentalDefenseFundpetitionedtheFishandWildlife
Service to list thedeserttortoiseasendangered(Fish andWildlife
Service1985). In 1985,theFishandWildlife Servicemadea
determinationthat thelisting was warranted,but action was
precludedbecauseof otherpendinghigher priorities.New
informationon mortality ratesresultedin the emergencylisting of
deserttortoisesnorth andwestofthe ColoradoRiver(excluding the
BeaverDam Slope population)asendangered,onAugust4, 1989
(Fishand Wildlife Servicei989a). The entire Mojavepopulation*
was subsequently listedasthreatenedon April 2, 1990(Fishand
Wildlife Service1990a). Theprimaryreasonsfor listing this
populationincludeddeteriorationand lossofhabitat,collectionfor
petsorotherpurposes,elevatedlevelsof predation, lossofdesert
tortoises from disease, andtheinadequacyof existing regulatory
mechanismsto protectdeserttortoisesandtheirhabitat(Fishand
Wildlife Servicei990a).

2. Critical habitat designation.

In 1993severalenviromnentalgroupssuedtheDepartmentofthe
Interiorto compeldesignationofcritical habitatfor theMojave
populationof the deserttortoise, allegingthat theSecretaryhad
failed to meet thedesignation deadlineunder section4(bX6)(C)(ii)
oftheEndangeredSpeciesAct Finalcritical habitat designationfor
the Mojavepopulationwas published in the FederalRegisterin
February1994 (59FR 5820). Designated criticalhabitatfor the
deserttortoiseencompasses portionsoftheMojaveand Colorado
desertsthat contain the primaryconstituent elementsandfocuseson
areas that areessentialto thespecies’recovery. The critical habitat

* “Mojave population”asusedhereis aregulatory designationfor thosedeserttortoisesoccurringnorthand
westof theColoradoRiver. Elsewherein thisdocument “population”adheresto thebiologicaldefinition:
agroupof individualsin agivenareaat agiventime (Ehrlich etal. 1974).

2
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unit boundarieswerebased on proposed DWMAs in the Draft
Recovery PlanfortheDesertTortoise(Mojave Population)(Fish
andWildlife Service1993)(AppendixH). Further discussionof
critical habitat andits relevanceto recoveryof thespeciescan be
foundin Section ll.E.

3. Current population trends.

It is estimated thatmanydeserttortoisepopulationshave declined at
ratesrangingbetween3 and59%peryear(Beny 1990,as
amended).Thesedeclineshavebeen attributed to directtakeby
humans (e.g.,collectionfor petsorfood,shooting,killing and
injuring with motorvehicles);habitat loss, degradation, and
fragmentation(e.g.,dueto roads,agriculture,residential
development,military training); diseases;and recent drought
(Sievers etal. 1988,Luckenbach1982,Coombsi977aand b,
AppendixD). Populationsin areaswith ahigh incidenceofknown
human-causedmortality exhibit the greatestdeclines (Figure1).

B. Reasonsfor Decline.
The followingaccountdrawsuponalargebody ofliterature
detailingthe majorcausesof deserttortoisepopulationdecline
(rable 1). This informationis reviewedin AppendixD and in
Jacobson(1994),exceptwhere otherwisecited.

The most serious problem facing the remainingdesert tortoise
populationsin theMojaveregion (the areaoccupiedby theMojave
populationof thedeserttortoise)is thecumulativeloadof human
anddisease-relatedmortality accompaniedby habitatdestruction,
degradation,andfragmentation.Virtually every extant desert
tortoisepopulationhasbeenaffected by oneormoreofthese
factors. While therecentdroughtundoubtedlyexacerbatedalready
difficult conditionsfor desert tortoises,currentpopulation declines
arenot simp1ytheresultof drought Droughtis anaturaloccurrence
whichdeserttortoiseshaveexperienced andsurvived forthousands
ofyears(VanDevenderetal. 1987).

Asaresultofcumulative impacts,desert tortoisepopulations have
been extirpatedoralmostextirpated fromlargeportionsof the
westernandnorthernpartsof theirgeographicrangein California
(e.g.,Antelope,IndianWells.and Searles valleys) (Appendix D).
Populationdeclinesorextirpationsattributable tocumulativeimpacts
have occurred in and near theCaliforniacommunitiesofMojave,
Boron,KramerJunction,Barstow, Victorville, AppleValley,
LucerneValley, andTwentyninePalms. Similarpatternsare evident
nearLasVegas,Laughlin,andMesquite,Nevada;andStGeorge,
Utah. Futureextirpationscanbeexpectedin thevicinity of all cities,
towns,andsettlements.

3



DesertTortoise (Molave Population)RecoveiyPlan

Figure 1. The numberofadultdeserttortoisesfoundon deserttortoisetrend plots
locatedin California (Berry 1990,as amended)Thestudyplotsshownoccurin areaswith
ahighincidenceofknown human-causedmortality. All dataarenormalizedto thehighest
population sizerecorded withinthe years populationsweremonitored. Thedownward
trendin population densityishighly significant(Fl,l4 = 28.4,p<0.0001).
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Table 1. Partialsummaryof referencesrelatingtheeffects (directandindirect)of human
activities,off highwayvehicles(OHVs), andgrazingofdomesticcattle andsheepon desert
tortoisehabitatandon thedeserttortoise(GopherusagassiziO.

EffectsofHumanPopulation
GrowthandUrbanizntion

Biosysrems1992
Berty1984b
BerryandBurge 1984
Berry and Nicholson1984b
Klemens1989
Lamb 1991
SwinglfndandKiernens1989
TierraMadre 1991

Effects of Freeways,Highways,
PavedandDirt Roads,andRailroads

Berryctal. 1986a
Berry and Turner1984
Boarmanetal.1992
DamesandMoore1991
GoodlettandGoodletI1991,1992
Marlow andHoff 1992
Mount 1986
Nicholson1978a,1978b
U.S.Ecology 1989

Effects.f Military Operatiom
Berry and Nicholson1984b
Krzysik 1985
Krzysik and Woodman1991
Prose1985,1986
ProseandMetzger1985
Proseetal.1987

EffectsofEnergy(transmissionand
pipelines),andMineral Development

Berry 1984b
Berry and Nicholson1984b
Biosysrems1992
Broxoetal. 1983
Riedy 1989
Robinerte1973
Woodmanetal.1983

Humanva~daiism
Berry 1984b.1986a.1990. asamended
Berry and Nicholson1984b
Berry etal. 1986a
Bury andMarlow 1973
Campbell1981
Gina 1990
Jaeger1950
Jennings1991

HumanPredation forFood
Ditrler 1991
SwinglandandKlemeas1989
SchneiderandEverson1989

CollectionandCommercialTrade
Berry 1990.as amended
Berry andBurge 1984
Berry andNicholson1984b
Gino 1990
Howland1989
Jennings1991
St. Amant1984
Stewart1991

US~QEDflYi

Immediate Effects
LossofSoil

Wilshire 1977a,197Th. 1979
Wilshireeta!. 1977

Loss ofAnwi Piants~Grasses
BLM 1975
Wilshireetal. 1977

LossofPerennialPlants
Wilshire 1979
Wilshire ci *1. 1977

Loss ofDesertTortoiseBurrows
Burge 1983
Bury 1978
Bury andLuckenbach1986
Bury andMarlow 1973

Crashing DesertTortoises
Bury andLuckenbach1986
Luckenbach1975

DelayedandCumulativeEffects
LossofS,oll

BaldwinandStoddard1973
Gilette andAdams 1983
Hiackleyctal.1983
Nakata1983
Sheridan1979
Stulletal.1979
Wilshire 1980
Wilshireetal.1977

5.11Compaction
Adamsetal. 1982a
BodmanandConstantin1965
Dickeyetal. 1973
Webb1983
Webbci al. 1978
Wilshire 1977a,b
Wilshire andNakaxa 1976
Wilshireetal.1977

Effecton Annual Plants
Adamsetal. 1982a, 1982b
Rowlandsetal.1980

EffectonPerennialPlants
Biosystems1992
Bury andLuckenbach1983,1986
Buryetal. 1977
DavidsonandFox 1974
Keefe andBerry 1973
Lazhrop1983a,b
Vollmer etal. 1976

EffectsenLiveDesertTortoises
Bury 1987
Bury andLuckenbach1986
Buryctal. 1977

Effectsen Other Vertebrates
Berry 1973
Bondeilo 1976
BransiromandBondello1983
Bury andLuckenbach1983
Buryctal. 1977
BusackandBury 1974
U.S. BLM 1975

GRAZING OF DOMESTIC
5BEEEA~CAULE

Changesin Habitat
Soil

Aendi 1966
Avery eta!.1992
Ellison 1960
Gifford andHawkins1978
Klemmedson1956
Sharpetal. 1964

Vegetation
Bentley1898
Clements1934
Coorobs1977a.b
Corben1952
Ellison 1960
Frenkel 1970
Gardner1951
Hardy 1945
Humphrey1958. 1987
Janzen1986
Kayeral.1988
Mack 1981
NicholsonandHumphreys1981
Orians1984
Reynolds1958
Rowlandset al. 1980
BLM 1980a
WebbandSticistra 1979
Wester1981

CompetitionBetweenTortoises
andUvestock

Berry 1978
Biosystems1992
Coombs1979
Medicaetal.1982
Nicholson andHumphreys1981
Sheppard1981

Trampling
Berry 1978
Berry andShieldset al. 1986
Knowles 1987
Mariow 1974
NicholsonandHumphreys1981
RauziandSmith 1973
WebbandWilshire 1980

Consequencesof AlteredHabitat
Coecral.1976. 1979
CongdonandGibbons1985
GibbonsandPatterson1982
Gibbonsetal.1983
JarchowandMay 1989
Jones1987
Mitchell 1985
SwinglandandCoe 1979
Tracy 1992
Tumereta!. 1984, 1987
Wmgfield 1983

Population DeclinesIn the Tortoise
andOtherNativeHerbivores

BusackandBury 1974
Karl 1980. 1982
MedinandCleary1989
Phillips 1936
Turnerci al. 1981
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1. Human contact and direct mortality.

Human“predation”is amajorfactorin thedeclineof the desert
tortoise. Herepredationis used in its broadest sense, meaning the
takingof deserttortoisesoutof theirnaturalpopulations either by
death(accidentalor intentional)orby removal. Peopleillegally
collectdeserttortoisesforpets, food, and commercial trade. Some
newimmigrantsto theUnitedStatescollect desert tortoisesfor
medicinalorothercultural purposes (Section4.1 ofAppendixD).
Stewart(1991)reportedthat from 12.5 to 43.7%of desert tortoises
with radiotransmitterswerepoachedorsuspectedof beingpoached
from his researchsitein the westernMojaveDesertbetween1987
and1991. Berry(1990,asamended) presented similarevidenceof
illegal collections at astudyplotnearStewart’ssite during the
1980’s. Evenin remote areas,deserttortoises onpermanentstudy
plots have beencollectedand later haveappearedin cities ortowns
dozensof miles awayfrom theplots.

Deserttortoisesareoftenstruck andkilledby vehicleson roadsand
highways, andmortality ofdesert tortoises due to gunshot andoff-
highwayvehiclesis common in partsof theMojaveregion,
particularlynearcitiesandtownswherepeople and desert tortoises
mostfrequentlycomein contact. For example,between1981 and
1987,40%of the desert tortoises found dead on astudyplot in the
FremontValley, California,were killedby gunshotorvehicles
travelingcross-countryoron trails(Berry 1990,asamended). Berry
(1986a)reported that nearly15%of635 deserttortoisecarcasses
thatwere examinedfrom several Californiastudysitesshowed signs
of gunshot.

2. Predation.

Deserttortoises, particularly hatchlingsandjuveniles, are preyed
uponby severalnativespeciesof mammals, reptiles, andbirds.
Domestic and feral dogs are a new,andprobably significant, source
of mortality (CauseyandCude 1978,Berry 1979). Predationby the
commonraven(Co,visscorax) is intenseon younger age classesof
the deserttortoise,andtheFishandWildlife Service’sBreeding
Bird Survey Programprovideddata toshowa 15-fold increase in
raven populationsin theMojaveDesert and a 4.7-fold increase in
ravenpopulationsin theColoradoand Sonoran deserts from1968
and1988(BureauofLandManagementet al. 1989, Table1).
Ravenpopulationincreasesseemto be due to increased food
supplies,(e.g.,roadkills, landfills, trash,garbagedumps,
agriculturaldevelopments), as well as newsitesfor perches and
nests (e.g., fence posts,powerpoles andtowers,signs,buildings,
bridges, and freewayaccess-ramps).

Thecontributionof mammalianoravianpredationto overall desert
tortoisemortality is notwell understood.The best-documented
predatoris theraven. Berry (1990, asamended)believes that
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predation pressure from ravens probably hasresultedin such high
lossesofjuveniles insomeportionsofthe Mojaveregionthat
recruitmentof immature deserttortoisesinto theadultpopulationhas
beenhalted.Increasedmortality ofyoungdesert tortoisescombined
with drastically loweredsurvivorshipof adultsis likely responsible
for observed catastrophicpopulationdeclines(Berry 1990,as
amended).

3. Disease.

Disease hascontributedto highmortality ratesin thewesternMojave
Desertin the lastfouryears(Berry 1990,as amended, Averyand
Berry 1990,Jacobson1994). Diseaseis also suspectedof
contributingto declines in deserttortoisepopulationsin the
ChuckwallaBenchareaof the eastern Colorado Desertandatsome
siteson the Beaver DamSlopein thenortheasternMojave Desert
(Berry 1992,Jacobsonet al. 1994).

An upper respiratory tractdisease(URTD) is prevalentin captive
desert tortoises and has been identified in wild deserttortoisesin
manylocalitiesin the Mojaveregion. The diseaseis currentlya
majorcauseofmortality in thewesternMojave Desert andperhaps
elsewhere. RecentstudieshavedemonstratedMycoplasmaagassizii
sp.nov. as the causative agentofURTD. A serological test has
beendevelopedto determineexposurestatusof desert tortoisesto
URTD (Schumacher et al.1993). Predisposingfactors such as
habitatdegradation,poornutrition,anddrought arealsolikely
involved (Jacobson et al.1991). Drought and concomitantpoor
nutritionhavethepotentialto compromisedeserttortoises
immunologicallyand,therefore,make them moresusceptibleto
URTD. However,in recent experimental studies, URTD was
induced inapparentlyhealthydeserttortoiseswhenchallenged with
an isolateofM. agassiziiobtainedfrom anill deserttortoise(M.B.
Brown,UniversityofFlorida, pers.comm. 1993).Under certain
conditions,evenhealthydeserttortoisesmaybecomeinfectedwith
the causative organism and develop signsofURTD. Controlling
human-relatedspreadof URTD (Jacobson1994),improvinghabitat
conditions,and monitoring healthstatusof deserttortoise
populationsaresomeofthemoreimportantmanagementtools
whichcanbe used incontrollingURTD in wild populationsof the
deserttortoise.

URTD appears to bespreading,andmay have beenintroducedto
wild populationsthroughillegal releasesofcaptive desert tortoises
that were ill (Jacobson1994). Wild desert tortoises withsignsof
URTD arecommonlyfound nearcities and towns with
concentrationsofcaptivedeserttortoises (Marlow and Brussard
1992).

A shell disease, characterizedby lesions,is correlatedwith desert
tortoise declinein theChuckwallaBench population in the eastern
Colorado Desert(Jacobsonetal. 1994,Berry 1992). Lesions
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typically appearat seamsbetween adjacentscutesandthenspread
towardthemiddleof eachscute in anin~egularpattern.A varietyof
mineralandmetaldeficiencies,as well as varioustoxicants,are
knownto causeintegumentarypathology in mammals,suggestinga
diseaseortoxicosismaybe responsiblefor these observed shell
abnormalities(AppendixD).

4. Habitat destruction, degradation, and
fragmentation.

Changesin vegetationaccumulatingoveralmosta century and ahalf
in theMojaveregionhave beensubstantial.Ingeneral,these
changesarecharacterizedby decreases in perennial grassesand
native annualsand anincreasein exoticephemerals such as red
brome(Bromusrubens). Continuousstandsof exoticephemerals
providefuel whichcancarryfire overlargeareas.Historically,fires
were smallorinfrequent over vast areasofthe Mojave region,and
becausenativedesert plants have not evolved with fireandare not
adaptedto it, theygenerallyare killed byhigh-intensityfire. The
increasing incidenceandseverityof fires in the Mojave region are
alreadyconvertingdesertshrublandsinto ephemeral grasslands.
Theeffectsof invadingexoticgrasses on several ecosystems have
recentlybeenreviewedby D’Antonio andVitousek(1992).

Thesevegetationalchangescan be detrimental todeserttortoisesfor
anumberof reasons.First, these animalsrequire perennialshrubs
forcoverfrom the intense solar radiation in the desert.Second,
perennialgrassesare importantsecondaryfoodsourcesforthe
deserttortoisein manyareas.Third, recurrentfires and competition
from exoticephemeralsmay reduce theabundanceanddiversityof
nativeforbswhich are themajorfoodsourceof the deserttortoise.
Finally, majorfires fragmentdesert tortoise habitat;fires canalso
kill deserttortoises (AppendixD).

Habitat fragmentationis a major contributor topopulationdeclines
(Berry 1984b,Berry and Burge1984,Berry andNicholson1984b,
andBeny 1984c).Deserttortoisesrequireagreatdealof space to
survive (Figure2; seealsoAppendixC). Overits lifetime, each
deserttortoisemay require more than1.5 squaremiles ofhabitatand
may make foraysof more than7 miles at a time(Berry 1986b;
Esqueet al. in prep; K.H.Berry,pers.comm.1993). In drought
years,desert tortoises forage overlargerareas(Figure2) andthus
have a greaterprobabilityofencounteringpotentialsourcesof
mortality. Roadsand urban areasformbarriersto movementand
tendto createsmall,local populationswhich are much more
susceptibleto extinctionthanlarge,connectedones(Wilcox and
Murphy 1985).
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Grazingby cattle,domesticsheep,and feralequidscanalsoaffect
deserttortoisesandtheirhabitatsnegatively. Livestockcankill
deserttortoisesandeggsdirectly by trampling. Grazing canalso
damagesoil crusts, reduce water infiltration,promoteerosion,
inhibit nitrogen fixationin desert plants, and provide afavorable
seed bed forexotic annualvegetation.Habitatdestructionand
degradationis especiallyevident in the vicinityof livestockwater
sources. Off-road vehicle(ORV) use also destroys,degrades,and
fragmentsconsiderableareasofdeserttortoise habitat;and
disturbancesfrom both grazing andORVs facilitatetheinvasionof
exotic plantsandincreasedincidenceoffire (Table 1, AppendixD).

A varietyof other human uses have caused significantquantitative
andqualitativelossesofdeserttortoisehabitat.Urbanization;
agriculturaldevelopment;constructionanduseof transportation
routesandcorridors;developmentof utility corridors; exploration
for and developmentof hard rockminerals,sandand gravel pits, oil
and gas,andother mineralresources;and concentrated visitor use
areall importantcausesof widespread habitatdestruction. In some
portionsofthedesert, militaryactivities suchas maneuvers,
bombings,andexplosionsalso contribute to thedegradationand
lossofdeserttortoisehabitat (KryzikandWoodman1991,Fish and
Wildlife Service1992). Thecombinedeffectsofthesevarious
activitieshaveresulted inextirpationsand populationdeclinesof
deserttortoisesthroughout the Mojave region. The relative
contributionsofthese factors are well documentedin someareas,
but not inothers (Table1, 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 engage inanysuch conduct.“Harm”,
in the definition of “take”, includessignificant habitatmodification
ordegradationwhere it actuallykills or injures wildlife by
significantly impairing essential behaviorpatterns, including
breeding,feeding,or sheltering(50 CFR 17.3). Sections7 and 10
of the EndangeredSpecies Act provideregulatory mechanismsfor
actionsaffecting deserttortoises on publicandprivate lands,
respectively.Section 7(a)(1)directsFederal agenciesto usetheir
authoritiesto carry out programs forthe conservationof endangered
and threatenedspecies.Through the section7(a)(2)process,all
Federal agenciesare requiredto ensure thatanyaction they
authorize,fund, or carry out in the United Statesor upon thehigh
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, as long as suchtaking is incidentalto,
and not the purpose of, carrying outotherwiselawful activities(16
U.S.C. 1539). A section10(a)(l)(B)permitis grantedonly if the
applicantinstitutes appropriateconservationmeasuresforhabitat
maintenance,enhancement,andprotection,coincident with the
action.

Since the emergencylisting of thedeserttortoisein August1989,
the FishandWildlife Service has reviewedhundredsofproposals
foractivitiesthatcould adverselyaffect the deserttortoise. Overthis
time, the FishandWildlife Service, other Federalagencies,and
Statewildlife agencies,havedevelopedandimplementedmeasures
to minimizeharm andmortality to deserttortoises resultingfrom
humanactivities. Thesemeasuresincludethe followingprovisions
for avoidingimpactsto desert tortoises found in projectareas:
moving animals fromharmrsway to adjacent undisturbed habitat
where theirprobabilityof survival is increased;landacquisitionand
protection ascompensationfor destructionof deserttortoisehabitat;
increasedlaw enforcement;improvedmanagement; publiceducation;
andresearch.The FishandWildlife Servicehasspecifiedthatall
handlingof deserttortoiseswould be in accordance with procedures
approvedby them.

Thesection7 processcan influence theplanning activitiesofFederal
agenciesto reduceimpactsto deserttortoisesand, insomecases,
benefit deserttortoises.Forexample,throughinformal consultation
with theFishandWildlife Service, theMarineCorpsdevelopedan
alternativelocationfor anewairfield thatavoidedimpactsto the
largestconcentrationofdeserttortoisesat the MarineCorpsAir
GroundCombatCenterat TwentyninePalms,California. In
anotherexample,throughthe section7 consultation process theFish
andWildlife Serviceand the Navydevelopeda programmatic
approachfordeserttortoisemanagementandroutineoperationsat
theNavalAir WeaponsStationat ChinaLake,California. This
consultation specifiedstandardmitigation measuresfor Navy staff to
implement wheneverdeserttortoisesare encounteredduring an
action. TheNavy has established an areaof approximately200,000
acresin whichit will attemptto avoidsitingany newfacilities that
would resultin thedisturbanceofgreater than2.5 acresofdesert
tortoise habitatat anyonetime. The Navyalsocommittedto
continueits ongoingefforts to remove feral burros from desert
tortoise habitatand to fenceits boundaryto preventlivestockgrazing
on its lands. In Nevada,programmaticconsultationsdirected urban
developmentandORV usein theLas VegasValley to areasof
degraded orpoorhabitat,thereby reducing conflictsin areas
necessaryfor desert tortoise recovery.

Otherimportantsection7 consultationshaveresultedin time and
spacerestrictionson domesticsheepand cattle grazingandreduced
impactsto deserttortoisesand their habitatresultingfrom ORY
activities, right-of-waydevelopment,mining operations,military
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actions,andmany otheractivitiesauthorized, funded,orcarriedout
by Federalagencies.

In 1991,the FishandWildlife Service issued a3-yearsection
10(a)(1)(B)incidentaltakepermitto Clark County and thecities of
Las Vegas, NorthLas Vegas,Henderson, andBoulderCity in
Nevada.As aconditionof thepermit,thepermitteesare
implementinga habitatconservationplan (HCP) which providesfor
conservationandmanagementofat least400,000 acresin Clark
County forthebenefitofthe deserttortoise (RECON1991). Three
typesof mitigationmeasures are requiredby the termsofthepermit:
(1) conservationandmanagementof deserttortoise habitat, (2)
initiation ofadeserttortoise researchandrelocationprogram, and
(3) impositionofa$550-per-acremitigation feeon projects in the
permitarea. Keymanagementactionsto be implemented on the
400,000ormoreacresof conservation lands include: acquisition
andretirementofgrazingprivileges;designationofroads and trails
andeliminationof off-highwayvehicleeventsovermostof the
conservationlands;nonewlandfills or intensive recreation sites;and
adequateenforcement, biological monitoring,andmaintenance
actions neededto implement theseactions. The$550-per-acre
mitigationfeesare to beusedto fundtheconservationandmitigation
measures.The permittees arepursuinga long-termincidentaltake
permitwhich will addressall ofClark Countyfor a periodof 20
yearsormore.

The FishandWildlife Serviceis alsoinvolved in preparationof
HCPsfor WashingtonCounty,Utah.andNyeCounty, Nevada,
and several othersection10(a)(l)(B)permits have beenissuedor
are pendingfor smallerprojects. WashingtonCounty, Utahis in
the processof applyingfor a20-yearincidental take permitfor
deserttortoise. On May 4, 1994,theFishandWildlife Service
received a proposedWashingtonCountyHCP(WashingtonCounty
Commission1994).as partofa permitfor incidental takeof desert
tortoiseandits habitat. The major mitigationproposedfortakeof
deserttortoiseis increased protectionof theremainderofdesert
tortoise habitatin theareathrough establishmentof a desert habitat
reserve,ordesert wildlife management area. Landownership
within thereservewill be Federal,andlandexchangesand
acquisitionarerequired toconsolidatehabitat andmanagement
efforts. Managementof thedeserthabitat reserveis proposedto be
by BLM througheventualestablishmentofa NationalConservation
Area. The proposed reserveextendsfromthe eastern boundaryof
thePaiuteIndianReservationon thewest,to theCity of Hurricane
on theeast. Within the reserve, land uses will be carefully
controlledandall managementactionswill place thedesert
tortoise/habitatconservation as the highestpriority. Acquisitionof
habitat, fencing, enforcement,education,and removalofcompeting
uses comprise themajority of mitigationmeasuresfor proposed
take. The Washington CountyHCP alsoincludes proposed
conservation measuresfor otherlisted andcandidatespecies.
Funding foradministration, implementation,and monitoringof the
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WashingtonCountyHCP includescollectionofcounty-widefees:
0.2%of all newconstructioncosts,plus $250 per acre forplotted
housing developments.The Fish and WildlifeServiceis currently
reviewingtheWashington CountyHCP.

TheBureauofLandManagement’s(BLM) CaliforniaDesert
District, in cooperationwith the Fish and WildlifeService,
California DepartmentofFish and Game, andlocalgovernments,is
currentlydevelopingtheWestMojaveCoordinatedManagement
Plan. Thismulti-speciesmanagement strategyfor 8.6 million acres
will providefor long-term conservationofthe deserttortoiseand
otherrareorsensitivespecies,suchas the Mohave groundsquirrel.
The plan will be thebasisfor aprogrammaticsection7 consultation
for BLM activitiesin theplanningareaandserveasan HCPfor
local governments toobtainsection l0(a)(1)(B)permits.This planis
expected to be thefirstof severalregionalconservation planning
effortsin California,which wouldimplementtheguidanceprovided
in this RecoveryPlan.

2. BLM management.

TheBLM managesmostdeserttortoise habitatin theMojave region
andinitiatedmanagement actions toconservethisspecies.In 1988,
theBLM issuedahabitatmanagement planforconservationofthe
deserttortoiseon public lands throughoutits rangein the United
States(Spang etal. 1988). The plangroupsdeserttortoisehabitat
into threegoal-oriented categories:

CategoryI—Maintainstable,viablepopulationsand protect
existing tortoisehabitat values;increase populations,where
possible.

Category11—Maintainstable,viablepopulationsandhalt
furtherdeclinesin tortoise values.

Category111—Limit tortoise habitatandpopulation
declinesto the extent possible bymitigating impacts.

Habitat areas arecategorizedaccordingto fourcriteria:
(1) importanceof the habitat tomaintainingviable populations,
(2) resolvabiityofconflicts, (3) deserttortoisedensity,and
(4) population status (stable, increasing,ordecreasing).BLM’s
goal is to maintainviabledeserttortoisepopulationsin category1
and2 habitatsand to limitpopulationdeclinesto theextent possible
in category3 habitats. The planidentifies managementactions
needed toimplementthesegoals,which addressenvironmental
education,ORY use, energy and mineraldevelopment, livestock
use,landsandrealty actions,and otheractivitieswhichmayaffect
deserttortoises. Includedis a provisionto compensatefor residual
impactsto deserttortoisesafterothermitigation measuresare
incorporatedinto proposedactions. A compensation formula was
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developedandadoptedto implementthis provision(DesertTortoise
CompensationTeam1991).

The Federal LandPolicyManagementAct of 1976(public law 94-
579) directedtheBLM to manage publiclandsfor multipleuseand
sustainedyield. Wildlife is identified asoneofthemajorusesof
public lands. TheSikesAct (public laws 93-452 and 95-420)
authorizestheBLM to developandimplementplans incooperation
with Statewildlife agenciesforthe development andprotectionof
wildlife habitat. In response to these authorizations, theBLM has
developed numeroushabitatmanagementplanswhich address the
managementandconservationofthe deserttortoise. TheCalifornia
DesertConservationAreaPlan, 1980(BLM 1980a),a management
strategyfor 12.1 million acresofpublic land,identifiedfive areas
wherehabitat managementplanswere to be developed toconserve
deserttortoise habitat.This planalsodesignated eightcrucial desert
tortoise habitatareaswith specificmanagementactions toprotect
deserttortoises.In addition,the BLM carries out land exchanges
and uses LandandWater Conservation fundsto acquire desert
tortoise habitat. SpeciallandusedesignationssuchasAreasof
Critical EnvironmentalConcernandResearchNaturalAreas have
also beenestablishedby theBLM forthe deserttortoisein the
Mojaveregion.

3. Management by other agencies.

TheBLM is the primary landmanager,but anumberof other
Federal,State,andlocal entitiesalsomanagedeserttortoisehabitat
in the Mojaveregion. The National Park Service provides
protection fordeserttortoisehabitat at JoshuaTreeNational
Monumentandat DeathValleyNationalMonument inCalifornia.
and Lake MeadNational RecreationAreain Nevada. The
DepartmentofDefensemanages large parcelsof land,particularlyin
Californiaat theFort Irwin NationalTrainingCenter,theNaval Air
WeaponsStationat China Lake,EdwardsAir Force Base, the
MarineCorpsAir GroundCombatCenteratTwentyninePalms,and
theChocolate MountainsGunnery Range,andin Nevadaat the
Nellis Air Force Base.Desert tortoisemanagement plans have been
orare being prepared forsomeof thesemilitary lands. The Fish and
Wildlife Service’sDesertNationalWildlife Refugeprovides
protectionfor aportionofthedeserttortoisehabitatin theCoyote
SpringareaofNevada. Other lands are managed byStateparksand
wildlife agencies,BureauofIndian Affairs,Bureauof Reclamation,
andothergovernmentagencies.

4. State laws protecting desert tortoises.

All fourstatesin which the Mojave deserttortoise occurshave laws
thatprovidesomeprotectionfor this species; for instance, the
collectionof desert tortoisesis prohibited inall four states.In
Nevada, section501.110.1(d)oftheNevada RevisedStatutes
prohibitstransportationofdesert tortoises withinNevadaoracross
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State lines.The deserttortoiseis alsolistedas a threatened species
under the CaliforniaEndangeredSpeciesAct of 1984. Similar to the
FederalAct, this legislationrequiresStateagenciesto consult with
theCaliforniaDepartmentof FishandGameon activitieswhich may
affect alisted species.Compensationis requiredby California
DepartmentofFish and Game for projects which resultin lossof
deserttortoise habitat.

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

The Mojave region includesportionsofboth the Mojaveand
Sonorandeserts.Within theMojaveregion,theMojaveDesertis
represented in partsofInyo, Kern,Los Angeles,SanBernardino,
andRiversideCounties inCalifornia;thenorthwesternpartof
MohaveCounty in Arizona; ClarkCounty,and thesouthernpartsof
Esmeralda,Nye,and Lincoln Counties in Nevada; and partof
WashingtonCounty,Utah. TheColorado Desert,adivisionof the
SonoranDesert,is locatedsouthofthe MojaveDesert,andincludes
ImperialCountyand partsof SanBernardino,and Riverside
Counties, California.Theclimatic, geological,and ecological
featuresof those portionsoftheMojaveand Colorado deserts
inhabitedby thedesert tortoisearedescribedin AppendixE.

2. Habitat requirements.

Within the variedvegetationalcommunitiesoftheMojaveregion,
deserttortoises canpotentiallysurviveandreproducewheretheir
basic habitatrequirementsaremet. Theserequirementsinclude
sufficientsuitable plantsfor forageandcover,andsuitable
substratesfor burrowand nestsites.Throughout mostof the
Mojave region,deserttortoisesoccurprimarily on flatsandbajadas
with soils ranging from sand tosandy-gravel,characterized
vegetationallyby scatteredshrubsandabundant inter-shrub space
for growthof herbaceousplants. Deserttortoisesarealsofoundon
rockyterrainandslopesin partsofthe Mojave region,andthereis
significant geographic variationin the way deserttortoisesuse
availableresources(seeSectionI.F. for further details).

E. Natural History of the Desert Tortoise.

1. Nomenclature and description.

Thegenericassignmentofthedeserttortoisehas gone through a
seriesofchanges sinceits original descriptionby Cooper (1863) as
Xerobatesagassizii. Until thestatusofthe genus is furtherclarified,
thisRecoveryPlanwill use the more familiarGopherusagassizii.
MorafkaandBrussard(in prep.)detailthe historyofthis
nomenclature.
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The genusGopheruscontainsbetween15 and 19 fossil, andfour
living, species(Auffenberg1976,Crumly 1984). Generally,these
speciesaredividedinto two groupsbased on morphological and
geneticevidence(Auffenberg1976,Crumly 1984,Lamb et al.
1989). One group includes theliving G. agassizii andthe Texas
tortoise(G.berlandieri). The extant Mexican bolsontortoise(G.
flavomarginatus)and gophertortoiseof the southeasternUnited
States(G.polyphemus)are included in the second group.The
recentlydescribedpeninsularBajaCalifornianXerobates
lepidocephaluswould have added a fifthextantspeciesto thegenus,
but this taxonis most probably basedon individualsof Sonoran
DesertG. agassiziiwhichwerereleased into the Cape regionofBaja
California (Crumly1994).

The deserttortoiseis theonly naturallyoccumngtortoisein the
Mojave region. It is distinguishedfrom theotherthreespeciesof
the genusGopherusby acombinationof characters,including a
rounded front head,interhumeralseam longer than integular seam,
singletriangular axillary scale,anddistance from baseof first claw
to fourth claw equalfor forefoot and hindfoot (Brame andPeerson
1969). In comparison to the MojaveG. agassizii,G. berlandieri
exhibitsawedge-shapedhead,relativelysmall adultsize, abifurcate
andupturned gularprojectionin males,andahigh-domedcarapace
(BogertandOliver 1945,Bebler andKing 1979). G. polyphemus
hasa rounded head andis similar in maximum size toG. agassizii,
but its carapaceis more elongate and tends to be widestat midhody,
whereasin G. agassiziithe carapace iswidestat about the fourth
costal scute (Grant1960,BehlerandKing 1979). G.
flavomarginatusattainsthe largest sizeofany ofthefourspecies. It
is distinguishedfrom G. agassiziiby a broad headandthepresence
ofa pale yellowlateral borderon its carapace laminac(Morafica
1982). Escapedorreleased captive tortoisesotherthanG. agassizii
(particularlyG. berlandieri)areoccasionallyencounteredin the
Mojaveregion.

2. Paleontology and distribution.

The earliestfossilsof G. agassiziicomefrom Pleistocene deposits
(Brattstrom1961). During the Holocene,G. agassiziirangedas far
west asCalifornia’s SanJoaquin Valley (Miller1942,VanDevender
and Moodie1977). Prior toEuropeansettlementoftheMojave
region, its rangeincludedthe Mojave and Sonoran deserts in
southernCalifornia,southernNevada, western Arizona, the
southwesterntip of Utah,and Sonora andSinaloa,Mexico
(Stebbins1954, 1966). This speciesis alsofoundon Tiburon
Island in the SeaofCortez(Linsdale 1940). The desert tortoise is
now considerably reduced in numbers throughout muchof this area
andhasbeen extirpated from partsof its historicrange (Spang et al.
1988, Berry 1978).
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3. Genetics and morphology.

Jennings(1985) usedstarch-gelelectrophoresisof allozymes
encodedby about20 loci to exploregeneticvariationin G. agassizii.
Althoughhe found no fixed geneticdifferencesamongsamples,
phenogramsgeneratedfrom genetic distance values suggesttwo
majorpopulation groupingsthatcorrespondroughly with the
Mojaveregion and SonoranDesertin Arizona. In addition,a
plasma protein waspolymorphicin samplesfrom theMojave
Desert,but monomorphicin samplesfrom the SonoranDesert
(Glennet al. 1990).

Basedon mitochondrialDNA (mtDNA) restriction-fragment
polymorphisms,Lamb etal. (1989)describedthreemajorgenetic
unitswithin C. agassizii.Oneunit is foundin the Coloradoand
Mojave desertsand asecondin the SonoranDesertfrom west-
centralArizonatocentral Sonora.TheColoradoRiverappears to
have been asufficientbarrierfor thesetwo assemblages to have
evolvedindependentlysince thePliocene. The thirdmajorunit is
foundin southernSonora andSinaloa,southof the Yaqui River.

Morphologicalvariation coincides reasonablywell with themtDNA
genotypesfoundnorth ofMexico. There are threedistinct shell
phenotypesin theUnitedStates: (1) theCaliforniaphenotype from
CaliforniaandsouthwesternNevada;(2) the Sonoran Desert
phenotypefrom Arizonasouthand eastof the Colorado River, and
(3) theBeaver DamSlopephenotypefrom extremesouthwestern
UtahandArizona northofthe GrandCanyon(WeinsteinandBerry
1987). The California and Sonoran Desert phenotypes correspond
to theMojaveregion and SonoranDesertmtDNA genotypes,
respectively.

Thus, basedon geneticandmorphologicalcriteria,C. agassiziiis
dividedinto at least twowell-differentiated entities,onein the
SonoranDesertin Arizonaandonein the Mojaveregion. A third
mayexistin SonoraandSinaloa, Mexico.

4. Ecology and natural history.

Themostcompleteaccountof the biology,ecology, andnatural
historyof the deserttortoiseis thatof Woodbury and Hardy (1948).
Theseauthors studiedapopulationof desert tortoiseson theBeaver
DamSlopein extremesouthwesternUtahfor morethan10 years.
Theirstudypresenteddetailsof reproduction,growthand
development, longevity,foodhabits,behavior,movementpatterns,
andgeneraladaptationsto desertconditions.Although noother
single studyof C. agassiziicoversas many topics as Woodbury and
Hardy’s,a reasonably large bodyof literatureexists on most aspects
of deserttortoisebiology. Berry (1986c) lists over 30 papers
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published between1976and 1985 on topicssuchasdistribution,
abundance, habitat use,size-ageclassdistributions, sex ratios,
mortality rates,timeandenergybudgets,thermalrelations,
metabolism,andthe effectsof land useon populationdynamics.
The following general accountis basedupon informationcontained
in thesepapersexcept whereotherwisereferenced.

Desert tortoises spend muchof theirlives in burrows, emerging to
feed and mateduring late winterand earlyspring. Theytypically
remainactivethroughthespring, andsometimesemergeagain after
summerstorms. During theseactivity periods,deserttortoiseseat a
wide varietyof herbaceousvegetation,particularly grassesandthe
flowersofannual plants(Berry 1974,Luckenbach1982). Desert
tortoises areessentially“K-strategists”(MacArthur and Wilson
1967),with delayed maturity andlong life. Eggs andhatchlingsare
quite vulnerable,andpre-reproductiveadult mortality averages 98%
(Wilbur andMorin 1988,Turneret al. 1987,Morafka in press).
Adults, however,arewell protected against most predators(other
thanhumans)andotherenvironmentalhazards andconsequentlyare
long-lived (Germano1992,Turneret al. 1987). Theirlongevity
helpscompensatefor theirvariable annual reproductivesuccess,
which is correlated withenvironmentalconditions.

Deserttortoisesare welladaptedto living in a highlyvariableand
often harsh environment. In adverseconditionsthey retreat to
burrowsorcaves,at which time they reducetheirmetabolismand
lossofwaterandconsumevery little food. Adult desert tortoises
losewater at such a slow ratethat they can survivefor more than a
year without access to free waterofany kind. During a recent
drought,deserttortoises at astudysite in eastern California notonly
survived withvery little foodorwater,but they producedan average
of threeeggs per female peryear(B. Henen, UCLA, pers. comm.).
Deserttortoises apparentlytolerate large imbalances intheirwater
andenergy budgets (Nagy and Medica1986). This ability enables
them tosurvivelean years andexploit resources that areonly
periodicallyavailable. During yearsofaverageorbetter than
averageprecipitationandforageproduction,desert tortoises can
balance their water budgetsandhave a positive energybalance,
providingopportunityforgrowth and reproduction (Nagyand
Medica1986). All themechanismsby whichdeserttortoises
maintaintheir energyandwaterbalancein the faceof stochastic
availability of resourcesarestill notclear,but desert tortoises seem
to be flexible in theirmechanismsof energy and water gainandin
theirexpendituresof theseresources(Wallis et al.,1992).
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F. Distinct Population Segmentsof the Desert

Tortoise

1. Background.

As ageneralrule, mostwidespreadspeciesshowsubstantial
geographic variationin genetic,morphological,ecological,
physiological,andbehavioraltraits. This is largely attributed to
naturalselection favoring differentcharacterstatesin different
climatesandbiotic communities(Darwin 1859),orgeneticdrift
(Wright 1931). Suchdivergence, which may arise from pastor
presentbarriersto dispersalorfrom meredistance(Williams 1992),
requires atleastthepartialisolationofgenepoolswithin aspecies.

The deserttortoiseis no exceptionto this generalization,because
groupsofpopulationswithin the Mojaveregion exhibit different
habitat.preferences,food habits, periodsof activity, selectionof
sitesforburrowingandegg-laying, and social behavior(seeSection
I.F.2. below). This is not surprising,sincethis region
encompassestwo majorNorthAmericandeserts,eight vegetational
provinces,andnumerousvegetation types(AppendixE).

Sections2(b andc) and3(15)oftheEndangeredSpeciesAct
provideprotection to“any distinctpopulation segmentof any [listed]
speciesof vertebrate fishorwildlife which interbreedswhen
mature.” Waples (1991)statesthat, “[a] vertebratepopulationwill
be considered ~s~ct... for purposesof protection under the Act
if thepopulationrepresents anevolutionarilysignificantunit (ESU)
ofthebiological species.”An ESUis a population, or groupof
populations,thatrepresents significant adaptive variationwithin a
species (Ryder1986). Evidenceofcurrentorpast reproductive
isolation is not,by itself, sufficient evidencefor ESUdesignation.
Rather,theidentificationof ESUsrequiresevidencethat population
units haveundergonesignificantevolutionary differentiation.Thus
the identificationofESUs requiresdataon range anddistribution,
natural history,morphometrics,andgenetics; concordanceamong
two ormoreof thesedatasetsstrengthensthe case for ESU
designation(Ryder 1986).The followingquestionsare relevant
(Waples1991):

(1) Is thepopulationgenetically distinct?

(2) Does thepopulationoccupy unusualordistincthabitat?

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

Data from avariety ofsources indicatethat there are at leastsix
ESUsof thedeserttortoise withinthe Mojave region. These ESUs
consistofpopulationsor groupsofpopulations thatshow
significantdifferentiationin genetics,morphology, ecology,or
behavior(Tables2, 3,4,and 5) and thus areimportant components
of theevolutionarylegacyof Gopherusagassizii. The conservation
of all these ESUs will helpto ensure that“the dynamic processof
evolution[in this species]will not beunduly constrainedin the
future” (Waples1991). Hereafter these ESUs are referred to as
“recoveryunits” (Figure3).

In thefollowing accounts, informationon theecologyand
distributionofdeserttortoisescomes primarilyfromunpublished
dataand fieldnotesofthe RecoveryTeam.

Northern Colorado Recovery Unit

.

This recoveryunit is locatedcompletelyin California. Heredesert
tortoises are foundin thevalleys,on bajadasand desertpavements,
and to a lesser extentin the broad,well-developedwashes.They
feed on both summerandwinterannuals and densingly in burrows
undershrubs,in intershrub spaces, and rarely in washes. The
climateis somewhat warmer than in otherrecoveryunits,with only
2 to 12 freezingdays per year. The tortoises have the California
mtDNA haplotypeandphenotype.Allozyme frequenciesdiffer
significantly betweenthis recovery unit and theWesternMojave,
indicatingsomedegreeof reproductiveisolationbetweenthetwo.

EasternColorado Recovery Unit

.

Deserttortoisesin the eastern Coloradorecoveryunit,alsolocated
completelyin California,occupy well-developed washes, desert
pavements,piedmonts,androcky slopescharacterizedby relatively
species-richSucculentScrub, Creosote BushScrub,and BluePalo
Verde-Ironwood-SmokeTreecommunities.Winter burrows are
generallyshorterin length,and activityperiods are longer than
elsewheredueto mild wintersandsubstantialsummerprecipitation.
Thetortoisesfeedon summerand winter annuals andsomecacti;
they densingly. Theyalsohave the CaliforniamtDNA haplotype
and shell type.

Upper Virgin River Recovery Unit

.

This recovery unitencompassesall deserttortoisehabitatin
WashingtonCounty,Utah,except theBeaverDamSlope,Utah
population. The deserttortoisepopulationin theareaof St. George,
Utah,is at theextremenortheasternedgeof the species’range and
experienceslong,cold winters (about100 freezing days)andmild
summers,during whichthe tortoises are continuallyactive. Here
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theanimalslive in acomplextopographyconsistingof canyons,
mesas,sanddunes,andsandstoneoutcropswherethevegetationis
atransitionalmixtureof SagebrushScrub, CreosoteBushScrub,
BlackbushScrub,and a psammophyticcommunity. Desert tortoises
usesandstoneandlavacavesinsteadof burrows,travel tosand
dunesforegglaying, and usestill otherhabitatsfor foraging. Two
ormoredesert tortoisesoftenusethe sameburrow. Shell
morphologyandmtDNA have not beenstudiedin thisrecoveryunit,
butallozyme variationis similar to that found in thenortheastern
Mojaverecoveryunit.

EasternMolave RecoveryUnit

.

Primarily in California,this recoveryunit alsoextends into Nevada
in theAmargosa,Pahrump,andPiutevalleys. In theeastern
Mojaverecoveryunit, deserttortoises areoftenactivein late summer
andearlyautumnin additionto springbecausethis region receives
both winterandsummer rains andsupportstwo distinctannual
floras on whichthey canfeed.These desert tortoises occupy a
varietyofvegetationtypesandfeedon summer and winter annuals,
cacti, perennial grasses, andherbaceousperennials.They den
singly in caliche caves, bajadas, andwashes.This recoveryunit is
isolatedfrom the western Mojaveby the BakerSink,a low-
elevation,extremelyhot and arid stripthatextendsfrom Death
Valley to Bristol Dry Lake. Thisareais generallynot suitable for
deserttortoises.Deserttortoiseshave both the California and the
southernNevadamtDNA haplotypeand the California shell type.
Theyarealsodifferentiatedfrom deserttortoisesin thenortheastern
Mojaverecoveryunit atseveralallozymeloci.

Northeastern Molave Recovery Unit

.

Thisrecoveryunit is found primarilyin Nevada,extendinginto
CaliforniaalongtheIvanpahValley andinto extremesouthwestern
Utah andnorthwestern Arizona.Deserttortoiseshere are generally
foundin CreosoteBushScrubcommunitiesofflats, valley bottoms,
alluvial fans,andbajadas, but theyoccasionallyuse other habitats
such asrocky slopesandBlackbushScrub. Twoormoredesert
tortoisesoftendentogether incalichecaves in bajadas and washes,
andtheytypically eatsummer and winterannuals,cacti, and
perennialgrasses.Three mtDNA haplotypes arefoundin this
recoveryunit, but they exhibitlow allozyme variabilitywith
relatively little local differentiation. A distinctshellphenotype
occursin theBeaverDam Slope region.

Western Mojave Recovery Unit

.

TheWesternMojave recovery unit iscompletelyin California and is
exceptionallyheterogeneousandlarge. It is composedofthe
Western Mojave,SouthernMojave,andCentralMojave regions,
eachof whichhasdistinct climaticandvegetationalcharacteristics.
Themostpronounceddifferencebetween the WesternMojaveand
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otherrecoveryunits is in timing of rainfall andtheresulting
vegetation. Most rainfalloccursin fall andwinter and produces
winterannuals,which are the primary food sourceof tortoises.
Abovegroundactivity occursprimarily in spring,associatedwith
winterannual production.Thus, tortoisesare adapted to a regimeof
winterrains and raresummerstorms. Here,deserttortoisesoccur
primarily in valleys,on alluvial fans, bajadas, and rolling hillsin
saltbrush, creosote bush, and scrubsteppecommunities.Tortoises
dig deepburrows(usually located undershrubsonbajadas)for
winterhibernationand summerestivation. These desert tortoises
generallyden singly. They have aCaliforniamtDNA haplotype and
a Californiashell type.
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Table 2. Vegetationcommunitiesand typicalfoodsusedby the deserttortoise

(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)

Summerand winterannuals

Summerand winterannuals,
cacti

Upper Virgin
River

Northeastern
Mojave

EasternMojave

WesternMojave

Transitional Vegetation:
(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-Allscale Scrub(endemic),
(3) IndianRiceGrassScrub-Steppe,
(4) HopsageScrub,
(5) Big GalletaScrubSteppe,
(6) Cheesebush Scrub(west Mojavetype),
(7) DesertPsammophytes,
(8) BlackbushScrub

Summerand winterannuals,
perennialgrasses,cacti (<5%)

Summerand winterannuals,
cacti,perennialgrasses

Summerand winterannuals,
cacti,perennialgrasses,
herbaceousperennials

Winter annuals,
fewherbaceous
perennials,cacti

Northern
Colorado

Eastern
Colorado

tFrorn AppendixE
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Table3. Topography,substrate,winterburrowsitepreference,anddenning behaviorof
thedeserttortoise(Gopherusagassizii)in each recovery unit.

RecoveryUnit PhysicalAttributes ofHabitat 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

Upper Virgin 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 genetic unit (mtDNA)
and phenotype.

RecoveryUnit Genetic Phenotype

NorthernColorado California California

Eastern Colorado California California

UpperVirgin River EasternNevada/Utah Unknown

EasternMojave California,SouthernNevada California

NortheasternMojave WesternNevada,Central Beaver DamSlope,
Nevada,EasternNevada’ Unknown
Utah

WesternMojave California California

Table5. Numbersof freezingdaysand amountsand timingof precipitation within
desert tortoiserecoveryunits.

Precipitation
RecoveryUnit Meannumberof freezing Meanannual %precip.

days annually precip.(mm) July-Sept.

Northern Colorado 2-12 112-129 33-34

Eastern Colorado 12-16 96-100 32-37

Upper Virgin River 96 210 24-29

EasternMojave 24-46 112-208 28-38

NortheasternMojave 46-127 100-210 24-31

Western Mojave(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.

The lifehistory strategyof the deserttortoisedependson longevity
anditeropariry(reproductionmany timesperlifetime). Under
naturalconditions,this strategyallowsthe species to persistin spite
of thestressesofextremelyharshandvariableenvironments.
Becauseadultsnormally live longenoughto havemultiple
opportunitiesto reproduce, populationscan groworat leastremain
stationary(neithergrowingordeclining)if long periodswith
unsuccessful reproductionare punctuated occasionallywith a few
successfulyears. Thesefactorsalsomakerecoveryof the desert
tortoisemoredifficult, andoneortwo goodyearsof reproductive
successdo not signala trend toward recovery any more thanseveral
pooronessignal inevitableextirpation.

This lifehistory strategyis advantageouswhereavailability of
resourcesis unpredictableand juvenile survival rates arehighly
variable,but evenmoderatedownwardfluctuationsin adult survival
rates can resultin rapid population declines (Stearns1976). Thus,
maintaininghighsurvivorshipof adultdeserttortoisesis thekey
factor in the recoveryof thisspecies.

Even when adultsurvivorshipis “normal” (approximately 98% per
year),deserttortoisepopulationsare notcapableof rapidgrowth.
Forexample,the7-yearaverageeggproductionat astudysite near
Goffs, California,was5.8 eggsper female peryear(Turner etal.
1986,B. Henen, UCLA, pers.comm.). At this rateof egg
productionandassuming“normal” adultsurvivorship, population
growthwouldbe lessthan 0.5% peryear(Figure 4). At this growth
rate, more than140yearswould berequiredfor thepopulationto
doublein size.

Underreasonably favorable conditions,adeserttortoisepopulation
might be able togrow atan averagerateof 1%peryear. At that rate
ofgrowth,its doublingtime wouldbe 70years. This meansthat a
populationthat hasdecreasedto 10 adults per squaremile would
require threedoublings,or 210years,to reacha densityof 80 per
squaremile.

No populationwith ratesof growthaslow asthesecanstandloss
ratesofbreedingadultsashigh asthosereportedin thepopulations
shownin Figure 1 without serious threatofextinction. Desert
tortoisepopulationscanwithstandhighratesofnatural juvenile
mortality aslong as theprobabilityof adults surviving each year
doesnot dropbelow approximately98% (Figure5; AppendixC).
Thus, thedeserttortoiseis extremelyvulnerable toextinctionin
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areasin which theprobabilityof adultsurvivalhas beensignificantly
reduced.Otherspecieswith similar life history strategies (e.g.,
Californiacondor, blackrhinoceros,bluewhale) have beencaught
in alteredenvironmentsin which theprobabilityof adult survival has
decreased dramatically.Thesespeciesareall in dangerof
extinction.

Other factorsalsoaffectrecoverabilityofthis species.For example
deserttortoiseshavecomplexsocialbehaviorsandintimate
farrilliarity with theirhomeranges,which are quitelarge. This
meansthattranslocatingdeserttortoisesis not likely to be very
successful(Berry 1986b)until research projects determineif
translocationcan be asuccessfulmeansof recovery(AppendixB).

Desert tortoiserecoveryis furthercomplicatedby the large area
involved. The Mojave regionspansfourstates(each withdifferent
laws andregulations),two differentdeserts(Mojave and Colorado),
and several hundredthousandsquaremiles. Thereis considerable
geneticandecologicalvariability within the deserttortoise
throughoutthe Mojaveregion. Maintainingthisvariability is
necessaryfor deserttortoisesto adapt to these varied environmental
conditionsand possible futurechanges in the environment. In
addition,the threats facing thedeserttortoisediffer in degree,
althoughnotnecessarilyin kind, in differentpartsof the Mojave
region.Consequently managementactionsneededto promote
recovery will have tobe tailored to theneedsofspecific areas.If
recoveryis to be achieved,thecooperativeeffortsof amyriadof
State,Federal, andlocal agencieswill be necessaryto abate these
threatsandimplementthe recovery strategyoutlinedin this
RecoveryPlan.
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Figure4. Simulatedpopulation growth rateof deserttortoisesassumingvarious ratesof
mortality andmaturation. Alphais the ageof first reproduction.
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A~opherusagassizii

Figure 5. Adult andjuvenilesurvivorshipnecessaryto have anetreproductiverateof 1
(viz., a population neither growingnordeclining) whenfemalesproduce an averageof 5 to 6
eggsperyear.
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H. RECOVERY

A. Principles Followed in Developing
Recovery Goals.

Thefollowing biological principlesprovide theframeworkfor
developmentofdelistingcriteriaand the recoverystrategyforthe
Mojavepopulationof thedeserttortoise.

1. Maintenance of distinct population segments.

Dataon habitatuse,generalecology, genetics,andbehavior
reviewedin sectionI.F. definesix distinctpopulationsegmentsor
recoveryunitsofthedeserttortoisewithin theMojaveregion: the
northernColorado,the easternColorado,theUpperVirgin River,
the easternMojave,thenortheasternMojave,and thewestern
Mojaverecoveryunits (Tables2, 3,4,and5, Figure3). Preserving
viablepopulationsof deserttortoiseswithin eachofthese unitsis
essentialto thelong-term recovery, viability,andgeneticdiversity of
thespecies.Identificationofthese recovery unitsalsofacilitatesthe
tailoringof recoverystrategiesto the varyingbiological requirements
andmanagementneedsofeachrecoveryunit. Within recovery
units,DesertWildlife ManagementAreas(DWMAs) needto be
identifiedin whichrecoveryactionswill beimplementedto provide
for the long-term persistenceof viabledeserttortoisepopulations
andtheecosystemsuponwhich theydepend.

2. Genetic considerations in population viability.

In smallpopulations,short-term geneticdeteriorationoccursfrom
inbreedingandlossof geneticheterozygosity(Frankel andSoul~
1981,RailsandBallou 1983). This geneticdeteriorationcancause
problemsin individual fitnessandin thepopulation’sability to
increase.In thelonger-term, inbreeding depressionandlossof
heterozygosity canlimit theability ofthepopulationto respond
adaptivelyto changesin environmenL Bothofthese problems can
contribute totheprobabilityof populationextinction.

The extentto whichgenetic deterioration canaffect populationsis
relatedto thegeneticallyeffectivesize(Ne) ofthepopulation
(looselydefinedasthenumberof individualsactually passingon
theirgenesto thenextgeneration). In vertebrates,Ne isusually
between0.1 and0.5 ofthetotal populationsize,N (Rymanet al.
1981,Shull andTipton 1987). Thereareno dataon Ne/N ratios in
deserttortoises,but the agestructureandmatingstrategiesofthis
species indicatethat its Ne/N ratio will beatthe lowerendofthat
range. The long-termevolutionary potentialof populationsrequires
an Ne ofabout500individuals,althoughthis numberis notvery
preciseandmightbeoff by an orderof magnitude(Landeand
Barrowclough1987). Thus, if the Ne/Nratiofor adesert tortoise
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populationis 0.1, andan Neof about 500to 5,000individualsis
required tomaintainthelong-termevolutionary potentialofthe
species, then apopulationsize (N)of 5,000to 50,000 would be
required for ageneticallyhealthypopulation.Deserttortoise
populationagestructuresindicate that thepercentageof adultsin the
populationrange between4 and 40% (seeAppendixC); thus,a
populationof 5,000total individualscould have between 200 and
2,000 adultanimals; apopulationof50,000total individualscould
havebetween2,000and20,000 adults.While estimates that vary
over two ordersofmagnitude are not verysatisfying,they indicate a
needfor caution inassessingtheconditionsunder which a
populationwill remainviable. Thus,aminimally viablepopulation
ofdesert tortoisesfrom geneticconsiderationsshouldprobably
contain atleast2,000 to 5,000 adultanimals.

3. Demographic considerationsin population viability.

In additionto genetic deteriorationthat can occur at verysmall
populationsizes,numerousnegative demographic effectscanoccur
whenpopulationsizesaresmallorwhentheirdensitiesarelow.
When populationdensitiesare verylow, random variations in sex
ratios,agedistributions,andbirth anddeathrates among individuals
(calleddemographicstochasticity)can cause the population to
fluctuatewidely andpotentiallygo extinct(Richter-Dynand Goel
1972). In very sparsepopulations,malesandfemales may have
problems findingmates.This phenomenonis called the Allee effect,
andit alsocan result inpopulationdeclinesorextinction(Ehrlich
andRoughgarden1987). In desert tortoises, thepopulation
densitiesbelow whichdemographicstochasticityandthe Allee effect
becomea matterof concernare estimated to beapproximately10
adultsper squaremile (SeeAppendix C). Below this density
extinctionbecomesincreasinglypossible.

Evenatmuchlargersizes,populationscan go extinct from a variety
of random(stochastic)events,althoughlargepopulations have a
much lower probabilityof extinctionthansmallones.Recovery
targetsshouldbe setatpopulationlevelsthat havecomfortable
extinction probabilities.To determinethelikelihoodofstochastic
extinctionsfordeserttortoisepopulationsofvarioussizes,three
population viability analyses(PVAs) were performed(AppendixC).
A PVA providesan estimateof how large a population has to be to
have a givenprobabilityofpersistenceover a certainperiodoftime.

The first PVA modeledpopulationpersistence as a functionofthe
discretepopulationgrowthrate(lambda)andits vanance. Using
datafrom 13 study plots(seeAppendixC), the average lambdawas
calculatedto be0.985 and its variance 0.08. Using these figures,
themodelpredictedthat50%ofthepopulationsstartingwith 20,000
adultanimalswould go extinct within about500years,or20
tortoisegenerations.This prediction was based uponobserved
variability in populationgrowth rates during1979-89,relatively
equitable yearsfor deserttortoises,at least withrespectto food
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production. Evenso, the averagelambdaof0.985showsthat
populations declinedduring theseyears,althoughnot drastically.
However,during 1990and 1991,populationgrowthrates declined
substantiallybecauseof thecumulativeeffectsofdrought and
disease.Thus,anadditionalanalysiswas conductedwhich
incorporatedgreatervariability in populationgrowthrateson the
assumptionthat droughtsandepizooticsare likely to recurduring
the next fewcenturies.Increasingthe variation in the1979-89
growth rates by50%resultedin themodelpredictingthata
minimumpopulationsizeofapproximately40,000 to60,000adult
deserttortoiseswouldbe requiredin orderfor thepopulationto
persistfora 500-yearmedianextinction time.

A secondPVA wasbasedon detaileddemographicdata from the
Goffs studysitein Californiaandsamplesfrom 19 populationsin
California and Nevada which havebeen monitoredfor anumberof
years(Berry 1990,asamended).The mean lambdafor this more
extensive samplewasdeterminedto be0.975with astandard
deviationof0.019 (dueentirely torandomvariationaround
populationtrends;the other sourcesofvariationhad beenpartitioned
out). This modelpredicted that apopulationwith this meanlambda
(0.975) couldneverpersistfor more thanabout390 years,or
approximately15 tortoise generations,regardlessofinitial
populationsize. Running themodelwith lambdasof 1.0 and a
standard deviationof 0.019gavequite long times to extinction. A
third PVA alsoemphasized theimportanceof lambdas near1.0 for
population persistence.

4. Comprehensiveconsiderationsin population
viability.

Theseanalysesofminimal viablepopulationsandpopulation
persistenceprobabilitiessuggest several things.First, tortoise
populationsat minimumdensities(10adultspersquare miles)
require at least200to 500squaremiles to begeneticallyviable(see
Sectionsll.A.2 andIL.A3). Second,if lambdasareslightly below
1.0butvary over a rangeofapproximately25%, extremely large
reserves (5,000squaremiles to support50,000adultsat minimal
density) arenecessaryto supportpopulationsthatarerelatively
resistantto extinctionwithin the nexthalfcentury. Third, if lambdas
are below0.975on average,no populationsizeis large enough for
persistence to 500years.

Thesefindings indicatethatsuitableDWMAs couldbesomewhere
between200 to 5,000squaremiles,a fairly wide rangeofchoices.
In view of this uncertainty, at least1,000squaremilesis
recommended as the targetsize. Reservesofthissizewill likely
providesufficientbuffering fromdemographicstochasticityand
geneticproblemsatlow populationdensities,andthey are large
enoughto supportrecoveredpopulationsthat havereasonable
probabilitiesof persistenceinto thefuture. Theutility of large
reservesin preventingextinction is oneof the bestestablishedtenets
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of conservation biology(e.g.,TerborghandWinter 1980; Soul6and
Simberloff1986). And,all elsebeingequal,largereserves will
conserve morespeciesthansmallones(Wilcox 1980;Simberloff
and Abele1982;Wilcoveetal.1986).

Large reserves willalsofacilitatemanagingdeserttortoise
populationswithin the DWMAs tomaintainaverage lambdasof 1.0
ormore during therecoveryprocess.Large reserves are more likely
to havesufficientinternal environmental heterogeneityand enough
isolated areasin theirinteriorsto ensure that some subpopulations
will be growingevenif othersaredeclining. In summary, genetic,
demographic,andotherconsiderationspointto the inescapable
conclusionthat smallreservesin a highly fragmented habitat are a
recipeforextinctionofthe deserttortoise.

A preliminaryanalysissuggeststhat there may be amechanisticlink
between mean annual productionofgrasses and forbs andmaximum
tortoisedensities(seeAppendixG). However,additionalresearch
is necessary toascertainwhatpropertiesofthe environment
determine the maximum numberoftortoises that can be supported in
particularregionsofthe desert.Informationfrom thiskind of
research iscritical to a properevaluationprocessofthe efficacyof
managementschemes.

5. Reserve architecture.

DWMA sizeis nottheonly importantconsiderationin determining
the probabilityof success inpreservingdeserttortoisepopulations.
Principlesofreserve designdictatethat theshapeofDWMAsis also
very important(see SectionII.D.l.d). Population persistencewill
bemaximizedin a recovery unit if theunit hasseverallargeDWMAs
(eachofwhich is atleast1,000squaremiles; seeSectionll.A.3).
Furthermore, theseDWMAs shouldbe designed to minimize
perimeter relativeto area.Theoptimalshapeforsucha DWMA is
circular, but this configuration may not befeasible(seeFigure 6A).
FewerlargeDWMAs per recoveryunits diminish persistence
probabilities;aminimally acceptableconditionis onelargeDWMA
with a minimumperimeter/arearatio(Figure6B). Whenno other
choiceis available,it maybenecessaryto createsmallerDWMAs.
These must be connected withverywide stripsof suitabletortoise
habitat(Figure6C). In extremecases,it may be necessary to create
DWMAs that aresmallerthan therecommendedsizeand
unconnectedtootherDWMAs by functionalhabitat. SuchDWMAs
mustbeintenselymanaged tocontrolextrinsicsourcesof mortality
(Figure6D). More detailson reserve designarefoundin Section
D.1.b.
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RECOVERY UNITS

Figure6. Schematicrepresentationof possiblewildlife reserveswithin recoveryunits; (A)
Therecommendedarrangementin which severalDWMAs will belocated ineachrecovery
unit; (B) Theminimally acceptable arrangementin whichthereis no redundancy in DWMAs,
(C) Theminimally acceptablearrangementin situationsin which it is not possiblefora round
DWMA - corridorsofsuitable habitatneedto connect smallerunitsof a DWMA; (D) The
generallyunacceptable alternativeof small, unconnected DWMAs.Suchreservesmustbe
intensely managedin perpetuity toensurepopulationpersistence.

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 the EndangeredSpeciesAct provides for protection
of theecosystemson whichthreatenedor endangeredspecies
depend.Thus,survival and recoveryofthedeserttortoiseshould
occur inits natural habitat,not in zoologicalgardensorother
artificial situations,and DWMAsshouldprotect theenvironmentsin
which the deserttortoiselives. In preserving theseenvironments,
otherspecieswill benefit,includingmany rare and/orsensitive
species.Landmanagersarestronglyencouraged to take a multi-
speciesapproach to reservedesignandinclude habitatof otherrare
ordeclining species into DWMAs. Such an approachwould reduce
the need to list otherspeciesof plantsandanimalsin the Mojave
region.

B. Recoveiy Strategy
ThisRecovery Plan describes astrategyfor the recovery and
delistingofthe Mojavepopulationofthe deserttortoise. This
strategyincludes: (1) identificationof six recoveryunits within the
Mojaveregion. (2)establishmentofa systemof DWMAs within
recoveryunits,and(3) developmentandimplementationof specific
recovery actions within DWMAs. This recovery strategy will be
revised as recovery actions areimplementedandnewinformation
becomes availablefrom researchandmonitoring.

1. Size and number of reserves.

The key tothis recovery strategyis timely establishmentof atleast
oneDWMA in eachrecovery unitandpromptimplementationof
reserve-level protectionwithin them. DWMAs must belocatedin
areaswith good deserttortoise habitatcurrently supportinga
minimumof several hundredadultanimalsat a densityof no fewer
than 10persquaremile (SeeSectionll.A). Morethan one DWMA
within eachrecovery unit willincreasethe probabilitythata
populationwithin a recovery unitwill recover. TheRecoveryPlan
identifies 14 proposed DWMAs(Table6, Figures7, 8,9, 10,
Apendix F), someof which occurin morethanonerecovery unit.
Summary descriptionsofthe14 proposedDWMAs arepresentedin
AppendixFandBrassardet al.(1994).

2. Experimental managementzones.

All DWMAs should restrict humanactivitiesthatnegativelyimpact
deserttortoises (Sectionll.E. 1., AppendixF,Brussardet al. 1994).
However, amaximumof 10%of tortoisehabitat within aDWMA
may bedesignatedas anexperimentalmanagement zone(EMZ)
where certain prohibitedactivities(e.g.,intrusiveresearchon desert
tortoises)maybe permittedon an experimentalbasisduringthe
recoveryperiod. EMZs shouldbe located toward aDWMA’s
periphery.

36



DesertTortoise(MojavePopulation)Recovery Plan

3. Modification of the RecoveryPlan.

Conservationbiology workswith the bestavailableknowledgefor
any givenspeciesin its currentsituationas the basisfor hypotheses
ormodels that will best effect therecoveryofthespecies.These
modelsoriginate,andaredebated,on thescientific sideof
conservationbiology. They evolvequite slowly, andareusually
stable throughout theplanningprocess. However, newdatacan
becomeavailableatanytime, andsuch new datashouldbe able to
influencemanagement practices.Thus, this RecoveryPlanshould
be reassessedeverythreeto fiveyearsoratany time it becomes
apparentthat the planis not fulfilling its functionto guide recovery.
Reassessmentshouldbe basedon recentandongoingresearch,on
populationandhabitat trends,andon theresultsof any restoration
efforts both insideandoutsideofthe DWMAs. Thereassessment
teamshould consistof representativesfrom all affected Federal,
state,andlocalwildlife andlandmanagementagencies,andexperts
in the field from otheragencies,theprivate sector,andacademia.
The Desert TortoiseManagementOversightGroup shouldfacilitate
thisreviewprocess.
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Table6. List ofDesertWildlife ManagementAreas,theircurrentestimateddensities
(adultspersquare mile), and degreeof threat(l=low, 5=extremelyhigh).

t

Estimated
Density Degreeof

RecoveryUnit DWMA (adults/mi2) Threat

NorthernColorado
Chemehuevi 10-275 1

Eastern Colorado
Chuckwalla 5-175 4

UpperVirgin River
UpperVirginRiver upto250 5

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

NortheasternMojave
Beaver DamSlope 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.

38



DesertTortoise(Mojave Population)RecoveryPlan

— ——

Northern
Colorado

Recovery Unit

Eastern Colorado
RecoveryUnit

.4.

Figure 7. Proposed DWMAs in thenorthern Coloradoand eastern Coloradorecoveryunits.
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Figure 8. Proposed Upper Virgin River DWMA in the Upper Virgin River recovery unit. 
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Figure9. Proposed DWMAsin the easternandnortheasternMojave recovery units.
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Figure 10. ProposedDWMAs in thewesternMojave recoveryunit.
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C. Recovery Objectiveand Delisting Criteria.

1. Recovery objective.

Theobjectiveofthis RecoveryPlanis therecoveryanddelistingof
theMojavepopulationofthedeserttortoise. Managementactions
and research necessary to effect recovery aredescribed, supported,
and scheduled.

2. Recovery criteria.

Deserttortoisepopulations,which areonly capableofvery slow
growth, have declinedsubstantially throughoutmuchof the Mojave
region in the last twodecades.Therefore,desiredimprovementin
thestatusofthesepopulationswill necessarilybea very long
process,measured in decadesorcenturies.Nevertheless,delisting
may beconsideredif populationsizeis stationaryor increasing
(long-termtrendsin lambda are equalto orless than1.0),sufficient
habitatis protectedormanagedforrecoveryandlong-term
persistence, regulatory mechanismsarein place,andthe population
is unlikely to become threatenedagainin theforeseeablefuture.

Recoveryunits areconsidereddistinctpopulation segmentsand may
be individually delistedif they meet therecoverycriteria.
Specifically,thepopulationwithin arecoveryunitmay be
considered fordelistingwhen allof thefollowing criteria aremet:

Delisting Criterion 1:

As determinedby ascientifically crediblemonitoringplan, the
populationwithin a recovery unitmustexhibitastatistically
significantupward trendorremainstationaryfor at least25 years
(onedeserttortoisegeneration). Consistentwith AppendixA, a
samplingplanshouldbe institutedin eachrecoveryunit to monitor
theprogressof recovery. AppendixA calls for a population
estimation every5 years;thusdatafrom at least fiveestimatesneed
to be consideredin evaluatingpopulationtrends.Monitoring should
continuefollowing delistingto ensurepopulation stability.

Delisting Criterion 2:

Enoughhabitatmust beprotectedwithin a recoveryunit, or the
habitatandthedeserttortoisepopulationsmust bemanaged
intensivelyenough,to ensurelong-term populationviability.
Consistentwith sectionll.A., atleastoneDWMA mustbe
establishedin eachrecovery unitthat is, exceptunder unusual
circumstances,at least1,000squaremiles in area.
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Delisting Criterion 3:

Provisionsmustbe madeforpopulationmanagementat each
DWMA sothatpopulationallambdas aremaintainedatorabove 1.0
into thefuture.

Delisting Criterion 4:

Regulatorymechanismsor landmanagementcommitmentshave
beenimplementedthat provideforadequate long-term protectionof
desert tortoises andtheirhabitat,suchasthosedescribed in Sections
ll.D. andE. Delistingwouldbe followedby a lossofprotection
undertheEndangeredSpeciesAct; therefore adequate protection
throughalternativemeansis essentialbeforedelistingcan occur. For
example,managementplans forFederallandsshouldprovide
adequate assurancesofhabitatprotection prior toconsiderationof
delisting. The formofthese regulations,commitments,andtheir
implementation shouldbe determined duringfutureland
managementplanningefforts and will likely vary throughout the
Mojave regionand byagency,reflectingthe differing management
needsof differentareas.Reasonableassurance mustexist,on a case
by casebasis, thatconditionswhich brought about population
stability will be maintained,oras necessary,improvedduring the
foreseeablefuture.

Delisting Criterion 5:

Thepopulationin the recoveryunitis unlikely to needprotection
under theEndangeredSpeciesAct in theforeseeablefuture.Detailed
analysesof the likelihoodthatapopulationwill remainstableor
increasemust becarriedout before determiningwhetherit is
recovered.These analysesshouldinclude observedandanticipated
effectsof: (a) fluctuationsin abundance,fecundity,and
survivorship;(b) movementsof deserttortoises within theareaand
to orfrom surroundingareas;(c) changesin habitat,including
catastrophicevents; (d) lossofgeneticdiversity;and(e) any other
threatsto the populationwhichmight besignificant.

When thepopulationwithin a recovery unitmeetsall ofthese five
criteria it may be consideredrecoveredandeligible for delisting.
Whenall recoveryunits areconsidered recovered,theMojave
populationof the deserttortoisecould be consideredfordelisting.
Theserecoverycriteriaweredesignedto provide abasisfor
considerationof delisting,butnotfor automaticdelisting. Before
deistingmayoccur,the FishandWildlife Service must determine
that the following fivelisting factors are no longer presentor
continueto adversely affect the listedspecies:(1) the present or
threateneddestruction, modification,orcurtailmentofthespecies’
habitatorrange;(2) overutilizationfor commercial, recreational,
scientific,oreducational purposes;(3) diseaseandpredation; (4)
inadequacyof existingregulatory mechanisms;and (5)other
human-madeornatural factorsaffecting thecontinuedexistenceof
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thespecies(50CFR424.11). Thefinal decision regarding delisting
wouldbe madeonly after athoroughreviewof all relevant
informationby the Fish and WildlifeService.

The fiverecoverycriteriaandthemethodsto determinedensitieswill
berevisedasappropriateas newinformationpertinent to these
topicsbecomesavailable.Revisionsmustbe based on thebestdata
availableandmust be approvedby the FishandWildlife Service.

D. Narrative Outline Plan for RecoveryActions
Addressing Threats

The deserttortoisewaslistedasthreatened primarilybecauseof a
varietyof human impacts which cumulativelyhave resultedin
widespreadandseveredeserttortoisepopulationdeclineandhabitat
loss. Thedestruction, degradation,andfragmentationof desert
tortoisehabitatandlossofindividualdeserttortoisesfrom human
contact,predation,anddiseaseareall importantfactorsin the decline
of theMojavepopulation(sectionI.B.). If the deserttortoiseis to
be recoveredwithin its native range, thecausesofthedeclinemust
stop,at leastwithin the DWMAs. Somefactorsare likely more
important thanothers;for instance, urbanizationhas probably
caused morehabitatloss thanlight cattlegrazing. However,
eliminatingall factorsthataredeleteriousto deserttortoise
populationswill certainlyresultin fasterrecovery thanwill selective
eliminationof a few.

Becauseof themanypolitical jurisdictionsin theMojaveregion,
implementationof recoveryactionswill requireunprecedented
interagencycooperation. Delaysin implementingthis Recovery
Plancausedby political constraintswould increasethecostsof
recoveryanddecreasethelikelihood thatrecoveryefforts will
successfullyavertextinctionofthedeserttortoise. Interagency
cooperation couldbefacilitatedby theDesertTortoiseManagement
OversightGroup. All agencieswith management responsibilitiesfor
thedeserttortoiseneedtoparticipatein theimplementationof the
recoverystrategy.

Deserttortoisesoutsideof DWMAs will still beprotectedby section
9 oftheEndangeredSpeciesAct. Takeof desert tortoisesis
prohibitedunlessspecifically authorizedby the Fish and Wildlife
Servicepursuantto sections 7or 10 oftheEndangeredSpeciesAct.
Thesedeserttortoisesmay beimportantin recoveryofthe Mojave
populationby providingasourceofadultdeserttortoisesfor
repopulatingextirpatedpopulationsin DWMAs oncetranslocation
techniqueshave beenperfected.HabitatoutsideDWMAs may
providecorridorsforgeneticexchangeanddispersalofdesert
tortoisesamongDWMAs.

In addition,isolatedpopulationsof healthydeserttortoisesfound
outsideofDWMAs shouldbe noted,but noactivemanagementis
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recommendedfor thesepopulationsunlessit is needed to ensure
theirviability. Theseisolatedpopulationsmay have a better chance
ofsurviving thepotentially catastrophiceffectsofURTDorother
diseasesthan large, contiguouspopulations.

Accomplishmentofthe recovery actions described inthissectionis
needed to reduceoreliminatehuman-causedimpactsin therecovery
units and toimplementthe recovery strategy describedin section
ll.C. Recovery actions arelistedin astepdownform in which
broadcategoriesofrecoveryactionsare steppeddownto specific
tasks. Taskslistedherealsoappear in the Implementation Schedule
(Sectionifi), in which costsand scheduling are estimated andlead
Federalagenciesareidentifiedfor specific actions.DWMA-specific
tasksandcosts,which will be crucial toimplementationof
managementplans,are not detailed hereor in theImplementation
Schedule because they willvarydependingon thenumber,location,
and sizeofDWMAs selectedandthemanagementneedsof specific
areas.Thecontributionsofstateagencieswill comeinto play when
specificmanagementplans are writtenfor eachrecoveryunit.

Although DWMA-specificmanagementactions cannot yet be
preciselydefined, thereductionand eliminationofthreatsnecessary
to recover the deserttortoise broadlydefine the rangeof actions
necessarywithin DWMAs. Actionswhich will likely be needed in
all DWMAs to address these threats arelisted in SectionII.E. The
summary descriptionsforeachDWMA in AppendixFinclude
recommendationsto addresssite-specificmanagementneedsofthe
14 proposedDWMAs. Theserecommendationsarepresented to ald
land managers in the developmentof managementplans. These
plansshouldimplementtheguidanceprovided in thisRecovery
Plan. Thecostsassociatedwith the following recommendedtasks
are provided in theImplementationSchedule(SectionIII). The
ImplementationSchedulewill beamendedandexpandedas
managementplansaredevelopedandDWMA-specificmanagement
actions areidentified. In addition,asnewinformation becomes
availableandrecovery actionsareimplemented,ongoing recovery
actions may be modified to speed recovery.

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

Managementplansshouldbedevelopedandimplementedforeachof
thesix recoveryunits. Suchmanagementplansshoulddetermine the
number, size,location,and boundariesof DWMAs; determine how
habitatwithin DWMAs will besecuredandmanaged,and describe
howmonitoringof the recovery effort will beaccomplished.Plans
shouldbe developedby landmanagement agenciesin close
coordinationwith the Fish and Wildlife Service,Statewildlife
agencies,local governments,andthepublic. Splittingrecovery units
by political orotherboundariesanddevelopingmore thanone
management planto address asinglerecoveryunit shouldbe
discouraged. Nevertheless,additionalsite-specificplansto address
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managementofindividual DWMAs may beappropriateto implement
guidanceprovidedin therecovery unitmanagementplans.

DWMAs have greatpotentialto serveas multi-speciesreserves
which couldconservehabitatfor a varietyofspecies.Land
managersshouldbestrongly encouragedto consider this multi-
speciesapproachin developmentofrecovery unit management
plans,asit couldprecludethe needfor Federallisting ofother
sensitivespeciesof theMojaveregion. The WesternMojave
Coordinated ManagementPlan,currentlybeingdevelopedby the
BLM, CaliforniaDepartmentofFishandGame, Fish andWildlife
Service, andlocal governments,could be thefirst of these recovery
unit managementplans.

l.a. Select DWMAs.

Generalrequisitesfor determiningnumber and sizeof DWMAs in a
recovery unit are describedin the Recovery Strategy (Sectionll.B.).
Generally,reserves shouldbeestablishedwithin eachrecoveryunit
which are atleast1,000squaremiles in extent,orif this is not
possible, particularly intensivehabitatand deserttortoisepopulation
managementshouldbe implementedto ensurelong-term viabilityof
thepopulation. In many areasoftheMojaveDesert,it is possibleto
establishDWMAs largeenoughto provide a highprobabilityof
recovery. However, somepopulationsegments will have to be
recoveredin smallerDWMAs. Thesewill haveto beparticularly
well managedto preventextinctionsbecauseofthe higher
probabilitiesofextinctionascribed tosmall populations(see
AppendixC). Manypopulation segmentswithin mostrecovery
units arecurrently declining,andhuman-causedmortality,habitat
loss, and thepossiblecatastrophic effectsof URTD orother
diseases further endanger thesepopulations.Thus,simply setting
aside the minimumland areanecessaryto supporta viable
populationwill notbe adequateto effectrecovery.

ThetaskofselectingDWMAsis listedin theImplementation
Schedulein astepdownfashionby recoveryunit. Table 6 lists the
RecoveryTeam’srecommendationsfor DWMAs in thesix recovery
units. ProposedDWMAs are described in 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 RecoveryUnit
1.a.5. Northeastern Mojave Recovery Unit
l.a.6. Western Mojave RecoveryUnit

47



DesertTortoise(MojavePopulation) RecoveryPlan

1.b. DelineateDWMA boundaries.

Wheneverpossible,DWMA boundariesshouldbe drawnto include
the bestexamplesof deserttortoise habitatin specificvegetation
regions. Inaddition,heterogeneousterrain,soil types,and
vegetationwithin DWMAs will bestprovideprotectionfor the entire
ecosystemsuponwhich healthy deserttortoisepopulationsdepend.

Boundary delineationsfor DWMAs (andcontainedEMZs) should
beconsistentwith currenttheoryandpracticeof reservedesign
(Thomas etal. 1990,Noss 1991). Land-managementagencies
should followthese guidelineswhenestablishingboundariesfor
DWMAs andEMZs. Theseguidelinesshouldalsobefollowed in
prescribingmanagementgoals.

(a) Reservesthat are well-distributed across a species’
native range will be more successfulin preventing
extinction than reserves confinedto small portions of a
species’range. Preservationof one or more viable populations
within eachofthesix recovery unitswill ensurethat the full range of
variation within the speciesis maintained,enhancingthe desert
tortoise’sability to adaptoradjust to 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 the effects
of environmentalstochasticityandcatastrophes,thepersistenceof
small populationsis additionally threatenedby demographicand
geneticstochasticity(seeSectionfl.A. andAppendixC). This
means that thelargestpossibleblocksofgood deserttortoise habitat
in an area,containingthe mostdensedeserttortoisepopulations,
shouldbeincludedwithin DWMA boundaries.

(c) Blocks of habitat that are close togetherare better
than blocks far apart. This arrangement facilitates dispersalof
desert tortoisesamonghabitatpatches.Connectinghabitat segments
shouldbeof mediumto high quality and be wide enoughto
accommodateseveraldesert tortoisehome-rangewidths (several
miles),but narrow enough todiscontinuecontact between DWMAs
by doublefencing,if necessaryto impede the spreadofdisease
(Figure 6). Suchlinkages are necessary bothfora demographic
“rescue effect” (Brownand Kodrik-Brown1977)andforcontinued
geneticinterchange.

(d) Habitat that occurs in less fragmented, contiguous
blocks is preferable to habitat that is fragmented. The
deserttortoisedoesbest in undisturbedenvironmentswherethe
presenceof edge species,suchasravens,is minimized. Highly
fragmentedhabitatis mostly edge(becausesmallpatchesmaximize
the ratioofedgeto interior area)andshouldbe avoided to the extent
possiblewithin DWMAs.
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(e) Habitat patchesthat minimize edgeto area ratios are
superior to thosethat do not. This means thatroundor
squarepatchesofhabitatare morelikely 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,as mentionedabove,is importantforpopulation
persistence.Onepossiblenegativeeffectof interpopulation
dispersalon the deserttortoiseis thepotentialfor spreading disease
from infectedto non-infectedpopulations.Inclusionof isolated but
healthypopulationsintoDWMAs couldbevaluablein avoidingthe
possiblecatastrophic effectsofthis disease. However, aside from
theproblemsof disease transmission,theadvantagesof dispersal
often outweigh thedisadvantages.Thus,maintaininglinkages
amonghabitatpatcheswithin DWMAs andamongthe DWMAs
themselvesis consideredhereto beimportant. This will require
maintainingconnectingsegmentsofhabitatthat are at least
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, and human access
(AppendixD, Schoenwald-Coxand Buechner1992),theaccess
mustbelimited in theDWMAs. Populationswithin DWMAs that are
inaccessibleto motorizedrecreationorsimilar activitieswill have a
muchbetterchanceof recoverythanthosein DWMAs wherehuman
accessis prevalent.

Delineationof DWMA boundariesshouldbe guidedby the above
conceptsand will beintegralto developmentof recovery unit
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 ensure manageability,private andStatelandsin DWMAs
(exclusiveof Stateparksorotherlandsmanagedfor the benefitof
the deserttortoise) shouldbe acquiredorconservation agreements
developedto protectdesert tortoisehabitat. Landacquisitions
should include surfaceand subsurfacemineralrightswhenever
possible. Habitatconservation plans, or similar efforts, should
considerthis asappropriate mitigationfor the takeof desert tortoises
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 management withinDWMAs.

Because thefactorscausing thedeclineof the deserttortoiseare
primarily human-related(seeSectionLB.), many human activities
within DWMAs will needto be strictly regulatedoreliminated.
Because thekindsand levelsof human uses vary amongrecovery
units andproposed DWMAs, definingspecificmanagement actions
neededfor recoverymustbe precededby DWMA selectionand
boundarydelineation. DWMA managementneeds couldbe
identifiedin recoveryunit managementplansor in specificDWMA
plans.SectionILE. describes recommendedrecoveryactionsin
DWMAs which shouldbecomepartof recoveryunit management
plansif DWMAs areselected anddelineatedas described here.
Recommendedmanagementactionsshouldbe tailoredto theneeds
ofspecificDWMAs andincludeactivitiessuchaseliminating burro,
horse,anddomestic livestockgrazing;limiting vehicular access,
includingprohibitingnewvehicularaccessand reducingexisting
access; andprohibitingnewsurfacedisturbances,except to improve
thequalityof wildlife habitat,watershedprotection,or improve
opportunitiesfor non-motorizedrecreation;amongothers(see
Section ll.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 withinDWMAs.

Oncehabitatis secured,management necessaryto removethreatsto
thedeserttortoiseandits habitat mustbeimplemented. Specific
actions are recommendedinSection[I.E. andincludeactivitiessuch
aspartial fencingofDWMA boundariesto controllivestock,burros,
andhorses;increasedlaw enforcement;closureofvehicleroutesand
designationofvehicleways; andconstructionofbarrier fencing and
highwayunderpasses that can beusedby desert tortoises,thus
reducingmortalityof animalson andnear roads and railroad tracks.

DWMAs will serveas recoverysitesfor the deserttortoise,but they
will alsobeimportantas ecosystemreservesand as habitatfor other
rareand/orsensitivespeciesorcommunities. DWMAs alsocan play
a secondary role in providingwatershedprotection and some forms
ofrecreationwhicharecompatiblewith deserttortoiserecovery.
Managementactions shouldbetailoredto meet these otherneeds
wheneverpossible.These concepts helpedshapethe management
recommendationsin Section[I.E., AppendixF, and Brussard etal.
(1994).

Althoughspecifictasksaredifficult to define at this time,
implementationof recovery unitplanswill be acrucialstep in
recoveringthe deserttortoise.As aresult,implementationis
includedin the ImplementationSchedule.Mostcostsandscheduling
arelistedas“to bedetermined”,astheyare contingent uponsizeand
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 population densities,suchas describedin AppendixA, is the only
defensibleway to evaluate recoveryof desert tortoisepopulations.
Theadvantagesofthismethodinclude: (1) it assessespopulation
trendsover large areas, notjust in single plots;(2) sample areas are
selectedrandomly,allowing comparisonswith standardstatistical
techniques;and (3) itviolatesno knownassumptionsof the
underlying model.
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Populationtrendmonitoringshouldbe fundedby theappropriate
landmanagementagency,conductedby qualifiedbiologists,and
reviewed by the Fish and Wildlife Serviceandotherappropriate
agencies.If monitoringindicatesthat the deserttortoisepopulation
within a DWMA orrecovery unitis not progressing towards
recovery,management withinDWMAs will need tobe modifiedto
ensurepositivepopulationgrowthorstability.

In additionto thepopulationtrendmonitoring describedin Appendix
A, intensive,long-termstudyplots shouldalsobemalntained
throughouttheMojaveregion, because thedatathey produceare
critical for athoroughunderstandingofdeserttortoisepopulation
biology and arenecessaryfor delisting criterion#4.

1.f.1. Develop monitoring plan

A monitoringplan has been completed(AppendixA) anda
workshop will be held in1994 to furtherrefine thetechniquesto be
usedfor the deserttortoise.

1.f.2. Implement monitoring plan

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

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

2. Establish environmental education programs.

Start an aggressiveandwidespreadeffort in schools,museums,
huntingclubs,andin BLM andNationalParkService visitorcenters
andinterpretivesites,etc. to inform the publicaboutthestatusofthe
deserttortoiseandits recoveryneeds.Developinterpretivekiosksor
visitor centers nearDWMAs to disseminate informationabout the
deserttortoiseandthe needforregulated access and useofhabitat.
Educationprogramsshould includesuchsubjectsas: husbandry and
adoption programsfor captivetortoises,theillegality of releasing
captivetortoisesto wild lands,the illegalityoftranslocatingwild
tortoises fromone siteto another, and the roleof euthanasia in
managingcaptiveandwild populationswherediseaseis a serious
threat tosurvivalofthespecies.Education effortsshouldbefocused
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on groups thatusethe desert on aregularbasis,such as
rockhounders.A permit systemwouldoffer oneway to do this.

2.a. Develop environmental educationprograms.

Recoveryunitmanagementplansshouldincludeanenvironmental
educationfeature,but suchprogramscouldalsobe developedby
landmanagementorotherentities toeducatecontractedor in-house
constructioncrewsandotherpersonnelwhomight encounterdesert
tortoises,orforeducating the publicin urbancenters outsideof
recoveryunits.

2.b. Implement environmental education programs.

Implementtheenvironmentaleducation programdevelopedin task
2 .a.

3. Initiate research necessaryto monitor and guide
recovery efforts.

Unlike thesituation withmany threatened orendangeredspecies,
considerabledataexiston many aspectsofthebiology ofthe desert
tortoise. Unfortunately, fewofthesedataareuseful inrecovery
planning. Themagnitudeand scopeof new research dataessential
for recovery planningrequiresan unprecedentedlevel of
coordinationandcooperationwithin andamongagencies.
Biologistsandresearchscientistsin theDepartmentofthe Interior
(BLM, NPS,Bureauof Reclamation,andNational Biological
Survey),Departmentof Defense,andotherFederalagenciesmust
work closelywith their colleagues in stateagenciesto achievethis
goal. No oneagency can handleall theessentialresearch,and
monitoring. Employingtalentsofacademicresearcherswill be
essential.During the next two decades, researchprioritieson the
deserttortoise shouldfocus on 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.,populationdensity anddistributiondata are neededin
someareas.Themethodologyrecommendedto determine densities
is describedin AppendixA. Thismethodology shouldbetestedfor
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
time spanrepresentsonedeserttortoisegeneration andis necessary
to capturetheeffectsofnormalenvironmentalvariability on desert
tortoise survivalandreproduction. Research should be done in both
high- andlow-densityareas.

Research todevelopdocumentsfor thismodelshouldinclude the
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 theeffectivenessof 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 researchon 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.

54



DesertTortoise(MojavePopulation)Recovery Plan

E. Desert Wildlife ManagementAreas:
Management Recommendations

Generalrequisitesfor sitingDWMAs are found inSectionll.B.;
conceptsof reservedesign needed toguide delineationofDWMA
boundariesand neededmanagementactionsarelisted in thenarrative
outlineof recovery actions (Section [I.D.). The narrative outline
containsonly those actions which atthis timecan beidentified.
After DWMAs areselectedandtheirboundariesdelineated,DWMA-
specificmanagementactionsmustbe definedto addressspecific
threatsandmanagementproblemsin eachDWMA. This chapter
provides recommendationsfor managementin the 14 proposed
DWMAs (seeTable7). Although in somerecoveryunits proposed
DWMAs may be larger than1,000squaremiles (AppendixFand
Brussard etal. 1994),decliningpopulationsand continuing threats
from human-causedmortality anddisease suggestthat protecting
only the minimum area necessary tosupporta viablepopulation
probablywill notbeadequateto achieverecovery. If DWMAs are
selectedandestablishedas describedin this RecoveryPlan,andif
DWMA-speciflc managementactions recommendedherein are
implementedtoprotecthabitatandto reversecurrentdeclinesin
deserttortoisepopulations,recoveryshouldbe an achievablegoal.

AppendixF providesabroad rangeof informationon eachproposed
DWMA including: (1) summarydescription,(2) currentdensities
andpopulationsize,(3) landownership,and(4) threatsspecific to
individual DWMAs. Brussard etal. (1994)details further site-
specific informationwhich will be neededby land managers to
delineateboundariesandassemblemanagementplans forDWMAs.
Generalboundariesaredescribedin Figures7, 8,9, 10 and in
AppendixFfor eachDWMA; however,theseboundariescanbe
somewhatflexible.

Only oneDWMA is proposedfor the Upper Virgin River recovery
unit. With intensiveandcarefulmanagementthis recovery unitcan
supportaviablepopulation. Similarly, apartfrom asmall portionof
theFennerDWMA, theChemehueviDWMA is theonly proposed
DWMA identifiedin thenorthern Coloradorecovery unitandthus is
akey area. TheChuckwallaDWMA is also veryimportantbecause
it is theonly DWMA entirelycontainedwithin theeasternColorado
recoveryunit. The JoshuaTreeDWMA is partiallyin the eastern
Coloradorecovery unit, but mostof the desert tortoises and mostof
the land areain this DWMA arein thewesternMojaverecovery unit.

The 1994designationofcritical habitatfor the deserttortoise(59 FR
5823)was based onrecommendationsofthe Draft Plan (Fish and
Wildlife Service1993),andis consistentwith therecommendations
ofthis final Plan(AppendixH). Areasnot includedin critical
habitat,but recommendedas DWMAsin the DraftPlan, were
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consideredto have currentmanagementpolicies which provided
adequateprotectionagainstpotentialhabitat-alteringactivities
becausetheyareprimarily managedasnaturalecosystems.The
regulationofactivitieswithin criticalhabitat through section7 (of the
EndangeredSpeciesAct) consultationwill be based on
recommendationsin thisPlan (Section UC.1.). Critical habitat does
notaccomplishthe samegoalsorhave as dramatican effect upon
tortoiseconservationasdoesa recovery plan becausecritical habitat
doesnot applyamanagementprescription todesignatedareas.
However,designationofcritical habitat does provideprotectionof
deserttortoisehabitatuntil suchtime as the Desert Tortoise
RecoveryPlanis implementedandDWMA managementis
employed.

ThemanagementneedsofDWMAs will likely beinfluencedby
some importantregulatory decisionsin thenearfuture. For
instance, the California Desert Protection Bill(5.21,H.R. 518),
currentlybeforeCongress,mayaffectproposedDWMA
managementneeds.If passedinto law,proposedDWMAs in the
Californiaportionof the easternMojave recovery unitcouldbe
managedwholly orin partby the NationalParkService,andthey
maycontainsignificantlandareadesignated aswilderness.

Thefollowing actionsare recommendedforeachDWMA.
However,untilDWMA boundariesareestablished,costestimates
cannotbederived. TheImplementationSchedule (Section111)will
be updated as thesecostsbecomeavailable.

1. Recommendedregulations in DWMAs.

For reasonsgivenin SectionLB., if DWMAs are tofunctionwell as
deserttortoisereserves,somehumanactivitiesmustbe restricted.
Extensive,rigorouslyobtained data which unambiguously define
activities thatareincompatiblewith deserttortoiserecovery are
largelyunavailable.However,extensiveanecdotal as well as other
datado exist and theysuggest stronglythatthefollowing activities
shouldbeprohibited throughoutall DWMAs if populationtrendsare
to bereversedand recoveryis to occur within a reasonable periodof
time. Implementationoftheseregulationswill requireintensive
enforcement andwilling 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, clearing foragriculture,
landfills, and anyothersurfacedisturbancethatdiminishesthe
capacityof the land tosupportdesert tortoises, otherwildlife, and
nativevegetation;
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• domesticlivestockgrazing;

• grazing by feral(“wild”) burros andhorses;

• vegetationharvest,except by permit;

• collectionofbiologicalspecimens,exceptby permit;

• dumpingandlittering;

• depositionof captiveordisplaceddeserttortoisesorotheranimals,
exceptunderauthorizedtranslocationresearch projects(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-intrusive monitoringof deserttortoisepopulationdynamics
and habitat;

• limited speed travelon designated,signedroads andmaintenance
of theseroads;
• non-consumptiverecreation (e.g., hiking,birdwatching,casual
horseback riding, and photography);

• parking andcampingin designatedareas;

• fire suppressionthat minimizessurfacedisturbance;

• permittedorotherwisecontrolledmaintenanceofexistingutilities;

• surfacedisturbancesthatenhance thequality of habitatfor wildlife,
enhance watershedprotection,or improveopportunitiesfor non-
motorizedrecreation.This includes theconstructionofvisitor
centers,wildlife guzzlers,campingfacilities,etc.whereappropriate;

• population enhancementof nativewildlife speciessuch as desert
bighorn,Gambel’s quail,etc;

• mining on acase-by-casebasis,providedthat thecumulative
impactsof theseactivitiesdo notsignificantly impactdeserttortoise
habitatsorpopulations,that anypotentialeffectson deserttortoise
populationsarecarefullymitigatedduringtheoperation,and that the
landis restored toits pre-disturbancecondition;and

• non-manipulativeand non-intrusivebiologicalorgeological
research, bypermit.
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DWMAs areintendedto providesuitablehabitatfor thedesert
tortoiseandeffectrecovery. They willalsoserveasecosystem
reserves,refugesfor other plantsandanimals,andplay secondary
roles in watershed protectionandin furnishingnon-motorized
recreationalopportunities.Permitrequirements(on someactivities
listedabove) providean opportunityforthe land-management
agency toinstruct userson thesegoals. Manipulativeor intrusive
biologicalorgeologicalresearchshouldgenerally bediscouragedin
DWMAs exceptunderunusualcircumstances,andnoneshouldbe
allowedexceptby permit.

Whetherornot livestockgrazing shouldbeallowedin DWMAs is
extremelycontroversial.At this time, there are nodatashowingthat
continuedlivestockgrazingis compatiblewith recoveryofthe desert
tortoise,althoughit appearsthat cattle grazing undercertain
circumstancescan becompatiblewith desert tortoisesurvival(Tracy
et al., inprep.). Becausetortoiserecoveryis the goalof
managementwithin DWMAs, until such data areforthcoming,no
grazingshouldbe permittedwithin the DWMAs. Data requiredto
show thatcattlegrazing can becompatiblewith recoveryincludea
demonstrationthat adult tortoisedensitiesarestationaryor
increasingand thatregularrecruitmentis occurring into the adult age
classes inareaswherecattlearegrazed.Suchstudiesmustbe
adequatelycontrolled,replicated,andstatisticallyrobust.

2. Recommendedmanagementactions.

Actionsrecommendedfor immediateimplementationinsideDWMA
boundariesto effectrecoveryof the deserttortoiseare shownin
Table6. Theseandothernecessaryactions arediscussedbelow:

2a. Control vehicular accessin DWMAs.

Paved highways, unpaved and paved roads, trails, and tracks have
profoundimpactson deserttortoisepopulationsandhabitat. In
additionto providingmanyopportunitiesfor accidentalmortality,
they alsoprovideaccess toremoteareasfor collectors,vandals,
poachers,andpeople whodo not followvehicle-useregulations.
Substantialnumbersof desert tortoises are killed on roads.Thus,
deserttortoisesthrivebestwherethe densityofaccessroutesis low,
traffic on themis low, and humanaccessis limited. Thefollowing
actionsshouldbeimplementedin all DWMAs to controlvehicular
access:

1. Restrictestablishmentof new roads inDWMAs.

2. Implementclosureto vehicularaccesswith the exceptionof
designatedroutes,includingFederal,State,and Countymaintained
vehicleroutes.

3. implementemergencyclosuresofdirt roads and routes as needed
to reducehuman accessanddisturbancein areas wherehuman-
causedmortality ofdeserttortoisesis a problem.
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4. Fenceorotherwise establisheffective barriers to tortoises along
heavily-traveledroads;install culverts thatallow underpassof
tortoisesto alleviatehabitatfragmentation.

2b. Enforce regulations.

SeveralDWMAs have serious problems withvandalism,collecting
of deserttortoises,releaseof captives,and unauthorized vehicle use,
all of whichcontributeto abnormallyhigh deserttortoisemortality
rates. Therefore,regular and frequentpatrolsof suchDWMAs by
law enforcement personnelwill be essential.

2c. Restore disturbed areas.

Surfacedisturbancein DWMAs shouldbe restoredto pre-
disturbanceconditions(defined as the topography,soils, andnative
vegetationthatexist in adjacent undisturbedorrelatively undisturbed
areas).This includes such actions as closingaccessto non-
designatedroads and restoringnon-designatedroadbedsto theirpre-
disturbancestate.

2d. Sign and fence DWMAs as needed.

Theperipheryof someDWMAs (on acase-by-casebasis)shouldbe
fenced withmaterialsuch as raisedhogwire in areaswhereconflicts
with adjacentland uses exist and where access cannot otherwise be
controlled. In anyevent,it is essential that the boundariesof the
DWMAs be clearlymarked toregulateauthorizeduseand to
discourageunauthorizeduse. Boundariesof EMZs alsoshouldbe
clearly marked.

2e. Implement appropriate administration.

FortheDWMAs to functioneffectively asreserves,local residents
shouldunderstandand supportthem,as sometraditionaluses will
beeliminated.Each DWMA may require areservemanager,
additionalstaff,andlaw enforcementpersonnel. In some cases,
adjacentDWMAs couldbemanagedby the samestaff. DWMA
personnelshouldbe hired locally wheneverpossible.Therelevant
agenciesandtheDWMA employeesshouldmeetwith varioususer
groupsto discussimplementationofland userestrictionsin the
DWMAs. Theformationoflocal advisory committeesto assistwith
this taskis stronglyrecommended.Certainincentivesmay be
necessaryto encourage localpeople to respectDWMA boundaries;
thesemight bepaidfor from fundscollectedthroughregional habitat
conservationplans. As funds becomeavailable,each DWMAor
groupofDWMAs managed as a unitshouldhavean associated
visitor center orsetof interpretivesitesandpanelsandperhapsother
amenities such as campgroundsorprovisionsfor guidedtours.
Theseamenitieswould attracttouristsand needed revenue to the
local area. However, increasedtourist traffic willneed to be
prevented fromcominginto conflictwith thebiological needsof the
deserttortoise.
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Table7. Actionsrecommendedfor immediateimplementationin proposedDesert Wildlife
Management Areas to effectrecoveryofthe deserttortoise.

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 —

ithdraw Mining — — 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 = Upper VirginRiver 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.

Ongoingandplannedactivitiesshouldbemodifiedso they are
consistentwith the recoveryobjectiveandrecommendationsof this
Recovery Plan.

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 orsewageponds within DWMAs.

2h. Establish environmentaleducation programsand
facilities.

As describedin Task6, visitor centers,interpretivesites,guided
tours,andcampgroundsareall appropriatein towns near DWMAs
toeducatethepublicabout thestatusandmanagementneedsof the
deserttortoiseandits habitat. In addition,deserttortoiseprograms
shouldbe developedfor usein schools,museums,clubs,themedia,
etc. Educationeffortsshouldbe focusedon groupsusingthe desert
regularly,suchasrockhounders.

Theseactionsarerecommendedto increase manageability,establish
an enforcement presence,effectan immediate reductionin the threats
to extantdeserttortoisepopulationsin DWMAs, andbuild local
supportfor the reserveconcept. In additionto these actions,
emergencyclosuresofcattleanddomesticsheep allotments,or
placementof allotmentsandlicensesinto nonusecategorieswill be
needed inmanyDWMAs. Mineralwithdrawalswill likely be
needed insomeDWMAs to preventimpactsto deserttortoisesand
theirhabitat. Otheractionscritical to recoveryin DWMAs havebeen
definedin Sectionll.D. andtheImplementationSchedule(Section
III), includingresearchnecessaryto guide recoveryefforts,and
monitoring. In addition,land managers are encouragedto
implement managementactions whichpromote theconservationof
otherspeciesandbiotic communities.

If extinctionoccursin anyDWMA, efforts to recolonizethe DWMA
with wild deserttortoisesfrom the same recovery unitshouldbe
undertaken.Long-termresearch andmonitoringwouldbe
necessaryto ensure thesuccessof any suchrecolonizationeffort.
All translocations shouldbe donein accordancewith theguidelines
in AppendixB.
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HI. IMPLEMENTATION SCHEDULE

The table thatfollows is a summaryof scheduledactions andcostsfor this recoveryprogram. It is
a guide tomeetthe recovery objective. Thistableindicatestheschedulingpriority for eachtask,
which agenciesare responsiblefor performingthese tasks, and theestimatedcosts toperform
them. Implementationof all tasks listed in theImplementationSchedulewill leadto recovery.
Initiation of theseactionsis subjecttoavailability offunds.

Priorities in columntwo of theimplementationscheduleareassignedasfollows:

1. Priority 1: An action thatmustbe taken topreventextinctionor to preventthespeciesfrom
decliningirreversiblyin theforeseeablefuture.

2. Priority 2: An action that must betakento preventa significantdeclinein populationor
habitat quality,orsomeother significantnegativeimpactshortofextinction.

3. Priority 3: All other actions necessary tomeettherecoveryobjective.

ACRONYMS USED IN THE IMPLEMENTATION SCHEDULE

* = LeadAgency
AGED = Arizona Game and FishDepartment
BLM = BureauofLandManagement
CC = Clark County
CDSP = CaliforniaDepartmentofState Parks
CDFG = CaliforniaDepartmentofFishandGame
CEC = CaliforniaEnergyCommission
DOD = DepartmentofDefense
DOE = Departmentof Energy
DWMA = DesertWildlife ManagementArea
ECRU = Eastern Colorado recovery unit
EMRU = Eastern Mojaverecovery unit
EWS = Fish and WildlifeService
FHWA = FederalHighwayAdministration
NCRU = NorthernColorado recovery unit
NDOW = NevadaDivision ofWildlife
NEMRU = NortheasternMojave recoveryunit
NPS = NationalParkService
TBD = To be determined
UDWR = Utah DivisionofWildlife Resources
UNR = UniversityofNevada, Reno
USP = UtahStateParks
UVRRU = Upper Virgin River recovery unit
URTD = Upper respiratorytractdisease
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Clearly,managersmustbe ableto alleviate detrimentalimpactson a
populationsothat theexpectedgrowthis at least zero.At zero the
populationwill stayconstantin total size. However, evenwith such
management,there willstill be randomforcesthat impel a
populationboth up anddown. These are thestochasticfactors
discussed inSection3 ofthis appendix. Thereis often a threshold
in totalpopulationsize,density,orspatialarrangementbelow which
thesestochasticfactorscan resultin a high probabilityofextinction
within a giventime period. A PVA may be able to predictthis
threshold--theminimumviablepopulation.

Catastrophes.- A catastropheis an extreme eventwhich, by
itself, can result in populationextinction. Fires, floods, and
epizooticsarecommonlycited catastrophes.In general,
catastrophesare rareeventswhoseprobabilitiesare hard toestimate,
andbecauseof thedifficulty theyaretypically handledin adhoc
fashion outsideof a formalPVA. TheUpperRespiratoryTract
Disease(URTD) is apossiblecatastrophethreateningdesert
tortoises. However,its rateof spreadandpotentialultimate impact
havenotyet been estimatedby epidemiological models.

Theonly protectionagainstcatastrophesis to have redundancybuilt
into themanagementsystem—severalwidely-spacedpopulations
wouldnot likely be struckby the same catastrophic event at thesame
time. For threats such as droughtor flooding, localpopulations
wouldhaveto bedistributedover a regionthat is largecomparedto
thetotal spatialscaleofcatastrophes.Sincetheepidemiologyof
URTD is not yetunderstood, managingthis epizooticis extremely
problematic.

Desert Tortoise Genetics.

A comprehensivePVA requiresconsideringpopulationgenetics—
includinglossofheterozygosity, inbreedingdepression,
outbreeding depression, long-termlossof adaptability, pedigrees,
patemities,populationstructure, etc. However, most PVAsinvolve
muchsmallertotal populations(TableCl) thancurrentlyexistfor
thedeserttortoise(although populationdensitymust beconsidered
vis-a-visshort-termgeneticdeteriorationaswell).

Table Cl. The number of individuals modeledin PVM for endangered species.

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
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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: EstimationofRegional Densities

I. Introduction
Accuratedeterminationofdeserttortoisedensitiesis acritical
componentofthis recovery plan.Densitiesshouldbe monitored
both inside andoutsideofDesertWildlife Management Areas
(DWMAs) to determinewhetherornot protection from human
activitieswithin DWMAs is effectiveinreversingcurrentpopulation
declines.Comparisonsof population growth ratesbetween
experimentalmanagementzones(EMZs) andother reserve areas will
benecessaxyto assessthe impactof activitiespermitted in the former
and not in the latterand to adjustmanagementactionsaccordingly.

Themethoddescribedherein isto beusedforestimating desert
tortoisedensitiesthroughout arecoveryunit. It shouldnotbe
confused with the widely-usedstrip transect andstudyplot
techniques(Berry 1984a;Berry andNicholson 1984a,l9841~; Karl
1983). Strip transectsprovidedatato~p desert tortoise
distributionandmayallow estimationofrelativedensitiesif properly
calibratedon nearbystudyplots insimilarhabitats. Intensive
surveysof studyplots produce detailed dataon habitat condition,
human uses,andsuch populationattributesasdensities,size-age
class structure, sex ratios, recruitment, causesof death,and
mortality ratesin localizedareas.However,neitherofthese
techniquesis suitablefor economicalandreliableestimatesofdesert
tortoisedensitieson a regionalscale.

II. Hypothesis to be tested
Most deserttortoisepopulationsin theMojaveregion have
experiencedrapiddeclines,andrecoverydependson reversing these
trends.Becausemostpopulationdeclinesappear to be directlyor
indirectlycausedby varioushumanactivities,theestablishmentofa
networkofDWMAs wheresuchactivitiesarecurtailedorcarefully
managedshouldresult inpositivepopulationgrowthrates andthe
eventual achievementofrecoverygoals. Thus,monitoringofdesert
tortoisedensityshouldbeperformedto test the following
hypothesis:

H1. If protectionaffordedby DWMAs hasno effect ondesert
tortoisepopulationdynamics, there will be no significantdifferences
between thedensitiesof populationsinsideandoutsideofthe
DWMAs.

Al



AppendixA: EstimationofRegional Densities

III. Methods
A. Number andLocation of SamplePlots Within Each DWMA.

Eachsample plotshouldbe 1 squarekilometer in area. Thenumber
ofsampleplots per DWMA will dependupon its size, but atleast
5%ofthetotal areaofthe DWMA mustbesampled ineach
sampling cycle(e.g., 10 squaremiles [25.9 squarekilometers]),or
26 sampleplots,wouldbe the minimumacceptableareato sample
within a DWMA of 200squaremiles). No fewer than threecontrol
plotsmustbesampled outsideof eachDWMA. These plotsmustbe
located no closer than 2miles and no farther than10 miles from the
DWMA boundary. AdjacentDWMAs mayshareoneormore
control plots that fit these criteria.

TheDWMAs shouldbedivided into plots 1 square kilometer inarea
using Universal TransverseMercatorcoordinates,andeachplot
shouldreceiveauniquenumber.Plotsto besampled shouldbe
chosen fromarandomnumbertable. If a randomly chosen plotis in
anareathat is veryunlikely to containdeserttortoises, itshouldbe
excluded andanotherplot chosen.Suchexclusionsinclude(1) plots
with averageelevationsover4.000feet, (2) plots transectedby paved
highways,(3) plots largelyconsistingofplayasorotherareas with
no naturalvegetation,and(4) plotswith largeareasof human-
causedsurfacedisturbance(e.g.,agriculturalfield, gravel pit).
Control plotsshouldbe chosenusing the same criteria as plots
within the DWMAs. New plotsshouldbe chosen each time the
DWMA and the control areas aresampled.

B. Data Collection - Scheduling.

Initial population estimatesto establishbaselinedensitiesmust be
accomplishedassoonasDWMA boundariesareestablished.
Resampling mustoccurevery3 years. Becausepopulation
estimationsmustcoincide withperiodsof high deserttortoise
activity, all surveysmust be completed during the monthsof
FebruarythroughMay. This16-18week periodis sufficient for a
teamofproperly trainedbiologiststo surveyatleast10 sample
plots,allowing forperiodsof inclementweather and other
complications.

Eachsquarekilometerplot mayrequireup to 7 daysofcomplete
sampling by ateamoffourexperienced deserttortoisebiologists. If
tenDWMAs required26 plots plus threeoutside controls each, this
would mean atotal of290 plots tosample.However, it is unlikely
thatall DWMAs will be establishedsimultaneously,andwith a 3-
yearresamplingschedule,approximatelyone-thirdof this number,
or97, wouldhaveto besampled everyyear. Thus,nineteams,
startingin areaswith earlygreenupandmoving intoregionswith
laterphenologies, could accomplish thesesamplinggoals.
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AppendixA: EstimationofRegionalDensities

C. Data Collection - Methods.

The removalmethod(Southwood1978;Zippin 1956, 1958)should
beusedto estimatedensitiesof largeimmatureandadult desert
tortoises (carapacelength>140 mm) in thesquare-kilometerplots.
The principle behind thismethodis thatif a known numberof
animalsis “removed” (in thiscase,marked and releasedm situ) on
eachsamplingoccasion,the rate at which new captures falloff will
bedirectlyrelatedto the sizeofthetotal populationand the total
number“removed.” Thus,theremoval method, unlikecapture-
mark-release methods,requiresthatanimalsbe handled only once
during a survey. Theassumptionsofthismethodarethat (1) the
catchingprocedure doesnot lower theprobabilityof other animals
being caught, (2) thepopulationremainsstationaryduring the
sampleperiod, (3) thepopulationis not so large that thecaptureof
oneindividual interfereswith thecaptureof another, and (4) the
chanceof captureis equalfor all animals.By restrictingthe sample
to adultandlargeimmatureanimalsandby analyzingmales and
femalesseparately,noneoftheseassumptionsis violated.

All samples shouldbe made by afour-personteamof experienced
deserttortoisebiologists. The biologistsshouldproceedto a
previously selected, randomly chosen plotanduseaglobal
positioningdevice to locateits fourcorners.Temporaryflags, to be
removed after the sampleperiod, shouldbe used to mark plot
boundaries.The plotshouldbe searched thoroughly for desert
tortoiseseachday ofthe sampleby all fourbiologists, concentrating
on timesofhigh activity. Eachbiologistshouldsearchone quarter
ofthe plot toachievecomplete coverageeachday. Deserttortoises
areto be sampledonly on thesurface, exceptwhen they can be
coaxed outof theirburrowsby thumping. No desert tortoises will
bepulled from theirburrowswith hooks orotherdevices.

Upon capture, adult deserttortoisesshouldbe sexed andmeasured,
in millimeters,alongthemidlineof thecarapace.Those with
midlinecarapacelengthof 140mmorgreaterwillbe includedin the
sample.Theseanimals shouldbe marked with asmall dotofacrylic
paint placedon the dorsal surfaceof both theanteriorandposterior
marginals;the paintmarkswill enablethe survey teamto recognize
previously handled(“removed”)deserttortoises.

Evenif no deserttortoisesareencountered,eachplot shouldbe
sampledfora minimumof3 days in weathersuitablefor the animals
to be above ground.If desert tortoises are found,samplingshould
continuefor7 daysoruntil no umnarkeddeserttortoises havebeen
encounteredfor 2 consecutive days.

D. Data analysis.

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

IV. Interpretation of results.
Theimmediategoalof thesesamplesis to obtainreliableestimatesof
deserttortoisedensitiesin the DWMAsandadjacent,non-protected
areas.The long-term goals are toassessthesuccessof the recovery
strategydevelopedin thisplan,adjustmanagementgoalsas
appropriate,anddetermine when recovery has beenachieved.
Sufficientdatato accomplish thelong-termgoals will requiremany
samplingperiods. Estimateddensitiesandtheirstandard errors
accumulatedoveratleast12 years,orfive samples, will be
necessaryto adequately falsify thehypothesesposedaboveandto
considerdeistingarecoveryunit.

If it appearsthatdeserttortoisedensitiesarestill decliningafterthe
second sample,thesedatashouldtrigger areassessmentof
managementpractices and suggestadditionalresearch. For
example, examiningtheeffectivenessof managementefforts
directedatcurtailinghumanactivitieswithin the DWMA would be
appropriateunder these circumstances. On theotherhand, research
mayshowthat desert tortoise habitat has been so degraded by
previous management practicesthat it will take several moreyearsof
freedom fromdisturbancebeforeconditionsfor desert tortoises will
improve withintheDWMA.
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AppendixB: Guidelinesfor TranslocationofDesertTortoises

AppendixB: Guidelinesfor Translocationof
DesertTortoises

(1) Experimental translocationsshouldbe doneoutside
experimentalmanagementzones.No deserttortoises shouldbe
introducedinto DWMAs—at leastuntil relocationis much better
understood.

(2) All translocationsshouldoccur in good habitat where the desert
tortoisepopulationis known to besubstantiallydepleted fromits
formerlevel ofabundance.Translocationof reproductively
competentadultsinto depopulatedareascan havebeneficialeffects
onpopulationgrowth. Beforepopulationgrowthcanoccur,
however,individualsmustestablishhomerangesandenterinto any
existingsocialstructure.Deserttortoisesshouldbe periodically
evaluated againstadefinedhealthprofile (proportionalweight/size,
fecal scans,andbloodpanels).

(3) Areas into which deserttortoisesare to be relocatedshouldbe
surroundedby adesert tortoise-proof fenceorsimilar barrier. The
fencewill containthedeserttortoiseswhiletheyareestablishing
homerangesandasocialstructure. If the areais not fenced, past
experiencesuggeststhat mostanimalswill simply wanderaway
from theintroductionsiteandeventuallydie. (Fencingis notcheap;
estimates range from$2.50to $5.00per linearfoot). Once animals
areestablishedsomeor all ofthe fencing can beremovedand
probablyreused.

(4) Thebesttranslocations intoemptyhabitatinvolve desert
tortoisesin all ageclasses, intheproportionsin whichtheyoccurin
astable population.Suchtranslocationsmay notalwaysbe
possible,sinceyoungdeserttortoisesarechronically
underrepresentedin samples,oftendueto observer samplingerror,
andmay now actually beunderrepresentedin mostpopulationsdue
to poorrecruitmentandjuvenilesurvivorshipduringthelast several
years. Deserttortoises smaller thanthe 7-yearage-sizeclassare
particularlyvulnerableto predationandmay be apoorinvestment
for translocation,unlesspredatorexclusion(fencing,for example)is
incorporatedinto suchendeavors.Mature femaleswould probably
be the bestsex/ageclassto introduceinto belowcarrying capacity
extantpopulationsbecauseoftheirhighreproductivevalue (low
potentialmortality,highpotentialfecundityformanyyears).

(5) The numberof deserttortoisesintroducedshouldnot exceed the
pre-declinedensity(if known). If thepre-declinedensityis not
known,introductions shouldnot exceed100 adultsor 200animals
of all ageclassespersquaremile in category1 habitat(Bureauof
LandManagement designationfor managementofdeserttortoise
habitat)unlessthereis goodreasonto believethat the habitatis
capableof supportinghigherdensities.Post-introductionmortalities
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AppendixB: Guidelinesfor TranslocationofDesertTortoises

might becompensatedby subsequent introductionsif ecological
circumstanceswarrantthis action.

(6) All potentialtranslocatees shouldbemedicallyevaluated in
termsofgeneral healthandindicationsof disease,usingthe latest
availabletechnology,before they aremoved. All translocatees
shouldbegenotypedunlessthe desert tortoises are to be movedonly
very shortdistancesorbetweenpopulationsthatare clearly
geneticallyhomogeneous.All translocatedanimals shouldbe
permanentlymarked, and mostshouldbe fitted with radio
transmitterssothattheirsubsequent movementscan be closely
tracked.

(7) If deserttortoisesare to be moved into an area that already
supportsapopulation—evenone thatis well below carrying
capacity—therecipientpopulation shouldbe monitoredfor at least2
yearsprior to theintroduction. Necessarydataincludethedensity
and agestructureoftherecipientpopulation, homerangesof
resident deserttortoises,andgeneralecological conditionsof the
habitat.

Areasalongpavedhighwayscanserveasgood translocation sites,if
properlyfenced. Many suchareassupportgoodhabitats,but
vehicle-causedmortalitiesand/orcollectinghavesubstantially
reducedortotally extirpated adjacent deserttortoisepopulations.
Any translocationsitesshouldbe isolatedby a deserttortoisebarrier
fenceor similarbarrier next to the highwayorroad. Thepurposeof
fencing thehighwayis obvious—tokeeptranslocatedanimalsfrom
being crushedby vehicleson theroad. However, fencing theother
sidesof thetranslocationareais critical forestablishment.If a
fencedareaorstripof habitatapproximately0.125 to 0.25mile wide
is establishedalong highways,sometranslocateesshouldestablish
homerangesand a social structure within thisstrip. When the
insidefence isremoved,the translocateddeserttortoises and those
fromtheextantpopulation fartherawayfromtheroadwill
eventuallyexpand their home ranges into the remaininglow-density
areas. A secondreasonfor inside fencing is topreventany
diseased,but asymptomatic,desert tortoises from infectingnearby,
healthypopulations.Inthe eventthatdiseaseis anissueanda
residentpopulationis present nearby, double inside fencing should
be considered.

B2



A~xilh ~c

DesertTortoise
(Mojave Popuhition)

Recovery
Plan



AppendixC: DesertTortoisePopulationViability

AppendixC: DesertTortoisePopulation Viability

I. Introduction

Becausedeserttortoiseslive to suchgreatage,are foundin very
sparsepopulations,and arevery difficult to study,we know very
little about thetortoisepopulationdynamics. Thus,computer
modeling has beenusedas a meansofsupplementingour
knowledgein this area.We presenthere a life historyanalysisof
theconsequencesof demographiccharacteristicsin tortoise
populations,an analysisof trendsin thesepopulations,and,finally,
ananalysisof thepopulation viabilityofdeserttortoisesin the
Mojave. Theseexerciseshaveall supportedthe necessity for large
reserves(DWMAs) for the recoveryofthespecies.

II. Life history analysis

Understandingthe life-history consequencesofmodificationsto
mortalityand/orfecundityto populationpersistenceis crucial to
management decisionson deserttortoise populations.Nevertheless,
the qualityof datafor suchan analysis areunderstandablypoorfor
this extremely long-livedspeciesthat mayundergohugenatural
temporalandspatial swingsin populationdensityin responseto a
stochasticallyvaryingenvironment.Mertz (1971)developedan
approachto investigatelife-history consequencesto changing
environmentsof a long-lived species.We have usedthis approach
to estimatethe relativecontributionsofjuvenileandadult mortality,
as well asfecundity,to theability ofdeserttortoisepopulationsto
maintain themselvesat stablepopulationdensities.Thebasisof the
analysisis amodelof the demographyofthe deserttortoise. This
modelpurposelydoes notcontaingreatdemographicdetail,since
thequestionsaskeddo not require greatdetail. Mertz used asimilar
low-resolutionmodel to ask“broad-brush”questionsabout
CaliforniaCondors.

Thebasisof themodelcomes from the workofLeslie (1966). The
model is based upontransition matrices containing age-specific
mortality andfecundity. The followingsimplifying assumptions
weremade:

1. Mortality for eggsandjuvenileswerelumpedinto a probability
of surviving to reproductive age,~.
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AppendixC. Desert TortoisePopulationViability

2. Mortality ofreproductiveadultswas taken to be the same
regardlessofageand wasrepresentedas the probabilityof surviving
one year,p.

Themodelpredictingnetreproductiverateis:

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

where:

= The netreproductiverateortheproportionalchangein
populationsizepergeneration.

= Theprobabilityofsurviving to reproductiveage.

p = Theprobabilityof an adultsurvivingone year.

f = Theproportionoffemalesin the population.

C = Theclutchsize.

F = The proportionof femalesfailing to breed.

Co = The age atwhichreproduction ends.

a = Theageatwhich reproductionbegins.

T = Thetime intervalat whichreproductionoccurs.

Simulations illustratedtheconditionsthatproduced a net
reproductiverate,R0, of zero(orstable populationsize). These
simulations includedthefollowing additional assumptionsfor the
purposeoftheanalysis:

1. Sex ratio was assumedto be0.5.

2. All reproductive-agedfemaleswere assumed to reproduce.

3. Reproductionwas assumed to continue to age100 (this assumption
wascheckedseparatelyandfound not toaffectthe resultsgreatly).

4. Theageof first reproductionwas taken to be15 years(this
assumptionhasno effect on simulationsconfinedto R0 = 1.0).

5. Egglaying, multiple clutching,and years withoutreproduction
wereall condensedto an averagenumberofeggsproducedperyear
(thus,separate mortalityprobabilitiesfor differentclutches,and
clutchesin badyears werenot considered).

Threevariableswereconsidered:

1. p, differencesin which canbe taken as reflecting elevatedadult
mortality.
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2. ~, differencesin whichcan be taken aselevatedmortality of eggs
orjuveniles.

3. C, differencesin whichcan be taken as reflectingconditions
more orlessoptimal for reproduction.

FiguresCl andC2 presentsimulationsshowing thecombinationsof
r, b, andC necessary to haveR0 = 1.0. Clearly, if a populationis
healthy,andrelativelyfree fromsourcesof adultmortality, andthus
having arof> 0.95 anda fecundity>9eggs/year, then very few
juveniles needsurviveto adulthood. Indeed,somewherein the
orderof only 1%of all eggs needsurviveto reproductiveage. On
the otherhand,a 10%increasein adultmortality can require a300%
increasein juvenilesurvivorship. Furthermore,anyreductionin
fecundityof adultsexacerbatesthisstill further. Theseresults
illustrate therequirementsof deserttortoisesin theirnatural
environments,particularly thepremiumplaced uponadultsurvival.
Thelife-history strategyof deserttortoisesmay have evolved inan
environmentin which99%ofall juveniles die beforereaching
reproductiveage. However, thislife-history strategy may not work
for deserttortoisesfaced withincreased mortalityon adults. Desert
tortoisesmayvery wellhave been ableto handlehigh juvenile
mortality in thepast,but in populations sufferinghighmortality
fromURTD, off-roadvehicles, and petcollection,juvenile
survivorshipbecomesincreasinglyimportant.

Thesimulationsalsopoint to thenecessityofconsideringall sources
of age-specificmortality in managementplans,notjustmortality in a
particular agegroup. Finally, thesimulationspoint to theextremely
potenteffectthatclimatechange could have if newconditions
resultedin abandoning reproduction altogetherin numerousbad
yearsinterspersedamongsomewhat better yearsforproductionof
foodresources.
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AioPherus agassizii

Figure Cl. Calculated requirementsfor adult and juvenilesurvivorshipin orderto have a
netreproductiverateof 1 (viz., apopulationneithergrowingnordeclining) as a functionof
theaveragenumberof eggsproducedperyear.
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Simulation Assuming that
Reproductive Age is15 Years
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AppendixC: Desert Tortoise PopulationViability

III. Population Trends in the Mojave Desert
Tortoise in Different Parts of the Mojave
Desert

The deserttortoisehas beenlistedas a threatened species becauseof
disturbing downwardtrendsin populationsizesin many portionsof
the speciesrange. Some deserttortoisepopulationshave reached
suchlow numbersthatextirpationis highly probable. Furthermore,
thepopulation dynamicsof thisspeciesare soponderousthat
recovery from majorreductionsin populationsizeis problematic.
Nevertheless,deserttortoiseshave persistedin theMojaveDesert
for thousandsofyearseventhoughtherehavealmostcertainly been
randomlocal extinctionsand subsequentreinvasions (Hanski1991).
Today, many deserttortoisepopulationsare so fragmented that they
havelittle ability to recover from majorpopulation declines.Thus, it
is very importantto distinguishbetween the forces causing“normal”
fluctuationsin populationsizesand those thatthreatenpopulation
persistence.

There aretwo kindsof populationchange:stochastic fluctuations
andtrends. Populationtrendsaremonotonicchangesin population
size causedby somepersistentdemographicchangein the
population(Figure C3). Forexample, persistentlyreduced
fecundityor increasedratesof mortalitywill cause changesin the
“equilibrium” populationsize aswell as changesin the abilityof
populations togrow. In the deserttortoise,suchchangescouldbe
causedby increased predationby animalsor humans, reductionin
the foragebasedueto changesin climateorcompetitionwith
domesticgrazers,etc. Clearly,downward population trendsmust
be haltedin orderfor apopulationto persist.

Stochastic fluctuations(FigureC3) occurwhen somerandomevent
causes adownturnfrom whichthepopulationbeginsimmediate
recovery. These events canbe causedby such things asdrought,
fire, anddisease.Recovery fromstochasticfluctuations will depend
upontheirfrequencyandseverity. Thus,a large populationwhich
is infrequently influencedby randomeventswill have a high
probabilityof persistence;alternatively,smallpopulations repeatedly
assaultedby stochastic increasesin mortalityordecreasesin
fecundity will have a lowerprobabilityof persistence.
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Populationsundergoing steady downward trends willgo extinct.
Thelikely time to extinctionis easilycalculated. However,
extinctionscanalsooccurin populationsthat, on average,are
stochasticallyfluctuatingaroundsomelong-term mean.Thus, it is
critical thatexistingdataon thepopulationdynamicsof desert
tortoisescanbeclassifiedastrendsor asstochastic fluctuations.
Clearly, the severedroughtsin 1989and 1990contributed tosevere
crashesin populationsizesfor manytortoisepopulations(Berry
1990,asamended). Droughtsare stochastic events thatwill, of
course, occur in the desert,anddesert tortoisepopulationshave a
long historyof recoveringfrom the effectsdroughts. However,
populationsthat havebeen fragmented into smallerunits orwith
densitiesreducedby the effectsofincreasedpredation,human
vandalism,orcompetitionwith grazerswill have a lowerprobability
of persistencein the faceof thesestochasticevents.

Becauseofthedifficulty of obtainingaccuratepopulationsize
estimateson thesecryptic, semi-fossorial, and sparseanimals,most
datacollectedover the last15 yearson the dynamicsofdesert
tortoisepopulationsareinsufficientto determine whether a
populationis stationary,fluctuatingstochastically,orundergoinga
populationtrend. However,thedatafrom many samples maybe
statistically “blocked” accordingto similaritiesamongsitesin order
to sort out possibletrendsandtheircauses.

Datacollectedby theBureauof LandManagement(Berry 1990,as
amended)has beensortedinto two categories:the Western Mojave,
which includesareasthat bothdo not normally receivesummerrains
andalsohaveheavyhuman-inducedmortalityof tortoises,and the
EasternandNortheasternMojaveandEastern andNorthern
Colorado areaswhichreceive summer as well as winterrainsand
whererelatively little mortality is directly attributableto humans.
Ouranalysisindicatesthat areasreceivingsummerrainsandare
relativelyfreefrom human-inducedmortality showno statistically
significantpopulationtrend(FigureC4), whereas areasin the
Western Mojaveclearlyshowa downward trendin populationsize
during the sametimeperiod(FigureCS).
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Figure C5. Thenumberof adultdesert tortoises foundon BLM trendplotslocatedin the
WesternMojave. All dataarenormalizedto thehighestpopulationsizerecorded withintheyears
populationsweremonitored. Thedownwardtrendin populationdensityis highly significant
(F1,14 = 28.4, p <0.0001).
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This analysisemphasizesthat managementof tortoisepopulations
requiresrecognitionoftwo separatetypesof populationchange:
populationtrendsandstochastic fluctuations. Uncorrected
downwardtrendsaredisastrousand must be corrected or else the
populationwill go extinct.Stochastic fluctuationscan bedisastrous
for small populationsorpopulationsthat arefrequentlyvictimsof
stochastic increasesin mortality. However,large, “healthy” desert
tortoisepopulationsshouldbe able towithstandnormalstochastic
fluctuationswith areasonableprobabilityof persistence.

Thisanalysisalsoshowsthat severalareaswithin theMojave region
areseriouslyimpactedby human-inducedmortality. Specificafly,all
ofthesampledsiteslocatedclose toBLM designatedOff-Highway
Vehicle Areasand/ortowns have high levelsofknowndirect
human-inducedtortoisemortality. Theseareashavesignificant
downwardtrendsin populationsizes;thus, thesetrendscan only
resultin extinctionofdesert tortoisesunlesstheircausesare
mitigated.The actualmechanismsofthesedownwardtrendscannot
be determinedfromthis analysis,but in all the sampledareasthereis
evidenceofhigh mortality causedby off-highway vehiclesand
guns.Additionally, it is likely that tortoisesfrom these areasare
taken aspets,andit is alsolikely that diseasedtortoisepetsare
released intotheseareas. Thus,the ultimatecauseof downward
trendsin deserttortoisepopulationsis uncontrolledhuman
disturbance.

Finally, this analysisleads to theconclusionthat the DesertWildlife
ManagementAreaconceptis thelogical meansby which human
activity can becontrolledin deserttortoise habitat,and itis perhaps
theonly way to reverse downwardpopulationtrendsin desert
tortoisepopulations.

IV. Population Viability Analysis

Background

Earlier reviews have discussed the reasons whypopulationsbecome
extinct(Shaffer1981,Souls1980,Simberloff1986,Gilpin and
Soul6 1986).Fourexplanationsaregenerallyimplicatedin
conditions for extinction (CEE). ThreeoftheCFEsare can act
very quickly within agenerationortwo, and thefourth can take
manygenerations.

Oneof theproximateconditionsof extinction is Demographic
Stochasticity,problems causedby randomdemographic
imbalanceswhich can occur insmall populations(Richter-Dynand
God 1972). Theseeventsincludeimbalancesin sex ratios,birth or
death rates,oragedistributions. In very small populationsmales or
femalesmay havedifficulty finding mates,mostofthepopulation

Cli



AppendixC: DesertTortoise PopulationViability

may be post-orpre-reproductive,etc. These“accidental”
demographic imbalancescanoccur when apopulationbecomesvery
smallorvery sparselydistributed,andall ofthem canresultin
extinction. Demographicstochasticitycertainlycouldbe aforce in
highly fragmentedanddiminisheddeserttortoisepopulationssuch
as can be foundin the WesternMojaveandBeaverDamSlope.

A secondconditionofextinction is Social Dysfunction. This can
occur bymanymechanisms,andit alsooccursin verysmall
populations. In somepopulations,mating only occurs when itis
socially facilitated. This is especially true insomebirdsand
mammalsthatform leks,colonies,orherds. The selectiveforces
leadingto vulnerability throughsocial dysfunctionhasbeen
discussedby Simberloff(1986). This CFE is not likely to be
importantfor deserttortoisesbecausethis speciesis widely
distributed andmatingdoes not occurin groups. However,no data
existon theextentto whichbreeding behavioris socially facilitatedin
this species.

A third GEEcomesfrom anyof several possibleExtrinsic
Forces.Extrinsicforcesgenerallyoccurwhenthereexists
temporalvariationin abiotic,habitat,or biotic conditionswith which
thepopulation cannotcontend.Thesecaninclude randomabiotic
catastrophes such asfloods, droughts,and fires. Theycould
include epizootics (such asURTD), or shifts in prey baseof
predators (suchas ravensswitchingfrom road-killedjackrabbits to
hatchingor yearling tortoises).Otherforcescouldinclude
anthropogenicchangesin habitat suchasurbanization,mining, road
development,or livestockgrazing. This CEEcan affectpopulations
that are large ordense,particularlywhenthefrequencyof
“damaging”extrinsicforces increaseto levelsneverencounteredby
a species duringits evolutionaryhistory. This CEEis probably the
most importantonewith which deserttortoisesmustcontend today.

The fourthCFE is Genetic Deterioration. Short-termgenetic
deteriorationresultsfrom inbreeding depressionand lossof genetic
heterozygosity(Frankeland Souls1981,Rail andBallou 1983).
These factors cancauseproblemsin individual fitnessandin a
population’sability to increase.A longer-termproblemresulting
from lossof geneticheterogeneityis thatapopulationmaybeunable
to adaptto achangingenvironment.Generally,geneticproblems
occur onlyin very smallpopulations.Thus,they maybe a problem
for the highlydiminished populationsofdeserttortoisein the
WesternMojaveandBeaverDamSlope areas.

Prescriptions forabatinglossof geneticdiversityhasled to the
“50/500rule” (Franklin 1980)which suggeststhatagenetically
effective population sizeofat least50 isneededto avoidthe
problemsof inbreeding depressionin theshorttermandthata
genetically effective population sizeof at least500 is needed
to retainenough geneticheterogeneityfor long-termevolution.
However, the50/500rule hasbeen criticizedfor a variety of
reasons,andDawsonet al. (1986) have speculated that agenetic
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populationsizeof at least1500 is neededfor long-term persistence
of vertebratepopulationssuch as the northern spottedowl.

Characteristics important in Defining Minimum Population
Sizes

To ensurepersistenceofthe deserttortoisein the Mojaveregionit is
necessaryto determinetheconditionsunderwhichapopulationwill
remainviable. This is called aPopulation Viability Analysis(PVA).
Populationviability is verydifficult to determine(Dawsonet al. 1986)
largely becausea PVArequiresdata that areoftennotcollectedforrare
anddifficult-to-study species.Determining populationviability for the
deserttortoiseis especially difficultsincethespecieshasalong
generationtime, a complexdemography,and itis being assaultedby
ecologicalfactorsto whichit may not have been previouslyexposed
during its evolutionaryhistory.

Conservation biologistsandmanagers must understand anumberof
terms,definitions,andstandardsbefore theimplicationsof a PVA
can beclearlyunderstood(Gilpin and Souls1986). Theseare:

Time Frame .- Population viabilitymustbe definedfor aspecific
time horizon;i.e., theprobabilityofbeing extant T years from now.
Time spans,T, of 100 or 200 years are commonly used. However,
deserttortoisesmaylive 80 yearsormore,andgeneration timeis
around25 years. Thus,forthis species, a timehorizonof 500years
(or approximately20 generations)into thefuture is areasonabletime
frame forevaluating population persistenceprobabilities.

Population Size .- Early workon Population Viability (Franklin
1980, Shaffer1981)postulatedthatextinction probabilitieswerea
functionofpopulationsizealone. Shaffer(1981),working with
data from theYellowstoneNationalParkgrizzly bearpopulation,
lookedsolely to demographicandenvironmentalfactorsthat
influenced populationfluctuations. On the other hand, Franklin
(1980) focusedon lossof geneticvariation throughgeneticdrift, a
processwhoserateis inversely proportionalto populationsize.
Eventhoughboth ofthese earlyefforts atpopulation viability
determinationweremonofactorial,bothprocessescanbe important
andshouldbe consideredin a PVA.

Population Density .- Under some circumstances, population
dynamicsmaydependupondensityof individualsper unitarea
rather than thetotalpopulationnumberremainingin theregion. For
example,finding amatebecomesproblematicalin very sparse
populationsbecause fewanimalsof the right sex areencountered.

Spatial Fragmentation .- In situationswhereapopulationis
dividedinto asetof loosely-coupledspatialunits exchanging a few
animalsperyear,theconfigurationof theseunits in two-dimensional
spacemaybe moreimportant than totalpopulationsize. Thus,a
systemof small localpopulations,eachofwhich is nonviableby
itself, cannonethelessform aviablesystem ifconnectivityis
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sufficient sothat local populationsthatgo extinctcanbe recolonized
from otherlocal populationsin thesystem.

Deterministic vs. Stochastic Factors. - A population that has,
on average,negativepopulationgrowthis doomed toextinction.
The timeto extinction is straightforwardlycalculated from the
exponentialgrowthequation,dN/dt = rN. If r is thenegativeper-
yearpopulationchange,then the time toextinction,Text, is

= log(N/2)/r,

where Nis thecurrent(i.e., initial) population size.Suppose,for
example,that apopulationof25,000is decreasingat 10%peryear,
asis the casefor severallocal populationsof the deserttortoise. The
expectedtimeto extinction is easilycalculated--95years.A
doublingof N producesonly asmall increasein time toextinction.
If N were50,000,then the time toextinctionis only increasedto
102 years, hardlyany gain atall. The following graphshows~
for some othernegativegrowth rates:

Figure C6. Time to extinctionsfor apopulationof25,000 animals as a
functionofthe intrinsic rateofnaturalincreaseexpressedas percent decline
peryear.
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Clearly,managersmustbe ableto alleviate detrimentalimpactson a
populationsothat theexpectedgrowthis at leastzero. At zerothe
populationwill stayconstantin total size. However, evenwith such
management,therewill still be randomforcesthat impel a
populationbothup anddown. These are thestochasticfactors
discussedin Section3 of this appendix.Thereis often a threshold
in totalpopulationsize,density,orspatialarrangementbelow which
thesestochasticfactorscan resultin ahighprobability ofextinction
within agiventime period. A PVA may be able topredictthis
threshold--theminimumviablepopulation.

Catastrophes.- A catastropheis an extreme eventwhich, by
itself, can resultin population extinction.Fires, floods, and
epizooticsarecommonlycitedcatastrophes.Ingeneral,
catastrophesarerareeventswhoseprobabilitiesarehardto estimate,
andbecauseofthedifficulty they aretypically handledin adhoc
fashion outsideofa formalPVA. TheUpperRespiratory Tract
Disease(URTD) is a possiblecatastrophethreateningdesert
tortoises. However,its rateof spreadandpotentialultimate impact
havenotyet beenestimatedby epidemiological models.

Theonly protectionagainstcatastrophesis to haveredundancybuilt
into themanagementsystem—severalwidely-spacedpopulations
wouldnotlikely be struckby the same catastrophic event at thesame
time. For threats such as drought or flooding,local populations
wouldhaveto bedistributedover aregionthatis largecomparedto
thetotal spatialscaleof catastrophes.Sincetheepidemiologyof
URTD is not yetunderstood, managingthis epizooticis extremely
problematic.

Desert Tortoise Genetics.

A comprehensivePVA requiresconsidering populationgenetics--
includinglossofheterozygosity,inbreeding depression,
outbreeding depression, long-termlossof adaptability,pedigrees,
patemities, population structure,etc. However, mostPVAs involve
muchsmallertotalpopulations(TableCl) thancurrentlyexistfor
thedeserttortoise(although populationdensitymustbe considered
vis-a-vis short-termgenetic deteriorationaswell).

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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Most deserttortoisepopulationsareprobablystill largerthan even
the largestoftheseabove-citedcases(althoughsome populations
may havebecomethis small by thetimethe recovery planis
implemented).Furthermore,thegenerationtime of the desert
tortoiseis long, at least25 years,whichslows genetic deterioration
in calendartime. Beyondthis, the current information about the
geneticsofthedeserttortoiseis extremelyscant. All of these facts
suggestthat geneticconsiderationswill besecondaryto other
problems threateningthedeserttortoisewith extinction--atleastfor
the timebeing.

Nevertheless, geneticalconsiderationsare importantin reserve
design.DWMAs mustsupporta tortoisepopulationwith a large
enoughgenetically effectivepopulationsize tomaintain sufficient
geneticdiversityfor long-term persistence.Geneticallyeffective
population,N~, is usuallybetween0.1 and0.5 of the total adult
population size, N,in vertebrates(Rymanet al. 1981,Shull and
Tipton 1987). Detailsof deserttortoiselife history suggests that the
Ne/N ratio will be atthe low endof this range—certainlyno larger
than0.1, particularlyin populationsof low densities. If we assume
that a geneticpopulationsizeof at least500is necessary tomaintain
the geneticdiversityrequiredfor long-termevolutionarypotential,
DWMAs should containno fewer than 5,000 adulttortoises.

V. Home Range and Movements

If weknow theamountof areathat atortoiseoccupies, we can
determine theprobabilitythat individualswill encounteroneanother
for mating. If thereis adiminished probabilityof encounter
between males andfemales,thenpopulationgrowth will be impeded
by stochastic demographicforcesdiscussed inSectionIV of this
appendix.Thus,knowledgeof home range sizeis critical for
determiningaminimumviablepopulationdensityfor desert
tortoises.

Estimatesofthe home rangesizesof deserttortoisesarenecessarily
constrainedby inadequatedata. Inparticular,desert tortoises may
live in excessof 50 years,andthus,data on the normal lifetime
movementsof deserttortoisessimply do not existfor logistic
reasons. Indeed, thedifficulty ofworking withdeserttortoiseshas
resultedin estimatesofhomerangesize that areseriouslyin error.
Althoughestimatedhome range sizesof desert tortoises have been
summarized recently(Berry 1986b),mostofthese estimates are
based uponvery small samplesizesor questionable methods(Table
C2). Small samplesizestend toproduceestimatesthat
underestimateactualhabitat use. On the other hand, manyofthe
statisticalestimatesof homerangesizeassumethat tortoisesuse
theirhabitat as“central-placeforagers”resultingin adistributionof
habitatusethatis spatiallyGaussian(seeTurner etal. 1981). This
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assumptionofspatialnormality tendsto inflateestimatesofhome
rangesize.

In spiteof theseproblems,these data canproduceinsightsinto
homerangesizein deserttortoises.First, someof theseestimates
canbeused asanindexofhabitat usewithoutclaiming that these
estimatesareseasonal,annual, orlifetime homerangesoftortoises.
If this is done,femalesseemto have habitat-use indicesthatare
approximately58 %(rangingfrom 40 to73 %) ofthe indicesof
males. Thus,it would appearthat habitat requirementsof male
tortoisesaredifferentfrom thoseoffemales.Dataon habitatuseby
two populationsofdeserttortoiseshave beencollectedby Esqueet
al. (in prep.)who havemonitored populationsfrom sitesin Utah
andArizona for threeyears. Their preliminarydatashowthat
estimatesof homerangesizeincreasecontinuallywith the numberof
relocationsof tortoisesover time(FigureC7).

Table C2. Home rangeestimates(ha) fordeserttortoisesfrom six sites (after Berry1986)

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. Schwartzmannunpublished data

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

Beaver Darn Slope,Arizona 23 (5 - 59) 15 (2 - 34) HohmanandOhmart1980

BeaverDam Slope. Utah -- (4-40) WoodburyandHardy 1948
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Figure C7. Cumulativeestimateof home rangesizeof adultfemaledesert
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This occursfor two reasons.First, theestimatedepends upon the
amountof datacomprisingtheestimate.Too fewdatapoints will
lead toan underestimationoftheactualuseof thehabitat. Second,
tortoisesneveroccupythesame exactareaofhabitat fromyearto
year, so that as moreandmoredataarecollected,theresulting
estimateof homerangesize becomes larger and larger (FigureC8).
It follows that todeterminethelifetime homerangesizeof desert
tortoises,datawouldbe neededon movementsof tortoisesovera
periodof atleast50 years. Clearly, this is not yetfeasible,but the
preliminarydatamayallow areasonable estimate.Homerangesizes
appearto vary with site andamongdifferentyears. However,in a
dataset covering foursitesacrossmostof the Mojave, andcovering
threeyears,the effectof siteon home range size disappears(Fi,68 =

0.005,p = .94) when the effectoffoodavailability (measuredas
productionof springannual plants,F1,68= 15.3,p = .0002)is
entered into astatisticalmodel (FigureC8). Furthermore,when
both sexesof tortoises areconsideredat all sites,it is clear that home
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range sizeis stronglypredictedby food availability (FigureC9).
When food becomesscarce,homerange sizesbecomelarger.
However,whenannualplant production exceedsapproximately30
kg drymass/ha,homerange sizesforboth sexesappearto remain
constant at arelativelysmall size. Wheneachgenderof tortoiseis
consideredseparately,it appearsthat femaletortoisesmaintain
approximatelythesamesize homerangeregardlessof siteorfood
productionat that site(FigureC10). However, male tortoises
greatly increasetheir home rangesizesin response tolow food
availability (FigureC10).

Manytortoisesappear“to anchor”their annualmovementsto an
overwinteringsite thatmaybe usedrepeatedlyin manyseasons
(FigureCl 1). This fidelity to anoverwinteringcaveor burrowhas
alsobeenseenby C. C. Peterson(unpublisheddata)at TheDesert
TortoiseNaturalAreain the easternMojaveandat IvanpahValley in
thewesternMojaveofCalifornia. This does notmeanthatall
tortoisesinvariablyreturnto the same wintercaveorburrow,but
ratherthat fidelity to a well-developed caveorburrowappearsto be
fairly common. If atortoisedoesindeedanchor its useof thehabitat
to an overwinteringcaveorburrow towhich it remainsfaithful for
manyyears,thenit canbeassumedthatoverits lifetime atortoise
would rangein all directionsfrom theoverwinteringsite atdistances
similar tothoseseenin any one year.Thus,a circle can bedrawn
with theoverwinteringburrow as the center and theradiusbeingthe
furthest pointfrom theoverwinteringburrow. Theresultingareais
the estimatedlifetime homerangeofthetortoise(FigureC12).
Fromthis analysis,theestimatedlifetime home range for theCity
Creektortoise rangingfurthestin the three yearstudy (female# 11.0
in FigureCl 1) is 180hectaresorabout0.7 squaremile. The
average estimatefor all tortoisesat City Creekis 97 ha (ranging
from 38 to 180ha).
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Figure CS. Annual homerange sizesof tortoises at the City Creek and
Littlefield Study Sites.
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Figure C9. Annualhome rangesizesofdeserttortoisesat foursitesin the MojaveDesertduring
the periodof 1988 to 1991.
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Figure ClO. Annualhomerange sizesofdeserttortoisesatfoursitesin the MojaveDesert.
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Figure Cli. Homerangesestimatedfrom the minimum convexpolygonsof relocations
ofnine adultfemaletortoises from the City CreekStudy Site,St.George,Utah. Polygons
weregenerated from 38-70relocations(see Fig.7) over a three-year period from1989to
1991. Relocationswereevenly spaced over theactivity seasonsofeachyear. In most
casesanoverwinteringcave wasidentified(blacksquare),andin all of thesecases,the
overwinteringcavewas usedrepeatedlyover thethree-yearperiod.
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Figure C12.Estimatedmaximumlifetime home rangeof adultfemaletortoises at theCity
CreekStudySite, St. George, Utah.

Becausetheseestimatesare forfemales,andbecause females have
homerangesthatareabouthalfthatof males,it can beassumedthat
the lifetime homerangeof adult males may be twice thesesizes,or
about194 ha(rangingup to360 haor about1.5 squaremiles).

Even theseestimatesoflifetime homerange sizecouldsubstantially
underestimate thehabitatuseof atortoisethat lives to avery old age.
Forexample,tortoises are knownto takelengthy forays fromtheir
homerangesand thenreturn. Both male and female tortoises have
beenobserved to make very long-distance forays (FigureC13). For
example, at theDTNA Site,onefemale tortoisemoved more than8
km from its hibernation burrow over a periodof between11 and58
days(the telemetrysignalfrom thetortoisecould not be found

J
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duringa sampleII days after aprevioussample, and thetortoise
was not relocateduntil 58 days afterits previousrelocation). Two
offourtortoises knownto makelong forays were found deadwithin
threemonthsofthe initiation of theforay. Oneof those two
tortoises was the first deserttortoisein nature to beobservedwith
UpperRespiratoryTractDisease.Of the two tortoisesthat lived
after having made along-distanceforay,onemovedfrom asmall
areaof activity (less than10 ha) to another similar-sized area more
than2 km distant. This tortoiseneverreturned to the areain whichit
wasoriginally observed.The othertortoisewas repeatedlyrelocated
in an area totaling38 habeforeit made a forayof approximately
4km.

From theseestimatesof homerange sizesofadulttortoises,we can
estimate the minimumviable densityoftortoise populations.
Because we havevery fewdataon mate-findingstrategiesin this
species,this estimateis necessarilycrude. Refinements,however,
requireconsiderableadditionaldata.

Male andfemaletortoiseshavehomerangesthat aredynamicfrom
year to yearandfrom placeto place. During yearsin which food
resourcesare sparse,maletortoisesexpandtheirhomeranges
considerably,andfemaletortoisessomewhat less(FigureC10).
Averaging acrossseveral studies,male home ranges have been
shownto expand toapproximately50 hectares,with considerable
variability around theaverage,when food resourcesarescarce.
Thus, in years whenaveragehomerangesare verylarge,
approximately5 maletortoisescan“fit” into a squaremile with no
overlapof theirannual homeranges.(This assumes thattortoises
are“overdispersed,”which mayormay not be true.)At this
density,males moving about as they havebeenseento do in years
when home ranges arevery large,would theoretically patrolall of
their habitat.Fewerthan five maleswould resultin somepartsof
this theoreticalsquaremile not beingpatrolled,andfemalesin the
unpatrolledpartswouldnot comeinto contact with malesevery
year. Assuming that thepopulationis 50% females, then the
“minimum contactdensity” which wouldguarantee thatall females
wouldbe mated every yearis 10 adult animalsper squaremile, or
higherif thepopulationhadmorefemalesthan males.

This reasoningsuggeststhattheminimumviabledensityof tortoise
populations—thedensity below whichthepotentialforpopulation
growthis diminisheddueto stochasticdemographicforces--isabout
10 adultsper squaremile. Thus,a DWMA hasto be largeenough
to hold somepredeterminednumberof tortoises at adensityofno
lessthanthis.
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Figure C13. Long-range movementsof tortoises attheDTNA site.
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VI. Desert Tortoise Demography

Tortoisedemographyis complexbut theoverallfeatures arewell
known. Thereis a longprereproductiveperiod and femalesfirst
reproduce atagesbetween12 and25 years(Turner etal. 1984)with
animalsizebing moreimportantthan agein determiningvital rates.
As ageneralrule-of-thumb,185 mmis the carapacelengthfor first
reproduction.Thereseemsto beno senescence;adults dieoff at a
slowrateandmaylive formore than80 years. Adults continueto
reproducethroughouttheir lives. Ingeneral, femalesreproducein
most yearsandmay havetwo clutchesperyear. The survivalof
juvenilesis very low andprobablyvariesfrom yearto year.

Becauseof limited dataon thedemographicprocesses and
parametersfor deserttortoise,modelingofdeserttortoisepopulation
dynamicsis difficult and notindependentof modelingassumptions.
Thus,threeseparatemodeling exerciseswereconducted toassess
extinctionprobabilitiesin deserttortoises.These threeexercises
wereconductedatdifferenttimesduring the productionofthe
RecoveryPlan. Thus, somehad the benefitof more recent data.
The firstof theanalyses,theGilpin analysis,is therichestwith
respectto thediversity of questionsaskedof themodels. The
second,the Tracyanalysis,partitioned the variancein theempirical
datauponwhichthemodelingis basedinto its different
components. The third, the Peacockmodel,was done as a checkon
bothoftheprevious modeling exercisesby usingacommercially
availabledemographicprogram.

A. The Gilpin Model

A Projection ModeL The datafor thisanalysiscomefrom the workof
Turneret al. (1987)on apopulationnearGoffs, California. From these
data, itis straightforwardto construct anageorstageprojectionmatrix
(Biehl andGilpin 1990). A stage-structuredmatrix wasconstructedby
collapsingTurner etaL’s (1987) more finelyresolveddata:

Stage1 = hatchlings

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

Thesecorrespondto a five elementcolumn vector.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
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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 Reproductive value= 1
Stage2 Reproductivevalue= 1.62349
Stage3 Reproductive value= 5.24694
Stage 4 Reproductive value= 34.402
Stage5 Reproductive value= 89.1427

This outputis for a single runof themodel. Eachof the parametersin the
transitionmatrix hassomeuncertainties associatedwith it; thus,asensitivity
analysiswas done on the matrix beforeany conclusions were drawnfrom
themodel. Theseconclusionsaregiven in thefollowing sections.

The per year growthrateof desert tortoisesis low. TheTurneretal.
(1987)studyfoundonly 2% peryear. If thisrateis a maximum thatis
generally truefor all populations,desert tortoises havelow resistanceto
negative deterministicimpacts(harvestingby humans,predation,disease,
kills by motorvehicles, competitiveinteractions fromlivestock,etc.) to the
population. Figure C14illustratesthis schematically.

Becauseofthe extremelylong prereproductive period(to an ageas
greatas25 years),thereproductivevaluesof desert tortoisesvary
greatly. Figure C15showsthe reproductive valuesversusagefor
theTurneret al. (1987) deserttortoisedata.

growth
per year A negativedeterministic

density

Figure C14.Twopopulationgrowth curves. BothA andB havethe samecarrying
capacity(the rightmost point on the abscissawhere the growth curves intersect).
CurveA hasa higherintrinsic rateof increase. If a deterministicforce indicatedby
the downward arrowat the rightof the figureimpactsthe population,the population
following curve A could adjustto a lower equilibrium density andcould persist.
CurveB, however, has too low arateof increaseand would be overwhelmedby the
negativedeterministicforceandthe populationwould go extinct.
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Figure C1S. Reproductivevalues.

Oneconsequenceofthis is thatintroductionsof deserttortoisesto empty
habitatshouldbest be accomplishedwith theadditionofhighreproductive
valueindividuals;i.e., young adults.Of course,this mathematicalresultis
consistentwith commonsense.

Theageandsizestructureofapopulationof deserttortoisesis very slowto
returnto the stabledistribution followinga perturbation.This is muchlike
the humanpopulation,where,for example,in theUnitedStatesthe
consequencesof the baby boom will be felt for a century. Anout-of-
equilibrium age/sizedistributioncouldhaveimplicationsfor deserttortoise
socialstructure.FigureC16 showsonesimulationof age-structured
growththat begins from adisturbed(non-steady)state. Notethat theinitial
oscillations have a periodof about14 years. This impliesthat anytrend
analysisfor lessthan 14 years could givevery misleadingprojections.

Density dependence.- Nothing is knownaboutthe mechanismof
densitydependent population regulationin the deserttortoise. Thatis, what
setsa carrying capacity, K? Is K ever reached?If so, whatdeterminesK -

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

Demographyanddeterministicpopulationregulationis an area thatneeds
furtherresearchandstudy. Theseprocessesmay vary over the rangeofthe
deserttortoise,and applicationsofdetailsfrom theGoffs studyto desert
tortoisepopulationsin the farwesternMojaveorto northernpopulationsin

K

100

reproductive
value

1
1 20

age
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NevadaandUtah, may beinappropriate.However, thegeneralcharacterof
deserttortoisedemography asrevealedby theGoffs studyis probablyv’~’ -~

throughout the range.

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

Figure Cl 6. A projection of age structured growthfor a desert tortoise
population.
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A simple discreteequationforstochasticgrowthis:

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

N~+i=l if N>K

whereN~ is the currentpopulationsize andwhereN~+i is thesizeof
the next time period, andwhere{lambda} representsarandom
variablefor discretegrowthdescribedbelow. If thecurrent
populationis aboveK, the carryingcapacity,the populationsize
dropsto K the nextyear. But if the populationis below K, the new
populationsizeis determinedby drawingadiscretegrowth rate,
lambda,from aprobabilitydistributionwith a knownmeanand
variance. In mostexplorationsofthis model,it is assumed that the
mean lambdais greaterthan1, whichcorrespondsto an r of greater
than0. Therelationshipbetweenr andlambdais:

p = loge (lambda).

In more sophisticated models(e. g.,Goodman1987),the mean and
varianceof thedistributionoflambda values maychangewith the
sizeofthepopulation;that is theymaybe functionsof N. For
populationsin naturalenvironments,it is almostimpossible to
determine therelationshipofmean andvarianceof lambda to N, if
for no otherreasonthantheproblemofobtaininga sufficiently large
samplesize. Thus, it will not alwaysbe the case that the variationof
population growthwill bemodeledas independentofN.

Datafor this modelcamefrom deserttortoisepopulationsthathad
been sampled at13 locationsthroughoutthe Mojave desert(Berry
1990,asamended,NevadaDepartmentof Wildlife 1990;SWCA,
Inc. 1990):

California: Chemehuevi
ChuckwallaBench
Goffs
Ivanpah valley
UpperWardValley
DesertTortoise NaturalArea
FremontValley
JohnsonValley
KramerHills
Lucerne Valley
StoddardValley

Nevada: PiuteValley

Arizona. Uttlefield

Samplesof adult deserttortoisesweretakenat thesestudylocations
atvariousyears. Fromthesesamples,thediscretegrowthrate
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lambdas can becomputed.Theselambdasarebasedon per year
growthintervals. For sampleson two successive years, the lambda
is givenby:

lambda = final_sample/iitiaLsample.

If the period is more than1 year, the relationshipis

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

wherethe “A” signindicatesexponentiation.From thesestudy
locations,someof which had more than two samples,27 different
valuesoflambda can be determined,which define a probability
distribution. The meanlambdais .985, with a standard deviationof
0.08. The probability distributionoflambdasis shownin Figure
C17.

Figure C17. Thedistributionof 27 lambdasfrom 13 deserttortoisestudy plots.

Mean A = .965/yr
r = —.015/yr
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The lowest lambdais 0.8 and the highestis 1.15. Thesecorrespond
to per year changesofroughly -20% and+15%, with a meanof -

1.5%/year. Thattheaveragegrowth rate from these sitesis -1.5%
does not mean that theentiredeserttortoisepopulationis only
shrinkingat this rate,forthesestudy populationsrepresentfor the
mostpart local populationsin thecentersofgood habitat. The entire
speciespopulationofdesert tortoises couldsimultaneouslybe
shrinkingin its spatialextent,andthis wouldnot be representedin
these figures.Furthermore,these are pre-URTDstudies. Adult
dieoff acceleratesby asmuchasan orderof magnitude notlong after
URTD is first identifiedin thesepopulations.Also, the extreme
growth ratesof -20%and+15% probably correspondto cases
wherethe age structureofthepopulationis badlyoutof stable age
distribution(seebelow),or where thereis someform of animal
movement intoorout ofthelocal population.

Nonetheless,thevariancein lambdavaluespossiblyrepresents the
variancethatwouldbe presentin reserve systemswith protected
boundaries andwhichwerefreeof URTD. Thus,theseare good
numbersto usein afirst-pass simulationstudyof localextinctionof
deserttortoisepopulationson reserves.They may set one kindof
lower limit to the scaleofreserveunits,suggestingthatanything
smalleris certainto be inadequate.They mayalsobe a best-case
scenario insofar as the consequencesofdisease are notreflectedin
the data.

To model timeto extinction,N~+i is calculated usingtheempirical
distributionof lambdasin FigureC18. The first simulation assumed
aninitial N of 20,000adult deserttortoisesat equilibrium(i.e., K is
the samevalue). An extinctionthresholdis taken as2 individuals.
Thedistributionoftimes (in years)to extinction is given in Figure
C18.

FromTableC3 it can beseen that,amongotherthings,90% ofthe
populationswill surviveat least350years,and that the mean timeto
extinction is 505 years,with astandarddeviationof 115 years.
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Figure C18. Time to extinctionbasedon currentbest estimatesofstochasticgrowth.

Table C3. Descriptive statisticsforthedistributionof 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).

Theseprojectionsare basedon arelativelysimple modelandon
relativelylimited data. Onewayto get afeelingfor the
reasonablenessof “stability” of suchprojectionsis to changethe
modelslightly. If the meanlambdais raised from0.985 to 1.000 (a
growth rateformaintainingstablepopulationsize),but thevariance
in growth remains thesame;that is, that thehistogramin FigureC18
is shiftedrightwardsby an amount0.015, the mean tendencyis for
thepopulationto remainstationaryin size. However, itcannot
increaseaboveits K, while at the sametime it hasno lower bound
other thanextinction. If themodelis now run with the slight
increasein meanlambda,the growthdistributionsare asshownin
FigureC19.

The mean time toextinctionhas nowincreasedfive fold to 2,474
years,with a standarddeviationof 1,150years. Thatis, given the
hypothetical situationfor growthnow assumedfor a deserttortoise
population,a 1.5% elevationof the growthrateleads to a 500%
increasein time to extinction. This suggeststhat alittle management
of tortoisehabitat maygo along way to helplocalpopulations.

A secondmanipulationis alsoinstructive. If the mean lambdais
kept at1.000,but thelocalpopulationis made tentimessmaller
(i.e., ~ = 2000andK =200),the mean time to extinctionis
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361 years( FigureC20). Thus,the sizeof the population (and hence
thereserve) matters greatlygiven theobservedfluctuationin growth
rates. Thus,even with improved management, a reservewith a
maximumpopulationof 2,000desert tortoisesis too small to
achieveareasonablepredictedtime to extinction.

Eventhough tortoisepopulationsdeclined (mean lambda= 0.985),
theyears1979-1989wererelativelygood ones for the deserttortoise
comparedto the nexttwo. During 1990and 1991markeddeclines
in numbersoccurred.If thedatafrom 1990-91 are added to the
1979-89data,the mean lambda(i. e., the per year discrete growth
rate)is so reduced that themodelpopulations promptlygo extinct.
However,recovered populations,orpopulationson theirway to
recovery,shouldhave the ability to rebound from badyears,once
mostof theextrinsicsourcesof mortality have been removed.
Clearly, these years are not the first droughtordisease episode
experiencedby desert tortoises over their longhistoryof occupation
ofthis region. In additionto bad years, there willalsobe some
yearsofextraordinarilyhigh lambdasassociatedwith very good
conditions. This impliesthat the average lambda from the1979-89
datasetwill still beobtained--onlyits variance (or standard
deviation)will be increased.Theamountof theincreasein the
standarddeviationwill dependon the frequencyofvery good years
andvery badyears,whatever that maybe.
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Figure C20. Extinctiontimesin asmallmanagedreserve.
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Thismodelcanalsobe usedto examinethetime to extinctionfor
various modificationsto variationin lambdas. Populationceilings
of 200, 2000and20,000adult deserttortoisewereused,and the
variationin lambdasis increasedby certainpercentageamountwhile
all elsewaskept constant.Fifty trials wereperformedfor eachcase,
and themediannumberof yearsofpersistenceis used as the
estimatorof time toextinction. Theresultsare shownin Figure
C21. Timeto extinction increaseslinearlywith the logarithmof
populationsize,asis expected from standard theory. The highest
line is for the1979-1989data. The500yeartime to extinction is
reachedwith a populationceiling (K) of 20,000adultdesert
tortoises.The three lower lineson the figure, basedupon
simulationsusingceilingsof200,2000and 20,000adult animals,
show theeffectof increasingthevariancein lambdato 120%,150%
and 200%of its value in the1979-1989dataset.

Thisexperimentshowsthat the higher thevariability ofpopulation
growth, thelargerthepopulationsizerequiredfor viability. For
example, about 50,000 adulttortoiseswould berequiredfor a
mediantime to extinctionof500yearsif theactualvariancein
lambdais 120%ofthe 1979-89value. Since population sizeis a
functionof reservesize,areservelarge enough tosupportthis
numberofadult tortoiseswouldbenecessary.Thatis, this model
suggeststhat reserves largeenoughto support50,000adult desert
tortoiseswould beadvisable buildingblocksto achieve a median
timeto extinctionof 500yearsforrecovered populations.

Thismodeldoes notincorporatethree importantfeatures.First, it
ignorescatastrophes.Second,it extrapolatesfrom the last decadeof
deserttortoisehistory hundredsof yearsinto the future. Many
things,suchas climate change,could invalidatethese data
considerably.Third, it does notaccountfor spatialstructureandthe
possible interactionsof local populations. Nonetheless,this
analysis does showthatareasonablereserve sizefor long-term
protectionof deserttortoisesshouldbe large enoughto
accommodateroughly50,000adultanimals.
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Sensitivity of Extinction to var(lambda)
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Figure C21. Mediantime to extinctionas afunction ofpopulationcarrying capacity
(denotedN....max)andofthevarianceof thediscretegrowthrate,lambda. Thestandard
deviationoflambdais increasedby 20%,50%and100%above the valueusedin the
original report. Thehorizontalline is at 500years,which is taken as theminimally
acceptabletimefor asinglereserve.
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B. The Tracy Analysis

Ma*rix Population ModeL - Theonly compilationofdetailed
demographicdatafor thedeserttortoise comesfrom studiesat the
Goffs Sitein California (Turner et al.1987,Buruhamet al. 1987).
From these data itis straightforwardto construct a stage-transition
matrix (Caswell 1989). All tortoiseswereplaced into five stage
categories(TableC4), andthesestageswereincorporated into a
five-stage demographicmodel (FigureC22).

Thedemographicflows modeledin FigureC22 are placed into a
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

The G and Pelementsofthis matrix modelwere estimated from the
simulatedsurvivorshipcurve(FigureC23)for the Goffs Site
(Turner etal. 1987,Burnham etal. 1987). The Felement(only
“adults” produce eggs) was taken as avariablebasedupon
population growth rates tobe modeled.

Table C4. Descriptionofthe agesof deserttortoises includedin the fivestagesfor the

stage-based demographicmodelof deserttortoisepopulationgrowth.

Ag~
1
2
3
4
5

hatchlings

I to 5 yearsold

6 to 10 yearsold

subadults

adults

C39



AppendixC.- DesertTortoisePopulationViability

Figure C22. Conceptualmodelofthe life cycle ofdeserttortoisesin which individuals
move among the fivestages withinthe lifecycle accordingto two probabilitiesof
movement:~x is the probabilityof an individual remainingin a particularstagex, Gx is the
probabilityof an individualmovingto the nextolderstagex, andFx is the numberof
hatchlingsproducedby individuals survivingto the adultstage.

Figure C23. Simulatedsurvivorshipcurvefor deserttortoisesat theGoffs Site estimated
from datapresentedin Turner et al.(1984)andBuruhametal. (1987). Survivors are
presented as proportionof thepopulationstill alive as a functionoftortoiseage.
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Growth of Mojave Populations

Nineteensitesin CaliforniaandNevada have been monitoredfor
deserttortoisepopulationsizes since1979(TableCS). At all of
thesesitespopulationshave been sampledmore than once over a
periodof 13 yearsyielding atotal of 39 estimatesofthe discrete
growth rate(lambda,I) calculatedas,

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

N = Populationsizeattime = t

= timeoftheinitial sample

t = timeof thesecond sample

The mean lambdafor all monitoringsiteswas0.975 (Figure C24A)
with astandarddeviationof 0.091. However,this standard
deviationfor the meanlambda includesvariation attributableto
severalsources:(I) differencesin lambda amongsites,(2)
differencesin lambdadueto temporaltrendsin populationsize,(3)
year-to-year variationaroundthe temporaltrends,and(4) errorsin
theestimationofpopulationsizes. An analysisofcovariancewas
performed to partition thesesourcesofvariation around themean
lambda(FigureC25). Thestandard deviationfor themeanlambda
dueonly to year-to-yearvariationaroundthe temporal trends,plus
the estimation errors, wasonly 0.019(FigureC24B). Until an
analysisis performed todeterminethe errors in population
estimation,it is not possibleto sortout the year-to-year variation
aroundthe meanlambdacompletely.

Using thetransitionmatrix from Goffs andthe meanLambdafor the
39 sitesin CaliforniaandNevada, the unknownF~ 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-term monitoringsitesatwhich populationsizesofdesert
tortoises have been estimated between1979and 1992.

Sites ReceivingWinter and SummerRains
ChemehueviValley, California
Chuckwalla Bench, California
Chuckwalla Valley,California
IvanpahValley, California
UpperWardValley, California
Christmas Tree, Nevada
CoyoteSprings,Nevada
Gold Butte,Nevada
PiuteValley, Nevada
Sheep Mountain, Nevada
TroutMountain,Nevada

Sites ReceivingWinter Rains Only
Desert Tortoise NaturalArea (Interior),California
Desert Tortoise Natural Area(Visitors Center),California
FremontValley,California
FremontPeak,California
JohnsonValley, California
KramerMountains, California
Lucerne Valley,California
StoddardValley, California
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Figure e24. Frequency distribution of Lambdas for (A) all 39 Lambda estimations, and 
(B) for the residuals after variation due to site, time, and site * time interaction are removed. 
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Figure C25. Proportionsof variancearoundthemeanlambdafor 39 sitesin California
and Nevada.

When the“A” matrix (thetransitionmatrix) is multipliedtimesa
vector containing the numberof tortoises in eachof the fivestages,
the resultis a new vector containing the numbersof tortoisesin each
stageonetime step (oneyear) into the future.After manyrepeated
time steps,the relativeproportionsof tortoisesin eachstageremains
a constant,andthepopulationis saidto have reached astable-age
distribution. Thestable-agedistributionfor an idealized population
with the growthandsurvival characteristicsoftheGoffs population
andthe Lambdaoftheaveragepopulationfrom themonitoredsites
is given in FigureC26. This stable-age distributionis similar to a
collectivesizedistributionassembled fromdataat severalstudy sites
in theMojaveandSonorandeserttortoisepopulations(FigureC27).
Moreover,when thedatain FigureC27 are collapsed to a stage
distributionandcomparedto the stage-baseddistributionassembled
fortheGoffs population(Turneretal. 1987,Burnham etal. 1987),
it wouldappearthat the Goffspopulationis typicalof other desert
tortoisepopulations(FigureC28).

Theprincipal differencebetweenthe stagedistributionsin Figure
C26 (simulated)andFigure C28(observedin the field)is that the
modeleddistributionhas a greater proportionofindividualsin the
hatchling and1-5year age classes thando thedistributionsfrom
Goffs and themulti-site aggregate.While it is true that there are
high levelsofmortality at the youngerages(with only
approximately7%of all hatchlings survivingto the ageof six
years),the low proportionsof youngtortoisesin theempirical
distributions(FigureC28) morelikely reflect thedifficulties with
locatingvery small tortoisesin the field. Regardless, the proportion
ofindividualsthat areadultsis veryhigh: 42%in thesimulated
populationand60%in theempiricaldatasets.

PartitionedVariance in Lambdas for
MojaveDesertTortoisePopulations
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Figure C26. Theproportionof individualsin each age stageofthemodeled
populationwhen thepopulationis in stable-agedistribution.

Figure C27.Numbersofindividualsas afunctionofcarapacelengthfor populationsin the Mojaveand
Sonorandeserts.
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Figure C28.Percentof individualsin thepopulationas a functionof stage (age
categories)for (a) theGoffspopulation(Turner etal. 1987,Burnham1987),and (b)an
aggregateofpopulationsin the MojaveandSonorandeserts.

Effects of Environmental Stochasticity.- Environmental
stochasticitycancausepopulationgrowth ratesto vary from time to
time andfrom locality to locality, and variablepopulationgrowth
rates canincreasetheprobabilityof extinction. For example,a
populationcould have arunof yearswith stochasticdropsin
populationsizeuntil its densitydropsbelow a recoverythreshold
and itsubsequentlygoesextinct.

Stochasticpopulationgrowth was simulatedwith a “Monte Carlo”
simulation,with lambda being drawn from a probabilitydistribution
with differentmeans(all below 1.0and including theobservedmean
of 0.975),and a standard deviationof0.19 (the standard deviation
dueto randomvariationaroundpopulationtrendscalculatedfrom
sampled populations;seeFigureC24). An additional simulation
wasperformedholdingthe mean lambda at0.975andusing two
different standard deviationsaroundlambda(0.019 and 0.038).All
simulated populationswere started with differentnumbersof
tortoisesto assessthe effectofmeanlambda,standarddeviationof
lambda,and startingpopulationsizeon thecomputedtimeto
extinction(extinctionwasassumedto occur when thepopulation
reachedtwo individuals).

Of course,all simulationswith lambdas below1.0eventuallygo
extinct. Thetimerequired to reachextinction theoreticallyis affected
by bothlambdaandthestochasticvariationaroundlambda(Figure

stage4 stage5
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C29). However, the effectofthe mean lambda wasconsiderably
greaterthanwasthe standarddeviationaround thosemeans.The
model’spredictionthat apopulationwith a mean lambdaof 0.975
(theobservedmeanof sampledpopulationsin California and
Nevada)could never persistfor more thanapproximately390 years
(approximately15 tortoise generations),regardlessofthe initial
populationsize,wasparticularly disturbing.

Partitioningthevariancein lambdas intoits components wasalso
instructive. The importanceofwithin-populationenvironmental
stochasticityis trivial unlesslambdasareclose to1.0. Even then,
suchpopulationsare predictedto persistfor a long time.
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PopulationViabilily for
theMojave DesertTortoise
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Figure C29.ResultsofaMonteCarlo simulationof themeantimetoextinctionfor
deserttortoisepopulations(a) as a functionof lambdaall with a standarddeviationof
0.019, and (b) as a functionof two different standard deviations at a lambdaof 0.975
for populationsstartingatdifferentinitial sizes.
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C. The PeacockModel

Projection ModeL - Demographicdata for the deserttortoise
was enteredinto RAMAS/Stage, asingle-species,stage-based
modeldevelopedby AppliedBiomathematics (Ferson,1990).
RAMAS simulatesdiscrete-timestage-structuredpopulation
dynamics.This model is usedto predict the behaviorofpopulation
trajectories(probabilityofextinctionorpopulation explosion)as
influencedby demographicparametersandstochasticenvironmental
variables. RAMASis amodeling environmentwhich allowsthe
userto build aspecies-specific modelusingmathematical
expressionsbaseduponstagemodelingtheory (Lefkovitch1965).

The effectofenvironmentalvariability on demographic processes
was not measured independentlyfor the deserttortoise;thus,the
effectof stochasticenvironmentalvariationon population dynamics
could not bemodeled separatelyfrom demographic variation.Five
life history stageswere defined asin theGilpin Analysis(seeabove)
andthe TracyAnalysis(seeabove): 1)hatchlings,2)1-5yearolds,
3) 6-10yearolds,4)subadults,5) adults or 17-100yearolds.
Transitionmatrixvariables:~x (probabilityofremainingin astage),
Gx (probabilityof movingto the next olderstage)andFx (number
ofhatchlingsproducedby individuals survivingto theadult stage)
werethen usedto simulatepopulationgrowth over a600-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

Survivalprobabilitiesestimated fromdemographicdata(Turneret
al. 1987) wereusedto construct atransitionmatrix (TableC6).
Because dataon survivorshipfrom theeggto hatchlingstageare
unavailable,F~ was defined as theaveragenumberof eggs
produced peradultfemaleper year. (More properly,F~ shouldbe
the numberofhatchlings--whichwill alwaysbe lower than the
numberof eggs because notall eggslive to becomehatchlings—but
reliabledatawerenotavailable.) Initialpopulationsizewasmodeled
as20,000individuals;additionalsimulationswerealsoconducted
using startingpopulationsof 40,000, 60,000,and 100,000
individuals. The initial stagedistributionusedfor all simulations
was baseduponstable-age distribution generationby The Tracy
Analysis (FigureC26).

Simulation Results. - Thesimulationofpopulation dynamics
over a600-yearperiod predicts asteady declinein thepopulation
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(FigureC30). With astartingpopulationof 20,000, thetotal
declines to100 individualsby 327 years,24 individualsby 400
years,andgoesextinct (atoneindividual) at553 years. Lambda
averaged over the first400 yearsof the simulation was0.979.
Abundancesin eachstageat 200,400,and 600 yearsshowa
preponderanceofindividualsin stages1 and2 (FigureC31) with
very low recruitmentfrom stage2 to 3 (althoughthis resultis likely
due to theoverestimationofrecruitmentofhatchlingsinto the
population).A stable-stagedistributiongeneratedat the endof 200
yearsindicatesthat theadultbreeding population wouldbe reduced
to 100 individuals. Althoughthetotal population wasstill relatively
high (N=1400)after200 years,asmall breedingpopulation(based
upon the numberof adultspresent)dueto primarily to thelow
recruitmentofindividualsfrom stage2 to 3, resultsin apotentially
unstablepopulation.

Populationprojectionsusingstartingpopulationsof 40,000,
60,000,and100,000individualsshowthat after200 years
populationswouldbe 200, 300,and 400individualsrespectively.
By 400 years,all simulations,regardlessof starting populationsize,
producedpopulationsof lessthan 100total individualsandbreeding
adultpopulationsof lessthan 10 individuals(TableC7). Given the
currentsurvival probabilities,desert tortoiseswould be extinct
(fewer thanoneindividual) 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
(Turner etal. 1987). Thestartingpopulation size was 20,000individuals. The
populationgoesextinct (at 1 individual) at553years.

Table C7. Thetotal numberof individualsremainingin thepopulationgiven current
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.

K
1.25-p

0.75-
a,

a)
~0~

a)

0.25-’

0-
1 2 3 4 5

Stage

LZZ7

2

w
N

za

a-
0
a-

0)
0
Ca
0)

0

b

YEARS

Figure C32. Population projectionswith startingpopulationsof 40,000, 60,000,
and 100,000individuals. Regardlessofstartingsize, all populationsgo extinctat
thesame time.
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VII. Viability of the Mojave Desert Tortoise
Population

Severalcriteriaimportantto recoveryandlong-term persistencefor
the desert tortoise have been reviewed in thisappendix.These
includeavoidingconditionsfor extinction(CEE) which are(1)
demographicstochasticity,(2) social dysfunction, and (3)genetic
deterioration.TheseCFEsare closely related topopulationdensity
andpopulationsize. Therefore,thevulnerabilityof apopulationto
theseCFEscan bedirectly affectedby two conditions:(1) extrinsic
sourcesofmortality, and(2) theareaoccupiedby thepopulation.
Any planto recover the deserttortoise throughtheestablishmentof
reservesmust consider both thesizesofthereservesandcontrolling
levelsofmortality on the reserves.

Population Density and Size of Reserves

In Section5 of this appendixit wasshownthataminimum
populationdensityfor deserttortoisesis approximately10 adultsper
squaremile. Belowthis densitythere will be a highprobabilityof
demographicstochasticity,socialdysfunction,and genetic
deterioration. Section4 of this appendixshowsthat apopulationof
at least5,000tortoises(all ageclasses)is necessaryto maintain
sufficientgeneticdiversity for long-term evolutionarypotential.
Takentogether,thesetwo analysesindicatethatanareaof at least
500 squaremilesis necessaryto maintain evolutionarypotentialat
minimum density(FigureC32). In practice,reserves shouldbe
larger thanthis becauseacceptabletortoise habitatis patchyandnot
all areasareoccupied. Thus, 1,000squaremiles shouldbe taken as
the minimum sizefor aviable reservebasedon thesecriteria.

Population Numbers and Size of Reserves

In SectionVI. ofthis appendixit wasshownthat deserttortoise
populationsareextremely vulnerablewhenlambdadecreasesto low
levels. For example, apopulationwith a lambdaof 0.975will
decreaseto halfits startingsizein only 25 years. However, thetime
it takes apopulationwith a lambdaof0.975to declineto extinction
dependsmost upon thesizeofthe population before itbeginsits
decline. Forall populationswith lambdaslessthan 1.0 thereis a
curvilinear relationshipbetweenmean time toextinctionandinitial
populationsize(FigureC29). At populationsizesexceeding10,000
to 20,000individuals,anyfurther increasesin population sizedo
not greatly increasethetime to extinction. Thatis, if variancesin
lambdadueto year-to-year variationin populationtrendsaresmall,
very largepopulationsdo not have a much lowerrisk of extinction
thando populationsof approximately10,000to 20,000individuals.
However,the timeto extinctionfor very smallpopulationsis
stronglyrelated topopulationsize. If deserttortoisepopulations
become smaller than10,000to 20,000individuals,strict
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managementofextrinsicsourcesofmortality is requiredto prevent
thepopulationallambdafrom falling much below1.0. if this
managementis ineffective,thepopulationwill rapidly progressto
extinction.

Takentogether,thesecharacteristicsofdeserttortoisepopulation
dynamics indicatetwo themesofmajor importancefor recovery: (1)
Reservesshouldbe large enough tocontainat least20,000
individualsto buffer thepopulationadequately fromextinction
vulnerability dueto small size. (2) Populationsmustbe managedto
preventlambdas fromfalling below 1.0 on average;otherwise the
populationsbecomeextremely vulnerableto extinction. These
themestranslatedirectlyto two management prescriptions:(1)
Assuming that most currentpopulationdeclineswill not be reversed
until minimal viable densityis reached(10 adults per squaremile,
FigureC33), reservesshouldbe no smaller than1000squaremiles.
(2) Sourcesofextrinsicmortality, i.e., the threats listedin Appendix
D, shouldbe reducedto the point that lambdas canreachat least1.0.
Theprecisemeansby whichthis can beachievedare givenin the
Recovery Plansection called,“DesertWildlife ManagementAreas:
DescriptionsandSpecificManagementRecommendations.”

Reserve Sizes in Relation to both Population Density
and Size

Considerationsof bothminimumpopulation densitiesandminimum
population numbersindicatethat reserves, orDWMAs, shouldbeat
least1,000squaremiles. Whenpopulationsare well above
minimumviable density(e.g.,30 or more.~duli tortoisespersquare
mile) andlambdas can bemaintained,on average,at 1.0 orgreater
througheliminationofextrinsicsourcesofmortality, smaller
reserves that providehigh-quality,secure habitatfor 10,000to
20,000 tortoisesshouldprovidecomfortablepersistence
probabilitiesfor thespecieswell into thefuture.
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Figure C33. Idealizedpopulationdensitiesas a functionof time shownbefore, during,and after
recovery. Downwardtrendsarereversed atornearminimumviabledensity. Subsequently,the
population“recovers”by growingsignificantly for 25 years. At that time, thepopulationcould
continueto growin responseto goodconditionscreatedby proper managementuntil (or if) the
populationreaches a“carrying capacity”. Afterthepopulationhas becomedense,thepopulation
might continue to grow, fluctuatearounda highdensity,or, if managementis relaxed,it may again
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-inducedpressuresoperating onnaturally
occurring populationsofdeserttortoisesin theMojaveandColorado
deserts. Theappendix begins witha briefoverviewof prehistoric
andhistoric trendsin human-deserttortoise interactionsboth
globally—relativeto theentire tortoisefamily (Testudinidae),and
regionally—relativeto deserttortoises. This documentfocuseson
demonstratedandprobable threatsto desert tortoiserecoveryareas.
Whereappropriate,recordsof specificthreatsto othercheloniansare
incorporatedto establish their potential impactto deserttortoises.
Thecollective,synergistic,andcumulativenatureof threatsis
illustratedwith acasestudyofprogressiveextirpationof desert
tortoisesin theAntelope Valley,CaliforniaofthewesternMojave
recovery unit.

II. Methodsand Sourcesof Data

The following resourceswereused,in descendingorderof
confidence:(1) peer-reviewedjournalarticles;(2) published
symposiaandprofessionaltexts; (3) governmentagency reportsand
data (4)environmental impactstatementsandrelateddocuments;
(5) reports andcommentariesof privateconsultants; and(6)
properlyattributedpersonalcommunicationsofqualified
professionalsand lay people.

Wehavedrawnparticularlyonthefollowing publishedorreleased
surveysof human threats to deserttortoises: (1) CaliforniaStatewide
Desert Tortoise ManagementPolicy (BLMandCalifornia
DepartmentofFishandGame1990); (2) Chapters3,4,6, 8,and
10 of Berry (1984); (3) (Final) CumulativeImpacts Studyon the
DesertTortoisein theWesternMojaveDesert(ChambersGroup,
Inc. 1990b);and(4) “AssessmentofBiological Informationfor
Listing theDesertTortoise asanEndangeredSpeciesin the Mojave
Desert, APredecision Document”(FishandWildlife Service

Dl



Appendix D: Threats

1990b). Also of interestwerelocally focusedsupplementalreports,
e.g., Desert TortoiseImpactsAnalysis(Lamb 1991)and theShort-
TermHabitat ConservationPlanforthe Desert Tortoise in Las
Vegas,ClarkCounty,Nevada(RECON 1991).

III. History of Human-Desert Tortoise Interactions

A. Prehistoric Accounts.

Prehistorichuman predationon desert tortoisesin California and
Nevadawasvigorousand widespread(Schneiderand Everson
1989). Aboriginal groups thatuseddesert tortoises included the
Chemehuevi,California; OwensValley PaiuteandMono,
Tubatulabal,andPanainintShoshoni,California; theCahuillain
California;andSouthern PaiuteofAshMeadowsandShoshoniof
Beatty,Nevada.However,someaboriginalgroupssuchasthe
Mohavehad a“greataversion to eating deserttortoiseand spoke in a
derogatorymanneraboutgroupsthatdid eat theanimal” (Schneider
andEverson1989).

Humanpredation ofteninvolved well-developed techniquesfor
hunting(SchneiderandEverson1989). Forexample,in Mexico,
SeriIndiansuseddogsto locatedeserttortoises,waterto induce
themto emergefrom theirburrows,andhookedprobesfor
extractingthem fromtheirburrows. PapagoIndiansevendeveloped
protocolsfor roastingdeserttortoiseflesh(removingtheplastron
andinsertinghotrocks). Huntingpractices varied with boththe
locationandchronologyof thesite.

Morafica (1988) reviewedtheLateQuaternaryprehistoryof human-
deserttortoiseinteractionsglobally, emphasizingdataon the
progressiveextirpationofthebolsontortoise,Gopherus
flavomarginatus.Human predation,whichis still ongoing,appears
to havehad apivotalrole in reducing bolsontortoisedistribution
overthelast20,000years.

B. Human-Tortoise Interactions and Human Cultures.

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

In economicterms, thetortoiseis an important part
ofrural dynamics,being usedfor food in most parts
of theworld,asamusical instrument(maracasand
banjo),asascooporwaterbail in boats,and canned
asmeatin partsof theMediterranean. The adultsare
oftenkeptin villagepensfor foodandasa sourceof
batchlings,which arebecominganeweconomic
productofthis traditionalhabit
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The traditionsof developing countries mayseem
tangential toareviewofthreatsto deserttortoises
posedby humanactionsin the southwesternUnited
States,but in factmanyformerresidentsofthese
areasarebringing their traditional practiceswith them
asthey immigrateto thepluralistic societiesofLos
Angeles,LasVegas,and elsewherein the West.

Highwaymortalitiesandhabitat modificationand
fragmentationhavecritical negativeimpactson
telTestrialturtlesin themoreindustrialsocieties
(SwinglandandKlemens1989). Mostauthorsof
speciesaccountsin SwinglandandKlemens’ book
described similarthreats.Forexample, Kiemens
(1989)describedproblemsfacedby emydidturtlesin
NewEngland,aregionsubjectto the kindsof
developmentwhichnowincreasinglycharacterize
MojaveDesertlandscapes.

Nowhereare thecorrelationswith human influences
more pronouncedthanin thehistoryoftheinsular
tortoisesofMadagascarandtheadjacentwestern
IndianOcean. Morethanadozenputativetaxaof
giant tortoisesonceoccurredin thisregion(Arnold
1979). Ofthese,all butasinglepopulationofthe
speciesGeochelonegiganteawereapparentlydriven
to extinctionby thedirector indirectimpactof abrupt
humancolonization. Thechronologyofthesehuman
colonizationsandresultingtortoiseextinctionswere
strikinglycorrelated.Interestingly,similar
extinctionswerenotobservedontheadjacentAfrican
mainlandwheremorethanhalfadozen tortoise taxa
of varyingsizeshaveoccurredsympatricaflywith
hominoids fortensofmillions ofyears. Perhaps the
continued existenceof themainlandtortoisespecies
canbe explainedby long-termassociationswith
hunter-gatherersin complexandrelatively stable
relationships.In contrast,thesuddenappearanceof
humans, especiallyin thesimplifiedandisolated
ecosystemsof oceanic islands,hadamuchmore
catastrophicimpacton tortoisesandtheirhabitats.
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IV. Human-Induced Threats to Desert Tortoises

A. Deliberate Removal of Desert Tortoises by Humans.

1. Predation forfood. The useof tortoises forfood was
historically theprimarymotive for collectionson aglobalscale
(SwinglandandKlemens1989)andregionallyfor deserttortoisesin
the Great Basinandsouthwesterndeserts(SchneiderandEverson
1989). Many cultureshaveengagedin bothindividualand
commercial exploitationofdeserttortoisesasfood items(Berry and
Nicholson1984b). Commercialexploitationhasincludedexportof
deserttortoisesfrom theMojaveDesertto restaurantsin Los
Angeles,theCentral Valley,andelsewherein the West.Such
practicescontinuetoday.Meatmarkets whichofferlive aquatic
turtlesstill existin someareasofmetropolitanLosAngeles--
MontereyParkfor example. Asian nationalswerearrested intwo
separateincidentsfor taking overonedozen deserttortoisesfromthe
WesternMojaveDesertfor foodandceremonialpurposesin 1991
and1993(Ditzler 1991,BLM files).

2. Collection andcommercialtradefor pets. This threat is
similar to, andmaynotbeclearlyseparablefrom, collectingdesert
tortoisesfor foodorotherpurposes.Collectionsfor petsandthe
commercialtradewereundoubtedlyof importancein thepast(Berry
andNicholson1984b). Commercialcollectingofdeserttortoises
continuedto be significantinto the 1970’s,even thoughfull legal
protectionwasextendedto thespeciesin California by1961 (St.
Amant 1984). Intensecollectingofdeserttortoisesoccurredwell
into the 1960’s in the Jawbone Canyonregionof 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
collecting inNevadaweredocumented in1982and1983(Berry and
Burge1984). In onecase, morethan30 wild deserttortoiseswere
takento Alabama.

In spiteofFederalandStatelistings, commercialcollectingstill
occurs. FeliciaProbert,aBLM District Rangerin Riverside,
California,described anongoingcaseinvolving theattemptedsale
ofdeserttortoisesin 1990,at aBarstowgasstation.An arrest
warrantwasissued,butthesuspectapparendyfled thecountryto
avoidprosecution.Othercasesprovide circumstantialevidenceof
large-scaletake. Forexample,asubstantialdeclinein subadultand
adultdeserttortoises occurred between1982and 1987at theKramer
Hills study sitein California,without anyevidenceofmortality
(Berry 1990,asamended).Within thesametime frame,signsof
humanexcavationof deserttortoisesburrowswereobservednear
the studysite (A.P. Woodmanpers.comm.),andasheepherder
reportedto aBLM employeethathesawatmck containingovera
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dozen deserttortoises atnearbyKramerJunction (Berry1990,as
amended).

Familiesandindividuals stillcollectdeserttortoisesfor personal
pets, especiallywhentheyarefound on roads. This threatisserious
in areas with highvisitoruseandis, surprisingly,even operative in
remotedesertareas.Threeexamplesofdeserttortoises takenfrom
researchsites(and,in somecases laterrecovered)provide an
indicationof theextentof thethreat. Duringstudiesconductedfrom
1987to 1991 nearKramerJunctionin thewesternMojave Desert,
two of 16 desert tortoises with radiotransmitterswere lost to
poaching;five othersmay have also been poached(Stewart1991).
This areaexperienceshuman trafficofmore than 500visitors/mi2peryear. In anotherexample,oneof afew dozen deserttortoises
with transmitterswasremovedfrom a study sitein 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 CoyoteSpring Valleystudy
site was found as a captive in theLas VegasValley a few years later
(BettyL. Burge, per.comm.). Thissiteis in arelatively remotepart
of Nevadaandhasfew humanvisitors.

Naturalistsat the Desert TortoiseNaturalAreain eastern Kern
County, Californiadescribedprobableillegal takeduringspring
(Howland1989,Ginn 1990,Jennings1991). Additional
informationisalsoavailablefrom personaldiscussionsbetween
agency biologistsandthepublic by phone,atmeetings,or in
governmentoffices. Eachyear,Berry (pers.comm.)receives
several accounts fromindividualswho describe“saving” desert
tortoises fromtraffic on highways. Mostsuchdesert tortoises are
eitherinappropriately releasedorretainedin captivity.

The threatof collectionsshouldnot beunderestimatedand will
continue toremainhighfor threereasons.First, mostnewarrivals
to theSouthwestare unawarethat deserttortoisesareprotected.
Second,the presenceoflaw enforcement officersin open desert
landsis inadequate.And third,commercialpoachingof rare,
threatened, andendangeredspeciesis well documented,andin some
cases, a lucrativebusiness (Reisner1991,Poten1991). Reisner
(1991),whopresentedapowerfuldocumentaryoftheeffectsof
poachingon alligators,pointedout thatmanywildlife biologists tend
to attributepopulationdeclinesto habitatloss,whenillegal
collectionsareamajorfactor.

B. Vandalism.

Shootingandvandalismplay a major role in lossesofdesert
tortoises in manyareas,particularlywherehumanvisitationis high
(measured in visitor-usedays/unitarea per year). Deliberate

D5



AppendixD: Threats

shootingofdeserttortoisesorcrushingthem with vehicles has been
documented(Berry 1986a,Berry andNicholson1984b;Michael
Coffeen,BLM, Glenallen,Alaska, pers.comm.). Actsof
vandalism have alsoincluded beheading,severingofbody parts,
and overturning. At theBLM’s westernMojaveDesertstudyplots,
14.6%to 28.9%ofall deserttortoisecarcassesboreevidenceof
gunshots,whereascarcasses from the less-visitedeasternMojave
Desert yieldedgunshotfrequenciesof 0% to 3.1%(Berry 1986a).
FencingtheDesert TortoiseNaturalArea did noteffectivelyreduce
thefrequencywith whichcarcasses bearing gunshotholeswere
encountered,at leastin thevicinity ofthe interpretivecenter(Berry
andShieldset al. 1986). The highestrateof vandalismwas
recordedin theFremontValley, where40.7%of desert tortoises
found deadbetween1981 and1987showedsignsof gunshots and
othervandalism (Berry1990,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.

Desert visitorsalsoharass deserttortoises.Threeincidentsof
harassmentoccurredat the DesertTortoiseNaturalAreain the
springof 1990whenvisitors handled wilddeserttortoises (Ginn
1990). In one case, a groupof adults fromFrancepoked a desert
tortoisewith astick. Jennings(1991)describedthetramplingofa
burrowby avisitor.

People whovandalizedeserttortoisesaredifficult to identify and
classify,thusincreasingthe problemof apprehendingandeducating
them. Somewho aresuspectedofshootingdeserttortoisesclaimto
be huntingrabbits,but such“hunters”areregardedas“plinkers” by
legitimatehunters.In general,“...illegal huntersfacelittle threatof
arrest from thethinly spreadforceof ... federalandstatewildlife
enforcementofficers” (Satchell1990). While no lawenforcement
officerhascaught a person in anactofvandalism to desert tortoises
since the species wasfederallylistedin Augustof 1989,the threats
and actualmortalitiesfrom such acts remain high in manyareas.

C. Deliberate Manipulation of Desert Tortoises by Humans.

1. Relocationandtranslocation. Relocationcanbe defined
as“... movingan animalorpopulationof animals awayfrom an
areawheretheyareimmediatelythreatened...toanareawherethey
would belessproneto habitatloss...” (Dodd and Siegel1991).
Past relocationsof deserttortoiseswerefrequentlymotivatedby
sincereattempts atconservation,but theirresults have been both
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variedanddisappointing,somuchso that poorlyplannedand
executedrelocationsshouldbe treated as athreat.

Severalfactorsarelikely to contribute tolow success ratesof
relocations:(1) thetendencyofthe released desert tortoises totravel
orwanderfrom the siteorattemptto returnhome;(2) increased
vulnerabilityto predators;and (3) thepotentialfor agonistic
responses fromresidentorhostdeserttortoises (Berry1986b,
Stewart1991). Significantlyhighermortality rates were recorded
for relocateddeserttortoisesthan in the hostorcontrol populationin
a 1990-1991relocation project(Weinstein1992). Thehigher
mortality ratesdid not appear to beassociatedwith higherratesof
predationoravailability offoodand water.

Thepotentialfor introducingor spreadingdiseasesmustnotbe
overlooked.Diseases such asURTDposeagravethreat to wild
populations,especially becausesucha significantproportionof ill
deserttortoisesare asymptomatic (Brown etal. 1992,Jacobson
1994). Diseasessuchas URTD may be passed frommotherto
offspringthrough the eggs and from maleto femalethroughseminal
fluid.

illegal relocationsby local desert residentsandvisitors occur
frequentlyandmustbe treated asan ongoingthreat. Suchactivities
havebeenbestdocumentedat theDesertTortoiseNatural Area m
easternKern County,California (Howland1989,Ginn 1990,and
Jennings1991),but are by no meanslimited to thatsite. For
example,illegal releasesorattemptedreleasesof six wild desert
tortoises wererecordedin 1990elsewherein California (Ginn1990,
Gilbert Goodlett,BLM files).

2. Releaseof captivedeserttortoises. Captivereleases
posenumerousproblemsto theirwild hostpopulations,notto
mentiontheinhumanityofplacinganimalswhichhavebeen
provided with water,food, andshelteronaregularbasisinto a
hostileenvironment. Examplesof areasof concerninclude genetic
pollution,thepotentialfor introducingorspreadingdisease,and
disturbanceto thesocialstructureof thehostpopulation. In terms
ofgenetics,the mostpotentially disruptivereleases into the Mojave
regionwouldbe theintroductionofSonoran Deserttortoisesor
Texastortoises (Gopherusberlandieri), which arereportedto
hybridizewith deserttortoisesin captivity.

Releaseofcaptiveshasbeen,andcontinuestobe,aproblem
(Jacobson1993). The CaliforniaDepartmentof FishandGame
releasedthousandsofcaptives andhasformalrecordsfor over800
releases undertakenin the 1960’sand 1970’s(Berry andNicholson
1984a). In the1970’s,CaliforniaDepartmentofFishandGame
alsoset upa programto rehabilitate captivedeserttortoisesand
prepare them for return to the wild through quarter-way andhalf-
way house projects. Ofmore than 200individualsexposed to the
deserttransitionalpens,only 15%survived morethanafewyears.
About 30 of thesurvivors,someof which wereapparently ill with

D7



AppendixD: Threats

URTD, weresubsequently releasedin Antelope Valley(Cook
1983).

Informationon theprevalenceofreleasedor formercaptivedesert
tortoisesin wild populationscan be derived from severalsources.
Forexample,asinglecaptivereleasewas foundamong45 wild
deserttortoises registeredduring a formal survey in theBlack
Mountains,MojaveCounty, Arizona(Hall 1991). In theLas Vegas
Valley in 1990,13 (1.5%)captivedeserttortoiseswerefound
amongasampleof 842wild deserttortoisescollectedfrom private
parcelsof land(HardenbrookandTomlinson1991). Tenofthe 13
captiveswerefoundin closeproximity to urbandevelopment.
Naturalistsat theDesertTortoiseNaturalArea inCalifornia
interceptedpeoplein the processofreleasingcaptivesand
discoveredrecently releasedcaptives(Howland1989,Ginn 1990,
andJennings1991).Howland(1989)reportedillegal releasesand
an attemptedreleaseof five deserttortoises,threeofwhich showed
signsofURTD. Jennings (1991)recordedtwo suchinstances.
Releasedcaptivesmay introduce infectiousdiseases,including
URTD,to wild populations(e.g.,seeBerry andSlone 1989,
Jacobson1993). In theMojavepopulation,theoutbreakand
incidenceofURTD appears tobecloselycorrelatedwith knownand
suspectedreleasesitesfor captives,aswell aswith theproximity to
urbandevelopmentand degreeof human access(e.g.,Hardenbrook
andTomlinson1991,Jacobson1993,andTomlinsonand
Hardenbrook1992).

V. Human-InducedHabitat Alterations Coupled

with Lossesof Desert Tortoises

A. Urbanization.

Manyterrestrialcheloniansareaffectedby habitat destructionand
fragmentationresultingfrom urbanization(SwinglandandKiemens
1989, Kiemens1989). In addition,populationsofcheloniansare
oftendepressed inthevicinity ofroadsasaresultofanimals killed
by vehiclesor collectedby visitors.

TheportionsofthedesertSouthwestoccupiedby deserttortoises
have experiencedepisodic humansettlementssincethemid to late
1800’s. A checkerboardorbraidedpatternof public andprivate
landshasencouragedpatchydevelopment.Currentareasofrapid
developmentinclude,butarenotlimited to,theAntelope,Peerless,
Fremont,Indian Wells,Lucerne,Yuccaand Victor valleysof the
westernMojaveDesert;theMojaveRiverValleyof thewesternand
centralMojave;LasVegasandVirgin Rivervalleys,andthetowns
ofMesquite,St. George,andSearchlight intheeasternMojave
Desert; Laughlin,BullheadCity, LakeHavasuCity, Parker,and

D8



AppendixD: Threats

Blythe alongtheColoradoRiver; andpartsoftheChuckwallaValley
(Beny 1984a).

Tierra Madre (1991)providedcarefuldocumentationfor the current
statusof desert tortoises for about225 squaremiles in the Cityof
Lancaster and surroundingareas.Surveyors walked transectsand
recorded deserttortoisesignon 90 squaremiles of undeveloped,
nonagriculturallands. Three deserttortoisecarcassesanda single
live deserttortoise(observedin 1983)were the onlyremaining
recordsof the presenceof this oncecommonspecies.Within the
City limits and the generalplanningarea, evidenceof sheepgrazing,
shotgunshellsandrifle cartridges,trash, litter, ORVtracks,
domesticcanines, unimproved roads, and ravens were recorded in
over50%of thetransects.The lackof deserttortoisesignwas
attributedin partto thesedisturbances.Roughly a thirdofthearea
was found to beno longersuitablefor deserttortoises(Tierra Madre
1991).

Desert tortoisepopulationshavevirtually beenextirpatedto the
southofthe CityofLancaster (Judy Hohman, FishandWildlife
Service,Ventura,California,pers. comm.).Occasionaldesert
tortoisesignis still observedeastof Palmdale, but notin Palxndale
westof Hwy 14 (PalrndaleFreeway)orsouthofHwy 138
(PearblossomHighway). No signsof deserttortoiseswerefound
in a surveyof 68 squaremilesof northeasternPalmdaleandat
SaddlebackButteStatePark(FeidmuthandClements1990).

Las Vegasillustratesregionaltrendsfor future growth in the eastern
Mojave Desert.The Cityis projected toincreasein populationby
more than100%,from 674,000 in1988 to 1,400,000in 2030
(ClementAssociates,Inc. 1990).Numbersofvisitors areexpected
to similarly increase.The CityofSt. George,Utah,may increasein
populationby as much as1000%in thenext35 years. In addition,
theSouthernCaliforniamegalopolisis spreadingnorth andeast
frommetropolitanLos Angelesinto the desertsof Kern, Los
Angeles,SanBernardino,andRiversidecounties.The desert
portionofSanBernardinoCounty,with a 1984populationof
192,100,is projectedto reach~l,800 (a 230%increase)by the
year2010.

In theColoradoDesert,the Coachella andImperialvalleys are
centers forcontinuingurban andagriculturalgrowth, a process
whichdatesbackto the turnof the century(Berry andNicholson
1984b). Here,most developmentdoesnot impingedirectly on
importantdesert tortoisehabitats.However, the proposedtransfer
ofurban-generatedwastesto desert landfills viarail throughthe
ChuckwallaBenchAreaofCritical EnvironmentalConcern
(RIECON 1991)and the newprisonin theChuckwallaValley bring
urbanthreats toportionsof the ColoradoDesert.

Urbanenvironmentshave indirect impactson deserttortoise
populationsandhabitat attheirinterfacewith thedesert(Berryand
Nicholson1984b,Berry and Burge1984,Lamb1991). Dogsrange
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into the desert,oftenfor severalmiles (seePredators: Non-natives).
Unauthorizedcollectingof desert tortoises, dumpingoftrash, and
removalof vegetationarecommonnear urban development.
Children andadults shootfirearmsanduseORVsindiscriminately
adjacentto towns. For example, Lamb(1991),in discussing
ORV/off-highway-vehicleusein the eastern Mojave, reportedthat
the “...greatestamountof unauthorized off-highway vehicleuse
occurs aroundurbanizedareas such asBeaverDam, Windy Acres,
andMesquite,Nevada.”

B. Agriculture.

Agriculturaldevelopmentyields disturbancepatternssimilar in
distribution andextentto urban development. However,no future
projectionsfor agriculturalgrowthcanrival the ratesfor urban
centers.As of 1980,about3,000square milesof deserttortoise
habitathad beendevelopedfor agriculturaluse in California,
especiallyin theAntelope,Victor, Lucerne,CoachellaandImperial
valleys,andaroundtheCantil-KoehnDry Lake region(Berry and
Nicholson1984b).Otherareasthathave experiencedadditional
developmentsince1980includethe Cadiz and Chuckwalla valleys
and partsoftheColoradoRiver Valley near Blythe in California
(Berry andNicholson1984b);andMesquite and the VirginRiver
Valley in Nevada,Arizona,andUtah (Lamb1991).

Most agriculturaldevelopments,such as alfalfa farming, draw water
from local orregionalgroundwater aquifers and require clearingof
native vegetation, plowingof previouslyundisturbedsoils, and
applicationsof pesticidesand/orfertilizers. All suchactivitieseither
kill deserttortoisesdirectly,obliteratetheir habitats, lowerprimary
productivity,orotherwisenegativelyimpact wildlands. Even fields
long fallow containpesticidesandfertilizers, along withcompacted
anddisturbedsoils. Old fields areofteninvadedby Mediterranean
andAsianweedsandbecome sourcesof seeds.For example,
Russianthistlesblow fromadjacentagriculturalfieldsatCantil into
the Desert Tortoise NaturalAreain eastern Kern County,California,
wheretheyarebecomingestablished (BLMandCalifornia
Departmentof FishandGame1988).

Deserttortoise deathsoccurred as a resultofjackrabbitpoisoningin
theCantil, California,farming area in1952and 1953(Berry and
Nicholson1984b).Populationsof themarginatetortoise(Testudo
marginata)areadverselyaffectedin agriculturalareas in Greece,
wheretheyarekilled by machineryandherbicides (Stubbs1989a).
TheEgyptiantortoise(T. ideinmanni)is alsothreatenedby
agriculture,related humansettlements,dogs, and corvids
(Mendelssohn1990).

Pumpingofground waterfor agriculturaland urban developments
hascausedlocal andwidespread depressionofthewatertable in
numerousvalleysandbasins withindesert tortoisehabitat(see Berry
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andNicholson1984b). Forexample, in the western Mojave Desert,
depressionsin the watertableat Koehn DryLakeand adjacent
Fremont Valleywereevident from the1950’sto the 1970’sdue to
pumpingof ground water from deep-water wellsfor cottonand
alfalfa farming (Koehler1977). Depressionofthe water table
resultedin the deathofmesquitetrees along the edgeofKoehn dry
lake. By 1983,large fissures,which can function as giantpit-fall
traps, formed in the earth. One suchfissurewas a mile-long,15- to
20-feetdeep,andvaried from6 inches to 50feetin width. Similar
fissuresoccurredat Rogers Dry Lake on EdwardsAir Force Basein
1990-1991.

C. Garbage, Trash, and Balloons.

Turtles andtortoisesare known toeatforeign objects, such as
rocks, balloons,plastic, and othergarbage(JohnBehler,Chairman
oftheFreshwaterTurtle andTortoiseGroup,SpeciesSurvival
Commission, InternationalUnion for theConservationofNature,
and New York ZoologicalSociety,pers.comm;Karen Bjorndabl,
pers. comm.).Suchobjects can become lodged in the
gastrointestinaltract or entangle heads andlegs,causing death. A
deserttortoisewasobservedconsuming trash from anabandoned
campsiteandfire ring adjacentto the Desert Tortoise Natural Area in
1991 (BLM files for Site4, DesertTortoise Natural Area
InterpretiveCenter). Burge (1989)hasfound metal foil andglass
chipsin scatof wild deserttortoises. She alsodiscoveredadesert
tortoiseentangledby a rubber bandcaughtin the mouth and around
theforelegs. In still anothercase,string,which wascaughtaround
a deserttortoise’sleg, resultedin the eventualamputationofthe
limb.

Unauthorized depositionof refuseoccursclose to towns, cities, and
settlementsin remote,inaccessibleareas.Remnantsof 130balloons
werefoundon asquare-milestudyplot in the Lucerne Valleyin
1990(southernMojave Desert,California),which is about 9miles
from the nearesttown. Only oneofthe 130balloons was aweather
balloon; fourweremessageballoons;and the remaining125 were
individual balloons, possiblyreleasedby children atschoolsduring
fairs or othercelebrations.Balloons arefoundon studyplotsin
remotepartsofthe eastern Mojave and Sonorandesertsalso. Burge
(1989)describedhow sheansweredletters and notesattachedto
balloonsandlearnedthat someballoonswerereleased100to 200
miles from landingsites. Refusesuchasbicycletires,chains,lawn
clippings,sheet rock,and more recently, plastic bottles with toxic
wastes arenotunusualsights. On theWardValleystudyplot in the
northern ColoradoDesert,California,bagsof garbage apparently
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 roads on deserttortoisepopulationsare well documented
in Californiaand canbe assumedto similarly affectdeserttortoises
elsewhere.Deserttortoisesarefrequentlykilled orcollectedon
freeways, paved highways androads,and dirtroads,resulting in
depletionof adjacentpopulations(e.g.,Boarman etal. 1992). A
significantandparallelpatternof loss interrestrialwoodturtles
(Clemmysinscuipta)andboxturtles(Terrepenecarolina)wasnoted
in southwest New England where a growingnumberof roadsand
highways have fragmented woodturtle habitat(Klemens1989).

Deserttortoisepopulationsaredepletedup to a mileormoreon
eithersideof roads whenaveragedaily traffic is greater than180
vehicles(Nicholson1978a,1978b). Numbersofjuveniledesert
tortoises on permanentstudy plotsin Californiaweresignificantly
loweradjacentto well-used dirt and paved roads (Berry andTurner
1984). Significantdifferencesin deserttortoisedensitieswere also
documentedadjacentto Highway58 in SanBernardinoCounty,
California (Boarman et al.1992). Basedon desert tortoise sign, a
similar situation occursalongHighway395 (LaRue1992). The
breedingcohortofdesert tortoises was severely depressed on a
U.S. Ecologystudyplot about2 miles from Interstate40 in eastern
SanBernardinoCounty,California (Karl 1989,andin Damesand
Moore 1991). Even dirt roads withrelatively low vehicleuse can
contributeto depressions inlocaldeserttortoisedensities(Berry et
al. 1986a).

Railroadsare similarsourcesof mortality for deserttortoises and
otherchelonians(U.S. Ecology1989,Dames andMoore 1991,
Mount 1986). Deserttortoisescan getcaughtbetweenthe tracks,
overheat, and die or be crushedon the tracks by trains. Railroad
workershave reported finding dead desert tortoisesbetweenthe
tracks(U.S. Ecology1989). Deserttortoisepopulationsadjacentto
railroadsareprobably depletedin thesameway that deserttortoise
populations arediminishedadjacent to well-used dirtorpaved
roads.Theeffectsof railroads on desert tortoises was examined at
theU.S. Ecologystudyplot; however, the effectsof the railroad
couldnot beseparatedfrom the effectsoftheadjacentGoffs Road
(Dames and Moore1991).

E. Mining, Minerals, and Energy Development.

Explorationandextractionof locatableminerals,fossil fuels,
geothermalresources,andothertypesof mineral resourcesoccurin
mostdesert tortoisehabitats. Thepotentialfor fragmentingDWMAs
with small and largedisturbancesfrommining and mineral
exploration and extractionis highfor someareas and moderate to
low for others. Thetypesof impactsare numerous,including: (1)
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cross-countrytravelby vehicles duringthe explorationphase;(2)
constructionofroads;(3)disturbanceofthesoil surface and
vegetationfor accessto themineralresources(shafts,mill sites,
openpits, placerdiggings,tailings, leachpits, etc.); (4)production
of toxic productsorbyproducts;(5)developmentof small towns
andsettlementsto supportlargemines;and(6) temporary (short-or
long-termoil and gasleases)orpermanenttransferoftitle ofpublic
landsto the privatesector,and(7) refuseof stakes andwire from
seismictesting.

Examplesoftheabove-listed problems, includinglarge-scale
destructionof deserttortoise habitat,areobviousin thewestern
Mojave Desertwith themining ofgold, tungsten,and boraxin the
RandMountains,Atolia, andBoron, respectively. The new cyanide
heap-leachprocessfor obtaininggold has initiated a newerain
surfacedisturbancethroughout theMojaveregion.

As of 1991,leasingfor oil andnaturalgas explorationand
developmentwaslesscommonin the Mojave regionthan
developmentofhard-rockminerals. However,it is nonetheless a
substantialthreat. Major explorationin the 1970’sin the Ivanpah
Valley left behindan uncappedwell,peripheral unmitigateddamage
to thehabitat,andan unauthorizedroad(Berry andNicholson
1984b). Duringthe 1980’s,several areasof 0.5 to a few acreswere
clearedand/ordamaged byexploratoryoil andgaswells in the
proposedFremont-KramerDWMA. At onesite, an ORVtrail was
established,mud was dumped from the well over several hundred
squarefeet, andadditional surfacearea was cleared andcompacted
to constructtemporaryliving quarters (BLMfiles).

F. Utility and Energy Facilities and Corridors.

MostproposedDWMAs haveoneor morepoleorpower lines,
naturalgaspipelines, fiberopticcables, and/orcommunicationsites.
In someStates,thelocalitiesforutility andenergycorridorsare
specified inland-useplans (e.g.,BLM 1980). Construction,
operation,andmaintenanceoffacilities usually involvesclearingof
land, creationof accessroutes,andgenerallylarge-scale
disturbances.Vegetationis removedordegraded,soils are
disturbed,and trenches aredug. Disturbancesare usually linear in
natureandaresimilar to thosedescribed aboveforurbanization,
agricultural uses, and roads.

The zoneofdisturbancein utility corridorscangraduallyincrease
from 50 to100 feetto severalhundredyards as the numberof
transmissionlinesincreases.Natural gaspipelinesaresimilar the
areaofdisturbedsoils devoidofvegetationcan be125 feetormore
in width.

Thepotential forutility linesandenergycorridorsto fragment
habitatis obvious;lessobviousareimpactsthat occur during
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construction and fromlong-term maintenance.Forexample, the
temporary openingof deeptrenchesforpipelines can form
significant“pit traps” into whichdeserttortoisesmay fall (Olson et
al. 1992, S. Hale, pers. comm.). Towerssupporting transmission
lines also provide predatorybirdswith newperching andnesting
siteswhich areotherwisescarceinthegenerallytreelesshabitatof
theMojaveregion(seePredators:Native,below).

G. Military Operations.

Impacts to deserttortoisesandtheirhabitatscaused bymilitary
activitiesfall into at leastfourcategories:(1) construction,
operation,and maintenanceof basesandsupportfacilities (air strips,
roads,etc.); (2) developmentoflocal supportcommunities,
includingurban,industrial,andcommercial facilities;(3) field
maneuvers; includingtanktraffic, air togroundbombing,static
testingof explosives,littering with unexploded ordnance, shell
casings,and ration cans;and(4)distributionofchemicals. The
several militarybases and testrangesin the MojaveDesertinclude
Edwards, andGeorgeAir Forcebases,TwentyninePalmsMarine
Air-GroundCombatCenter,FortIrwin National TrainingCenter,
ChinaLakeNavalAir WeaponsStation,theMojaveB and
RandsburgWashTestRanges,andCuddeback AerialGunnery
Range.TheChocolateMountainsAerial Gunnery Rangeis the
primary base affecting deserttortoisehabitatin the ColoradoDesert.

Somemilitary activitiesoccurredoutsidethe abovedesignatedbases
during WorldWarII andlater. GeneralPattonconducted extensive
maneuversusingtanksin Nevada,California,andArizonato
preparetroopsfor the North African campaigns in the1940’s(e.g.,
seeBerry and Nicholson1984b,Prose1986). Additional
maneuvers occurredin 1964in California aspartof Desert Strike
(Berry andNicholson1984b). Even today somemilitary activities
overflow baseboundaries, damagingordestroying adjacent
habitats.

Hundredsof squaremiles oftheIvanpah,Fenner,Chemehuevi, and
ChuckwallaDWMAs wereaffectedby tank maneuvers during the
early 1940’s. Deserttortoisepopulationsand habitat arestill
recovering from theseimpactsthatoccurredalmost50 years ago.
The effectsof tankmaneuverson soil compaction are significant, as
are changes incomposition, abundance,and distributionof
perennial plants (Prose1985,ProseandMetzger1985,Proseet al.
1987). In general,areas with intense disturbance (camps,roads,
andparkinglots) probably will requireadditionaldecadesor
centuriesfor recovery.

The constructionof military bases, testfacilities, and supporting
civilian communitieshavesubstantially affecteddeserttortoise
populations and habitat in entire valleys since about1940. For
example, with developmentoftheNavalOrdnance TestStation
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(presently theNavalAir WeaponsStation)at ChinaLakein the
1940’sand1950’s, humanpopulationsrapidly grewto about
20,000 people inIndianWells Valley. Deserttortoisepopulations
correspondinglydeclinedto low levels by thelate 1970’s(Berry and
Nicholson1984a). Similarpatterns were observed at EdwardsAir
Force BaseandTwentyninePalms. At EdwardsAir Force Base,
thecivilian populationofabout13,000people affected desert
tortoisepopulationsfor morethan30 milesin anydirection. Large
numbersofdeserttortoises werecollectedon the base, especiallyon
runways,andrelocated northofbase boundaries (Berry and
Nicholson1984b).

Detailedreportson impactsto tortoisesfrommilitary maneuversare
availableprimarily fortheNationalTrainingCenterat Fort Irwin
(Krzysik 1985,Krzysik andWoodman1991,Woodmanet al.
1986)andto a lesserextentthe NavalAir WarfareCenterat China
Lake(Kiva Biological ConsultingandMcClenahanand Hopkins
Assoc. 1991).

Dramaticreductionsin shrubs(especiallycoverof creosote),
pulverizationof soils,and highfrequenciesofweedyannualswere
observedat Fort Irwin in areasheavilyusedby tanks (Krzysik
1985,Krzysik andWoodman1991,Woodmanet al. 1986).The
most recentassessmentoftanktraffic and theimpactofordnance
directly on deserttortoiseswas summarizedbyKrzysik and
Woodman(1991):

In 1983,deserttortoise densitywaslow in the two
main valleysusedfor training exercises, but by1989
tortoise densitydecreasedby an additional62%.
Trainingscenarioshaveincreaseddramatically in the
northwestportionof thefort since1985,and in this
areatortoiseshave declinedby 81%.

Military ORV useresultsin somehabitatdamage.However,little
habitatdamagefrom ORVswas reportedon the NavalAir Weapons
Station except during retrievalof ordnancewith ORVs (Kiva
Biological ConsultingandMcClenahanand HopkinsAssociates
1991).

Military maneuvers,installations,andcamps canencourage
congregationsof deserttortoisepredators suchasthe common raven
(see Predator: Natives, below). Stubbs (1989b), indescribing
threatsto Egyptiantortoisepopulationsin Israel andNorthAfrica,
statedthat thebrown-neckedraven(Corvusruficollis) was a
predatorofconcernandthat: “Army campsin the desertalsoserve
to increase the ravenpopulation.”

Explosionsof ordnance,static tests,and air-to-ground bombing on
oradjacent tomilitary installationsmayaffectdeserttortoise habitat
andpopulations. Forexample,anewbomb crater, phosphorus
flares, andparachuteswerediscoveredon the Chuckwalla Bench
studyplot in Californiaduring 1988 (Berry 1990,asamended).
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Military activities associatedwith theChocolateMountains Aerial
Gunnery Rangewereprobablyresponsible.Nearby,two student
pilots released twelve500-poundbombsneara campsitewith 10
civilians (Bernstein1989,Coleman1989,HurstandHealy 1989,
Katoaka1989). Thebombsleft foot-deepcraters10- to 12-feet
wide andsetfire to yuccas,paloverdes,and creosotebushes.

Damageis also incurredbycollectorsofscrap metalfrom military
operationsandutility lines. On theChuckwalla Bench,Milpitas
Washdrainage,andon theChocolateMountains Aerial Gunnery
Range,California,scrapcollectorsillegally travel off-roadin search
ofmetalto sell. In 1989,unauthorizedtravel caused so much
habitatdamagethattheBLM closedsomeareasof the Chuckwalla
Bench(BLM 1989b).

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

ORV usetakesmanyforms: organizedevents suchastheFast
Camel Cruisein thesoutheasternColoradoDesert,California;large-
orsmall-scalecompetitiveracesinvolving upto thousandsof
motorcycles(e.g.,theBarstowto LasVegasmotorcycle
competition);andcasualfamily activities. ORV activitiesareamong
themost destructive,widespread,andbestdocumentedofthreatsto
thesurvival ofdeserttortoisesandother vertebrates,andto the
integrity oftheirhabitats(Adamset al. 1982gaand b,1984;Berry
andNicholson1984b;BrattstromandBondello1983;Bury 1987,
Bury and Luckenbach1983, 1986;Bury etal. 1977;Busackand
Bury 1974;Luckenbach1975;Sheridan1979; Stebbins1974, 1975;
Webb andWilshire 1983).

The list of impactsfrom ORVuse isextensive, including:mortality
of deserttortoiseson thesurfaceandbelowground;collapsingof
deserttortoiseburrows;damageordestructionof plantsusedfor
food, water,andthermoregulation;damageordestructionof the
mosaicofcover provided byvegetation;adverse effects to the
generalwell-beingof deserttortoisesthroughwaterbalance,
thermoregulation,andenergyrequirements;noisepollution; impact,
damageordestructionof soil crusts;soil erosion;proliferationof
weeds;andincreasesin numbersandlocationsof wild fires.

ORY usein thedeserthasincreasedandproliferated sincethe
1960’s (Adamset al. 1982a,Stebbins1974). As of 1980,ORV
activitiesaffectedapproximately25%of all desert tortoisehabitatin
Californiaand67%of habitatwhichsupported densitiesestimatedat
morethan100individuals/mi2(Berry andNicholson1984b).
Substantialportionsof desert tortoisehabitatin southernNevadaare
alsoaffected(Berry and Burge1984,Burge 1986).

Governmentdocumentsprovideampleevidenceof severedeclines
in biomassofplantsand vertebratesaswell as deserttortoise
densitiesin the westernandsouthernMojavedesertsdueto
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OHV/ORV-relatedactivities(BusackandBury 1974.Bury etal.
1977,Berry andNicholson 1984b,Berry 1990,asamended).Bury
(1987)demonstratedthatdeserttortoisedensitiesand health
(measuredby length-scaledbodyweight)alsodeteriorated as a
resultof ORV activitieswhencontrastedto valuesfrom appropriate
control areas.

In theSouthwest,theBLM and some othergovernmentalagencies
have been(and continueto be)ineffectivein preventingORV
competitiveeventsandcasualusefrom causingmore habitatdamage
and loss in important deserttortoisehabitats(Burge 1983, 1986,
Woodman1983,BLM 1989a, 1990a,FishandWildlife Service
1989a,1989b,1989c). For example,whencompetitiveeventsare
held, old routes arewidened,new routes are formed,race
participants andobserverscampand park inunauthorizedareas,race
monitorsareunableto preventunauthorized activities,and garbage
is not appropriatelyhandled.In general,more habitatis damaged or
destroyed with each new event. In1989,the BLM andFish and
Wildlife Servicemonitoredthe annualBarstow-to-Vegasraceand
reportedthatmotorcyclesand othervehicles strayedbeyond the
designatedcourseby an averageof 30 feet,causing damageor loss
of hundredsof acresofdeserttortoisehabitatin theeastern Mojave
Desert(BLM 1989a,1990a).

TheBLM hasbeenunable to protectimportanthabitatsin the Rand
Mountains and Fremont Valleyofeastern KernCounty,California
from damageby casualrecreationalvehicleusers (Goodlett and
Goodlett1991,1992). This area, whichis partof theproposed
Fremont-KramerDWMA andadjacentto theDesertTortoiseNatural
Area,hasexperienced intensiveORV-orientedrecreationsince
1973,andhasthehighestrate(40.7%) ofvandalismto desert
tortoises (Berry1990, asamended).Between1989and1990,BLM
closedmuchofthearea to recreationaluseon an emergencybasisto
protect deserttortoises,but then reopened a networkof “designated
routes”in Novemberof 1990. After routedesignation,vehicle-
orientedrecreationiststraveledon closedroutesandvandalizedsigns
marking closedroutes.Motorcyclists illegally traveled parallelto
designatedroutes, creatingnewtracksandtrails and widemng
existingroutes. Just priorto, during,and after the Thanksgiving
holiday in 1991,the levelof unauthorizedusewas extremelyhigh
(GoodlettandGoodlett1992). For example,of65 vehicles
observed in a4-hourperiod,only 38%werefollowing regulations
andtravelingon authorizedroutes,whereas62%traveledcross-
countyorwereon closedroutes.In asecondexperiment,39
transects(eachofwhich was500 feet long)wereestablished
perpendicularto designated,openroutes,anddata were recordedon
numbersof trails andtrackscrossing thetransects.Eighty-five trails
and 553recent,unauthorizedtracks wererecorded.An averageof
16 unauthorizedtrails or tracks crossedeachtransect,orone track
every31 feet. In a third experiment,17 trails signed as“closed”
wererakedto remove tracks beforeThanksgivingand thenre-visited
aweeklater. Therewere 195 newtracksor 11.5unauthorized
tracksper closedroute.
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I.Livestock Grazing.

Negativeinteractionsbetweengrazinganddeserttortoisesarenot
restrictedto theAmericanSouthwest. In thehabitatof Testudo
ideinmanniin NorthAfrica andIsrael,livestockgrazing changes the
compositionof desertvegetationandthealteredvegetationis less
favorableto rodents (Stubbs1989b). Rodent burrows are vitalto
thesurvivalof thespeciesduringsummer.Livestockgrazinghas
also contributed todeclinesin Chelonoidischilensis(Wailer etal.
1989,pers.comm.). In referenceto aproposednaturepreservein
Israel, Mendelssohn (1990)statedthat “...areaswerebadlyaffected
oreven destroyed byovergrazing.” Mendelssohn (1983)adds:

The...Egyptiantortoise...is endangered by muchof
its habitats beingturned intoagriculturalland,and,in
theremainingareas,by overgrazingbyBedouin
herdswhich destroystheprotectivevegetationand
exposestheturtlesto predationby ravens.

Sheep,cattle,burros,andhorsescanaffectdeserttortoisesand their
habitats directlyandindirectly. Thedegreeofimpactdependsona
numberof factorsincluding,but notlimited to: resiliencyof soil
andvegetationtypes,typeof stock,stocking rates,seasonof use,
andyearsof usewith and withoutrest. Other factors whichinteract
with livestockgrazingandcanaffectthe degreeandextentof
impacts include:introductionandspreadof weeds,previous
grazing-induced changes invegetation,fire, drought,and other land
uses.

livestockcantrample,injure,orkill deserttortoiseseither above
groundorwhile in burrows. Tramplingof live desert tortoisesby
cattle has beenobservedin theeasternMojave Desert(M. Coffeen
pers.comm.,T. Duck pers.comm)andjuveniledesert tortoises
have been trampled in the westernMojave Desert (Berry1978a,
BerryandShieldsetal. 1986, NicholsonandHumphreys1981;
CraigKnowles,BLM field notes forStoddardValley). Livestock
canalsotrample desert tortoisenests. Feral burros damaged nests
ofgiant tortoisesin theGalapagos, thereby reducing nesting success
(Fowler de Neira and Roe1984).

livestockcan also trampleburrowsandother cover sites. BLM
studyplot files (journal notes, 35-mmslides)for desert tortoises
containnumerous examplesofburrowstrampled by cattle and
sheep.Forexample, sheepdamaged10%anddestroyed4%of 164
freshly-used desert tortoiseburrowson astudyplot in the western
Mojave Desertduringless than2 weeksof grazing(Nicholsonand
Humphreys1981). Juveniledeserttortoiseburrows areparticularly
vulnerableto tramplingbecauseoftheirlocationsandtheshallow
soil coveringprotectingthetunnels.
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Livestockalso trampleshrubs(e.g.,creosote)usedassites for
desert tortoise burrowsandpallets,and which provideprotection
from predatorsandtemperatureextremes. Cattleand sheep have
been observed breaking apartlargecreosote bushes while feedingon
annual plants incoppice moundsand when seeking shade and
bedding sites(Berry 1978,JeffAardahl, pers. comm.).Cattlehave
alsobeen observedswinging theirheads/hornsback and forth in
creosotebushes,breakingapartthebranches(HaroldAvery, BLM,
Riverside, pers. comm.).Oncethe branches were broken, thecattle
thenatetheannualplants in coppice moundsat thebaseof the
creosote.Theoverallresultwasalossof shrubbiomassand
canopycoverandreductionin shade-givingproperties, etc. Burge
(1977)andBerry andTurner (1984,1986)describedthe importance
of shrubs in providing coverforburrows and shadefor desert
tortoises.Forexample,mostjuvenileburrows (80%) were
shelteredby shrubs, particularlycreosoteandburro bush,
(Ambrosiadumosa).

Grazing can causesoil erosionand soilcompactionsimilar to
vehicle-inducedcompaction(Arndt1966,Ellison 1960,
Klemmedson1956). Data from25 grazingstudiesshowed that
filtration ratesdecreaseby about25%in areasoflight to moderate
grazing, andabout50% in areasofheavygrazing(Gifford and
Hawkins 1978). Runoffof precipitationin heavilygrazedareas was
150% greaterthanin areasof moderategrazingand1000%greater
thanin areasoflight grazing(Sharpet al. 1964). Whengrasses
werecontinuallygrazed, their rootsystemsshrink, andtheir
capacityto hold soil from erosionwas reduced(Johnson1983).
Livestockgrazingalsohasnegativeimpactson soil crusts and
cryptogams(e.g., Avery etal. 1992).

Livestockgrazingcanandhasalteredperennialvegetationin a
numberofways.Livestockgrazing has caused,orcontributed
substantiallyto, thereductionandlossofnative perennialgrasses
(e.g., membersofthe generaBouteloua, Hilaria, Stipa, Oryzopsis,
Poa, Muhienbergia,Sporobolus)in thedesert aswell as inother
partsof thewesternUnitedStates(e.g.,Bentley 1898;Frenkel
1970; Humphrey1958, 1987;Rowlands,unpubi.; BLM 1980).
Perennialgrassesin manyareas have beenreplaced by woody
shrubs,oftenwith anunderstoryof non-nativeannual grasses
introducedfrom EuropeandAsia. Livestockplay an important role
in proliferationofnon-nativeweeds such asErodium cicutarium,
Schismus barbatus,S. arabicus, Bromus,andSalsolaiberica (Kay,
Meyers,andWebb 1988).This profound changein structureof
vegetationhascontributedto invasionofweeds andan increasein
fire (seebelow).

Livestockgrazing hasaffectedcompositionof shrubsusedfor cover
by deserttortoises.Forexample,sheepreduced some perennial
shrubsby 65 to 68%in volumeandby 16 to 29%in cover(Webb
and Stielstra1979). In areasconsistentlyand heavilygrazedby
sheep,coverof many speciesof shrubswassubstantiallyreduced
and creosote andweedswereoftenthepredominantvegetation
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(Webb and Stielstra1979). The followingshrubscanbereducedin
numbersandvigor in suchgrazedsites: burro bush, goldenhead
(Acamptopappus sphaerocephalus),Anderson thornbush(Lycium
andersoni),spinyhop sage(Grayiaspinosa),winter fat (Ceratoides
lanata),andMojaveaster(Machaerantheratortifolia).

Livestockgrazing canaffectquality andquantityof plantfoods
availableto deserttortoises,andthereby affectnutritional intake.
Datagatheredthroughspringof 1992indicatethatdeserttortoises
aregenerallyquite selective intheirchoicesof foods(Burge 1977,
NagyandMedica1986,Turneret al. 1987,Avery 1992,Esque
1992, 1994,Henen1992, Jennings1992, 1993). Deserttortoises
mayhaveindividualpreferencesandseekout particularspeciesto
eat. In someareas,thepreferencesareclearlyfor native plants over
the weedy non-natives. Food preferences may varyby age, sex,
andlocality.

Therelationbetweenfoodavailability andgrowth,reproduction,
andgeneralwell-beingof deserttortoiseshasbeenthediscussionof
manypublished papers (e.g., Tracy1992). Forexample,juvenile
deserttortoisesexhibit increasedgrowthin yearswhenrainfall and
forageareabundant(Medicaet al. 1975). Deserttortoisesalso
producemoreeggswhenmorefoodandwater areavailable than
whenthese resourcesarescarce (dueto droughtorgrazingpressure)
(Turneret al. 1986, 1987,Henen1992).

Juvenile desert tortoises may be at greatest riskin grazedareas,
because they arelikely to betoo smallto reachremainingfooditems
concealedwithin shrubsafterlivestockhaveusedan area. Juveniles
arelesslikely to travel thedistancesnecessaryto locate remaining
patchesof forage. If soilshavebeenchurnedby trampling,
juvenilesmaynotbeableto travel easilyacrossthelandscape.In
addition,juvenilesmay require dietswith moreproteinthanadults
(seeAdestetal. 1989 for thebolsontortoise, alsoTroyer 1984).

The mostsubstantialimpactsto vegetation, soils,anddesert
tortoiseslikely occurat andin thevicinity ofheavy-usesiteswhere
livestock arewatered,beddeddown,or trailed. The lossof cover
andchanges invegetationareoftenevidentfor 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.

Therelationships amonglivestockgrazing,invasionofnon-native
plants,and firearecomplex. Fromaglobalperspective,invasions
by non-nativegrassesaremostseverein thearidandsemi-arid
westernUnited States(D’Antonio andVitousek1992). Cheatgrass
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(Bromus tectorum)for example,spreadthroughoutthe Great Basin
in conjunctionwith theintroductionof sheepandcattle.

Many speciesof non-nativeplantsfrom EuropeandAsiahave
invadeddeserttortoisehabitatsin theMojaveandColoradodeserts
and havebecomecommonto abundantin someareas,particularly
wheredisturbancehas occurred andis ongoing. Someof the more
commonnon-nativeornativeweedyspeciesfoundwithin the
Mojave regioninclude: bassia(Bassiahyssop~folia),sandbur
(Ambrosiaacanthicarpa),westernragweed(Ambrosia psilostachya
var. caI~fomica),common spikeweed(Hemizoniapungens),
pineappleweed(Matricaria matricaricides),fiddleneck(Amsinckia
intermedia,A. tessellata),flixweed(Descuraniasophia),tumble
mustard(Sisymbriumaltissimum),Londonrocket(Sisymbrium
iric), Russianthistle (Salsolaiberica),redstemfilaree (Erodiwn
cicutarium),turkey mullein(Eremocarpussetigerus),andhorehound
(Marrabiumvulgare)(in part fromTierraMadre1991,andBLM
files). Several speciesofannualgrassesarealsoimportant,
including: foxtail chessorred brome(Bromusrubens),cheat grass
ordowny brome(Bromustectorum),barley(Hordeumglaucum,H.
jubatum,H. leporinum),Mediterraneanorsplit grass(Schismus
barbatus),andArab grass(S.arabicus).

Theabove weeds—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
whencrusts arebroken. Certainsoil types,suchasaeoliansands,
areparticularlyvulnerableto suchinvasions.

As non-nativeplantspeciesbecomeestablishedin someareas,some
nativeperennialandannualplant speciesdecrease,diminish,or die
out (D’Antonio andVitousek1992). For example,underpressure
from livestockgrazing,manynativeperennialbunchgrasseshave
declined,diedout, andbeenreplacedwith suchspeciesasfoxtail
chess(Robbinset al. 1951). Thenative bunchgrassesinclude,but
arenotlimited to: desertneedlegrass(Stipaspeciosa),Indian rice
grass(Oryzopsishymenoides),bushmuhly (Muhienbergia porterO,
the grama grasses(Boutelouasp.),fluffgrass(Erioneuron
puichellum),andmembersof thegeneraPoaandSporobolus.
Many areasformerlyoccupiedby thenativegrasses have beenfilled
by annualgrasses andweedsfrom EuropeandAsia.

Somebotanistsview non-nativespeciesasaggressivecompetitors
capableof replacingnativespecies(FrankVasek,pers.comm.,
WebbandStielstra1979,D’Antonio andVitousek1992). Lossof
nativeplantsandreplacementby weedy,non-nativeplants has
resultedin what somecall disdlimaxvegetation(Vasek,pers.
comm.). Nativeplantpopulationsin disturbedhabitatshave beenin
aweakened conditionfor decades, andaremorevulnerableto
competitionthanatany othertime in thehistoric past(Vasek,pers.
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comm.).Droughtconditionsin thelast fewyearshave placed
additionalpressureson nativeplant populations.

Few quantitativedataareavailableto document patternsof
successful invasionofnon-nativeplantsin thenorthernMojave;
however, vegetation samplesfrom RockValley, Nevada,clearly
showaremarkableincreasein abundanceof foxtail chess (Figure
Dl). Furthermore,expansionoffoxtail chessdoesnotcorrelate
with populationsizesofnative plants(FigureD2), suggestingthat
foxtail chessis successfullyinvadingthe Mojave,butmaynotbe
competitivelydisplacingnativeplants. In someareas,thebromes
havebecomeso abundantthat they are capableof fuelingfires that
threaten thevery structureof thedesert asashrubland (see Section
5.K. below). A prime exampleis thePakoonBasinin northern
Arizona (Lamb 1991).

K. Fire.

Firehasthepotentialto be an important forcegoverninghabitat
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 are injuredorkilled by fire
(e.g., Woodbury and Hardy 1948, Richard Franklinpers.comm.).
Remains of 14 deserttortoisesthought to have beenkilled by a fire2
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, whichis
similar in appearance to the saltbush or alkali sink communities in
Californiadeserts.Firesmaim or kill tortoisesin Greeceassurely
as theydo in the UnitedStatesif thetortoises are above ground or
exposed in shallowburrows.

With the help of Richard Franklin (BLM, Riverside, California),
data were assembled from BLMfiles in areas where desert tortoises
occur in Utah, Arizona, Nevada, and California.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 andareas burned from1980 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, but morehabitat
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 humansexplain trendsin both California and
Nevada. The frequencyof firesin California is significantly related
to winter rainfall (Table D3). In yearswhenwinterrainfall exceeded
eight centimeters, more fires occurred in the subsequent spring and
summer seasons (Figure D5, Table D4). Rainfall is responsible for
increased plantproduction,which in turn can produce more fuelfor
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 that could producegreateramountsofpotentialfoodfor
deserttortoises,more fires occurwhich directlyendangerdesert
tortoises anddestroyshrub cover necessaryfor suitable desert
tortoise habitat.Fires areassociatedwith changes in annualand
perennialdesertvegetationnotnecessarily associatedwith changes
in climate (Brown and Minnich1986; Humphrey 1963, 1974;
O’Leary and Minnich 1981, Reynolds and Bohning 1956). The
relations among fire, disturbance,andchanges in annual plant
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
grassessuchas redbrome,cheat grass, and split grass;and forbs
increasinglyblanket the desert floor, resist decomposition, and
provide flammable fuel for fires. Once fires occur, they may
improve opportunities for invasion and increasesin the weeds. For
example, Brown and Minnich (1986) reported that ‘...postfire herb
cover was 23% greater in burned than unburned stands

[and]...mostcoverwasof exoticEuropeanannuals...”

D24



AppendixD. Threats

(

3000 - A. Number of Fires in the 1980?s

2000 -

1000 -

0-

300000

200000

100000

0

J

FigureD3. Numberoffires andacres burnedin the Mojave Desertbetween1980and
1990.

-I-5-

Utah Anzona

Utah Arizona

-r

Nevada California

B. Number of Acres Burned in the 1980’s

Nevada California

D25



Appendix D: Threats

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 regression analysisof the numberoffires occurring in the Las
VegasDistrict asafunctionof time (year in which the fireoccurred).

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 (year in which the fireoccurred)and
whether or not winter rainfallwasaboveorbelow eight centimeters(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 thoseproduced by 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 and human-inducedfires.
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(
Table D4. Results of a regression analysisofthenumberof fires occurringin the Las
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 burningand arepoor
colonizers (Tratz and Vogi 1977, Tratz 1978). Creosote,for
example, can require hundreds of years to recolonize andrecover
(Vasek 1980, 1983). Fuel loads provided by canopies of split grass
and brome make it morelikely forfire to becomehotenough to
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
shrublands toannual grasslands can be devastating for desert
tortoises, whichdependuponshrubsfor cover.

Relations among fire, rain, domestic grazing, proliferation of
weeds, and destruction of deserttortoisehabitats are complex; but
understanding theserelationsis 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
rainsproducesufficient poundageof winter annuals.Thus, rainfall
simultaneouslyprovidesopportunitiesfor sheep grazing, which in
turnencouragesproliferationofweedsand provides fuel for fires.
Rainfall, especiallywhenabovethe norm, 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
operationsimposemuch thesame negativeimpacts as ORY
activities:crushingofdesert tortoisesandtheirburrows, removalof
vegetative cover, compaction of soils,and inhibitionof annual and
grass gennination (Berry and Nicholson1984b). Harvestingof
yuccas can be viewedasaform of desertificationbecauseoftheloss
of cover and structure in the plantcommunitiesand the longperiod
required for recovery.

Berry and Nicholson (1984b) summarizedthedataonyucca
harvesting in California through the early1980’s. In recent years,
SanBernardinoCountyhasmodifiedthe permittingprocessto
enhance protection of the environment, but has continued to issue
permitsfor yuccaharvestson privatelandsin theeasternMojave
andnorthernColoradodeserts; notablyin the Fenner, northern
Ward, and Chemehuevi valleys. Several dozen square miles of
private lands have recently been harvested both legally andillegally,
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 frequenttargetsandareshotorset onfire,
sometimessettingoff wild fires (R. Franklin, pers.comm.). For
example,useof semi-automaticandautomaticweaponsto vandalize
vegetationis increasinglyfrequentin the southern parts of the
Needles ResourceArea (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(and probably
consumptionofeggs) by kit foxes and coyotes (Turner etal. 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 becomes amanagementissue,andaction
mustbe taken to control thepredator(s).The mostobviousexample
is whennumbersofdeserttortoisesbecomeprecariouslylow in
local areas or regions, and any lossof individualsis likely to
threaten that population. Predationratesmaybe alteredwhen
natural habitats are disturbed or modified. For example,densitiesof
predators mayincrease,food habits of predators may be altered so
that desert tortoises become more frequent components in the diets,
and predators may be able to prey upon deserttortoisesmoreeasily
when cover has been reduced.

The most importantpredatorsofdeserttortoisesat thistime are the
commonraven (Corvus corax)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
evidence thatravensare preying upon and notscavengingjuvenile
deserttortoisesis three-fold. First, ravens have been observed
killing juveniledesert tortoises (TomCampbell,Jim Farrell,Ted
Rado, and others, pers.comm.). In contrast, scavengingof
juveniles has notbeen observed(althoughscavengingoflarger
road-killed desert tortoises has been documented).

Second,largenumbersof youngdeserttortoiseremainsshow signs
consistent with ravenpredation. Many remainsshowpuncture
wounds made by ravens’beaks or have entry wounds on the
carapaces or plastrons where ravens pecked through theshellsand
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withdrew the organs(Berry 1985). The patternsof damageto the
shell andremovalofheads, legs,andgirdlesareconsistent from one
geographicregionto another and from onespeciesoftortoiseto
another (see Geffen 1990, for Testudo kleinmannO.Thepuncture
wounds and openingsin the shell must have been made when the
tortoise was alive or within minutesofdeath, when the shell was
soft and pliableandcould be opened withoutfracturingit. Third,
largenumbersofyoung deserttortoiseremains arefoundin and at
the base of raven nests, as well as nearperches.Concentrationsof
shellshave been discovered along fenceposts (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, and at ravennestsandperchsites.
Of this total, 215 (38%) were found on study plots and 349 (62%)
were found associatedwith raven perchornestsites,mostofwhich
were along powerlines.

In spring1991,a case of probable ravenpredationoccurred ata
researchsiteon theNational Training Center, Ft. Irwin, California
(D. Moraika, pers. comm.). In early 1990,two contiguous
predator-proofenclosureswereestablishedfor neonate desert
tortoises. One enclosure had aroofof chicken-wirescreento
prevent avian predation, and the other did not. In late summerand
autumn 1990, approximately30juvenileshatchedinsidethe roofed
enclosure, 18 in the outside enclosure, and another 12 were free
ranging. During a 2-week period inspring1991 (29 April to 9
May), an avian predator, presumably a raven, preyeduponand
killed the 18 desert tortoises in the open enclosure. Of the 12 free-
roamingdeserttortoises(each with a radiotransmitter)outsidethe
enclosures,8 werefounddead. Allshellshadpunctures either
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 hundred feetof 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
populations from the1970’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 predationvariesregionallyandappears to be
correlated withdensitiesof 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 southern Coloradodeserts.This pattern
is consistentwith ravensurveysin which large numbers of raven
sightingswererecorded in the western Mojave,intermediate
numbersin the eastern Mojave, andrelatively few in the southern
Colorado deserts (Knowleset al. 1989a,1989b).Considerable
predationalsooccursin the eastern MojaveDesert. For instance,
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
wereestimated to have died thatyear(Farrell 1989).

Populationsof commonravens apparently have been increasingfor
manydecades.Numbersofravens observed duringFishand
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. Inaddition,human-made
structureshaveincreased numbers and distributionofperchesand
nest sites (power andtelephonepoles, bridges, billboards, 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 (Corvus corone sardonius)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 neither wasit a common,
desert bird. Each pair has a territory of about 100
kilometers 2 and there were small nomadic flocks of
immaturesand non-breedingadults. After the
foundationof theStateof Israel, when large scale
immigration, agricultural,andsettlement
development began,thebrown-neckedravenbecame
synanthropic and started a population explosion.
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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 populationexplosion and
damage to agriculture. Brown-necked ravens are still
on the list ofprotected species butin case of damage
are controlled by 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
settlementstheyadvancedeastwardspenetrating into
the area ofT. kleinmanniandrecentlyreachingBeer
Sheva,50 kilometersfrom theirformerdistribution
area. This synanthropic speciescanreachvery high
densities,notwithstandingthat breeding pairs are
territorial,but feed also outside theirterritory, asdo
the flocks of immatures and non-breeding adults.
Recentresearchcarried out not far fromTelAviv,
has shown thattherecan be up to17 breedingpairs
in 1 kilometer2!

[Thebrown-neckedravenj...becamealso
synanthropicandinvadedthe areasof T. kleinmanni
from the east, so that now bothspeciesare sympatric
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 both species, somestill
bloody from predation,areoftenreported. The
disappearanceof T. graecaflowerifrom some areas
is likely dueto crowpredation,andthereis increased
concernaboutthe impactofbrown-neckedravens on
Egyptian tortoises (Mendelssohn1990).

The abovedocumentationis sufficient to demonstratethatcorvidsin
generalareextremely efficient anddemandingpredators on youngor
small tortoisesthroughout theworld. Their impact, relativeto other
predators and to tortoise population growth and general
survivorship,is likely to vary from site tosite.

Coyoteshave been implicated inheavy levelsofpredationon desert
tortoisesat the DesertTortoiseNaturalArea,RandMountains,and
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FremontValley since1988.Coyotesdug up andateseveraladult
deserttortoiseswhich werefitted with radiotransmitters (Charles
Peterson, UCLA, pers.comm.). However,deserttortoisesmay
havebeenill (with URTD) or deadandthen scavengedby coyotes,
orcoyotes may have beenattractedto theareaby large numbersof
dying and dead deserttortoises.Feral dogs may have also been
responsiblefor someof thepredation.

2. Domesticandferal predators.Domestic andferal dogsare
documentedthreatsto captiveandwild tortoisesalike,not only for
desert tortoises butfor other species as well(Swinglandand
Klemens1989). With the growingnumberandsizesofcities,
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 tracks and
scats wereunambiguouslyidentified (sizeandshapeof print; size
andcompositionof scat).

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

At theDesertTortoiseNaturalAreain California,two dogs were
observed harassing adeserttortoise(Jennings1991). Also at the
DesertTortoiseNaturalArea, GeorgeMoncskooftheDesert
TortoisePreserve Committee (pers. comm. toKristin Berry)chased
apackofdogsfrom a deserttortoise. In theadjacentFremont
Valley permanentstudyplot, dogpackswereobservedonthree
occasionsin springof 1991,anddogshadapparentlyexcavated
desert tortoiseburrowsandprobablykilled desert tortoises there
(Craig KnowlesandPaulFrank,pers.comm.). Onone occasion,
thedogschargedafieldworker. In each case,thenearesthuman
habitation was 2- to 3-miles away.

N. Diseasesand Toxicosis.

In this section, diseases related totoxicosisare discussed.
Informationon otherdiseases may befoundin Jacobson(1994).

Evidenceis mountingthatdeserttortoisesareexperiencingtoxic
effectsandhigher ratesofmortality from one or more elementsor
compounds,suchas selenium, heavymetals,chlorinated
hydrocarbons, organophosphates,aswell asnitro compoundsand
alkaloidsin plants. In some cases,suchchemicalsoccurnaturally
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orresultfrom distributionorconcentrationthroughhuman-induced
activities.While researchon theaforementionedsubjectsin desert
tortoisesis in preliminarystages,existingdataaresufficient to
suggestthatthese sourcesofmortality maybe important,especially
when coupledwith drought.

Levelsof mercuryin the liversofdeserttortoisesill with URTDat
theDesertTortoiseNaturalAreaweresignificantlyhigherthanin
deserttortoisesfrom theIvanpahValley (easternMojaveDesert)
(Jacobsonet al. 1991). Themercurylevels inlivers ofDesert
TortoiseNatural Areadeserttortoisescouldbe higherfor natural
reasons, e.g., naturally higherlevelsin soils and plants,or perhaps
higher levels as a resultofmining:

Many attribute mercury levelsto emissionsfrom industrialactivity in
the area. However, most of the area is within an epithermal
alterationarea due to,andwithin acidvolcanic rocks. These rocks,
and the saprolites andsoilsmantlingtheserocks,containanomalous
levels of mercury. Many of the deposits currently being
mined...weredefined in part byusingmercurygeochemicaltracing.
There may benaturallyhigh levelsof mercuryin plants,and those
animalsthat graze theseplants. In addition, considerablesmelting
oforeshasoccurred in the earlypartofthis centurythatcouldhave
resulted in emissions and deposition of elemental mercury in the
surroundingsoils (e.g.,Tropico Mill) (Robert Waiwood, BLM
geologist, pers. comm.).

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

...severalinvestigatorshavereportedalteredhost
resistance topathogens...depressedantibody
responsesto mitogenstimulation...,andthyxmc
cortexandsplenicfollicular atrophywith
concomitantdepressionof ... antibody response to
mitigenstimulation...

Between1982and1988,deserttortoise populationson the
ChuckwallaBenchpermanentstudyplot (RiversideCounty,
California)sustainedabouta 70% decline innumbers(Berry 1990,
as amended). Dead desert tortoises and a high proportion of the
remaininglive animalsshowedsignsof shelldisease (Berry1990as
amended).Theseanimalshadexperienceddyskeratosisand
metabolic disorderstypical oftoxicosis from suchelementsor
compounds as selenium; mercury, lead, and other heavy metals;
chlorinated hydrocarbons; and/or organophosphate (Jacobson et al.
1991).The exact cause(s)of the shell disease has not been
determined,but it is widespreadin the Californiadeserts,andmost
commonin the eastern Mojave, northern Colorado, and southern
Coloradodeserts (K. Berry, pers.comm.).

During spring 1991,two partiallyparalyzed,dyingdeserttortoises
were discoveredin the easternMojave DesertofCaliforniaand
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southern Nevada. A necropsyofoneofthese animals showedit
hadbeensufferingfrom lymphangiectasiaof thegastrointestinal
tract; focalulcerationandheterophilicinflammationof thenasal
sinuses;markeddenervationatrophyandedemaofskeletal muscle;
andmyelomalacia,liquefaction necrosis,anddegenerationofthe
spinal cord(etiologyunknown)(JamesKlaassen,APL Veterinary
Labs,LasVegas.NV, pers.comm.).Theparalysisandsomeother
symptomswere typicalofseleniumtoxicosisin swine(E.R.
Jacobsonpers.comm.,Casteelet al. 1985). Sheep and cattle also
experience similarsymptoms,not only fromselenium,but from
poisoning by some species of locoweed (Astragalussp.).
Poisoning from locoweedcanoccur in four ways: as selenium
converterplants; throughpoisoningby aliphaticnitro compounds;
by locoine(the toxic principleis not yet known);andwith congenital
defectsandabortion. Somelocoweedsmayalsoreducecell-
mediatedimmuneresponses. Selenium toxicosiscan occur in
rangeswherethe nonselemumaccumulatingforageis depleted by
livestockandselenium-accumulating plantsremain (Blood etal.
1989,Fuller andMcClintock 1986). Deserttortoisesin someparts
oftheMojaveregionconsumelocoweed,including speciesknown
to have propertiestoxic to livestock(e.g.,A. layneae;see Fullerand
McClintock 1986).

Many otherspeciesofdesertplantsbesides locoweed are toxicto
livestock(Keeleretal. 1978)andcouldaffectdeserttortoises. The
levelsof lead inplantsandsoilsshouldalsobe explored, especially
alongroadways andadjacentto mines(Robert Waiwood, pers.
comm.).

0. Noise and Vibration.

Anthropogenic noise has severalpotentialimpactson desert
tortoises, includingdisruptionofcommunicationanddamage to the
auditorysystem.Backgroundnoisehasbeenshownto maskvocal
signalsessentialfor individualsurvivalandreproductivesuccess in
otheranimals(e.g.,bushcrickets,Conocephalusbrevipennis, Bailey
andMorris 1986;greentreefrogs, Hylacinerea,EhretandGerhardt
1980). Deserttortoisesareknownto havehierarchical social
interactions (Brattstrom 1974), arecapableof hearing(Adrianet al.
1938; Patterson,1971, 1976),andcommunicatevocally (Campbell
and Evans1967;Patterson,1971, 1976). Deserttortoisesuse
elevendifferentclassesof vocalizations inavariety ofsocial
encounters(Patterson1971, 1976). The signalsarerelativelylow in
amplitude,have fundamental frequenciesaslow as0.2 kHz or
lower, andharmonicsashighas4.5 kHz (Patterson1976).

Manyhuman-inducedsourcesof noises,such as automobiles,jets,
and trains, cover a widefrequencybandwidth.Whensuchsounds
propagatethroughthe environment, the highfrequenciesrapidly
attenuate,but thelow frequenciesmaytravel great distances(Lyon,
1973). Thedominantfrequencies thatremainafter propagation
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correspondclosely to the frequency bandwidthcharacteristicof
deserttortoisevocalizations.Themaskingeffectof thesesounds
may significantlyalteran individual’s ability to effectively
communicateor respondin appropriateways.The sameholdstrue
for incidentalsoundsmadeby approachingpredators;maskingof
thesesoundsmayreduceadeserttortoise’s abilityto avoidcapture
by apredator. Thedegreeto whichmaskingaffectsdesert tortoise
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
mediating socialorpredatorinteractions.

Loudnoises(and associatedvibrations)maydamagethe hearing
apparatusofdeserttortoises. Sourcesofnoiseandvibration
include,butarenotlimited to: cars,trucks, andothervehicleson
pavedhighways,dirt roads,and testtracks; trains;recreation
vehiclestravelingon oroff road;terrestrial militaryvehicles;
commercial andmilitary aircraft; equipmentassociatedwith
explorationfor anddevelopmentofhard-rockmineralsandsaleable
andleasable minerals;explosionsfrommilitary ordnance;air to
groundbombingor releaseofmissiles;mining; road construction;
andnucleartests. Little researchhasbeenperformedon desert
tortoiseears,but it is clearthattheyareabletohear,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
decibels at5 meters) caused hearingdamageto 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; slappingtheground severaltimeswithin afew feetof a
deserttortoiseburrow entrance will oftencauseadeserttortoiseto
emerge(C. Peterson, pers.comm.,andothers). Researchis needed
to determine whatkinds ofvibrationsand noisecausea desert
tortoise toemerge from itsburrow.

P. Other Potential Impacts.

Impactsto deserttortoisepopulationsandtheirhabitatsdescribed
abovearewell documentedorestablished.While chelonianexperts
andconservationbiologistsmaynotagreeon theimportanceof each
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particular impact or the degreeofeffect, they generallyhave
concludedthatsuch impactsshouldbesubstantiallyreducedor
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 deserttortoisepopulationsshouldbecome apparent as
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 at theinterfacesbetweendevelopedlands and opendesert.
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
and roads, clearingoflandfor utility lines andcorridors,casual
ORVuse and general recreation, invasions of weedy and non-native
plants, human-caused fires,harvestand vandalismofvegetation,
predation by domestic animals, and noise. Even near small
settlements, isolated tracts,and ranches, the same factors are
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 human settlement, suchasperches,
nestsites,water, andfood,as a springboardfor preyingon wild
animals nearby.Examplesofexistingproblemareas includebutare
not limited to the Antelope, Indian Wells, Fremont, Apple, Victor,
Lucerne, Johnson, Chuckwalla, and northern Ivanpah valleys in
California;Las Vegas, Laughlin, Piute and Mesquite inNevada;and
the Virgin River Valley and S~ George in northern Arizona and
Utah.

B. Human Access.

The densityofpaved and dirt roads, routes,trails, andways in
deserttortoise habitathasadirect effect onmortality rates and losses
of deserttortoises.Thestatusof deserttortoisepopulationsis
directly linkedto access,becauseaccess allowspeopleto 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 ornear accessroutes in
remote partsof the desertinclude,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 roadsand trails, invasionof
weedy, non-native plants, fire, harvestof and vandalismto
vegetation,andpredation by dogsand ravens. Remoteareasofthe
desert arealsodisturbedbymining,grazing,military use(pastand
current), and theaccessroutesthatpermitsuchactivities. The long
list of threats to desert tortoises becomes a greater burden wheneach
individual, vehicle, family,orevent(e.g.,vehicleraceortour)
enters desert tortoise habitat. As numbers of visitor days increase,
the potential for lossesofdeserttortoisesandtheirhabitatsincreases
(e.g., Berry 1986a).

To ensurerecoveryofdeserttortoises, mortalityfrom human-related
sources mustbe eliminatedorreducedto verylow levels. Because
ofthenatural historycharacteristicsofthespecies,lossesofeven a
few adultscan delayorpreventrecovery(seeAppendixC).
Currently,actsof vandalism,collecting,releaseofcaptives,vehicle
kills, etc. occur on all or nearly all deserttortoisestudy sites.Low
rates of desert tortoisemortality 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. Thelevelofhuman access
in DWMAs,as measured in linear miles of access routes per square
mile or township,shouldmirror road/route densitiesin areaswhere:
(1) human-caused death ratesare very low, and (2) stableor
increasing desert tortoise populationsexist. Routedensitiesin
DWMAsshould be reduced wherehuman-causedmortality ofdesert
tortoises is a problem.

C. RecoveryRates of Habitat.

Natural recovery rates of soils and perennial vegetation in desert
habitatsfrom developmentofutility-line corridors,military
activities,andhuman settlements mayrequiredecades,centuries,or
evenmillennia (Lathrop1983b,Lathrop and Archbold1980,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,hasnotbeen examinedin 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, the firstpriority in mitigation shouldbe to
minimizelanddisturbance (Kayet al. 1988).

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

TheAntelope Valleyis currentlythemostbroadiyurbanized
landscapewithin theMojave region.Portionsofthis valley
supportedhigh densitiesof deserttortoisesfrom 1920’sto the
1950’s(Berry 1984b),but aseriesofhumanactivitiesgradually
reduceddeserttortoisepopulationsand destroyed ordamagedthe
habitat. Examplesofcausativefactorsinclude,but arenot limited
to: collectionofdeserttortoisesfor food,pets,andcommercial
purposes;agriculturalandurbandevelopment; constructionof
roads,railroads,andutility corridors;mining andenergy
development;highnativepredator densities(ravens);and
uncontrolledpredationby domesticandferalpets(Berry 1984b,
Luckenbach1982). The AntelopeValley is nowcharacterizedby
numerouscitiesandsmall towns, several majorStatehighways,
EdwardsAir Force Base, severalairportsandairfields, light and
heavyindustry,and a burgeoninghumanpopulation.Partsof the
Valley havebecomesuburbsof thegreaterLosAngelesarea.The
town of Rosamondwasrecentlyatoxic-wastedisposalsite andis
nowidentifiedhashaving highratesofcancerin thehuman
population.Alfalfa andothercropsaresupportedwith crop
dusting,fertilizers,plowing,andirrigation. Skipdevelopmenthas
left hundredsofacresof scatteredlots coveredby Asian and
Mediterranean weeds (Tierra Madre Consultants, Inc.1991),which
fuel increasingnumbersofwildfires.

Thevastnetworkofpavedand dirtroadsrendermost areas
accessible toORV-oriented recreationistsand generalrecreationists.
Power, communication, water, gas lines, and fiber-opticcables
bordermanyoftheseroads,creatingbroadcorridorsof disturbed
and destroyedhabitat. Telephone andpowerpolesfurther
contribute to pressureson desert tortoises because they havebecome
perch sitesforincreasingly abundantravenpopulations.

As of 1991,extirpationofdeserttortoisesfrom theAntelope Valley
was nearlycomplete.Deserttortoisesignis occasionally observed
eastofPalmdalebut notin Palmdalewestof Highway 14 (Palmdale
Freeway)orsouthofHighway 138 (Pearblossom Highway)(J.
Hohman, pers.comm.). For instance,deserttortoisesign was
observed recentlyin thevicinity ofLakeLos Angeles(G.M.
Groenendaal,Tehachapi,California,pers.comm. 1991). Desert
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tortoisesignhas also beenreportedin northeasternPalmdale
(FeldmuthandClements1990),anddeserttortoiseshave been
observed recently atSaddlebackButte StateParkby parknaturalists.

Surveysfor tortoises and habitatconditionwere conducted in a225
squaremile area,includingtheCity of Lancasterandsurrounding
lands(TierraMadre). Only 90 squaremilesof landwere
undeveloped,nonagriculturallands. Theonly remainingrecordsof
thepresenceoftheoncecommondesert tortoisewerethreedesert
tortoise carcassesanda single live deserttortoise (observed in
1983). An analysisof disturbance,whichincludedtypesof impacts
observedoneachdesert tortoisetransectandfrom aerial
photographs,wasconductedin thesamearea(TierraMadre1991).
Very highlevelsofdisturbancewererecordedin thecity and
surroundinglands,andlackof desert tortoise sign wasattributedin
partto thisdisturbance.Roughlyathird oftheareahadbeen
renderedunsuitablefor deserttortoises.

Althoughwe lackthedatabaseandchronologicalhistoryto resolve
specificcontributionsto extirpationof deserttortoises,the Antelope
Valley providesunambiguousevidenceofthecumulativeand
synergistic effectsofhuman activitieson deserttortoisesandhow
suchtrendshaveledto thedemiseof desert tortoisepopulations
from asubstantialportionofthehistoricalrangein the western
Mojave Desert. Furthermore, these same patterns are operative
nearbyin theIndian Wells, Fremont,Victor, MojaveRiver, Apple,
Lucerne, and Johnson valleys. Humanactivities are likely having
the same impactin the Las Vegas,ColoradoRiver, andVirgin River
valleys.
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AppendixE: VegetationandClimateoftheMojaveRegion

AppendixE: Vegetation and Climateof the Mojave
Region

I. Regional Setting
North America includes five desert regions(Jaeger,1957): The
Chihuahuan DesertofNorthCentralMexico and adjacentpartsof
Texas and New Mexico; the Sonoran Desertofnorthwest Mexico
andpartsofsouthern Californiaand Arizona; the MojaveDesertin
partof southeasternCalifornia,southernNevadaand adjacent parts
ofUtah and Arizona;the GreatBasin Desertin theGreatBasin
regionof Nevada,Utah, Oregon, Idaho, Wyoming andColorado;
andthe Navahoan Desertofthe four corners regionof Utah,
Colorado, Arizona and NewMexico.

The Desert Tortoise doesnotoccur in the Great Basin or the
NavahoanDeserts.It does occurin theotherthree deserts butour
present interestis concernedwith its range in the MojaveDesertand
in that portionof theSonoranDesert located westof theColorado
River, namely the Colorado DesertofCalifornia.

Mojave Desert

The Mojave Desertis located insouthern California, southern
Nevada, the northwestcornerof Arizona, and thesouthwestcorner
ofUtah. The MojaveDesertis bordered on the north by the Great
BasinDesert,on thewestby the SierraNevada,on thesouthby the
SanGabriel andSanBernardino Mountainsandby the Sonoran
Desert, andon the eastby the HurricaneCliffs in Utah, and by
Grand WashCliffs andthe Peacock andHualapai Mountainsin
Arizona.

Theboundaxybetween the Mojave Desertandthe GreatBasin
Desertis basicallydefined,atlow elevations,by a vegetational
component,namelythe creosotebush(Larrea tridentata)which
occursin the Mojave, but not in the Great Basin(Cronquist,et al.,
1972). Theboundaxyis thusan irregularline acrosssouthern
Nevadaextendingroughly from Olancha(southofBishop),in Inyo
County, California toSt. George, in the southwestcornerof
WashingtonCounty,Utah. The Mojave Desert includesall of Clark
County as well as thesouthernpartsofEsmeralda,Nye,and
Lincoln Counties,Nevada.
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Sonoran Desert

The greater Sonoran Desert includessevengeographicaldivisions
(ShreveandWiggins 1951).The lower ColoradoValley divisionof
the Sonoran Desertoccursin westernArizona, in southeastern
California, innorthwesternSonora,andin BajaCaliforniaeastof
the PeninsularRangesas farsouthasBahiade Los Angeles. The
othersix divisionsofthe SonoranDesertoccurelsewherein Arizona
and in Mexicoanddo not concern us at present.

The LowerColoradoValley Division wasconsideredby Jaeger
(1957)to consistoftwo parts: theYumandesertin Arizona and
Sonora;andtheColoradoDesert inCalifornia,BajaCalifornia and a
smallpartofArizonanearNeedles,California. The Lower
ColoradoValley Division in retained as a unit byCrosswhiteand
Crosswhite(1982)as the Lower Colorado-Gila Division, sinceit
includesmuchof Arizona’sGila River drainage.Nevertheless,use
of ColoradoDesertfortheCaliforniaportionhasgainedwidespread
and consistentcurrency.We follow thatcustomandconsiderthe
ColoradoDesertto be that partofthe Colorado-Gila Divisionofthe
SonoranDesertlocatedwestof the Colorado River.

Theboundarybetween the MojaveDesertand the Colorado Desert
hasbeensubject tocontroversy.Toward thewest,theLittle San
BernardinoandCottonwood Mountainsprovideexcellent boundary
definition. Farther east,mountainsseemlessprominentandmore
widely spaced,andprovidelittle definition. To the contrary, broad
lowlandareasprovidenorthto southcontinuity, with Sonoran
elementsextendingfar to thenorth,andMojaveanelements
extending farto thesouth. As a result, theboundary betweenthe
two deserts hasvariouslybeen interpreted to befarthernorthor
farthersouth(Referencesin VasekandBarbour,1977)than the
arbitraryline runningfrom Indlo to Needles asindicatedby
Crosswhite andCrosswhite(1982). Most interpretationsextendthe
ColoradoDesertnorthwardalongthe ColoradoRiverValley to the
vicinity of Needles,California.

A morenortherlydistributionof the Colorado Desert along the
ColoradoRiver Valley andalsoas farwestas the Bristol Mountains,
wasproposedby Rowlandset al. (1982) afteranalysisof
vegetationandclimate. Webasicallyadopt the definitionof the
ColoradoDesert proposed byRowlandswith only minor
modification. According,theboundarybetweenthe Mojave and
Sonoran(Colorado)Desertsextendseastward along theLittle San
BernardinoandCottonwood Mountains,then goesnorth from
Cottonwood Passalongthe eastern edgeofthe Hexie,Pinto,
SheepholeandBullion Mountains toLudlow. It continues
northwardthroughBroadwellLakeandthenloopsaround the
northernendof the BristolMountains. Theboundaryreturns
southeast betweenthe Graniteand OldDadMountains, and then
heads eastwardalongthe northern edgeoftheMarble, Clipper,
PiuteandDeadMountainsbefore crossing the Colorado River about
20 miles northofNeedles.
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Theboundarybetweenthe Mojave Desertandthe Sonoran(Yuman)
Desert extendseastwardinto Arizona,skirtsaround the southern
endof the BlackMountainsandproceeds eastward to the baseofthe
HualapalMountains,approximatelyat thelatitudeof Yucca,
Arizona.

The triangularportionof MohaveCounty,Arizonabetween
Needles,YuccaandParkerDamis included in the Colorado Desert
on two mapsby Jaeger(1957), buthis discussionof the Yuman
Desert clearlyindicatesits extension along the Colorado River to the
north of Needles.We adopt thestrict interpretationthat the
Colorado Desert occurswestofthe ColoradoRiver(andGulfof
California)in CaliforniaandBajaCalifornia,and theYumanDesert
occurseastof the Colorado River andGulf of California) in Arizona
and Sonora.

The MojaveDesertincludes mostof San BernardinoCountyand
partsofInyo, Kern,Los Angeles andRiversideCounties,
California, and the western partof MohaveCounty,Arizona. The
Colorado Desertoccurswestofthe Colorado Riverin Imperial and
partsof SanBernardino, Riverside, andSanDiego Counties,
California.

Subdivisions of the Mojave Desert

TheMojave Deserthasbeendivided intofive regions for the
convenienceofdescription (RowlandCt al., 1982);namely the
Northern, Eastern,Central,Southwestern and South Central
regions. We agree that the five regions aredefinedon thebasisof
significant,large scaledifferencesin soils andlandforms, in
climate,in plant ecology and vegetation,andin animal ecology.
Accordingly,we acceptthe fiveMojaveanregions, but propose a
slightly simplernomenclatureby shortening the lasttwo regional
namesto the Western regionandtheSouthernregionrespectively.
Wealsoproposesomerathermind changes in the boundaries.
Thoseboundariesare somewhatarbitraryanddo not follow straight
lines. Hence,the following descriptionsofthe fiveMojavean
regionsmustbe consideredapproximate:

I - A NorthernMojave region has twosections: a California
sectionroughlycorresponding to thedesertareasof Inyo
County;andaNevadasectionroughly corresponding to the
desert portionsof EsmeraldaandNyeCounties.

II - An Eastern Mojave regionhasthreesections: a Southern
Nevadasectionin Clark County and the desert portionof
Lincoln County;an Arizona sectionin western Mohave
County, Arizona, and extending toSt.George,Utah; and a
Californiasection from the SodaLakeBasinto theNevada
StateLine.
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ff1 - A SouthernMojave region (theSouthcentralregionof
theRowlands,etal., 1982)occurs roughly fromVictorville
to Ludlowin SanBernardinoCounty, California, and then
southwardto theLittle SanBernardinoandCottonwood
Mountainsin RiversideCounty,California.

lV - A CentralMojaveregionincludes theareaaround
Barstow,andextends northward nearlyto thePanamint
Range,andeastward towardBakerand Ludlow, all in San
Bernardino County, California.

V - A Western Mojave region (the Southwesternregionof
theRowlands,et al., 1982)occurs inSanBernardino,Kern
and LosAngelesCounties,California, roughly inthearea
from Tronato Victorville andwestto thebordering
mountains.

Subdivisions of the Colorado Desert

Subdivisionsof the ColoradoDesert. The Colorado Deserthas
informallybeensubdividedinto eastern and western regions by
Rowlands(unpubl.). Such subdivision is useful.However,we
suggestthreesubdivisionsof the ColoradoDesert,based largelyon
generalconsiderationsoftopography and vegetation.

I - TheNorthernColoradoDesertregion includes the area
from the Bristol Mountains to the ColoradoRivernorthof
Needles,andsouthwardto the CoxcombMountainsand
Vidal Wash.

II- An Eastern Colorado Desert region includes thearea
southfrom PintoBasinandVidal Washbetweenthe Salton
Troughandthe Colorado River.

[LI - TheSouthwesternColorado Desert regionincludesthe
SaltonTroughand the desert to thesouthandwestfrom the
Little SanBernardinoMountainssouthintoBajaCalifornia,
Mexico (Thepeninsularstrip ofColorado Desert along the
Gulf ofCaliforniacoastmaycomprisea fourthsubdivision.)

Boundaries between desert subdivisions

The boundary between Northern andEasternMojave regions comes
southward from Emigrant Valley inNyeandLincoln Counties,
Nevada,to Indian Springs Valleyandthen around the western edge
oftheSpringMountainswhere it crosses into Californiajust eastof
theRestingSpringandNopahRanges. It skirtsthewestedgeof
Pabrump Valleyandturns westward aroundthesouthedgeofthe
Kingston Range. It then follows the north edgeof Kingston wash
to the north endof SilurianValley, at the junctionofSaltCreekwith
the AmargosRiver.
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Theboundarybetween theNorthernandCentral Mojave regions
proceedswestwardfrom Salt Creek through alow channelto Leach
LakeandPilot Knob Valley to thesouthendof theSlateRange.
Thisboundaryis southofthe Owlshead and QuailMountains,and
northof the AvawatzandGraniteMountains.

Theboundarybetween theNorthernandWesternMojave regions
goesnorth along thewestedgeof theSlateRangeandturns
westward at the northendof SearlesValley, passingjustnorth of
theSouthernArgusMountainsand the Coso Basin, joining the
SierraNevadajustsouthofLittle Lake.

Theboundarybetween the WesternandCentralMojaveregions
goessouthfrom thesouthendofthe SlateRange,skirting the west
edgeofBlackHills, to FrernontPeak,loopsaround Fremont Peak
and cutsbackto thesoutheast,passingalongthe north edgeof
HarperLakeand then goesduesouthto Hinidey, joining the Mojave
Rivernear Hodge.

Theboundarybetween the WesternandSouthernMojaveregionsis
the MojaveRiver, from Hodge southward throughVictorville to the
San BernardinoMountains.

Theboundarybetween theCentralandSouthernMojave regions
goeseasterlyfrom Hodge,passingsouthofLenwood, to Daggett.
It thenfollows Interstate Highway 40to Ludlow.

Theboundarybetween theCentralMojave and theNorthern
Colorado regions proceeds north from Ludlow throughBroadwell
Lake,andpasses along thenorthwestedgeof the BristolMountains
to thenortherntip of theBristol Mountains.

TheboundarybetweentheCentralandEastern Mojaveregions
proceeds from the northern tipoftheBristol Mountainsnorthward
throughSoda,SilverandSilurianLakesto thejunctionof Salt
Creekandthe AmargosaRiver.

Theboundarybetween the Eastern Mojave and theNorthern
Coloradoregionsproceedssoutheastfrom the northern tipof the
Bristol Mountainsbetween theOld DadMountainsandthe Granite
Mountainsto thenortherntip ofthe MarbleMountains. It proceeds
eastwardalongthenorthernedgeoftheClipperMountainstoward
Goffand the northern endofthe Dead Mountains. Itcrossesthe
southernmost coupleof miles ofNevada before ending at the
Colorado River.

Theboundarybetween the EasternMojaveregion andtheYuman
DesertoftheColorado-GilaDivision ofthe SonoranDesert goes
from theColoradoRiverto the BlackMountainsin Arizonaand then
aroundthe southernendof the BlackMountainsandproceeds
eastward to the baseoftheHualapai Mountains,approximatelyat
the latitudeofYucca,Arizona.
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The boundary between theSouthernMojaveandthe Northern
Coloradoregionsgoessouthfrom Ludlowalongthe eastern edgeof
theBullion Mountainsandthe eastern edgeof theSheephole
Mountains toClark’s Pass.

Theboundarybetween theSouthernMojave and the Eastern
Colorado regions goessouthfrom Clark’s Pass in a sinuouspathat
the baseof thePinto andHexieMountainsaround Pinto Basinand
Smoketree Wash to Cottonwood Pass at theeasternendof the
CottonwoodMountains. It continueswestward to the southeast end
of theLittle SanBernardinoMountainsnear CactusCity.

The boundary between theSouthernMojaveandthe Southwest
Colorado regionsfollows thescarpof theLittle SanBernadino
Mountainswestward to MorongoValley.

The boundary between the EasternColoradoand theSouthwest
Colorado regions goessouthwestfrom Cactus City around the
MeccaHills and then southeastalong the edgeof the Salton Trough
to the ColoradoRiver.

II. Major Topographic Features

Thedesert regionunderconsiderationvariesextensively with regard
to number, size and statureof mountains.Topographic diversityis
greatestin theNorthernMojave Desert region with numerous high
mountain rangesandlargebasinsatlow elevations.For example,
thesink of theAmargosaRiver in Death Valley reaches 280 feet
below sealevelwhereasTelescopePeak in thePananiintRange a
few miles to the west reachesan altitudeof 11,049feet above sea
level. Topographicdiversityandthe statureofmountainsgenerally
decreases southward.Concomitantly,theproportionof opendesert
consistingof broadplainsand gentle alluvialfans also increases
southward. Hence, eachsubdivisionof the desert hasits own
characteristic arrayoflandforms.

The Northern MojaveDesertregion includes theAmargosa(8,738).
Coso (8,160), Kingston (7,323),LastChance (674), Nelson
(7,701), Nopah(6,394), Panarnint (11,049),Resting Springs
(5,264),Saline (6,548), and northernArgusRanges(8,839)as well
as California, Chicago, Death, Eureka,Greenwater,Long,
Panamint,andSaline Valleysin the Californiasection. Featuresof
theNevadasectionincludethe BareMountains(6,316), Gold
Mountain(7,565),the Sportted Range (6,254), and partof the
Ainargoas Range(8,738)as well asSarcobatusFlat, the Amargosa
Desert (Valley) andAsh Meadows.

TheEasternMojaveDesert regionalsohas impressive mountains
andValleys.The Nevadasection,includingArizona, includes the
Black(5,456), Cerbat(6,900),Eldorado(5,060),Newberry
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(5,639),Spring(11,919), and Virgin (8,056) Mountains and the
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,Indian Spring, Las
VegasandpartsofIvanpah,PahrumpandPiute Valleys. The
Californiasectionincludes Table Mountain(6,176),andtheCastle
(5,120),Clark (7,929),Granite(6,786),Ivanpah(6,163),Mescal
(6,493), Mesquite (5,160),New York(7,530, OldDad(4,250),
Pinto (6,144), Providence(7,040) Mountains or Ranges, as well as
Clipper,Ivanpah, Lanfair,Mesquite,Pahrump, Piute, Silurian, and
ValjeanValleysandtheSodaLakeBasin and theDevil’s
Playground.

TheSouthernMojave Desert region includes theBullion (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
includes Antelope,Apple, Johnson,Lucerne,Sidewinder,
Stoddard,andYuccaValleys as well as Dale,Emerson,Melville,
Soggy,RabbitandLucerneDry Lakes.

TheCentralMojaveDesert regionincludestheAvawatz Mountains
(6,154), Calico Mountains(4,542),Eagle Crags (5,512),Granite
Mountains(4,862),Pilot Knob (5,428), Slocum Mountains
(5,124),Soda Mountains(3,617)and Tiefort Mountains(5,090).
ImportantBasinsare Goldstone, Harper, Coyote, Troy, Cronese,
SodaandSuperiorDry Lakes and the lowerhalfofthe Mojave
River.

The WesternMojaveDesert regionincludesthesouthernArgus
Mountains(6,562),El Paso Mountains (5,244), FremontPeak
(4,584), RandMountains(4,755),RedMountain (5,270), and
numeroussmallermountains. ImportantBasins includeAntelope,
Fremont, Indian Wells, SearlesandVictor (part)Valleys, as well as
China, Cuddeback, Koehn, El Mirage, Rogers and Rosamond Dry
Lakes.

TheNorthern ColoradoDesert region includes the Bristol (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),andWhipple Mountains
(4,131). Importantvalleys are Cadiz,Chemuevi,Fenner, Vidal and
Ward, togetherwith Bristol and Cadiz DryLakes.

The EasternColoradoDesert region includes the Arica(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,and theMeccaHills (1,642). It also
includesChuckawallaValley, Ford Dry Lake, Hayfield Lake,
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McCoy Wash,Milpitas Wash,Palen alley,PaloVerdeMesa,Palo
VerdeValley, Pinto BasinandRiceValley.

TheSouthwestern ColoradoDesertincludes the Algodones Dunes,
FishCreekMountains(2,334),Indio Hills (1,739),and
Superstition Mountains(759). Its mainfeaturesare the Borrego,
CoachellaandImperialValleysandtheSaltonSea.

Climate of the Mojave and Colorado Deserts

Weather recordingstationsarerelatively few, especially in the
mountainous NorthernandCentralMojave regionsandtheremote
lowlandareasthatexperiencedearlyagricultural development.The
climatic data(TableEl) andtheaccompanyingdescriptionare drawn
largely fromRowlands(unpubl.), Huning(1978),and Rowlands et
al. (1982). Temperaturesaregiven in degreesCelsius;precipitation
is given in mmrainfall.

The two majorclimatic factors,temperatureandprecipitation,are
both extremelyvariablein both spaceand time.Temperature
decreaseswith latitude andelevation,thuspermittinga calculationof
lapse rate.Temperaturealsoshowsextensive, butpredictable
seasonal variationandextreme,unpredictableyearlyvariation.
Precipitationincreases withelevationand also has markedseasonal
variationandeven more extremeyearlyvariation.

Temperature

Thehottestplaces arein low elevationbasins. Mean July maxima
are nearly470C in Death Valley,43 at Baker,41 at Trona,32 to 40
atotherMojave Desert stationsandfrom 32 to 36 at neighboring
Great Basinstations.MeanJuly maximarangefrom41 to 43 over
muchoftheColoradoDesert andfrom 39 to 43in the Yuman Desert
of Arizona,reflectingtheslightly higher elevationsof thelatter.

The coldest places are at thehigherelevationsof theNorthernand
EasternMojave Desert.MeanJanuaryminima rangefrom -6 to -10
C at GreatBasinStations,but-ito +5 in the Northern Mojave, -6 to
+3 in the EasternMojave, and-3 to +2 in the Western,Centraland
SouthernMojave. MeanJanuary minimarangefrom +2 to+5 in the
Colorado Desertandfrom -1 to +5in the Yuman Desertof Arizona,
againreflectingslightly higherelevationsofthe latter.

The numberof freezingdaysrangesabove144at Great Basin
stations,3 to 127in the MojaveDesert(plus 157 at Alamoon the
GreatBasin margin),1 to 19 in the ColoradoDesert,and 0to 65 in
theYumanDesert.

Mean annualtemperaturesrangeroughly from 11 to 14 at
neighboring GreatBasin stationsand 14 to 19 at MojaveDesert
stations,exceptfor two hotterstationsin Death Valley at22 and25.
Meanannualtemperaturesrangefrom 21 to 23 in the Colorado
Desert and18 to 23 in theYuman Desert.
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Precipitation

Precipitationis deliveredby stormswhichfollow oneof thethree
principalpatterns:winter cyclonicstorms;summer thunderstorms;
anderratichurricanes(locally called“chubascos”).Winter storms
bringmoisturefrom the northPacific. They are usually widespread,
mostlyoflow intensity,andfrequentlydeliversnowat thehigher
elevations.Theireffectsdiminishtoward thesouthand toward low
elevations.

Summerthunderstormsare usually intense,of fairly shortduration
andsomewhatlocal. Chubascos are very large,violent, andmay
deliver very largeamountsof rain, but they arequite sporadic. Both
summerthunderstormsandchubascosbring moist tropical air
northwardfrom theGulf ofCalifornia and up the ColoradoRiver
Valley into theEasternMojave Desert.Thesestormsmaydiverge
northwestwardthrough the Salton Trough,orwestwardthrough
RiceValley,but their effectsusuallydiminish awardfrom the
ColoradoRiver Valley.

Total precipitation rangesfrom 90 to203 mmat nearbyGreat Basin
stations,50 to 260 atstationsin the NorthernandEastern Mojave
Desert regions,and80 to 170mmin the Western, Centraland
SouthernMojave regions(plus recordingsof263 and377 near
mountainsat thesouthernmarginof the Western MojaveDesert).
Totalprecipitation rangesfrom 49 to 139mm in the Colorado Desert
and from77 to 281 in theYuman Desert.

Thepercentageof summerprecipitationrangesfrom 5 to 40 at Great
Basinstations,15 to 20 in the Northern Mojave,20 to 40 in the
EasternMojave,only 3 to 10 in theWesternMajoave, but6 to 36 in
theCentralandSouthernMojave. The percentageof summer
precipitationrangesfrom 11 to 36 in the ColoradoDesert and35 to
59 in theYurnan Desert.

Precipitation duringthespringis usually recordedon more than
three days a year atstationsin the GreatBasin,theEasternMojave
Desert,andSouthernMojaveDesert, theNorthernColorado Desert,
andtheYuman Desert,buton fewerthan three days at Eastern
Colorado andSouthwestColorado Deserts.

Vegetation of the Mojave and Colorado Deserts

Vegetationin thedesert areasstrongiy reflectsavailability ofwater
andevaporativedemandfor water. Consequently,vegetational
biomassis very low at low elevationswith theircharacteristiclow
precipitationandhigh temperatures. Vegetationalbiomassgenerally
increaseswith elevationasprecipitation increasesandtemperatures
decrease.Vegetationstructurefollows a similar patternwith the
predominantgrowthform beinglow shrubsat low elevations and in
valleybottoms,largershrubsat intermediateelevations,small trees
at higherelevationsandlarger trees at highmountain elevations.
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Vegetationalspeciescompositionfollows asimilar elevational
patternandis furthermodifiedby regionalclimatic and other
environmentalfactors.

Classification

The Californiadesertvegetation hasbeendescribedin detailand
classifiedby Rowlands(unpubl.).We basically followhis
classificationwith slightaugmentationfrom includedreferences
(e.g. Thorne,1982,1986,VasekandThorne, 1988). Theentire
desert areasupportssevenmajorvegetationalcomplexes(TableE2).
Eachcomplexincludesone toseveralsubcomplexes,and each
subcomplexincludesone to several vegetationtypes.A vegetation
typetypically includesall thenumerous,similarcommunities
dominatedby agivengroupofperennialplants.

Vegetationacrossthe Mojave Desertis quitecomplicated,with much
variationin speciescompositionandmuchinterdigitationbetween
vegetationunits.A rangeofvariationin spaceandin time exists for
eachenvironmentalparameter,andarangeofvariation intolerance
to eachparameterexistsin eachspecies.Althoughexact
correspondence between variationin speciescompositionand
variationin physicalenvironmentalfactorsdoes not exist,
vegetationalunitsmust reflectgoodgeneralizationson species
composition,biomassproductivity,soils, climatic conditionsand
thewatertable.

Manyof thecommonspeciesmaylive in more than onevegetation
type.Hence,Complexis an appropriatetermfor majorvegetational
units (Rowlandsunpubl.). Furthermore, theoccurrenceof common
speciesoutsidetheirprimary vegetation unit leads to difficultyin
delimitationandclassification,andhenceto differencesofopinion
regardingthecorrectclassificationofvegetation.In all probability,
thereis no such thingasa “correct classification”(Rowlands
unpubl.). Anysystemof classificationis only as good asits
utilitarian value. We follow thesystemoutlinedby Rowlands
basedon the judgement that thevegetationalunits described are
reasonablein termsofrepetitiveobservationanduseful in termsof
managementunits.

Vegetation Types

I. DesertScrubComplex

TheDesert ScrubComplexincludes three subcomplexes.This
vegetationoccurson slopes,plains,andalluvial fans andin basins
and valleys atlow elevations overmostofthe desert area.

1. TheMojave-ColoradoDesertSubcomplexis most
commonandwidespread, occurring overmorethan 70%of
the areaof the MojaveandColoradoDeserts.Its three
component vegetationtypesexperiencesimilar climatic
conditions.This vegetationis limited by cold temperaturesat
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northernorupperelevational margins, and byhigh saltor
extremearidity atlow elevations.

CreosoteBush Scrubis by far the most important
andwidespreaddesert vegetation type. It occurson
mostterrainbelow about1,500meters, being
commonon alluvial fans and gentleslopes,
becominglesscommonon steep, rockyslopes.It is
dominatedin variousproportionsby Larrea tridentata
andAmbrosiadumosa,but a great many other
species(seeTableE3) alsooccur invarious
proportionsat variousplaces, and may even assume
co-dominance.

The ratioofPotentialEvaporation toPrecipitation
variesfrom 4 at upper elevations to32 in Death
Valley. Precipitationrangesfrom 40 toabout270
mm. MeanJanuary minimumtemperatures range
from -6 to 6 degreesC, and mean July maxima range
from 34 to 47 (TableE4).

CheesebushScruboccurswithin the CreosoteBush
Scrub zoneon sandy, mobile substrate, usuallyin
washesanddrainagechannelsofthe Mojave Desert
which do not havean overstoty microphyll
woodland. Somecomponents evidently play a role in
secondarysuccession(Vasek1975a,b). Plantsin
this vegetationseemto tolerateslightly lower winter
temperaturesthan those in theCreosoteBushScrub
(TableE4).

SucculentScruboccurson upperslopesandbajadas
within the Creosote Bush Scrub zone,thus
experiencingthemostfavorableclimaticconditionsof
thatzone.It is dominated by stemsucculentspecies:
mostlyCactaceae,butalsoYucca,in the Mojave
Desert;andmostlyAgavaceae,butalsoCactaceae
andFouquieria, in theColoradoDesert.Other
speciesof the Creosote BushScrub alsooccur here,
but thestrongdominanceof sternsucculentplants,
which undergoCAM metabolism,warrants
recognitionas a functional vegetationtype.

2. TheSaline-AlkaliScrubSubcomplexoccupiesmostly
sinksandvalley bottoms, and alsosomeuplandslopeswith
or without pronounced salineoralkalineconditions.The five
vegetationtypesare dominated by chenopodiaceousshrubs
and constitute what others have called‘saltbushscrub’.The
first threevegetationtypesareprimarilyxerophyticin nature
andthe lasttwo types arehalophytic.
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ShadscaleScruboccurson alkaline soilsat low
elevationsin the GreatBasinandthe northernand
eastern MojaveDesert.It alsooccurson heavysoils
on steepslopesin mountainsofthe Death Valley
region. It toleratesboth high salt levelsandvery arid
conditions.ShadscaleScrub oftenoccupiesa
position betweenCreosotebush Scruband
SagebrushScrub, similarto thepositionof
BlackbushScrub,andtheclimateis similar tothat
for BlackbushScrub (TableE4). ShadscaleScrubis
dominatedbyAtriplexconfertifolia,althoughseveral
otherspecies usuallyarealsopresent(TableE3).

DesertHolly Scrub occupies extremely aridsites
mostly in thenorthernand eastern MojaveDesert.In
DeathValley, standsof Desert Holly occur at the foot
of alluvial fanswhichcontain a highpercentageof
carbonaterocks and a very saltysubstrate.
Precipitationis very low butsummertemperatures
andthepotentialevaporationare very high(Table
E4).Atriplexhyinenelytraoften occurs in pure, albeit
sparse, stands,butsometimesAtriplexpolycarpaor
Tidestromiaoblong~foliaarealsopresent.

MojaveSaitbush- AllscaleScrub occursonly in the
southwestMojave DesertnearKramerJunction and
FremontPeak.It occupies someuplandareas andis
rather similar toShadscaleScrub. The dominant
speciesareAtriplex spin~feraandA.polycarpabut
othercomponentsmayalsooccur (TableE3).

AlIscale - Alkali Scruboccursin and around sinks
anddry lakeswhereavailablegroundwatermay
containup to 2.5%salts. This vegetation includes
succulentor semi-succulenthalophytessuch as
Atriplexpolycarpaandseveralotherspeciesof
Atriplex, Kochiaspp.,Suaeda torreyanaand
Haplopappusacradenius.The climateis hot and dry
(TableE4),but the vegetationis mediatedprimarily
by the saltywater table.

lodinebush- Alkali Scrubis similar to the preceding
in habitat, climateandphysiognomy, but occurs in
sinkswhereavailablegroundwatermay contain up
to 6% salts.This vegetationis dominatedby
succulenthalophytes,primarilyAllenrolfea
occidentalis.It may alsoincludeSarcobatus
venniculatus,Nitrophila occidentalisand several
others (TableE3).
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3. The Great BasinScrubSubcomplexoccurs primarilyin
the GreatBasinbut is representedby significant occurrences
ofthreevegetationtypesat upper elevationsofthe Desert
ScrubZone,in theeasternandnorthern Mojave Desert and
to a lesserextentsouthward.It generallyoccursat elevations
below theXeric ConiferWoodland(see below) and above
theCreosoteBush Scrub and Succulent Scrub.

SagebrushScrubis the dominant scrubvegetationof
theGreatBasin region, but may be found at upland
Mojave Desertsites,such asRoundValley northof
theProvidenceMountains.Theclimateis generally
colder in winterandcooler in summer than for the
two precedingsubcomplexes,and theprecipitationis
alittle higher(TableE4). UsuallyArtemisiatridentata
dominatesoverextensiveareas,butsometimesis
replacedbyArtemisia nova,especially on heavy,
rocky soils. Manyother species (TableE3) also
occurin variouscombinationsat different places.
Sagebrush Scrub often forms an under storyto
PinyonandJuniperWoodlandtypes.

BlackbusbScruboccurs widely in the Mojave Desert
on rocky, heavysoils at elevationsof 1,000to 2,000
meters.It occurssparinglyin the ColoradoDesert.
This vegetationis dominatedby Coleogyne
ramosissima.In addition,Grayia spinosa,
Ceratoideslanata,Thamnosmamontana,andspecies
ofEphedra,Yucca,Lycium,Haplopappus,etc.
(TableE3), mayalsooccur butspeciesdiversity is
usuallylow atany onelocality. The climateis similar
to that ofSucculentScrub, but alittle coolerin
summer(TableE4).

HopsageScrubis commonin the eastern Mojave
Desert, usuallyon sandy-loamysoils with only
moderaterockcontent.Otherwisethe habitat and
climaticconditionsarevery similarto thoseof
Blackbushscrub.Grayia spinosais theusual
dominant,often with anyof severalspeciesof
Lyciumas aco-dominant.Haplopappus cooperiand
severalcomponentsof Creosote Bush Scrub may
alsobepresent.

SometimesJoshua Trees(Yuccabrev~folia)may
occur in Hopsage Scrub,BlackbushScrub,
Shadscale Scrub, Creosote Bush Scrub, Succulent
Scrub,and the Juniper- One-leafPinyon
Woodlands.In these cases,JoshuaTrees may
appear asvisualdominants,but they provide very
minor fractionsof groundcoverorbiomass. Hence,
Joshua Trees are not dominant anywhere, despite
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theirconspicuityaroundthe MojaveDesert,anddo
not provideconsistentbasisfor recognizinga
separate vegetation type(Rowlands1978).

II. DesertWoodlandForest-ConiferComplex

A ConiferWoodland-ForestComplex,with two subcornplex
components, occursin mountainsand high elevation desert areas.

1. The Xeric ConiferWoodlandSubcomplexcoverslarge
areas betweenabout1,200to 2,800metersin elevation.It
includesthreevegetationtypesdominatedby shrubs and
small trees.This subcomplexis a highly productive and
floristically diversedesertvegetation.

Utah Juniper- One-LeafPinvonWoodland is
commonin the GreatBasin region and in the
Northernand Eastern MojaveDesert.It occurs inthe
Providence Mountainsandthen has amajor
disjunctionin theSanBernardinoMountains.The
overstorytrees areJuniperusosteospermaandPinus
monophylla,andsometimesa fewJoshuaTrees.
SomearborescentshrubsareQuercus turbinellaand
Cercocarpusled~folius. A rich assortmentof other
associatedshrubsis partlylistedin Table3. The
climate issimilar to thatofSagebrush Scrubbut is a
little wetter and colder(TableE4).

California Juniper- One-LeafPinyonWoodland
occurson mountains borderingthe Mojave Desert
from justnorthof Walker Pass in Kern County,
California southwardto themountainsborderingthe
Colorado Desert inSanDiego County,California. It
alsooccurson mountainsof sufficient stature within
thedesertareasuch as the Granite Mountains and
GranitePass*,the Old Woman,Coxcomb,Eagle,
CottonwoodandLittle SanBernardino Mountains.
This vegetationtypeis dominatedby small trees
(Pinus monophylla)andarborescentshrubs
(Juniperuscal~fomica).Someofthe otherassociated
species arelistedin TableE3. The more southern
distributionmakesfor a warmerclimate thanfor the
preceding type(TableE4).

California Juniper- Four-LeafPinvonWoodland
occursin thepeninsularrangesof California and
BajaCaliforniaat thewesternmarginof the Colorado
Desert.ThedominantspeciesareJwziperus

* The suddenchange from a Utah JuniperWoodlandin theProvidenceMountains to aCaliforniaJuniper

Woodland in the GraniteMountainsandGranitePassmay bestrongbiogeographicalevidence infavorof
including theGraniteMountainsin the Colorado Desertratherthan theMojaveDesert.
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californica, Pinus quadnfolia,and P. monophylla.
Someof theassociated understoryspecies(Table
E3) includeseveral foundin DesertChaparraland
RedshanksChaparral(Hanes,1977).The climateis
similar to thatof thepreceding(TableE4).

2. A DesertMountainForestSubcomplexoccurs inthe
limited areaat highermountain elevations,and essentially
representsub-humidislandsin an arid environment. Three
vegetationtypesareincluded.

WhiteFir Forestelementsoccur insmall pocketsin
the NewYork, ClarkandKingston Ranges. These
smallpocketsof forestare essentiallyimbeddedin
the upper partsofUtahJuniper-OneleafPinyon
Woodlandwherelocalsitecharacteristicsmediatean
evapotranspirationratewell below that expected for
theregion.Someof the associated species(TableE3)
are foundwith White Fir in theCharleston(Spring)
Mountains.These pocketsrepresentthewestern
most attenuationof theWhitefir-Douglasfir-Blue
sprucezoneof the WasatchSeriesofthe GreatBasin
vegetation(VasekandThorne,1988).Thedominant
treeisAbies concolor.

SubalpineWoodlandis foundonupperslopesof
highdesert marginmountainsfrom theSweetwater
Mountainsto the TransverseandPeninsular Ranges
of Southern California,andon thehighestdesert
mountains,namelythe Inyo, Panamint and White
Mountains, at elevationsofabout2,900 to 3,500
meters.The main trees arePinusfiexilisand
sometimesAcerglabnanorJuniperusoccidentalis.
This woodlandmay overlap the upperPinyon
Woodlandat its lower margin and may overlap the
BristleconePineForestat thehigherelevations. The
trees are usuallysmall andsparselydistributed.A
few associatedshrubsarelisted in TableE3. The
climateis characterizedby low precipitationand cold
winters.

Bristlecone PineForestis found on thehighest
mountainsin theMojaveDesert and GreatBasin
From the Inyo,Panamintand WhiteMountainsof
California to NevadaandUtah.A few treesalso
occur in the Last Chance Mountains. The trees,
primarilyPinuslongaeva,are usuallysmalland
scattered.Theysometimesform small forest-like
standsin the InyoandWhite Mountains, but more
commonlyarescatteredin a ‘woodland’.
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III. DesertMicrophyll WoodlandComplex

A DesertMicrophyll WoodlandComplexwith two subcomplexes
occursin low desertareaswith favorable,but often intermittent,soil
moisture conditions.

1. A PaloverdeMicrophvll Woodlandoccurring in washes
andon slopeswith substantialregular summer rain(e.g.
WhippleMountains),includestwo vegetationtypes.

Foothill Paloverde- SaguaroWoodlandoccurs in
Sonoran Desertareaswith substantialsummerrain.
It is sparselyrepresentedin California,being found
only near theColoradoRiver,primarily in the
WhippleMountains,but is far more important
southward inArizona. Similarly,the two most
conspicuouscomponents,Cercidiummicrophyllum
andCarnegieagigantea,arealsorare in California.

Blue Paloverde- Ironwood- SmoketreeWoodlandis
rathercommonin theColoradoDesert.It occurs
throughout the Creosote Bushclimatic zone,usually
beingconcentratedin washes.Themaincomponents
areCercidiumfioridum,Olneya tesota,
Psorathamnusspinosa,Chilopsislinearis,Acacia
greggii,and a fewothers (TableE3). Theunderstory
is drawn fromspeciesalsofoundin CreosoteBush
Scruband Cheesebush Scrub.

2. A MesquiteMicrophvll Woodland with only one
vegetation typeis foundin basinsnear andaroundseeps and
sinks,or on sand sheets over a shallow, salty watertable.

Mesquite Thicketis dominatedby Prosopis
glandulosaandProsopispubescens.The understory
associates arecommonlyhalophyticspeciesfound in
theAliscale - Alkali Scrub andthelodinebush-

Alkali Scrub.Theclimateis hot and arid(TableE4).
This vegetationtypeis controlledmostly by the
occurrenceof water near thesurface.

IV. Streamside (Riparian)andWoodland Complex

A RiparianandOasis WoodlandComplex,with two subcomplexes,
is found in areasnearrunningwater.

1. Streamside WoodlandSubcomplex,with two vegetation
types,is foundalongrivers andstreams. Thisvegetation
reflectsazonal humidconditionswithin anaridzone,being
dependenton water flow inorunder astreamchannel and
therefore essentiallyindependentof thegeneral climate.
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Cottonwood- Willow - MesquiteBottomland
vegetationoccurs intermittentlyin narrowstripson
eithersideofmajorstreams, such astheColorado,
MojaveandVirgin Rivers (nearParker,Victorville
and BeaverDam, respectively).It is dominatedby
Populusmacdougallii,P.fremontii,Salix exiguaand
otherwillows, and Prosopis glandulosa.This
vegetationhas beensufferingextensive degradation
from theafter-effectsof dam construction,
exhaustive recreationaldevelopment and invasionof
tamarisktrees.

Cottonwood- Willow StreamsideWoodlandoccurs
along smallstreamsthat flow into the desert. Some
examplesare theAmargosaGorgenear China
Ranch,Andreas and PalmCanyonsnearPalm
Springs,the Whitewater River andmanycanyons
drainingthePanamint Mountainsand the easternside
of theSierraNevada.Thedominanttrees are
PopulusFremontii,Salix spp.,occasionallyPlatanus
racemosa,and,in the Colorado Desert,
Washingtoniafi1~fera.

2. DesertOasisWoodlandSubcomplexhasone vegetation
typeoccurring primarilyin the ColoradoDesert, butalso at
Sonoranlocalities in Mexico andArizona,andsparinglyin
the MojaveDesertas farnorth assouthernNevadaandDeath
ValleyNationalMonument.

PalmOasesoccur around springs and seeps, being
especially commonalongtheSanAndreas fault.
Washingtoniafil~ferais the only speciesconsistently
foundin all palmoases.Thesoil surfaceis oftensalt
encrusted.Plantsof theSaltgrassMeadowand
Allscale- Alkali Scrub are frequent in theunderstory.
Theclimateis similar to thatof thePaloverde-
Ironwood-SmoketreeWoodland(TableE4).

V. DesertandSemidesert Grassland Complex

A Desertand SemidesertGrasslandComplex,occursin rather
scatteredlocations,usuallynear the ecotonebetweenscrub
vegetationandwoodland vegetation.

1. A Desert-SemidesertScrub Steppe Subcomplex, in
whichperennialbunchgrassesare atleastco-dominantwith
shrubs,is widespreadbutscattered in theMojaveDesert.It
includesfourvegetationtypes(TableE2).
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IndianRicegrass Scrub-Steppeoccursin theWestern
and SouthernMojave wherewinter rainfallis the
primarymoisturesource,or in mountainsabove
1,500meterswherewinters arecold. The dominant
grasses,OryzopsishymenoidesandStipa speciosa,
haveC3 metabolism.Shrub components within the
grassmatrixareusuallyLarrea tridentataand
Ambrosiadumosa.A scattered overstoryof Yucca
brev4foliaorJuniperus cal~fomicafrequentlyoccurs
at higherelevations.Theclimateis somewhatlike
thatofBlackbushScrub,but alittle hotter insummer
(TableE4) andperhapsa little wetter.

DesertNeedlegrass Scrub-Steppealsooccursin the
WesternandSouthernMojave,frequentlyat
localitieswith significantsummerrain. Extensive
standsof Stipaspeciosaoften have a scattered
overstoryof Yuccabrev~foliaorJuniperus
californica. Shrubassociatesare mostly thoseofthe
Blackbush Scrub(TableE3). The climateis slightly
coolerthan thatofthe Ricegrass Scrub Steppe (Table
E4).

Big GalletaScrub-Steppeis widely distributed
through the MojaveDesertin areaswhere at least
20%of theprecipitation falls in summer.It is
dominatedby Hilaria rigida, Bouteloua eriopodaand
Muhlenbergiaporteri, which aresummer-activeC4
grasses. Thescatteredoverstoryconsistsof
JuniperusosteospermaandYuccabrev~folia
jaegerianain the EasternMojaveand Juniperus
cal~fornicaandYuccabrev~folia brev~foliain the
WesternandSouthernMojaveDesert.Associated
scrub species aremostly thoseof theHopsageScrub
and Blackbush Scrub (Table E3). Below1,000
meters,wherean overstoryis not present, conditions
approachthoseofCreosoteBushScrub. Above
1,000meters, anoverstoryis usuallypresentand
conditions are morelike thoseof HopsageScrubor
BlackbushScrub(TableE4).

Galleta- Blue GramaScrub-Steppeoccurs mostlyin
the EasternMojaveDesert atelevationsabove1,400
meters where itreplacestheprecedingtype.It is
dominated by thesummeractiveC4 grasses,Hilaria
jamesiiandBoutelouagracilis. Shrubassociatesare
usually thoseof SagebrushScrubandthe overstory,
when present,is usuallyJuniperusosteosperma.The
climateis similar to that ofSagebrush Scrub (Table
E4.)
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2. A DesertAlkali GrasslandSubcomplexwith one
vegetationtype,occurs on highly saliferous substrates
aroundspringsandalkali seeps atlow elevations.

SaltgrassMeadow occurslocally at Saratoga
Springs, Tecopa Springs,andvariousplacesalong
theAmargosaRiver. It is dominated byDistichlis
spicataandmay alsoincludeSporobolusairoides,
Anemopsiscal~fomica,Juncus cooperiand several
others(TableE4).Shrubcover and biomass are
ratherlow. The few shrubs aremostlyhalophytes
like Allenrolfea.The climateis veryharshwith little
precipitationandvery high summer temperatures.

VI. DesertSaxicoleShrubComplex

A DesertSaxicoleScrubComplex,with two subcomplexes occurs
on steep cliffs androck faces, and thereforeconsistsof highly
localizedandedaphically specializedazonalplantassemblages.

1. TheCalciphyteSaxicole Subshrub Subcomplexhasone
vegetationtypewhich grows on rock outcrops widely
distributedin theNorthernand EasternMojaveDesert.

Calciphyte Saxicole Subscruboccurs in crevices and
on rock facesof dolomite,dolomitic limestone and
similarcalciferousoutcroppings.It includestwo
series:adolomitic serieson rocks high in calcium-
magnesiumcarbonate;and,a gypsicolus serieson
rocks richin calciumsulfate.The species
compositionis highly variablefrom onelocality to
another.Many are rareendemics.A partial listof
suchspeciesfor eachseriesis given in Table E3.

2. The Non- CalciphyteSaxicole SubshrubSubcomplex
alsohasonevegetationtype whichoccurson rock outcrops
which arenot or onlyslightly, calciferous.

Non - CalciphyteSaxicole Subscrub also occursin
theNorthernandEastern Mojave Desert butis more
commonto thesouth. The rock substrates arerather
heterogeneous,and thespeciesassemblagesvary
extensively fromonelocality to another. A partial list
of speciesis given in TableE3.
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VII. DesertPsammophyteComplex

A DesertPsammophyteComplexwith only onesubcomplex,the

DesertPsammophyteSubcomplex,occurson sand dunes.

1. The DesertPsarnmophyteSubcomplexoccurson sand
dunes inboth deserts.The largestdunes have therichest
flora, andthe most constantspecies,Larreatridentaraand
Coldeniaplicata,are notrestrictedto dunesandcertainly are
notobligatepsammophytes.Many speciesare restricted to
sand dunesorsandysubstrates. Someof these obligate
psammophytesapparentlydo notoccur in northern dune
systemsandothersdo. Somerareendemicsoccur onlyon
the Eureka Valley dunesystem(Swalleniaalexandre,
Oenothera avita eurekensis).Somerare speciesoccur only
in the Algodones Dunes(Astragalusmagdalenaepeirsonii,
Crotonwigginsii, Helianthus niveustephrodes,Pholisma
sonorae).The speciescompositionvaries fromonelocality
to another.The vegetationis quitecomplex,consistingof
local azonalassemblages.Theyareprobablymediated
largely by thefactof sandsubstrate,perhaps with associated
water availabilitycharacteristics,rather than byclimateper
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
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
-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

Eastern Molave 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

Sarcobatus 

Cow Creek 
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TableEl. ClimaticSummaryfor stationsin several desertregions. (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

Western Molave
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
653 17.7 -0.4 39.1 57 108.5 27.2 10 2

SouthernMojave
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.

Needles
IronMtn

Trona 

Barstow 

Twentynine Palms 

Parker Res 



TableEl. Climatic Summaryfor stationsin several desertregions. (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

EagleMtn
Hayfield

SouthwesternColorado

Imperial
Brawley
Thermal
Mecca
Indio
PalmSprings
BorregoSpr.

81
297
418

-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

Yuman Desert

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

Blythe 

El Centro —11 

Yuma 



AppendixE: Vegetationand Climateofthe Mojave Region

Table E2. ClassificationofDesertVegetation.

Complex

Subcomplex
Vegetation Type

Desert Scrub

Great Basin Scrub
SagebrushScrub

BlackbushScrub

HopsageScrub

Saline Alkali Scrub
Shadscale Scrub

Desert Holly Scrub

MOjaveSaltbush-AlIscaleScrub

Allscale-Alkali Scrub

lodinebush-Alkali Scrub

Mojave Colorado Desert Scrub
CreosoteBush Scrub

Cheesebush Scrub

SucculentScrub

Desert Conifer Woodland-Forest

Xeric Conifer Woodland
Utah Juniper-OneleafPinyonWoodland

CaliforniaJuniper-OneleafPinyonWoodland

CaliforniaJumper-FourleafPinyonWoodland

Desert Montane Forest
White Fir Forest

SubalpineWoodland

BristleconePineForest
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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-WillowRiparian Woodland

Cottonwood-Willow-MesquiteBottomland

Oasis Woodland
Palm Oasis

Desert and SemidesertGrassland
Desertand Semidesert ScrubSteppe

IndianRicegrassScrub Steppe

DesertNeedlegrassScrubSteppe

Big GalletaScrubSteppe

Galletta- Blue Grama ScrubSteppe

Desert Alkali Grassland
SaltgrassMeadow

Desert Saxicole Subscrub

Calciphyte Saxicole Subscrub
CalciphyteSaxicoleSubscrub

Non-Calciphyte Saxicole Subscrub

Non-CalciphyteSaxicole Subscrub

Desert Sand Dune
Desert Psammophyte

Desert Psammophyte
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Table E3. Somecharacteristicplantsof desertvegetation.

Great Basin Scrub Subcomplex

SagebrushScrub
Artemisiatridentata
Purshiaglandulosa
Chrysothamnus viscidiflorus
Cowaniamexicana
Tetradymiasp.
Gutierreziasarothrae
Sitanion hystrix

Blackbush Scrub
Coleogyneramosissima
Yuccabrevifolia
Grayia spinosa
Artemisiaspinescens
Ephedra nevadensis
Atriplexconfertifolia
Tetradymia spp.
Lycium spp.

HopsageScrub
Grayiaspinosa
Lycium andersonii
Haplopappuscoopen
Ambrosiadumosa

Artemisia nova
Chrysothamnus nauseosus
Coleogyneramosissima
Ceratoideslanata
Oryzopsishymenoides
Poasecunda
Ephedraviridis

Yuccabaccata
Thamnnosmamontana
Ceratoideslanata
Agave utahensis
Ephedraviridis
Atriplexcanescens
Eriogonum spp.
Haplopappusspp.

Lyciumpallidum
Lyciwnshockleyi
Larrea tridentata
Yuccabrev~folia

Saline - Alkali Scrub Subcomplex

ShadscaleScrub
Atriplexconfertifolia
Ceratoideslanata
Grayia spinosa
Gutierrezia spp.
Yuccabrev~fo1ia

Desert Holly Scrub
Atriplexhyinenelytra
Tidestromiaoblong~folia

Mojavesaltbush- AllscaleScrub
Atriplexspin~fera
Ceratoideslanata
Tetradymiaglabrata
Tetradymiastenolepis

Allscale-alkaliScrub
Atriplexpolycarpa
Atriplextorreyi
Atriplexcanescens
Suaedatorreyana
Allenrolfea occidentalis
Sarcobatusvermiculatus
Suaedaspp.

Atriplexcanescens
Artemisia spinescens
Menodoraspinescens
Coleogyneramosissima

Atriplexpolycarpa

Atriplexpolycarpa
Larrea tridentata
Yuccabrev~folia

Atriplexconfert~folia
Atriplexlentiformis
Kochiaspp.
Haplopappus acradenius
Prosopisspp.
Nitrophila occidentalis
Atriplexspp.
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Table E3. Somecharacteristicplantsof desert vegetation. (Continued.)

Saline - Alkali Scrub Subcomplex

Aliscale-alkaliScrub(Continued.)
Salicorniautahensis
Phragmitesaustralis
Plucheasericea

Sporobolus airoides
Juncus cooperi

Mojave- Colorado Desert Scrub Subeomplex

CreosoteBushScrub
Larreatridentata
Hymenocleasalsola
Enceliafannosa
Opuntiaspp.
Lyciumspp.
Hilaria rigida
Oryzopsishymenoides

Cheesebush Scrub
Hymenocleasalsola
Brickellia incana
Chrysothamnuspaniculatus
Ambrosiaeriocentra
Cassia armata
Chilopsislinearis

SucculentScrub
Agavespp.
Yuccaspp.
Ferocactusacanthodes
Mammilaria spp.
Fouquieria splendens
Ambrosiadumosa

Ambrosiadumosa
Atriplex spp.
Acamptopappus sphaerocephalus
Yuccaspp.
Daleaspp.
Stipaspeciosa

Enceliafarmosa
Brickellia oblong~folia
Baccharisspp.
Larreatridentata
Acacia greggii

Nolina spp.
Opuntiaspp.
Echinocereusspp
Coryphanthaspp.
Larrea tridentata
Enceliafarinosa

Xeric Conifer Woodland Subcomplex

Utah Juniper- OneleafPinyonWoodland
Juniperusosteosperma
Yuccabrev~foIia
Artemisianova
Coleogyne ramosissima
Ceanothusgreggii
Fallugiaparadoxa
Chrysothamnusviscidiflorus
Quercus turbmella
Purshiaglandulosa
Hilaria jamesii
Gutierreziaspp.

Pinus monophylla
Artemisia tridentata
Ephedraviridis
Eriogonumwrightii
Cercocarpusled~folius
Chrysothamnusteretifolius
Rhustrilobata
Cowaniamexicana
Ribesvelutinum
Stipaspp.
Thamnosmamontana
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Table E3. Somecharacteristicplantsof desert vegetation.(Continued.)

Xeric Conifer Woodland Subcomplex(Continued.)

CaliforniaJuniper- OneleafPinyonWoodland
Juniperus ca4fornica
Yuccabrev~folia
Quercusdunnii
Eriogonumspp.
Crossosomabibelovii
Purshiaglandulosa
Nolinaparryi
Opuntiabasillaris
Stipa speciosa

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

White Fir Forest
Abiesconcolor
Juniperusosteosperma
Ainelanchierutahensis
Holodiscusmicrophyllus
Philadelphus microphyllus
Quercusturbinella
Ribesvelutinum

SubalpineWoodland
Pinusfiexilis
Acerglabrumdifusum
Artemisiatridentata
Chamaebatiaria millefoliwn
Ribesmontigenum

Bristlecone PineF

.

Pinusiongaeva
Antennariarosea
Astragaluskentrophyta
Cymopteruscinerarius
Haplopappusacauiis
Phloxcovillei

Pinusmonophylla
Acerglabrwn d~fusum
Fraxinusanomala
Petrophytumcaespitosum
Quercus chrysolepis
Ribescerewn

Pinus longaeva
Juniperus occidentalis
Ribescerewn
Chrysothamnusviscid~florus
Symphoricarpusiong~florus

Pinusfiexilis
Arenarialdngii
Chrysothamnusviscid~florus
Erigeronpygmaeus
Muhienbergiarichardsonis

E28



AppendixE: VegetationandClimateoftheMojave Region

Table E3. Somecharacteristicplantsof desert vegetation. (Continued.)

Paloverde Microphyll Woodland Subcomplex

Camegieagigantea
Enceliafarinosa

Foothill Paloverde-SaguaroWoodland
Cercidiummicrophyllum
Larreatridentata
Opuntia bigelovii

Blue Paloverde-Ironwood-SmoketreeWoodland
Cercidiumfioridum Bebbiajwicea
Olneyatesota Prosopisspp.
Psorathamnus spinosa Hymenocleasalsola
Chilopsislinearis Ambrosiadwnosa
Castelaemoryi Larreatridentata
Acacia greggii Chrysothamnuspaniculatus
Hyptis emoryi Hoffinannseggiamicrophylla
Cassiaarmata Brickellia spp.

Mesquite Microphyll Woodland Subcomplex

MesquiteThicket
Prosopisglandulosa
Atriplexpolycarpa
Atriplextorreyi
Atriplexcanescens
Nitrophila occidentalis
Sarcobatusvermiculatus

Prosopispubescens
Atriplexconfertifolia
Atriplexlentiformis
Kochiaspp.
Suaeda torreyana
Salicomiautahensis

Streamside Woodland Subcomplex

Cottonwood- Willow - MesquiteBottomland
Populusfremontii
Salix spp.
Tamarixspp.

Cottonwood- Willow - StreamsideWoodland
Populusfremontii
Platanus racemosa
Washingtoniafil~fera
Plucheasericea
Baccharisspp.

Salix exigua
Prosopis glandulosa

Salix spp.
Prosopisspp.
Typhaspp.
Phragmitesaustralis

Desert Oasis WoodlandSubcomplex

PalmOasis
Washingtoniafil~fera
Sporobolus airoides

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

Desert-SemidesertScrub Steppe Subcomplex

IndianRicegrass Scrub Steppe
Oryzopsis hymenoides
Larreatridentata

Desert Needlegrass Scrub Steppe
Stipa speciosa
Yuccabrevifolia
Ephedranevadensis
Purshiaglandulosa
Tetradymiaspinosa
Eriogonumfasciculatumvar.po4folium

Big Galleta ScrubSteppe
Hilaria rigida
Muhienbergiaporteri
Oryzopsishymenoides
Juniperusspp.
Ambrosiadumosa
Hymenocleasalsola
Haplopappusspp.
Thamnosma montana
Yuccabaccata

Galleta-BlueGrama ScrubSteppe
Hilariajamesii
Sitanion hystrix
Juniperusosteosperma

Stipaspeciosa
Ambrosiadumosa

JuniperuscaI~fomica
Coleogyne ramosissima
Haplopappuslinearifolius
Lyciwnandersonii

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

Boutelouagracilis
Oryzopsishymenoides
Artemisiatridentata

Desert Alkali Grassland Subcomplex

SaltGrassMeadow
Distichlis spicata
Phragmitesaustralis
Anemopsiscal~fomica
Plucheasericea

Sporobolusairoides
Allenrolfeaoccidentalis
Juncus cooperi

Saxicole Subscrub Subcomplexes

CalciphvteSaxicole Subscrub
-dolomitic-

Arctomeconmerriami
Astragalusfunereus
Buddleiautahensis
Cowania mexicana
Dudleyasaxosa
Eriogonumintrafactum
Fendlerella utahensis
Forsellesianevadensis

Arenarialdngii
Astragaluspanamintensis
Cymopterusgilmani
Dedeckerautahensis
Eriogonwn gilmani
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
Perityle emoryi
Pleurocoronispluriseta
Arabisspp.
Dudleyaspp.
Notholaenaspp.
Pellaeaspp.

Holmgrenanthepetrophile
Mimulus rupicola
Phaceliainustelina
Penstemon stephensii
Scopulophilarixfordii
Cheilanthesfeei
Notholaenasinuata
Phaceliapuichella
Enceliopsis nudicaulis
Petalonyxpanyi
Psathyrotespil~fera
Camissoniamultzjuga

Haplopappuscuneatus
Brickellia desertorum
Heucherarubescens
Mimulus spp.
Cheilanthesspp.

Desert PsammophyteSubcomplex

DesertPsarnmophyte
Larreatridentata
Coldeniaplicata
Psorothamnusenwryi
Ephedratnfurca
Palafoxia arida
Atriplexcanescens
Petalonyx thurberi
Oryzopsishymenoides
Croton wigginsii
Haplopappus acradenius
Abroniavillosa

Hesperocallisundidata
Ammobroma sonorae
Hilaria rigida
Prosopis glandulosa
Atriplexpolycarpa
Helianthus niveus
Swalleniaalexandre
Oenotheraavita eurekensis
Astragalus lentiginosusmicans
Astragalusmagdalenaepeirsonii
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Table E4. Vegetation typeswithin the California desert together with a summaryof the ranges of climatological variable
associatedwith each(LL = Lower limit, UL = Upper Limit).

VegetationalCategory

I. DesertScrub Complex
A. Great BasinScrubSubcomplex

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 - Colorado DesertScrubSubcomplex

1. CreosotebushScrub

2. CheesebushScrub

3. SucculentScrub

II. XericConiferWoodland- Desert Montaine ForestComplex

A. Xeric Conifer WoodlandComplex

1. UtahJuniper- One-leaf

PinyonWoodland

2. California Juniper- One-leaf

Pinyon Woodland

3. California Juniper- 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 summary ofthe ranges ofclimatologicalvariable
associatedwith each(LL = Lower limit, UL = UpperLimit). (Continued.)

VegetationalCategory MeanAnnual
Precip(mm)
LL UL

II. Xeric ConiferWoodland- DesertMontaineForestComplex

(Continued.)

B. DesertMontaineForestSubcomplex

I. White Fir Forest Enclaves

Ill. DesertMicrophyll WoodlandComplex
A. PaloverdeMicrophyll Woodland Subcomplex

1. FoothilPaloverde- Saguaro

Woodland

2. BluePaloverde- Ironwood -

Smoketree Woodland
B. Mesquite MicrophyllWoodlandSubcomplex

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 withinthe Californiadeserttogetherwith asummary of the ranges ofclimatologicalvariable
associatedwith each(LL = Lower limit, UL = Upper Limit). (Continued.)

VegetationalCategory Mean Annual
Precip(mm)
LL UL

V. DesertandSemidesertGrasslandComplex

A. Desert- SemidesertScrub-Steppe Subcomplex

1. Indian RicegrassScrub-Steppe

2. Desert NeedlegrassScrub-Steppe

3. Big GalletaScrub-Steppe

4. Galleta- BlueGramaScrub-Steppe

B. DesertAlkali Grassland Subcomplex

1. SaltgrassMeadow

VI. DesertSavicoleSubscrubComplex
A. CalciphyteSaxicoleSubscrubSubcomplex

1. CalciphyleSaxicoleSubscrub1

B. Non-CalciphyteSaxicoleSubscrub

Subcomplex

I. Non-CalciphyteSaxicoleSubscrub’

VII. DesertPsammophyte(SandDune) Complex

A. DesertPsammophyteSubcomplex

1. Desert Psammophyte1

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 and Essex(Figure 7). TheChemehueviDWMA is
varied,both vegetationallyand topographically. It includeselements
of both ColoradoDesertandMojaveDesertfloras, andelevations
range from about 600to 4,700feet. A numberofbasinsandranges
are represented.The BLM manages67%of the landsin the
proposed DWMA;remalning landsare 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
remaining within thegeographicrangeis found in portionsof the
WardandChemehuevivalleys(Berry andNicholson 1984a,Berry
1990,as amended).Between1979and 1988,densitiesin the
ChemehueviValley increasedfrom 145to 224 tortoises persquare
mile, but had declinedby 1992,at leastamongadults and subadults
by 1992. The changeswere not statisticallysignificant. At the
northern WardValley plot, total numbersof tortoisescaptured
increasedsubstantiallybetween1980and 1991,anddensitiesof the
tortoisesin the larger sizeclassesincreasedmarkedlyfrom 107 to
190 tortoises persquaremile, but the changeswerenot statistically
significant. Regional densitiesareprobablydepressedfrom military
activitiesin the 1940s,livestockgrazing,and otherhuman uses
(Berry andNicholson 1984b). Densitiesalong major highways,
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AppendixF: SummaryDescriptionsofProposedDesertWild1~feManagementAreas

suchasInterstate 40 and Highways62 and95,arealsodepressed
(Berry and Turner1984,Karl 1989).

Threats:

In termsof current and planned human uses which may adversely
affect deserttortoises,theChemehueviDWMA is oneofthe least
threatened DWMAs. Major current human useswhichimpact desert
tortoisesincludecattle grazingon theLazyDaisyandChemehuevi
allotments;andfragmentationandmortality causedby highways,
roads,and the ColoradoRiverAqueduct. Wild burros are also
present in the DWMA and degrade desert tortoisehabitat. Harvest
of Mojaveyuccais aproblemin some areas.

As of 1991,no documented casesofURTD were known from the
ChemehueviDWMA, however,about25%of deserttortoisesare
symptomaticfor a shell disease, whichappearsdifferentfrom that
describedfortheChuckwallaDWMA (K.H. Berry, pers.comm.
1993).

Specific Management Actions:

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

(1) Remove livestock grazing.

(2) Maintain feral burroswithin herd management areas atzero
population levels, orasexperimental populations.Remove feral
burros outsideof herd managementareas.

(3) Construct deserttortoisebarriers andunderpassesalong
Interstate 40; Highways95 and62; the Atchison, Topeka, and Santa
Fe Railroad; andfrequentlyused roads.Evaluatethe needfor
barrierfencing along the Colorado River Aqueduct and around
communitiessuch as Essex andVidal, California.

(4) Establisha center,at ornearNeedles, where unwanted captive
deserttortoisescould bedeposited.Develop programs to make
unwanted desert tortoisesavailablefor researchandeducational
purposes.

(5) Monitor healthof deserttortoises,particularly URTD and shell
disease.
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RecommendedResearch:

The followingresearchtopic isespecially suited tothemanagement
needsandopportunitiespresentedin theChemehueviDWMA.

(1) The effectsof feral burros, utilitycorridors,andbarrier fencing
on desert tortoises.
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II. EASTERN COLORADO RECOVERY UNIT

1. Chuckwalla DWMA

Current densities:

5 to 175 desert tortoises per squaremile.

Location and Description:

TheproposedChuckwallaDWMA is locatedin Riversideand
ImperialCounties,California. Startingwith thenorthwest corner,
theproposedboundarywould extendalongthe northfacingslopes
of the OrocopiaMountains, thenruneastwardalong thesouthern
edgeofInterstate10 to Wiley Well Road,thensouthto near
Midway Well, andthennorthandwestalongtheeastern portionof
theChocolateMountains Aerial Gunnery Rangeto thesouthslopes
of theOrocopiaMountainsandtheSouthernPacific Railroad
(Figure7). TheDWMA containsseveralmountainrangesand
valleys,rangingin elevationfrom400to 4,500feet. Includedis the
ChuckwallaBench,abajada whichhasin therecentpastsupported
thehighestknown densitiesof deserttortoises. Plantcommunities
aretypical of theColoradoDesert(AppendixE). Landownershipis
acheckerboardofBLM, military, andprivatelands.

ThisDWMA is notlargeenoughto support50,000adultdesert
tortoises attargetdensity. Although the JoshuaTreeDWMA is
primarilyin thewesternMojaverecovery unit,its southeastcorneris
in theeasternColoradorecovery unit. Protectionofhabitatthere,as
well as intheChuckwallaDWMA, shouldbeimplementedto protect
sufficienthabitatfor recovery.

Desert Tortoise Densities and Trends:

TheChuckwallaBenchDWMA hastwo studyplots thatprovide
densityestimatesandtrenddata: ChuckwallaBenchand
ChuckwallaValley (Berry 1990,as amended, BerryandNicholson
1984a). In 1979-1982,estimateddensitieswere578tortoisesper
square mileon the Chuckwalla Bench;by 1990densitieshad
declinedto 160tortoisespersquaremile. On thesecondplot,
ChuckwallaValley, densitieswere163 tortoisesper squaremile in
1980andsubsequentlydeclinedto 73 tortoisespersquare milein
1992. The density figuresreflectthehigherdensity portionsof the
DWMA (BerryandNicholson1984a). Declinesareattributable to
vandalism,vehiclekills, raven predation, and a shell disease (Berry
1990, asamended, BLM et al.1989,Rosskopf1989, Jacobsonet
al. 1994).
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Threats:

Habitatin theChuckwafla DWMA hasbeen degradedordestroyed
due tomilitary activitiesin the 1940s,domesticsheep grazing,
agriculturaldevelopment,diversiondikesalongInterstate10,
bombingassociatedwith theChocolateMountainsAerial Gunnery
Range,unauthorizedORV activity, andmining (Berry 1984b,Berry
andNicholson1984b,Bernstein1989, HurstandHealy 1989,
Kataoka1989,Marquis1989). A proposedlandfill sitein the Eagle
Mountainsis ofconcernbecause refusewouldbe transportedvia the
old Southern Pacificrailroad,whichwouldcontributeto
fragmentationof deserttortoisehabitatin theChuckwallaBench
area.

Thepresenceof URTDhas not beenconfirmedin theproposed
ChuckwallaDWMA; however,asubstantialportionofdesert
tortoiseson theChuckwallaBenchexperiencedashelldiseasethat
wasassociated with high mortalityratesbetween1982and 1991
(Berry 1990,asamended,Jacobsonet al. 1994).

Specific Management Actions:

In additionto themanagementactionsrecommendedfor all DWMAs
(Section ll.D.2),thefollowing specificactionsshouldbe
implementedin theChuckwallaDWMA:

(1) Restricttraintraffic to 1991 levels orconstructbarrierfencing
anddeserttortoiseunderpassesalongtherailroadtracksto reduceor
eliminatemortality andpopulationfragmentation.

(2) Constructbarrierfencesandunderpassesfor desert tortoises
alongwell-usedroadsin theDWMA, including thesouthsideof
Interstate10.

(3) Determineactual andpotentialraven useofpalmtreesandother
roostandperchsitesat theChuckwallaPrison and the adjacentnew
prisonsite.Eliminate raven perchandnestsites.

(4) Work cooperativelywith theChocolateMountainsAerial
GunneryRangeto eliminateunauthorized bombingof public lands
andmitigatehabitatdamagewhich hasresultedfrom theseactivities.
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Recommended Research:

Thefollowing researchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedin the Chuckwalla
DWMA

(1) Theeffectsofdirt roadsandmining on deserttortoise
populationsandhabitat. Research habitatrestoration, particularlyof
old agricultural fieldsandareas adverselyaffectedby diversion
dikes.

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

1. Upper Virgin River DWMA

Current densities:

Small areasofthe DWMA containup to at least 250 adultdesert
tortoisespersquaremile; deserttortoisesin this DWMA occurin a
mosaicof high to low densities.

Location and Description:

The proposed UpperVirgin River DWMA in WashingtonCounty,
Utah, liesapproximatelynorthof St. GeorgeandHurricane,Utah,
westofHighway 18,eastof SnowCanyon,andsouthof YantFlat
andCedarBench(Figure8). Deserttortoisesof thisproposed
DWMA arenotable amongpopulations intheMojaveRegion
becausethey representthenorthern-mostpopulationofthespecies
anddensitiesarecurrentlyvery highin someareas.Deserttortoise
habitatin thisDWMA is characterizedby ruggedterrainofrocky
outcropsandhills interspersedwith sandyareas.Vegetationis
diverseandincludes creosotescrub,blackbushscrub,big galleta
scrub steppe,desertpsammophyte,andUtahjuniper- one-leaf
pinyon woodland(AppendixE). Landownershipis apatchworkof
BLM, State,andprivatelands.

Becausethis recommendedDWMA will notcontain1,000square
milesofcontiguousdesert tortoisehabitatintensive management,
evenafterrecovery,will be necessaryto ensureareasonable
probabilityof long-termpopulation persistence(Figure6D).

Desert Tortoise Densities and Trends:

On theCity Creekstudyplot (1-mile square),243 deserttortoises
weremarkedin 1988,of which 163 wereadultsorsubadults(Rick
Fridell, UtahDivision ofWildlife Resources,pers.comm.1993).
However,densitiesaremuch lowerandpatchy throughoutmostof
theproposedUpperVirgin RiverDWMA. Dataareinsufficient to
evaluate populationtrends;but,populationscoulddecreasein the
future astcitiesin WashingtonCountygrow andhumanuseof this
area increases.

Threats:

Quantitative,rather thanqualitative,lossof habitatis the primary
threatto thedeserttortoisepopulationin this proposedDWMA.
Although avariety ofhuman usesoccur,theconditionof thehabitat
is generallygood. ORVuseoccursin 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 the DWMAandnearby. Deserttortoisepopulationsarealso
affectedby humanactivitiesin andaroundSt. George,agrowing
communitywith apopulationof 35,600in 1993,up from28,500in
1990. Interstate15 andHighway 18 are the majortransportation
corridorsin thearea. No miningoccursin thisDWMA.

URTD is notcurrently knowntobeathreatto deserttortoisesin this
DWMA.

Specific Management Actions:

This is theonly DWMA proposedfor theUpper VirginRiver
recoveryuniL Becauseofthesmall sizeofthis proposed DWMA,
managementwill needto be intensiveandpromptly implementedif
this deserttortoisepopulationis to be givenareasonablechanceof
long-termpersistence. Acquisitionof privateinholdings (or
developmentofconservationeasementsin perpetuily)isimperative
for recovery, particularlyfor non-Federalandprivatelands north
and northeastof St. George,ParadiseandPadre canyons,andnorth
of Hurricane. In addition tothemanagement actions recommended
for all DWMAs (Section11.E.2.),thefollowing specificactions
shouldbeimplementedin theUpper VirginRiverDWMA:

(1) Remove livestockgrazing fromtheDWMA.

(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) Establisha visitor centeroutsidetheDWMA which would
educatethepublic about thedesert tortoiseandserveasadrop-off
sitefor unwanted captivetortoises. Developaprogramto make
theseanimalsavailablefor educationalandresearchpurposes.

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

The following researchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedin theUpperVirgin
RiverDWMA:

(1) Deserttortoisereproductionand growthrates.

(2) Deserttortoisenutritional ecologyandphysiology.

(3) Factorsgoverning desert tortoisedistributionin this DWMA.
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IV. EASTERN MOJAVE RECOVERY UNIT

1. Fenner DWMA

Current densities:

10 to 350deserttortoisespersquaremile.

Location and Description:

The proposed Fenner DWMA inSanBernardinoCounty,
California, wouldincludethenortheasternpartof theClipper
Valley, north-central partof theFennerValley, andthe southern
PiuteValley. The DWMA wouldbeboundedby theProvidence
Mountainson thewest,HackberryandPiuteMountainsandthe
Nevadaborder on thenorth, the Dead Mountainson the east, and
Interstate40 and the ClipperMountainson thesouth(Figure9).
This proposedDWMA is primarily in theeasternMojaverecovery
unit, but asdescribed here,thesoutheasternedgeis in thenorthern
Coloradorecoveryunit. Theareais heterogeneoustopographically
with elevationsfrom about1,600to 3,454feet.Several plant
communitiesarepresent, includingBig GalletaScrubSteppe,
SucculentScrub,arich CreosotebushScrub,Hop SageScruband
BlackbushScrub(AppendixE). This proposedDWMA includes
portionsof theEastMojaveNational ScenicArea. Landownership
is about67% public, 28%private,and5%State.

Desert Tortoise Densities and Trends:

The highestdensitiesof desert tortoisesoccurin only a fewpatches
of a few squaremileseach(Berryet al. 1994),with the Goffsstudy
plot supportingthehighestlevels. Inthe Goffsarea,densitieswest
of Lanfai~r Roadrangefrom 50to 100deserttortoisesper square
mile. To theeastof theLanfairRoad,densitiesprobablyaverage
about50 persquaremile. The deserttortoisepopulationon the
Goffsplot declinedfrom 440tortoisesper squaremile in 1980to
362 in 1990(Berry 1990, asamended).In less than2 yearsof
work on ahealthprofile study in this DWMA, 7 of20 desert
tortoiseseitherdiedorwere presumeddead(Berry 1991,Nagyet
al. 1990). Densitiesareprobablydepressedthroughoutthe
proposedDWMA asaresultofavariety ofhumanimpacts(Berry
1 984a).

Threats:

TheFenner,Clipper, andPiute valleys haveexperiencedharvestof
Mojaveyuccason SouthernPacific lands,with some unauthorized
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harveston BLM lands,andlong-termcattlegrazing. The valleysare
thesitesofmajortransportationandutility corridors,which
undoubtedlyhavecontributed to declinesofadjacentdeserttortoise
populations. Settlementsat Goffs, Essex, and theProvidence
MountainsStateParkaddto thecumulative impactload. As general
recreation pressuresincreasein theEastMojaveNational Scenic
Area, deserttortoisemortality rates fromcollecting, vandalism,and
roadkillsarelikely to increase.Ravenpopulationsappearto be
growing in thevalley and nearbyareas (Knowleset al. 1989a,
1 989b).

Fourill deserttortoiseswerefoundon theGoffs studyplot in 1990.
The poorconditionoftheseanimals was attributed tobelow
optimumwaterandnutrientuptake(JacobsonandGaskin 1990),
probably dueto drought.Mycoplasmasp.andPasteurellatestudinis
werefound in aGoffs’ deserttortoisein thesummerof 1991. Both
theseorganismsoftenappeartogetherin deserttortoises withURTD
(Jacobsonet al. 1991).

Specific Management Actions:

In additionto themanagement actionsrecommendedfor all DWMAs
(SectionII.E.2.), the followingspecificactions should be
implementedin theFennerDWMA:

(1) Removelivestockgrazing.

(2) Implementa program to control ravenpredationonjuvenile

deserttortoises.

(3) Constructandmaintaindeserttortoise-proof fencingand
underpassesalongtheAtchison,Topeka,andSanta Fe Railroad;
Interstate40; and well-used roads,suchas the GoffsRoad.

(4) Signthe DWMA boundaryneartheGoffs settlement.

(5) Establishadrop-offsite for unwanted captivedeserttortoises.
Developaprogramto maketheseanimalsavailablefor researchand
educational purposes.

(6) Implement emergencyactionto haltharvestofyuccasandother
vegetation.

(7) Closely monitorpredationby ravenson deserttortoise
populations.Whereappropriate,ensurethatexcessivepredationis
controlledand thatsufficient recruitmentofjuveniles into the
subadultandadultcohortsoccurs.
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RecommendedResearch:

Thefollowing researchtopicsareespecially suited tothe
managementneedsandopportunitiesofthe FennerDWMA.

(1) Healthprofiles, disease,andreproductionin deserttortoisesat
establishedsites(continue ongoingstudiesuntil complete).

(2) Population demography,movements,andfoodpreferencesand
availability.

(3) Theeffectsof smallsettlements,roaddensities, andrailroadson
adjacentdesert tortoisepopulationsandhabitat,andeffectivenessof
barriersandunderpasses.

(4) Methodsto protectdeserttortoisesfrom highdensityforms of
generalrecreation.

F12



AppendixF: SummaryDescriptionsofProposedDesertWildlifeManagementAreas

2. Ivanpah DWMA

Current densities:

5 to 250 deserttortoisesper squaremile.

Location and Description:

TheproposedIvanpahDWMAin SanBernardinoCounty,
California, is horseshoein shape and is composedof the Ivanpah,
Kelso,andShadowvalleysandinterconnectingcorridors(Figure
9). Althoughmostofthis proposedDWMA lies in the eastern
Mojaverecoveryunit, IvanpahValley is in thenortheasternMojave
recoveryunit. Elevationsrangefrom 2,500to 4,764feet and
topographyincludesbajadas,rolling hills, lavaflows, oneplaya
lake,andafew majordrainages. Vegetationisdiverseandincludes
sevendistinctcommunities(AppendixE). Thisproposed DWMA
includesportionsoftheEastMojaveNational ScenicArea. This
areais managedalmostentirelyby BLM.

Desert Tortoise Densities and Trends:

Thehighestknowndensitiesof deserttortoiseoccurredin southern
Ivanpah Valley,whereabout20 squaremiles supportdensitiesof
200to 250persquaremile. Throughout muchofthenorthern
Ivanpah, Kelso,andShadow valleys,densitieswere generallyless
than50 per squaremile. About half ofthesewereadultorsubadult
animals(Berry 1990,asamended,Berry 1991). On the Ivanpab
Valleyplot, densitiesdeclinedfrom368 tortoisespersquaremile in
1970 to 249 in 1990,but this trend wasnotstatisticallysignificant
(Berry 1990,asamended).Nine of 18 deserttortoisesmonitoredin
IvanpahValley from 1989to 1991 succumbedto drought-related
stress(Nagyetal. 1990,Berry 1992,Jacobson andGaskin 1990).
Inaddition,theproportionofjuveniledeserttortoises declinedfrom
the 1970’s to the 1990’sat theIvanpahValley plot,apparentlyasa
resultof highpredationrates byravens (Berryetal. 1986b,Berry
1990,asamended,1991,BLM et al. 1989).

Threats:

A variety ofhumanuseshave contributedto habitatlossand
degradation inthisDWMA. Military maneuversduringthemid
1960’simpactedareasin the southem IvanpahValley, while
motorcycleraces,includingthe Barstow to Vegas race, affected
habitatin theShadowValley andnorthernIvanpahValley. Cattle
grazingoccurson portionsof five allotmentsin thisDWMA, and
perennialgrassesareheavilygrazedin some areas. Othermajor
humanusesincluderecreation thatcontributesto habitat
degradation,mining,powerlinecorridors. Urban development at
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Stateline,Nevada;OHV usein northernIvanpahValley andaround
RoachLake;and landfills,garbagedumps,and sewage ponds
whichattractravensall contributeto deserttortoisemortalityand
habitatdestruction.

A fewdeserttortoisesin ahealth profileresearchprogramtested
positivefor URTD (Mycoplasma)during 1991 (Brownet al. 1993).
Some animalsalsohaveshell disease(Berry pers.comm.1993).
An adultdeserttortoise was foundparalyzedin ShadowValley in
1991. Possiblecausesoftheparalysisincludedpoisoningresulting
from ingestionoflocoweed(Astragalussp.)orsomeother toxin
(Klaasan1991,Bloodetal. 1989,Casteel etal. 1985,Fuller and
MeClintock1986).

Specific ManagementActions:

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

(1) Remove livestockgrazingfrom the CrescentPeak.Clark
Mountain, KesslerSprings,Valley Wells,andValley View
allotments.

(2) Constructandmaintaindeserttortoise-proofbarriersand
underpassesto protecttortoisesand habitatfrom Interstate15 and
well-usedroads,suchasNipton andIvanpahRoads.Also,
constructfencingto protectdeserttortoisesfrom recreational vehicle
useon the IvanpahDry Lakeandnear WhiskeyPete’scasino.

(3) Conduct intensivenew surveys(usingstrip transects)in
northernIvanpah,Shadow,andKelsovalleysandCimaDometo
gatherinformationon distributionanddensitiesofdeserttortoises.

(4) Implementaraven-controlprogramto reducepredation on
juveniletortoises.Monitor desert tortoisepopulationsto ensurethat
juvenilesarerecruitedinto subadultandadultcohortsin sufficient
numbersto promotepopulationrecovery.

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

(6) Promotereturnof perennialgrassesand increasesin cover
valuesofnative grassesanddecreaserspecies.

(7) Construct deserttortoisebarriersandunderpassesalong the
Union PacificRailroad.
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RecommendedResearch:

The followingresearchtopicsareespeciallysuited tothe
managementneedsandopportunities presented inthis DWMA:

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

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

(3) Genotypesofdeserttortoisesin areasofpotential linkages
betweenthisDWMA, andtheFennerandPiute-EIDorado DWMAs.

(4) Theeffectsofutillty towerson thedesert tortoiseandits habitat.
Towersand similarstructuresmay encouragean increasein avian
predators.
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3. Piute-Eldorado DWMA

Current densities:

40to 90 adult deserttortoisespersquare mile

Location and Description:

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

Desert Tortoise Densities andTrends:

ThePiuteValley representsthelargestareaofhighdensitydesert
tortoisehabitat knownin Nevada. Thepopulationis contiguous
with alargerhigh-densityareain Californiaand represents a zoneof
contactbetweentwo genetictypes(Brussard1992). Dataare
insufficientto assesspopulationtrends;however,densitiesare likely
decliningdueto human-relateddisturbanceswhichadverselyaffect
deserttortoises,suchasrecreation, mines, residentialdevelopment,
andlivestockgrazing(AppendixD, Nevada DepartmentofWildlife
1990).

Threats:

Deserttortoiseshavebeenadverselyaffectedby avarietyofhuman
usesin theproposedDWMA. ORV activity, includingorganized
races,is theprinciple recreationalactivity affectingdeserttortoises.
Transmissionlinesandassociated accessroadsrun southwest from
HooverDamthroughtheDWMA. Six cattlegrazingallotmentsare
alsopresent. Interstate15 andHighway95 passthroughthe
DWMA andact asformidablebarriers toeast-westmovement.
Roaddensityin thearea wasestimatedat0.9milespersectionin
1984,buthasprobablyincreasedsincethat time. Historicaswell as
currentminingis evidentin manyportionsof theproposedDWMA.
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A habitat managementplan for thisarea,preparedby theBLM in
cooperationwith theNationalParkService,NevadaDepartmentof
Wildlife, andtheNatureConservancy,is currentlyin draft form.
This planwill implement mitigationactionsrequiredin a 10(a)(l)(B)
incidental takepermitissuedto ClarkCountyandthecitiesofLas
Vegas,North Las Vegas,Henderson,andBoulderCity. The
habitat management planproposesmanagementplansandpolicies
for about 430,000acresin theEldorado,Cottonwood,andPiute
Valleys. It providesfor landusecontrolsincludingremovalof
livestockgrazing,restrictionof landfills andintensiverecreation,
eliminationof most competitiveoff-highwayvehicleevents,and
increasedlawenforcement(BLM 1983). To date fourof thesix
grazingallotmentshave been purchasedandarecurrentlybeingheld
in non-useby The NatureConservancy.

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

Specific Management Actions:

In additionto themanagementactionsrecommendedfor all DWMAs
(Section11.E.2.),thefollowing specificactions shouldbe
implemented intheproposedPiute-EldoradoDWMA:

(I) Maintain feral equidswithin herdmanagement areasat zero
populationlevels. Remove feralequidsoutsideherdmanagement
areas.

(2) Constructandmaintaindesert tortoisebarrierfencingto 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
unwanted captivedeserttortoises. Developaprogramto make
unwantedcaptivesavailablefor researchandeducationalpurposes.

(4) SignDWMA boundariesaroundSearchlight,Laughlinand
othersettlements.

(5) AcquireColoradoRiverCommissionlandsorsecure
conservation easementsfor surfaceandsubsurface management.
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RecommendedResearch:

The following researchtopicsareespecially suited tothe
managementneedsandopportunitiespresentedin thePiute-
Eldorado DWMA:

(1) TheeffectsofORV usein theEldorado Valleyon thedesert
tortoiseandits habitat

(2) Theimpactsof variouslinearfeatures,particularlyHighway95,
whichdividestheproposed DWMA.

(3) Movementsof deserttortoisesthroughnarrowpasses (i.e.,
between Eldorado ValleyandJeanLake) comparedwith movement
patterns inunstructured,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 deserttortoisesper squaremile.

Location and Description:

TheproposedBeaver DamSlopeDWMAin extreme southwestern
WashingtonCounty,Utah,andnorthwestern MohaveCounty,
Arizona,lies approximatelynorthofInterstate15 and Littlefield,
Arizona;westof thewesternslopeof theBeaver DamMountains;
southofMotoqua,Utah;andeastof theNevadaStateborder
(Figure9). This proposedDWMA would include criticalhabitat
designated for thedeserttortoise in1980(FishandWildlife Service
1980). Deserttortoisehabitatin thisDWMA is typically eastern
MojaveDesert Scrub, characterizedprimarily by CreosoteBush
Scrub. Joshuatrees(Yuccabrei4folia) arewell developedin this
vegetationtype,especially inthemorenortherlypartsof theBeaver
DamSlope. Topographyvariesfromthesteep, lowerslopesofthe
BeaverDamMountainsto gentlyslopingcreosotebushflats
intersectedby small to majorwashes,whichoften provide deep
caliche-cave hibernaculafor deserttortoises.Mostlandswithin this
proposedDWMA arein private ownershipormanagedby the BLM.
About22.4squaremilesof thisproposedDWMA weredesignated
critical habitatfor thedeserttortoise in 1980(FishandWildlife
Service1980).

The desert tortoisepopulationin thisDWMA is currentlylinked to
the Mormon Mesapopulation acrossabout15 milesof fair to poor
habitatnorthof theVirgin River. Becauseof its small target
population, theprobabilityof long-termpersistenceof desert
tortoiseson theBeaver DamSlopeDWMA wouldbeenhancedif
thiscorridorremainsviable.

Desert Tortoise Densities and Trends:

Monitoringofdeserttortoisenumbersin this DWMA beganwith the
Woodbury-Hardystudyplot in the 1930s(WoodburyandHardy
1948). Currently,deserttortoisenumbers aremonitoredat 2 plots;
one on theBeaverDamSlopeand one nearLittlefield. Sincethe late
1970’s,desert tortoisedensitieson theBeaverDamSlope plothave
declined;thesedeclineshave beendrasticin someareas(Fridell and
Coffeen1993). Densitieson theLittlefield plot haveremained
approximately constantatabout50 deserttortoisespersquare mile
(Duck and Snider1988),butmorecarcassesthan expectedhave
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beenfoundoverthelast severalyears,suggestingincreased

mortality.

Threats:

TheproposedBeaverDamSlopeDWMA isoneof themost
threatenedDWMAs. Cattlegrazingoccursovermostof thearea.
Non-native annualplantscomprisesignificant portionsof the
ephemeralcover,andperennialgrassesare reducedoreliminatedin
someareasdue,in part, to grazing.(AppendixD). Mining and
agricultural developmenthaveeliminateddesert tortoisehabitatin
BeaverDamWash. Accessthroughtheareais providedby
Highway91 andanetworkof ranch,mine,and gradeddirt roads.
ORV useis increasingin someareas.

Deserttortoiseswith signsof URTD have beenfound on theBeaver
Dam Slope inUtah andextremenorthern Arizona.A studyof
higher thanexpected mortalityon theBeaverDamSlopeconcluded
thatthinningofshellbone(osteopenia)hadoccurredin 16%of
morethan200deserttortoise carcassesexaminedandthatthe
osteopeniamaybe relatedto poornutrition (JarchowandMay
1989).

Spec~fic ManagementActions:

Currentdensitiesin thisDWMA areat theminimum necessaryto
avoiddemographicandstochastic effectsthatacceleratepopulation
declines(Sectionll.A.2). Immediateimplementationof proposed
managementactionswill benecessary toavoidextirpationofthis
population. In addition tothemanagementactions recommendedfor
all DWMAs (Sectionll.E.2.), thefollowing specificmanagement
actionsshouldbeimplementedin theBeaverDam SlopeDWMA:

(1) Remove livestockgrazingor, if desired, establish terms for
experimental livestockgrazingin EMZs.

(2) Initiate asemi-wildbreeding program(AppendixB) to rebuild
andrestorethepopulationofdeserttortoisesin this DWMA.

(3) SignDWMA boundariesadjacentto communitiesand
settlements toreduce conflicting landuses.

(4) Constructdesert tortoisebarrierfencingalongInterstate15 and
Highway 91 to protectdeserttortoisesfrom vehicle kills,collection,
andvandalism.

(5) ConstructunderpassesalongHighway91 to allow movementof
deserttortoises andexchangeofgeneticmaterialwithin this DWMA.
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Recommended Research:

The followingresearchtopicsareespeciallysuitedto the
managementneedsandopportunitiespresentedin thisDWMA:

(1) The impactsofORV useon thedesert tortoiseandits 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 theDesert National WildlifeRefuge
(DNWR). This DWMA wouldbeboundedapproximatelyby the
Nye County lineon the west, theDNWR boundary onthe northand
south,andHighway 93 on theeast(Figure 9). The flats andlower
slopeswithin thisDWMA arecharacterizedby well-drainedalluvial
sandsandgravelsdominatedfloristicallyby creosoteandbursage.
MojaveyuccaandJoshuatreesare commonathigherelevations,
andashadscalescrubcommunityis presentwestof theSheep
Range (Schneideretal. 1982).

Desert Tortoise Densities and Trends:

1986 transectdataestimatedadultdesert tortoisedensitiesat36 to 62
persquaremile in theCoyoteSpring ValleyandHiddenValley
(NevadaDepartmentofWildlife 1990,BLM, Las VegasDistrict,
LasVegasfiles). In 1982,transectswereconducted ontheDNWR
eastofAlamoRoad,including areas aroundDesertDry Lakewhich
revealedlowto moderatedensities(0 to 90 deserttortoisesper
squaremile). Theareaeastof AlamoRoad remainsunsurveyed,but
deserttortoisestherearethoughttobepatchily distributedin low
densities.Dataareinsufficientto evaluatetrends.

Threats:

Dueto resource managementby DNWR,humanimpactshaveleft a
minimal imprint throughoutmuchof this DWMA. NearHighway
93, habitathasbeendegradedby ORV use,dumping,utility
construction,sandandgravel mining,andotherimpacts. Large
herdsofferal horsesare currently present,andtherecentdrought
hascausedheavyuseoftherangeby theseanimals. Grazingby
livestockis absentorminimal asall allotmentsarecurrentlyinactive.
Military activitieson theNellis BombingRangehaveresulted in
somelocalized habitatdestruction.

Severalcasesofdeserttortoises with URTDhave beenreportedin
this area(NevadaDepartmentofWildlife 1990,RIECON 1991).
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Specific Management Actions:

In additionto themanagement actionsrecommendedfor all DWMAs
(Sectionll.E.2.), thefollowing actionsshouldbe implementedin
theCoyoteSpringDWMA:

(1) Maintainferalequidwithin herdmanagementareasatzero
populations.Remove feral equidsoutsideherd managementareas.

(2) Removelivestockgrazingof, if desired, establishtermsfor
experimentalcattlegrazingin EMZs.

(3) Constructandmaintaindesert tortoisebarrierfencingto protect
deserttortoisesandhabitatalongHighways93 and95. Install
desert tortoiseunderpassesalongHighway93 to allow for
movementsandgeneflow betweentheCoyoteSpringsDWMA and
theMormonMesaDWMA.

(4) Establishavisitor center which wouldincludeadrop-offsite for
unwantedcaptivedeserttortoises.Developaprogramto makethese
animalsavailablefor educationalandresearchpurposes.

(5) Modify existingmanagementplansandpoliciesatDNWR to be
consistentwith this RecoveryPlan.

Recommended Research:

The following researchtopicsareespeciallysuited tothe
managementneedsandopportunitiespresentedin theCoyoteSpring
DWMA

(1) Theeffectsofbombingactivitieson thedesert tortoiseandits
habitat.This research shouldincludeacomparisonofsurvivorship
of deserttortoises bothinsideandoutsidebombingranges.
Withdraw areas frombombingin which research showsadverse
effectson deserttortoisesortheirhabitat.

(2) The impactsof all roadtypes(e.g.,highways,roads,tracks,
ways,etc.)on thedesert tortoiseandits habitat, particularlyin the
IndianSpringsValley andThree LakesValley areaofNellis Air
ForceBase.

(3) Movementpatternsofdeserttortoisesthroughmanaged
corridors(i.e., underpasses)andalongfences(i.e., railroadsand
highways). This research shouldexaminedesert tortoisebehavior,
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 the northby theVirgin River, on theeastby theVirgin
Mountainsand GrandWash,on thewestby theVirgin Riverand
Gold Butte,andon thesouthby LakeMead(Figure9). A habitat
corridorto promotegeneticexchangebetweenthisGoldButte-
Pakoonareaandtheproposed MormonMesa DWMAis 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 transectdataand attheGold
Butte studyplot (RECON 1991,SWCA 1990). Mostof the
DWMA hasdensitiesof about20 adultdeserttortoisespersquare
mile. Dataareinsufficient toderivetrends.

Threats:

TheentireGold Butte-PakoonDWMA hasbeengrazedby livestock
overthepastcentury. Nativeperennialgrasses havebeenreduced
oreliminatedin someareas,andnon-native annual weedssuchas
filaree and redbromearecommon.Fires,carried bystandsof
introducedannuals,havecontributed tothelossof perennial grasses
and shrubsin someareas. Historicandcurrentminingactivity is
evidentin partsoftheDWMA, butthemostintensivemining has
historically occurredin lessimportant deserttortoisehabitatareas,
suchasGoldButte. The ruggednessoftheterrain andrelatively
few roads,especially intheGold Butte andPakoonBasin areas,
tendto limit humanimpacts todeserttortoisehabitat. Recently,
however, there havebeennoticeable increasesin ORV vehicle
activity, especiallybothnorthandsouthoftheVirgin Riverin
ArizonaandNevada.

Onedeserttortoisewith signsofURTD was found in1991 in the
PakoonBasin,Arizona(T.A. Duck, pers.comm.). URTD has not
beenreportedin theGold Butte area in Nevada.
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Specific Management Actions:

In additionto themanagementactions recommendedfor all DWMAs
(Sectionil.E.2.), thefollowing specificactionsshouldbe
implementedin theGold Butte-PakoonDWMA:

(1) Removelivestockgrazingor, if desired, establish terms for
experimentalcattle grazingin EMZs.

(2) Constructdesert tortoisebarrierfencingalongInterstate15 and
Highway 91 toprotectdeserttortoisesfrom vehiclekills, collection,
andvandalism.

(3) SignDWMA boundariesadjacentto communitiesand
settlements(e.g.Littlefield, Arizona,Mesquite,Nevada,etc.)and
other areaswith conflicting landuses.

RecommendedResearch:

The followingresearchtopicsareespeciallysuitedto the
managementneedsandopportunitiesofthisDWMA:
(1) The directandindirect impacts(including, soilsandvegetation)
ofgrazingto thedeserttortoiseandits habitat.

(2) Theimpactsof ORV useon thedeserttortoiseandits habitat.

(3) Restorationofdesert tortoisehabitatconvertedto annual
grasslands.
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4. Mormon Mesa DWMA

Current density:

41 to 87 subadultandadultdeserttortoises attheMormonMesastudyplot.

Location and Description:

The MormonMesa DWMAin ClarkandLincoln Counties,Nevada,
wouldlie eastofHighway 93; southofthenorthernendof the
MormonMountains;westof theeastMormon Mountains,Flat Top
Mesa,andtheVirgin River; northof theMoapa Valley;and
northeastofHiddenValley (Figure9). Thevegetationis
predominantlycreosotebushscrub. Mohaveyucca,Joshuatree,
andjuniperincreasein dominance withelevation(AppendixE).
Major landownersincludetheBLM, UnionPacific Railroad,and
otherprivate parties.

Desert Tortoise Densities and Trends:

Estimated1989desert tortoisedensitiesfrom the BLM permanent
studyplot atMormonMesawere41-87subadultsandadultsper
squaremile. Deserttortoisedensitiesarepatchywith thebesthabitat
occurringin thenorthernportionsof theDWMA. Dataare
insufficient to assesspopulationtrends.

Threats:

A varietyof human,or human-associated,usesandimpacts affect
deserttortoisesin theMormonMesa DWMA(NevadaDepartment
of Wildlife 1990). A networkofroadsaveragingabout1.3 linear
milespersectioncrisscrossestheDWMA, including Interstate15
which separatesSouthMormon MesafromNorth MormonMesa.
ORY use occursin someBLM-designated“open” areas,aswell.
Domesticsheepgrazingoccurson theeasternhalfofMormonMesa
andcattlegrazingoccurson thewestern sideoftheDWMA. Parts
of 17 grazingallotmentsarecontainedwithin theMormonMesa
DWMA. Mining andutility corridorshavealsoadversely affected
deserttortoisesin this area.

Two casesof URTD werereportedin 1989 in this proposed
DWMA. Severalanimalswith symptomsofnutritional deficiency
werealsonoted atthesametime (NevadaDepartmentofWildlife
1990).
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Specific ManagementActions:

In additionto themanagement actionsrecommendedfor all DWMAs
(Sectionll.E.2.), thefollowing specificactionsshouldbe
implementedin theMormonMesaDWMA.

(1) Removelivestockgrazing or, if desired,establish terms for
experimentalcattlegrazing in EMZs.

(2) Maintainferal equidswithin herdmanagementareasat zero
populationlevels. Remove feralequids outsideherd management
areas.

(3) Constructdeserttortoisebarrierfencingandunderpassesalong
Highway93 and Interstate15 to allow movementof deserttortoises
between theMormonMesa DWMAandCoyote SpringDWMA, and
to connect thenorthernandsouthernpartsofthe MormonMesa
DWMA.

(4) Construct deserttortoisebarrierfencingandunderpassesalong

theUnion PacificRailroad.

Recommended Research:

Thefollowing researchtopicsareespeciallysuited to the
managementneedsandopportunitiespresentedin theMormon Mesa
DWMA:

(1) Movement patternsof deserttortoisesthroughnaturalcorridors
to determinewhatconstitutesacorridororboundary edge(see
BeaverDamSlopeDWMA description).Researchshould include
themovementpatternsofdeserttortoisesthrough managedcorridors
(i.e., underpasses)and along fences(i.e., railroadsandhighways),
andexaminedeserttortoisebehavior,establishment,gene flow,
reproduction,etc.

(2) Theimpactsof all road types (highways,roads,tracks, ways,
trails, etc.)on the deserttortoiseandits habitat.

(3) Distribution andabundanceof deserttortoises throughout the
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 Kernand SanBernardino
Counties,California, includestheDesert TortoiseNatural Areaon
its northwesternboundaryaswell asotherlandssouthandeastof
KoehnLaketo theRandsburgWashtest rangeoftheChinaLake
NavalAir Weapons Stationin thenortheast,almostto Helendalein
thesoutheast,andto EdwardsAir ForceBasein thesouthwest
(Figure 10). Six plantcommunitiesarerepresented(Appendix E);
andtheterrainischaracterizedby rolling hills andmountainsup to
5,270feet andvalleysaslow as 1,900feet. Landownershipis a
mix of private,BLM, military, andStatelands.

Desert Tortoise Densitiesand Trends:

Data onpopulationdensitiesandtrendsareavailablefrom five plots:
two at theDesertTortoiseNaturalArea,aswell as inFrernont
Valley, near FremontPeakandat Kramer Hills (Berry 1990,as
amended).Forexample,in 1979 densitiesat theDesertTortoise
Natural Arearangedfrom 339to 387 tortoisespersquaremile; in
1981,the FremontValley plot had278 tortoisesper squaremile,
andFremontPeakhad99 tortoisesper squaremile. By theearly
1990’s,densitieshaddeclinedprecipitously,e.g.88%at theDesert
TortoiseNaturalArea, dueto anumberof humanimpacts,URTD,
andravenpredation.

*

The WesternMojaverecoveryunit is thelargestandmostheterogenousof therecoveryunits in termsof
climate,vegetationaiid topography. It includesthreemajorvegetationtypes—theWestern Mojave, Central
Mojave, andSouthernMojave—eachof which has significant and distinctive elements (Tables 4 and5).
FourDWMAs within the WesternMojave recoveryunit represent this diversity. TheFremont-Kramer
DWMA representsthe Western Mojave region; the Superior-Cronese DWMA represents the CentralMojave
region, and theOrd-RodmanDWMA representsthe SouthernMojave region. The Joshua Tree DWMA, the
fourth within this recoveryunit, contains SouthernMojaveand EasternColoradoelements.Thetortoises
have responded to this habitat heterogeneity with different food habits andbehaviorineachof theseareas.
Thus,threeDWMAs are essentialin this recoveryunit to preserve theheterogeneity.Secure,largereserves
areespeciallycriticalbecauseof the severe population declines and heavyhumanuse in theseareas.
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Threats:

TheFremont-KramerDWMA is oneof the most threatened
DWMAs. Collecting, vandalism,roadkills, disease,raven
predation,ORV activity, andotherhuman-relatedimpactshave
contributedto significant population declines.Sincethemid-
1980’s,numbersof adult deserttortoiseshavedropped90%over
largeareas. The areahasbeengrazedby cattleanddomesticsheep,
explored forhard-rockandleasable minerals,andhasexperienced
humansettlementssincethe 1860’s. Since the1960’s,ORV
recreationistshavetraveledcross-country overmuchoftheregion.
Major transportationroutesexist,includingpavedHighways58 and
395,theGarlockRoad,andRed-RockRandsburg Road.The
Fremont-KramerDWMA haslittle, if any, habitatin pristineor
climax condition(BerryandNicholson1984b,ChambersGroup
Inc. 1990a andb). The DesertTortoiseNaturalArea,whichis
fenced andintensivelymanagedfor deserttortoises,hassomeofthe
leastdisturbedhabitatin theregion.

URTD wasfirst detectedon theFremont Valleyplot in 1979andis
nowpresentthroughouttheDWMA (AveryandBerry 1990,Berry
1990,asamended,Berry andSlone1989). Recenthigh mortality
ratesaredue in part tothis disease(Berry 1990,asamended).

Specific ManagementActions:

Currentdensitiesin thisproposedDWMA are at theminimum
necessaryto avoiddemographicandstochasticeffectsthataccelerate
populationdeclines(SectionLI.A.2.). Immediateimplementationof
proposedmanagementactionswill be necessary toavoidextirpation
of this population. In additionto themanagement actions
recommendedfor all DWMAs (Sectionll.E.2.), thefollowing
specificactionsshouldbe implementedin theFremont-Kramer
DWMA.

(1) Removelivestockgrazingor, if desired, establish terms for
experimentalcattlegrazingin EMZs.

(2) Implementemergency measuresto control unleashed dogsand
dogpacks.

(3) Initiate asemi-wildbreeding programto rebuildandrestorethe
population. TheDesert Tortoise ResearchNatural Areais an ideal
placeto beginsuchaprogram.

(4) Constructavisitor educationcenterat the DesertTortoise
Natural Areawhich would includefacilitiesfor researchaswell asa
drop-offsitefor unwantedcaptivedeserttortoises. Develop
programsto promoteuseofunwantedcaptivesfor researchand
educationalpurposes.
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(5) Constructdesert tortoisebarrierfencingand underpassesalong
Highway395; partsofHighway 58; theRandsburg-MojaveRoad;
theRedRock-RandsburgRoad;theRedRock-GarlockRoad;and
theAtchison,Topeka,andSantaFe Ralkoadnorthandadjacentto
Highway58 to protectdeserttortoisesfrom vehiclekills, collection,
andvandalism;andto promote movementofdeserttortoiseswithin
this DWMA.

(6) Signor fenceDWMA boundariesadjacentto communitiesand
settlements suchasKramerJunction,CaliforniaCity, Cantil,
Galileo Hill, Randsburg, Johannesburg, Atolia, and Helendale.

(7) Reducepopulationsofthe common raven in theFremont-
KramerDWMA to reducepredationon small deserttortoisesto a
pointwhererecruitmentofyounginto theadult cohortcanoccurat
asrapidarateaspossible.

Recommended Research:

Thefollowing researchtopicsareespecially suitedto the
managementneedsandopportunitiesoftheFremont-Kramer
DWMk

(1) Deserttortoisediseases,including URTD; toxicosis;shell
lesions;generalhealth;nutritional status;foodpreferencesand
requirements;waterbalanceandenergyflow; predationby feral
dogsandother mammalianpredators;ravenpredation;habitat
restoration;the effectivenessof deserttortoise-prooffencingand
culvertsin eliminatingroadkills; interactionsof deserttortoiseswith
urbanbarrierfencing;protectivebarriersbetweenurban
developmentandopendesert;andeffectsof mining, domesticsheep
andcattlegrazing, noise/vibrations,andcumulativeimpactson
mortalityandsurvivorship(ongoingresearchshouldbecontinued).

(2) Translocation.Deserttortoisesfrom adjacentlands,suchasthe
El MirageOpen Area,shouldbeexperimentallytranslocatedinto this
DWMA to increase thedensityofdeserttortoisesandsalvage
breedingstock.
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2. Ord-Rodman DWMA

Current densities:

5 to 150 desert tortoises persquaremile.

Location and Description:

Theproposed Ord-RodmanDWMA southeastofBarstowin San
BernardinoCounty,California,would lie approximatelysouthof
Interstate40, eastofHighway 247,westof ArgusMountain, and
northof thecentralportionof theFry Mountains(Figure 10).
Elevations rangefrom about2,500feetin Stoddard Valleyto over
6,000feetin theOrd Mountains.Severalplantcommunities are
present: CreosotebushScrub, IndianRiceGrassScrub-Steppe,
BlackbushScrub,andCheesebushScrub(westMojavetype)
(AppendixE). Landownershipis acheckerboardcomprisedof
about65% publicand35%private lands.

Desert Tortoise Densities and Trends:

Data onpopulationdensitiesandtrendsareavailablefrom three
studyplotsin theDWMA: StoddardValley,Lucerne Valley,and
JohnsonValley (Berry 1990,asamended).In 1991,the densitiesat
theStoddard Valleyplot were125tortoisespersquaremile (Berry
1990,asamended).In 1990, density attheLucerneValley was
estimatedat 82, adeclineof 53%from 1980. At JohnsonValley,
the 1990densityestimatewas18 tortoisespersquaremile, a decline
of 84%from 1980. Densitiesovermostof the DWMA aregenerally
much lowerthanat theseplots. Densitieswereprobably
considerablyhigher betweenthe 1930’s and 1950’s(Berry 1984a).
Declines appearto bedueto human-relatedactivities,URTD,and
ravenpredation(Berry 1984b,Berry 1992).

Threats:

Collecting, vandalism, roadkills, disease,ORV activities,livestock
grazing,mining, excessiveravenpredationandother human-related
impactshavecontributed tosignificant populationdeclines.The
Ord-RodmanDWMA hasalong historyof domesticgrazingby
cattle anddomesticsheep.Vegetationhaslargelybeenalteredby
grazing,but pocketsofsubstantiallyunalteredvegetationremain in
northern LucerneValley, andperhapselsewhere.Major
transportationroutesfor recreationistsoccur alongpowerline
corridorsandCamp Rock,Troy, andFt. CadyRoads.

Deserttortoiseswith signsofURTD haveconsistentlybeen
observedin easternStoddardValley andLucerneValley since1988
(Berry andSlone1989). Thisdiseaseis now thoughtto be present
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throughout the DWMA andcontributingto theobservedhigh levels

of mortality(Berry 1990, asamended).

Specific Management Actions:

In additionto themanagementactionsrecommendedfor all
DWMAs (Sectionll.E.2.), thefollowing specificactions should be
implementedin theOrd-Rodman DWMA.

(1) Removelivestockgrazingor, if desired,establishtermsand

conditionsfor experimentalcattlegrazingin EMZs.

(2) Implementemergencymeasures tocontroloff-leash dogs.

(3) Constructandmaintaindeserttortoisebarrierfencingand
underpassesto protectdeserttortoises andtheir habitatfrom traffic
on well-used highwaysandroadssuchasHighway247.

(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) Reduce populationsofthecommonravento lessenpredation on
juveniledeserttortoisesandensurerecruitmentofjuvenilesinto the
subadultand adultpopulations,thusallowingarapidrecoveryofthe
deserttortoise.

(8) DesignatetheOrd-RodmanDWMA asan EcologicalReserve
and ResearchNaturalArea.

RecommendedResearch:

The following research topics areespeciallysuitedto the
managementneedsandopportunitiesoftheOrd-RodmanDWMA:

(1) Translocationof deserttortoisesfrom adjacentlands,suchas
the JohnsonandStoddardValley OpenAreas,into theDWMA to
augmentlow densitiesof deserttortoisesandto salvagebreeding
stock.
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(2) Disease epidemiology; the effects of ravens and other predators 
on desert tortoise populations; and the effects of hunting of upland 
birds, big game, and fur bearers on desert tortoises and their habitat. 
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(2) Disease epidemiology; the effects of ravens and other predators 
on desert tortoise populations; and the effects ofhunting of upland 
birds, big game, and fur bearers on desert tortoises and their habitat. 
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3. Superior-Cronese DWMA

Current densities:

20 to 250desert tortoisespersquaremile.

Location and Description:

The proposed Superior-Cronese DWMAin SanBernardinoCounty,
California, wouldbeborderedon thewestby the Fremont-Kramer
DWMA andCuddebackDry Lake,on thenorthby thenorthernend
of Superior ValleyandNASA Roadon theNationalTraining
Center, ontheeastby WestCroneseDry Lake,on thesoutheastby
Interstate15, andon thesouthandsouthwestby Rainbow Basin
NationalNatural Landmarkandthesouthernendof theGravelHills
(Figure 10). ThisDWMA is diversetopographicallyand
vegetationally.It includesnumerousdry lakesandspringsandparts
of several mountainranges.Landownershipis about63%BLM,
22%private,and15%Departmentof Defense.

Desert Tortoise Densities and Trends:

PartoftheSuperior-CroneseDWMA hasbeensurveyed fordesert
tortoises with triangular transects(Berryand Nicholson1984a;
ChambersGroup 1990; Kiva Biological Consultingand
McClenahanand HopkinsAssociates1991;WoodmanandGoodlett
1990;Woodmanet al. 1984).These data indicatepatchy
concentrationsofdeserttortoises throughoutthe DWMA. D.
MoraikaandM. Joyner-Griffith(California StateUniversity,
Northridge, pers.comm.)found awiderangeof youngerage-size
classes representedthroughouttheeastern portionoftheDWMA,
indicatinga high probabilityof successfulreproductionandpossible
recruitmentthere. Densitiesarethoughtto be depressedasaresult
of anumberofhumanimpactsanddisease.

Threats:

The Superior-CroneseDWMA is oneof themorethreatened
DWMAs. Currentactivitiesinclude livestockgrazing(mostly cattle,
but some sheep), smalllocalmining operations,power andother
utility lines,civilian andmilitary ORV activity, aerial ordnance
testingon the northern periphery,constructionand operationof
spacecommunicationsandexperimentalstations,small-scale
horticultureandagriculturein thevicinity of CoyoteLake,and
hunting. The KernRivernaturalgaspipeline wasconstructed
throughthe DWMA in 1991. Oneherdmanagementareafor feral
equids occursin thisarea(BLM 1980a).
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An adult deserttortoise symptomaticforURTD was discovered near
Barstowon theFt. Irwin Road inspring 1991;however, the
proposedSuperior-CroneseDWMA containsat leastsome areas
wheredeserttortoisesareapparentlyfreeof URTD, shell disease,
andotherdiseases.The observedhealthofdeserttortoiseswithin
theDWMA appearedto beexcellentasof spring 1992.

Specific ManagementActions:

In additionto themanagement actionsrecommended forall
DWMAs (Section ll.E.2.), the following specific actions should be
implementedin theSuperior-CroneseDWMA.

(1) Removelivestockgrazing or,if desired, establish terms and
conditionsforexperimentalgrazing inEMZs.

(2) Establishadrop-offsite forunwanted captivedeserttortoises at
BLM’s Barstow WayStation(seeOrd-RodmanDWMA summary).
Develop programsto make unwantedcaptivesavailablefor research
andeducationalpurposes.

(3) Constructbarrierfencingalong Interstate15, Ft. Irwin Road,
Manix Trail, SuperiorLakeRoad,and the northern borderofthe
DWMA to protectdeserttortoisesfrom vehicles,collection,and
habitatdegradation.

(4) SignDWMA boundariesadjacentto communitiesand
settlements includingBarstow,smallsettlementsnorthofBarstow,
andotherareaswith conflicting uses.

(5) Constructhighwayunderpassesalong theFt. Irwin Roadto
allow deserttortoisemovementandto facilitate geneticexchange
throughout thisDWMA.

(6) Reduce ravenpopulationsin the DWMA to lessenmortality of
small deserttortoisesto a pointwhererecruitmentinto theadult
cohortcan occur atasrapidarateaspossible.

(7) Initiate cleanupof surfacetoxic chemicals andunexploded
ordnance.

(8) Fencetheperipheryofthe DWMAasneededto enforce
regulationsandprotectdeserttortoisesfrom hurnanimpacts. Along
theboundarywith theFremont-KramerDWMA, a doublerow of
deserttortoisebarrier fencing maybe necessaryto prevent the
spreadof URTD intothe Superior-CroneseDWMA.
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Recommended Research:

Thefollowing researchtopicsareespecially suited tothe
managementneedsandopportunitiespresentedbytheSuperior-
CroneseDWMA:

(1) The effectsof domesticsheep grazing,wave/radiantenergy,
visitor use, militarytraffic, ORVs,and highwaysonthedesert
tortoiseandits habitat.

(2) EpidemiologyofURTD andotherdiseases;physiological
ecological,nutritional,andbehavioralrequirementsof hatchlingand
juveniledeserttortoises;nutritional qualitiesof preferredfood
plants; habitatrestoration;andcharacteristicsof undisturbeddesert
tortoisehabitat. Continueusingthelatestmedicaltechniquesto
assessthehealthof deserttortoises. Conductepidemiological
surveysto determine thedistributionand frequencyof desert
tortoises with URTD and otherdiseases.These surveys are critical
to determineif fencing isnecessarywithin the DWMA orbetween
theFremont-KramerDWMA andtheSuperior-Cronese DWMA.
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4. Joshua Tree DWMA

Current densities:

Up to 200deserttortoises persquaremile.

Location and Description:

Theproposed JoshuaTreeDWMA in RiversideandSanBernardino
Counties,California, includes JoshuaTreeNationalMonument
(Monument)andadjaceni:landsin the PintoMountains,Eagle
Mountains,andelsewhereon theperimeteroftheMonument
(Figure 10). It includes elementsof boththe ColoradoandMojave
deserts,andit occurspartly in theeastern Coloradorecoveryunit
andprimarily in the westernMojaverecoveryunit. Elevationsrange
from below 1,500feetin Pinto Basinto 5,814feetat Quail
Mountain. MostoftheproposedDWMA is managedby the
NationalParkService.

Desert Tortoise Dens ~tiesandTrends:

Density dataareavailablefrom two studyplots in theMonument:
thePanoramaandPinto Basinplots. In 1991,densitieswere
estimatedat 200 and226deserttortoisespersquare mileat thePinto
Basin andPanoramaplots, respectively (Freilich and Moon1991).
Triangulartransectshavealsobeenconductedin theMonument.
Thesedatashowthatdisiributionanddensitiesofdeserttortoisesin
the Monument arepatchy,anddensitiesaretypically much lower
thanat thetwo study plois. Deserttortoisesarefrequently reported
frombetweenSmokeTreeWashandCottonwoodPassnearthe
southernendoftheMonument,andrelativelyhighdensitiesare
thoughtto occurnearthe Coxcomb Mountains (Karl1988,Dr. Jerry
Freilich, Monument,pers.comm., 1992). Recent surveysin the
Monumentindicatefew lortoisesoccurnearthemainroadwhich
dissects theMonument(J. Freilich, pers. comm.,1992).

Becauseofdiffering tecbniques usedto calculate densitiesat
differenttimes,existingdataarenot appropriateto derivetrends.
Basedon alargenumberof remains,Barrow(1979)believed
densitieswere decliningat thePintoBasinplot; howeverhigher
densitieswereregistered(usingdifferent techniques)in 1991
(FreilichandMoon 199)).

Threats:

Becauseofprotective managementby the NationalParkService,
this DWMA is oneofthe leastthreatenedDWMAs. Within the
Monument,vehicleaccessis restricted to130 miles ofroads,andno
mining, ORV use,orgr2zingis permitted. Prior to establishmentof
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the Monument in the1930’s,thewesternhalfof the DWMA was
intensivelygrazed, hard-rock miningoccurred,andnumerous
settlementswerepresent. Limitedgrazingcontinuedinto the1950’s
(Hickman1977). Areasoftheproposed JoshuaTreeDWMA which
lie outsidetheMonumentareprimarily managedby BLM for
multipleuse. Evidenceof miningcanbe seenin the EagleandPinto
Mountains,eastandnorthof theMonument,respectively. The
proposedEagleMountainLandfill is located attheeasternendof the
DWMA.

In 1991,two deserttortoiseswerefound with signsof URTD at the
westernendoftheMonumentwherereleasesofdeserttortoises
haveoccurredin thepast. No otherdiseasedanimalshave been
reported.

Specific ManagementActions:

In additionto themanagement actionsrecommendedfor all DWMAs
(Sectionll.E.2.), thefollowing specificactions should be
implementedin the Joshua TreeDWMA:

(1) Establishaportionofthevisitor centerfor the purposeof
educatingvisitorsto the Monumenton thestatusandplight of the
desert tortoiseandits recovery needs,andto serveasadrop-offsite
for unwanted captivedeserttortoises. Developprogramsto make
theseanimalsavailablefor educationalor researchpurposes.

(2) Constructdesert tortoisebarrierfencingto protectdesert
tortoisesandtheirhabitatfrom humanactivitiesalongroads andin
urbansettings.This shouldincludedesert tortoisebarrierfencing
alongthe northsideof theDWMA boundaryandalongtheroad
from Cottonwood Passthrough theMonumentfrom DesertCenter
to the EagleMountainMine. Deserttortoiseunderpassesshould
accompanyfenceconstructionalong theCottonwood PassRoad, as
well. Chain-linkfencemaybe neededin someareasasbarbed wire
doesnotpreventurbanencroachment.If fencingisnot permitted
within theMonument,expandtheboundaryoftheDWMA tothe
boundaryoftheMonument.

Recommended Research:

Thefollowing research topics areespeciallysuitedto the
managementneedsandopportunitiespresentedin theJoshuaTree
DWMA

(1) Thegeneticorigin ofexistingdeserttortoises in theMonument,
focusingat thenorthwesternendof theMonumentneartherelease
locations.

(2) Habitatrestoration.
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(3) Deserttortoisepredation, including levelof ravenpredationat
the Monument andadjacenturban areas,andravenpredationas a
reflectionofcertaintypesof humanuses.

(4) The effectsof non-vehicularorientedrecreationon desert
tortoises andtheirhabitat.
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AppendixG: EnvironmentalDeterminantsof
Population Size

Censusdataandanecdotalaccountsindicatethatdesert tortoise
populationsexistedatquitedifferentdensitiesin variouspartsofthe
Mojaveregionprior to theirrecentdecline. Thus,it is reasonableto
expectthatdifferentDWMAs will supportdifferenttortoisedensities
after recovery,dependinguponeachreserve’sparticular ecological
conditionsandgeographiclocation. Site-specificdensitymightbe
equivalentto “carrying capacity,”thedensity atwhichpopulation
growthis reducedasaresultofcompetitionamongindividual
animals, althoughno data demonstratesuchdensity-dependent
feedbackin desert tortoise populations.Anotherofthe many
possiblefactorsthatmight determinesite-specific densityis the
average amountoffood availableto tortoisesduringtheiractive
season.Foodavailability hasthepotentialto control individual
growth ratesand,consequently,theage atwhichatortoisereaches
thesizeof reproductivecompetence.Foodavailability also
influencesfecundity. Both of thesefactorsinfluencepopulation
growthratesand, hence,densities.

Somedatado suggestthatfoodavailabilityis relatedto site-specific
deserttortoise densities.FigureGi showsthe relationship between
thehighestrecordedpopulationdensityof adultandsubadult
tortoises ata study siteandthemean productionofannualforbsand
grassesat thesite, thelatterbeinganindexof long-termaverage
foodavailability. Althoughhighly significant,this correlation does
notnecessarilyindicate causation. Manyother factors, including
those thatmightcovarywith foodavailability
(e.g.,variancein food availability), couldactuallybe more
importantin determiningpopulationdensity. Nevertheless,this
relationshipmightbe usedasa startingpointto estimatea “target
density” for eachDWMA.

Beforethe conceptoftargetdensitycanbeutilizedeffectively,
researchmust beinitiatedto determinethestrengthandgeneralityof
therelationshipindicatedin FigureGI andto identify the
mechanisms underlyingthisrelationship.FigureGl representsonly
onehypothesisaboutfactorswhichmightdeterminedesert tortoise
populationdensities.
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Figure Gi. Thehighestestimated numberofadult and subadult desert tortoises in a
study siteasafunctionofthelong-termaverageproductionof springannualsavailablein
thesame area.ThesitesrepresentedaretheDesertTortoiseNatural Area(Interior) Study
Site,California; theStoddard ValleyStudySite,California; the GoffsStudySite,
California;andtheWoodbury/HardyStudySite,Utah.
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Appendix H: CriticalHabitatMaps

AppendixH: Critical Habitatfor theDesert
Tortoise (MojavePopulation)

On February8, 1994,theU.S. Fish and Wildlife Servicepublished
afinalrule in theFederalRegister(59FR 5820) designating 6.4
million acresof critical habitatfor theMojavepopulationof the
desert tortoise(G.agassizii). Thisdesignationincludesprimarily
Federal lands insouthwesternUtah, northwestern Arizona, southern
Nevada,andsouthernCalifornia.

In California,critical habitatdesignationtotals4,754,000 acres in
Imperial, Kern, Los Angeles,Riverside,andSanBernardino
counties.Of this, 3,327,400 acres are BureauofLand Management
land, and242,200acres are military land.Theremainderincludes
132,900acresofstate land and1,051,500acresthatareprivately
owned.

In Nevada,fourunits totalling1,224,400acres are designatedin
ClarkandLincoln counties.Of this, 1,085,000acres are Bureauof
LandManagementland, 103,600acresareNationalParkService
land,and35,800acresareprivate.

In Utah,two unitstotalling 129,100acresare designatedin
WashingtonCounty.Thisconsistsof89,400acresof Bureauof
LandManagementland,27,600acresof stateland,1,600acresof
IndianTribal land,and 10,500acresof private land.

In Arizona,two unitstotalling 338,700acresare designatedin
MohaveCounty.This includes288,800acresof Bureauof Land
Managementland,43,600acresofNational ParkService land,
5,700acresof state land,and600acresof private land.
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Cahfornia. Areas of land as follows:

1. Fremont-Kramer Unit. Kern,Los Angeles, andSan
BernardinoCounties.From BureauofLand ManagementMaps:
Victorville 1978andCuddebackLake 1978. (Index map location
A).

Mt. Diablo Meridian: T. 29 5.,R. 39 E., secs.13, 14,22-
26,35,and 36; T. 29 5.,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,and 36; 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 the Randsburg-Mojave Road;
T. 30 5.,R. 41 E., secs.1-36,exceptsecs.5-8,and 20 and that
portion ofsees.17 and 18 lying easterlyof U.S. Highway 395; T.
30 5., R. 42 E., secs.7-10, 15-22, and 27-34; T.31 5., R. 40E.,
secs. Iand6, exceptthat portionof sec. 6 lying southeasterlyofthe
Randsburg-MojaveRoad;T. 31 5., R. 41 E., secs.1-17,20-29,
and32-36,except that portionof secs.20,29and 32 lyingwesterly
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,and 34 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,except thatportionof 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 and 25; 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 and 7-24; 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,and 29-34; 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,and 33-36; T.11 N., R. 5 W., secs.2-11,14-23,and
26-35; T. 11 N., R. 6 W., secs.1-36, except thatportionof secs.
6, 7, 18, 19,30, and31 lying westerlyof U.S. Highway395;T.
11 N., R. 7 W., thatportionof 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., thatportionof 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
map locationB).

Mt. Diablo Meridian: T.29S.,R. 42 E., secs. 35 and 36;
T. 29 S.,R. 43 E., secs. 25,26, and31-36; T. 29 S.,R. 44 E.,
secs. 20-36; T.29S.,R. 45 E., secs. 14-16,19-23,and 25-36; T.
29 5., R. 46 E., secs.30-32;T. 30 5., R. 42 E., secs.1, 2, 11-14,
23-26,35,and 36; 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., that portionof
secs.1 and 2lying northerlyof Interstate Highway15;T. 9 N., R.
1 E., that portionof sec. 6 lyingnortherlyof Interstate Highway15;
T. 10 N., R. 2 W., secs.1-29; T. 10 N., R. 1 W., secs.1-28,30,
and33-36,except thatportionofsecs.33-35lying southwesterlyof
Interstate Highway15; T. 10 N., R. 1 E., secs.18, 19,30,and 31;
T. 10 N., R. 2 E., secs.1-5,8-17,and22-34, exceptthat portion
of secs.25,26,and34 lying southeasterlyofInterstate Highway
15;T. 10 N., R. 3 E., secs.1-12, 14-21,and30, exceptthat
portionof secs.11, 12, 14-16, 19-21,and 30 lyingsoutheasterlyof
Interstate Highway15; T. 10 N., R. 4E., thatportionof secs.5-7
lying northwesterlyof Interstate Highway15;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.1-36except sec. 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,and 20 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,except thatportion of sees.31-34
lying southerlyof Interstate Highway15;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.26-28and 32-36; 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 Land ManagementMaps: 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,except that portionof
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.
13-16 and18-36;T. 8 N., R.5 E., secs.16-18, 19-21,28-30,and
31-33, exceptthat portionof secs.16 and 17 lyingnortherlyof
InterstateHighway 40; T. 9 N.,R. 1 W., secs.19, 20, and25-36,
exceptthat portionof secs.19, 20,and29-31 lying westerlyof
State Highway247; T. 9 N., R. 1 E., secs. 25-36, exceptthat
portionofsecs. 25-27lying northerlyof Interstate Highway 40; T.
9 N., R. 2 E., secs.27-35, exceptthat portionof secs.27-30lying
northerlyof InterstateHighway40.
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4. Chuckwalla Unit. ImperialandRiversideCounties.From
BureauofLand ManagementMaps: Chuekwalla #181978,Parker-
Blythe#161978,SaltonSea #201978,andMidway Well #21
1979. (Index map locationD).

SanBernardinoMeridian: T. 3 5., R. 13 E., secs.19-21
and 27-35; T. 45., R. 8 E.. sees.1-6, 8-16,22-26,and36; T. 4
S., R. 9 E., secs. 6-10, and15-36; T. 4 5., R. 10 E., sees.19-21,
and 27-34;T. 4 5., R. 13 E., sees.2-36 except sees.12 and 13; T.
4 5., R. 14 E., sees. 27-36;T. 4 5., R. 15 E., sees.31 and 32; T.
5 5., R. 9 E., sees.1-4, 12, 13, and 24; T.5 5., R. 10 E.. sees. 2-
36 except see.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 except sees.6
and 7; 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, and sees. 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, and sees. 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,and 28-33; T. 9 5.,R. 15 E., see. 1; T. 9 5., R.
16 B., sees.1-17,20-29,and 32-36; 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,and 22-26; 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 and 28-34; 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. 20 E., sees.1-23 and 26-34; 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,and 27-34; 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. Riversideand SanBernardino
Counties.FromBureauof LandManagementMaps: Yucca Valley
1982,Sheep Hole Mountains1978,Chuckwalla1978,and Palm
Springs#171978. (Index maplocationE).

SanBernardinoMeridian: T. 1 5., R. 9 E., secs.10-15,
24, 25, and 36; 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. 13-30 and 36; T. I S.,R. 16 E., secs.18, 19,and 30-32;
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 Land ManagementMaps: SheepHole Mts. 1978,Parker1979,
Needles1978,andAmboy 1991. (Index maplocationF).

SanBernardinoMeridian: T. I S.,R. 22 E., that portionof
secs.3-5, lying northwesterlyofthe AtchisonTopekaand SantaFe
Railroad; T. I S.,R. 23 E., that portionof secs.1-3lying northerly
ofthe AtchisonTopekaandSantaFe Railroad, exceptthatportionof
sec.1, lying easterlyof U.S.Highway95; T. I N., R. 22 E., secs.
1-4, 9-16,20-29,and32-36,except that portionof secs.34-36
lying southerlyof theAtchisonTopekaand SantaFeRailroad; T. I
N., R. 23 E., secs.1-36,exceptthat portionof secs.31-34lying
southerlyofAtchisonTopekaand SantaFe Railroad; T.1 N., R. 24

secs.4-9, 16-21,and 29-31; 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. 22 E.,
secs.1-5, 8-16,21-28,and 33-36; T. 2 N.,R. 23 E., secs.5-8,
17-21,and 26-36; T. 2 N.,R. 24 E., secs.31 and32; T. 3 N., R.
17 E., secs.12, 13, 24, and 25; 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,and 32-36; 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,and 32-36; 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. 20 E., 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, and 27-34; T. 6 N.,R.
17 E., secs.1-18,22-26,and 36; 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,and 33-36; T. 7N.,
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,except thatportionof 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 Interstate Highway
40; T. 8 N., R. 16 E., secs.1, 2, and7-36,exceptthatportionof
secs.1, 2, and7-10and 11 lying northerlyof Interstate Highway
40; T. 8 N.,R. 17 E., secs.1-36,except thatportionof secs.1-6
lying northerlyof Interstate Highway 40; T. 8 N.,R. 18 E., secs.
1-36,except that portionofsec. 6 lyingnortherlyof 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., that portionof secs.3 1-36lying southerlyofInterstate
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Highway 40; T. 9 N., R. 19 E., secs. 23-29,31-36, except that 
portion of secs. 23,24,26-29,31, and 32 lying northerly of 
Interstate Highway 40; T. 9 N., R. 20 E., secs. 19,20, and 29-33, 
except that portion of secs. 19 and 20 lying northerly of Interstate 
Highway 40 and S 112 S 112 sec. 27, SW 114 SW 1/4 sec. 26, and 
W 112 W 112 sec. 35 .. 
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Highway 40; T. 9 N., R. 19 E., secs. 23-29,31-36, except that 
portion of secs. 23,24, 26-29,31, and 32 lying northerly of 
Interstate Highway 40; T. 9 N., R. 20 E., secs. 19, 20, and 29-33, 
except that portion of secs. 19 and 20 lying northerly ofInterstate 
Highway 40 and 5 1/2 5 1/2 sec. 27, SW 1/4 SW 1/4 sec. 26, and 
W 1/2 W 1/2 sec. 35.. 
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7. IvanDah Unit. SanBernardino County.From Bureauof
Land ManagementMaps: Amboy1991,lvanpah1979,and
Mesquite Lake1990. (Index maplocationG).

SanBernardinoMeridian: T. 9 N., R. 12 E., secs.1,2, 11-
14, and24; T. 9 N., R. 13 E., secs.4-9, 16-21.and 28-30; 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,and 28-33; T.11 N., R.
14 E., sec.6; T. 12 N., R. 11 E., secs.1-5 and 9-15; 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, and 29-32; T.13 N., R.
10 E., secs.1-5, 10-14, 24, and 25; 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.
1-36 except sec. 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,and 28-33;T. 15 1/2
N., R. 14 E., secs. 24and 25;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, and 36;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,and 36; T.
16 N., R. 13 E., secs.7, 17-20,and29-33;T. 16 N., R. 14 E.,
sees.24, 25,35and 36, except thatportionof secs. 24and35 lying
northwesterlyof InterstateHwy. 15; T. 16 N., R. 15 E., secs. 1-3,
10-14, and 23-36; T.16 N., R. 16 E.,secs.6-8, 16-22,and 26-36;
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,and 26-36; T.18 N., R. 11 E., secs.13,
14, 22-28,and 33-36; T.18 N., R. 12 E., secs. 18-20, and 28-33.
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8. Piute-EldoradoUnit. SanBernardinoCounty. From
Bureauof LandManagementMaps: Amboy 1991,Needles1978,
and Ivanpah1979. (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 southerlyofInterstate Highway 40;T. 8 N.,R. 17
E., that portionof sees.1-6,lying northerlyof Interstate Highway
40; T. 9 N., R. 14 E., secs.1-3, 10-15,22-28,and 33-36; 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,exceptthat portionof sec.36 lying southerlyof
Interstate Highway 40; T. 9 N.,R. 18 E., secs. 1-36, except that
portionof secs.31-36lying southerlyof Interstate Highway40; T.
9 N., R. 19 E., secs. 1-24and26-32, exceptthat portionof secs.
26-29,31,and 32 lying southerlyofInterstate Highway40; T. 9
N., R. 20 E., secs.3-8and 17-20,exceptthat portionof sees.19
and20 lying southerlyofInterstate Highway40; 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. 20 E., secs.1-36; T. 10 N., R. 21 E.,
secs.3-10, 15-22,and 28-31; T.11 N., R. 15 E., secs.9, 15, 16,
21, 22, 25-29, and 33-36; T.11 N., R. 16 E., secs.9, 15, 16,21-
23, 25-28,31,and 33-36; 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,and 29-36; T.11 N., R. 20 E., secs.1-
11, 14-23,and 26-35; T.12 N., R. 19 E., secs.1-36;T. 12 N., R.
20 E., 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 and13-36;T. 13 N., R. 20 E.,
sees.l9 and29-33; T. 14 N., R. 19 E., secs.19 and 29-33.
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AppendixH.’ CriticalHabitatMaps

Nevada. Areas of land as follows:

9. Piute-Eldorado Unit. Clark County. From BureauofLand
ManagementMaps: MesquiteLake1990,BoulderCity 1978,
lvanpah1979,andDavis Dam1979. (Index map location H).

Mt. Diablo Meridian: T. 23 5., R. 64 E., secs.3 1-36,
exceptthat portionof sec.31 lying northwesterlyof thepowerline
and also except that portionof sees.34-36lying northeasterlyof the
powerline;T. 23 1/2 5., R. 64 E., secs.3 1-36,exceptthat portion
of sec.31 lying northwesterlyof thepowerline;T. 23 1/25., R. 65
E., that portionofsec. 31, lying southwesterlyof the powerline; T.
24S.,R. 63 E., secs.1,2, 11-15,22-28,and33-36,except that
portionof secs.1, 2, 11, 14, and 15 lying northwesterlyof the
powerlineand also except thatportionof secs.22, 27,28,and33
lying northwesterlyof U.S. Highway95; T. 24 5., R. 64 E., secs.
1-36; T. 24 5.,R. 65 E., secs.6, 7, 18, 19, 30, and 31; T. 255.,
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 and 36; 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, and 36; T. 26 5.,R. 62 E., secs. 1-36exceptsecs.
28 and 33; T. 26 5.,R. 63 E., secs.2-36except sec.12; T. 26 5.,
R. 64 E., secs. 18-20, and 29-33; T. 27 5.,R. 62 E., secs.1-3,5-
8, 10-15,22-26,35, and 36; T. 27 5.,R. 62 1/2 E., secs.1, 12,
13, 24, 25, and 36; T. 27 S.,R. 63 B., secs.1-36; T. 27 5., R. 64
E., secs.4-9, 16-21, and 26-36; 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. 28 5.,R. 64 B., sees.1-18,21-26,
35, and 36; T. 28 5.,R. 65 E., secs.2-11, 14-21,and 28-35; T. 29
S.,R. 62 B., secs.1-4, 9-16,21-28,34, 35and36; T. 29 5.,R.
63 E., secs. 5-10,15-23, and 26-36; T. 29 5.,R. 64 B., secs.1-3,
9-16,21-28,and3 1-36;T. 29 5.,R. 65 B., secs.2-36except secs.
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. 1-36 except secs.
30 and 31; T. 30 5.,R. ME., secs.1-36; T. 30 5., R. 65 B., secs.
1-26,30, 31, 35, and 36; 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, except that portionof sec.36 lying southwesterlyof State
Highway 163; T. 31 5., R. 66 B., secs.3-10, 15-22, and27-34,
except thatportionof 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,except thatportionof secs.
I, and9-12lying southeasterlyoreasterlyof StateHighway 163;T.
32S.,R. 66 B., that portionof 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 and Lincoln Counties.From
Bureauof Land ManagementMaps: Pahranagat1978,CloverMts.
1978,Overton1978,Indian Springs1979,LakeMead 1979,and
LasVegas1986. (IndexmaplocationI).

Mt. Diablo Meridian: T. 9S.,R. 62 E., secs.13-15.22-27,
and34-36, exceptthat portionof secs.15,22,27,and 34 lying
westerlyof the easterlyboundaryline oftheDesertNationalWildlife
Range;

T. 9 S.,R. 63 E., secs.18, 19,30, and 31; T.10 S.. R. 62 E.,
secs.1, 2, 11-14,23-25,and 36exceptthat portionof secs.14, 23,
35, and 36lying westerlyofthe easterlyboundaryline ofthe Desert
NationalWildlife Range;
T. 10 5., R. 63 E., secs. 6, 7, 13-15,18-20,and 22-36; T.10 5.,
R. 64 E., secs. 13-24and 26-34; T. 10 5., R. 65 E., secs.18, and
19;T. 11 S.,R. 62 E., thatportionofsec. 1 lying easterlyof the
easterly boundaryline ofthe DesertNationalWildlife Range;T.11
S.,R. 63 E., secs.1-36; T. 11 S., R. 64 E., secs.4-9, 17-20,30,
and 31; 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, and 25-36; T.12 5., R. 65 E.,
secs.1, 12, 13,and 24-36,exceptthat portionof secs.1,2, 13,
and 24lying westerlyofUnion Pacific Railroad; T.12S.,R. 66 E.,
secs.1-36; T. 12 5., R. 67 E., secs.6-8, 16-22,and 27-33; 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 easterlyoftheeasterlyboundary lineof theDesertNational
Wildlife Range;T. 13 S.,R. 62 E., thatportionof secs.1, 12, 13,
24, and25 lyingeasterlyoftheeasterly lineofthe DesertNational
Wildlife Range;T. 13 5., R. 63 E., secs.1-36; T. 13 S., R. 64 E.,
secs.1-36; T. 13 S., R. 65 E., secs.1-24, N 1/2 26, N 1/2 27,N
1/2 and SW1/4 sec.28, 29-32,and W 1/233; T. 13 S.,R. 66 E.,
secs.1-26, W 1/2 sec.27, 35, and 36; T.13 5., R. 67 E., secs.I-
36; T. 13 S.,R. 68 E., secs. 1-36, except that portionof secs. 25
and33-36 lyingsoutheasterlyof InterstateHighway15; T. 13 5.,
R. 69 E., secs.1-30,except thatportionof secs.25-30lying
southerlyof Interstate Highway15;T. 13 5., R. 70 E., secs.6,7,
18, 19,30,and31, exceptthatportionof secs. 30and31 lying
southerlyof Interstate Highway15; T. 13 1/2S.,R. 63 E., secs.
31-36;T. 13 1/2 5., R. ME., secs.31-36,except that portionof
sec. 36 lying southwesterlyof State Highway168;T. 14S.,R. 63
E., secs. 1-23, and 26-35; T.145., R. 64 E., 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, and 22 lying southerlyof
Interstate HighwayIS; T. 14S.,R. 68 E.,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, and 28-33; T.17 S., R. 63 E., secs.7-9, 16-21,and28-32,
except thatportionof secs. 29 and 32 lying easterlyof the westerly
boundaryline of the Apex Disposal Road; T.18S.,R. 63 E., secs.
5-8, 17-19,and 29-31, except thatportionof secs.5,8, 17-19,and
29-31lying easterlyofthewesterlyboundaryline ofthe Apex
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Disposal Road, and that portion of sec. 31 lying westerly of the 
easterly boundary line of Desert National Wildlife Range. 
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Disposal Road, and that portion of sec. 31 lying westerly of the 
easterly boundary line ofDesert National Wildlife Range. 
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11. Gold Butte-Pakoon Unit. Clark County. From Bureau
ofLandManagementMaps: Overton1978andLakeMead 1979.
(Index maplocationJ).

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,and 27-34; 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, and 29-32; 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, and 36; T.17 5., R. 70 E., secs.1-
36; T. 17 5., R. 71 E., secs. 4-10,15-22, and 27-34; T.18S.,R.
69 E., 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 and 34; T.20
S., R. 71 E., secs. 3 and 4.
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12. Beaver Dam Sloue Unit. Lincoln County. From Bureau
ofLand ManagementMaps: Clover Mountains1978and Overton
1978. (Index maplocationK).

Mt. Diablo Meridian: T. 8 1/2 5., R. 71 E., thatportionof
sec.34 lying southofa westerly extensionofthe north lineof sec.
26, T. 41 5., R. 20 W. (Salt LakeMeridian), 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,and 28-33; T.12 5., R. 71 E., secs.3-10.
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Appendix H: CriticalHabitatMaps

Utah. Areas of land as follows:

13. BeaverDam SloDe Unit. WashingtonCounty. From
Bureauof Land ManagementMaps: St.George1980andClover
Mts. 1978. (Index map location K).

SaltLakeMeridian: T. 40 S.,R. 19 W., S 1/2 sec.28, S
1/2 sec.29, S 1/2 sec.31, secs. 32 and 33; 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,and 28-33; 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, and 36; T.43 5., R. 18 W., secs. 7, 8,5 1/2 sec. 16, secs.17-
21, and 27-34; T. 43S., R. 19 W., secs.1-36except N1/2sec.1;
T. 43 5., R. 20 W., secs.1, 2, 11-14,23-26,35, and 36.
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Appendix H: CriticalHabitatMaps

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 1/2and W1/2 E 1/2sec.27,
28, N 1/2 sec.29, N 1/2 sec.30, N 1/2 N 1/2sec.33, except that
portionof secs. 28and33 lying westerlyofGould Wash, and N1/2
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 Red Cliff Road,sees.15-17except N1/2
NW 1/4andSW 1/4NW 1/4 sec.17, secs.19-22,that portionof
sec. 23 lying westerlyof Red Cliff Road and westerlyofInterstate
Highway 15, sec. 24, NE1/4 and N 1/2 SE 1/4andSW 1/4 SE 1/4
sec. 25, thatportionof secs.26,27,and32-34 lyingnorthwesterly
of Interstate Highway15, 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
ofLand ManagementMaps: Overton1978 and Littlefield 1987.
(Index maplocationK).

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, and 31;
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.
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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
Recovery Plan

I. Summary of the Agency andPublic 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, state and local governments,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 summarizesthe contentof significant commentsonthe
Draft Plan. A total of 143 letters was received, each containing
varying numbers of comments. Many specific commentsre-
occurredin letters.

Thissection provides a summaryofgeneraldemographic
informationincludingthe totalnumberofletters received from
various affiliations and states. It also provides a summaryof the21
majorcomments.A completeindexofthe commenters,by
affiliation, is available from theU.S. Fish andWildlife 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 a breakdownof 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 9letters
individual responses 70 letters

11



AppendixI: SummaryofComments

II. Summary of Comments andServiceResponses

Executive Summary

Comment: The differencebetweentheutility ofDesertWildlife
ManagementAreas(DWMAs) andrecovery units in the
recovery anddelistingofdesert tortoisesis unclear.

Response:As nowdefinedin the Final Plan, thesix recovery
umts are geographic areas whichharbor evolutionarily
distinct populationsof the deserttortoise,and the14
proposed DWMAs are thesmalleradministrative areas
within eachof the sixgeographicareas.DWMAs are the
managed reserves whichproteetthe deserttortoise
populationsuntil such timeasrecoveryanddelisting can
occurwhile also maintaining and protectingothersensitive
species andecosystemfunctions. Eachrecoveryunit should
have atleastoneDWMA containing1,000squaremilesof
deserttortoise habitaLMultiple 1,000squaremileDWMAs
wouldprovide additional protection in ensuring the
persistenceofthe sixevolutionarilydistinctpopulations
segments.Figure 6furtherdescribes thisconceptin reserve
‘design.

Comment:Thebudgetnumbersshownunder“Need1” are in
threeyearincrementsafter1995. Doesthismeanthatall the
money willonly be spent every third year?Additionally,
these numbers donotappearto be consistent with the10
yearbudgettablesin thesupplementarydocument“Proposed
DesertWildlife ManagementAreasfor Recovery....”

Response:Theexpenditureoffundsevery3 years reflects the3-
yearcyclerecommendedin theRecovery Planfor
monitoringdeserttortoisepopulations.The 10-yeartables
shownin thesupplementarydocument reflect what funding
is projectedto benecessaryforimplementationofall
recovery actions.Thesefigures will berevisedfollowing
developmentof managementplansforeachDWMA, which
will be much more site-specific and detailed.

Comment:Theeducationbudgetlistedunder“Need2” shouldbe
revised to allowsomeexpendituresforpublic education
throughout thetermofthereeovery plan,ratherthan
spending all the moneyduring thefirst year.

Response:As shownin theImplementation Schedule(Section
III), continuing costsfor implementing education programs
are to be determined based on what is recommended in the
environmentalprogramsthat aredevelopedthefirst year.

12
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Comment: What is PublicLaw 1010-618?

Response: Public Law 1010-618is not relevant to this Recovery

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 was publishedafterNERC’s 1990document.

Comment: It would be usefulto provide thenumberof acresof
deserttortoisehabitatwhichis currentlyimpactedby
livestockgrazing.

Response: Until DWMAboundaries are determined, it is not
possible to estimate the numberofacreswithinrecovery
areas impactedby livestockgrazing.

Comment: Section 9ofthe Endangered SpeciesAct appliesto
endangered species only. The regulations at 50 CFR1731
include threatened species such as the desert tortoise.

Response: Through section4(d)ofthe Endangered SpeciesAct,
the Fish and Wildlife Service may issue regulations deemed
necessary and advisable to provide for the conservation of
threatenedspecies.Through suchregulation,the Fishand
Wildlife Servicemayprohibit takeof threatenedspecies.

Section II - Recovery

Comment: Targetdensities for desert tortoise populations are
specifiedwithout reference toorknowledgeof
predisturbancepopulationlevels. Manyof the target
densitiesappear unrealisticallyhigh and unobtainable.
Under such circumstances delisting will not be possiblein
some recoveryunits.

Response:The RecoveryTeam agrees with 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 eachrecovery unit
equal toorgreater than1.0 fordelisting tobe consideredby
theFishandWildlife Service.

13
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Comment: The definition of andprohibitionwithin theLimited
Use Zones (LUZs) shouldapply to the entireDWMA,
providedthattheseparcelsarebeingdesignated principally
forthe protection andpreservationofMojaveDesert
wildlife, including the deserttortoise;in this respect, the
needfor thespecialLUZ designationis questioned.

Response: The RecoveryTeamagreeswith thiscomment,has
eliminatedthe LUZ designationandextended LUZ-level
protectionto the entire DWMA,exceptwhereExperimental
Management Zones(EMZs)are proposed. EMZs may only
occupy10%ofa DWMA’s total areaand shouldbe located
on the peripheryof theDWMA boundarywhere any
negativeeffects from experimentalactivities willbeless
profoundlyfeltwithin themore protectedarea.

Comment: It is notclearwhen thereis more than oneDWMA
established within a recovery unit if all DWMAsmust meet
the delisting criteria or can a recovery unit population be
delistedif only one DWMApopulationmeetsthefour
cntena?

Response:Delistingis consideredon a recoveryunit basis. If
more than one DWMAis established to meet the delisting
criteria then the combined population trend and population
growth rates(lambdas)are evaluatedfor recoveryand
delisting purposes.

Comment: Twelve years is too short atimeperiodfor evidenceof
upwardtrends in adultpopulations,uponwhich monitoring
plans arebased.Therefore,it is unrealisticto assume
delisting canoccurwithin this timeframe.

Response:TheRecoveryTeamagrees with this comment.The
populationwithin arecoveryunitmust exhibit a statistically
significantupwardtendorremainstationaryfor at least25
years (one desert tortoisegeneration),thus allowing timefor
recruitmentofbaby andjuveniletortoises into the adult age
class.

Comment: Thismethodofpopulation density estimationofdesert
tortoisesis unrealisticin applicationdue to the monetary
expenseandamountoftime thatwouldbe required.

Response:The RecoveryTeamis awareofthe potential problems
associatedwith therecommendedmethod, however, the
proposal has initiated a useful dialogue on appropriate
methodologyfor the estimationofdesert tortoisepopulation
densities.Forthcoming(1994)will be a workshop atwhich
statisticallyandeconomicallyacceptablemethodswill be
discussedandrecommendedon anexperimentalbasis.
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Comment: TheDesertTortoiseManagement Oversight Group
(MOG)is recommendedasthe groupto facilitate interagency
cooperation. As itis currentlystructured, thisgroup’s
ability to perform this task is questioned.TheFish and
Wildlife Service(FWS)shouldtaketheleadin facilitating
interagencycooperationand coordination.TheMOGhas no
formal status andit is a BLM-orchestrated group.If this is
thegroup tobe used,it shouldberestructuredwith the FWS
assuming theleadershiprole.

Response:Because the majorityof deserttortoisehabitatis
managed by the BLM, the MOO has proved to be a useful
tool in implementing desert tortoise recovery efforts over the
range of the desert tortoise infourstates.TheEWS will also
be working closely with communitiesthrough thehabitat
conservation planningprocesstoimplementrecoveryon a
local basis.

CommentPublic education is not adequately addressed in the
Recovery Plan.

Response:Both the Recovery Teamand the FWSagreethat
public educationis a vital componentofdeserttortoise
recoveryand has revised portionsoftheRecoveryPlan to
reflectmore emphasison publiceducation.Costestimates
for developmentof apublic informationprogramare
provided in theImplementationSchedule(SectionIII). The
yearlycostsforimplementationofthe program will be
determinedbasedon the requirementsoftheprogram.

Comment:The Recovery Planmakesno explicit recommendations
formanagementofvehicle-caused mortalitieson existing
highwaysandroads inproposedDWMAs. Elevenofthe 14
proposed DWMAs are boundedortransected by high traffic
volume highwaysorroads.

Response:The Recovery Teamagreeswith thiscommentandhas
added an additional statement to Section II.E.2. of the
RecoveryPlan which recommends theestablishmentof
fencingorothereffectivebarriers alongheavily-traveled
roads todecreasedeserttortoisemortality,andthe
installationof culverts that allow underpassof tortoisesto
alleviatehabitatfragmentation.

Comment: Thenegativeeffectsof human activities(including
cattlegrazing)on deserttortoiseshave notbeen
demonstrated.Disallowingcertainof theseactivitieswithin
DWMAs withoutprovidingqualitysupportingmaterial
whichshowsthat theseactivities arecontributingto declines
in deserttortoisepopulations detracts from the credibilityof
the RecoveryPlan.
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Response:Desert tortoise recovery is the goal of management
within DWMAs. Until dataare forthcoming whichshow
that thesehumanactivitiescan becompatiblewith recovery,
it is important thattheynotbe permitted.

Comment: The Servicehasfailedtocomplywith theNational
EnvironmentalPolicy Act of 1969(NEPA)by not preparing
anEnvironmentalImpactStatement (EIS)for thisPlan.

Response:The Serviceisnotrequiredto complywith NEPAin
developmentofrecoveryplans. Recovery plans are
planning documents that list alltasksrecommendedfor
recoveryofa species.Thesetasksinvolve potentialactions
by theService,otherFederalagencies,Stateandlocal
governments, theprivatesector,oracombinationof the
above. Recovery plansimposeno obligationson any
agency,entity, orpersonsto implement the varioustasks.
Implementationofrecoveryactions will be subject toNEPA
compliance, asappropriate,at thetimetheyare actually
“proposed”andan environmentalassessment(EA) orEIS
wouldbe completed at that time.

Comment:The Servicehasfailedto complywith ExecutiveOrder
12291.

Response:Executive Order12291requires Federal agenciesto
prepareregulatoryimpactanalysesforany“major rule.” A
majorruleis definedasany regulation thatis likely to result
in: (1) An annualeffecton theeconomyof$100 millionor
more; (2) amajorincreasein costsorpricesfor consumers,
individualindustries,Federal,State,or local government
agencies,orgeographic regions;or(3) significantoradverse
effectson competition,employment,investment,
productivity, innovation,oron the abilityof UnitedStates-
based enterprises tocompetewith foreign-based enterprises
in domesticorexportmarkets(46FR 13193).A recovery
plandoesnot meetthedefinitionofa regulationorrule asset
forth in theOrder. Recoveryplansdo not implement,
interpret,orprescribe laworpolicyordescribethe
procedureorpracticerequirementsoftheService.
Therefore, the Service isnotobligated to prepare a
regulatory impactanalysis.

Comment: The recommendeddeserttortoisehabitat to bemanaged
asDWMAs is unnecessaryfor recoveryofthe deserttortoise
becauseexistingreservedlands,suchas national parksand
wildlife refuges,providesufficient landfor thetortoise.

Response:TheServicedeterminedthat thetortoise shouldbe
listedasa threatenedspeciesin 1990(55FR 12178)partly
becauseinsufficienthabitatisprotected within
congressionallyprotectedareastoadequatelyconserve desert
tortoises. In addition, theRecoveryPlanrecognizes that
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areasof sufficient size tosupportself-sustainingtortoise

populationsdo not exist in already protectedhabitats.

Section III - Implementation Schedule

Comment: Thebudgetin unconvincing.Wheredid the numbers
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
implementationofrecovery actions will be basedon the
managementplansthat will be developedforeachDWMA.

Comment: TheUtahDivision of Wildlife Resources (UDWR)is
not inctuded in thetasksforthe Northeastern Mojave
RecoveryUnit, althougha significant portionoftheBeaver
Dam SlopeDWMA occurs inUtah. In addition, UDWRis
included in the developmentactivitiesfor theUpperVirgin
RiverDWMA, butis not includedin theimplementationand
researchsections.TheUDWRis theleadagencyon tortoise
density researchandmonitoring,andreproductiveresearch
in Utah,aswell as a cooperatoron health and nutrition
studies.

Response:The Implementation Schedule has been revised to
reflect UDWR’srole in the Northeastern Mojave Recovery
Unit and in 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 State Parks

CFR = CodeofFederalRegulations

DTNA = DesertTortoise Natural Area

DWMA = DesertWildlife ManagementArea

ECRU = Eastern Colorado recovery unit

EMRU = EasternMojaverecoveryunit

EMZ = ExperimentalManagementZone

ESU = Ecologicallysignificantunit

HCP = Habitatconservationplan

kHz = kilohertz

LUZ = Limited UseZone

mm = millimeter

mtDNA = mitochondrialdeoxyribosenucleic acid

MVP = Minimum viable population

NCRU = Northern Colorado recovery unit

NEMRU = NortheasternMojave recovery unit

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. = United States Code

UVRRU = Upper Virgin River recovery unit
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