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DISCLAIMER

Recoveryplansdelineatereasonableactionsthatarebelievedto be requiredto
recoverand/orprotectlisted species.Plansarepublishedby theU.S. Fishand
Wildlife Service,sometimespreparedwith theassistanceofrecoveryteams,
contractors,Stateagencies,andothers. Objectiveswill only beattainedandany
necessaryfundsmadeavailablesubjectto budgetaryandotherconstraintsaffecting
thepartiesinvolved,aswell astheneedto addressotherpriorities. Recoveryplansdo
notnecessarilyrepresenttheviewsnor theofficial positionsor approvalof any
individualsoragenciesinvolved in theplanformulation,otherthantheU.S. Fishand
Wildlife Service. Theyrepresenttheofficial positionoftheU.S. FishandWildlife
Serviceonly aftertheyhavebeensignedby theRegionalDirectororDirectoras
approved.Approvedrecoveryplansaresubjectto modificationasdictatedby new
findings,changesin speciesstatus,andthecompletionofrecoverytasks.

Literature citations should read asfollows:

U.S. FishandWildlife Service. 1996. RoanMountainBluet RecoveryPlan. Atlanta,
GA. 46 pp.

Acknowledgement:

Thecoverdrawingis a 1992illustration ofthe speciesby P. Savagefor the U.S. Fish
andWildlife Service’sAsheville,NorthCarolinaFieldOffice.

Additional copiesof this plan may be purchasedfrom:

FishandWildlife ReferenceService
5430GrosvenorLane, Suite 110
Bethesda,Maryland 20814

Telephone:301/492-6403or
1-800/582-3421

Feesfor recoveryplansvary,dependinguponthenumberofpages.
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EXECUTIVE SUMMARY

CurrentSpeciesStatus:Hedyotispurpureavar. montanais federallylisted asan
endangeredspecies.It historically occurredat ninesitesbut is currentlyknownfrom
only eightsites,all in NorthCarolina(including onepopulationthatformerly
extendedinto Tennessee).

HabitatRequirementsandLimiting Factors:Thisrareherbgrowson
high-elevationcliffs androckoutcropsin andaroundgrassybalds. It is threatenedby
recreationalactivities,recreationalandresidentialdevelopment,collection, succession
to woodyspecies,andpossiblyforestdeclineassociatedwith air pollution and
introducedinsects.

RecoveryObjective: Delisting.

RecoveryCriteria: RoanMountainbluetwill be consideredfor delistingwhenat
leastnineself-sustainingpopulationsareprotectedto suchadegreethatthespecies
no longerqualifiesfor protectionundertheEndangeredSpeciesAct.

ActionsNeeded:

1. Surveysuitablehabitatfor additionalpopulations.
2. Monitor andprotectexistingpopulations.
3. Conductresearchon thebiologyandmanagementneedsofthe species.
4. Establishnewpopulationsin formerhabitator rehabilitatemarginalpopulations

to thepointwheretheyareself-sustaining.
5. Conductnecessarymanagementactivities atall keysites.
6. Reviewrecoveryprogressandreviseplanasnecessary.

TotalEstimatedCostofRecovery: Becausesolittle is yet knownaboutactions
neededto recoverthisspecies,it is impossibleto estimatecostsbeyondthefirst few
yearsofwork (in $OOOs):

YEAR NEEDI j NEEDZ NEED3 NEED4 j NEED5 TOTAL

FY 1 3.0 6.0 46.0 3.0 10.0 68.0

FY2 3.0 6.0 43.0 3.0 10.0 65.0

FY3 3.0 6.0 38.0 3.0 10.0 60.0

TOTAL 9.0 18.0 127.0 9.0 30.0 193.0
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Dateof Recovery:Tenyearsfrom initiation ofseriousrestorationefforts,assuming
managementaccessandpermissionfrom theseveralagenciesandlandowners
involved.
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PARTI

INTRODUCTION

BackgroundandDescription

RoanMountainbluet(Hedyotispurpureavar. montana)is arare,cespitoseperennial
herbendemicto a few scatteredmountaintopsnorthoftheAshevilleBasinin North
Carolinaand,formerly,Tennessee.It growson gravelly talusassociatedwith cliff
ledgesandexposedslopesandoutcroppingson balds. Becauseofits rarity and
vulnerabilityto threats,RoanMountainbluetwasfederallylisted asendangeredon
April 5, 1990(U.S. FishandWildlife Service[Service]1990). It is also listed as
endangeredby theStateofNorthCarolina(Weakley1991)andby theStateof
Tennessee(Somers1989). Thisplan is abstractedfrom alargerstudyconductedby
Saunders(1993).

CurrentandHistoricalDistribution

Within thepastfewyears,FederalandStateagencieshavedocumentedtheexistence
ofeightpopulationsof RoanMountainbluet, all onmountainpeaksin northwestern
NorthCarolina(Ashe,Avery,Watauga,andMitchell Counties).An additional
populationwaslastobservedin 1980(Gaddy1983)ata sitein YanceyCounty,
NorthCarolina,but thepopulationhasnotbeenreconfirmedsincethen,despite
severalsearchefforts,andis now presumedto be extirpated.Thecauseofthis
extirpationis notclearbutprobablyreflectsacombinationof successionalchange,
small populationsize,andtramplingby hikers. TheTennesseeportionoftheRoan
Mountainpopulationalsomaynowbeextirpated.

Mostof thepopulationsarespreadamongcliff ledgesthat aredifficult to census
withoutclimbing gear. Currentestimatesofpopulationsizearebasedoncrudevisual
estimatesofthenumbersof plantclumpsfoundin accessibleportionsofthese
populations.

Eachofthethreelargestpopulations--GrandfatherMountain,RoanMountain,and
Bluff Mountain--reportedlycontains1,000ormoreplantclumps. However,these
populationsarehighly fragmented,andindividual colonieswithin eachpopulation
rarelycontainmorethan250 clumps. Eachof thefive smallestpopulations--Three
TopMountain,PaddyMountain,PhoenixMountain,RichMountain,andHanging
Rock--probablycontainslessthan 100 plantclumps. Populationshavenotbeen
countedormappeduntil recently;therefore,it is notknownif thepopulationsare
maintainingthemselves.



Description, Ecologyand Life History

RoanMountainbluet is acespitoseperennialherbwith erectorascending,
unbranchedor weaklyterminallybranchedstemsto 21 centimeters(cm) tall from a
basalwinterrosette.Caulineleavesareopposite,sessile,andtypically ovate,0.8 to
3.0 cm longand 0.6 to 1.3 cmwide. Flowersarereddishpurpleandfunnel-shaped;
thecorollahasfour lobesthatareshorterthanthe8- to 12-millimeter(mm)-longtube.
Like otherbluets,this speciesis heterostylouswith two flower morphs. Inthepin
form, thepistil styleis longerthanthestamenfilaments;whereas,in thethrumform,
thestyleis shorterthanthefilaments. Theinflorescenceis few-flowered,consisting
ofaterminalsimple cyme,andsometimeshavingfrom oneto four lateralsimple
cymesarisingfromtheuppermoststemnodes.Floweringoccursfrom late May
throughAugustor September,with peakfloweringusuallyin JuneandJuly. The
maturefruits aresubglobosecapsules,2.0 to 4.0 mmlong and2.0 to 4.0mm wide,
semi-inferiorandbilocular,with axial placentaebearingasmanyas24 ovules.
Capsulesdehiscealongasingleapicalsuturein late AugustthroughSeptember
(Terrell 1959;Fosberg1954;Kral 1983;Radfordeta!. 1968;Boyer 1990;
B. Saunders,personalobservations).Thisvariety is easilydistinguishedfrom other
bluetsby its relatively largereddishpurpleflowers,relativelysmall sessileovate
leaves,compactstatureandclump-forminggrowthhabit, andits exposed
mountaintophabitat.

RoanMountainbluet is ageographicallyrestrictedvarietyofHedyotispurpurea--a
variablespeciesnativeto theEasternUnitedStatesknownfrom NewJerseysouthto
Georgiaandwestto Illinois, Missouri,andOklahoma.Thereis disagreementabout
thepropertaxonomicpositionof RoanMountainbluet, althoughits morphological
distinctivenessis undisputed.Thefirst disagreementconcernsthepropergeneric
name--HedyotisorHoustonia. Earlyauthorities(Small 1933,GleasonandCronquist
1963) recognizedHoustonia. Lewis (1961)reorganizedpartofthe Rubiaceae,
advocatingthemergingofNewWorld Houstoniawith OldenlandiaandOld World
HedyotisunderHedyotis,retainingtheoriginal taxaassubgenera.Subsequentstudies
ofkaryotypes(Lewis 1962)andpollenandseedcharacteristics(Lewis 1965, Lewis
andTerrell 1962, Terrelleta!. 1986)havesupportedandrefinedLewis’s
reorganization.However,Terrell (1975)hasargued,from his examinationoftype
specimens,that thenewsubgeneraaresufficientlydistinct, basedonnontrivial
characters,andthatthey shouldbeelevatedto full genericrank,restoringHoustonia.

Yelton (1974)arguedthatRoanMountainbluetdeservesfull speciesrankafterfailing
to obtainviableseedswhenhecrossedmembersofthebluetpopulationfrom Roan
Mountainwith membersoftwo high-altitudepopulationsofthepurpureavariety
from thesameregion. Terrell (1978)criticizedthis studybasedon thesmall number
ofpopulationsinvolved andthelikelihoodthatthediploid montanavarietywas
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populationsof themorewidespreadbutmorphologicallysimilardiploid race(Lewis
andTerrell 1962). However,Terrell (1959)earlierobservedthatlocalizedisolating
mechanismsoccurfrequentlythroughouttherangeofHedyotispurpurea,with
morphologicalintermediatesbeing absentfrom somesitesbutpresentat others. In
addition,localizedmorphologicalisolationis nowknownfrom Bluff Mountain,
whereapopulationofRoanMountainbluet growsalmostsideby sidewith a
purpureavarietypopulation(North CarolinaNaturalHeritageProgram1991). This
observationalsorefutesthesuggestionthatthemontanavarietyis adwarfed,
high-altitudeecotypeofHedyotispurpurea.

Terrell (1959)notesthreeacceptablesynonymsfor RoanMountainbluet--Hedyotis
purpurea(L.) Torrey& Grayvar. montana(Small)Fosberg(Fosberg1954),
HoustoniapurpureaL. var. montana(Small)Terrell (Terrell 1959),andHoustonia
montanaSmall (Small 1933). Recentregionalauthoritieshavenotreachedadecision
asto thepreferredname.At thegenericlevel, DuncanandFoote(1975)andGleason
andCronquist(1991)recognizeHedyotis,while Radfordeta!. (1968),Wofford
(1989),andWeakley(in preparation)recognizeHoustonia. At thespecieslevel,
Terrell (1959,1978)andRadfordeta!. (1968)treatRoanMountainbluetasavariety,
while Wofford (1989)andWealdey(in preparation)treatit asadistinct species,
restoringthetraditionofSmall (1933). Theemergingconsensusseemsto be
treatmentasafull species,Houstoniamontana.

RoanMountainbluet growsonrocky exposuresathighelevationsof 1,400to
1,900meters.Wiser(personalcommunication,1993)foundthatbedrockgeologyis
critical in thedistributionofthis species.Thebedrockof all RoanMountainbluet
sitesis mafic(i.e., basic). All theAsheCountysitesandtheRichMountainsiteare
onamphibolite(Asheformation);theRoanMountainsitesareonmaginatic
biotite-homeblendegneiss,with metadiabasedikesthroughout;theHangingRocksite
is onmetabasalt(MontezumamemberoftheGrandfatherMountainformation);and
theGrandfatherMountainsitesareon meta-arkose(a felsicrock) in areaswhereveins
ofepidote(amaficmineral)arepresent.This contrastswith theotherhigh-elevation
rocky-summitsitesin theSouthernAppalachiansthatareinvariablyon felsic (i.e.,
acidic) rock.

Thesoil substrateis usuallymetamorphicin origin andis acidic. Traditionally,mafic
rock is consideredto giverise to soils high in calcium,magnesium,andpH. Wiser
(personalcommunication,1993)founddifferencesin soils ofmaficversusfelsic
outcrops,butwith regardto differentnutrients,thesoils overmaficrockwerehigher
in boron,phosphorus,andcopperandlower in organicmatterandsodium. In some
situations,soilsovermaficrockwerehigh in calcium,magnesium,andpH.
Therefore,thoughmaficrockhasthepotentialto produceoutcropsoils thatarehigh
in pH andthesecations,it doesnotalwayshappen.Wiser(personalcommunication,
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1993)alsonoted,in comparingpresenceversusabsencedata,thattherewasa
correlationbetweenrelativelyhigh levelsofboronand iron andthepresenceon the
RoanMountainbluet.

Theplantstypically growin gravel-filledpocketsfoundon north-ornorthwest-facing
cliff-ledgesoron talusslopesassociatedwith outcropexposureson thesouthor
southwestslopesofmountainbalds. Winter freezesandthawscanchurngravelly
substrates,potentiallyburyingorexposingseeds,dislodgingrootedplants,and
exposingnewsubstratefor recolonization.During thegrowingseason,thesesitesare
oftenbathedby watercondensingfrom up-wellingair, frequentmountainfogs,
passingmid-elevationclouds,orsummerthunderstorms.Althoughoutcropsoils are
relativelyhigh in organicmattercomparedto typicalmineralsoils, theyarestill
shallow. Therefore,oncemoistconditionspass,thesoils drainrapidlyanddry out
within 2 or3 days.

Plantsgrowingonmostcliff micrositesreceivedirectsunlightfor lessthanhalfthe
day. Wiser(personalcommunication,1993),in comparingpresenceversusabsence
data,foundacorrelationbetweenrelatively low levelsof solarradiationandthe
presenceofRoanMountainbluet (potentialsolarradiationdecreaseswith an
increasingnorthaspectandslopesteepness).Plantsgrowingonthetalusslopesof
baldspotentiallyreceivemorehoursof directlight, but theirlower leavesareoften
shadedby neighboringforbs. Frequentfog andcloudsfurtherreducethe amountof
light theplantsreceiveduringthegrowingseason.Surfacetemperaturesare
moderatedthroughouttheyearby windsandthethermalmassofrockoutcroppings.

RoanMountainbluetgrowsin high-elevationrocky summitplant communities
(SchafaleandWeakley1991),thoughsomeoutcropsitesarefoundon grassybalds
andincluderepresentativesofthatcommunityaswell. Commonwoodyassociates
includeRhododendroncatawbiense,Abiesfraseri,Picearubens,Menziesiapilosa,
Sorbusamericana,andLeiophyllumbux~folium. Commonvascularherbaceous
associatesincludeSax~fragamichauxii,Heucheravillosa, Campanuladivaricata,
Krigia montana,Huperzia(Lycopodium)selago,Arabis lyrata,Sibbaldiopsis
(Potentilla)tridentata,Danthoniacompressa,Deschampsiaflexuosa,Solidago
glomerata,Asteracuminatus,Scirpuscaespitosus,Carexmisera,Carexbrunnescens,
Paronychiaargyrocoma,andSedumtelephicides.Threefederallylisted rareplant
speciesalsofrequentlyoccurin the immediatevicinity ofRoanMountain
bluet—Geumradiatum (endangered),Solidagospithamaea(threatened),andLiatris
helleri (threatened).Wiser(personalcommunication,1993)foundfive speciesthat
occurredwith RoanMountainbluetin 75 percentofherstudyplots
(10m x 10 m)--Sax~fragamichauxii,Athyriumfihix-feminassp.asplenioides,
Paronychiaargycoma,Heucheravillosa, andCarexmisera.Carexmiserawasonce
a candidatefor Federallisting but wasreclassifiedafterit wasfoundto be more
abundantthanpreviouslythought.Athyriumfihix-feminassp.asplenioideswas
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consideredthebestindicatorspecies,thoughit wasonly moderatelypredictive.
Hedyotismayrequiresomewhatlargerandbetter-drainedgravel-filledpocketsthan
mostoftheotherrareherbaceousspeciesandmaybe slightly moretolerantofshade
andherbaceouscompetition.

RoanMountainbluetpopulationsmaybe betterdescribedasmetapopulations;each
populationconsistsofa seriesofdiscretesubpopulationsisolatedfrom eachotherby
100 metersto severalkilometersofinterveninghabitat. It is unknownwhetherthese
subpopulationssurviveindefinitely; eachmaybethreatenedeitherbecauseofnatural
biologicalprocesses,suchassuccessionalencroachmentby nativeplantsorthe local
build-upofpathogensorherbivores,orbecauseofvegetationaldestructioncausedby
severeweatherconditionssuchasfreeze/thawcycles,downpour-inducedlandslides,
or lightning-ignitedfires.

Consequently,thebasiccriterionforpopulationpersistencehastwo components:

1. Persistenceofa local subpopulationrequiressufficient reproduction
andrecruitmentto offsetplantmortality andto regenerategenetic
variation.

2. Persistenceoftheentiremetapopulationmight requirethe
colonizationandestablishmentofnewsubpopulationsto replace
dyingsubpopulationsandtheadaptivegeneticvariationthatthey
contained.

Thefirst ecologicalstudyofRoanMountainbluetwasrecentlyconductedin two
localpopulationisolatesgrowingon talusslopesfoundon theRoanMountainmassif
(Saunders,in preparation).Becauseoftime constraints,demographiccensusplots
couldnot berevisitedduring thegrowingseason;therefore,no objectivemortalityor
recruitmentdatais available. Mostofthefield work focusedon thereproductive
phasesofthe life cycle. Basicdemographicresultsarenowbeinganalyzedand
shouldbe availableshortly.

SurveybotanistshavetraditionallycountedclumpsofRoanMountainbluet,
consideringeachclump amulti-stemmedindividual. However,severalobservations
suggestthat asingleplantclump maycontainmany geneticindividuals. Both pin and
thrumheterostylyformsarefoundintermingledwithin plant clumps,suggestingat
leasttwo genotypes.Becauseheterostylyessentiallyhasasimplegeneticbasis
(Solbrig 1966),theseflowermorphsserveasovertgeneticmarkersto differentiate
individualswithin aclump. Along with thebasalshootorientationandthetight
clusteringofrhizomebudsandsubsequentwinter rosettes,theseobservationssuggest

S



that multi-stemmedindividualsoccupyanareaof no morethan5 cm in diameter.
Thisapparentlimit on thesizeofan individual plantis alsosupportedby therhizome
lengthsobservedin herbariumspecimensofRoanMountainbluet.

Thefourmainflower visitors, listed in decreasingorderof probablepollination
effectiveness(basedon field observationsoffrequency,pollenloads,andmovement
distances),were small staphylinidbeetles,bumblebees,syrphid flies, andants. A
field experimentshowedthat hand-pollination,usingmixedpollen donors,couldnot
boostthepercentageof seedssetabovethe50 percentlevel achievedby natural
pollinatoractivity. Thehand-pollinationstudyalsoprovidedinsight into thebreeding
systemandgeneticintegrityoftheRoanMountainstudypopulation. Plantsofboth
heterostylymorphsdid not setseedswhenself-pollinatedbut did setnormal levelsof
seedswhencross-pollinatedwith pollenfrom theoppositemorph. This suggeststhat
this populationofRoanMountainbluetis self-incompatible,asis expectedin a
heterostylousbreedingsystem.Moreover,plantsthatwerehand-pollinated,using
neighboringpollen donors,setseedsjustaswell asnaturallypollinatedplantsandjust
aswell asplantsthatwerehand-pollinatedusingdistant,presumablyunrelated,pollen
donors. Inbreedingdepressionwasnot evidentin thestudypopulation.

Asexualpropagationoccursin late summerwhenRoanMountainbluetsbeginto
producebasalrosettesfromrhizomebuds. Field observationsrevealedsome
evidenceofflingal pathogensandvertebrategrazingin the studypopulationduring
late summer.Tramplingimpactby visitorswasalsoevidentatanotherlocation.

Conclusionsbasedon single-seasonstudiesofa subsetofstagesin the life cycleare
necessarilytenuousanddifficult to generalizefrom themedium-sizedtalusslope
studypopulationsto cliff-ledgepopulations.Nevertheless,recentfield experience
suggeststhat talusslopepopulationsofRoanMountainbluetmaybedynamic,with
annualfluctuationsin thenumberofstemsproducedby asingleplant andwith
moderateturnoverofplantseachyear. Thespeciesprobablyrelieson bothasexual
propagationandseedlingrecruitmentto replaceshootlossesto disease,herbivores,or
gradualovertoppingby tallerneighboringvegetation.Seedlingrecruitmentprobably
requiresbaresoil or asparselyvegetatedsubstrate.Frost-heavingofsubstratesis
probablycapableofburying freshly dispersedseedsandexposingany dormantseeds,
but thisprocessremainsto be studied. It is not clearwhetheranappreciable
persistentseedbankexistsandcontributesa significantfractionof eachyear’s
seedlingrecruitment.

Cliff-ledge populationsareprobablymoreprecariousbecauseopportunitiesfor
on-siteretentionofdispersedseedsandseedlingestablishmentappearto belimited.
Thesepopulationsareprobablymorestaticandrelianton thesurvivalof individual
plantrhizomescoupledwith limited clonalexpansion.
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Furtherwork is neededonseed-bankdynamics,seedlingrecruitment,andshoot
mortality. Additional attentionshouldbe directedto reproductivestudiesofcliff-side
populationsandsmall populations.

Threats and Population Limiting Factors

Habitatdestructionposesthemostimmediateandprevalentthreatto mostextant
populationsofRoanMountainbluet. Thisdestructionoccursin three
forms--commercial,recreational,orresidentialdevelopmentatprivatelyownedsites;
tramplingofpopulationsat accessiblecliff- ortrail-sidelocationsonnationalforest
lands(Cooperet a!. 1977,Gaddy1983); anderosionallossofcliff-side habitat
createdby uprootingandwind-throwofhigh-altitudetrees. Theimpactofall three
threatsappearsto be increasingsteadily.

Cliff-top plantsprobablyrepresentthefunctionalheartofcliff-side populations. Loss
ofcliff-top plantsremovestheonly naturalsourceof propagulesfortheuppermost
portionof cliff-side populations.Theselossescouldsubsequentlycreateacascading
lossofplantsdownslopeascliff-top propagulesno longercolonizelower ledges.
Erosionallossesalsoincreaseslumpingofvegetationmatsandprobablyreducethe
accumulationof gravelin depressionson cliff ledges.Both processesreducethe
amountofusablehabitatavailablein aRoanMountainbluetpopulation.

Successionalencroachmentby nativeandexoticplantsalsoposesalong-termthreat
to manypopulations(Masseyet a!. 1980,Kral 1983),particularlythosefoundon
mountainbaldswherenewhabitatmaynotberegenerating(SchafaleandWeakley
1990). Others(Wiser,personalcommunication,1993)believethatbecause
successionontheserockoutcropsis extremelyslow, it is nota significantthreatand
thatclipping ortrimming “competing” speciescouldchangethelocalmicroclimate,
makingthebluet potentiallyvulnerableto increasedexposureorerosion. Wiser,
however,believestheBig Baldpopulationmaybe threatenedby succession.

ConservationEfforts

InNorthCarolina,theNaturalHeritageProgram,theNorthCarolinachapterofThe
NatureConservancy(TNC), andtheServiceareworkingwith landownersto protect
andmanageRoanMountainbluet sites. TheTNC ownspartofonecliff-side siteand
is monitoringandprotectingits populationsby limiting public visitation. The
U.S. ForestServiceownstheRoanMountainsite(andthehistoric Big Bald site)and
is trying to protectthespeciesby placingnewrecreationalfacilitiesawayfrom known
locationsandby creatinginnocuousnaturalbarriersto discourageaccessand
tramplingatheavilyusedlocations. Unfortunately,thesebarriershavenotproven
particularlyeffectivein alleviatingvisitor impactsat scenicpublic recreationareas
wheretheRoanMountainbiuetgrows.
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Fortunately,currentlandownerssupportconservationeffortsat all threelargesites.
Potentialrecoverysuccessis highestfor theRoanMountainpopulation,found
entirelyonnationalforestlands. Federallaw mandatesprotectionofthispopulation,
andcooperationhasbeenestablishedwith theU.S. ForestService. Potentialrecovery
successis also highfor theGrandfatherMountainpopulation. Muchofthis
populationis in remoteor inaccessibleareas,andtheprivatelandownerhasshowna
seriousconservationcommitmentby donatingaconservationeasementthatprotects
muchofthe bluet’shabitat. Hehasalsoreroutedvisitor traffic atonepopularlocation
to protecttwo otherfederallythreatenedplantspecies.Recoveryeffortsarealso
promisingfor thethird largepopulation--TheNatureConservancy’sBluff Mountain
NaturePreserve.However,mostof thispopulationis onsteepcliff sides,justbeyond
thepreserve’spropertyboundaries,andwill requirefurtherwork.

TheNorthCarolinaArboretumin Ashevillerecentlybecameanallied facility ofthe
Centerfor PlantConservation.Theyhaveproposedto serveastheseed-storageand
plant-propagationfacility for RoanMountainbluetandhaveestablisheda collection
ofspecimensin cooperationwith theNorthCarolinaPlantConservationProgram.

TheEndangeredSpeciesAct (Act) regulatestradein protectedspeciesandprohibits
taking ofthespeciesfrom Federallandwithoutapermit. Section7 of theAct
providesfor additionalprotectionofthehabitatfrom impactsrelatedto federally
fundedorauthorizedprojects.Forlisted plantspecies,suchasRoanMountainbluet,
the 1988amendmentsto theAct alsoprohibit themaliciousdamageordestructionof
plantson Federalland. The 1988amendmentsalsoprohibit theremoval,cutting,
digging,damage,ordestructionofaplantin knowingviolation ofanyStatelaw or
regulation,includingStatecriminal trespasslaw andthePlantConservationAct of
1979.

RoanMountainbluetis listed asendangeredby theStatesofNorthCarolinaand
Tennessee.InNorthCarolina,Statelawprohibitsthecollectionoflisted plant
specieswithoutboththe landowner’swrittenpermissionandaStatecollectionpermit
from theNorthCarolinaDepartmentofAgriculture’sPlantConservationProgram.
Statelaw alsoregulatestradein listed species(NorthCarolinaGeneralStatute
106,19B;202.12-202.22).In Tennessee,theRarePlantProtectionandConservation
Act of 1985prohibitsthetaking oflisted specieswithout thepermissionofthe
landownerormanagerandregulatescommercialsaleorexport(TennesseeCode
Ann., Chapter242, Sections11-26-201to 11-26-214,PublicActsof 1985).

While FederalandStatestatusprovidesubstantiallegal protectionto endangeredand
threatenedspecies,particularlyonFederalproperty,theselawsregulate,but do not
prevent,all collectionortrade. RoanMountainbluethasanattractiveflower and
growthhabit,andwhile it is notcurrentlyasignificantcomponentofthehorticultural
trade,this situationcouldchange.
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PARTII

RECOVERY

A. RecoveryObjectives

Thegoalofthis recoveryplan is to removeRoanMountainbluet(Hedyotis
purpureavar. montana)from theFederalendangeredspecieslist. Delistingwill
beconsideredwhenat leastnineself-sustainingpopulationsexist,andthey are
protectedto suchadegreethatthespeciesno longerqualifiesforprotection
undertheEndangeredSpeciesAct.

A self-sustainingpopulationis self-regeneratingandmaintainssufficientgenetic
variationto enableit to surviveandrespondto naturalhabitatchanges.Sexual
reproductionandrecruitmentarevital elementsofaself-sustainingpopulation.
Therequirementfor ninepopulationsis basedonthedocumentedhistorical
distributionofthespecies.However,little is knownaboutthebiology ofRoan
Mountainbluet andthenatureofits habitat,muchlessits management.
Consequently,therequirementfor nineself-sustainingpopulationsmaychange
asmoreis learnedaboutthespeciesandrecoveryobjectivesarereevaluated.

A populationwill beconsideredadequatelyprotectedwhenlandownersand
cooperatingagencieshaveimplementedthemanagementactionsnecessaryfor
populationpersistenceandwhenthepopulationis protectedfrom presentor
foreseeablenaturalandhuman-relatedthreatsthatmightjeopardizeits
persistence.
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B. NarrativeOutline

1.Protectexistingpopulationsandessentialhabitat. Becauseofincreasing
threatsto RoanMountainbluetandits highly fragmenteddistributionat all
sites,all eight extantpopulationsshouldbeprotected. A careful censusof
eachpopulationis neededin orderto establishinterim protection,
monitoring,andmanagementpriorities.

1.1 Developinterim researchand managementplansin conjunctionwith
1andQ~r~. Little is knownaboutthespecificmanagementpractices
neededto ensurethe long-termsurvivalofRoanMountainbluet.
Consequently,interimplanswill urgelandownersto avoid site
alteration. Wheretramplingorrockclimbingthreatensto destroy
colonizedhabitat,trails shouldbe reroutedorclosed. Wheresmall
woodyplantsthreatento chokeoutapatchofbluets,selective
clippingshouldbeevaluatedasamethodto provideinterim relief.

1.2 Searchfor additionalpopulations.Moresystematicandwidespread
effortsareneededto delineateold populationsandto searchfor new
ones.Potentialsearchhabitatshouldbeprioritizedafterconsulting
threeinformationsources: (1) geological(locatingsiteswheremafic
rock is present)andtopographic(northerlyaspectandsteepslopes
that providereducedlevelsof solarradiation)maps;(2) Natural
HeritageProgramdatabasesthat containknownoccurrencesofother
cliff-ledge andtalus-slopespecies;and(3)microhabitatstudiesthat
mayfurtherexplainwhyRoanMountainbluetis absentfrom some
rocky-summitsites,includingsites in theCraggyandBlack
Mountains(perhapsdueto alackofmafic rock or low levelsofboron
andiron - seeWiser [personalcommunication,1993]). Because
RoanMountainbluetsfrequentlygrowwith severalotherfederally
listedplants,searchefforts for targetedrarespeciesshouldbe
coordinatedandpooled.

1.3 Determinehabitatprotectionprioritiesandalternatives.Protection
effortsshouldfirst focuson thethreelargestRoanMountainbluet
populations.Conservationgroupsshouldbeurgedto purchasethese
cliffs in orderto discouragerecreationaluseorcommercialor
industrialdevelopment.

PhoenixMountainandPaddyMountainalsodeservehighprotection
priority becauseoftheirpristineconditionand/orvigorous
populations.TheHangingRockpopulationis particularly
endangeredbecauseofits small sizeandthepossibility offurther
recreationaldevelopmer’t
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1.4 Providehabitatprotection. Thegreatestpossibleprotectionshouldbe
soughtfor thepopulationsthataremostcritical to thespecies~
recovery. Protectionmustincludethehabitatneedsofapopulation
plus sufficientbufferinglandto reducethreatsto theintegrity ofthe
site.

Feesimpleacquisitionandconservationeasementsprovidethemost
durableandeffectiveprotection. If landownersarenotwilling to
negotiatesuchagreements,short-termleasesormanagement
agreementscanprovideinterimprotection. Thesemeasuresmaylead
to greaterprotectionin thefuture,aspersonalinteractionsstrengthen
mutualrespectandresponsibilityfor speciesconservation.

2. Determineandimplementnecessarvmanagementfor long-term
reproduction.establishment.maintenance,andvigor. Newsubpopulations
mayneedto be establishedperiodically in orderto replaceanythatmay
eventuallydie out. Forall populations,plantnumbers,reproduction,and
electrophoreticvariationshouldbe monitored.Within selectedpopulation
units, thefollowing managementefforts shouldoccur:(1) censusthe
life-cycle stagesandfollow individualplantsto estimatepopulationsize
andratesofvegetativesurvival,reproduction,andrecruitment;(2) testfor
reproductiveorrecruitmentlimitations thatjeopardizelocalpersistence;
(3) characterizebufferingorcompensatoryprocessesthatreducethe
long-termimpactofshort-termreductionsin survival,reproduction,or
recruitment;and,(4) identify habitatandseedcharacteristicsthatpermit
colonization,germination,andestablishmentin newhabitat.

2.1 Determinepopulationsizefor all populations.Variability will affect
thestatisticaldetectionof populationchangesandthebiological
establishmentofthresholdsthatshouldtriggerclosermonitoring,
investigation,or intervention. Censusdatashouldincludecountsof
seedlings,rosettes,andstems. Forselectedsitesduringgermination,
additionalseedlingcensusesshouldbe conductedat2- to 4-day
intervalsin orderto detectseedlingsthatemergeandsurvive for only
afewdaysbeforedisappearing.Duringflowering,datashould
includetheproportionofflowering stemsandthenumberof flowers
perstem. Duringfruiting, datashouldincludetheproportionof
fruiting stems,thenumberof swollenfruits andabortedfruits per
stem,andfrom dissectionsofasmall collectionoffruiting stems,the
numberandproportionof ovulesthatproducedviableseeds.Simple
micrositeinformationshouldbe collected,suchasordinalrankingsof
canopycoverandcoverofcommonherbaceousspecies,substrate,
topography,andhydrologyoveramulti-yearperiod.
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2.2 Studyabiotic andbiotic featuresofthespecies’habitat.Demographic
problemscanjeopardizethepersistenceof apopulation. Life-cycle
censuses(Task2.1)canisolatetheperiodanddevelopmentalstagein
which mostproblemsappearand,with field observationsofplant
condition,cansuggestoneor morepossibleexplanations.However,
two problems--reproductivefailureandrecruitmentfailure--are
particularlyseriousbecausetheywarnofnear-termextinctionand
irreversiblelossofgeneticvariation.

2.2.1 Conductcontrolledpollinationtests. Controlledpollination
tests,suchasthosedescribedin Saunders(1993),shouldbe
conductedto assesstheadequacyofnaturalpollinationand
possibleinbreedingdepression.

2.2.2 Assessrecruitmentandseed-bankdynamics.Sexual
reproductioncannotreplacelostplantgenotypesunlessthe
seedsgerminateandtheseedlingssurvive. Poorseed
germinationoccurswhenfew seedsareexposedto suitable
germinationconditionsor whenfewseedsarecapableof
germination.Oneapproachis to censusseedsandtheir
conditionthroughouttheyear,but this requirestheremoval
ofsoil samplesthatmayinjureplantsandjeopardizefuture
recruitment. A betterapproachis to try to relievethe
possiblelimitationsofseedlingrecruitment.

A complementaryconcernis thedemographicconsequences
ofpoorseedlingrecruitment. Someplantsmaintain
substantialpersistentseedbanksin thesoil; this permits
themto surviveyearsofunfavorablegerminationconditions
orto buffer recruitmentagainsterraticseedproduction.

Studiesofrecruitmentfailure andseed-bankdynamicscan
be combined. Thetwo mostprobablecausesofrecruitment
limitationarethe inadequateretentionofviableseedsand
thesuppressionofseedgerminationby increasingvegetative
coverofotherspecies.

2.3 Conductlong-termdemographicstudies. Until moreis knownabout
thedemographyofRoanMountainbluet, it is notpossibleto identify
comparablespeciesthatmightprovidequantitativeguidelinesfor the
appraisalandmanagementofthis species.Theonly general
demographicguidelinesarethosethatqualitativelydescribethe
life-cyclestagesthatpredominatein eachofthefourstagesofthe
vegetationalsequence--reproduction,dispersal,establishment,and
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maintenance.From ademographicperspective,vegetativesurvival
andsexualreproductionarethestagesofthelife cycle thataremost
crucial to apopulation’spersistenceasit reachesits senescentphase.
From ageneticperspective,breedingpopulationsizeandthe
variationin individualreproductivesuccessareprobablythetwo
mostimportantparametersfor understandinghowrapidlya
populationlosesgeneticvariation(CrowandKimura 1970).

2.3.1 Monitor fruiting plantsandcapsulediameters.Fruiting
plantsshouldbemonitoredin orderto directly measurethe
sizeofthesuccessfulbreedingpopulation. Capsule
diameterscouldbe measuredto evaluateseedset indirectly
throughits allometricrelationto capsulesize.

2.3.2 Developelectrophoreticsamplingmethodsto monitor
patternsofgeneticvariation. Measureelectrophoretic
proteinvariationusing leaftissueto surveythegenetic
variationin all remainingpopulationsofthe species.This
would provideinformationonthegeneticvariationpresent
in thespeciesasawhole. In addition,this surveywould
identify “hot spots”ofgeneticvariation,if theyexist,and
populationsthataregeneticallydepauperate.From a
managementperspective,populationsthat aregenetically
rich mightbe themostdesirablesourcefor seedsorplants
for reintroductionto ahistoric sitefrom whichthespecies
hasbeenextirpated.Populationsthataregenetically
depauperatearecandidatesfor aninfusionof genetic
variation,particularlyif thepopulationsshowevidenceof
decline.

If difficulties arisewith electrophoreticproteinvariation
methodology,DNA analysiscouldprovideamoresensitive
andlessbiasedalternativeto enzymeelectrophoresis,but it
is currentlymoretechnicallydemanding,time-consuming,
andcostly(Schaaleta!.1991).

2.3.3 Compareelectrophoreticvalueto publishedvalues.When
electrophoreticmonitoringofRoanMountainbluetbegins,
thesamemeasuresofgeneticvariationcanbecalculatedand
comparedto therangeofpublishedvalues(Hamrickand
Godt 1989,Hamricketa!. 1991). For anumberofreasons,
comparisonwith its closestrelative,Hedyotispurpureavar.
purpureawould bevaluable. First, mostofthe life history
characteristicsofthetaxaarelikely to be similar. As
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allozymereviewshaveshown,life historycharacteristicsof
speciesarecorrelatedwith levelsofgeneticvariation.
Second,thetwo speciessharean evolutionarypast.
Comparisonofthetwo taxawould placedifferencesin levels
ofgeneticvariationin historicalperspective.If levelsof
geneticvariationaresimilarbetweenthetwo taxa,thenRoan
Mountainbluet, despiteits restrictivedistribution,is likely
to haveexperiencedagreaternumberofgeneticbottlenecks
thanits relative,andreducedgeneticvariationis thusan
unlikely explanationfor its rarity. If levelsofgenetic
variationin RoanMountainbluetarediminishedcompared
to themorewidespreadvariety,at leasttwo possibilities
exist. First, RoanMountainbluetmay containjusta subset
oftheallelesfoundin thewidespreadvariety. Thiswould
suggestRoanMountainbluetunderwentarecentgenetic
bottleneckeventin theprocessof splittingfrom the
widespreadvariety. Alternatively, if the levelsofvariation
arereduced,butallelesarenotshared,this suggeststhatthe
taxadivergedsufficientlylong agoto developsignificant
geneticdifferencesandthatRoanMountainBluet has
experiencedsignificantgeneticdrift sincediverging.
Finally, it is possible,but unlikely, thatRoanMountainbluet
is theprogenitorofthe morewidespreadtaxon. In summary,
comparingthegeneticvariationin thetwo taxawould
provideacontextfor assessingthe levelof geneticvariation
foundin RoanMountainbluet.

Themostuseful comparisonfor RoanMountainbluetwith
speciesin theallozymereviewsmentionedaboveshouldbe
with othernarrowendemicspecies.Further,it would be
informativeto comparegeneticdistanceto geographic
distance.

2.4 Determinetheeffectsofpastandongoinghabitatdisturbance.The
naturalcreationofusablehabitataffectsbothhowoftenanew
subpopulationcanbecomeestablishedandhowlong anestablished
subpopulationcanpersist. Usablehabitatandthenaturalprocesses
that createit needto be identifiedandcharacterized.Additionally,
thecapacityofseedsto reachthesehabitatsneedsto bemeasured.
Field observations,life-cycle censusdataon recruitment,and
recruitmentexperimentswill providepreliminaryexplanationsthat
canthenbetestedusinga simplifiedrecruitmentexperiment.
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2.4.1 Determineseedshadowandthe suitabilityofpotential
habitatfor recruitment. Designbasiccolonization
experimentsto testfor thepresenceandintensityof a seed
shadowandthesuitability ofpotentialhabitatfor
recruitment. A seriesofpaired,small-scaletreatments,with
thenatureofthetreatmentsdependingon thefindingsof
studieswithin existingsubpopulations(i.e., small-scale
vegetationremovalwith andwithoutseedover-sowings),is
likely themostfeasible.

Severalofthesecolonizationexperimentsshouldbe
conductedin the immediatevicinity ofexisting
subpopulations.By repeatingthetreatmentpairsalonga
transectextendingoutwardfrom anexistingdistributional
boundary,the spatialextentoftheseedshadowcanbe
mapped.OtherexperimentsshouldbeconductedatBig
Bald andatotherlocationsbelievedto supportRoan
Mountainbluet, aswell asat locationsthatcurrentlysupport
someendemicplant associatesofthebluet. If these
experimentsreveala seedbank,theymayhelpestablishthe
potentiallongevityofseedbanks,eitherwith thehelpof
historicaloccupancyrecordsthatmay appearin scientific
publicationsorherbariumrecords.

2.4.2 Characterizethosenaturalprocessesthatcreatehabitatthat
~sQ1Qnz~d.It maybe difficult to characterizethose
naturalprocessesthatinfrequentlycreateusablehabitat,with
thepossibleexceptionoflargefiresor landslides(bothof
whichmayleavedetectablescars).It wouldbe surprisingif
thesameprocesseswereinvolved in bothtalus-slopeand
cliff-side subpopulations.

Ontalusslopes,vegetationremovalprobablyoccursthrough
frostheaving,occasionalfire, orpossiblythroughperiodic
outbreaksofdiseaseor increasedherbivorepressurethat
destroysplantpatchesdominatedby clonal species.To
quantifyfrostheaving,whichcausesburial and exposureof
seedsaswell astheuprootingofplants,it maybeusefulto
photographplots in thefall andspring.

Oncliff faces,frostheavingmayalsoproveeffective,but the
scouringeffectsofwind-throwntrees,small landslides,and
icemovementsmayprovemoreimportantin uprooting
plantsandgeneratingrecruitmenthabitat. It is likely thata
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significantproportionofbluetrecruitmentmayalso occur
alongthemarginsof rapidlyexpandingvegetationalmats
producedby mossesor spreadingrhododendronroots.
Thesefinely texturedsurfacesmaybeableto trapseeds,
preventthemfrom beingwashedaway,andactasseedling
nurseriesthatpermitjuvenileplantsto establishroot systems
thatreachdownwardinto cracksandcrevices.

2.5 Definecriteriafor self-sustainingpopulationsbaseduponthedata
obtainedfrom Tasks2.1 through2.4. To evaluateandmanagearare
specieslike RoanMountainbluet, it is necessaryto havean
understandingofhow its populationshavepersistedin thepastand
thecapacityofthesepopulationsto persistinto thefuture. The
approachherefirst splitstheprobleminto two parts--thepersistence
ofindividual subpopulationsandthepersistenceof each
metapopulation.

2.5.1 Assesssubpopulationpersistenceusingguidelinesemerging
from Tasks2.1 through2.4. Persistenceofasubpopulation
requiressufficient reproductionandrecruitmentto offset
plantmortality andto regenerategeneticvariation.
Monitoringtrips (2.3.1)will provideaperiodicassessment
of localhabitatconditionsandeducatedguessesasto the
frequencyofrecurringtransientthreats(suchastrampling)
andtherateat whichchronicthreats(suchassuccessional
encroachment)reducerecruitment,reproduction,andadult
survival.

Monitoring datawill alsoprovideevidenceofreproductive
success,andlife-cyclecensuseswill provideevidenceof
recruitmentandseedproduction.If neitherreproductionor
recruitmentis evident,asubpopulationis probablysenescent
andis not likely to recoverwithout intervention. If
reproductionis evident,butnotrecruitment,asubpopulation
is ormaybe slowly senescentandmaybe ableto recoveron
its ownif naturalprocessessporadicallycreatesuitable
germinationhabitat. If bothreproductionandrecruitment
areevidentandno immediatethreatis present,a
subpopulationis eitherself-sufficientordecliningvery
slowly.
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To detectsignificanttrendsin thedata,thevariationthat
normallyoccursin aself-sustainingsubpopulationmustfirst
be determined.This will requireseveralyearsof monitoring
oneormorepopulations.

2.5.2 Projectsubpopulationpersistenceundercurrentconditions

.

Thelife-cycle censusesprovideestimatesofthenumbersof
individualsin differentlife-cycle stages--seeds,seedlings,
nonreproductiveplants,andreproductiveplants. Because
thesecensusesfollow individual plants,theyalsoprovide
stage-specificestimatesof survival,growth,and
reproductionthatrepresenttheprobabilityofan individual in
one life-cyclestagebeingfoundin eachotherstagethe
following year.

For projectingfuturenumbers,theseprobabilitiesareplaced
in columnsandwhenmultiplied by theobservednumberof
individualsin eachlife-cycle stage,producethenumberof
individuals expectedin eachlife-cycle stagethenextyear.
This tabularmultiplicationprocesscanberepeatedusing the
resultingstagedistributionfrom the lastmultiplicationasthe
initial stagedistributionin thenextmultiplication. This
iterativeprocessgeneratesthepopulationtrajectoryexpected
from asimpleextrapolationofcurrentvital rateestimates.If
this projectedtrajectorydeclinesovera periodof years,
individualsarenotreplacingthemselvesandthemodeled
populationis not self-persistent.

Thismathematicaltool providesseveralquantitativeresults
thatareextremelyuseful. First, it quantifiespopulation
growthrateandself-persistence.Second,it is usefulfor
detectingchangesin vital ratesin therecentpast. The
projectionprocessusuallygeneratesa stabledistributionof
developmentalstagesthatreflectthevital ratesmeasured.
This distributioncanbe comparedwith theobserved
distributionof stagesthatdependprimarily onunmeasured
vital ratesfrom previousyears. Third, themodelcanbeused
to predicthowlongthepopulationwouldpersistif
reproductionorrecruitmentfailsby replacingthestage
transitionvalueswith zerosanditeratingorkeepingtrackof
thenumberof individualsdying eachyearin orderto obtain
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thedistributionof deathsovera periodof time. This
distributionprovidesausefulmeasureofturnoverfor a
senescentpopulationandgivesan ideaofhow long it can
tolerateregenerativefailure beforebeinglost.

Themodelingprocessbecomesan evolving quantitativetest
ofhowwell thecausesandconsequencesofpopulation
dynamicsareunderstood.Consequently,theprojective
criteriaforpopulationpersistenceshouldimproveasmoreis
learnedaboutRoanMountainbluet. It alsoprovidesa
meansto assesspotentialmanagementoptionsby
quantifyingtheirpredictedconsequences.

2.5.3 Projectgeneticvariation. Projectionof geneticvariationis
difficult, but therearethreeapproachesthatwould be
possiblegiveninitial surveydata,thedemographic
information,andperhapssomegeneticmonitoringof the
populations.First, a stage-transitionmodelcouldbe fit to
allelefrequencyclassesin orderto projectchangesin allele
distribution,but thetransitionswill probablybeslow enough
thatit will notbepossibleto getreliableestimates.The gain
andlossof allelesthroughthelow-frequencyclasswill also
bedifficult to quantify,asthe detectionofall allelesis not
likely unlesshundredsofindividualsaresampledin each
subpopulation.A secondapproachis to explorethe
observedstatisticaldependenceofvariousmeasuresof
geneticvariationonpopulationsizeandotherdemographic
attributesby fitting regressionmodels. A third, more
difficult approachis to quantifyinbreedingdepression,if
present,andprojectits demographicconsequences.

2.5.4 Prospectiveevaluation. Oneofthemostimmediateneedsis
to identify extinctionthreatsandscenariosfor Roan
Mountainbluet. This informationwill helpmanagers
developprospectivecriteriatheycanuseto evaluateand
managebluetsubpopulations.

2.5.4.1 Identify themostsignificantthreats.To help
identify themostsignificantthreats,ausefulfirst
stepis to identify themostvulnerablestageofthe
life cycle in existingsubpopulations.Further
reductionin this stageis mostlikely to causea
dramaticdeclinein populationsizeandgenetic
variation.
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2.5.4.2 Identify transientthreatsto subpopulations.The
nextstepis to identify transientthreatsto
subpopulationsandanalyzetheimpactof the
populationbottlenecksthey create.Roan
Mountainbluetcurrentlyfacesseveral
intermittentandlocalizedthreats--natural
extremesof weatherthatmayaffectanystageof
the life cyclearenowexacerbatedby visitor
trampling. It is possiblethat somepopulations
requirefire to exposemineralsoils for seedling
establishmentorto thin shadingcanopy. If this is
foundto betrue,long-termfire suppressionalso
constitutesathreat.

Themostprobableextinctionscenariosinvolving
transientthreatsinvolve eitheranunusual
sequenceof recurringconditionsthat causegreat
cumulativeimpactorathreatthatrequiresalong
recoveryperiodduring whichthepopulationmay
be furtherdamagedby threatsthatwould
otherwisehavehadlimited effect.

2.5.5 Identify chronicthreatsto subpopulationsandpotential
populationresponses.RoanMountainbluetappearsto face
threepotentiallywidespreadandenduring
threats--successionalencroachment,habitatdestruction,and
possiblyair pollution effects. Chronicthreatsaredifficult to
evaluatebecause:(1) theironsetis usuallygradualandtheir
effectsoftensubtlesothatmanyyearsmustpassto magnify
theircumulativeimpactandpermit anunequivocal
identificationofcause;(2) chronicchangesalso affect
associatedplantandanimal species,whichmaycause
unanticipatedindirecteffectson RoanMountainbluet;and
(3) thetime scalesinvolvedaresufficient to permit genetic
adaptationthatcanintroduceadditionalpredictive
difficulties.

2.5.5.1 Specifythreatsobservedin the life-cycle
~ Someinsight is possibleby projecting
theconsequencesof someenvironmental
variationobservedin the life-cycle censuses.
Usingoneor moreoftheenvironmental
measurementscollectedfrom permanentcensus
plots, theycanbegroupedinto two ormore
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categories.Different setsofsize-specific
mortality and size-changeratescanthenbe
calculatedfor each.This methodgenerates
projectedpopulationgrowthandturnoverrates
underdifferentspecifiedsetsofenvironmental
conditions. By comparingrateestimates,it is
possibleto identify thoseenvironmentalchanges
that might drasticallyalterpopulationsizeand
thoseconditionsthathavelittle effect. It is also
possibleto studypotentialfluctuationin
distributionalboundariesby usinghabitattype
andspatialpositionto groupcensusplots.

Thepossibilityexistsfor indirectnegativeeffects
onRoanMountainbluetthroughthreatsto
interdependentspecies.Forexample,avarietyof
insectsvisit bluetflowers,andmostofthese
insectsalsovisit avarietyofotherplantspecies.
RoanMountainbluetcanprobablytolerate
moderatechangesin theabundanceofits
pollinatorsandprobablyexertslittle influence
overtheirabundance,with thepossibleexception
ofasmall staphylinidbeetle. However,
indiscriminateuseofnonselectiveinsecticides
couldthreatenall pollinatorsat siteswherefir
treesaresprayedin orderto controladelgid
outbreaks.

Oncliff faces,bluetrecruitmentmaydependon
thespecialnurseryenvironmentscreatedwithin
matsofmossordensefibrousrootsproducedby
manyericaceousplants. Thesematsmaytrap
seedsandpreventthemfrom beingwasheddown
thecliff. Thechronicthreatofaciddeposition
couldendangerrecruitmentestablishmentin three
ways. By loweringsoil pH, it canincreasethe
releaseof toxic metals,disruptmycorrhizal
associations(JacksonandMason1984),orkill
nurseryplants(Watson1971,Whittaker1975,
JacksonandMason1984).
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Little is knownaboutthe indirecteffectsof
competitors,althoughdenselyrhizomatousor
woodyspeciesprobablyexertthegreatesteffects
onbluetrecruitmentand,to a lesserextent,on
adultgrowthrates.

Finally, theimpactsofherbivoresandpathogens
arenotknown,noris anythingknownaboutthe
possibleroleplayedby animalsin thecreationof
localizedrecruitmenthabitatthroughsoil
disturbanceorvegetationremoval.

2.5.5.2 Be preparedto manageinbreedingdepression

.

As mentionedin theintroduction,no inbreeding
depressionwasevidentin onepopulation
examined.Shouldfutureresearchproduce
evidenceofinbreedingdepression,onesimple
approachwould be to buildup the sizeofthe
populationby alleviatingothersourcesof
mortalityorreducedfecundity,thenlet the
populationnaturallypurgeitselfofdetrimentals
until it is capableofreexpandingon its own.

2.5.6 Assessmetapopulationpersistence.Persistenceoftheentire
populationrequiresthecolonizationandestablishmentof
newsubpopulationsto replaceany subpopulationsthatmay
die outandtheadaptivegeneticvariationthatthedying
subpopulationcontained.

Ideally, thereshouldbea self-sustainingmix of
subpopulationsat eachsitethatincludesanadequatenumber
ofweaklyconnectedasynchronousoranti-synchronous
subpopulationsto ensureaconstantsourceofnewrecruits
forthereestablishmentof newsubpopulationsasnewhabitat
is recreatedby naturalprocesses(Levin 1976).

2.5.6.1 Identifyusablehabitatanddeterminecapability
of freshly producedseedsto reachthesesites in
sufficientnumbersto establishanew
self-sustainingsubpopulation:analyzethe life
spanofexistingpopulationsandcompareit to the
frequencywith which suitablehabitatis
2eneratedby naturalDrocesses

.
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2.5.6.1.1 Identify suitablehabitat. The
life-cycle censusprovides
environmentalmeasuresthat
correlatewith recruitmentin
existingsubpopulations,andthe
recruitmentexperimenttestsfor
factorsthat limit andpermit
recruitment. Potentialsitesfor new
subpopulationscanfirst bescreened
by identifying locationswith
similarabioticenvironmentsor
with someofthefrequent,endemic
plantassociatesofRoanMountain
bluet. Historic recordsmayalso
identify afewformerlocationsfor
bluetsubpopulations.The
suitability ofthesepotential sites
canthenbetestedby performing
thesamesmall-scalerecruitment
experimentusedwithin existing
subpopulationsusingavarietyof
experimentalmethods,suchas
removingcompetingvegetation;
removinglitter, lichensandmosses;
andexposingbarsoil for
colonization.

2.5.6.1.2 Determinecapabilityoffreshly
producedseedsto reachsuitable
habitat. Therecruitment
experimentalsohelpsdetermine
howclosein spaceandtimenew
habitatmustbecreatedin orderto
permit naturalcolonizationand
establishment.Clustersof
small-scalerecruitmenttreatments
canberepeatedatintervalsalong
transects,extendingoutwardfrom
theboundariesof existing
subpopulations.Theseresults
revealthecumulativedispersal
distanceof seedsandhelpestablish
themaximumdistancethat
separatessuitablesitesfrom seed
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sources.Therecruitment
experimentsperformedwithin
existingsubpopulationsprovide
estimatesof germination
probabilitiesfor seedsthat entera
persistentseedbankandremain
viablefor 2 or 3 years. Thesedata
canbe usedto extrapolatea
maximumviable life spanfor seeds
thatentera soil seedbankand
establishthemaximuminterval
betweenthelossofseed
reproductionin a senescent
subpopulationandtheregeneration
ofhabitatfollowing theextinction
ofasubpopulation.

2.5.6.1.3 Determinerateofhabitat
I~g~fl~t~IQfl. Theslowrateof
habitatregenerationand
deteriorationrequiresindirect
estimatesof thetime intervals
betweenfoundingsandextirpations.
If it seemsreasonableto assume
thathabitatcreationhashistorically
beenadequate,thentheobserved
proportionsofsubpopulationsin the
colonization,establishment,
maturation,andsenescentphases
reflecttherelativelengthsofthe
fourphases.Instead,if it is
possibleto estimatethe lengthsof
eachphase,thentheobserved
proportionsof subpopulationsin the
colonization,establishment,
maturation,andsenescentphases
canbe comparedto theproportions
expected.This comparisoncanbe
basedon relativephaselengthsto
testtherecenthistoricaladequacy
of naturalhabitatregeneration.
Severaltypesof recordsprovide
informationonthe lengthsofsingle
-or multiple phases--meteorological
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patternssummarizedin National
WeatherServicerecords;thedating
of slowly healingdisturbancescars
left by fires, landslides,andfallen
trees;andthe agingofmaturetrees
oflocal colonizingspeciesfound at
RoanMountainbluetsites.

If fire is foundto havebeenan
agentofnewhabitatpatchcreation,
it will benecessaryto simulatethis
naturalprocessby conducting
controlledburnsorby manually
openingnewpatchesfor
colonization.

2.6 Implementappropriatemanagementtechniquesastheyaredeveloped
from previoustasks. Most techniquesfor overall habitatmanagement
will involve theup-scalingof methodsusedin theexperimental
studiesofrecruitmentandpollinationin selectedsubpopulations
supplementedwith techniquesdevelopedfrom horticulturalstudies.
However,up-scaledefforts sometimesproduceunexpectedresults,
particularlywhenvegetationis removed.Consequently,pilot studies
ofthesemethodsshouldbeimplementedassoonaspossibleto
troubleshoottechniques,evaluatethefeasibility of theirlarge-scale
application,andmakesuretheyeffectivelymeettheirintended
objectives.

2.6.1 Subdividelocal populationunits. Subdividelocal
populationunits into threeclasses(imminentrisk of
extirpation,suspecteddecline,andself-persistent)basedon
objectiveandsubjectiveevidenceofpopulationdeclineand
lossofrecruitmentorreproduction,turnoverrate,or increase
in threats.Preliminarypopulationsizecriteriaareprimarily
basedon theoreticalestimatesofthegeneticrequirementsfor
a “minimum viablepopulation”for afairly dynamic,
outbreedingplantspecieswith little seeddormancy(Franklin
1980). Definitions of theselevelsfollow.

Level I - ImminentRisk ofExtirpation - A subpopulationis
placedin thiscategoryif it is not self-sustainingandit faces
imminentandirreversiblegeneticimpairment.
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Preliminarycriteriafor thisclassificationincluderecruitment
failure andeither(1) atotal subpopulationsizeof 250 or
fewergeneticallydistinct individuals;(2) a20 percent
reductionin geneticvariation;(3) a20 percentreductionin
seedsetaccompaniedby a20 percentdeclinein
subpopulationsize;or, (4)a 50 percentdeclinein population
sizeattributedto acontinuousthreat.

While it maynotbe economicallyfeasibleto determineall
ofthe informationfortheabovecriteria,Level I
subpopulationswill requirecloseannualmonitoring,
diagnosticfield studies,andactivehabitatmanagementin
orderto preventfurtherdeathoftheremainingplants.
Ideally, thestandardreproductivecensusshouldbeexpanded
to includepreciselymappedplantssothateachplantcanbe
followed individually over aperiodoftime to determine
ratesofsurvivorshipandmortality. Forsomesites,
diagnosticfield studiescould includeatestfor inbreeding
depressionthatusespollendonorsfrom thenearest
subpopulation(notalsoclassifiedasLevel I).

Level II - SuspectedDecline- A subpopulationis placedin
thiscategoryif it doesnotappearto beself-sustainingand
doesnot faceimminentdangerof irreversiblegenetic
impairment.

Preliminarycriteriaforthis classificationincluderecruitment
failure ornear-failureandeither(1) atotal subpopulation
sizeof lessthan2,000geneticallydistinct individuals;(2)a
10 percentreductionin geneticvariation;(3) a 10 percent
reductionin seedsetaccompaniedby a 20 percentdeclinein
populationsize;or, (4) a25 percentreductionin
subpopulationsizeattributedto acontinuousthreat.

As in Level I, Franldins’scriteriaarenot feasiblefor Roan
MountainBluet. Thereareno subpopulationsaslargeas
2,000individuals,andtheirgeneticdistinctivenessis not
possibleto monitor. Level II subpopulations,however,
shouldbe monitoredevery 3 yearsby conductingthe
fruiting-stemcensusdescribedin the monitoringproject.
Managementshouldincludesitevisitsevery1 or 2 yearsto
monitor threatsandrestoresufficienthabitatin orderto
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boostrecruitmentandpreventfurtherdecline. Field studies
shouldbe initiated in this subpopulationor in acomparable
surrogateto examinehowidentifiedthreatsaffectvital rates
andtherateof populationdecline.

Level III - Self-persistent- A subpopulationis placedin this
categoryif it is self-sustainingandmaintainshealthylevels
ofgeneticvariation.

Preliminarycriteriaforthis classificationincludeevidenceof
consistentsuccessfulreproductionandrecruitmentandeither
(1) atotalpopulationsizeofmorethan5,000genetically
distinctindividualsandno evidenceofnumericaldeclineor
continuousthreator(2) directempiricalevidenceof
populationstabilityincludingnondecliningpopulationsize,
nondeclininggeneticvariation,orarecruitmentrate
sufficientto offsetthemortality ofadultplants.

Level III subpopulationsshouldbemonitoredevery 5 years
by conductingthefruiting-stemcensusdescribedin the
monitoringproject. Theyalso shouldbevisitedevery2 or
3 yearsto notehabitatchangesandthreats.These
subpopulationsdo notrequireany activemanagementas
long assitesreceiveadequateprotection.

2.6.2 Developmanagementalternatives.Twomajoroptionsexist
for populationmanagement--reinvigorateadeclining
subpopulationorestablishanewone. Inprinciple,the
choiceshouldreflectthehistoric patternsofextinctionand
colonizationin whichthe life-history characteristicsofRoan
Mountainbluethaveevolved. In practice,however,
logistical constraintsandthenatureof anthropogenicthreats
maydictatemanagementchoices.

Althoughaccidentalintroductionofa diseaseagentcannot
beruledout, mostof theproposedhabitatmanagement
techniquesarenot likely to harmRoanMountainbluet.
Thesetechniquescanbe implementedassoonaspossiblein
Level I or Level II subpopulations.

Whereaugmentationof adecliningpopulationis indicated,
initial managementshouldbeconservative,usingonly seeds
orgreenhouseplantsderivedfrom the sametarget
population. Whenweknowmoreaboi,tthegeneticmakeup
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ofpopulations,it would be desirableto experimentwith
increasingthediversity within a depauperatepopulationby
theadditionofmaterialfrom amorediversepopulation.
Ideally, it would be goodto follow thefateof theoriginal
genepool afterthe infusionofnewmaterial.

2.7 Developtechniquesandreestablishpopulationsin suitablehabitat
within thespecies’historic range. Preliminarywork will developthe
propagationandtransplanttechniquesnecessaryto establishnew
subpopulationsofRoanMountainbluet. Thiswork canbeconducted
bothoff- andon-site. After stabilization,habitatrestoration,and
expansionof existingsites,thereestablishmentofhistoric sitesand
theestablishmentofnewpopulationsshouldhavehighestrecovery
priority.

2.7.1 Conductoff-sitehorticulturalstudies. Thesestudiescan
bothcharacterizethegerminationandcultural requirements
ofthespeciesandtestandrefinereliabletechniquesfor
sexualandasexualpropagation.Thesepropagationmethods
will notonly providetheplantmaterialneededto conduct
additionalresearch,supplementexistingpopulations,or
establishnewpopulations,but theywill also createa
valuablesetof toolsfor intensivegeneticmanagement(e.g.,
controlledmatingprograms).Similarly, thedevelopmentof
anondestructivecloning method,using traditionalor tissue
culturetechniques,will permittherescueofextantgenetic
variationfrom adying subpopulationandthecreationof a
duplicategeneticpopulationoff-sitein caseon-site
managementfails.

2.7.2 Conducton-sitefield studies. Thesestudiescanevaluatethe
feasibilityof sowingseedsandtransplantsandtheexpansion
ofexistingsubpopulationsby thecreationofnewhabitat
patchesfor colonization. Intra-subpopulationstudiesare
preferableastheyavoid the introductionofdiseases,pests,
or foreigngenotypesinto native subpopulations.

2.8 Introduce/reintroducethespeciesintoappropriatehabitat. In many
ways,Big Bald is themostpromisingsite forreintroducingRoan
Mountainbluet. It supportedapopulation12 yearsago,andthesite
is reasonablywell-protectedbasedon thecurrentmanagementplan
for PisgahNationalForest. This sitewould doublethenumberof
baldpopulationsfor RoanMountainbluet. Thesoleextantbald
populationatRoanMountainis the leastfragmentedandrelatively
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largepopulationremaining. Consequently,RoanMountainshouldbe
ableto provideampleseedsandgenotypesthatshouldbe generally
adaptedto baldandtalus-slopehabitats.

Thegoalofall reintroductionsshouldbeto establishaLevel III
subpopulationasrapidly aspossiblein orderto preservethegenetic
variationcontainedin thefounders.Consequently,enough
germinationhabitatmustbepreparedto meettheminimum
populationsizefor aLevel III subpopulation.This will likely require
amid- to late-summerbumto removeasmuchorganicmatteras
possible,followedby somerakingandweedingto removesurviving
root stocks. At Big Bald, it maybe desirableto leaveaportionofthe
sitefallow afterburningto seeif anyviablebluet seedsremain.

Thenumberoffoundersestablishesamaximal limit fortheamount
ofgeneticvariationthenewsubpopulationwill containfor quite
sometime. To providethemaximumamountofadaptivegenetic
variation,at least200 sibshipsamplescontainingat least10 good
seedsshouldberemovedfrom thenearestvigorouspopulationfound
in the sametypeofhabitat. Seedscouldberandomizedandsown
andshouldthenbenatureallowedto takeits coursein selectingthose
suitableforthehabitat.

3. Maintainandexpandcultivatedsourcesfor thespeciesandprovidefor the
lone-termmaintenanceof selectedpopulationsin cultivation. Horticultural
studiescancontributeto recoveryefforts in threeways. First, theyprovide
valuableinsightinto thedevelopmentalpatternsandgrowthhabitsof
individual plants--difficultobservationsto obtainfrom field populationsin
naturalhabitats.Second,horticulturalstudiestestthetrueenvironmental
requirementsof aspeciesandhelpdistinguishhabitatpreferencesfrom
habitatrequirements.Third, horticulturalstudieseventuallygenerateplant
materialthatcanbeuseddirectlyto replenishorreintroducethespeciesinto
nativehabitat. Thesamematerialmayalsobeusedto establish
experimentalpopulationsin naturalhabitatfor perturbationstudiesofnovel
threatsornatural factors.

Horticulturalcareis alsonecessaryto maintainthe integrity of germ-plasm
samplesremovedfrom selectedpopulations. If a targetedpopulationhas
reasonableseedset,arepresentativeseedsampleshouldbecollectedovera
periodofseveralyears(MarshallandBrown 1975,FalkandHolsinger
1991). Matureseedsshouldbeseparatelycollectedby sibship from
randomlyselectedmaternalplants. Themultiple-yearrequirement
broadensthegeneticsamplebeyondthosegenotypesthathappento produce
ripeseedsattheparticulartime ofacollectionvisit.
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Together,thesesibshipseed-collectionproceduresovercomethecollection
biasesandtheundocumented,systematiclossof phenologicalvariationthat
occursduringthecollectionandstorageoftraditional,haphazard,bulk seed
samples(Allard 1970). Geneticallybasedvariationin seedviability and
germinationrequirementsandin thetiming offloweringandseed
maturationprovidesoneofthemostsignificantsourcesof ecologically
relevantvariationforadaptation.By shiftingthetiming ofits life cycle,a
speciescanaccommodatealmostany environmentalchangeaslong asthe
impactofthechangeis restrictedto a particulartime ofyearand a
particulardevelopmentalstage. If, however,a targetedpopulationhaspoor
seedset,asexualpropagationtechniques(includingtissueculture)should
bedevelopedto permitthecloningofnaturallyoccurringindividualsin the
targetedpopulation.

4. Enforcelawsprotectingthe speciesand/orits habitat. FederalandState
enforcementagentswhosejurisdictionincludestheknownrangeof
Hedyotispurpureavar. montanashouldbe madeawareofthethreatsto the
speciesandbeableto identify specimens.Wherevercollectingis a
potentialproblem,signsshouldbepostedexplainingtheprohibitions
againsttaking oftheseplants(without specifyingthe species,soasnot to
drawundesirableattention).

5. Developmaterialsto inform thepublicaboutthestatusofthe speciesand
therecovervplanobjectives.Publicsupportfor theconservationofRoan
Mountainbluetcouldgreatlyencouragelandownerassistancein
conservationefforts,particularlyat thosesitesthatmaybeadversely
affectedbythecreationorexpansionofresortsandrecreationfacilities.
However,informationalmaterialshouldnot identifythe plant’sprecise
locationsin orderto discouragevandalismto, or collectionof, wild
populations.

Informationalmaterialsshouldstresspragmaticreasonsfor species
conservationaswell asintellectual,aesthetic,ormoralconsiderations.
Backgroundinformationaboutthepharmacological,agricultural,or
economicpropertiesofthespecies,its congeners,or otherplantfamily
relativeswill helpaddressthequestionsfrequentlyposedby laypersons.
Additional informationshouldbeprovidedaboutknownorsuspected
bio-indicatorpropertiesofthe species.

5.1 Prepareanddistributenewsreleasesandinformationalbrochures

.

Informationalmaterialsshouldbepreparedaboutthestatus,
significance,andrecoveryofthe species.Newsreleasesshouldbe
distributedto majornewspapersin thespecies’rangeandto smaller
newspapersin thevicinity ofthespecies’habitat. Interpretive
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displaysandbrochuresshouldbedevelopedfor useon public landor
in public schools. Thesematerialsshouldstressthefragility ofthis
rareplant’shabitat.

5.2 Preparearticlesfor popularandscientificpublications.Published
articlesarenecessaryto inform local citizensandpublic officials
abouttheneedto protectRoanMountainbluet in its nativehabitat
andto encouragetheirenthusiasticcooperationin conservation
efforts. Scientificpublicationsshouldidentify themostpressing
needsfor furtherstudiesandseektheassistanceofcollegeand
university researcherswhohavestudiedthis orcloselyrelated
species.

6. Annually assessthesuccessofrecovervefforts for thespecies.Thetimely
reviewofnewinformationandevaluationofongoingprogramsis essential
to ensurethatfull recoveryoccursasrapidlyandefficiently aspossible.
Monitoring informationmayrevealnewproblemsorrequireshifts in the
allocationofresourcesto monitoring,research,andmanagementprojects.
Populationperformanceshouldbecomparedto preestablishedtargets,and
morerigorousorfrequentmonitoring programsshouldbeimplementedif
populationsdeclinebelowpreestablishedthresholds.Pilot andfull-scale
managementprojectsshouldalsobe reviewedto ensuretheircontinuing
effectiveness.
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PART III

IMPLEMENTATION SCHEDULE

Priorities in columnoneofthefollowing ImplementationScheduleareassignedas
follows:

1. Priority 1 - An actionthatmi~1 betakento preventextinctionorto prevent
thespeciesfrom decliningirreversiblyin the±~~bk future.

2. Priority 2 - An actionthatmustbetakento preventasignificantdeclinein
speciespopulation/habitatquality or someothersignificantnegative
impactshortof extinction.

3. Priority 3 - All otheractionsnecessaryto meettherecoveryobjective.

Keyto AcronymsUsedin ThisImplementationSchedule

FWS - U.S.FishandWildlife Service
TE - EndangeredSpeciesDivision of theU.S. FishandWildlife Service
LE - Law EnforcementDivision oftheU.S. FishandWildlife Service
FA - OtherFederalAgencies- IncludestheU.S. ForestServiceandNationalPark

Service
R4 - Region4 (SoutheastRegion),U.S. FishandWildlife Service
SCA - StateConservationAgencies- Stateplantconservationagenciesof

participatingStates.In NorthCarolina,thesearethePlantConservation
Program(North CarolinaDepartmentofAgriculture) andtheNaturalHeritage
Program(NorthCarolinaDepartmentofEnvironment,Health,andNatural
Resources);in Tennessee,theNaturalHeritageProgram(Tennessee
DepartmentofEnvironmentandConservation).
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ROAN ?R3UNTAIN BLUET IIeLEIfNTATION SCIEDILE

Priority
Task

Nialler Task Description
Task

Duration
Responsible Agency

FWS Other
Cost Estimates (SOOO Si

FYI. CY2 P13 Cdmmats

1.1 Develop interim research and manageewnt plans
in cosijanction with landos~sers.

Continuous R4/ES SCA. CA 1 0 1 0 1.0 Concurrent with
Task 1.3

1.3 Determine habitat protection priorities and
alternatives.

Continuons R4/CS SCA. CA 1 0 I 0 1.0 Concurrent with
Task 1.1

1 1.4 Provide habitat protection. Continuous R4/tS SCA, PA Cost not determinable

1 2.1 Determine population size for all populations. 3 years P4/ES SCA. PA 3 0 3 0 3.0

1 2.5.4.1 IdentIfy the nosst significant threats. 2 years R4/ES SCA. PA 1 0 10 Concurrent with
Task 2.1.

1 2.5.4.2 Identify transient threats to suhpopulations. 2 years P4/ES SCA. PA 1 0 1 0 Concurrent with
Task_2.1.

Concurrent with
Task 2.1.

1 2.55.1 Specify threats observed In the life-cycle
censuses (Task 2.11.

3 years P4/ES SCA. PA 1 0 1 0 1.0

1 4.0 Enforce laws protecting the species and/or Its Continuous R4/tS. LE SCA. CA 1 0 1 0 1.0

SCA CA

CA

1 0

1 0

2

2

6 0

12

Auinuaily assess the success of recovery efforts

Seurch for additional populations.

Conduct controlled pollination tests

Contlnonus

—

Continuous

P4/ES

——

P4/ES SCA,

R4/ES SCA CA

1 0

——

1 0

1 0

— —

2 2 2 1 2 years 10 0 50 Concurrent with
Tank_2_1

Concurrent with
Task 2 1

2 2 22 Assess recruituent and seed-bank dynamlcs 3 years R4/ES SCA CA 3 0 3 0 3 0

2 231 Monitor fruiting plants and capsule diamaters 3 years P4/PS SCA CA 1 0 1 0 1 0 Concurrent with
Tusk 21

2 2 32 Develop electrophoretic sangiling methods to
sninitor patterns of genetic variation

3 years R4/ES SCA PA 100 10 7 0 Concurrent with
Task 2 3 3

2 2.3.3 Ccepare electrophoretic value to published
values.

3 yearS P4/ES SCA. PA 10 1 0 1.0 Concurrent with Task
2.3.2.

2 2.4.1 Determine seed shadusa and the suitability oP
potential habitat for recruitauent.

3 years R4/ES SCA. FA 3 0 3 0 3.0 Concurrent with Task
2.1.

2 2.4.2 Characterize those natural processes that
create habitat that can be colonIzed.

3 years P4/ES SCA. PA 3 0 3 0 3.0 Concurrent with Task
2.1.



ROAN 101NEAIN BLUET IMPLEhENTATIOtI SCHEDULE (continuedi

Priority
Task

Harder
.

. lack Description

Task
Ouratlon

Responsible Agency
FII~S Other

Cost Estimates (SOOOs)
FYI FY2 py~ Cteiments

2 2.5.1 Assess snbpopulation persistence using
guidelines emerging fron Tasks 2.1 through 2.4.

P4/ES SCA. FA

— —

After Tasks 2.1 through
2.4 have been
cce~,leted.

2 25.2 project subpopulation persistence under current
conditions.

P4/ES SCA. FA After fasko 2.1 through
2.4 have been
ccepsieted.

2 2.5.3 Project genetic variation. P4/ES SCA. lA After Tasks 2.1 through
2.4 have been
conqlvted.

2 2.5.5.2 Be prepared to manage for control of inbreeding
depression.

P4/ES SCA. lA After Tasks 2.1 through
2.4 have been
cce~,leted.

2 2.5.6.1.1 Identify suitable habItat. 3 years P4/ES SCA. FA 5 0 5 0 5.0

2 2.5.6.1.2 Determine capability of freshly produced seeds
to reach suitable habitat.

3 years P4/ES SCA. FA 5 0 5 s s.o

2 2.5.6.1.3 Determine rate of habitat regeneration. 5 years P4/ES SCA. lA 2 0 2 0 2.0

2 2.6.1 Snbdivide local population units. P4/ES SCA. PA After Tasks 2.1 through
2.4 have been
cce~leted.

2 2.6.2 Develop management alternatives. P4/ES SCA. FA After Tasks 2.1 through
2.4 have been
ccm~,leted.

2 2.7.1 Conduct off-site horticultural studies. 3 years P4/ES SCA. FA 2 0 2 0 2.0

2 27.2 Conduct on-nite field studies. P4/ES SCA. FA After Tusks 2.1 through
2.4 have been
ccurpleted.

2 2.0 Introduce/reintroduce the species into
appropriate habitat.

P4/ES SCA. FA After lasks 2.1 throngh
2.4 have been
cce~l eted.

1J3
—I



ROAJ~ hflJNTAIN BLUET IMPLEhENTATION SCIfOIILE (continued)

Priority
task

PAuter
.

.:• Taik DesCription .

Task
Duration

Responsible Agency
lIdS Other

Cost Estimates (tOOD’s)
FYI Ff2 F~3 Ccemants

1 0

2 0

3

3

3

3 0

—

5 1

Maintain and expand cultivated sources for the
species aed provide for long-term maintenance
of selected populations is cultivation

Continuous

—

Continuous

R4/ES

—

P4/ES

SCA lA

SCA FA

1 0

——

2 0

0

0

0

R
Results of ongoingresearch are needed todevelop brochures anddisplays

Prepare and distribute news releases and
infoneational brochures,

3 5.2 Prepare articles for popular and scientific
Intl icatiodvo -

Continuous P4/ES SCA lA 2 0 2 0 0

00



PART IV

LIST OFREVIEWERS

Thefollowing agencies,organizations,andindividualsweremailedcopiesof this
recoveryplan. This doesnot imply thattheyprovidedcommentsorendorsedthe
contentsof thisplan.

Mr. A. B. Anders
P.O.Box 2627
Raleigh,NorthCarolina 27602

*Dr JanisAntonovics

DepartmentofBotany
DukeUniversity
Durham,NorthCarolina 27706

Dr. FrankieBrackley
6 NubanusitRoad
Nelson,NewHampshire
(RFD Marlboro,NewHampshire)03455

Dr. RichardBruce
HighlandsBiological Station
P.O. Drawer580
Highlands,NorthCarolina 28741

Dr. RobertCook
Arnold Arboretum
125 Arbor Way
JamaicaPlains,Massachusetts02130

Mr. GaryEverhardt,Superintendent
National ParkService
Blue RidgeParkway
200BB&T Building
OnePackSquare
Asheville,NorthCarolina 28801

39



Mr. Cecil Frost
NorthCarolinaDepartmentofAgriculture
PlantConservationProgram
P.O.Box 27647
Raleigh,NorthCarolina 27611

Dr. L. L. (Chick) Gaddy
Route1, Box 223
WaIhalla,SouthCarQlina29691

Mr. Rob Gardner
CuratorofRarePlants
NorthCarolinaBotanicalGarden
UniversityofNorthCarolina- ChapelHill
CB# 3375,TottenCenter
ChapelHill, NorthCarolina27599-3375

*Dr. JamesHamrickandDr. Mary JoGodt

DepartmentofBotany
Universityof Georgia
Athens,Georgia 30602

Mr. BartJohnson
140 ParkwayDrive
Athens,Georgia 30606-4948

Mr. ThomasM. King, Jr.
FleetwoodFalls, Inc.
P.O.Box 128
Fleetwood,NorthCarolina 28626

Dr. RobertKral
Biology Department
VanderbiltUniversity
Box 1705,StationB
Nashville,Tennessee37235

Mr. KeithLangdon
GreatSmokyMountainsNationalPark
Route2
Gatlinburg,Tennessee37738
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Mr. Bob McCartney
Woodlanders
1128ColletonAvenue
Aiken, SouthCarolina 29801

Dr. Don McCleod
BiologyDepartment
MarsHill College
MarsHill, NorthCarolina 28754

Dr. JamesMassey
DepartmentofBiology
CB 3280,CokerHall
UniversityofNorthCarolina- ChapelHill
ChapelHill, NorthCarolina 27599

Mr. HughMorton, President
GrandfatherMountain,Inc.
P.O.Box 128
Linville, NorthCarolina 28646

FrankH. NealHeirs
c/o Mr. JoeNeal
P.O.Box 505
Jefferson,NorthCarolina 28640

Ms. PeggyOlwell
DirectorofConservationPrograms
Centerfor PlantConservation
MissouriBotanicalGarden
P.O.Box 299
St. Louis, Missouri 63166

Mr. JohnSharpe
Mt. Mitchell StatePark
Route5, Box 700
Burnsville, NorthCarolina 28714

Mr. Milo Pyne
TennesseeHeritageProgram
401 ChurchStreet
8thFloor, L&C Tower
Nashville,Tennessee37243-0447

41



Mr. MorganSommerville
AppalachianTrail Conference
do U.S. ForestService
P.O. Box 2750
Asheville,NorthCarolina28802

Mr. RobSutter
TheNatureConservancy
SoutheastRegionalOffice
P.O.Box 2267
ChapelHill, NorthCarolina 27514

Mr. JohnR. Taylor
2410E. BessemerAvenue
Greensboro,NorthCarolina 27405

Dr. JohnWarden
DepartmentofBiology
EastTennesseeStateUniversity
JohnsonCity, Tennessee37601

Mr. Alan Weakley
NorthCarolinaDepartmentofEnvironment,
Health,andNaturalResources

NaturalHeritageProgram
P.O.Box 27687
Raleigh,NorthCarolina 27611

Ms. SusanWiser
DepartmentofBiology
CB 3280,CokerHall
UniversityofNorthCarolina- ChapelHill
ChapelHill, NorthCarolina 27599

Mr. Rich Owings
NorthCarolinaArboretum
P.O.Box 6617
Asheville,NorthCarolina 28816

Mr. Alan Smith
P.O.Box 887
MarsHill, NorthCarolina28754
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Ms. DebraOwen
NorthCarolinaDepartmentofEnvironment,
Health,andNaturalResources

WaterQuality Section
4401 ReedyCreekRoad
Raleigh,NorthCarolina27607

U.S. ForestService
Wildlife Fisheries,andRange
1720PeachtreeRoad,NW.
Atlanta,Georgia 30367

EnvironmentalProtectionAgency
HazardEvaluationDivision - BEB (T5769C)
401 M Street,SW.
Washington,DC 20460

Mr. JuliusT. Johnson
DirectorofPublicAffairs
TennesseeFarmBureauFederation
P.O.Box 313
Columbia,Tennessee38401

Dr. SusanH. Lathrop,ExecutiveDirector
AmericanAssociationof Botanical

GardensandArboreta,Inc.
786 ChurchRoad
Wayne,Pennsylvania19087

Dr. JaniceCoffey Swab
ConservationCommittee
AmericanSocietyofPlantTaxonomists
MeredithCollege
HunterHall
3800HillsboroughStreet
Raleigh,NorthCarolina 27607-5298
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ProjectManager(7507C)
EnvironmentalProtectionAgency
EndangeredSpeciesProtectionProgram
EnvironmentalFateandEffectsDivision
Office ofPesticidePrograms
401 M Street,SW.
Washington,DC 20460

FishandWildlife ReferenceService
5430GrosvenorLane,Suite 110
Bethesda,Maryland 20814

TheGardenClubof America
598 MadisonAvenue
NewYork, NewYork 10022

Ms. Alice L. Gustin
Publisher/Editor
LandUseChronic!e
P.O.Box 468
Riverton, Wyoming 82501

DepartmentofBotany
NationalMuseumofnaturalHistory
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