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EXECUTIVE SUMMARY

Current Status: Thespruce-firmossspideris listed asendangered;no critical habitat
hasbeendesignatedfor this species.Thespeciesis historically knownfrom four
mountainpeaksin westernNorthCarolinaandone in easternTennessee.In North
Carolinathespecieshasbeenrecordedfrom Mount Mitchell, YanceyCounty;
GrandfatherMountain,Avery and CaldwellCounties;andMount Collins andClingman’s
Dome, SwainCounty. In Tennesseethespecieshasbeenrecordedonly from Mount
LeContein SevierCounty.

Small, relic populationsof Microhexuramontivagastill surviveon GrandfatherMountain
in NorthCarolinaandon Mount LeContein Tennessee.However,suitablehabitatfor the
spiderappearsto be limited andhighly threatened,particularlyonGrandfatherMountain.
TheMount Mitchell populationis believedto be extirpated;aportionof theMount
LeContepopulationthatwasassociatedwith thematurespruce-firforestappearsto have
beenextirpated;andboththeMount Collins andClingman’sDomepopulations,if still
present,areextremelysmall, with only onespruce-firmossspiderhavingbeenfoundat
eachofthesetwo sitesduringsurveysconductedin 1991. Habitatat all fourofthesesites
hasbeenseverelydegraded.

Habitat Requirementsand Limiting Factors: Thespecies’typical habitatappearsto
be associatedwith moist,well-drainedmossmatsgrowingon rocksandbouldersin
well-shadedsituationsin maturehigh-elevationconiferforestsdominatedby Fraserfir,
Abiesfraseri,oftenwith scatteredredspruce,Picearubens. Theseforestsare
deterioratingrapidly,primarily becauseof mortality ofthefir dueto balsamwoolly
adelgid(an exotic insectpest) infestationsandpossiblyair pollutionandotherfactorsnot
yet fully understood.Thespider,andpossiblyits prey base,requiressituationsofhigh
andconstanthumidity. Thelossof forestcanopyleadingto increasedlight anddecreased
moistureon theforest floor (resultingin desiccationofthemossmats)appearsto be the
majorthreatto thespruce-firmossspider’scontinuedexistence.

RecoveryObjective: Delisting.

RecoveryCriteria: Downlist from endangeredto threatenedstatuswhenthefollowing
criteriaaremet: (1) throughprotectionand enhancementof existingpopulationsand
successfulreestablishmentor discoveryof additionalpopulations,a total offourdistinct
viablepopulationsexistwithin asignificantportionofthespecies’historic range;
(2) eachofthefour populationsshowevidenceofsuccessfulreproduction;(3) all four
populationsandtheir habitatsareprotectedfrom presentandforeseeablethreats;and
(4) all four populationsremainstableor increaseover aperiodof atleast15 years.

Delist whenthefollowing criteriaaremet: (1) throughtheprotectionofboth existing
populationsandthesuccessfulestablishmentordiscoveryof additionalpopulations,a
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total of six distinct viablepopulationsexistwithin a significantportionof thespecies’
historic range;(2) eachof thesix populationsshowsevidenceof successfulreproduction;
(3)all six populationsandtheir habitatsareprotectedfrom presentandforeseeable
threats;and (4) all six populationsremainstableor increaseoveraperiodof at least
15 years.

Actions Needed:

1. Protectexistingpopulationsand essentialhabitat.
2. Searchfor additionalpopulationsand/orhabitatsuitablefor reintroductionefforts.
3. Developartificial holdingandpropagationtechniquesand,if feasible,establish

captivepopulations.
4. Determinethefeasibility ofaugmentingextantpopulationsandreestablishing

populationswithin thespecies’historic rangeandreintroducewherefeasible.
5. Developandimplementcryogenictechniquesto preservethespecies’geneticmaterial.
6. Developandimplementaprogramto monitor spruce-firmossspiderpopulationlevels

andhabitatconditionsat eachofthesites.
7. Annually assesstheoverall successoftherecoveryprogramandrecommendactions

(changesin recoverycriteria,continueto protect,implementnewmeasures,other
studies,etc.).

Cost ($OOO’s): Becausesolittle is presentlyknownaboutactionsneededto recoverthis
species,it is impossibleto determinecostsbeyondroughestimatesfor thefirst few years.

Year I Need 1 Need2 I Need3 1 Need4 Need5 I Need6 Total

1999 26.5* 6.0 10.0 10.0 5.0 2.0 59•5*

2000 31.5* 6.0 10.0 5.0 2.0 --- 54•5*

1.02001
—

TOTAL

26.5*
—

84.5*

6.0
~

18.0 21.0

5.0
—

20.0

2.0 2.0 42.5*
—

156.5*9.0 4.0

*Habitat improvementcostsneededfor thespecies’managementwill notbe knownuntil

themagnitudeof specific threatsandmeasuresfor eliminatingthemare determined
throughresearch.

Dateof Recovery: Thedelisting anddownlistingdatescannotbe estimatedatthis time.
A time periodofat least15 yearsis likely necessaryin orderto documentthestability of
populations. However,this numberis dependenton determiningthelife spanof the
species.
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PART I

INTRODUCTION

Thespruce-firmossspider,MicrohexuramontivagaCrosbyandBishop,is a rareand
remarkablespeciesliving in an equallyremarkablecommunity--thehigh-elevation
spruce-firforestsof theSouthernAppalachianMountains. Thesehigh-elevationforests
aredominatedby Fraserfir, Abiesfraseri(Pursh.)Poir., andred sprucePicearubens
Sarg.,andhaveadistinctaffinity for thenorthernconifer forestscenteredin Southeastern
Canada.Thesouthernspruce-firforest is separatedfrom thenorthernforestby a
considerabledistanceand is brokenup into anumberofmountaintop“islands.” Boththe
northernand southernspruce-firforestsmostlikely representportionsof acommon
ancestralassociationthatoccupieda southernrangeaheadof theLabradoricesheet.The
northwardretreatofthespruce-firforest attheendof theIce Age isolatedsmall
populationson mountaintopsin theSouthernAppalachians.Todaythesouthern
spruce-firassociationis characterizedby an abundanceof endemicspecies,amongwhich
theFraserfir is prominent,andby otherspeciesdisjunctlydistributedbetweenthe
northernand southernforests. This characterizationappearsto be trueacrossall
taxonomiclinesandresultsin auniqueandfascinatingassociationprovidinga
tremendousandlargely unrealizedscientificresourceandawealthof diversity.

Oneofthe smallestknownmygalomorphs,Microhexuramontivaga,is arguablythemost
distinctiveoftheknownspidersofthesouthernspruce-firforest. It wasdiscoveredin
1923 (CrosbyandBishop 1925)by sifting mossesatthesummitof Mount Mitchell in the
BlackMountainsofNorth Carolina,thehighestpoint in EasternNorthAmerica. It was
foundto belongto afamily ofmygalomorphspiders,theDipluridae,which is otherwise
composedof largetropicaland subtropicalspiders.Mygalomorphspidersaremembers
oftheprimitive spidersuborderMygalomorphacandaresometimesreferredto as
tarantulasdueto theinclusion ofthe largehairy spidersof thefamily Theraphosidae.
iV’ficrohexura idahoanaChamberlinandIvie, foundin thePacificNorthwest,is theonly
otherspeciesin thegenusandis similar in habitsto M montivaga.After publicationof
theoriginal description,almostnothingmorewaslearnedaboutthespideruntil 1977
whenM inontivagawasessentiallyrediscoveredatthetypelocality by Drs. Frederick
Coyleand William Shear. Thesubsequentwork (Coyle 1981,Coyle 1985)representsthe
bulk of whatis presentlyknownofthebiology andbehaviorofthespider.

In 1989a surveyof thespidersof thehigh-elevationforestsof theGreatSmoky
MountainsNationalParkrevealedthatpopulationsofM montivagahaddeclined
dramaticallysincethework reportedby Coyleonly a fewyearsearlier(Harp 1991, 1992).
Themostobviousreasonfor thedeclinewasthegeneraldeclineoftheFraserfir dueto
theapocalypticravagesof an importedinsect,thebalsamwooly adelgid,Adelgespiceae
Ratzeburg(Busingetal. 1988). A concertedeffort wasthenmadeto assessthestatusof
M. montivagain theGreatSmokyMountainsNationalPark(Harp 1991). Theresultsof
thesesurveysrevealedthat thespiderwasin significant declineandnearlyextinct



throughoutmuchofits reportedrange. Becausenearlythree-fourthsofthe spruce-fir
forestis found within theboundariesof theGreatSmokyMountainsNationalPark,the
species’declinewasconsideredsufficiently seriousto warrantconsiderationfor listing
undertheEndangeredSpeciesAct. In 1994a surveywasmadeoftheremainingrangeof
thespruce-firforestoutsidethenationalpark boundary. Thespiderwasfoundto be
surviving atonly one additionalsite. Dueto thespecies’history ofpopulationlossand
declineandtheextremevulnerability of thesurvivingpopulations,M montivagawas
listed asendangeredby theU.S. FishandWildlife Service(Service)on February6, 1995
(Service1995).

Taxonomic Status

ThegenusMicrohexurahasbeenreviewedby Coyle (1981). Microhexurainontivaga
CrosbyandBishop is oneof two speciesbelongingto thegenusMicrohexurain the
family Dipluridae. Dipluridsbelongin theprimitive spidersuborderMygalomorphae,
which areoftenpopularlyreferredto as“tarantulas.” Mygalomorphsaremosteasily
distinguishedfrom theso-calledtruespiders,suborderAraneomorphae,by thefact that
theyhavetwo pairsofbook lungsandby themodeof articulationofthecheliceralfangs,
which (in mygalomorphs)openandclosealongaplanerunningparallelto the long axis
ofthebody. Thus, thefangsdo not opposeeachotherin themannerofthemore
advancedsuborder.This arrangementrequiresamygalomorphto raiseits bodyand
extendthefangsin orderto strike.

The“sheet-webtarantulas”ofthefamily Dipluridaearepredominantlylargetropical
spiderswhosepresenceis madeconspicuousby horizontalsheetsof silk leadingthrough
a silk funnel into tubularretreatshiddenunderstonesandvegetation(Gertsch1979). The
membersof this family arerecognizedby theabsenceoftheabdominaltergiteand
possessionof only four spinnerets,two of which, the laterals,arerelatively long. Only
two generaof Dipluridae,EuagrusandMicrohexura,arefound in theUnited States.
Enagrusspeciesaremediumto largespidersthat build their sheetsandfunnelsin rocky
situationsin thearid Southwest.

Thegenus~Vficrohexurawasdefined(CrosbyandBishop 1925)on thebasisof the
medianfurrow (fovea)of thecephalothoraxbeinglongitudinal. Themaleshavea spuron
thetibiaeofthefirst pair of legsthat is usedto claspthefemaleduring mating. The
genusis presentlyconsideredto containonly two species--Mmontivagaand
M idahoana. Thetwo aredistinguishedby geographicdistributionandby featuresof the
malegenitalia(Coyle 1981). Theyareotherwisesimilar in bothmorphologyand habits.
Microhexuraidahoanais foundin themountainsofthenorthwesternstatesof
Washington,Idaho,Oregon,and Montana.

2



Distribution

Microhexuramontivagais historically knownfrom four mountainpeaksin westernNorth
Carolinaandonein easternTennessee(Coyle 1981). In North Carolinathespecieshas
beenrecordedfrom Mount Mitchell, YanceyCounty; GrandfatherMountain,Avery and
CaldwellCounties;andMount Collins andClingman’s Dome, SwainCounty. In
Tennesseethespecieshasbeenrecordedonly from Mount LeContein SevierCounty.

Reproducingpopulationsof M montivagastill surviveon GrandfatherMountainin North
Carolina(Harp 1992;authors’personalobservations,1995)andon Mount LeContein
Tennessee(Coyle 1997). TheMount Mitchell populationis believedto beextirpated
(Harp 1992),andboth theMount Collins and Clingman’sDomepopulations(if still
present)areextremelysmall, with only onespruce-firmossspiderhavingbeenfoundat
eachofthesetwo sitesin recentyears(Harp1991). Habitatassociatedwith mature
spruce-firforestsat all threeof thesesiteshasbeenseverelydegraded.Surveyshavebeen
conductedatseveralotherareaswithin high-elevationspruce-firforestsin the Southern
AppalachianMountainsthatappearedto providehabitatsuitablefor M montivaga,but
thespecieswasnot foundatany of thesesites(Harp 1992).

Habitat, Life History, and Ecology

TheoptimalhabitatofM montivagaappearsto bemossmatsgrowingon rocksand
bouldersin humid, well-shadedsituationsin associationwith maturefir trees(Coyle
1981,1997;Harp 1991, 1992). Thesemossmatsaregenerallyfrom ito 4 centimeters
thick andarewell drained. Theycannotbe too dry, becausethe spideris quite sensitive
to desiccation.Neithercantheybe too wet, becauselargedropsof standingwatercan
alsobe athreat.

An ongoingsurveyofthespidersoftheGreatSmokyMountainsNationalParkby
Dr. FrederickA. Coyle.WesternCarolinaUniversity,and arecentstudyof thepopulation
ofthespruce-firmossspideron Mount LeConte(Coyle 1997)supportearlierfindings
(Coyle 1981;Harp 1991, 1992) that thespideris virtually restrictedto mature
spruce-fir/fir forests. In his studyof thepopulationofM montivagaon Mount LeConte,
Coyle(1997)reportedfinding thespecies“only in standscontainingmanyold (well over
25 yearsof age)fir treesandin areaswherepatchesof fir containingold treesinterface
with heathcommunities.” In boththesesituations,Coyle(1997)reportedfinding the
spider“only onor in thevicinity of rock outcrops.” Searchesofotherhabitats(rock
outcropheath,old fir withoutoutcrops,youngfir stands,andopeningsofearlysuccession
herbaceousvegetation)havefailedto locateoccurrencesofthe species(Coyle 1997;
Coyle,personalcommunication,1998).

While mossmatson inclined surfacesofrockoutcropsand bouldersappearto be the
optimalmicrohabitatof Al montivaga,thespiderhasalsobeenfoundundermossand
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litter matsatthebaseof rockoutcrops(Coyle 1981),undermosson looserock atthebase
ofrock outcrops(Coyle 1997),andin litter/humusunderflat rocks(about15 millimeters
thick and200 to 1,350cm2 large)lying on thegroundin well-shadedsituationsin the
vicinity ofrock outcrops(Coyle 1997). The specieshasalsorarelybeenfoundin moss
matson treetrunks (Coyle 1981),in mossmatson logs (Harp 1992),andon well-drained,
well-shadedgroundin or underneedleand/orheathlitter andmoss(Coyle 1997).

Themossspeciesthat havebeenfoundassociatedwith Al montivagahavebeen
identifiedasPolytrichumpallidesetumFunek,Dicranodontiumdenudatum(Brid.)
E. G. Britt ex Williams (Harp 1992),and D. asperuZum(Mitt.) Broth. (Coyle 1997).
Coyle(1997)reported,in his studyof Al montivagaon Mount LeConte,that in thearea
studiedthespiderwasfoundexclusivelyin D. asperulum.

Coyle (1981)describesthewebsofAl montivagaassilk tubessandwichedinto the
interfacebetweenthemossmatandbouldersurface.Thesilk tubesarenormally
undamagedwhenthemossis pulled up and awayfrom theboulderandremainattachedto
theundersurfaceof themossmat. The tubesaretypically broadandflattened,with short
sidebranches.Thepresenceof thespider is easilydetectedbecauseofthesethin-walled
tubes. Someofthetubesextendinto thevegetativeinterior of themossmat (Harp 1991).
Thespiderhasnot beenobservedtakingprey in thewild nor is thereany recordofprey
havingbeenfoundin Al montivagaxvebs,but theabundantspringtails(Collembolasp.)
foundin mossmatswith thespidersprovidethemost likely sourceof food. Theyhave
beenobservedto takespringtailsin captivity (David Hodge,Lousville ZoologicalPark,
personalcommunication,1998). Possiblepredatorsandcompetitorsof Al montivaga
includepseudoscorpions,centipedes,carabidbeetles,andotherspiders. A numberof
araneomorphspidersarecommonlyfoundin thesamemossasthespruce-firmoss
spiders. Theseincludethecommonhahniid,Neoantisteamagna(Keyserling),and
agelenidssuchasCorassp.

FemalesofthespeciesAl montivagalay their eggsin June(Coyle 1981),with spiderlings
emergingduringSeptember.A femalewith an eggsacwasobservedon MountLeConte
on August4, 1990(Harp, personalobservation,1990). Theegg sacofthe speciesis
thin-walled,nearlytransparent,andmaycontainsevento nineeggs(Coyle 1981). The
femaleremainswith theeggsac and,whendisturbed,will carry thesac with her fangs.
Whencarryingtheeggsac,femaleswalk in a4’tip-toe” fashion,with the legsfully
extended.MalesmatureduringSeptemberandOctober,evidentlyat either2 or 3 yearsof
age(Coyle 1997). Adult malescanbe easilyrecognizedby thespecializationof the
pedipalptarsusasan intromittentorgan.asis usuallythecasefor spiders,andby themore
unusualmodificationof a spuron theventralsurfaceofthetibiaeof thefirst pair of legs.
Thespuranda correspondingconcavityof themetatarsusofthesameleg are usedin
claspingthefemaleduring mating. Mating behaviorhasbeendescribedin detail (Coyle
1985).
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Modesof dispersalof spiderlingsfrom theparentalmossmatsareunknown. Ballooning
is apossibility, becausepenultimatemalesof M idahoanahavebeencollectedas
“windblown fallout” on snowfields on Mount Rainier (Coyle 1981). Ballooningspiders
usea sheetof silk playedout into awind currentasakite to carry theminto theair. No
suchcollectionshavebeenmadeofballooningAl montivaga;but if theydo in fact
balloon, theymight be capableofan effectivemodeof dispersalover long distances.
Evenshort-rangedispersalbetweenmossmatshasnotbeendocumentedfor this species.
Pitfall trapandBerlesefunnel samplingdonein theareaof theMount LeConte
populationhaveyetto yield any specimensof Al montivaga(Lambdenet al. 1994;
P. Lambden,UniversityofTennesseeatKnoxville, personalcommunication,1990). The
life spanofthis speciesis unknown,althoughCoyle (1997)hasestimatedthatmales
reachsexualmaturityatjust over 2 or 3 yearsof agebasedon sizeclassdistributionsof
collectionson Mount LeConte. Longlife spanis aprimitive trait characteristicof
mygalomorphswhosefemalescontinueto molt aftermaturity. Actual life spanof
femalesin this speciescouldbe any numberofyears. Viablepopulationsshouldcontain
individualsofall size classesin a stableagedistribution.

Threats

Theprimarythreatto, andreasonfor therecentdeclineof, Microhexuramontivagaatthe
majority ofthesitesfrom which it hasbeenrecordedappearsto be associatedwith the
lossofsuitablemosshabitatdueto thedeclineoftheFraserfir. As previouslystated,the
speciesappearsto be very sensitiveto desiccationandrequiressituationsof high and
constanthumidity. Lossoftheforest canopy(primarily theFraserfir, thedominate
canopyspeciesin theforeststandswherethespiderhasbeenfound),leadingto increased
light anddecreasedmoistureon theforestfloor (resultingin desiccationof themoss
mats).appearsto be themajorcauseof thelossof thespruce-firmossspideron Mount
Mitchell andtherecentdeclineandpossibleloss(additionalsurveysareneededto verify
this) ofthe Mount Collins andClingman’sDomepopulations.

Fraserfir at all fourof thesesites--MountMitchell, Mount Collins, Clingman’sDome,
and Mount LeConte--havesufferedextensivemortality, believedto be primarily due to
infestationby thebalsamwooly adelgid,Adelgespicea(Homoptera,Adelgidac). The
balsamwooly adelgidis anonnativeinsectpestbelievedto havebeenintroducedinto the
NortheasternUnitedStatesfrom Europearound1900(Kotinsky 1916,Eagar1984). The
adelgidwasfirst detectedin North Carolinaon Mount Mitchell (thetypelocality for the
spruce-firmossspider)in 1957(Speers1958),thoughit waslikely establishedatthat site
asearly 1940. From Mount Mitchell, theadelgidspreadto theFraserfir communities
throughouttheSouthernAppalachians(Eagar1984). Most matureFraserfirs areeasily
killed by theadelgid(Ammanand Speers1965),with deathoccurringwithin 2 to 7 years
of the initial infestation(Eagar1984). TheFraserfir treeson GrandfatherMountainthat
still supportthespruce-firmossspiderhavenot yet sufferedtheextensivemortality that
hasoccurred(andis occurring)at theotherspruce-firforestsitesknownto support(or to
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havesupported)populationsof thespider. However,infestationsofthe fir by theadelgid
haverecentlybeendetectedatthis site(J. Thompson,TheNatureConservancy,personal
communication,1996),andthe futureofthispopulationis highlyuncertain.

In additionto thebalsamwoolly adelgid,thecombinedeffectsof severalotherfactorsare
alsobelievedto be stressingandcontributingto thedeclineof thehigh-elevation
spruce-firforest stands. While reasonsfor thedeclineof redsprucearecomplexand
controversial,regional-scaleair pollution, in combinationwith otherstressfactors,has
beenimplicatedto haveplayedarolein thedeteriorationof thehealthof high-elevation
red sprucein theSouthernAppalachians(Johnsonet al. 1992). Sitedeteriorationdueto
pastlandusehistory (pastloggingandburningpracticesin theSouthernAppalachians)
hasalsobeenidentifiedasapossiblefactorcontributingto thedeclinein thehealthof
spruce-firforestsin theSouthernAppalachians(Peartet al. 1992). Thedeathand
thinning ofthecanopytreeswithin thesestandsalsocausetheremainingtreesto be more
susceptibleto exposureshock(Nicholasetal. 1992),wind, andotherstormdamage.

Therestrictedrangeof eachof thesurvivingpopulationsof spruce-firmossspidercauses
themto be extremelyvulnerableto extirpationfrom a single eventor activity, suchasa
drought,severestorm,wildfire, land-clearingor timber-harvestingoperation,
pesticide/herbicideapplication,etc. In addition,thespiderandthe mossmatsit inhabits
arevery fragile andeasilydestroyedby humantrampling. TheGrandfatherMountain
populationappearsto be restrictedto themossmatson a singlerock outcropandafew
surroundingboulders.Tramplingorothersignificantdisturbanceof themossmatsor
damageto thesurroundingvegetationshadingthematscouldresultin theextirpationof
thispopulation.
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PART II

RECOVERY

A. RecoveryObjectives

Theimmediategoalofthis recoveryplan is to maintaintheonly knownsurviving
populationsofthespruce-firmossspiderand,to theextentpossible,protectits
remaininghabitatfrom presentandforeseeablethreats. Currently,thereareonly two
knownreproducingpopulationsof Microhexuramontivaga--oneon Grandfather
Mountainin NorthCarolinaandone on Mount LeContein Tennessee.Lackof proper
protectionand managementofthesepopulationswill precluderecoveryofthespecies
andwill ultimately leadto thespecies’extinctionin thewild.

Theultimategoalis to restoreandmaintainviablepopulations2ofthespruce-firmoss
spiderwithin asignificantportionof its historic rangeandremovethespeciesfrom
theFederalList of EndangeredandThreatenedWildlife andPlants.

Reclassificationto threatened:

Thespruce-firmossspiderwill be consideredfor downlistingto threatenedstatus
whenthelikelihood ofthespecies’becomingextinct in theforeseeablefuturehas
beeneliminatedby theachievementofthefollowing criteria:

1. Throughprotectionof existingpopulations,successfulestablishmentof
reintroducedpopulations,or thediscoveryof additionalpopulations,atotaloffour
distinctviablepopulationsexist. Thesefourpopulationsshall be distributed
throughouta significantportionofthespecies’historic range. (Theneededsizeof
thepopulationswill be establishedafterfurtherstudiesof thespecies’biology and
geneticshavebeencompleted.)

2. Biological andecologicalstudieshavebeencompletedandany requiredrecovery
measuresdevelopedandimplementedfrom thesestudiesareshowingsignsof
success,asevidencedby an increasein populationdensityand/oran increasein the
amountof habitatoccupiedby eachofthefour populations.Evidencethatthese
fourpopulationsarestableor increasing,undernaturalconditions(without outside

2Viable population- A naturallyreproducingpopulationthat is largeenoughto maintainsufficient
geneticvariationto enable it to evolveand respondto naturalenvironmentalchanges.The numberof
individualsneededandthe amountandquality of habitatrequiredto meetthis criterion will be determined
for the speciesas one of therecoverytasks.
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efforts),overatleasta 15-yearperiod(seeDate ofRecoverv,pageiv.) is
considerednecessaryfor downlisting.

3. Wherehabitathasbeendegraded,noticeableimprovementsin thequality ofthe
spider’shabitathaveoccurred.

4. Eachof thesefourpopulationsandtheirhabitatsareprotectedfrom any present
and foreseeablethreatsthatwould jeopardizetheir continuedexistence.

Thespruce-firmossspiderwill be consideredfor removalfrom theFederalList of
EndangeredandThreatenedWildlife andPlantswhenthelikelihood ofthespecies’
becomingthreatenedin theforeseeablefuturehasbeeneliminatedby theachievement
of thefollowing criteria:

1. Throughprotectionof existingpopulations,successfulestablishmentof
reintroducedpopulations,orthediscoveryof additionalpopulations,atotal ofsix
distinct viablepopulationsexist. Thesesix populationsshallbe distributed
throughouta significantportionofthespecies’historic range.

2. Biological and ecologicalstudieshavebeencompletedand any requiredrecovery
measuresdevelopedand implementedfrom thesestudiesare showingsignsof
success,asevidencedby an increasein populationdensityand/oran increasein the
amountofhabitatoccupiedby eachof thesix populations. Evidencethatthesesix
populationsare stableor increasingover at leasta 15-yearperiod(seeDateof
Recoverv,pageiv.) is considerednecessaryfor delisting.

3. Wherehabitathasbeendegraded,noticeableimprovementsin thequality of the
spider’shabitathaveoccurred.

4. Eachof thesesix populationsandtheir habitatsareprotectedfrom any presentand
foreseeablethreatsthatwould jeopardizetheircontinuedexistence.
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B. Narrative Outline

1. Maintain existing populations and essentialhabitat. At presentthereareonly
two knownreproducingpopulationsof Al montivaga--oneon Grandfather
Mountainin AveryandCaldwellCounties,NorthCarolina,andone onMount
LeContein SevierCounty,Tennessee.If thespeciesis to surviveandexpandits
range,protectionof theexistingpopulationsandremainingareasofsuitable
habitatis vital. Unlessimmediatestepsaretakento stop thedeclineofthespecies
andto protectand securetheserelict populations,thespecieswill likely be extinct
in thewild in thevery nearfuture.

1.1 Enforce laws protecting the speciesand its habitat. TheEndangered
SpeciesAct prohibitsthetakingof this andotherfederallyendangeredor
threatenedspecieswithout apermit. Section7 ofthe Act providesadditional
protectionto thespeciesandits habitatfrom impactsrelatedto federally
fundedor authorizedprojectsor activities.

1.2 Conduct life history researchon the species.Detailedknowledgeis needed
with regardto thespecies’life cycle, includingsuchfactorsasreproduction,
food requirements,movementpatterns,meansof dispersal,ageandgrowth,
andmortality rates. Unlessthelife cycle andenvironmentalrequirementsof
all life history stagesof thespeciesaredefined,recoveryefforts maybe
inconsequentialor misdirected.

1.3 Characterize the species’habitat requirements (relevant physical,
biological, and chemical components). In orderto focusmanagementand
recoveryefforts on specificproblemswithin thespecies’habitat,we needto
haveadetailedknowledgeofthehabitatrequirementsof thespecies
(including suchfactorsasmoistureandtemperaturerequirements,etc.);
communitystructuresof associatedflora andfauna;andhowthesebiotic and
abiotic factorsaffect reproduction,growth,andhabitatsuitability. Also, in
orderto managefor thespecies’long-termsurvival, it is essentialthatwehave
a knowledgeof theenvironmentalrequirementsof all life history stagesofthe
speciesandan understandingof thenatureof thehabitatoccupiedby the
species.

1.4 Identify presentand foreseeablethreats to the speciesand implement
researchand managementactions to eliminate them. TheNationalPark
ServicemanagesthesitesupportingtheMount LeContepopulation,andThe
NatureConservancymanagesthesitesupportingtheGrandfatherMountain
population. Both theNationalParkServiceandTheNatureConservancyhave
implementedmeasures(e.g.,reroutingtrails andtrail closures)thatwill help
to protectthesepopulationsfrom tramplingorotherformsof disturbance
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associatedwith therecreationaluseoftheseareas.Becauseofthefragility of
themossmathabitat,visitors shouldbe prohibitedfrom off-trail useofthe
areasinhabitedby thespider,andresearchersand employeesshouldbe
educatedaboutthemicrohabitatsusedby thespeciesbeforeworking in these
areas.

Theprimarythreatto theGrandfatherMountainpopulationof thespeciesand
theprimaryfactorthat appearsto haveresultedin therecentextirpationofthe
spideratotherhigh-elevationspruce-firforestsitesappearsto bethelossof
matureFraserfirs dueto infestationsofthebalsamwoolly adelgid. Many of
thefir treeson GrandfatherMountainhaverecentlybeendocumentedto be
infestedby theadelgid. Unlessameansofcontrollingtheadelgidand/or
offsettingthemortality ofthefir canbe found(e.g.,developing/utilizing
resistantstrainsof fir, providingartificial meansofshadingthemossmats,
etc.),this populationof thespiderwill likely be extirpatedin thevery near
future. Theexperienceandexpertiseof theNationalParkService,U.S. Forest
Service,TennesseeValley Authority, andresearchersworking on adelgid
controlmeasureswill be invaluablein developingandimplementingmeasures
to protectthemossmatssupportingtheGrandfatherMountainpopulationof
thespider. TheareawherethespideroccursonGrandfatherMountainis
relatively small, but it is remote.Thefeasibility oftreatmentof selectedfir
treeswith insecticidalsoap(potassiumoleate,abiodegradablefatty acid) is
underinvestigation. However,significantlogistical andproceduralchallenges
arepresentedbecauseof theremotenessof thearea,thedifficulty in treating
thetrees,andthenecessityof protectingthemossmatsinhabitedby thespider
from any insecticidaltreatments.

Numerousotherfactorsare alsolikely threateningthelong-termexistenceof
thespruce-firmossspider. Themajority of thehigh-elevationspruce-fir
forestsof theSoutheasthavesufferedextensivechangesanddeclinesin size
and/orvigor duringthe pastcenturyasa resultofa numberof factors--past
loggingandburningpractices,stormdamage,atmosphericpollution, climatic
changes,disease,insectdamage,exposureshock,andothersnotyet fully
understood.Additional researchis necessaryto helpunderstandtheextentto
whichthesefactorsmaybe affectingthequality of spruce-firmossspider
habitatandto helpdevelopthemanagementactionsnecessaryto mitigate
theseeffects.

1.5 Conduct geneticstudiesnecessaryto determine the number of individuals
required to maintain a viable population and the geneticviability of
existing populations. Long-termmanagementof spruce-firmossspider
populationswill requireaknowledgeof thegeneticcompositionof each
populationandthenumberof individualsnecessaryto maintaingenetic
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viability aswell asan understandingof thefactorsthat affect viability. To the
maximumextentpossible,suchstudiesshoulddevelopandusetechniques
that minimize thesacrificeof individualsfrom naturalpopulations(examples
includethenonlethalanalysisof individuals;useof small, excisedtissue
samples;useof individualsfrom productionofan experimental,cultured
population;andthedevelopmentof thesetechniquesusingmorecommon
surrogatespecies).Thetechniquecalledpolymerasechainreaction,PCR, is
standardin molecularbiology labsand canbe usedto extractgenetic
informationusingonly small piecesof spiders,evenspidersthathavebeen
preservedin ethanolfor many years.

2. Searchfor additional populations and/or habitat suitable for reintroduction
efforts. It is possiblethat somerelic populationshavebeenmissed,andfurther
studymayyield additionalpopulationsand/orsuitablehabitatfor reintroduction.
Also, surveysare neededto recordandmonitor any future rangereductionsor
expansions.

3. Developartificial-holding and propagation techniquesand, if feasible,
establishcaptive populations. Becauseof thedifficulties in controllingthe
balsamwooly adelgidandreversingthedeclineofthe species’habitat,thereis an
immediateneedto developtechniquesfor holdingandpropagatingthespruce-fir
mossspider. This actionis neededin order to preservegeneticmaterialfrom the
survivingpopulationsandto allow for thereestablishmentof extirpated
populationsor theaugmentationofexistingpopulationsif it becomesnecessary
andfeasibleto do so. Mr. David Hodge,Louisville ZoologicalPark,initiateda
captive-holding/propagationprogramin 1992. Although he hasbeenableto
maintainthespeciesin captivity for over 4 years,no egg sacsor otherevidenceof
successfulmatinghasbeenobservedthus far (D. Hodge,personalcommunication,
1998).

Thedevelopmentofartificial-holding/propagationtechniquesand,if feasible,the
establishmentof captivepopulationswould allow for thereestablishmentof
extirpatedpopulationsofthe spider(if thespecies’habitatat sitesfrom which it
hasbeenextirpatedcanrecoverto apoint whereit is feasibleto do so). Population
augmentationwould be anotherpossibility if it is determinedthatasurviving
populationhasbeenreducedin numberto apoint whereits viability andsurvival
arethreatened.Thenumberofindividualsnecessaryto maintainviability will be
determinedin Task 1.5. Captivepopulationswill alsoallow for somelevel of
researchinto thebehaviorandlife historyofthespiderthat maybe impossibleto
obtainin thewild.

4. Determine the feasibility of augmentingextant populations and reestablishing
populations within the species’historic range and reintroduce where feasible.
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If surveysconductedunderTask2 determinethat thespeciesis still surviving on
Mount Collins, Clingman’sDome,or in otherareas,butat very low numbers,the
needfor augmentingthesepopulationsshouldbe determined.For thespeciesto
survive in theseareas,it maybe necessaryto supplementthesepopulationsto
enablethemto reachaviablesize. Also, theremaybe areaswithin thespecies’
historic rangethatcouldsupportreestablishedpopulations.However,becausethe
GrandfatherMountainandMount LeContepopulationsaretheonly sourcesof
individualsfor transplantsatthepresenttime andarethemselvesrelatively small,
it is vital that thesepopulationsbe protectedin orderfor themto increasein size
beforeany transplantsusing individualsfrom thewild areattemptedor a
successfulcaptivepropagationprogramfor the speciescanbe established.

4.1 Developa successfultechnique for reestablishingand augmenting
populations.

4.2 Coordinatewith appropriate Federal and Stateagencypersonnel, local
governments,and interested parties to identify habitat suitable for
augmentationand reintroduction.

4.3 Augment existingpopulations where needed,establishnew populations
within the species’historic range, and evaluatesuccess.Usingthe
techniquesdevelopedin Task4.1, introduceandmonitor success.

4.4 Implement thesameprotective measuresfor any introduced populations
as outlined for establishedpopulations.

5. Developand implementcryogenic tecbniquesto preservethe species’genetic
material until such time as conditions are suitable for reintroduction.
Artificial propagationtechniquesmayresultin theproductionof juvenileand/or
adult spidersfor transplants.However,at this timehabitatconditionswithin the
species’historic rangemaynot besuitablefor reintroductionefforts to succeed.
Cryogenicpreservationof thespruce-firmossspidercouldmaintaingenetic
materialfrom all theextantpopulationsuntil habitatis suitablefor the
reestablishmentofthespecies(muchlike seedbanksfor endangeredplants).
Additionally, if apopulationwerelost to a catastrophicevent,cryogenic
preservationcouldallow for theeventualreestablishmentof thepopulationusing
geneticmaterialpreservedfrom that population.

6. Develop and implement a program to monitor population levelsand habitat
conditionsofexisting populations aswell as newly discovered,introduced, or
expandingpopulations. During andafterrecoveryactionsareimplemented,the
statusofthe speciesandits habitatmustbe monitoredto assessany progress
towardrecovery. Quantitativesamplesshouldbe takenin orderto determine

12



densitiesofadultsandjuveniles. Monitoring shouldbe conductedon atleasta
biennialschedule.Becauseof thefragility of themossmat habitat,monitoring
shouldbe conductedby trainedpersonnelfamiliar with thetechniquesfor locating
thespiderwhile minimizing disturbanceto its habitat.

7. Annually assessoverall successof the recoveryprogram and recommend
action (changesin recoverycriteria, delist, continue to protect, implement
new measures,other studies,etc.). The recovery plan mustbe evaluated
periodicallyto determineif it is on trackandto recommendfutureactions.As
moreis learnedaboutthespeciesandasconditionschange,recoverycriteriamay
needto be modified.
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PART III

IMPLEMENTATION SCHEDULE

Priorities in column 1 ofthefollowing ImplementationScheduleareassignedasfollows:

1. Priority 1 - An actionthat mustbe takento preventextinctionor to
preventthespeciesfrom declining irreversibly in theforeseeablefuture.

2. Priority 2 - An actionthat mustbe takento preventa significantdecline
in speciespopulation/habitatquality or someothersignificantnegative
impactshortof extinction.

3. Priority 3 - All otheractionsnecessaryto meettherecoveryobjective.

Key to Acronyms Used in This Implementation Schedule

ES - EcologicalServicesDivision, U.S. FishandWildlife Service.
FA - OtherFederalAgencies- IncludestheNational ParkService,U.S. ForestService,

andU.S. EnvironmentalProtectionAgency.
FWS - U.S. Fish andWildlife Service.
LE - Law EnforcementDivision, U.S. FishandWildlife Service.
R4 - Region4 (SoutheastRegion),U.S. FishandWildlife Service.
SCA - StateConservationAgencies- IncludestheTennesseeDepartmentof

EnvironmentandConservation;TennesseeWildlife ResourcesAgency;North
CarolinaWildlife ResourcesCommission;NorthCarolinaDepartmentof
Agriculture; andNorthCarolinaDepartmentof Environment,Health,andNatural
Resources.

TNC - TheNatureConservancy.
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SPRUCE-FIR MOSS SPIDER IMPLEMENTATION SCHEDULE -]
jPriority

Task

Number

11

Agency Cost Estimates($OOOs)1
Task,~

Task Description Duration FWS Other j FYI j FY2 FY3

Enforce lawsprotecting the speciesand Continuous R4/ES FA SCA 0 5 0 5 0 5
its habitat. and LE

Comments

1.2 Conductlife history research. 3 years R4/ES FA SCA TNC 6 0 6 0 6 0

1.3 Characterizethe species’habitat 5 years R4/ES VA SCA [NC 100 100 100
requirements.

1 1.4 Identify presentandforeseeablethreats 3 years R4/ES VA, SCA,TNC 9
andimplementresearchandmanagement
activilies to eliminatethem.

3 Developartificial holdingand Ongoing R4[ES Contract 10.0 10.0 1.0
propagationtechniques.

2 1.5 Determinenumberof individuals 1 year R4/ES Contract 5.0
requiredto maintainviablepopulation.

2 2 Searchfor additionalpopulationsand 3 years R4/ES PA, SCA, or 6.0 6.0 6.0
suitablehabitatfor reintroduction. Contract

2 4 l)evelop techniquesandreintroduce Unknown R4/ES Contract 10.0 5.0 5.0
speciesbackinto historic habitatand, if
needed,augmentexistingpopulations.

2 5 Developandutilizecryopreservation Unknown R4/ES Contract 5.0 2.0 2.0
techniques.
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SPRUCE—FIR MOSS SPIDER IMPLEMENTATION SCHEDULE
ResponsibleAgency CostEstimates ($OOOs)

Task j Task.
Priority Number Task Description Duration Other FYi FYZ FY3 Comments

2 6 Develop and implementa monitoring Ongoing R4/ES VA, SCA 2 0 2 0 Biannual

3 7

program.

Ongoing R4/ES FA, SCAAnnually assessrecoveryprogramand
modify programandplanwhere
required
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PART IV

LIST OF RECIPIENTS

Thefollowing agencies,organizations,andindividualsweremailedcopiesof this
recoveryplan. Thisdoesnot imply thattheyprovidedcommentsor endorsedthecontents
ofthis plan.

Division Administrator
FederalHighwayAdministration
310 NewBern Avenue,Suite410
Raleigh,North Carolina27601

Ms. ElizabethEstill
RegionalForester
U.S. ForestService
1720 PeachtreeRoad,NW., Suite 800
Atlanta,Georgia30367

Ms. ChrysBaggett
TheStateClearingHouse
North CarolinaDepartmentof Administration
116 W. JonesStreet
Raleigh,North Carolina27611

Mr. Harry E. Walls
EnvironmentalOfficer
U.S. Departmentof Housingand

UrbanDevelopment
75 SpringStreet,SW.
Atlanta,Georgia30303-3388

Mr. Jim Burnette,Jr.
North CarolinaDepartmentof Agriculture
PesticideSection
P.O.Box 27647
Raleigh,North Carolina27611

Chairman
YanceyCountyCommission
CountyCourthouse,Room 11
Bumsville,North Carolina28714

JamesC. Cokendolpher
200729th Street
Lubbock, Texas79411

NaturalResourcesDefenseCouncil, Inc.
40 West20th Street
NewYork, New York 10011

*Dr. FredCoyle

Departmentof Biology
WesternCarolinaUniversity
Cullowhee,North Carolina28723

Directorof Research
North CarolinaStateMuseumof

Natural Sciences
102 N. SalisburyStreet
Raleigh,North Carolina27603

Director
EnvironmentalManagementDivision
North CarolinaDepartmentof Environment

andNaturalResources
ArchdaleBuilding
512 North SalisburyStreet
Raleigh,North Carolina27611

*Mr. ReginaldReeves,Director

EndangeredSpeciesDivision
TennesseeDepartmentof Environment

andConservation
401 ChurchStreet
8th Floor, L&C Tower
Nashville,Tennessee37243-0447

ProgramManager
Division of BoatingandInlandFisheries
North CarolinaWildlife ResourcesCommission
ArchdaleBuilding
512 N. SalisburyStreet
Raleigh,North Carolina27604-1188
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*Mr. RandyC. Wilson, SectionManager

NongameandEndangeredWildlife Program
North CarolinaWildlife ResourcesCommission
1142 1-85 ServiceRoad
Creedmoor,North Carolina27522

Mr. JohnGeddie
8040BellamahCourt,NE.
Albuquerque,New Mexico87110

Mr. Joel Harp
University of Tennessee- OakRidge
Schoolof BiomedicalSciences
Biolo~v Division
OakRidgeNationalLaboratory
OakRidge,Tennessee37831-8077

Mr. BuddyL. Jackson,Director
AtlantaSupportOffice
U.S. Departmentof Energy
730 PeachtreeStreet,NE., Suite876
Atlanta,Georgia30308

TheNatureConservancy
SoutheastRegionalOffice
P.O.Box 2267
ChapelHill, North Carolina27514

Mr. Julius T. Johnson
Directorof PublicAffairs
TennesseeFarmBureauFederation
P.O.Box 313
Columbia, Tennessee 38401

Lt. Col. JohnWhisler
NashvilleDistrict Engineer
U.S. Army Corpsof Engineers
P.O. Box 1070
Nashville. Tennessee 37202-1070

Mr. JamesW. Ford
U.S. NaturalResourcesConservationService
U.S. Courthouse,Room 675
801 Broadway
Nashville, Tennessee 37203

Avery CountyManager
P.O.Box 640
Newland,North Carolina28657

SevierCountyManager
125 CourtAvenue
Sevierville,Tennessee37862

SwainCountyManager
CountyAdministrationBuilding
Mitchell Street
BrysonCity, North Carolina28713

YanceyCountyManager
CountyCourthouse,Room 11
Burnsville,North Carolina28714

Dr. William McLamey
1176 Bryson City Road
Franklin, North Carolina 28734

Mr. George C. Miller, Director
Knoxville Field Office
Office of SurfaceMining
ReclamationandEnforcement
530 Gay Street,SW., Suite 500
Knoxville, Tennessee 37902

Mr. HughMorton
GrandfatherMountain,Inc.
P.O.Box 128
Linville, North Carolina28646

Mr. GaryMyers, ExecutiveDirector
Tennessee Wildlife Resources Agency
Ellington Agricultural Center
P.O.Box 40747
Nashville, Tennessee 37204

Mr. Brian Morton
North CarolinaEnvironmentalDefenseFund
128 E. HargettStreet,Suite 202
Raleigh, North Carolina 27601

Division Administrator
Federal Highway Administration
249 CumberlandBend Drive
Nashville, Tennessee 37228

*Ms KarenWade,Superintendent

GreatSmoky MountainsNationalPark
107 ParkHeadquartersRoad
Gatlinburg,Tennessee37738
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RegionalAdministrator
Attention: Endangered Species Coordinator
U.S. EnvironmentalProtectionAgency
AtlantaFederalCenter
61 ForsythStreet
Atlanta,Georgia30303-3104

Dr. William H. Redmond
RegionalNaturalHeritageProject
Tennessee Valley Authority
Norris, Tennessee37828

Mr. William R. Roberson,Jr., Secretary
North CarolinaDepartmentof Transportation
P.O.Box 25201
Raleigh,North Carolina27611

*The Nature Conservancy

North Carolina Chapter
4011 University Drive, Suite201
Durham,North Carolina27707

TheNatureConservancy
EasternRegionalOffice
201 DevonshireStreet,5thFloor
Boston,Massachusetts02110

TheNatureConservancy
50 Vantage Way, #250
Nashville,Tennessee37228-1504

TheNatureConservancy
1815 N. Lynn Street
Arlington, Virginia 22209

Ms. ChristianSpies
Box 154
OceanBeach,NewYork 11770

U.S. GeologicalSurvey,WRD/SR
SpaldingWoodsOffice Park - Suite 160
3850 HolcombBridgeRoad
Norcross, Georgia 3 0092-2202

*Dr Niki S. Nocholas

Land Management
TennesseeValley Authority
17 RidgewayRoad
Box 920
Norris, Tennessee37828-0920

ColonelTerry R. Youngbluth
Wilmington District Engineer
U.S. Army Corpsof Engineers
P.O.Box 1890
Wilmington,North Carolina28402-1890

Mr. GordonWhite
5020 GrizzardRoadNW
Huntsville, Alabama35810

Dr. Gary B. Blank
North CarolinaStateUniversity
Box 8002
Raleigh,North Carolina27695-8002

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

ProjectManager(7507C)
EnvironmentalProtectionAgency
EndangeredSpeciesProtectionProgram
EnvironmentalFateandEffects Division
Office of PesticidePrograms
401 M Street,SW.
Washington,DC 20460

Fish andWildlife ReferenceService
5430 GrosvenorLane,Suite 110
Bethesda,Maryland20814

Mr. Cecil Frost
North CarolinaDepartmentof Agriculture
PlantConservationProgram
P.O.Box 27647
Raleigh,North Carolina27611

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

*Mr CharlesP. Nicholson

EndangeredSpeciesSpecialist
TennesseeValley Authority
400 WestSummitHill Drive
Knoxville, Tennessee37902-1499
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Ms. DebraOwen
North CarolinaDepartmentof Environment

andNaturalResources
WaterQuality Section
4401 ReedyCreekRoad
Raleigh,North Carolina27607

TheNorth CarolinaArboretum
100 Frederick Law OlmstedWay
Asheville. North Carolina 28806

Ms. Linda Pearsall, Director
North CarolinaDepartmentof Environment

andNaturalResources
Division of ParksandRecreation
NaturalHeritageProgram
P.O. Box 27687
Raleigh,North Carolina27611

Dr. RaymondPupedis
Peabody Museum of Natural History
Entomology Division
170 Whitney Avenue
New Haven,Connecticut06511

*Mr Al Sherk

USGS/BiologicalResourcesDivision
12201 Sunrise Valley Drive
Mail Stop 301
Reston,Virginia 20192

*Dr. WayneR. Owen

3217 Brampton Way
Boise, Idaho83706

Mr. Marty Bray
116 Lakeview Drive
Nicholasville,Kentucky40356

Dr. HarrietGillett
World Conservation Monitoring Centre
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CambridgeCB3 ODL
United Kingdom

* Independent Peer Reviewer

Ms. Robin Roecker
U.S. Forest Service
4931 BroadRiver Road
Columbia,SouthCarolina29210

Mr. Fred C. Schmidt
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The Libraries
ColoradoStateUniversity
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Mr. Alan Smith
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