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EXECUTIVE SUMMARY

Current Status:Thereare currentlythreepopulations(91 extantcolonies)of Conradina
verticillata (Cumberlandrosemary)in two States,with 79 coloniesin Tennesseeand
12 in Kentucky. At thetimeoflisting (1991)therewerethreepopulationsand44 known
coloniesof thespecies.Conradinaverticillata waslisted asthreatenedby theU.S. Fish
and Wildlife Servicebecauseofthe smallsizeof mostpopulationsin its limited
geographicdistributionandthesignificanceofthethreatsto thespecies.

Habitat Requirementsand Limiting Factors: Conradinaverticillata occurson sandy
or gravelly streambanks,sandbars,andgravel/boulderbarsassociatedwith floodplainsor
islands. Periodicflooding is importantto maintainopennessandenhancesand
deposition. Shadingdueto woodyplant encroachmentresultsin reducedgrowthand
reproductionof thespecies.

RecoveryObjective: Delisting.

RecoveryCriteria: Cumberlandrosemarywill beconsideredfor delistingwhenthere
arefive protectedandmanagedcolonieswith 50 geneticallydistinctindividualsper
colony in eachofthefive mainrivers (Big SouthFork,Emory,ClearFork,Caney,and
Obed)whereit occurs(25 coloniestotal). Introducedcolonieswill not be considered
successfullyestablisheduntil aftera5-yearperiod.

ActionsNeeded:

1. Protectexistingcoloniesandhabitat.
2. Developmanagementplans.
3. Study thebiology ofthespecies.
4. Conductgeneticstudies;maintainseedsin storageand plantsin cultivation.
5. Searchfor newpopulations.
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Costs($OOOs):

YEAR IINEEDi INEED2IINEED3 INEED4flNEED5~[TOTALS

1996 65.0 35.0 25.0 125.0

1997 15.0 20.0 20.0 25.0 80.0

1998 20.0 20.0 10.0 50.0

1999 10.0 10.0

2000 10.0 10.0

2001 10.0 10.0

2002 10.0 10.0

2003 10.0 10.0

2004 10.0 10.0

2005 10.0 10.0

TOTALS 15.0 20.0 175.0 65.0 50.0 325.0

DateofRecovery: Theyear2005,providedthat fundsareavailableto accomplishthe
requiredrecoverytasksandthattherecoverycriteriaaremet.
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PART I

INTRODUCTION

Cumberlandrosemary(ConradinaverticillataJennison),a shrubin themint family
(Lamiaceae),is endemicto theCumberlandPlateauofnorth-centralTennesseeand
adjacentsoutheasternKentucky. In 1991 theU.S. FishandWildlife Service(Service)
listed thespeciesasthreateneddueto thesmall numberofpopulationsandtheknown
threatsto thespecies’survival (Service1991). Conradinaverticillata is listed as
endangeredby the Stateof Tennessee(TennesseeDepartmentofEnvironmentand
Conservation1995)andby the StateofKentucky(KentuckyStateNaturePreserves
Commission1994).

DescriptionandTaxonomicStatus

Conradina is a genusofsix allopatricspeciesconfinedto theSoutheasternUnited States
(Shiners1962,Gray 1965,Kral and McCartney1991). Conradinaverticillata,as

discussedabove,occurson theCumberlandPlateauofTennesseeandKentucky.
Conradinacanescensoccupiescoastaldunesandlongleafpinelandin southeastern
Mississippi, south Alabama, and the Florida panhandle. Conradinaglabra growsin
pineland and other upland habitats east of Florida’s ApalachicolaRiver. Conradina
brevifoliaand C. grand~loraoccur in sand scrub areas in eastern and central Florida, and
C. etonia is restrictedto a limited areain northeasternFlorida. Threespecies--C.etonia,
C. glabra,andC. brevWolia--arelisted asfederallyendangered;C. verticillata is federally
listedasthreatened;andC. grandiflora doesnothaveaFederalstatusbut is considered
rare(Service1994).

Gray(1965)consideredConradinaverticillata to be an old speciesrepresentedby relict
occurrencesin afewstream-bankhabitatsoftheCumberlandPlateau. It is disjunct from
theotherspeciesof Conradinaandhasreducedseedgerminationandareducedability to
reproduceanddispersesexually. Thefollowing historyof thetaxonis adoptedfrom
Patrickand Wofford (1981)(seeTable1).

1884 - Conradinaverticillatawasfirst collectedby Albert RuthalongClearFork River
nearthetownof Rugby,Tennessee.Earlycollectionswereregardedasadisjunct
populationof Conradinacanescens(Torr. & Gray)Gray,aCoastalPlainspecies.

1931 - Holotypeandotherspecimenscollectedby JennisonandSharpalongClearFork
nearthetownofRugby. Holotypedepositedin theUniversityofTennessee
Herbarium.

1933 - Species described as Conradinaverticillata by H. M. Jennison.



Table 1. History ofthe discoveryofCumberland rosemary, Conradina verticillata
(from Patrick and Wofford 1981).

DRAINAGE

AR OF I COLLECTORS/

J_DISCOVERYMAJOR STREAM OBSERVERS

Clear Fork 1894 Ruth, Percival

Cumberland
River

White Oak Creek 1930 Cain

Big South Fork, KY 1935 Braun
Big South Fork, TN 1947 Clebsch, Shanks, Sharp

Caney Fork 1961 Channell

NewRiver 1975 Leonard

Tennessee
River

Clear Creek 1965 Sharp, Taylor

Daddys Creek 1969 Clebsch,Bowers,Evans
Obed River 1979 Schmalzer

Emory River 1979 Schmalzer

1933 - Speciesdescribed asConradinamontanaby J. K. Small in Manualofthe
Southeastern Flora. Namepublished 7 months later than C. verticillataJennison
and later reduced to synonymy.

1934 - Holotypedestroyed in a fire at the University of TennesseeHerbarium.

1965 - Isotype material at the Gray Herbarium designated as the Lectotype by T. C. Gray

1981 - Status report for Conradinaverticillata Jennison completed by T. Patrick and
B. E. Wofford.

1991 - Cumberland rosemary is listed as a threatened species by the Service (Federal
Register56(230):60937-60941).

Cumberlandrosemary,an evergreenperennialshrubin themint family, is mostnotedfor
its aromaticleaves,whichsmell like theculinary herbrosemary,andfor its abundantpink
to purpleflowers,which makeit attractiveto horticulturists(seeFigure 1). A full
technicaldescriptioncanbe foundin Gray(1965),but afewcharacteristicsfrom Kral
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Figure 1. Conradina verticillata, flowering plant, flower, calyx.
By MelissaGay
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(1983),Patrickand Wofford (1981),andRoulston(1994)arepresentedandwill aid in
field identification.

Inflorescence:Flowersonshort-stalked,linear-bracted,axillary cymesfrom mostor all
uppernodes;thecymestalkshispidulous;thebractscoveredwith long-spreading
gland-tippedhairs.

Flowers: They are 1 to 2 centimeters (cm) long; lavender, purple, or rarely white, usually
with dark spots leading down the throat; two-lipped, the upper lip with two lobes, the
lower with three; floral tube strongly bent, giving the flower an s-shape in profile; borne
in small clustersin theaxils ofthepresentyear’s leavesfrom earlyMay until earlyJune.

Calyx: Bilabiate, five-toothed, persistent, 7 to 9 millimeters (mm) long,
glandular-pubescentand/orsparselypuberulentto appressedpubescent.

Stems: Four-sided;woodybut lax, oftendecumbent;seldomgrowingmorethan 1 foot
tall beforefalling over, rootingat thenodes,andputting up morestems.

Leaves: Entire,needlelike,oppositewith additionalpairsclusteredin theaxilsappearing
whorled,somewhatfleshy,with stronglyrevolutemargins,1 to 3 cm long, resindotted,
aromatic.

Seeds: Up to fourpercalyx,dry, darkbrown,spherical,1 mmin diameter;loosein calyx
but usuallynot falling out beforecalyx falls off plant.

No otherplantsarelikely to bemistakenfor it whenit is in flower. Without flowers,
however,it resemblesAsterlinari~folius, Hypericumdensforum,and Pycnanthemum
tenuforum,which alsohaveneedlelikeleavesandgrow in thesamehabitatbutdo not
have the distinctive rosemary aroma. The closestrelativesof Cumberlandrosemary,the
other species of the genus Conradina,occur on the Gulf Coast of Alabama, Mississippi,
andFloridaandtheAtlantic CoastofFlorida,far from therangeof Conradina
verticillata. It is distinguishedfrom its congenersby its decumbenthabit, longerleaves,
and long glandular-hairy calyx tubes.

Distribution

Cumberland rosemary is known from five counties in north-central Tennessee and one
county in southeastern Kentucky (Figure 2). At present, 91 occurrences(colonies)are
thought to be extant. (Occurrences believed to be extant are thosethathavebeen
observed in the recent past.) These are along nine major streams of the Cumberland
Plateau--Big South Fork River, NewRiver, Clear Fork River, White Oak Creek, Caney
Fork River, Obed River, Daddys Creek, Clear Creek, and Emory River (Tennessee
Department of Environment and Conservation 1995,Kentucky State Nature Preserves
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Distributionof Conradinaverticillata

TennesseeCounties: Scott,Morgan,
Cumberland,White, Fentress

KentuckyCounty: McCreary
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Commission1994). Therearethreedistinctpopulations. Within thesepopulations
genetic exchange is believed to occur on a frequent basis, while it is lessfrequent
between the populations. These populations are locatedalongthefollowing rivers:
(1) the Big South Fork River and its tributaries in Morgan, Scott, and Fentress Counties;
(2) the Obed River in Morgan and Cumberland Counties; and, (3) the Caney Fork River
in Cumberland and White Counties. Thelocationsin Kentuckyareconsideredpartof the
Big South Fork River populationof Tennessee(Figure3).

Although it is widespreadalong severalofthesestreams,it is oftendisjunctandseldom
abundant,oftenwith only asingleplant(seeAppendix). Therearefewerthanten
locations that are known to have more than 100 clumps (see Life History section for
explanation of clumps) and probably fewer than 4,000 totalclumpsfrom all known
locations(Table2). Populationdatafor eachextantoccurrenceis presentedby streamor
river in theAppendix.

Oneoccurrenceis assumedextirpated. Lucy BrauncollectedConradinaverticillata from
asite50 miles downstreamof thetypelocality in McCrearyCounty,Kentucky,within
theareanowinundatedby LakeCumberland,whichwasformedby the Wolf CreekDam
(PatrickandWofford 1981). Thecurrentstatusofthetypelocality is notknown. In
1979and1992,attemptsweremadeto relocateCumberlandrosemaryalongthenorth
bank of theClearFork in FentressCounty,Tennessee.High waterlevelswere
detrimentalto bothsearchefforts (field searchby Roulstonin 1993,Patrickand Wofford
1981).

Habitat

Cumberland rosemary grows in full to moderate sunlight in thefloodplainofmajor
streams flowing over sandstone bedrock. Thesubstratevariesfrom expansesofdeep,
puresandto denselyrocky areasthatarealwayswell drainedanddevoidoforganic
matter.Plantsoccuronboulderbars,boulderygravelbars,sandygravelbars,terracesof
sandon graduallyslopedriverbanksandislands,andsandypocketsbetweenboulders.
Seasonalflooding occursalongthesemajorCumberlandPlateauriversand streams.
Essentialhabitatrequirementsfor Cumberlandrosemaryincludeperiodicfloodingto
maintainopenness,topographicfeaturesto enhancesanddeposition,andperiodsof
inundationofat least2 weeksto inducerootingat the lowernodesof thestems(Service
1984).

The primary importance of the periodic flooding is probablytheeliminationorreduction
of trees and shrubsthatwould out-competeCumberlandrosemaryfor light. Although it
will tolerate moderate amounts of shade, the species will produce fewer flowers and
appear less vigorous. Other possible benefitsof flooding includetheinductionofrootsat
the nodes by inundation or sanddeposition,therebyincreasingthe clump size;the
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Figure 3. POPULATION RANGE OF CUMBERLAND ROSEMARY
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Table 2. Estimatesof abundanceof Conradina verticilata from known
occurrencesbasedon qualitative and quantitative collection
information. Actual population data are listed in the Appendix.

STREAM/RIVER
NUMBER

OF
LOCATIONS

TOTAL
NUMBER

OF CLUMPS

NUMBER OF
LOCATIONS WITH

>100CLUMPS

Clear Fork 15 100-250 0

Big South Fork 25 1,000-1,500 2

NewRiver 2 No data

White Oak Creek 2 2 0

Daddys Creek 8 100-250 0

Obed River 12 250-500 2

Emory 4 50-100 0

Clear Creek 10 250-500 1

Caney Fork

TOTAL

13 250-500 0

91 2,000-3,600 5

downstream dispersal of seeds; andthetransportanddepositionof viableplantfragments
downstream.

Theduration,severity,andfrequencyofflooding variesgreatlyfrom yearto yearwithin,
aswell asbetween,populations.Availabledatashowthat somepopulationsmaybe
floodedthreeto seventimesayearfor up to 3 daysat atime. Floodsaremostcommon
duringthewinter (Pennington1992).

AlthoughCumberlandrosemarytoleratesextendedperiodsof submersionandthrivesin
full sunlight,it seldom,if ever,growsdirectly besidethenormal(nonflooded)riverbed,
probablybecauseofthe soil saturationassociatedwith thehigherwatertableat these
locations. Suchhabitatconstraintsgreatlylimit thedistributionofthe specieswithin a
river system. Thebanksof CumberlandPlateaurivers arevery steepin someareasand
forestedto theedge,leavingno marginalareaofwell-drainedsoil. With fewexceptions,
theonly placewhereCumberlandrosemaryis foundin any abundance(morethan
50 clumps)is onwide gravel/boulderbarsofriver bendsor low-lying islands. These
frequentlyoccurwheremajortributariesenterthemain channel,depositingsedimentand
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wideningthefloodplain. Theseareastendto be dominatedby grassessuchasbig
bluestem(Andropogongerardii), little bluestem(Schizachyriumscoparium),andIndian
grass(Sorgastrumnutans);shrubssuchaslaurel, rhododendron,andfarkleberry;and
occasionalflood-twistedyellow pines,easternredcedar,andsycamore.

Severaltaxalisted asStateor federallyendangeredor threatenedoccurfrequentlyin these
habitats--Calamovilfaarcuata, Heleniumbrevfoium,Sporoboluslunceus,Marshallia
grandfora,Spiraeavirginiana, Leucothoeracemosa,Polygonellaamericana,and
Fothergilla major.

Themostefficientwayto find locationsfor Cumberlandrosemaryis to travelby boatand
look on sandystreambanksand gravel/boulderbarsduring themonthof Mayfor the
mostprominentco-floweringspecies--phlox(Phloxglaberrima),wild indigo (Baptisia
tinctoria), andTephrosiavirginiana.

Thehabitatconsistsofmanynativeperennialshrubsandherbaceousspeciesthat are
frequentlyfoundin associationalongtheflood-prone,broadsectionsof Cumberland
Plateaurivers. SomespeciesincludeAsterlinari~folius, Asterpatens,Coreopsis
pubescens,Hypericumdensforum,H denticulatumvar. recognitum,Ipomeapandurata,
Liafris microcephala,Lysimachialanceolata,Pycnanthemumtenu~folium,Rudbeckia
laciniata, Si/phiurn tr~folia~’um, Schrankiamicrophylla, Thalictrumrevolutum,
Trautvetteriacarolinensis,and Veronicastrumvirginicum (Patrick and Wofford 1981).

Life History (adapted from Roulston 1994

)

Conradinaverticillata is a highly clonal species. Its branchesspreadacrosstheground,
rootatthenodes,andarepartially coveredby sandandrockseachtime theriver floods’
thismakesconnectedbranchesappearasseparateplants. For thisreasontheterm“plant”
is highly subjectivewhenappliedto this species.Inrocky habitatstheterm“clump”
adequatelydescribesan assemblageofaerialbranchesthat aremostlikely connected
belowtheground,but in sandyareasthebranchesmayspreadoutovermanyfeet. It then
becomesimpossibleto separatethemintodistinctgeneticentitiesby observationalone.
In orderto determineindividual plantsasgeneticunits, it would benecessaryto applya
molecularanalysistechnique,suchasstarchgel electrophoresis,whichhasbeen
successfullyappliedto manyclonal species.

Cumberlandrosemaryproducesabundantflowersin MayandearlyJune.Flowersare
functionallymalewhentheyfirst open,producingpollen from severalhoursorup to a
day beforethefemalepartsarereceptive.Theyproducesmall quantitiesofnectarthat
attractsmanydifferent insects,includingbutterfliesandhoverflies, butarepollinated
mainlyby bees,particularlybumblebeesandhoneybees.Theflowersfall off within
2 daysof beingpollinatedbut lastup to aweekif unpollinated.
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Insectvisits arenecessaryfor seedproduction,andmanyseedsareproducedeachyear,
maturingaboutthemiddleofJune.Lessthan 10 percentoftheseeds,however,arefully
developedandfertile. Onewayof distinguishingfully developedseedsfrom poorly
developedonesis to placethemin water;thewell-developedonesaremuchmorelikely
to sink.

Theonly knownfactorsthatpromoteseedgerminationaresurfacesterilizationof the
seedcoatwith bleachandhydrogenperoxide,soakingin waterfor 24 hours,anddaily
exposureto room light orsunlight. Thereareapparentlyno dormancymechanismsin the
species.Germinationtakesabout2 weeks. Thiscanbe reducedto 2 to 3 daysthrough
scarification. Seedswill germinateondampfilter paperor sandandsurvivefor many
monthson sandonly.

Thelow percentageof seedsthatgerminateseemsto be relatedto poordevelopment.
ThefactorscausingpoordevelopmentofCumberlandrosemaryseedsarelargely
unknown,but oneimportantfactormaybe self-pollination. In this species,
self-pollinationappearsto be less likely thanoutcrossingto producefully developed
seeds.Becausethespeciesis highly clonalandthepollinatorstendto visit adjacent
flowers,anygivenflower is mostlikely to receivepollenfrom aflower ofthesame
geneticindividual. Anotherfactorcausingpoorseeddevelopmentis fungalattack.
Fungi wereobservedto be quite prominentonmanyCumberlandrosemaryseedswhile
still in the calyx. Studies have shown that fungi quickly destroy seeds that have not been
surfacesterilized.

Cumberlandrosemaryseedlingsare rarein thewild; only one investigatorhasreported
seeingone. This is probablydue in greatpartto poorproductionof fully developed
seeds,but summerdroughtandwinter floods mayalsoplay aprominentrole. The
speciesmaintainsitself almostentirelyby clonal spreadandstemlongevity. Dispersal
seemsto bemainly throughfragmentationduringwinter storms.

Reasons for Listing

A numberoffactorsthreatenthecontinuedsurvival ofConradinaverticillata, including
biological factors,humandisturbances,competitionwith otherspecies,andnatural
habitatdisturbances.Thesmall sizeand numberof extantpopulationsaretwo ofthe
mostimportantreasonsfor its designationasathreatenedspecies.Threeshortstretches
ofstreamaccountfor about80 percentof all knownplantsof this speciesand shouldbe
consideredthemostimportantareasfor its conservation:(1)Big SouthFork River -

BandyCreek(LeatherwoodFord) to theKentuckyborder,(2) ObedRiver - final 9 miles
to its confluencewith theEmoryRiver, and(3)ClearCreek- siteatLilly Bridge.

By far thegreatestthreatto Cumberlandrosemaryis inundationby reservoirsconstructed
for recreationalwatersupplyor hydroelectricpurposes.Thenorthernmostpopulation
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wasextirpatedby thebuilding of Wolf CreekDam on theBig South ForkRiver, andit is
possiblethattheconstructionof otherdamsin theregionhascausedtheextirpationof
undiscoveredpopulations.Most oftheknownlocationsfor thespecieswerediscovered
after 1960,aftermanydamsin theregionwerebuilt. A damis locateddownstreamof
everyriver whereCumberlandrosemaryoccurs. Dambuilding canharmtheplant
directly by permanentlyinundatingit or indirectly by alteringtheflood regime. Thereis
thepotentialfor dambuilding upstreamfrom all of thecolonies.Presently,thereare
proposalsto build damson theupperpartofClearCreekandtheClearFork River. No
environmentalassessmentsoftheseproposalshavebeencompleted,andit remainsto be
determinedwhateffectthe damswouldhaveonwaterqualityand floodingregime
downstream.

Cumberlandrosemarydoesnot competewell anddependson yearlyflooding to eliminate
orreducethegrowthofoverstoryshrubsandtrees. In shadyconditionsit producesvery
few flowersandgrowthis inhibited,whichdiminishesreproduction.

Thespeciesis knownin thehorticultural tradeandcouldsufferdueto removalfor
personalorcommercialuse. However,thereis no evidenceof unauthorizedtakefrom
wild populations. Becauseit is extremelyeasyto propagatevegetatively,thereis little
incentivefor commercialgrowersto removeit from thewild.

A verycritical threatis the destructionofhabitatby recreationalactivitiessuchas
camping,hiking, horsebackriding, off-road-vehicletraffic, andwhite-waterboating. The
ObedRiver, aNational Wild andScenicRiver(ONWSR), andtheBig SouthFork
NationalRiverandRecreationArea (BSFNRRA)aremanagedby theNationalPark
Service. Nearlyonemillion peoplevisit theseareasevery year,andsomesites
experienceheavyuse. Oneoftheplacesthatharborsa largecolony--BigIsland,in the
BSFNRRA--receivesheavyrecreationalusebecauseoftheseriesof hiking and
equestriantrails thatcrossthe island. Thelargecolonyat theLilly Bridgesite in the
ONWSRalsoreceivesagreatdealofvehicularandcampingactivity. Damageto
Conradinawasobservedby Roulston(1994)duringhisvisits to thissite. Generally,the
smallercoloniesofCumberlandrosemaryarelocatedon remotesectionsof rivers andare
visitedprimarily by fishermenandwhite-waterboaterswhotendto unknowinglystayout
oftheplant’shabitat(observationby Roulston[1994]). Problemsaremorelikely to arise
wheremotorizedoff-roadvehiclescanaccesstheriver nearits banksduringperiodsof
low water. TheBig Islandcolonyandthe CaneyFork coloniesarecontinuallyaffected
by vehicularactivities.

Coalmining andoil andgasexplorationarethreatsthatcouldresultin thedeterioration
ofwaterquality (Kral 1983,Service1984). Coalis activelybeingminedin theNew
River drainage.Abandonedstrip minesandundergroundcoalminesexistalongthe
CaneyFork, Big SouthFork,Emory,andObedRivers. During avisit to theBandy
Creeksitein 1993,aspringflood haddepositedalayerofcoalfragmentsup to 15 cm
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deepon thegravelbar. Subsequently,thenext flooding episodewashedawaythecoal. It
is notknown whateffectsextremelyacidicwaterconditionshaveon Cumberland
rosemary. Generally,extremelyacidicwaterskill all wildlife andvegetation.

ConservationMeasures

All 13 siteson theCaneyForkRiver andtwo sitesonDaddysCreekarelocatedon
privatelyownedland. A total of 76 sitesare locatedon NationalParkServiceland.
These76 coloniesreceivesomeprotectionunderSection7 oftheEndangeredSpecies
Act of 1973,asamended(Act). Section7 requiresFederalagenciesto evaluatetheir
actionswith respectto any speciesthat is proposedor listed asendangeredorthreatened
andwith respectto its critical habitat,if any is designated.Section7(a)(2)oftheAct
requiresFederalagenciesto ensurethat activitiesthey authorize,fund,orcarryoutare
not likely to jeopardizethecontinuedexistenceofaspeciesor to destroyor adversely
modif~i its critical habitat. TheAct is referencedin theBSFNRRAMasterPlan,Design
Memorandum,Volume 1, Chapter2 - 2.03.02.,U.S. Army CorpsofEngineers.The
MasterPlan statesthatwhenparticularrecreationalactivitiesarefoundto be detrimental
to thecontinuedexistenceorsuccessfulreproductionofanendangeredor threatened
species,appropriatemeasuresshouldbe implementedto eliminatethedisturbance,
Chapter9 - 9.02.48.

A draftRoadsandTrails ManagementPlanhasbeenpreparedfor theBSFNRRAandhas
receivedcoordinationcomments.Theplanincludesimprovementsto existing trails and
thedevelopmentofnewtrails forhiking, mountainbiking,horsebackriding,
all-terrain-vehicleactivity, andcamping. Thereis no specialsectionon endangered
species;however,generalstatementsaddressingtheprotectionofendangeredspeciesare
included. Theprotectionofthreatenedand endangeredspecieswill be consideredprior to
thedevelopmentofany newtrails. Areaswith knownthreatenedorendangeredspecies
will be avoided;if this is notpossible,eachsitewill be evaluated.Areaswith existing
trails thataretraversingendangeredspeciespopulationswill be monitoredto determine
impacts(JeanneRichardson,NationalParkService,personalcommunication,1995).

Conradinaverticillata is listed asendangeredby theTennesseeDepartmentof
EnvironmentandConservation.TheRarePlantProtectionAct of 1986regulatesthe sale
andtakeofplantsthatareendangered,but it doesnotprovidefor theprotectionof their
habitats. Kentuckyprovidesno legalprotectionfor thespecies.

Conradinaverticillataplantsarebeinggrownexsitu attheNorthCarolinaArboretum
(NCA) in Asheville,NorthCarolina,aparticipatinginstituteoftheCenterfor Plant
Conservation.Nineteenplantsfrom six coloniesweretransferredto NCA from the
ArnoldArboretumin 1993. In thesummerof 1995,only sevenplantsexistedin the
collectionatNCA from two colonies(twopopulations)--BigIslandandDaddysCreek.
Additional vegetativematerialfrom othercolonieswill be collectedin thefall of 1995
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(RonLance,NCA, personalcommunication,1995). In this, aswell in othercultivation
efforts designedto protectthegeneticdiversity ofthespecies,it is essentialto maintain
stocksfrom separatelocalities in geneticisolation. Numerousplantnurserieslocatedin
thefollowing StatespropagateCumberlandrosemary:Tennessee,Georgia,Louisiana,
North Carolina,SouthCarolina,Mississippi,andMaryland. Plantsfrom thesesources
could be used to establish newpopulations.

Searchesfor newpopulationsofConradinaverticillata wereconductedin Kentucky
primarilyduringMay andJuneof 1994(White 1994). Thesurveywasdesignedto
investigateotherriver systemsin KentuckyandothersectionsoftheBig SouthFork
River. After athoroughsearch,no newpopulationswerediscoveredin apparently
suitablehabitat.

Geneticstudiesfor thegenusConradina,usingDNA aswell aselectrophoresis,are
currentlybeingconductedattheUniversityofGeorgia,Athens. Theresultsof this
analysiswill be importantfor themanagementofCumberlandrosemary,identif~’ing
geneticallydistinctpopulations(orcolonies)for protection.

Strate~vfor Recovery

Managementplansshouldbedevelopedfor legally protectedpopulations.Two ofthe
threepopulationsarelocatedon landownedandmanagedby theNationalParkService,
andthelargestcoloniesof thesepopulationsshouldbeprotectedfrom major
recreation-relatedactivities. Efforts to protecttheprivatelyownedcoloniesshouldbe
initiated. Thismaybedifficult, giventhelocationofplantsalongthebanksand gravel
barsofthewaterways.Someofthe gravelbarsmayactuallyextendinto thewater. The
closestlandownersto thesitesshouldbe contactedandinformedofthepresenceofthe
speciesandthethreatsto its survival. Onetype ofprotectionis theregistryof landin the
NaturalAreasProgram(administeredby theTennesseeDepartmentofEnvironmentand
Conservation,NaturalHeritageDivision). A registry is not legally bindingbutusually
involvesacooperativemanagementagreement.

Surveysfor newpopulationsin Tennesseeshould be conductedin otherriver systemson
the CumberlandPlateau.Manyoftheknownlocationshavenotbeenvisitedsince1979
andshouldbemonitoredatregularintervals. Both inventoryandmonitoringwill be
challenging,giventheremotehabitatCumberlandrosemaryoccupies.

Becauseseedproductionis knownto be low for Conradinaverticillata, seeddispersal
andgerminationrequirementsneedto be studiedin depth. Geneticstudiesareextremely
importantfor determiningtheextentof individual populationsandidentifying the
populationsthat shouldbe protectedandmanaged.
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PARTII

RECOVERY

A. RecoveryObjectivesandCriteria

Cumberlandrosemarywill be consideredfor delistingwhenthereare25 protected
andmanagedcolonieswith 50 geneticallydistinct individualspercolonyon thefive
majorrivers (five colonieson eachriver) whereit occurs. Thesecriteriawill provide
protection for all three populations. The estimated date of recovery completion is
2005. Therequirementsfor delistingarepreliminaryandmaybe revisedasrecovery
tasksareimplementedandadditionalinformationaboutthespeciesis obtained.

14



B. NarrativeOutline

I. Protectexistingpopulationsandhabitat. Only threepopulationswith 91 colonies
areknownto exist,with themajority in north-centralTennesseeandafewin
adjacentKentucky. Thelargestcoloniesin eachpopulationneedimmediate
protection. A total of76 coloniesarelocatedon landmanagedby theNational
ParkService,and 15 sitesare locatedon privatelyownedland. Only five colonies
are known to have more than 100 clumps of plants. Protection of five colonies in
eachofthefive majorrivers(seeFigure3) in whichCumberlandrosemaryoccurs
is consideredto be essentialto therecoveryofthespeciesandto preventits
irreversibledecline.

1.1 Determineprotectionpriorities. Becausethemajority of thecoloniesare
locatedon landmanagedby theNationalParkService,it maybe possibleto
protecta largepercentageofthesitesfrom recreationalor commercial
activitiesthatjeopardizetheplants.Eachindividual sitewill needto be
evaluatedandthethreatsto it will needto be determined.All-terrain-vehicle
activity is oneofthemajorthreatsto the largercoloniesthat occuron gravel
barsandislands. All oftheheavyuseareasin theBSFNRRAandthe
ONWSRthatcontaincoloniesofCumberlandrosemaryshouldbe ahigh
priority for protectionmeasures.PrivatelyownedsitesalongtheCaneyFork
River shouldbeprioritizedfor protectionbasedon theimmediacyofthreats
andourability to developcooperativeagreementswith the landowners.
Acquisitionof someof theseprivatelyownedsitesshouldbe undertakenif it
is determinedto be essentialto therecoveryofthespecies.Coloniesin all
threepopulationsneedto be protectedin orderto maintainthegenetic
diversity of thespecies.Theidentificationofprotectionpriorities is thefirst
stepin providingtheprotectionthatis essentialto therecoveryofthespecies
and to prevent its irreversible decline.

1.2 Developmanagementplans. Thenextstepin providing essentialprotection
andpreventingan irreversibledeclineis thedevelopmentof site-specific
managementplans. Managementplansshouldbedevelopedby the
BSFNRRAandtheONWSRto protectcoloniesofCumberlandrosemary,as
well asotherState-andfederallylisted plantspeciesthat occurin thesame
habitat.Dueto increasedvisitationandthedevelopmentof additional
recreationaltrails, tramplingor otherformsofhabitatdegradationmaypose
threatsto thespecies.Protectionmeasures,suchastheredesigningand
reroutingoftrails, maybe necessary.Managementplansshouldbe writtenfor
privately owned land once they are under some form of protection or
cooperative management agreement.
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1.3 Obtainbaselinepopulationdata. All knowncoloniesneedto be visited in
orderto obtain initial informationon thenumberof individualsoccupying
eachsite. Only afew siteshavebeenvisited since1979 andpopulationdata
weremerelyestimated(i.e., scatteredclumps,manyclumps). Individual
plants can have many stems, and the rootstock is usually buried beneath the
sandor gravel. Theterm“clump” is usedto describetheassemblageof aerial
branchesthat spreadoverafewsquarefeet. Becausethespeciesis clonal,
determiningthenumberof individualswill be adifficult but importanttask.

1.4 Monitor coloniesthathavebeendeterminedto be essentialfor thesurvivalof
thespecies.Importantcoloniesin all populationsshould be monitoredto
checkfor vigor andhabitatdegradationdueto naturaleventsorhuman
activities. Naturalmovementofthesandandgravelbarsdueto flooding
regimescouldaffectthegrowthofConradina,althoughthishasnotbeen
studied.Monitoring will determineif changesin abiotic featureshaveany
effecton theplants. Monitoring should include,amongotherthings,seedling
establishmentsuccess.

1.5 Contactprivate landowners. All private landowners should be contactedand
informedof thesignificanceof thespeciesandthepotentialthreatsto its
continuedexistence.Potentialthreatsto Cumberlandrosemaryonprivate
landarecommercialandresidentialdevelopmentandhabitatdegradationdue
to recreationalactivities. Becausethesitesaresoremoteandareprobablynot
visited regularlyby landowners,riverbankprotectioncouldbeaproblem. If
the landownersarereceptiveto theconservationofthe species,protection
throughshort-termleasesormanagementagreementscanbenegotiated.
Othertypesofprotectionincludeconservationeasements,registryasanatural
area(aspreviouslymentioned),andacquisition.

2. Searchfor newpopulationswithin theknownrangeandin otherwatersheds.The
searchfor newpopulationsis necessarywithin boththeknownrangeandother
watersheds.This informationwill be usefulin makingmanagementdecisionsand
for determiningthegeneticvariability ofthespecies.Themostintensivesearches
for Cumberlandrosemaryin Tennesseewere conductedin 1979and 1980(Patrick
andWofford 1981,Patrick1979,SchmalzerandDeSelm1982). Thesesearches
wererestrictedto thefive majorriverswithin theknownrangeof thespecies.
Only afew newcolonieshavebeenfound since1980(seeAppendix). Suitable
habitatnorthof andbetweentheknownKentuckypopulationhasbeenthoroughly
searched;no newcolonieswerelocated(White 1994). Searchesshouldbe
conductedin otherwatershedsin Tennessee’snorthernCumberlandPlateau.
Because of the restricted riparian habitat, access by canoe is the most efficient
methodof surveyingfor newcolonies.Searchesin theBSFNRRAandthe
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ONWSRshouldcontinuein orderto ensurethatall federallyownedcoloniesare
adequatelymanagedandprotected.

3. Conductstudiesofthespecies’biology. Additional informationon thebiology of
C. verticillata is importantandnecessaryfor developingandimplementing
managementguidelines.

3.1 Studyseedbiology and germination.An intensiveseedgermination
experimentneedsto be conductedto determinethecauseof low seed
germinationandlimited productionof viableseeds.

3.2 Conductfurthergeneticresearch.A geneticanalysisfor theConradinagenus
is currentlybeingconductedattheUniversityofGeorgia. This researchwill
provide preliminary information for C. verticillata. A molecularanalysis
techniqueshouldbeappliedto severalof the largerCumberlandrosemary
coloniesin orderto determinetheextentof clonal spreadwithin these
locationsandto testthehypothesisthatextensivevegetativereproduction,
which increasesaflower’s likelihood ofbeingself-pollinated,is decreasingthe
reproductionby seeds.If so,populationscouldbeartificially augmented
throughfield interplantingsofdifferentgeneticindividualsin orderto increase
reproduction by seeds. A genetic comparison of individuals within a river
system may provide data to confirm or refute the proposition that dispersal of
this speciesis primarily throughfragmentation.Furthergeneticanalysiswill
determineif therecoverygoalof 50 geneticallydistinctindividualsat
25 coloniescanbemet.

4. Maintainandexpandcultivatedsourcesfor thespecies.Vegetativematerial
shouldbepreservedfor thepurposeofestablishingnewpopulationsif natural
populations were to be eliminated.

4.1 Maintain seeds.Viableseedsshouldbeplacedin long-termstorageatthe
U.S. DepartmentofAgriculture ResearchServiceNationalSeedStorage
Laboratory in Fort Collins, Colorado. Viability of seeds in storage should be
periodically checked in order to ensure that viable seeds will, in fact, be
available if they are needed.

4.2 Maintainplantsexsitu. Cumberlandrosemaryplantsshouldcontinueto be
maintained by the Center for Plant Conservation station at the NCAin
Asheville,NorthCarolina,in orderto ensuresurvivalof thespecies.
Currently,only two populationsarerepresentedin thecollection. In orderto
preserveabroadrangeofgeneticvariability, additionalcollectionsshouldbe
made from several additional occurrences and from all populations. These
occurrencesshouldbemaintainedin amannerdesignedto prevent
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cross-breeding between stock from geneticallydifferentoccurrences.Given
the immediate threats to the species posed by intensive recreational use, it is
important that these artificial populations be maintained.

5. Developmaterialsto inform thepublic aboutthe statusofthe species and the
recovery plan objectives. Public support for theconservationof Cumberland
rosemary could play an important part in encouraging conservationefforts. In
order to ensure that the taking threat is not increased,informationmaterialsshould
not identify specificplant locations.

5.1 Prepare and distribute news releases and informational brochures. News
releasesconcerningthestatusandsignificanceofthespeciesandrecovery
efforts should be prepared and distributed to newspapers in the range of the
species.

5.2 Preparearticlesfor popularandscientificpublications.Theneedto protect
thespeciesin its nativehabitatandcooperationamonglocal, State,and
Federalorganizationsandindividualsshouldbestressed.Scientific
publicationsshouldemphasizethe additionalresearchthat is neededand
solicit researchassistancefrom collegesanduniversitiesthathaveconducted
studieson this orcloselyrelatedspecies.

6. Annually assess the success of recoverv efforts for the species. The review of new
information,evaluationofongoingactions,andredirectionof recoveryefforts, if
necessary,areessentialfor assuringthatfull recoveryis achievedasquickly and
efficiently aspossible.
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PARTIII

IMPLEMENTATION SCHEDULE

Priorities in columnoneof thefollowing ImplementationScheduleareassignedas
follows:

1. Priority 1 - An actionthatmustbe takento preventextinctionor to preventthe
speciesfrom decliningirreversibly in theforeseeablefuture.

2. Priority 2 - An actionthatmustbe takento preventasignificantdeclinein species
population/habitatquality or someothersignificantnegativeimpactshortof
extinction.

3. Priority 3 - All other actions necessary to meet the recovery objective.

Key to Acronyms Usedin This Implementation Schedule

CPC - Center for Plant Conservation
FWS - U.S. FishandWildlife Service
KSNPC- KentuckyStateNaturePreservesCommission
NPS - NationalParkService
R4 - Region4 (SoutheastRegion),U.S. FishandWildlife Service
TDEC - TennesseeDepartmentofEnvironmentandConservation
TE - EndangeredSpeciesDivision, U.S. FishandWildlife Service
USDA - U.S. DepartmentofAgriculture
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CUMBERLAND ROSEMARY IMPLEMENTATION SCHEDULE

Priority
Task

Number Task Description
Task

Duration
ResDonsibleAgency

FWS Other
Cost Estimates($OOOs)1
FYi FY2 FY3 Comments

I I Determineprotection
priorities.

1 year R4/TE NPS,~IDEC.
KSNPC

15.0

1.2 Developmanagementplans. I year R4/TE NI’S. TDEC.
KSNPC

20.0

2 3.1 Studyseedbiology and
germination.

3 years R4/TE NPS,TDEC,
KSNPC

25.0 10.0 10.0

2 3.2 Conductgeneticresearch. 3 years R4!TE NPS,TDEC,
KSNPC

20.0 20.0 10.0

2 1.3 Obtain baselinepopulation
data.

I year R4/TE NPS,IDEC,
KSNPC

30.0

2 1.4 Monitor majorcolonies. Ongoing R4/TE NPS,TDEC,
KSNPC

10.0 10.0 10.0

2 1.5 Protectprivatelyowned
colonies.

1 year R4/TF ‘I1)FC, KSNPC Unknown

2 2.0 Searchfor newpopulations. 2 years R4/TE NPS,TDEC,
KSNPC

25.0

2 4.1 Maintainseedsin long-term
storage.

Ongoing R4/TE USt)A, NPS.
TDEC,KSNPC

2 4.2 Maintainplants in
cultivation.

Ongoing R4/TE CPC,NPS,
TDEC,KSNPC

15.0

3 5.1 Preparenewsreleases. Ongoing R4/1E NPS,TDEC,
KSNPC

3 5.2 Preparemagazinearticles. Ongoing R4/TE NPS,TDEC,
KSNPC

3 6.0 Annually reviewrecovery
progress.

Ongoing R4/TE NPS TI)EC
KSNPC



PART IV

LIST OFRECIPIENTS
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contentsof thisplan. Peerreviewersofthetechnical/agencydraftrecoveryplanare
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Division of Forestry
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1815 N. Lynn Street
Arlington, Virginia 22209
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*Mr. Robert McCartney
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1128 Colleton Avenue
Aiken, South Carolina 29801

Mr. John Sherman
Tennessee Environmental Council
1700 Hayes Street, Suite 101
Nashville,Tennessee37203

*Dr. Murray A. Evans

Botany Department
University of Tennessee
Knoxville, Tennessee 37916

*Dr Bob Kral

Biology Department
Vanderbilt University
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Nashville,Tennessee37235

Mr. Ed Schell
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APPENDIX

Extant Occurrencesof Conradinaverticillata. Ownershipcodesareas follows: BSFNRRA = Big SouthForkNational
River andRecreationArea; ONWSR = ObedNational Wild and ScenicRiver.

StreamlRiver County Quad Ownership Population Yearof Data
(SiteName) Data andReporter

ClearFork

Rugby

Rugby(type)

CF2

CF3

JohnMuir

Skull Creek

Rugby

Rugby

HoneyCreek

HoneyCreek

HoneyCreek

HoneyCreek

HoneyCreek

Honey Creek

Oneida South

OneidaSouth

OneidaSouth

Oneida South

OneidaSouth

HoneyCreek

HoneyCreek

Private

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

Typelocality

A few scattered
individuals

A few scattered
individuals

Several dense clumps

1 x 2 patch

A few scattered
individuals

12 plants

A few scattered
individuals

Numerousclumps

Numerousclumps

1934: Jenmsonand
Sharp

1931: Jennisonand
Sharp

1992: Roulston,
McConkeyandSloan

1992: Roulston,
McConkeyand Sloan

1987: Somers and
Gunn

1987: Somersand
Lyon

1992: Roulston

1995: Kral and Rust

1975: Leonard

1975: Leonard

1975: Leonard

1975: Leonard

1975: Leonard

1975: Leonard

1975: Leonard

Big South Fork

Pine Creek Scott Honey Creek BSFNRRA 3-4 plants 1993: Campbell and
Emmott

Morgan

Fentress

Scott

Scott

Scott

Scott

Scott

Scott

Scott

Scott

Scott

Scott

Scott

Scott

Scott

Burnt Mill
Bridge

CF5

CF6

CF7

CFS

CF9
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Stream/River County Quad Ownership Population Year ofData
(Site Name) Data and Reporter

BSF2 Scott

JakesHole Scott

Downstream
Jake’s Hole

RR Bridge

PantherCreek

N. White Oak

Creek

Bandy Creek

Leatherwood

Ford
Rough Shoals
Br.

Station Camp

Parch Corn
Creek

Big Island

Difficulty
Creek

Scott

Scott

Scott

Scott

Scott

Scott

Scott

Scott

Scott

Scott

McCreary
Co., KY

Honey Creek

Honey Creek

HoneyCreek

Honey Creek

HoneyCreek

Honey Creek

HoneyCreek

Honey Creek

Barthell SW

Barthell SW

Barthell SW

Barthell SW

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

BSFNRRA

Oneida North BSFNRRA

A few plants

At least10 plants

Shrubto 3 dmhigh.

At least20 plants

1 healthy clump

A few scatteredplants

100 clumps

23 clumps

A few well-
establishedclumps

None found

Extensivepopulation

Severalhundred
clumps

Large,extensive
population

At least20 scattered

clumps

75 clumps

1993: Campbelland
Emmott

1993: Campbelland
Emmott

1981: Patrick and
Wofford

1993:Campbelland
Emmott

1979:Patrick

1979:Whitten

1993: Roulston

1979: Patrick

1993: Roulston and
Allawos

1980: Patrickand
Wofford

1993: Roulstonand
Allawos

1975: Leonard

1980: Patrick and
Wofford

1993:Roulston

1980: Patrick and
Wofford

1989:Campbell

1993;Roulstonand
Allawos
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Stream/River County Quad Ownership Population Year ofData
(SiteName) Data and Reporter

BSFl2 McCreary OneidaNorth BSFNRRA
Co., KY

Troublesome
Creek

BSF14

GagingStation

SaltBranch

Big Shoals

Downstream
Big Shoals

McCreary
Co., KY

McCreary
Co., KY

McCreary
Co., KY

McCreary
Co., KY

McCreary
Co., KY

McCreary
Co., KY

Oneida North BSFNRRA

OneidaNorth

Barthell

Barthell

Barthell

Barthell

McCreary Barthell
Co., KY

McCreary Baxthell
Co., KY

BSFNRRA

BSFNRRA

BSFNRRA

A few scattered
plants

Ca. 10 small patches

Numerousvigorous
plants

10 smallpatches

2 patches,ca. 5x5 ft

and5x10 ft

4 plants found

A few clumps

A few small scattered
plants

A few smallplants,
widely scattered

Ca. 10 clumps up to
1 sq yd. scatteredin
40x5 ft area

BSFNRRA A few scattered
plants

Oneclump ca. 1 ft
across

BSFNRRA A few widely
scatteredplants

Few small clumpsin
ca. 1 sqyd area

BSFNRRA A few scattered
clumpsof 1-3 sq. ft

BSFNRRA Ca. 4 scattered
clumpsof 1-10 sq. ft

1980: Patrickand
Wofford

1989: Campbell

1980:Patrickand
Wofford

1989: Campbell

1989:Risk

1993:Roulston and
Allawos

1979:Medley, Somers
andWofford

1979: Medley, Somers
and Wofford

1979:Medley, Somers
andWofford

1989:Campbell

1979:Medley, Somers
andWofford

1989:Campbell

1980:Patrickand
Wofford

1989:CampbellandRisk

1989:Campbell

1989:CampbellandRisk

8

9
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StreamlRiver
(SiteName)

Big Spring
Hollow -

Upstream

Big Spring
Hollow -

Downstream

NewRiver

ReedBottom

New2

White Oak Creek

ClearFork

Ict.

White Oak

County

McCreary
Co., KY

McCreary
Co., KY

Scott

Scott

Scott

Scott

Quad

Barthell

Barthell

Ownership

BSFNRRA

Population Year of Data

Data and Reporter

Onepatchof ca 1 sq. 1989: Risk
ft.

BSFNRRA Onepatchof 5-10 sq.
ft.

OneidaSouth BSFNRRA

Oneida South BSFNRRA

Rugby

Rugby

BSFNRRA

BSFNRRA

2 smallclumps

Vegetativerelic
colonies

1989: CampbellandRisk

1975: Leonard

1975: Leonard

1975:Farmeret al.

1930:Cain (annotatedby
Gray, 1965)

Daddys Creek

PeavineRoad
Bridge

Cove Branch

Devil’s
HangingTable

DAD3

DAD4

DADS

DAD6

Daddy’s Island

Cumberland

Cumberland

Cumberland

Morgan

Morgan

Morgan

Morgan

Morgan

Ozone

Hebbertsburg

Hebbertsburg

Hebbertsburg

Hebbertsburg

Hebbertsburg

Hebbertsburg

Hebbertsburg

Private

Private

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

A few scattered
plants

1 smallplant

Severalwidely
scatteredplants

Severalwidely
scatteredplants

A few scattered
clumps

Scatteredclumps

Ca. 50 clumps

1976:Kral

1981: Horn

1980 Schmalzer

1980 Schmalzer

1980: Patrick, Perkins
andSchmalzer

1980:Patrick, Perkins
and Schmalzer

1980: Schmalzer

1980: Schmalzer

1993: Roulston
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County Quad Ownership Population Year ofData
Data andReporterLStream/River

(Site Name)

Obed

Potter Ford

Obed Junction

Turkey Creek

Obed 4

Obed 5

Obed 6

Clear Creek
Jct. (bank)

Clear Creek
Jct. (island)

Obed8

Obed9

Milligan
Branch

Emory ict.

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Hebbertsburg

Hebbertsburg

Lancing

Lancing

Lancing

Lancing

Lancing

Lancing

Lancing

Lancing

Lancing

Lancing

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

8-10small clumps

Many clumps
50-100clumps

1 smallclump

Many largeclumps

Compactpopulation

Ca. 15 large clumps,
spreadingvegetatively

Scatteredplants

A few plants

A few scattered
plants

1 plant

A few scatteredplant

1980: Schinalzer

1980: Schmalzer
1993: Roulston

1980: Patrickand
Sclunalzer

1980:Patrickand
Schmalzer

1980:Patrick and
Schmalzer

1980: Patrick and
Schmalzer

1980: Schmalzer

1980: Patrick and
Schmalzer

1980: Patrick and
Schmalzer

1980: Patrickand
Schmalzer

1980: Patrick and
Schmalzer

1980:Patrick and
Schmalzer

Emory

Obed-Emory
Ict.

Emory2

NemoBridge

Emory3

Morgan

Morgan

Morgan

Morgan

Lancing

Lancing

Lancing

Harriman

ONWSR

ONWSR

Private

ONWSR

A few scattered
plants

A few scattered
plants

Hundredsof plants

3 clumps

1980: Schmalzer

1980: Schmalzer

1994:Kral, Rust, Medlin

1984:Patrick,Wofford,
andMcFarland
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Stream/River County Quad Ownership Population Year of Data

(Site Name) Data and Reporter

Clear Creek

Clearl

Clear2

Clear3

Jett Bridge

ClearS

Clear6

Clear7

Fred Taylor’s

Place

C- W. Lilly

Bridge

Lilly Bridge

Caaey Fork

Caneyl

Caney2

Caney3

Caney4

Caney5

Caney6

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Morgan

Cumberland

Cumberland

Cumberland

Cumberland

Cumberland

Twin Bridges

Pilot
Mountain

Lancing

Lancing

Lancing

Lancing

Lancing

Lancing

Lancing

Lancing

Pleasant Hill

PleasantHill

PleasantHill

PleasantHill

PleasantHill

Cumberland PleasantHill

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

ONWSR

Private

Private

Private

Private

Private

Private

Severalscattered
plants

2 smallclumps

12-15clumps

12-15 clumps

A few widely
scatteredindividuals

4 small clumps

A few scattered
plants

4 small clumps

At least20 clumps

Ca. 150 clumps

Ca. 20 small clumps

Severallargeclumps

Onedensepatch

Oneplant

Severalsmall
scattered plants

One plant

1980: Schmalzer

1980:Schmalzer

1980:Schmalzer

1980: Schmalzer

1980: Schmalzer

1980:Schmalzer

1980:Schmalzer

1966: Sharp

1980: Schmalzer

1980: Schmalzer

1993:Roulston

1980: Patrick,Whitten
and Perkins

1980:Patrick,Whitten
and Perkins

1980: Patrick, Whitten
and Perkins

1980: Patrick, Whitten
and Perkins

1980: Patrick, Whitten
and Perkins

1980:Patrick,Whitten
and Perkins
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StreamlRiver
(SiteName)

Caney7

Caney8

Caney9

Tarkiln Ford

Bee Creek

Caney12

Virgin Falls

County

Cumberland

Cumberland

Cumberland

Cumberland

‘White

White

White

Quad

PleasantHill

PleasantHill

PleasantHill

PleasantHill

Lonewood

Lonewood

Lonewood

Ownership Population Year of Data
Data and Reporter

Private Onepatch4’ dia., 1980:Patrick,Whitten
severalwidely andPerkins
scattered

Private Severallargehealthy 1980: Patrick,Whitten
plants andPerkins

Private A few small scattered 1980:Patrick,Whitten
plants and Perkins

Private Severallargeand 1980:Patrick,Whitten
smallplants andPerkins

Private Onesmallcolony 1980:Patrick,Whitten
andPerkins

Private Oneplant 1979:Patrick andWhitten

Private Oneplant 1961:Channell
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