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EXECUTIVE SUMMARY

CurrentStatus: Xyris tennesseensisis listed as anendangeredspecies. Thereare
14 populationsknownto beextant, including eight in Alabama,two in Georgia,and four
in Tennessee.With the exceptionof threesiteswhich occurall or partiallyon Federal
lands, sitesareon privately ownedlands. Severalof thepopulationsaresmall and in need
of activemanagement.

HabitatRequirementsandLimiting Factors: Suitablehabitatfor long-termsurvival of this
speciesappearsto be very limited. Populationsare locatedin spring meadowsor along
small streams. All sitesfeaturenearlypermanentmoistureregimes,open, sunny
conditions,andcalcareousbedrock(shale,limestone,dolomite)or thin calcareoussoils.
Much suitablehabitathasbeenlost or impacteddue to drainageandthe conversionof
thesehabitatsfor agriculturalor silvicultural practices. Active managementappearsto be
neededto maintainappropriatehabitatfor this species.

RecoveryObjective: Delisting.

RecovervCriteria: Xyris tennesseensiswill be consideredfor delisting whenthereare
15 adequatelyprotectedandmanaged,self-sustainingpopulationsof the speciesdistributed
throughoutthe historicalrangeandmaintainedfor 10 years. A populationwill be
consideredadequatelyprotectedwhenit is legally protectedandactively managed.A
populationwill be considered“self-sustaining”if monitoring datasupportthe conclusion
that it is reproducingsuccessfullyandmaintainingstablenumbersor increasing.

Actions Needed

:

1. Protectandmanagepopulations.
2. Searchfor new populations.
3. Investigatepotentialmanagementtechniques.
4. Conductresearchon species’ecologicalrequirementsand life history.
5. Maintain plants andseedexsitu.
6. Providepublic education.

Total EstimatedCostof Recovery: Implementationof the recoverytasksfor which cost
estimateshavebeenmadetotals $134,000.

Dateof Recovery: It is not possibleto determinea dateof recoveryat this time sincethe
achievementof recoverydependsuponthe outcomeof severalof the recoverytasks.
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I. INTRODUCTION

Back2round

Tennesseeyellow-eyedgrass(Xyris tennesseensisKral) was first describedin 1978 by
Dr. RobertKral of Vanderbilt University. It was discoveredduring his comprehensive
review of 21 membersof the genusin theSoutheasternUnitedStates(Kral in Godfreyand
Wooten1979). Xyris is the only representativeof the Xyridaceae,theyellow-eyedgrass
family, in the Southeast. It is a groupof small herbswith grasslikebasalleavesand
leafless,unbranched,flowering stalkseachbearinga terminal,conelikeinflorescence
comprisedof spirally arrangedbractsenclosingsmall flowers with yellow or occasionally
white petals. The speciesis currently knownfrom 14 sites in threeStates: Alabama,
Georgia,andTennessee.Populationsoccur in springymeadowsand on the banksof small
streams.

Kral (1990) surveyedfor this speciesduring the field seasonsof 1989 and 1990. He
completeda statusreport in 1990 which documentedthecurrentconditionsof sevenextant
andthreehistorical sites. Becauseof the rarity andperceivedthreatsto Tennesseeyellow-
eyedgrass, it wasproposedfor Federallisting in July 1991 as anendangeredspecies
(U.S. FishandWildlife Service1991a) andlater approvedandofficially listed assuch
(U.S. Fish andWildlife Service1991b).

DescriptionandTaxonomicStatus

RobertKral hasprovidedexcellenttechnicaldescriptionsof Xyris tennesseensis(Kral
1978, 1983, 1990),as well asnon-technicalones(Kral 1990). The typedescriptionarticle
(Kral 1978)alsoincludedan illustration by the author. Thegeneraldescriptiongiven
below representsa paraphrasingfrom the abovedescriptionwith slight modificationsto
allow for thereducedstatureof Bibb County,Alabamaplants(Allison, pers.comm.).

Xyris tennesseensisis aperennialwhich typically occursin clumpsof fewto manybulbous-
basedindividuals. The soft, bulbousbasesarecomprisedof small, darkouterscalesand
fleshy, white to roseor purplishinnerscales. The leavesare all basal;the outermostones
areshort and scalelike,whereasthe othersare linear, 9 to 45 centimeters(cm), or 3.5 to
18 inches(in.) long, and 0.15 to 1.0 cm (0.06to 0.4 in.) wide. The slightly twisted,flat,
bright greenleafbladestaperat baseand apex. The leafbladesoverlaponeanotherin the
basalone-eightto one-thirdof their length andoftenshow pink, red, or purplishcoloration
in this regionaswell aspale,thin marginsand finely papillosesurfaces. The leafapicesand
uppermarginsare entireand slightly thickened.

Unbranchedflowering scapesrise abovethe linear leavesto heightsof 30 to 70 cm, or 1 to
2.3 feet, or occasionally100 cm (3.3 ft.) at the time of anthesis. Theyare nearlyroundat
the basebut flatteneddistally with 1 to 5 raisedribs that are tuberculate-scabrid.Scape
sheaths,which typically arereddishor brownishtowardthebase,possessshortblades,and



do not exceedthe length of the principal leaves. The solitary, terminalspikesaremostly
broadlyovoid with blunt to acuteapicesand rangefrom 0.6to 1.5 cm (0.2 to 0.6 in.) at
maturity. They arecomposedof numeroustightly andimbricatebracts,mostof which
sheltera singleaxillary flower. The fertile bractsare suborbicularand tan or brown except
for a greenish,ovate-triangulardorsalarea; theirmarginsareentire or slightly ragged.

The bisexualflowersare irregularwith a three-partedcalyx: the innersepalis membranous
and enfoldingthe bud; the outer(lateralsepals)claspthe wholebud andarecurved,boat-
shapedstructureswith thin narrowkeelsthat arereddish-brown,andbroaderand laceratein
theupperpart. The threedistinct yellow petalsareobovatewith long-clawedbases,about
4.5 millimeters (mm) long by 3 mm broad(0.2 X 0.1 in.), with rounded-lacerateapices.
Flowersopenin latemorning and wither by mid-afternoonand only one or a few flowersare
emergentat any time. Staininodesare threewith bi-brachiatebrancheswith long, beadlike
hairs. Thereare threefertile stamenswhich arisejust abovethepetal claw and areerect;the
anthersare lance-linear,about2 mm (0.1 in.) long, with nearlyparallelsacs. The ovary is
superior, tricarpellate,compressed-ovoid,the manyovulesaremarginal in threeplacental
lines within the single locule. The style is elongateandtrifid abovethe middle into
convolute,horseshoe-shaped,hairy stigmas.

Fruits areobovoidor broadlyellipsoidcapsuleswith thin, plano-convexwalls and three
sutures. The numerousseedsareellipsoid, about0.5 to 0.6 mm (0.02in.) long, slightly to
very farinose(mealysurfaced),with 18 to 20 fine, longitudinal lines that are sometimes
interconnected.

Taxonomically,this speciesis nearesttheXyris difformis complex(Kral 1978, 1983, 1990).
Speciesin this complexdiffer in having foliagewhich is generallymoreflattenedand
fanlike, leavesthat are generallyscabridthroughout,andmoreacutespikeswith darker,
fertile bracts(Kral 1983). In addition, thosespeciesin theX. dzfformiscomplexwith
farinoseseeds(var. floridana) havea different seedsculpturefrom thefarinoseseedsof
X. tennesseensis(Kral 1990).

Xyris tennesseensissuperficially resemblesXyris torta J.E. Sm. andXyris plalylepis Chapm.
becausetheyalsopossesssomewhatbulbous,fleshy basesand twistedleafblades. Xyris
torta differs, however, in having lateralsepalsthat areciliate (not lacerate),strongly curvate,
and apicallytuftedwith crispedred hairs on the keel. In addition, the leavesof X. torta are
strongly raised-nervedwhich is not a featureof X. tennesseensis.It can be distinguished
from X. platylepisby many features;e.g.,X. platylepishasscapesheathsthat arecastaneous
or palebrowntowardthe base,scapesthatare twisted, flexuousand only one-ridgedabove,
spikesthat are 1.5 to 3.0 cm (0.6 to 1.2 in.) long, petalswhich arebroadlyobovate,
yellowishor white andopeningin theafternoon,and translucentseedswith 10 to 12 rather
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irregularlongitudinal lines togetherwith a scatteringof lessdistinct vertical lines
(Kral 1979). Xyrisjupicai L.C. Rich., with which it grows sympatricallyat one Alabama
site, differs in that it is an annualovermostof its range,hasnon-twistedleaves,possesses
non-bulbousbasesthat lack red pigmentation,andhassmaller, non-farinousseeds.

Distribution

The historical and currentdistributionof Xyris tennesseensisencompassesportionsof three
Statesand threephysiographicprovinces(Figure 1). Themostconsistentor widespreadarea
of distributionappearsto be the RidgeandValley physiographicprovinceextendingfrom
northwesternGeorgia(Bartow, Gordon,and Whitfield Counties)to northeastAlabama
(CalhounCounty) andthento central Alabama(Bibb County). Another concentrationof
occurrencesis locatedin the southwesternportionof the HighlandRim physiographic
province,part of the Interior Low Plateau;this consistsof four sites,all in Lewis
County,Tennessee.Onepopulationdiscoveredin northwestAlabama(FranldinCounty)by
Dr. David Webb is neartheborderof the HighlandRim aswell asthe CumberlandPlateau,
but was reportedby Kral (1990)to beactually in the CoastalPlain. The GordonCounty,
Georgiapopulationis consideredto be extirpated,as is oneof the Bartow Countypopulations
(Kral 1990).

Extantpopulationsoccurat 14 sites in the five localizedareasdescribedabove,which canbe
summarizedas: (1) NorthwestGeorgia(Bartow andWhitfield Counties- one population
each; (2) NortheastAlabama(CalhounCounty - two populations);(3) CentralAlabama(Bibb
County - five populations);(4) NorthwestAlabama(FranldinCounty - onepopulation);and
(5) SouthcentralTennessee(Lewis County - fourpopulations). In a coupleof instances,
sites recognizedhere asdistinctpopulationsare only about0.5 mile apartbut separatedby
physicalbarrierssuchasforest androads,thus making cross-pollinationor movementof
propagulesfrom one site to anotherunlikely or highly infrequent. Evenwherepopulations
occuron separatepartsof the samestreamsystem,continuouscorridorsof suitablehabitat
arenot available. In theseinstances,propagulesmay movedownstreamto mix with thoseof
the otherpopulation,but seldomwould therebe opportunity for upstreammovementof
propagulesor pollinatorsfrom site to site. For protectionandplanningpurposes,theywill
be treatedhere asseparatepopulations.
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Habitat

Suitablehabitatfor long-termsurvival of this speciesappearsto be very limited. All sites
featurenearlypermanent(all year)moistureregimes,open, sunnyconditions,and calcareous
bedrock(shale,limestone,dolomite)or thin calcareoussoils. Thefour Tennessee
populationsare concentratedin very small calcareousfenson steepto gentleslopesadjacent
to headwaterstreams. The bedrockappearsto be thin layered shale. The best,
and one of the largest,of thesefen sitesmeasuresapproximately15 by 21 metersor 315 sq.
meters(50by 70 ft. or 3500 sq. ft). Becausethe sites arewet andrelatively steep,soils are
slow to establishand,no doubt, areproneto erodeduring heavyrain events. This sloughing
action may becritical in maintainingtheearly successional,openhabitatconsidered
importantto Xyris tennesseensis.The Xyris coloniesappearto bedenserwherethere is
contactbetweenvegetationand substrate. The fen sitesgenerallyhavea densecoverof
herbs. DominantsoftenincludeParnassiagrand~folia(grass-of-parnasus),Rudbeckiafulgida
(coneflower),andAmphicarpaeabracteata(hog-peanut). Frequentlypresentandrelatively
commonat thesesiteswere Oxypolisrigidior (hog-fennel),Thelypterispalustris (marshfern),
Solidagopatula (goldenrod),Phlox glaberrima,Ludwigia altern~folia (rattle-box),Cyperus
strigosus(flat-sedge),Scirpusatrovirens (bul-rush),Carex sp.,Juncusspp. (effusus,
d~ffussimus,and/orbrachycarpus),andRhynchosporacapitellata and/orcaduca(beak-
rushes). Woody shrubsandtreespeciesobservedin the fensare few andinclude Alnus
serrulata (alder), Comusamomum(swampdogwood),and Salix sp. (willow). In thevicinity
of the fens, small coloniescansometimesbe found alongthecreekedgesgrowing in shallow
sandisoildepositsor cracksin the limestone. The Tennesseesitesare all surroundedby oak-
hickory forest.

The five Bibb County,Alabamasitesare all foundalong small to mediumsizedstreamswith
exposeddolomiteforming theirbeds(Allison 1993). TheXyris coloniesare in full sunor
partial shade. Someof the largercoloniesoccurin narrowsandand gravelbarsmixed with
otherherbs. AssociatedherbsfrequentlyareJusticeaamericana(water-willow),Eupatorium
coelestinum(purplemistflower), Rhynchosporacaducaor mixta, Cynoctonummitreola
(miterwort), Eleocharisobtusa(spikerush),Ludwigia microcarpa,Lycopussp. (bugle-weed),
Mecardoniaacuminata,Oxypolisrigidior, Parnassiagrand~folia, Hypericummutilum (St.
John’swort), Cyperusstrigosus,Fuirenasquarrosa(umbrellagrass),Phlox glaberrima, and
Rudjeckialaciniata. This habitatsupportsmanyotherrareor unusualplant taxasuchas
Marshallia mohrii (Mohr’s Barbara’sbuttons),Marshallia trinervia, Rhynchosporathomei,
Jamesianthusalabamensis,and Croton alabamensisvar. alabamensis(Alabamacroton).
Someplantsarepartially shadedby shrubssuchasAlnus serrulata, Cornus amomum,or
Salix spp. Streamsideforestsarecomprisedmainly of hardwoodssuchasLiriodendron
tulipifera (tulip-tree),Liquidambarstyraciflua (sweetgum), Magnoliavirginiana (white bay),
Acerrubrum (red maple),Acer leucoderme(stripedmaple), andSalix nigra (black willow).
Juniperusvirginiana (easternred cedar)is alsopresentat somesites. Muchof the
surroundingterrain hasbeentimbered;whateffectsthis hadon thepopulationsareunknown.
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The otherAlabama sitesare less distinctive. The largepopulationin FranklinCounty occurs
on a gentleslopeand wet ditch adjacentto a highway. The seephabitaton the slopehas
manyof theassociatedherbsnotedfor Bibb County,but noneof the rareor unusualtaxa.
The sitewasclearcutin the recentpastand now supportsa thin standof loblolly pine and
hardwoodsaplings. Thetwo sites in CalhounCounty are also open, wet, disturbancerelated
habitatswith someof the samewetlandassociatedherbsdescribedabove.

The primary extantsite in Georgiais a marshyareaalonga small streampassingthroughthe
centerof anabandonedfarmstead. Theterrain is relatively flat andpastoralin appearance.
Bedrockis not evidentaswith mostof the othersites. Muchof themarshyhabitatis above
a low concretedam,now dilapidatedand partially functioning, acrossthe stream. Other
plantsoccurbetweenit anda bridge. The associatedherbsincludemanyof the taxaseenat
the Alabamasites;e.g., Cynoctonummitreola, Cyperusstrigosus,Ludwigia altern~folia,
Oxypolisrigidior, andEleocharisobtusa. Taxanot notedelsewhere,but presentat this site,
includeNasturtiumofficinale (watercress),Sparganiumamericanum(bul-reed),Alisma
subcordatum(water-plantain),and Veronicaanagallis-aquatica. A few aldersandwillows
were presentat the edgeof the marsh. The surroundingland is openwith only occasional
trees,with manyof the sametaxaasnotedfor Bibb County,Alabamastreams. The only
otherGeorgiapopulation,which is locatedin Whitfield County,occurson an earthdike in
an impoundedswamp. Only a coupleclumps of Xyris grow at this disturbedsite, perhaps
survivorsof the impoundment.

Life History

Xyris tennesseensisis a perennial,but mostotherdetailsaboutits life history areyet to be
researched.Whenobservinga clump of X. tennesseensis,oneis oftenunsureof how many
individualsare present. Denseclumpshavebeenobservedwith over70 flowering culms.
Do they representone ormore individuals? Kral (1990)statedthat “they increaseby
productionof lateralbudsfrom axils of crownleaves,”but in thefield it is oftendifficult to
tell what representsa singleplant. Besidesthebasicquestionof whatconstitutesan
individual, otherquestionsyet to be answeredareasfollows: How well do the seeds
germinateunderdifferent conditions? Kral (1990)notedthat seedset “is high but the
seedlingshavea high light requirementfor germination.” Otherwiselittle is known. Does
the speciesproducea seedbank? Whendo the seedsgerminate? How seriousis mortality
amongseedlings?At whatagedoesflowering andfruiting begin? Whatdo long-term
survivorshipcurvesfor the specieslook like? At whatagedoesfruiting peak? Answersto
someof thesebasicquestionswould aid in recoveryplanningand sitemanagement.
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Reasonsfor Listing

At the time of final listing (July 26, 1991)sevenpopulationswere knownto exist and two or
threeothersiteswere knownto havebeenextirpated. Field work in conjunctionwith the
StatusReportby Kral (1990) includedupdateson eachof the knownsites. Four of the seven
populationswere consideredto be in decline. Off-road vehicleswere impactingoneof the
Tennesseefens; timberinghadrecentlyoccurredat the site with the largestpopulationin
Tennessee,and herbicidesprayingfor weedcontrolhadoccurredat the FranidinCounty,
Alabamasite. Kral (1990)speculatedthat the currentlyknownhabitatsmay bemainly
uplandremnantsof whatmight havebeena morewidespreadspeciesassociatedwith valley
wetlands. He citedmanycommonlandusepractices,suchastimbermanagement,drainage
of lowland wetlandsand conversionto agricultural fields, andthe impoundmentof wetlands
asreasonsfor the lossof habitat.

Dr. Kral’s field investigationsinclude searchesfor potentialhabitatin Hardin, Perry, and
WayneCountiesin the SouthwesternHighlandRim of Tennessee;ItawambaandMonroe
Countiesof NortheasternMississippi; andCalhoun,Cherokee,Cleburne,Colbert, Cullman,
Franklin, Marion, Morgan,Pickens,Shelby, St. Clair, andWalker Counties,Alabama,
without a singlenewXyris find. Finally in Bartow County,Georgia,after two field seasons
of searches,Kral founda newpopulation. This review is not to deridehis efforts but to
point out the extensiveareassearchedby anoutstandingfield botanistandauthorof this
species. From the recentBibb\CalhounCounty, Alabamadiscoveriesof Jim Allison
(GeorgiaDepartmentof NaturalResources)andChris Oberholster(AlabamaNatural
HeritageProgram),respectively,it now appearsthat the Ridgeand Valley physiographic
region is a key areafor this species. Kral did exploreseveralRidgeandValley Counties
(Calhoun,Cherokee,Shelby, and St. Clair Counties,Alabama;andChattooga,Floyd, and
Polk Counties,Georgia)aspart of his survey,so evidently it is a rareentity in this region
despitethe newfinds.

ConservationMeasures

Very little specialprotectionormanagementexists for Xyris tennesseensispopulationsat the
presenttime, and exceptfor the fundedstudiesfor basicinventoryandrecoveryplanning,
therehasbeenno intensiveresearchon the species. Efforts havebeenmadein Tennesseeby
both the Departmentof EnvironmentandConservationand The NatureConservancyto
establishcontactwith landownersand seeknaturalarearegistries,easements,or acquisitions,
but suchhasbeenmet with only marginalsuccess,overall. A registry is in placebetween
the National ParkServiceandthe Stateof Tennesseefor The NatchezTraceParkway,but
only a few Xyris plantswere seenon theirproperty in 1992 andmorethana signed
agreementmaybe necessary.AnotherapparentlysuccessfulmeasurewasThe Nature
Conservancy’sinterventionin atimber operationin 1988 at the largestof the Tennessee
populations. The landownerscooperatedby allowing the fenson one side of the watershed
to be flaggedoff from timbering. Followup attemptsto registerand securea right of first
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refusal, however,were not successful. A third successfulactionin Tennesseewas the
Departmentof Transportation’sextensionof a pieceof guardrailalonga highway adjacentto
the typelocation(a fen) which wasbeing impactedby motorcyclesaccessingit througha gap
in the rail.

Efforts areunderwayalso in AlabamaandGeorgiato protectthe newly discovered
populationsthere. All areon privately ownedland with the exceptionof the Calhoun
County, Alabamasiteswhich are on Federalland (Fort McClellan). A preliminary
managementplanhasbeendevelopedfor populationsof this specieson Fort McClellan.
Staff therehaveinventoriedthepopulations,evaluatedpotentialthreats,andtakencorrective
actionsfor any imminent threatswhichhavebeenidentifiedfor populationson their lands.
This managementplan is in the processof being finalizedby Fort McClellan.

Strategyfor Recoverv

To ensurethe long-termsurvival of Xyris tennesseensis,it will be importantbothto protect
andproperly manage,in a long-termstablemanner,a numberof viable populations. It will
be necessaryto definewhata viablepopulationis andwhat constitutesnormalfluctuationin
populationsize. The strategyshouldfocuson efforts to determinehow muchgenetic
variation existsbetweenandwithin the isolatedpopulations. A generalobjectiveshouldbe
to assuresurvival of genepoolsat eachof the five main geographiccentersof distribution.
Evenif geneticstudiesdo not justify this strategy,it may still havelong-termvaluefor the
species survival in the faceof unpredictablechangesin land useand abuse,alongwith those
deliveredby nature’sown stochasticevents.

Protectionaffordedto endangeredplantsthroughSection7 of the EndangeredSpeciesAct
will facilitateprotectionof thoseplantson Federallands. Thehighestlevel of protection
(i.e. land acquisition,conservationeasements)should be soughtfor key populationson
private lands;however,voluntarymanagementagreementsshould bepursuedif thesemore
permanentmeasuresarenot available. The designof effectivemanagementand protection
needsis dependentuponanunderstandingof this species’biology andhabitatneeds. Thus,
researchshould be doneto documentthe effectsof light and shadeon the species’
reproductionand survival. Likewise, we needto know moreaboutthe effectsof soil
disturbanceanderosionat andnearthe sites. If openingthe canopyor disturbanceof the
substratehavevaluein maintainingthe habitat, it might be a betterstrategyto use
conservationeasementsor cooperativemanagementagreementsthat establishacceptable
formsof timberingand otherlandusepractices.

The strategydeveloped,shouldbe basedon soundresearchinto the species’life history,
reproductivebiology, genetics,and ecologicalrequirements. Muchof this is unknownat
present.
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II. RECOVERY

A. RecovervObjective

Xyris tennesseensis(Tennesseeyellow-eyedgrass)will beconsideredfor delisting when
thereare 15 adequatelyprotectedandmanaged,self-sustainingpopulationsof the species
distributedthroughoutthe historical rangeandmaintainedfor 10 years. A population
will be consideredadequatelyprotectedwhenit is legally protectedandactively
managed. A populationwill be considered“self-sustaining”if monitoringdatasupport
the conclusionthat it is reproducingsuccessfullyandmaintainingstablenumbersor
increasing. The minimumnumberof individuals necessaryfor a self-sustaining
populationshouldbedeterminedby demographicstudiesimplementedthroughthis
recoveryplan.

B. Narrative

1. Protectknownpopulations. All of onepopulationand portionsof two othersare
on federallyownedland; the remainderare onprivate land. Oneof the Lewis
County,Tennesseepopulationsis partially onNational ParkService(NPS) land,
anda NaturalArea Registrationagreementwith the TennesseeDepartmentof
Environmentand Conservation(TDEC) is in effect to protectthe plantsfound
there. Nevertheless,the numberof Xyris plantson the NPS land is low and
possiblydeclining; the largestsegmentof thepopulationis onprivate landupstream
wherethereis no protectionor plannedmanagement.A Memorandumof
AgreementbetweenNPS, the Fishand Wildlife Service,and TDEC, basedin part
on thosemeasureoutlinedin the existingagreement,shouldbedevelopedto ensure
the protectionandenhancementof theNPS population. The othertwo federally
ownedsitesare totally orpartially on a military reservationin Alabama(Fort
McClellan). A preliminaryprotection/managementplanhasbeendevelopedand
implementedfor thosepopulationsonFort McClellan. Efforts should alsobe made
to protecteachprivately ownedsite throughprotectiontools suchasacquisition,
conservationeasement,cooperativemanagementagreement,or naturalarea
registry.

1.1. Enforceprotectivelegislation. The EndangeredSpeciesAct (ESA) provides
protectionfor listed plantsthroughSection7 and Section9. Section7
providesthatFederalagenciesshallcarry out programsfor the conservation
of endangeredspecies. In addition, Section7 providesfor protectionof
individualsand theirhabitatfrom impactsrelatedto federally fundedor
authorizedprojects. Section9 prohibits the taking of Xyris tennesseensis
from Federallandswithouta permit and regulatestrade. The 1988
amendmentsprovidedadditionalprotectionfor endangeredplantsby
prohibiting: (1) theirmaliciousdamageor destructionon Federallandsand
(2) their removal,cutting, digging, damage,or destructionon any other
lands in knowing violation of any Statelaw or regulation,including State
criminal trespasslaw.
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1.2. Prioritize sites. All sites shouldbe comparedusing criteria that include
populationsize,area, vigor, and viability, alongwith quality of thehabitat
and perceivedthreatsto it. Judgementsabouthow protectableeachsite is
shouldbe madeby assigninga rank. Geneticdiversity within andbetween
the populationsshould be takeninto considerationas databecomeavailable.
Relativeranks shouldbe assignedin order to establishprotectionpriorities
globally and within eachStatewhere it occurs.

1.3. Negotiateprotectionwith landowners. Landownersshould becontactedand
informedabouttheendangeredspecieson their property,why it is important
to protect it, andhow theycanhelpto assureits survival. Taking into
considerationthe relativerankof the population,anappropriatelevel of
protectionshould beattempted. In eachcase,an evaluationmust bemade
to determinethe boundariesof the primary habitat(wherethe population
resides)and secondaryhabitat(essentialbuffer that ensuresthe stability of
theprimary habitat). Negotiationswith landownersandmanagersshould
aim for the bestways thatprimary andsecondaryhabitatcanbe safeguarded
and managedfor both short-termand long-termpopulationstability.
Importantto thesedecisionswill be knowing what is neededfor
management,andknowing which agencies,organizations,or individualsare
committedto the species’protectionor are in the bestpositionwith staffand
resourcesto carryout anynecessarymanagementactivities. For eachviable
populationon privatelands, involvementof a conservationagencyor
organizationin a cooperativemanagementagreement,conservationeasement
or restrictions,or outright ownershipis recommendedin orderto assure
somedegreeof legal control of land useand assistancewith management.

1.4. Developmanagementplansfor eachprotectedpopulation. Until biological
studies(Task3) andmanagementstudies(Task4) arecompletedfor Xyris
tennesseensis,managementplansshould be aimedat maintainingconditions
perceivedto be importantto a viablehabitatincludingcurrentmoistureand
light regimes. In addition,efforts shouldbemadeto eliminateexotic
weeds,preventexcessiveerosionor siltation, andreducetramplingand off-
roadvehicle abuses. As more is learnedaboutthe species’requirements,
planscanbe revisedwith bolderobjectivesaimedat enhancingthehabitat.
Managementplansarebeing implementedfor the populationson federal
lands.

2. Searchfor newpopulations. Sinceadditionalpopulationshavebeendiscoveredin
the past2 years, thereis reasonto believethat moresitesmaybe found by
conductingthoroughsearchesof potentialhabitat.
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2.1. Searchfor newnovulationswithin the knownran~e. Priorities shouldbe
on searchingin the Statesandphysiographicprovinceswherethe speciesis
knownto occur. Theareaof highestpotential, whereninepopulationsare
now known, is theRidgeandValley physiographicprovinceof Alabama
and Georgia. The lastnine discoverieshavebeenfrom this area. Also,
working with geologicaland soils maps,plus knowledgeof vegetational
associatesfrom knownsites,additional searchesshould bemadein or
adjacentto Lewis County,Tennesseeand FranldinCounty,Alabama.
Suitablehabitatshould be identified andsearchedin the southernportionof
Tennessee’sRidgeandValley, particularlyalong theGeorgiaand
northeasternAlabamaborders. Seepsandstreamsassociatedwith Silurian
limestoneformationsin Decaturand PerryCounties,Tennesseeshouldbe
searched,too. Searchesshouldbecoordinatedwith RobertKral to avoid
areashe hasexaminedalready.

2.2. Searchfor newpopulationsin otherStates. Kral (1990)noteda “continuum
of habitat” and “a strong floristic overlap”betweenthe CoastalPlainof
northeasternMississippiandnorthwesternAlabama,andthereforeconducted
searchesfor Xyris in portionsof Tishimingo, Itawamba,andMonroe
Counties,Mississippi. Althoughhis searcheswereunsuccessful,the idea
still hasmerit andadditional searchesarewarranted. Limestoneregionsof
Mississippi,especiallyin thenortheasternportionsof the State,should be
checked. Otherregionsof the countrythat representremotepossibilitiesfor
this taxonare limey seeps,fens,andcreeksof Arkansas,southeastern
Missouri, Louisiana,easternTexas,andthe Floridapanhandle.Calcareous
streambanksin theBlack Belt of Alabamaare also a possibility (Allison,
pers.comm.).

3. Conductautecolo~icalresearch. In order to wisely managethis endangered
species,it is imperativethat we understandits basicbiology. To date,no
fundamentalresearchhasbeenconductedon the species’ecologicalrequirementsor
life history.

3.1. Identify physicalparametersof the species’habitat. Thegeological
formationsunderlyingeachof thepopulationsshould be identifiedusing
existing mapsor samples,thencharacterizedasto mineralcomposition,pH,
etc. The soils shouldbe characterizedin a similarmannerwith organic
contentbeingnoted. Aspects,slopeangles,elevations,andrelationshipto
water sourcesshould be noted. Investigationsinto hydrological
relationships,e.g. water tabledynamics,should alsobe explored. Average
rainfall andtemperaturemeansandextremesfor the sitescouldbe compared
aswell.
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3.2. Conductdemographicstudies. A permanentsamplingdesignshouldbe
establishedin order to obtaindemographicdatafor populationsin eachof
the threeStates. In Georgia,sincetheBartow County site is the only
sizablepopulation,only one sitecanbe sampled. However, in Alabamaand
Tennessee,thepopulationsaremorenumerousand largeenoughto allow
sampling; therefore,at leasttwo sitesperStateshould be selected. In
Alabama,sincethereare threecentersof distributionand eight populations,
monitoringthreesites is not unreasonable.The samplingshould be
designedto obtain reliabledatato adequatelyassessrecruitment,mortality,
longevity, populationsize,andthe meannumberof flowering culmsper
individual or clump of individuals. Identifying whatconstitutesan
individual is oftendifficult to determinein the field without disturbingthe
plants, sothepracticalunit of measuremay haveto be eachdenseclump
that canbedistinguished. By mappingandtracking individual plants
throughtime, we should learnaboutthe formationof the largeclumpsor
tussocksof leavesandstemsseenin someof thebetterestablished
populations.

We alsoneedto learnaboutsitedynamicsfrom the sampling. All of the
sites areparticularly vulnerableto the effectsof highrainfall events,thus,
wholecoloniescanbewashedor sloughedaway,possibly to new sites
which they colonizedownstream. Referencemarkersfor transectsor plots
will needto bewell anchoredin rocksortreesfor relocationpurposes.
Becauseof the fragility of the sites,samplingdesignersshould seekthe least
intrusivemethod(s)possible.

3.3. Study reDroductivebiology. Since the speciesis so rare,it is reasonableto
suspecta problemwith reproduction. Both sexualand asexualreproductive
capabilitiesof thespeciesneedto be assessed.

3.3.1. Investigatepollination biology. Flowering occursfrom July
throughSeptember. Kral (1978, 1990)reportedthat the flowers
openin the morningbut later than its nearestrelativesin the
X. d~fformiscomplex. Healso statedthat it seldomis foundwith
otherXyris taxa. No one hasreportedobservationsof floral
visitors. The kinds of pollinatorsandthe frequencyof theirvisits
shouldbe determined. Handpollinationsshouldbe performedto
see if flowers of Xyris tennesseensiscanbeselfedand if the
additionof supplementalpollen increasesseedproduction.

3.3.2. Examineasexualforms of reproduction. An investigationinto
anatomicalprocesseswithin someof the largeclumps is needed.
Lateralbudsform in the axils of crownleaves(Kral 1990). Are
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multiple newshootstypically producedat the baseeachyear in
healthyindividuals? Are thereformsof apomixis involving the
flowering heads?

3.4. Study seedbiolo~v. Kral (1990)reportedthat “the amountof seedset in
Xyris tennesseensisis high, but the seedlingshavea high light requirement
for germination.” A basicinvestigationof seedproductionandgermination
needsto be doneto substantiateDr. Kral’s observationsandto investigate
the topicsof seeddispersaland bankingin the soil.

3.5. Examinegeneticdiversity within and betweenpopulations. Using currently
availabletechniquesto analyzeandcompareDNA andproteins,a genetic
study shouldbe doneon this species. Such studieswill indicatewhich
populationsare geneticallymorediverseand in that sensemore likely to
successfullysexually reproduce. Also, thegeneticdatacanhelp set
priorities for preservationof geneticdiversity. Spotsamplesfrom eachof
the populationsshouldbe examined,and at leastonepopulationfrom each
of five physically separatedareasshouldbe examinedin detail to determine
how geneticallydiverseindividual populationsare.

4. Investigatepotentialmanagementtechniaues.While all or nearlyall of theknown
Xyris tennesseensissites sharecertainattributessuchas open,wet, calcareous
conditions, therehasbeenno experimentalmanipulationof its habitatto determine
whateffectvariousperturbationshaveon its growth, reproduction,and survival.
Carefulmonitoring of populationswill benecessaryin order to detectchangesin
treatmentand controlareas.

4.1. Determineeffectof shading. Shadingby canopytreesand shrubsis
suspectedto be detrimentalto Xyris, but it is possiblethat otherfactors
contributeto its absencein shadysituations. This canbe testedby
conductinggrowthchamberor greenhousestudiesusing regulatedlight
conditions. Usingthe resultsof this study, correspondingfield studiescan
be undertakento determinetheeffectsof various levelsof overstoryand
shrublayer removal. Such researchwould beuseful in determiningwhether
or not various forms of timberingadjacentto thepopulationswould be
helpfulor detrimentalto them. Thinning the canopyaroundone of a pair of
similar fen sites in Lewis County,Tennesseecould serveas a treatmentvs.
control experimentto test theeffect of increasinglight.

4.2. Determinetoleranceto drought. While the soils in Xyris habitatareusually
saturated,they are also shallow and, therefore,vulnerableto drought. What
effect doeswaterdepletionhaveonXyris during different stagesof its life
history? This canbe investigatedbestby growthchamberor greenhouse
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studies. By monitoringpopulationsin the field and notingthe responseto
real droughtconditions,we canlearnaboutthe effectsof waterdepletionto
a degree,but the researchis mademoredifficult by the variable
microenvironmentof eachplant and thedifficulty of designinga control
situation. By using soil moisturehygrometersand comparingresultsfrom
wet yearsto dry years,somegeneraltrendscanbe derivedfrom monitoring
programs. Hydrological informationobtainedfrom Task3.1 will beuseful
in completingthis task.

4.3. Determinethe effectsof competition. Herb and sometimesshrubcoverare
denseat mostXyris tennesseensissites. What effectsdo various species
haveon the growth, reproduction,and survival of Xyris tennesseensis?
Somedominantassociatesthat shouldbe testedare: Rudbeckiafulgida,
Parnassiagrand~folia,Amphicarpaeabracteata,Alnus serrulata,Ludwigia
microcarpa,and Cyperusstrigosus. Also, two exotic grasses,Arthraxon
hispidusandEulalia viminea,were abundantat severalsitesandcould be
competitorsnow or in thefuture. Carefullydesignedgreenhouse
competitionstudiesinvolving pairs of theseplantsin containersmay shed
light on which taxarepresentthe mostseriousproblemsfor Xyris
tennesseensis.In the field, it would be usefulto testthe effectsof removing
competitorsfrom patchesor strips of substrate,suchasin the Tennessee
fens. How well would Xyris establishitself in the openpatchesor along
theiredgesascomparedto controlareas?At someof the Tennesseefens in
1992, densematsof the delicatevine,Amphicarpaeabracteata,were seen
overtoppingXyris, Parnassia,and otherfen herbs. Experimentsshouldbe
designedto testthe effectsof removing this competingherb from plots in
the fens.

4.4. Testmanagementtechniauesto controlinvasivespecies. The two exotic
grasses,ArthraxonhispidusandEulaliafviminea,havenot usurpedmuchof
theXyris habitatso far, but theyhavethe potentialto expand. It would be
worthtesting techniquesto control the spreadof thesegrasses.Similarly,
considerationshould be givento removinga colony of cattails,Typha
lat~folia, from theroadsideditch at the FranldinCounty, Alabamasite, since
it is encroachingon aportionof theXyris population.

4.5. Attempt to enhance,restore,or createnew colonies. In Lewis County,
Tennessee,seepagefenslackingXyris butpossessingParnassiaand other
associatesof Xyris canbe found. In othercases,Xyris is present,but the
numberof plantsis very low. For seepslackingXyris, but wherethereare
cooperativelandownersor managers,considerationshould be givento
startingnewcoloniesor populations,if a sufficientnumberof additional
populationsarenot discovered. Onepotentialtransplantsite would be the
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site on NationalParkServiceland wherethe specieswas collectedfor the
first time in 1945, but hassincedisappeared.A few individuals couldbe
transplantedto this site from a nearbyfen with manyXyris plants.

The two historical Georgiasites havebeenalteredtoo muchby major land
usechangesto serveasrestorationsites. Themain optionsin Georgiaare
to eithercreatenew sites in closeproximity to thehistorical ones(if suitable
conditionscanbe found)or attemptto enhancethe currentWhitfield County
site throughcooperativeefforts with the landowner. The latterpopulation
consistsof two clumpsof plantsand is not consideredto be viablewithout
intervention. Sincethereis only oneviablepopulationknown in Georgia,
newcoloniesmay needto be establishedin that State. The resultsof the
managementstudies(Tasks4.1 to 4.4)andthe biological studies(Task 3)
will helpdeterminewhat, if any, sitepreparationwould beuseful. These
resultsshould alsoprovideguidancefor how to manipulatethevarious sites
in orderto enhancedwindling populations.

Management/enhancementof naturalsites andrestorationof historical sites
shouldtakeprecedentover the creationof new sites. Creationof new sites
will be consideredonly afterextensivesurveysfor naturalpopulationshave
beenconducted.

4.6. Conductlona-termsite andDopulation monitorina. Plansand schedulesfor
annualmonitoring should be establishedin eachof the Stateswherethe
speciesoccurs. An effective, low costdesignshouldbe developedthat
providesbasicinformationaboutpopulationsize,area,andreproductive
success,as well as informationaboutany changesin habitatmanagementor
externalthreats.

5. Maintainplantsandseedsexsitu. To guardagainstnaturalor humancaused
destructionof oneor morepopulations,seedsshould bekept in tong-termstorage
andliving collectionsshouldbemaintainedat botanicalgardens. TheCenterfor
PlantConservationcanprovideguidance.

5.1. Maintain seeds. Seedcollectionsfrom eachpopulationshouldbe placedin
long-termstorageat theU.S. Departmentof Agriculture’sAgricultural
ResearchServiceNational SeedStorageLaboratory in Fort Collins,
Colorado. Viability of the seedshouldbecheckedperiodically by Lab staff
and seedshould be replacedwith freshcollectionsby in-Statebiologistsas
necessary.
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5.2. Maintain plantsin cultivation. Xyris tennesseensisshould beplacedin the
Centerfor PlantConservation’sliving collectionsof endangeredor
threatenedplant species. If possible,plantsrepresentingat leastthreeof the
naturalpopulationsshouldbemaintainedat physically separatedsitesas
sourcesof freshseedsandliving plantsfor educationand researchpurposes.
Live specimensat botanicalgardensand naturecentersin the Southeast
would servean educationalpurpose.

6. Providepublic informationaboutthe species. Generalinformationaboutthe
speciesand its conservationneedsshouldbeprovidedto landowners,schools,
parks,naturecenters,andthe media. Sucheducationcan leadto the discoveryof
newpopulationsandresults in apublic that is moreawareandunderstandingof
conservingendangeredspecies.
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PART Ill: IMPLEMENTATION SCHEDULE

The following ImplementationScheduleoutlines recoveryactionsandtheir estimatedcosts
for the first 3 yearsof the recoveryprogram. It is a guidefor meetingthe objective
discussedin PartII of this plan. This Scheduleindicatestask priorities, tasknumbers,task
descriptions,durationof tasks, the responsibleagencies,andlastly, estimatedcosts.

Priorities in columnoneof the following ImplementationScheduleare assignedasfollows:

1 - An actionthat mustbe takento preventextinction orto preventthe speciesfrom
declining irreversibly in the foreseeablefuture.

2 - An actionthat mustbe takento preventa significantdeclinein species
population/habitatquality or someothersignificantnegativeimpact shortof extinction.

3 - All otheractionsnecessaryto providefor full recoveryof the species.

Key to Acronymsusedin ImplementationSchedule

USFWS - U.S. FishandWildlife Service
TE - EndangeredSpeciesDivision, U.S. FishandWildlife Service
HC - HabitatConservation,U.S. Fish andWildlife Service
ALNHP - AlabamaNaturalHeritageProgram
GADNR - GeorgiaDepartmentof NaturalResources- NaturalHeritageInventory
TDEC - TennesseeDepartmentof Environment& Conservation- EcologicalServices

Division
SliPs- StateHeritageProgramsin Arkansas,Florida, Louisiana,Mississippi,Missouri,

Texas
TNC - The NatureConservancy
CPC - Centerfor PlantConservation
NPS - National ParkService
DOA - Departmentof Army (Fort McClellan)
Pvt. - Privateindividual,university, or otherresearchorganization
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______________

TASK

DURATION

IMPLEMENTATION_SCHEDULE

PRIORITY

TASK #

TASK

DESCRIPTION

RESPONSIBLE PARTY
COST ESTIMATES

C$K)

CO~1ENTS/NOTES

USFWS

Other FY 1 FY 2 FY 3Region Division
11.1 Enforce protective

legislation.
continuous 4 TE, HC GADNR.

TDEC.
ODA.
NPS

11.2 Prioritize sites. 1 year 4 TE ALNHP.
GADNR.
TOEC

1.0

11.3 Negotiate protection
with landowners.

3 years 4 TE. HC ALNHP.
GADNR.
TDEC.
TNC

2.0 2.0 2.0 Cost of possible acquisitions not
included.

11.4 Develop management
plans.

3 years 4 TE ALNHP.
TGADNR,
TDEC,
INC. NPS.
DOA

4.0 4.0 4.0 To be conducted in conjunction
with Task 1.3. Initiated on NPS.
DOA lands.

2 2.1 Search for populations
in known range.

2 years 4 TE ALNHP.
GADNR.
TDEC.
NPS,DOA

7.5 7.5 Surveys ongoing on Fort McClellen
(DOA).

2 2.2 Search for populations
outside known range.

1 year 4 TE ALNHP.
SHPs

6.0 Focused survey during field season
for 5-7 days/State.

2 3.1 Identify physical
parameters of habitat.

2 years 4 TE ALNHP.
GADNR.
TDEC,
Pvt.

5.0 5.0

2 3.2 Conduct demographic
studies.

3 years 4 TE ALNHP,
GADNR.
TDEC.
Pvt.

5.0 5.0 5.0
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IMPLEMENTATION SCHEDULE

PRIORITY

TASK #

TASK

DESCRIPTION

TASK

DURATION

RESPONSIBLE PARTY

COST ESTIMATES

($K)

CO~1ENTS/NOTES*

USFWS

Other FY 1 FY 2 FY 3Region Division

2 3.3 - 3.4 Study reproductive and
seed biology.

2 years 4 TE ALNHP.
GADNR.
TOEC.
Pvt.

8.0 8.0

2 3.5 Examine genetic
diversity.

2 years 4 TE Pvt. 3.0 3.0

2 4.1 - 4.4 Investigate and test
various management
techniques.

3 years 4 TE ALNHP.
GADNP.
TDEC.
Pvt.

8.0 8.0 8.0 Monitoring results will continue
in following years.

2 4.5 Enhance, restore, or
create new colonies.

- 4 TE ALNHP.
GADNR.
TDEC

- - - The need for this activity will be
determined later.

2 4.6 Monitor populations. continuous 4 TE ALNHP.
GADNR.
TDEC

3.0 3.0 3.0

3 5.1 Maintain seed
collection.

continuous 4 TE ALNHP,
GADNR.
TDEC.
CPC

1.0 Cost reflects 1 year effort to
collect seeds.

3 5.2 Maintain plants in
cultivation.

continuous 4 TE CPC 7.0 Estimated 1 time fee.

3 6 Public education. continuous 4 TE, HC ALNHP,
TOEC.
GADNR.
NPS.
COE.
CPC, TNC

2.0 2.0 2.0
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IV. APPENDIX
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Dr. Bob Cook
Arnold Arboretum
125 Arborway
JamaicaPlain, MA 02130

Ms. PeggyOlwell
Centerfor PlantConservation
P.O. Box 299
St. Louis, MO 63166

Mr. Mark Bosch
U.S. ForestService
1720 PeachtreeStreet
Atlanta, GA 30367

Dave Martin
U.S. FishandWildlife Service
6620 SouthpointDrive, S., Suite310
Jacksonville,FL 32216-0912

Dr. David Webb
TVA
E & D Building
MusselShoals,AL 35662

Dr. RobertKral
Biology Department
VanderbiltUniversity
Nashville, TN 37235

Mr. Tom Patrick
GA Dept. of NaturalResources
FreshwaterWetlands& HeritageInventory
2117 US Hwy. 278 SE.
SocialCircle, GA 30279

Jim Allison
GA Dept. of NaturalResources
FreshwaterWetlands& HeritageInventory
2117 US Hwy. 278 SE.
Social Circle, GA 30279
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ScottGunn
AL NaturalHeritageProgram
Dept. of Conserv.& NaturalResources
64 NorthUnion Street,Room752
Montgomery,AL 36130

Chris Oberholster
AL NaturalHeritageProgram
Dept. of Conserv.& NaturalResources
64 NorthUnion Street,Room 752
Montgomery,AL 36130

Milo Pyne& Andrea Shea
EcologicalServicesDept.
TN Departmentof EnvironmentandConservation
401 ChurchStreet
Nashville, TN 37243

RobertCurie
U.S. Fishand Wildlife Service
AshevilleField Office
330 RidgefieldCourt
Asheville,NC 28806

Field Supervisor
U.S. FishandWildlife Service
PostOffice Drawer1190
Daphne,AL 36526

Field Supervisor
U.S. FishandWildlife Service
446 Neal Street
Cookeville, TN 38501

Field Supervisor
U.S. FishandWildlife Service
FederalBuilding, Room334
Brunswick, GA 31520

The NatureConservancy
GeorgiaField Office
1401 PeachtreeStreet,Suite 136
Atlanta, GA 30309
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TheNatureConservancy
2002 RichardJonesRoad, Suite304 C
Nashville,TN 37215

The NatureConservancy
AlabamaField Office
806 D 29th Street,South
Birmingham,AL 35205

GeoffRoach
The TennesseeNature Conservancy
PostOffice Box 3017
Nashville, TN 37219

Cindy Goodwin
U.S. ForestService
508 OakStreet
Gainesville,GA 30501

Andrew Schock
The GeorgiaNatureConservancy
1401 PeachtreeStreet,Suite 136
Atlanta, GA 30309

Office of PublicAffairs
(PA, 3447MIB)
U.S. FishandWildlife Service
Washington,D.C. 20240

Division of Refuges
(Mail Stop670 ARLSQ)
U.S. Fishand Wildlife Service
Washington,D.C. 20240

Office of ResearchSupport
(RD-8/ORS,Mail Stop725 ARLSQ)
U.S. Fishand Wildlife Service
Washington,D.C. 20240

EnvironmentalProtectionAgency
HazardEvaluationDivision - EEB (T5T769C)
401 M Street,SW.
Washington,D.C. 20460
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JohnLogan,AR Nat. HeritageComm
Suite 1500, Tower Bldg.
323 CenterStreet
Little Rock, AR 72201

Florida NaturalAreasInventory
1018 ThomasyilleRd., Suite 200-C
Tallahassee,FL 32303

Julia Larke
LouisianaNaturalHeritageProgram
P.O. Box 98000
BatonRouge,LA 70898-9000

MississippiHeritageProgram
111 N. JeffersonStreet
Jackson,MS 39202

Tim Smith
Missouri NaturalHeritageInventory
MDC, Box 180
JeffersonCity, MO 65102

JackiePoole
TexasParks& Wildlife Dept.
3000I H - 35 Wouth, Ste. 100
Austin, TX 78704

Mr. RobertJ. Abernathy
Director of Engineering& Housing
Departmentof Army
Fort McClellan, AL 36205-5000

Mr. JohnShills
AlabamaHighwayDept.
EnvironmentalTechnicalSection
Montgomery,AL 36104

NationalParkService
RichardB. RussellFederalBldg.
75 Spring Street,SW.
Atlanta, GA 30303
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Mr. JamesBanebridge
NatchezTraceParkway
Rt. 1, Nt-143
Tupelo, MS 38801

Dr. JohnD. Freeman
Dept. of Botany & Microbiology
Auburn University
Auburn, AL 36830

Dr. RobertBoyd
Dept. of Botany& Microbiology
AuburnUniversity
Auburn, AL 36830
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