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with theassistanceofrecoveryteams,contractors,Stateagencies,andotheraffectedand
interestedparties. Plansarereviewedby thepublicandsubmittedto additionalpeerreview
beforetheyareadoptedby the Service. Theobjectivesof theplanswill beattainedandany
necessaryfundsmadeavailablesubjectto budgetaryandotherconstraintsaffectingtheparties
involved,aswell astheneedto addressotherpriorities. Recoveryplansdo notobligateother
partiesto undertakespecific tasksandmaynot representtheviewsnorthe official positionsor
approvalofany individualsoragenciesinvolved in developingtheplan,otherthantheU.S. Fish
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EXECUTIVE SUMMARY

Current Status: The federally endangeredDaleafoliosa(leafyprairie-clover)hasdeclinedby
over 45 percent from historic occurrences. (Occurrences,asusedhere,includeall verified
reports of the species regardless ofsize.) Thereare29 known populations in three
States--Alabama(2), Illinois (3) and Tennessee (24), but manyofthesepopulationsarenot likely
to persistundertheircurrenthabitatconditions. Thirteenpopulationsareconsideredto havehigh
to moderate viability with potentialfor recoveryandpersistence.Ofthese,tenpopulationsare
protectedto somedegree.

Habitat Requirementsand Limiting Factors~ Daleafoliosarequiresfull sunandlow
competitionfor optimumgrowthandreproduction.Thespeciesoccursin thin-soiled(lessthan
45 centimeters[cm] [18 inches]deep)mesicandwet-mesicdolomiteprairie, limestonecedar
glades,andlimestonebarrens. It canpersistin successionalplantcommunitiesfollowing
disturbance or woody succession,butwill declinein advancedstagesofwoodysuccession.The
natural communities supporting leafy prairie-clover must be maintained by periodicburning.
Because the species is short-lived and does not spread vegetatively, population maintenance is
dependentuponseedproductionandmaybebufferedfrom extinction-causingphenomenaby a
persistentseedbank.

Recovery Objective: Delisting.

RecoveryCriteria: Recoverycriteriaarebasedonanartificially derivedpopulationviability
index(high, moderate,andlow) thatis basedon population,habitat,protectionstatus,
managementneeds,andthreats. Currentlythereare2 high-viability populations,
11 moderate-viabilitypopulations,and 16 low-viability populations.Daleafoliosacanbe
consideredrecoveredandeligible for delistingwhenat least3 high-viability populationseachin
Illinois andAlabamaand12 high-viability populationsin Tennesseeareprotectedandmanaged.
If therearelessthantherecommendedhigh-viability populationsin eachgeographicregion,
populationscanbe managedandrestoredto highviability, or threeprotectedandmanaged
populationsof moderateviability canbesubstitutedfor onehigh-viability population. New
populationscanalsobe establishedat suitablerecoverysitesto meettherecoverycriteriaand
mustpersistat amoderateorhighviability for at least10 years.

Actions Needed:

1. Identify andprioritizeprotection,management,andrestorationneeds.
2. Develop preservedesignsandimplementprotectionplans.
3. Develop and implementmanagementplans,enhanceexistingpopulationsandestablishnew

populations.
4. Developandimplementpopulationmonitoringstudies.
5. Conductdemographicand life history studiesandconductpublic educationefforts.
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Cost ($OOOs):

1997 15.0 25.0 25.0 40.0

1998 506.0 33.0 25.0 15.0

1999 500.0 35.0 25.0 15.0

2000 250.0 10.0 25.0 15.0

2001 10.0 25.0 15.0

2002 10.0 25.0 15.0

2003 10.0 25.0 15.0

2004 10.0 25.0 15.0

Dateof Recovery: Theyear2006,providedthatrecoveryactionsarefundedandrecovery
criteriaaremet.

v

1996 9.0

2005

25.0 25.0 37.0

10.0 25.0 15.0
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PART I

INTRODUCTION

Daleafoliosa(Gray)Barneby,leafyprairie-clover,is ararelegumethatis narrowly restrictedto
cedarglades,barrens,anddolomiteprairiesin Tennessee,Alabama,andIllinois. Sinceit was
first observednearly138 yearsago,knownleafyprairie-cloveroccurrenceshavedeclinedby
45 percentdueto habitatdestruction,overgrazing,andhabitatlossfrom encroachmentby woody
species.(Unlessexplicitly statedotherwise,occurrences,asusedhereandthroughoutthetext,
includeall verifiedreportsofthespeciesregardlessof size.) As aresult, leafyprairie-cloverwas
proposedfor listing asendangeredby theU.S. FishandWildlife Service(Service)on March27,
1990(Service1990),andit receivedfinal listing approvaleffectiveMay 31, 1991 (Service
1991). Thespeciesis listed asendangeredin Tennessee(Somersetal. 1989) and Illinois
(Illinois EndangeredSpeciesProtectionBoard 1990).

A. Description

Daleafoliosa,a memberof the legumefamily orFabaceae,wasfirst describedas
Petalostemonfoliosusby AsaGrayin 1868(Gray1868). Theholotypespecimenwas
collectedby BurgessTruesdellin 1867alongthebanksoftheFox River in KaneCounty,
Illinois; aparatypewascollectedin 1854nearNashville,Tennessee.Accordingto Wemple
(1970),bothofthesespecimensaremountedononesheetin theGrayHerbarium,with a
similarmixedsheetattheMissouriBotanicalGardenandasheetoftheTruesdellcollection
attheNewYork BotanicalGarden. ThegenericnamePetalostemumA. Michaux,first
publishedin 1803,hasbeenconservedovertheearlierKuhnisteraLamarckof 1789,with the
spellingofPetalostemonalsoconservedovertheoriginalPetalostemum(Greuteretal. 1988,
Farretal. 1979). BecausethegenderofPetalostemonis neuter,thecorrectnameofleafy
prairie-cloverunderthis genusis PetalostemonfoliosuinA. Gray.

Pasttaxonomictreatmentsofrelatedgenerain thetribeAmorpheaehavefocusedon petal
attachment,separationpoint ofthefilaments,andthenumberof functionalstamens.Barneby
(1977)consideredovulenumberandchromosomenumberasmore fundamentalattributesfor
genericdelimitation. Consequently,he includedall speciesofPetalostemonin thegenus
Dalea, asbothgenerahavetwo ovulesin the ovary andabasechromosomenumberof n = 7.
Thus,thecurrentlyacceptednamefor the leafy prairie-cloveris Daleafoliosa(A. Gray)
Barneby. In Barneby’sclassificationofthegenusDalea,D.foliosabelongsto thesubgenus
Dalea, sectionKuhnistera,seriesCandidae.There areno obviouscloselyrelatedspeciesto
D.foliosa, althoughtherearesomemorphologicalsimilaritieswith D. sabinale(S. Wats.)
Barneby,anendemic of Sabinal Canyonin westernTexas(Wemple1970,Barneby1977).

Leafyprairie-cloveris easilydistinguishedfrom mostotherspeciesofthegenuseastofthe
MississippiRiver on thebasisofthe leafletnumber,whichrangesfrom 9 (Barneby1977)
to 31 (GleasonandCronquist 1963)but typically is between20 and27 (Fernald1950).
Leafyprairie-cloveris aglabrous,stoutperennialherb,with oneto severalstems2 to



8 decimeters(din) (8 to 31 inches[in.]) long arisingfrom ahardenedroot crown. The
alternate,oddlypinnatelycompoundleafletsaresparselyglandular-punctatebeneath;flat,
oblong,oroblanceolateto elliptic in shape;andS to 13 millimeters (mm) (0.2to 0.5 in.)
long. Theaxillary leafclustersarereducedin theupperportionsofthestem. Thedense
conicto cylindric floweringheadsarebetween0.4 and8.9 centimeters(cm)(0.15to 3.5 in.)
long and0.6 to 1.0 cm(0.24to 0.4 in.) wide (DeMauroandRiddle, unpublisheddata)on
shortpeduncles,0 to 2 mm (0to 0.08 in.) long,with lance-ovate,long acuminatebracts
which surpassthesmall (upto 5 mm [0.2 in.] long) lavender-purplecalyx thathasfive petals
andfive stronglyexertedantherswith orangepollen (Fernald1950,GleasonandCronquist
1963,Wemple1970,Barneby1977).

B. Distribution andStatus

The genus Daleacomprisesapproximately160 speciesofgenerallyxerophyticlegumesof
grasslands, deserts, and pampas ranging from 500north to 330 south latitudes, with the center
of distribution in CaliforniaandMexico(Barneby1977). The section Kuhnistera,ahighly
modifiedand specializedgroup,which includesall theprairieclovers(formerly
Petalostemon),is distributedthroughouttheCentralandSoutheasternUnitedStates(Barneby
1977).

Thedistributionalcenterfor Daleafoliosais the limestonecedargladesofcentralTennessee
andnorthernAlabama,wherethespeciesis considerednearlyendemic(BaskinandBaskin
1973). It is disjunct in Illinois, whereit is now restrictedto dolomiteprairiesonriver
terracesin thenortheasternpartoftheState(Kurz andBowles 1981). It occurswith the
gladeendemicD. gattingeri in Tennesseeand AlabamaandwithD. purpureain Illinois
(Mahler 1970,Swink andWilhelm 1979)(seeFigure 1).

Among 29 taxaendemicor nearlyendemicto the limestonecedargladesoftheSoutheastern
UnitedStates,only two, D. foliosaandAstragalustennesseensis(Tennesseemilkvetch),
occurnorth of theglacialboundary(BaskinandBaskin 1986). Thisbicentricdistribution
mayhaveresultedfrom westerntaxaor theirancestorsfirst migratingfrom theSouthwestor
Ozark Plateauto theSoutheast.Then,during thedry Hypsithermal(=Xerothermic)Interval
ofthemid-Holocene,thesespeciescouldhavemigratedfrom theunglaciatedCentralBasin
of Tennesseeto theglaciatedMidwest,possiblyvia gravelexposuresor limestoneoutcrops
in westernKentucky,southernIllinois, or alongtheMississippiandIllinois Rivers(Baskin
and Baskin 1986,Delcourtetat. 1986).

1. Alabama

Therearefour countyrecordsfor Daleafoliosain Alabamaof whichtwo areextant(see
Table1). Thespecieswasdiscoveredin Franklinand MorganCountiesin 1966(Baskin
andCaudle1967). Additionalpopulationswerediscoveredalongaroadandcreekbed
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Figure 1. DistributiOn and Status of Dalea foliosa

• = Extant population(s)
• = Historic record with voucher specimen
A Referenced as historic without voucher specimen
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aTable 1 Daleafoliosapopulation statussummary..

STATE/COUNTY FIRST LAST POP. SIZE, COMMENTS,
fl’~fl OBSD. AND/OR M(~MT TI41~’ ATS OWNT11~ ~JJTP

ALABAMA

Franklin County

JeffersonCounty

LawrenceCounty

Morgan County

ILLINOIS
BooneCounty

Kane County

KankakeeCounty

LaSalle County

Madison County

Ogle County

Will County

KeepatawForestPreserve

LockportPrairieEast
LockportPrairieNature

Preserve
RomeovillePrairie

1966

1984

1990

1971

1984

1992

Extirpatedby roadwork

Extirpated by roadwork

339; line maintenance threats

1966 1992 33; extirpated by road work
or grazing

1867

1872

1881

1891

1873

1885

No voucherspecimen

Extirpated,likely by
development

Extirpatedby overcollecting

Extirpated,likely by
development

No voucherspecimen

No voucherspecimen

1979

1979

1974

1907

WinnebagoCounty

1992 75; persistencefrom seedbank,
ORVs, cool-season grasses

1981 Extirpated;habitatscraped
1992 >5,000;bestexamplein Illinois

1992 295; declinefrom drought,
ORVs, andline maintenance
threats

2 No voucherspecimen

RoadROW

No information

Private(TVA

ROW)

RoadROW

No information

Locationunknown

Public (IDC)

Private

No information

No information

Public (FPDWC)

Private
Public

Private(CEC)

No information
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Table 1 (continued)

STATE/COUNTY
5~IT1~ NAMEIU~OR

FIRST LAST POP. SIZE, COMMENTS,
~UQJ~ OR~D AND/OR MGMT.. THREATh flhxn.Jr1 QI.flp

— LI*~YLPs ..~. t.. ••t~~ ~ — .~ VT 1~Z.AA~LJk.~

TENNESSEE
Bedford County

BurntHill Road(16) 1990 1993 >1,500; bestexamplein
Tennessee

Davidson County
Woodmont Boulevard (6)

Mt. View School(8)

LakeTrail WetBarren(31)

HamiltonCreek(13)

CouchvilleGlade(14)

SumnerCounty

Marshall County

Rt. 99 Glade(4)

SouthBerlin Glade(17)

Maury County

ColumbiaGlade(5)

BaskinSite(12)

SowellMill Road(20)

1980 1992 11; extirpationis certainfrom
development; plants moved to
Cheekwood Botanical Garden
in 1993

1931 1992 13; extirpationis likely from
woody succession or
development

1993 1994 6; threatenedby woody
succession;needsto be
control-burned

1985 1985 0; habitat highly degraded;
seed bank unlikely

1985 1993 7; habitatintact,possible
seedbank;is beingmanaged
by TNC; will betransferredto
State

1975 1975 Extirpated by development

1970 1992 23; extirpationlikely from
woody succession and
mowing in road ROW

1983 1993 80; TVAmanages power line
throughsite

1980 1992 1,130;threatenedbydam
projectandwoodysuccession

1966 1971 Extirpatedby residential
development

1989 1993 142; threatened by woody
succession

Private

Public

Private

Public (TDEC)

Private (TNC)

Private

Private

Private

Public (TVA)

Private

Private,
Public (TVA)

Private
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Table 1 (continued)

STATE/COUNTY
SITE NAMU1~AR

FIRST LAST
AR~D flR~fl

POP. SIZE, COMMENTS,
AND/OR MGMT.. THRFATh

Tennessee,Maury County (continued):
TVA Sowell Mill 1993

North (28)

SowelI Creek (35)

Rutherford County

Sharp’sBarren(1)

Walterhill Site (7)

LascassasSite(9)
Fosterville(10)

JonesMill Road(21)

FactoryRoad(22)

Manus Road #4 (23)

Hall Farm (32)

Adams #3(11)

Overbridge(34)

Williamson County
Sneed Road Cedar

Glade (2)

SneedRoad(15)

Wilson County
Cedars of Lebanon SF (3)

Cedars of Lebanon SF (18)
Cedarsof LebanonSP (19)

1993 55; needsto beclearedor
control-burnedto control
woodyplants

1994 1994 325; needto contactlandowner

1958 Extirpated by industrial
development

1958 1968 Extirpated by dumping and
woodysuccession

1962 1962 Extirpatedby grazing
1980 1980 Extirpated by roadwork and

woodysuccession
1985 1994 194; EORlocation incorrect,

not on public land
1984 1984 0; woodysuccession,but site

regularly bush-hogged; seed
bank unlikely

1990 1994 100+; siteprotectiondesign
completedby TNC in 1994

1994 1994 400; stable,with many
seedlings;needto contact
landowner

1993 1994 135; siteprotectiondesign
completedby TNC in 1994.

1993 1994 2; newStatenaturalarea

1987 1994 800-1,500;threatenedby
woodysuccession

1987 1987 Extirpatedby dumpingand
woodysuccession

1979 Extirpatedby woody
succession

1990 1992 17; threatenedbyORVs
1989 1992 11;threatenedby woody

succession

Public (TVA)

Private

Private

Private

Private
Road ROW

Private

Private

Private

Private

Private

Public (TDEC)

TNC; private
(Woodmont
GolfClub)
Private

Public(TDF)

Public (TDF)
Public (TDF)

OWNERSHIP
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Table 1 (continued)

STATE/COUNTY
SITE NAMEIEORTennessee,Wilson County (continued):

CedarsofLebanonSF (24) 1989

CedarsofLebanonSP (25) 1990

CedarsofLebanonSF (30)

CedarsofLebanonSF (33)
LaneFarm (26)

1989

1993
1992

POP. SIZE, COMMENTS,
AND/OR MCTMT. TI-T1~I’ ATS OWN1?fl~I4TP

1992 16; in heavylittle bluestem
matrix; TNCdoing
experimental burn

1992 14; in roadsideditch, heavy
woody succession; extirpation
likely

1993 100; appearsstable;needto
excludeORVs

1994 130; need to use control-burns
1993 About 25

Public (TDF)

Public (TDF)

Public (TDF)

Public (TDF)
Private

aOcc~ence/statusinformationbasedonBaskinandCaudle1967,BaskinandBaskin 1973,Smithand

Wofford 1980,Kurz andBowles 1981,BaskinandWofford 1990,BowlesandJones1992,TDEC

NaturalHeritagedatabasefiles,and 1992sitesurveysby theleadauthor.

KEY TO ACRONYMS:

CEC - Commonwealth EdisonCompany(Utility)
BOR - Element Occurrence Record
FPDWC- ForestPreserveDistrict ofWill County,Illinois
IDC - Illinois DepartmentofConservation
TDEC - TennesseeDepartmentofEnvironmentand Conservation
TDF - TennesseeDivision of Forestry
TNC - TheNatureConservancy
TVA - TennesseeValley Authority
ORVs - Off-road-vehicles
ROW - Right-of-way

FIRST LAST
ORSD. ORSI)
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nearthetownofKetonain JeffersonCountyin 1984andunderpowertransmissionlines
in aTennesseeValley Authority (TVA) right-of-wayin LawrenceCountyin 1990
(Service1990). Surveysoverthe last8 yearshavefailed to relocateDaleafoliosain
FranklinCounty(D. Webb,TVA, personalcommunication,1992)andJeffersonCounty
(Curie1990; D. Whetstone,JacksonvilleStateUniversity,personalcommunication,
1992). RoadmaintenanceeliminatedtheFranklinCountypopulation,andno information
is availablefor theJeffersonCountyoccurrence.

TheMorganCountypopulationhasdeclineddrasticallysince1966(seeTable 2). This is
undoubtedlydueto roadmaintenance,becausetheplantsoccurwithin2 meters(in)

(6.6feet)oftheroad’sedge. TheLawrenceCountypopulationis in successionalhabitat,
probablyproducedby right-of-waymaintenance.Thenumberofplantsin this moderately
sizedpopulationappearsto be increasingfrom previouscensuses.

2. Illinois

Only five historic Daleafoliosa sitesareknownfrom fourIllinois counties(Kane,
Kankakee,La Salle,andWill), whicharerepresentedby collectionsfrom 1867 to 1907
(Kurz and Bowles 1981, Bowles and Jones 1992) in habitatsdescribedasdry orgravelly
riverbanks,rockyhills, or stonyflats. (Unlessexplicitly statedotherwise,historic, asused
hereandin theremainderofthetext, includesall recentrecordsaswell asrecordsfrom
mucholderdates.)Unconfirmedor othersitesarerecordedfrom fouradditionalcounties;
theserecordsarediscussedbelowandaresummarizedin Table 1. Thespecieswas
mappedfrom BooneandOgle Countiesby JonesandFuller(1955);however,thereareno
referencesorvoucherspecimensin Illinois herbariaforthesecounties(BowlesandJones
1992). Isley (1962)mappedleafyprairie-cloverfrom WinnebagoandMadisonCounties.
Theformeroccurrenceis basedon a Bebbcollectionlabeled“countyunknown”but
specifies“Fountaindale,”whichwasthecollector’shomein WinnebagoCounty. Thereis
no knownvoucherspecimenin Illinois herbariafor theMadisonCountyoccurrence
(BowlesandJones1992).

Hill (1879)suggestedthattheFox, Illinois, andKankakeeRiversformedthenucleusof
thespecies’geographicrangein Illinois. Recentdiscoveriesin theDesPlainesRiver
valley fit within thisrange,but thehistoric recordsfrom Boone,Ogle,andWinnebago
Counties,if accurate,suggesttheRockRiver valleymaybea distributionaloutlier in
Illinois. If theMadisonCounty collectionis accurate,thenit would be an intermediate
locationbetweenpopulationsin Illinois andmiddleTennesseeandwould suggesta
possiblemigrationroutefrom theSoutheastto Illinois (BowlesandJones1992).

ThethreeextantIllinois leafyprairie-cloverpopulationsoccurin theDesPlainesRiver
valley in Will County. Thespecieswasthoughtto beextirpatedfrom Illinois until a large
populationwasdiscoveredwestoftheDesPlainesRiver in 1974 (SwinkandWilhelm
1979)in whatis now LockportPrairieNaturePreserve.A secondpopulation,discovered

8



Table 2. Population censusesat extant Daleafoliosasitesa.

STATE/COUNTY
SITE NAMF (EO~

TYPE 1992POPULATION COUNTSC
COIINTb ~fli.G NFP FP TOTAl

HISTORICAL OHS. OF
POPTIT ATION SIZEd

ALABAMAILawrence
TVAROW

ALABAMA/Morgan
Cedar Plains Road

ILLINOIS/Will
Keepataw Forest

Preserve

LockportPrairieNature
Preserve

Romeoville Prairie
NaturePreserve

TENNESSEE/Bedford
Burnt Hill Road(16)

TENNESSEE/Davidson
WoodmontBoulevard(6)

Mt. View School(8)

Hamilton Creek (13)
CouchvilleGlade(14)

TPC

TPC

TPC

TFP

TPC

PPC

TPC

TPC

S
TPC

152 123 64 339

19 17 8 44

21 54 0 75

* * 2,308

10 129 156 295

448 335 103 886e

4 7 11

2 10 1 13

0
2 5 7

50-100in 1990and1991

lOOs in 1966, 50 mature
plants in 1980

<25 in 1988 and 1989 but
diedbackby Augustof each
year;200juvenilesin 1990;
0 in 1991
1,389 FP in 1990; 2,342 FP
in 1991
372 FP in 1990; 335 FP in
1991

248 in 1990; ca.one-half
populationcensusedin 1991

12 FP in 1980;seedlings
only from 1986 to 1989;
19 in 1990;all plantsmoved
to CheekwoodBotanical
Gardenin 1993
24 in 1977; 20 in 1978;
presentbut notcountedin
1980and 1985
4 in 1985
Fewplantsin 1994
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Table 2 (continued)

STATE/COUNTY
SITE NAM1~ (1~’O1~

TYPE
COTTNT”

1992POPULATION COUNTSC
NFP FP

HISTORICAL OBS.OF
TOTAL POPULATION SIZE”

Tennessee(continued):
TENNESSEE/Marshall

Rt. 99 Glade(4)

South Berlin Glade (17)

TPC

TPC

2 20 1

16 64 80

9inROWin 1980; 21
juveniles in 1990, 2 of these
in ROW
Counted in 1993

TENNESSEE/Maury
ColumbiaGlade(5)

Sowell Mill Road(20)
TVA Sowell Mill

North (28)
Sowell Creek (35)

TENNESSEE/Rutherford
JonesMill Road(21)
FactoryRoad(22)
ManusRoad#4 (23)
Hall Farm(32)
Adams#3(11)
Overbridge(34)

TENNESSEE/Williamson
SneedRoadCedar

Glade(2)

TPC

TPC

TFP
TFP

TPC
S
PPC
PPC
FPC
TPC

TFP

TENNESSEE/Wilson
CedarsofLebanonStateForest:

(3) 5
(18)
(24)
(30)

(33)

TPC
TPC
TPC
FPC

377 441 312 1,130 630in1990,40%of which

35 52 56 143

55 55
375 375

102 67 25

100+

135

1 1

194
0
100+

135
2

* *
470g 800-

1,500

7 10 0
1 11 4

75 29
130

0
17
16
100+
130

weremature
52 in 1990

Countedin 1993
Countedin 1994

25-30 in 1985
2FPin 1984
2 in 1990
Estimated400in 1994
Countedin 1994
Countedin 1994

Severaldozenin 1973;
300-500 in 1990;
800-1,500in 1993

<12 in 1979
28 and seedlings in 1990
35 in 1990
Countedin 1993
Countedin 1994
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Table 2 (continued)

STATE/COUNTY TYPE 1992POPULATION COUNTSC HISTORICAL OBS. OF
SITE NAME (Ifl1~~ COUNTb ~‘~‘ ‘~ NFP FP TOTAL POPULATIAN ~f7j~’d— — —— — adNpIt LAMZA~SS — a,r, I eJAadS~d

Tennessee(continued):
Cedars of Lebanon State Park:

(19) TPC ---. 5 6 11 l6in 1990
(25) TPC 5 9 0 14 1in1990

LaneFarm(26) --- 10

0Results of a 1992 surveyofall but threeextantD. foliosapopulations by theauthorwith assistance

from M. Bowles, Mr. and Mrs. Jones, M. Pyne,T. Radke,J.Raveill, R. Reeves,G. Roach,D. Webb,
andB. Wiltshire.

bTypeCount: TPC total populationcensus,PPC= partialpopulationcensus,TFP censusof all
flowering plants,S = sitesearched,NS= sitenotsearched.
cPopulationCount: SDLG. seedling(singleramet< 10 cm in height),NFP = nonfloweringplants,
FP = flowering plants, * = many observed.

dPastcensusdatabasedon DeMauro(unpublisheddata)for Illinois sites;D. Webb(personal
communication,1992)for LawrenceCounty, Alabama; and BaskinandCaudle(1966, 1973),Smithand
Wofford (1980),andtheNaturalHeritagedatabase(TDEC, Division ofEcologicalServices)for the
remainingAlabamaandTennesseesites.

eThispopulationconsistsoffour largeandseveralsmallernoncontiguouspatches,roughlyhalfthe
numberof thepatchesthatwerecensusedin 1992. The1990observationslikely includedall thesmall
patchesandone largepatch.

~ThreeoftheNFPwereobservedin themowedroadROW; all stemswere cut.
~Floweringplantsrepresentedapproximatelyone-thirdandtwo-thirdsofthe totalpopulationnorth and
southof SneedRoad,respectively.

hDiscoveredin 1992by J.Raveill; approximately25 plantswereobserved.
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in 1978 westoftheriver in Romeoville,is probablytheoriginal 1907collectionsite
(White 1978). A third populationwas discovered in 1979eastofthe river and directly
acrossfrom theLockportPrairiepopulation(Kurz andBowles 1981),but it wasdestroyed
whentheprairiewasscrapedto supply fill for theconstructionofanearbysewage
treatmentplant. A fourth locationwasdiscoverednorthoftheriver nearLemontabout
1979 (K. Klick, PlanningResources,personalcommunication,1992)and was
rediscoveredin 1986 during an inventory for impactsofaFederalassistancehighway
projectin thearea(Taft 1989). Thesite is nowtheKeepatawForestPreserve.

Thepopulationsat LockportPrairieNaturePreserveandKeepatawForestPreservearein
public ownership. Lockport Prairie supports the largestpopulationknownfor thespecies.
Thesmall populationat Keepatawhashadonly nonfloweringplantssinceits discovery.
If plantsarenot persisting,thepopulationis expendingits seedbankandmaybe near
extirpation. The population at Romeoville occurs in disturbedmarginalhabitatundera
privatelyownedpowertransmissionline adjacentto thepublicly ownedRomeoville
PrairieNaturePreserve.Thispopulationappearsto be in decline,primarily asaresultof
theseveremid-summerdroughtsthathaveoccurredin 3 of the last6 years.

3. Tennessee

Tennesseelikely hadthemostextensiveandwidespreadpresettlementDaleafoliosa
populations.Therearehistoric collectionsfrom Davidson,Rutherford,andSumner
Countiesin middleTennesseeand from Knox Countyin easternTennessee,but the latter
recordwasdiscountedasatransplantthat did not survive(BaskinandBaskin1973). A
reportthatthespeciesoccurredin FranklinCountyis believedto be in error. Milo Pyne
(TennesseeDepartmentofEnvironmentandConservation[TDEC],personal
communication,1993)believesthis recordshouldbe consideredto befrom Franklin,in
WilliamsonCounty,ratherthanfrom FranklinCounty.

Thereare33 elementoccurrencerecords(EORs)for Daleafoliosaacrosssevencounties
in theCentralBasinofTennessee:Bedford(1), Davidson(5), Marshall(2), Maury (5),
Rutherford(10),Williamson (2) andWilson (8). Twenty-sevenoftheserecordsrepresent
extantsites for thespecies.TheEORsarebasedon historic collectionrecords;recent
surveysby BaskinandBaskin(1973),SmithandWofford (1980),andBaskinand
Wofford (1990);andtheresultsof anintensivesearchfrom 1990 to 1994 for rareplants
on over200 cedargladesby theTDEC’s Division ofEcologicalServices.Manyofthese
EORsweresurveyedby M. DeMauroin 1992.

Nine oftheEORsarehistoric recordsknownor presumedto be extirpated.Of the
24 extantpopulations,14 (53.8percent)have25 orfewerplants(seeTable2). These
populationsarehighlyvulnerableto extirpationby development,roadmaintenance,
woodysuccession,grazing,orasaconsequenceoftheirsmall populationsizes. Only
threelargeDaleafoliosapopulations ofmorethan 1,000plantsremainin Tennessee.The
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largestpopulation,in Maury County,is ownedby the TVA andis within the Columbia
Damprojectimpactarea(BaskinandWofford 1990). Thesecondlargestpopulation,
Burnt Hill Road(BedfordCounty),occurson aprivatelyownedhigh-qualityhabitat. The
third largestpopulation,SneedRoadCedarGlade(Williamson County),is ownedand
managedby TheNatureConservancy(TNC). Theremainingpopulationscontain
between55 and400 plants(typically morethanhalftheplantsateachsiteareimmature);
mostoftheseareprivatelyownedandarethreatenedby woodysuccession.

C. Habitat

Leafyprairie-cloveris foundonly in openlimestonecedarglades,limestonebarrens,and
dolomiteprairieswhich haveshallow,silt to silty clay loam soilsover flat andoftenhighly
fractured,horizontallybeddedlimestoneor dolomitewith frequentexpansesofexposed
bedrockatsurfaceelevationstypically between168and213 m (550and 700 feet). These
habitatsexperiencehigh surfaceandsoil temperatures,generallyhavelow soil moisturebut
arewet in thespringandfall andbecomedroughty in summer,andhaveaseasonalaspectto
theflora (Quarterman1989,DeMauro1986,White 1978). Thedistributionof glade,barren,
and dry to wetdolomiteprairie atany particularsite is determinedby subtle,local variations
in soil andbedrockdepthsandtopographicposition,whichcreatearandomandintergrading
mosaicofthesedifferenthabitatsandtheirassociatedplantcommunities(seeFigure2).

AlthoughD. foliosaplantscanpersistin partialshade,thespecies’preferredhabitatis open
sunwith a soil depthfrom 4 to 45 cm (1.6to 17.7 in.) (DeMauro,unpublisheddata;Baskin
andBaskin 1973)but is mostabundantin 10 to 30 cm (3.9to 11.8 in.) ofsoil. Along a
topographicgradient,thedeeper,moistersoils aretypically at the lowerportionsofaslope
while themoreshallow,drier soils aretypically nearthetopofa slope. Leafyprairie-clover
occursin therelativelymesicandwet-mesicportions(=subxericgladesandsubmesic
barrens)of thesoil moisturegradient,typically in associationwith dry washes.The
wet-mesiccomponentis probablycritical to populationpersistence,particularly in drought
years. Leafyprairie-cloverrootsmayalsopenetratetheupperfracturedbedrocklayers,
which likely providesomemoisture.

Importantfactorsthat maylimit thedistributionof leafyprairie-cloverincludeshallowsoils,
low soil moisture,low pH, poorcompetitiveability, and possiblyallelopathy. As soil depth
increases(greaterthan20 cm [7.9in.]), thevegetationcoverincreasesandis morefavorable
to invasionby woodyspecies(Quarterman1989). Leafyprairie-clovermaybe reducedor
excludedfrom theseareas,presumablyby increasedcompetition,particularlyfrom perennial
grassesandby shadingeffects,respectively.Underheavywoodyinvasion,leafy
prairie-cloveris eliminated(SmithandWofford 1980).
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FIGURE 2. DISTRIBUTION OF DALEA FOLIOSA IN RELATIONSHIP TO TOPOGRAPHIC POSITION, BEDROCK ELEVATION AND SOIL DEPTH
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1. AlabamaandTennessee

ThelimestonecedargladesofmiddleTennesseeandnorthernAlabamaoccurin the
InteriorLow PlateauProvince,an unglaciated,dissectedlimestoneplateauformedby
cyclesofuplift, erosion,subsidence,inland seaadvance,anddepositionof lime sediments
(Fenneman1938). Gladesin middleTennesseeoccupytheCentralBasinin which
erosionoftheNashvilleDomeexposedOrdoviciandeposits(Miller 1974). Leafy
prairie-cloveroccursalmostexclusivelyon middleOrdovicianlimestonesoftheStones
River Group(Ridley, Lebanon,andoccasionallyCarter),but therearesomeoccurrences
on theyoungerCatheysandLeiperOrdovicianformations.Thespeciesis foundin
neutralto alkaline,rocky andsilty clay loam soils formedin residuum over limestone and
includeRockland,Gladeville-Rockoutcrop-Talbottassociation,Bradyville-Rock
complex,andTalbottsilt clay loam (Trueet al. 1977,Harmonet al. 1959,
U.S. Departmentof Agriculture 1992aand1992b). Leafyprairie-cloveralsooccursin
Mimosa-Urbancomplex,Bradyville silt loam, andTalbottsilt loam soils that arereddish
brownto darkbrownandaregenerallyacidic,exceptwherelimestoneis nearthesurface
(North 1981). Within well-developedwashes,leafyprairie-cloveris foundin Egamsilt to
silty clay loam, an alluvial soil derivedfrom limestone(Trueet al. 1964).

TheCentralBasinis surroundedby theHighlandRim, arolling uplandplateau
comprisingsharplyincisedvalleysonyoungerMississippianrocksandextendingto the
TennesseeRiver in northernAlabama(Fenneman1938). This featureis knownasthe
MoultonValley in theTennesseeValley Region(Harper1943). All leafyprairie-clover
stationsin the northernpartofthe StateoccuronBangorlimestone,aMississippian
depositthat containsinterbedsofduskyredandolive greenmudstones(Raymondet al.
1988). TheJeffersonCountystationis in theAppalachianPlateauProvincenearthe
transitionto theRidgeandValley Province(Fenneman1938). Here,late Cambrian
(Ketonadolomite)to earlyOrdovician(ChepultepecandCopperRidgedolomite)rocks
wereexposedasaresultof erodingsandstone-cappedanticlines(Raymondetal. 1988).

Thelimestonecedargladeis adistinctnaturalcommunitydominatedby low-growing
herbaceousplants,andit supportsahighly endemicflora (Quarterman1 950aand 1 950b,
Baskinet al. 1968,BaskinandBaskin1986,Delcourtet al. 1986,BridgesandOrzell
1986,Somersetal. 1986,Baskinand Baskin1989, Quarterman1989). Vertical fissures
androckcrevicesprovidenichesfor theestablishmentby woodyplants,particularlyred
cedar(Juniperusvirginiana). Therearetwo distinctmicrohabitatswithin theglade
complex,limestonebarrensandlimestonecedarglades.Limestonebarrensaresubmesic,
havedeepersoils (morethan20 cm [7.9 in.]), havelessexposedbedrock,andresemble
tall-grassprairiesbecauseof theirhigherperennialprairie grasscover(morethan
50 percent). Limestonecedargladeshavelessthan50 percentperennialgrasscoverand
areclassifiedasxeric,with soil depthof 0 to 5 cm (0 to 2 in.), orsubmesic,with soil
depth5 to 20 cm(2 to 7.9 in.) ormore(Quarterman1989).
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In Tennessee,leafyprairie-cloveroccursin limestonebarrensandsubxericlimestone
cedarglades,consistentlyalongtheedgesordirectly upslopeof drywasheswith
Andropogonscoparius,A. virginicus, Bromuscommutatus,Sporobolusclandestinus,
£ vaginflorus,Eleochariscompressa,Carexspp. (includingC. meadji)Juncusspp.,
Scirpuspendulus,Allium cernuum,Ambrosiaartemisilfolia,Desmanthusillinoensis,
Dodecatheonmeadia,Erigeronstrigosus,Hypericumsphaerocarpum,Isanthus
brachiatus,Lobeliaspp.,Ruelliahumilis,Rudbeckiatriloba, Saturejasp., Sisyrinchium
albidum,Senecioanonymus,and Solidagonemoralis. In moredegradedgladesand
barrens, thespeciesis foundwith Cynodondactylon,Festucasp., Poa spp., Setariaspp.,
Sorghumhalepense,Achilleamillefolium, Croton capitatus,Daucuscarota,Melilotus
alba,and Lespedezacuneata.

In northern Alabama,Daleafoliosaoccursin limestone barrens in pockets of lower or
higher relief relative to the adjacentdrierorwetterflat areas,respectively(seeFigure2).
AssociatesincludeAndropogonscoparius,Boutelouacurtipendula,Sorghastrumnutans,
Apocynumcannabinum,Asciepiasverticillata, Blephiliaciliata, Cassiamarilandica,
Ceanothusamericanus,Euphorbiacorollata, Hypericumsphaerocarpum,Liatris aspera,
Lithospermumcanescens,Lobeliaspicata,Sisyrinchiumalbidum,and
Solidagonemoralis.

Fire likely playedan importanthistoricalrole in themaintenanceoflimestonecedar
gladesandbarrens. Presettlementfires, ignitedprimarily by nativeAmericans,were
prevalent across nearly every landscapein NorthAmerica(Pyne1982, Ladd 1991). The
floristic similaritiesof thegladesandbarrensto thefire-maintainedtall-grassprairies,
includingdominanceby thesamegrassspecies,suggestsomeinfluenceoffire in
communitystructureandmaintenance,In oneMissourilimestonecedarglade,
presettlement(1630to 1870)fire frequencywasestimatedatapproximatelyonce
every3.2 yearsfrom historic fire scardata,andthis wasenoughto preventred cedars
from becomingestablished(GuyetteandMcGmnnes1982). After 1870,activefire
suppressionby settlers,reducedfuel loads,soil erosionfrom heavygrazing,and
fragmentationby roadsdecreasedfire frequencyto approximatelyonceevery22 yearsand
resultedin redcedarinvasionofopenglades(GuyetteandMcGmnnes1982). Many ofthe
limestonebarrensandsubxericlimestonecedargladesoccupiedby Daleafoliosaarealso
succeedingto forestedcedarglades(sensuBaskinandBaskin1973),undoubtedlydueto
post-settlementfire suppression.With two exceptions,noneofthe leafyprairie-clover
sites in TennesseeandAlabamaarebeingmanagedfor the controlofwoodyplant
succession.

2. Illinois

Former and extantDaleafoliosasites in Kaneand Will Countiesoccurin theMorainal
Sectionof theNortheasternMorainal Division (Schwegman1973). Thissectionis
characterizedby prominentglacialfeaturessuchaskettles,kames,eskers,lakeplain
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deposits,outwashplains,andmoraines.Historic sitesin LaSalleandKankakeeCounties
occurin theGrandPrairieDivision, arelatively flat andpoorly drainedglacialtill plain in
whichtheblackprairiesoils developed.Glacial featuresin eachnaturaldivisionbelongto
theWoodfordianSubstage(whichoccurredbetween12,500to 22,000 yearsago)ofthe
WisconsinStage,themostrecentglaciation(Wiliman 1971). In bothnaturaldivisions,
Daleafoliosawasrestrictedto river valleyfloors, in which Silurian dolomitewasexposed
by glacialmeltwaters,or to sandandgravelriver terraces(Mackinawmemberofthe
HenryFormation)thatwereformedby therepeateddepositionanderosionepisodesof
glacialriversoroutletsof glaciallakes(Willman 1971). Thespeciesoccursin neutralto
alkalinesilt loam soils formedin loamy alluviumordrift, includingRomeosilt loamand
soilsoftheFaxon-Riponcomplex(Waschereta!. 1962,U.S. DepartmentofAgriculture
1979).

Extantleafyprairie-cloverpopulationsoccurexclusivelyin dolomiteprairie. These
prairies have less than 1.5 m(4.9feet)ofsoil but typically arelessthan0.3 m (1 foot)
deep, have a high pH, and range from dry to wet (White 1978). Naturalplant
communitiesarerecognizedby theirdominantandindicatorplantspecies along the soil
moisturegradient(seeFigure2). Daleafoliosais foundin mesicto wet-mesicdolomite
prairiewithAndropogongerardii, A. scoparius,Sorghastrumnutans,Sporobolus
heterolepis, Carexcrawei,C. meadii,Eleochariscompressa,Juncusdudleyi,Ailium
cernuum,Apocynumspp.,Hypericumsphaerocarpum,Phloxglaberrimassp. interior,
Pycnanthemumvirginianum,Rudbeckiahirta, Saturejaarkansana,Seneciopauperculus,
Sisyrinchiumalbidum,and Solidagoriddellii (DeMauro 1986). In more degradedareas,
the species is also found with Achilleamillefolium,Asciepiasverticillata,Asterericoides,
Daucuscarota,Helianthusgrosseserratus,Melilotusalba, Pastinacasativa,Poa
compressa,and Solidagoaltissima(DeMauro 1986).

D. Life History and Ecology

Daleafoliosais ashort-livedherbaceousperennialthathasno capacityfor vegetativespread
(Baskin andBaskin 1973;SchwegmanandGlass,unpublisheddata). In March,newramets
(stems)beginto grow from budson therootcrownjustbelowthesoil surface. By July, these
ramets are 40 to 65 cm (15.7 to 25.6 in.) tall (Baskin and Baskin 1973). Nonfloweringplants
havefrom 1 to 4 ramets,andfloweringplantshavefrom 1 to 20 ramets.A singlerametwill
developoneor moreinflorescencebudsin late June.

Floweringbeginsin late July, peaksin mid-August,andcancontinueuntil late August.
First-yearplantsin greenhousecultivationmayflower, butplantsmaytakeup to 3 yearsto
flower underfield conditions(BaskinandBaskin1989). Matureplantsmayhavefrom 1 to
10 (or more)floweringramets.In 1992,theaveragenumberoffloweringrametsperplant
variedbetween0.58 to nearly3 in extantDaleafoliosa populationsthroughoutthespecies’
range,andIllinois populationshadthelowestmeanvalues. Thenumberofflowersper
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inflorescencevariesfrom 40 to 495 (meanof 158.95+ 97.04sd)(DeMauroandRiddle,
unpublisheddata).

Flowersarehermaphroditicandprotandrous(Wemple1970). Bumblebees,small bees,and
syrphid flies havebeenobservedvisiting flowers(SchwegmanandGlass,unpublisheddata;
BaskinandBaskin1973). Althoughthespecies’breedingsystemis unknown,insect
pollination, probablyby Bombusspp.(bumblebeespecies),is requiredfor successfulseedset
in otherspeciesin thegenus(Wemple1970). Wemple(1970)alsoobservedmalesterile
plantsandparthenogenicseedformationinducedby sterile“foreign” pollen. During one
normalgrowingseason(1990),thepercentseedset in Illinois populationswasgreaterthan
70 percent. Thenumberofviableseedsperheadrangedbetween5 and429, averaged
141.81 + 88.08sd,andwashighly correlated(r=0.986,n=76)to inflorescencelength
(DeMauroandRiddle, unpublisheddata).

Daleafoliosaseedsripenby earlyOctoberanddispersefromtheerectdeadrametsfrom late
fall to earlyspring (BaskinandBaskin1973). Potentialdispersalvectorsincludewind,
gravity,birds, andsmall mammals. Dormantseedsarecapableofformingapersistentseed
bank. Undernaturalconditions,severalyearsarerequiredto softenthehardseedcoat,
althoughmechanicalscarificationyieldshighgerminationratesin freshseeds(Baskinand
Baskin 1973, 1989). Seedsfrom Illinois populations,however,readilygerminatewithout
scarification (R. Betz, NortheasternIllinois University,personalcommunication,1992).
Germinationoccursin April andby late May theseedlingshaveseveralleaves(Baskinand
Baskin 1973). Adequatesoil moistureis critical for seedlingestablishment.Bacterial
nodules form on the roots (Baskin and Baskin 1989).

Seedlings are killed by summer drought and frost heave and very few survive to maturity
(Baskin and Baskin 1973; Schwegman and Glass, unpublished data). In one demographic
plot at theRomeovillesite, 174 plantsweremonitoredfrom theirappearanceasseedlingsto
theirdeathbetween1986 and 1992. Most ofthesediedwithin their first year,andonly
4.6 percentsurvivedfor 5 years(seeTable 3). Theoldestliving plantsmonitored to date
havereached8 years(n=2)and 7 years(n=2) ofage(SchwegmanandGlass,unpublished
data). Dormancyhasbeenobservedin six matureplants,two ofwhich wereapparently
dormantfor 2 consecutiveyears. Matureplantsmaynot flower everyyearandmayshow
decreasedvegetativegrowthfollowing ayearofexceptionallyvigorousgrowth.

Thedirect effectsofprescribedburningonDaleafoliosahavenot beendocumented
experimentally.Thereare,however,generalobservationsbasedon monitoringprojectsthat
arebeingconductedonactivelyburnedsitesin Illinois. FirebenefitsDaleafoliosahabitat
by maintainingopenpatchesfor theestablishmentofnewplantsandby controllingwoody
plantsuccession.Spring fires appearto stimulategerminationandestablishment,possiblyby
theremovalofaccumulatedduffandsubsequentcreationofmoreopeningsin whichburied
seedscangerminateandsurvive. Fall fires mayincreasefrostheavingandindirectlyaffect
mortality. At LockportPrairie,overall populationsizehasincreasedunderboth springand
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Table 3. Longevity of Daleafoliosaplants monitored between1986and 1992
at Romeoville,Will County, Illinoisa.

aSchwegman and Glass, Illinois Department of Conservation, unpublished data.

113 1

32 2

10 3

11 4

8 5
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fall prescribedburningregimes.A study is currentlyunderwayby Roacheta!. (1991)that
examinestherole offire in limestonecedargladesandbarrensandits effectson endemictaxaat
six sitesin TennesseeandKentucky.

E. Population Structure and Dynamics

Daleafoliosa occurs in small to large isolated populations that range across a disturbed and
patchyhabitat. Thepopulationcharacteristicscanbe analyzedspatiallyandtemporallywith
respect to: (1) differences in structure within and among populations and (2) demographic
variability within andamongpopulationsoveraperiodof time. Interrelationshipsbetween
thesedifferentpopulationcharacteristicsandhow differentpopulationsizesaffectstructure,
dynamics,andpersistenceover timeweredetermined.

1. PopulationStructure

Daleafoliosapopulations werecensusedthroughoutthespecies’rangein 1992 to
characterize and compare population structure (see Table 2). Plantswereclassifiedby
arbitraryreproductiveclass/growthstages:Floweringplants,nonfloweringplants(plants
greaterthan 10 cm [3.9in.] tall), andseedlings(definedassinglerametplantslessthan
10 cm [3.9 in.] tall). Matureplantsizeswerequantifiedby thenumberoframetsperplant
in eachclass. Populationsizeswerearbitrarilypartitionedinto the following categories:
Small (lessthan 100 plants),moderate(greaterthan 100 but lessthan500plants),and
large(morethan500 plants).

ThelargeDaleafoliosapopulationatLockportPrairiecomprisessubpopulationsthat
occupynumerousanddiscretehabitatpatcheswithin amosaicofunsuitablehabitat. The
sizeof anddistancebetweenhabitatpatchesvary, andincreasinglygreaterdistances
probablyimposeagreaterimpedimentto seeddispersalthanto pollentransfer. To assess
small-scaledifferencesbetweensubpopulationsat LockportPrairie,plantswere
monitoredatthe individual patchlevel (DeMauro,Bowles,andFlakne,unpublisheddata).
Populationfrequency,density,and structureweremonitoredwithin threepatchsize
classes.Theseclasssizesweredeterminedby thenumberof floweringplants--small(less
thanor equalto 25),medium(greaterthan25 but lessthan,or equalto, 100),andlarge
(greaterthan 100).

2. StructuralD~fferencesbetweenPopulations

In moderateand largepopulations,floweringplantsrangedfrom 11.6 to nearly53 percent
ofall plants,nonfloweringplantsrangedfrom 34.5 to 43.7 percent,andseedlingsranged
from 3.4 to nearly53 percent(seeTable2). Small populationsaremorevariablein
structure,havefewerseedlings,andarerepresentedeitherby afewpersistentmatureor
nonfloweringplantsorentirelyby immatureplants. Plantsizewas comparedfor arange
of populationsizesin TennesseeandAlabama(seeTable2). Thelargestpopulationhada
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greaternumberof smallerplants(seeFigure3),whereassmallerpopulationshadmore
homogeneousdistributionsacrosssize classesandweregenerallytruncatedat five ramets
or less.

3e StructuralDifferenceswithin Populations

Large- and moderate-sized subpopulations (patches) at Lockport Prairie Nature Preserve
appeared to have greater proportions of seedlingsandhigherplantdensities(seeTable4).
Thelargevariationaroundmeandensitiesreflectstheaggregateddistributionof plants.
Althoughthenumberoffloweringplantswithin patcheshasremainedconsistentover
time, theproportionsof plantsin differentreproductivestageshavevarieddueto high
seedlingmortality andrecruitment. Seedlingrecruitmentis lowestin the smallpatch,and
theappearanceof nonfloweringplantsin 1992mayrepresentdormantindividuals. For
example,in 1991 (adroughtyear)thedensityand number of nonflowering plants and
seedlingsdeclinedin moderate-andsmall-sizedpatchesandthenreboundedin 1992(see
Table4). No predroughtdataareavailablefor the largepatch,whicharecomparedto
earlier(1983)censusdata.

Plantsizedistributionsat LockportPrairie(seeFigure4) aresimilar to thosefor isolated
populationsata largergeographicscale(seeFigure3). In general,largerpopulations
acrossthespecies’rangeandlargersubpopulationsatLockportPrairiehadsimilarly
greaterproportionsofplantsin thesmallersizeclassesdueto higherrecruitment. At
Lockport, small- andmoderate-sizedpatcheshadlessrecruitment. Thesedifferencesmay
relateto moreoptimalhabitatconditionsandlargerseedbanksin largerpopulations.

4. Within PopulationDynamicsandSubpopulationFluctuations

Differencesin subpopulationswerecomparedoveraperiodof time atLockportPrairie,
Romeoville,andKeepatawForestPreserve.Initially, all subpopulations(patches)were
locatedandmappedin 1983 (1979at Keepataw).Since1990,surveyshavebeen
conductedat eachpreserveto relocatepatches,searchall suitablebutpreviously
unoccupiedhabitatpatches,andcensusall floweringplantswithin patches(DeMauro,
Mauger,andRiddle, unpublisheddata). Subpopulationpatchesweredefinedasfollows:
(1) new,if theyrepresentednewdiscoveriesorcolonizations;(2) lost, if plantscouldnot
be relocated;and(3) areappearance,if formerly lostpatcheswererelocatedin thesame
habitatpatch.Newpatchesweredistinguishedfrom reappearanceson the assumptionthat
if a seedbankwerepresent,seedlingsorpreviouslydormantindividualswould likely be
found,especiallyin amoderategrowingseason.As patchesaremonitoredoverlonger
periodsof time,thesetwo processeswill beeasierto distinguish.

PatchnumberhasdeclinedattheRomeovillesitebuthasremainedthesameatKeepataw
(seeTable 5). At Lockport,thetotalnumberofpatcheshasincreasedslightly, but only
69 to 78 percentof all patcheshavepersistedfrom yearto year. Theotherpatchesresult

21



Figure 3. 1992 Plant Size Distribution
from Different D. foliosa Populations
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Table 4. Population structure, distribution, and density in different size
patchesofDaleafoliosaat Lockport Prairie Nature Preserve.

Occurrenceby
No. of Plots’

No. and (%) ofPlants by Growth Stage”
Adult NF Plant 5d125 Total

Quadrat #2 - Large Patch
1983 20 115

(74%)

40
(26%)

155+? 19.42+20.00

1991

1992

38 151

(47%)

39 140
(18%)

Quadrat #8 - Moderate Patch
1990 26

141991

1992 25

33
(11%)

38
(65%)

42

(5%)

Quadrat #4- Small Patch
1990 13

1991

1992

S

12
(17%)

15
(58%)

11
(21%)

9

146

(45%)

219
(29%)

182
(61%)

19

(33%)

484
(64%)

50
(70%)

9

(34%)

38
(72%)

25
(8%)

40

(53%)

85
(28%)

1
(2%)

233
(31%)

9
(13%)

2
(8%)

4

(7%)

322

760

300

8.47+10.25

19.46+21.00

11.54+14.15

58

759

4.14+3.394

30.36+42.33

71

26

53

5.46+5.724

5.20+4.439

6.00+6.500

aThenumberof 1 m
2 quadratsin which plants occurred.

bAdult = flowering plant, NE = nonflowering plant, Sdlg. = seedling.
cMean number of plants ±sd per 1 in2.

Year Densitvc
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Figure 4. 1992 Plant Size Distribution
of D. foliosa at Lockport Prairie N.P.
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Table 5. Patch dynamicsin Will County populations ofDaleafoliosaa.

ockport Prairie Nature Preserve:

NewPatches --- --- 8 13 6

LostPatches --- --- 7 4 12

Reappeared --- --- 0 1 5

TOTAL PATCHES — 28 29 39 38

omeovillePrairie:

NewPatches --- --- 1 0 0

Lost Patches --- --- 0 0 2

Reappeared --- --- 0 0 0

TOTALPATCHES --- 6 7 7 5

Keepataw Forest Preserve:

New Patches 0

LostPatches 0

Reappeared 1

TOTAL PATCHES 1

aSee text for descriptions.
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from thebalanceof patchextinctions,colonizations,orreappearancesin anygivenyear.
Neworlostpatchesaregenerallyvery small (25plantsor less).

Se SummaryofDemographicConsiderations

In general,factorsaffectingthepersistenceofDaleafoliosamust be examined at two
scales.On alandscapebasis,populationsoccurvery locally in areasofoptimumhabitat.
Within populations,plantsaredistributedin optimummicrohabitatswithin amosaicof
unsuitablehabitat. Subpopulationdistribution,density,andstructurevary spatiallyin
relationto microhabitatconditions. Populationor subpopulationnumbersfluctuateover
time, dependingon theirsize,isolation,environmentalconditions,andbuffering by seed
banks.Populationsin small or suboptimalpatcheshavefewerseedlingsandreproductive
plants,andmayhavesmallerseedbanks. In thesehabitats,extinctionprobabilitiesare
likely highdueto theplant’sshort life spananddependenceon seedproductionfor
populationpersistence,limited recruitment,andexhaustionofseedbanks.

Optimumconditionsfor populationpersistencemayoccurwhennumeroussubpopulations
arepresentwithin ahabitatmosaicsuchasat LockportPrairie. Underametapopulation
model (sensuHanskiandGilpin 1992),if thesesubpopulationsareinterconnectedbut
persistindependentlyof landscapedisturbanceprocesses,thentotal populationextinction
will below atany giventime. Interconnectionof subpopulationscanoccurby pollen
flow, seedbanks,andseeddispersal,andwhentheseeventsexceedextinctionrates,
metapopulationviability is maintained.

F. GeneticConsiderations

During 1992,leafsamplesofleafyprairie-cloverwerecollectedthroughoutthespecies’range
in order to estimate the levels of genetic variation within andamongpopulations
(B. Wiltshire andD. Nickrent, in progress).Preliminaryelectrophoreticdata(numberof
allelesper locus)indicatethatgeneticdiversity in thespeciesis relatively low. Nearlyall of
theobservedgeneticvariation(polymorphism)occursamongtheTennesseepopulations,
whereaspopulationsin AlabamaandIllinois aremonomorphicat virtually the sameloci
(B. Wiltshire, SouthernIllinois University, personalcommunication,1992).

G. Reasonsfor Listing

Sinceit wasfirst observednearly138 yearsago,knownleafyprairie-cloveroccurrenceshave
declinedby 45 percentdueto habitatdestruction,overgrazing,andhabitatlossfrom
encroachmentby woodyspecies(seeTable6). Of the29 extantpopulations,manyarevery
small, containinglessthan25 primarily immatureandnonfloweringplants.Given the
intensityof searchesin all States,thereis little likelihoodthat significantadditional
populationswill bediscovered.Only two sites,LockportPrairieandBurnt Hill Road,are
relatively freeofthreats. MostoftherecentlyknownDaleafoliosapopulationshavebeen
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Table 6. Statusof historic and extant Daleafoliosapopulations.

aOnly includedcountieswith specimens.
blncludesall moderateandhigh-viability populations,seePartII, Recovery.
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lost to orarecurrentlythreatenedby roadwork,right-of-waymanagement,sitedevelopment, —~

off-road-vehicle(ORV) damage,andcompetitionfrom woodyspeciesinvasion(seeTable 1).

1. Collecting

Smallpopulationsofrareplantsmaybe impactedby inappropriate collecting (Pavlovic
et al. 1992). Most leafy prairie-clover populations are small and would be threatened by
collecting. Onehistoric populationatAltorf Island,Illinois, was eliminated by
overcollecting(Hill 1879). If avoucherspecimenis needed,aphotographshouldbe
takenor only theabove-groundportionoftheplant shouldbe removed.

In Illinois thereis a horticultural interestin the speciesbecauseit is rareandis easily
propagatedfrom seed. At leastonenurseryis knownto sell leafyprairie-cloverfrom a
cultivatedsource. Naturalpopulationscouldbe threatenedby illegal (unpermitted)or
inappropriateseed-collectingif naturalseedproductionis low dueto smallpopulation
size,highratesof herbivory,ordroughtconditions.

2. DestructionorAlteration ofHabitat

At least one population (Morgan County, Alabama) is likely to be extirpatedby road
maintenance and the installation of new storm sewers. Several additional populations are
at some risk due to their proximity to existing roads(Route99 Glade,SneedRoadCedar
Glade, Jones Mill Road, and Cedars of Lebanon StateForest/Park,Tennessee).Although
reportedlybulldozed(Service1991),therearestill plantsattheWoodmontBoulevardsite
in Nashville. Unlesstheseplantsaresalvaged,thepopulationwill undoubtedlybe lost to
development.Thecurrentalignmentof theFederalassistancehighwayproject(FAP 340)
throughKeepatawForestPreserveis not likely to directly impactthepopulation(Taft
1989). Two populations(Romeoville,Illinois, andLawrenceCounty, Alabama)occur
underactivepowertransmissionlines. Thehabitatsarekeptopenby right-of-way
management,but thepopulationsareatrisk from clearedbrushbeingpiled on theplants,
thenonselectiveuseofherbicidesduringthegrowingseason,anddamagecausedby large
trucks.

Approximately30 percentoftheDaleafoliosaplantsin Maury,Marshall,andBedford
Counties,Tennessee,will be lost if theDuckRiveris impoundedto theoriginally
proposed630-footfull-pool elevation(BaskinandWofford 1990). Theactualnumberof
plantsadverselyaffectedwill bemuchhigherthanoriginally thought,basedonthe 1992
censuscounts(seeTable2). Most ofthe informationaboutdirect impactsto thespeciesis
knownonly for theColumbiaDam site in Maury County, Tennessee.Field surveys
establishedthispopulationasoccurringbetween189.4 and191.3m (621and627 feet)
(Currie 1990),whichwould completelysubmergethepopulation,but BaskinandWofford
(1990)estimatedthat 50 percentof theplantswouldbeeliminatedat the 1 92.2-in
(630-foot)pool level. Basedon the 1992 population census, leafy prairie-clover was
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foundbetween187.6and 193.7m (615and635feet). Thefull-pool elevationwould
eliminate more plants and only marginalleafyprairie-cloverhabitatwould remainbecause
theoptimalgrowthzoneofmoister,deepersoilswould be submerged.Theoptimal
growthzoneis critical to long-term persistence becauseit is a refugium that buffers the
populationduringdroughtyears. Additional indirecteffectsto thepopulationsmayoccur,
suchasalterationofsitehydrologyby flooding, whichcouldallow aggressivenative
grasses,herbaceousplants,andwoodyplantsto invadeandoutcompeteleafy
prairie-clover.

ORVs causeextensivehabitatdamageandthreatenanypopulationthathasavailable
accesspoints. Threesites,RomeovillePrairieandKeepatawForestPreservein Illinois
andCedarsofLebanonStateForest/Parkin Tennessee,haveongoingORV problems.No
actionshavebeentakento securethepopulationsfromthis threatexceptfor thepostingof
signsin theStateforest.

3. Drought

Severedroughtconditionsmaydrasticallyreduceorentirelyeliminatepopulations
withoutseedbanks.Populationsthat arelarge(morethan500plants),haveextensive
seedbanks,andoccurin siteswith moist (wet-mesic)microhabitatsarebufferedfrom
extirpationand reboundmorerapidly in theyearfollowing adrought(seeTables2,
3, and4). J.Schwegman(Illinois Departmentof Conservation[IDC], personal
communication,1993)reportsthattheirresearchindicatesthatsomeplantsrespondto
droughtby dormancy.This strategy,in additionto seedbanks,maypermitthespeciesto
survivedroughts.

4. GrazingandHerbivores

Leafyprairie-cloverdoesnotpersistwherethereis intensegrazing(SmithandWofford
1980),whichhaseliminatedat leastonehistoric occurrence(seeTable 1). One
population(LaneFarm, Tennessee)appearedaftergrazingwas stopped;however,the
plantswould againbe threatenedif grazingwereto resume.Theeasterncotton-tailrabbit
(Sylvilagusfioridanus)and,to a lesserextent,thewhite-taileddeer(Odocoileus
virginianus)selectivelyfeedon flowering rametsandcansignificantlyreduce
reproductive success. Over a 3-year monitoring period of three leafy prairie-clover
patchesat LockportPrairie,Illinois, therateofherbivoryvariedfrom 17 to 73 percentof
all rametsproducedby floweringplants(seeFigure5). Therateswereconsistentlyhigher
in floweringramets(DeMauroandBowles,unpublisheddata). Fewofthe grazedramets
resproutaxillary floweringbranches.Highratesofherbivorywerealsoobservedat the
Romeoville,Illinois, site,wheretheproportionofgrazedstemsandplantshasincreased
overtime (seeTable7) (SchwegmanandGlass,unpublisheddata).Theseimpactsmaybe
insignificantatthepopulationlevel if seedlingestablishmentis density-dependentor if
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Figure 5. Fate of Dalea follosa ramets
at Lockport Prairie N.P. (1 990-1 992)
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Table 7. Herbivore damageto Daleafoliosaramets and plants at the
RomeovilleSite,Will County, Illinois.

1987 25 20 32 56

1988 26 65 193 34

1989 33 81 250 41

1990 28 79 116 50

1991 21 100 143 84

aSchwegmanandGlass,Illinois DepartmentofConservation,unpublisheddata.
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thereis apersistentseedbank. Intenseandpersistentgrazing,however,will reduce
annualseedproductionandseedbankcontributions.

5. WoodyandExotic PlantSpecies

The invasion of woody species poses a very serious threat to leafyprairie-clover. The
speciesis intolerantofshadebut maypersistasa seedbank,althoughthe factors
controllingthedevelopmentandlongevityoftheseed-bankareunknown. For example,
newpatchesofleafyprairie-cloverseedlingsappearedafterbrushremovalat Lockport
Prairiein Illinois andSneedRoadCedarGladein Tennessee,two sitescontaininglarge
extantpopulations.

In thelimestonecedargladesandlimestonebarrens,theprimary invaderis easternred
cedar(Juniperusvirginiana), but otherwoodyinvadersincludehackberry(Celtis
loevigata), redbud(Cerciscanadensis),gladeprivet(Forestieraligustrina),white ash
(Fraxinusamericana),honeylocust(Gleditsia triacanthos), tartarianhoneysuckle
(Loniceratatarica),chinquipin oak (Quercusmuehlenbergii),aromaticsumac(Rhus
aromatica),and winged elm (Ulmusalata). In dolomite prairie, the primary invader is the
aggressiveexoticEuropeanbuckthorn(Rhamnuscathartica). Dependingon theextent
anddensityof woodygrowth,thesespeciescanbecontrolledby a combination of cutting,
herbicidespraying,andprescribedburning. Aggressivenonwoodyspeciesthatmay
threatenleafyprairie-cloverarethebluegrasses(PoacompressaandP. pratensis),
Bermudagrass,(Cynodondaclylon),Johnsongrass(Sorghumhalepense),white sweet
clover(Melilotusalba), thistles(Cirsiumspp.),andsericealespedeza(Lespedeza
cuneata).Dependingontheextentoftheinfestation,thesespeciescanbe controlledby
successivespringburns,hand-pulling,andherbicideapplication.

H. Existing RegulatoryMechanismsandConservationMeasures

Leafyprairie-cloveris listed asendangeredin TennesseeandIllinois. Statutesin eachState
protectlistedplantson public lands;plantson privatelandsareprohibitedfrom beingtaken
withoutthepermissionofthe landowner. In Illinois, writtenpermissionofthe landowneris
required.Also in Illinois, selling or offering to sell listed plantsor plantpartsis prohibited
withoutapermit,andgovernment-fundeddevelopmentsthatthreatenany listed species
requirenonbindingconsultationwith theIllinois DepartmentofConservation(IDC) in order
to minimizenegativeimpacts. Populationsin Statenaturepreservesreceiveprotectionunder
the Illinois NaturePreservesAct. Thespeciesis not affordedany Stateprotectionin
Alabama. TheFederalEndangeredSpeciesAct (Act) providesprotectionto populationson
Federallandand to otherpopulationswhenthetaking is in violation ofany Statelaw,
includingtrespasslaws. TheAct alsoprovidesprotectionfrom inappropriateinterstate
commercialtrade. Populationsin wet-mesicdolomiteprairiemayreceiveprotectionthrough
Section404 of theCleanWaterAct, whichrequiresapermit from theU.S. Army Corpsof
Engineersfor filling ordischargingintojurisdictionalwetlands.
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Ofthe21 extantleafyprairie-cloverpopulations,8 occuron public land(seeTable 1). Five
of thesepopulationsaresmall andarenot currentlymanaged(four in theCedarsofLebanon
StateForest/Park,Tennessee,andonein KeepatawForestPreserve,Illinois). Two ofthese
populations are on TVA land, where the primary land management objectives may not
necessarilybenefitlisted speciesor naturalareas.Only one ofthepublicly ownedsites,
Lockport Prairie, has full legal protection(Statenaturepreservestatus)andis managedto
maintainnaturalcommunitiesandrarespecies.Two additionalpopulations,SneedRoad
CedarGladein Tennesseeand Romeovillein Illinois, areprivatelyownedandmanaged,but
the latterhasonly informalprotection(verbalagreement).All otherextantpopulationsare
privately owned and are not managed.

1. Illinois RestorationEfforts

Several attempts by the IDC to reintroduce leafy prairie-clover to Altorf Island have failed
duein part to severesummerdroughtconditions(Schwegman,IDC, personal
communication,1992)andthereductionofhistoric “gravellybank” habitatdescribedby
Hill (1879),theresultofheavycanaryreedgrass(Phalarisarundinacea)infestation
(DeMauro, personal observation). No seedlingshavebeenobservedfrom two seeding
attempts, and none of the 105 plants transplanted in 1990 survived. Only one of the five
largeplantstransplantedin October 1991 was observed in August 1992(Schwegman,
personalcommunication,1992).

Leafyprairie-cloverhasbeenintroducedinto threeprairie restorations.Five seedlings
originally plantedintowet-mesicprairie in 1985 attheCollegeofDuPage(DuPage
County)havesurvivedandreproduced;therearenow approximately20 plantsin this area
(R. Kirt, CollegeofDuPage,personalcommunication,1992). Eightadditionaltransplants
(threeplantedin 1988and five in 1991)still persist. While this introducedpopulationhas
educational value, it doesnotcontributeto thespecies’recoverybecauseplantsarenot in
naturalor historically appropriate habitats within the species’geographicrangein Illinois.
Overtime, thispopulationcanbe expectedto declineoncetherestorationsucceedsto a
densergrassmatrix.

Twelveleafyprairie-cloverseedlingsweretransplantedinto degradedandovergrazed
mesicto dry-mesicgravelprairieatthe WaterfallGlenForestPreserve(DuPageCounty),
locatedin theDesPlanesRiver valley approximately4.4 kilometers(kin) (2.75miles)
upstreamfrom thepopulationat KeepatawPreserve.By September1992only two plants
remained.Althoughwithin thespecies’range,this sitemaybetoo degraded,dry, and
small to supportaviablepopulation.

In 1990,fifty juvenileleafyprairie-cloversgrownfrom seedscollectedfromthe Lockport
Prairiepopulationwereplantedinto re-createdgravelanddolomiteprairieattheMorton
Arboretumin Lisle, Illinois. Thisprairie creationfeaturesendangeredandthreatened
plantsin simulatednaturalhabitatsandfunctionsbothassourcematerial for in situ
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restorationsaswell asaneducationalexhibit. Theseleafyprairie-cloverplantsflowered
andproducedseedsin 1991 and1992. Seedscollectedfrom theseplantswill be usedin
Illinois recoveryefforts (seePartII, Recovery).

Approximately 2,500 seeds werecollectedfrom Will Countypopulationsandwere
provided to the Holden Arboretum in Mentor, Ohio, for long-term storage as part of the
Center for Plant Conservation’s cooperative program.

J. Tennessee Restoration Efforts

Seedsandplantshavebeencollectedfrom theWoodmontBoulevard(Nashville,
Tennessee)population. Thestatusofplantstransplantedintooneprivategardenis
unknown,andnoneof theplantstransplantedto LonghunterStatePark,Tennessee,
survived(Service1990).
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PART II

RECOVERY

A. RecoveryObjective and Criteria

Therecoverystrategyfor Daleafoliosaincludes the enhancement and maintenance of
populationviability throughhabitatprotection,management,andpopulationrestoration.The
endgoalof thisstrategyis to recoverandultimatelydelistthe specieswhen(1) population
occurrencesareincreasedto levelsthatapproximatethespecies’formerdistributionand
abundancein eachgeographicregion(to theextentthatit is feasibleor canbedetermined
with existing information)and(2) the long-termsurvivalof aminimumnumberofviable
populationsin eachgeographicregionis reasonablyensured.Key objectivesofthestrategy
are asfollows: (1) to prioritize recoveryeffortsby definingandidentifyingviable
populationsandrecoverysites,(2) to providethehighestavailablelegalprotectionfor the
mostcritical populations,(3) to enhanceexistingpopulationsby managingandrestoring
stability to natural plant communities through prescribed burning and control of exotic and
woody species, and (4) to establish newpopulations into suitable protected habitat within the

species’historic range.

Daleafoliosawill be consideredfor reclassificationfrom endangeredto threatenedwhenthe
first threeof thefollowing criteriahavebeenmetfor aminimumof 5 years. Delistingthe
specieswill be consideredwhenall fourcriteriahavebeenmetfor 10 years. Theserecovery
criteriaarebasedon aderivedPopulationViability Index (describedbelow).

1. A minimumof threepopulationsrankedashighviability are protected and managed
in Alabama.

2. A minimum of three populations ranked ashigh viability are protected and managed
in Illinois.

3. A minimum of twelve populations ranked ashigh viability are protected and
managed in Tennessee.

4. Restored populations persist at high or moderate viability for a minimum of
10 consecutive years.

More populationsrankedashighviability arerecommendedforprotectionin Tennessee
becauseofthe significanceof theCentralBasinasthespecies’distributioncenterand
reservoir of genetic diversity. Because the only detectablegeneticvariationis conserved
between populations in Tennessee (Wiltshire, personal communication, 1992), it is critical to
protectasmanypopulationsin the CentralBasinasis feasible. In short, by conservingthe
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diverseTennesseegenepool,thespecies’evolutionarypotentialis morelikely to be
conserved.

Thepersistenceof restoredpopulationsfor at least10 consecutiveyearsathigh or moderate
viability is recommended.This shouldallow enoughtimeto achievea stablepopulationsize,
density,andstructurethatis within therangeofvaluesobservedfor thesamedemographic
variablesin naturallyoccurring,high-viability populations.

Critical sitesarethoserequiredto meettherecoverycriteria. Theremainingpopulationsnot
coveredby therecoverycriteriashouldbeprioritizedfor protectionandmanagementbased
on thecurrentviability rankingandthepotentialfor recoveryfrom alow- to amoderate-or
high-viability ranking. Therecovery-relatedcriteriafor anysite,reclassificationcriteria,and
delistingcriteriamayberevisedon thebasisofnewinformation,including researchspecified
asrecoverytasks. Theearliestestimatedrecoverydateis 2005.

Population Viability Index (PVI) - Thebasicassumptionin achievingthe recoverycriteriais
thatpopulationswill likely survivebecausethechancesofextinctionareloweredto
acceptablelevelsby therecommendedrecoveryactions.A minimumviablepopulation
analysisexaminesgenetic,demographic,life history,ecological,andenvironmentalfactorsto
deriveaminimumpopulationsizethatexceedstheprobabilityofextinctionoveradefined
timeinterval (Menges1991). Thegeneralizationis that small populationsaremuchmore
likely to becomeextinct thanlargeonesbecausetheyaremorevulnerableto stochastic
extinction-causingphenomena(Shaffer1981). This analysis,however,requiresdatathatare
unavailablefor mostrarespecies,includingleafyprairie-clover. As analternative,thisplan
usescriteriarelatedto population,habitat,management,andsiteprotectionstatusto derivea
PVI basedonamodeldevelopedby Bowles (in preparation).

For eachextantor presumedextantpopulation,the indexwascalculatedby PVI = (A~ + B, +

C, + D~ + E, + F1)/19, whereA throughF representspopulationsize,habitatsizeand
suitability, degreeofdisturbance,managementneeds,off-sitethreats,andprotectionstatus,
respectively(seeTables8 and9). ThePVI valuesrangefrom 0 to 3 and0 to 4 for criteria
B throughF andA, respectively.Dividing by 19 givestherelativevaluesbetween0 and 1.0.
Populationsoflow, moderate,andhighviability havePVI valuesof <0.5 >0 5 to <0.75,and
>0.75to 1.0, respectively.PVI valuescanbe increasedby implementingrecoveryactions
thatwill, dependingon thesiteandpopulation,affect one ormoreof thePVI criteriathus
providingaway that is asobjectiveaspossibleto achieveandassesstherecoverycriteria.
ThePVI criteriaaredescribedbelow.

PopulationSize- Leafyprairie-cloverpopulationsizesarefrom themostrecentcensusdata
(seeTable2). PopulationsweregivenaPVI valueof 0 if plantswerenot located,but aseed
bank or dormant plants may still persist because suitable habitat was intact. Populationswith
100 or lesstotal plantsorwithoutflowering plantswereassigneda valueof 1. Moderate
(>100 to <500 plants) andlarge(>500to <1,000plants)populationswereassignedvalues
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Table 8. Population viability index (PYI) valuesfor all extant Daleafoliosa
populations.

POP. HAB. DIST.
SIZE SIZE LEVELST/CO/SITE

MGMT. ADJACENT
NT1~flQ THREATS

PROT.
STATuS

ALABAMA
Lawrence County
MorganCounty

2 1 2
1 0 0

ILLINOIS
Will County:

KeepatawForestPreserve
LockportPrairieNature

Preserve
RomeovillePrairie

TENNESSEE
Bedford County:

BurntHill Road

1 0 2
4 3 3

2 2* 2

4 3 3

2
2

2

2

1
3

2

3 9 .47

3 18 .95

1

3

11 .58

0 15 .79

Davidson County:
Woodmont Boulevard
Mt. View School
CouchvilleGlade**
LakeTrail WetBarren

Marshall County:
Rt. 99 Glade
South Berlin Glade

Maury County:
Columbia Glade
Sowell Mill Glade
TVA Sowell Mill North
Sowell Creek

Rutherford County:
JonesMill Road
ManusRoad#4

Hall Farm
Adams #3
Overbridge

1 0 0
1 0 1
1 1 2
1 0 1

1 1 1
1 1 2

4 2 2
2 2* 2

1 2
2 2 2

2 3 2
2 1 1
2 2 2
2 1 3
1 1 1

0
1
2
I

2
2

2
I

2

2
I
I
3
0

0
2
2
2

1
I

2
2
2
1

2
I
I
I
3

o 1 .05
2 7 .37
2 10 .52
0 5 .26

0 6 .32
0 7 .37

2 14 .74
0 9 .47
2 9 .47
0 9 .47

0 11 .58
1 7 .37
0 8 .42
0 10 .53
3 9 .47

2
I

TOT. PVT

3
0

2
0

12 .63
2 .11

37



Table 8 (continued)

POP. lIAR. DIST.
SIZE SIZE LEVELST/CO/SITE

MGMT. ADJACENT
NEEDS THREATS

PROT.
STATUS

Tennessee(continued)
Williamson County:

Sneed Road Cedar Glade

Wilson County (EOR #):
Cedars of Lebanon SF (18)
Cedars of Lebanon SF (24)
Cedars of Lebanon SF (30)
Cedars of Lebanon SF (33)
Cedars of Lebanon SP (19)
Cedars of Lebanon SP (25)

Lane Farm

3 2 1

1 0 2
1 2 2
1 2 3
2 1 2
1 2 2
1 0 1
1 2 1

I

2
2
3
1
2
0
1

2

2
3
2
3
2

2 1 .58

2 9 .47
2 12 .63
2 13 .68
3 12 .63
2 11 .58

2 5 .26
1 7 .37

* Site may be lacking wet-mesic component of habitat.
**Included becausehabitatis still intact.

>0.75to1.0 0 1 1 2

loderate: <0.75 to >0.50 1 1 9 11

1<0.50 —
——

14
—

16

TOT. PVI

POPULATION
VIABILITY INDEX

AL

2

STATE
TOTAL

IL TN I

3 24 29
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Table 9. Description of the population viability index (PVI) criteria and
numerical valuesa.

A. Population Size

B. Habitat Size
Very small
(<h)

Small (>1 ha
to <5 ha)

Moderate
(>5 ha to~20ha)

Large
(>20 ha)

C. Degreeof
Disturbanceand
Succession

Veryhigh
(heavy/early
succession)

High
(high/early
succession)

Moderate
(moderate/
midsuccession

Low (low!
stableand late
succession

D. ManagementNeeds High Moderate Low Community

maintenance

E. Off-site Threats High Moderate Low None

F. ProtectionStatus Private;none
Private,with
informal
agreement

Public;

not-for-profit
orprivate
conservation
easementor

landmark

Publicor
private;State
nature
preserve

~Foreachextantpopulation,PVI = (A~ + B~ + C~ + D~ + E~ + F1)/19,where “A” through “F” are the PVI criteria
and“i” is theassignedvalue. Valuesrangefrom 0 to 4 for A and from 0 to 3 for B throughF.
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of 2 and 3, respectively, while very large populations (>1,000plants)weregiventhehighestvalue
of 4. These population size classes are based on theobservedextinctions(i.e.,theminimumpatch
size)atLockportPrairieaswell asthe recommendedrangesfor minimum viablepopulationsizes
thatarelikely bufferedfrom stochasticextinction-causingeventsandprocesses(Menges1991,
Lande and Barrowclough 1987, Shaffer 1981).

HabitatSize- Sites were evaluated by the presence and approximateamountof suitablehabitat
patches(aspreviouslydescribed),not on site size,althougha largesitetypically hasmoresuitable
habitat than a small site. Included in the evaluation was theoccurrenceofspecificmicrohabitat
components(seeFigure2) andunlessotherwiseindicated, areassumedto bepresent.Althoughthe
sizeclassesaresomewhatarbitrary,theassumptionis that ashabitatsizeincreases,thepopulation
viability also increasesbecausethesitecansupportmoreDaleafoliosaplantsand includeawider
rangeofmicrohabitats(especiallythewet-mesicsoil moisturecomponent).This assumptionis
supportedby theobservedsite,habitat,andpopulationsizes;thesmallestleafy prairie-clover
populationstypically occurin sitesthat areless than 1 hectare(2.2acres).

DegreeofDisturbance- Thedegreeofdisturbancewasassessedby thesuccessionalstageand
naturalqualityoftheplantcommunity(sensuWhite 1978). The underlyingassumptionis thatstable
nativeplantcommunitieshavecharacteristicdominantand indicator, orconservative,plantspecies.
Underdifferent disturbancesofvarying intensities,communitystructureis altered,indicatorspecies
arelost, anddisturbance-tolerantnativeandexotic speciesincrease.Vegetativechangescanalso
occurin relativelyundisturbedsitesin which theecologicalprocessesthathistoricallymaintained
thenaturalcommunityarelost; e.g.,woodysuccessiondueto fire suppressionorexotic plantspecies
thatbecomeestablished.

The PVI valuesfor disturbancerangefrom severe(=0,thenearor completelossofthenatural
community)to low (=3, astable,diversenaturalcommunity). The largestleafy prairie-clover
populationsarefoundin theleastdisturbedsites,butplantscansurvive in disturbedearly- to
midsuccessionalsites,suchasalongroadsidesandpowerlinesor in partial shade.Populationson
the lattersiteshavea lower viability becausethe threatsfrom disturbanceandwoody successionstill
persistandtheearly- to midsuccessionalstagesaretransitory.

ManagementNeeds- The degreeofhumandisturbanceandthesuccessionalstageofa plant
communityare usuallyrelatedto the site’smanagementneeds. Specificcommunitymanagement
problemsmay includewoodysuccession,exotic speciesinvasion,hydrologicchanges,grazing
impacts,and long-termfire suppression.Specificpopulationmanagementneedsmay include
enhancingpopulationsize,monitoringexisting populations,andassessingnewhabitatpatchesfor
populationrecovery. Leafy prairie-cloverpopulationson late successional,relatively undisturbed
sitesthat requireonly routinemaintenanceor somecontrolofwoodyor exotic speciesareassigneda
higherPVI values(3 and2, respectively).The level ofmanagementincreasesastheextentand
severityofthe threatsincrease,with a concomitantdeclinein the PVI value.

Off-site Threats - Leafyprairie-cloverpopulationsarealso threatenedby activitiesoriginatingoff
thesite, suchasORV use,grazing,dumping,roadorpowerline maintenance,development,and
drainagealterations.Sitesthat arehighly threatenedby adjacentland usesorarevulnerablebecause
ofahistoricaluse(e.g., illegal dumpingorORVs)havea low PVI value(=0). As thebufferbetween
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thesite andthethreatincreasesandtheseverityand likelihoodofoccurrencedecreases,thePVI
valueincreases.

ProtectionStatus- Protectionstatuswasdeterminedby evaluatingtheownershipandthedegreeof
legally bindingdeedrestrictions. Public orprivate landsdedicatedundera Statenaturepreserveact
havethehighestlegal protectionattheStatelevel andaregiven thehighestPVI value(=3).
Although land in public ownershipis formally protected,theresponsibleagencymayhaveprimary
managementgoalsthat do not includepreservation(PVI=2). Privatelandmayhaveformal
protectionundera legal conservationeasement(PVI=2) or informal protectionthrougha volunteer
registryprogramor arenewablelease/managementagreementin which the long-termland use
remainsattheowner’sdiscretion(PVI= 1).
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B. Narrative Outline

1. Identify and prioritize protection. management.and restoration needsfor all high- and
moderate-viability populations (and low-viability populations with recoverypotentiafl for
eachgeographicregion in order to achievethe recovery criteria. Of the 21 knownor
presumedextantleafyprairie-cloverpopulationsonly 2 (10 percent)rank ashigh viability,
7 (33 percent)rank asmoderateviability, and 12 (57percent)rank aslow viability (seeTable9).
To meetthe recoverycriteriaestablishedin thisplan, recoveryactivitiesneedto beimplemented
for atleast18 (86 percent) populations. This includesall nine populationsofhigh andmoderate
viability, atleastfive populationsoflow viability with recoverypotential,andanestimatedfour
newpopulations. Oneormorerecoveryactionscanincreaseapopulationfrom alow or
moderateviability to a high viability. Keymanagementneedsor threatsareidentifiedfor all
critical sitesby geographicregionbelowandaresummarizedin Table 10. More detailedsite
recommendationsarealsoprovided.

1.1 Identify and prioritize protection. management.and restoration needsfor the
Tennesseepopulations. Of the24 extant populations, 12 (50percent) must be protected and
managedto meetthe recoverycriteria. Most critical areall nine populationsofhigh viability
andmoderateviability. The balanceofsitesneededto satisfythe recoverycriteria include
therecoveryoflow-viability populationsto eitherhigh ormoderateviability and the
establishmentofnewpopulations.

Only theBurntHill Roadsite(BedfordCounty)ranksashigh viability dueto its large
populationandhabitatsizeand lack ofdisturbance.A preservedesignthat identifieskey
tractsandadequatebufferandprovidesthehighestlegal protectionhasbeendevelopedby
The NatureConservancyin Tennessee.A managementplan mustbe developedthat
includesbrushcontrolandprescribedburning. This populationmaybe affectedby the
ColumbiaDamprojectattheproposedfull-pool elevation(BaskinandWofford 1990); thus,
anypotential impactsshouldbe evaluated(seebelow).

The ColumbiaDam site (MauryCounty) is ofhigh priority for protection. The site harbors
thesecondlargestleafyprairie-cloverpopulationin theStateandranksasmoderateviability
due to thedegreeofpastdisturbanceandwoodyencroachmentand thependingthreatofthe
ColumbiaDam project. Half ofthepopulationwould be lost if thefull-pool elevationof
ColumbiaDam is implemented(BaskinandWofford 1990). Lower alternativepool levels
arebeingevaluatedby TVA to avoidadverseimpactsto federallyendangeredmusselsin the
project impactarea(Service1991)andshouldalsobeconsideredto avoidor reduceadverse
impactsto leafy prairie-clover. The areaoccupiedby leafyprairie-clovermustbe accurately
surveyedto determinetheexactelevationsofthespecies.Accuratesoil depthsshouldbe
determinedto ascertainthe full extentofany remainingunoccupiedbutsuitableleafy
prairie-cloverhabitat. A sitemanagementplan mustbe developedto increasethis
populationto high viability. Managementshouldincludebrushcontrol,prescribedburning,
restorationof gladeandbarrenscommunities,andpopulationenhancementin unoccupied
habitat,includingthegladecomplexto theeastofold Highway50.

SneedRoadCedarGlade(Williamson County) is thethird largestpopulationin theStateand
ranksasmoderateviability dueto thehabitat’searly- to midsuccessionalstages,woodyand
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Table 10. Potential recoverysitesfor Daleafoliosain Illinoisa.

Kane

Upper Fox
River

Fabyan Forest
Preserve

<2 Small but extensive management is
underway. MODERATEPRIORITY.

UpperFox
River

RiverBend Forest
Preserve

8 Site hasno naturalcommunitiesand
requiresextensivemanagement;needsurvey
ofsoil conditions. LOW PRIORITY.

Kankakee

KankakeeRiver KankakeeRiver
StatePark ?

Altorf (=Langham)Island. Several

restorationattemptshavefailed. GravelbarsthatoncesupportedD. foliosanow supportPhalarisarundinacea.Extensive

managementrequired.LOW PRIORITY.

KankakeeRiver
KankakeeRiver
StatePark <2

Verysmall dolomiteprairie remnant
downstreamofAltorf Island,destroyedby
floodingfrom abeaverdam. Community
restorationis required.SITE CURRENTLY
NOT SUITABLE.

LaSalle

Lower Fox
River

NaplatePrairie 12 Habitatvery degraded.Underdevelopment
threat. LOW PRIORITY.

Lower Fox
River

Covel Creek
Prairie

2
Highly disturbedby pastgrazing;would
needprotectionandextensivemanagement.
LOW PRIORITY.

Will

Des Plaines
River

Lockport Prairie
Nature Preserve

10 High-quality natural area. Requires
protection and some management. HIGHPRIORITY.

KankakeeRiver DesPlainesRiver
ConservationArea

2

High-qualitynaturalareabutsmall; may not

haveenoughwet-mesichabitat.
MODERATEPRIORITY.

DesPlaines
River

DesPlainesRiver
ConservationArea

10
Degradedhabitatpatchesin a matrixof
dry-mesicdolomiteprairie. Requires
management;removalofcrownvetch.
MODERATEPRIORITY.

aFromBowlesandJones (1992)and DeMauro (unpublished data). All sitesare in public ownershipexcept
theLaSalleCountytracts;title conveyancefor LockportPrairieEastis pending.
bEstimate(in hectares~ofsuitablehabitatnotsitesize.
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exoticspeciesencroachment,and sitesize. Thepopulationcoreoccursin highly
disturbedhabitatadjacentto theroadright-of-way. Thereis aninformalprotection
agreementbetweenthehighwaydepartmentandthe owner(TNC), but this shouldbe
formalizedby aconservationeasement.If thereis adjacentsuitablehabitat,
considerationshouldbegivento increasingthesizeofthepreserve.TNC has
initiatedbrushcontrolandamonitoringprogramto assesschangesin thecommunity
(Carter1983). Thebrushcontrolneedsto be continuedandexpandedwestwardto
theintermittentdrainageandshouldincludeherbicideapplicationsto preventstump
sproutingin deciduoushardwoodspecies.Managementshouldalsoincluderemoval
ofexoticplantsin thepopulationcore,communityrestoration,andprescribed
burning.

TheJonesMill Roadpopulation(RutherfordCounty)wasrankedasmoderate
viability dueprimarily to protectionstatusbutalsodueto populationsize,
managementneedsandadjacentthreats.This populationhasahigh recovery
potentialbecauseofa largeamountof primehabitat(seasonalwashes)northand
southofJonesMill RoadbetweenLonghunterStateParkandWeaklyRoad. A
preservedesignis neededthat identifieskeytractsand adequatebuffer, links to the
Statepark,andprovidesthehighestlevel of legal protection. A managementplan
shouldbedevelopedthatwould includecleanupandcontrolof illegal dumping,brush
controlneartheexistingpopulation,prescribedburning,andpopulationenhancement.

TheHall Farmsitewasknownasa significantlimestoneglade,but the leafy
prairie-cloverwasjust discoveredtherein 1994aspartofthesurveyfor new
populations. It is rankedaslow, principallydueto thelackofanymanagement
agreementor landownercontact. Thepopulationhaspotential to beelevatedto
moderateorhighviability if pasturegrassescanbesuppressedandhabitat
managementcanbe consistentlyapplied. It will becomeahigh-priority sitefor
regionalconservationattentionby theTennesseeNaturalHeritageProgramandTNC.

TheCedarsofLebanonStateForest/Park(WilsonCounty)harborssix extant
populations.Fourarerankedasmoderateviability (EORs19,24, 30, and33)and
two as low viability (EORs18 and25) dueto very small populationsizes,occurrence
in midsuccessionalhabitatsthatarethreatenedwith lossfrom brushencroachment,
andpotentialdamagefrom ORVs. TheEORswith thegreatestrecoverypotentialto
highviability are18, 19, 24, 30, and33; EORs18 and 19 requireimmediatebrush
control. A managementplanwhich givesthehighestpriority to increasingpopulation
sizethroughmanagementandpopulationrestorationmustbe developed.Theplan
shouldincludebrushcontrol,prescribedburning,asurveyofotherareasin the Cedars
of Lebanon State Forest/Park to identify additional leafy prairie-clover habitat for
population restoration, and control of all illegal ORVaccesspoints. Prescribed
burninghasbeeninitiatedat EOR24 by TNC (Roach,personalcommunication,
1992). EOR25 shouldbe locatedandanyremainingplantsshouldbe salvagedfor
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propagation (seeds)ortransplantedinto oneoftheotherEOR locations. EOR30 is
apparently stable and secure if ORYtraffic is excluded. EOR33 is thesubjectof a
monitoring study with controlled burning initiated in 1994.

Sowell Mill Road (Maury County) has the potential to be restored to high viability. A
preserve design is needed that identifies key tracts andadequatebufferandprovides
thehighestlevel of legal protection. A managementplanshouldbedevelopedthat
includesbrushcontrolandprescribedburning. Sowell Mill Roadhasa small,
unprotectedpopulationin disturbedhabitatthatis threatenedby woodysuccession.A
preservedesignhasbeencompletedby TNC, andtheTDEC is consideringmeasures
for legalprotection. A managementplan is neededand shouldincludebrushcontrol,
prescribedburning,andnaturalcommunityrestorationto facilitatetheenhancement
of the leafy prairie-clover population. TVA Sowell Mill North is on public land;
measuresareneededto retardwoodysuccession(i.e.,controlledburning),anda
preservedesignis needed(in consultationwith TVA). Plantshavealsobeen
discoveredonprivatelandonthewestsideofthe interstatehighwayfrom TVA
Sowell Mill North; this is called “Sowell Creek.” This site is ranked as low viability
(0.47) but if landowner contact is successful this couldbeelevatedto moderate
viability. Its fatedepends,in part,onwhethertheColumbiaDam is completed.A
complete preserve design would includeall threeSowellMill vicinity sites.

Two low-viability populations, Mount View School (Davidson County) and Route 99
Glade (Marshall County), have limited recovery potential. Both highly disturbedsites
havevery small populationsandalimited amountofhabitatandarethreatenedby
woodysuccession.Effortsshouldbemadeto protectandmanagethesitesthrough
landownercontactsandconservationeasementsor to salvagetheplantsif
developmentis imminent. Theplantsremainingat theWoodmontBoulevardsite
(DavidsonCounty)weresalvagedduring 1993 andrelocatedto CheekwoodBotanical
Garden.

1.2 Evaluate potential Tennesseerecovery sites. New leafyprairie-cloverpopulations
mayneedto be establishedto meettherecoverycriteria,andat leastoneformersiteis
suitablefor populationrestoration. CouchyilleGladeis relatively large,harbors
enough suitable habitat and is beingmanagedwith prescribedburningby TNC
(Roach, personalcommunication,1992). Extensivesurveysof Central Basin
glades/barrens have beencompleted(Shea,personalcommunication,1992). These
sites should be reviewed, evaluated, resurveyed if necessary, and prioritized for
suitability asleafy prairie-cloverrecoverysites(see2.4.2below).

1.3 Identify and prioritize protection. management.and restoration needsfor the
Alabamapopulations. Of the two extant leafy prairie-clover populations, only the
TVAsite (Lawrence County) has recovery potential; thus, in order to work toward
recovery of Daleafoliosain Alabama, it is critical to protect and manage this site.
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Thesitehasamoderate-viabilityindexdueto the limited amountofhabitatwithin the
right-of-way under transmission towers, degree of disturbance, woody succession,
andthreatsfrom powerline maintenance.Areaswithin andadjacentto the
right-of-wayshould be searched for additionalpopulationsandpotentialhabitat. A
preservedesignis neededthat includesthefollowing: (1) protectionfrom inadvertent
damagefrom right-of-waymaintenance;(2) any additionalhabitatwith recovery
potential;(3) anadequatebufferarea;and,(4) amechanismto achieveformal
protectionfor thesite. A managementplanmustbedevelopedthatreconcilesthe
right-of-waymanagementneedsandcommunityandpopulationmanagementneeds.
Theplanshouldincludebrushcontrol,prescribedburning,andpopulation
enhancement.

The Cedar Plains Road site (Morgan County) has a low-viability index because it is
an unprotected small population with limited habitat, has a high degreeof
disturbance, and is in close proximity to the road. This population may have already
been eliminated by the installation of new storm sewers.Thesiteshouldbesearched
andany remainingplantsshouldbesalvagedfor propagation(seeds)andrestoration
purposes.

1.4 Evaluatepotential Alabama recoverysites. To meettherecoverycriteria, two new
populations must be established within the species’ geographic range. Surveys and
evaluations for suitable recovery sites should be conducted, ideally near present and
former leafyprairie-cloverlocations(see2.4.2 below). The best and largest examples
ofgladeandbarrenscommunitiesstill existnearthe formerleafyprairie-clover
locationin easternFranklinCounty(Webb,personalcommunication,1992)and
wouldbeof highpriority for protectionandrestoration.

1.5 Identify andprioritizeprotection.management.and restoration needsfor the
Illinois populations. TheLockportPrairiepopulationranksasahigh-viability
populationand amodel forthespecies.Thispublicly ownedsitehasthehighestform
oflegal protectionavailable(Statenaturepreserve),harborsavery largepopulation
with enoughsuitablehabitat,and is activelymanagedby prescribedburningand
brushcontrol. Populationenhancementshouldbe consideredin recentlycleared
areas. No additionalrecoveryactionsarerequiredatthis time.

TheRomeovillePrairiepopulationranksasmoderateviability becauseit occursin
disturbed,midsuccessionaldolomiteprairiethat is withina privatelyownedpower
line right-of-way. Thispopulationis alsothreatenedby ORV activity enteringfrom
industrial propertyto thewestandfrom thepowerline maintenanceroadto thenorth.
Thepopulationhasbeenin declinein recentyears,partlybecauseofthelackofa
refugium(wet-mesicdolomiteprairie) duringseveredroughtsin 3 ofthepast6 years.
Thesite is activelymanaged(prescribedburning,brushcontrol,etc.)throughan
informal verbalagreementwith the landowner;however,thepopulationmustbe
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legally protectedandsecuredfrom ORV intrusionsandinadvertentdamagefrom
powerline maintenance.A primaryrecoverygoalis to increasepopulationsizein
optimalmicrohabitatsin theadjacentnaturepreserve.

TheKeepatawForestPreservepopulationis approximately4.0 km (2.5miles)
upstreamfrom theRomeovillepopulationandjust northof thesamepowerline
right-of-way. TheKeepatawpopulationranksaslow viability dueto its small
populationsize,absenceof floweringplants,smallhabitatsize,woodysuccession,
andthreatsfrom ORVs. Thesite is formally protectedbutnot managedandis under
considerationfor dedicationasa Statenaturepreserve.A managementplanmustbe
developed that incorporates brush control, prescribed burning, and population size
andincreasewith seedsfrom LockportPrairie. Thepopulationhaslimited recovery
potentialbecauseofthe limited amountof suitablehabitat.

1.6 EvaluatepotentialIllinois recoverysites. BowlesandJones(1992)andDeMauro
(unpublisheddata)conductedfield surveysto locatesuitableIllinois restorationsites
basedoncertainhabitatcriteria(e.g.,soils,geology,presenceofnaturalcommunity,
andkeyplant associates,sensuDeMauro1988). Tensiteswere found,but not all are
suitablefor leafyprairie-cloverrecoveryatthis time becauseofdifferencesin habitat
size,protectionstatus,andthe intensityofpastdisturbances(seeTable10). Although
not surveyed, mesic and wet-mesic dolomite prairie alsoexistsat theJolietArmy
Ammunition Plant (JAAP). These habitats should be evaluated to determine the
recoverypotentialfor leafyprairie-clover. JAAP is scheduled for closure and is
currentlyunderreviewto locatecontaminatedareas.Parcelsnotrequiringcleanup
will be disposed.

Siteswith thehighestpotentialfor leafyprairie-cloverrecoveryareLockportPrairie
EastandWaterfallGlenForestPreserve.LockportPrairieEast,a former leafy
prairie-cloverlocation,containshigh-qualitymesicandwet-mesicdolomiteprairie
thatrequiressomemanagementin theuplandportionsofthetract. Acquisition is
pending,andwhentitle is conveyedto theForestPreserveDistrict ofWill County.
sitemanagementandpopulationrecoveryplansshouldbedevelopedand
implemented. Waterfall GlenForestPreserveis ownedandmanagedby theDuPage
CountyForestPreserveDistrict. Thesitecontains20 hectares(50acres)of degraded
mesicandwet-mesicdolomiteprairiealongtheDesPlainesRiver. Population
recoveryshouldbeincorporatedinto themanagementplanfor this siteaswell.

Siteswith somerecoverypotentialfor leafyprairie-cloverareFabyanForestPreserve
(thetypelocality, which no longer has any knownplants)andtheDesPlainesRiver
ConservationArea. Existing conditionsin eachareaaremarginalandrequire
managementand/orcommunityrestoration. Sitesshouldbe evaluatedin moredetail
prior to developingarecoveryplan. At this time, any populationrestorationactions
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shouldbeconsideredexperimental. If restorationsareattempted,experimentaldata
shouldbecollected,analyzed,andreported.

Sitesthathavealow recoverypotentialor thatarenotsuitablefor recoveryatthis
time includeNaplatePrairie,River BendForestPreserve,KankakeeRiver StatePark,
andCovelCreekPrairie(locationsin BowlesandJones1992). Thesesitesareeither
too small, too highly degraded, lack the ecological conditions that can support leafy
prairie-clover, or are under imminent development threat. If the landownersare
interested in intensive management to restore the natural communities, these sites
should be reevaluated for their recovery potential.

2. Initiate and completepreservedesignand implement the protection and
managementrequired to meet recovery criteria

.

2.1 Developpreservedesigns. Becauseleafy prairie-clover occurs in rare community
typeswith otherrarespeciesthroughoutits range,preservedesignshouldbeat ascale
that conserves the local complexofnaturalcommunitiesaswell asthephysical
habitatfeatures.With theexceptionoffourpublicly ownedpreserves,Stateparks,or
forestsin Illinois andTennessee,mostofthe leafyprairie-cloverpopulationsare
identifiedasEORson privatetractsthatmaynot include all theattributesfor species
conservationorpreserveviability within a landscapecontext. Preservedesigns
shouldincorporatebothconsiderations(Saunderset al. 1991,Noss 1987)andshould
be completedfor all populationsthatarenotprotectedwithin anexistingpreserveand
thatareeitherrankedashigh andmoderateviability oraslow viability with potential
for recovery.

Specificconsiderationsfor leafyprairie-clover(andotherrarespeciesthat would be
protectedwithin thepreserve)includetheamountof suitablehabitat,presenceofthe
full microhabitatgradient,andthepatchinessof habitats.At aminimum,otherdesign
considerationsshouldincludewatershedintegrity (erosion,siltation,waterquality,
etc.)anddefendableboundaries(roads,streams,etc.). Thelattertakesintoaccount
how well thepreserveis bufferedfrom illegal access,off-sitethreats,andadjacent
landusesaswell aspermanentperimeterfirebreaksfor prescribedburns.

2.2 Implementprotection. Therearetwo primarylandprotectionstrategiesthatsecurea
legallybindinginterestto aproperty. Gainingcleartitle andgainingapermanent
conservationeasementwith rightsof access,monitoring,andmanagement.These
strategiescanbeaccomplishedthroughfull feesimpleacquisition,donation,or
eminentdomainproceedingsfor critical sites thatcannotbeprotectedby othermeans.
Thehighestform ofpreservationis aStatenaturepreservesactthatprovideslegal
protectionfrom condemnationby governmentagencies,tollway authorities,orcertain
utilities forpublic worksprojects(exceptin extremecircumstances).In Tennessee
andIllinois thisprotectionis affordedto public or privatetractsdedicatedasState
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naturalareasorStatenaturepreserves.BecauseAlabamadoesnot haveaStatenature
preservesact,public ornot-for-profit (e.g.,TNC) ownershipby title orconservation
easementwould providethebestmeansoflegalprotection. Public landsnot owned
andmanagedby aStateorFederalconservationagencyshouldhaveconservation
easementsorotherappropriatedesignationsplacedon critical sites. Theseeasements
should be granted to the appropriate agency.

Otherlegally bindingformsof landprotectionincludeeasementsandcontracts,such
asleaseor managementagreements,thatproviderightsof access,monitoring,and
management.Thedisadvantagesarethattheseagreementsmaynothaveexplicitly
statedconservationgoalsandtypically arenot in effectforperpetuity. Nonbinding
protectionincludesinformal agreementswith privatelandownersorvolunteerregistry
programs securedthroughlandownercontact.

All leafy prairie-clover populations of high andmoderateviability orof low viability
with recoverypotentialshouldbeprovidedthehighestform oflegal protection
availablein eachState. If a siteis to beprotectedthroughaconservationeasement,a
secondarygranteewith greaterregulatorypowers(e.g.,theService)shouldbe named
on theeasement.

2.3 Developmanagementplans. Managementplansareworking guidelinesthatprovide
a frameworkwithin whichto achieveidentifiedsiteand/orpopulationrecoveryand
managementgoalsandobjectiveswithin an establishedtime frame(Nuzzoand
Howell 1991,ForestPreserveDistrict ofWill County 1992). Theplanshouldinclude
thefollowing: (1) anassessmentoftheecologicalconditionssupportingleafy
prairie-cloverand its associatedplantcommunities,(2) anidentificationofall
elementsto bemanagedandofspecificmanagementproblems(see2.3.2below),
(3) an analysisofany pastorpresentlandusewithin oradjacentto thesitethat
adverselyimpactsany elementto be managed,(4) anevaluationofthesiteand
populationrecoverypotentials,(5) recommendationsfor specificrecoveryand
managementactionsthatresolveidentifiedproblemsfor leafyprairie-clover
populationsandtheassociatedplantcommunities(differentiatebetweenandaddress
theshort-term[specific]andlong-term[routine]recoveryandmanagementactionsas
well ascostandtime estimates),and(6) recommendationsfor populationand
communitymonitoringprogramsthat evaluatetheresultsofrecoveryand
managementactions.Siteandpopulationmanagementactionsareaddressedin 2.4
and 2.5,respectively.A preliminaryassessmentofthe critical threatsand
managementconcernsfor mostsitessupportingleafyprairie-cloverpopulationsare
provided. Moredetailedsurveysareneededto developmanagementplansfor all
critical sites.

2.4 Implement managementplans. Managementplansshouldbeimplementedon all
critical sites. The following issues are essential to the maintenance of leafy
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prairie-clover populations andplant communitiesandshouldbeaddressedin the
managementplans.

PrescribedBurning - Fire wasahistoric ecologicalprocessthat maintainedtheopen
grasslandcommunitiesinhabitedby leafyprairie-clover(Woodruff 1874). Fire
benefitsleafyprairie-cloverhabitatby burningaccumulatedduff, whichkeeps
patchesopenfor theestablishmentofnewplantsandby controllingwoodyplant
succession.Prescribedburningis themostnaturalandeffectivemanagementtool for
populationand communitymaintenanceandshouldbeusedroutinely. Fire
frequency,however,will vary in eachgeographicregiondue,in part,to differencesin
fuel types,how fuel loadsdevelop,howfuel loadsaredistributed,and climatic
variables. Thehistoric datasupportlonger intervals between fires in the limestone
cedargladesandbarrens(GuyetteandMcGmnnes1982)ascomparedto thetall-grass
prairies in northern Illinois. If othermanagementtreatmentsreplaceprescribed
burning, the reasons shouldbejustified.

Woody Plant Succession - Becauseofdecadesofgrazingandfire suppression,
woodyplant succession(encroachment)nowthreatensall plantcommunities
occupiedby leafyprairie-clover,and,unlessopenconditionsaremaintained,the
specieswill declineandmaybe lost. Routineprescribedburnscontrolwoodygrowth
in high-quality communitiesthathaverelativelylittle woodyencroachmentand
enoughofa fuel (grass)matrix to sustainamoderateto hot fire. With moreadvanced
woody succession, prescribed burning is a less effective control method because of
thereducedfuel loads, and it shouldbeaugmentedby cuttingandapplyingthe
appropriateherbicideto thecutstems/trunks.Theapplicationofherbicidesis critical
to thepreventionofresproutingin deciduouswoodyspeciesandshouldonly be
conductedby licensedapplicatorsand operatorsunderappropriateconditions. The
cuttingsshouldeitherbe removedfrom thesiteortheyshouldbeplacedin pileson
appropriate areas (degraded or buffer) and burned on thesite. Prior to the application
ofany herbicidesintohabitatsupportingleafyprairie-clover,a thoroughanalysisof
thepotentialadverseeffectsofherbicideusemustbe conducted,anda carefully
designedapplicationplanmustbe developedandfollowed. Onceareasareclearedof
brushanda grassmatrix is established,fire will maintaintheopenconditions.

Exotic SpeciesControl - Severalexoticplant speciesinvadeandthreatenthe
communitiessupportingleafyprairie-cloverpopulations. Thewoodyexotic
Europeanbuckthorn(Rhamnuscathartica) is themostseriousthreatin Illinois; once
established,it canexcludenativeprairiespecies.Thespeciescanbecontrolledas
statedabove. In degradednaturalcommunities,exoticperennialgrassescompete
with andthreatenleafyprairie-cloverpopulations.This includesKentuckybluegrass
(Poapratensis)andCanadabluegrass(P. compressa)in Illinois andBermudagrass
(Cynodondactylon)andJohnsongrass(Sorghumhalepense)in Tennesseeand
Alabama. The perennial Lespedezacuneataandthebiennials white sweet clover
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(Melilotus alba), Queen Anne’s lace(Daucuscarota), wild parsnip(Pastinacasativa),
cut-leaved teasel (Dipsacuslacinatus),commonmullein (Verbascumthapsus),and
thistle(Cirsiumspp.)canpersist. Successivespringprescribedburnsmaycontrol
these graminoid and herbaceous exotics, but if thereis a heavyinfestationor seed
bank, burning should be supplemented by foliar herbicide applications (grasses and
thefirst-yearrosettes),hand-pulling(second-yearflowering plants),andremovalfrom
the site.

Protection from Overuse and Illicit Activities - Someleafy prairie-clover
populationsareadverselyaffectedby ORVs, dumping,andtrampling from off-trail
use. Theseproblemscanberemediedby postingsigns,erectingfences,limiting
public access, patrolling and enforcing applicable regulations, andwhenappropriate,
usingeducationalprogramsto inform thepublic ofthevalueandneedfor the
protectionandmanagementof leafyprairie-clover. In addition,all Federal,State,and
local lawsthat protectleafyprairie-cloverandits habitatsshouldbeenforced,
includingStateregulationsthatrequireanonbindingendangeredspeciesconsultation
process.

Herbivore Damage - Intense herbivory will lower seedproductionbecauseit is
concentratedon theflowering stems. This lossmaybeanimportantconcernin small
populations. To reduce these impacts, herbivores can be excluded during flowering
andfruiting (July throughAugust)by exclosures,commercialsprays(e.g.,Ropel),or
scent-marking with predator urine/feces.

2.5 Conduct population recovery and restoration efforts. To meet the recovery
criteriafor speciesrecovery,increasingthesizeofexistingpopulations(assuming
unoccupiedhabitatis available)andestablishingnewpopulationsto formerorother
suitable sites will be required. Although the species is easily propagated and has high
seed production in natural and artificial settings, past transplant efforts have not been
very successful.Choosingtheappropriatemicrohabitatconditionsfor seedingor
transplantingis likely critical for successfulrecovery/restoration.Isozymeanalysis
will soonbecompleted(Wiltshire,personalcommunication,1992),andtheseresults
will help in thedevelopmentofrecoveryprotocolsbasedon geographicdifferencesin
geneticvariation.

2.5.1 Enhanceexisting populations. Population sizesshould be increasedat sites
harboringsmall or moderatenumbersof leafyprairie-clovers(seeTable9) and
at suitableunoccupiedcloverhabitat. Therecoveryofexistingpopulationsby
enhancementwill increasethepopulation’sviability ranking. Seedsshouldbe
collectedon the site(this assumesno pollinator limitation andadequateseed
production) and shouldbebroadcastby handandrakedintoopenpatchesof
low swales/pockets,lowerslopepositions,oralongdry washes(seeFigure2)
without adverselyimpactingthenativevegetation.Theseconditionscanbe
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foundin eitherhigh-qualityormoderatelydisturbedlmidsuccessionalnatural
communities. Avoid putting seedsneartheedgesofdensevegetationto reduce
allelopathy and other competitive affects. Although bacterial nodules develop
on the roots (Baskin and Baskin 1989), seedsreadily germinate and
successfullygrowwithoutinoculation. If establishmentis successful,plants
should flower in 2 or 3 years.

2.5.2 Establishnew populations. To meetthe recovery criteria, leafy prairie-clover
must be restored at former sitesorestablishedat newsites. Theintent is to
augment population occurrences within a geographic region, not to justify the
destructionof naturalpopulations.Recoverysitesshouldbeassessedby site
sizeandthepresenceandamount ofall suitablemicrohabitatsandshould
closely match known locationswith respectto geology,soils, aspect,andplant
associates (sensuDeMauro, in press; Huenneke 1991). Recovery sitesshould
be protectedandmanagedwithin the species’historic range. Usingseedsfor
restoration(asdescribedin 2.4.1)is themostefficient method. Using
transplantsfor restorationis morelabor intensivebut,if successful,will achieve
thedesiredresultsmorequickly. Sometransplantconsiderationsincludeorigin
(field- versusgreenhouse-grown),size(maintainhighroot/shootratio), initial
number,plantingdensity,monitoringmethods,andpost-transplantwatering
(DeMauro,in press).

Thereareconflictingopinionsasto theuseofpropagulesfrom different
geographicsourcesin populationrecoveryandrestoration.While higher
geneticvariationis generallyconsideredanadvantagein respondingto changes
in novelenvironments,it maynot necessarilyconfergreateradaptivevalue
(Huenneke1991)or it mayresultin outbreedingdepressionin hybrids (Fenster
andDudash,in press).Thus, thereareno generalguidelines. Protocolsshould
be species-specific,basedon theavailableinformation.

An electrophoreticstudyofthegeneticdiversity in leafyprairie-cloveris
underway(B. Wiltshire andD. Nikrent, in progress),andtheresultsshouldbe
usedto developthesegeneticprotocols. In the interim, any propagulesusedin
populationrecoveryand restorationshouldcomefrom thesamegeographic
region. At leastonemoderate-or large-sourcepopulationexistswithin each
geographic region where the speciesoccurs. Rescueefforts shouldbe
implementedassoonaspossiblefor any populationunderimmediatethreatof
extinction,includingtheWoodmontBoulevardsitein Tennessee(Davidson
County) and the Morgan County site in Alabama. Plants should be maintained
in a greenhouseorgardensetting in orderto harvestseedsforrecoveryand
restoration efforts.

52



3. Develop and implement population monitoring programs. A monitoring program
should be designed to gauge the status of naturally occurring populations over a period of
time andto evaluatethestatusof populationrecoveryandrestorationactions. By relating
thedatato changingenvironmentalormanagementconditions,themonitoringprogram
will helpdetermineif andwhatmanagementorrecoveryactionsareneededfor population
maintenance.Populationscanbe monitoredby trackingthetotal censuscountandby
usingsamplingor demographicdataandshouldatleastincludeaccuratemappingof
locations(patches).Demographicmonitoringis mostimportantin the initial stagesof
populationrestoration.Trackingof individual survivorship,reproductivestatus,and
recruitmentwill helpdetermineif andhowthesevariablesarerelatedto changesin
successionalstage,managementactions,orenvironmentalstochasticity(sensuShaffer
1981);e.g., drought. At aminimum,monitoringdatafor all populationsshouldinclude
growthstage(seedling,juvenile,mature,or dormant),floweringfrequency,rateof
herbivory,numberofflowering and/orfruiting rametsperplant, andobservationsof
generalvigor. Reproductivepotentialandseedoutputcanalsobeestimated.

4. Conduct researchneededto enhancerecovery efforts

.

4.1 Determine the species’breedini~ system. Becausethe breeding systemaffects
populationdynamics,maintenanceofgeneticdiversity, effectivepopulationsize,and
extinctionprobabilities(Menges1991, Karron1991),it is animportantconsideration
in anymanagementand recoverystrategy.Specificresearchquestionsshouldaddress
thespecies’breedingsystemandrelatetheresultsto populationrecoveryand
restoration.Underartificial conditions,adeterminationshouldbemadeasto whether
leafyprairie-cloveris an obligateoutcrosserandwhetherinbreedingdepressionis a
potentialproblem. In naturalpopulations,pollinatorsshouldbeidentifiedandtheir
movementpatternswithin thepopulationshouldbe documented.Thesedatacanbe
comparedto the levelsofgeneticvariationandheterozygosityobservedin natural
populations(B. WiltshireandD. Nikrent, in progress).

4.2 Study the role of dormant life stagesin thesurvival of thespecies.Population
persistenceis enhancedby dormantlife stagesthatareunaffectedby environmental
stochasticevents. Researchis neededto accomplishthefollowing: (1) characterize
seeddispersalin naturalpopulations,(2) determinetheprevalenceof seedbanksand
thefrequencyof plantdormancyin naturalpopulations,(3) determineif andhow
dormantlife stagesarerelatedto environmentalfluctuations,and(4) assessthe
contributionofdormancyto populationdynamics.Successionalandhigh-quality
habitatsshouldbe comparedto determineif thesecontributionsvary with respectto
disturbancelevels.

4.3 ConductlonR-termdemographicstudies.Long-termmonitoringofkey
demographicvariablesis neededin high-viability populationsin orderto characterize
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populationdynamics.Thesedatawouldprovideobjectivecriteriato helpdetermine
if andwhenarestoredor recoveredpopulationis successful.

5. Develop materials to inform the public about the status of thespeciesand the
recovery plan objectives. Public support for the conservation of leafy prairie-clover
could greatly encourage landowner assistance in conservation efforts. However,
informational material should not identify theplant’spreciselocationsin orderto
discourage vandalism to, or collection of, wild populations.

Informationalmaterialsshouldstresspragmaticreasonsfor speciesconservationas
well asintellectual,aesthetic,or moralconsiderations.Backgroundinformation
aboutthepharmacological,agricultural,oreconomicpropertiesofthespecies,its
congeners,or otherplant family relativeswill helpaddressthequestionsfrequently
posedby laypersons.Additional informationshouldbeprovidedaboutknownor
suspectedbio-indicatorpropertiesofthespecies.

5.1 Prepareand distribute newsreleasesand informational brochures. Informational
materialsshouldbepreparedaboutthestatus,significance,andrecoveryofthe
species.Newsreleasesshouldbedistributedto majornewspapersin thespecies
rangeandto smallernewspapersin thevicinity of thespecies’habitat. Interpretive
displaysandbrochuresshouldbe developedforuseonpublic landor inpublic
schools. Thesematerialsshouldstressthefragility ofthis rareplant’shabitat.

5.2 Preparearticles for popular and scientific publications. Published articlesare
necessaryto inform local citizensandpublic officials abouttheneedto protectleafy
prairie-cloverin its nativehabitatandto encouragetheirenthusiasticcooperationin
conservationefforts. Scientificpublicationsshouldidentify themostpressingneeds
for furtherstudiesandseektheassistanceof collegeanduniversityresearcherswho
havestudiedthis orcloselyrelatedspecies.
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PART III

IMPLEMENTATION SCHEDULE

Priorities in columnoneof thefollowing ImplementationScheduleareassignedasfollows:

1. Priority 1 - An actionthatmustbetakento preventextinctionor to preventthespecies
from decliningirreversibly in thef i~~ahhfuture.

2. Priority 2 - An actionthatmustbetakento preventasignificantdeclinein species
population/habitatqualityor someothersignificantnegativeimpactshortof
extinction.

3. Priority 3 - All otheractionsnecessaryto meettherecoveryobjective.

Key to Acronyms Usedin This Implementation Schedule

ADC - Alabama Department of Conservation
-— CPC - Centerfor PlantConservation

TE - EndangeredSpeciesDivision oftheU.S.FishandWildlife Service
FPDDC - ForestPreserveDistrict ofDuPageCounty,Illinois
FPDKC - ForestPreserveDistrict ofKane County,Illinois
FPDWC- ForestPreserveDistrict ofWill County,Illinois
FWS - U.S. FishandWildlife Service
IDC - Illinois DepartmentofConservation
R3 - Region3 (North CentralRegion),U.S. FishandWildlife Service
R4 - Region4 (SoutheastRegion),U.S. FishandWildlife Service
TDEC - TennesseeDepartmentof EnvironmentandConservation
TNC - TheNatureConservancy
TVA - TennesseeValley Authority
UNIV - University
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-______ LEAFY PRAIRIE-CLOVER IMPLEMENTATION SChEDULE

Task f I Task Responsible Anency Cost Estimates ($OOOs~

Priority Number[ Task Description j_Duration FWS Other FYi FY2 FY3 Comments

1.1 Identify and prioritize 2 years R4FIE IDEC, TNC, TVA 6.0 6.0 Initiated in FY 1993.

protection, management, and

restoration needs for

Tennessee’s populations.

2

2

2

2

2

2

2

2

1.2

1.3

1.4

1.5

1.6

2.1

2.2

2.3

EvaluatepotentialTennessee
recoverysites.

1 year

2 years

R4/TE TDEC, TNC. TVA

R4ITE ADC, TNC, TVA

R4FI’E ADC, TNC, TVA

R3/TE IDC

R3/TE IDC

R3 and IDC, TDEC,TNC,
R4FI7E ADC

R3 and TDEC,FPDWC,
R4/TE FPDDC, IDC,

ADC, mc, TVA

R3 and IDC, ADC, TNC,
R4/TE TDEC,TVA,

FPDWC,FPDDC,
FPDKC

4.0

3.0 3.0

2.0

Identify andprioritize
protection,management,and
restorationneedsfor the
Alabamapopulations.

EvaluatepotentialAlabama
recoverysites.

1 year

Identify andprioritize
protection,management,and
restorationneedsfor the
Illinois populations.

I year

Completed.

Evaluatepotential Illinois
recoverysites.

6.0

500.0

8.0

Completed.

Developpreservedesigns. Initiatedin Tennessee
in FY 1993.

Implementprotection. 3 years

I year

Secondyear cost-
$500K~ third yearcost-
$250K.

Developmanagementplans.

0”
t’J



LEAFX” PRAIRIE-CLOVER IMPLEMENTATION SCHEDULE (continued)

Priority
Task

Number Task Description
Task

Duration
ResponsibleA~encv

FWS Other
Cost Estimates($OOOs~
FYi FY2 FY3 Comments

2 2 4 Implementmanagementplans. 7 years R3 and
R4/TE

IDC, ADC, TNC,
TDEC,FPDWC,
FPDDC,IVA,
FPDKC

Initiatedupon
completionof 1ask2.3;
costestimatedto be
$lOK peryear.

2 2.5,1 Enhanceexistingpopulations. 4 years R3 and
R4/TE

CPC, IDC, ADC,
TDEC, FPDWC,
mc, TVA

15.0 15.0 15.0

2 2.5.2 Establishnewpopulations. 4years R3 and
R4/TE

CPC, IDC, ADC,
TDEC, [PDWC,
FPDDC, TNC,
FPDKC, TVA

10.0 10.0 10.0

3 3 Developandimplement
populationmonitoring
programs.

Ongoing R3 and
R4/TE

IDC, TNC, ADC,
TDEC,FPDWC,
FPDDC,TVA,
FPDKC

25.0 25.0 25.0 A monitoringprogram
is in placein Illinois.

3 4.1 Determinethespecies’
breedingsystem.

2 R3 and
R4ITE

UNIV 10.0 10.0

3 4.2 Study therole ofdormantlife
stagesin thesurvival of the
species.

2 R3 and
R4ITE

UNIV 10.0 10.0

3 4.3 Conductlong-term
demographicstudies.

Ongoing R3 and
R4iTE

UNIV, JOC,ADC,
TOEC,FPDWC,
TVA

15.0 15.0 15.0

3 5.1 Preparenewsreleasesand
brochures.

Ongoing R3 and
R4ITE

ADC, CPC,IDC,
TDEC,INc

2.0 5.0

3 5.2 Preparearticlesfor popular
and‘cientific nublicatinn~

Ongoing R3 and
B.4I~~

UNIV. ADC, CPC,
IDC TDEC INC

0~



PART IV

LIST OF RECIPIENTS

Thefollowing agencies,organizations,andindividualsweremailedcopiesof thisrecoveryplan.
This doesnot imply thattheyprovidedcommentsorendorsedthecontentsof thisplan.

TheAlabamaConservancy
2717SeventhAvenue,S.,Suite201
Birmingham,Alabama35233

Mr. RobertJoslin
RegionalForester
U.S. ForestService
1720PeachtreeRoad,NW., Suite800
Atlanta,Georgia30367

*~fr JimAllison

GeorgiaDepartmentofNaturalResources
2117U.S. Highway278, SE.
SocialCircle, Georgia30279

*Dr. RogerAnderson

DepartmentofBiological Sciences
Illinois StateUniversity
Normal, Illinois 61761

*Dr RobertF. Betz

Biology Department
NortheasternIllinois University
5500NorthSt. Louis, Room5352B
Chicago,Illinois 60625

Ms. SandyBivens,Director
WarnerParkNatureCenter
7311 Highway 100
Nashville, Tennessee 37221
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*Dr Gary B Blank

NorthCarolinaStateUniversity
Box 8002
Raleigh,NorthCarolina27695-8002

*Mr Marlin L. Bowles

TheMortonArboretum
Lisle, Illinois 60532

*Dr. FaithCampbell

ResourceSpecialist
NaturalResourcesDefenseCouncil
1350NewYork Avenue,NW.
Washington,DC 20005

Centerfor PlantConservation
MissouriBotanicalGarden
P.O. Box 299
St. Louis, Missouri63166

*Dr. SteveChaplin

TheNatureConservancy
1313Fifth Street,SE.
Minneapolis,Minnesota55414

*Dr Leo Collins

Forestry,Fisheries,andWildlife Division
TennesseeValley Authority
Norris, Tennessee37828

*Dr. Bob Cook

Arnold Arboretum
125 Arborway
Jamaica Plain, Massachusetts 02130

*Dr. JohnCrowder

421 NottinghamRoad
Florence,Alabama35633
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Ms. MarcellaM. DeMauro
NaturalResourceManager
ForestPreserveDistrict ofWill County
CherryHill RoadandRoute52, R.R. 4
Joliet, Illinois 60433

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

ProjectManager(7507C)
EnvironmentalProtectionAgency
EndangeredSpeciesProtectionProgram
EnvironmentalFateandEffectsDivision
Office ofPesticidePrograms
401 M Street,SW.
Washington,DC 20460

*Dr. MurrayA. Evans

BotanyDepartment
Universityof Tennessee
Knoxville, Tennessee37916

FishandWildlife ReferenceService
5430GrosvenorLane,Suite110
Bethesda,Maryland20814

*Dr JohnD. Freeman

DepartmentofBotanyandMicrobiology
AuburnUniversity
Auburn, Alabama 36830

TheGardenClub of America
598 MadisonAvenue
New York, New York 10022

*W Rob Gardner

CuratorofRarePlants
TheNorthCarolinaBotanicalGarden
University ofNorthCarolina- ChapelHill
CB# 3375,TottenCenter
ChapelHill, NorthCarolina27599-3375
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Mr. William Gentner
City Manager
City Hall
Columbia,Tennessee38401

*Dr DeannaGlosser

Illinois DepartmentofConservation
Lincoln TowerPlaza
524 SouthSecondStreet
Springfield, Illinois 62701-1787

Mr. Mike Green
Maury CountyExecutive
Room 101, Courthouse
Columbia,Tennessee38401

*Mr ScottGunn

AlabamaNaturalHeritageProgram
DepartmentofConservationandNaturalResources
64 NorthUnion Street,Room752
Montgomery,Alabama36130

Mr. JohnW. Hodnett,Director
AlabamaDepartmentofConservationandNaturalResources
64 NorthUnion Street
Montgomery,Alabama36130

Mr. David Hoge
AlabamaForestryCommission
513 MadisonAvenue
Montgomery,Alabama36130

*Chairman

Illinois NaturePreservesCommission
600 N. GrandAvenue
Springfield,Illinois 62706

*Mr. JoeJacob

TheNatureConservancy
P.O.Box 2267
ChapelHill, NorthCarolina27514
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Mr. Roy Jensen
Division of ParksandRecreation
Tennessee Department of Environment and Conservation
401 ChurchStreet
8th Floor, L&C Tower
Nashville,Tennessee3 7243-0447

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

*Dr Bob Kral

Biology Department
VanderbiltUniversity
Box 1705, StationB
Nashville,Tennessee37235

*Dr. SusanH. Lathrop,ExecutiveDirector

AmericanAssociationof BotanicalGardensandArboreta,Inc.
786 ChurchRoad
Wayne,Pennsylvania19087

Mr. RobertMcCartney
Woodlanders
1128ColletonAvenue
Aiken, SouthCarolina29801

*Dr. RobertH. Mohlenbrock

DepartmentofBotany
SouthernIllinois University
Carbondale,Illinois 62901

Mr. GaryMyers,ExecutiveDirector
TennesseeWildlife ResourcesAgency
Ellington Agricultural Center
P.O. Box 40747
Nashville,Tennessee37204
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DepartmentofBotany
NationalMuseumofNaturalHistory
SmithsonianInstitution
Washington,DC 20560

NaturalResourcesDefenseCouncil, Inc.
40 West20thStreet
NewYork, NewYork 10011

TheNatureConservancy
2821 SecondAvenue,South,NumberC
Birmingham, Alabama 35233-2811

The Nature Conservancy
79 WestMonroeStreet,Suite708
Chicago,Illinois 60603

TheNatureConservancy
EasternRegionalOffice
201 DevonshireStreet,5thFloor
Boston,Massachusetts02110

*Ms GabrielleK. Call

Protection,Science,andInformationManager
TheNatureConservancy
2002RichardJonesRoad,Suite304-C
Nashville,Tennessee37215

TheNatureConservancy
1815N. Lynn Street
Arlington,Virginia 22209

NewEnglandWildflower Society,Inc.
Gardenin theWoods
HemenwayRoad
Framington,Massachusetts01701

*Mr. Rich Owings

NorthCarolinaArboretum
P.O. Box 6617
Asheville,NorthCarolina28816
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Mr. SteveParks
ChiefAdministrativeOfficer
TennesseeUpperDuckRiver DevelopmentAgency
201 E. DepotStreet
Shelbyville,Tennessee37168

*Mr Brian C. Parsons

TheHoldenArboretum
9500 SperryRoad
Mentor, Ohio 44060

*Dr. CharlesPerino

Illinois DepartmentofTransportation
23005. DirksenParkway
Springfield, Illinois 62764

*Bot~st

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

*Dr. KennethR. Robertson,Botanist

Illinois NaturalHistory Survey
172NaturalResourcesBuilding
607 EastPeabodyDrive
Champaign,Illinois 61820

Mr. Bob Rochelle
Division ofForestry
TennesseeDepartmentofEnvironmentand Conservation
401 ChurchStreet
8th Floor, L&C Tower
Nashville,Tennessee3 7243-0447

*Dr. GeorgeRogers

MissouriBotanicalGarden
P.O.Box 299
St. Louis, Missouri63166

Mr. Ed Schell
416 LambethDrive
JohnsonCity, Tennessee37601-1042
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*Mr. JohnSchwegman

Illinois DepartmentofConservation
524 South2nd Street
Springfield, Illinois 62701-1787

*Mr Alan Smith

P.O. Box 887
MarsHill, NorthCarolina28754

Mrs. LindsayC. Smith
3221 PineRidgeRoad
Birmingham, Alabama 35213

*Dr MarianSmith

DepartmentofBiological Sciences
SouthernIllinois UniversityofEdwardsville
Room3331, Science Building
Edwardsville,Illinois 62026

*Dr. JaniceCoffeySwab

— ConservationCommittee
AmericanSocietyofPlantTaxonomists
MeredithCollege
HunterHall, 3800HillsboroughStreet
Raleigh,NorthCarolina27607-5298

TennesseeNativePlantSociety
c/o DepartmentofBotany
Universityof Tennessee
Knoxville, Tennessee37916

TennesseeStatePlanningOffice
Attention: Mr. KeelHunt
660 Capitol Hill Building
Nashville,Tennessee37219

EnvironmentalQuality Staff
(SPB25228P)
TennesseeValley Authority
Knoxville, Tennessee37902-1499
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Traffic U.S.A.
World Wildlife Fund
1250Twenty-fourthStreet,NW., Suite500
Washington,DC 20037

U.S. ForestService
Wildlife, Fisheries,andRange
1720PeachtreeRoad,NW.
Atlanta,Georgia30367

*Dr. David Whetstone,Curator

JacksonvilleStateUniversityHerbarium
DepartmentofBiology - AyersHall
Jacksonville,Alabama36265

*Dr. PeterWhite, Director

NorthCarolinaBotanicalGarden
UniversityofNorthCarolina- ChapelHill
CB# 3375,TottenCenter
ChapelHill, NorthCarolina27599-3375

*Dr. GeorgeYatskievych

FloraofMissouriProject
MissouriBotanicalGarden
P.O. Box 299
St. Louis, Missouri63166

Ms. Juliet Mason
4700King Street,Suite500
Alexandria,Virginia 22302

Mr. PeterD. McKone
FreeseandNichols, Inc.
4055InternationalPlaza,Suite200
Fort Worth, Texas76109-4895

Mr. ThomasA. Wojtalik
EnvironmentalEngineer
MR 5K-C
TennesseeValley Authority
1101 MarketStreet
Chattanooga,Tennessee37402-2801
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Ms. DianeSharrow
1402 N. Walnut Avenue
Arlington Heights, Illinois 60004-4666

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

*Ms. Ruby Pharr

111 York Street
Morganton,NorthCarolina28655

Mr. ElbertT. Gill, Jr.
TennesseeDepartmentof EnvironmentandConservation
401 ChurchStreet
8th Floor, L&C Tower
Nashville,Tennessee37243-0447

*Mr. ReginaldReeves,Director

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

*Dr. William H. Redmond

RegionalNaturalHeritageProject
TennesseeValley Authority
Norris, Tennessee37828

*Mr. CharlesP. Nicholson

TennesseeValley Authority
400 WestSummitHill Drive
Knoxville, Tennessee37902-1499

Lt. Col. JohnWhisler
NashvilleDistrict Engineer
U.S. Army Corpsof Engineers
P.O. Box 1070
Nashville, Tennessee 37202-1070
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Mr. JerryLee
U.S.NaturalResourcesConservationService
U.S. Courthouse,Room675
801 Broadway
Nashville,Tennessee37203

Dr. HarrietGillett
World ConservationMonitoring Centre
219HuntingdonRoad
CambridgeCB3 ODL
UnitedKingdom

*IndependentPeerReviewers
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