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ABSTRACT

The flora oi 18 xeric limestone prairies in the htterior Low Plateaus physiographic province in Ken-
tucky was surveyed and a checklist ol vascular plants prepared for each site. Nine of the 18 sites are
in the Knobstone Escarpment and Knobs, four in the Mammoth Cave Plateau, two in the Pennyroyal
Plain and three in the Outer Blue Grass. Life form, photosynthetic pathway, geographic affinity, con-
servation status and presence were determined tor each taxon. Community coefficients were calcu-
lated from site f loristic lists, and the physiography, geology and soils associated with each site were
documented. The flora of xeric limestone prairies in Kentucky was compared to that of limestone
cedar glades of the southeastern United States and of deep-soil barrens of the southwestern Penn)--
royal Plain in Kentucky and Tennessee. Three hundred and thirty-five taxa were identified in this
plant community type, of which 20 are nonnative and 24 state-listed. Families with the highest
number of taxa were Asteraceae (70), Poaccae (32) and Fabaceae (29); genera with the highest num-
ber of taxa were Symphyotrichurn (15J, Panicum sensu lato {=Panicum + Dichanthelium) (10), Carcx
(7), Sohdago (7) and Hypericum (6j. intraneous C, liemicryptophytes make up the majority of the
flora. Community coefficients indicate high similarity among all sites except those in the eastern
outerBlue Grass, which belong to a second association orcommunity type. Endemic species, a higher
percentage of therophytes (i.e. annuals, especial!)' winter annuals) and a higher number of taxa wit h
western and northwestern geographic alfinities distinguish the limestone cedar glade llora Irom
those oi xeric limestone prairies and deep-soil l^arrens.

RESUMEN

La I lora de 18 praderas calcareas xericas en la provincia I isiografica Interior Low Plateaus en Ken-
tucky lue estudiada y se preparo un catalogo de plantas vasculares en cada lugar. Nueve de los 18
puntos estan en el Knobstone Escarpment y Knobs, cuatro en el Mammoth Cave Plateau, dos en la
Pennyroyal Plain, y tries en el Outer Blue Grass. Se determino el tipo biologico, ruta fotosmtetica,
afinidad geografica, estado cle conser\'aci6n y presencia de cada taxon. Se calcularon los coef icientes
de comunidad a partir de las listas floristicas del punto, y se documento la fisiografia, geologia y
suelos asociados con cada punto. l,a flora de las praderas calcareas xericas en Kentucky se compara
con la de los claros calcareos de cedro del Sureste de los Estados Unidos y con la de los eriales de
suelos profundos del Suroeste de la Pennyroyal Plain en Kentucky y Tennessee. Se identificaron
trescientos treinta y cinco taxa en este tipo de comunidad vegetal, de los que 20 no son natives y 24
estan listados en el estado. Las familias con cl mavor numero de taxa lueron Asteraceae (70), Poaceae
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(32) y Fabaccae (.l^TX los gcneros con cl mayor numero tie ta\a fueron Svmphyot lichumi]^). Pdiiit iini
scnsu lato {=l\iiULum + Duhanlhcliuin) (10). C.arcx(7). SoliLid\:^o (7) c Uypcr'uum (0). Fos
licinici'ipi6tit(isC;Caracteristicosde la comunidad lor in an la ina\'oi" parte clc la I lora. Los coc lie lent es
dc comuindaJ indiean aha sunilliud eni re todos los [iimtos e.xccpio los de Noi'theasieiai Blue Grass,
e|ue perteneceii a una segunda asociacion o tipo de eoniunidad. Las es]ieeies endemicas, nn alto
porcentaje de lerolitos lej, anuales, especialmente anuales dc unierno) )' un alio numero de taxa con
atinidadcs geogralicas occidentales y noroccidentales dilerencian Li 1 lora de los claros calcareosde
ccdro de la de las pradcras calcareas xerieas y eriales de suelos proiundos.

INTRODUC.TION

Xeric  limestone  prairies  are  characterized  by  high  cover  ol  C4  perennial  grasses
(Schizcichyrium  scoparium,  Andivpo\!^on  gcrardii  Sorghastrum  nutans  and
Bouteloua  curlipcndula),  moderate  to  steep  slopes  with  south  to  west  aspects
and  shallow  rocky  soils  derived  Irom  calcareous  substrates  (Baskin  &r  Baskin
2000).  In  Kentucky,  these  herbaceous  plant  communities  occur  in  the  western
mesophytic  iorest  region  (sensu  Braun  1950)  and  are  rare  at  the  landscape  scale.
Theflora  ol  xeric  limestone  prairies  in  Kentucky  has  not  been  adequately  char-
acterized,  and  the  soils,  geology  and  physiography  associated  with  this  com-
munity  type  have  not  been  documented  systematically.  Thus,  the  primary  ob-
jectives  ol  the  present  study  were  to:  1)  provide  a  checklist  ol  vascular  plants  in
xeric  limestone  prairies  in  Kentucky  based  upon  field  work  conducted  by  the
first  author;  2)  determine  the  geographic  relationships,  lilc  lorms  and  photo-
synthetic  pathways  oi  the  constituent  taxa;  and  3)  document  the  soils,  geology
and  physiography  associated  with  xeric  limestone  prairies  in  Kentucky.  A
lourth  objective  was  to  turther  compare  xcric  limestone  prairies  to  limestone
cedar  glades  and  deep-soil  barrens,  both  ol  which  also  are  developed  on  calcar-
eous  substrates  and  occur  in  the  western  mcsoph)'tic  Iorest  region.

In  their  comparison  ol  xeric  limestone  prairies,  limestone  cedar  glades  and
deep-soil  barrens  in  the  Kentucky  Karst  Plain  and  adjacent  areas,  Baskin  et  al.
(19Q4)  locused  primarily  on  vegetation,  edaphic  characteristics  and  origins.  Like
xeric  limestone  prairies,  deep-soil  barrens  are  characterized  by  high  cover  of
C4  perennial  grasses  (Schizachyrium  scaparium,  Andropogon  gerardii  and
Sorghast vu m n uUt ns). I lowevcr, deep-soi 1 barrens originated from periodic burn-
ing  by  Native  Americans  prior  to  huropean  settlement,  whereas  xeric  limestone
prairies  resulted  Irom  clearing  ol  land  lor  agricultural  purposes,  overgrazing
and  subsec[uent  soil  erosion  (Baskin  et  al.  1994).  Conversely,  limestone  cedar
glades  arc  an  edaphic  climax  community  and  typically  have  high  cover  of  the
C4  summer  annual  grass  Sporohol  us  vu^ini/lorus  (Baskin  &  Baskin  1999).

Baskin  and  Baskin  (2003)  published  the  flora  of  limestone  cedar  glades  of
the  southeastern  United  States,  and  Chester  et  al.  (1997)  published  the  llora  of
deep-soil  barrens  in  the  southwestern  Pennyroyal  Plain  of  Kentucky  and  Ten-
nessee.  By  providing  a  1  lora  ol  xeric  limestone  prairies  in  Kentucky,  the  current
study  affords  the  opportunity'  lor  t  k>ristic  comparisons  among  these  three  herb-
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dominated  community  types.  Comparative  data  on  species  richness,  geographic
affinities,  photosynthetic  pathways,  life  form  and  taxonomic  distribution  ol  the
three  respective  floras  are  essential  tor  accurate  characterization  of  these  com-
munity  types  and  will  provide  further  insight  into  their  ecological  differences.

SITE  CHARACTERISTICS

A  site  was  defined  as  a  single  forest  opening  (Fig.  f),  many  of  which  contained
small  patches  of  woody  vegetation.  In  two  sample  areas  (Crooked  Creek  Bar-
rens  and  Fort  Knox  Military  Reservation),  two  forest  openings  occurred  on  the
same  land  parcel,  fiowever,  in  both  of  these  properties  the  two  openings  are
separated  by  at  least  fOO  m,  and  thus  each  opening  was  considered  a  site.  An
attempt  was  made  to  determine  the  exact  area  of  each  site  using  GIS  software.
However,  the  large  perimeter  to  area  ratios  and  patches  of  woody  vegetation  in
many  sites  prevented  accurate  measurement.  In  general,  sample  sites  ranged
from  less  than  0.5  to  approximately  2.25  hectares.  Site  characteristics  are  sum-
marized  in  Table  f.

Physiography
In  Kentucky  xeric  limestone  prairies  occur  in  the  Blue  Grass,  Shawnee  and  High-
land  Rim  sections  of  the  Interior  Low  Plateaus  physiographic  province  (sensu
Quarterman  &  Powell  1978)  (Fig.  2).  The  Knobstone  Fscarpment  and  Knobs
subsection  of  the  Blue  Grass  supports  the  largest  number  of  xeric  limestone
prairies  in  the  state,  containing  nine  of  the  f8  sites  surveyed  in  this  study  The
relatively  high  number  of  xeric  limestone  prairies  in  this  area  is  most  likely
due  to  the  rugged  terrain  in  the  region,  since  moderate  to  steep  slopes  with  fine-
textured  soils  are  particularly  susceptible  to  soil  erosion.  Xeric  limestone  prai-
ries  also  occur  in  the  western  (Pine  Creek  Barrens)  and  eastern  (Crooked  Creek
Barrens  1  and  2)  Outer  Blue  Grass.  In  the  Shawnee  Hills  section,  all  four  sample
sites  (Grayson  County  Barren,  Knights  Barren,  Lapland  Barrens  and  Lapland
Road  Barrens)  are  located  in  the  Mammoth  Cave  Plateau.  Logan  County  Glade
and  Logan  County  Barrens  also  are  shown  in  the  Mammoth  Cave  Plateau  on
the  map  of  Quarterman  and  Powell  map  (Fig.  f  ,  page  30).  However,  we  consider
them  to  be  in  the  Pennyroyal  Plain  subsection  of  the  Highland  Rim,  which  is  in
agreement  with  Fenneman  (1938,  Figure  123,  page  436)  and  an  unpublished
map  of  the  Pennyroyal  Plain  by  Baskm  and  Baskin.

Geology
The  xeric  limestone  prairies  m  Kentucky  occur  on  Upper  Silurian  and  Upper
Mississippian  calcareous  substrates  including  limestone,  dolomite  and  shale
(Fig.  3).  The  sample  sites  in  the  Knobstone  Fscarpment  and  Knobs,  Mammoth
Cave  Plateau  and  Pennyroyal  Plain  all  occur  on  LJpper  Mississippian  limestones,
many  of  which  also  contain  shale  and/or  dolomite.  All  nine  xeric  limestone
prairies  surveyed  in  the  Knobstone  Fscarpment  and  Knobs  are  developed  on
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Fig. 1. Three xeric limestone prairies in the Interior Low Plateaus physiographic province in Kentucky.Top,Scudder Glade
State Nature Preserve, Hardin County (photo by Carol Baskin, August 1980); middle, Pine Creek Barrens (The Nature
Conservancy), Bullitt County (photo by Patrick Lawless, October 2003), XLP = xeric limestone prairie and LCG-LA = lime-
stone cedar glade-like area, ; bottom. Crooked Creek Barrens State Nature Preserve, Lewis County (photo by Patrick
Lawless, May 2002).
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Fig. 2. Locations of sample sites in the Interior Low Plateaus physiographic province (map from Quarterman & Powell
1978). Subsections of Highland Rim Section: H1=Eastern Highland Rim, H2=Southern Highland Rim, H3=Western High-
land Rim, H4=Southwestern Highland Rim, H5=Little Mountain, H6=Moulton Valley, H7=Pennyroyal Plain,
H8=Elizabethtown [Plain], H9=Mitchell Plain, H10=Greensburg Upland, Hn=Cumberland Enclave, H12=Norman
Upland. Subsections of Central Basin Section: Cl=Cumberland River Basin, C2=Harpeth River Basin, C3=Duck River
Basin, C4=Eik River Basin. Subsections of Blue Grass Section: Bl=Knobstone Escarpment and Knobs, B2=Northeastern
Blue Grass, B3=0uter Blue Grass, B4=Eden Shale Belt, BS=lnner Blue Grass. Subsections of Shawnee Hills Section:
S1=Mammoth Cave Plateau, S2=Marion [Area], S3=lllinois 0zarks,S4=0hio River Hills & Lowlands, S5=Brush Creek
Hills.
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Fig. 3. Bedrock geology of xeric limestone prairies in the Outer Blue Grass (western and eastern), Pennyroyal Plain,
Mammoth Cave Plateau, and Knobstone Escarpment and Knobs subsections of the Interior Low Plateaus physiographic
province in Kentucky (from McDowell 1981 ). Numbers refer to site numbers in Table 1 .The break between Upper Missis-
sippian and Upper Silurian is for the Upper Devonian upon which xeric limestone prairies do not occur in Kentucky.

Salem  Limestone,  of  the  Meramecian  Scries  (Keperfele  1966,  1967;  Peterson  1966).
Keperfele  (1967)  defines  two  main  units  within  the  Salem  Limestone  and  de-
scribes  the  second  unit  in  association  with  characteristic  surlace  and  vegeta-
tion  leatures  oi  xeric  limestone  prairies  as  follows:  "an  argillaceous  limestone
and  shale"  with  a  "surlace  marked  by  rounded  gullied  slopes  barren  except  lor
scattered  junipers."

All  sample  sites  in  the  Mammoth  Cave  Plateau  and  Pennyroyal  Plain  ciccur
on  Upper  Mississippian  limestones  ol  the  Chesterian  Series,  many  ol  which
contain  a  signiticant  shale  component.  Three  oi  the  lour  xenc  limestone  prai-
ries  in  the  Mammoth  Cave  Plateau  (Lapland  Road  Barrens,  Lapland  Barrens  and
Knights  Barren)  are  on  Reelsville  Limestone,  and  two  of  the  three  sites  (Lapland
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Table 1 . Site characteristics of 1 8 xeric limestone prairies surveyed in the Interior Low Plateaus physiographic province in Kentucky.

Site County Physiographic Subsection
of Interior Low Plateaus

Ownership

1 Fort Knox Military Hardin
Reservation 1

2 Fort Knox Military Hardin
Reservation 2

3 Cedar Creek Farms Hardin
4 Scudder Glade Hardin
5 Hardin Co. Cedar Hardin

Glade
6 Muldraugh's Barren Hardin
7 Mixed Grass Barrens Larue
8 Spalding Glade Larue

9 Thompson Creek Glade Larue
10 Pine Creek Barrens Bullitt
11 Crooked Creek Barrens 1 Lewis

12 Crooked Creek Barrens 2 Lewis

Knobstone Esc. & Knobs

Knobstone Esc& Knobs

Knobstone Esc. & Knobs
Knobstone Esc. & Knobs
Knobstone Esc. & Knobs

Knobstone Esc. & Knobs
Knobstone Esc. & Knobs
Knobstone Esc. & Knobs

Knobstone Esc. & Knobs
Outer Blue Grass
Outer Blue Grass

Outer Blue Grass



Table 1. continued

Site County Physiographic Subsection Ownership
of Interior Low Plateaus

Soil Geologic Formation(s)
Order(s) (System)

Site
Richness

13 Grayson Co. Barren

14 Knight's Barren
15 Lapland Barrens

16 Lapland Road Barrens

17 Logan Co. Glade
18 Logan Co. Barrens

Graysonlammoth Cave Plateau

Hardin Mammoth Cave Plateau
Meade Mammoth Cave Plateau

Private

Private*
Private*

-leade Mammoth Cave Plateau Private

Logan Pennyroyal Plain
Logan Pennyroyal Plain

KSNPC
Private

Alfisols

Alfisols
Alfisols,
Ultisols

Alfisols

Alfisols
Alfisols

Glen Dean Limestone 117
(UM)
Reelsville Limestone (UM) 95
Reelsville Limestone 108
(UM), Beech Creek
Limestone (UM)
Reelsville Limestone 104
(UM), Beech Creek
Limestone (UM)
Girkin Limestone (UM) 131
Paint Creek Limestone 98
(UM)

Ownership: KSNPC = Kentucky State Nature Preserves Commission TNC = The Nature Conservancy - Kentucky Chapter
*Under management agreement with The Nature Conservancy **Portion of site owned by KSNPC, remainder under private ownership
Geologic System: UM = Upper Mississippian, US - Upper Silurian

oso
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Road  Barrens  and  Lapland  Barrens)  extend  onto  Beech  Creek  Limestone  (Amos
1972;  Moore  1965).  The  fourth  site  in  the  Mammoth  Cave  Plateau  (Grayson  County
Barren)  is  restricted  to  Glen  Dean  Limestone  (Gildersleeve  1978).  The  two  sites  in
the  Pennyroyal  Plain  are  developed  on  Paint  Creek  Limestone  (Logan  County  Bar-
rens)  and  Girkm  Limestone  (Logan  County  Glade)  (Miller  1968;  Rainey  1965).

The  single  sample  site  m  the  western  Outer  Blue  Grass  (Pine  Creek  Bar-
rens)  is  on  Louisville  Lmiestone  (Upper  Silurian),  which  is  composed  of  dolo-
mite  and  dolomitic  limestone  (Keperfele  1968).  The  two  xeric  limestone  prai-
ries  in  the  eastern  Outer  Blue  Grass  (Crooked  Creek  Barrens  1  and  2)  are  formed
on  the  Upper  Part  of  the  Crab  Orchard  formation,  a  variegated  clay-shale,  and
the  Lower  Part  of  the  Crab  Orchard  and  Brassfield  formations  (undivided.  Up-
per  Silurian),  which  is  composed  of  dolomite,  dolomitic  limestone  and
interbedded  clay-shale  (Peck  &  Pierce  1966).

Soils
Soils  of  xeric  limestone  prairies  m  Kentucky  have  mixed  mineralogy,  are  fine-
textured  (Table  2),  moderately  to  severely  eroded  and  shallow  to  moderately
deep  (0  to  ca.  1  m,  Baskin  et  al.  1994).  Forty-two  percent  of  376  soil  depth  mea-
surements  in  the 18  sites  were «=  10  cm,  76% s=  30  cm,  91% =s  60  cm,  and only  6%
>  1  m  (Lawless,  unpubhshed).  Ten  of  the  13  soil  series  upon  which  xeric  lime-
stone  prairies  occur  are  Alfisols,  and  the  remaining  three  series  are  Mollisols
(Corydon),  Ultisols  (Gilpm)  and  Inceptisols  (Garmon).  Nine  of  the  18  sample
sites  are  developed  on  the  Caneyville  series,  a  Typic  Hapludalf  (Fig.  4).  In  addi-
tion,  many  of  the  soil  mapping  units  m  xeric  limestone  prairies  are  rock  out-
crop  complexes  (e.g.  Caney  ville-Rock  Outcrop  Complex,  Rock  Outcrop-Corydon
Complex  and  Rock  Outcrop-Fredonia-Colbert  Complex).  All  soil  mapping  units
associated  with  sample  sites  in  the  Knobstone  Escarpment  and  Knobs  are  mem-
bers  of  the  Garmon-Caney  ville-Lenberg  Soil  Association,  which  in  this  region
also  includes  the  Corydon,  Cumberland,  flagerstown  and  Vertrees  series  (Arms
et  al.  1979).  Three  of  the  four  sites  m  the  Mammoth  Cave  Plateau  (Grayson
County  Barren,  Lapland  Road  Barrens  and  Knight's  Barrens)  occur  on  the
Caneyville  series  (Arms  et  al.  1979;  Haagen  2001;  Whitaker  et  al.  1972),  and  the
fourth  (Lapland  Barrens)  is  the  only  site  on  the  Rosine-Gilpin-Lenberg  com-
plex  (Haagen  2001).  Both  sites  in  the  Pennyroyal  Plain  (Logan  County  Barrens
and  Logan  County  Glade)  are  restricted  to  the  Rock  Outcrop-Fredonia-Colbert
complex  (Dye  et  al.  1975).  The  sample  sites  in  the  Outer  Blue  Grass  occur  on  the
Caneyville  series  (Pine  Creek  Barrens)  (Whitaker  &  Waters  1986)  and  Beasley
and  Shrouts  series  (Crooked  Creek  Barrens  1  and  2)  (USDA,  NRCS,  Soil  survey
of  Lewis  County  Kentucky  unpublished).

METHODS

In  2002  and  2003,  each  of  18  sites  was  visited  a  minimum  of  once  per  season  m
spring,  summer  and  autumn.  All  vascular  plant  species  were  recorded  and  a
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Table 2. Series, family, and great group of soils in the 1 8 xeric limestone prairies sampled in Kentucky.
For site identification, see Table 1 .

Soil Series

species  list  prepared  for  each  site.  Gleason  atid  Cronquist  C199D  was  used  for
field  identilication,  and  taxa  tiot  identified  in  the  field  were  collected  and  de-
termined  in  the  University  of  Kentucky  Hertoarium  (KY)  with  the  aid  of  a  ste-
reomicroscope.  Each  taxon  was  assigned  a  presence  value  based  on  the  percent-
age  of  sites  in  which  it  was  recorded  and  placed  in  one  of  the  following  five
presence  classes  (Cain  &  Castro  1959):  I  (1-20%),  2  (21-40%),  3  (41-60%),  4  (61-
80%^)  and  5  (81-100%)  .  Sporohohis  va{!^inijh)rus  was  treated  as  a  single  taxon,
since  the  two  varieties  lound  in  this  study  are  pnmarily  distu^guished  by  mi-
croscopic  characters  in  both  vegetative  and  reproductive  states  (FN  EC  200.3).
Community  coci  ticicnts  {CQ  were  calculated  lor  all  possible  pair-wise  site  com-
parisons  using  PC-ORD  (McCune  and  MelTord  1999).  Community  coefficients
[CC=  2W/(A+B)|  are  based  on  the  number  of  taxa  shared  between  sample  sites
(W)  and  the  total  number  of  taxa  in  site  A  and  in  site  B.  The  life  form  (sensu
Raunkiaer  1934)  of  each  taxon  was  obtained  from  Gibson  (1961  ),  Hansen  (1  952),
Ennis  (1928)  and  Baskin  and  Baskin  (1978)  and  the  photosynthctic  pathway
Irom  Baskin  and  Baskin  (2003)  and  Wal  ler  and  Lewis  (1978).  Life  form  and  pho-
tosynthctic  pathway  also  were  determined  lor  each  of  the  342  taxa  reported  by
Chester  ct  al.  (1997)  in  the  deep-soil  barrens  of  the  southwestern  Pennyroyal
Plain  ol  Kentucky  and  Tennessee  for  comparisons  with  the  floras  of  xeric  lime-
stone  prairies  in  Kentucky  and  limestone  cedar  glades  of  the  southeastern
United  States  (Baskin  &  Baskin  1999).  We  reviewed  the  list  of  state  endangered,
threatened  and  special  concern  species  published  by  the  Kentucky  State  Na-
ture  Preserves  Commission  (2002)  and  noted  all  state-listed  taxa  occurring  in
the  xeric  limestone  prairies  of  Kentucky.
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rock outcrop

FiG.4. A block diagram of the topography and soil series in the Knobs and Knobstone Escarpment section of the Interior
Low Plateaus physiographic province in Hardin and Larue counties Kentucky. Soil series: Cn=Caneyville, Cr=Crider,
Gm=Garmon, Hn=Hagerstown, Lf=Lenberg-Frondorf, No=Nolin-Newark-Melvin, V=Vertrees.

The  geographic  relationships  of  all  taxa  were  determined  by  examining
distribution  maps  obtained  from  Plants  (USDA,  NRC5  2004).  Taxa  in  which
Kentucky  is  in  the  central  region  of  their  current  distribution  were  defined  as
intraneous,  and  those  m  which  Kentucky  is  at  the  edge  of  their  current  distri-
bution  were  defined  as  extraneous.  When  considering  the  geographic  relation-
ships  of  taxa  in  which  Kentucky  is  near  the  edge  of  their  range,  the  conserva-
tion  status  or  rank  and/or  county  distribution  m  the  adjacent  state  was  (were)
considered,  if  available.  If  Kentucky  is  near  the  edge  of  the  taxons  current  dis-
tribution  and  the  taxon  is  listed  (endangered,  threatened  or  special  concern)  in
the  adjacent  state  or  only  distributed  in  counties  adjacent  to  the  Kentucky  bor-
der,  the  taxon  was  considered  extraneous.  The  extraneous  species  were  divided
further  into  extraneous  northern,  southern,  eastern  and  western  groups  in  ac-
cordance  with  the  position  of  Kentucky  m  relation  to  the  center  of  distribution
of  the  taxon  of  interest.
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RESUITS

A  total  of  335  vascular  plant  taxa  representing  333  species,  215  genera  and  72
families  were  recorded  m  the  18  xeric  limestone  prairies  surveyed  (Appendix).
The  genera  Crataegus  and  Ruhus  were  each  treated  as  a  single  taxon,  because
no  flowering  individuals  were  observed  in  either  genus,  both  of  which  are  char-
acterized  by  intergradation  of  vegetative  characters  between/among  species
and  high  taxonomic  diversity.  Three  hundred  and  fifteen  (94.0%)  of  the  335
taxa  are  native  to  Kentucky,  and  the  remaining  20  (6.0%)  nonnative  (Fig.  5).
Asteraceae,  Poaceae  and  Fabaceae  had  the  highest  richness  values  of  all  fami-
lies,  containing  70  (20.9%),  32  (9.6%)  and  29  (8.7%)  taxa,  respectively.  Genera
with  the  largest  number  of  taxa  were  Symphyotnchum  (15),  Panicum  sensu  lato
i=Pamcum  +  Dichanthelium)  (10),  Carex  (7),  Solidago  (6)  and  Hypericum  (6).
The  xeric  limestone  prairies  m  Kentucky  support  24  state-hsted  taxa  (9  en-
dangered,  8  threatened  and  7  special  concern),  including  three  species  (Dcl-
phiniuni  carolinianum  ssp.  calciphiluni  Leavenworthia  exigua  var  laciniata
and  Tahnum  cakaricum)  listed  by  Baskm  and  Baskin  (1999)  as  cedar  glade
endemics.  However,  none  of  these  state-listed  taxa  is  federally  listed,  and  none
ot  the  taxa  recorded  in  this  study  is  endemic  to  xeric  limestone  prairies  in  Ken-
tucky.  Furthermore,  the  three  cedar  glade  endemics  occur  in  areas  of  xeric  lime-
stone  prairies  that  fit  the  description  of  limestone  cedar  glades  when  catego-
rized  at  small  spatial  scales  (Fig.  1).

The  tlora  of  xeric  limestone  prairies  in  Kentucky  is  composed  primarily
oi  native  C3  hemicryptophytes  with  broad  geographical  distributions  encom-
passing  Kentucky.  Ninety-two  and  eight-tenths  percent  of  the  taxa  are  C3  plants,
and  with  the  exception  of  Manfreda  vi  rginica,  Opuntia  compressa  (CAM  plants)
and  Cuscuta  cuspidata  (nonphotosynthetic),  the  remaining  taxa  are  C4  plants.
The  hemicryptophyte  life  form  group  contains  more  taxa  (52.9%  of  native  spe-
cies)  than  all  other  life  form  groups  combined  (Fig.  5).  Seventy-three  and  five-
tenths  percent  of  the  native  taxa  in  the  xeric  limestone  prairie  flora  m  Ken-
tucky  (230  taxa)  is  intraneous  (Fig.  6),  and  taxa  with  southern  geographic
affinities  (44  taxa,  14.1%)  make  up  the  largest  extraneous  component  of  the  flora.

Although  species  richness  values  varied  considerably  across  the  18  xeric
limestone  prairie  sites  surveyed,  species  composition  among  the  sites  was  quite
similar  Average  site  richness  was  113  taxa  (CV=13%)  and  ranged  from  88  (Th-
ompson  Creek  Glade)  to  151  (Pine  Creek  Barrens)  (Table  1).  Calculation  of  com-
munity  coefficients  (CC's)  for  all  possible  pair-wise  site  comparisons  determined
that  the  majority  of  xeric  limestone  prairies  surveyed  form  a  single  association
or  community  type.  Only  11  of  the  153  CCs  calculated  were  less  than  0.50,  the
generally  accepted  association  criterion  (Barbour  et  al.  1999).  Nine  of  the  11  CCs
less  than  0.50  included  either  site  1  or  site  2  in  Crooked  Creek  Barrens,  and  the
CC  resulting  from  comparison  of  Crooked  Creek  Barrens  site  1  and  site  2  is  high
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(0.71).  These  data  suggest  the  two  sites  in  Crooked  Creek  Barrens  may  belong  to
a  second  association  or  community  type.  Particularly  noteworthy  was  the  ab-
sence  ol  Echinuccd  simulatu  and  Hypcnciim  dolabnformc  in  both  Crooked
Creek  Barrens  sites,  since  these  taxa  had  high  frequency  values  in  the  majority
ol  the  remaming  sites  Cl.awlcss,  unpublished).  CCs  ranged  from  0..39  to  0.80,
and  the  average  CC  (x=0..58)  minus  one  standard  deviation  (s  =  0.07)  exceeds
the  generally  accepted  0.50  association  criterion.

As  expected,  the  presence  diagram  for  the  xcric  limestone  prairie  flora  in
Kentucky  (Fig.  7)  shows  that  the  majority  of  species  are  in  presence  classes  1  and
2.  However,  the  percentage  of  taxa  in  presence  class  four  (15.3%)  is  similar  to  that
in  presence  class  two  (f  8.0%),  and  thus  class  four  approaches  a  second  maximum
(Oosting  1956).  Cnly  13  taxa  were  present  in  all  18  sites,  and  all  of  them  are  na-
tive.  Five  ol  these  13  taxa  are  broadly  distributed  phanerophytes  {Ccrcis
CinuiiUi]sisJ)iosj\y)vs\nri;inuu}Li,F  raxi  nus  ci  n]cricd)}d  Juniperu^virginiana  -And
R/iti  /ii/j  IKS  (d/o/imt/nd),  two  are  dominant  pcvennvAiSLhizdchyriumscoparium)
and annual CSp()r()/:i()/u.svt/gin;/7oru,s) grass species in this community type iBaskin
&■  Baskin  2000;  Lawless,  unpublished),  and  the  remaining  six  species  {liuphor-
bid corolldid, Hc!'un]ih us h i rsutus. Lobdid spicdtd, Physostegid vi rt^n'/i id/id, Rudlid
humilis  and  Soiiddgo  nemoralis)  are  relatively  abundant  forbs  in  the  xeric  lime-
stone  prairies  in  Kentucky  (Lawless,  unpublished).

DISCUSSION

The  taxonoimc  distribution  ol  the  flora  of  xcric  limestone  prairies  in  Kentucky
is  very  similar  to  that  m  the  floras  of  cedar  glades  of  the  southeastern  United
States  (.Baskin  &  Baskin  1999)  and  of  the  deep-soil  barrens  of  the  Southwestern
Pennyroyal  Plai  n  i  n  Kentucky  and  Tennessee  (Chester  et  al.  1999).  However,  the
percentage  of  non  native  taxa  in  the  xeric  limestone  prairie  flora  of  Kentucky
(6.0%)  is  considerably  less  than  the  percentages  of  non  native  taxa  in  the  floras
of  the  state  of  Kentucky  (21.8%,  Jones  in  press)  of  cedar  glades  of  the  Central
Basin  of  Tennessee  (18.7%,  Baskin  &r  Baskin  2003)  and  of  southeastern  United
States  (17.9%,  Baski  n  &r  13aski  n  1999)  and  of  deep-soil  barrens  of  the  southwest-
ern  Pennyroyal  Plain  in  Kentucky  and  Tennessee  (9.1%,  Chester  et  al.  1997)  (Fig.
6).  Furthermore,  the  \'ast  majority  of  nonnative  species  in  the  xeric  limestone
prairie  1  lora  m  Kcmuck)-  ha\'c  low  presence  values.  Nine  of  20  taxa  were  present
m  only  one  site,  and  18  occurred  in  lour  sites  or  less.  The  low  percentage  of
nonnative  taxa  m  the  1  lora  of  xeric  limestone  prairies  in  Kentucky  may  be  due
to  erosion  ol  the  organic  horizon  m  these  sites,  which  presumably  has  reduced
nutrient  availability  in  the  surface  layer  This  reduction  in  surface  layer  nutri-
ent  availability  may  signilicantly  decrease  survivorship  of  non  native  seedlings,
as  these  taxa  typically  are  adapted  to  nutrient-rich  sites  (Grime  1974).

Asteraceae  and  Poaceae  have  the  highest  richness  values  of  all  families  in
the  floras  ol  .xeric  limestone  prairies  in  Kentucky  cedar  glades  of  the  south-
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Fig. 7. Percent of taxa in each of five presence classes in 18 xeric limestone prairies surveyed in the Interior Low Plateaus
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eastern  United  States  and  deep-soil  barrens  o\'  the  southwestern  Pennyroyal
Plain,  collectively  accounting  tor  30.4^}o,  20.9%  and  33.3%,  respectively,  of  taxa
in  these  floras.  The  Fabaceae  ranks  third  in  species  richness  in  the  lloras  ol
xeric  limestone  prairies  in  Kentucky  and  deep-soil  barrens,  whereas  species
richness  in  the  Cyperaceae  exceeds  that  m  the  Fabaceae  m  the  flora  of  cedar
glades  of  the  southeastern  United  States.  The  flora  of  cedar  glades  also  is  dis-
tinguished  by  19  endemic  and  two  near-cndemic  taxa.  The  genus  Pamcum  sensu
lato  contains  the  largest  number  of  taxa  m  the  floras  of  cedar  glades  (16  taxa)
and  deep-soil  barrens  (10  taxa).  The  flora  of  xeric  limestone  prairies  m  Ken-
tucky  also  IS  rich  m  Panicum  species  sensu  lato  (10  taxa);  however,
Symphyotrichum  had  the  highest  richness  of  all  genera  (1.5  taxa).

The  geographic  affinities,  photosynthetic  pathway  and  life  form  distribu-
tions  among  the  floras  of  xeric  limestone  prairies  m  Kentucky,  limestone  cedar
glades  and  deep-soil  barrens  are  similar.  However,  the  flora  of  limestone  cedar
glades  differs  from  that  of  the  other  two  community  types  in  three  important
aspects.  The  floras  of  xeric  limestone  prairies  and  deep-soil  barrens  contain  a
strong  extraneous  southern  component  (141  %  and  24.0%  of  floras,  respec-
tively).  In  contrast,  taxa  with  western  or  northwestern  geographical  affinities
make  up  the  largest  percentage  of  extraneous  taxa  (12.6%  of  flora)  in  the  lime-
stone  cedar  glade  flora  (Baskin  &  Baskin  1999).  The  phanerophyte  life  lorm
group  contains  a  considerably  smaller  percentage  of  native  taxa  in  the  flora  of
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limestone  cedar  glades  (11.5%)  m  comparison  with  the  floras  of  xeric  limestone
prairies  in  Kentucky  (19.4%)  and  deep-soil  barrens  (18.6%)  (Fig.  5).  The  flora  of
limestone  cedar  glades  also  is  distinguished  by  a  relatively  high  percentage  of
native  therophytes  (23.0%),  many  of  which  are  winter  annuals.  The  cedar  glade
flora  contains  eight  winter  annuals  in  the  genus  Lcavenworthia  alone,  which
partially  accounts  for  the  richness  of  the  Brassicaceae  (17  taxa)  in  this  commu-
nity  type  and  for  the  near  endemic  status  of  the  genus  Lcavenworthia  in  the
southeastern  United  States  (Baskin  &  Baskin  2003;  Estill  &  Cruzan  1999).  Con-
versely,  the  xeric  limestone  prairie  flora  in  Kentucky  contains  only  two  native
winter  annuals,  LccTvcnworthzauni/bra  and  Leaven  worthiflexiguflvar/aciniata,
both  of  which  occur  in  cedar  glade-like  areas  of  the  perennial  grassland  ma-
trix  (Fig.  1),  and  this  life  cycle  type  is  absent  in  the  deep-soil  barrens  flora.

The  winter  annual  life  cycle  is  an  adaptive  phenological  strategy  in  lime-
stone  cedar  glades.  It  assures  completion  of  the  life  cycle  prior  to  summer-dry
conditions,  which  winter  annuals  pass  in  the  drought-tolerant  seed  stage  (Baskin
6ar  Baskin  1985).  The  paucity  of  winter  annuals  in  the  floras  of  xeric  limestone
prairies  in  Kentucky  and  deep-soil  barrens  of  the  southwestern  Pennyroyal
Plain  suggest  the  edaphic  conditions  in  these  habitats  are  considerably  less  se-
vere,  and/or  these  communities  have  not  existed  for  a  sufficient  period  to  allow
for  evolution  of  the  annual  life  cycle  in  a  comparable  proportion  of  resident  taxa.

Although  the  xeric  limestone  prairies  surveyed  support  no  endemic  or  fed-
erally  listed  taxa,  this  community  type  is  the  primary  habitat  m  Kentucky  for
almost  all  of  the  24  state-listed  species  recorded  in  the  present  study.  Therefore,
preservation  of  these  species  in  Kentucky  is  dependent  upon  conservation  of
the  xeric  limestone  prairie  community  type.  Presently  nine  of  the  18  sites  sur-
veyed  are  owned  by  conservation  organizations  (Kentucky  State  Nature  Pre-
serves  Commission  and  The  Nature  Conservancy)  or  by  the  federal  government
(Fort  Knox  Military  Reservation).  Three  of  the  remaining  nine  sites  (Hardin
County  Cedar  Glade,  Knights  Barrens  and  Lapland  Barrens)  are  under  man-
agement  agreement  with  The  Nature  Conservancy  and  the  Logan  County  NRCS
office  is  currently  in  the  process  of  purchasing  Logan  County  Barrens,  one  of
the  two  sites  surveyed  in  the  Pennyroyal  Plain.  The  most  significant  threat  to
xeric  limestone  prairie  conservation  is  all  terrain  vehicle  (ATV)  usage,  which
damages  or  destroys  vegetation,  thus  promoting  further  erosion  of  denuded  soils.

Baskin  ct  al.  (1994)  proposed  the  following  sequence  of  events  for  the  origin
of  xeric  limestone  prairies  in  Kentucky:  clearing  of  marginal  agricultural  lands
by  European  settlers  ^  cultivation  and/or  grazing  ->  significant  erosion  of  the
topsoil  ^  abandonment  ^  colonization  of  these  degraded  areas  by  the  xeric
limestone  prairie  flora  ^  succession  to  hardwood  forest  in  the  absence  of  dis-
turbance  or  maintenance  of  xeric  limestone  prairie  with  periodic  management
(i.e.  disclimax).  Forest  succession  is  retarded  by  the  high  ly  eroded  soils  of  these
abandoned  hillsides  and  by  large  heat  loads  (sensu  McCune  and  Grace  2002)  as-
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sociated  with  the  moderate  to  steep  slopes  with  south  to  west  aspects.  However,
succession  to  hardwood  forest  eventually  occurs  in  the  absence  of  management,
which  typically  consists  of  mechanical  removal  of  large  trees,  particularly
Juniperus  virginiana,  and  periodic  prescribed  fire  (2-5  year  burning  interval,
David  Skinner,  KSNPC  Eastern  Preserve  Manager,  personal  communication).

The  species  composition  of  this  community  type  is  relatively  consistent
despite  f)  their  relatively  recent  origin,  2)  the  rarity  of  xeric  limestone  prairies
at  the  landscape  scale  and  3)  the  small  area  occupied  by  these  communities  in
the  matrix  of  deciduous  forests  and  agricultural  lands.  The  richness  of
Asteraceae  and  Poaceae  in  the  xeric  limestone  prairie  flora  of  Kentucky  is  pri-
marily  responsible  for  the  relatively  high  community  coefficients  (x  =  0.58)
observed  m  this  study,  since  both  of  these  families  are  characterized  by  large
regional  species  pools  and  high  proportions  of  wind-dispersed  taxa.  Further-
more,  we  have  observed  many  taxa  m  the  xeric  limestone  prairie  flora  (e.g.
Schizachyrium  scoparium,  Panicum  flexile,  Liatris  squarrulosa,  Ratibida
pinnata,  Croton  monanthogynous,  Hypericum  dolahriforme,  etc.)  in  open  lor-
ests  with  shallow  rocky  soils,  on  rock  ledges  and  on  rocky  stream  banks.  These
habitats,  m  addition  to  deep-soil  barrens  and  limestone  cedar  glades,  are  the
likely  sources  of  the  xeric  limestone  prairie  flora  in  Kentucky  since  they  ex-
isted  prior  to  European  settlement.

CONCLUSIONS

Xeric  limestone  prairies  are  broadly  distributed  throughout  the  Interior  Low
Plateaus  physiographic  province  in  Kentucky  and  are  most  frequent  in  the
Knobstone  Escarpment  and  Knobs,  where  they  primarily  occur  on  eroded
Alfisols  derived  from  the  Upper  Mississippi  an  Salem  Limestone.  The  flora  is
rich  in  species  of  Asteraceae  and  Poaceae  and  contains  24  state-listed  species,
many  of  which  are  restricted  to  xeric  limestone  prairies  m  this  part  of  their
geographic  range.  Community  coefficients  suggest  that  all  sample  sites  except
those  in  the  eastern  Outer  Blue  Grass  (Crooked  Creek  Barrens  1  and  2)  belong  to
a  single  community  type.  Xeric  limestone  prairies  are  relatively  well  protected
in  Kentucky;  the  majority  of  sites  are  owned  and/or  managed  by  conservation
organizations  and  the  federal  government.

The  majority  of  taxa  in  the  floras  of  xeric  limestone  prairies  in  Kentucky,
limestone  cedar  glades  of  the  southeastern  United  States  and  deep-soil  barrens
of  the  southwestern  Pennyroyal  Plain  m  Kentucky  and  Tennessee  are  intraneous
C3  hemicryptophytes.  The  very  low  percentage  (6.0)  of  nonnative  species  in
the  xeric  limestone  prairie  flora  of  Kentucky  is  noteworthy.  Among  xeric  lime-
stone  prairies,  limestone  cedar  glades  and  deep-soil  barrens,  the  flora  of  lime-
stone  cedar  glades  is  particularly  unique  due  to  1)  21  endemic/near  endemic
taxa,  2)  relatively  high  percentage  of  therophytes  and  3)  an  extraneous  compo-
nent  with  strong  western  and  northwestern  affinities  (Baskin  &  Baskin  1999).
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In  contrast,  the  floras  of  xeric  limestone  prairies  in  Kentucky  and  deep-soil
barrens  of  the  southwestern  Pennyroyal  Plain  1)  contaui  no  endemic  taxa,  2)
have  higher  percentages  of  phanerophyte  taxa  and  3)  have  an  extraneous  com-
ponent  with  strong  southern  geographic  affinities.

APPENDIX

Taxonomy  is  in  accordance  with  USDA,  NRCS  (2004),  with  the  exception  of
Elymus  glabriflorus  var  australis,  which  is  based  on  the  treatment  by  Camp-
bell  (1995).  The  name  and  authority  for  each  taxon  is  followed,  in  parentheses,
by  the  photosynthetic  pathway  (C3,  C4  or  CAM),  life  form  (Ph=phanerophyte,
Ch=chamaephyte,  H=hemicryptophyte,  Cr=cryptophyte  and  Th=therophyte;
HP=holoparasite),  geographic  affinity  (]=intraneous,  EN=extraneous  northern,
ES=extraneous  southern,  EE=extraneous  eastern,  EW=extraneous  western  and
X=introduced)  and  conservation  status  in  the  state  of  Kentucky  (E=endangered,
T=threatened  and  S=special  concern)  (KSNPC  2002)  in  bold-faced  type.  Num-
ber  in  bold-faced  type  following  the  final  parenthesis  refers  to  number  of  sites
in  which  species  was  recorded.

DIVISION  PTERIDOPHYTA,
ADIANTACEAE
Pellaea atropurpurea (L,) Link (C3, H, I) 5
ASPLENIACEAE
Asplenium platyneuron (L.) B.5.P(C3, H, I) 3
OPHIOGLOSSACEAE
Ophioglosium englemannii PrantI (C3, Cr, ES) 2

DIVISION  PINOPHYTA,  CONIFERS

CUPRESSACEAE
Juniperus virginiana L.(C3, Ph, I) 18
PINACEAE
Plnus virginiana Mill. (C3, Ph, I) 5

DIVISION  MAGNOLIOPHYTA,
FLOWERING  PLANTS

CLASS  MAGNOLIOPSIDA  (DICOTS)

ACANTHACEAE
Ruellia iiumilis Nutt. (C3, H, I) 1 8
ACERACEAE
Acerrubrum L.(C3, Ph,l) 9
Acer saccliarum Marshall (C3, Ph, I) 1 1
ANACARDIACEAE
Rhus aromatica Alton (C3, Ph, I) 7
Rhus copallinum L, (C3, Ph, I) 1 2

FERNS  AND  FERN  ALLIES

Rhus glabra L{C3.Ph,\) 2
Toxicodendron radicans (L.) Kuntze {C3, Ph, I) 9
APIACEAE
Daucus carota L, (C3, H, X) 1
Eryngiutnyuccifolium Michx. (C3,rr, E5) 10
Oxypolis ngidior (L.) Raf. (C3, Cr, I) 1
Sanicula canadensis L. (C3, Cr, I) 7
Thaspiumbarbinode (Michx.) Nutt. (C3,Cr, I) 12
Zizia aptera (Gray) Fernald (C3, H, I) 1
Zizia aurea (L.) W.D.J. Koch (C3, Cr, I) 6
APOCYNACEAE
Apocynum cannabinum L. (C3, H, I) 1 4
ARISTOLOCHIACEAE
Arlstolochia serpentaria L. (C3, H, I) 12
ASCLEPIADACEAE
Asclepias tuberosa L (C3, H, I) 1
Asclepias verticillata L, (C3, H, I) 1 2
Asclepias vindiflora L. (C3, H, I) 1 7
Matelea obligua (Jacq.) Woodson (C3, 1, ES) 4
ASTERACEAE
Achillea millefolium L. (C3, H, I) 1
Ageratina altissima (L.) King & H.E. Robins. (C3, H,

1)1
Ambrosia artemisiifolia L. (C3,Th,l) 10
Ambrosia tnfida L.(C3,Th, I) 2
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Arnoglossum atriplicifolium (L.) H.E. Robins. (C3,
H, 1)2

Antennana plantaginifolia (L.) Richards (C3, Ch,
i)2

Bnckellia eupatoriodies (L.) Shinners (C3, H, I) 1 6
Centaurea biebersteinii DC. (C3, H, X) 1
Or5;umd/5Co/of(Muhl.exWilld.)Spreng.(C3,H,l)

6
Conoclinium coelestinum (L.) DC. (C3, H, ES) 3
Conyza canadensis (L.) Cronquist (C3,Th, I) 8
Coreopsis triptens L. (C3, H, EN) 1 4
Echinacea simulata McGregor (C3, H, EW) 14
Erigeronstngosus MuhI.ex Willd.(C3, H, I) 6
Eupatonum attissimum L. (C3, H, ES) 1 3
Eupatorium liyssopifolium L. (C3, H, E5) 1
Eupatonum perfoliatum L. (C3, H, I) 2
Euthamia graminifolia (L.) Nutt. (C3, H, EN) 4
Helenium auWnnnale L. (C3, H, I) 7
Helianthus divaricatus L. (C3, Cr, I) 4
Heliantiius liirsutus Raf. (C3, Cr, I) 1 8
Helianthus microcephalus Torr. & Gray (C3, H,

ES)5
Helianthus mollis Lam, (C3, Cr, I) 4
Helianthus occidentaiis Riddell (C3,Cr,l) 3
Heliopsis helianthoides (L.) Sweet (C3, Cr, 1) 3
Leucanthemum vulgare Lam. (C3, H, X) 4
Liatrisaspera Michx.(C3,Cr,EW) 10
Liatns cyllndracea Michx. (C3, Cr, EW,T) 2
L/orr/s5p/cara(L.)Willd.(C3,Cr,l)8
Liatrissguarrosa (L.) Michx. var.squarrosa (C3,Cr,

ES) 15
Liatrissguarrulosa Michx.(C3, Cr, ES) 3
Lonactis linahifolius (L.) Greene (C3, H, I) 4
Oligoneuron rigidum (L.) Small var.glabratum (E.L

Braun)Nesom{C3,H,EW) 11
Packera anonyma (Wood) W.A. Weber & A. Love

{C3, H, ES) 5
Parthenium integhfollum L. (C3, H, I) 12
Prenanthes aspera Michx. (C3, H, EW, E) 1
Ratibida pinnata (Vent.) Barnhart (C3,H,EW) 10
Rudbeckia fulgida Alton (C3, H, I) 1 2
Rudbeckiahirta L{C3,H,\)'i
Senecio glabellas Poir. (C3,Th, ES) 1
Sericocarpus asteroides (L.) B.S.R (C3, H, EE) 1
Silphium lacmiatum L. (C3, H, EW, E) 1
Silphium pinnatifidum Elliott (C3, H, ES, S) 3
Silphium terebinthinaceum Jacq, (C3, H, EW) 5
Silphium trifollatum var. trifoliatum L. (C3, H,

EE)17
Solidago bicolor L. (C3, H, I) 1

Solldago canadensis L. (C3, H, 1) 6
Solidago juncea Alton (C3, H, I) 1
Solidago nemoralis Aiton (C3, H, I) 1 8
Solidago speciosa Nutt. var. erecta (Pursh)

MacMlll.(C3,H,ES)3
Solidago sphacelata Raf. (C3, H, ES) 1
Solidago ulmifolia Muhl. ex Wllld. var. ulmifolia

(C3,H,I)11
Symphyotrichum cordifolium (L.) Nesom (C3, H,

1)2
Symphyotrichum dumosum (L.) Nesom (C3, H, I) 1
Symphyotrichum laeve (L.) A. & D. Love var.

concinum (Wllld.) Nesom (C3, H, I) 2
Symphyotrichum laeve (L.) A. & D. Love var. laeve

(C3,H,I)12
Symphyotrichum laterifolium (L.) A.& D. Love (C3,

H,l)1
Symphyotrichum novae-angliae (L.) Nesom (C3,

H,l)4
Symphyotrichum oblongifolium (Nutt.) Nesom

(C3,H, 1)2
Symphyotrichum oolentanglense (Riddell)

Nesom(C3,H,EW)2
Symphyotrichum patens (Aiton) Nesom var. par-

ens (C3, H, I) 12
Symphyotrichum pilosum (Willd.) Nesom var.

pilosum (C3, H, I) 4
Symphyotrichum pilosum (Willd.) Nesom var.

pringlei {Gtsy) Nesom (C3,H,EN) 12
Symphyotnchum senceum (Vent.) Nesom (C3, H,

ES, S) 6
Symphyotrichum 5iho/'r//(Llndl.) Nesom (C3, H, I) 1
Symphyotrichum undulatum (L.) Nesom (C3, H,

EE)1
Symphyotrichum urophyllum (Lindl.) Nesom (C3,

H,l)12
raraxacL/mo/7/c/no/e G.H.Weber ex Wigger5(C3,

H,X)2
Verbesina virginica L. (C3, H, i) 4
Vernonia gigantea (Walter) Trel, (C3, H, I) 4

BETULACEAE
Corylus americana Walter (C3, Ph, EN) 2
Ostrya virginiana (Mill.) Koch (C3, Ph, I) 16
BIGNONIACEAE
Bignonia capreolata L. (C3, Ph, I) 1
Campsis radicans (L.) Seem, ex Bureau (C3, Ph,

ES)1
BORAGINACEAE
Heliotropium tenellum (Nutt.) Torr. (C3,Th, ES) 9



1074 BRIT.0R6/SIDA 21(2)

Lithospermum canescens (Michx,) Lehm. (C3, H,
1)16

BRASSICACEAE
Arabis laevigata (Muhl. ex WilldO Poir. var.

laevigata [C3,H.\) 1
Cardaminehirsuta L,(C3,Th, X) 1
Draba vernal. {C3,Jh,X) 1
Leavenworthiaexigua Rollins var./oc/n/aftj Rollins

(C3,Th, F5,T)1
Leavenworthia uniflora (Michx.) Britton (C3, H,

1)2
CACTACEAE
Opuntia iiumifusa (Raf.) Raf. (CAM, S, ES) 3
CAMPANULACEAE
Lobelia spicata Lam. (C3, H, I) 1 8
CAPRIFOLIACEAE
Lonicera japonica Thunb. (C3, Ph, X) 4
Symphoricarpos orbiculatui Moench (C3, Ph, I) 6
Viburnum prunifolium L. (C3, Ph, I) 4
Viburnum rutidulum Raf. (C3, Ph, ES) 6
CARYOPHYLLACEAE
Dianthus armerla L. (C3,Th, X) 1
Minuartia patula (Michx.) Mattf,(C3,Th, I) 1
CELASTRACEAE
Celastrus scandens L. (C3, Ph, I) 7
CLUSIACEAE
Hypericum dcnticukilum Ellis (C3, H, EE) 2
Hypericum dolabriforme Vent. (C3, H, ES) 1 4
Hypericum hypericoides (L.) Crantz (C3, H, ES) 2
Hypericum prolificum L. (C3, Ph, I) 6
Hypericum punctatum L. (C3, H, I) 5
Hypericum sphaerocarpum L. (C3, H, EW) 2
CONVOLVULACEAE
Calystegia spnhamaea (L.) Pursh (C3, H, t) 1
Ipomoea pandurata (L.) G.F. Mey. (C3, Cr, I) 12
CORNACEAE
Cornus drummondii C. A, Mey. (C3, Ph, EW) 4
Corpus flonda L. (C3, Ph, I) 10
CRASSULACEAE
Sedum ternatum Michx, (C3,Tli, i) 2
CUSCUTACEAE
CAJSCuta cuspidata Engelm. (HRTh, EW) 1
EBENACEAE
Diospyros virgiiiiana L. (C3, Ph, I) 1 8

ERICACEAE
Vaccinium arboreum Marshall (C3, Ph, ES) 4
Vaccinium pallidum Alton (C3, Ph, I) 1
EUPHORBIACEAE
Acaiypha gracilens Gray (C3,Th, I) 6
Acalypha virginica L. (C3,Th, I) 1
Chamaesyce nutans (Lag.) Small (C3,Th,l) 8
Croton capitatus M ichx. (C3, Th, I) 1 2
Cretan monanthogynous Michx. (C3,Th, ES) 7
liuphorbta corollata L. (C3, Cr, I) 1 8
Euphorbia dentata Michx. (C3,Th, I) 3

FABACEAE
Cercis canadensis L. (C3, Ph, I) 1 8
Chamaecrista fasciculata (Michx.) Greene var.

fascicuiata{C3,Jh,\) 11
Coronilla varia L. (C3,Th, X) 1
Daiea Candida Michx. ex Willd, var. Candida (C3,

H, EW) 1
Daiea purpurea Vent. var. purpurea (C3, H, EW,

S)5
Desmodium canescens (L.) DC. (C3, H, I) 2
Desmodium ciliare (Muhl. ex Willd.) DC. (C3, H,

1)12
Desmodium glabellum (Michx.) DC. (C3, H, ES) 4
Desmodium paniculatum (L.) DC. var. panicula-

tum (C3, H, I) 1
Desmodium rotundifolium DC. (C3, H, I) 1
Desmodium sessilifoiium (Torr.) Torr. & Gray (C3,

H, 1)1
Desmanthus iilinoensis (Michx.) MacMill. ex B.L.

Robins. &Eern.(C3,Ph,EW) 1
Qalactia volubilis (L.) Britton (C3, H, I) 1 5
Gleditsia triacanthos L, (C3, Ph, I) 3
Lespedeza capitata Michx. (C3, H,l, S) 3
Lespedeza cuneata (Dum.Cours.) G. Don (C3, H,

X)2
Lespedeza procumbens L.(C3,H, I) 3
Lespedeza repens (L.) W, Bartram (C3, H, I) 1
Lespedeza violacea (L.) Pers. (C3, H, I) 2
Lespedeza virginica (L.) Britton (C3, H, I) 16
Melilotus alba Medikus (C3, H, X) 8
Orbexilum pedunculatum (Mill.) Rydb. var.

psoralioides (Walt.) Isley (C3, Cr, ES) 1
Robinia pseudoacacia L. (C3, Ph, I) 2
Senrw marilandica (L) Link (C3, H, I) 4
Strophostyies umbellata (Muhl. ex Willd.) Britton

(C3,Cr,ES)3
Stylosanthes biflora (L.) B.5.P (C3, H, ES) 6
Tephrosia virginiana (L.) Pers. (C3, H, I) 8
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Trifolium repens L. (C3, H, X) 1
Vicia villosa Roth (C3, H, X) 2
FAGACEAE
Fagus grandifolia Ehrh, (C3, Ph, I) 5
Quercus alba L. (C3, Ph, I) 2
Quercus imbricaria Michx. (C3, Ph, I) 3
Quercus marilandica Muenchh. (C3, Ph, ES) 1 3
Quercus muehlenbergil Engelm. (C3, Ph, 1)13
Quercus prinus L. (C3, Ph, I) 1
Quercus rubra L (C3, Ph, I) 10
Quercus stellata Wangenh. (C3, Ph, I) 15
Quercus velutina Lam. (C3, Ph, I) 6

GENTIANACEAE
Frasera caroliniensis Walters (C3, H, I) 2
Qentiana flavida MuhI.ex Nutt. (C3, H, I, E) 1
Qentianella  quinquefolla  (L.)  Small  ssp.

occidentalis (Gray) J.Gillett (C3, H, I) 9
Sabatia angulans (L.) Pursh (C3, H, I) 1 5
JUGLANDACEAE
Carya alba (L.) Nutt. ex Ellis (C3, Ph, I) 3
Carya torventosa Nutt. (C3, Ph, I) 3
iug/ans n/gra L (C3, Ph, I) 13
LAMIACEAE
Blephilia cillata (L.) Benth. (C3, H, I) 1 3
Isanthus brachlatus B.S.P (C3,Th, I) 1 3
Lycopus americanus Muhl. ex W. Bartram (C3, H,

1)1
Monarda fistulosa L. (C3, H, I) 1 3
Physostegia virginlana (L.) Benth. (C3, H, I) 18
Prunella vulgaris L. var. lanceolata (Barton)

Fernald(C3,H,l)16
Pycnamhemum pycnanthemoldes (Leavenw.)

Fernald(C3,H,ES)2
Pycnanthemum tenuifoliurr} Schrad.(C3, H,l) 11
Salvia lyrata L. (C3, H, I) 5
Scutellaria elliptica Muhl. (C3, H, I) 3
5cufe//ar/opofi/u/a Michx. var.ou5rra//$Fa5sett(C3,

Cr, I) 8
Scutellaria parvula Michx.vat.missouriensis (Torr.)

Goodman & Lawson (C3, Cr, !) 2
Trichostema dichotomum L. (C3,Th, I) 1
LAURACEAE
Sassafrass albidum (Nutt.) Nees (C3, Ph, I) 1 1
LINACEAE
/_/nummeci/um (Planch.) Britton (C3, H, I) 1
Linum sulcatum Riddel! (C3,Th, EW) 16
Linum virginianum L. (C3, H, I) 2

LYTHRACEAE
Cuphea viscosissima Jacq. (C3,Th, ES) 2
MAGNOLIACEAE
/ iriodendron tulipifera L. (C3, Ph, I) 6
MALVACEAE
Malvastrum hispidum (Pursh) Hochr. (C3,Th, EW,

T)1
OLEACEAE
Forestiera ligustrina (Michx.) Poir.(C3, Ph, E5,T) 1
Fraxinus americana L. (C3, Ph, I) 18
Ligustrum sinense Lour. (C3, Ph, X) 1
ONAGRACEAE
Goura biennis L. (C3, H, EE) 4
Goura filipes Spach (C3, H, ES) 13
Oenothera biennis L. (C3, H, I) 1

OXALIDACEAE
Oxalis stricta L. (C3, H, I) 1
Oxo//swo/aceoL.(C3,H,l) 1
PAPAVERACEAE
Sangulnaria canadensis L. (G3, Cr, I) 1
PASSIFLORACEAE
Po5s/f/ora/ufe(;?L.(C3,H,l)2

PLANTAGINACEAE
Plantagoaristata Michx.(C3,Th,l) 1
P/onfogopofagon/ca Jacq. (C3,Th,X) 1
Plantago virginica L. (C3,Th, I) 4
PLATANACEAE
Platanus occidentalis L. (C3, Ph, I) 1
POLEMONIACEAE
Phlox pilosa L. ssp. pitosa (C3, H, I) 8
POLYGALACEAE
Polygala verticillata L. (C3,Th, I) 1 3
PORTULACACEAE
Talinum calcancum Ware (C3, H, ES, E) 1

PRIMULACEAE
Anagallis arvensis L. (C3,Th, X) 3
Dodecatheon meadia L. (C3, H, I) 1
Lysirvachia lanceolata Walter (C3, H, I) 6
RANUNCULACEAE
Anemone virginlana L. (C3, H, I) 1 3
Clematis pitcher: Jon. & Gray var. pitcheri (C3, Ph,

EW) 1
Delphinium carolinianum Walter ssp. calciphilum

Warnock(C3,H,ES,T) 1
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Thalictrum revolutum DC. (C3, H, I) 3
Thalictrum thalictroides (L.) Eames & Boivin {C3,

Cr, I) 2
RHAMNACEAE
Ceanothus americanus L. (C3, Ph, I) 3
Rhamnus caroliniana Walter (C3, Ph, ES) 18

ROSACEAE
Agrimonia rostellata Walk. (C3, H, I) 6
Amelanchier arborea (Michx. f,) Fernald (C3, Ph,

1)6
Craroegu5L[sp(p).l(C3,Ph)5
Fragaria virglniana Duchesne (C3, H, I) 5
Porteranthus stipuhlus (Muhl. ex Willd.) Britton

(C3,H, 1)1
Potentilla simplex Michx. (C3, H, I) 17
Prunus americana Marshall (C3, Ph, I) 1
Prunus serotina Ehrh. {C3, Ph, I) 7
/?osacaro//naL.(C3,Ph,l) 16
Rosa multiflora Thunb. {C3, Ph, X) 4
Rubus l.lspip).] (C3,Ph)9
RUBIACEAE
Diodia teres Walter (C3,Th, i) 4
Galium circaezans Michx. (C3, H, I) 1 1
Galium pilosum Alton (C3, H, I) 7
Galium triflorum Michx. (C3, H, I) 1
Hedyotis nigricans (Lam.) Fosberg (C3,Th,EW) 1 1
Houstonia canadensis Willd, ex Roemer & J. A.

Schulte5(C3,H,EN) 13

SALICACEAE
Salixhumilis Marshall (C3, Ph, I) 1

SANTALACEAE
Comandra umbellaia (L.) Nutt. (C3, Cr, I) 1

SCROPHULARIACEAE
Agalinis aunculata (Michx.) Blake (C3,Th, EW,

E)1
Agalinis gattingeri (Small) Small (C3,Th, EW) 4
Agalinis tenuifolia (Vahl) Raf. (C3,Th, I) 9
Aureolaria flava (L.) Farw. (C3, Cr, I) 2
Buchnera americana L. (C3, H, E5) 1
Castilleja cocclnea (L.) Spreng. (C3,Th, I, E) 3
Pedlcularis canadensis L. (C3, H, I) 3
Penstemon digitalis Nutt. ex Siriis (C3,H, I) 1
Penstemon hirsutus (L.) Wiild. (C3, H, I) 2

SIMAROUBACEAE
Ailanthus altisslma (Mill.) Swingle (C3, Ph, X) 1
SOLANACEAE
Physalis virglniana Mill. (C3, Cr, ES) 1 2

Solanum caroiinense L. (C3, Cr, I) 1

ULMACEAE
Celtis occidenlalis L. (C3, Ph, I) 1
Celtis tenuifolia Nutt. (C3, Ph, I) 1 7
Ulmus alata Michx. (C3, Ph, ES) 6
Ulmus rubra Muhl. {C3,Ph, I) 3

VERBENACEAE
Phryma leptostachya L. (C3, H, I) 1
Verbena simplex Lehm.(C3, H, I) 6
VIOLACEAE
Hybanthus concolor (T. Forst.) Spreng. (C3, H, I) 3
Viola egglestonii Brainerd (C3, H, ES, S) 9
Viola palmata L. (C3,H,i) 7
l//o/opedafaL.(C3,H,l) 12
Viola sogittata Alton (C3, H, I) 2
VITACEAE
Parthenocissus quinquefolia (L.) Planch. (C3, Ph,

1)9
Vitis aestivalis Michx. (C3, Ph, I) 1 1

DIVISION  MAGNOLIOPHYTA,
FLOWERING  PLANTS
CLASS  LILIOPSIDA  (MONOCOTS)

AGAVACEAE
Ma!)lreda virglnica (L.) Salisb. ex Rose (CAM, H,

FS) 16
CYPERACEAE
Carex complanata Torr. & Hook. (C3, Cr, I) 9
Carexcrawe/ Dewey (C3,Cr, I, S) 14
Corexg/oucodeo Tuckerman exOlney (C3, H,l) 8
Carex junlperorum Catling, Reznicek & Crins (C3,

H,EN, E)2
Carex meadii Dewey (C3, Cr, I) 16
Carex pensylvanica Lam. (C3, Cr, I) 2
Carex umbellata Schkuhr ex Willd. (C3, H, I) 1 2
Eleocharis compressa Sullivant (C3, Cr, FS) 3
Eleocharis tenuis (Willd.) J.A.Schultes (C3,Cr,l) 3
Fimbristylis puberula (Michx.) Vahl vai.puberula

(C4,Cr,l,T)
Scirpus pendutus Muhl. (C3, H, I) 8
Scleria olgantha Michx,(C3,Cr, I) 13
Scleria pauclflora Muhl. (C3,Cr, I) 2
DIOSCOREACEAE
Dioscorea quaternata J.E Gmel (C3, Ph, I) 2
IRIDACEAE
Hypoxis hirsuta (L.) Coville (C3,Cr, I) 2
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Iris aistata Alton (C3, Cr, I) 1
SIsyrlnchium albidum Raf. (C3, H, I) 1 3
LILIACEAE
Allium cernuum Roth (C3, Cr, EN) 8
Maianthemum steltatum (L.) Link (C3,Cr, l,E) 1
Nothoscordum bivalve (L.) Britton (C3, Cr, I) 1
Polygonatum biflorum (Walter) Elliott (C3, Cr,

I) 10
Uvularia perfoliata L.(C3,Cr, I) 1
ORCHIDACEAE
Cypripedium candidum Muhl.exWilld.{C3,Cr,EN,

E)2
Cypripedium pubescens W\\\d.yar. pubescens (C3,

Cr,l)2
Spiranthes lacera (Raf.) Raf. Mar. gracilis (Bigelow)

Leur(C3,H,l)4
Spiranthes mognicamporum Shevial ̂(C3, H, EW,

T)9
Jipularia discolor {?wiY]) Nutt.(C3,Cr, I) ^
POACEAE
Andropogon gerarday'ilman (C4, H, I) 17
Arlstida longispica Poir. (C4,Tti, I) 1
Aristida ollgantha iVlichx. (C4,Th, I) 2
Aristida purpurascens Poif.vai. purpuroscens (C4,

H, 1)13
Bouteloua curtipendula (Miclix.) Torr. (C4, H, I,

S)3
Brachyeletrum erectum (Schreb. ex Spreng.)

Beauvis.(C3, H,l) 1
Bromus pubescens MuhI.ex Willd.{C3, H, I) 1
Danthonia spicata (L.) Beauvis. ex Roemcr & J.A.

Schultes(C3,H,l)14
Dichanthelium acuminatum (Sw.) Gould & C.A,

Clark var.fasc/cu/arum (Torr.) Freckmann (C3,
H,l)15

Dichanthelium boscii (Poir.) Gould & C.A. Clark
(C3,H,I)12

Dichanthelium commutatum (J.A. Schultes)
Gould(C3, H, 1)1

Dichanthelium dichotomum (L.) Gould var.
dichotomum (C3, H, I) 6

Dichanthelium sphaerocarpon (Ellis) Gould (C3,
H, 1)3

Dichanthelium villosissimum (Nasli) Freckman
(C3,H,I)1

/:/ymL/sg/oti/';T/orusScribn.& C.R.Bali vat.australls
(Scribn. & CR. Ball) J.J.N. Campb. (C3, H, I) 5

Lolium arundinaceum (Schreb.) J.J. Darbyshire
(C3,H,X)3

Muhlenbergia capillaris (Lam.) Trin. (C4, H, I) 2
Muhlenbergia cuspidata (Torr. ex Hook.) Rydb.

(C4,H,EW,T)2
Muhlenbergia sylvatica Torr. ex Gray (C4, H, 1) 2
Panicum anceps Michx. (C4, Cr, ES) 2
Panicum capillare L. (C4,Th, I) 2
Panicum flexile (Gattinger) Scribn, (C4,Th, I) 14
Panicum linearifolium (Scribn. ex Nash) Gould

(C3, H,l)13
Paspalum leave Michx. (C4, H, I) 1
Schizachyrium scoparium (Michx.) Nash (C4, H,

1)18
Setaria glauca (L.) R Beauvis. (C4,Th, X) 2
Sorghastrum nutans (L.) Nash (C4, Cr, I) 1 6
Sporobolus compositus (Poir.) Merr. var. com-

pos/tus (C4, H, I) 14
Sporobolus heterolepis (Gray) Gray (C4, H, EW) 1
Sporobolus vaginiflorus (Torr. ex Gray) Wood,

including varieties ozarkanus (Fernald)
Shinners (C4, Th, I) and vaginiflorus (C4, Th,
I) 18

Tridens flavus (L.) Hitchcock (C4, H, I) 12

SMILACACEAE
.S7r)/7ax bona-riox L. (C3, Ph, ES) 1 6
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