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Romaschenko,  Pappostipa  atacamcnsis  (Parodi)  Romaschenko,  Pappostipa  nana  (Speg.)  Romaschenko,  Pappostipa  ibarii  (Phil.)
Romaschenko,  Pappostipa  ibarii  f.  pallescens  (Parodi)  Romaschenko,  Pappostipa  ibarii  var.  anomala  (Parodi)  Romaschenko,
Pappostipa  ameghinoi  (Speg)  Romaschenko,  Pappostipa  ameghinoi  var.  digona  (Parodi)  Romaschenko,  Pappostipa  ameghinoi

F.A.  Roig)  Romaschenko,  Pappostipa  frigida  (Phil.)  Romaschenko,  Pappostipa  frigida  var.  parvispicula  (Parodi)
Romaschenko,  Pappostipa  humilis  (Cav.)  Romaschenko,  Pappostipa  humilis  var  decrescens  (Kuntze)  Romaschenko,  Pappostipa

liziana  (Parodi)  Romaschenko,  Pappostipa  chrysophylla  (E  Desv)  Romaschenko,  Pappostipa  chrysophylla  f.
minuta  (FA  Roig)  Romaschenko,  Pappostipa  chrysophylla  var  cordillerarum  (Parodi)  Romaschenko,  Pappostipa  chrysophylla
var.  crispula  (Kuntze)  Romaschenko,  and  Pappostipa  chrysophylla  f.  modica  (F.A.  Roig)  Romaschenko.  Dentrode  Pappostipa  secc.
Pappostipa  proponemos  las  nuevas  combinaciones  siguientes:  Pappostipa  speciosa  (Trin.  &  Rupr.)  Romaschenko,  Pappostipa  spe-

arva  (F.A.  Roig)  Romaschenko,  Pappostipa  speciosa  var.  breviglumis  (Parodi)  Romaschenko,  Pappostipa  speciosa
var  ciliata  (F.A.  Roig)  Romaschenko,  Pappostipa  speciosa  f.  horrida  (F.A.  Roig)  Romaschenko,  Pappostipa  speciosa  f.  abscon-
dita  (F.A.  Roig)  Romaschenko,  Pappostipa  speciosa  var.  media  (Torres)  Romaschenko,  Pappostipa  vaginata  (Phil.)  Romaschenko,
Pappostipa  vaginata  f  rigida  (F.A.  Roig)  Romaschenko,  Pappostipa  vaginata  f.  inmersa  (FA  Roig)  Romaschenko,  Pappostipa
vaginata  f.  laevis  (FA  Roig)  Romaschenko,  Pappostipa  vaginata  f.  contracta  (F.A.  Roig)  Romaschenko,  Pappostipa  vaginata  var
argyroidea  (F.A.  Roig)  Romaschenko,  Pappostipa  vaginata  var.  dilatata  (F.A.  Roig)  Romaschenko,  Pappostipa  nicorae  (F.A.  Roig)
Romaschenko,  Pappostipa  hieronymusii  (Pilg.)  Romaschenko,  Pappostipa  patagonica  (Speg )  Romaschenko,  Pappostipa  maeviae
(F.A.  Roig)  Romaschenko,  Pappostipa  parodiana  (F.A.  Roig)  Romaschenko,  Pappostipa  braun-blanquetii  (F.A.  Roig)  Romaschenko,
Pappostipa  semperiana  (F.A.  Roig)  Romaschenko,  Pappostipa  ruiz-lealii  (F.A.  Roig)  Romaschenko,  Pappostipa  malalhuensis
(F.A.  Roig)  Romaschenko,  Pappostipa  major  (Speg.)  Romaschenko,  Pappostipa  vatroensis  (F.A.  Roig)  Romaschenko  y  Pappostipa

The  tribe  Stipeae  Dumort.  are  temperate,  cool-season  (C3)  grasses  that  generally  occupy  somewhat  moist  to
predominantly  dry  open  grasslands  and  steppe  communities  in  all  continents  except  Antarctica.  Worldwide
the  Stipeae  consist  of  a  minimum  of  21  genera  and  524-604  species,  depending  on  how  Asian  taxa  are
recognized  (Soreng  &  Davis  2005).  In  the  New  World  there  are  279  species  of  Stipeae  (Soreng  et  al.  2008);
of  these,  222  (79.6%)  are  found  in  South  America.  Thirteen  genera  are  indigenous,  and  nine  are  endemic
to  the  New  World.  The  Stipeae  s.s.  (excluding  elements  of  Phaenospermateae  Renvoize  &  Clayton,  and
subtribes  Ampelodesminae  Connert  and  Duthieinae  Pilg.  ex  Potztal)  are  characterized  by  having  single-
flowered  spikelets  with  terminally-awned  lemmas  where  the  awn  is  the  result  of  the  fusion  between  the
central  and  two  lateral  vascular  traces,  simple  starch  grains,  florets  with  two  or  three  linear  lodicules,  and
small-sized  chromosomes  with  a  base  number  of  x  =  10-12.  The  Stipeae  are  placed  in  subfamily  Pooideae
(GPWG  2001).  Within  the  Pooideae  they  are  an  'early  diverging5  lineage  that  arose  after  the  separations  of
the  Brachyelytreae  Ohwi,  and  Lygeeae  J.  Presl  plus  Nardeae  W.DJ.  Koch  (Davis  &  Soreng  2007).

Historically,  delimitation  of  genera  within  the  American  Stipeae  was  based  on  a  broad  concept  of  the
genus  Stipa  L.  Hitchcock  (1935,  1951)  accepted  three  genera  in  North  America:  Oryzopsis  Michx.,  Piptocha-
etium  J.  Presl,  and  Stipa.  In  South  American  Stipeae,  Spegazzini  (1901)  recognized  only  Aciachne  Benth.,
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Oryzopsis,  and  Stipa.  In  the  second  part  of  the  20th  century,  Stipeae  taxonomy  was  characterized  by  the
consecutive  resurrection  of  previously  described  genera  or  emendation  of  taxa  considered  by  Spegazzini
(1901,  1925)  as  subgenera  of  Stipa.  Nassella  (Trin.)  E.  Desv.  was  restored  to  generic  status  by  Parodi  (1947)
and  significantly  expanded,  and  thus  became  the  most  species  rich  genus  among  American  Stipeae  (Bark-
worth  1990;  Barkworth  &  Torres  2001).  In  considering  the  distribution  of  morphological  features  among
stipoid  grasses  and  lemma  epidermal  features  (Thomasson  1978,  1980,  1981, 1982),  Barkworth  and  Everett
(1987)  suggested  that  Stipa  includes  only  Eurasian  species:  Hence  the  name  Stipa  should  not  be  used  for
any  American  species.  In  subsequent  major  rearrangements  of  the  American  Stipeae,  five  species  were
transferred  to  Hesperostipa  (M.K.  Elias)  Barkworth.  Thirty-seven  other  American  species  formerly  placed  in
Stipa  or  Oryzopsis  were  shown  to  share  some  morphological  features  with  the  Eurasian  representatives  of
Achnatherum  P.  Beauv;  they  were  transferred  to  the  latter  genus  (Barkworth  1993).  Stipa  subg.  Anatherostipa
Hack,  ex  Kuntze  (Kuntze  1898;  Spegazzini  1901,  1925),  including  the  Obtusae  group  of  Parodi  (1946),  was
recently  established  at  the  generic  rank  by  Penailillo  (1996),  currently  with  11  species  (Soreng  et  al.  2003).
Nassella  now  includes  115  and  Piptochaetium  35  species,  respectively  (Soreng  et  al.  2003).

The  genus  Jarava  Ruiz  et  Pav.  was  resurrected  by  Rojas  (1997),  in  the  sense  of  Stipa  subg.  Jarava  (Ruiz
et  Pav.)  Trin.  &  Rupr.  (Caro  &  Sanchez  1973),  and  significantly  expanded  by  Penailillo  (2002,  2003)  to  55
species  by  inclusion  of  Stipa  subg.  Pappostipa  Speg.  and  S.  subg.  Ptilostipa.  Speg.  The  expansion  of  Jarava
effectively  completed  the  removal  of  all  remaining  accepted  indigenous  New  World  species  from  the  genus
Stipa,  as  anticipated  by  Barkworth  and  Everett  (1987).  However,  Stipeae  taxonomists  generally  acknowledged
that  such  a  broadly  circumscribed  Jarava  was  probably  polyphyletic,  and  Arriaga  and  Barkworth  (2006)
began  to  revise  it  by  transferring  five  Jarava  s.l.  species  to  a  new  genus,  Amelichloa  Arriaga  &  Barkworth.

Parodi  (1960)  recognized  two  main  morphological  leaf  types  in  Spegazzini  ̂ Stipa  subg.  Pappostipa,
represented  by  Stipa  speciosa  and  S.  humilis  (Arriaga  1983).  The  first  type  (leaf  anatomical  "type  I"  of  Arriaga
1983)  encompassed  species  with  stiff,  thick,  and  usually  pungent  leaves.  The  second  type  ("type  II"  of  Ar-

riaga 1983)  covered  species  with  comparatively  thin,  slender,  and  non-pungent  leaves.  Later,  Parodi  (1960),
followed  by  Roig  (1964)  and  Nicora  and  Rugolo  de  Agrasar  (1978),  noted  that  species  with  the  former  type
had  brownish-red  basal  sheaths  and  species  with  the  latter  type  had  pale  basal  sheaths.

There  have  been  several  attempts  to  infer  phylogenetic  relationships  among  stipoid  genera  based  on
morphological  evidence  (Tzvelev  1977;  Barkworth  &  Everett  1987;  Thomasson  1978, 1985)  and  preliminary
molecular  analyses  (Jacobs  et  al.  2000,  2007;  Cialdella  et  al.  2007).  The  origins  of  Hesperostipa  Jarava  s.s.,
Piptochaetium,  and  Stipa  s.s.  have  been  reported  as  monophyletic  (Jacobs  et  al.  2000,  2007;  Cialdella  et  al.
2007),  but  the  overall  phylogeny  of  the  American  Stipeae  remains  poorly  resolved  and  contradictory.

Our  preliminary  study  of  the  Stipeae  phylogeny  based  on  ITS  sequence  data  (Romaschenko  et  al.  2007)
revealed  a  deep  separation  between  a  Euro -Mediterranean  clade,  including  Stipa  s.s.,  and  a  clade  including
genera  and  species  of  East  Asian,  Australian,  and  American  origin.  In  addition,  Jarava  (sensu  Penailillo
2003)  was  resolved  as  polyphyletic,  with  a  clade  of  species  formerly  placed  in  Stipa  subg.  Pappostippa,  clearly
independently  derived  from  the  core  species  of  Jarava  s.s.

The  main  objectives  of  this  paper  are  to  present  a  phylogenetic  hypothesis  for  the  American  Stipeae
and  to  evaluate  the  monophyly  of  Jarava  s.l.  based  on  an  analyses  of  plastid  (matK,  trnK-matK,  trnU-psbA
and  CrnL-trnF)  and  nuclear  ribosomal  ITS  DNA  sequences.  We  also  discuss  morphological  and  anatomical
characters  that  support  our  phylogenetic  inferences.

Taxon  sampling.— The  majority  of  the  specimens  sampled  in  this  study  were  collected  by  PMP  and  RJS,  and
are  deposited  at  the  Smithsonian  Institution,  United  States  National  Herbarium  (US).  Eighty-one  samples
representing  66  species  and  three  infraspecific  taxa,  with  duplicates  for  nine  taxa,  were  included  in  our
analysis  (Table  1).  These  represent  eight  of  the  11  Stipeae  genera  reported  as  indigenous  for  the  Americas
(Soreng  et  al.  2003),  plus  the  newer  segregate  genus,  Amelichloa.  Thirteen  species  collectively  of  minor  South
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American  genera  (Aciachne,  Lorenzochloa  Reeder  &  C.  Reeder,  Ortachne  Nees  ex  Steud.),  the  North  American
genus  Oryzopsis  s.s.,  and  North  American  species  placed  in  Piptaiherum  (all  other  species  are  Old  World),
are  not  included  in  the  present  analysis  because  our  preliminary  data  indicate  that  they  have  no  effect  on
the  disposition  of  taxa  of  concern  here.  One  Asian  species  of  Ptilagrostis  Griseb.  and  five  Australian  species
of  Austrostipa  S.W.L.  Jacobs  &  J.  Everett  were  included  to  show  evidence  of  the  geographical  heterogeneity
among  some  phylogenetic  branches.  Subsequent  papers  will  include  a  much  larger  sample  among  the  Stipeae.
Brachyelytrum  erectum  and  Nardus  stricta  were  chosen  as  outgroups  based  on  the  results  of  recent  analyses
of  phylogenetic  relationships  in  Pooideae  (Hilu  et  al.  1999;  Soreng  &  Davis  2000;  GPWG  2001;  Davis  &
Soreng  2007;  Soreng  et  al.  2007).  These  outgroups  were  used  to  root  trees  in  the  ITS  analyses  of  the  Stipeae
(Jacobs  et  al.  2000;  Romaschenko  et  al.  2007).

DNA  extraction,  amplification,  and  sequencing.— Leaf  tissue  was  homogenized  using  Qiagen  TissueLyser,
and  DNA  was  isolated  using  a  BioSprint  96  DNA  Plant  Kit  (Qiagen,  Valencia,  California,  USA,  2005).  For
some  specimens,  the  CTAB  method  (Doyle  &  Doyle  1987)  was  used.

PCR  amplifications  were  performed  in  MJ  Research  or  PE  9700  thermal  cyclers.  Genomic  DNA  was
combined  with  lx  reaction  buffer  (200  mM  Tris-HCl,  500  mM  NH4)  (Bioline  Biolase  Taunton,  Madison,
USA)  without  Mg++,  2  mM  MgCl2,  200  mM  dNTP's,  1.5ul  of  Taq  polymerase  (Bioline  Biolase  Taunton,
Madison,  USA),  40  pmol/ul  each  of  forward  and  reverse  primers.

The  entire  nuclear  ribosomal  ITS  region  was  amplified  using  primers  ITS1,  ITS2,  ITS3,  ITS4,  ITS5  (White
et  al.  1990)  and  ITS5A  (Stanford  et  al.  2000)  with  the  following  thermal  cycler  settings:  initial  denaturation
step  of  2  min  at  94°C,  followed  35  cycles  at  94°C  for  30  s,  50-55°C  for  30  s,  72°C  for  1  min  30  s,  and  a  final
extension  of  10  min  at  72°C.

Four  chloroplast  DNA  regions  were  sequenced:  trnK-matK,  matK,  trnHGUG-psbA,  and  trnL5'-trnF.
The  5'-end  of  trnK-matK  and  5'-  matK  were  amplified  separately.  The  5'trnK-matK  readily  amplified  using
the  forward  primer  trnK3914F  (Johnson  &  Soltis  1995)  and  newly  designed  reverse  primer  trnK660SR
(S'-CGAATGATGATACATAGTGC^1)  positioned  close  to  the  end  of  the  5'-trnK-matK  intron.  The  reverse
complement  (i.e.  forward  version)  of  the  latter  primer  (trnK660SF;  5'-GCACTATGTATCATCATTCG-3')  and
the  reverse  complement  of  a  slightly  modified  matK1412F  primer  (Johnson  &  Soltis  1995;  i.e.,  matK1412SR
5'-  CTGATACATAAGAGTTRTAT-3')  were  used  to  amplify  -555  pb  of  the  5'-end  of  matK.  The  trnHGUG-psbA
intergenic  spacer  was  amplified  with  primers  trnHGUG  (Tate  &  Simpson  2003)  and  psbA  (Sang  et  al.  1997).  The
trnL-trnF  region  (which  included  a  portion  of  3'-trnL  intron,  the  J-trnL  exon,  and  the  trnL-trnF  intergenic
spacer)  was  amplified  using  primers  5'trnLUAA(f)  and  trnFGAA(c)  [Taberlet  et  al.  1991].  The  amplification
parameters  for  all  chloroplast  regions  were:  94°C,  2  min;  35  cycles  of  94°C  for  45  s,  58-62°C  for  45  s,  72°C
for  1  min  30  s;  72°C  for  10  min.  PCR  products  were  cleaned  with  ExoSAP4T  (USB,  Cleveland,  Ohio,  USA).
DNA  sequencing  was  performed  with  BigDye  Terminator  Cycle  Sequencing  v.3.1  (PE  Applied  Biosystems,
Foster  City,  CA,  USA)  according  to  the  following  parameters:  80°C,  5  min;  25  or  30  cycles  of  95°C  for  10  s,
50°C  for  5  s  and  60°C  for  4  min.  Sequenced  products  were  analyzed  on  an  ABI  PRISM  3730  DNA  Analyzer
7900HT  (ABI).

Sequences  were  aligned  manually  using  BioEdit  v. 7.0.5.3  (Hall  1999)  and  then  by  eye.  All  sequences
were  submitted  to  GenBank  (http://www.ncbi.nlm.nih.gov);  voucher  information,  and  GenBank  accession
numbers  are  provided  in  Table  1.  Even  though  some  indels,  especially  in  chloroplast  regions,  seemed  to  be
very  specific  for  phylogenetic  groups,  they  were  not  re-coded  for  this  analysis  and  were  excluded  along  with
ambiguously  aligned  regions.  The  following  gene  regions  were  excluded:  trnK-matK  with  four  regions  of
2-25  bp  in  length;  trnH-psbA  with  10  regions  of  1-4  (-22)  bp  in  length;  trnL-trnF  with  31  regions  from  1-6
(-20)  bp;  and  ITS  with  15  regions  1-4  (-22)  bp.  No  regions  were  excluded  from  matK.  All  gaps  were  treated
as  missing  data.  Parsimony  analysis  was  performed  using  PAUP  v.  4.0bl0  (Swofford  2000)  and  PAUPRat
v.lb  (Sikes  &  Lewis  2001),  which  implements  the  Parsimony  Ratchet  of  Nixon  (1999).  Parsimony  searches
were  carried  out  for  individual  regions,  combined  plastid,  and  combined  plastid  and  nuclear  regions.  In
searching  for  the  optimal  tree,  the  heuristic  method  was  implemented  and  tree  bisection-reconnection  (TBR)
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was  chosen  as  a  branch  swapping  algorithm.  Character  states  were  specified  as  unordered  and  unweighted.
PAUPRat  searches  were  set  for  generating  1001  most  parsimonious  trees.  Because  PAUPRat  finds  the  most
parsimonious  tree  in  each  iteration,  a  set  of  1001  iterations  is  recommended  by  program  developers  as  suf-

ficient to  derive  a  consensus  tree.  All  of  the  most  parsimonious  trees  in  our  analyses  were  of  the  same  length.
These  data  sets  were  used  to  yield  the  majority-rule  consensus  trees.

Bayesian  posterior  probabilities  were  estimated  using  MrBayes  v.3.01  (Huelsenbeck  &  Ronquist  2001;
Ronquist  et  al.  2005)  and  the  best-available  substitution  model  was  selected  using  MrModeltest  Lib  (Nylander
2002).  The  symmetrical  model  (SYM+I+G;  Zharkikh  1994)  with  gamma-distributed  rate  variation  across
sites  was  selected  by  hierarchical  likelihood  ratio  tests  (hLRT)  and  Akaike  information  criterion.  Bayesian
analysis  was  initiated  with  random  starting  trees  and  was  initially  run  for  1  x  106  generations  with  sampling
frequency  of  the  chains  set  to  every  100th  iteration.  If  this  number  of  generations  was  not  sufficient  for  the
Markov  chains  to  reach  stasis,  additional  generations  were  invoked.  The  standard  deviation  value  of  the
split  frequencies  below  0.01  indicates  that  Markov  chains  reached  their  stasis  (Ronquist  et  al.  2005).  The
number  of  generations  needed  to  complete  the  analysis  varied  from  1  x  106  for  individual  DNA  regions  to
4  x  106  in  analysis  of  the  combined  data.  Branches  with  posterior  probabilities  (PP)  >0.95  were  considered
statistically  significant.  For  additional  information  about  the  stability  of  phylogenetic  groups  the  branch
frequency  or  parsimony  frequency  (BF)  value  was  used.  The  BF  value  indicates  how  often  a  branch  appeared
in  the  analysis,  i.e.,  when  this  value  was  100%  it  means  the  node  appeared  unchanged  in  all  iterations  (i.e.,

Bootstrap  has  a  long  history  of  being  used  as  a  standard  measure  when  estimating  phylogeny  and  we
have  included  bootstrap  analysis.  Felsenstein  (1985)  states,  "Bootstrapping  provides  us  with  a  confidence
interval  within  which  is  contained  not  the  true  phylogeny,  but  the  phylogeny  that  would  be  estimated  on
repeated  sampling  of  many  characters  from  the  underlying  pool  of  characters."  We  agree  with  Felsenstein
that  bootstrap  values  are  measures  of  repeatability  rather  than  measures  of  accuracy  (see  Soltis  &  Soltis
2003).  Regardless  of  interpretation,  bootstrap  values  are  affected  by  the  number  of  characters  supporting
the  clade  of  interest  and  the  data  set  as  a  whole  (Soltis  &  Soltis  2003).  For  a  dataset  with  no  conflict  among
characters,  at  least  three  characters  are  needed  to  provide  95%  support  (Felsenstein  1985).  With  real  data  a
greater  number  of  characters  maybe  needed  to  achieve  95%  support  (Soltis  &  Soltis  2003).  Thus  bootstrap
tends  to  be  overly  conservative,  often  underestimating  a  well-supported  clade  (Sanderson  &  Wojciechowski
2000).  Bootstrap  (BS)  values  were  calculated  using  PAUP  v.  4.0bl0  (Swofford  2000)  from  10  x  106  fast-
heuristic  bootstrap  replicates  with  random  addition  sequence.  Sequence  divergence  was  calculated  based
on  the  uncorrected  "p"  distance  measure  included  in  Neighbor-joining  search  settings.

Scanning  electron  microscopy.— Lemma  ultra  structure  was  studied  using  dry  mature  seeds  sampled  from
herbarium  of  the  following  species  used  in  the  phylogenetic  analysis:  Jarava  chrysophylla,  Jarava  speciosa,
Jarava  nicorae,  Jarava  pseudoichu,  Jarava  plumosula,  and  Amelichloa  caudata.  Wax  from  the  seed  surface  was
removed  by  soaking  the  seeds  in  xylol  solution  for  six  to  eight  hours.  After  soaking,  seeds  were  mounted  on
scanning  electron  microscopy  sample  tables.  Mounted  samples  were  covered  with  gold  in  the  vacuum  spray
gun  (JII-4X,  Japan).  The  ultra  structure  of  the  lemma  was  studied  using  scanning  electron  microscope  Jeol
(JSM35C,  Japan)  at  varying  magnifications.

Light  microscopy.— Cross-sections  of  leaf  blades  were  prepared  with  the  use  of  a  rotary  microtome.  Intact
leaf  blades  of  Jarava  barrancaensis,  Jarava  speciosa  var.  major,  and  Jarava  chrysophylla  from  herbarium  speci-

mens were  rehydrated  for  10-12  min  in  distilled  water  at  100  °C.  For  studies  of  the  sclerenchyma  tissue,
the  cross-sections  were  stained  with  safranin.

RESULTS

Amplification  of  the  trnK  intron  was  significantly  improved  when  the  5'-end  of  the  intron  and  the  maturase
K  gene  were  amplified  separately.  This  enabled  us  to  optimize  our  protocol  for  routine  amplification  of  all
chloroplast  regions,  even  when  old  herbarium  material  was  used.  With  this  approach,  PCR  reactions  were
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up  to  60%  more  successful  than  when  the  traditional  intron  primers  were  used  (i.e.,  £rnK3914F-2R).  Conse-
quently, the  trnK1  intron  had  the  highest  rate  of  amplification  (92.6%)  compared  to  the  non-coding  regions

trnH-psbA  (91.4%)  and  trnL-trnF  (89%),  which  are  traditionally  considered  to  be  the  most  easily  amplified
regions  of  the  chloroplast  genome  (e.g.,  Kress  et  al.  2005).  The  matK  gene  had  a  lower  rate  of  amplification
(85.2%);  lack  of  matK  sequence  data  for  a  subset  of  taxa  probably  affected  branch  support  in  the  combined
chloroplast  analysis.  For  the  most  of  the  silica  preserved  samples  or  recently  collected  herbarium  specimens
the  entire  ITS  region  was  easily  amplified  (100%).  A  few  specimens  that  lack  several  chloroplast  regions
were  not  included  in  the  chloroplast  analysis  but  we  did  include  them  in  the  combined  analysis  based  on
ITS  and  partial  plastid  sequences.  A  small  subset  of  samples  with  two  or  more  missing  chloroplast  regions
was  included  in  the  combined  analysis  (see  Table  1  for  details).  The  plastid  data  set  is  missing  11.4%  and
the  combined  analysis  is  missing  9%,  mostly  due  to  unsequenced  plastid  regions  for  some  samples.  There
is  no  missing  ITS  data.
Analyses  ofDNA  sequences.— The  general  characteristics  of  the  DNA  regions  used  to  infer  phylogeny  in
our  data  set  are  detailed  in  Table  2.  The  greatest  number  of  potentially  parsimony  informative  characters
per  region  was  provided  by  the  nuclear  DNA  ITS  region.

The  topologies  of  the  trees  produced  by  parsimony  and  Bayesian  analyses  for  each  of  the  four  plastid
regions  sequenced  were  not  inconsistent  with  that  produced  by  the  combined  plastid  data.  Since  the  sepa-

rate plastid  datasets  had  comparatively  low  numbers  of  parsimony  informative  characters  and  low  levels  of
sequence  divergence  they  were  combined  (Fig.  1).  The  phylogenetic  signals  of  the  intergenic  spacer  trnH-psbA
and  trnL-trnF  region  were  stronger  than  other  gene  regions  and  were  slightly  better  resolved,  partly  due  to
their  higher  level  of  sequence  divergence  (Table  2).

No  conspicuous  differences  between  topologies  derived  from  the  trnH-psbA  and  trnL-trnF  regions  were
found  in  this  analysis.  The  only  region  that  had  informative  substitutions  responsible  for  separation  of  the
Pappostipa  clade  ot Jarava  s.l.  was  the  trnL-trnF  region  (data  not  shown).

The  ITS  tree  was  more  than  two  times  longer  than  the  plastid  tree  and  had  lower  CI  and  RI  values
(Table  2).  There  was  relatively  minor  topological  incongruence  among  clades  in  the  trees  generated  from
the  combined  plastid  DNA-ITS  data  set  (Fig.  3)  and  the  ITS  data  (Fig.  2).

The  monophyly  of  the  Stipeae  is  well  supported  (BF=100,  PP=0.64-1. 00,  BS=96-100)  in  all  three  cla-
dograms  (Figs.  1-3).  Several  major  clades  were  consistently  resolved  in  all  three  analyses  (Fig.  1-3).  A  clade
including  Achnatherum,  Amelichloa,  Austrostipa,  Jarava  s.l.,  and  Nassella  [AAAJN]  was  detected  in  all  three
analyses  (Figs.  1-3).  Within  the  AAAJN  clade  a  primary  deep  split  between  the  Pappostipa  clade  and  the
clade  of  Austrostipa  plus  Achnatherum,  Jarava  (excluding  the  Pappostipa  clade),  Nassella  and  Amelichloa  was
maintained  in  all  three  analyses  (Figs.  1-3).  Austrostipa  (from  Australia)  was  resolved  in  all  three  analyses
as  sister  to  a  clade  of  Achnatherum,  Jarava  (excluding  the  Pappostipa  clade),  Nassella,  and  Amelichloa;  this
relationship  received  strong  support  only  in  the  nuclear  and  combined  analyses.  The  latter  clade  is  denoted
in  Figs.  1-3  as  the  Major  American  Clade  or  MAC.

Within  MAC,  Achantherum  was  always  monophyletic  and  the  sister  group  of  the  rest  of  the  clade.  A
clade  of  Nassella  with  Amelichloa  nested  within  it  was  detected  in  all  three  analyses  (Figs.  1-3);  this  clade
and  always  excluded  elements  of  Jarava.

Table  2  summary  statistics  show  the  highest  rate  of  parsimony  informative  characters,  ingroup-outgroup
and  ingroup  sequence  divergence  for  nuclear  rDNA  ITS  region.  Analysis  of  the  combined  plastid-ITS  data
set  (Fig.  3)  showed  deep  splits  among  the  American  stipoids,  also  detected  by  the  separate  analyses,  and
separation  of  the  Pappostipa  clade.  The  Stipeae  genera  included  in  this  analysis  were  resolved  as  monophyl-

etic groups  with  three  exceptions.  Ptilagrostis  resolved  in  a  polytomy  in  the  plastid  analysis,  but  the  species
were  united  in  the  ITS  and  combined  analyses.  Jarava  s.l.  was  divided  into  a  Pappostipa  clade  and  a  Jarava
s.s.  (Jarava  excluding  the  Pappostipa  clade)  clade  (Fig.  3),  or  grade  (Figs.  1&2).  Jarava  s.s.  was  resolved  as  a
paraphyletic  grade  to  Nassella  (encompassing  Amelichloa)  in  the  independent  plastid  and  ITS  analyses,  but
the  species  were  united  in  the  combined  analysis.  Additionally,  as  detected  in  the  separate  plastid  and  ITS
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Table  2.  Summary  of  trnK-matK,  matK,  trnH-psbA,  trnl-trnF,  and  ITS  regions  usee

571-556      555        585-567       612-541       2315-2231      592-58

ency  index  (RC) 0.70

analyses,  Nassella  was  only  resolved  as  monophyletic  iiAmelichloa  is  subsumed  within  it.  Goodness- of-fit
statistics  i.e.,  consistency  index,  retention  index,  and  rescaled  consistency  index,  for  the  combined  plastid
DNA-nrDNA  set  was  higher  than  for  nrDNA  set  alone.

Early  diverging  clades  at  the  base  of  the  Stipeae  included  the  genera  Ptilagrostis  (only  as  a  polytomy  in
Fig.  1),  Anatherostipa,  and  Piptochaetium.  All  analyses  supported  these  genera  as  independent  lineages  at  the
current  level  of  taxon  sampling  (Figs.  1-3).  Resolution  of  relationships  among  these  three  genera  varied  among
the  datasets.  Analysis  of  the  plastid  data  set  yielded  a  consensus  topology  with  these  genera  and  Hesperos-
tipa  in  a  polytomy  with  a  large  clade  including  Jarava  si,  Austrostipa,  Achnatherum,  Nassella,  and  Amelichloa
[AAAJN].  Analysis  of  the  ITS  data  set  yielded  a  stepwise  grade  leading  to  Hesperostipa  as  sister  group  to
AAAJN.  The  analysis  of  the  combined  plastid-nuclear  data  set  resulted  in  a  fully  resolved  and  a  moderately
well  supported  resolved  basal  clade  of  Ptilagrostis  as  sister  group  to  Anatherostipa  and  Piptochaetium  (Fig.  3;
BF=71,  PP=0.93),  and  Hesperostipa  as  sister  group  to  AAAJN  (Fig.  3;  BF=100,  PP=1.00,  BS=100).  Henceforth,
for  ease  of  discussion,  we  call  the  set  of  Anatherostipa,  Piptochaetium  and  Ptilagrostis  the  'basal  lineages"
(BL  in  Figs.  1-3).  The  position  of  these  the  basal  lineages  with  respect  to  the  core  of  the  tree  needs  further
examination,  particularly  including  Old  World  genera,  and  is  not  the  focus  of  the  present  study.  Both  of  the
Piptochaetium  groups  (Cialdella  et  al  2007),  Piptochaetium  sect.  Podopogon  (Raf.)  Parodi  (P.  ruprechtianum)
and  Piptochaetium  sect.  Piptochaetium  (P.  panicoides)  are  represented  in  the  analysis.  In  all  topologies,  the
Piptochaetium  clade  had  high  statistical  support  (BF=100,  PP=0.95-1.00,  BS=59-96;  Figs,  1-3).

Representatives  of  the  two  extant  geographical  lineages  of  Ptilagrostis  chosen  for  analysis  were  P.  mon-
gholica  from  Asia  and  P.  porteri  from  the  Americas.  These  species  formed  a  consistent  and  well  supported
clade  (BF=100,  PP=1.00,  BS=95)  on  the  ITS  tree  (Fig.  2)  and  the  combined  tree  (Fig.  3;  BF=100,  PP=1.00,
BS=97).  A  phylogenetic  relationship  between  these  two  species  was  resolved  as  a  polytomy  in  the  consensus
tree  from  the  plastid  analysis  (Fig.  1).

There  are  two  clades  adjacent  to  the  basal  lineages.  One  comprises  the  representatives  of  the  genus
Hesperostipa  in  a  clade  in  all  three  trees  (BF=100,  PP=0.99-1.00,  BS=99-100;  Figs.  1-3).  A  second  clade
contains  AAAJN  members  showing  deep  split  (polyphyly)  in  the  genus  Jarava:  Stipa  subg.  Pappostipa  (Pap-
postipa  clade)  of  Spegazzini  (1901)  elements  of  Jarava  are  separated  from  Jarava  s.s.  by  sequentially  diverging
clades  of  Austrostipa  and  Achnatherum  (BF=99-100;  PP=0.63,  <0.50,  0.99;  BS=99,  <50,  99;  respectively  in
Figs.  1-3).  In  combined  analyses  as  well  as  separate  nuclear  DNA  ITS  sequence  analysis,  the  Pappostipa  clade
was  well  supported  (BF=100,  PP=0.95-1.00,  BS=69-99;  Figs.  2  &  3).

In  all  analyses,  the  Australian  Austrostipa  clade  was  sister  group  to  MAC.  These  clades  had  high  statistical
support  (BF=100;  PP=0.68-1.00;  BS=90,  <50,  80;  respectively  in  Figs.  1-3)  and  their  relationship  as  sister
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Fig.  1 .  Majority-rule  consensus  tree  of  1001  most  parsimonious  trees  based  on  max
trnK-matK,  matK,  trnH-psbk,  and  tml-tml  regions.  Branches  in  bold  are  present  in
Numbers  above  branches  correspond  to  bootstrap  (BS)  values;  numbers  below  bn
BL=basal  lineages;  MAC=Major  American  Clade;  PC=Pappostipa  clade.

m  parsimony  analysis  of  sequence  data  from  chloroplast  DNA
strict  consensus  tree,  i.e.  branch  frequency  (BF)  equal  to  100.
les  correspond  to  Bayesian  posterior  probability  (PP)  values;

In  the  ITS  and  combined  trees  (Figs.  2  &  3)  two  major  clades  are  resolved  (with  low  support  indices)
within  the  Pappostipa  clade:  "P"  that  includes  Jarava  barrancaensis,].  hieronymusii,  J.  nicoraej.  patagonica,  J.
spcciosa  var.  major  J.  speciosa  var.  speciosa,  and  J.  vaginata  (BF=53,  PP=<0.50-0.52);  and  "C  that  includes
Jarava  atacamensisj.  chrysophyllaj.frigida,].  humilis,  and  J.  ibarii  (BF=97-100,  PP=<0.50-0.90).  Within  all
three  trees  (Figs.  1-3)  J.  speciosa  var.  speciosa  and  J.  speciosa  var.  major  never  share  a  most-recent  common
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ule  consensus  tree  of  1 001  equally  most  parsimonious  trees  based  on  maximum  parsimony  analysis  of  sequence  data  from  nuclear  r[
ITS  region.  Branches  in  bold  are  present  in  1  .,  branch  frequency  (BF)  equal  to  1 00.  Numbers  above  branches  correspond  to
bootstrap  (BS)  values;  numbers  below  branches  correspond  to  Bayesian  posterior  probability  (PP)  values;  BL=basal  lineages;  MAC=Major  American
Clade;  PC=Pappostipa  clade;  C=Pappostipa  sect.  Chrysovaginatae;  P=Pappostipa  sect.  Pappostipa.

ancestor.  There  is  a  distinct  incongruence  in  the  placement  of  ].  speciosa  var.  speciosa  in  the  plastid  and  nuclear
trees  (Figs.  1  &  2),  but  our  plastid  data  currently  provide  little  information  on  this  discrepancy  since  there
are  only  one  or  two  apomophies  found  in  the  sequences  of  the  trnL-F  region.

In  the  three  consensus  trees  (Figs.  1-3)  MAC  includes:  a  monophyletic  Achnatherum  (BF=100;
PP=0.70-1.00;  BS=84,  <50,  76:  respectively);  a  grade  of  four  lineages  (Fig.  1),  two  clades  (Fig.  2),  or  a  single
clade  (Fig.  3)  for  Jarava;  and  a  single  monophyletic  clade  of  Nassella  (including  Amelichlod)  (BF=61-100;  PP
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Fig.  3.  Majority-rule  consensus  tree  of  1 001  e<

frequency  (BF)  equal  to  100.  Numbers  above
probability  (PP)  values;  BL=basal  lineages;

<0.50,  0.93,  LOO;  Figs  2  &  3).  Jarava  ichu,  the  type  species  for  the  genus,  resolved  in  a  clade  with  J.  castel-
lanosiij.  leptostachyaj.  pseudoichu,  and  J.  scabrijolia  in  Fig.  1  (BF=100,  PP=0.77,  BS=87).  Three  Jarava  species
not  in  the  plastid  analysis  J.  hystercinaj.juncoides,  and  J.  plumosa,  join  the  clade  with  the  above  set  of  species
in  Fig.  2  (BF=100,  PP=1.00)  and  Fig.  3  (BF=100,  PP=1.00,  BS=58).  In  the  combined  analysis  Jarava  media,  J
plumulosa,  and/,  polyclada  are  united  as  a  sister  clade  to  the  above  set  (BF=1005  PP=  0.58;  Fig.  3).  The  latter
three  species  formed  a  clade  in  the  ITS  analysis  (BF=100,  PP=0.64)  that  was  sister  group  to  Nassella  includ-
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ing  Amelichloa,  but  were  scattered  elements  of  the  grade  oi Jarava  lineages  leading  to  Nassella  (including
Amelichlod)  represented  in  Fig.  1.

Our  consensus  trees  indicate  that  Nassella  is  monophyletic  (BF=61-100,  PP=<0.50-1.00)  only  if  Amelichloa
is  included.  This  conclusion  is  most  strongly  supported  in  the  ITS  and  combined  analyses  (BF=100,  PP
0.93-1.00).  In  our  consensus  trees  there  are  two  major  clades  within  Nassella.  One  clade  includes  N.  brachy-
chaetoides,  N.  brachyphylla,  N.  caespitosa,  N.  dasycarpa,  N.  depauperata,  N.  meyeniana,  N.  pubifiora,  N.  nardoises,
and  N.  rupestris  (with  N.  inconspicua  in  Figs.  2  &  3;  BF=100,  PP=  0.93-0.99,  BS=<50-56).  The  second  clade
includes  Amelichloa  species  as  sister  group  to  the  set  of  N  darazii,  N.filiculmis,  N.  manicata,  N.  neesiana,  N.
nidulans,  N.  pfisteri,  N.  rosengurtii,  N.  sanluisensis,  N.  sellowiana,  N.  tenuissima,  and  N.  trichotoma  (Figs.  2  &  3;
BF=100,  PP=0.53-0.66,  BS-62-100),  or  Amelichloa  caudata1  as  sister  group  to  the  set  of  A.  caudata2,  N.  clarazii,
N.filiculmis,  N.  neesiana,  N.  pfisteri,  N.  trichotoma,  and  A.  clandestina  (Fig.  1;  BF=100,  PP=<0.50).  Amelichloa
is  supported  as  monophyletic  in  the  ITS  and  combined  analyses  (Figs.  2  &  3;  BF=100,  PP=100;  BS=72-98).

Comparative  morphology.— We  evaluated  a  series  of  morphological  and  anatomical  characters  including:
awn  indumentum,  form  of  the  callus,  lemma  epidermis,  and  anatomy  of  the  leaf  blade  in  transverse  section
that  differ  among  the  hypothesized  lineages  oijarava  s.l.  Nearly  all  samples  of  Jarava  si.  listed  in  Table  1
were  surveyed  and  representative  examples  are  given  in  Fig.  4.  In  addition,  features  of  Amelichloa  have  also
been  evaluated.

Callus. — In  the  Pappostipa  clade  (Fig.  4A-C)  the  callus  is  acute  to  acuminate,  sharp  pointed;  the  angle  between
the  callus  base  plane  and  floret  axis  is  low;  callus  base  is  lanceolate;  peripheral  ring  is  marginiform,  with
proximal  borders  near  one  another,  not  fused  nor  thin,  leaving  an  open  foveola  (literally,  "small  depression
or  scar";  the  term  used  to  name  the  section  of  conducting  bundle  at  the  base  of  the  callus,  but  not  only  its
open  ventral  part  as  it  was  for  species  resolved  here  in  the  Pappostipa  clade  by  Roig  1964);  distal,  flat  prow
of  the  peripheral  ring  is  not  developed  or  is  moderately  developed.  The  foveola  is  fusiform  or  lanceolate,
usually  the  same  shape  as  the  peripheral  ring.

In  the  Jarava  ichu  group  (Fig.  4D)  the  callus  is  short,  truncate,  blunt  to  acute;  the  angle  between  the  callus
base  plane  and  floret  axis  is  higher  than  in  Pappostipa  clade;  callus  base  is  obovate  or  ovate,  rarely  orbicular
or  lanceolate;  peripheral  ring  is  marginiform  to  flat,  proximal  borders  not  near  each  other,  thinned  and  not
fused,  leaving  the  foveola  open;  distal,  flat  prow  of  the  peripheral  ring  is  not  developed,  inconspicuous  or
is  slightly  conspicuous.  The  foveola  is  obovate,  ovate  or  orbicular,  rarely  lanceolate,  and  usually  the  same
shape  as  the  peripheral  ring.

In  Jarava  media,  J.  plumosula,  and/,  polyclada,  (Fig.  4E)  the  callus  is  acute,  sharp  pointed;  the  angle  between
the  callus  base  plane  and  floret  axis  is  high;  callus  base  is  ovate  or  acuminate,  tapering  to  the  relatively  long
but  obtuse  point;  peripheral  ring  is  flat  or  slightly  marginiform,  proximal  borders  joined,  usually  fused  and
not  thinned,  closing  the  foveola;  distal,  flat  prow  of  the  peripheral  ring  is  well  developed,  characteristically
fused  at  the  base.  The  foveola  is  oval  or  orbicular  and  does  not  follow  the  shape  of  peripheral  ring.

In  Amelichloa  caudata  and  A.  cladestina  (Fig.  4F)  the  callus  is  short,  blunt;  the  angle  between  the  cal-
lus base  plane  and  floret  axis  is  high;  callus  base  is  obovate  or  oblong;  peripheral  ring  is  conspicuously

marginiform,  proximal  borders  not  near  each  other,  thinned,  leaving  the  foveola  open;  distal,  flat  prow  of
the  peripheral  ring  is  not  developed  or  is  inconspicuous.  The  foveola  is  oval  or  oblong  ellipsoid  and  usually
follows  the  shape  of  the  peripheral  ring.

Lemma  epidermis.— In  species  of  the  Pappostipa  clade  (Fig.  4G)  the  epidermal  fundamental  cells  regularly
alternate  with  silica  cells  and  are  all  approximately  the  same  length  or  shorter  than  the  silica  cells;  end  walls
are  straight  or  slightly  uneven,  sidewalls  slightly  sinuate;  silica  bodies  are  oval  to  oblong  rectangular,  slightly
unequal.  In  the  Jarava  s.s.  group  (Fig.  4H)  the  epidermal  fundamental  cells  regularly  alternate  with  silica
cells  and  are  considerably  shorter  than  the  silica  cells  (designated  here  as  "maize"  pattern);  end  walls  are
straight,  sidewalls  thin-walled,  lacking  silica,  straight  or  slightly  uneven;  silica  bodies  are  short  rectangular,
often  equal.  In  Amelichloa  caudata  and  A.  clandestina  (Fig.  41)  the  epidermal  fundamental  cells  are  usually  ir-
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regularly  alternate  with  silica  cells,  and  are  shorter  to  approximately  three  times  the  length  of  the  silica  cells;
end  walls  are  straight  or  slightly  uneven,  sidewalls  slightly  sinuate;  silica  bodies  are  oblong,  unequal.

Leaf  blade  transection.— Basal  leaf  blade  cross-sections  from  Jarava  barrancaensis,  J.  speciosa  var.  major,
and  J.  chrysophylla  are  shown  in  Fig.  4J-L,  and  represent  anatomical  forms  in  the  Pappostipa  clade.  We
found  two  distinct  types  of  leaf  morphology  and  anatomy  as  detected  by  Arriaga  (1983)  that  correspond
with  the  two  subclades  P  and  C  in  our  trees  (Figs.  2&3).  The  P  clade  has  type  I  leaf  blade  anatomy  (incl.
Jarava  barrancaensis,  J.  hieronymusii,  J.  nicorae,  J.  patagonica,  J.  speciosa  var.  major,  J.  speciosa  var.  speciosa,  and
J.  vaginatd)  with  stiff,  relatively  thick  usually  pungent  leaf  apices,  adaxial  ribs  well  developed,  separated  by
deep  furrows;  primary  veins  (vascular  bundles)  are  numerous  (5  or  6),  often  adaxially  and  abaxially  con-

nected by  sclerenchyma  girders  (rarely  by  transitional  parenchyma  girders;  Fig.  4J);  tertiary  veins  are  often
abaxially  connected  by  sclerenchyma  girders;  bulliform  cells  are  present  at  the  bottom  of  all  furrows;  abaxial
sclerenchyma  is  continuous;  adaxial  sclerenchyma  is  discontinuous  (Fig.  4K).

The  C  clade  (Figs.  2&3)  has  type  II  leaf  blade  anatomy  (incl.  Jarava  atacamensisj.frigidaj.  humilis,  and
J.  ibarii)  with  slender,  usually  non-pungent  leaf  apices,  adaxial  ribs  not  well  developed  separated  by  shallow
furrows;  primary  veins  not  numerous  (1-3,  rarely  to  4),  often  only  abaxially  connected  by  sclerenchyma
girders  (rarely  adaxially  connected  at  the  midrib);  tertiary  veins  are  often  not  connected  by  sclerenchyma;
bulliform  cells  are  present  only  close  to  the  midrib;  abaxial  sclerenchyma  is  discontinuous;  adaxial  scleren-

chyma is  usually  absent  or  residual  (Matthei  1965;  Arriaga  1983).  Jarava  chrysophylla  (Fig.  4L)  differs  from
the  previous  type  by  having  clearly  discontinuous  abaxial  sclerenchyma  and  tertiary  veins  that  are  adaxially
connected  by  sclerenchyma  girders  in  a  compound  midrib.

The  phylogenetic  information  provided  by  our  DNA  analyses  coupled  with  significant  morphological  differ-
ences among  the  Jarava  s.l.  clades  detected,  forces  us  to  recognize  the  Pappostipa  clade  as  an  independently

derived  monophyletic  genus  if  we  are  to  maintain  the  monophyletic  status  of  the  other  genera  currently
recognized  in  the  AAAJN  clade.  Here  we  propose  combinations  in  the  new  genus  Pappostipa  for  all  14  spe-

cies resolved  in  this  clade  in  our  DNA  analyses,  and  Stipa  speciosa  f.  major  which  is  raised  to  the  rank  of
species  in  Pappostipa.  Eight  additional  species  are  transferred  to  Pappostipa  that  were  formerly  included  in
Stipa  subg.  Pappostipa  by  Parodi  (1960)  and  or  Jarava  s.l.  by  Pefialillo  (2002,  2003),  based  on  their  shared
morphology  with  the  DNA  tested  set  of  species.  All  currently  accepted  infraspecific  taxa  (Penalillo  2003)
in  these  23  species  are  also  transferred  to  Pappostipa.  Leaf  anatomy  types  described  by  Parodi  (1960)  and
Arriaga  (1983)  correlated  with  the  two  Pappostipa  subclades  (P  &  C)  detected  in  our  DNA  analysis.  Further
review  of  Pappostipa  leaf  blade  and  sheath  morphology  after  our  DNA  analyses  (based  on  Roig  1964,  Nicora
&  Rugolo  de  Agrasar  1978,  and  pers.  obs.),  continue  to  support  this  correlation.  Therefore  we  conclude  that
Pappostipa  can  be  divided  into  two  morphologically  distinct  sections  of  14  (P.  sect.  Pappostipa)  and  nine  (P.
sect.  Chrysovaginatae)  species.

Pappostipa  (Speg.)  Romaschenko,  EM.  Peterson  &  Soreng,  comb,  et  stat.  nov  Basionym:  stipasubg.  Pappostipa sPeg.,

Plants  perennial,  caespitose,  sometimes  with  stolons.  Culms  10-70  cm  long,  erect  or  geniculate,  with  two
or  three  nodes,  often  concealed  by  sheaths;  basal  branching  intravaginal.  Basal  leaves  (6-)10-40(-60)  cm
long,  (0.5-)0.7-2.3(-2.5)  wide,  convolute,  apices  acuminate,  sometimes  pungent;  adaxial  surface  pilose  and
sulcate,  the  furrows  8-13  or  only  3-6;  abaxial  surface  glabrous,  scabrous,  occasionally  with  macrohairs;
sheaths  glabrous  or  pubescent,  open,  whitish,  pale  or  stramineous  to  brownish-red,  reddish  or  purplish;
ligules  0.5-K-3)  mm  long,  truncate,  membranous,  ciliate,  or  pilose.  Flag  leaves  4-15  cm  long,  sometimes
deciduous;  ligules  2-5  mm  long,  elongated.  Panicles  30-240  mm  long,  with  5-50  spikelets,  often  compact,
included  or  exserted  in  the  upper  leaf  sheath;  pedicels  0.5-12  mm  long,  often  hairy.  Glumes  15-45  mm
long,  subequal  or  slightly  unequal,  longer  than  floret,  acuminate,  hyaline,  (l-)3 -5 -nerved,  purplish,  green-
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ish,  rarely  plumbeous.  Florets  fusiform,  terete.  Calluses  1-4  mm  long,  often  pilose,  apex  obtuse  to  truncate;
foveolas  proximally  opened,  often  the  shape  of  peripheral  rings,  fusiform  or  lanceolate;  peripheral  rings
thickened  near  the  margins,  flat  prow  usually  not  developed.  Lemmas  4-16(-17)  mm  long,  chartaceous,
entirely  pubescent  with  short  appressed  hairs  or  dorsally  glabrous  along  the  upper  Vi  of  the  lemma,  rarely
hairs  gradually  elongate  toward  the  base  of  the  column  or  dorsally  glabrous;  prickles  (hooks)  usually  present
in  the  upper  part;  lobes  up  to  1  mm  long;  apices  not  fused  into  a  crown.  Awns  20-70(-193)  mm  long,  per-

sistent, once  geniculate;  columns  15-33  mm  long,  sometimes  protruding  above  glumes,  plumose,  hairs  4-9
mm  long;  bristles  12-45 (-170)  mm  long,  equal  to  much  longer  than  columns,  scabrous,  smooth  or  glabrous,
sometimes  pungent,  pale  to  chestnut  colored  or  black,  straight,  rarely  sinuous  or  falcate.  Paleas  4-13  mm
long,  usually  subequal  to  lemmas,  occasionally  Vi  as  long  as  the  lemmas  or  shorter,  linear,  linear-cuneate  or
elongate,  hyaline,  often  dorsally  hairy,  exceptionally  glabrous,  two-nerved,  rarely  nerves  extended  as  short
awns,  these  not  conspicuous.  Lodicules  3.  Stamens  3,  anthers  yellow  or  purplish.

Pappostipa  sect.  Pappostipa,  sect.  nov.  Type:  Pappostipa  speciosa  (Trin.  &Rupr.)  Romaschenko.
Pappostipa  sect.  Pappostipa  differs  from  P.  sect.  Chrysovaginatae  by  having  basal  sheaths  that  are  brownish-red,
pink,  or  purplish  and  basal  leaf  blades  that  are  stiff,  relatively  thick  with  pungent  apices  and  usually  with  well
developed  adaxial  ribs  separated  by  deep  furrows  (referred  to  as  type  I  leaf  anatomy  in  Arriaga  1983).

"Short-bristle"  group
The  following  species  all  share  comparatively  a  short  final  segment  of  the  awn  (referred  to  as  a  bristle;  Jacobs
et  al.  1995)  that  is  1.5-2  times  shorter  than  the  bristles  in  the  "long-bristle"  group,  of  P.  sect.  Pappostipa.
Pappostipa  speciosa  (Trin.  &  Rupr.)  Romaschenko,  comb.  nov.  Basionym:  Stipa  specwsa  Trin.  &Rupr.,  Sp.  Gram.  Stipac.

Pappostipa  speciosa  var.  manqueclensis  (EA.  Roig)  Romaschenko,  comb.  nov.  Basionym:  Stipa  speciosa  var.  man-

Pappostipa  speciosa  var.  atuelensis  (EA.  I

Pappostipa  speciosa  var.  ciliata  (EA.  Re

Pappostipa  speciosa  f.  horrida  (EA.  ]

Pappostipa  speciosa  var.  media  (Torres)  Roi

Pappostipa  vaginata  (Phil.)  Romaschenko,  c
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Pappostipa  vaginata  f.  rigida  (EA.  Roig)  Romaschenko,  comb,  no^
Fac.  Ci.  Agrar.  Univ.  Nac.  Cuyo  ll(l-2):54-55.  1964  [1966].  Jarava  vaginata  f.

Pappostipa  vaginata  f.  inmersa  (EA.  Roig)  Romaschenko,  comb.

Pappostipa  vaginata  f.  laevis  (EA.  Roig)  Romaschenko,  comb.  nov.  basionym:  Stipa  vaginata  f.  laevis  EA.  Roig,  R
Fac.  Ci.  Agrar.  Univ.  Nac.  Cuyo  11(1-2):  52,  t.  10  &  25g.  1964  [1966].  Jarava  vaginata  f.  laevis  (EA.  Roig)  Penailillo,  Contr
Natl.  Herb.  48:407.  2003.  Type:  ARGENTINA:  Las  Heras,  Paramillo  de  Uspallata,  2800m,  22  Jan  I960,  FA.  Roig  &  A.  Ruiz  Leal

Pappostipa  vaginata  f.  contracta  (EA.  Roig)  Romaschenko,  comb.  nov.  basionym:  stipa  vaginata  f.  contracta  EA.

MERL  herb.  EA.  Roig  3405;  isotype:  LP).
Pappostipa  vaginata  var.  argyroidea  (EA.  Roig)  Romaschenko,  comb.  nov.  Basionym:  Stipa  vaginata  var.  argyt

Pappostipa  nicorae  (EA.  Roig)  Romaschenko,  COmb.  nov.  Basionym:  Stipa mcoraeVA.  Roig,  Giorn.  Bot.  Ital.  121(1

Pappostipa  patagonica  (Speg.)  Romaschenko,  comb.  nov.  Basionym:  stipa  patagonicaSptg.,  1

ta  Argent.  Agron.  2

Pappostipa  parodiana  (EA.  Roig)  Romaschenko,  comb.

Pappostipa  malalhuensis  (EA.  Roig)  Ror
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Cuyo  ll(l-2):60-62,  t,  13,  25d.  1964  [1966].  Jarava  malalhuensis  (EA.  Roig)  Penailillo,  Gayana,  Bot.  59(1):31.

Pappostipa  major  (Speg.)  Romaschenko,  COmb.  et  Stat.  nov.  Basionym:  Stipa  speciosa  f.  major  Speg.,  Anales  Mus.  Nac.

Jarava  speciosa  var.  major  (Speg.)  Penailillo,  Contr.  U.S.  Natl.  Herb.  48:407.  2003.  Type:  ARGENTINA:  vulgato  prope  Lago  Nahuel-

Pappostipa  major  can  be  separated  from  P.  speciosa  by  having  longer  glumes,  narrower  and  convolute  leaf
blades,  longer  bristles  usually  1.5  to  2  times  as  long,  black  (yellow  in  P.  speciosa)  bristles,  larger  anthecia,  and
a  chromosome  base  number  of  2n=60  (2n=66  in  P.  speciosa)  [Parodi  1960;  Stebbins  &  Love  1941;  Covas  &
Bocklet  1945].  Futhermore,  these  varieties  were  resolved  independently  of  one  another  in  both  the  plastid
and  ITS  DNA  analyses  (Figs.  1,  2  &  3).
Pappostipa  vatroensis  (EA.  Roig)  Romaschenko,  comb.  nov.  Basionym:  Stipa  vatroensis  EA.  Roig,  Revista  Fac.  Ci.  Agrar.

Pappostipa  barrancaensis  (EA.  Roig)  Romaschenko,  comb.  nov.  basionym:  Stipa  vatroensis  ea.  Roig,  Revista  Fac.  Ci.

Pappostipa  sect.  ChrySOVaginatae  Romaschenko,  sect,  nov  Type:  Pappostipa  chrysophylla  (E.  Desv.)  Romaschenko.

Pappostipa  sect.  Chrysovaginatae  differs  from  P.  sect.  Pappostipa  by  having  pale  or  stramineous  to  golden,
basal  sheaths  and  basal  leaves  that  are  thin  and  not  coriaceous,  setaceous  (sharply  pointed  but  not  pungent),
straight,  convolute  (terete  in  cross  section),  and  with  shallow  adaxial  furrows.  All  species  have  type  II  leaf
anatomy  as  described  by  Arriaga  (1983).
Pappostipa  sorianoi  (Parodi)  Romaschenko,  comb,  nov  Basionym: stipa:

Pappostipa  atacamensis  (Parodi)  Romaschenko,  COmb.  nov.  Basionym:  Stipa  atacamensis  Parodi,  Revista  Argent.  Agron.
27(3-4):85,  f.  3.  1960  [1961].  Jarava  atacamensis  (Parodi)  Penailillo,  Gayana,  Bot.  59(1):31.  2002.  Type:  CHILE.  Atacama:  Depto.
Copiapo,  Quebrada  de  Plaza,  3600m,  4  Feb  1949,  A.  Krapovickas  &J.  Hunziker5789  (holotype:  BAA-2964;  isotypes:  C0NO29647,

Pappostipa  nana  (Speg.)  Romaschenko,  COmb.  nov.  Basionym:  Stipa  nana  Speg.,  Revista  Argent.  Bot.  1:23.  1925.  Jarava  nana
(Speg.)  Penailillo,  Gayana,  Bot.  59(1):31.  2002.  Type:  ARGENTINA.  Santa  Cruz:  1/2  legua  al  S  de  la  laguna  de  Sehuenaiken,  3  Eeb

Pappostipa  ibarii  (Phil.)  Romaschenko,  comb,  nov  Basionym:  Stipa  ibarii  Phil.,  Anales  Univ.  Chile  93:716.  1896.  Jarava  ibarii

a  (EA.  Roig)  Romaschenko,  comb,  nov  Basionym:  Stij
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Pappostipa  chubutensis  (Speg.)  Romaschenko,  comb.  nov.  Basionym:  stipa  chubutens

Pappostipa  chubutensis  var.  hirsutissima  (EA.  Roig)  Romaschenko,  comb.

Pappostipa  humilis  (Cav.)  Romaschenko,  comb.  nov.  &<
(Cav.)  Penailillo,  Gayana,  Bot.  59(1):31.  2002.  Type:  CHILE:  Pue

schenko,  comb.  nOV.  Basionym:  Stipa  chrysophylla  E.  Desv.,  Fl.  Chil.  6:278,  t.

da,  Bot.,  Suppl.  8(3):30-31.  1914  [1915].  Jarava  chrysophylla  (E.  Desv.)  Penailillo,

Pappostipa  chrysophylla  f.  minuta  (EA.  Roig)  Romaschenko,  comb.  nov.  Basionym:  Stipa  chrysophylla  f.

Pappostipa  chrysophylla  var.  cordillerarum  (Parodi)  Romaschenko,  comb.  nov.  Basionym:  stipa  chrysophylla  vs

Bot.  59(1):31.  2002.  Type:  ARGENTINA.  La  Rioja:  Depto.  Sarmiento,  quebrada  de  las  Cuevas,  dominante  en  las  laderas  a  3900m,  i
Krapovickas  &].  Hunziker  5855  (holotype:  BAA;  isotype:  CORD).

Pappostipa  chrysophylla  var.  crispula  (Kuntze)  Romaschenko,  comb.  nov.  basionym:  stipa  humilis  f.  crispula  Kuntz
Revis.  Gen.  PL  3(3):371.  1898.  Stipa  chrysophylla  var.  crispula  (Kuntze)  Parodi,  Revista  Argent.  Agron.  27(3-4):98.  1960.  Jarm

DISCUSSION

Basal  lineages.— In  order  to  focus  on  Jarava  si  and  the  major  American  lineages  of  the  Stipeae  in  the
present  paper  we  have  excluded  all  except  representatives  of  two  extra-American  lineages  (i.e.,  one  Asian
Ptilagrostis  and  five  species  of  the  Australian  genus  Austrostipd)  of  Stipeae  from  our  DNA  analyses.  Several
small  American  genera  were  excluded  from  the  present  paper  as  they  were  not  considered  to  be  pertinent
to  the  subjects  of  the  present  paper  (see  Methods),  but  they  will  be  treated  in  subsequent  publications.  The
phylogenetic  patterns  we  detected  with  the  present  data  are  consistent  with  those  detected  with  our  larger
worldwide  dataset  for  Stipeae  (preliminary  ITS  plastid  analysis  presented  by  Romaschenko  et  al.  2007;  and
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unpublished  chloroplast  DNA  data).  Because  our  taxon  sampling  here  is  purposefully  curtailed,  discussions
of  the  basal  radiations  in  the  tribe  are  necessarily  restrained  in  this  paper.  Since  there  is  a  larger  phylogenetic
story  in  the  full  dataset,  not  too  much  should  be  read  into  the  placement  of  Austrostipa  by  itself  as  sister  to
the  Major  American  Clade  (MAC)  in  which,  Achnatherum,  Jarava  s.s.,  Nassella,  and  Amelichloa  are  included.
Nevertheless,  some  things  can  be  said  about  the  basal  lineages  as  resolved  here.

The  early  diverging  or  sister  group  position  of  the  basal  lineages  (here  Piptochaetium,  Ptilagrostis,  and
Anatherostipd)  in  relation  to  Achnatherum,  Amelichloa,  Austrostipa  Jarava  si,  and  Nassella  [AAAJN]  has  never
been  indicated  in  previous  reconstructions  of  the  phylogeny  of  the  Stipeae.  An  early  diverging  position  of
Piptochaetium  (as  a  part  of  a  complex  of  North  American  Piptatherum/Oryzopsis  plus  Piptochaetium)  within
Stipeae  was  reported  by  Jacobs  et  al.  (2000)  based  on  ITS  sequence  analysis.  However,  the  authors  assigned
more  weight  to  morphological  similarities  of  this  group  with  Nassella  and  consequently  the  early  diverging
position  of  Piptochaetium  was  thought  to  be  an  artifact.  The  early  diverging  position  of  Piptochaetium  also  was
not  recognized  when  a  larger  data  set  was  used  (Jacobs  et  al.  2007).  Various  morphological  characters,  such
as:  short,  obovate  floret,  eccentric  straight  hairless  awns,  development  of  a  crown,  bulbous-based  hairs  on
the  apex  of  the  lemma,  silicified  walls  of  fundamental  cells  of  the  lemma  epidermis,  and  type  of  epiblast  has
suggested  a  close  relationship  between  Piptochaetium  and  Nassella  (Thomasson  1978;  Barkworth  &  Everett
1987;  Barkworth  1990,  1993;  Jacobs  et  al.  2000;  Barkworth  &  Torres  2001;  Cialdella  &  Giussani  2002).
In  contrast  to  these  conclusions,  our  data  support  a  monophyletic  origin  of  Piptochaetium  near  the  base  of
the  American  Stipeae,  thereby  rendering  Nassella  and  Piptochaetium  as  distant  relatives.  An  independent
origin  of  the  above  suite  of  characters  in  Piptochaetium,  well  removed  from  Nassella,  is  in  agreement  with
the  latest  revision  of  Piptochaetium  based  on  phylogenetic  analysis  of  plastid  trnL-F  and  rpll6  sequences  and
morphological  characters  (Cialdella  et  al.  2007).

All  three  genera  of  our  "basal  lineages"  set  (i.e.;  Piptochaetium,  Ptilagrostis,  and  Anatherostipa)  have  a
"saw"  like  pattern  on  the  lemma  fundamental  cells,  where  the  side  walls  are  usually  much  longer  than  end
walls,  strictly  sinuate,  lobate  or  dentate,  and  fundamental  cells  do  not  regularly  alternate  with  silica  cells
(Barkworth  1983;  Barkworth  &  Everett  1987).  This  lemma  epidermal  pattern  is  evidently  the  plesiomorphic
condition  in  Stipeae  and  can  be  assumed  to  be  an  unspecialized  characteristic  within  the  Pooideae  since  no
other  pattern  has  been  detected  so  far  in  mid  to  early  fossil  stipoid  grasses  (Thomasson  1978,  1980,  1981,
1982, 1985).  There  are  unambiguously  identifiable  fossils  from  the  Oligocene  of  the  Stipeae  called  Berriochloa
U.K.  Elias  with  a  "saw"  like  pattern  in  the  lemma  epidermis.  Some  early  Pliocene  fossils  referred  to  Nassella
(Thomasson  1978)  have  short  fundamental  cells  but  still  have  sinuate  sidewalls  and  end  walls  like  the  basal
lineages  identified  here,  such  as  Piptochaetium  but  unlike  extant  species  of  Nassella.

Our  molecular  analyses  indicate  that  Ptilagrostis  and  Achnatherum  are  also  phylogenetically  distant.
This  conclusion  is  further  supported  with  micromorphological  data,  as  the  two  genera  have  different  lemma
epidermal  patterns  (Barkworth  1983;  Barkworth  &  Everett  1987).  Based  on  the  topology  of  our  trees  (Figs.
1-3),  the  polarization  of  the  epidermal  characters  from  Achnatherum  (as  a  conditionally  ancient  state)  to
Ptilagrostis  (as  a  conditionally  derived  state),  as  proposed  Tzvelev  (1977)  and  Barkworth  and  Everett  (1987),
is  not  parsimonious.  We  deduce  that  Ptilagrostis  has  the  ancestral  conditions  for  epidermal  characters.

The  monophyly  of  the  genus  Anatherostipa  is  supported  by  all  our  molecular  analyses  (Figs.  1-3)  and
Ptilagrostis  appears  to  be  the  sister  group  of  Anatherostipa  plus  Piptochaetium  (Figs.  2  &  3).  Key  features  of
Anatherostipa  other  than  the  "saw"  like  lemma  epidermal  pattern,  are  the  short  glumes  relative  to  the  lemmas,
long  (often  prow-tipped)  paleas,  and  lemmas  occasionally  with  small  teeth  or  lobes  at  the  apices  (Matthei
1965;  Barkworth  &  Everett  1987).  These  lemma  apex  characteristics  were  considered  by  Tzvelev  (1977)
to  be  an  ancestral  or  plesiomorphic  state  in  the  Stipeae.  Species  of  Anatherostipa  share  the  lemma  surface
pattern  and  apical  teeth  character  with  Ptilagrostis.

The  great  variation  in  morphological  forms,  particularly  the  diversity  of  modifications  in  shape  and
size  of  floret  and  awn  indumentum  with  apparent  adaptive  functions,  within  the  basal  lineages  and  MAC,
is  a  primary  reason  why  these  separate  groups  were  difficult  to  detect  based  solely  on  the  study  of  mor-
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phology.  This  confirms  the  suggestions  of  Thomasson  (1978,  1985)  and  Barkworth  and  Everett  (1987)  that
similar  adaptive  forms  evolved  independently,  possibly  synchronously  under  similar  ecological  pressures,
in  phylogenetically  distant  groups  of  Stipeae.  Despite  being  morphologically  diverse  due  to  the  anemochoric
or  herbivoric  adaptations,  in  addition  to  sharing  the  unique  lemma  epidermal  pattern,  the  basal  lineages
among  themselves  have  relatively  low  levels  of  divergence  in  DNA  sequences.  The  divergence  value  for  the
most  variable  ITS  region  was  17.6%  for  the  out-group  to  ingroup  taxa  and  is  only  2.9%  for  the  basal  lin-

eages. This  latter  value  is  not  significantly  higher  than  for  Nassella  where  it  was  2.6%.  Relatively  high  (up
to  4%)  sequence  divergence  values  between  the  basal  lineages  and  the  Hesperostipa  clade  indicates  a  greater
evolutionary  distance  between  them  even  though  they  share  the  "saw"  like  lemma  pattern.  The  "saw"  like
lemma  epidermal  pattern  found  in  the  basal  lineages  is  also  known  to  occur  in  Hesperostipa  (Thomasson
1978,  1980,  1982,  1985;  Barkworth  1990;  Cialdella  &  Giussani  2002).  Hesperostipa  also  shares  a  long  and
prow-tipped  palea  with  Anatherostipa  (Barkworth  &  Everett  1987).  Hesperostipa  is  a  small  phylogenetically
and  geographically  isolated  genus  of  the  North  American  Stipeae.

Pappostipa.— The  phylogenetic  history  of  the  Pappostipa  clade  supported  by  our  molecular  analysis  of
plastid  DNA  and  nrDNA  sequences  (Figs.  1-3)  provides  evidence  that  Jarava  s.l.  is  polyphyletic  and  the
circumscription  of  the  genus  proposed  by  Penailillo  (2002)  cannot  be  maintained.  Consequently,  we  el-

evated all  of  Spegazzini's  Stipa  sect.  Pappostipa  to  generic  status  based  on  corroborating  morphological  and
anatomical  evidence  of  differences  with  the  remainder  of  Jarava.  The  phylogenetic  resolution  of  Austrostipa
and  Achnatherum  clades  between  Pappostipa  clade  and  more  highly  derived  Jarava  s.s.  clade  clearly  indicates
that  Pappostipa  and  Jarava  s.s.  do  not  share  a  most  recent  common  ancestor.  Pappostipa  appears  to  be  inde-

pendently derived  from  the  group  we  have  called  the  Major  American  Clade  (MAC).  MAC  is  comprised  of
related  genera  that  are  geographically  restricted  to  the  Americas,  with  Jarava  s.s.  and  Nassella  constituting
the  principal  part  of  the  clade.  Recent  phylogenetic  inferences  based  on  plastid  DNA  sequences  for  the  South
American  Stipeae  (Cialdella  et  al.  2007)  revealed  the  affinities  of  Pappostipa  with  the  basal  lineages  since
Pappostipa  vaginata  was  inferred  to  be  the  sister  group  of  an  Aciachne-Anatherostipa-Piptochaetium  clade.  The
phylogenetic  position  of  Pappostipa  speciosa  (reported  as  "Achnatherum  speciosum")  within  the  Achnatherum
clade  based  on  ITS  sequences  by  Jacobs  et  al.  (2000,  2007)  is  refuted  by  our  more  extensive  analysis.

Some  key  morphological  features  of  the  Pappostipa  floret  indicate  transitional  characteristics  leading  to
the  more  advanced  states  found  in  MAC,  or  to  analogous  states  of  characteristics  independently  derived  in
other  genera.  Unigeniculate  awns,  straight  and  long-hairy  columns,  and  usually  straight  glabrous  bristles
are  the  principal  diagnostic  characters  for  Pappostipa  (Spegazzini  1901).  The  same  suite  of  morphological
features  of  the  awn  is  developed  in  central  Asian  Stipa  sect.  Pseudoptilagrostis  Tzvel.  (Tzvelev  1977)  and  two
Mediterranean  genera,  Celtica  F.M.  Vazquez  &  Barkworth  and  Macrochloa  Kunth  (Vazquez  &  Barkworth
2004).  Among  awn  characteristics,  Ptilagrostis  differs  from  Pappostipa  by  having  twice  geniculate  awns,  and
Macrochloa  differs  from  Pappostipa  by  having  falcate  rather  than  straight  bristles.  The  callus  of  Pappostipa  is
narrowly  acute  to  acuminate  with  a  characteristic  lanceolate  or  linear-lanceolate  form  with  a  basally  open
foveola  that  follows  the  shape  of  the  peripheral  ring  (Fig.  4A-C).  However,  a  similar  structure  is  known  in
Stipa  subsessiliflora  (Rupr.)  Roshev.  and  Stipa  sect.  Pseudoptilagrostis  (Freitag  1985;  Barkworth  &  Everett  1987.
After  complete  removal  of  the  cuticle  the  walls  of  the  lemma  epidermal  cells  appear  to  be  sinuate  in  Pap-

postipa (Fig.  4G)  and  not  lobate.  This  type  of  lemma  epidermal  wall  can  be  considered  transitional  between
the  "saw"  like  pattern  found  in  Hesperostipa  and  other  basal  lineage  genera  (Fig.  4G)  and  the  pattern  found
in  MAC.  However,  the  moderate  shortening  of  the  fundamental  cells  and  their  regular  alternating  pattern
with  equilateral  silica  cells  ("maize"  like  pattern)  enables  us  to  associate  the  lemmas  of  Pappostipa  with  other
achnatheroid  type  species  rather  than  with  the  pattern  encountered  in  the  basal  lineages.

Our  ITS  analysis  and  combined  plastid  DNA  and  nrDNA  analyses  (Figs.  2&3)  divides  Pappostipa  into
two  clades  that  are  correlated  with  anatomical  types  I  &  II  of  Arriaga  (1983).  These  lineages  are  here  named
as  Pappostipa  sect.  Pappostipa  and  P.  sect.  Chysovaginatae.  Based  on  our  molecular  analyses  and  by  possessing
a  suite  of  anatomical  and  leaf  morphological  characteristics  we  pi
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blanquetii,  P.  hieronymusii,  P.  maeviae,  P.  major,  P.  malahuensis,  P.  nicorae,  R  parodiana,  P.  patagonica,  P.  ruiz-
lealii,  P.  speciosa,  P.  vaginata,  and  P.  vatroensis  in  P.  sect.  Pappostipa;  and  include  P.  ameghinoi,  P.  atacamensis,
P.  chrysophylla,  P.  chubutensis,  P.Jrigida,  P.  humilis,  P.  ibarii,  and  P.  nana  in  P.  sect.  Chysovaginatae.  Within  P.
sect.  Pappostipa  we  also  recognize  an  informal  "long-bristle"  group  that  includes  P.  barrancancaensis,  P.  major,
P.  malahuensis,  and  P.  vatroensis.  These  four  species  all  have  long  straight  bristles,  whereas  the  other  spe-

cies have  "short  bristles."  We  have  recognized  P.  speciosa  var.  major  as  a  species,  P.  major,  based  on  different
chromosome  number  reports  (2n=60  in  P.  major;  2n=66  in  P.  speciosa;  Parodi  1960;  Stebbins  &  Love  1941;
Covas  &  Bocklet  1945),  distinct  differences  in  the  length  of  the  hairs  on  the  lemma  and  glumes,  thickness
of  the  basal  leaf  blades,  and  color  of  the  sheaths.

Austrostipa.— The  monophyly  of  the  Australian  Stipeae,  i.e.,  Austrostipa  was  supported  in  all  of  our  sepa-
rate and  combined  analyses  of  plastid  DNA  and  nrDNA  regions  (Figs  1-3).  The  Austrostipa  clade  is  clearly

positioned  as  a  sister  group  to  the  Major  American  Clade  (MAC)  composed  of  Achnatherum,  Jarava  s.s.,  and
Nassella  (with  Amelichloa  nested  inside).  This  general  relationship,  but  with  more  Asian  genera  represented
in  the  clade  in  which  Austrostipa  was  included,  was  detected  by  Romaschenko  et  al.  2007.  The  monophyly
of  the  Austrostipa  was  supported  by  Jacobs  et  al.  (2000,  2007)  based  on  the  ITS  analysis.  However,  the  clade
was  thought  to  be  the  most  derived  group  in  the  Stipeae,  preceded  by  clades  or  grades  containing  Nassella,
Jarava,  and  Achnatherum.  It  has  been  pointed  out  by  Barkworth  and  Everett  (1987)  that  the  majority  of  the
Austrostipa  species  do  not  have  shortened  fundamental  cells,  which  is  a  distinctive  character  in  species  of
Nassella  and  Jarava  s.s.  In  addition,  it  was  found  that  Austrostipa  species  typically  have  fundamental  cells
with  slightly  sinuate  walls  that  sometimes  are  two  or  three  times  longer  than  the  silica  cells  (Jacobs  &
Everett  1996).  Therefore,  we  consider  Austrostipa  to  be  a  somewhat  specialized  group  and  transitional  to
the  American  Achnatherum.  However,  the  nature  of  this  lineage  will  be  covered  in  more  detail  in  a  separate
paper  where  it  will  be  placed  in  context  of  a  World  wide  sample  of  the  Stipeae.

Major  American  Clade.— One  of  the  primary  challenges  of  this  study  was  to  verify  monophyly  and  ascer-
tain the  boundaries  of  the  largest  group  of  American  Stipeae.  We  call  it  the  Major  American  Clade  (MAC)

because  it  contains  nearly  72%  of  the  species  in  the  American  Stipeae.  MAC  appears  to  be  monophyletic
and  is  a  geographically  distinct  lineage  comprised  of  Achnatherum  (American  lineage),  Jarava  s.s.  (as  a  clade
or  grade),  Amelichloa,  and  Nassella.  MAC  has  consistent  statistical  support  (Figs.  1-3)  as  a  lineage  and  ap-

pears as  a  sister  group  to  Austrostipa.  The  detection  of  MAC  provides  a  new  phylogenetic  hypothesis  for  the
evolutionary  derivation  of  the  majority  of  the  American  Stipeae.
Achnatherum.— The  monophyly  of  the  subset  American  species  of  Achnatherum  sampled  (4  out  of  34  spe-

cies) was  supported  by  our  plastid  and  nuclear-derived  trees  (Figs.  1-3)  and  this  Achnatherum  clade  was
always  the  sister  group  to  the  Jarava  s.s.  plus  the  Nassella-Amelichloa  complex,  in  agreement  with  analyses
by  Jacobs  et  al.  (2000).  Jacobs  et  al.  (2000)  suggested  that  Achnatherum  was  a  close  relative  of  Austrostipa,  a
hypothesis  that  is  also  supported  by  our  analysis.  Achnatherum  clearly  exhibits  a  derived  lemma  epidermal
pattern  (with  fundamental  cells  that  alternate  with  silica  cells  forming  a  clear  "maize"  pattern),  and  does  not
have  the  "saw"  like  lemma  epidermal  pattern  found  in  the  basal  lineages  and  Hesperostipa.

Jarava  s.s-Nassella  complex.— The  core  of  MAC  is  the  Jarava  s.s.  plus  Nassella-Amelichloa  complex.  This
group  contains  ca.  160  species,  representing  about  60%  of  the  American  Stipeae.  In  all  combined  analyses
of  plastid  DNA  and  nrDNA  this  clade  was  resolved  as  monophyletic  with  high  statistical  support  (Figs.  1-3).
Jacobs  et  al.  (2000,  2007)  did  not  detect  this  complex  as  a  clade  in  their  ITS  tree,  whereas  recent  phyloge-

netic inferences  based  on  plastid  DNA  data  (Cialdella  et  al.  2007)  are  consistent  with  our  results.  However,
topologies  yielded  by  parsimony  and  Bayesian  analyses  were  not  consistent  when  using  separate  data  sets  of
plastid  and  nuclear  markers.  Based  on  combined  data  of  plastid  DNA  regions,  Jarava  plumosula  was  placed
in  a  polytomy  between  the  Nassella-Amelichloa  clade  and  the  core  of  Jarava  s.s.  clade.  Jarava  s.s  was  resolved
as  monophyletic  only  in  combined  analysis  of  all  genetic  markers  (Fig.  3).

Morphologically,  the  Jarava  s.s.  plus  Nassella-Amelichloa  complex  exhibits  short  paleas  and  short  funda-
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mental  cells.  These  traits  are  most  highly  developed  in  Nassella  where  species  are  characterized  by  having
a  "ladder"  pattern  of  the  lemma  epidermal  cells,  designated  by  Barkworth  (1990)  as  the  "nasselloid  type"
(short,  silicified  fundamental  cells  not  alternating  with  silica  cells,  or  fundamental  cells  and  short  cells  that
lack  silica)  that  are  indistinguishable  from  each  other.  Another  distinct  feature  of  species  with  nasselloid
type  lemma  anatomy  is  the  development  of  the  crown  (a  fleshy,  ciliate  formation)  at  the  apex  of  the  lemma.
Species  of Jarava  s.s.  are  characterized  here  as  the  "achnatheroid  type,"  with  fundamental  cells  that  alter-

nate with  silica  cells  of  the  same  form  (Fig.  4H),  forming  a  clear  "maize"  pattern,  and  with  the  absence  of  a
lemma  crown.  Among  other  achnatheroid  traits  common  for  Jarava  s.s.  species,  but  not  observed  in  Nassella
or  Amelichloa,  are  the  protruding  and/or  in  some  cases  reduced,  lemma  lobes.

Jarava  s.s.— Based  on  our  current  set  of  samples,  as  seen  in  Figs.  2&3,  the  jarava  s.s.  clade  consists  of  two
distinct  groups:  I)  Jarava  ichu  group;  and  2)  J.  plumosula  group.  In  the  ITS  analysis,  the  Jarava  s.s.  clade  was
resolved  to  be  polyphyletic,  with  three  species  constituting  J.  plumosula  group  forming  a  clade  that  is  sister
group  to  Nassella-Amelichloa  (Fig.  2).  In  the  plastid  analysis  (Fig.  1)  only  J.  plumosula  resolved  in  a  polytomy
between  the  core  of  Jarava  and  Nassella-Amelichloa,  whereas  J.  media  and  J.  polyclada  were  placed  just  at  the
base  of  the  clade  of  Jarava  s.s.  (core)  plus  Nassella-Amekhloa  complex.  In  the  analysis  of  the  whole  molecular
dataset,  all  species  of  Jarava  s.s.  were  weakly  supported  as  monophyletic  clade  (Fig.  3).  Jarava  media,  J.  plu-

mosula, and  J.  polyclada  all  share  the  same  habitat  and  a  habit  that  includes  such  characters  as  culms  having
many  branches  at  the  upper  nodes,  and  a  zoo-anemochoric  floret  dispersal  adaptations.

Our  combined  plastid  and  ITS  molecular  analysis  (Fig.  3)  supports  the  separation  of  Jarava  leptostachya
from  species  formerly  recognized  as  Stipa  capilliseta  Hitchc.  [=  S.  leptostachya  var.  capilliseta  (Hitchc.)  Parodi,
currently  treated  as  a  synonym  of  J.  leptostachya  in  Soreng  et  al.  2003]  and  consequently,  labeled  on  the
trees  as  J.  leptostachya2.  This  separation  is  supported  by  morphological  differences  such  as,  a  flexuous  awn
and  sparsely  hairy  lemma  apices  in  S.  capilliseta  verses  a  geniculate  awn  and  pappose  lemma  apices  in  J.
leptostachya.

Nassella  including  Amelichloa.— According  to  the  latest  revision,  Nassella  is  one  of  the  largest  genera  in  the
tribe  (Barkworth  &  Torres  2001)  with  some  119  species  listed  as  accepted  by  Soreng  et  al  (2003).  A  number
of  subgeneric  and  sectional  names  were  employed  in  Stipa  s.l.  by  Spegazzini  (1901,  1925)  and  Roig  (1964)  to
recognize  the  many  forms  now  placed  in  Nassella.  Despite  some  striking  morphological  differences  among
the  species,  the  majority  of  the  species  of  Nassella  share  the  same  "nasselloid"  pattern  of  the  floret  defined
by  Barkworth  (1990).  This  pattern  includes  short  paleas,  strongly  overlapping  lemma  margins,  presence
of  crown,  and  a  unique  lemma  epidermal  pattern.  Our  nuclear  and  combined  plastid-nuclear  consensus
trees  yielded  a  Nassella-Amelichloa  clade  with  high  statistical  support  (Figs  2  &  3).  The  internal  structure
within  our  Nassella-Amelichloa  clade  is  represented  by  two  well-supported  branches  accommodating  groups
of  species  of  varying  morphological  homogeneity.  Within  Nassella,  the  upper  clade  of  Figs.  2  &  3  (incl.  N.
brachychaetoides,  N.  brachyphylla,  N.  caespitosa,  N.  dasycarpa,  N.  depauperata,  N.  inconspicua,  N.  meyeniana,  N.
nardoides,  N.  puhiflora,  and  N.  rupestris)  shares  similar  morphological  features  as  described  for  Stipa  subg.
Dasystipa  Speg.  by  Spegazzini  (1901).  This  group  typically  has:  oblong  or  lanceolate,  often  truncate  florets,
hairy  lemmas  (sometimes  the  hairs  are  much  longer  at  the  apex  of  the  lemma),  eccentric  marginiform  crowns
(rarely  inconspicuous),  and  florets  with  a  short  callus.  The  lower  clade  within  Nassella  (Figs.  2&3)  includes
Amelichloa  (A.  caudata  and  A.  clandestina)  and  taxa  attributed  to  Stipa  subg.  Stephanostipa  Speg.  (incl.  N.
darazii,  N.filiculmis,  N.  manicata,  N.  neesiana,  N.  nidulans,  N.  pjisteri,  and  N.  rosengurttii),  Stipa  subg.  Nassella
(N.  trichotoma,  N  tenuissima  and  N.  sanluisensis  sensu  Spegazzini  1901),  and  Stipa  subg.  Microstipa  (incl.  N

Jiliculmis  sensu  Spegazzini  1901;  and  N  tenuissima  sensu  Roig  1964).  In  combined  plastid  DNA-nrDNA  and
ITS  analyses  the  Amelichloa  subclade  was  resolved  as  monophyletic  (PP=1.00;  BF=100)  as  a  sister  group  to
the  lower  clade  of  Nassella.  The  position  of  the  Amelichloa  clade  near  the  base  of  this  lower  Nassella  clade  was
unexpected.  However,  all  species  of  Nassella-Amelichloa  share  a  deletion  of  three  nucleotides  at  the  end  of  the
ITS-2  region  (not  coded  for  this  analysis)  not  found  in  other  taxa  of  our  analysis.  The  position  of  Amelichloa
within  Nassella  requires  study  of  additional  species  prior  to  proposing  taxonomic  changes.



190 Journal  of  the  Botanical  Research  Institute  of  Texas  2(1)

CONCLUSIONS

s.L  is  polyphyletic  and  species  formerly  in  Stipa  subg.  Pappostippa  are  removed  from  Jarava  s.l.  and
placed  in  the  new  genus  Pappostipa.  Thi
genera  designated  as  the  basal  lineages
Major  American  Clade.  The  Majoi

:nus  is  phylogenetically  intermediate  between  a  group  of
m  the  American  Stipeae  and  a  set  of  genera  designated  here  as  the

Clade  includes:  Achnatherum  of  the  New  World  Jarava  s.s.,  and
(in  which  the  genus  Amelichloa  is  phylogenetically  nested).  The  American  basal  lineages  include  a

clade  of  Anatherostipa  and  Piptochaetium  as  sister  group  to  the  Asian  and  American  genus  Ptilagrostis.  Phy-
logenetically, the  North  American  genus  Hesperostipa  stands  between  these  American  basal  lineages  and

Pappostipa  plus  the  Major  American  Clade.
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