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Abstract

Allozyme data were used to evaluate the genetic variation, relationships, and pop-
ulation genetic structure of three endemic grasses: Bealia mexicana, Muhlenbergia
argentea, and M. lucida. Electrophoretic examination of 20 putative enzyme loci  in
14 populations revealed that all three species have high genetic variability (H ranging
from 0. 1 9 to 0.26; F ranging from 0.073 to — 1 .000) indicative of mixed mating and
outcrossing plants, this variation being sequestered within populations in B. mexicana
and M. lucida and among populations in M. argentea. The highest allozymic similarity
occurred between B. mexicana and M. argentea (I  = 0.83) rather than between M.
lucida and M .argentea (I = 0.59). At present, populations of the geographically re-
stricted  B.  mexicana  and  M.  argentea  are  not  threatened  due  to  lack  of  genetic
variation and their survival depends on the maintenance of critical habitat.

Resumen

Mediante el analisis de alozimas se evaluo la variacion genetica, relaciones y es-
tructura genetico de tres gramineas endemicas: Bealia mexicana, Muhlenbergia ar-
gentea y M. lucida. El examen electroforetico de 20 loci putativo enzimaticos en 14
poblaciones revelo que las tres especies tienen una alta variabilidad genetica (H varia
de  0.19  a  0.26;  F  varia  de  0.073  a  -  1.000),  indicadora  de  aparejamiento  variado  y
polinizacion cruzada,  estando esta variacion dividida dentro de las  poblaciones en
B. mexicana and M. lucida y entre poblaciones en M. argentea. Se encontro mayor
similitud  alozimica  entre  B.  mexicana  y  M.  argentea  (I  =  0.83)  que  entre  M.  lucida
y M. argentea (I = 0.59). Actualmente poblaciones de las geograficamente restringidas
B. mexicana y M. argentea no se encuentran en amenaza debido a falta de variacion
genetica y su supervivencia depende de que se mantenga su habitat critico.

Muhlenbergia  Schreb.  is  a  large,  primarily  New  World  genus  of
perhaps  1  60  species,  most  of  which  occur  in  the  arid  lands  of  the
southwestern  United  States  and  north-central  Mexico.  The  genus,
as  now  interpreted,  is  morphologically  very  diverse  and  probably
represents  a  taxonomic  dumping  ground  (Correll  and  Johnston  1970;
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Peterson  and  Annable  1991;  Peterson  et  al.  1989).  The  revision  of
the  entire  genus  is  currently  underway  and  will  undoubtedly  result
in  additional  re-alignment  of  some  species  as  has  already  been  ac-
complished  for  some  taxa  (Peterson  1989;  Peterson  and  Annable
1990,  1991,  1992;  Peterson  unpublished  data).

Bealia  mexicana  Scribn.  in  Beal,  Muhlenbergia  argentea  Vasey,
and  M.  lucida  Swallen  are  morphologically  very  similar  and  have
been  suggested  by  various  authors  as  being  closely  related  (Hitchcock
1935;  Swallen  1936;  Peterson  1989).  They  all  possess  an  unusual
feature,  the  occurrence  of  a  deeply  bilobed  lemma  with  a  crisped-
curled  to  flexuous  awn  borne  between  the  two  lobes  (Peterson  1989).
However,  the  lobe  apices  in  B.  mexicana  and  M.  argentea  are  obtuse
to  rounded  and  in  M.  lucida  the  apices  are  acute.  Muhlenbergia
lucida  also  has  tightly  involute  leaf  blades  whereas  B.  mexicana  and
M.  argentea  have  flat  to  very  loosely  involute  leaf  blades.

Muhlenbergia  argentea  and  M.  lucida  are  caespitose  perennials
from  the  Sierra  Madre  Occidental  of  western  Chihuahua,  Mexico.
Muhlenbergia  argentea  is  restricted  in  range  and  habitat  and  occurs
on  reddish  rhyolitic  lava  flows  in  seasonally  wet  rocky  crevices  usu-
ally  associated  with  a  cliff  face,  at  elevations  between  1780-2100  m.
It  is  known  from  only  three  localities,  one  just  above  the  Cascada
de  Basaseachic  and  the  other  two  northeast  of  La  Bufa  on  the  cliffs
above  the  Rio  Batopilas.  Muhlenbergia  lucida  is  more  wide  ranging
in  the  Sierra,  where  it  occurs  on  gray  to  reddish  or  white  volcanic
pumice,  lapilli  tuff  and  altered  rhyolite  lava  flows  in  dry  rocky  sites
among  boulders  at  elevations  between  2000-2600  m.

Bealia  Scribn.  in  Hack,  is  a  monotypic  genus  known  from  only  a
few  localities  in  the  Sierra  Madre  Occidental  in  Chihuahua  and
Durango,  Mexico.  Until  only  recently,  Bealia  mexicana  was  placed
in  Muhlenbergia  (M.  biloba  Hitchc),  but  with  new  cytological  and
existing  morphological  evidence  this  species  has  been  reinstated  in
its  own  genus  (Peterson  1989).  Bealia  mexicana  can  be  differentiated
from  Muhlenbergia  by  possessing  deeply  bilobed  lemmas  (1-1  .4  mm
long)  with  rounded  to  obtuse  lobes,  crisped-curled  to  flexuous  awns
born  between  the  lobes,  minutely  glandular  pedicels,  loosely  pilose
to  villous,  single-nerved  glumes,  and  by  its  annual  life  form.  In
Muhlenbergia  the  lemma  is  usually  not  deeply  bilobed,  although  the
apex  can  sometimes  be  emarginate  to  shallowly  lobed  with  acumi-
nate  to  aristate  teeth  less  than  1  mm  long  (M.  argentea  is  the  ex-
ception),  the  awns  are  usually  straight  to  flexuous  (M.  argentea,  M.
crispiseta  Hitchc.  and  M.flaviseta  Scribn.  have  crisped-curled  awns),
the  pedicels  are  eglandular,  and  both  perennials  and  annuals  are
common.  Bealia  mexicana  is  presently  known  from  only  four  lo-
calities  in  the  Sierra  and  is  restricted  to  whitish,  shallow  and  sandy,
volcanic,  lapilli  tuff  soils  on  flat  escarpments  or  ledges  at  elevations
between  2000-2300  m.
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In  Muhlenbergia  and  other  Eragrostideae  the  base  chromosome
number  is  generally  10  and  only  Bealia,  Blepharoneuron  Nash,  Cha-
boissaea  Fourn.,  Crypsis  Ait.,  Dasyochloa  Willd.  ex  Rydb.,  Eri-
oneuron  Nash,  and  Munroa  Torr.  have  a  base  number  of  8  (Gould
1958;  Hammel  and  Reeder  1979;  Peterson  1988,  1989;  Peterson
and  Annable  1990,  1992;  Reeder  1967,  1968,  1971,  1977;  Reeder
and  Reeder  1988;  Tateoka  1961).  Cladistic  analysis  of  chloroplast
DNA  restriction  fragment  variation  suggests  a  close  relationship
among  Bealia,  Blepharoneuron,  Chaboissaea,  and  Muhlenbergia,  ex-
cluding  Dasyochloa,  Erioneuron,  and  Munroa  (Duvall  et  al.  in  re-
view).  Crypsis,  although  morphologically  similar  to  Muhlenbergia,
is  probably  more  closely  allied  with  Sporobolus  where  it  shares
1  -nerved  lemmas,  caryopses  with  free  pericarps,  and  hairy  ligules.

The  present  study  was  initiated  to  estimate  the  genetic  differen-
tiation  within  and  among  populations  of  B.  mexicana,  M.  argentea,
and  M.  lucida.  We  also  wanted  to  determine  whether  allozymic  data
could  clarify  relationships  and  allow  the  evaluation  of  the  population
genetic  structure  between  the  annual  and  perennial  life  form  in  highly
endemic  species.  There  is  very  little  information  describing  the  ge-
netic  diversity  of  geographically  restricted,  potentially  endangered
grasses.  This  study  is  the  first  population-based  analysis  of  soluble
enzymes  in  Muhlenbergia  and  Bealia,  a  related  genus.

Material  and  Methods

One  hundred  individuals  from  four  populations  of  B.  mexicana,
78  individuals  from  three  populations  of  M.  argentea,  and  178  in-
dividuals  from  seven  populations  of  M.  lucida  were  examined  for
electrophoretic  variation  (Table  1).  Fresh  leaf  blades  or  entire  plants,
if  a  small  annual,  were  collected  in  the  field,  placed  in  a  3.6  ml  Nunc
cryotube,  and  frozen  on  site  in  liquid  nitrogen.

Floral  buds  were  field  collected  and  fixed  in  ethanol-acetic  acid
(3:1,  V:V)  prior  to  storage  under  refrigeration  in  70%  ethanol.  Mei-
otic  chromosome  counts  were  obtained  from  aceto-carmine  squash-
es  on  pollen  mother  cells.  Representative  cells  were  recorded  with
sketches  and  photographed  using  Kodak  Technical  Pan  film.  Chro-
mosome  number  determinations  were  based  on  observations  of  10
or  more  cells  at  diakinesis.

Sample  preparation  and  electrophoresis  of  enzymes  followed  the
general  methodology  of  Morden  et  al.  (1987).  Approximately  300
mg  of  mature  tissue  from  each  plant  was  homogenized  in  up  to  25
drops  of  grinding  buffer  (Morden  et  al.  1987)  together  with  about
50  mg  of  sea  sand  to  enhance  disruption  of  cells.  Extracts  were
absorbed  into  2x11  mm  Whatman  filter  paper  wicks  and  stored
at  —  80°C.  Electrophoresis  was  conducted  in  the  four  gel/buffer  sys-
tems  of  Morden  et  al.  (  1  987):  L,  M,  N,  and  T,  however,  starch  content
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Table  1  .  Field  collections  of  Bealia  Mexican  a,  Muhlenbergia  argentea,  M.
lucida,  Chaboissaea  decumbens,  C.  ligulata,  and  C.  subbiflora  analyzed  by
enzyme  electrophoresis.  Chromosome  numbers  are  given  in  parenthesis.  Voucher
specimens are deposited at US.

B.  mexicana.  MEXICO.  Chihuahua:  Parque  Natural  Cumbres  de  Majalca,  Colonia
Cumbres de Majalca,  Peterson,  Annable  & Herrera 7946;  Parque Natural
Cumbres  de  Majalca,  W of  Cumbres  de  Majalca,  Peterson,  Annable  & Herrera
7981  (n=16);  S  of  Villa  Matamoros,  Peterson  &  King  8264  (n=16).  Durango:
SW  of  El  Ojito,  Peterson,  Annable  &  Herrera  8090.

M.  argentea.  MEXICO.  Chihuahua:  Parque  Natural  Barranca  del  Cobre,  NE  of  La
Bufa,  Peterson,  Annable  &  Herrera  8044,  8066  (n=10);  Cascada  de  Basaseachic,
Peterson & King 8248.

M.  lucida.  MEXICO.  Chihuahua:  Parque  Natural  Cumbres  de  Majalca,  Colonia
Cumbres  de  Majalca,  Peterson,  Annable  & Herrera  7973;  Parque Natural
Cumbres  de  Majalca,  W of  Cumbres  de  Majalca,  Peterson,  Annable  &  Herrera
7978;  Parque Natural  Barranca del  Cobre,  S  of  Creel,  Peterson,  Annable  & Her-
rera  8029;  Parque  Natural  Barranca  del  Cobre,  NE  of  Batopilas,  Peterson,  Anna-
ble  &  Herrera  8039;  E  of  Guachochi,  Peterson,  Annable  &  Herrera  8083;  W  of
La  Junta,  Peterson  &  King  8202;  Parque  Natural  Cumbres  de  Majalca,  Cascada
de Basaseachic, Peterson & King 8249.

C.  decumbens.  MEXICO.  Chihuahua:  W  of  Cuauhtemoc,  Peterson,  Annable  &
Herrera 7983.

C.  ligulata.  MEXICO.  Chihuahua:  N  of  Cuauhtemoc,  Peterson  &  Annable  8111.
C.  subbiflora.  MEXICO.  Durango:  N  of  Durango,  Peterson  &  King  8266.

was  modified  to  optimize  gel  handling  characteristics  and  improve
resolution.  All  gels  consisted  of  a  2.6:  1,  Electrostarch  :  Sigma  Starch
ratio  with  a  total  starch  content  of  13.5%,  1  1.5%,  1  1.5%,  and  13.0%
for  the  L,  M,  N,  and  T  systems,  respectively.  For  each  population,
samples  from  all  individuals  were  included  together  on  the  same
gel.  Selected  individuals  from  different  populations  were  then  ana-
lyzed  together  for  purposes  of  interspecific  and  interpopulational
caparisons.  Gels  were  sliced  and  stained  for  the  following  14  en-
zymes:  aspartate  aminotransferase  (AAT),  aconitase  (ACO),  adenyl-
ate  kinase  (ADK),  aminopeptidase  (AMP),  fructokinase  (FRK),  glu-
tamate  dehydrogenase  (GDH),  glutamate-pyruvate  transaminase
(GPT),  isocitrate  dehydrogenase  (IDH),  malate  dehydrogenase
(MDH),  6-phosphogluconate  dehydrogenase  (PGD),  phosphoglu-
cose  isomerase  (PGI),  phosphoglucomutase  (PGM),  shikimate  de-
hydrogenase  (SAD),  and  triose  phosphate  isomerase  (TPI).  Only  the
plastid  form  of  IDH  was  surveyed.  Loci  were  designated  sequentially
with  the  most  anodally-migrating  isozyme  designated  1  ,  the  next  2,
and  so  on.  Alleles  were  designated  sequentially  with  the  most  an-
odally  migrating  allele  given  an  a,  the  next  b,  and  so  on.

Values  for  Nei's  (1972)  genetic  identity  (I)  and  distance  measures
were  computed  for  pairwise  comparisons  using  BIOSYS-  1  (Swofford
and  Selander  1989).  Standard  measures  of  genetic  variation  (Table
3)  were  computed  for  B.  mexicana,  M.  argentea,  and  M.  lucida,
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including  mean  number  of  alleles  per  locus  (A),  proportion  of  poly-
morphic  loci  (P),  mean  heterozygosity  (H),  and  mean  fixation  (F)
index  which  measures  the  deviation  of  genotypic  proportions  from
Hardy-Weinberg  expectations  (Jain  and  Workman  1967;  Swofford
and  Selander  1989).  The  distribution  of  genetic  variation  within  the
three  taxa  was  determined  using  F-statistics  (Table  4)  where  F  IS  is
the  fixation  index  within  populations,  F  IX  is  the  overall  fixation
index,  and  F  ST  measures  the  amount  of  differentiation  among  pop-
ulations  (Wright  1965,  1969).  The  patristic  distance  matrix  was
calculated  using  the  Prevosti  distance  index  (Wright  1978)  and  after
optimization  of  branch  lengths  a  corresponding  Wagner  tree  (Fig.
1)  was  produced  using  Chaboissaea  decumbens  (Swallen)  J.  &  C.
Reeder,  C.  ligulata  Fourn.,  and  C.  subbiflora  (Hitchc.)  J.  &  C.  Reeder
as  outgroups  (Swofford  and  Selander  1989).

Results

New  chromosome  counts  (Table  1)  were  made  in  three  popula-
tions:  two  of  B.  mexicana  (n=\6)  and  one  of  M.  argentea  («=10).
A  previous  reported  chromosome  count  for  B.  mexicana  from  the
same  locality  as  population  8090  indicated  a  diploid  at  n=S  (Pe-
terson  1988).  The  earlier  count  is  probably  in  error  since  no  irreg-
ularities  in  the  meiotic  chromosome  pairing,  such  as  univalents  or
trivalents,  were  noted  in  the  new  preparations  of  B.  mexicana.
Therefore,  all  populations  analyzed  in  this  study  were  interpreted
to  be  diploid.  However,  B.  mexicana  could  still  be  an  autopolyploid
or  an  allopolyploid  with  some  duplicated  loci  expressed  and  some
silenced.

Twelve  enzymes  with  20  putative  loci  were  consistently  scorable
by  starch  gel  electrophoresis:  AAT-  1  ,  AAT-2,  AAT-3,  ACO-  1  ,  ACO-
2,  AMP-2,  GDH,  GPT-1,  GPT-2,  IDH-1,  MDH-1,  MDH-2,  MDH-
3,  PGD-1,  PGD-2,  PGI-1,  PGI-2,  PGM-1,  SAD,  TPI-1.  Several
enzymes  or  putative  loci,  viz.,  ADK,  FRK,  AMP-1,  and  TPI-2,  were
not  scored  because  of  faint  or  inconsistent  staining.  Phosphoglu-
comutase,  PGM-2,  was  absent  or  did  not  stain  in  all  populations  of
Bealia  and  was  not  included  in  the  analysis.  All  plants  examined
possessed  enzyme  bands  of  identical  mobility  for  GPT-2  whereas
GPT-1  and  PGI-1  were  monomorphic  for  different  alleles  in  B.
mexicana,  M.  argentea,  and  M.  lucida  and  were  not  included  in  the
genetic  analysis  except  when  generating  the  Wagner  tree.  Only  seg-
regating  loci  were  used  to  determine  the  genetic  variation  in  pop-
ulations,  taxa,  and  F-statistics  (Tables  3,  4).  The  following  non-
segregating  loci  that  were  fixed  for  a  pair  of  different  alleles  were
removed  from  the  analysis:  B.  mexicana  (AAT-2,  MDH-1,  MDH-
2,  MDH-3,  PGD-1),  M.  argentea  (AMP,  MDH-1,  MDH-2,  PGD-
1),  and  M.  lucida  (AAT-2,  MDH-1,  MDH-2,  PGD-1,  PGI-2).
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Intraspecific  allele  frequencies  at  1  7  variable  loci  are  given  in  Table
2.  Population  allele  frequencies,  fixation  indices  per  polymorphic
locus,  and  interpopulational  genetic  identity  values  can  be  obtained
from  PMP  upon  request.  Observed  alleles  per  polymorphic  locus
per  taxon  ranged  from  two  in  AAT-3,  ACO-1,  ACO-2,  and  GDH
to  five  in  MDH-2.  The  greatest  number  of  alleles  per  locus  observed
in  any  population  was  four  (M.  lucida  8029  for  MDH-2).  Seven,
five,  and  two  unique  alleles  were  detected  in  B.  mexicana,  M.  ar-
gentea,  and  M.  lucida,  respectively  (Table  2).  Three  of  these  unique
alleles  were  present  in  all  individuals  surveyed  of  B.  mexicana  (AMP-
2c,  MDH-lb,  and  PGI-a)  and  one  unique  allele  was  present  in  all
individuals  of  M.  lucida  (PGD-2a).

The  mean  number  of  alleles  per  locus  (A)  within  populations
ranged  from  1.1  to  1.8  and  the  mean  proportion  of  polymorphic
loci  (P)  within  populations  ranged  from  0.14  to  0.60  (Table  3).  The
mean  heterozygosity  direct  count  estimate  (H)  within  populations
ranged  from  0.143  to  0.297,  indicating  a  moderately  high  level  of
heterozygosity  at  most  polymorphic  loci  and  in  most  populations.
The  mean  fixation  index  (F)  within  populations  or  inbreeding  coef-
ficient  was  0.073  and  —0.010  in  two  different  populations  of  M.
argentea  indicating  no  significant  deviation  from  Hardy-Weinberg
expectations.  All  other  populations  ranged  from  —0.186  to  —  1.000,
suggesting  a  high  excess  of  heterozygotes  relative  to  Hardy-Weinberg
expectations.

Partitioning  of  genetic  diversity  within  B.  mexicana,  M.  argentea,
and  M.  lucida  was  determined  using  F-statistics  where  the  fixation
index  within  populations  (F  IS  )  ranged  from  —0.079  to  —0.867  (Table
4).  The  amount  of  genetic  diversity  among  populations  within  each
species  (F  sx  )  ranged  from  0.  142  to  0.  1  92.  In  M.  argentea  the  genetic
diversity  was  partitioned  slightly  higher  among  populations  (F  ST  =
0.158)  versus  within  (F  IS  =  —0.079).  In  contrast,  in  B.  mexicana
and  M.  lucida,  the  primary  component  of  F  IX  was  F  IS  (  —  0.540  and
—0.867,  respectively)  with  the  F  sx  values  being  very  small  (0.192
and  0.142).  This  indicates  greater  heterogeneity  within  populations
of  B.  mexicana  and  M.  lucida  than  among  them.  The  overall  fixation
index  (F  IX  )  ranges  from  -0.079,  i.e.,  approaching  Hardy-Weinberg
equilibrium,  to  —0.602,  indicating  a  large  excess  of  heterozygotes
relative  to  Hardy-Weinberg  expectations.

Genetic  identities  among  populations  of  each  species  demonstrate
a  high  level  of  similarity,  ranging  from  0.95  to  0.98  whereas  identities
between  species  are  0.57  between  B.  mexicana  and  M.  lucida,  0.59
between  M.  argentea  and  M.  lucida,  and  0.83  between  B.  mexicana
and  M.  argentea  (Table  5).

A  Wagner  tree  (Fig.  1)  summarizes  the  interpopulational  rela-
tionship  based  on  gentic  distance  values.  Three  species  belonging  to
the  genus  Chaboissaea  (C.  decumbens,  C.  ligulata,  and  C.  subbiflora)
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Table  2.  Intraspecific  allele  frequency  data  for  1  7  polymorphic  loci  among
be  alia  mexican  a,  muhlenbergia  argentea,  and  m.  luc  ida.

Locus
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Table  2.  Continued

Locus

were  designated  as  outgroups  based  on  their  morphological  simi-
larity  to  the  study  species  and  similar  base  chromosome  number
(x=8)  with  B.  mexicana.  All  populations  of  each  respective  species
form  a  clade;  populations  of  M.  argentea  and  B.  mexicana  showed
the  least  genetic  distance  between  species  (Fig.  1).

Discussion

Populations  of  B.  mexicana,  M.  argentea,  and  M.  lucida  possess
moderately  high  levels  of  genetic  variation  comparable  to  that  found
in  outcrossing  and  mixed  mating  plant  species  (Hamrick  et  al.  1979).
This  is  reflected  in  the  mean  heterozygosity  levels  per  species  of  1  9

Table  3.  Genetic  variation  in  populations  and  taxa  of  Be  alia  mexicana,
muhlenbergia  argentea,  and  m.  lucida:  sample  size  (n);  mean  number  of  alleles
per  locus  (a);  mean  proportion  of  polymorphic  loci  (p);  95%  criterion,  mean
heterozygosity  (h),  direct  count  estimate;  and  mean  fixation  index  (f).

Taxon  &  coll.  no.  n  A  P  H  F

Within populations
B. mexicana 7946
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Table  4.  Summary  of  F-statistics  and  unique  alleles  (parenthesis  indicates
presence  in  all  individuals)  within  populations  of  bealia  mexicana,
muhlenbergia  argentea,  and  m.  lucid  a.

Taxon

to  26%  and  the  predominantly  negative  mean  fixation  indices  per
species  (0.073  to  —1.000)  indicating  a  heterozygote  excess  (Table
3).  Although  all  three  species  are  limited  to  a  particular  edaphic
habitat,  M.  argentea  which  is  known  only  from  two  localities  and
has  the  most  restricted  range,  exhibits  the  lowest  mean  fixation  index
of  —  0.03,  showing  no  deviation  from  Hardy-Weinberg  expectations.
Likewise,  the  more  widespread  perennial,  M.  lucida  exhibits  the
highest  excess  of  heterozygotes  (F  =  —0.80)  relative  to  Hardy-Wein-
berg  expectations.  The  somewhat  restricted  annual,  B.  mexicana,  is
intermediate  with  a  mean  fixation  index  of  —0.49  but  higher  direct
count,  mean  heterzygosity  (H  =  26%).  These  results  do  not  lend
support  to  the  theoretical  prediction  that  species  with  limited  ranges
will  exhibit  lower  levels  of  genetic  polymorphisms  (Drury  1974;
Hamrick  et  al.  1979;  Karron  1987;  Karron  et  al.  1988),  although
these  values  could  be  attributable  to  the  decreasing  number  of  pop-
ulation  samples  in  each  respective  species.  Even  though  these  three
species  are  currently  known  from  very  few  populations,  their  genetic
diversity  is  unusually  high,  and  again  this  could  be  attributable  to
the  paucity  of  sampling.  However,  a  similar  situation  was  also  found
in  the  highly  restricted  Helianthus  praecox  Engelm.  &  Gray  ssp.
hirtus  Heiser  where  the  genetic  diversity  at  isozyme  loci  was  similar
to  the  widespread  H.  praecox  ssp.  runyonii  Heiser  (Rieseberg  and
Doyle  1989).

Bealia  mexicana  and  M.  lucida  show  little  genetic  differentiation
among  populations  (F  ST  )  but  exhibit  high  values  of  variability  within

Table  5.  Mean  genetic  identity  values  (Nei  1972)  and  ranges  for  pairwise
comparisons  of  populations  of  bealia  mexicana,  muhlenbergia  argentea,  and
M. LUCIDA.

Taxa
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HZ

• 8264
8090

7946
7981

8044
8066

8248

Bealia

M.  argentea

r  7973
pi-  7978

—I  I  8083
I — 8202

— 8029
8039

8249
7983

8111

4T

M.  lucida

8266
Chaboissaea

.00  .05  .10  .16  .21  .26  .31
Fig.  1.  Wagner  tree  showing  the  genetic  distance  among  Bealia  mexicana,  Muh-
lenbergia argentea, and M. lucida. Chaboissaea decumbens, C. ligulata, and C. sub-
biflora  were  designated  as  outgroups.  Correlation  coefficient  =  0.99;  length  =  1.5;
numbers  refer  to  population  collections  given  in  Table  1;  scale  indicates  distance
from root.

populations  (Table  4).  Again,  the  highest  levels  of  genetic  hetero-
geneity  reside  within  populations  of  the  more  widespread  M.  lucida
(F  IS  =  —0.867),  followed  by  the  somewhat  restricted  B.  mexicana
(F  IS  =  —0.540).  Although  many  species  of  Muhlenbergia  and  other
eragrostoid  species  are  often  weedy,  these  two  species  occupy  very
restricted  habitats  that  are  relatively  undisturbed  by  man.  The  ge-
netic  diversity  of  B.  mexicana  and  M.  lucida  seems  to  support  Love-
less  and  Hamrick's  (1984)  hypothesis  that  stable,  long-lived  popu-
lation  structure  of  a  non-weedy  plant  species  reduces  differentiation
among  populations  and  increases  variability  within  populations.

In  contrast  to  the  uniform  levels  of  electrophoretic  variation  ob-
served  within  populations  of  B.  mexicana  and  M.  lucida,  the  dis-
tribution  of  genetic  variation  within  M.  argentea  differs  markedly.
A  major  portion  of  the  genetic  variation  in  M.  argentea  resides
among  populations  rather  than  within.  This  could  be  a  consequence
of  a  small  sample  size,  genetic  drift,  and/or  founder  effects  (Loveless
and  Hamrick  1984).

The  interspecific  mean  genetic  identity  values  (Table  5)  within
each  of  the  three  species  is  similar  to  values  reported  among  pop-
ulations  (I  =  0.95)  of  other  plant  species  and  the  mean  identities
among  the  three  taxa  are  more  similar  to  genetic  identities  reported
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for  congeneric  plant  populations  (I  =  0.67)  (Gottlieb  1981;  Crawford
1983).  The  results  indicate  that  for  genes  coding  for  soluble  enzymes,
M.  lucida  is  genetically  distinct  from  B.  mexicana  (I  =  0.57)  and  M.
argentea  (I  =  0.59).  By  possessing  a  deeply  bilobed  lemma  with
rounded  to  obtuse  lobes  B.  mexicana  and  M.  argentea  appear  mor-
phologically  most  similar  and  indeed  their  pairwise  mean  identity
value  is  the  highest  among  the  three  species  at  0.83.  Although  the
base  chromosome  number  of  B.  mexicana  and  M.  argentea  is  not
concordant,  their  high  genetic  similarity  indicates  a  close  relation-
ship.  These  data  suggest  that  M.  argentea  should  be  placed  in  Bealia
or  that  the  recent  reinstatement  of  Bealia  is  unwarranted.  Results
from  a  cpDNA  restriction  site  survey  among  the  Eragrostideae  gen-
era  of  the  New  World  indicates  that  Bealia  is  more  closely  aligned
with  Blepharoneuron  by  sharing  three  parallel  site  losses  than  with
Muhlenbergia  (Duvall  et  al.  in  review).  More  data  from  a  thorough
sampling  within  Muhlenbergia,  specifically  from  cpDNA  restriction
site  analysis,  will  perhaps  shed  some  light  on  this  question  (Peterson
unpublished  data).

The  Wagner  tree  (Fig.  1)  allows  the  interpretation  of  interpopu-
lational  relationships  and  aligns  all  populations  within  a  species  in
a  separate  clade.  Due  to  the  very  infrequent  occurrence  of  natural
populations  of  these  three  species,  population  samples  were  not
always  widely  spaced  geographically.  Sympatric  populations  of  B.
mexicana  (7946,  7981)  and  M.  lucida  (7973,  7978)  occurred  within
3.2  km  of  each  other  and  indeed,  within  each  species  pair,  show  the
least  genetic  distance  from  one  another.  However,  two  populations
of  M.  argentea  (8044,  8066),  separated  by  only  2.3  km,  are  genet-
ically  distant.  The  other  population  of  M.  argentea  (8248)  is  more
than  1  15  km  distant  but  is  genetically  more  similar  with  8066.

In  summary,  B.  mexicana  and  M.  lucida  have  high  levels  of  within
population  genetic  variation  often  associated  with  highly  outcrossing
plants  and  M.  argentea  has  slightly  higher  genetic  variation  among
populations.  Even  though  M.  argentea  and  B.  mexicana  are  species
with  very  restricted  ranges  and  different  life  forms,  the  genetic  di-
versity  of  their  soluble  enzymes  is  high.  At  present  the  only  threat
to  the  survival  of  B.  mexicana  and  M.  argentea  is  loss  of  habitat
due  to  human  interference.  Since  two  populations  of  B.  mexicana
and  all  three  known  populations  of  M.  argentea  occur  in  National
Parks,  their  continued  survival  at  this  time  is  not  in  jeopardy.  Pop-
ulations  of  Bealia  mexicana  and  M.  argentea  show  a  higher  level  of
allozymic  similarity  than  either  do  with  M.  lucida.  Other  studies
have  indicated  that  Muhlenbergia  is  morphologically  very  diverse
and  is  perhaps  polyphyletic  (Correll  and  Johnston  1970;  Peterson
et  al.  1989;  Peterson  and  Annable  1990,  1991,  1992).  A  complete
re-evaluation  of  all  the  species  within  Muhlenbergia  analyzing  mor-
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phological  and  cpDNA  variation  is  in  progress  which  will  shed  fur-
ther  light  on  the  proper  alignment  of  M.  argentea.
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