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Abstract.— Ecological and community relationships of 10 different plant communities in the Uinta Basin, Utah,
where Eriogonum corymbosum was found to grow were studied and described. Each commimity was sampled to
determine the amount of ground cover, percent composition, frequency, and density of participating species. Phys-
ical site factors, viz., soil texture, total soluble salts, pH, cation exchange capacity, and amounts of calciinn, magne-
sium, potassium, and sodium were determined. The 10 communities were compared to determine the degree of sim-
ilarity  between them. Correlations between individual  plant  species and measurable characteristics  of  the
community were attempted. Evidence is presented that the distributional patterns of some species are related to
these measured characteristics. Eriogonum corymbosum, Chenopodium leptophyllum, Atriplex con ferti folia, Stipa
comata, Artemisia tridentata, and Agropyron smithii showed correlation to both vegetational and edaphic factors of
the community.

Total vegetative cover increased from desert to mountain in the Uinta Basin. As the vegetative cover increased,
soil depth also increased. Eriogonum corymbosum decreased in importance in the higher elevation communities.

Eriogonum corymbosum was studied taxonomically, which demonstrated the presence of a previously undescribed
variety. It is suggested that E. corymbosum var. corymbosum, found generally in the desert areas of the basin, is
composed of a series of ecotypes that inhabit shallow soils and prefer communities that show high degrees of disturb-
ance, little competition, fairly high levels of soluble salts in the soil, and are found at elevations below 5500 feet.
Eriogonum corymbosum var. erectum, on the other hand, does best in communities above 6000 feet that show less
disturbance than the desert areas, have deeper soils, and low levels of soluble salts.

Eriogonum  corymhosiim  Benth.  in  DC
(wild  buckwheat)  is  a  low-growing,  perennial
shmb  that  occurs  in  much  of  the  cold  tem-
perate  desert  shrub  regions  of  Colorado,
Utah,  and  Nevada.  In  the  Uinta  Basin  its
growth  is  widespread  on  several  different
geological  formations.  In  some  areas  its  dis-
tribution  is  restricted  to  a  specific  formation,
while  elsewhere  its  distribution  appears  un-
restricted.

The  ecology  of  E.  corymbosum  is  not  well
known,  and  available  literature  on  the  subject
is  fragmentary  and  scattered.  Welsh  (1957),
in  a  study  of  the  Dinosaur  National  Mon-
ument  in  the  Uinta  Basin,  Utah,  describes  its
occurrence  on  the  Moenkopi  and  Mowry
shale  formations.  He  states  that  it  appears  to
be  restricted  to  these  formations  and  grows
only  where  the  formations  are  fully  exposed.
It  is  the  dominant  plant  of  much  of  the  Mow-
ry  Shale  formation.

In  an  ecological  study  of  the  Flaming
Gorge  Reservoir  Basin,  Flowers  (1957)  lists  E.

corymbosum  as  a  member  of  a  zone  of  vege-
tation  forming  a  junction  between  the  river
banks  and  the  uplands,  where  it  appears  fre-
quently  on  dry  hillsides  at  about  1700  m
(5600  feet).  Graham  (1937)  found  it  growing
with  sagebrush  on  Red  Creek.

Many  writers  have  noted  that  plants  are
indicators  of  certain  soils  and  geological  for-
mations.  Graham  (1937)  wrote  of  the  exist-
ence  of  endemics  on  the  Green  River  shale
formation  in  the  Uinta  Basin.  Cannon  (1952)
noted  the  correlation  between  uranium-van-
adium  deposits  and  vegetation.  Mason  (1946)
states  that  some  soils,  such  as  the  serpentine
soils,  are  well  known  for  the  endemic  species
that  occur  on  them.  Krucheberg  (1951,  1954),
Whittaker  (1954),  and  Waler  (1954)  note  a
correlation  between  endemics  and  indicator
species  of  the  serpentine  soils  of  California.

Kearney  et  al.  (1914)  in  Tooele  Valley,
Utah,  found  that  different  types  of  native
vegetation  indicated  conditions  of  moisture
and  salinity  of  the  soil  on  which  they  were
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found.  Shantz  and  Piemeisel  (1940)  found
conditions  in  Escalante  Valley,  Utah,  similar
to  those  found  in  Tooele  Valley,  Utah,  by
Kearney  et  al.  (1914).  Fautin  (1946)  noted
shadscale  scattered  in  the  more  xeric  and
higher  saline  areas  of  valleys  in  central  Utah.
Billings  (1949,  1950,  1951,  1952)  states  that
chemical  differences  in  soils  may  produce
marked  differences  in  the  vegetation  within
fairly  uniform  climatic  areas,  that  vegetation
zones  can  be  correlated  with  climatic  and
soils  factors,  and  that  the  mosaic  of  smaller
vegetational  differences  within  a  large  zone
may  be  caused  by  edaphic  factors.  He  also
noted  Atriplex  confertifolia  to  be  an  indicator
of  subsoil  salinity.  Gates  et  al.  (1956)  consid-
ered  the  edaphic  factors,  soluble  salts,  satu-
rated  extract  conductivity,  and  exchangable
sodium,  to  be  of  primary  importance  in  de-
termining  the  distribution  of  some  shrub
types.  Thatcher  (1959)  and  Robertson  et  al.
(1966)  found  that  Atiemisia  tridentata  oc-
curred  only  on  moderately  deep  to  deep,
loamy  soils.

Little  has  been  published  on  the  subject  of
indicator  species  concerned  with  the  cold
temperate  desert  shrub  regions  of  the  west.  A
knowledge  of  indicator  species  such  as  E.  co-
rymbosum  is  desirable  because  this  species
grows  on  peculiar  soil  types  (i.e.,  soils  of  high
or  low  pH,  high  or  low  salt  content,  etc.)  and
thus  becomes  important  to  the  ecologist  at-
tempting  to  delineate  or  describe  areas  of  the
cold  temperate  regions.

During  this  study,  I  recognized  from  an
ecological  standpoint  two  distinct  varieties.
Consequently,  the  two  varieties  were  named
E.  conjmbosum  Benth.  in  DC  var.  conjmho-
sum  and  E.  conjmbosum  Benth.  in  DC  var.
erectiim  Reveal  and  Brotherson  (Reveal
1967).

Eriogoniim  corymboswn  var.  conjmbosum
has  its  distribution  centered  mainly  in  north-
eastern  and  central  Utah,  but  it  extends  into
northwestern  Colorado  and  extreme  south-
western  Wyoming.  It  also  extends  southward
to  northcentral  and  northwestern  Arizona.

Eriogonum  conjmbosum  var.  erectum  is
widely  scattered  in  northeastern  Utah,  ex-
tending  from  western  Wasatch  County  to  ex-
treme  western  Uintah  County,  mainly  above
1800  m  (6000  feet)  elevation.

Study  Area

The  Uinta  Basin  is  a  broad,  elongated,
asymmetric  basin  lying  in  the  northeastern
corner  of  Utah  and  extending  into  north-
western  Colorado.  It  is  both  a  stRictural  and
a  topographic  basin  and  is  a  subdivision  of
the  Colorado  Plateau  province  (Marsell
1964).  It  encompasses  some  12,000  square
miles  and  is  about  150  miles  (240  km)  long  in
an  east-west  direction  and  100  miles  (160  km)
wide  in  a  north-south  direction  (Dastrup
1963).

The  basin's  northern  boundary  (Fig.  1)  is  in
the  Uinta  Mountains,  which  reach  elevations
of  4100  m  (13,500  feet).  On  the  south  it  is
bounded  by  the  rim  of  the  Tavaputs  Plateau,
which  appears  to  rise  roughly  but  steadily  to
a  dip  slope.  Its  west  rim  is  flanked  by  the
eastern  slopes  of  the  Wasatch  Mountains,  but
its  eastern  side  is  not  so  sharply  defined  topo-
graphically  (Marsell  1964).

Much  of  the  central  portion  of  the  Uinta
Basin  is  desert  with  an  annual  precipitation
of  less  than  24  cm  (10  inches).  The  gently
sloping  floor  lies  between  1500  m  (5000  feet)
and  1800  m  (6000  feet)  in  elevation,  but  it
reaches  as  much  as  2100  m  (7000  feet)  at  the
foot  of  the  Uinta  Mountains.

The  basin  is  drained  in  a  somewhat  centri-
petal  pattern  by  three  major  streams  and
their  tributaries  (Fig.  1).  The  Duchesne  River
flows  in  a  southeast  direction  and  the  White
River  flows  westward.  These  two  streams,
along  with  their  tributaries,  drain  the  entire
basin  excepting  the  northeast  corner.  This
corner  is  drained  by  the  third  major  stream,
the  Green  River,  which  crosses  the  East
Tavaputs  Plateau  to  meet  the  Colorado.  The
Duchesne  and  its  tributaries  (Rock  Creek,
Yellowstone  River,  Lake  Fork,  and  the  Uinta
River)  drain  almost  the  entire  Utah  part  of
the  basin,  and  the  White  River  drains  the
Colorado  portion.  The  Strawberry  River,
found  in  the  western  end,  is  the  only  stream
of  any  size  that  drains  the  southern  part  of
the  basin  (Marsell  1964,  Dastrup  1963).

The  land  surface  of  the  basin  is  rough  and
broken,  cut  in  many  places  by  deep  gorges.
Bare  rock  surfaces  are  widely  scattered,
forming  cliffs,  deep  slopes,  and  stripped  sur-
faces  in  many  places.  The  soil  is  highly  vari-
able,  ranging  from  deep,  heavy  clays  to  shal-
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low,  sandy  soils.  In  much  of  the  basin  a
calcareous  layer  can  be  found  (Marsell  1964).

Geology

The  Uinta  Basin  is  a  typical  Rocky  Moun-
tain-type  assymetric  Tertiary  basin.  It  was
formed  by  the  gradual  .settling  of  the  interior
area  below  the  surface  of  deposition  and  con-
current  lesser  sinking  or  upward  movement
of  the  basin  rims.  Its  development  began  in
the  Paleocene  or  Eocene  and  has  continued
until  the  present.  As  before  stated,  the  basin
is  both  a  topographic  and  a  structural  basin.
It  exhibits  from  900  m  (3000  feet)  to  1800  m
(6000  feet)  of  relief  between  its  lowest  basin
parts  and  the  highest  rim.  The  basin  repre-
sents  a  superficial  expression  of  the  Tertiary
structural  basin  and  would  still  be  filling  with
sediment  except  for  the  Green  River,  which
has  breached  the  north  and  south  rims  (Os-
mond 1964).

The  basin  contains  a  large  number  of  geo-
logical  formations,  each  having  its  own  age
and  period  of  development.  Seven  of  these
formations  furnish  substrata  for  the  10  differ-
ent  communities  analyzed  in  this  study.
These  7  formations  (in  sequence  from  the
oldest  to  the  youngest)  are:  Ankareh,  Moen-
kopi,  Mowry  Shale,  Parachute  Creek  and
Evacuation  Creek  (members  of  the  Green
River  formation),  Uinta,  Duchesne  River,  and
glacial  moraines.

Methods

Ten  study  areas  were  established  through-
out  the  Uinta  Basin  (Fig.  1).  The  areas  were
chosen  on  the  basis  that  Eriogonum  conjmho-
suin  was  present  in  the  vegetational  cover
and  by  the  geological  formations  upon  which
they  occurred.  Vegetational  data  and  soil
samples  were  collected  during  the  summer

MAP OF THE
UINTA BASIN
• TOWN LIMIT OF BASII

Fig. 1. Map of the Uinta Basin showing study site locations.
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months  (June  through  August)  and  analyzed
in  the  laboratory  during  winter.

Vegetation  data  were  gathered  in  midsum-
mer  (July  15  to  August  10)  when  E.  conjmho-
sum  and  most  other  species  had  reached  their
maximum  growth.  Collecting  of  voucher
specimens  was  done  throughout  the  growing
season.  All  specimens  were  deposited  in  the
Brigham  Young  University  herbarium.

The  vegetational  cover  of  each  area  was
analyzed  by  employing  the  line-point  method
(Cain  and  Castro  1959).  Ten  15-m  (50-feet)
transects  were  taken  in  each  area,  with  the
points  distributed  every  7  cm  (3  inches)  along
the  transect.  This  gave  a  total  of  200  points
per  transect  or  2000  points  per  area.  Trans-
ects  were  located  on  a  restricted  random
basis  to  eliminate  bias  and  keep  adjacent
transects  equal  distances  apart.  At  each  point
along  the  transect  a  seven-gage  sharpened
wire  was  lowered  toward  the  ground  and  re-
cords  were  made  of  the  first  and  all  succes-
sive  species  hits.  Where  no  vegetation  oc-
curred  for  the  wire  to  touch,  the  hits  were
recorded  as  litter,  rock,  or  bare  ground.

Frequency  and  density  data  were  acquired
by  use  of  a  meter  square  quadrat  placed  at  3-
m  (10-foot)  intervals  along  the  15-m  trans-
ects.  This  gave  a  total  of  50  quadrats  per
area.  Frequency  and  density  data  were  re-
corded  only  for  shrubs,  trees,  and  bunch
grasses.

Percent  surface  cover  for  individual  spe-
cies  and  percent  total  vegetation  cover  were
calculated  as  follows:

surface cover
Total hits for
each species

X 100

Percent  frequency  figures  and  density  fig-
ures  were  obtained  through  use  of  the  follow-
ing  relationships:

Total quadrats
a species
appears in

% frequency

Density
/acre-

X 100
Total quadrats

# plants/50 quadrats X 83.00 50 quadrats

Differences  and  similarities  between  the
different  study  sites  were  computed  utilizing
Sorensen's  index  of  similarity  (Sorensen
1948),  as  adapted  by  Dix  and  Butler  (1960).
The  formula  was  as  follows:

K = 2W/a -H b X 100.

K  is  the  similarity  index  between  two  sites;
a  represents  the  sum  of  the  coverage  percent-
ages  of  all  species  in  one  stand;  b  represents  a
similar  figure  for  a  second  stand.  W  repre-
sents  that  part  of  the  cover  common  to  the
species  found  in  both  stands.  After  the  indices
were  obtained,  an  ordination  matrix  was  con-
structed  (Table  4).  This  placed  the  most  sim-
ilar  sites  next  to  each  other  and  the  more  dis-
similar  sites  at  opposite  ends  of  the  matrix.
The  sites  were  then  divided  into  four  groups
and  a  table  (Table  6)  was  constRicted  from

Table 1. Site characteristics
areas.

.'iated with 10 study

of each species Total hits for all
■ species

'This number (83.00 50 quadrats/acre) was obtained by dividing the number of square feet in 50 quadrats (i.e., 524. f
number of square feet in an acre (i.e., 4,3,360 square feet/acre).

i square feet/50 quadrats) into the
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Table 2. Soil data for each study site by horizon. Each figure represents an average for three pits at each site.
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Piv

these  by  averaging  the  cover  percents  for
each  species  within  the  group.  Those  plant
species  showing  the  highest  preference  for
group  1  were  placed  at  the  top  of  the  table,
and  those  species  showing  the  least  prefer-
ence  were  placed  at  the  bottom.  From  this
table,  15  indicator  species  were  selected  and
given  adaptation  numbers.  Those  species
with  the  greatest  preference  for  Group  1
were  given  the  number  one  and  those  with
the  greatest  preferences  for  Group  4  were  as-
signed  the  number  five.

By  use  of  the  selected  indicator  plants.  Plot
Index  Values  (PIV)  for  the  10  sites  were  ob-
tained  by  applying  the  following  formula
(Dix  and  Butler  1960):

Sum (relative composition of each
indicator species X its adaptation #)
Sum (relative composition of each
indicator species)

From  the  Plot  Index  Values  a  linear  ordi-
nation  (Fig.  2)  was  constructed.  Environmen-
tal  correlations  were  then  attempted  with  the
use  of  this  ordination.

A  list  was  made  of  all  plants  noted  in  each
area,  and  a  composition  study  was  made
(Table  10)  to  indicate  which  families  were
the  best  represented  in  each  area.  All  plant
specimens  collected  during  this  study  were
deposited  in  the  herbarium  of  the  Brigham
Young  University.

Three  soil  pits  were  dug  at  each  study
area,  and  soil  samples  containing  a  composite
sample  of  several  hundred  grams  were  taken
from  the  surface,  0-15,  15-30,  30-60,  60-90
cm depths.

Soil  depth  was  determined  for  each  area
by  using  pits  and  a  10-dm  penetrometer  (a
sharpened  %"  steel  rod).  The  penetrometer
was  pvished  into  the  ground  at  10-foot  inter-
vals  along  the  50-foot  transects  used  to  col-
lect  the  vegetational  data.

Textural  analysis  of  the  soil  was  deter-
mined  according  to  Bouyoucos  (1936,  1951).
Hydrogen  ion  concentration  was  determined
for  the  same  group  of  samples  on  a  saturated
paste,  a  1:1  and  a  1:5  ratio  of  soil  to  water.
The  1:1  and  1:5  ratios  were  measured  to  in-
dicate  sodium  content.  A  Beckmann  glass
electrode  pH  meter  was  used  and  the  samples
were  prepared  as  outlined  by  Russell  (1948).

Total  soluble  salts  for  the  above-mentioned
saturated  pastes  were  determined  by  the  use
of  a  Wheatstone  electrical  conductivity
bridge.

Cation  exchange  capacities  for  all  collect-
ed  soil  samples  were  determined  by  using  the
standard  ammonium  acetate  extraction  meth-
od  described  by  Russell  (1948).  Analysis  for
the  amount  of  available  calcium,  magnesium,
potassium,  and  sodium  was  found  by  using
the  ammonium  acetate  extraction  from  the
cation  exchange  capacity  determinations  and
a  Beckmann  model  DU  flame  photometer.

Results  and  Discussion

The  10  study  sites  were  located  throughout!
the  Uinta  Basin  (Fig.  1).  General  physical  andl
biological  factors  characteristic  of  these  sites*
can  be  seen  in  Tables  1,  2,  3,  and  8.  Those
sites  located  in  the  south  and  eastern  parts  of
the  basin  showed  shallow  soils,  little  litter
cover,  and  large  exposed  areas  of  bareL
ground.  In  contrast,  those  sites  located  in  thef
western  and  northern  parts  of  the  basin  ex-
hibit  deeper  soils,  increased  amounts  of  littei
cover,  and  much  less  exposed  soil  surface
(Table  I).

Texturally  the  soils  varied  from  sand  tc
loams  to  sandy  clay  loams,  with  no  distinct
patterns  being  evident  (Table  2).  Soluble  sail
concentrations  and  cation  exchange  capaci
ties  generally  increased  from  the  north  anc

1 3' 24 5
J  L I  I

Plot  Index  Ordination

Fig. 2. The plot index values ordination. The linear arrangement of the 10 study sites according to their plot iiide>
values.



1979 Brotherson,  Brotmerson:  Plant  Community 183

west  parts  of  the  basin  toward  the  south  and
east  parts.  Hydrogen  ion  concentration  (pH)
varied  from  lows  of  3.7  on  the  Mowry  Shale
formation  to  9.6  in  Red  Creek  on  the  Uinta
formation,  but  again  showed  no  distinct  geo-
graphical  patterns.  Calcium  and  magnesium
were  the  most  abundant  of  the  cations  mea-
sured,  with  potassium  and  sodium  seldom
comprising  over  10  to  20  percent  of  cation
exchange  capacity  (Table  2).

Vegetationally  the  sites  located  in  the
north  and  west  parts  of  the  basin  showed  the
highest  shrub  densities,  even  though  grasses
were  the  dominant  life  form  type  with  regard
to  cover.  Shrub  cover,  on  the  other  hand,  was
the  most  important  in  the  south  and  east

I  parts  of  the  basin  (Table  3).  Forb  and  annual
I  plant  cover  showed  no  observable  patterns.
Total  cover  and  diversity  patterns  (Table  3),
in  contrast  to  bare  ground  (Table  1),  were
highest  near  the  mountains  in  the  north  and
west  basin  areas.  Numbers  of  species  per
study  site  varied  from  11  to  29,  with  an  aver-

age  of  22.  The  prevalent  species  (the  24  most
prominent  species  found  to  occur  across  the
study  area)  are  listed  in  Table  8.  It  can  be
seen  they  represent  a  rather  typical  assem-
blage  of  the  cold  temperate  desert  shrub
areas  of  the  intermountain  region.

Table 5. Study site groups as determined from the
similar index matrix.

Group Study site
Mowry study site
Parachute Creek member of the Green
Fliver Formation study site

Evacuation Creek member of the Green
River Formation study site
Moenkopi study site

Red Creek study site
Rock Creek study site

Strawberry Valley study site
Uinta River study site
Yellowstone River study site

Table 3. Vegetation characteristics associated with the 10 study sites.

Site

Mowry
Moenkopi
Evacuation Creek
Parachute Creek
Wells Draw
Red Creek
Rock Creek
Strawberry Valley
Uintah River
Yellowstone River .53

"Diversity = 1/2 pi'

Table  4.  Similarity  index  matrix  for  the  10  study  sites:  Mowry  =  1;  Moenkopi  =  2;  Evacuation  Creek  =  3;
Parachute Creek = 4; Wells Draw = 5; Red Creek = 6; Rock Creek = 7; Strawberry = 8; Uinta = 9; Yellowstone
= 10.

10

48.0
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Ordination  .\nalysis

-\nalvsis  of  the  vegetation  of  the  different
areas  and  of  the  areas  themselves  was  at-
tempted  bv  evaluating  the  differences  and
similarities  between  sites.  To  accomplish  this,
the  areas  were  ordered  by  application  of  an
index  of  similarit\"  Table  4  .

The  matrix  was  designed  to  place  those
sites  with  the  greatest  similarities  closest  to-
gether  and  those  with  the  greatest  differences
farthest  apart.  Therefore,  the  Moenkopi  and
the  Evacuation  Creek  sites  are  interpreted  to
be  the  most  similar  and  will  thus  exhibit  sim-
ilar  communitv  characteristics,  and  the

Moenkopi  and  the  Yellowstone  sites  are  the
most  dissimilar  and  should  exhibit  few  factors
in  common.  The  position  of  each  area  within
the  matrix  was  detennined  by  placing  the
highest  index  values  along  the  diagonal  of  the
square  and  the  lowest  index  values  toward
the  upper  right-hand  comer  of  the  table.  The
magnitude  of  the  indices  decreases  from  left
to  ri^ht  when  comparing  the  Mowr\'  stud\"
site  with  the  Yellowstone  River  study  site  or
the  other  sites  listed  to  the  ri2;ht  of  the  Mow-
r\".  Similarly,  the  indices  increase  from  top  to
bottom  or  from  right  to  left  when  the  other
areas  are  compared  to  the  Yellowstone  River
studv site.

Table 6. Average percent composition values in the four groups for all species with a percent composition greater
than 0.50 percent.

Plant
species

Groups

Atriplex confertifolia
Chenopodiuum leptophyllimi
Gila leptomeria
Ephedra torreyana
.Astragalus saurinus
Juniperus utahensis
Stanleya pinnata
Ej-iogoniun cor\Tnbosum
Tetrad>-mia spinosa
MentzeUa dispersa
-\melanchier utahensis
Poa secimda
Chpt^sothamnus panyi
C)T\:zopsis h\Tnenoides
Agrop\Ton trachycaulum
Chrvsothamnus \Tscidiflorus
.\rtemisia nova
Lepidium montanum
Sohdago petradoria
Poa palustris
Tetrad\Tnia glabrata
.\stragalus tenellus
Cercocarpus montanus
Sitanion h\-stris
.\rtemisia tridentata
Purshia tridentata
.Astragalus convallarius
Sphaeralcea coccinea
Lappula redowsldi
Chr\3othamnus nauseosus
Opuntia polyacantha
Lepidium densiflorum
Xanthocephalum sarothrae
-\grop\Ton smithii
Stipa comata

5.6S
4.95
3.42

2.01

61.05

0.25

1.28

3.91

0.27

0.12
1.78

4.3:
2.90
1.10
3.07
2.20

1.73
48.78
4.96
0.68
1.28

0.37
7.01
0.24
1.50
9.60
1.31
0.87

0.18

0.97

0.43

M.40

1.10
0.3S

4.94
33.10

1.03

14.16
0.16
6.35

0.48
0.46

O.OS

018

0.07
1.66

8.51

0.25
1.40!
0.S6
7.98
0.16
5.70

1.2c
1.3f
3.15

0.3t'
S.31
0.2.e
l.OC
1.45
0.31'
1.3-
1.3-
i.o:
4.2^

20.6-
26.1;

These numbers are adaptatioa numbers and were assigned to different
preference for a certain gnx^ or groups as diown in the above table.

indicatOT species. Tbe i ndica to f species were cbosen on the baas of tfaeir indj catw
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To  help  understand  the  association  of  indi-
vidual  species  to  these  relationships,  the  areas
listed  on  Table  4  were  divided  into  the  four
groups  shown  in  Table  5.

The  percent  composition  figures  of  all  spe-
cies  with  percents  greater  than  0.50  percent
were  then  averaged  in  each  group.  A  list
(Table  6)  was  then  prepared  placing  those
species  with  the  greatest  preference  for
Group  1  at  the  top  and  those  species  with  the
greatest  preference  for  Group  4  at  the  bot-
tom  of  the  list.  You  can  now  determine  some

Table 7. Plot index values (PIV) for 10 study sites.

Study Site PIV
1.86
2.08
1.95
2.03
2.21
3.14
3.28
3.65
4.51
4.37

characteristic  distribution  or  associational
patterns  for  many  of  the  individual  species.

Although  Table  4  served  effectively  to  seg-
regate  the  different  study  areas,  it  did  not
show  the  degree  of  compositional  differences
or  similarities  actually  existent  between
them.  Because  such  information  was  desir-
able.  Plot  Index  Values  (PIV)  (Table  7)  de-
scribed  by  Dix  and  Butler  (1960)  were  em-
ployed  to  assign  a  spatial  position  to  each
study  site  on  a  linear  ordination  and  thus  to
actually  measure  to  some  degree  the  ecologi-
cal  distance  between  the  different  areas  of
study.  To  accomplish  this,  15  indicator  spe-
cies  were  chosen  from  the  list  in  Table  6  and
assigned  adaptation  numbers  from  1  to  5.
Those  species  with  the  greatest  preference
for  Group  1  were  assigned  the  adaptation
number  1,  and  those  with  the  least  prefer-
ence  for  Group  1  were  assigned  adaptation
number  5.  Under  such  a  system,  an  area  will
have  a  PIV  of  1  when  it  contains  only  in-
dicator  species  assigned  adaptation  numbers
of  1.  Likewise,  an  area  will  have  a  PIV  of  5
when  it  contains  only  indicator  species  as-

Table 8. Prevalent species list for 10 study sites along with average percent cover in the different areas sampled.

•Numbers equivalent to study sites as listed in Table 7.
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signed  adaptation  numbers  of  5.  Areas  which
contain  a  mixture  of  species  having  different
adaptation  numbers  will  have  PIV's  inter-
mediate  between  1  and  5.

The  ordination  (Fig.  2)  was  prepared  by
placing  the  computed  PIV's  so  that  each  area
exhibited  a  linear  relationship  to  all  the  oth-
ers.

This  ordination  (Fig.  2)  separates  the  10
study  sites  into  two  fairly  distinct  groups.
These  two  groups  correlate  well  with  the  dis-
tributional  patterns  of  the  two  varieties  of
Eriogonwn  corymbosum  discussed  earlier.  Va-
riety  corymbosiim  occurs  in  the  group  to  the
left,  which  contains  the  Mowry  Shale  study
site,  the  Moenkopi  formation  study  site,  the
Evacuation  Creek  and  Parachute  Creek
members  of  the  Green  River  formation  study
sites,  and  the  Wells  Draw  study  site.  Variety
erectum  occurs  in  the  group  to  the  right,
which  contains  the  Rock  Creek  study  site,  the
Uinta  River  study  site,  the  Yellowstone  River
study  site,  the  Strawberry  Valley  study  site,
and  the  Red  Creek  study  site.  By  consulting
Table  4  and  Figure  2,  we  see  that  those  study
sites  in  the  eastern  and  southern  part  of  the
basin  are  much  more  alike  and  become  less
so  as  you  travel  west  and  northward  across
the  basin.  Similarly,  those  study  sites  in  the
north  and  western  part  of  the  basin  exhibit
high  indexes  of  similarity,  but  as  you  travel
south  and  eastward  across  the  basin,  the  sites
become  less  and  less  alike.  Those  sites  in  the
eastern  and  southern  parts  of  the  basin  oc-
cupy  areas  which  belong  to  the  deserts  of  the
Uinta  Basin  and  are  below  5500  feet  eleva-
tion.  Those  sites  in  the  north  and  western
part  of  the  basin  are  all  above  6000  feet  and
are  either  in  or  very  near  the  Uinta  Moun-
tains.  This  factor  would  tend  to  place  these
sites  in  areas  of  higher  rainfall,  and  thus  in
the  nondesert  areas  of  the  basin.

The  response  of  the  prevalent  plant  species
to  the  ordination  is  shown  in  Table  8.  Since
the  patterns  of  these  species  along  the  ordi-
nation  do  not,  in  themselves,  suggest  reasons
for  or  factors  involved  in  their  distributional
patterns,  other  ecological  data  collected  dur-
ing  this  study  were  also  plotted  against  the
above-described  ordination  (Figs.  3,  4,  5).
This  was  to  determine  if  any  correlation  be-
tween  these  factors  and  distributional  pat-
terns  might  be  discovered.

Total  cover  and  soil  depth  show  positive
correlation  to  the  ordination;  bare  ground,
cation  exchange  capacity,  and  soluble  salts
are  negatively  correlated  to  the  ordination
and  thus  may  so  influence  the  distributional
patterns  of  those  species  which  showed  some
correlation  with  the  ordination.  The  species
are  Eriogonwn  corymbosum,  Chenopodium
leptophyllum,  Ariplex  confertifoUa,  Agropy-
ron  smithii,  Artemisia  tridentata,  Stipa  com-
ata,  Tetradymia  spinosa,  Agropyron  tra-
chycaulum,  Agropyron  spicatum,  Cercocarpus
montanus,  and  Xanthocephalum  sarothrae.  As
is  evident  from  studying  Table  8,  the  above
species  show  definite  patterns  of  distribution
along  the  ordination  and  these  patterns  ap-
pear  restricted  to  certain  areas  of  the  ordina-
tion.  These  species,  then,  can  to  some  extent
be  classed  as  indicators  of  the  areas  to  which
they  appear  restricted.

The  species  E.  corymbosum,  C.  leptophyl-
lum,  and  A.  confertifoUa  show  decreasing
composition  percents  from  left  to  right
(Table  8),  but  the  composition  of  A.  smithii,
A.  tridentata,  and  S.  comata  increase  from
left  to  right  (Table  8).  Looking  at  Figures  3
and  4,  we  see  that  shrub  cover,  bare  ground,
cation  exchange  capacity,  and  total  soluble
salts  decrease  from  left  to  right,  but  total
cover,  grass  cover,  diversity,  and  soil  depth
increase.  This  would  indicate  generally  that
E.  corymbosum,  C.  leptophyllum,  and  A.  con-
fertifoUa  are  best  adapted  to  areas  having
low  diversity,  shallow  soil,  elevated  levels  of
exchangable  ions  and  soluble  salts,  and  little
total  ground  cover.  A.  smithii,  A.  tridentata,
and  S.  comata,  on  the  other  hand,  grow  best
in  areas  of  high  diversity  where  the  soils  are
moderately  deep  and  low  in  exchangeable
ions  and  soluble  salts  and  exhibit  high  degrees
of  total  ground  cover.

It  is  evident  that  there  exist  definite  rela-
tionships  between  these  ecological  factors
and  the  distributional  patterns  of  the  listed
species.  From  Table  2  and  Figures  3,  4,  and
5,  we  see  that  where  total  soluble  salts  and
cation  exchange  capacities  are  at  their  peaks
and  soil  depth  and  total  cover  are  at  their
lower  levels,  the  plants  E.  corymbosum,  C.
leptophyllum,  and  A.  confertifoUa  reach  their
greatest  importance  in  the  community.  In  the
case  of  A.  confertifoUa,  it  occurs  only  in  sites
which  have  appreciable  amounts  of  soluble



June  1979 Brotherson,  Brotherson:  Plant  Community 187

Ordinal ion Values
Fig. 3. The relationships of community characteristics (i.e., total cover, diversity, shrub cover, and grass cover) to

the ordination. Correlation data are shown.

= ~198 6x +1038 2

Ordination Values

Fig. 4. The relationships of site characteristics (i.e., soil depth, soluble salts, exposed bare ground, and
change capacity) to the ordination. Correlation data are shown.
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salts  in  the  soil.  Upon  examination  of  the  pat-
terns  shown  by  A.  tridentata,  A.  smithii,  and
S.  comata,  we  see  that  they  reach  their  great-
est  importance  where  the  reverse  of  the
above  conditions  are  true.  Indications  are
that  these  last  three  species  are  able  to  with-
stand  the  competition  of  other  plants  more
readily  than  the  previous  three  species.

On  further  examination  of  Table  8,  another
interesting  relationship  is  made  apparent.
The  three  species  of  Agropyron,  A.  smithii,  A.
spicatum,  and  A.  trachycaulum  show  definite
areas  of  preference  or  distribution.  In  each
case,  the  distribution  patterns  are  discrete
and  show  little  or  no  overlap.

Of  the  other  factors  examined  (i.e.,  percent
sand,  silt,  clay,  pH,  and  calcium,  magnesium,
potassium,  and  sodium),  none  appeared  to
have  any  relationship  to  the  distributional
patterns  of  the  species  studied.  But  in  some
cases,  a  few  of  the  factors  did  show  distinct
relationships  to  other  related  soil  factors.  As
the  percent  sand  in  the  soil  decreases,  the
percent  of  silt  increases.  The  percent  clay  ap-

pears  to  show  some  relationship  to  the  above
two  factors  in  that  it  tends  to  act  somewhat
like  the  silt  in  relationship  to  the  sand.  Cal-
cium  and  magnesium  also  show  direct  corre-
lation  (Table  2).  As  the  concentrations  of  cal-
cium  decrease  or  increase,  there  is  a
corresponding  increase  or  decrease  in  the
concentrations  of  magnesium.  The  concentra-
tions  of  potassium  and  sodium  also  appeared
to  be  related  (Table  2)  in  that  where  the  lev-
els  of  sodium  are  high,  the  levels  of  potassium
are  low  and  vice  versa.

Family  Composition

A  total  of  173  species  of  vascular  plants,
representing  a  total  of  93  genera  and  40  fam-
ilies,  were  collected  from  the  above  de-
scribed  study  areas.  Of  these  species,  72.7
percent  belonged  to  the  families  shown  in
Table  9.

The  figures  indicate  that  these  nine  fami-
lies  contribute  about  70  percent  of  the  spe-
cies  to  the  cold  temperate  desert  shrub  re-

Bare Ground

Soil Depth ( dm ) Total Cover

Fig. 5. The relations of Eriogontim cover to the ordination and to other site characteristics. Correlation data are
shown.
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gions  of  the  Uinta  Basin,  regardless  of
topography,  soil  depth,  soil  texture,  soil  pH,
or  other  factors  measured  in  this  study.  A
similar  family  composition  chart  (Table  10)
has  been  computed  on  an  individual  study
site basis.

As  can  be  seen,  the  nine  plant  families,
with  the  exceptions  of  Polygonaceae  and
Chenopodiaceae,  and  then  these  only  in  two
of  the  study  areas,  show  a  fair  similarity  to
the  earlier  figures.  The  ecological  or  phyto-
geographical  significance  of  the  dominance
of  these  nine  families  is  not  known,  but  fur-
ther  investigation  along  such  lines  tends  to
hold  interest.

Discussion

There  appears  in  this  study  evidence  that
the  distributional  patterns  of  some  species  na-
tive  to  the  Uinta  Basin  are  related  to  measur-

Table 9. Dominant plant family composition of 10
study sites.

Family  Percent
Asteraceae
Poaceae
Brassicaceae
Fabaceae
Chenopodiaceae
Scrophulariaceae
Boraginaceae
Polygonaceae
Polemoniaceae

22.0
9.3
8.7
5.8
5.8
5.7
5.7
5.7
4.0

Total 72.7

able  characteristics  of  their  communities.
Eriogonum  corymbosum,  Chenopodium  lepto-
phyllum,  Atriplex  con  ferti  folia,  Stipa  comata,
Artemisia  tridentata,  and  Agropyron  smithii
are  affected  by  both  vegetational  and  eda-
phic  factors  of  the  community.  Being  aware
that  organisms  can  and  do  modify  the  phys-
ical  environment  (Goiger  1957,  Mcintosh
1957,  Polunin  1960),  it  is  still  apparent  that
factors  which  restrict  one  species  in  one  com-
munity  may  very  well  allow  other  species  to
reach  their  greatest  importance  in  another
environment.

The  vegetation  of  the  different  areas  stud-
ied  showed  remarkable  similarity  at  the  fam-
ily  level  and  extreme  variability  at  the  spe-
cies  level.  There  was  a  definite  increase  in
total  vegetative  cover,  grass  cover,  and  diver-
sity  as  you  moved  from  southeast  to  north-
west  across  the  Uinta  Basin.  As  the  vegetative
cover  increased,  the  soil  depth  also  generally
increased.

Paralleling  these  trends,  the  importance  of
such  plants  as  Eriogonum  corymbosum,  Che-
nopodiimi  leptophylliim,  and  Atriplex  confer-
tifolia  in  the  community  decreased,  while
such  plants  as  Stipa  comata,  Agropyron
smithii,  and  Artemisia  tridentata  became
more  important.  Other  species  (i.e.,  Gilia  lep-
tomeria,  Oryzopsis  hymenoides,  Chryso-
thamnus  viscidiflorus,  and  Amelanchier  uta-
hensis)  did  not  seem  to  be  affected  by  such
trends.  The  species  (Table  8)  Tetradymia
spinose,  Agropyron  trachycauliim,  Cerco-
carpus  montanus,  Agropyron  spicatum,  and

Table 10. Comparisons of the total number of plant families, total number of plant species and the percentage of
species contributed to the flora by nine major plant families.

°1 = Asteraceae; 2 = Poaceae; 3 = Brassicaceae; 4 = Fabaceae; 5 = Chenopodiaceae;
= Polemoniaceae.

Scrophulariaceae; 7 = Boraginaceae; 8 = Polygonaceae; 9
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Xanthocephalum  sarothrae  showed  definite
correlation  to  certain  study  sites,  but  the
basis  for  such  correlation  was  not  deter-
mined.

Of  the  edaphic  factors  measured,  soil
depth,  soluble  salts,  and  cation  exchange  ca-
pacity  showed  positive  relationships  to  the
distribution  patterns  of  the  above-mentioned
species.  The  distributional  patterns  of  Arte-
misia  tridentata  and  Atriplex  confertifolia
were  found  to  be  in  agreement  with  Kearney
et  al.  (1914),  Fautin  (1946),  Thatcher  (1959),
and  Robertson  et  al.  (1966).  A.  tridentata  oc-
curred  near  the  mountains  on  soils  moder-
ately  deep  to  deep  exhibiting  fairly  low  levels
of  soluble  salts.  A.  confertifolia  was  found
only  where  the  soils  showed  fairly  high  levels
of  soluble  salts  and  where  the  soils  were  gen-
erally  shallow.  Paralleling  A.  tridentata  are
the  distributional  patterns  of  Agropijron
smithii  and  Stipa  coniata.  The  distribution
patterns  of  Chenopodium  leptophyllum  and
Eriogonum  corymbosum  show  some  relation-
ship  to  that  of  A.  confertifolia.

Factors  of  the  soil,  such  as  pH,  concentra-
tions  of  the  cations  calcium,  magnesium,  po-
tassium,  and  sodium,  and  soil  texture  did  not
appear  to  influence  the  distributional  pat-
terns  of  species  associated  with  this  study.

Eriogonum  corymbosum  var.  corymbosum
showed  correlation  with  the  above-men-
tioned  factors  as  well  as  with  total  cover.  As
is  evident  from  the  data,  E.  corymbosum  var.
corymbosum  prefers  areas  of  low  diversity,
high  shrub  cover,  shallow  soils,  high  soluble
salts,  high  cation  exchange  capacities,  and
low  total  ground  cover.  Eriogonum  corymbo-
sum  var.  erectum,  on  the  other  hand,  reaches
its  highest  development  in  communities  of
high  diversity,  high  grass  cover,  and  deep
soils  which  are  low  in  soluble  salts  and  cation
exchange  capacities.  That  both  are  found  on
a  number  of  different  geological  formations
supports  the  hypothesis  that  this  species  is  an
indicator  of  peculiar  soil  types.

Other  factors  involved  in  the  distribution
of  the  above  species  are  competition  and
community  disturbance  and  erosion.  It  is  sug-
gested  that  competition  between  species  is
probably  important  because  field  work  in-
dicates,  for  example,  that  as  the  total  cover  of
a  community  increases,  the  importance  of  E.
corymbosum  decreases.  Although  no  mea-

surements  were  made  on  community  disturb-
ance  and  erosion,  8  of  the  10  study  sites
showed  varying  degrees  of  disturbance  and
erosion.  The  2  sites  which  did  not  show  ero-
sion  but  only  slight  disturbance,  indicated  by
the  presence  of  such  plants  as  Bromus  tecto-
rum  and  Xanthocephalum  sarothrae,  also  ex-
hibited  the  lowest  composition  percents  for
species  such  as  E.  corymbosum.

It  is  suggested  that  E.  corymbosum  var.  co-
rymbosum,  which  is  found  only  in  study  sites
located  in  the  desert  areas  of  the  basin,  is  a
shallow  soil  variety  and  one  that  prefers  com-
munities  that  show  high  degrees  of  disturb-
ance,  little  competition,  and  fairly  high  levels
of  soluble  salts  in  the  soil  and  are  found  at
elevations  below  5500  feet.  Eriogonym  co-
rymbosum  var.  erectum,  on  the  other  hand,
appears  to  compete  best  in  communities
above  6000  feet  that  show  less  disturbance
than  the  desert  areas  and  have  deeper  soils
and  low  levels  of  soluble  salts.

Although  the  suggested  associations  be-
tween  the  site  characteristics  measured  in
this  study  and  the  vegetation  do  not  prove
causal  relationships,  they  do  serve  to  aid  in
the  assignment  of  probable  causes  of  the  ob-
served  vegetational  patterns.  To  gain  a  com-
plete  and  final  insight  into  the  ecology  of
Eriogonum  corymbosum  and  its  associated
species  of  the  cold  temperate  desert  shrub  re-
gions  of  the  Uinta  Basin,  further  and  more  in-
tense  investigations  of  those  factors  studied  in
this  paper,  as  well  as  further  investigation  of
other  important  community  characteristics,
will  be  necessary.
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