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Purshia tridentata was chosen for concentrated attention be-

cause it is the chief broise plant with wide distribution, palatability,

and nutritivevalue among the preferred species found in southcentral

Or egon,

The objectives were: to obtain a more precise phytosociologi-

cal description of Purshiat.ridentata stands, to identify the environ-

mental factors associated with its distribution and abundance, and to

elucidate the vegetation-soil relationships of Purshia versus non-

Purshia containing stands,

The vegetation communities studied were: (A)

occidentalis/Purshia tri.dentata-Artemisia tridentata, (B) Purshia

tridentata Artemisia tridentata, (C) Artemisia tridentata, (D)

jirs occidentalis /Purshia trid entata -Artemisia arbuscula, ()
Purshia trIdentata-Artemjsja arbuscula, and (F) Artemisia arbuscula,

Redacted for privacy



The species list with prominence ratings clearly defined the

communities, This was confirmed by the numerical approach through

Simpso&s similarity index (SIM1) and distance (D2) measure, The

stepwise discriminant function analysis tested the phytosociological

groupings of the stands within the càmmunities and corroborated the

-communities as well definedfloristically and showed that the stands

within each community were properly grouped.

The homogeneity of the stands was tested with the following

indices: Information measure, Simpson?s diversity index, and con-

centration measure, The stands within each community were rather

homogeneous except for the stands of community C which were

heterogeneous,

The stepwise discriminant function analysis identified the shrubs

as the best discriminants, the forbs as the second best, and the

grasses as the poorest discriminants of the communities included in

this study,

Elevation was a very good discriminating variable In the corn-

bined analysis of the environmental factors, The change of species

composition due to elevation did not have a clear relationship with

the presence and absence of Purshiatridentata.

Position on landform appeared ta influence- in the occurrence- of

Purshia tridentata because it was more- frequently found on slopes

than- either on the top or on the toe of slopes; moreover, it was not

found on the bottom lands-where Artemisia tridentata was the only



prominent woody species. Microrelief, slope gradient, and exposure

did not have a marked influence on the species composition possibly

because of the uniformity of these features among all stand locations,

The percent of surface gravel was one of the best discriminants,

Most of the stands of community F had the highest percent of surface

gravel; therefore, the indirect effects of surface gravel which allowed

Artemisia arbuscula to grow may inhibit, in part, the growth of

Pur shia tr Id entata.

The soil structure types in horizons TB2' and "Al2' were

identified as very good discriminants, The structures in B2II were

alike in communities that had Fur shia, Soil depth and particularly

depth to 'BZ horizon separated the communities. No clear relation

ship was found between total soil depth and the presence and absence

of Fur shia tridentata,

Stoniness in the soil was a very good communitycharacter

izing. factor, Stoniness in horizon ITBZTI was identified as the best

discriminant in the combined analysis. The inclusion of gravel

percent in horizon hAl2 significantly discriminated all paired com

binations of communities. with the exception. of communities D versus

E, This suggests that a high percent of stones did not inhibit the

growth of Purshia,

Bulk density in soils of community F was comparatively high,

It is possible that it contributed, indirectly, to inhibit the growth of

Purshia and Artemisia tridentata in community F. Soil moisture



tensions at 1/3 and 15 ATM did not show any marked difference,

although they were positively correlated with nitrogen, calcium,

magnesium and CEC,

Soils of all communities had a similar pH except community C

which had the highet p11. This high value of pH was positively cor''

related with exchangeable sodium, Sodium was relatively lower in

soils of communities A, B, D, and F which had Purshia as compared

to communities C and F which did not have this species. Purshia was

found growing on soils withpH between 6, 4 and 7.0,

The highest percent of organic matter was found in soils of

community D and the lowest in community F. Total nitrogen was

closely related to organic matter and phosphorus ppm which suggests

that most of this element was probably recycled from the breakdown

of organic material,

Several environmental factors affected the path of the roots of

Purshia, In stony areas, the roots followed the path of least resis

tance, winding in and around stones where reverse geotro:pism was

observed, Roots going through cracks often flattened out and branched

profusely, Roots of Artemisia tridentata seemed unable to penetrate

heavy clay between stones or go through the cracks of rocks.

When Purshia was growing on the same stand with either

Artemisia species, the roots of these latter species occupied mainly

the upper strata in contrast to the roots of Purshia, This suggests

that normal competition between these species is minimum,



From 30 plants of Purshia excavated, only three showed

nodules containing Actinornycete which suggests that this nitrogen

fixing organism is probably scarce in the area studied,

Recommendations for follow-on studies are made with

emphasis on soil moisture relationships.



Ecology of Bitterbrush (Purshia tridentata (Pursh) DC)
in the Silver Lake Deer Winter Range, Oregon

by

Mariano Segura-Bustamante

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements, for the

degree of

Doctor of Philosophy

June 1970



APPROVED:

Pr6f&ssor o e 'nãgemen1
in charge of major

Head 6f the & ifiénf o Raiig' Management

Dean of Graduate School

Date thesis is presented July 28, 1969

Typed by Gwendolyn Hansen for Mariano Segura-Bustamante

Redacted for privacy

Redacted for privacy

Redacted for privacy



ACKNOWLEDGEMENT

I could not have a c compli shed this r e s ear ch without receiving

considerable and very valuable help from a large number of persons.

It is with particular pleasure that I take this opportunity to. thank:

the Rockefeller Foundation for having awarded me the scholarship,

SIPA of the Ministry of Agriculture of Peru, the Agrarian University

of La Molina for allowing me the leave of absence, the PacificNorth-

west Forest and Range Experiment Station, and the Computer Center

at Oregon State University for providing the necessary funds for the

completion of this research.

It is not possible to adequately acknowledge all those who have

given me their invaluable help, although I would like to personally

acknowledge Dr. Charles E. Poulton, my major professor, whose

supervision wisely guided the development of my Ph.D. program,

and to Drs. Donald W, Hedrick, William W. Chilcote, and Chester

T. Youngberg for their constructive criticisms of this thesis, and

also to Mr. Justin G, Smith for the proposal and support of this study.

Very special thanks go to Drs. Ellis Knox and William S.

Overton for their great help. I also thank William T. Pyott, Willem

H. C, Schallig, and David A, Niess for their cooperation indifferent

facets of this research,

Special acknowledgements go to the ever present cooperation of



the secretaries of Range Management and particularly to Mrs. Leticia

Garcia

To my wife, Mia, and sons, Alvaro and Gustavo, I give my

very personal thanks for their encouragement in my studies and1 work,

To my mother, thanks from the bottom of my heart for inducing in me

the importance of education as a means of being serviceable to man-

kind.



TABLE OF CONTENTS

Page
INTRODUCTION 1

DESCRIPTION OF THE STUDY AREA 6

Climate 6
Geology and Physiography 10
Soils 12
Vegetation 15
History of Range Use 16

REVIEW OF LITERATURE 20

Approaches to Study 20
Some Factors Influencing Plant Growth 22

Soil Physical Properties 23
Soil Texture 23
Soil Structure 24
Rock Content 24
Soil Depth 25
Water Movement and Storage 26

Soil Chemical Properties 27
Organic Matter 27
Nitrogen 28
Phosphorus 28
Calcium, Potassium and Magnesium 29
Sodium 30
pH 31

Site Factors 31
Climate 31
Topography 34
Nature of Parent Material or Bedrock 35

Characteristics of Purshia tridentata 36
Taxonomic and Morphological Characteristics 37

Roots 39
Nodulation 40

Ecological Characteristics 41
Competition 41
Succession 43
Communities 46



Page

METHODS 50

Basis for Selection of Method SO

Se1ection of Study Area 53
Arrangement of Macroplots 58

Transect 61
Observation Plot 61
Constancy 64
Pictures 64

Soil Data 65
Bulk Density 65
Soil Moisture Content 66
Laboratory Analysis 67

Root Study 68
Plant Excavation 68
Root Description 69

Statistical Analysis of Data 71
The Concept of Distance and Group Constellation 71

Diversity Index 73
Discriminant Function 74
Stepwise Discriminant Function 76

RESULTS AND DISCUSSION 77

Vegetation 77
Density 78
Cover and Constancy 89
Information, Concentration and Diversity Indices 101

Indices Within Stands 103
Indices by Stands and Strata 114
Indices by Stands and communities 116

Diversity and Distance 119
Stepwise Discriminant Function 126
Summary 137

Environmental Factors and Soil 141
Stepwis e Dis criminant Function Analysis 165

Canonical Correlations 180
Within Group Correlation Coefficients 182
Groupings Verification 185

Summary 187
Roots 199

Roots of Purshia tridentata 199
Roots of Artemii.atridentata 223
Roots of Artemisia arbuscula 232



Page
Synthesis of Cornpari.son Between Pu.rshia

tridentata and either Artemisia tridentata
or Artemisia arbuscula 240

Seedlings of Purshiatridentata 246
Nodulation and Nitrogen Fixation 249

CONCLUSIONS 252

Vegetation and Environmental Factors 252
Roots 256

Seedlings of Purshiatridentata 257
Nodulation and Nitrogen Fixation 258

Recommendations 258

BIBLIOGRAPHY 260

APPENDICES 270

Appendix A. Tables 270
Appendix B. Figures 297



LIST OF FIGURES

Figure Page
1. Location of study area. 7

2. A hythergraph of climatological data from the Silver
Lake weather station. 8

3. Monthly precipitation and temperature data recorded
on F, S. Ranger Station and West Fork Enclosure
respectively, both at Silver Lake, Oregon. 9

4. Sharp ecotone between Artemisia arbuscula and
occidentalis/Purshia tridentata-

Artemisiatridentata stands, 17

5. Macroplot showing the four subdivisions, one ran-
domly located transect and systematically placed
microplots in the transect. 60

6. One square meter frame marked in decimeters. 63

7. One-fourth of one square meter marked in
decimeters. 63

8, Cover-average of five stands each for communities
that have Arternisi.a tridentata as the prevalent
species. 97

9. Cover-average of five stands each, for communities
that have Artemisia arbuscula as the prevalent
species. 98

10. Plotted points of the first canonical variable (x)
against the second variable (y) for shrubs, grasses
and forbs combined, 136

11. Slope and exposure of stands in each community:
A (Juoc/Putr-Artr), B (Putr-Artr), C (Artr),
D(Juoc/PutrArar), E (Putr-Arar), and F (Arar). 149



Figure Page
12, Soil texture of horizon "All" of all stands of com-

munities: A (Juoc/Putr-Artr), B (Putr-Artr), C
(Artr), D (Juoc/Putr-Arar), E (Putr..Artr), and F
(Arar). 152

13, Moisture constants of 30 soils, on which six vegetation
communities grow, represented by five stands each in
Silver Lake Deer Winter Range, 157

14. Points plotted of the first canonical variable (x)
again8t the second variable (y) of the 'environmental
features' for all stands and communities. 188

15. Points plotted of the first canonical variable (x)
against the second variable (y) of the morphological
features of soil horizons "Al2" and "B2", for all
stands and communities. 189

16. Points plotted of the first canonical variable (x)
against the second variable (y) of physical and
chemical features of soil horizons Al2 and "BZ",
for all stands and communities. 190

17, Points plotted of the f&rst canonical variable (x)
against the second variable (y) of 'combined"
environmental factors, for all stands and com-
munities, 191

18. Root characteristics of Purshia tridentata plant in
stand Bi, growing onloamy coarse sand soil. 201

19. Root characteristics of Purshia tridentata plant in
stand B2, growing on clay loam soil. 202

20. Root characteristics of Purshia tridentata plant in
stand B3, growing on loam soil. 203

21. Root characteristics of Purshia tridentata plant in
stand B4, growing on loam soil. 204

22. Root characteristics of Purshiatridentata plant in
stand B5, growing on loam soil. 205

23. Root characteristics of Purshia tridentata plant in
stand El growing on sandy loam soil, 206



Figure Page
24, Root characteristics of Purshiatridentata plant in

stand E2, growing on loam soil. 207

25. Root characteristics of Purshiatridentata plant in
stand E3, growingon loam soil. 208

26, Root characteristics of Purshia tridentata plant in
stand E4, growing on clay loam soil, 209

27. Root characteristics of Purshia tridentata plant in
stand E5, growing on loam soil. 210

28, Root of Purshiatridentata winding in and around
stones in tortous way where 'reverse geotropism"
can be observed. 214

29, Purshiatridentata roots going through rock cracks
flattened in the horizontal plane and branched pro-
fusely in interwoven mats. 215

30. Adventitious roots of Purshia tridentata growing in
stand BZ on clay loam soil, 217

31. Layering of Purshia tridentata from decumbent
branch, 218

32, Relative size of Purshia tridentata and associated
species either Artemisia tridentata orArtemisia
arbuscula in communities B and E, respectively,
in decimeters. 222

33, Root characteristics of Artemisia tridentata plant
instand Cl growing on sandyloam soil. 224

34. Root characteristics of Artemisiatridentata plant
in stand C2 growing on loamy sand soil. 225

35. Root characteristics of Arteniisia tridentata plant
in stand C3 growing on sandy loam soil. 226

36, Root characteristics of Artemisia tridentata plant
in stand C4 growing on clay loam soil, 227

37. Root characteristics of Artemisia tridentata plant
in stand C5, growing on loam soil, 228



Figure Page
38. Root characteristics of Artemisia arbuscula plant

in stand Fl growing onsiltloam soil. 233

39. Root characteristics of Artemisia arhuscula plant
in stand F2 growing on silty clay loam soil. 234

40. Root characteristics of Artemisia arbuscula plant
in stand F3 growing on loam soil. 235

41. Root characteristics of Artemisia arbuscula plant
in stand F4, growing on silty clay loam soil, 236

42. Root characteristics of Artemisia arbuscula plant
in stand F5 growing onloamtosiltloam soil, 237

43, Relative size of Purshiatridentata, Artemisia
tridentata and Artemisi.aarbuscula in communites
(B) Putr-Artr, (C) Artr, (E) Putr-Arar and (F)
Arar, 242

44. Seedlings of Purshia tridentata (A) Both plants about
two months old, (B) Two years old, and (C) Three
years old, 247



LIST OF APPENDIX FIGURES

Figure
45. Vegetation and soil, for macroplot Al.

46. Vegetation and soil for macroplot AZ.

47. Vegetation and. soil for macroplot A3.

48, Vegetation and soil for macroplot A4.

49. Vegetation and soil for macroplot AS.

50. Vegetation and soil for macroplot Bi.

51. Vegetation and soil for macroplot B2.

52. Vegetation and soil for rnacroplot B3.

53. Vegetation and. soil for macroplot B4.

54. Vegetation and soil for macroplot B5.

55. Vegetation and soil for macroplot Cl.

S.6. Vegetation and soil for macroplot C2.

57. Vegetation and soil for macroplot C3.

58. Vegetation and soil for macroplot C4,

59. Vegetation and soil for rnacroplot C5.

60. Vegetation and soil for macroplot Dl,

61, Vegetation and soil for macroplot.DZ.

62. Vegetation and soil for macropiot .D3.

63. Vegetation and soil for macroplot D4.

64, Vegetation and. soil for macroplot D5.

Page

298

299

300

.301

.302

303

30:4

3:05

:3Q 6

307

.3.08

309

:310

.311

:312

:313

:314

3.15

.316

3], 7



Figure Page
65. Vegetation and soil for macroplot El. 318

66, Vegetation and soil for macroplot E2. 319

67. Vegetation and soil for macroplot E3. 320

68, Vegetation and soil for macroplot E4. 321

69. Vegetation and soil for macroplot ES. 322

70. Vegetation and soil for macroplot Fl, 323

71, Vegetation and soil for macroplot F2. 324

72, Vegetation and soil for macroplot F3, 325

73. Vegetation and soil for macroplot F4. 326

74. Vegetation and soil for macroplot F5. 327

75. Plotted points of the first canonical variable (x)
against the second variable (y) for shrubs of corn-
munjti.es: (A) Juoc/PutrArtr, (B) Putr-Artr,
(C) Artr, (D) Juoc/Putr-Arar, (E) Putr-Arar, and
(F) Arar. :328

76. Plotted points of the first canonical variable (x)
against the second variable (y) for grasses of com-
munities: (A) Juoc/Putr..Artr, (B) Putr-Artr, (C)
Artr, (D) Juoc/Putr-Arar, (E) Putr-Arar, and (F)
Arar, 329

77. Plotted points of the first canonical variable (x)
against the second variable (y) for forbs of com-
munities: (A) Juoc/PutrArtr, (B) Putr-Artr, (C)
Artr, (D) Juoc/Putr.Arar, (E) Putr-Arar, (F)
Arar. 330

78, Soil moisture at sampling in soils of five stands of
community A (Juoc/Putr-Artr), 331

79. Soil moisture at sampling in soils of five stands of
community B (Putr-Artr), 332



Figure Page
80. Soil moisture at sampling in soils of five stands of

community C (Artr). 333

81. Soil moisture at sampling in soils of five stands of
community D (Juoc/Putr-Arar). 334

82. Soil moisture at sampling in soils of five stands. of
community E (PutrArar). 335

83. Soil moisture at sampling in soils of five stands of
community F (Arar). 336

84. Soil bulk density in five stands of community A
(Juoc/Putr.Artr). 337

85. Soil bulk density in five stands. of community B
(Putr-Artr). 338

86. Soil bulk density in five stands of community C
(Artr). 339

87. Soil bulk density in five stands of community D
(Juoc/Putr-Arar). 340

88. Soil bulk density in five stands of community E
(Putr-Arar). 341

89. Soil bulk density in five stands of community F
(Arar), 342



LIST OF TABLES

Table Page
1. Location of macroplots, Silver Lake Deer Winter

Range. 59

2. Average and range of species dens ity of five stands
in each. community occurring within the macroplot and
observationplots. 79

3. Cover, density and height of sh.rubs in communities
A, B and C that have Artemisia tridentata as the
prevalent species. 87

4. cover, density and height of shrubs in communities
D, E, and F.that have Artemisia arbuscula as. the
prevalent species. 88

5, Average and range of vegetation cover of five stands
in each.con-irnunity and constancy of species. 90

6. Summary of analysis of information and diversity for
one set of data, by transects within stands. in all com-
munities. 104

7. Summary, of analysis of information and diversity for
one set of data of total vegetation cover by stands and
communities, 117

8, Similarity index (SIMI) between communities by, the
strata and. total cover. 121

9. Distance (D2) between.communities based on.vegetation
cover by the strata and total vegetation. 124

10. Grouping of communities by, the stepwise discriminant
analysis of shrubs, grasses and forbs combined. 130

11. Summary of the canonical correlations for the best
discriminants calculated by the stepwise discriminant
function for the species variables. 132



Table Page
12, Verification of groupings of stands within the comrn

munities. 134

13. Environmental factors on six communities of five
stands each, in percent of occurrence. 143

14. Means andranges of soil moisture constants and
soil moisture content of sampling time in five stands
in each community. 156

15, Means, ranges and units for analyzed chemical soil
characteristics of five stands. in each community. 160

16. Grouping of communities by the stepwise discriminant
analysis of environmental factors, 167

17, Grouping of communities by the stepwise discriminant
analysis of Al2 and B2 soil's horizons characteristics. 172

18. Grouping of communities by the stepwise discriminant
analysis of physical and chemical data of Al2 and B2
soil's horizons. 175

19, Grouping of communities bythe stepwisediscriminant
analysis of environmental factors of tables 16, 17 and 18
combined, 178

20, Summary of the canonical correlations for the best
discriminants calculated by the stepwise discrirninant
function for the environmental factors as variables. 181

21, Some of the within group correlation coefficients cal
culated by stepwise discriminant analysis on environ-
mental factors, 183

22, Verification of groupings of stands within the com-
munities by the environmental factors, 186

23, Means and standard errors for measuredroot
characteristics of Purshia tridentata on all stands
of communities B and E, with a total of 15 plants
for each community. 211



Table Page
Z4. Means and standard errors for measured root

characteristics of Artemisia tridentata on all
stands of communities B and C, with a total of
15 plants for each community. Z30

25. Means and standard errors for measured root
characteristics of Artemjsia arbuscula on all
stands of communities E and F, with a total of
15 plants for each community. 239



LIST OF APPENDIX TABLES

Table Page

I. Location of the microplots along the transect,
expressed in meters. 271

II. Plant species list with scientific names. 272

III. Complete list of species and their distribution in
all stands within and outside the macroplot. 275

IV, Grass (grasses and grasslike) and forb cover in
comparisonto the total vegetation cover, by stands. 277

V. Summary of analysis of information and diversity for
one set of data of shrub cover by stand and com-
munity. 278

VI. Summary of analysis of information and diversity for
one set of data of grass cover by stand and com-
munity. 279

VII. Summary of analysis of information and diversity for
one set of data of forb cover by stand and community. 280

VIII. Grouping of communities by the stepwise discriminant
analysis at the shrub stratum. 281

IX. Grouping of communities by the stepwise discriminant
analysis at the grass stratum, 282

X. Grouping of communities by the stepwise discriminant
analysis at the forb stratum, 283

XI, Geological characteristics of stands under study,
Silver Lake Deer Winter Range. 284

XII, Placement of classification units and soil series
in the classification system (7th approximation). 285

XIII, Soil moisture percentage at 1/3 and 15 Atmospheres
in horizons Al2 and B2 in all stands. 286



Table Page

XIV. Chemical analysis of Al2 and B2 horizons in soils
of all stands studied. 287

XV. Variables included in the stepwise discriminant
analysis of environmental factors. 290

XVI. Means and ranges for measured root characteristics
of Purshia tridentata on all stands of communities
B and E, with a total of 15 plants for each community, 292

XVII. Root characteristics of Purshia tridentata, Artemisia
tridentata and Artemisiaarbuscula, based on the most
conspicuous features within each characteristic
expressed in percent. 293

XVIII. Variance-ratio and F-values for measured root
characteristics of Purshia tridentata, Artemisia
tridentata and Artemisia arbuscula in communities
B and E where these species occur together. 294

XIX. Means and ranges for measured root characteristics
of Artemisiatrjdentata. on all stands of communities
B and C, with a total of 15 plants for each community. 295

XX. Means and rangesfor measured root characteristics
of Artemisia arbuscula on all stands of communities
E and F with a total of 15 plants for each community. 296



ECOLOGY OF BITTERBRUSH (PURSHIA TRIDENTATA
(PURSH)DC) IN THE SILVER LAKE DEER

WINTER RANGE, OREGON

INTRODUCTION

This study was conducted in the Silver Lake Deer Winter Range

in south-.central Oregon. This is one of the more important range

areas in northwestern United States from the standpoint of big game

use as well as livestock production. In the future its intensive

management is sureto become more critically important as popula-

tion pressure increases and the needs of human society become more

acute. A better understanding of the factors regulating potential

range production and the distribution of range plants is needed for the

intensification of management on these lands.

Range improvement is an important facet of intensified manage-

ment. The Silver Lake Deer Winter Range has a long history of

heavy use, and it is in need of range improvement through manipula-

tion of the ecosystems in the area. This is achieved primarily by the

control of animal populations and use patterns, by the purposive con-

trol of plant species, or by the cultural introduction of adapted species.

Sound improvement programs involving these practices require a

careful ecological appraisal of the plant communities- -relating them

to factors of the environment and to land use activities in a way that

provides the understanding that is necessary for effective resource

use, improvement, development and management.



Distinct plant communities occur in this study area, and the

narrow ecotones between them suggest that potentially identifiable

environmental conditions may be limiting factors in vegetational

distribution. Basic ecological data are not available on these features

of the Silver Lake Deer Winter Range. As Poulton (1955) has pointed

out, ecology will attain wider recognition and usefulness whenit

starts to provide land managers with synecological information in

greater detail, including an elucidation of cause-effect relationships.

Concerning the cause-effect relationships in a plant community,

Ellenberg (1956) enumerates the causative complexes as fol1ows

1) the flora or assemblage of species; 2) the accessibility and dis-

tribution of species; 3) properties of the species such as life form

and competitive ability; 4) the habitat; and 5) time, These causative

complexes are interrelated in their action; therefore, any study

should analyze the result of interaction of all possible factors, Con-

centration on single or isolated, small groups of factors is not likely

to be as successful a line of investigation,

In order to explain or clarify the cause-effect relationships of

a plant community or its component species in their natural setting,

it is necessary to understand that plant growth is an ultimate expres-

sion of several factors. Each factor varies in its importance from

place to place, and the plant itself is in fact an environmental factor,

These factors can be grouped in two major categories, plant
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factors and environmental or habitat factors,

Plant factors can be considered dependent on the inherent

genetic, physiological and morphological features of the species.

Excluding the plant itself as an environmental factor,, the concrete

plant communities are the expression of the interaction between the

environment and the inherent characteristics of the taxa,

The most important direct environmental factors include soils,

temperature, moisture, light and other atmospheric characteristics,

Those physical factors that interact with and modify the influence of

the direct factors on the ecosystem' may be called indirect factors,

The more obvious indirect environmental factors include elevation,

exposure, slope, landform, and soil forming material. All these

environmental factors interact through time with the biota to deter-

mine the nature and characteristics of the plant communities typical

of each kind of land.

The soils factor occupies a special position in relation to the

others grouped under' environment, It is similar to vegetation in that

it is the result of this factor interaction through time, In addition,

soil may be considered as a complex of more specific environmental

features that are the determinant of plant growth. Along with serving

as anchorage for the plant, soil is a source of specific sets of

nutrients reflective of its' parent material and degree of weathering

or soil development. Soil is a medium' for the storage and release of
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moisture to the plant, a thermal reservoir substantially determining

the temperature in and near the ground, and the site for'the decay of

organic materials and recycling of certain nutrients derived therefrom.

The direct effects of soil on plant growth, competition among species

and the resultant structure of the plant community are largely deter

mined by the physical and chemical characteristics of each kind of

soil, For these reasons, soils deserve' special attention in any

attempt to clarify basic relationships between vegetation and its

environment, including any experiment to interpret cause-effect

relationships.

Since it is impossible to treat all of the existing ecological

problems in the study area, the research centered on the ecology of

Purshia tridentata because it is the chief browse plant with wide dis-

tribution, high palatability and nutritive value among the preferred

species found here. Thus concentrated attention to this species

could be easily justified. In addition,, it displays some unique relation

ships to. the plant communities in the study area.

Rather than to approach the study from the autoecological point

of view, it was pursued from the phyto.sociological point of view by

studying Purshiatridentata in its natural settings. While this approach

tends. to complicate the investigation, it makes for greater relevancy

of the interpretations and findings both to. the fundamental understand

ing of the real ecosystem and to the actual needs of resource



management. By stratifying the study on a plant community basis,

it was felt that variability of data related to the ecology of Purshia

tridentata should be reduced and interpretability enhanced.

One of the critical needs of resource management in the Silver

Lake Deer Winter Range is to be able more accurately to define and

thus to recognize Purshia tridentata sites and to more precisely deter-

mine the potential of each site to produce herbage of this important

species. This is particularly relevant to the selection of range areas

for improvement by, the cultural re- establishment of Purshia.

Research of this nature can be conducted only on a stepwise

procedure, narrowing down and progressively identifying the decisive

factors in the ecology of the species and communities in which it is

found. Succeeding investigations can. then more efficiently approach

explanation and theunderstanding of cause-effect relationships. With-

in this context the specific aims of this study were to:

1) Obtain amore precise phytosociological description of

existing Purshia tridentata stands,

2) Identify the environmental factors associated with their

distribution and the abundance of Purshia in the stands, and

3) Describe and elucidate the vegetation-soil relationships of

Purshia vs. non- Purshia- containing stands.



DESCRIPTION OF THE STUDY AREA

The study area is located south of the town of Silver Lake in

northern Lake County, Oregon; 43° 09 latitude north, 121° 05' longi

tude west; within the boundaries of Townships 28 and 29 South; and

Ranges 13 and 14 East (Figure 1). The area in which investigations

were conducted consists of approximately 87, 000 acres of the

'Silver Lake Deer Winter Range."

Climate

Hot, dry summers and cold, dry winters are characteristics of

the semiarid climate of the 'High Desert" of Central Oregon

(Anderson, 1956), within which the study area is included. Twenty-

six years of records at Silver Lake indicate that the mean January

temperatures ranged from 23° F to 28° F and the mean July tempera-

ture from 60.9° to 65, 3° F, with a mean annual temperature ranging

from 42° to 45° F. Mean annual precipitation ranged from about 8

to 10. 14 inches. A hythergraph based on the twenty-six years of

record summarized by Johnsgard (1963) is presented in Figure 2.

In addition, the maximum and minimum temperatures and precipita-

tion of the years in which research was done are presented in Figure

3.

Although frost may occur any month of the year, the average



Figure 1, Location of study area.
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length of growing season is 79 days. June, July and August arethe

only months in which the mean minimum, temperature exceeds the

freezing point. According to Urness (1966) this may result from the

high elevation of the area and cold air drainage from the Cascades.

Geology and Physiograpy

References related to geology and physiography include the

Silver Lake and Fort Rock Basins in a single unit called the 'Fort

Rock Basin. " An effort is made to separate them insummarizing

the Geology and Physiography of the area. Whenever possible. Silver

Lake is specified, otherwise the description comprises the whole

basin.

Layers of basalt from the rather gentle plateau slopes and the

abrupt escarpment of the uplands south and east of Silver Lake

(Hampton,. 1964). The, rocks of this area can be divided into pyro-

clastc, basalt and rhyolites, and they range in age from Pliocene

and Pleistocene to Recent (Russell, 1905; Dole, 1942; Baldwin, 1959).

Pyroclastics, are found under basalt capping in several of the

buttes, The pyroclastics are a tawny, rather firmly cemented

material, consisting of effusive rocks and volcanic cinders (Dole,

1942).

Basalt usually occurs as dense lava (Russell, 1905) and is the

most extensive of the materials. They may be divided into three
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groups. The oldest are the flows that are equivalent to the Columbia

River Lavas of Miocene age from which come most of the fault blocks

surrounding the 'Fort Rock Basin. H The second group includes those

basalts that are younger than the Miocene flows and older than the

lake sediments, the dissected cones belong to this second group.

The third group is younger than lake sediments, and includes Fort

Rock Valley basalt flows (Dole, 1942).

Rhyolite and andesite occur as lava tuffs or breccias (Russell,

1905). According to the description of Dole (1942) this class of rocks,

is found only on the northern edge of the Fort Rock Basin, but

Hampton (1964) includes also the southern hills of Silver Lake.

Allison (1966) reported thatthe main pumice deposits at Fossil

Lake, have their origin in the Mount Mazama- -Crater Lake- -
eruptions9

about 6, 600 years ago. Since Silver Lake is located in between these

two places, it is assumed that the pumice found in the study area has

the same origin.

In the entire central Oregon area, volcanism is the outstanding

physiographic feature. Cinder cones, fissure-flow basalt caps, and

aeolean deposits of ash and pumice are characteristics of the land-

5 cape.

The Silver Lake valley lies at the transition between the Hager

Lake Plain and Basin Range province according to Baldwin (1959).

There are three permanent streams that drain into Silver Lake
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basin- namely, Buck Creek, Bridge Creek, and Silver Creek. These

streams discharge into Paulina Marsh which overflows into Silver

Lake proper. The Silver Lake basin is bordered on three sides by

scarps; bounding the northern part are several fairly large volcanic

cones and many smaller ones. The Cooley Hills lie on the north of the

basin and separate Silver Lake Valley from Fort Rock and Christmas

Lake Valley (Dole, 1942). Relief is generally moderate to low but is

broken in places by precipitous fault formed mountains (Cahoon, 1961).

My study plots are characterized mainly by two major rock

types: 1) a massive ash-flow tuff overlain by thin lavaflows pri-

manly of basaltic composition and 2) small areas of scoria and

cinders related to the basaltic lava flows (Peterson, 1968).

Soils

Hampton (1964) indicated that the soils developed from Picture

Rock Basalt are very thin and rocky; and the soils weathered from

Hayes Butte Basalt are thin, rocky, brown soils. Those soils

developed from unconsolidated deposits are diverse since they are

weathered from alluvial, lacustrine, and aeolian deposits of sand,

silt, clay and gravel.

Knox (1968) describes in a very brief way the general soil

groups of Central Oregon. These soils are generally well drained,

neutral in surface horizon; lower horizons are alkaline. Many of the
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soils have horizons of clay accumulation. Some have cemented hard-

pans. Residuum, colluvium, and bess are the most extensive parent

materials. The soils groups are Brown, Lithosols, Alluvial,

Solonetz and Regosols in the study area according to this author.

Herman (1965) working in 'Silver Lake Experimental Range

Study Area'- -fenced enclosures of 500 acres- -has describedthe soils

on the nonforested portion as loam surface layers with clay loam to

clay sub-soils. These soils are shallow to moderately deep to tuff

and contain stones throughout the profile; surface stones are com-

mon. The pH in the surface horizon range from 6. 0 to 7. 5; and in

the sub-soil from 6. 5 to 7. 5; moderately well drained to well

drained; gently sloping, from zero to three percent. This author

reported the same soil groups described by Knox (1968), plus

Chestnut soils.

In a preliminary soil series desciiption Cahoon (1961) con-

siders nine main series in the Silver Lake area. These are listed

below with some general characteristics of each:

1, Arrow gap series: are shallow somewhat excessively

drained, moderately coars e-textur ed, Regos ols developed

from tuff.

2. Bonnick series: are deep somewhat excessively drained,

moderately coarse to coarse-textured, Regosols developed

from sandy and gravelly alluvium. Lime coatings occur on
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gravel surface in the subsoil in many places and the soils

are commonly gravelly, throughout.

3. Flagstaff series: moderately deep to deep, imperfectly

drained, moderately fine to fine-textured, Sierozem soils,

developed from diatomite or cemented clayey lake sediments,

4. Hager series: shallow to moderately deep, Well-drained,

moderately fine to medium-textured Brown soils. They

occur in nearly level to sloping lake and bench terraces

above the valley floor and are developed from basalt and

tuff. Strongly cemented pans are found.

5. Harriman series: well drained, moderately fine-textured

Brown soils, they occur in nearly level to sloping alluvial

fans, stream terraces and higher lake terraces, developed

from basalt.

6. Horning sez'ies: excessively drained, very deep coarse-

textured, Regosols occur on ridges, developed mainly from

pumice, quartztic and mafic minerals.

7. Lofftus series: medium-textured.imperfectly drained,

Solonchak soils, occur in lake terraces, parent material

consist of medium-textured lake sediments.

8. Paulina. series: deep, poorly drained medium to moderately

fine-textured, Humic Gley soils

9, Thorn series: moderately deep, medium-textured, well
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drained, intermediate between alluvial and Sierozem,

Parent material is water transported or reworked sedi-

rnents of lacustrine origin.

This study was restricted to the forest fringe outside of the

pine forest, It included the erus woodland zone and the Artemisia

steppe zone. Near-climax communities are rare here, and most of

the area is occupied by seral vegetation reflecting a long history of

heavy use.

Juniperus occidentalis is extensively distributed, particularly

at the higher elevations. It occurs ranging from open savannah-like

to very dense stands It is generally associated with Artemisia

tridentata and in less degree with Artemisia arbuscula. Its distribu-

tion with Purshia tridentata is even more restricted.

Artemisia tridentata is the prevalent shrub species, followed

by Artemisia arbuscula and probably Chrysothamnus nauseosus,

Purshiatridentata is not as widely distributed as the other shrubs,

but it is commonly found associated either with Artemisia tridentata

or Artemisja arbuscula in discrete communities,

Among the grasses the most frequent species found in diverse

communities are Stipa thurberiana, Sitanion hystrix, Stipa

occidentalis and Poa ecunda, Less frequent species are gropy
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spicatum and Festuca idahoensis. The low occurrence of the latter

often reflects severity of deterioration from heavy grazing use.

Distinct ecotones between stands are common in the study area

(Figure 4). This indicates that the plant communities occupying each

unique kind of habitat do in fact integrate the maze of interrelated

environmental factors to give an outward expression of the separate

and analogous environments. Thus the communities do reveal some-

thing of real value about the habitat in each area occupied by similar

stands.

It is the pattern of occurrence of these stands and particularly

of Purshia tridentata that leads us to recognize the need for a refined

understanding of the community structure and vegetation-environment

relationships in the area.

History of Range Use

The references related to the history of range resource

utilization and agricultural development, include Silver Lake and Fort

Rock in a single unit called "Fort Rock Basin" or "Fort Rock

Valley" (Buckless, 1959; and Brogan, 1964). Therefore the treat-

ment here is analogous to the Geology and Physiography section,

with an effort made to differentiate the Silver Lake and the Fort

Rock valleys whenever possible.

The Fort Rock Basin is the oldest known habitation of man in the
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Figure 4. Sharp ecotone between Artemisia arbuscula and
Juniperus occidentalis /Pur shia tridentata-
Artemisia tridentata stands.
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Oregon country. It was the prehistoric home mainly of hunters.

Recent prehistodc wildlife of this basin indicate that it was populated

by deer and antelope (Brogan, 1964). Russell (1883) reported that he

observed antelope, deer and mountain sheep in the area,

Livestock were trailed through Central Oregon between 1850

and 1860 (U. S.D. A. , 1939), but the establishment of ranches did

not accelerate until about 1870. The motivating force was the need

for meat in the mines of California, Idaho and western Montana in

the face of a limited supply of cattle (O'Callaghan, 1960).

The settlement of Harney County to the east of Silver Lake

began in late 1860 (Brimlow, 1951) and the margins of Kiamath and

Goose Lakes to the south were settled as cattle country in l87O's

(O'Call3ghan, 1960). The first settlement of Silver Lake country

occurred in early l870's (Brogan, 1964), which means that probably

cattle ranching began at that time in the Silver Lake area,

Cattlemen were not alone in their occupation of this High

Country; sheepmen were close behind, This restricted the effective

range for the cattle industry (O!Callaghan, 1960); and as expected,

opposed the development of a sheep industry. This strife, which very

probably had an impact on range condition, culminated in February of

1904 when approximately 3,000 sheep were killed by the tsheep

shooters1 in Silver Lake (Brogan, 1964),

By the beginning of 1894 Silver Lake had grown to a town of
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about fifty people. The area became a busy place following the turn

of the century--l909 to l9l6-because of the homestead and timber

rush. From 1917 to 1936 the population declined. The period after

1937 representsthe endof homesteading (Buckless, 1959; and Brogan,

1964).

Along with this sequence of events utilization of the rangeland

resource by grazing of cattle and sheep resulted in overstocking and

deterioration. Finally many of the submarginal homesteads

returned to the Federal Government who holds the majority of the

land in the area (Buckless, 1959)

Control of range livestock grazing started with the establish

ment of the U, S. Forest Service in 1905 and after the Taylor Grazing

Act was passed in 1934. The Silver Lake District of the Fremont

Forest was established in 1907 (Stenkamp, 1969). The regulation of

season of use and number of livestock made by the Federal agencies

stimulated a trend toward proper grazing of the forage resources

(Urness, 1966), thus in my opinion no additional deterioration is now

taking place particularly in the areas where this study was carried

out. This does not deny that extensive areas have been severely

overgrazed and are in need of restoration.
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REVIEW OF LITERATURE

Approaches to Study

Most of the early work in plant ecology was, of necessity con

cerned with the description of broad vegetation types in relation to

the environment, This line of research is still very actively pursued

and will continue to be of importance until all vegetation is described

on a world-wide basis, (Kershaw, 1964). At the present stage

emphasis on quantitative methods is increasing and the great value of

this approach is becoming apparent. There is a tendency unfortunately

either to apply highly sophisticated mathematical methods too

enthusiastically, or to use them in problems to which they are not

appropriate,

The quantitative approach permits the detection and apprecia-

tion of smaller differences, By using suitable statistical analysis

the quantitative method provides a sounder basis of judgment of the

significance of differences found. With well chosen quantitative

methods and good sampling designs, it is possible to find answers to

questions quite unanswerable by qualitative techniques, (Greig-.Smith,

1964); but this is essentially a refinement and extension of existing

approaches to ecological problems.

It is fundamental to keep in mind that the time consumed by
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the use of quantitative instead of qualitative methods will provide a

commensurate increase in the value of the results obtained (Greig..

Smith, 1964), provided the study areas are properly stratified and/or

sample size is adequate. It is equally important to realize that the

quantitative and qualitative methods are complementary rather than

exclusive approaches. The qualitative investigation must precede a

quantitative approach, since it is essential to grasp the broad per-

spective of vegetation before starting quantitative observations in

examining particular ecological problems.

Development of ecological methods around the world was

paralleled in Western United States where most of the early studies

were non-quantitative. Examples are reported by Clements (1920)

and Weaver (1917) in which they recognized major vegetational types

where, for example the sagebrush-grass community was separated

primarily by qualitative vegetational characteristics. Further

evolution of plant ecology as a science in this part of the country

demanded more and more refined methods to answer specific

questions. The coptinuing interest of a few ecologists has centered

on vegetation and site relations, reaching to a point where vegetation-

soil relationships were emphasized (Wieslander and Stone, 1952;

Poulton, 1959).

More detailed studies of regional vegetation have been carried

out by Daubenmire (1942) and Tisdale (1947). They considered both
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seral and climax communities, Other researchers were concerned

with the relation between groups of soil factors and plant communities

(Billings, 1950; Poulton, 1955; Gates, etal, , 1956; Eckert, 1957;

Box, 1961; Driscoll, 1964; and Smith, 1966). The concurrent study

of vegetation and soils has set the stage for improving the usefulness

of ecology in management (Poulton, 1959; Poulton and Tisdale, 1961;

and Smith, 1966), because the plant communities and the soils sup-

porting them are functional products of the same longtime interactions

between the biota and its environment,

The purpose of the succeeding discussion is to point out and,

hopefully, clarify the approaches used in studies of vegetation-

habitat relationships. Effort is made to. include all possible informa-

tion available on Purshia tridentata, in order to identify cause-effect

relationships.

Some Factors Influencing Plant Growth

Purshia tridentata is one of the most widely and abundantly

distributed species and seems to have a wide ecological amplitude.

Hormay (1943) reported that this species is found over about 340

million acres in the 11 western states, both east and west of the Rocky

Mountains. It is found from the edge of the great plains in New

Mexico north to Montana and west to California and British Columbia.

It occurs from near sea level in northcentral Oregon to 9, 000 feet in
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New Mexico. Any species with such a wide distribution will occur in

many different plant communities.

A plant!s phenotypic expression of its genetic growth potential

is influenced by heat, light, nutrients, water, chemical toxicants,

mechanical influences, etc. The headings under which the literature

review is organized are based on selected environmental factors that

are considered important to plant growth.

Soil Physical Properties

texture - The influence of soil texture is mostly indirect,

and is important mainly in the way that t affects or interacts with

other properties such as exchangeable nutrients, moisture avail.

ability and structural development (Russell, 1962). Some authors

have used texture of the A horizon in multiple factor equations

developed for predicting plant response to site factors (Clary, 1964;

Medin, 1960); they expressed the opinion that this variable reflected

mainly the availability of water, On the same basis the texture of the

B horizon could also be considered.

Purshiatridentata grows on a wide variety of soil textures but

generally reaches its best development on coarse-textured soils,

Daubenmire (1942) described Purshia tridentata as being more

dominant on sandier soils, and Anderson and Greenfield (1962) found

this species growing on medium to moderately coarse- textured soils
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in the 'High Desert" of Oregon. These findings agree with those of

Cahoon (1961).

Fine-textured soils that grow vigorous perennial grasses are

associated with reduced Purshia tridentata vigor (Volland, 1963;

Dryness, 1960). High water table results in poor vigor of this

species, and its occurrence is very sparse on soils that are sea-

sonally flooded (Youngberg and Dryness,. 1959),

Soil structure - Structure in soils is an obvious and important

characteristic used in describing soil profiles, but so far, no one

seems to have found a proper way of expressing soil structure in

quantitative terms especially meaningful to plant growth. Structure

is Influenced by many factors such as texture, climate, organic

matter, organisms, and clay mineralogy and has important effects

on size, shape, total volume and orientation of soil pores, tern-

perature relationships, infiltration and percolation of water, and

penetration of plant roots (Russell, 1962),

Cahoon (1961) found Purshia tridentata growing on soils with

single grain to platy structure in the A horizon, and with subangular

blocky, angular blocky and prismatic structure in the B horizon.

This range of adaptation to variation in soil structure has been con-

firmed by Driscoll (1964).

Rock content - Gravel or larger rocks either on the surface

or within the soil profile may affect moisture or temperature
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relationships or both. Meiman (1962) found that surface rock cover

over 60 percent reduces moisture losses by evaporation. Rocks

within the profile reduce water holding capacity of the soil but

increases the depth of penetration of moisture (Meiman, 1962).

Dris coil (1964b) found that finer'-textured, rockier soils with

fractured bedrock had a more favorable moisture regime than heavier

soils with few rocks and a hardpan at a depth of 8-15 inches. The

former produced Purshia tri.dentata and the latter Artemisia tridentata.

Soil ph Since one usually does not define the horizontal

limits of the soil profile, depth of soil or thickness of the zone

possessing a particular characteristic becomes the main measure of

the volume of soil available for plant rooting,

Nord (1965) reported that soils under dominant or codominate

Purshia tridentata were deep to very deep, and well drained- -

unfortunately this author does not specify the soil depth, Size of

plants and percent composition in the vegetation cover decreased as

soil depth decreased, Undoubtedly, the deep penetrating root

system of Purshia tridentata could enable it to tap underground

water at considerable depths. The same author found the roots of

this species at least 16 feet below the surface along highway cuts,

These findings agree with those of McConnell (1961) who observed

the rooting depth of Purshia tridentata at 18 feet below the surface,

in deep, relatively rock-free soils, with good internal drainage.
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Driscoll (1964b) reported Purshiatridentata growing in stony

soils 20 inches deep, where the roots penetrate the cracks between

the rocks. These findings seem to indicate that deep-rooted species

like Purshia tridentata might be expected to be influenced by depth

to conditions causing complete root restriction,

Water movement and storage - All of the factors discussed

thus far have been shown to be mainly important because of their

influence on moisture relationships in the soil. Since the average

annual precipitation in the Silver Lake study area is about ten

inches, it appears that the growth of plants may be significantly

affected by the capacity of the soil to receive and store moisture,

Driscoll (l964b) calculated available soil moisture storage

capacity for the 2-14 inches depth and concluded that the values

obtained helped explain differences in species composition and pro-

duction, For instance, Purshia tridentata sites had higher available

moisture holding capacity than Artemisiatridentata sites due to

textures, rockiness and absence of restrictive hardpans.

Nord (1965) indicated that no Purshia tridentata was found

growing naturally in climatically suitable areas where the soils were

poorly drained, slowly permeable, and in basin position with slow

runoff and periodic flooding or influenced by a high water table within

4 to 5 feet of the surface. The presence of Purshiatridentata on

some of the most arid sites can be attributed to underlying water
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tables.

Stanton (1959) studying seedling survival of Purshiatridentata

in the sagebrush type, found that practically no seedlings became

established after three seasons of planting. He attributed this lack

of establishment primarily to early drying of topsoil, and "certain

soil characteristicg, " concluding that soil moisture was the principal

factor determining the seedling survival of Purshia tridentata.

In comparing a low producing Solodized Solonetz with a higher

producing Brown soil, Passey and Hugie (1963) indicated that the low

producer had less total available moisture, less moisture in deeper

horizons and was subjected to a temporarily supersaturated A hori

zon, thus illustrating the importance not only of water holding

capacity but of movement of water in the soil and seasonal dynamics

of soil moisture throughout the profile,

Soil Chemical Proerties

matter Many soil properties are influenced by or

reflected in the amount and distribution of organic matter, It has

important effects on soil consistence, structure, and water holding

capacity and usually tends to ameliorate the effects of extremes in

soil texture, Organic matter also is correlated with soil fertility

(Russell, 1962).

DriscoU (1964a) comparing two associations in a relict area



of Central Oregon did not find any significant differences of

organic matter content of these soils. The associations were

I Juniperus/Artemisia/Agr opyron" and "JuniperuJPurshia/

gpyo, H On the other hand, Stanton (1959) pointed out that a site

selected in Deschutes forest with excellent Purshia tridentata, had

"the best organic matter content of several soils tested. H

Nitg - Total nitrogen is related to the amount of organic

material present and thus might be expected to be to some extent

correlated with vegetative production. The relationship of total

nitrogen and organic matter content in the soil is apparent in

Driscoll's (1964a) report. Here again, he did not find any significant

difference in the amount of this element in soils that supported

Purshia tridentatavs. those soils that did not have this species.

Stanton (1959) did not find any notable difference in height,

growth or survival of seedlings of Purshiatridentata fertilized with

two levels of nitrogen, as compared to the check. This might be

the case in which the nitrogen in the soil was adequate for the plant

to grow.

.horus - Total phosphorus is not often indicative of the

phosphate status of the soil with respect to soil fertility. Tests for

available phosphorus are usually worked out for agricultural crops

and may not be valid for predicting plant response on natural vegeta-

tion unless specific tests are conducted for this. Stanton (1959)
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stated that no response to phosphorus was found in Purshia

tridentata seedlings; however, the same author reported 'high

phosphorus level" in soils under excellent Purshia tridentata stands

in Des chutes forest.

Some parent materials in eastern Australia were always

associated with phosphoi.us deficiency which were in turn reflected in

the vegetative composition (Beadle, 1953). Patten (1963) also indi-

cated that phosphorus was higher in soils derived from geological

formations usually associated with grassland or sagebrush than in

those usually associated with forest types derived from limestone.

Along the same lines, Box (1961) advocates relationships between

soil phosphorus and the dominance of grass or shrubs in South

Texas, low phosphorus for grasses andhigh for shrubs; this agrees

with Smith's (1961) findings who pointed out differences in level of

available 'phosphorus under various sagebrush and grassland associa

tions in Wyoming.

Calcium, potassium and mgnesium - Most western soils seem

to be adequately supplied except perhaps on unusual parent materials

(Billings, 1950). No studies were found which indicate that any of

these nutrients is a limiting factor on sagebrush areas, Gates, etal,

(1956) suggest that content of these three elements in the soils are

apparently a reflection of the parent material in Salt-deserts of Utah,

and they are not significantly different in all vegetation types of his
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study area.

Smith (1966) reports total production of vegetation significantly

correlated with potassium content in the upper six and twelve inches

of soil, in Artemisia types in Colorado; however, he did not find sig-

nificant c or r elation with calcium and magnesium. Highly significant

increases in soluble calcium, potassium and magnesium with soil

depth were shown by Gates, eta]. , (1956). On the other hand,

Stanton (1959) did not find any response of Purshia tridentata seed-

lings to potassium fertilization,

Sodium - High exchangeable sodium may have undesirable

chemical effects, mainly on high pH, or undesirable physical effects

due to its dispersing action on soil côlloids (Russell, 1962). This

could happen mostly in sodic soils where the exchangeable sodium

percentage is greater than 15 and the pH ranges between 8. 5 and 10

(Seatz and Peterson, 1967). For instance, Robertson, etal. , (1966)

indicated that the very tight subsoil under Artemisia longiloba in the

clay-pan range site in North Park might be due in part to higher

exchangeable sodium percentage (ESP), than in upper horizon or

adjacent more productive soils. The ESP values they reported are

only about 2-8 percent, but this may be enough to magnify the effects

of an expanding lattice clay.

In studying the distribution of five desert shrubs, Gates, etal,,

(1956) found that soils supporting Artemisia tridentata had the lowest
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average ESP, 17 percent, and Sarcobatus vermicu1atus the highest,

26 percent. Artemisia tridentata and Eurotia lanata did not occur

on soils with extremely high ESP and Sarcobatus vermiculatus and

Atriplex nuttailli did, but not exclusively. Due to a great degree of

overlap in tolerance, they concluded that none of these species were

good indicators of specific soil conditions.

A pH of approximately 6. 0 to 7. 0 appears to be most

favorable and studies to date indicate Purshia tridentata is mostly

limited to this range. Nord (1965) reported that this plant comprised

over 25 percent of the plant cover in areas where the upper 5-foot

layer of sand was neutral with pH 6. 5 to 7. 0 even though more

alkaline conditions with pH 8. 0 existed underneath. Driscoll (1964b)

found in his study on 'Juniperus/Purshia/Agropyron association" the

following soil reactions: pH 6. 0 to 6. 5 in surface horizon, pH 7. 5

in the buried soil down to a depth of approximately 18 inches; and the

pH below this soil zone was 8. 0 or moderately alkaline.

Site Factors

The factors discussed under this heading are some of the

independent soil- and vegetation-forming factors.

Climate - The factors that have definite influence on the rate

of growth of each plant species are precipitation and temperature.

Climatic variation affects rate of growth and development of Purshia
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tridentata, It varies seasonally among types of vegetation, and..in

the same community among years, Purshia tridentata occurs in a

wide range of precipitation; the minimum being 9. inches in California

and the maximum 23 to 34 inches in.eastern Ore.g on and Washington

(Hormay, 1943; Stanton, 1959; Dyrness,. 1960; Volland,. 1963; Nord,

1965).

The temperature optimum for Purshi.a tridentata. appears to be

related to cooler summer temperatures and warmer winter tempera-

tures. According to Stanton (1959), Purshia tridentata can withstand

periodic freezing during the growing season, and Youngberg and

Dyrness (1959) found this species growing vigorously in frost pockets

in the Pinus zone in southern Oregon. In Colorado, Yaeger

(1960) indicated that .the presence and vigor of Purshiatridentata

were influenced by temperature, since it tends to be more important

on the south slopes with higher winter temperatures.

As a rule, increasing precipitation is marked by an overall

increase in growth and productivity, which usually is accompanied

by changes in vegetative composition. Blaisdell (1953) compared

two areas with similar soils at the same elevation but with precipita

tion of 16. inches and 11. inches. The area with higher precipitation

produced 1273 pounds per acre while the drier site produced 891

pounds. Most of the increase was due to shrub species with an

increase in Purshia tridentata from 5 to 310 pounds per acre,
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Climatic gradients due to elevation are often associated with

changes in both plant development and species composition.

Costello and Price (1939) advocate that the time of year when a plant

reaches a certain developmental stage is thus influenced by elevation.

In Colorado, the rate of development varies with altitude, being

delayed from 10 to 14 days for each 1,000-foot increase in elevation,

Height growth at any particular date decreases with increase in eleva-

tion largely due to higher average temperatures at the lower altitude.

However, accoringtothe same authors, once started growth is

more rapid at higher elevation.

In agreement with these statements, Stanton (1959) pointed out

that Purshia tridentata starts leaf development in February and fruits

mature in mid-June along the columbia river, at 200-600 feet of

elevation; on the other hand, on Paulina Mountain at 5, 000 to 5, 500

feet, the leaf development starts in April and the fruits mature in

July, There are five to six weeks of difference in the maturity of

Purshia. tridentata fruits in these two localities of Oregon,

Some authors have reported that elevation and the importance

of Purshia tridentata are directly related. Volland (1963) and Dyrness

(1960) for instance found this species to be of greatest importance

in the forest community at lower elevations. Purshiatridentata

decreased and was gradually replaced by other shrubs as elevation

increased. Yaeger (1960) reporting on the same species defends an
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opposite point of view, because he found Purshiatridentata increased

in importance with increasing elevation to 8,000 feet in Colorado,

Using latitude as the basis of comparison, Nord (1965) found

more variation between different latitudes in early than inlater

growth stages of Purshia tridentata in California. Leaves appeared

two months earlier on plants in the southern latitude (37° 26) than

on those in the north (41° 37'). Plants in the north completed sea-

sonal development within a shorter period. Data show marked dif

ferences in precipitation, 6 inches in the south and 12 inches in the

north; elevations were approximately the same in both places, -4, 450

and 4, 400 feet,

It must be clear that elevation and latitude are not direct

environmental factors by themselves, but they are modifiers of other

habitat conditions, particularly of climatic factors that are the real

cause of the differences mentioned,

- The effects of elevation have already been dis-

cussed in connection with climate, The other influences of topogra-

phy are to a great degree important because of effects on micro-

climate,

Slope position, slope gradient and exposure were found to be

of importance in production and composition of the vegetation

associated with one or more of these slope characteristics (Clary,

1964; Smith, 1960; Hugieetal. , 1964; Kiemedson, 1964). Analogous
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situations were reported for Purshia tridentata stands by Yaeger

(1960) and Dris coil (1964b). Exposure and slope position have sig-

nificant effects on species composition and production, soil nitrogen

and organic matter, soil moisture retention and gravel content in

south-central Idaho according to Kiemedson (1964).

Another important effect of topographic position is in relation

to drainage, The importance of a high water table has been mentioned

as influential in determining the distribution of Purshia tridentata

(Youngberg and Dyrness, 1959; Nord, 1965; Hormay, 1943),

Nature of parent material or bedrock - Soil characteristics

associated with parent material or bedrock have already been men-

tioned since most of them are affected by parent material in some

way.

Robertson, etal,, (1966) reported that in Artemisia tridentata

and Artemisia longiloba ranges of Colorado, plant growth may be

influenced by special characteristics determined by weathering of the

parent material, such as: the type of clay minerals. According to

Beadle (1953) phosphate content in the soil is a direct function of

parent material, that commonly governs plant communities both

floristically arid structurally. Billings (1950), working in Nevada,

found that differences in the amount of available nutrients can deter-

mine both structure and floristic composition. His figures indicate

that, for his specific example, soil phosphate is in lowest supply,
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Patten (1963) working in Montana on 'a complex mosaic of

forest, sagebrush, and grassland communities? found correlations

between geologic formations and soil nutrient content, rock content,

and soil-vegetation relationships, 1-Jugie, etal. (1964) comparing

soils underlain by fractured basalt and volcanic ash and cinders,

found that the nature of the underlying rock material was influential

in water relationships. Fractured bedrock was concluded to be an

important influence on vegetation by its liability?? to store water and

permit root penetration (Driscoll, 1964b).

Purshia tridentata is found on soils developed from a variety of

par ent material, including granitic, basaltic, rhyolitic, pumiceous

or sedimentary sandstones and shale rocks. These soils either have

been weathered in place from underlying bedrock or transported by

running water, glaciers, wind, or volcanic action (Gardner, 1956;

Stanton, 1959; Youngberg and Dyrness, 1959; Volland, 1963; Nord,

1965). The last author found the tallest and most massive plants of

Purshia tridentata growing on granitic alluvial fans, washes and

aprons, pumice or cinder deposits, or well leached deposits of old

lakebeds in California,

Characteristics of Purshiatridentata

According to Axelrod (1950) the fossil species of the Madro-

Tertiary had Purshia tridentat as the common as's ociate, of the
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Pinyon-Juniper Component, which was characterized by Pinus

lindgreni, P. recordensis or Juniperus occidentalis. Further, this

author indicates that "some species of the Madro- Tertiary woodland

that characterized the Central Great Basin during later Tertiary time

have persisted over that area in essentially similar form. These

are members of the conifer woodland characterized by Juniperus

utahensis and Pinus monophy, and their associates such as

Cercocarpus ledifolius, Prunus andersonii and Purshia tridentata, all

of which had late Tertiary relatives in that region." According to the

map presented by this author, apparently the "Great Basin includes

my study area.

Taxonomic and Morphological Characteristics

Purshia tridentata belongs to genus Purshia of the family

Rosaceae, was named after F, T. Purshia (Stanton, 1959; Nord,

1965). The common name "bitterbrush' is appropriate due to

extremely bitter taste of the herbage; less frequently other common

names include quinine brush, deerbrush, buckbrush and black sage

(Hormay, 1943; Stanton, 1959; Cline, 1960; Nord, 1965). This

species was first collected by Merriwether Lewis about 1866 (Nord,

1965),

It is a rigid, copiously branched, spreading or sometimes

depressed shrub or rarely a small tree, from 1 to 15 feet or more
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very numerous, subs essile, cuneate, 3-lobed at apex; flowers on very

short lateral twigs, nearly sessile, bisexual pale yellow, turning

cream-colored or white with age. The seedis born on the old wood

and not on the current year's growth (Hormay, 1943; Nord, 1965).

This species is characterized by its tremendous variation in

stature and growth habits from site to site Prostrate plants are

most common at elevations above 8,000. feet on shallow soils along

dry rocky slopes and wind swept ridges. The tall massive plants all

stand at somewhat lower elevations on very deep coarse--textured

soils (Stanton, 1959; Nord, 1965). The plants range in color from

dark green to light gray and such differences can be found on the same

site, in fact side by side. The lighter colored leaves may be densely

tomentose; the darker ones, glabrous (Hormay, 1943),

Purshia tridentata reproduces mainly from seed. Sprouting

has been observed after injury of crown by fire, chopping, or

crushing, but it is uncommon and cannot be considered as a normal

means of reproduction inthis species (Hormay, 1943; Stanton, 1959;

Driscoll, 1963; Nord, 1965).

Another: characteristic of Purshia tridentata is its 'ability'

to reproduce vegetatively by stems. According to Nord (1965) soil

moisture and size and growth form are apparently responsible for

stem layering of Purshia tridentata plants, This means that one
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would expect considerably more stem layering on plants with

decumbent branches than on those with upright stems. The same

author advocates that once firmly established, layered roots corn-

plement the existing root system, and ultimately, they may crowd out

the original plant.

Roots - The roots of Purshia tridentata are strong fibered and

tough, penetrate deeply and spread widely In general, the primary

roots extend downward one to several feet before separating. into two

or three major secondary roots, and numerous small secondary roots

branch from the major taproot (Cline,. 1960; McConnell, 1961).

At the ground level the circumference of the root was found by

Cline (1960) to be usually irregular and sometimes extremely so,

which, condition he attributed to unequal cambial growth. At this

same level the root bark is very shaggy and brown in color,, it con-

tinues to be so into the soil for a short distance,, then tends to be-

come smoother; however, the presence of rocks roughen...the bark.

McConnell (1961) has noted "reverse geotropism" in large

percentage of Purshia tridentata. roots, the degree of reaction was

evident by strong upward curvatures, He did notfind any apparent

explanation for this "reverse geotropism"; however, it was

speculated that soil-moisture gradient could have stimulated it.

In. rocky soils the roots of Purshia tridentata. follow the path

of least resistance, winding in and around rocks in a tortuous,
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generally downward course. Roots going through cracks often

flatten out and branch profusely in interwoven mats. C line (1960)

expressed the opinion that environmental factors such as rocks, soil

moisture and soil texture could be of primary importance in deter-

mining the path and direction of the roots inthe soil.

Horrnay (1943) has observedthat Purshia tridentata seedlings,

which rarely become more than two or three inches tall the first sea-

son, have roots that penetrate the soil to depth of 15 to 20 inches, or

more. The seedlings produces a rapidly elongating taproot, and

normally there is little lateral root development at this early stage

(McKell, 1956; Stanton, 1959).

Nodulation - Wagle and Vlamis (1961) reported that Purshia

tridentata has nodules in its root systems that contain a fungus which

was tentatively named as Actinomycete, It was attributed to be

symbiotic involved infixing atmospheric nitrogen in a form available

to the host. A later study carried out by Webster, etal., (1967)

confirmed that Purshia tridentata has nodules that contain Strepto-

yç.es species. They concluded therefore, that Purshia tridentata,

through this symbiosis with microorganisms, is making a significant

contribution to the nitrogen content of the ecosystem in which it :i

occurs.
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Ecological Characteristics

Competition - Plants in the field grow under conditions which

are changing continuously, in microclimates which are spatially

diverse, and in communities in which individuals may interact with

one another. Competition is an interaction among organisms in which

each individual affects the other in the struggle for food, nutrients,

living space or other common needs. This occurs whenever the

organisms require the same things of the same environment.

According to Eflenbi&g. (1965) the competition 'ability' of a

species in a given habitat depends on its "heredity reaction-norm"

and in fact also on its morphological as well as its physiological con-

S titution.

The relative competitive success of various species is probably

related primarily to the rooting habits and phenology of the plants in

relation to the amount and distribution of moisture in the profile,

which is in turn affected by soil characteristics and the amount and

timing of precipitation (Smith, 1966).

Purshia tridentata occurs in many different plant communities,

therefore, it must compete with itself, other shrubs, herbaceous

vegetation and trees. Most competition with Purshiatridentata is

caused by herbaceous vegetation, particularly in seedling stage

(}Jolmgren, 1956). He pointed out that Bromustectorum is a
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maximum competitor with Purshia tridentata seedlings. This com

petitive relationship generally becomes manifest early in the growing

season, coinciding with the Bromus tectorum's period of rapid growth.

The competition is such that a good stand of Bromus tectorum will

completely eliminate the seedlings of Purshia tridentata.

Broadleaved annuals compete less than Bromus tectorum

causing low vigor of the Purshia tridentata seedlings, but sometimes

causing mortality of the latter; despite this, Purshia tridentata has

been found to be strongly competitive compared to other browse

species (Holmgren and Basile, 1959).

In California, ten feet separation between seven-year- old

Purshia tridentata plants results in minimum competition; three feet

spacing results in severe competition (Hubbard, etal , 1962). The

same authors have reported that Sitanion hystrix can compete

severely with Purshia tridentata so as to prevent reproduction,

reduce vigor, and diminish forage production. Hubbard (1957) found

that Purshia tridentata seedling mortality under heavy competition

with planted Agropyrondesertorum or native vegetation was approxi

mately 60 percent during three growing seasons on the plots studied.

Hormay (1943) has stated that Purshia tridentata grows better

in forest openings than within the forest. This finding has been con-

firmed by Sherman (1966) who found greatest density of Purshia

t±identata on plots where ponder osa pine was eliminated by fire.
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Age determination provided information indicating that although most

Purshia tridentata plants do not survive a fire, sites are rapidly

repopulated and generally show a peak repopulation year within 20

years after burning.

Clumping data for Purshia tridentata indicatedthat most of the

one-year clumps were large with as many as 21 living plants;-

clumping is probably result of seeds cached by rodents, Bythe time

a clump has attained an average age of 30 years. it islikely that only

two or three individuals remain alive. Progressive reduction in

clump size probably occurs both through rodent browsing of young

plants and later through moisture stress (Sherman, 1966).

Succession - Purshia tridentata. is a pioneer on some sites.

Nord (1965) for instance, indicated that given a source of seed Purshia

tridentata will invade and occupy volcanic rock and pumice deposits

and extremely eroded areas. This author found Purshi.a tridentata

as a dominant species on several lava flows on the Modoc Plateau

and near Mount Shasta. These statements agree with those of Eggler

(1941) who described the plant succession on volcanic deposits in

Southern Idaho, where he places Purshia tridentata as. one of the

dominant shrubs in the final stage of succession on the lava flows in

the Craters of the Moon National Monument.

Chadwick and Dalke (1965) reported the plant succession on

dune sands in Idaho. They recognized five vegetation stages, each



44

dominated by different species. Elymus flavescens and Psorolea

lanceolata dominate the pioneer stage which lasts for about 30 years.

The second stage, dominated by Chrysothamnus nauseosus, lasts for

10 to 70 years. Purshia tridentata dominates the third stage which

lasts for about 50 to 70 years. Artemisia tridentata, Purshia

tridentata and in many areas Prunu virginiana var. demissa,

dominate the fourth stage but very little Artemisia tridentata is found

after 700 or 900 years of stabilization. The final and most extensive

stage on deep sand is dominated by Purshia tridentata.

According to Nord (1965), Purshia tridentata maintains itself

on coarse fragments of eroded granite, volcanic ash and pumice that

are practically destitute of fine soil material and are continually

exposed to sun, wind, and other dessicating agents.

Succession after fire has been studied by several authors,

Information obtained indicate variable results, most of them

unsatisfactory for Purshia tridentata, Stands of this species

devastated by fire and other causesrecover very slowly, if at all,

except where an appreciable amount of sprouting develops from the

base of the stem (Hormay, 1943; Blaisdell and Mueggler, 1956;

Driscoll, 1963; Nord, 1965).

On burns more than 10 years old, the early invading Purshia

tridentata plants had rea.ched the seed production stage, and inter

mediate stages of succession were evident (Nord, 1965). In Idaho,
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Blaisdell (1953) found that burning destroyed Artemisiatridentata,

but Purshia tridentata sprouted soonafter burning and became a

dominant within 9 years. Sprouting on one area amounted to 49 per-

cent of the plants on the light burn and 19 percent onheavily burned

plants. This is recognized as extraordinary recovery by workers in

this field. Moreover, Blaisdell and Mueggler (1956) reported that 50

percent of the burned plants produced sprouts, whereas nearly 72

percent of the bushes sprouted following top removal by c1ipping

Late spring and early summer burning resulted in more sprouting

than in other seasons.

Fire has been found to be useful in killing shrubs and reducing

competition with trees. Sherman (1966) for Instance pointed out that

density of Purshia tridentata was greatest on plots where Pinus

ponderosa was killed 22 years past. On the other hand, Hubbard and

Woolfolk (1961) have found that fire will eliminate Purshia tridentata

in northern California.

Blaisdell and Mueggler (1956) suggested that sprouting of

Purshia tridentata is influenced by both genetic and environmental

factors. Driscoll (1963) concluded that soil type influences the rate

of Purshia tridentata, recovery following fire, besides he advocates

that frequency of sprouting appears closely associated with texture

of the surface soil horizon, stoniness of the soil, kinds of the stones

on the soil surface and in the soil profile. According to the same
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by loose coarse-textured, nonstony soils without pumice or cinders

had the highest frequency of sprouting after fire.

Volland (1963), working in the ITpine_bitterbrushI area of

Oregon observed that logging severely damaged or killed Purshia

tridentata. Logging: in areas where Ceanothus velutinus and

Arctostaphylos pryana var, petorum grow together with Purshia

tridentata will usually eliminate Purshia tridentata permanently.

Ceanothus velutinus and Arctostaphylos var. pinetorum

sprout after logging and completely dominate the site. Part of the

explanation for this phenomenon might be found in Hormay' s (1943)

statement, that Purshia tridentata is apparently intolerant of shade.

On the other hand, Nord (1965) believes that seral plants help Purshia

tridentata recover after fire even though they compete for moisture,

nutrients, and space.

Communities - Any species such as Purshia tridentatathat

occurs as extensively as indicated by Hormay (1943), will undoubtedly

occur in many different plant communities, and thefollowing review

of literature confirms this statement. Hormay (1943) for instance,

points cut that this species commonly grows on sites occupied by

Artemisia tridentata, Pinus ppnderosa, Pinus jeffy, Pinus

monophylla and Juniperu s oc cideritalis.

Nord (1965) working in California corroborates fully the findings
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of Hormay (1943); besides he indicates that shrubs form more than

90 percent of the vegetation cover in all Purshia tridentata stands

studied. Artemisia tridentata was the most frequent and widespread

associate with Purshia tridentata. Perennial grasses are the minor

component throughout; Sitanion hystrix, Bromus tectorurn, and Carex

were the only grass or grass-like plants which extended through-

out the range of Purshia tridentata.

According, to Yeager (1960) in Colorado, Purshia tridentata.is

present at 7, 900 feet as a major component of a shrub community

associated with Arternisia tridentata, and Cercocarpus ledifolius on

south slopes. On northern slopes, it grows with Pseudotsuga

menziesii, Juniperus occidentalis, Carex Physocarpus

malvaceous, and grass. At higher elevation, Purshiatridentata

becomes a minor component. Chedwick and Dalke (1965) reported

that Purshia .tridentata and clumps of Prunus yjginiana. var. demissa

are the dominant species in the stablized stage of vegetation succes-

sion on dune sands in Idaho. McConnell (1961). indicates that Purshia

tridentata occurs near Entiàt in Washington on the south slopes' in

open Pinus ppderosa area with Agropyron Balsamorhiza

sagittata, Achillea.lanulosa, Carex, and l3romus

tectorum.

Daubenmire and Daubenmire (1968) recognize the Pinus

ponderosa-Purshia trIdentata habitat-type, in eastern Washington and
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only Purshia tridentata is abundant. Beneath the Purshia grasses

such as Festuca Idahoensis, Agropyron spicatum, comata and

Aristida longiseta are present.

Stanton (1959) indicates as major communities Pinuspderosa/

Purshia tridentata/Festuca idahoensis, on the Des chutes National

Forest between 3, 200 and 3, 350 feet above sea level; Pinus contorta

latifolia/Purshia tridentata, in the vicinity of Lapine at elevations of

4, 300 and 5, 200 feet; Artemisia tridentata/Purshia tridentata com-

munity south of Millican at elevations of 4, 600 and 4, 950 feet; and

Purshia tridentata community in the Columbia Basin in northeast

Morrow County. Sherman (1966) recognizes Pinus ponderosa/Purshia

tridentatajFestuca Idahoensis on the east flank of the Oregon Cascades.

In southern Oregon, Purshia tridentata occurs as a major com

ponent under Pinus contorta var, latifolia, or Pinusonderosa asso-

ciated with Stipa species, Carex rosii and Sitanion (Dyrness,

1960; Volland, 1963; Youngberg and Dyrness, 1959).

Berry (1962) stated that Pinus osa/Purshia tridentata/

Festucaldahoensis, was the only community that has the appearance

of a climax, in the Lost Forest on northern fringe of the Great Basin

in Oregon. Other studies carried out by Driscoll (1964a, 1964b) led

him to recognize occidentalis/Artemisia tridentata/Purshia

tridentata, and Julaiperus occidentalis/Purshia tridentata/Agropyron
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tum communities in central Oregon.

Urness (1966) indicated that in the Silver Lake and Fort Rock

area, Purshia tridentata dominates some shrub communities,

especially near the forest edge. Purshia tridentata communities also

occur in the nonforested area of Fort Rock; and in several communi

ties, Purshia tridentata is codominant with Artemisia tridentata.

Finally, Leckenby (1967) lists as "approximate communities" among

others, Juniperus occidentalis /Artemis Ia tridentata-Purshia

tridentata/Agropyron spicatum; Juniperus occidentalis/Artemis ia

arbus cula - Pur shia tridentata/Ag ropyr on s p1 catum; Pur shia trid entata-

Artemiia arbuscula/Agropyron spicatum; and Artemisia tridentata-

Purshia tr1dentata/ropyron spicatum vegetations on the Silver Lake

Deer Winter Range.
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METHODS

Basis for Selection of Method

Conceptually my approach to. the study of Purshia tridentata

stands is within the context of phytosociology. This is the science

of the vegetation that centers attention on the community and studies

its species composition, physiognomy, dynamics or succession,

habitat, distribution and finally ends up with a classification into

specific communities based on interpretation of all these data.

The vegetation on natural landscapes tends to be grouped in

different combinations forming more or less definite communities

(Daubenmire, 1968). In other words, the vegetation is composed of

discrete communities, which according to the same author (1966)

does not deny "that the earth's flora presents a continuum, with the

plant life of one area blending imperceptibly with that of contiguous

areas, this including vegetation at all latitudes." Adaptation,

suitability of specific environments, and competition phenomena

attenuate species response gradients to produce communities of

plants with discrete boundaries.

According to Oosting (1956) "a community is an aggregation of

living organisms having mutual relationships among themselves and

to their environment. " This definition meets the requirements in
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this study of a concrete community or stand, wherethe !'living

organisms' are represented by the vegetation, and the stands are

recognizable by their species composition and, in addition are

repeated in space. Stated this way, the stand is the working unit in

this research, moreover, as indicated before causal vegetation

research takes place only with concrete communities or stands, but

the data may be interpreted and findings applied within the context of

the abstract units of vegetation classification.

Braun- Blanquet (1932) pointed out that phytos ociological

investigation includes five major problems: structure, synecology,

syngenetics, distribution and classification of community. This

research is carried out within the framework of the first two divisions,

1. e. structure or nature of the community and synecology or the

relations of community to its habitat. Because of its ample distribu

tion among communities and its economic importance, Purshia

tridentata was the focal point of this investigation.

The study of plants and their environment can be pursued from

different points of view and with diverse methods. These can be

grouped into three main approaches; one is to study the environment

and surmise its influence upon the plants; another is to determine the

response of the plant to individual factors of its environment. Both

methods have shortcomings when extrapolation of results is attempted.

In the first case, the factors are taken apriori from what is known
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about the plantts requirements; and in the second case restricted

environmental effects are observed on individual plants. Both

approaches require controlled environments, where according to

Evans (1963) the plants are usua.11y grown under conditions which are

stable in time, spatially uniform, and free of marked interactions

with other individuals. Data obtained this way cannot be used for

interpretation of the same organism when living in its natural

environment (Odm, l963)

For this particular study a third approach is considered to be

the most appropriate one, that is, to investigate both the plant and

its environment in their natural setting.

In any study of plant/habitat relationships the choice is either

to first examine the habitat or to begin by a study of the plants, In

either event data on both, the plants and the habitat, must be taken

at the same locations and many instances at the same time. The

answer is given by Lambert and Dale (1964) from the statistical

point of view. They expressed the opinion that since our main con-

cern in plant ecology is with plants in relation to habitats, the plant

should be considered first,, because it is avisible and finite entity

'which can be recorded easily in the field, whereas the environmental

factors that can be recorded are almost infinite. This is to say that

a logical approach is to first characterize the community and then

study the community- environmental relationships; a format fol1ow ed
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in this research.

The selected methods were compatible with steps suggested by

Poulton (1967). Each waa carried out in the field as follows: a) the

areas were pre-stratified into homogeneous units according to vegeta-

tion, landscape, and soil surface characteristics prior to detailed

sampling, b) vegetation and soils were documented at the same points

in space, c) all species within the stand were recorded as to cover

and density, d) complete soil descriptions were n-iade according to the

standards of the National Soil Survey, e) several supplemental

environmental characteristics were recorded, such as landforrn,

macrorelief, microrelief, slope, aspect, and some soil analytical

work was done. In addition, quantitative root measurements were

made as needed.

Selection of Study Area

In order to make rational decisions regarding the location of

study plots within the desired vegetation stands, a considerable

amount of time was devoted to reconnaissance of the study area. This

reconnaissance was done to become familiar primarily with the vegeta

tion, and then with the landforms and soils. It was not feasible to

identify intensive study plots before collection of vegetation data was

completed, because one cannot always recognize which stands are

the appropriate ones until he has examined reasonably well all
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vegetation in the area. Moreover, concurrent with this study,

W. H. C. Schallig--Assistant Professor of Range Ecology, Oregon

State University--began an investigation on the plant communities in

the total area of Silver Lake Deer Winter Range, therefore, a close

liaison was maintained with Schall1gs project.

Both to provide a tie with the phytosociological studies in the

total area and to document the communities. considered for inclusion

in this study, a complete list of species with dominance ratings, size

classes of trees and shrubs, and notes on physiography and obvious

soil characteristics were made, following Poulton's methods (1962)

with some modifications. This was the first step in the comprehensive

reconnaissance of the study area. An initia.l selection of stands was

made on the basis. of these preliminary data. Additional information

was then taken on these stands to further refine the screening pro-.

cedure and to insure both homogeneous and analogous stands represent-.

ing each community to be studied.

It was thought that the ecology of Purshia tridentata might best

be elucidated by comparing plant communities and environments

where this species did and did not occur. For this purpose, several

restrictions were imposed on the community structure, keeping in

mind Purshia tridentata in high s eral stage as the focal point of all

vegetative and environmental studies. The selection of uniform plots

was surprisingly difficult in some areas.
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Direct determination of cover and density were taken of the

dominant trees and shrubs. To increase accuracy, an imaginary

one-square meter observation plot was used for shrubs and a 25-

square meter plot for trees, i.e. prs occidentalis. A minimum

of three observation locations per stand and four observation plots

per location were taken. These observations were located along the

longest axis of the stand in such a way that the samples taken were

reasonably representative for the stand under study.

McKeU (1956) states that Chrysothamnus nauseosus and

Chrysothamnus viscidiflorus have greatly increased on many depleted

ranges of Oregon but he recognizes that these two shrubs are present

in climax or near climax condition of 'sagebrush-grass and bunch-

grass ranges." Analogous situations were found in the study area,

where both species are widely distributed. Whenever Purshia

tridentata was found these two species of Chrysothamnus were present

but their density seemed related to disturbance. Therefore, in

selecting the stands for intensive study, a restriction was imposed

of allowing a maximum of three percent in cover for each of these

"increaser" species. Actually, Chrysotharnnus viscidiflorus was

around one percent incover in most of the stands selected.

In stands where Purshia tridentata was associated with

Juniperus occidentalis, the restriction imposed was mainly on density

and the size of plants of the latter species. The stands taken had a



near modal condition of Juni.perus occidentalis density for the area

and the Purshia tridentata was in comparable cover and density with

those stands where Juniperus occidentalis was not present.

After I had made a tentative selection of stands both W. H. C.

Schallig and C. E. Poulton, my major professor, examined the stands

and made suggestions. Their valuable comments were taken into

account in making the final selection. Moreover, since other research

efforts on Purshia tridentata are being conducted in the area, when-

ever similar stands representative of the selected, tentative corn

muni.ties occurred close to other research studies, the closest one

was chosen in order to foster cooperation and integration of results

with other studies.

For accomplishing the objectives of this research, the tenta-

tive communities selected were:

A) Juniperus occidentalis/Purshia tridentata-Arten-iisia

4..;,-1 -.

B) Purshia tridentata-Artemisia tridentata

C) Artemisia tridentata

D) Juniperus occidentalis /Purshia tridentata-Artemis ia

arbus cula

E) Purshia tridentata-Artemisj.a arbus cula

F) Artemisia arbuscula

Five stands per tentative community were used for this research.
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Decisions were based in part on statistical, available time, and

economic considerations.

Elevation does not vary much in this study area but generally

increases toward south and seems to reflect, in part, increasing

effective precipitation. An effort was made to locate plots represent-

ing each community at different eleva4ions. Slope and aspect are

locally important; however, these effects were minimized by select-

ing plots on areas with slopes of about three percent or less, with

the exception of one plot that has nine percent of slope.

Areas that were at the time orhad recently been exposed to

abnormal conditions were avoided. Such conditions include recent

burning, spraying, proximity to roads or fences, or excessive con-

centrations of livestock or wild animals. "Relict" climax areas

probably do not exist in the study area, but an attempt was made to

select study areas in the highest possible seral condition and thus

minimize the disturbance factor.

In summary, the study macroplots were located within the

homogeneous units dictated mainly by the uniformity of vegetation,

then soil, slope, exposure and parent material. At the same time

an effort was made to select widely separated stands representative

of each community. At the same time, stands representing the

different communities were separated c3refully to represent the

distribution of Purshi.a tridentata and to clarify its site requirements



on the Silver Lake Deer Winter Range. The geographical locations

of the macroplots within the stands, are presented in Table 1.

Arrangement of Macroplots

The macroplots were laid out in a manner similar to that

described by Poulton and Tisdale (1961); each macroplot locationwas

described as to relief, exposure, degree of slope and elevation. The

metric system was used for all plot dimensions; the size of the macro-

plot was 15 x 30 meters (Figure 5). This size exceeded the minimum

area for most conditions encountered in the Purshia tridentata stands.

At the same time, it provided enough room for randomization of the

transects. The macroplots were generally oriented with the long

axis running up and down slope but in a few instances orientation

along the contour was necessary. On level lands orientation was

north and south to permit easier relocations. The lower right hand

corner of the macroplot looking upslope and the southeast corner

were taken as the reference corners for macroplot located on slopes

and level ground, respectively. The four corners of the niacroplot

were marked with steel posts and the reference corner labeled with

an aluminum tag, The long side with origin at the reference corner

was taken as the tbase line for transect randomization purposes.
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Table 1. Location of macroplots, Silver Lake Deer Winter Range.

Stand
Community No. Subdivision Section Township Range

Juoc/Putr-Artr Al NE1/4SW1/4SW1/4 5 29 S 13 E
AZ SW],/4NW1/4SW1/4 6 29 S 14 E
A3 SE1/4NE1/4SE1/4 12 29 5 13 E
A4 SE1/4NW1/4SE1/4 18 29 S 14 E
A5 SW1/4SE1/4SW1/4 12 29S 14E

Putr-Artr 31 NE1/4SE1/4SW1/4 5 29 S 13 E
32 NE1/4SE1/4NE1/4 1 29 5 13 E
33 NW1/4NW1/4NE1/4 6 29 5 14 E
B4 SW1/4NE1/4NE1/4 6 29 S 14 E
B5 SW1/4NW1/4NEI/4 14 29S 14E

Artr Cl SE1/4SW1/4SW1/4 5 29 S 13 E
CZ NE1/4SE1/4SE1/4 30 28 S 14 E
C3 SW1/4SE1/4SE1/4 31 28 S 14 E
C4 SE1/4NW1/4SE1/4 6 29 S 14 E
C5 SE1/4NW1/4NW1/4 13 29 5 14 E

Juoc/Putr-Arar Dl SE1/4SE1/4SW1/4 30 28 S 13 E
D2 SE1/4SW1/4SE1/4 30 28 S 13 E
D3 NE1/4NW1/4SE1/4 12 29 S 13 E
D4 SE1/4NE1/4NE1/4 13 29 S 13 E
D5 NW1/4NE1/4SWI/4 7 29 5 14 E

Putr-Arar El NW1/4NW1/4NW1/4 31 28 S 13 E
E2 NW1/4NEI/4NE1/4 31 28 S 13 E
E3 NW1/4NW1/4SW1/4 18 29 S 14 E
E4 SE1/45W1/4SW1/4 7 29 S 14 E
E5 SW1/4NE1/4SW1/4 18 29 S 14 E

Arar Fl NW1/4NW1/4NE1/4 31 28 S 13 E
F2 NW1/4NE1/4NE1/4 31 28 S 13 E
F3 NW1/4NE1/4SE1/4 13 29 5 13 E
F4 NE1/4SW1/4SW1/4 7 29 S 14 E
F5 SW1/4NE1/4SW1/4 18 29 S 14E
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and systematically placed microplots in the transect.
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Trans ect

Within each macop1ot, along the base line four, l5.meter-long

belts were established. In doing this, each macroplot was divided

into four strata. Within each stratum a 1-meter wide transect was

randomly located. These restrictions were imposed to achieve a

better distribution of the transect samples and thus better to detect

variations of the vegetation within the macroplot. For simplicity,

instead of dividing the major axis of the macroplot evenly, the two

end strata were 8 meters wide and the two middle ones were 7 meters

wide, thus there were 8 possible transect locations in the two end

strata and 7 possible placements in the middle strata (Figure 5).

Observation Plot

Within the macroplot small observation plots, microplots were

used to determine cover and density of shrubs, grasses and forbs,

All these samples were taken along the four transect lines, The

dimensions of the microplot were one square meter for shrubs and

perennial grasses, and one-fourth square meter for the annuals,

Density and cover measurements were made with one axis of

the microplot oriented parallel to the line transect and lying on the

side of the 1 5-meter transect line, nearest the reference corner,

Ten microplots were used, placed at equal intervals along the transect
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Ground cover estimates were made directly in percent with the

aid of a one-square-meter frame marked in decimeters (Figure 6).

For shrubs and grasses, the whole one square meter was used as the

observation microplot, and for annuals one-fourth of one square meter

was used as the microplot (Figure 7). On each microplot the percent

of the ground covered by bare soil, litter, rocks and stones, gravel,

and vertical projection of current living crown cover of grasses,

f orbs, and shrubs was estimated. Shrubs occurring on the micro-

plot, including prostrate branches or stems which might exclude

growth of other pl3nts, were included in the cover estimates. Total

percent ground cover in some instances exceeded 100 because of over-

lap in shrubs and lower vegetation.

The ten 1-square-meter microplots were placed along the belt

transect starting at 25 centimeters with subsequent ones at 50-

centimeter intervals. The ten 1/4-square meter microplots were

nested within these one-square-meter microplots as indicated in

Figure 5. Detailed measurements for relocation purposes arefound

in Table I in the Appendix.

Within the belt transect the number of all shrubby species were

tallied and their heights measured. Only those shrubs that were at

least one-half rooted within the specified area of the belt transect

were recorded. The same criterion was applied to perennial grasses
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Figure 6. One square meter frame marked in decimeters.

Figure 7. One-fourth of one square meter marked in
decimeters.
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and annuals in determining density within the microplot,

All height measurements were taken to the top of the tallest

vegetative shoot. Along or adjacentto the belt transects thirty

measurements, of maximum height were recorded to the nearest one

centimeter.

Constancy

In order to provide a complete species list for constancy data,

the entire rnacroplot were carefully examined for additional plants

not recorded in taking the cover and density data. In addition, the

whole stand was checked in order to. include a presence record of

species that were not found within the macroplot but .that did. occur

within the homogeneous s.tand.

Pictures

At each macroplot several pictures were taken. One view was

obtained with the camera directly over the reference corner marker

post and looking diagoxally across the plot focusing on a point about

10 meters from the camera. The other view was a closeup taken of

the fourth transect belt in each macroplot. These two views were

taken in both black and white and colored slides. In addition, color

infrared pictures weretaken of the macroplots.



Soil Data

A complete morphological description of the soil was made at

each macroplot. A soil pit was located just outside so as to most

closely represent the average soil conditions on the macroplot. Pits

were dug either to bedrock or to a cemented pan. Profile descriptions

were made according to standard Soil Survey Manual (1951) procedures

and were checked in the field by Dr. Ellis G. Knox professor of Soils

at Oregon State University. In addition, the percentage of stones and

rocks was estimated for each horizon, and notes were made on the

character of the ground surface.

Black and white and color slide pictures were taken of each soil

profile. Soil samples were taken from each horizon, allowed to air

dry, then were passed through a 2 mm screen. The percent of gravel

component was determined by weight for each horizon,

Bulk Density

Considering that the soils in the study area were mostly rocky

and/or stony, the bulk density determination was made by the Texcava-

tion method." The technique consisted of replacing the soil removed

from its natural position by sand in a thin plastic liner which occupied

the same volume as the soil removed. The volume of the sand was

then measured in a graduated tube.



The bulk density determinations were made for each horizon in

the soil profile with three replications per horizon in order to assure

reasonable accuracy.

A triple beam scale recording to one-tenth of a gram was used

for weighing the soil samples or bulk density determination.

Soil Moisture Content

Gravimetric measurements of moisture content in the soil were

made at the same time as the bulk density determinations. The water

content measured was the amount in the soil at the moment of samp-

ling. Because of the season of doing the work this was most likely

within the time of substantial soil moisture stress. Weights of the

soil used in bulk density determinations were taken immediately and

later the samples were oven-dried. Corrections were made for the

net mineral soil separated from particles larger than 2 mm. Such

a "direct method" of determining the moisture content of extracted

soil samples provide an absolute method of moisture content deter-

minations (Slatyer, 1967).

Three replications were used for soil moisture content deter

mination in each horizon of soil studied. This method is much more

laborious than any indirect method, but in this case it was carried

out as part of the bulk density measurements.
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Laboratory Analysis

Soil samples were sieved through a 2 mm screen. The per-

centages of material greater than and less than 2 mm in average

diameter were determined by weighing.

Chemical analysèsof the samples from Al2 and B2 horizons

were performed by the Oregon Agricultural Experiment Station Soil

Testing Laboratory. The characteristics determined and methods of

analysis used are as follows: (1) pH was measured with a pH meter

on 1:2 soil-water paste; (2) phosphorus was determined by sodium

bicarbonate method; (3) potassium, calcium, magnesium and sodium

were determined by the flame photometer method in ammonium

acetate extract; (4) cation exchange capacity was analyzed by the

ammonium acetate method; (5) organic matter was determined by the

Walkley.-Black method; (6) total nitrogen was analyzed by the Kjeldahl

method; (7) carbon percent was calculated from organic matter con-

tent; and (8) carbon/nitrogen ratio was calculated from carbon content

and total nitrogen.

Physical analysis were carried out by the Oregon State Univer-

sity Soil Physics Laboratory, on samples from the same horizons

indicated above, and included moisture tension determinations at

1/3 and 15 atmospheres.



Root Study

Plant Excavation

Plants for studying rooting characteristics were selected inthe

following communities: (b) Purshia tridentata-Artemisia tridentata;

(c) Artemisia tridentata; (e) Purshia tridentata-Artemisia arbuscula

and (f) Artemisia arbuscula.

Inthis root study attention was centered primarily onPurshia

tridentata, then on Artemisia tridentata and Artemisia arbuscula,

The rooting characteristics of grasses and forbs were noted only in

relation to their general distribution. A minimum of three plants

per species per stand were studied. This made a total of 33 plants

of Purshia tridentata- -three young plants were taken in a single

stand--30 Artemisia tridentata plants, and 30 Artemisia arbuscula

individuals,

Selection of plants was based on the general characteristics of

these species in each stand, and the typical environmental features

within the stand. In selecting plants for root studies, care was taken

to avoid plants in unnatural or atypical conditions.

Individual root systems were exposed to determine if their

characteristics were influenced by the different soil conditions,

thereby possibly limiting species distribution, particularly of

Purshia tridentata.



Since most study locations were rocky, excavation of large

trenches to the side of the plants were made with a backhoe. The

depth of the trench varied according to the characteristics of the soil;

in general the trenches 'were dug beyond the depth of evident root

penetration, or as deep as the backhoe could go into the rocks. The

size of the trench and the distance from the plant depended largely on

the size of the plant and the rockiness, of the soil.

After completion of the trench, the soil was removed cautiously

from the side of each plant. Shovel, steel bar and knife were used

to.loosen the soil from around roots. In some circumstances water

was pumped from a backpack, fire pump to moisten the soil for

easier removal from the roots but in rocky soils and heavy clay it

was of littl.e or no help. Fortunately, rainy weather during sampling

eased the removal procedure.

Roots were followed as far as. possible within the limits of pre

vailing soil conditions. In most cases the root tips of the taproot

'were not found. Often, the tiny roots would become so small in

diameter as to be easily broken or lost; other times, roots would be

lost as they disappeared into cracks of immovable 'rocks.

Root Description

Sketches 'were made of the plant's root as they appeared

naturally in a vertical plane. The root systems were drawn to scale
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with aid of a frame marked in decimeters to provide a grid system.

The squares of the grid system corresponded with those on the graph

paper. The path and direction of the root through the soil were drawn

as accurately as possible inside the trench, in order to. relate ts

position within each horizon of the soil profile.

The primary emphasis in the root descriptions of this study has

been centered upon the drawings. It was felt that the drawings could

more accurately and more realistically show the true pattern of the

roots than any other descriptive technique.

Photos were taken of plant roots in their natural position in the

soil with the bulk of their roots exposed in order to show up their

more obvious characteristics.

To measure root taper the diameter was measured along the

root lengths. The number of lateral roots per decimeter was counted

and repeated for different segments of the root. Primary, secondary

and tertiary branches were considered along with the main root for

all characteristics indicated.

Because of the many irregularities in root size, shape and

direction and also because of the highly variable manner of lateral

branching, it was often difficult to obtain precise measurements of

root length, diameter and lateral root number but extreme care was

used. The measurement of root length were accurate to the nearest

centimeter. The angle of junction of lateral branches in relation to
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the originating root were classed as (1) from 00 to 30° of angle;

(2) from 30° to 60° and (3) from 60° to 90° angle. The form or shape

of each class of roots were categorized as: (1) smooth, (2) wave and

(3) twisted, The condition of roots were classified as: (1) young,

(2) mature and (3) decadent. Data on root bark, adventitious roots,

and other pertinent aspects were noted,

Diameter of the crown and the height of each plant studied were

measured in centimeters in order to relate the above and underground

features of the plant to roOting characteristics. The diameter of the

roots were measured in mm,

Statistical Analysis of Data

The Concept of Distance and Group Constellation

According to Rao (1952) 'Tone important object of obtaining bio

metric measurements is to study the possibilities of classifying dif

ferent groups of individuals in the form of a significant pattern,

Here we are concerned with the group characteristics or the

statistical constants related to the distribution measurements,

Moreover, the same author indicates that the configuration of several

groups or, to be more precise, of the groups' characteristics may

admit a description in terms of a few group constellations and their

interrelationships.
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According to this concept, the stands within a community must

necessarily be closer, in some sense, to one another than those

belonging to different communities. Such a description, based only

on measurements, quantitative or qualitative in character, may be

of use in the study of phytosociological characterization and succes-

sion of the stands.

The first step in the problem of group. constellation is the con-

struction of an index by which we can measure the resemblance

between two stands or communities. We may then be able to say that

stands Si and 52 resemble each other more than S2 and S3 or S3 and

S4, and so on, if stands Si and S2 are close together and S3 is .dis-

tant from both, we can talk of Si and S2 as forming a.cluster, mean-

ing community. It may be that all the distances between Si, S2 and

S3 are small but the distance of these from the others are large.

Then Si, S2 and S3 can be considered to be a closely associated

cluster of groups. By sorting out such clusters, it may be possible

to arrange the various stands. in some simplified pattern.

In accordance with the above criterion, the term hidistancelT

does not refer to a spatial relation in nature, and as McIntosh (1967)

pointed out, it is a measure of the ecological relationship suggested

by the resemblance or similarity of two communities or samples

thereof. This does not mean that the concept is applicable in two or

three dimensions only; it is similarly relevant to n-deminsional
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space or "hyperspace.

Let us assume that we have two stands that can overlap to the

extent of 100 percent. The overlap is a maximum when the two stands

are identical; the overlap decreases with an increase in the divergence

between the two stands, If the two stands are distinct in the sense

that the ranges of measurement are non-overlapping in the two cases,

then the stands have a distinct identity, The percent of overlapping

is thus zero, The extent of separation or divergence between two

stands can be expressed by (a),

The same concept expressed in terms of distance means that if

two stands have the same species, in equal amounts they are identical,

so the 'tdistanc&T between them is zero (0); on the other hand, if

these stands have different species in different amounts and no over-

lap at all, the distance between them is one (1). Then a is a

measure of diversity, and the range of a based on proportions be-

comes: (0< a< 1).

On this concept of distance, Rao (1952) as well as Austin and

Orloci (1966), have argued on theoretical grounds and demonstrated

mathematically its advantages in grouping individuals or samples in

the form of significant pattern. Moreover, the last authors advocate

that the distance measure is the soundest measure of ecological

similarity of stands or samples.

Diversity index - A number of quantitative indices of diversity



have been proposed, and Whittaker (1965) has made a very good

review of them, We are concerned primarily with McIntosh (1967)

and Simpson's (1949) diversity indices, because these two have been

predicted on the distance concept. In addition, Mclntire and Overton

(1969) have designed a program that includes those two diversity

indices, It is available in the Computer Center at Oregon State

University.

According to McIntosh (1967) "the distance between two corn-

munities is the square root of the sum of the squared differences

between the measures of each species." This means, as indicated

before, that the term "distance" includes n-dimensional space wher

the similarity of a set of stands is represented by the matrix of

distance values between the stands,

The two diversity indices have been used most frequently with

the variable species' density. However, in this study the variable

used was the cover of each species. There were some reasons for

it: First, it was difficult or uncertain to determine what constitutes

a plant individual in some species, Second, it seemed inappropriate

to compare individuals like trees and forbs on the same density

scale. Third, as pointed out by Whittaker (1965), cover is independent

of the concept of the individual, and it is more directly expressive of

importance than is number of individuals,

Discriminant function- According to Snedecor and Cochran
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(1967) the discriminant function is a multivariate technique for study-

ing the extent to which different population overlap one another, or

diverge from one another. In essence, it is a kind of identification

process.

In this study, the discriminant function concept has been used as

a tool for testing the phytosociological classification or grouping of

stands into communities and their diagnosis. We were seeking an

answer to the question: How well do the environmental factors

classify the communities compared to species composition, particular-

ly Purshia tridentata, in the Silver Lake Deer Winter Range? It

was considered appropriate to use discriminant function analysis,

because of the previous grouping made of stands in six communities.

In discriminant function analysis, the concept of distance

described before is also applied, but since it is a multivariate case,

the quantity D2 is called the 'generalized squared distance" (Rao,

1952). According to the same author, Mahalanobis' D2 formula

is as follows:

il i2 j1 j2

Where: inverse of W.., (i, i = 1, 2, p)
13

p = number of characters or variables

and 5. sample means for the 1th characters or variables
2

{w,.} dispersion matrix of x
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Further elaboration on D2 and a computer program for

d iscriminant function is presented by Yates (1968).

Stepwise discriminant function - Because of the nature of the

problemto be analyzed where the discriminant function based on some

factors may not result in separation of the groups, it was felt neces-

sary to carry out the stepwise discriminant function analysis.

According to Dixon (1968), it is a multiple discriminant analysis

which proceeds in a stepwise manner by forming linear sums of first

one, then two, three, etc. variables. In other words, at each step,

one variable is entered into the set of discriminating variables. The

variable with the largest F value is selected and entered, but a

variable is deleted if its F value becomes too low. In this way,

the analysis is an aid in determining the importance of the different

variables in distinguishing the groups.

The specific mathematical formulas and notation used in the

overall statistical analysis are presented and described in detail

along with the results and the interpretations in the next chapter.
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RESULTS AND DISCUSSION

Vegetation

The complete list of species with prominence rating by stands

and communities is presented in Table III (Appendix). This table

includes all species found in the stands, both inside and outside of the

macroplots. The arrangement made of the species is not a uphyto

sociological assQciation table' but, rather, a grouping of individual

species by the strata in each stand and within the community. How-

ever, the arrangement within each community keeps harmony among

all communities studied. In addition,. the stands were numbered

according to their geographical location within the study area, from

north to south and from west to east, for easy relocation.

Without going into the details at this time, it can be statedthat

the species prominance list clearly separates the different corn-

munites. This was expected because the stands were purposely

chosen for studying the presence and absence of Purshia tridentata,

It is significant, however, that groups of subordinant species besides

those for which the stands were selected do, in fact, discriminate

among each of the communities. However, the stands of community

C (Artemisia tridentata) were rather heterogeneous as compared to

the other communities. This was due to the fact that stands with



Artemisia tridentata as the prominent species were rather scarce

in the study area; therefore, the choice was very restricted.

Arternisia tridentata is a ubiquitous species and occurs as the domi-

nant or primary shrub ina wider variety of environmental conditions

than do the associated herbaceous species in the various Artemisia

tridentata communities.

Density

The average density and range within the community are

presented in Table Z. The data were arranged by the strata within

the community.

The average density of Juniperus occidentalis in community D

appears to be slightly higher than in community A. Also, the sizes

of trees in community D were more highly variable as compared to

the size of individuals in community A. However, the cover values

of Juniperus occidentalis were similar in these two communities.

At the shrub level, the density of Purshia tridentata in com

munity A is 5 individuals per 10 square meters and ranges from 4 to

7 plants among the stands within that community. The average density

for the same species in community B is 4 and the range goes from 3

to 5 plants per 10 square meters. The densities of Purshia.tridentata,

where Artemisia tridentata is the prevalent species, appear to be

higher on the average as compared to those of communities D and F



Table 2. Average and range of species density of five stands in each community occurring within
the macroplot and observation plots. The data are presented on 100 m2 for trees, 10 m2
for shrubs, 1 m2 for perennial grasses and grasslike, and 1/4 m2 for annual grasses
and forbs.

Community

Juoc/Putr Putr-Artr Artr Juoc/Putr Putr-Arar Arar
Artr Arar

Symbol* R. R. R R R R

Trees
Juoc 1:0.7-1.3 14:0.5-2
Shrubs

Putr 5:4-7 4:3-5 3:2-6 3:2-3

Artr 9:7-14 12:10-16 17:11-21

Arar 16:6-23 23:14- 30 29:16-47
Chna 1:0-2 1:0-2 1:0-2 0.1:0-0.4 0.04:0-0.2
Chvi 1:0-4 1:0-4 3:0-10 1:0-4 1:0-2 0.04:0-0.2
Grasses and
grasslike
Agsp 0.7:0. 1-1 0.1:0-0.2 1:0-6 2:0. 3-4 2:0. 3-8 0.2:0-0.4
Feid 0 3 0-0 8 0 3 0-1 0 1 0-0 2 1 0 1-2 0 8 0-2 0 7 0-2
Stth 1 3 0 4-2 1 0 2-2 1 0 1-2 2 7 0 9-7 2 0 6-4 0 8 0-2
Pose 2 5 0 5-5 1 0 4-2 1 5 0 4-6 9 5 5-15 5 5 3-8 4 6 4-6 -J

'.0



Table 2. (Continued)

Community

Juoc/Putr Putr-Artr Artr Juoc/Putr Putr-Arar Arar
Artr Arar

Symbol R R R R R R

Sihy 3:0. 7-5 3.4:1-7 2.4:1-3 1.5:0.5-3 2.5:1-5 3.6:2-7
Stoc 0.3:0.1-0.4 0.3:0.1-0.4 0.5:0.1-2 0.4:0.3-0.5 0.4:0.3-0.6 0.3:0-0.6
Brte 5.2:2-12 14:0. 9-33 2.4:0-10 6.3:3-13 4:3-7 0. 4:0-1

Kocr 0.1:0-0.2 0.1:0-0.1 0.2:0-0.8 0.1:0-0.1 0.1:0-0.1
Caro 0. 1:0-0.5 0. 1:0-0.3 0. 1:0-0.4
Ca j o

Agsm

Juc o

Mur i

Pobu

Po co

Pocu

Forbs
B is c

Gara

As pu

0.4:0-2

0. 1:0-0. 1

0.1:0-0. 1

0. 1:0-0.2

7:0-25

3.4:0-11

0.6:0-3
0.7:0-3

0. 1:0-0. 3
0. 1:0-0.2

0.1:0-0.5

0.2:0-0.7

0.1:0-0.3

0. 8:0. 3-2 2:0. 3-4 9:0. 7-24 5:1-8 4:2-6 7:3-14

0, 1:0.1-0.3 0.2:0. 1-0.5 0.1:0-0. 1 0.3:0. 1-0.7 0.1:0-0.5 2:0-5

0.1:0-0.1 0.1:0-0.2 0.1:0-0,4 0.1:0-0.1 0.1:0-0.1 0.1:0-0.1



Table 2. (Continued)

Symbol

Juoc/Putr
Artr

X R

Putr-Artr

X R

Community

Artr

X R

Juoc/Putr
Arar

X R

Putr-Arar

X R

Arar

X R

Erum 0. 1:0-0.3 0. 1:0-0.1 1:0-7 0.1:0-0. 1 0. 1:0-0. 1 0.1:0-0. 1
Ersp 0.1:0-0.2 0.3:0-0.8 0.2:0-0.4 0.1:0-0.1 0.5:0-1
Cram 0.2:0-0.6 0.5:0. 1-1 0.4:0-0.8 0. 1:0-0.3 0.2:0-0.5
Erba 0.1:0-0.1 1:0-5 0.4:0-1 1:0-7 0.6:0-2
Andi 0. 1:O-0. 1 0. 1:0-0. 1 0. 1:0-0.3 0,3:0. 1-0.4 0.5:0-2
Copa 0.8:0-3 2.5:1-5 3:1-7

Erbl 0. 1:0-0.2 0.2:0-0.4 0.1:0-0.2 0.3:0. 1-0.4
Asfi 0. 1:0-0. 1 0. 1:0-0. 6 0. 1:0-0. 1 0.2:0-0. 5
Asob 0. 1:0-0. 1 0. 1:0-0.2 0.2:0-0. 6 0. 1:0-0.2
Pela 0.1:0-0.1 0.1:0-0.3 0.2:0-0.6
Grin 0.1:0-0.1 0.1:0-0.1 0.1:0-0.3
Lone 0.1:0-0.1 0.1:0-0.1
Arho 0.1:0-0.1 0.2:0-0.6
Cogr 0.1:0-0.2 0.1:0-0.1
Peci 0.1:0-0.4
Pehu 0.1:0-0.1



Table 2, (Continued)

Community
Juoc/Putr Putr-Artr Artr Juoc/Putr Putr-Arar Arar

Artr Arar
Symbol R R R R R R

Ac].a 0.1:0-0.3
Lemo 0.1:0-0.1
Aghe 0.1:0-0.1
Erla 0.1:0-0.1 0.1:0-0.2
Agre O.i::0_0,l 0.1:0-0.1
Swal 1:0-6
Vipu 0.1:0-0.1
Scna 0.1:0-0.1
Depi 0. 1:0-0.1
Erfi 0.1:0-0.4 0.1:0-0.1
Coma 0.1:0-0.1 0.1:0-0.1
Crci 0.1:0-0.4 0,2:0-0.6
Chdo 0.1:0-0.1
Lule 0. 1:0-0. 1
Clrh 0. 1:0-0. 1
Loma 0. 1:0-0.1
Fral 0.1:0-0.1

Plant species list with scientific names, in Table II of the Appendix



where the prevalent species is Artemisia arbusci1a. The average

density is 3 in both communities. In community D, Purshia

tridentata density ranges from 2 to 6 while in community E it ranges

from 2 to 3 individuals per l0 square meters.

The density of Artemisia tridentata increases from communities

A toward B and C from 9, 12, and 17 plants per 10 square meter,

respectively; and the ranges increase accordingly. This suggests

that the less important the species composition in the shrub stratum,

or above it, the denser it is. In other words, Arternisia tridentata

is associated with Juniperus occidentalis and Purshia tridentata in

community A, and it is ass ocjated with Purshia tridentata in com-

munity B, but in community C, Artemisia tridentata is the only

prominent species.

An analogous situation to Artemisia tridentata takes place with

Artemisia arbuscula where this latter species is prevalent. For

instance, the average density increases from community D to corn-

munity F corresponding to 16 and 29 plants per 10 square meters,

respectively, of Artemj.sja arbuscuja. Their ranges also increase

more or less accordingly. Like Artemisia tridentata, the average

density of Artemisia arbuscula increases as the species composition

decreases in the shrub stratum, or above.

With respect to the density of perennial grasses and grasslike,

only the most conspicuous species are included (Table 2). On the



average, for the stands within the communities, Agropyron spicatum

varies from 0. 1 to 1 plant per one square meter in communities A,

B, and C, and ranges 0 to 6 individuals per square meter among stands

in communities that have Artemisia tridentata as the prevalent species.

The density of Agropyron jçatum is higher in communities where

the prevalent species is Artemisia arbuscula as compared to the com-

munities where Artemisia tridentata is prevalent. Community F has

the narrowest range of Aropyron spicatum densities among the

stands of communities D, F and F; but the density of Agropyron

spicatum in community B is less variable if all stands, A through F,

are compared.

The average density of Festuca Idahoensis among communities

A, B, and C varies from 0. 3 to 0. 1 per one square meter. This is

low as compared to the average density of this species in communities

where the prevalent species is Artemisia arbuscula. Here the density

varies from 1 to 0.7 plants per square meter. The largest range

found in communities A, B, and C was in community B. Considering

communities D, F, and F, the largest ranges found were in corn-

munities F and F which had 0 to 2 individuals per square meter.

The average density of Stipa thurberiana varies from 1 to 1. 3

plants per square meter in communities A, B, and C. The widest

range takes place in community B which had from 0. 2 to 2 plants per

square meter. The average density of Stipa thurberiana in



communities D and E is rather high as compared to the former corn-

munities, except in community F where the average density is 0.8

individuals per square meter. The widest range was found in corn-

munity D where the density varied from 0, 9 to 7 individuals per

square meter.

The highest average density of Stipa occidentalis was found in

community C, and the widest range occurred in the same community.

Sitanion hystrix is one of the densest species in the study area.

The lowest average density was 1, 5 plants per square meter in corn-

munity D, and the highest average density was 3. 6 individuals per

square meter in community F. The other perennial grass with high

density in all communities was Poasecunda. The highest average

density was 9. 5 individuals per square meter in community D, and

the lowest average density was 1 individual per square meter in corn-

rnunity B. The other perennial grasses or grasslike did not occur in

all communities.

Among annual plants, Brornus tectorurn was one of the con-

spicuous species and its highest average density was 14 individuals

per 1/4 square meter in community B and the lowest average density

was fotLnd in community F where it was 0. 4 plants per 1/4 square

meter. The other annual f orb that occurred in all communities was

Blepharipappus scaber. Its highest density was 9 plants per 1/4

square meter in community C and the lowest average density was 0. 8



plants per 1/4 square meter in community A. Gayophytum

Ramosissimum was another annual that occurred in all communities,

but its density was low as compared to the former species. The

highest density was 2 individuals per 1/4 square meter in community

F. Finally, Astragalus purshii also occurred in all communities but

its density was rather low.

The highest density reported by Driscoll (1964b) for Purshia

tridentata is 3. 4 individuals per 10 square meters (7 plants per 0.02

acres) in his Juriiperus occidenta lis/Artemis ia tridentata- Purshia

tridentata association in central Oregon. This density is rather low

compared to the density of 5 plants of Purshia tridentata per 10 square

meters found in community A (Juniperus occidentalis/Purshia

tridentata-Artemisia tridentata) of my study area, The situation is

reversed in relation to Artemisia tridentata where Driscoll reported

17 plants per 10 square meters, which is higher than 9 individuals per

10 square meters found in my study. The density of Chrysothamnus

nauseosus is somewhat analogous in both DriscollTs association and

in my community A, Density of Chrysothamnus viscidiflorus reported

by the same aiithor is rather high compared to my findings. He did

not include density data on grasses and forbs.

A different arrangement of data that includes density, cover

and maximum height of the prominent shrub species is presented in

Tables 3 and 4. In Table 3 where Artemisia tridentata is the



Table 3, Cover, density and height of shrubs in communities A, B and C that have Artemisia
tridentata as the prevalent species.

Artemisja tridentata Purshia tridentata
Cover Densit Av. max. ht. Cover Density2 Av. max. ht.

Stand p1./10 m cms p1. /10 m cms

Al 7.8 8.5 40 18.9 4.2 91
AZ 11,8 6.8 46 14.7 3.7 84
A3 6.8 7.5 32 16.3 6.0 102
A4 10.6 6.5 44 21.2 7.2 105
A5 12.5 13.7 48 11.8 3.3 125

10.5 10.8 57 15.6 3.7 101
B2 13.8 16.0 48 11.0 4.0 70
B3 14. 3 9. 8 55 14. 0 3. S 90
B4 14.9 13.0 54 11.3 3,2 82
B5 16.7 10.2 62 16.8 5.0 117

Cl 27.2 12.7 64
C2 249 20.0 43
C3 27,6 19,5 42
C4 37.3 20.5 66
Cs 16.3 10.7 48



Table 4. Cover, density and height of shrubs in communities D, E, and F that have Artemisia
arbuscula as the prevalent species.

Artemis ia arbus cula Purshia tridentata
Cover Density2 Av. max. ht. Cover Density2 Av. max. ht.

Stand p1. hOrn cms % pl. hOrn cms

Dl 9.9 6.3 29 9.3 1.8 117
D2 11.5 13.8 29 11.2 3.2 88
D3 10.0 17.7 23 17.5 3.8 100
D4 10.4 23.2 25 13.4 2.3 82
D5 9.1 17.3 21 10.8 5.7 76

El 11.5 14,3 24 9.5 2.5 87
E2 11.6 18.0 21 9.1 2.2 76
E3 11.3 30.2 17 11.7 2.7 102
E4 14.4 29.2 21 11.4 3.0 71
E5 6.7 21.7 20 14.9 2.8 102

Fl 10.4 17.0 25
F2 11.4 15.7 22
F3 16.0 47.2 20
F4 20.4 31.5 19
F5 6.5 31.3 14
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prevalent species, we notice that Purshiatridentata had higher

density, cover, and maximum height of the plants in community A as

compared to the plants in community B; however) the opposite

occurred for Artemisia tridentata since its density, cover, and height

of the plant increased from community A toward communities B and

C.

In the communities that have Artemisia arbuscula as the

prevalent species (Table 4), Purshia tridentata in community E is

lower in cover and shorter in maximum height of the plant as corn-

pared to community D but the average density is the same for both

communities. This difference is not as noticeable as it is between

communities A and B. Artemjsja arbuscula increases in cover and

density from community D toward communities E and F, but the

maximum height of the plant slightly decreases as density increases

in the same sequence of communities.

Cover and Constancy

Average and range of vegetation cover by the species plus

constancy are presented in Table 5. The average cover value for

Juniperus occidentalis appeared to be lower in community A as corn-

pared to community D, and the range was greater in the latter com-

rnunity than in the former one. The average cover percentage of

Purshia tridentata decreased from community A toward B, D and E,



Table 5. Average and range of vegetation cover of five stands in each community and constancy of species. Only those species that occur in
two or more stands at least in one community are listed.

Community

Juoc/Putr- Putr-Artr Artr Juoc/Putr- Putr-Arar Arar
Artr Arar

jj %C %C %C %C
2/ ranze range range xrange xrange xrange

TREES AND SHRUBS
100 100Juniperus occidentalis

3:2-4 4:3-6

100 100 100 100Purshia tridentata
17:12-21 14:11-17 12:9-17 11:9-15

100 100 100Artemisia tridentata
10:7-13 14:10-17 27:10-37

100 100 100Artemisia arbuscula
10:9-12 10:7-14 13:6-20

40 80 80 100 80 20Chrysothamnus viscidiflorus
t*:O-1 1:0-1 1 iO-2 t:t-t t:0-t t

80 80 40 20 20Chrysothamnusnauseosus
1:0-2 1:0-2 t:0-1 t t

GRASSES AND GRASSLIKE
100 80 60 100 100 60Agropyron spicatum

1:t-3 t:0-t t:0-t 4:t-9 1:t-1 t:0-t
60 60 40 100 80 60Festuca Idahoensis

1:0-2 1:0-2 t:0-t 1:t-2 1:0-3 1:0-3

100 100 100 100 100 100Poa secunda
1 :t-1 t:t-t t:t-t 1:1-1 1:1-1 1:1-1

100 100 100 100 100 100Sitanion hystrix
:1 -3 3:1-5 1:14 1 :t-1 2:1-5 3:1-5



Table 5 Continued

Juoc/Putr-
Artr

Putr-Artr

Community

Artr Juoc/Putr-
Arar

Putr-Arar Arar

Stipathurberiana
100 100 80 100 100 100

1:t-2 l:t-1 1:0-1 2:1-4 2:t-4 1:0-2

100 100 100 100 100 60Stipa occidentalis t:t-t t:t-t t:t-t t:t-t t:0-t
100 100 60 100 100 80Brornus tectorum 1t-2 2:t-3 t:0-t t:t-1 1:1-1 t:0-t

60 20 40Carex rossii t:0-t t t:0-1

20 60Carex jonesii
t:0-t t:0-1

40Agropyron smithii
1:0-4

FORBS

100 100 100 100 100 100Blepharipappus scaber t:t-t t:t-t 1 :t-3 1 :t-1 1:1-1 1:1 -1

60 60 60 40 80 20Astragalus purshii t:0-t t:0-t t0-t t:0-t t:0-t t

100 100 60 100 20 40Gayophytum ramosissimum t:t-t t:t-t t:0-t t:t-t t t:t-t

20 20 20 20 40 60Erigeron umbellatum t t t t t:0-t t:0-t

80 100 80 80 40Cryptantha ambigua t:0-t t:t-t t:0-t t:0-t t:0-t



Table 5 Continued

Juoc/Putr-
Artr

Putr-Artr

Community

Artr Juoc/Putr-
Arar

Putr-Arar Arar

40 60 60 40 60Eriogonum baileyi t:0-t t:0-t t:0-t t:0-t t:O-t

60 80 20 60
Eriastrum sparsiflorum

t:O-t t0-t t t:0-t

40 100 100
Collinsia parviflora t:0-t 1:1 -1 1 a-i

40 40 100 100
Antennaria dimorpha t:0-t t:0-t la-i 2:t-5

20 60 80 100
Erigeron bloomeri

t:0-t t:0-t t:t-t

20 40 20 60
.Astragalus filipes t t:0-t t t:t-t

20 60 60 20
Astragalus obscurus t t:0-t t:0-t t

40 20 40
Penstemon laetus t:0-t- t t:0-t

20 60 20
Crepis intermedia t t:0-t t

20 80
Lomatium nevadense t t:0-t

40 20
Collomia grandiflora t:0-t t

N



Table 5. Continued

Community

Juoc/Putr- Putr-Artr Artr Juoc/Putr- Putr-Arar Arar
Arty Arar

60 20Eriophyllum lanatum
t:0-t t

40Agoseris retrorsa
t:0-t

40Descurainia pinnata
t:0-t

1L
1'ercent constancy

'Average cover and range

Less than 0.5% cover
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and the greatest range was found in community A as compared to the

other communities. The average cover of Artemisiatridentata

increased from community A toward B and C, and the widest range

was found in the last community. The average cover of Artemisia

arbuscula was the same in communities D and F, but was higher in

community F, and the widest range was also found in this community.

The maximum average cover for Chrysothamnus nauseosus and

Chrysothamnus viscidiflorus was 1 percent, and the greatest range

was from 0 to 2 percent of cover for both species considering all the

stands and communities studied.

The highest average cover for Agropyron spicatum was 4 per-

cent and corresponded to community D; the widest range was also

found for Agropyron spicatum in the same community. In addition,

an average cover of less than 0. 5 percent was found in communities

B, C, and F for this same species. The average cover of Festuca

idahoensis was 1 percent in all communities except for community C

where the cover was less than 0. 5 percent. The average cover of

Poa secunda was 1 percent for all communities with the exception of

communities BandCwhere the cover, on theaverage, was less thanO. S

percent. The highest average cover of Sitanion hystrix was found in

communities B and F where it was 3 percent, and the lowest average

cover values were found in communities C and D with 1 percent and

2 percent of cover recorded for communities A and F, respectively.

The average cover of Stipa thurberiana in communities D and E was

2 percent which was higher as compared to the remaining communities
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where the average cover was 1 percent.

The average cover value of Stipa occidentalis was found to be

less than 0. 5 percent in all communities studied. The other perennial

grasses and grasslike were rather restricted in their distribution,

and their average percentage cover in the communities where they

occurred did not surpass 1 percent; mostly, they were less than 0. 5

percent.

Among the annual grasses, only Bromus tectorum was found in

all communities with an average cover of 2 percent in community B

and 1 percent of average cover in communities A, D, and E. In the

remaining communities, its average cover percentage was less than

0. 5 percent.

Most of the forbs did not surpass 1 percent of average cover.

With the exception of Blepharipappus scaber, Astragalus urshii,

Gayophytum ramosissimum, and Erigeron umbellatum, they did not

occur in all communities. From these species, only Blepharipappus

scaber reached an average cover of as high as 1 percent in four of the

six communities. Because of the low coverage value of the forbs,

another arrangement of the data has been made, Table IV Appendix,

which includes the total vegetation cover, total grass and grasslike

cover, and total forb cover by the stands and communities to show the

relative importance of the groupings in relation to the parameter

cover. The grass cover in communities A and C represents



approximately 1/5 of the total vegetation, and 1/6 in community B.

The grass cover in communities D, E, and F represents 1/4 of the

total vegetation cover. Taking into account the decreasing order of

importance of gra.ss cover among the communities, their arrangement

would be D, E, A, C, B, and F. In comparing the forb cover to the

total vegetation cover, we find it is 1/35, 1/23, 1/26, 1/32, 1/10,

and i/s of the total vegetation cover for communities A, B, C, D,

F, and F, respectively. Therefore, the decreasing order of

importance of communities according to forb cover would be F, F,

D, B, C, and A.

Figures 8 and 9 show the average cover by species within each

community. Besides the trees and shrubs, only the conspicuous

perennial grasses were graphed by the species; those species that had

low constancy were grouped together as "other grasses and grass-

likes." Among annuals, only Bromus tectorum was identified in the

graph; the averages of the rest of the annuals were calculated and

these were added together. Communities A, B, and C which have

as their prevalent species Artemisia tridentata are presented in

Figure 8. Here, the total vegetation cover decreased slightly from

community A toward community B and C. Artemisia tridentata

increased from A toward B and C which appears to indicate that its

cover may be inverse to the presence or absence of other shrubby

species and trees. But, where Artemisia tridentata is the only
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prominent species, its cover is the highest among the communities

studied. The sitatjon is reversed with Purshia tridentata. When

associated with Juniperus occidentalis and Arten-iisia tridentata, it

had a higher coverage value than when it was associated only with

Artemjsja tridentata in community B. The remaining shrubs like

Chrys othamnus naus eosus and Chrys othamnus vis cidiflorus were

very low in their coverage percentage, and, there were no marked

differences among the communities as shown in Figure 8. The grass

species did not follow any special pattern. Community C shows the

highest percentage of cover of the species graphed.as 'other grasses

and grasslike" because it had species that did not occur in communities

A and B; in other words, their constancies were low (Table 5).

Figure 9 shows the communities that have Artemisia arbuscula

as the prevalent species. Here, the percentage of total cover of

vegetation decreases even more markedly than in communities A,

B, and C.

Decrement of coverage goes from community D toward E and

F; this last community has the lowest total vegetation cover of all

the communities included in this study. The prevalent species

Artemisia arbuscula increases its cover value slightly from com-

munity D toward E and F in a simil&r pattern to Artemisia tridentata.

With Purshia tridentata, we see a reverse situation as compared to

Artemisia arbuscuIa It decreases in its coverage value from
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community D toward E; in the former case it is associated with

Juniperus occiclentalis and Artemisia arbuscula, and in community

E it is associated only with Artemisia arbuscula. Chrysothamnus

nauseosus and Chrysothamnus viscidiflorus are lower in percentage

of cover in these communities as compared to communities A, B,

and C; and in community F, Chrysothamnusnauseosus is not even

present. With reference to grasses, Agropyronpjçatum has the

highest cover value in community D as compared to the other two

communities where it decreases from D toward F and F. A reverse

situation is observed in Sitanion hystrix which increases from com-

munity D toward communities E and F. The other perennial gra8ses

did not follow any special pattern. The annual species increase their

cover value from community D toward communities E and F and have

the highest cover value in community F.

The total vegetation cover recorded in the study area apparently

looks rather low from what could be expected, especially when com-

parison is made with cover value estimates made in a plotless fashion.

For example, my cover estimations without plot were higher as com-

pared to those taken with plots.

The only Information I have found of quantitative cover record

taken with plots in analogous communities to some of the ones included

in this study are those reported by Driscoll (l964b) where he includes

one association, Juniperus/Artemisia-Purshia, with a total vegetation
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cover of 32. 6 percent which is similar to my community A in its

species composition. DriscolPs data shows the cover of JuniRerus

occidentalis as 6. 6 percent, Artemisia tridentata as 8. 2 percent, and

Purshia tridentata as 5. 5 percent. From nine associations he

reported, three not higher than 36. 9 percent in total vegetation cover,

another three between 41 and 46 percent of cover, and two associa-

tions with 54 and 64 percent of cover. The highest total vegetation

cover reported by this author is 93. 9 percent, but ru

occidentalis provides 76. 7 percent of this cover total. In other

words, the cover values reported by Driscoll for most of his associa-

tions in central Oregon are low in comparison with more mesic

steppes.

Information, Concentration and Diversity Indices

The computer program used was 'AIDONE: Analysis and

diversity for one set of data. The formulas and notations were

obtained from Mclntire and Overton (1969).

McIntosh D- square:

McIntosh diversity index:

MSDQ= N
S

1

MDI N - VMDSQ
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Common information measure:

Simpson's D-square:

H=-Pi1og Pi

SDSQ= P.
1

Simpson's diversity index:

Where:

SDI = 1 - SDSQ

N. Percentage of cover by species
I

s Number of species

N = N. summation of cover by species

P. = N./N (proportion)

McIntosh's D-Square and diversity index were derived for

density data rather than for cover values. The results obtained with

the latter values were distorted, therefore,. they are disregarded.in

this presentation. Mention..should be made, however, that MDSQ and

MDI provided results similar to Simpson's SDSQ and SDI when density

data was used for trees and shrubs.

The best definition of the indices are the formulas; however, an

attempt is made to interpret them in words within the context of this

res earch.

There is a good possibility of analyzing natural communities

by the approach of 'information measure" (H), Thus, we consider the
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information in a community or stand to consist of cover percent for

the species present. Information measure makes no pretense of pro

viding an explanation for observed phenomena but only tells how much

information is requiredto explain them. If the species are equally

abundant, the measured information is maximal, and if the abundances

are very unequal, the information is minimal. In other words, infor-

mation is an integrated expression of the species composition and

their cover value within the stand.

Diversity index (SDI) gives an idea. of the richness of the flora.

It is the combined expression of the species and their distribution.

Simpson's diversity index (SDI) is closely related to the information

measure (H). Both are calculated on proportions which makes the

comparison of results obtained by both approaches possible.

Simpson's D-Square (SDSQ) is equivalent to species concentra

tion and it is a proportional complement of SDI. Therefore, (H),

(SDI) and (SDSQ) are related indices.

Indices Within Stands. The summary of data included in Table

6 is the result of the analysis made by the transects within each stand

and community. Making a decreasing arrangement of information (H)

within community A, we find that the stands appear as follows: A4,

A3, Al, AS, and AZ. In other words, stand A4 has the highest

information and AZ has the lowest information within community A.

This can be interpreted in terms of the frequency of the common
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Table 6, Summary of analysis of information and diversity for one
set of data, by transects within stands in all communities,
Columns: H, common information measure; SDSQ, Simp-
son?s D-Square; and SDI, SimpsonTs diversity index.

Community Stand Transect H SDSQ SDI
No. No,

Juoc/Putr-Artr Al 1 1. 471 0, 327 0, 673
Al 2 1,424 0.379 0,621
Al 3 1.506 0,322 0,678
Al 4 1,406 0.359 0,641
AZ 1 1,602 0,267 0,733
A2 2 1,482 0.327 0,673
AZ 3 1,317 0.348 0.652
AZ 4 1,298 0,391 0.609
A3 1 1,694 0,284 0,716
A3 2 1,663 0,327 0.673
A3 3 1,333 0,389 0.611
A3 4 1,734 0.257 0.743
A4 1 1.749 0,265 0.735
A4 2 1,672 0.303 0,697
A4 3 1,681 0,286 0,714
A4 4 1,722 0.277 0,723
AS 1 1.516 00316 0,684
AS 2 1.428 0,324 0,676
A5 3 1.427 0.310 0,690
A5 4 1,403 0.322 0.678

Putr-Artr Bi 1 1,519 0.297 0.703
B1 2 1,619 0,266 0,735
Bl 3 1.471 0.315 0,685
Bl 4 1.496 0.294 0,706
B2 1 1.543 0,305 0,695
B2 2 1.463 0,313 0,687
B2 3 1,766 0,242 0.758
82 4 1,240 0.407 0,593
B3 1 1,504 0,284 0,716
B3 2 1,471 0.301 0,699
B3 3 1,432 0.344 0,656
B3 4 1,351 0.337 0,663
B4 1 1,501 0,298 0. 702
B4 2 1,534 0,310 0.690
B4 3 1.574 0,294 0,706
B4 4 1.396 0,358 0,642
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Table 6 , Continued.

Community Stand
No.

Transect
No,

H SDSQ SDI

Putr-'Artr B5 1 1.586 0,267 0,733

B5 2, 1.412 0.361 0.639

B5 3 1.263 0.374 0. 626

B5 4 1.338 0,352 0.648

Artr Cl 1 1.158 0.431 0,569

Cl 2 1,306 0,383 0.617

Cl 3 1,359 0.404 0.596

Cl 4 1,467 0,382 0,618

C2 1 0,578 0.786 0,214

C2 2 0, 750 0.694 0,306

C2 3 0,552 0,797 0.204

C2 4 0.701 0,729 0,271

C3 1 0,742 0,732 0.268

C3 2 0,783 0.681 0.319

C3 3 1.099 0.548 0.452
C3 4 0.740 0.724 0,276

C4 1 0.619 0.726 0.274

C4 2 0.532 0.789 0.212

C4 3 0.418 0.846 0,154
C4 4 0.741 0.686 0.314

CS 1 1.230 0.515 0,485

C5 2 1.168 0,520 0.480

CS 3 1,542 0,367 0.633

C5 4 1,596 0,290 0.710

Juoc/Putr-Arar Dl 1 1,869 0.218 0,782

Dl 2 1,878 0.215 0.785

Dl 3 1.814 0,226 0,774

Dl 4 1.770 0,261 0,739
D2 1 1,548 0,306 0.694
D2 2 1,682 0.276 0,724
D2 3 1.839 0,232 0,768

D2 4 1.556 0.300 0. 700

D3 1 1.798 0.232 0,768

D3 2 1.6S8 0.271 0,729

D3 3 1,557 0.287 0,713

D3 4 1,507 0.337 0,663

D4 1 1.857 0,215 0,785

D4 2 1.621 0.301 0,699
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Table 6 . Continued.

Community Stand
No.

Transect
No,

H SDSQ SDI

Juoc/Putr-Arar D4 3 1,703 0.266 0.734
D4 4 1.387 0.422 0,578
D5 1 1.668 0.250 0.750
D5 2 1.734 0.242 0.758
D5 3 1.692 0.240 0.760
D5 4 1,792 0.226 0,774

Putr-Arar El 1 1.640 0.301 0. 699

El 2 1.802 0.243 0.757
El 3 1.727 0.255 0.745
El 4 1.841 0.217 0.783
E2 1 1.765 0.261 0,739
E2 2 2.038 0.192 0.808
E2 3 1.886 0.225 0.775
E2 4 1,945 0.236 0.764
E3 1 1.780 0.269 0,731
E3 2 1.638 0.289 0.711
E3 3 1.713 0.274 0.726
E3 4 1.953 0.210 0,790
E4 1 1.652 0.294 0.706
E4 2 1.498 0.364 0.636
E4 3 1,556 0,319 0.681
E4 4 1,736 0.274 0.726
ES 1 1.803 0.270 0.730
E5 2 1.821 0.247 0,753
E5 3 1,953 0.216 0,784
E5 4 1.998 0,182 0.818

Arar Fl 1 1.484 0,376 0,624
Fl 2 1.757 0.304 0.696
Fl 3 1.442 0,409 0,591
Fl 4 1.959 0.246 0.754
F2 1 1.921 0.219 0.781
F2 2 1.970 0.212 0,788
F2 3 1,642 0.315 0.685
F2 4 1.581 0.396 0.604
F3 1 1.263 0,481 0.519
F3 2 1.461 0.393 0,607
F3 3 1.329 0.437 0.563
F3 4 1,354 0.383 0.617
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Table 6. Continued.

Community Stand
No,

Transect
No.

H SDSQ SDI

Arar F4 1 1.065 0.575 0,425
F4 2 0.837 0.687 0.313
F4 3 1.142 0.545 0.455
F4 4 1.149 0.546 0.454
F5 1 1,892 0.211 0789
F5 2 1.987 0.197 0,804
F5 3 1.825 0.242 0.758
F5 4 2.019 0.169 0,831



species and their cover among stands; consequently, stand A4 has the

highest cover and species composition1 than the remaining stands.

Stand AZ total cover is similar to the other stands with the exception

of stand A4, but its species composition is the lowest within corn-

munity A. Besides, the information values are rather homogeneous

among the transects in stand A4. However, the most heterogeneous

information is found in stand AZ. The remaining stands lie in between

which, again, appears to be determined by the prevalent species and

their cover value.

In community B, the sequential decreasing order of the stands

are as follows: Bi, BZ, B4, B3, and B5. The difference between the

extreme information values is not as marked as in community A.

The species composition of stands Bi and B5 are identical. As cover

B5 is higher than stand Bl, the differenceis probably due to the

unequal repetition of common species among transects that exist in

stand B5 as compared to stand Bi where the information is rather

homogeneous. The remaining stands occupy the intermediate positions

between these two stands (Table 6),

The sequential decreasing order of stands within community C

are as follows: CS, Cl, C3, C2, and C4. Actually, there is no

great difference between C5 and Cl as regards information which

1Species composition is used to mean number and identity of
species.
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might be due to the comparability of their species frequency. The

number of species is the same but both their species composition and

cover are different. Intheoveralipicture, the information values con-

firm that community C is heterogeneous (Table 6).

The lowest information level is found in stand C4 which, com-

pared to stand C5, has higher total cover value, but the number of

species is approximately 2/3 of stand C5; moreover, the species are

low in frequency. Therefore, the information is rather heterogeneous

among the transects of stand C4. The remaining stands lie in between

stands Cl and C4.

Information data show that the transects are rather homo-

geneous within the stands and also homogeneous among the stands

within community D (Table 6). The decreasing order of the stands

within community D is as follows: Dl, D5, D2, D4, and D3. The

highest information value of Dl can be interpreted in terms of similar

cover and species composition in all transects, even though the vegeta-

tion cover and the number of species were lower than in stand D3. The

unequal information between the transects in stand D3 was a reflection

of the relatively heterogeneous values of cover and frequency of

species. The remaining stands lie in between these two stands within

community D.

The information values for community E were highly homo-

geneous in both the transects within the stands and among the stands
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within the community (Table 6), The decreasing order of the stands

within the community is as follows: E2, E5, E3, El, and E4.

Comparing the two extremes, we find that stand E2 has 33 percent

of cover and 21 species as compared to stand E4that has 34 percent

of cover and the same number of species. The difference is probably

the unequal inlormation on the transects. The remaining stands

within community E lie in between these two stands.

The information value for community F is rather heterogeneous

both within and among stands as compared to communities D and E,

all of which have as their prevalent species Artemisia arbuscula.

The decreasing order of stands in the information value is: F5,

F2, Fl, F3, and F4. Stand F5 has a cover value of 23 percent and

21 species as compared to F4 which has 27 percent of cover and 15

species. The rest of the stands of community F lie in between stands

F5 and F4.

The arrangement of the communities in a decreasing order of

information values based on data analyzed by the transects within

each stand is as follows: E, D, F, A, B, and C. This indicates that

the information (H) reflects the degree of uniformity of cover and

species composition among the transects in the stands, As indicated

before, community E has the most uniform information value in all

transects, The species were similarly frequent so the information

values in this community were highest as compared to the other
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communities. The situation is just the opposite in. community C where

the species number and identity are unequal on the transects; there-

fore, its information value for the community is also the lowest.

The other communities lie in between these two communities in the

sequence presented above.

The results of the analysis of diversity for one set of data by

transects within stands are presented.in Table 6. The stands. of

community A can be arranged in a decreasing order of SDI as follows:

A4, A3, A5, AZ, and Al. However, there is not much variation

between the stands that have the highest and lowest diversity index;

therefore,. the transects within the stands are rather homogeneous as

regards richness of flora, as are the stands within community A.

In community B, the situation was analogous, to community A

as far as the diversity is concerned. The sequence of the stands

within community B, arranged in decreasing order, was as follows:

Bi, B4, B3, BZ, and B5 (Table 6). The difference of diversity be-

tween the highest (Bi) and the lowest diversity (B5) was even smaller

than the range of diversity in.community A. In addition, the diversity

indices among, transects within.the stands were rather homogeneous

and relatively high.

The situation in community C was different from communities

A and B. The SDI in community C was relatively heterogeneous and

the range of variation was greater as compared to the oth.er
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communities. The heterogeneity of diversity indices for community

C appeared to be determined by the inequality of diversities among

stands because the diversity indices of transects within the stands

were rather uniform. The decreasing, sequential arrangement of

stands within community C was as follows: Cl, C5, C3, C2, and C4,

The highest diversity index that corresponds to stand Cl was lower

than the lowest diversity indices of communities A and B.

The diversity indices by transects on stands of community D

were higher than in communities A, B, and C, At the same time,

they were homogeneous among transects as well as among. the stands

within the community (Table 6). However, the range of variation of

the diversities was relatively wide as compared to communities A

and B. This wider range was due primarily to the greater difference

of diversities among stands rather than within stands, A decreasing

arrangement of diversities of the stands within this community was

as follows: Dl, D5, DZ, D3, and D4.

The diversity indices of community E indicate that this com

munity had the highest diversity index value as compared to the rest

of the communities in the study area. In addition, the diversities

are homogeneous among the transects within the stands, as well as

among the stands within the community. The decreasing arrangement

of the stands' diversities was: E2, E5, El, E3, and E4.

Finally, the diversity indices of community F based on transect
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records indicate that this community had the second lowest diversity

as compared to the other communities. The only community that had

lower diversity indices was community C. The variation of diversity

in community F was mainly due to the heterogeneity of diversity

among stands rather than among transects within the stands which

were relatively homogeneous. The decreasing order of diversities

by the stands in community F was as follows: F 5, F2, Fl, F3, and

F4. The range of variation between the extremes of diversity indices

was slightly wider as compared to community C.

If we make a decreasing arrangement of the diversity indices by

the communities, based on the diversities obtained by the transects,

the sequencewould be as follows: E, D, B, A, F, and C, This is a

similar pattern to what we indicated f or the information measure (H).

In order to make a reasonable interpretation of these results

within the phytosociological context, it is necessary to bear in mind

that the SDI (Simpson's diversity index) presented in a mathematical

formula indicates an inverse relationship with SDSQ (Simpson's D-

Square). SDSQ is equivalent to species concentration; therefore,

when the diversity of species is high, the concentration of the same

species is proportionally low.

The combined concepts of diversity index, and concentration of

species within each transect, stand, or community, gives a very good

picture of the richness of the flora at each of these levels. Thus these
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concepts are valuable tools for defining the stands and/or communities.

They are numerical descriptors of the communities and, as such,

strengthen the conventional phytosociological description of com-

munities.

Indices bj Stands and Strata. In order to compare the informa-

tion value (H), diversity index (SDI), and concentration of species

(SDSQ), the vegetation cover data were analyzed by the strata,. i. e.,

shrubs, grasses, and forbs at the stand level within each community.

Tables V, VI, and VII show the results. of this analysis. In the shrub

layer, the information value (H) ordinates the communities in

decreasing order as follows: B, A D, E, C, and F. This tends to

suggest that in community B, the species were more or less uniformly

abundant in all stands as compared to the relatively uneven abundance

of species in community F. The information values of the remaining

communities in the shrub layer lie in between communities B and F.

In addition, the sequential decreasing arrangement of diversity

indices (SDI) shows the communities as follows: B, D, E, A, C, and

F. The pattern followed by the information value (H) places three

communities in the same position as does SDI; moreover, the highest

and lowest communities are the same in both H and SDI. This tends

to indicate that the higher the information (H) the higher the diversity

(SDI), and vice versa.

At the grass and grasslike layer, the sequential decreasing
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arrangement of H was as follows: C, A, E, D, F, and B, and for

SDI the arrangement was: C, E, A, D, F, and B (Table V). Here,

again, the pattern followed by H values and SDI were analogous.

Community C is placed first which, interpreted from the species

composition point of view, is quite different from the remaining corn-

munities. Since these species were repeated in stands of community

C, this apparently provided the highest information and diversity and,

consequently, the lowest concentration value (SDSQ) (Table III,

Appendix).

At the forb layer, the pattern is still different from the two

upper strata (Table VII, Appendix). The decreasing arrangement of

communities in relation to H and SDI is as follows: F, E, D, B, A,

C and E, F, B, A, D, C, respectively. It is interesting that the

average values for H and SDI by stands follow exactly the same pattern

in decreasing order. As expected, the concentration of species

(SDSQ) is in inverse order.

In a phytosociological study, the analysis by the strata is

important because it helps to elucidate, in more detail, segments of

the floristic composition by stands and, therefore, by the communities.

This analysis helps to clarify aspects that could be obscure with the

kind of statistical analysis used here where only the total species

composition is taken into account. The results of each stratum by

itself can be incomplete and misleading, but once integrated with the
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other strata of the stand, they provide good information for a sound

phytosociological classification for the community as a whole.

Indices by Stands and Communities. The last analysis of

information and diversity indices for one set of data was made for

total vegetation cover by stands and community (Table 7). The value

of H in community A. by the stands follows the identical pattern that

was reported for the same community by the transect analysis; con-

sequently, the statements made then are equally valid here. The

pattern for SDI identified the same highest and lowest stands but

there is a difference for the stands that lie in between these two

extremes; however, the interpretation of the results is, again, equally

valid.

In community B, the decreasing arrangement of H departs from

the values obtained by the transect analysis in two cases; but the dif-

ference is insignificant. With respect to the values obtained for SDI,

two stands only are inexact agreement. A small departure from the

transect values exists in the remaining three stands, and a similar

departure takes place between H and SDI (Tables 6 and 7).

In community C, the H and SDI indices follow exactly the same

pattern (Table 7). But these patterns, when compared to the results

obtained on the transect basis, depart a little for H; however, the

pattern is exactly the same for SDI.

Community D has identical patterns for H and SDI for total
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Table 7, Summary of analysis of information and diversity for one

set of data of total vegetation cover by stands and com-
munities. Columns: H Common information measure;
SDSQ, Simpson's fl-Square; Sf1, Simpson's diversity index.

Community Stand
No.

H SIJSQ SDI

Juoc/Putr-Artr Al 1,525 0, 338 0. 662
AZ 1,485 0.323 0.677
A3 1,654 0,311 0,689
A4 1,766 0,278 0,722
AS 1.506 0,304 0,696
A* 1,701 0.297 0,703

Putr.-Artr Bi 1,571 0.291 0,709
B2 1,580 0,298 0,702
B3 1.487 0.311 0.689
B4 1,581 0.302 0.698
B5 1,462 0,321 0,679
B* 1.615 0.298 0,702

Artr Cl 1.414 0.390 0,610
CZ 0,666 0,750 0,250
C3 0.900 0.665 0.335
C4 0,591 0.764 0,236
C5 1,411 0.429 0.571
C* 1.213 0.575 0.425

Juoc/Putr-Arar Dl 1,887 0,222 0.778
DZ 1.697 0.272 0.728
D3 1.678 0,274 0,726
D4 1,774 0.269 0,731
D5 1,799 0,226 0,774

1,869 0,238 0,762

Putr-Arar El 1,787 0.245 0.755
EZ 1,963 0,220 0.780
E3 1,827 0,256 0,744
E4 1.674 0.297 0.703
ES 1,965 0.225 0.775

1.937 0,235 0,765

Arar Fl 1.718 0.326 0,674
F2 1.825 0,275 0,725
F3 1.389 0,418 0.584
F4 1.045 0,601 0.399
F5 2,009 0.190 0.810
F* 1.787 0,328 0.672

Community Total



vegetation cover by the stands (Table 7), These patterns, as corn-

pared to the ones for H and SDI depart a little, but significantly

enough from the results found on the transect basis (Table 6).

Communities E and F follow identical patterns for both H and

SDI by the transects and by the stands (Tables 6 and 7). A similar

pattern is observed in values of H and SDI for the total community in

Table 7, However, the values of H and SDI arranged in decreasing

order differ somewhat for community E even though the extreme H

values are the same; consequently, the departures correspond to the

stands that lie between stands E2 and E4 (Table 7).

An overall picture of the analyses of information and diversity

for one set of data indicates: (1) The average values of H, SDSQ,

and S]JI by the transects and by the stands follow an identical pattern

for total community (Tables 6 and 7). (2) The values of H also fol-

low an identical pattern comparing the averages calculated from the

stands and the totals analyzed directly for total communities (Table

7). (3) SDSQ (species concentration values) follows the same pattern

in four communities, in averages of stands versus community total,

and there is a slight departure in the sequence of arrangement in two

communities (Table 7). (4) SDI follows an analogous pattern to

SDSQ (Table 7). (5) There is a very close analogy between the pat-

terns followed by H and SDI and the patterns are identical in three

communities; moreover, those ranking identically include the



119

extremes (Table 7).

These findings confirm previous statements madeconcerning

the degree of homogeneity of stands within the communities and the

differences among the communities. Consequently, this research

suggests that the statistical analyses used are very useful tools for

confirming or rejecting the groupings made of the stands in corn-

munities and, therefore, of the differentiation of the communities

themselves. On the basis of the analyses I have confirmed the

classification into communities.

Diversity and Distance

The program used was TAID TWO: Analysis of information and

diversity for TWO sets of data which, according to Overton and

Zipperer (1969), is designed to compare two records of species dis-

tribution or communities but also provides several standard measures

of diversity for the individual records. Unique to AIDTWO is the

specification of the two communities to be compared.

Notation: 1. N1 is the specified variable or cover data for
the species in the 1th community.

2. S is the number of species in the two communities.
S

3. N.= N..' j=1 13

4. P..N../N.
13 13 1
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SIMPSONTSiormulae for calculation are given below,

SD(i) /_ Pj I = 1, 2.

S
SIM P.P.

j=l lj 2j

SIMI = SIM/{SD(l)] *{sD(2)]

Is 2
DIST (1, 2) (P1. - P2.)

j=1

D2 = [DIST(1, 2)J2

The results obtained by AID TWO ana1ysis on each stratum at

the community level are presented in Table 8. These are the SIMI

values or similarity indices which are analogous to correlation co-

efficients except that SIMI is only positive. They are presented in a

matrix form which faci1itates the comparison of all communities by

pairs.

At the shrub stratum, the prominent species are Purshia

tridentata and Arternisia tridentata in communities A and B, and in

community C the only prominent species is Artemisia tridentata. In

communities D and E, the prominent species are Purshia tridentata

and Artemisia arbuscula, and in community F, the only prominent

species is Artemisia arbuscula. Consequently, it is obvious that the
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Table 8. Similarity index (S1M1) between communities by the strata
and total cover. Communities: (A) Juoc/Putr-Artr;
(B) Putr-Artr; (C) Artr; (D) Juoc/Putr-Arar; (E) Putr-
Arar; and (F) Arar.

Stratum Community A B C D F F

Shrubs A 1.000 0.969 0.519 0.655 0.612 0.000
B 1.000 0.714 0.536 0.501 0.000
C 1.000 0.000 0.000 0.000
D 1.000 0.997 0.642

1,000 0.698
F 1.000

Grasses A 1.000 0.852 0.740 0.814 0.921 0.810
B 1.000 0.769 0.415 0.766 0.503
C 1.000 0.389 0.708 0.803
D 1.000 0.787 0.431
F 1.000 0.803
F 1.000

Forbs A 1.000 0.845 0.754 0.74 0.775 0.645
B 1.000 0.803 0.853 0.549 0.514
C 1.000 0,865 0.587 0.531
D 1.000 0,768 0,755
F 1.000 0.936
F 1.000

Total A 1.000 0.903 0.594 0.708 0,707 0,266
B 1.000 0.719 0.574 0.574 0.273
C 1,000 0,258 0.232 0.199
D 1.000 0.881 0.604
F 1.000 0.745
F 1.000
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highest similarity exists between communities A and B and between

D and E. No similarity exists between the communities paired in

parentheses: (AF), (BF), (CD), (CE), and (CF). The remaining

communities, once paired, have one species in common, and the

degree of variation is probably due to the frequency and cover value

of each of the prominent species since the presence of other shrubs,

i. e., Chrysothamnus nauseosus and Chysothamnus viscidiflorus

appears to be of little significance.

For grasses and grasslike species, the situation was different

from what has been found in shrubby species. There was no definite

pattern in similarity of communities based on grasses; in addition,

the values did not go to extremes as in the case of shrubs. In other

words, the similarity indices ranged from 0. 389 between communities

C and D to 0. 921 between communities A and E. This narrow range

of similarity between the two extremes can be interpreted in terms of

the presence of some grass and grasslike species that were not

exclusive to a given community. The highest similarities were due

to the commonality of the same species of grasses with analogous

cover values. In general, the communities that were highly similar

in their shrubby species were also highly similar in their grass com

position.

The similarity grouping of communities based on forbs followed

a comparable pattern to that of the shrubs (Table 8). However, it is
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interesting that the lowest similarity found was 0, 514 between corn-

munities B and F. This similarity value was higher than that of corn-

munities C and D for grasses. An analogous situation took place

between the highest similarity values of grasses with those of forbs,

the latter being higher. This can be explained that there were a high

number of species present in all communities, and they were highly

frequent in some of them.

The values of similarity found for the total vegetation grouped

the communities nicely (Table 8). Apparently, the shrubs and forbs

were the differentiating layers that characterized the final pattern in

the total vegetation. Basically, the groupings followed the tendency

found in those two layers. This does not imply that grasses had no

influence but merely that they were ubiquitous and have little dis-

criminatory value. The highest similarities were found between com-

munities A and B and between D and E. The lowest similarities were

found in pairs: (BF), (CF), (AF), (BE), and (CE). The remaining

pairs are rather high in their similarities.

Distance (D2 as defined in the methods section) is another way of

interpreting the floristic groupings. Table 9 shows the results

obtained for distances between pairs of communities that are pre-
2

sented in matrix form. The difference between SIMI and D is that

the former evaluates the species composition in terms of similarity

and its numerical values are partially equivalent to correlation
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Table 9, Distance (D2) between communities based on vegetation
cover by the strata and total vegetation. Communities:
(A) Juoc/Putr'-Artr; (B) Putr-Artr; (C) Artr; (D) Juoc/
Putr-Arar; (F) Putr-Arar; (F) Arar,

Stratum Community A B C D F F

Shrubs A - 0,031 0.737 0.343 0.386 1.501
B - 0.466 0.441 0,476 1,457
C - 1.442 1.442 1,949
D - 0.003 0.590
E - 0,512
F

Grasses A - 0,082 0.086 0,072 0.027 0.094
B - 0,121 0,296 0.122 0,124
C - 0221 0.094 0.098
D - 0.081 0,250
F - 0,097
F

Forbs A - 0.070 0.131 0.097 0.096 0.146
B - 0,107 0,070 0,193 0.202
C - 0.075 0,210 0,232
D - 0.106 0.109
F - 0,025
F

Total A - 0.183 0,954 0.512 0.509 1,741
B - 0.694 0.807 0,791 1.783
C - 1,738 1.746 2,279
D * 0,190 0,949
F - 0,634
F -
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coefficients, In distance, the criteria is just the opposite; the lower

the numerical value the closer the distance or the greater is the

similarity between the communities, Zero distance means identical and

values different from zero means departure from identical; there-

fore, the higher the numerical value the larger the distance between

the communities compared.

The analysis was first made by the layers and then for the total

vegetation cover. At the shrub level, the closest distance was found

between communities A and B and between communities D and E,

The greatest distances were found in the following pairs of com-

munities: (CD), (CE), (CF), (AF), and (BF), The interpretation

made for SIMI is equally valid for distance.

The grasses departed from the pattern found for shrubs, but the

forbs followed an analogous pattern to the shrubs (Table 9).

The results of both SIMI and D2 tend to indicate that the grasses

and grasslike species were not as effective grouping elements as the

shrubs and forbs, These findings on grasses can be interpreted on

the basis that the species on this stratum occurred in almost all the

stands and in all communities with the exception of those grass and

grasslike species that were exclusive to community C (Table III).

The results obtained in SIMI and D2 indicate two almost

identical versions for interpreting the degree of similarity between

communities; however, D2 appears to be more sensitive than SIMI.
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This does not imply that each one is an exclusive value but rather that

they are complementary and therefore very useful.

Stepwise Discriminant Function

This analysis has been used as a tool for testing the phyto-.

sociological classification or grouping of standsintothe six corn-

munities. The computer program and the mathematical models used

are fully presented by Dixon (1968); therefore, only an abstract of the

output is presented here.

(1) Group means and standard deviations
(2) Within groups covariance matrix
(3) Within groups correlation matrix
(4) At each step:

(4. 1) Variable included and F to remove
(4, 2) Variables not included and F to enter
(4. 3) U statistic and approximate F statistic to

test equality of group means

(4. 4) Matrix of F statistics to test the equality of
means betweeneach pair of groups

(5) At certain specified steps and after the last step:
(5. 1) Djscrimj.nant functions
(5.2) Classification matrix

(6) For each case:
(6. 1) The posterior probability of coming from

each group

(6. 2) Square of the Mahalanobis distance from
each group
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(7) Summary table for each step:
(7, 1) Variable entered or removed
(7, 2) F value to enter or remove
(7. 3) Number of variables included

(7. 4) U statistic
(8) Eigenvalues, canonical variables and coefficients of

canonical variables

(9) Plot of the first canonical variable against the second

For a clearer understanding of the vegetation groupings, the

analysis of the species composition and their cover values were

treated by the strata, i, e. , shrubs, grasses (whichincluded grasslike

species), and forbs,

At the shrub stratum, the best discriminant variable was Purshia

tridentata which is to be expected since the groupings of the stands

were made by having this species as the focal point (Table VIII).

According to the F values, the separation of the communities by this

species was ignificant at 0,01 level in eleven out of fifteen paired

combinations of the communities studied.

The second best djscrimj.nant variable entered at the shrub

stratum was Artemisia tridentata (Table VIII). The F values at 0.01

level showed significance of grouping of stands by this species in all

paired combinations of communities with the exception of community

E versus community D.

Artemisja arbuscula. was the third best discriminant variable

among five shrubby species considered in the statistical analysis.



However, it ranked very low as discriminant compared to the two

former species.

Among. sixteen species of grasses or variables considered, the

best discriminant was Poa secunda (Table IX). However, the F values

at 0.05 and 0.01 levels indicated significance of grouping by this

species in only eight out of fifteen paired combinations of communities.

The second and third best discriminant species entered were Bromus

tectorum and Agropyron 2catum, respectively. Both were signifi-

cantly stand-grouping species in twelve paired combinations of corn-

munities, at 0.05 and 0,01 levels of Fvalue. The fourth and last

best discriminant species entered was Stipa thurberiana which signifi-

cantly grouped the stands in twelve paired combinations of com-

munities (Table IX).

The species list of forbs included 37 species or variables for

the statistical analysis. Among these species, the best discriminant

was Collinsia ,viflora (Table IX). The values at 0.05 and 0.01

levels showed significance of grouping of stands by this species in

eleven paired combinations of communities. The second best dis-

criminant entered was Lomatium nevadense which significantly grouped

the stands in nine paired combinations of communities. Only these

two species were considered as the most important discriminants

based on their canonical correlations that were 0. 999 and 0. 998,

respectively, which were high enough to. disregard other forbs that
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ranked lower than Lomatium nevadense.

In order to determine the best discriminant species for all

strata, it was necessary to do a combined analysis considering as

the variables those species that were the best discriminants. at each

stratum. The results of this analysis is presented in Table 10.

The combined analysis showed Purshia tridentata as the best

discriminant variable which confirms that the grouping of stands

within the communities made at the beginning of the study was

adequate. Purshia tridentata significantly grouped the stands in

eleven paired combinations of communities at 0. 01 level of F value

(Table 10). These results are the same as those obtained at the shrub

stratum and presented in Table VIII. This shows that in spite of having

combined the strata, Purshia tridentata maintained its discriminating

power at the same level as before whereas the other good discrimi

nant species did not.

Artemisia tridentata was the second best discriminant variable

entered and, as in the case of Purshia tridentata, maintained its

discriminating power at the same degree at both the shrub stratum

and combined strata (Tables 10. and VIII).

It is interesting to note that the third best discriminant variable

entered in combinedanalysis was Couinsiapviflora (Table 10).

In addition, it helped to discriminate the stands in all paired. combina-

tions of communities significantly at 0. 01 level of F value with the
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Table 10. Grouping of communities by the stepwise discriminant analysis of shrubs, grasses and forbs
combined. Matrices in order of significance and entrance of species as discriminant.
(1) Purshiatridentata, (2) Artemisiatridentata, (3) Collinsia parviflora, (4) Bromus
tectOrum.

Variable entered Community A B C D E

Purshiatridentata B 10, 032**

C 284. 567** 187. 738**

D 13.711** 0.287 173,351**

E 20.743** 1.924 151.651** 0.725

F 284.567** 187.738** 0 173.351** 151.651**

Artemisia tridentata B 5,604*

C 147.748** 96.122**

D 43.62 1** 48.849** 172. 597**

E 50. 166** 53,265** 167. 101** 0.413

F 237. 105** 209. 419** 179, 900** 98. 670** 86. 319**

Collinsiaflora B 4. 022*

C 98.413** 68.684**

D 30.413** 32.037** 123459**

34.607** 39,198** 106,743** 10.690**

F 168,117** 156,418** 118.982** 95.693** 61.272**

Bromus tectorum B 2. 882*

C 90. 869** 70. 060**

D 23.188** 24.478** 99.463**

E 26.337** 29.757** 87.101** 7.657**

F 142. 477** 134. 595** 85. 214** 80. 851** 55. 792**

** Significance of F value for separation of communities at 0. 05 and 0. 01 levels:
(1)Putr, 4.26 and7,82 atland24D.F.
(2) Artr, 3.42 and 5,66 at 2 and 23 D.F.
(3) Copa, 3.05 and 4,82 at 3 and 22 D. F.
(4)Brte, 2.84 and 4.37 at4 and 21 D.F.
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exception of one pair of communities that separated at 0.05 level.

The fourth best discrjmjnant variable entered was Brornus

tectorum. This means that the second best discriminant variable

among grasses became an even better discriminant in the combined

analysis (Tables 10 and IX). The best discrirninant variable among

the grasses, Poa secunda, weakened its discriminating power in the

combined analysis.

Table 11 clarifies the concept of the discriminating power of

each species or variable found to be good discriminants. The values

presented here are the canonical correlations of the species within

each stratum and in the combined analysis. The canonical correla-

tions were one of the indices taken into account for choosing the best

discriminant variables.

According to the canonical correlation values, Purshia tridentata

and Artemisia tridentata strengthened their discriminating power in

the combined analysis as compared to the shrub stratum analysis

(Table 11). The other species or variables weakened their dis-

criminating power when included in the combined analysis as compared

to the analysis made by the strata (Table 11).

The canonical correlations of species not included in Table 11

were low which signifies that they were not good discriminants;

therefore, they were disregarded.

A verification of the groupings of stands within the communities
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Table 11. Summary of the canonical correlations for the best dis-
criminants calculated by the stepwise discriminant
function for the species variables.

Canonical
Stratum Species Correlations

Shrub Purshia tridentata 0. 984

Artemisia tridentata 0. 978

Grass Poasecunda 0.946

Bromus tectorum 0.867

Agropyron spicatum 0. 804

thurberiana 0. 666

Forb Collinsia parviflora 0. 999

Lomatium nevadense 0. 998

Combined Purshia tridentata 0. 988

Artemisj.a trjdentata 0, 979

Collinsia parviflora 0. 844

Bromustectorum 0.718
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is presented in Table 12. At the shrub strata, we notice that there

was a misclassification or misgrouping of stands between communities

A and B and between communities D and E, However, the prominent

shrubby species are the same in community A and B as well as in

communities D and E. This proves that the stands which were sup-.

posedly misgrouped within communities A and B are analogous at the

shrub stratum. However, the difference between these two communI-

ties is due to the presence and absence of Juniperus occidentalis which

has not been included in the analysis. The same interpretation applies

to communities D and F. The grouping, of stand within the com-

munities and their relative position for the shrub stratum is presented

in Figure 75 of the Appendix.

The verification of grouping of stands within the communities

for grasses shows one stand of community C placed within community

A and one stand of community D within community E (Table 12). This

is even more evident in Figure 76 of the Appendix. The grasses in

general were not good discriminant variables a compared to shrubs

'which seems to indicate that since most of the grass species were

present in all communities with relatively homogeneous cover values,

their discriminating power was rather low. Consequently, some

stands appeared placed in a different community from where they

were supposed to be.

Table 12 shows forbs as perfect grouping variables and this is



134

Table 12. Verification of groupings of stands within the communities.

Stratum Community A B C D E F

Shrub A 4 1 0 0 0

B 1 4 0 0 0 0

C 0 0 5 0 0 0

D 0 0 0 2 3 0

E 0 0 .0 1 4 0

F 0 0 0 0 0 5

Crass A 5 0 0 0 0 0

B 0 5 0 0 0 0

C 1 0 4 0 0 0

D 0 0 0 4 1 0

E 0 0 0 .5 0

F 0 0 0 0 0 5

Forb A 5 0 0 0 0 0

B 0 5 0 0 0 0

C 0 0 5 0 0 0

D 0 0 0 5 0 0

E 0 0 0 0 5 0

F 0 0 0 0 0 5

Combined A 5 0 0 0 0

B 1 4 0 0 0 0

C 0 0 5 0 0

D 0 0 0 .5 0 0

E 0 0 0 0 5 0

F 0 0 0 0 0 5



135

clarified even better in Figure 77: of the Appendix. As indicated

before, the decreasing order of discriminating power was: shrubs,

forbs, and grassy species (Tables 10, 11, and 12; Figures 75, 76,

and 77 of the Appendix).

Verifications of the groupings of stands within the communities

for the combined analysis are presented in Table 12 and Figure 10,

In the overall groupings of stands withinthe communities, only one

stand was misclassified and that was stand 5 of community B which

IA,as grouped together with the stands of community A (Figure 10),

In spite of the clear separation of communities in Table 12, we notice

a very close relative position of community A versus community B

and in community D versus community F (Figure 10). This closeness

between each pair of communities would not have taken place if

Juniperus occidentalis could have been included in the statistical

analysis, but this was not possible since it was the only species at

the tree stratum and no other variable was present, However, the

presence of ni erusoccidentalis in the floristic composition of

communities A and D seemed to have a marked influence on the

underlying strata which makes the differentiation of the communities

possible even though Juniperus occidentalis was deleted from the

statistical analysis.

The results obtained by the stepwise discriminant function

analysis shows that for determining sound phytosociological groupings,
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Figure 10. Plotted points of the first canonical variable (x) against the second
variable (y) for shrubs, grasses and forbs combined. Communities:
(A) Juoc/Putr-Artr, (B) Putr-Artr, (C) Artr, (ID) Juoc/Putr-Arar,
(E) Putr.-Arar, and (F) Arar, Five stands per community.
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it is necessary to have the complete list of species, including the

annuals.

Summy

The species list with prominence ratings clearly separated the

different communities. The stands within each community were

rather homogeneous; however, the stands of community C (Artemisia

tridentata) were somewhat heterogeneous as compared to the other

communities.

Purshia tridentata had higher density, cover and maximum

height of the plants in community A as compared with community B.

The opposite occurred for Artemisia tridentata since its density,

cover, and height of the plants increased from community A toward

communities B and C. Purshia tridentata in community E was lower

in cover and shorter in maximum height of the plant as compared to

community D, but the average density was the same in both com-

munities. Artemisi.a arbuscula increased in cover and density and

maximum height of plant from community D toward communities E

and F.

Density of perennial grasses like Agopyron spicatum, Festuca

Idahoensis, Stipa thurberiana and Poa secunda were lower in com-

munities where the prevalent species was Arternisiatridentata in

comparison with the densities found for the same species in
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communities where the prevalent species was Artemisia arbuscula.

The opposite situation was found for Sitanion y!trix and the annual

grass Bromus tectorum. There were no marked patterns in density

forbs.

Total vegetation cover decreased slightly from community A

toward community B and C where the prevalent species was Artemisia

tridentata, In communities that had Artemisia arbuscula as the pre-

valent species, the decrement of total cover was even more marked

from community D toward E and F. This last community had the

lowest vegetation cover of all communities included in this study.

The grass species did not follow any special pattern. The cover value

for the forbs by the species was low, but total cover increased

steadily from community A toward B, C, D, E, and F.

The information measure (H), diversity index (SDI), and

SimpsonT s SDSQ or concentration value, are related ways of measuring

the richness of the flora of a given stand orcommunity. Therefore,

they are complementary and are good methods of analyzing natural

communities.

Community E had the highest information measure (H), and

community C the lowest information. A decreasing arrangement of

all communities based on H was as follows: E, D, F, A, B, and C.

In relation to diversity indices (SDI), the results also showed the

highest value for community F and the lowest for community C. A
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decreasing arrangement of SDI placed the communities as follows:

E, D, A, B, F, and C. Since SDSQ or concentration measure is

inversely proportional to SDI, the results placed the communities in

a decreasing. order as.follows: C, F, B, A, D, and E.

The results of the information measure (H) tend ed to indicate

that community F had species that were uniformly abundant on its

stands whereas community C had its species unequally abundant. In

addition, the species composition of community E was more diverse

(SDI) than in the remaining communities, and community C had the

least diversespecies composition. This was further clarified by the

concentration measure (SDSQ); while community C had its species

highly concentrated on some stands, community E had its species

more or less evenly distributed.

Similarity index (SIMI) and the 'distance't (D2) compare the

communities by pairs, thus, it is possible to know their respective

similarities and proximities on the basis of comparative character-

istics. The results obtained by these two analyses were practically

the same. The most similar communities were the ones that were

the closest and the most dissimilar were the ones that were further

apart in "distance. " There was a difference, however, between these

two methods. appeared to be more sensitive than SIMI in the

degree of preciseness.

The results of SIMI and showed that communities A and B
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as well as D and E were the most similar and closest. The least

similar and further apart communities by the pairs were: (AF),

(BF), (CD), (CE), and (CF). The remaining pairs of communities

placed in between these two extremes. The results obtained are

understandable if we recall the prominent strata of the communities

which was as follows: A (Juniperus occidentalis/Purshia tridentata-

Artemis ia tridentata.), B (Purshia tridentata-Artemis Ia tridentata),

C (Artemisia tridentata), D (Juniperus occidentalis/Purshia tridentata-

Artemisia arbus cula, E (Purshia tridentata-Artemisia arbus cula),

and F (Artemisia arbuscula). From this nomenclature, we deduce

that the prominent strata had a decisive influence on the results.

The tree stratum, i. e. , Juniperus occidentalis was deleted for the

analyses because it was the only species of the tree stratum.

The stepwise discriminant analysis tested the phytosociological

groupings. of the stands within the communities. The results showed

that the shrubs were the best discriminants. The forbs ranked second

and the poorest discriminants were the grasses. The best discrimi-

nant species, in a decreasing order of importance, were: Purshia

tridentata, Artemisia tridentata, Collinsia parviflora, and Bromus

tectorum. In addition, the stepwise discriminant analysis confirmed

that the communities were well defined floristically and the stands

within each community were properly grouped.

The analyses made verified that the classical phytosociological
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method of grouping vegetation into communities, when properly done,

is as valid as the grouping made by the numerical taxonomy. Each of

the steps followed were a refinement which verified the homogeneity

of the stands, the separation of communities, and identification of the

best discriminant species. In addition, the stepwise discriminant

analysis proved that for a sound phytosociological grouping of com

munities, it is necessary to have a complete list of species, including

the annuals.

Environmental Factors and Soil

The geological features were relatively uniform in all the stand

locations. There were two rock types: (1) a massive ash-flow tuff

overlain by thin lava flows primarily of basaltic composition, and (2)

small areas of scoria and cinders related to the basalt lava flows.

However, there were some slight differences at the community level

(Table XI), Pairing the stands of communities E and F we notice that

these communities had the most similar geological features. The

most dissimilar features were observed among the stands of the fol.

lowing paired communities: (BE), (BF), (CD), (CE), and (CF). The

remaining paired combinations of communities lay in between these

two extremes with respect to the similarity of geological features

(Table XI). There were no definite patterns between the vegetation

communities and the geological features.
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Climatic gradients due to elevation are often associated with

changes in species composition. The elevation on the study area

ranged from 4,200 to 4, 950 feet above sea level (Table 13). In

spite of the narrow range of elevation, there were related changes in

species composition. The stands of communities that had Artemisia

tridentataas the prevalent species were found from the lowest to the

highest elevation; however, 80 percent of stands of communities A,

B, and C were located below 4, 7O0 feet of elevation. In general,

there were no differences of elevation among these three communities.

The situation was similar in communities that had Artemisiaarbuscula

as the prevalent species. There was only 500 feet differences in

elevation among communities D, E, and F, but 80 percent of the

stands of these communities were located between 4, 700 and 4, 950

feet of elevation; in other words, these last three communities

occupied higher elevation than communities A, B, and ç. The change

of species composition due to the elevation did not have a clear

relationship with the presence and absence of Purshia tridentata.

Perhaps the elevational range was not wide enough to influence the

climatic variation that could have affected the occurrence of this

species. If this assumption is realistic, the presence and absence of

Purshia tridentata on communities studied must be determined by other

factors than or in addition to elevation. These findings are somewhat

in accordance with those of Volland (1963)and Dyrness (1960) who



143

Table 13, Environmental factors on six communities of five stands
each, in percent of occurrence.

Community

Juoc/ Putr Artr Juoc/ Putr- Arar
Environmental Putr- Artr Putr- Arar

Factors Artr Arar

Elevation
4200. to 4450 feet 20 40 20
4450, to 4700 feet 60 40 60 20 20 20
4700 to 4950 feet 20 20 20 80 80 80

Land form
Primary ridge 20 20
Secondary ridge 60 60 80 40 20

Minor ridge 20 40 60 20 20
Plateau 40 60
Basin 40

Position on landform
Top 20 20
Slope 80 80 20 80 80 60

Toe 20 20 40 20 20
Bottom 40

Mac r or eli ef
Nearly level 60 40 100 40 60 60

Gently sloping 20 60 20 40 40
Moderately sloping 20
Undulating 20 20

Microreijef
Uniform flat 40 20 60 40 40 60

Uniform convex 20 60 20 40

Uniform concave 20
Uniform uneven 40 20 20 . 40 20 40

S lo,p,
0 to 2% 80 60 100 40 60 60
3to5% 20 40 40 40 40

6to9% 20
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Table i3 Continued.

Environmental
Factors

Juoc/
Putr-
Artr

Putr
Artr

Community

Artr Juoc/
Putr-
Arar

Putr
Arar

Arar

Position on slope
Not on a slope 40 20
Foot 20 20
Lower 1/3 20 20 40 60
Center 1/3 80 80 60 60 20
Upper 1/3 20 20
Brow top 20

pos&
No slope 40
NW 20 40 20
N 20 20 20 20 20
NE 20 20 60 20 20
E 20 40 20
SE 20 60 20
S 20
SW 20 20

Surface gravel
T to 5% 100 100 80 100 80 40
6to15% 20 20

16 to 30% 20 20
31 to 45% 20

Surface stones
OtoT 20 20 40
ito 3% 20 40 60 80
4 to 10% 40 40 100 80

lltoZO% 20 20

Bargound
25 to 40% 20
41 to 55% 20 20 60 20 20
56 to 70% 80 80 40 100 80 60

Soil
30 to 50 cms 40 60 60 60 60
51 to 60 crns 20 20 20 40
61 to 70 cms 20 40 40 20 40
71 to 160 cms 20 40
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Table 13. Continued.

C ommunity

Juoc/ Putr Artr Juoc/ Putr- Arar
Environmental Putr- Artr Putr- Arar

Factors Artr Arar

Depth toBZ
15 to 25 cms 80 60 20 100 80 80
26 to 35 cms 20 40 40 20 20
36 to 100 cms 40

Soil stoniness
OtolO% 80

11 to 20% 20 20 20 20
21 to 30% 40 40 60 40 80
31 to 40% 40 40 40 40 20

Soil texture

Loamy sand 20 20
Sandy loam 40 40 20
Loam 60 60 20 100 60 40
Silt loam 20
Clay loam 20 20 20
Silty clay loam 40

Horizon Al2
6.4 to 7.0 100 100 60 100 80 100
7.lto7.5 20 20
7.6to8.9 20

Horizon B2
5.8to6.4 40 0 20
6. 5 to 7. 0 60 80 20 80 100 40
7.lto7.5 20 40 40
7.6to8.Z 40

Soil Moisture 15 ATM
Horizon Al2

7.00 to 10. 00% 60 60 40 20
10.01 to 13.00% 40 20 40 60 60 80
13.01 to 16. 00% 20 20 20 40 20

Horizon B2
8.00 to 15.00% 20 20 20

15.01 to 22.00% 40 40 20 20 20
22.01 to 29. 00% 20 40 60 40 60 20
29.01 to 36. 00% 20 20 40 20 60



Table 13, Continued,

Environmental
Factors

Soil Moisture 1/3 ATM
Horizon Al2

16.00 to 22. 00%
22.01 to 28.00%
28.01 to 40, 00%

Horizon B2
17.00 to 28.00%
28.01 to 39. 00%
39.01 to 50.00%
50.01 to 61.00%

C ommunity

Juoc/ Putr- Artr Juoc/ Putr- Arar
Putr- Artr Putr-. Arar
Artr Arar

60 80 60 20 100 40

40 20 20 80 60
20

20 20 20 20
20 40 40 20 20 20
40 40 20 20 60 20
20 20 40 20 60
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have reported Purshia tridentata to be of greatest importance at lower

elevation in the forest, My study area was located at the lower fringe

of the forest,

Landform had a relative influence onthe communities studied

(Table 13). In community A, 80 percent of the stands occurred on

primary and secondary ridges, and 100 percent of the stands of com

munity D occurred on these landforms, All the stands of community

B and 60 percent of the stands of community E occurred on secondary

and minor ridges. In community C, 60 and 40 percent of stands

occurred on minor ridges and in basins, respectively. Community

C was the only community that had stands in basins. In community

F, 40 percent of the stands occurred on secondary and minor ridges

but the remaining 60 percent of the stands occurred on plateaus. In

other words, only the stands of communities E and F occurred on

plateaus (Table 13),

In regards to the presence and absence of Purshia tridentata,

it was found that this species was present mainly on ridges, and only

two stands of community E were found on a plateau. Purshia tridentata

was not found on basins; this was probably due to periodic flooding

and slow run- off which inhibited the growth of this species. This

assumption agrees with the findings of Nord (1965).

With respect to position on landform, 80 percent of the stands

of communities A, B, D, and E occurred on the slopes (Table 13).



Purshiatridentata was more frequently found on slopes than either

on top or on the toe of slopes, This species was not found on the

bottom lands which strengthens the idea that Purshia tridentata does

not grow in the basins because of excessive periodic moisture. The

reverse was true for Artemisia tridentata when growing as the only

prominent species; 80 percent of stands were at the toe of slopes and

bottom lands. Artemisia arbuscula was found as pure stands mostly

on slopes or ridges (Table 13).

The stands of the communities studied were not related to any

particular macro or microrelief as these were classified (Table 13),

The percent of slope ranged from zero to nine percent but most

of the stands had two percent of slope (Table 13 and Figure 11). As a

result, the slope did not have a marked influence on the vegetation as

steeper slopes would have had. Therefore, these results do not

contradict Yeager (1960) and Driscoll's (1964) findings that slope

position, slope gradient and exposure have an influence on the species

composition in communities where Purshia tridentatais one of the

components. Artemisia tridentata occurred either on no slope or

northern exposure when it was the only prominent species. Neither

Purshia tridentata nor Artemisia arbuscula were related to any par

ticular exposure (Table 13 and Figure 11).

The soils in the study area and particularly those in the stands

were rather homogeneous. However, an attempt was made to group
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Figure 11, Slope and exposure of stands in each community: A (Juoc/Putr-.
Artr), B (Putr.Artr), C (Artr), D(Juoc/Putr-Arar), E (Putr.Arar),
and F (Arar).
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the soils according to the seventh approximation up to the tentative

soil series (Table XII).

The percent of surface gravel separated the communities to

some extent. Less than five percent of surface gravel was present

in all stands of communities A, B, and D, and on four stands of

communities C and E. Most of the stands of community F had more

than fifteen percent of surface gravel; consequently, this community

had the highest percent of surface gravel of all communities studied

(Table 13),

Surface stones were less than three percent in all stands of

community C, and 40, 60, and 80 percent, respectively, in corn-

munities A, B, and E, Surface stones of more than five percent were

found in two stands of communities A and B, in all the stands of com-

munity D, and in four stands of community F. Only one stand of

communities E and F had more than ten percent of surface stones.

There was no clear separation among communities on the basis of

bare ground; all of them had a rather high percentage (Table 13).

The percents of gravel, surface stones, and bare ground undoubtly

influenced moisture and/or temperature relationships. Meiman (1962)

found that surface rock cover over 60 percent reduced moisture

losses by evaporation. However, in my study area, the percentage of

stones was not that high, but by adding gravel to the stones the

coverage did, in some instances, reach 60 percent. This might have
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counteracted the amount of evaporation, caused by the high bare ground

percentage. This appears to be the case sincewe see no marked dif-

ferences of the soil moisture at sampling (Figures 78-83 of the

Appendix).

The soil texture of the upper horizon of all stands studied are

summarized in Table 13 and also presented in Figure 12 by the corn-

munities. If some relationship to the vegetation can be detected, it

could be said that stands of community A were found on sandy loam

to loam soils; eighty percent of the stands of communities B, C, and

E were found on loamy or coarser textured soils and all of the stands

of community D were found on loamy soils. Most of the stands of

community F were found on soils finer than loamy soils. These

results tend to indicate that Purshia tridentata grows on a wide variety

of soils but generally reaches its best development on coarse-textured

soils. This confirms what has been reported by several authors

(Daubenmire, 1942; Cahoon, 1961; Anderson and Greenfield, 1962;

and Nord, 1965).

Complete soil profile descriptions and photos of each profile

are presented in Figures 45-74 of the Appendix along with some

vegetation characteristics.

Soil structure is an obvious and important characteristic used in

soil profile descriptions (Figures. 45 to 74 of the Appendix). It is

influenced by several factors such as texture,. climate, organic
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Figure 12. Soil texture of horizon All" of all stands of com.
munities: A (Juoc/Putr-Artr), B(Putr-Artr), C
(Artr), D(Juoc/PutrArar), E (Putr-Artr), and F
(Arar),
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matter, organisms, and clay mineralogy and has important effects on

soil pores, temperature relationships, water infiltration, and penetra-

tion of roots.

The structure in the 'A horizonswas somewhat analogous in all

stands studied but there were some differences among the stands in

the "B" and "C' horizons and, therefore, some pattern was found on

comparing the communities. The types of soil structure of the "BZZ"

horizon, if present, or the "BZ" were analogous in communities that

had Purshia tridentata such as A, B, D, and E. These soils had

mostly sub-angular and/or angular blocky structure in the "BZ"

horizons yet there was some prismatic structure in some soils of

communities D and E, Communities A, B, and C had Artemisia

tridentata as the prevalent species. The soil structure types of

community C were heterogeneous among. stands, therefore, com-

munity C was different from communities A and B (Figures 45- 59 of

the Appendix); moreover, it was even more dissimilar to communities

D, E, and F. These last three communities, which had Artemisia

arbuscula as the prevalent species, were homogeneous in their "BZ"

soil structure type (Figures 60-74 of the Appendix), They had sub-

angular or angular blocky and/or prismatic structure, however, com-

munity F had mostly prismatic structure in the "B2" horizon in four

our of five stands (Figures 70-74),

These results tend to indicate that Purshia tridentata grows on
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strongly developed soils with subangular blocky, angular blocky, and

prismatic structure in 'B" horizon, which confirms the findings of

Cahoon (1961) and Driscoll (l964b).

In general, the soils in all communities were shallow with the

exception of the stands of community C (Table 13). All stands of

community F had soils shallower than 60 centimeters whereas 80

percent of the stands of community C occurred in soils deeper than 60

centimeters. Communities A, B, D, and E occurred on soils of

varying depths, but most of them were shallow.

Depth to the T1BZ horizon of the soil followed a similar pattern

to the total depth of the soil in characterizing the communities

(Table 13). Most of the stands in each community had soils with

'TBZ horizon less than 25 centimeters deep with the exception of

community C that occurred mostly on soils with IB2 horizon deeper

than 25 centimeters.

The soil depth and depth to the "BZ' horizon separated the com-

munities to some extent, However, there was no relationship to the

presence and absenceof Purshia tridentata even though this species

was reported to grow mostly in deep to very deep soils by Nord (1965)

and McConnell (1961), Purshiatridentata counter balanced the rela-

tive depth of the soil by growing its roots through the cracks of rocks

or interspaces between stones and having a maximum radial root

spread to obtain the water and nutrients. This is further clarified if



155

we observe the soil stoniness and grouping of communities in Table 13,

Most of the stands of community C had soils with less than 10 percent

of stones, but all other communities occurred on soils with more than

20 percent of stones. Among this latter group were included all corn-

munities that had Purshia tridentata.

Soil moisture tension was determined for the master horizons

Al2' and B2" at 1/3 and 15 atmospheres (Tables 14 and XIII and

Figure 13). These results showed no marked differences among

these soil moisture constants for all stands included in the study.

This was particularly true in relation to horizon Al2 at 1/3

atmospheres and in horizon TIBZ? at 1/3 and 15 atmospheres. How-

ever, in horizon flAlZtt at 15 atmospheres there was a pattern as

evident on means of Table 14 and Figure 13. There was a slight

increase of moisture content at this tension from community A toward

communities B, C, D, E, and F. This could be interpreted, in part,

in terms of soil texture because horizon Al2T in community A had

mostly loamy or coarser textures while communities B, C, D, and

E had mostly clay loam, and community F had textures finer than

clay loam (Figures 45-74 of Appendix).

In addition to the aforementioned moisture information, the

moisture content of the soils was included as complementary informa-

tion at the moment of sampling (Table 14 and Figures 78-83 of the

Appendix). These results showed that the moisture content of the
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Table 14. Means and ranges of soil moisture constant&and soil moisture content of sampling time
in five stands in each community.

Community Horizon Variable Units Mean Range

Juoc/Putr-Artr Al2 1/3 ATM 21.11 19.07-22.84
B2 1/3 ATM 37.96 17. 56 58.85

Patr-Artr Al2 1/3 ATM 20. 03 16. 82 23. 62
B2 1/3 ATM 35. 70 18. 22 48.57

Artr Al2 1/3 ATM % 23.85 17.03- 38.74
B2 1/3 ATM 38.29 22.40-55.68

Juoc/Putr-Arar Al2 1/3 ATM % 24. 12 18.26 - 27, 70
B2 1/3 ATM 43. 42 27, 84 - 55. 84

Putr-Arar Al2 1/3 ATM % 24.46 23.14- 26.11
B2 1/3 ATM % 45.03 34.56 - 54,54

Arar Al2 1/3 ATM °/ 23.85 19. 79 - 27.26
B2 1/3 ATM % 47. 64 25. 89 - 60. 12

Juoc/Putr-Artr Al2 15 ATM 9.63 8.08- 10,78
B2 15 ATM 18.70 8.61 - 33.87

Putr-Artr Al2 15 ATM % 10. 09 7. 05 - 13, 10

B2 15 ATM 19.52 8.06-27.38

Artr Al2 15 ATM % 10.66 8.95 - 13,48
B2 15 ATM 22.24 12.17-29.56

Juoc/Putr-Arar Al2 15 ATM 0/ 11,16 8.06 - 13.40
B2 15 ATM 28.25 19.85-35.45

Putr-Arar Al2 15 ATM % 12. 55 10. 78 - 13.60
B2 15 ATM % 25.79 17.99 - 32.79

Arar Al2 15 ATM 12.78 10.72- 15.50
B2 15 ATM % 27. 28 14. 87 - 35.03

Juoc/Putr-Artr Al2 At sampling* % 9. 74 7. 86 - 12. 03

B2 At sampling % 16. 86 14, 14 - 22. 69

Putr-Artr Al2 At sampling % 6.31 5,43 - 7.53
B2 At sampling % 14.96 10. 73 - 18.93

Artr Al2 At sampling % 7.33 5.97 9.27
82 At sampling 18,64 14.41 * 21,86

Juoc/Putr-Arar Al2 At sampling % 7. 75 6. 18 - 10. 59

B2 At sampling % 17.73 13. 9221. 88

Putr-Arar Al2 At sampling o/ 8. 15 6.50 - 11.32
B2 At sampling o 17.21 13.53 - 21.29

Arar Al2 At sampling % 7. 60 5. 53 - 10. 85

82 At sampling % 17.50 11.92- 20,95

*
Soil moisture determined at the moment of sampling, and was most likely within the time of
substantial soil moisture stress. Samples were taken August 1-15, 1968.
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soils was determined most likely within the time of substantial soil

moisture stress because the numerical figures are closer to 15

atmospheres tension than to 1/3 atmospheres tension. However,

there was no particular pattern among communities that could help to

clarify the presence and absence of Purshia tridentata in communities

studied. Proper study of this relationship would require a complete

seasonal study of the available moisture draw-down.

Moisture at sampling was taken from all of the horizons of each

soil profile. The percentage increased with depth, as expected, and

also with the soil texture; the finer the texture the higher the per-

centage of moisture. However, there were sharp shifts in some

horizons due to the percent of stones and gravel (Figures 78-83 of

the Appendix).

Bulk density determinations are presented in Figures 84-89 of

the Appendix. Soils of community F had the narrowest range and

highest bulk density, and community C hadthe widest range of bulk

density. Bulk density is related totexture, porosity, and organic

matter content; therefore, the changes invoid-solid relationships

affect the consistency of the soil and its capacity to conduct and retain

air, water, and heat (Russell, 1962). Consequently, through indirect

effects, the absence of Purshia tridentata in community F might

partially be explained (Figure 89 of the Appendix). In other words,

perhaps these soils were too compact for this species since Purshia
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tridentata, according to Nord (1965), was not found growing naturally

in climatically suitable areas where the soilswerepoorly drained

and/or slowly permeable. Bulk density bears a particularly marked

relationship to. permeability.

Stands C2, C3, and C5 of the community that had Artemisia

tridentata as the only prominent species were characterized by having

hardpan underneath their soils (Figures 56, 57, and 59 of the

Appendix). These soils probably inhibited the growth of Purshia

tridentata due to seasonal flooding and/or poor drainage.

Soil chemical analysis was made on master horizons "AlZ

and 'BZt' (Tables 15 and XIV). The pH was similar in horizon 'TAl2

in all stands of the communities studied with the exceptionof corn-

munity C (Table 13, 15, and XIV). This community had the highest

pH, on the average, and its range was the widest as compared to the

other communities. In horizon'BZ, community C, again, had the

highest pH. The high value of pH apparently is directly related to

the high concentrationof sodium (Table XIV). Relating the presence

and absence of Purshia tridentata to pH, it appeared that this species

was present mostly in soils with pH between 6. 4 and 7. 0 in horizon

A1Z and between 5. 8 and 7. 0 in horizon '1B2". This agrees with

Nord (1965) and Driscoll (1964b) who stated that pH of approximately

6. 0 to 7. 0 appears to be most favorable for Purshia tridentata to

grow.
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Table 15. Means, ranges and units for analyzed chemical soil characteristics of five stands in each
community.

Community Horizon Factor Units Mean Range

Juoc/Putr.-Artr Al2 pH 6.6 6.4 - 6.8
B2 pH 6.5 5.8 -6.9

Putr-Artr Al2 pH 6.7 6.5 - 6.8
B2 pH 6.8 6.5 -7.1

Artr Al2 pH 7.3 6.6 - 8.9
B2 p1-I 7.5 6.8 -8,2

Juoc/Putr-Arar Al2 pH 6.7 6.4 - 6.9
B2 pH 6.5 5.9 -6.8

Putr-Arar Al2 pH 6.9 6.7 -7.2
B2 pH 6.7 6.6 -6.8

Arar Al2 pH 6.8 6.5 - 7.0
B2 pH 6.7 6.0 -7.5

Juoc/Putr-Artr Al2 Org. matter % 0.97 0.65 - 1:46
B2 Org. matter o: 56 0. 37 - 0: 82

Putr-Artr Al2 Org. matter 0.87 0.64 - 1.21
B2 Org. matter o/, 0.68 0.44 -0.82

Artr Al2 Org. matter 1. 02 0.65 - 1. 62

B2 Org. matter 0. 37 0. 12 - 0. 61

Juoc/Putr-Arar Al2 Org. matter L 06 0. 53 - 1.46
B2 Org. matter % 0. 60 0 09 0. 92

Putr-Arar Al2 Org. matter % 0.92 0,59 - 1.21
B2 Org. matter 0. 60 0. 52 - 0. 70

Arar Al2 Org. matter % 0. 66 0. 09 - 0, 87

B2 Org. matter 0.31 0.09 - 0.46

Juoc/Putr-Artr Al2 Nitrogen % 0. 105 0. 073 - 0. 145

B2 Nitrogen % 0. 061 0, 052 - 0.075

Putr-Artr Al2 Nitrogen % 0.089 0.073 - 0. 112

B2 Nitrogen 0. 080 0. 070 - 0. 092

Artr Al2 Nitrogen a/i 0. 111 0. 077 - 0. 178

B2 Nitrogen % 0.054 0.024 - 0.084

Juoc/Putr-Arar Al2 Nitrogen 9/ 0. 115 0. 066 - 0. 155

B2 Nitrogen % 0.072 0.053 - 0.111

Putr-Arar Al2 Nitrogen 9/a 0. 106 0. 083 - 0. 132

B2 Nitrogen 0. 057 0. 050 - 0. 070

Arar Al2 Nitrogen 0. 086 0. 053 - 0. 103

B2 Nitrogen % 0. 056 0. 044 0. 068
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Table 15, (Continued).

Community Horizon Factor Units Mean Range

Juoc/Putr-Artr Al2 Calcium mellOOg 9,6 7.7 11.5
B2 Calcium me/lOOg 16,7 8.0 26.6

Putr-Artr Al2 Calcium me/lOOg 9.2 6.7 - 10.9
B2 Calcium me/lOOg 16.8 7.0 - 23.6

Artr Al2 Calcium me/lOOg 9.9 8.0 - 13.3
B2 Calcium me/lOOg 16.7 10.0 - 22.4

Juoc/Putr-Arar Al2 Calcium me/lOOg 10.8 6,4 - 13.0
B2 Calcium me/lOOg 24.7 14.3 - 37.6

Putr-Arar Al2 Calcium me/lOOg 11.8 10.3 - 14.4
B2 Calcium me/lOOg 20.2 15.3 - 24.2

Arar Al2 Calcium me/lOOg 10.8 9.7 - 12. 1

B2 Calcium me/lOOg 21.6 12.4 -28.0

Juoc/Putr-Artr Al2 Magnesium me/lOOg 3.5 2.5 4.2
B2 Magnesium me/lOOg 10.5 3.1 - 15.0

Putr-Artr Al2 Magnesium me/lOOg 4.3 1.9 - 6.4
B2 Magnesium me/lOOg 11.2 2.5 - 15.8

Artr Al2 Magnesium me/lOOg 4.8 3.2 - 5.4
B2 Magnesium me/lOOg 13.2 8.9 - 16.5

Juoc/Putr-Arar Al2 Magnesium me/lOOg 5.0 4.2 - 5.9
B2 Magnesium me/lOOg 15.2 7,0 -27.2

Putr-Arar Al2 Magnesium me/lOOg 6.6 5.2 - 8.5
B2 Magnesium me/lOOg 15.0 12.6 - 20.4

Arar Al2 Magnesium me/lOOg 6.6 6.2 - 7.8
B2 Magnesium me/lOOg 15.7 8.9 - 20.6

Juoc/Puti-Artr Al2 Sodium me/lOOg 0.10 0.07 0.13
B2 Sodium me/bOg 0.25 0.13 - 0.47

Putr-Artr Al2 Sodium me/bOg 0.11 0.07 - 0.14
B2 Sodium me/bOg 0.24 0.14 - 0.41

Artr Al2 Sodium me/lOOg 0.49 0.13 - 1.57
B2 Sodium me/lOOg 1.10 0.17 - 2.08

Juoc/Putr-Arar Al2 Sodium me/bOg 0.14 0.09 0,20
B2 Sodium me/bOg 0.51 0.16 - 1.37

Putr-Arar Al2 Sodium me/lOOg 0. 15 0. 10 - 0,20
82 Sodium me/lOOg 0.41 0.25 - 0.55

Arar Al2 Sodium me/lOOg 0.36 0.16 - 0.78
B2 Sodium me/bOg 0.88 0.41 - 2.04

Juoc/Putr-Artr Al2 Potassium me/lOOg 1.20 0.84 - 1.94
B2 Potassium me/lOOg 1.50 0.87 - 2.56
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Table 15. (Continued)

Community Horizon Factor Units Mean Range

Putr'Artr Al2 Potassium me/lOOg 1.13 0.84 1.74
B2 Potassium me/lOOg 1.42 1.11 1.71

Artr Al2 Potassium me/lOOg 1.65 1.20 2.12
B2 Potassium me/lOOg 1.20 0. 89 - 1.78

Juoc/Putr"Arar Al2 Potassium me/lOOg 0.93 0.82 - 1.04
B2 Potassium me/lOOg 1.34 1.02 - 2,32

Putr-Arar Al2 Potassium me/lOOg 1.13 0.84 - 1,38
B2 Potassium me/lOOg 1.15 0.73 - 1.68

Arar Al2 Potassium me/lOOg 0,58 0.38 0.70
B2 Potassium me/lOOg 0.76 0,32 1.03

Juoc/Putr-Artr Al2 Phosphorus ppm 8.4 2. 1 - 14. 3

B2 Phosphorus ppm 1.6 1.4 - 2. 1

Putr-Artr Al2 Phosphorus ppm 12.2 3. 6 28, 6

B2 Phosphorus ppm 1.7 1.4 - 2,9

Artr Al2 Phosphorus ppm 13.6 5.0 30.0
B2 Phosphorus ppm 2.7 0.7 - 8.8

Juoc/Putr-Arar Al2 Phosphorus ppm 15. 3 2.9 - 27. 8

B2 Phosphorus ppm 2,3 1.4 - 5.0

Putr-Arar Al2 Phosphorus ppm 8,6 3. 6 14, 3

B2 Phosphorus ppm 1.5 1. 1 2. 1

Arar Al2 Phosphorus ppm 5.4 2.1 7,9
B2 Phosphorus ppm 1,4 1. 1 - 2. 1

Juoc/Putr-Artr Al2 CF me/lOOg 15.99 13.56 - 17.25
B2 CEC me/lOOg 26.04 14.76 -44.87

Putr-Artr Al2 CEC me/lOOg 18,31 15,55 21.78
B2 CEC me/lOOg 37.30 14.66 77,67

Artr Al2 CEC me/bOg 18,54 15,95 22.68
B2 CEC me/lOOg 39,92 25,72 -47.87

Juoc/Putr-Arar Al2 CEC me/lOOg 18.27 13.36 - 21,83
B2 CEC me,'lOOg 35,46 25.12 - 44.22

Putr-Arar Al2 CEC me/lOOg 20,06 15.35 -21.24
B2 CEC me/bOg 46.89 30,46 -76.27

Arar Al2 CEC me/bOg 20,00 17,50 -23.28
B2 CEC me/lOOg 32,80 22,23 - 44.22
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The highest percent of organic matter, on the average, was

found in soils of community D and the lowest in community F. How-.

ever, the widest range was found in community C and the narrowest

range in community F, The amount of organic matter must be re-

lated to the richness of the vegetation cover. Since community F

had the lowest vegetation cover, it, as expected, had the lowest

organic matter content. The content of organic matter is. important

because it influences, several soil properties. It has important

effects on soil consistency, structure,, bulk density, water holding

capacity, cation, exchange capacity, and, usually tends to ameliorate

the effects of extremes in soil texture. Driscoll (1964a) did not find

any significant differences in organic matter content on soils that had

Purshia tridentata as a component of the vegeta±ion as compared to

soils that did not have Purshia tridentata. My results concur' with

this as there was no relationship between the presence of this species

and organic matter content in stands studied.

Nitrogen content 'was closely related to. organic matter' content

(Tables 15 and XIV). The highest average and widest range of nitro-

gen was found in community D. Conversely, the lowest average and

narrowest range was found in community F. Apparently the presence

and absence of Purshia tridentata did not influence the nitrogen

content of the soil through the atmospheric nitrogen fixation. in the soil,

The difference of nitrogen content in soils studied was not so marked,
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and again, these results confirm the findings, of Dris coil (1964a) who

reported that there was no significant difference in the amount of this

element in soils that supported Purshia tridentata as opposed to those

that did not.

Exchangeable calcium and magnesium (me/bog) followed a

pattern comparable to nitrogen. Those soils of communities that

had Artemisia tridentata as the prevalent species had a slightly lower

content of both elements as compared.to the soils of communities that

had Artemisia arbuscula as the prevalent species (Table 15). Accord-

ing to Billings (1950), most westernsoils seem to beadequately

supplied with these elements.

The potassium content of the soils of communities that had

Artemisia tridentata as the prevalent species was slightly higher than

the potassium content of the soils of communities that had Artemisia

arbuscula as the prevalent species (Table 15 and XIV).

Sodium me/bog was relatively lower in soils of communities

A, B, D, and E which had Purshia tridentata as a component of the

vegetation than as compared to the soils of communities C and F

which did not have Purshiatridentata (Tables 15 and XIV).

The cation exchange capacity me/bOg was relatively homo-

geneous in all soils analyzed with the exception of the soils of corn-

munity A which, on the average, had slightly lower CEC at both A1Z'T

and IIBZ horizons than the remaining communities (Table 15).
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Phosphorus ppm generally did not follow a specific pattern in

relation to the vegetation growing on those soils. The highest value

of phosphorus ppm was found in soils of community D, and the second

highest in community C; the lowest quantity was found in soils of com-

munity F (Tables 15 and XIV). If we assume that the parent material

of these soils was nearly homogeneous, the differences in this element

might have been caused by the percentage of organic matter since a

similar pattern was found in both phosphorus ppm and organic matter

percent, particularly in soils of communities indicated above (Table

1 5).

Stepwis e Dis criminant Function Analysis

The variables or environmental factors included in the stepwise

discriminant analyses are presented in Table XV of the Appendix.

Because of the limitation of the computer program which could not

handle more than 40 variables, the environmental factors were

handled in three groups according to the nature of the factors

involved. In addition, only the data concerned with the master

horizons lAl2hI and IB2IT were considered for the analyses because

these were the horizons that were considered to be ecologicallythe

most important, and only ones for which all data were available.

The output of the computer program for the stepwise discriminant

analysis has already been indicated in the vegetation section of the
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r e suits.

Up to this point, the environmental factors have generally been

examined individually. With the stepwise discriminant analysis, it

was possible to. treat several factors at the same time. By this

method, the best factors or variables could be identifiedwhen a pro-

gressive elimination was made of the factors that might relate to the

ecology of species and communities in.the study area and, in particular,

Purshia tridentata, In other words, does the pattern of environmental

factors confirm the vegetation groupings determined on the basis of

the species composition, particularly Purshia tridentata,. in the Silver

Lake Deer Winter Range?

The environmental features included in the first group of step-

wise discriminant function analyses. are indicated in Table XV of the

Appendix, The results of this analysis are presented. in Table 16.

Only the best discriminants were included. The factors with very

low discriminating power were disregarded for the interpretation of

the results, However, some of these low discriminating factors were

included whenever necessary as complementary aids in the overall

interpretation of results on the basis of their correlation coefficient

significance,

The best discriminant of the 'environmental features" was the

elevation above sea level (Table 16), According tothe F values, the

discrimination of the stands by this variable was. significant at 0.01
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Table 16. Grouping of communities by the stepwise discriminant analysis of environmental factors.
Matrices in order of significance and entrance of variables (factors) as discriminants:
(1) Elevation, (2) Gravel cover, (3) Land form, (4) Internal drainage, and (5)
Run-off.

Variable entered Community A B C D E

Elevation: B 0, 142
C 0.947 0.355
D 5,344* 7.230* 10.791**
E 3.155 4.638* 7. 561* 0.287
F 3.286 4.796* 7.763* 0.249 0.001

Gravel Cover %: B 0.068
C 0.667 0.395
D 2.579 3.486* 5.277*
E 1.787 2.511 3,627* 0,289
F 7.131** 7,914** 7,313** 5.055** 3,359

Landforin Position: B 0.044
C 3.615* 3,435*
D 2.058 2.639 9.266**
E 1.158 1.619 5.031** 0.793
F 4. 696* 5, 193** 6.625** 4,281* 2.204

Internal Drainage: B 1.219
C 2.639 3.206*
D 1.581 3.899* 6.939**
E 0,833 2.217 3.628* 0.719
F 4.425** 8.218** 6.323** 3.561* 2.772

Run-off: B 2. 034
C 4,062* 8.611**
D 1.815 6.329** 5.710**
E 1.524 5.666** 3. 004* 0.574
F 5.448** 12,472** 4.817** 3. 148* 2.360

*, )icl( Significance of F values for separation of communities at 0. 05 and 0. 01 levels:

(1) Elevation, 4.26 and 7.82 at 1 and 24 D. F.
(2) Gravel cover, 3,42 and 5.66 at2 and 23 D.F.
(3) Landform, 3.05 and 482 at 3 and 22 D.F.
(4) Internal drainage, 2. 84 and 4. 37 at 4 and 21 D. F.
(5) Run-off, 2.71 and4,l0at5 and 20D.F.



level for communities D versus C. The discrimination of stands

was significant at 0. 05 level of F value for the following paired corn-

binations of communities: (AD), (BD), (BE), (BF), (CE), and (CF).

These results are understandable if we relate to the data presented

in Table 13. The range of elevation from 4,200 to 4,950 feet above

sea level was wide enough to differentiate the indicated communities

but there was no significant difference among communities that had

Artemisia tridentata as the prevalent species. or among. communities

that had Artemisia arbuscula as the prevalent species (Table 16).

The second best discriminant entered was the gravel percent

cover (Table 16). Gravel percent ranged from traces to 45 percent in

all stands included in the study. The inclusion of this variable sig-

nificantly discriminated at 0.01 level of F value the following paired

combinations of communities: (AF), (BF), (CF), and (DF). It sig-

nificantly grouped at 0,05 level communities: (BD), (CD), and (CE).

There was no significant differentiation among the communities that

had Artemisia tridentata as the prevalent species. Also, there was

no significant differentiation of the paired combinations of com-

munities (IDE) and (EF) which had Artemisia arbuscula as the prevalent

species. These results identify community F as highly significantly

different from the rest of the communities as far as the gravel percent

cover is concerned because it had a higher percentage of this variable

than the rest of the communities studied (Table 13).
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The third best discriminant entered was the position on land

form (Table 16), The coded categories considered of this variable

were: (1) top, (2) slope, (3) toe, and (4) bottom. The details on the

landform itself are presented in Table 13. The entrance of this

variable provided a significant discrimination at 0. 01 leve of F value

among communities: (BF), (CD), (CE), and (CF), and at 0.05 level

among. communities: (AC), (BC), (DF), and (AF). Community C

was the only community different from the rest of communities

because its stands were located either at the toe or at the bottom of

the landform. Communities A, B, and D had their stands mostly on

slopes whereas community F had its stands mostly on top and slope.

There were no significant differences between the remaining paired

combinations of communities (Table 16).

Soil internal drainage was the fourth best discriminant variable

entered (Table 16). The coded categories considered in the analysis

were: (1) very poorly drained, (2) poorly drained, (3) somewhat

poorly drained, (4) moderately well drained, (5) well drained, (6)

somewhat excessively drained, and (7) excessively drained. These

categories were based on field observations and judgement of the soil

profiles.

Soil internal drainage, once included, significantly discriminated

at 0.01 level of F value communities: (AF), (BF), (CD), and (CF),

and at 0.05 level communities: (BC), (BD), (CE), and (DF). The
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soils of community F were significantly different from all corn-

munities with the exception of community E (Table 16). This was due

to the soils of community F that were somewhat poorly drained and

moderately well drained. The soils of communities A and B were well

drained. Community C had rather heterogeneous soils with respect

to internal drainage; it rangedfrom very poorly drained to moderately

well drained. Communities D and E,. for the most part, occurred on

soils that were moderately well drained.

"Run-off class!t was the last best discriminant variable entered

in the first group of environmental features (Table 16). The coded

categories were: (1) ponded, (2) very slow, (3) slow, (4) medium,

(5) rapid, and (6) very rapid. As with soil internal drainage, the

categories of run-off were assignedbased on field observation. The

inclusion of this variable discriminated significantly at 0.01 and 0.05

levels of F values iii ten out of fifteen paired combinations of com-

munities. Community C was significantly different in all paired corn-

binations in which it took place. Communities B and F were signifi-

cantly different in four out of five of their paired combinations, There

were no significant differences in communities: (AB), (AD), (AE),

(DE), and (EF). These results are understandable if we notice that

communities A, E, and F were mostly categorized as slow in run-off

class. Community B had its stands categorized as very slow. Com-

munity C had its stands ranging from pondedto medium, and finally
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community D had most of its stands classified as very slow and slow.

Morphological features of horizons 'AlZ' and !B2TI were

included in the second group. of environmental factors (Table XV).

The most powerful discriminating variables identified by the stepwise

discriminant function analysis are presented in Table 17.

The best discriminating variable in the second group of environ-

mental factors was depth to B21 horizon. The only community that

was significantly different from the others was community C (Table

17). This was because the B2T horizons of its soils were generally

deeper than the B2'1 horizons of the soils of the remaining corn-

munities (Table 13 and Figures 55-59 of the Appendix).

The second best discriminant entered was the structure type of

horizon 'BZ" (Table 17). The code was devised by taking into account

three dimensions of the structure type as follows: (1) single grain

(structureless), crumb, granular, subangular blocky, and angular

blocky; (2) columnar and prismatic; (3) platy. Community C was

significantly different from all other communities. Community F was

significantly different from communities A, B, and C. The corn-

munities that had Artemisia arbuscula as the prevalent species did

not have significant differences, as well as the following paired corn-

binations of communities: (AB), (AD), (AE), (BD), and (BE).

The third best discrirninant entered was the structural type in

horizon TA12 (Table 17). The discrimination provided by this
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Table 17. Grouping of communities by the stepwise discriminant analysis of Al2 and B2 soiPs
horizons characteristics. Matrices in order of significance and entrance of variables
as discriminants: (1) Depth to B2, (2) Structure of B2, (.) Structure of Al2,
(4) Abundance of pores in B2, (5) Abundance of roots in B2.

Variable entered Community A B C D E

Depth to B2: B 0.080
C 8.213** 6. 675*
D 0.645 1.178 13.462**
E 0.208 0.545 11. 034** 0. 121
F 1.324 2. 053 16. 132** 0. 121 0.483

Structure B2: B 0.043
C 4.400* 3.576*
D 2.231 2.677 10.728**
E 1.799 2.140 9.229** 0.065
F 4.905* 5.536* 15.284** 0.521 0.813

Structure Al2: B 2.794
C 3.009 3.752*
D 1.467 5.216** .7.277**
E 1.171 4.672* 6.252** 0.044
F 3.222* 7.409** 1O.318** 0.341 0.541

Abundance of pores B 2. 638
B2: C 2.163 3. 182*

D 2.280 3.831* 6.240**
E 0.982 3.520* 4557** 0.564
F 3.645* 5433** 8.517** 0.247 0.993

Abundance of roots B 2.290
B2: C 2.342 4.281**

D 1.762 3.390* 5.211**
E 0.829 3345* 3773* 0.446
F 3744* 4345** 9.788** 1.488 2.363

** Significance of F values for separation of communities at 0. 05 and 0. 01 levels:

(1) DepthtoB2, 4.26 and7,82 atland24D.F.
(2) Structure B2, 3.42 and 5.66 at 2 and 23 D.F.
(3) Structure Al2, 3.05 and 4.82 at 3 and 22 D. F.
(4) Abundance pores B2, 2.84 and 4.37 at 4 and 21 D.F.
(5) Abundance roots B2, 2.71 and4.lOat5 and 20D.F.
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variable was similar to the discriminationby previously mentioned

variables. It provided essentially the same discriminations as the

structure type in horizon "BZ. IT Community C was significantly

different from all communities with the exception of community A

where the difference was not significant; communities B and F were

significantly different in three out of five of their respective paired

combinations with other communities.

The fourth best discriminant entered was abundance of pores in

'TBZ' horizon (Table 17). The categories used were: (1) very few,

(2) few, (3) common, and (4) many. The entrance of this variable

significantly differentiated communities B and C in four out of.five

of their respective paired éombinations with the other communities.

This variable significantly discriminated community F in three paired

combinations with other communities. There were no significant dif-

ferences among the communities that had Artemisia arbuscula as the

prevalent species. There were no significant differences either in

the following paired combinations of communities: (AB), (AC), (AD),

and (AE).

Abundance of roots in horizon B2' was the last best discrimi-

nant entered in the group of environmental factors. The categories

used for this variable were: (1) very few, (2) few, (3) common or

plentiful, and (4) abundant. When abundance of roots was entered,

communities B and C were significantly discriminated in four paired



174

combinations with other communities with the exception of (AB) and

(AC). There was no significant discrimination among the communities

that had Artemisia arbuscula as the prevalent species nor in (AD) and

(AE) paired combinations of communities (Table 17).

The third and last group of environmental factors analyzed

included data on physical and chemical features of horizons A1Z

and B2 of the soil profile (Table XV). The best discriminant

variables are presented in Table 18.

The best discriminant entered was stones in percent of volume

in horizon "B2, This variable significantly differentiated community

C in all paired combinations where it took place. The only other sig-

nificant difference was between communities A and B. The corn-

munity C had the lowest percent of stones in the soil profile of its

stands as compared to the other communities.

The element magnesium in me/bog in horizon HA1ZT was the

second best variable entered in this analysis (Table 18). This factor

significantly discriminated community C in all paired combinations

where it was considered. A similar situation occurred with community

A which was significantly differentiated from other communities when

;paired, Community B was significantly differentiated in four out of

five paired combinations with other communities. The only com-

munities that were not significantly differentiated were B and D and

the communities that had Arterni.sia arbuscula as the prevalent species.
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Table 18. Grouping of communities by the stepwise discriminant analysis of physical and chemical
data of Al2 and B2 soilts horizons. Matrices of significance and entrance of variables
as discriminants: (1) Stones % volume in B2, (2) Magnesium me/lOOg in Al2, (3)
C/N ratio in Al2, (4) Gravel % in Al2, (5) Carbon % in B2.

Variable entered Community A B C D E

Stones % B 5.840*
Volume B2: C 7.056* 25. 734**

D 3.450 0.313 20.373**
E 1.296 1.634 14.400** 0.517
F 3.160 0.408 19.659** 0.006 0.408

Magnesium B 4.071*
me/lOOg C 4.224* 12.375**
Al2: D 4. 584* 0,491 10. 392**

E 10.367** 4.758* 11.756** 2.236
F 12. 012** 4.656* 14. 810** 2.338 0.210

C/N ratio B 3.249*
B2: C 2.782 8.152**

D 3.735* 0.322 6.991**
E 6.624** 3.881* 7.664** 2.452
F 11.182** 4 111* 11.937** 2.443 4. 089*

Gravel% B 3.866*
Al2: C 2.174 8.617**

D 4.327* 0.232 7.937**
E 4.921** S.548** 5.487** 4.675**
F 11.704** 3.409* 14.069** 2.155 8.433*

Carbon 0/ B 3.601*
B2: C 1.873 8.190**

D 3.416* 0.392 6. 704**
E 4.244** 6.516** 4.237** 4.663**
F 9. 549** 5. 170** 10. 828** 2.942 6. 434**

** Significance of F values for separation of communities at 0. 05 and 0. 01 levels:

(1) Stones B2, 4.26 and 7.82 at 1 and 24 D, F.
(2) MgAl2, 3.42 and5,66 at2and23D.F.
(3) C/N ratio B2, 3.05 and 4.82 at 3 and 22 D.F.
(4) Gravel Al2, 2.84 and 4.37 at 4 and 21 D.F.
(5) CarbonB2, 2.71 and 4. 10 at5 and 20 D.F.
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The third best discriminant entered was C/N ratio in horizon

B2" (Table 18). The addition of this variable significantly dis-

criminated community C in all paired combinations except when paired

with community A. Likewise, community A was significantly dis-

criminated in all combinations except when paired with community C.

The discrimination was also significant for community B in compari-

son with all communities except with community D. The inclusion of

this variable helped to significantly differentiate communities E and

F. All the remaining paired combinations of communities were not

significantly differentiated.

The fourth best discriminant entered was gravel percent in

horizon TA12I (Table 18). The inclusion of this variable did not

change the significant discrimination provided by C/N ratio of corn-

munities A and C. However, gravel percent increased the significance

of discrimination of community B so that this community became

highly significantly different from community F. The rest of the paired

combinations of communities remained unchanged as compared with

the discrimination provided by the entrance of the third best variable.

In addition, gravel percent significantly discriminatedbetween com-

munities D and F and between F and F.

The last best discriminant entered was carbon percent in horizon

'B2 (Table 18). The inclusion of this variable maintained the dis-

crimination of the former variables of this group of factors and, in
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addition, made highly significant differentiation between communities

B and F. At this level of discrimination, the paired combinations of

communities appeared as follows: Community A was significantly

different from the other communities except in comparison with corn-

munity C; community B was significantly different from all other corn-

munities except from community D; community C was highly signifi-

cantly different from other communities except community A; com-

munity ID was significantly different from communities A, C, and E,

and community F was highly significantly different from all corn-

munities but was not significantly different from community D.

The last stepwise discrirninant function analysis combined the

best discriminant variables of the three groups of environmental

factors in order to determine the best dj.scriminants of all the

environmental factors considered in the statistical analyses. The

best discrirninants of the combined analysis are presented in Table

19. From the first group of environmental factors, elevation above

sea level was one of the best discriminating variables in the combined

analysis (Tables 16 and 19). None of the variables of the second group

of environmental factors became good discrirninants in the combined

analysis (Tables 17 and 19). Four out of the five variables of the

third group became very good discriminants in this last analysis

(Tables 18 and 19),

The best discrirninant in the combined analysis was the stones
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Table 19. Grouping of communities by the stepwise discriminant analysis of environmental factors
of tables 16, 17, and 18 combined. Matrices in order of significance and entrance of
variables as discriminants: (1) Stones °/ volume in B2, (2) Magnesium me/lOOg in Al2,
(3) Elevation, (4) C/N ratio in B2, (5) Gravel % in Al2.

Variable entered Community A B C D F

Stones % B 5. 840*
Volume B2 C 7. 056* 25. 734**

D 3.450 0.313 20.373**
F 1.296 1.634 14.400** 0.517
F 3.160 0.408 19.659** 0.006 0.408

Magnesium B 4.071*
me/bOg C 4.224* 12.375**
Al2 D 4. 584* 0.491 10. 392**

E 10.367** 4.758* 11.756** 2.236
F 12.012** 4.656* 14.810** 2.338 0.210

Elevation B 2.597
C 2.733 7.942**
D 7. 572** 5. 082** 10. 459**

E 13.470** 10.040** 13.355** 1.640
F 14.478** 9933** 15.266** 1.698 0.134

C/N ratio B 2.339
B2 C 2.011 5.898**

D 5.708** 3. 663* 7.580**
E 9.786** 8.333** 9934** 2010
F 12.105** 7.505** 12.110** 1.829 2.976*

Gravel9 B 2.973*
Al2 C 1. 657 6. 583**

D 6.688** 2.982* 9.323**
E 7.466** 7.329** 7775** 3.570*
F 13.902** 6.866** 15.S63** 1.795 6.518**

** Significance of F values for separation of communities at 0. 05 and 0. 01 levels:

(1) Stones B2, 4.26 and 7.82 at 1 and 24 D. F.
(2) Mg Al2, 3.42 and 5.66 at 2 and 23 D.F.
(3) Elevation, 3. 05 and 4.82 at 3 and 22 D. F.
(4) C/NratioB2, 2.84 and 4,37 at4 and2lD.F.
(5) GravelAl2, 2.71 and4, 10 atS and2OD.F.
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percent by volume in horizon 'BZT' (Table 19). The degree of dis-

crimination made by this variable was identical to that reported in

Table 18. Since the second best discriminant of the third group of

environmental factors is also the second best in the combined

analysis, the degree of discrimination of the communities at this level

was also the same as in Table 18, These results suggest that the

discriminating power of these two environmental factors (elevation

and stones percent) was so strong in relation to the others that it

persisted in the new assemblage of variables.

Elevation (the first discriminating variable of the first group

of factors) became the third best discriminant in the combined

analysis (Table 19). The inclusion of this variable caused some

modification to the discrimination of communities made by exchange

able magnesium or second best variable. Elevation discriminated

the same paired combinations of communities of Table 18, there-

fore, reinforced the degree of discrimination already made by the

second best discriminant variable in the combined analysis. Up to

this level, the discrimination was highly significant for ten paired

combinations of communities but there were no significant differences

between community A versus communities B and C nor among the

communities that had Artemisia arbuscula as the prevalent species.

The fourth best discriminant entered was C/N ratio in horizon

BZ' (Table 19). The inclusion of this variable basically maintained
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the discriminations already established including the elevation

variable. However, C/N ratio variable weakened the degree of

significance of discrimination between communities B and D, and

significantly discriminated community F from community F.

The last good discriminant variable entered was gravel percent

in horizon 'AlZ' (Table 19). For the most part, the discrimination

effected before the inclusion of C/N ratio variable was maintained;

however, gravel induced significant discrimination between paired

combinations of communities (AB) and (DE). In addition, gravel

strengthened the discrimination between communities E and F.

Canonical correlations. In stepwise discriminant function

analysis, the discriminating power of the variables is determined

by the canonical correlations; Table 20 shows such values. After the

fifth variable in each group of environmental factors analyzed, the

canonical correlations dropped drastically, therefore, those variables

with very low canonical correlations were disregarded as discrimi.

nants,

According to the canonical correlations, the variable stones in

horizon 'B2" in the third group of environmental factors had an

almost perfect correlation value, and it became the best discriminant

in the combined analysis, The second highest canonical correlation

was depth to 'BZ horizon in the second group of environmental

factors, however, it did not become a good discriminant in the
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Table 20. Summary of the canonical correlations for the best
discriminants calculated by the stepwise discriminant
function for the environmental factors as variables.

Canonical
Group of variables Variable Correlation

First group Elevation 0.929
Gravel cover 0.891
Landform 0.721
internal soil drainage 0, 503
Runoff 0,402

Second group Horizon depth B2 horizon 0. 989
Structure type B2 horizon 0. 927
Structure type Al2 horizon 0. 884
Pores abundance B2 horizon 0. 784
Roots abundance B2 horizon 0. 742

Third group Stones horizon B2 0. 999
Magnesium horizon Al2 0. 987
C/N ratio horizon B2 0.951
Gravel percent horizon Al2 0. 922
Carbon percent horizon 0. 861

Combined Stones horizon B2 0.964
Magnesium horizon Al2 0. 949
Elevation 0. 853
C/N ratio 0.822
Gravel percent horizon Al2 0. 677
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combined analysis (Table 20). These results suggest that the dis-

criminating power of a given variable depends on the discriminating

nature of the remaining variables analyzed together with it.

All of the best discriminant variables in the combined analysis

lessened their discriminating power when their canonical correlations

within each group and the combined analysis were compared. How-

ever, they were powerful enough to eliminate the remaining ten

variables (Table 20),

Stepwise discriminant function analysis appears to be a very

important tool for narrowing down and determining the best environ-

mental variables for separating the vegetation communities and for

the identification of the conditioning environmental factors.

Within Group Correlation Coefficients. There were environ-

mental factors that were poor discriminants, however, some of them

showed high values for within groups correlation coefficients that

might help to interpret the interaction of environmental factors and

their effects on the vegetation (Table 21),

There was a high positive correlation between the percent of

clay and the size of pores in horizon B2h. The predominant size of

pores in heavy clay soils were micro and/or very fine pores in this

horizon, particularly in soils of communities that had Artemisia

arbuscula as the prevalent species; 100 percent of the 'BZ' horizons
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Table 21. Some of the within group correlation coefficients calculated by stepwise discriminant
analysis on environmental factors.

Soil Correlation
Variables horizon coefficients

Clay % and size of pores (code)* B2 0.00
Clay % and consistency of soil, moist (code)* B2 0.621
Clay % and root abundance (code)* B2 -0. 563
Root abundance and abundance of pores (codes)* B2 0.711
Moisture tension 1/3 ATM and bulk density Al2 -0. 702
Moisture tension 1/3 ATM and nitrogen Al2 0,706
Moisture tension 1/3 ATM and calcium Al2 0,690
Moisture tension 1/3 ATM and CEC Al2 0.676
Moisture tension 15 ATM and calcium Al2 : 0.787
Moisture tension 15 ATM and CEC Al2 0. 849

pH and sodium Al2 0, 826
Carbon and calcium Al2 0.691
Nitrogen and calcium Al2 0.801
Nitrogen and phosphorus Al2 0.542
Nitrogen and potassium Al2 0.611
Nitrogen and CEC Al2 0. 630
Calcium and CEC Al2 0, 806

Moisture tension 1/3 ATM and calcium B2 0, 824
Moisture tension 1/3 ATM and magnesium B2 0, 766

Moisture tension 15 ATM and calcium B2 0. 811

Moisture tension 15 ATM and magnesium B2 0.530
Gravel 0/, and C/N ratio B2 0.635
pH and sodium B2 0.635
Calcium and magnesium B2 0, 894
Magnesium and sodium B2 0.548

* Codes:
Size of pores; 1) micro, 2) very fIne, 3) fine, 4) medium, 5) coarse.
Consistency of soil, moist; 0) loose, 1) very friable, 2) friable,3) firm, 4) very firm

5) extremely firm.
Root abundance; 1) very few, 2) few, 3) common, 4) abundant.
Abundance of pores; 1) very few, 2) few, 3) common, 4) many.



were of clay texture.

Clay percent was also positively correlated with moist con

sistency of soil in 'BZ" horizon. The predominant consistencies

were very firm and/or extremely firm in this horizon. The latter

category was the most frequent one in soils of communities D, E

and F that had Artemisia arbuscula as the prevalent species.

There was a negative correlation between the clay percent and

the abundance of roots in 'BZ' horizon. Roots in this horizon were

very few and/or few, It appears that with the increase of clay per

cent in "B2' horizon, the number of roots decreased as compared

with the number of roots at the upper horizons within each soil pro-

file.

Root abundance and abundance of pores were positively cor-

related in horizon TBZI. Roots were few and/or common where the

pores were common or many in horizon '1B211.

Moisture tension at 1/3 ATM was negatively correlated with

bulk density in horizon T1A1Z', Since bulk density is related to texture,

porosity, and organic matter, it was expected that changes in void-

solid relationships affected the soil's capacity to conduct and retain

water.

Moisture tension at 1/3 ATM was also positively correlated in

a varying degree with nitrogen, calcium and CEC in horizon IA1Zt

of the soil profile. Moisture tension at 15 ATM was also positively



correlated with calcium and CEC in the same horizon.

The pH and sodium were positively correlatedin horizons

'AlZ' and "BZ with pH having the higher correlation. The values

of these variables are presented in Table XIV of the Appendix.

Nitrogen was positively correlated with calcium, phosphorus,

potassium, and CEC in horizon "AlZTt. Carbon and calcium were

positively correlated also, as well as calcium and CEC.

Moisture tension at 1/3 and 15 ATM was positively correlated

with calcium and magnesium in horizon 'BZ". The correlation of

moisture and chemical elements was expected because the water as

well as the cations is adsorbed on the exchange complex.

Calcium and magnesium were positively correlated in horizon

"BZ" which could be interpreted on the basis of their chemical

similarity.

Finally, gravel percent and C/N ratio were also positively

correlated in horizon Considering C/N ratio as an indicator of

available nitrogen, the correlation found could be interpreted in terms

of carbon percent which was rather high. This could mean that there

was a small amount of available nitrogen due to reduction in volume

of the finer fraction of soil by the presence of gravels.

Groupings Verification. The verification of the groupings of

stands within the communities based on the environmental factors is

presented in Table 22, We notice misclassification of stands between



Table 22. Verification of groupings of stands withinthe communities
by the environmental factors.

Group of variables Community A B C D E F

Environmental
features* A 4 1 0 0 0 0

B 0 5 0 0 0 0

C 1 0 4 0 0 0
D 0 0 0 5 0 0
E 0 0 0.1 4 0

F 0 0 0 0 0 5

Soil horizon Al2 A 5 0 0 0 0 0
andB2 B 0 5 0 0 00
Morphological C 0 0 5 0 0 0
features D 0 0 0 5 0 0

E 0 0 .0 0 5 0
F 0 0 0 0 0 5

Physical and A 5 0 0 0 0 0
Chemical features B 0 5 0 0 0 0

Al2 and B2 horizons C 0 0 5 0 0 0
D 0 00 5 0 0
E 0 0 0 0 5 0

F 0 0 0 0 0 5

Combined features** A 5 0 0 0 0 0

B 0 5 0 0 00
C 0 0 5 0 0.0
D 0 0 0 5 0 0
E 0 0 0 0 5 0
F 0 0 0 0 0 5

See Table XV of the Appendix for details on variables included in
the stepwis e dis criminant analyses.

Combined analysis of the best discriminants of the three groups
of variables.
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communities A and B, A and C, and between D and E only in the first

group of environmental factors. Figure 14 shows stand A5within

community B; stand C 5 within community A; and stand E2 within

community D.

The second group of variables perfectly categorized all stands

within each community (Table 22 and Figure 15). The same situation

took place with the third group of environmental factors and the corn-

bined analysis (Table 22 and Figures 16 and 17, respectively).

The relative positions of stands of communities E and F were

the closest ones as compared to the relative position of the other

communities (Figure 16).

Stands were clearly grouped within their respective corn-

munities, and the relative positions of the communities were dis-

tinctively separated in the combined analysis (Figure 17).

Summary

The geological features were relatively uniform in the area of

this study. There were two rock types: (1) a massive ash-flow tuff

overlairi by thin lava flows of primarily basaltic composition, and (2)

small areas of scoria and cinders related to the basalt lavaflows.

The elevation of the study area ranged from 4,200 to 4,950

feet above sea level, In spite of the narrow range of elevation, there

were changes in species composition. The stands. of communities that
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Figure 14. Points plotted of the first canonical variable (x) against the second
variable (y) of the !Ienvironmental features" for all stands and
communities.
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Figure 15, Points plotted of the first canonical variable (x) against the second variable (y)
of the morphological features of soil horizons TAiZI and 'BZ', for all stands
and communities.
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Figure 16, Points plotted of the first canonical variable (x) against the second variable (y)
of physical and chemical features of soil horizons Al2 and B2", for all
stands and communities,
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Figure 17, Points plotted of the first canonical variable (x) against the second
variable (y) of "combined1' environmental factors, for all stands
and communities. '.0
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had Artemisia tridentata as the prevalent species were scattered

from the lowest to the highest elevation. The stands of communities

that had Artemisia arbuscula as the prevalent species were located

between 4, 700 and 4, 950 feet of elevation. As a consequence, corn-

munities D, E, and F were located on higher elevations in the study

area than communities A, B and C. The stepwise discrirninant

analysis placed elevation as the third best discrirninant variable in

the combined analysis of the environmental factors. However, the

change of species composition due to elevation did not have a clear

relationship with the presence and absence of Purshia tridentata. It

was assumed that the elevational range was not wide enough to

influence the climatic variation which, in turn, could have affected

the occurrence of this species; consequently, the presence and

absence of Purshia tridentata must be determined by other factors

in addition to elevation.

Landforrn had a relative influence on the communities studied.

In regards to the presence and absenceof Purshia tridentata, it was

found that this species was present mainly on ridges, and it was not

found on basins, However, position on landforrn appeared to

influence in the occurrenceof Purshiatridentata because this species

was more frequently found on slopes than either on the top or on the

toe of slopes; in addition, it was not found on the bottom lands, The

stepwise discriminant analysis of the first group of environmental
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factors placed the variable position on landform as the third best

discriminant for differentiating the communities. These findings

suggest that perhaps periodic flooding and/or slow run-off inhibited

the growth of Purshia tridentata on bottom lands where Artemisia

tridentata waa found as the only prominent species among the shrubs.

Environmental factors such as macrorelief, rnicrorelief, slope

gradient, and exposure did not have a marked influence on the species

composition of the stands included in the study; this could be

attributed to the uniformity of these features on all stands.

The soils in the study area and particularly those in the stands

were rather homogeneous. However, some features showed dif-

ferences among stands and communities. For example, the stepwise

discriminant analysis identified the percent of surface gravel as the

second best discriminant in the first group of environmental factors

compared. Most of the stands of community F, where the only

prominent species was Artemisia arbuscula, had the highest percent

of surface gravel of all communities studied. It was assumed that the

high percentage of surface gravel had a marked influence on moisture

and/or temperature relationships in the soils sincethe percent of

surface stones and bare ground was rather similar in all stands.

Therefore, inference is made that the effects of surface gravel that

allowed Artemisia arbuscula to grow was high enough to inhibit, at

least partially, the growth of Purshia tridentata.
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The soil texture of the upper horizon in communities A, B, C,

D, and E were loam or coarser, and most of the stands of community

F were finer than loam. These results indicate that Purshia

tridentata grows on a wide variety of soils but generally reaches its

best development on coarse-textured soils.

In horizon "B2", clay and size of pores were positively cor-

related where the predominant size of pores was micro and/or very

fine. All stands of communities, that had Artemisia arbuscula as the

prevalent species were characterized by clay textured "BZ" horizons.

Clay was also positively correlated with moist consistency of soil in

"BZ" horizon. The predominant consistencies were very firm and/or

extremely firm in this horizon. The latter category was the-most

frequent in soils of communities D, E, and F. Finally, there was a

negative correlation between- clay and the abundance- of roots in

horizon "BZ". Here roots were very few and/or few.

The soil structure in horizons 'A' was somewhat analogous in

all stands studied but there were some differences in horizons "B"

and "C" among the stands. The types- of soil structure of horizon

were alike in communities that had Purshia tridentata.such as

A, B, D, and E. The soil structure types of community C were

heterogeneous among stands, and soils of community F had pre-

dominantly prismatic structure in horizon "BZ" of its soils. The

structure types in "BZ" and "AlZ" horizons were identified as very
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good discriminating variables by the stepwise discriminant function

analysis.

In general, the soils in all communities were shallow with the

exception of the stands of community C, However, the soil depth and

particularly depth to 'BZ' horizon separated the communities to some

extent. The stepwise discriminant analysis of the morphological

features of horizons hlAiZI and "BZ' identified as the best discrimi-

nant variable depth to IBZ horizon, This variable significantly

discriminated community C from the other communities because it

had deeper B2 horizons, No clear relationship was found between

soil depth and the presence or absence of Purshia tridentata,

Stoniness in the soil profile was a very good community-

characterizing environmental factor. Moreover, soil stoniness in

horizon BZ was identified as the best discriminating variable by the

stepwise discriminant function analysis in the environmental factors

combined analysis, Soil stoniness in horizon BZ' significantly dis-

criminated community C from the other communities because the soils

of this community had the lowest percent of stones. However, this

variable, with the inclusion of gravel percent in horizon "AlZ',

significantly discriminated all paired combinations of communities

with the exception of communities D versus E which were not sig-

nificantly differentiated, These results, together with the rooting

characteristics of Purshia tridentata, suggest that the presence of a
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high percent of stones did not inhibit the growth of this species since

it had its roots growing throughthe cracks, Moreover, it had a

wide maximum radial root spread to tap water and nutrients.

Bulk density in soils of community F was rather high as corn-

pared to the other communities; in addition, this community had the

narrowest range of bulk density while community C had the widest

range. Since neither of these two communities had Purshia tridentata,

it is possible that bulk density might have been one of the conditioning

factors which, through indirect action, inhibited the growth of this

species where the soils were perhaps too compact, particularly in

community F. This assumption is made bearing in mind that bulk

density is related to texture, porosity, and organic matter content,

and that it affects the consistency of the soil and its capacity to con-

duct and retain air, water, and heat, For instance, the variable

'abundance of pores" significantly discriminated communities C and

F from the rest of the communities. Internal drainage was another

variable that significantly discriminated these two communities, par-

ticularly community F from the other communities, Finally, moisture

content at 1/3 ATM and bulk density were negatively correlated,

The analyses of soil moisture content at 1/3 and 15 ATM ten-

sion did not show any marked differences among the soils included in

the study, Moisture tension at 1/3 ATM was positively correlated

with nitrogen, calcium, and CEC in horizon "Al2"; and moisture
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tension at 15 ATM was positively correlated with calcium and CEC.

In horizon 'BZ', moisture tensions at 1/3 and 15 ATM were positively

correlated with calcium and magnesium.

Soil chemical analysis on horizons "AlZ" and IBZI showed the

pH to be similar in soils of all communities with the exception of

community C which had the highest pH, This high value pH was sig-

nificantly correlated with exchangeable sodium, Purshia tridentata

was found growing on soils with pH between 6. 4 and 7. 0 in horizon

'AlZ' and between 5,8 and 7,0 in horizon HBZI!

The highest percent of organic matter, on the average, was

found in soils of community D and the lowest in community F, Car

hon percent in horizon 'BZ' was identified by the stepwise discrimi-

nant analysis as one of the best discriminants among the chemical

elements, Carbon and calcium were positively correlated.

Total nitrogen content of soil was closely related to organic

matter content, The highest average and widest range of nitrogen

was found in community D. Conversely, the lowest average and

narrowest range was found in community F, Carbon/nitrogen ratio

was identified as one of the best discriminants not only among the

chemical variables, but also among the best discriminants combined,

Total nitrogen was positively correlated with calcium, phosphorus,

potassium and CEC, There was no significant difference in the

amount of total nitrogen in soils that supported Purshia tridentata



as opposed to those soils that did not have this species.

Calcium and magnesium were positively correlated, Magnesium

was one of the best discriminant variables among the chemical ele

ments and also among the best discriminants combined.

The potassium content of the soils of communities that had

Artemisia tridentata as the prevalent species was slightly, higher than

the potassium content of the soils of communities that had Artemisia

arbuscula as the prevalent species. Sodium me/bog was relatively

lower in soils of communities A, B, D, and E which had Purshia

tridentata as a component of the vegetation than in the soils, of corn-

munities C and F which did not have this species.

Phosphorus ppm generally did not follow a specific pattern in

relation to the vegetation growing on those soils. The highest value

of this element was found in soils of community P and the lowest in

community F. Phosphorus ppm 'followed a similar pattern to organic

matter, which suggests that most of the phosphorus in these eco-

systems probably, is derived from the breakdown of dead organic

material,

The verification of groupings of stands 'within the communities

based on the environmental factors showed that the stands were per-

fe ctly grouped within their respective communities, In addition, the

pattern of environmental factors confirm the vegetation groupings

determined on the basis of the species composition, particularly
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Purshia tridentata, in the Silver Lake Deer Winter Range.

Roots

In general, plant roots perform four separate functions: they

absorb nutrients and water from the soil, they transport these from

the areas where the absorption takes place to the stems, they may

act as food storage organs, and they anchor the plant into the soil.

The relative importance of these various functions depends on the

species and the environmental conditions.

The soil affects the plant primarily through its effect on the

root system. Since investigations on the root systems of range

shrubs are difficult to carry out, our knowledge is very scanty of the

interaction between the soil, the roots, the aerial parts of the plant,

and between neighboring root systems; this is particularly true in the

case of Purshia tridentata and associated species. This study in-

cludes, primarily, the characterization of rooting habits of Purshia

tridentata, Information was added on Arternisia tridentata and

Artemisia arbuscula in an attempt to interpret their relative com-

petitive and site adaptive relationships.

Roots of Purshiatridentata

Purshia plants grow singly or inclumps, These clumps may

consist of a number of plants which are either inter-connected with
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layered stems, or they may be' separate plants growing close together,

probably from seeds buried in caches by rodents.

At ground level, the circumference of the root is usually

irregular and sometimes extremely so, apparently due to unequal

cambial growth at various points, However, as the roots extended

deeper into the soil, the root circumference usually becomes more

terete, regular and even in shape unless coarse gravel, stones,. or

cobbles were present in the soil.

At ground level, the root bark of Purshia tridentata was very

shaggy and brown in color. This characteristic continued into the

soil for a short distancewhere it became smoother. However, the

presence of stones and rock tended to roughen the bark.

Considering the depth of the soils in the study area, the roots

of Purshia tridentata penetrated deeply and spread widely (Figures

18-2 7). Except for the top. three decimeters or so of the taproot,

lateral branching was relatively sparse; but those lateral branches

present were usually fairly well developed (Figure 19). The roots of

this species were rather simple, but strong fibered and tough.

Adventitious roots were common; they tended to be more or less

associated with finer-textured soil horizons.

Average diameter and range of diameter of Purshia tridentata

roots are presented in Table 23 and Table XVI in theAppendix,

These show that the diameter of the main root at ground level is 69mm



Figure 18. Root characteristics of Purshia tridentata plant in stand BI growing on loamy
coarse sand soil. The soil horizons are represented by their structure.
Sacle 1/10.
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Figure 19. Root characteristics of Purshia tridentata plant in stand BZ growing on clay loam soil. The
soil horizons are represented by their structure. Scale 1/10.
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Figare 20. Root characteristics of Purshia tridentata plant in stand B3 growing on loam soil. The
soil horizons are represented by their structure. Scale 1/10.
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Figure 21. Root characteristics of Purshia tridentata plant in stand B4 growing on loam soil. The soil
horizons are represented by their structure. Scale 1/10.
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Figure 22. Root characteristics of Pu.rshia tridentata plant in stand B5 growing on loam soil. The
soil horizons are represented by their structure. Scale 1/10.
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Figure 23. Root characteristics of Purshia tridentata plant in stand El growing on sandy loam soil.
The soil horizons are represented by their structure. Scale 1/10.
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Figure 24. Root characteristics of Purshia tridentata plant in stand E2 growing on loam soil. The
soil horizons are represented by their structure. Scale 1/10.
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Figure 25. Root characteristics of Purshia tridentata plant in stand E3 growing on loam soil. The
soil horizons are represented by their structure. Scale 1/10.



Figure 26. Root characteristics of Purshia tridentata plant in stand E4 growing on clay loam soil.
The soil horizons are represented by their structure. Scale 1/10.
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Figure 27. Root characteristics of Purshia tridentata plant in stand E5 growing on loam soil. The soilhorizons are represented by their. structure. Scale 1/10.
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Table 23. Means and standard errors for measured root characteristics of Purshia tridentata on all
stands of communities B and E, with a total of 15 plants for each community. In
addition, height of the plant and maximum radial crown spread are included.

Community
Purshia-Artemisia Purshia-Artemisia

tridentata (B) arbuscula (B)

Characteristics Units Mean Standard Mean Standard F-value
error error

Height of plant cm 113 9.65 111 7.73 1.5601

Maximum radial crown spread cm 64 . 4.64 55 ± 4.44 1.0887

Maximum radial root spread cm 236 +28. 45 207 ±15. 71 3. 2815*

Diameter main root at
ground level mm 69 + 5.45 70 + 4.50 1.4518

Diameter primary root branch' mm 24 + 2. 95 18 + 1. 81 2.6433*

Root depth cm 84 + 6.13 67 3,1388*

Depth origin last primary
branch cm 45 4.29 43 + 1.80 5.6873**

Number primary branches 3 0. 24 3 0. 24 1. 000&

Number secondary branches No/din 3 ±. 0. 29 3 ± 0, 29 1, 0000

Number tertiary branches No/din 2 + 0. 21 2 0. 14 2. 2068

LI Measured at 1 din from the origin
* Significant at 0.05 level
** Significant at 0.01 level
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in community B and 70 mm in community E in comparison with the

diameter of the primary branches that are 24 and 18 mm, respectively,

for the same communities. There was no significant difference between

the diameters of main roots of Purshj.a in both communities, but there

was a significant difference between the diameter of their primary

branches (Table 23). It appears that, due to little branching, there

was a rapid taper in the first three decimeters of the root compared

with the remaining portion of the branches (Figures 18 and 23). In

situations where roots forked into two equally smaller roots,. there

was usually a pronounced taper from the top downward (Figures:19,

21, 26, and 27).

Figures23 toZ7 show Purshiatridentata rootlengths, as well

as the diameters of the branches. Table 23 shows the diameters; of

the branches measured. It can be seen that the diameter of Purshia

roots is more or less uniform with little taper, and the lengths of the

branches are highly variable depending on the kind of branch-pri'-

mary, secondary or tertiaryand the environmental conditions sur-

rounding them. Stoniness and moisture appear to be decisive factors,

especially in relationto the root length of a given plant root, This

assumption does not deny the fact of the inherent genetic character-

istics of the species as regards root form.

The number of lateral branches per decimeter length of root is

presented in Table 23 and Table XVI. These data represent the
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average number of roots taken every three decimeters along the

originating root, :Some portions of the taproots may be almost

entirely lacking in sideroots while other portions, frequently in the

top. three decimeters of soil, may have great concentration of these

roots (Figure 19), In addition, there are usually at least one or two

deeper layers. of soil where large numbers of lateral roots are found,

Specific instances of profuse lateral branching at various depths may

be noted in Figure 26 where roots extend horizontally in or at the

junction of particular soil horizons, This appears to be related to

the least resistant portions of the soil horizons, such as more spacing

between stones, or fracture lines, Here the roots of Purshia were

able to explore for better moisture and nutrient conditions within the

soil,

Many environmental factors affected the path and direction of

the roots in the soil, Stones, soil moisture, and soil texture seemed

to be of primary importance, In stony areas, the roots followed the

path of least resistance, winding in and around (Figure 28) rock or

stones in a tortuous way where, as pointed out by McConnell (1961),

reverse
geotropism1 can be observed. Roots going through cracks

often flattened out and branched profusely in interwoven mats (Figure

29). The most noticeable modifications were in the cases of El to

E4 where solid rock often began at a depth of 37 to 68 centimeters,

This caused most roots to grow in a lateral direction, including the
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Figure 28. Root of Purshia tridentata winding in and
around stones in tortous way where
reverse geotropism" can be observed.

The knife is 20 x 2 centimeters.
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Figure 29. Purshia tridentata roots going through rock cracks
flattened in the horizontal plane and branched pro-
fusely in interwoven mats. The frame is one meter
divided in decimeters.
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taproot,

Soils with fractured rock underneath tended to impede root

progress and increase root taper (Figure 26). In stands B3 and B4,

the primary branches as well as the very small roots of Purshia

tridentata plants often extended in a horizontal direction coinciding

with the plane of the stones or rock (Figures 20, 21),

Adventitious roots are common in Purshiatridentata, Plants

which have originated from layering can be distinguished from those

grown from seeds since the latter have one taproot while the plant

propagated from layering stems will have a considerable number of

main or adventitious roots (Figure 30). A similar situation has been

reported by Cline (1960), On decumbent branches of Purshia plants,

layering has been observed (Figure 31), According to Nord (1965),

this layering characteristic of Purshia appears to be influenced by

soil moisture and growth form of the plant, This could be the case

in my study area because more frequent layering has been observed

in stand B2 than many other stand of the same community. The

percent moisture content of the soil in stand B2 was the highest

among the soils of community B at 1/3 and 15 ATM (Table XIII),

Also, decumbent branches in Purshia plants were more frequent

there than in other stands, This could, in part, explain the high fre

quency of layering of Purshia plants in stand B2,

Rooting depth of Purshia tridentata was rather shallow in this



Figure 30. Adventitious roots of Purshia tridentata growing in stand B2 on clay loam soil.The soil horizons are represented by their structure. Scale 1/10.
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Figure 31. Layering of Purshia tridentata from
decumbent branch.
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study area. Table 23 and Table XVII show that communities B and

E have mean root depths of 84 and 67 centimeters, with ranges from

50 to 133 centimeters, and from 52 to 100 centimeters, respectively.

There was a significant difference in rooting depth of Purshia in

communities B and E (Table 23), This condition was probably related

to the presence of rock in the soil that impeded the downward growth

of the roots and forced horizontal growth. This condition also modi

fied the characteristic of the taproot which became a semitaproot

in many instances. These findings differ from those of other workers

like McConnell (1961) and Nord (1965) who have reported roots going

as deep as 15 and 18 feet in. rockfree soils. But these authors

recognized that soil conditions greatly influence the depth of root

development. Cline (1960), for instance, found a range of variation

in root depth in mature Purshia plants from 2 to 10 feet. Driscoll

(1964b) reported Purshia plants in central Oregon growing, in stony

soils 20 inches deep where the roots penetrated the cracks between

the stones; but he did not mention how deep these roots, reached under

those conditions.

Another important characteristic measured' was the depth of the

origin of the last primary branch in Purshia tridentata roots which

showed an average of 45 centimeters and ranged from 25 to 80

centimeters in stands of community B, and 43. centimeters average

with range of 30 to 50 centimeters for community E, The. difference
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of depth of the origin of the last primary branch of Purshia in corn-

munities B and E was highly significant (Table 23). These branches,

once originated, followed a direction of between 60 and 90 degrees: in

vertical plane in relation to the taproot or main root of the plant

(Table XVII). This appears to be a very important characteristic of

the soil physical conditions since roots only grow actively in moist

soils. These primary branches also give rise to the subsequent

branches, This means that the major concentration of roots of

Purshia plants is closely related to the path of these primary branches.

This may indicate, to a degree, the horizonation of the roots of dif-

ferent species growing together with Purshia plants. Therefore, the

depth at which the last primary branch originates was used as one of

the main characteristics for comparison with Arten-ilsia tridentata

and Artemisiaarbuscula roots whenever either one of these Arternisia

species grow with Purshia tridentata.

The number of primary branches was rather small in Purshia

as compared to other shrub species within the same stand (Table XVIII).

The average number of primary branches was I and ranged from 2 to

5 in both communities B and E, and there was no significant difference

(Table 23), This may mean that this characteristic is genetically con-

trolled and modified, in limited degree, by the environmental factors,

The length of the primary branches. is what enables Purshia

plants to occupy a large mass of soil for access to moisture and
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nutrients, Findings in this study tend to indicate that the radial

spread of roots is more important in obtaining water and nutrient

supply than depth of the roots,

The number of secondary and tertiary branches averaged 2 and

3 for each decimeter of originating branch in both communities B and

E, which again indicates that the roots of Purshia plants are not as

numerous as might be expected, The total mass of roots, consider

ing the length of the originating roots plus the length of the secondary

and tertiary branches, might compensate for the number of roots in

Purshia tridentata, Another element, not investigated in this study,

which may contribute to the compensation for the relatively reduced

number of roots is the differential efficiency of the various parts of

the root system.

The height of the plant, maximum radial crown, and maximum

radial root spread (HCR) were considered to objectively compare these

characteristics of Purshia plants, These three dimensional compari-

sons are graphed in Figure 32. The maximum radial root spread in

Purshia plants is four times greater than the maximum radial crown

spread in both communities B and F, which means that the develop

ment of the roots is much greater than the development of the aerial

part of the plant. Comparisons of the volumes occupied by the root

system and the aerial part of the plant would lead to even greater

differences,
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Figure 32, Relative size of Purshia tridentata and associated species either
Artemisia tridentata or Arternisia arbuscula in communities B t'J

and E, respectively, in decimeters,
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Roots of Artemisia tridentata

The woody taproots of Artemisiatridentata taperedfrom an

aver3ge of 62 mm at the ground level to an average diameter of 20

mm within the top two decimeters of soil (Figures 3337), In deep

soils, the fine portion of the taproot continued downward (Figures

33 and 36), and in both cases accounted for the maximum depth of

penetration. However, in conditions where the soils were shallow

because of hardpan such as in stands C2, C3, and C5 (Figures 34,

35, and 37), or in stands where Artemisiatridentata grows asso-

dated with Purshia tridentata in community B where the subsoils

were characterized by angular blocky structure and/or underlying

stony material, the roots of Artemisia tridentata were shallow and

followed the lines of fracture or horizon boundaries, In these

instances, root distribution was conditioned to great extent by the

soil structure and closely packed stones. Here Artemisia plant

roots were unable to penetrate the heavy clay between stones or go

through the cracks of rocks, as compared to Purshia tridentata

roots which were able to grow in those conditions. As a result, a

distinct rectangular pattern was observed in the root distribution- of

Artemisia tridentata (Figure 34), or a fan-shaped arrangement of

roots took place (Figures35 and 37),

In general, the roots- of Artemisia tridentata were



Figure 33. Root characteristics of Artemisia tridentata plant in stand Cl growing on sandy loam soil.
The soil horizons are represented by their structure. Scale 1/10.
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Figure 34. Root characteristics of Artemisia tridentata plant in stand C2 growing on loamy sand soil.
The soil horizons are represented by their structure. Scale 1/10.
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Figure 35. Root characteristics of Artemisia tridentata plant in stand C3 growing on sandy loam soil.
The soil horizons are represented by their structure. Scale l/lO,
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Figure 36. Root characteristics of Artemisia tridentata plant in stand C4 growing on clay loam soil.
The soil horizons are represented by their structure. Scale 1/10.
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Figure 37. Root characteristics of Artemisia tridentata plant in stand C5 growing on loam soil.The soil horizons are represented by their structure. 1/10.
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characterized by having, extensive lateral root development, par

ticularly of the primary branches, resulting in an exceptionally heavy

concentration of roots in. the upper four decimeters: of soil. Root

depth was even more restricted in situations where Artemisia

tridentata was growingtogether with Purshia tridentata (Tables 23

and 24), or where the soil'was rather' shallow as.in stands C2, ç3

and C5 within the C community (Figures 34, 35, and 37),

The primary branches that originated from the top two deci'

meters of taproot achieved maximum horizontal spread. Along the

horizontal spread of the primary branches,, the originating second-

ary and tertiary branches mostly paralleled the primary branches.

The mean number of primary branches in Artemisiatridentata

is 14 with range from 6to 25 in community B, and 13 with range

from 6 to 30 in community C (Table XIX). If we comparethese values

with those of Purshia tridentata,. in general, the number of these

branches is three times greater in Artemisia. tridentata which is

highly significant (Table XVIII).

The mean number of secondary and tertiary branches' per

decimeter of originating branch is 12 and 6, respectively, for com-

munity B; and 9 and 6 in community C. Here, again,, the number of

3econdary and tertiary branches is four and three times greater,

respectively, in Artemisia tridentataas compared with Purshia

i:ridentata (Tables 23, 24 and Table XVIII).
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Table 24. Means and standard errors for measured root characteristics of Artemisia tridentata on all
stands of communities B and C, with a total of 15 plants for each community. In
addition, height of the plant and maximum radial crown spread are included.

Community
Purshia tridentata Artemisia

Artemisia (B) tridentata (C)

Characteristics Units Mean Standard Mean Standard F-value
error error

Height of plant cm

Maximum radial crown spread cm

Maximum radial root spread cm

Diameter main root at
ground level mm

1/
Diameter primary root branclf mm

Root depth cm

Depth origin last primary

52 + 4.50 68 5.65 1.5755

33 + 3.43 44 + 4.00 1. 3644

167 +28.18 218 +22.55 9.5924**

53 + 4.61 69 + 6.65 2. 0837

10 + 0.60 14 + 1.18 3.9981**

54 2.51 91 + 9.52 14.4344**

branch cm 28

Number primary branches 14

Number secondary branches No/dm 12

Number tertiary branches No/dm 6

J Measured at 1 dm from the origin
* Significant at 0.05 level

** Significant at 0.01 level

+ 1.79 32 + 3.25 3.2910*

4- 1.29 13 + 1.96 2.3011

1.01 9 + 1.39 1.9108

+ 0. 33 6 + 0.61 35477*
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Another important difference is in relation to the origin of the

last primary branch because, obviously,, it gives, rise to. the other

branches. Particularly in community B where they grow onthe same

stand, the last primary branch in Artemisia tridentata. originates, on

the average, at 28 centimeters as compared to 45 centimeters of soil

depth for Purshiatridentata. This difference is highly significant

(Table XVIII). Whenthese two species grow onthe same stand,

Artemisia tridentataTs roots occupy the upper strata in relation to the

roots of Purshia tridentata which reduces. or alleviates root competi-

ti on.

Data in Table XVII show that whereas the root form of Purshia

tridentata tends to be either twisted or wavy- -considering the whole

branches--the Arternisia tridentata roots tend to be smooth or wavy

but no. roots were found to be twisted on plants studied. Since

Artemisia tridentatats roots follow primarily the lines of least

resistance in the soil, their forms are less tortuous than in Purshia

tridentata roots. In. other words, quite a number of Purshia roots

go. into fractured rock while Artemisia. does not seem to do this in the

study area,

The comparison of root depth between these two species in

community B shows that Purshia tridentata,, on the average, went as

far as 84 centimeters whereas Artemisia tridentata penetrated only

54 centimeters, The difference is highly' significant (Table XVIII)
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and is another index of different horizonation within the same soil

and should, as indicated before, attenuate competition between the

two. Although parts of the root system of these two species inter-

mingle, it is only to a limited degree, and in small percentage if we

consider the total mass of roots of both species within the same

soil.

Roots of Artemisiaarbuscula

Artemisia arbuscula grows singlyor in clumps, These clumps

may consist of a number of plants growing close together. At ground

level the root bark is very shaggy and light, brownish gray in color.

After a short distance, it becomes smoother and pale yellow in color.

Excavated plants had a woody taproot that tapered from an

average of 37 mm, at the ground level, to an average of 10 mm

within the top decimeter of soil, or the roots were tap-fibrous

(Figures 38-42). In relatively rock-free soil, the fine portion of the

roots continued downward (Figure 38) and, in cases analogous tothis,

accounted for the maximum depth of penetration. Nevertheless, in

shallow soils and/or rocky soils the taproot, if any, bent obliquely

or horizontally (Figures 40 and 42), or became asemi-taproot

(Figures 39 and 41).

In stands where Artemisia arbuscula was associated with

Purshia tridentata such as in community F, a higher percent of roots
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Figure 38. Root characteristics of Artemisia arbuscula plant in stand Fl growing on silt loam soil.
The soil horizons are represented by their structure. Scale 1/10.
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Figure 39. Root characteristics of Artemisia arbuscula plant in stand F2 growing on silty
clay loam soil. The soil horizons are represented by their structure. Scale 1/10.
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Figure 40. Root characteristics of Artemisia arbuscula plant in stand F3 growing on loam soil.
The soil horizons are represented by their structure. Scale 1/10.
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Figure 41. Root characteristics of Artemisia arbuscula plant in stand F4 growing on silty clay
loam soil. The soil horizons are represented by their structure. Scale 1/10.
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Figure 42. Root characterjt. OIArtej81 plant in stand F5 growing loam to silt Soil
The soil horizons are represented by their structUre Scale l/i
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of Artemisia arbuscula had the taproots. oblique to the strong hori-

z ontal pathway of the primary branches. How ever, a low percentage

of roots in this condition were able to penetrate the heavy clay sub-

soil. In any event, the maximum depth of Artemisia arbuscula root-

ing was shallower than the rooting depth of Purshiatridentata.

Moreover, the massive amount of roots of Artemisiaarbusc.ula was

concentrated.mostly inthe top three decimeters of the soil profile.

The average numbers of primary, branches of Artemisia

arbuscula roots were 12 and 16. in communities E and F,. respectively,

and ranged from 6 to 26 and from 4to 50 for the same communities

(Table XX). The difference is significant (Table 25). Artemisia

arbuscula has a four to five times greater number of primary

branches than Purshia tridentata (Tables 23, 25, and XVIII). With

respect to the secondary branches, Artemisia arbuscula has,. on.the

average, 7 and 8 r:oots in communities. E and F,. respectively, for

each decimeter of originating root; and in relation. to. the tertiary

branches, this species has an average of 5 per decimeter of

originating root in both communities (Table XX). This species has

approximately two times more comparable branch roots than Pursbia

tridentata and the difference is highly significant (Table XVIII).

Another important feature is the depth of origination of the last

primary branch. In community E, Artemisia arbuscula has, on the

average, its last branches' originating at 14 centirneters.from the
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Table 25. Means and standard errors for nieasured root characteristics of Artemisia on all
stands of communities E and F, with a total of 15 plants for each community. In
addition, height of the plant and maximum radial crown spread are included.

Community
Purshia tridentata Artemisia
Artemisia (E) arbuscula (F)

Characteristics Units Mean Standard Mean Standard F-value
error error

Height of plant cm

Maximum radial crown spread cm

Maximum radial root spread cm

Diameter main root at
ground level mm

1/Diameter primary root branch mm

Root depth cm

Depth origin last primary

28 + 2.60 25 + 3.26 1.5745

20 ± 1.58 22 + 2.51 2.5116*

156 +16.81 144 +16.52 1.0353

35 + 3.28 40 ± 4.44 1. 8567

8 + 2.34 8 + 1.10 4.5107**

45 + 1.24 50 + 2.4 39354**

branch cm 14

Number primary branches 12

Number secondary branches No/dm 7

Number tertiary branches No/dm S

J Measured at 1 dm from the origin
* Significant at 0.05 level
** Significant at 0. 01 level

+ 0.93 17 + 1.81 3.7584**

1.74 16 + 3.21 3.4002*

0.68 8 + 0.80 1. 3734

+ 0.35 5 + 0.48 1.8440
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soil surface as comparedto 43 centimeters for Purshia tridentata in

the same community. Again, the difference is highly significant

(Table XVIII), This would indicate that the massive concentrations

of these two species are located in different horizons within the same

soil, thus minimizing competition between them.

The total root:depth incommunity E was 67 centimeters for

Purshia tridentata and 50 centimeters for Artemisiaarbuscula, The

difference is highly significant (Table XVIII), If some intermingling

of roots between Purshia plants and Artemisia arbuscula plants

takes place, it is very limited; consequently, the association of these

two species growing together need not be harmful since their root

systems tap different layers of the soil.

Synthesis of Comparison Between Purshi.a tridentata and
either Arternjsia tridentata or Artemisia arbuscula

Plants growing together, whether of the same ordifferent

species, compete with one another for leaf space above ground and

for their roots below. There is nothing esoteric about this fact.

Competition for light above ground is not always serious as the

leaves of plants can synthesize carbohydrates even in moderate shade,

However, the factors involved in the competition for root space be-.

low ground seems to be more important in the study area where such

competition would be for nutrients and moisture, particularly
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in periods of drought. In this respect, the rooting characteristics

and the arrangement of roots of the species considered wouldbe of

primary importance as part of the first approximation in the study

of compatibility or competition.

The comparison of Purshia tridentata and either Artemisia

tridentata or Artemisia arbusctla does not have, as a purpose, to

emphasize their divergencies withinthe taxonomic context, but,

rather, to clarify the degree of their compatibility when living

together. Moreover, it is an attempt to. emphasize the prominence

of a given species based on the features considered, Besides the

root characteristics, some aerial features of the three species are

included.

Figure 32, for instance, shows that. Purshia tridentata plants

are bigger than Artemisia tridentata plants within the same corn-

munity, It should be obvious that an analogous situation occurs

between Purshia and Artemisia arbuscula plants except that the dif-

ference is greater in this latter case.

Another interesting feature evident in the same Figure is that

the maximum radial root spread inArtemisia tridentata and

Artemisia arbus cula is not noticeably different in this study area,

as might be expected in other conditions.

Figure 43 shows the divergence of the height of the plant,

maximum radial crown spread, and maximum radial root spread
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(HCR)of the three species in different environmental conditions;

i. e. Purshia tridentata in communities B and E, .Artemisia tridentata

in communities B and C, and Artemisia.arbuscula in communities

E and F.

The three dimensions compared indicate that Purshia plants in

stands of community B are larger in HCR than plants. in community E

except in height, which. is not significantly different, even though

their range in height is greater in community B as compared to

community E (Tables 23 and XVI). This might indicate that the

environmental conditions had a strong modifying effect on plant

growth, assuming that the genetical makeup was the same for this

species. in both communities, The soil depth was practically the

same in both communities,, but the soil texture was finer in.com-

munity E than in B. The gravel and stone content was higher in

soils of community E as compared. to the soils in community B.

The subsoil structure was mostly angular blocky and prismatic in

community E as compared. to community B where the structure was

mostly angular blocky.

The case of Artemisia tridentata is analogous to what happened

with Purshia. Figure 43 shows that Artemisia tridentata plants, in

community C are bigger in HCR as compared to individuals of the

same species in community B. This could mean that since Artemisia

tridentata was the prominent species. in community C it could have
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had the best environmental conditions for growth, which might not be

the case when this species is associated with Purshia tridentata in

community B. Here the competition from Purshia could have had a

marked influence for the difference of growth of Artemisia tridentata

in these two communities. Onefact is evident, as indicated before,

that the massive root distribution of Artemisia tridentata was in the

upper horizon whereas Purshia roots occupied deeper horizons in

community B. In addition, the rooting condition for Artemisia

tridentata was more restricted in community B as compared to the

rooting situation in community C, where the origin of the last pri.-

mary branch for this species was deeper than in community B. This

is indicative of the general root distribution.

In Artemisia arbuscula, as compared to Artemisia tridentata,

the rooting situation was quite different, The plants of the former

species, when growing in conditions where it was the prominent

species in the stand, were smaller than those plants growing

associated with Purshia tridentata, and this happens in community

F as compared to community E (Figure 43), This fact seems to indi-

cate that the environmental conditions that were adequate for Purshia

tridentata to grow, were even better for Artemisia arbuscula as

compared with the environmental conditions in stands of community

F, The maximum radial root spread of Artemisia arbus cula in corn-

munity E, where it was associated with Purshia plants was greater
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than in community F where it grows without Purshia. Since the

horizons of rooting were at different levels inthese two species,

it may help to explain the advantageous environmental conditions

that were beneficialfor Artemisia arbuscula, even though not so for

Pur shia tr id entata.

Finally, lateral roots of Artemisia tridentata become more

crowded than laterals of Purshia tridentata in the surface soil when

these two species grow together. This was especially true on soils

having closely packed stones underneath or heavy clay subs oils.

Such subsoils apparently restricted Artemisiatridentatats taproots

more than taproots of Purshia tridentata. In general, taproots of

both brush species draw moisture from deeper sources than main

root systems of grasses and forbs. Purshia tridentata and Artemisia

tridentata grow well on stony loam soils because roots use moisture

stored in deep cracks of the underlying fractured basalt.

These findings agree with those of Hugie, etal. , (1964) who

found in Engle Cone in southern Idaho that in very stony silt loam

soils, stones influence the available moisture by increasing the

amount of water per unit volume of soil. According to them, water

penetrates deeply into the fissures and crevices of the underlying

basalt and is used by deep-rooting plants like Purshiatridentata and

Artemisia tridentata. However, when the soil becomes too shallow,

and/or very stony, and/or too heavy and gravelly, Artemisia



246

arbuscula adapts itself better than Purshia tridentata because of the

shallower root growth form of the former species. Consequently,

Purshia plants donot occur in conditions as described for stands in

community F where the prominent species is Artemisia arbuscula.

Seedlings, of Purshia tridentata

Although the root study in Purshia tridentata was directed to

mature plants because that was the dominant stage of development in

all stands studied, additional information was obtained from the very

few seedlings found. The stand that hadthe most seedlings was D5-

Juniperus occidentalis /Pur shia tridentata-Artemis Ia arbus cula- -

where the plants were excavated. Figure 44 shows seedlings of dif-

ferent ages, Plants designated with 'A' are two seedlings about two

months old, plant 'B two years old, and plant "C" three years old,

The cotyledons were still on the seedlings of two months age,

and these were growing in a colony next to a mature plant of the

same species. The other two plants were growing isolated by' them-

selves on the D5 stand outside of the macroplot. The taproot length

of seedlings A" were 18 centimeters, and the length of the taproots

of plants "B" and "C" were approximately 45 and 90 centimeters,

respectively, These taproot lengths do not mean that the rooting

depth was that much, The soil was shallow, only 55 centimeters

deep, where these plants were found; but the 'roots, as in the cases
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Figure 44. Seedlings of Purshia tridentata. A) Both plants
about two months old, B) Two years old and
C) Three years old, Scale in centimeters.
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of mature plants, followed the fracture zones through. the cracks of

the rock, or went around the stones in the soil, Moreover, accord-

ing to Hormay (1943), and Stanton (1959), since Purshia tridentata

grows in relatively dry areas, the root must go down quickly during

the first year of growth tobe able toobtain moisture from subsur-

face soil layers to survive the periods of drought. If the young tap-

root is successful in going deep enough, and the plant does survive,

then lateral branching becomes more extensive while taproot growth

slackens, As the plant matures, the roots will probably spread and

utilize the soil moisture and available nutrients. This assumption is

made based on the characteristics found in mature plants of Purshia

tridentata already presented indifferent stands of communities B

and F.

The seedlings 'A" in Figure 27 indicate that the first season of

growth did not go as deep as those reported by Hormay (1943) who

mentions growth of the taproot from 38 to 50 centimeters- -with no

indication of the kind of soil--or the cases reported by Stanton (1959)

who found the growth of the first season reaching from 70 to 112

centimeters in coarse-textured soil and in greenhouse study.

Environmental factors, such as the rockiness of the soil and the

amount of moisture available in the soil and the amount of moisture

available in the soil during that particular year, could account for

these differences. The soil texture where these seedlings were found
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was loam in the surface horizon and heavy clay in the subsoil. There

is an agreement, however, between their information and this study

in the sense that, normally, there is little lateral root development

at this early stage.

In conclusion, the roots of Purshia tridentata are so variable

that it appeared impossible to describe them with a. simple term or

phrase. It is apparent that the habitat in which the root develops

has considerable influence upon root morphology. Two additional

characteristics are noteworthy. One is the apparent ability of the

root to penetrate indurate layers by slow vertical extension. The

second is lateral extensiveness, which allows the plant to draw upon

a large volume of soil. Therefore, although generalized descriptions

of the root system of Purshia tridentata are available, detailed iñfor

mation on variation and site response is needed.

Nodulation and NitrogFixation

Wagle and Viamis (1961) first reported that Purshia tridentata

has nodules in its root system that contain a fungus, probably an

Actinomyç,. involved in fixing atmospheric nitrogen. Therefore,

at the time of excavating Purshia plants for root studies, special

care was taken to. include additional information on such nodulations,

From 30 plants excavated, only three individuals showed

nodules, Samples of nodules were taken:for laboratory. analysis,
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which later was carried out by. Dr. E. A, Schwinghamer, Microbial

Geneticist of the Botany Department at Oregon State University. He

examinedthe samples under 'phase microscope"--such samples were

'old and dry" at the time of microscopic examination. Dr.

Schwinghamer confirmed that these were nodules containing an endo-

symbiont, possibly an Actinomycete. Clumps swelled rapidly when

placed in water because they contained gelatinous-like material other

than plant root tissue. The content included masses of microbial

material, Clumps, when compressed, released numerous spores

or bacteria of very small size, The bulk on the clumps remained

intact and appeared finely fibrillar orhyphal. Moreover, the nodule

clumps were tan-colored and no pigment of the hemoglobin type was

evident.

Webster, etaL, (1967) confirmed that Purshia tridentata has

nodules and they were able to isolate Strepmyces species. They

concluded that "although much remains to be learned about the

nodulation and nitrogen fixation process in bitterbrush, our results

imply that it is making a significant contribution to the nitrogen

economy of the ecosystem in which it occurs."

As indicated before, only three plants out of 30 showed

nodules in my study area, which indicates that nitrogen-fixing

organisms are rather scarce in this area. As a result, the nitrogen

contribution to the soil is probably insignificant. Moreover, the
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chemical analysis for total nitrogen (Table XIV) shows no clear dif-

ferenceamong soils that have Purshia vs. soils that have noPurshia,

There is rather a proportional relationship between organic matter

content and total nitrogen content within the same soil.

It appears that not all Purshia stands have Streptomyces in the

soil that could cause nodulation, and infact Wagle and Vlamis (1961)

did not find nodules onpiants grown in the pumice soil which,

according to these authors, may have been due to the absence of the

causative organism. However, the same authors speculated by

saying it is possible that a toxic factor in the soil inhibitedthe

growth of nodules . or that this soil environment is in some other

way unsuited to perpetuating the nodule-causing agent even though

it should be introduced

In summary, the observations inmy study confirm that Purshia

tridentata occasionally has nodules in its root system. in the Silver

Lake environment, but more specific research needs to be done in

order to clarify the significance and process of nitrogen fixation in

this species.
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CONCLUSIONS

getation and Environmental Factors

The vegetation communities studied in the Silver Lake Deer

Winter Range were: (A) Juniperus occidentalis/Purshia tridentata

Artemisia tridentata, (B) Purshia tridentata-Artemisia tridentata,

(C) Artemisia tridentata, (D) Juniperus occidentalis/Purshia

tridentata-Artemis ia arbus cula, (E) Purshia tridentata-Artemis ia

arbuscula, and (F) Artemisiaarbuscula.

The species list with prominence ratings clearly defined the

different communities. This has been confirmed by the numerical

approach through Simps on! s similarity index (SIMI) and the distance
2(D ) measure. The stepwise discriminant function analysis tested

the phytosociological groupings of the stands within the communities

and corroborated the communities as well definedfloristically and

confirmed that the stands within each community were properly

grouped.

Total vegetation cover decreased slightly from community A

toward community B and C where the prevalent species was Artemisia

tridentata. In communities in which Artemisia arbuscula was pre-

valent, the decrement of total cover was even more marked from

community D toward F and F, This last community, F, had the
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lowest vegetation cover of all communities studied. The grass

species did not follow any special pattern. The cover value for the

forbs by the species was low, but total cover increased steadily from

community A toward B, C, D, E, and F.

The homogeneity of the stands was tested with the following

indices: Information measure (H), Simpson's diversity index (SDI)

and concentration measure (SDSQ), The stands within each community

were homogeneous except for the stands of community C which were

rather heterogeneous,

The stepwise discriminant function analysis identified the shrubs

as the best discriminants, the forbs as the second best, and the

grasses as the poorest discriminants of the communities studied.

The best discriminant species, in a decreasing order of importance,

were: Purshia tridentata, Artemisia tridentata, Collinsiapyf,

and Bromus tectorum,

Elevation was a very good discriminating variable in the com

bined analysis of the environmental factors. The change of species

composition due to elevation did not have a clear relationship with

the presence and absence of Purshia tridentata, Position on land-

form appeared to be related to the occurrence of Purshia tridentata

because it was more frequently found on slopes than either on the top

or on the toe of slopes. Purshia tridentäta was not found Ofl:

bottom lands where Artemisia tridentata was the only prominent
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species. Microrelief, slope gradient, and exposure did not have a

marked influence on the species composition possibly because of the

uniformity of these features on all stands.

The percent of surface gravel was one of the second best dis.-

criminants in the first group of 'environmental features." Most of

the stands of community F. where the only prominent species was

Artemisia arbuscula, had the highest percent of surface gravel, It

was assumed that the high percentage of surface gravel had a marked

influence on moisture and/or temperature relationships in the soils

since the percent of surface stones and bare ground was similar in

all stands. Thus, it is inferred that the effects. of surface gravel

which allowed Artemisia arbuscula to grow resulted in environmental

influence that inhibited, in part the growth of Purshia tridentata

The soil textures of the upper horizon in all communities were

loam or coarser except in community F which had finer textures

than loam, This suggests that Purshia tridentata grows on a wide

variety of soils but generally reaches its best development on coarse-

textured soils. Clay in horizon "B2" was positively correlated with

micropores and very firm and/or extremely firm moist consistency.

These categories were more frequent in soils of Artemisia arbuscula

communities D, E, and F. Finally, there was a negative correlation

between clay and the abundance of roots in horizon "BZ". Here roots

were very few and/or few.
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The soil structure types in horizons 'BZT and TA12" were

identified as very good discriminants. The structures in "BZ'T were

alike in communities that had Purshia, Soil depth, and particularly

depth to the "BZ horizon, separated the communities, No clear

relationship was found between soil depth and the presence and

absence of Purshia tridentata,

Stoniness in the soil was a very good community-characterizing

factor. Stoniness in horizon 'B2.' was identified as the best dis-

criminant in the combined analysis. The inclusion of gravel percent

in horizon 'AlZ' significantly discriminated all paired combinations

of communities except communities D versus E. This suggests that

a high percent of stones did not inhibit the growth of Purshia.

Since bulk density in soils of community F was comparatively

high, it may have, indirectly, inhibited the growth of Purshia,

Soils of all communities had a similar pH except community C

which had the highest pH. This high value of pH was. positively cor-

related with exchangeable sodium (me/bOg). Purshia was found

growing on soils with pH between 6, 4 and 7,0. The highest percent

of organic matter was found in soils of community D and the lowest

in community F. Total nitrogen was closely related to organic matter

and phosphorus ppm which suggests that most of this element was

recycled from the breakdown of organic material. Exchangeable

sodium (me/bog) was relatively lower in soils of communities A,
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B, D, and E which had Purshia as compared to communities C and F

which did not have this species.

The pattern of environmental factors confirm the vegetation

groupings determined on the basis of the species composition in the

Silver Lake Deer Winter Range area were valid and that these group-

ing s were environmentally relevant.

Roots

Purshia tridentata plants were found growing singly, or in

clumps. The clumps consisted of a number of plants which were

either interconnected with layered stems or they were separate

plants growing close together, probably from seeds buried in caches

by rodents. Considering the depth of the soil in the study area, the

roots of Purshia tridentata penetrated deeply and spread widely.

Except for the top three decimeters or so of the taproot, lateral

branching was relatively sparse; but the lateral branches, when

present, were usually fairly well developed, The roots were rather

simple, but strong-fibered and tough. It appeared that, due to little

branching, there was a rapid taper in the first three decimeters of

the root. In situations where roots forked into two equally smaller

roots, there was usually a pronounced taper from the top downward.

Several environmental factors affected the path of Purshia

roots. In stony areas, the roots followed the path of least resistance,
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winding in and around stones where Ureverse geotropismTt was

observed. Roots going through cracks often flattened out and branched

profusely. Roots of Artemisia tridentata were unable to penetrate

heavy clay between stones or go through the cracks' of rocks.

When Purshia was growing on the same stand with either

Artemisia species, the roots of these latter species occupied mainly

the upper soil strata (and Purshia the lower). This suggests, that

competition between them is reduced.

The comparison of the height of the plants, maximum radial

crown, and maximum radial root spread (HCR) showed that the

maximum radial root spread in Purshia plants was four times greater

than the maximum radial crown spread which suggests that the

development of the roots is much greater than the development of the

aerial part of the plant. Comparisons of the volumes occupied by

the' 'root system and aerial part of the plant 'would lead to even greater

differences.

Seedlings of Purshia tridentata

The rooting characteristics of four seedlings of this species

showed that the taproot length of two seedlings that were about two

months old was 18 centimeters and the lengths of the two and three

years old seedlings 'were approximately 45 and 90 centimeters,

respectively. The soil was shallow, only 55 centimeters deep,
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where these plants were found; but the roots, as in the cases of

mature plants, followed the fracture zones through the cracks. of the

rock, or went around the stones in the soil, Also,, there was little

lateral root development at this early stage.

N odulation and Nitrogen Fixation

From 30 plants of Purshia tridentata excavated, only three

showed nodules, These were nodules containing an endosymbiont,

possibly an Actinomycete.

Since very few nodules were found on Purshia plants, the

nitrogen-fixing organism is probably scarce in the area studied. As

a result, the nitrogen contribution to the soil was probably insig..

nificant. The chemical analysis for total nitrogen showed no clear

difference among soils that had Purshia versus those which did not,

Recommendations

The integrated purpose of this research was to identify the

ecological factors that might influence the growth of Purshia tridentata

in the Silver Lake Deer Winter Range. Because' of the complexity of

the problem, the research was conducted in a stepwise procedure.

The results accomplished the objectives stated but since they are not

conclusive, succeeding investigations should be' carried on so that a

better understanding: of the cause-effect relationships between the
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environmental factors and Purshia tridentata can be achieved, Based

on these criteria and the results of my study, I strongly suggest the

following possible investigations of the area studied, particularly on

the same stands:

(1) Determine water exchange between the plant and the

environment in order to place this phenomena. in an ecological con

text. Special reference would be made to the soil factors which affect

soil-water status and water supply to plant roots, and the atmospheric

factors which affect evapotranspiration.

(2) Determine Purshia tridentata's seedling survival on natural

stands where this species grows, particularly on poor stands, so

that the limiting factors can bemore readily detected,

(3) Evaluate the nitrogen fixation process in Fur shia tridentata

and its contribution to the nitrogen economy of the ecosystems in

which this species occurs,
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APPENDIX A

TABLES



Table I, Location of the microplots along the transect, expressed in meters.

1 sq. meter 1/4 sq. meter
Microplot Location Spacing Location Spacing

0- 25 0- .25
1 25- 1.25 25- 75

1.25- 1,75 75- 1,75
2 1.75 - 2.75 1.75 - 2,25

2.75- 3,25 2,25 - 3,25
3 3.25 4.25 3.25- 3.75

4.25 - 4, 75 3,75 - 4.75
4 4.75- 5.75 4.75- 5,25

5,75 - 6,25 5.25 - 6.25
5 6,25 - 7,25 6.25 - 6,75

7,25 - 7,75 6.75- 7.75
6 7,75 - 8,75 7.75 - 8,25

8,75 - 9.25 8,25 - 9,25
7 9,25 - 10.25 9.25 - 9.75

10,25 -10,75 9,75 - 10,75
8 10,75 - 11,75 10.75 - 11,25

11,75 - 12,25 11,25 - 12.25
9 12,25 - 13,25 12.25 - 12,75

13,2.5 -13.75 12.75 - 13,75
10 13,75 - 14,75 13,75 - 14,25

14,75 - 15.00 14,25 -15,00

L\)

I.
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Table II. Plant species list with scientific names. Symbolization is in agreement with Garrison,
Skovlin, and Poulton. 1/

Abbreviation Scientific Name

Acmil ACHILLEA MILLEFOLIUM LANULOSA (Nutt.) Piper

Aghe AGOSERIS HETEROPHYLLA (Nutt.) Greene

Agre AGOSERIS RETRORSA (Benth.) Greene

Agsm AGROPYRON SMITHII Rydb.

Agsp AGROPYRON SPICATUM (Pursh) DC.

Andi ANTErJNARIA DIMORPHA (Nutt.) T. G G.

Arho ARABIS HOBOELLH Hornem

Arar ARTEMISIA ARBUSCULA Nutt.

Artr ARTEMISIA TRIDENTATA Nutt,

Asfi ASTRAGALUS FIIIPES

Asle* ASTRAGALUS LENTIGINOSUS DougL

Asob ASTRAGALUS OBSCURUS Wats,

Aspu ASTRAGALUS PURSHII DougL

Blsc BLEPHARIPAPPUS SCABER Hook.

Brte BROMUS TECTORUM L. Downy

Cama CALOCHORTUS MACROCARPUS Dougl.

Cajo CAREX JONESII Bail.

Caro CAREX ROSSII Boott,

Chdo CHAENACTIS DOUGLASII (Hook, ) H. & A.

Chna HRYSOTHAMNUS NAUSEOSUS (Pall.)

Chvj J-ffiYSQTHAMNTJS VISC1DIFLORUS (Hook.) Nutt,

Clrh CLARKIA RHOMBOIDEA Dougl.

Copa COLUNSIA PARVIFLORA Dougi.

Cogr COLLOMIA GRANDIFLORA Dougl.

Cnn CREPIS INTEP.MEDIA Gray

Cram CRYPTANTHA AMBIGUA (Gray) Greene

Crci CRYPTANTHA CIRCUMSCISSA (H, & A. )
Johnst,

Depi DESCURAINIA PINNATA (Walt. )
Britt.

Ersp ERIASTRUM SPARSIFLORUM (Eastw. )
Mason

ErbI ERIGERON BLOOMERI Gray

Efi ERIGERON FILIFOL1US Nutt,
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Table II.(Continued)

Abbreviation Scientific Name

Erba ERIOGONUM BAILEYl Wats.

Frum ERIOGONUM UMBELLATUM Torr,

Erla ERIOPHYLLUM LANATUM (Pursh) Forbes

Feid FESTUCA IDA1-IOENSIS Elmer.

Fral FRASERA ALBICAULIS (Griseb.) Kuntze

Gara GAYOPHYTUM RAMOSISSIMUM T, & G.

Juco JUNCUS COVILLEI Piper

Juoc* JtJNIPERUS OCCIDENTALIS Hook.

Kocr KOELERIA CRISTATA (L.) Pers.

Lemo LEtJCOCRINUM MONTANTJM Nutt.

Loma LOMATIUM MACROCARPUM (H, & A.) C. & R.

Lone LOMATIUM NEVADFNSE (Wats.) C. & R.

Lual* LUPINUS ALBICAULIS Dougi.

Lule LUPINUS LEPIDUS Dougi.

Mavu* MARRUBIUM VULGARE L.

Meal* MENTZELIA ALBICAULIS Dougi. ex. Hook.

Muri MUHLENBERGIA RICHARDS ONIS (Trin.) Rydb.

Orhi* ORTHOCARPUS HISPIDUS Benth

Peci PENSTEMON CINEREIJS Piper

Pehu PFNSTEMON HUMIUS Nutt,

Pela PENSTEMON LAETUS Gray

Pobu POA BULBOSA L.

Poco POA COMPRESSA L

Pocu POA CUSICKH Vasey

Pose POA SECUNDA Presi.

Podo* POLYGONUM DOUGLASII Greene

Putr PURSHIA TRIDENTATA (Pursh) DC.

Scna SCUTELLARIA NANA Gray

Sihy SITANION HYSTRIX (Nutt.
)
J. G. Smith

Stoc STIPA OCCIDENTALIS Thurb.

Stth STIPA THURBERIANA Piper



Table U. (Continued)

Abbreviation Scientific Name

Teca*

Vipu

Zipa*

TETRADYMIA CANESCENS DC.

WOJ PURPUREA Keli.

ZIGADENUS PANICULATUS (Nutt. ) Wats.

274

Garrison, C. A., J. M. Skovlin and C. E. Poulton. Northwest range-plant symbols adapted to
automatic data processing. Unpublished I. B. M. print-out sheets on file with Range Management
Program, Oregon State University. 1965.

* Species not included in the statistical analyses.
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Table III. Complete list of species and their distribution in all stands within and outside the macro-
plot. The species are recorded on the prominence rating*,

Community

Species Juoc/Putr Putr-Artr Artr Juoc/Putr Putr-Arar Arar
Artr Arar

Symbol Stands Stands Stands Stands Stands Stands
12345 12345 12345 12345 12345 12345

Trees and
shrubs

Juoc 5 5 5 5 5 5 5 5 5 5

Putr 55554 54545 45555 44545
Artr 44445 45454 55555
Arar 54444 55454 55555
Chna 33333 13332 3333 21333 332 3

Chvi 22 3223333 33343 23333 33333 3 33
Teca 1 1

Grasses and
ke

Agsp 35534 4333 31 2 35555 44244 341 3

Feid 431444 324 34 344324354 355 3

Stth 44352 31443 14415 54441 54454 24114
Pose 11233 31111 12113 23333 32333 12452
Sthy 53445 53555 15544 44333 43545 44545
Stoc 33221 21232 43212 23222 31332 13 1

Brte 32333 23334 11213 33231 33433 31331
Koer 23112 333 111123 1

Caro 1 11 21 3 3

Cajo 2 2 41
Agsm 4 3
Juco 1

Muri 1 3

Pobu 1 1 1

Pocu 1 1 1 111
Poco 1

Forbs

Blsc 11111 11111 11111 12111 21112 21112
Gara 11111 11111 11 11 11111 1 11
Aspu 1111 11111 11 1 1111 21 11 11
Erum 1 11 1 1 1 1 1 21 11 1

Ersp 1111 1111 11 1 1 111
Cram 11111 11111 1 111 1 111 11
Erba 1 1 11 1 111 11 111
Andi 1 21 1 1 1 131 122213231 3

Copa 111 1 22111 11111
Erbi 1 2 1 1 111 1 11 12 23111
Afi 11 1 11 1 1 11 11
Asob 1 2 1 1 1 1 1 1 1

Pela 1 1 1 1 1 1



Table III. (Continued)

Community

276

Species Juoc/Putr Putr-Artr Arar Juoc/Putr Putr-Arar Arar
Artr Arar

Symbol Stands Stands Stands Stands Stands Stands
12345 12345 12345 12345 12345 12345

Cnn 1 1 1 1 1 1 1 1 1 1

Lone 1 1 1 1 1 1 1

Arho 1 1 1 1 1

Cogr 1 1 1 1 1

Peci 1 1 1 12
Orhi 1 1 11
Pehu 1 I
Ada 1

Lemo 1

Meal 1

Aghe 1 1

Podo
Erla 1 1 1 1 1 1 1

Agre 1 1 1

Swal 1 1 1 1

Asle 11 1 1

Mavu 1

Vipu 1 1 1

Scna 3 2

Depi 11 1 1 12
Erfi 111 1 1

Coma 1 1 1 1 1

Crci 1 1 1 1 1 1

Chdo 1 1

Lule 1

Lual 1

Zypa 1

* Prominence rating here is considered equivalent to "dominance rating" of Poulton (1962). Prominence
means that the species is "conspicuous, but not necessarily ecologically dominant in the sense of
exerting a controlling influence on the environment" and other plants (Grunow, 1967).
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Table IV. Grass (grasses and grasslike) and forb cover in compari-
son to the total vegetation cover, by stands.

Stand Total vegetation Grasses Forbs
Community No. cover % %

Juoc/Putr-Artr Al 37.8 7.9 0,3
AZ 35.6 5.7 1,1
A3 36.3 7.1 2,0
A4 49,9 10.0 1.4
A5 34,7 6.6 0.9

Putr-Artr Bl 36.1 8.8 1,4
B2 33.0 4.8 1,8
B3 36,5 5.6 3,0
B4 34.4 5.9 0.8
B5 42.3 6.5 1,2

Artr Cl 45.6 17,9 0.3
C2 28.9 2.8 1.1
C3 33,9 4.0 0.9
C4 42.8 3.0 0,5
C5 25.4 4.8 4,1

Juoc/Putr-Arar Dl 34. 2 8. 7 2. 2
D2 34,3 7.3 1.3
D3 44.1 11.6 1,6
D4 39,3 7.3 1,9
D5 40.4 13.6 1.7

Putr-Arar El 31.3 8.5 1.9
E2 32,8 8.5 3,4
E3 32,7 6.0 3.7
E4 34,1 5.1 2,8
ES 36.5 10.7 4.0

Arar Fl 19.0 5.9 2.7
F2 23,4 7.5 4,6
F3 2S.8 5.5 4,4
F4 26,5 2,4 3,7
F5 22.7 8.1 8.1

p
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Table V. Summary of analysis of information and diversity for one

s et of data of shrub cover by stand and community.
Columns: H, Common information measure; SDSQ,
SimpsonTs D-Square; SDI Simpson7s diversity index.

Community Stand H SDSQ SDI
No.

Juoc/Putr-Artr Al 0.747 0,547 0.453
AZ 0.748 0.493 0.507
A3 0,642 0.576 0,424
A4 0,922 0,472 0.528
AS 0.693 0.500 0.499
A* 0.799 0.499 0,501

Putr-Artr Bl 0.674 0, 519 0,481
B2 0.912 0.448 0,552
B3 0.879 0,447 0,553
B4 0.899 0,454 0.546
B5 0.840 0.465 0,535
B* 0.871 0,459 0.541

Artr Cl 0.056 0.980 0,020
C2 0.014 0.960 0.003
C3 0.226 0.904 0.095
C4 0.208 0.899 0.101
CS 0.052 0.982 0.018

0.151 0,943 0,057

Juoc/Putr.-Arar Dl 0,757 0,487 0,513
D2 0.701 0.499 0,501
D3 0.721 0.522 0.478
D4 0.754 0.493 0,507
D5 0.756 0.490 0,509
D* 0,750 0,493 0,507

Putr-Arar El 0.697 0,503 0.497
E2 0.718 0.501 0,499
E3 0.701 0.499 0.501
E4 0.755 0,492 0,508
E5 0.670 0.562 0,438

0.731 0.493 0,507

Arar Fl 0.000 1,000 0.000
F2 0,000 1.000 0,000
F3 0,000 1.000 0,000
F4 0.000 1.000 0,000
F5 0.025 0,992 0.008
F* 0.003 0.999 0.001

* Community Total
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Table VI, Summary of analysis of information and diversity for one

set of data of grass cover by stand and community.
Columns: H, Common information measure; SDSQ,
Simpsons D-.Square; SDI, Simpsonrs diversity index.

Community Stand H SDSQ SDI
No,

Juoc/Putr-Artr Al 1, 674 0. 249 0, 751
AZ 1.553 0.269 0.731
A3 1,593 0.252 0.748
A4 1.771 0.205 0.795
A5 1,529 0.259 0.741
A* 1.905 0,175 0.825

Putr-Artr Bl 1.387 0.356 0.644
B2 0.974 0.524 0,476
B3 1.255 0,366 0.634
B4 1.485 0.276 0.724
B5 1,262 0.361 0.639
B* 1.521 0,288 0,712

Artr Cl 1.712 0.221 0.779
C2 1.244 0.361 0.639
C3 1.731 0.219 0,781
C4 1.254 0,355 0,645
CS 1.608 0,223 0,777
C* 2,195 0,136 0,864

Juoc/Putr-Arar Dl 1,664 0,242 0.758
D2 1,796 0.184 0.816
D3 1,339 0.419 0.581
D4 1,875 0,188 0.812
D5 1,216 0.453 0.547
D* 1.747 0.233 0.767

Putr-Arar El 1.622 0.265 0.735
E2 1.754 0.208 0,792
E3 1,815 0.183 0.817
E4 1.654 0,208 0,792
E5 1,622 0.256 0.744

1,852 0.171 0,829

Arar Fl 1,721 0.211 0.789
F2 1.612 0.241 0.759
F3 0.553 0.687 0.313
F4 1,025 0.379 0.621
F5 1.246 0.387 0,613
F* 1,577 0,269 0,731

* Community Total
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Table VII. Summary of analysis of information and diversity for one

set of data of forb cover by stand and community.
Columns: H, Common information measure; SDSQ,
Simpsonts D-Square; SDI, Simpsonts diversity index,

Community Stand H SDSQ SDI
No,

Juoc/Putr-.Artr Al 1,314 0.280 0,720
AZ 1.100 0,387 0.613
A3 1.632 0.270 0,730
A4 1.255 0.452 0.548
AS 1.009 0.540 0.460
A* 1.780 0.236 0.764

Putr-Artr Bl 1.286 0.405 0.595
BZ 1.652 0.251 0.749
B3 1.280 0.307 0,693
B4 1.514 0.260 0.740
B5 1.074 0.521 0,479
B* 1.813 0.228 0.772

Artr Cl 1.609 0.240 0.760
C2 1.562 0.249 0,751
C3 0.781 0.564 0.436
C4 0.336 0,812 0,188
CS 1.062 0.456 0,544
C* 1,532 0.337 0,663

Juoc/Putr-Arar Dl 1.281 0,366 0.634
D2 1.505 0,254 0.746
D3 1.612 0.296 0,704
D4 1,545 0.323 0,677
DS 1.424 0.359 0.641
D* 1,909 0,251 0.749

Putr-Arar El 1,420 0.320 0.680
E2 1,747 0.226 0.774
E3 1.745 0.210 0.790
E4 1.918 0,200 0,800
E5 1.635 0.244 0.756
E* 1,978 0.197 0,803

Arar Fl 1.510 0.259 0,741
F2 1.427 0.348 0.652
F3 2.019 0.160 0.840
F4 1.861 0.194 0.806
FS 1,297 0.470 0,530

1.980 0,210 0.790
* Community Total
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Table VIII. Grouping of communities by the stepwise discriminant analysis at the shrub stratum.
Matrices in order of significance and entrance of species as discriminant: (1) Purshia
tridentata, and (2) Artemisia tridentata,

Variable entered Community A B C D E

Purshia tridentata B 10, 032**

C 284. 567** 187. 738**

D 13.711** 0.287 173.351**

E 20.743** 1.924 151.651** 0.725

F 284.567** 187.737** 0 173.351** 151.651**

Artemisia tridentata B 5.604*

C 147. 748** 96. 122**

D 43.621** 48.848** 172.598**

E 50.166** 53.265** 167.101** 0.413

F 237. 105** 209.419** 179. 900** 98.670** 86.319**

** Significance of F values for separation of communities at 0. 05 and 0. 01 levels:

(1) Putr, 7. 82 at 1 and 24 D. F.
(2) Artr, 3.42 and 5.66 at 2 and 23 D.F.



Table IX. Grouping of communities by the stepwise discriminant analysis at the grass stratum,
Matrices in order of significance and entrance of species as discriminant: (1) Poa
secunda, (2) Bromus tectorum, (3) Agropyron spicatum, (4) thurberiana,

Variable entered Community A B C D E

Poasectmda B 4.460*

C 2.143 0.420

D 2.335 13.249** 8.951**

E 2,782 14.287** 9,808** 0.020

F l0.841** 29.208** 22.623** 3.114 2,639

Bromus tectorum B 6. 338**

C 1.736 8. 563**

D 3.635* 19.569** 4.842*

E 2.832 17.564** 4.846* 0.140

F 16. 168** 42. 750** 16. 943** 4.472* 5. 626*

Agropyron spicatum B 4,334*

C 1.862 5.569**

D 3.805* 15,577** 7,449**

E 1.930 11.236** 3,357* 2.560

F 10.824** 27.292** 10,828** 6,602** 3.721*

athurberiana B 3.365*

C 2.206 4. 165*

D 4. 034* 13.895** 9.655**

E 1.703 9.207** 4.656** 2.167

F 7.965** 19,541** 7.972** 7.316** 3.728*

** Significance of F value for separation of communities at 0.05 and 0, 01 levels:

(1) Pose, 4.26 and 7.82 at 1 and 24 D. F.

(2) Brte, 3.42 and 5.66 at 2 and 23 D.F.

(3) Agsp, 3.05 and4.82 at3 and22D.F.

(4) Stth, 2.84and4.37at4and2lD.F.



Table X. Grouping of communities by the stepwise discriminant analysis at the forb stratum.
Matrices in order of significance and entrance of species as discriminant: (1) Q214

lor and (2) Lomatium nevadense.

Variable entered Community A B C D E

Col1insiaora B 5. 237*

C 5.237* 0

D 5.237* 0 0

E 9. 127** 28, 190** 28, 190** 28. 190**

F 21, 196** 47.503** 47.503** 47,503** 2,505

Lomatium nevadense B 2.551

C 2.551 0

D 2,551 0 0

E 4,393* 13.512** 13.512** 13.512**

F 22.145** 33.373** 33,373** 33.373** 12.232**

** Significance of F value for separation of communities at 0. 05 and 0. 01 levels:

(1) Copa, 4.26 and 7.82 at 1 and 24 D.F.

(2) Lone, 3.42 and 5.66 at2 and 23 D.F.



Table XI. Geological characteristics of stands under study Silver Lake Deer Winter Range.

Stand

J uoc/ Putr-Artr

(A)

Putr-Artr

(B)

Community

Artr

(C)

Juoc/ Putr- Arar

(D)

Putr- Arar

(E)

Arar

(F)

Lava-Dense
basalt- Lava-dense basalt- Lava-dense basalt- Thin basalt flows Lavadense basalt- Lava-dense basalt-

platy jointing platy jointing platy jointing over ash flow tuff platy jointing platy jointing

Thin basalt flows Ashflow tuff with Brown indurated Thin basalt flows Lava- dense basalt- Lava-dense basalt-
2 over ash flow tuff some scoria and ashflow tuff over ash flow tuff platy jointing platy jointing

basalt

Ashf low tuff scoria Thin basalt flows Basalt flows Ashflow tuff Thin basalt flows- Thin basalt flows-
and cinders over ash flow tuff scoria and cinders scoria and cinders ashflow tuff ashflow tuff

Thin basalt flows- Thin basalt flows Thin basalt flows Thin basalt flows- Basalt flows Basalt flows
ashflow tuff over ashflow tuff over ashflow tuff ashflow tuff

Basalt flows Basalt flows with Basalt flows some Basalt flows Thin basalt flows- Thin basalt flows-
5 scoria and cinders scoria and cinders ashflow tuff ashflow tuff

overlain by
palagonite tuff

N)



Table XII. Placement of classification units and soil series in the classification system
(7th approximation).

Stand Series Subgroup Family

285

Al I Typic Haploxeroll Loamy- -skeletal, mixed, frigid
A2 II Typic Argixeroll Fine, montmorillonitic, frigid
A3 II Typic Arixeroll Fine, montmoiillonitic, frigid
A4 H Typic Arxeroll Fine, montmorllonitic, frigid; borderline to

lithic = 50 cm.
AS III Typic Argixerol]. Clayey-Skeletal, frigid

Bi IV Lithic Haploxeroll Loamy, mixed, frigid
B2 V Typic Argixeroll Fine, montmorillonitic, frigid
B3 VI Typic Argixeroll to Clayey, mixed, frigid

Lithic Argixeroll
B4 VII Typic Argixeroll Clayey-Skeletal, mixed, frigid
B5 V Typic ArgixeroU Fine, montmorillonitic, frigid

Cl VIII Typic Haploxeroll Sandy, mixed, frigid (Ashy)
C2 IX Xerollic Haplargid Fine, montmorillonitic, frigid
C3 X Typic Argixeroll Fine, montmorillonitic, frigid (Duric)
C4 XI Pachic Argixeroll Fine, montmorillonitic, frigid
CS XII Duric Argixeroll Fine, montmorillonitic, frigid (Lithic)

Dl XIII Lithic Argixeroll Clayey, montmorillonitic, frigid
D2 XIII Lithic Argixeroll Clayey, montmorillonitic, frigid
D3 XIV Typic Argixeroll Fine, montmoriUonitic, frigid
D4 XV Pachic Argixeroll Clayey-Skeletal, frigid
D5 XV Pachic Argixeroll Clayey-Skeletal, frigid

El XIII Lithic Argixeroll Clayey, montmorillonitic, frigid
E2 XIII Lithic Argixeroll Clayey, montmoriUonitic, frigid
E3 XVI Pachic Argixeroll Fine, montmorillonitic, frigid
£4 XVII Typic Argixeroll Clayey, montmorillonitic, frigid, shallow
ES XVIII Typic Argixeroll Clayey-Skeletal (inontmorillonitic) frigid

Fl XVIII Typic Argixeroll Clayey-Skeletal (montmorillonitic) frigid, (Argid)
F2 XIX Lithic Argixeroll Clayey-Skeletal, montmorillonitic, frigid
F3 XX Pachic Argixeroli Clayey-Skeletal, montmorillonitic, frigid
F4 XIX Lithic Argixeroll Clayey-Skeletal, montmorillonitic, frigid
F5 XX Typic Argixeroll Clayey-Skeletal, montmorillonitic, frigid
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Table XIII,Soil moisture percentage at 1/3 and 15 Atmospheres in
horizons Al2 and B2 in all stands.

Stand Horizon Al2 Horizon B2

Community No. 1/3 ATM 15 ATM 1/3 ATM 15 ATM

Juoc/Putr-Artr 1 19,07 8.08 17.56 8,61
2 19,45 9,29 40.19 19,11
3 21.83 9,52 44,14 25,52
4 22,84 10.78 58,85 33.87
5 22.36 10,46 29.05 16,37

Putr-Artr 1 20,50 7,05 18,22 8,06
2 23,62 13,10 48,57 27,38
3 16,82 8,87 33.99 17.40
4 20,66 11,77 35.65 19,80
5 18.56 9,65 42,05 24,95

Artr 1 21,50 8.95 22,40 12,17
2 17.17 9,41 38.74 22,90
3 17,03 10,04 40,60 23,41
4 38,74 13,48 34,01 23,17
5 24,82 11.44 55.68 29.56

Juoc/Putr-Arar 1 27,70 11,74 55,84 35.45
2 23,80 10,29 36,95 23,93
3 18,26 8,06 45,52 28,21
4 27,01 13.40 27,84 19,85
5 23.82 12.30 50. 94 33,83

Putr-Arar 1 23,38 10.78 43,36 25,40
2 26,11 12.50 43,14 25.17
3 23, 14 12.54 49,55 27, 60
4 24.79 13.35 34,56 17,99
5 24,88 13,60 54.54 32,79

Arar 1 27,26 12,97 60,12 35,03
2 24,57 12,23 51,23 29.45
3 25,72 15.50 42,12 22,51
4 19.79 10.72 25.89 14,87
5 21,91 12,50 58.84 34.56



Table XIV. Chemical analysis of Al 2 and B2 horizons in soils of all stands studied.

Community Stand
No.

Horizon Soil
pH

P

ppm
K

me/lOOg
Ca

me/lOOg
Mg

me/lOOg
O.M.
%

Na
me/100g

TN
%

CEC

me/bOg

Juoc/Putr-Artr 1 Al2 6.7 2.1 0. 96 7.7 2.5 0.81 0. 13 0.073 13.56
2 Al2 6.4 6.4 0.84 8.7 3,5 0.65 0.11 0.082 16.30
3 Al2 6.6 5.7 1.02 9.0 4,2 0.78 0.10 0.100 16,25
4 A1Z 6.5 14.3 1.10 11.0 3,9 1.15 0.09 0.124 16.60
5 Al2 6.8 3.6 1.94 11.5 3.2 1,46 0.07 0.145 17.25

Putr-Artr 1 Al2 6.6 4.3 1.0 6,7 1.9 0,71 0.10 0.073 15.55
2 Al2 6.7 28.6 1.74 10.9 6.4 0.64 0.14 0.088 21.78
3 A1Z 6.7 17.9 1.08 8.3 3.9 1.06 0.07 0.097 16.65
4 Al2 6.8 3.6 0.84 10.6 6.2 0.71 0.13 0.076 20. 38
5 Al2 6.5 6.4 0.98 9.7 3.2 1.21 0.10 0.112 17.20

Artr 1 Al2 8,9 6.4 2,08 10.6 3.2 1.12 1.57 0,112 20,34
2 Al2 7.3 19.3 1.52 8.0 5.0 0.84 0.15 0.082 15.95
3 Al2 6.9 7.1 1.20 8.7 5.4 0.65 0.13 0.077 16.05
4 Al2 6.6 30,0 2.12 13.3 5.2 1.62 0.16 0.178 22.68
5 Al2 6,8 5.0 1,32 9.0 5.0 0.87 0.44 0.107 17.60

Juoc/Putr-Arar 1 Al2 6.9 2.9 0.84 11.8 5,7 0.90 0.20 0.100 17,75
2 Al2 6,8 10.7 1,02 11.2 4.2 0.93 0.13 0.114 17,75
3 Al2 6,8 2.9 0.82 6.4 4,2 0.53 0.18 0.066 13,36
4 Al2 6.4 27.8 0.94 13.0 5.0 1.46 0.09 0.155 21.83
5 Al2 6.4 12.1 1.04 11.8 5.9 1.46 0.14 0.140 20,64

Putr-Arar 1 Al2 7.2 10.0 1.38 10.3 5.9 0.90 0.14 0.103 15,35
2 Al2 6,8 10.0 1.24 14.4 5.7 1.21 0.14 0.132 21.14
3 Al2 6.7 14,3 1.16 11.5 5.2 1.09 0.10 0.109 20,94
4 Al2 6.9 5.0 0.84 11.5 8.5 0.59 0.20 0.083 20,94
S Al2 6.8 3.6 1.04 11.5 7,5 0,81 0.15 0.102 21.24



Table XIV. Continued

Community Stand
No.

Horizon Soil
pH

P

ppm
K

me/lOOg
Ca

me/lOOg
Mg

me/lOOg
O.M. Na

me/lOOg
TN
%

CEC

me/lOOg

Arar 1 Al2 6.9 2.1 0.66 10.0 6.4 0.75 0.78 0.090 21.39
2 Al 2 6. 8 6. 4 0. 66 10. 9 6. 4 0. 87 0. 31 0. 103 20. 24
3 Al 2 7. 0 5. 7 0. 70 12. 1 7. 8 0. 84 0. 27 0. 091 23. 28
4 Al2 6.9 5.0 0.38 9.7 6.2 0.09 0.26 0.053 17.60
5 Al2 6.5 7.9 0.52 11.2 6.2 0.76 0.16 0.091 17.50

Juoc/Putr-Artr 1 B2 6.6 2.1 1.05 8.0 3.1 0.55 0.13 0.075 14. 76
2 B2 6.9 1.4 0.87 17.9 14.7 0.43 0.47 0.052 35.59
3 B2 6.7 1.4 1.07 16.9 15.0 0.37 0.30 0.054 36.59
4 B2 5.8 1.4 2.56 26.6 13.6 0.61 0.23 0.067 44,87
5 B2 6.4 1.8 2.0 14.0 6.2 0.82 0.13 0.058 24.43

Putr-Artr 1 B2 6.7 1.4 1.11 7.0 2.5 0.49 0.14 0.070 14. 66
2 B2 6.9 1.4 1.62 23.6 15.8 0.64 0.41 0.075 42.57
3 B2 7. 1 2. 9 1 48 16. 9 12. 4 0.64 0. 26 0. 075 31 65
4 B2 7.0 1. 4 1. 20 17. 2 12. 4 0.82 0. 20 0.092 77.67
5 B2 6.5 1.4 1.71 19.3 13.1 0.82 0. 20 0.090 19.94

Artr 1 B2 8.2 8.6 0. 91 10.0 8.9 0.12 1.31 0.024 43. 12
2 B2 7.9 1.4 1.24 22.4 16.0 0.52 1.32 0.063 38.04
3 B2 7. 2 0.7 0. 89 20.0 16.5 0.31 0.63 0. 043 25,72
4 82 6. 8 1.1 1 78 12. 7 9. 3 0. 27 0. 17 0.048 44.87
S B2 7.4 1.4 1.17 18.3 15.5 0.61 2.08 0.057 47.87

Juoc/Putr-Arar 1 B2 6.7 1.4 1.02 26.0 16.0 0.49 0.52 0.060 31.80
2 B2 5.9 2.1 1.07 18.8 9.4 0.79 0,20 0.065 37.99
3 82 6.8 1.4 2.32 37.6 27.2 0.09 1.37 0.053 25.12
4 B2 6.5 5.0 1.08 14.3 7.0 0,92 0.16 0.111 44. 22
5 B2 6.5 1.4 1.20 26.6 16.5 0.70 0.30 0.072 38.19



TableXIV. Continued.

Community Stand Horizon Soil P K Ca Mg O.M. Na TN CEC
No. pH ppm me/lOOg me/bOg me/bOg % me/lOOg °/ me/bOg

Pu-Arar 1 B2 6.8 1.8 1.15 17.9 14.2 0.70 0.41 0.055 76. 27
2 B2 6.6 2.1 1.68 24.2 12.6 0.61 0.25 0.063 30.46
3 B2 6. 7 1.4 1.26 19. 6 14.7 0.61 0.30 0.050 40.87
4 B2 6.8 1.1 0.73 15.3 12.9 0. 5 0.52 0.070 48.50
5 B2 6.8 1.1 0.94 24.2 20.4 0.52 0.55 0.049 38.34

Arar 1 B2 7.5 1.4 1.02 26.6 20.6 0.09 2.04 0. 054 34.50
2 B2 7. 1 2. 1 1.03 24. 2 18.8 0.31 0.74 0. 044 24. 38
3 B2 6.5 1.1 0.54 16.6 13.9 0.34 0.74 0.061 44.22
4 B2 6.0 1.1 0.32 12.4 8.9 0.34 0.48 0.054 38.68
S B2 6. 3 1 4 0. 91 28.0 16.5 0. 46 0. 41 0. 068 22. 23
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Table XV. Variables included in the stepwise discriminant analysis
of environmental factors.

Group analyzed No, Variable

First group 1, Elevation
Environmental
features: 2. Landform type

3. Landform position
4. Microrelief
5. Slope

6. Position on slope
7. Exposure
8. Gravel cover
9. Stone cover

10. Internal drainage
11. Run-off
12. Soil depth

Second group 1. Horizon depth
Al2 and B2
horizons: 2, Clay

3, Silt

4. Sand

5, Structure's strength
6, Structure size
7. Structure type
8. Consistancy dry

9. Cons istancy moist
10. Pores abundance
11. Pores size
12, Roots abundance
13, to 24. Repeated some

variables for 2

Units

feet
code*

code

code

percent
code

code

percent
percent
code

code

cms,

cms,

percent
percent
per cent

code

code

code

code

code

code

code

code

code



Table XV. (Continued)

Group analyzed No. Variable

Third group 1.
Al2 and B2

2horizons:
3.

4.

5.

Moisture tension
Moisture tension

Gravel

Bulk density

pH

291

Units

1/3 Atm.

1/15 Atm.

per cent

percent

6. Stones volume percent

7. Organic matter percent

8. Carbon percent

9. Total nitrogen percent

10. C/N ratio percent

11. Calcium me/bog.
12., Magnesium me/bOg.
13. Sodium me/bOg.
14. Potassium me/bOg.
15, Phosphorus ppm.

16. Cation exchange capacity me/bOg.
17. to 32, Same variables for

B2

'Basically the same code devised by Poulton, C. E. etal. (1966)
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Table XVI. Means and ranges for measured root characteristics of Purshia tridentata on all stands of
communities B and F with a total of 15 plants for each community. In addition height
of the plant and maximum radial crown spread are included.

Community

Purshia-Artemisia Purshia-Artemisia
tridentata (B) arbuscula (B)

Characteristic Units Mean Range Mean Range

Height of plant cms 113 45-180 111 65- 155

Maximum radial crown spread cms 25- 90 55 28- 80

Maximum radial root spread cms 236 120-500 207 120-330

Diameter main root at ground
level mm 69 30-100 70 45-100

Diameter primary root branch* mm 24 5- 40 18 7- 30

Root depth cms 84 50-133 67 52-100

Depth origin last primary branch cms 45 25- 80 :43 30- 50

Number primary branches 3 2- 5 3 2- 5

Number secondary branches No/dm 3 1- 5 3 2- 6

Number tertiary branches No/dm 2 1- 3 2 1- 2

*
Measured at 1 dm from the origin.
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Table XVII. Root characteristjcs of Purshia tridentata, Artemisia
tridentata and Artemisia arbuscula, based on the most
conspicuous features within each characteristic
expressed in percent.

Angle junction Form of root
pecies and branch 030° 30-60° 60-90° Smooth Wavy Twisted

Putr. communiyB
Primary branch 27 73 33 27 40
Secondary branch 7 60 33 7 66 27
Tertiary branch 7 66 27 27 73

Putr, c ommuniy_E

Primary branch 7 53 40 13 47 40
Secondary branch 87 13 47 53
Tertiary branch 100 60 40

Artr. community B
Primary branch 7 13 80 100
Secondary branch 100 100
Tertiary branch 100 100

Artr. community C
Primary branch 7 27 66 87 13
Secondary branch 7 93 93 7

Tertiary branch 7 93 100

Arar. community E
Primary branch 7 47 46 87 13
Secondary branch 7 80 13 100
Tertiary branch 7 86 7 100

Arar. community F
Primary branch 20 60 20 87 13
Secondary branch 20 67 13 13 87
Tertiary branch 53 40 7 100
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Table XVIII. Variance-ratio and F-values for measured root characteristics of Purshia identata,
Artemisia tridentata and Artemisia arbuscula in communities B and E where these
species occur together. In addition, height of the plant and maximum radial crown

spread are included.

Community
Purshia tridentata-Artemisia Purshia Tridentata-Artemisia

tridentata (B) arbuscula (E)

Characteristic Putr (s2) Artr (s2) F-value Putr
(2)

Arar
(2)

F-value

Height of plant 1395.57 303.29 4.6014** 894.50 101.21 8.8380**

Maximum radial crown
spread 321.00 176.00 1,8239 294.85 35.57 8.2893**

Maximum radial root
spread 12126.00 793.93 15.2733** 3695.21 4231.64 1.1452

Diameter main root
at ground level 440.00 317.71 1.3849 303.07 159.50 1.9001

Diameter primary
root branch 130.90 5.43 24.1068** 49.29 82.14 1.6665

Root depth 563.86 94.14 5.9896** 179.64 23.07 7.7867**

Depth origin last
primary branch 274.64 48.14 5. 7050** 48.24 13.00 3. 7146**

Number primary
branches 0.86 25.14 29.2326** 0.86 45.43 52.8255**

Number secondary
branches 1.29 15.14 11.7364** 1.29 7.07 24.3793**

Number tertiary
branches 0.64 1.57 2.4531* 0.29 1.86 6.4114**

2
s Variance
* Significant at 0.05 level

** Significant at 0.01 level
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Table XIX. Means and ranges for measured root characteristics of Artemisia tridentata on all stands
of communities B and C, with a total of 15 plants for each community. In addition
height of the plant and maximum radial crown spread are included.

Community

Purshia tridentata- Artemisia tridentata
Artemisia tridentata

(B) (C)

Characteristic Units Mean Range Mean Range

Height of plant cm 52 35- 85 68 35- 105

Maximum radial crown spread cm 33 18- 60 44 19- 70

Maximum radial root spread cm 167 129-2 10 218 125-390

Diameter main root at ground
level mm 53 35- 90 69 40-i10

Diameter primary root branch* mm 10 7.. 14 14 10- 25

Root depth cm 54 40- 75 91 40-150

Depth origin last primary branch cm 28 20- 45 32 12- 50

Number primary branches 14 5- 25 13 6- 30

Number secondary branches No/dm 12 4- 18 9 2- 20

Number tertiary branches No/dm 6 4- 8 6 3- 12

*
Measured at 1 din from the origin.



Z96

Table XX. Means and ranges for measured root characteristics of Artemisia arkpç4a on all stands
of communities F. and F, with a total of 15 plants for each comnunity. In addition height
of the plant and maximum radial crown spread are included.

Characteristic Units

Height of plan cm

Maximum radial crown spread cm

Maximum radial root spread cm

Diameter main root at ground
level mm

Diameter primary root branch* mm

Root depth cm

Depth origin last primary branch cm

Number primary branches

Number secondary branches No/dm

Number tertiary branches No/dm

*
Measured at 1 din from the origin.

Community

Purshia tridentata- Artemisia arbuscula
Artemisia arbuscula

(E)

Mean Range Mean Range

28 15- 50 25 10- 55

20 10-. 33 22 5.. 38

156 80-300 144 50-300

35 10- 60 40 5- 70

8 4-16 8 1-18

45 35- 50 50 39- 70

14 10- 20 17 10- 32

12 6-26 16 4-50

7 4-13 8 4-15

5 3- 8 5 3-10
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APPENDIX B

FIGURES



Figure 45. Vegetation and soil for macropiot Al.

Location; S5 T 29S R 13 L, WM Slope: 2%
Elevation: 4780 feet Land form: secondary ridge
Vegetation cover: 37.8% Vegetation density:

2
Juoc 2.0% Juoc 1.1 p1. /100m2

Shrub cover 27. 6% Are' 8.5 p1. / 10m2
Arts 7.8% Putr 4.2 p1.! 1 Om
Putr 18.9% Ave. max. shrub height:

Grass cover 7. 9% Ar 40 ems
Forb cover 0. 3% Pu 91 ems

Soil profile:

Horizon Dep
(cms)

All 0-10 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry),
sandy loam; moderate, coarse platy; loose, nonsticky, nonpiastic; abundant
fine roots; common fine vesicular pores; clear, smooth boundary.

Al2 10-20 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry), coarse sandy
loam; moderate, very coarse granular; loose very friable, nonsticky, non-
plastic; abundant fine roots; common very fine interstitial pores; clear,
smooth boundary.

B2 20-35 Dark brown (1OYR 3/3 moist), dark grayish brown (1OYR 4/2 dry), loam;
moderate, medium subangular blocky; slightly hard, friable, slightly sticky,
slightly plastic; plentiful fine roots; common very fine interstitial pores;
clear, wavy boundary.

B3 35-40 Brown (7.5YR 4/4 moist), reddish yellow (7.5YR 7/6), loam; weak, medium,
suhangular blocky; slightly hard, firm, slightly sticky and slightly plastic;
very few fine roots; very few, very fine interstitial pores; kbrupt, irregular
boundary.

R 40 + Large, closely packed rhyolitic-andesitic colluvium with clay loam on the
stone surfaces.
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Figure 46. Vegetation and soil for macroplot A2.

Location: S6 T 29S R 14 E, WM Slope: 2%
Elevation: 4425 feet Land form: secondary ridge
Vegetation cover: 35. 6% Vegetation densij: 2

Juoc 2.0% Juoc 1. 3 p1. /100m2
Shrub cover 26. 9% Arty 6.8 p1. / 10m2

Artr 11.8% Putr 3.7 p1.! lOm
Putr 14.7% Ave. max. shrub height:

Grass cover 5. 7% Artr 46 ems
Forb cover 1.1% Putr 84 cms

Soil profile:

Horizon Depth
(cms)

All 0- 7.5 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry), loam;
moderate, medium to coarse platy; soft, very friable, nonsticky, nonpiastic;
abundant fine roots; many fine interstitial pores; clear, smooth boundary.

Al2 7.5-15 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry), loam;
weak, fine to medium granular; loose, nonsticky, slightly plastic; abundant
fine roots; common very fine interstitial pores; clear, smooth boundary.

A3 15-24 Dark brown (7.5YR 3/2 moist), grayish brown (1OYR 5/3 dry), clay loam to
loam; weak, medium subangular blocky; soft, very friable, slightly sticky,
slightly plastic; plentiful fine roots; few micro interstitial pores; gradual,
wavy boundary.

Bi 24-33 Dark brown (7.5YR 3/2 moist), grayish brown (1OYR 5/3 dry); clay; moderate,
medium, subangular blocky; slightly hard, firm, sticky, plastic; very few thin
clayskins on ped surface; plentiful fine roots; few micro interstitial pores;
clear, wavy boundary.

B2 33-53 Dark brown (7.5YR 3/2 moist), grayish brown (1OYR 5/3 dry); clay; strong,
medium, subangular blocky; very hard, very firm, very sticky, very plastic;
continuous, moderately thick clayskins on ped surface; very few fine roots;
very fewmicro interstitial pores; abrupt, wavy boundary.

C 53-61 Brown to dark brown (7.5YR 4/4 moist), light yellowish brown (1OYR 6/4 dry);
clay; moderate, fine to medium subangular blocky to massive; hard, friable,
sticky, plastic; few, thin, clayskins on ped surface; very few fine roots; very
few micro interstitial pores; abrupt, irregular, boundary.

R 61 + Fractured bedrock mixed with C horizon, over unweathered basalt.
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Figure 47. Vegetation and soil for inacroplot A3.

Location: S 12 T 29 S R 13 E, WM Slope: 4%
Elevation: 4650 feet Land form: secondary ridge
Vegetation cover: 36. 3% Vegetation density:

2
Juoc 4.0% Juoc 1.1 p1./lOOm2

Shrub cover 23.2% Artr 7.5 p1. / 10m2

Artr 6.8% Putr 6.0 p1.! lOm
Putr 16. 3% Ave. max. shrub height:

Grass cover 7. 1% Artr 32 cms

Forb cover 2. 0% Putr 102 ems

Soil profile:

Horizon Depth
(ems)

All 0- 6 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); loam;
moderate, medium platy; soft, very friable, nonsticky, nonpiastic; abundant
fine roots; many fine interstitial pores; clear, smooth boundary.

Al2 6-13 Very dark grayish brown to very dark brown (1OYR 3/2, 2/2 moist), grayish
brown (1OYR 5/2 dry); loam; weak, medium, granular; loose, nonsticky, non-
plastic; abundant fine roots; common, very fine interstitial pores; gradual,
smooth boundary.

Bi 13-25 Very dark grayish brown (1OYR 3/2 moist), dark grayish brown (1OYR 4/2 dry);
clay loam; weak, medium, subangular blocky; slightly hard, friable, slightly
sticky, plastic; plentiful fine roots; few micro interstitial pores; gradual, wavy
boundary.

B21 25-38 Dark brown (7.5YR 3/2 moist), grayish brown (1OYR 5/2 dry); clay; moderate,
medium, subangular blocky; hard, friable, sticky, very plastic; few thin clay-
skins on ped surface; very few fine roots; very few micro interstitial pores;
clear, wavy boundary.

B22 38-53 Dark yellowish brown (1OYR 3/4 moist), brown to dark brown (1OYR 4/3 dry);
clay; sirong, medium, subangular to angular blocky; very hard, very firm,
very sticky, very plastic; many, moderately thick clayskins on ped surface;

very few fine roots; very few micro interstitial pores; clear, wavy boundary.

C 53-60 Yellowish brown (1OYR 5/6 moist), very pale brown (1OYR 7/4 dry); clay to
clay loam; moderate, fine subangular blocky to massive; slightly hard, friable,
slightly sticky, plastic; very few fine roots; very few micro interstitial pores;
abrupt irregular boundary.

R 60+
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Figure 48. Vegetation and soil for macroplot A4.

Location: S 18 T 29 S R 14 E, WM Slope: l%
Elevation: 4625 feet Land form: Minor ridge
Vegetation cover: 49. 9% Vegetation density:

2
Juoc 4.0% Juoc 0.7 pl. /100m2

Shrub cover 34.6% Artr 6.5 p1./ 10m2
Artr 10.6% Putr 7.2p1./ lOm
Pu.tr 21. 2% Ave. max. shrub height:

Grass cover 10. 0% Artr 44 cms
Forb cover 1.4% Putr 105 cms

Soil profile:

Horizon Depth
(cms)

All 0- 7 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
loam; moderate, medium platy; soft, very friable, nonsticky, nonpiastic;
abundant fine roots; many, fine interstitial pores; clear, smooth boundary.

Al2 7-17 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry); clay
loam; weak, fine granular; loose, slightly sticky, slightly plastic; abundant,
fine roots; common fine interstitial pores; clear, wavy boundary.

B21 17-27 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); clay; moderate,
medium, angular blocky; slightly hard, friable, sticky, plastic; plentiful
fine roots; few, fine interstitial pores; abrupt, wavy boundary.

B22 27-45 Dark yellowish brown (1OYR 3/4 moist), brown to dark brown (1OYR 4/3 dry);
clay; strong, medium, angular blocky; very hard, firm, very sticky, very plastic;
few, fine and medium roots; very few, micro interstitial pores; clear, wavy
boundary.

C 45-50 Brown to dark brown (1OYR 4/3 moist), dark yellowish brown (1OYR 4/4 dry);
clay; weak, fine, subangular blocky to massive; hard, firm, sticky, plastic;
very few fine roots; very few, micro interstitial pores; abrupt, wavy boundary.

R 50 + Fractured bedrock mixed with C horizon, over unweathered basalt.
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Figure 49. Vegetation and soil for macroplot A5.

Location: S12 T 29 S R 14 E, WM
Elevation: 4510 feet
Vegetation cover: 34. 7%

Juoc 3.0%
Shrub cover 24. 3%

Artr 12.5%
Putr 11.8%

Grass cover 6. 6%

Forb cover 0. 9%

Soil profile:

Horizon Depth

Slope; 2%
Land form: Primary ridge
Vegetation density:

2
Juoc 0. 9 p1./lOOm2
Artr 13.7 p1.! 10m2
Putr 3.3 p1.! lOm

Ave. max. shrub height:
Artr 48 cms
Putr 125 cms

(cms)

All 0- 5 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry);. sandy loam
to loam; weak, medium platy; soft, loose, nonsticky, nonplastic; abundant fine
roots; many very fine interstitial pores; clear, smooth boundary.

Al2 5-14 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); silty clay
loam; moderate, medium granular; loose, nonsticky, slightly plastic; abundant
fine roots; common, very fine interstitial pores; gradual, smooth boundary.

AB 14-24 Very dark grayish brown (1OYR 3/2 moist), dark grayish brown (1OYR 4/2 dry);
silty clay; weak, medium subangular blocky; soft, very friable; slightly sticky,
plastic; plentiful fine roots; few very fine interstitial pores; clear, wavy
boundary.

B2 24-49 Dark yellowish brown (1OYR 3/4 moist) brown (1OYR 5/3 dry); clay; moderate,
medium, subangular blocky; slightly hard, friable, sticky, plastic; few fine
roots; very few, thin clayskins on ped surface; few micro interstitial pores;
graduai, irregular boundary.

B3 49-66 Dark yellowish brown (1OYR 3/4 moist), yellowish brown (1OYR 5/4 dry); clay;
moderate, fine, subangular blocky; slightly hard, friable, sticky, plastic; few
fine roots; few micro interstitial pores; gradual, irregular boundary.

C 66-75 Dark yellowish brown (1OYR 3/4 moist), light yellowish brown (1OYR 6/4 dry);
clay; moderate, fine, subangular blocky to massive; slightly hard, friable, sticky,
plastic; very few fine roots; few micro interstitial pores; clear, irregular boundary.

R 75 + Fractured bedrock, some clay in cracks.
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Figure 50. Vegetation and soil for macroplot Bi.

Location: S 5 T 29 S R 13 E, WM
Elevation: 4810 feet
Vegetation cover: 36. 1%

Shrub cover 26. 0%

Artr 10,5%
Putr 15.6%

Grass cover 8.8%
Forb cover 1.4%

Soil profile:

Horizon Depth
(cms)

Slope: 1%
Land form: Minor ridge
Vegetation density:

2
Arir 10.8 pl./10m2
Putr 3.7p1./lOm

Ave. max. shrub height:
Artr 57 cms
Putr 101 cms

All 0- 5 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); loamy coarse sand;
weak medium platy; loose, nonsticky, nonplastic; abundant fine roots; many fine
interstitial pores; clear, smooth boundary.

Al2 5-10 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); loamy coarse
sand; weak, medium platy to granular; soft, very friable, nonsticky, nonpiastic;
abundant fine roots; clear, smooth boundary.

AB 10-17 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); sandy loam; weak,
medium, subangular blocky; soft, very friable, nonsticky, nonplastic; abundant,
fine roots; common very fine interstitial pores; gradual, wavy boundary.

Bl 17-27 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
coarse sandy loam; weak, fine, subanguiar blocky; soft, very friable, non-
sticky, nonpiastic; plentiful, fine roots; common very fine interstitial pores;
gradual, wavy boundary.

B2 27-35 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); sandy loam; weak,
medium subangular blocky; soft, very friable, slightly sticky, slightly plastic;
plentiful, fine roots; few, very fine interstitial pores; abrupt, wavy boundary.

C 35-43 Dark yellowish brown (1OYR 4/4 moist), brown (7.5YR 5/4 dry); clay; massive;
slightly hard, friable, sticky, plastic; few, moderately thick clayskins on ped
surface; very few fine roots; very few, micro interstitial pores; abrupt, brocken,
boundary.

R 43 + Large, closely packed basalt, with clay on the stone surface.
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Figure 51. Vegetation and soil for macroplot B2

Location: S 1 T 29 S R 13 E, WM
Elevation: 4225 feet
Vegetation cover: 33. 0%

Shrub Cover 26. 4%
Artr 13.8%
Putr 11.0%

Grass cover
Forb cover 1.8%

Soil profile:

Horizon Depth

Slope: 3%
Land form: Minor ridge
Vegetation density:

2
Artr 16.0 pl./lOm2
Putr 4.Opl./lOm

Ave. max. shrub height:
Artr 48 cms
Putr 70 cms

(cms)

All 0-10 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry); clay
loam; moderate, coarse platy; soft, loose, nonsticky, slightly plastic; abundant
fine roots; many, fine interstitial pores; clear, smooth boundary.

Al2 10-17 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry); clay
loam; weak, medium, granular; loose, slightly sticky, plastic; abundant fine
roots; common, very fine interstitial pores; clear, wavy boundary.

Bi 17-25 Very dark grayish brown (1OYR 3/2 moist), brown (1OYR 5/3 dry); clay; weak,
medium, subangular blocky; soft, very friable, slightly sticky, plastic; plentiful,
fine roots; common very fine interstitial pores; gradual, wavy boundary.

B21 25-42 Dark yellowish brown (1OYR 3/4 moist), brown to dark brown (1OYR 4/3 dry);
clay; strong, medium, angular blocky; soft, friable, sticky, very plastic; few,
fine roots; few micro interstitial pores; abrupt, irregular boundary.

B22 42-60 Dark yellowish brown (1OYR 3/4 moist), brown to dark brown (1OYR 4/3 dry);
clay; strong, medium, angular blocky to moderate fine prismatic; very hard, very
firm; very sticky, very plastic; few thin clayskins on ped surface; few fine roots;
very few micro interstitial pores; abrupt, irregular boundary.

C 60-65 Brown to dark brown (7.5YR 4/4 moist), very pale brown (1OYR 7/4 dry); clay
loam; weak, fine, subangular blocky; to massive; slightly hard, friable, slightly
sticky, slightly plastic; very few, fine roots; very few, micro interstitial pores;
abrupt, brocken boundary.

R 65 + Closely packed basalt, with clay on the stone surface.
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Figure 52. Vegetation and soil for macroplot B3.

Location: S 6 T 29 S R 14 E, WM
Elevation: 4400 feet
Vegetation cover: 36.5%

Shrub cover 30. 0%

Artr 14.3%
Putr 14.0%

Crass cover 5. 6%

Forb cover 3.0%

Soil profile:

Horizon Depth
(cms)

Slope: 2%
Land form: Secondary ridge
Vegetation density:

2
Artr 9.8 pl./10m2
Putr 3.Spl./lOm

Ave. max. shrub height:
Artr 55 cms
Putr 90 cms

All 0- 7 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); loam;
moderate, coarse platy; soft, loose, nonsticky, nonpiastic; abundant fine roots;
many, fine interstitial pores; clear, smooth boundary.

Al2 7-12 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); clay loam;
weak, fine platy to weak, fine granular; loose, nonsticky, slightly plastic;
abundant fine roots; common, very fine interstitial pores; gradual, wavy boundary.

AB 12-22 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); clay loam;
weak, fine, subangular blocky; soft, very friable, slightly sticky, slightly plastic;
plentiful, fine roots; common, very fine interstitial pores; clear, wavy boundary.

B21 22-30 Very dark grayish brown (1OYR 3/2 moist), brown (1OYR 5/3 dry); clay;
moderate, medium, subangular blocky; slightly hard, friable, sticky, plastic;
plentiful, fine roots; few, micro interstitial pores; gradual, wavy boundary.

B22 30-45 Dark brown (7.5YR 3/2 moist), brown to dark brown (1OYR 4/3 dry); clay;
strong, medium, angular blocky to weak, fine, prismatic; very hard, very
firm, very sticky, very plastic; few, thin clayskins on ped surface; few, fine
roots; very few, micro interstitial pores; clear, irregular boundary.

C 45-50 Dark brown (7. 5YR 3/2 moist), brown to dark brown (1OYR 4/3 dry); clay to
clay loam; weak, very fine subangular blocky to massive; slightly hard, friable,
slightly sticky, plastic; very few, fine roots; very few, micro interstitial pores;
abrupt, brocken boundary.

R 50 + Closely packed basalt, with clay on the stone surface.
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Figure 53. Vegetation and soil for macroplot B4.

Location: S 6 T 29 S R 14 E, WM
Elevation: 4600 feet
Vegetation cover: 34. 4%

Shrub cover 27.7%
Artr 14.9%
Putr 11.3%

Grass cover 5. 9%

Forb cover 0. 8%

Soil profile:

Horizon Deith
(cms)

Slope: 3%
Land form: Secondary ridge
Vegetation density:

2
Artr 13.0 pl./lOm2
Putr 3.2pL/lOm

Ave. max. shrub height:
Artr 34 cms
Putr 82 cms

All 0-10 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
loam; moderate, medium platy; soft, loose, nonsticky, nonpiastic; abundant,
fine roots, many, fine interstitial pores; clear, smooth boundary.

Al2 10-20 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry),
clay loam; weak, medium, granular; loose, slightly sticky, slightly plastic;
abundant, fine roots; many, fine, interstitial pores; gradual, smooth boundary.

B21 20-28 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry); clay;
moderate, medium, subangular blocky; soft, friable, slightly sticky, slightly
plastic; plentiful, fine roots; few, very fine, interstitial pores; clear, smooth
boundary.

B22 28-48 Dark brown (1OYR 3/3 moist), brown (1OYR 4/3 dry); clay; moderate, medium,
angular blocky; slightly hard, friable, sticky, plastic; very few, thin, clayskins
on ped surface; few, fine roots; very few, micro interstitial pores; abrupt,
irregular boundary.

R 48 + Large, closely packed basalt, with clay on the stone surface.





Figure 54. Vegetation and soil for macroplot B5.

Location: S 14 T 29 S R 14 E, WM
Elevation: 4600 feet
Vegetation cover: 42. 3%

Shrub cover 34.7%
Artr 16.7%
Pula 16.8%

Grass cover 6.5%
Forb cover 1.2%

Soil profile:

Horizon Depth

Slope: 2%
Land form: Secondary ridge
Vegetation density:

2
Artr 10.2 pL/10m2
Putr 5.0 pl./lOm

Ave. max. shrub height:
ArIa' 62 ems
Putr 117 ems

(ems)

All 0- 7 Very dark brown (1OYR 2/2 moiSt), grayish brown (1OYR 5/2 dry); loam;
moderate, medium, platy; soft, very friable, nonsticky, nonplastic; abundant,
fine roots; many, fine, interstitial pores; clear, smooth boundary.

Al2 7-14 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 3/2 dry); clay loam;
weak, fine, granular; loose, nonsticky, slightly plastic; abundant, fine roots;
common, very fine, interstitial pores; gradual, smooth boundary.

Bi 14-24 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay; weak,
fine, subangular blocky; soft, very friable, slightly sticky, plastic; plentiful,
fine roots; few, very fine interstitial pores; gradual, wavy boundary.

B21 24-32 Dark yellowish brown (1UYR 3/4 moist), brown (7.5YR 5/4 dry); clay; moderate,
fine, subangular blocky; slightly hard, friable, sticky, very plastic; few, fine
roots; few, micro interstitial pores; gradual, wavy boundary.

B22 32-60 Dark yellowish brown (1OYR 3/4 moist), brown (7.5YR 5/4 dry); clay; strong,
medium to coarse subangular blocky; hard, firm, very sticky, very plastic;
few, thin clayskins on ped surface; very few, fine roots; very few, micro inter-
stitial pores; abrupt, irregular boundary.

C 60-65 Brown (7.5YR 4/4 moist), yellow (1OYR 7/4 dry); clay to clay loam; weak,
fine, subangular blocky to massive; slightly hard, friable, slightly sticky,
slightly plastic; very few, fine roots; very few, micro interstitial pores; clear,
irregular boundary.

IL C 65 + Silica cemented old pumiceous materiaL
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Figure 55. Vegetation and soil for macroplot Cl.

Location: S 5 T 29 S R 13 E, WM
Elevation: 4750 feet
Vegetation cover: 45. 6%

Shrub cover 27.5%
Artr 27.2%

Grass cover 17. 9%

Forb cover 0.3%

Soil profile:

Horizon Dpth

Slope: 0%
Land form: Stream bottom
Vegetation density: 2

Artr 12.7 p1. hOrn
Ave. max. shrub height:

Artr 64 cms

(ems)

All 040 Very dark grayish brown (1OYR 3/2 moist), dark gray (1OYR 4/1 dry); sandy
loam; massive; soft, very friable, nonsticky, nonpiastic; abundant, fine rocks;
many, fine interstitial pores; clear, smooth boundary.

Al2 10-22 Very dark grayish brown (1OYR 3/2 moist), gray (1OYR 5/1 dry); loamy sand;
weak, coarse granular; soft, very friable, nonsticky, nonplastic; plentiful,
fine roots; common, very fine interstitial pores; gradual, smooth boundary.

Cl 22-43 Dark brown (1OYR 3/3 moist), light gray (1OYR 6/1 dry); loamy coarse sand;
single grain; loose, nonsticky, nonpiastic; plentiful, fine roots; common, very
fine interstitial pores; diffuse, smooth boundary.

C2 43-63 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); loamy coarse
sand; structureless; loose, nonsticky, nonplastic; few, fine roots; common,
very fine interstitial pores; clear, smooth boundary.

C3 63-75 Brown to dark brown (1OYR 4/3 moist), pale brown (1OYR 6/3 dry); coarse
sand; structureless; loose, nonsticky, nonplastic; few, fine roots; common,
very fine, interstitial pores; gradual, smooth boundary.

ILAlb 75-87 Dark yellowish brown (1OYR 4/4 moist), pale brown (1OYR 6/3 dry); loamy
coarse sand; weak, medium subangular blocky; soft, very friable, nonsticky,
nonplastie; very few, fine roots; common, very fine, interstitial pores; clear,
smooth boundary.

UBib 87-100 Brown to dark brown (1OYR 4/3 moist), pale brown (1OYR 6/3 dry); loam;
moderate, coarse subangular blocky; slightly hard, friable, slightly sticky,

slightly plastic; few, thin, clayskins; very few, fine roots; few, micro
interstitial pores; clear, smooth boundary.

IIB2tb 100-109 Dark yellowish brown (1OYR 3/4 moist), yellowish brown (1OYR 5/4 dry); clay
loam; moderate, coarse subangular blocky; hard, firm, sticky, plastic; com-
mon, thick clayskins on ped surface; very few, fine roots; very few, micro
interstitial pores; abrupt, wavy boundary.

R 109 + Gravel and isolated stones, with some clay on the stone surface.
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Figure 56. Vegetation and soil for ruacroplot C2.

Location: S 30 T 28 S R 14 E, WM
Elevation: 4475 feet
Vegetation cover: 28. 9%

Shrub cover 25.0%
Artr 24. 9%

Grass cover 2. 8%

Forb cover 1.1%

Soil profile:

Horizon Depth
(crns)

Slope: 2%
Land form: Minor ridge
Vegetation density:

2
Artr 20,0 p1. / 1 Urn

Ave. max. shrub height:
Artr 43 ems

All 0- 8 Very dark grayish brown (1OYR 3/2 moist), light brownish gray (1OYR 6/2 dry);
loamy sand; weak, medium platy; loose, nonsticky, nonpiastic; abundant, fine
roots; many, fine interstitial pores; clear, smooth boundary.

Al2 8-47 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); sandy loam to
loam; weak, fine granular; loose, nonsticky, nonpiastic; abundant, fine roots;
common, very fine interstitial pores; clear, smooth boundary.

Bi 17-27 Dark yellowish brown (1OYR 3/4 moist), grayish brown (1OYR 5/2 dry); clay
loam; weak, medium, subangular blocky; soft, very friable, slightly sticky,
plastic; plentiful, fine roots; common, micro interstitial pores; abrupt, smooth
boundary.

B21 27-40 Brown to dark bi'own (1OYR 4/3 moist), brown (1OYR 5/3 dry); clay; strong,
medium subangular blocky; slightly hard, friable, sticky, plastic; common,
thin clayskins on ped surface; few, fine roots; few, micro interstitial pores;
clear, smooth boundary.

B22 40-55 Dark yellowish brown (1OYR 4/4 moist), light yellowish brown (1OYR 6/4 dry);
clay; strong, medium subangular blocky; hard, firm, very sticky, very plastic;
many, moderately thick, clayskins on ped surface; very few, fine roots; very
few, micro interstitial pores; abrupt, smooth boundary.

UR 55 + Strong silica cementation tuffaceous sediments.
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Figure 57. Vegetation and soil for macroplot C3.

Location: S 31 T 28 S R 14E, WM
Elevation: 4475 feet
Vegetation cover: 33. 9%

Shrub cover 29.0%
ArIr 27.6%

Grass cover 4.0%
Forb cover 0. 9%

Slope: 2%
Land form: Minor ridge
Vegetation density:

2
Artr 19.5 pl./lOm

Ave. max. shrub height:
Artr 42 cms

Soil profile:

Horizon Depth
(cms)

All 0- 6 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
sandy loam to loam; moderate, coarse platy; soft, very friable, nonsticky,
nonpiastic; abundant, fine roots; many, fine interstitial pores; abrupt,
smooth boundary.

Al2 6-11 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
clay loam; weak, fine granular; loose, slightly sticky, slightly plastic;
abundant, fine roots; common, fine interstitial pores; clear, smooth
boundary.

Bi (1OYR 3/2 moist), brown (1OYR 5/3 dry); clay;
moderate, medium subangular blocky; slightly hard, friable, sticky, plastic;
plentiful, fine roots; few, fine interstitial pores; clear, smooth boundary.

B21 21-39 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay; strong,
coarse angular blocky to medium prismatic; hard, firm, very sticky, very
plastic; common, moderately thick clayskins on ped surface; very few, fine
roots; few, micro interstitial pores; gradual, irregular boundary.

B22 39-48 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
strong, medium to coarse subangular blocky; hard, firm, very sticky, very
plastic; common, moderately thick clayskins on ped surface; very few, fine
roots; very few, micro interstitial pores; clear, wavy boundary.

B3 48-55 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
moderate, fine subangular blocky; slightly hard, friable, very sticky, very
plastic; few, thin clayskins on ped surface; very few, fine roots; very few,
micro interstitial pores; gradual, wavy boundary.

C 55-69 Yellowish brown (1OYR 5/4 moist), very pale brown (1OYR 7/4 dry); clay;
weak, fine subangular blocky to massive; slightly hard, friable, sticky,
plastic; very few, fine roots; very few, micro interstitial pores; abrupt,
brocken boundary.

hR 69 + Strong silica cementation tuffaceous sediments.
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Figure 58. Vegetation and soil for macroplot C4.

Location: S 6 T 29 S R 14 E, WM Slope: 0%
Elevation: 4350 feet Land form: Bolson
Vegetation cover: 42. 8% Vegetation density: 2

Shrub cover 39.4% Artr 20.5 p1, hOrn
Artr 37. 3% Ave. max. shrub height:

Grass cover 3. O% Artr 66 cms
Forb cover 0.5%

Soil profile:

Horizon Depth
(cms)

All 0- 7 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); clay
loam; weak, medium platy; soft, loose, nonsticky, slightly plastic; abundant,
fine roots; common, fine interstitial pores; clear, smooth boundary.

Al2 7-15 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
clay loam; moderate, medium granular; loose, slightly sticky, plastic; plent-
iful, fine roots; few, very fine interstitial pores; clear, smooth boundary.

A3 15-30 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); clay
loam; weak, medium subangular blocky; soft, very friable, slightly sticky,
plastic; plentiful, fine roots; very few, very fine interstitial pores; gradual,
smooth boundary.

Bl 30-58 Very dark grayish brown (1OYR 3/2 moist), brown (1OYR 5/3 dry); clay;
moderate, medium subangular blocky; slightly hard, friable, sticky,
plastic; few, fine roots; few, micro interstitial pores; clear, smooth
boundary.

B21 58-83 Very dark grayish brown (1OYR 3/2 moist), brown (1OYR 5/3 dry); clay;
strong, fine to medium subangular blocky; hard, firm, very sticky, very
plastic; common, thin clayskins on ped surface; very few, fine roots; few,
micro interstitial pores; gradual, smooth boundary.

B22 83-1 00 Very dark grayish brown (1OYR 3/2 moist), brown (1OYR 5/3 dry); clay;
strong, medium angular blocky; very hard, firm, very sticky, very plastic;
common, moderately thick clayskins on ped surface; very few, fine roots;
very few, micro interstitial pores; gradual, smooth boundary.

B3 100-132 Dark yellowish brown (1OYR 3/4 moist), yellowish brown (1OYR 5/4 dry);
clay loam; moderate, medium subangular blocky; slightly hard, friable,
slightly sticky, plastic; very few, fine roots; very few, micro interstitial
pores; clear, wavy boundary.

C 132-158 Dark yellowish brown (1OYR 3/4 moist), yellowish brown (1OYR 5/4 dry);
gravelly clay loam; massive to weak, fine subangular blocky; slightly hard,
friable, slightly sticky, plastic; very few, fine roots; very few, micro
interstitial pores; clear, broken boundary.

C2 158 + Mostly gravel, with some clay.
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Figure 59. Vegetation and soil for macroplot Cs.

Location: S 13 T 29 S R 14 E, WM Slope: 2%
Elevation: 4540 feet Land form: Minor ridge
Vegetation cover: 25.4% Vegetation density:

2
Shrub cover 16.4% Art' 10.7 p1./i Urn

Art' 16.3% Ave. max. shrubheight:
Grass cover 4. 9% Artr 48 cms

Forb cover 4. 1%

Soil profile:

Horizon Depth
(cms)

All 0- 8 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);

loam; moderate, coarse platy; soft, very friable, nonsticky, nonpiastic;
abundant, fine roots; many, fine interstitial pores; clear, smooth boundary,

Al2 8-17 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); clay
loam; weak, medium granular; loose, nonsticky, slightly plastic; abundant,
fine roots; common, very fine interstitial pores; clear, smooth boundary.

Bi 17-27 Dark brown (7.5YR 3/2 moist), dark grayish brown (1OYR 4/2 dry); clay;
moderate, medium subangular blocky; soft, very friable, slightly sticky,
plastic; plentiful, fine roots; common, very fine interstitial pores; gradual,
smooth boundary.

B21 27-37 Brown to dark brown (7. 5YR 4/4 moist), brown (7. 5YR 5/4 dry); clay;
strong, fine subangular blocky; slightly hard, firm, very sticky, very
plastic; plentiful, fine roots; few, micro interstitial pores; gradual, wavy
boundary.

B22 37-55 Brown to dark brown (7. 5YR 4/4 moist), brown (7. 5YR 5/4 dry); clay; strong,
fine to medium subangular to angular blocky; hard, very firm, very sticky,

very plastic; few, thin clayskins on ped surface; very few, fine roots; few,
micro interstitial pores; abrupt, wavy boundary.

C 55-63 Dark yellowish brown (1OYR 4/4 moist), yellow (1OYR 7/6 dry); clay;
weak, fine subangular blocky to massive; slightly hard, friable, sticky,
plastic; very few, fine roots; very few, micro interstitial pores; abrupt,
smooth boundary.

C2m 63 + Indurated silica cementation tuffaceous material.
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Figure 60. Vegetation and soil for macroplot Dl.

Location: S 30 T 28 S R 13 E, WM Slope: 1%
Elevation: 4850 feet Land form: Primary ridge
Vegetation cover: 34. 2% Vegetation density:

2
Juoc 4.0% Juoc 0.5 p1. /100m2

Shrub cover 19.4% Arar 6.3 p1. / 10m2

Arar 9. 9% Putr 1.8 p1. / lOm

Putr 9. 3% Ave. max. shrub height:
Grass cover 8. 7% Arar 29 cms

Forb cover 2. 2% Putr 117 cms

Soil profile:

Horizon Depth
(cms)

All 0- 8 Dark grayish brown (1OYR 4/2 moist), grayish brown (1OYR 5/2 dry); loam;
moderate, medium platy; soft, very friable, nonsticky, nonplastic;
abundant, fine roots; common, fine interstitial pores; clear, smooth
boundary.

Al2 8-16 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
clay loam; moderate, fine granular to weak, medium platy; loose, slightly
sticky, plastic; plentiful, fine roots; few, very fine interstitial pores;
abrupt, wavy boundary.

Bi 16-23 Dark yellowish brown (1OYR 3/4 moist), brown to dark brown (1OYR 4/3
dry); clay; moderate to strong, fine subangular blocky; slightly hard, friable,
very sticky, very plastic; very few, thin clayskins on ped surface; few, fine
roots; very few, very fine interstitial pores; clear, wavy boundary.

B21 23-30 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay; strong,
medium subangular blocky; hard, firm, very sticky, very plastic; few,
thin clayskins on ped surface; very few, fine roots; few, micro interstitial
pores; diffuse, wavy boundary.

B22 30-40 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
moderate, medium prismatic to strong, coarse angular blocky; very hard,
very firm, very sticky, very plastic; common, moderately thick clayskins

on ped surface; very few, fine roots; very few, micro interstitial pores;
abrupt, irregular boundary.

R 40 + Large, closely packed basalt with clay on the stone surfaces.
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Figure 61. Vegetation and soil for macroplot D2.

Location: S 30 T 28 S R 13 E, WM Slope: 2%
Elevation: 4900 feet Land form: Secondary ridge
Vegetation cover: 34. 3% Vegetation density:

2
Juoc 3.0% Juoc 1.8 p1. / lOOm2

Shrub cover 22. 7% Arar 13.8 p1. / 10m2

Arar 11.5% Putr 3.2 p1./ lOm
Putr 11.2% Ave. max. shrub height:

Grass cover 7. 3% Arar 29 ems
Forb cover 1. 3% Putr 88 ems

Soil profile:

Horizon Depth
(ems)

All 0- 5 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
loam; moderate, medium platy; loose; nonsticky, nonpiastic; abundant,
fine roots; common, fine interstitial pores; clear, smooth boundary.

Al2 5-11 Very dark brown (1OYR 2/2 moist), dark grayish brown (1OYR 4/2 dry);
clay loam; weak, fine granular; loose, slightly sticky, slightly plastic;
abundant, fine roots; few, very fine interstitial pores; clear, smooth
boundary.

AB 11 -15 Dark yellowish brown (1OYR 3/4 moist), grayish brown (1OYR 5/2 dry);
silty clay to clay; moderate, medium subangular blocky; slightly hard,
friable, slightly sticky, plastic; plentiful, fine roots; few, fine interstitial
pores; clear, wavy boundary.

B21 15-20 Dark yellowish brown (1OYR 3/4 moist), grayish brown (1OYR 5/2 dry);
clay; strong, fine to medium subangular blocky; hard, firm, very sticky, very
plastic; very few, thin clayskins on ped surface; plentiful, fine roots; few,
micro interstitial pores; diffuse, wavy boundary.

B22 20-27 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
strong, medium angular blocky; very hard, very firm, very sticky, very
plastic; common, moderately thick clayskins on ped surface; few, fine
roots; very few, micro interstitial pores; abrupt, wavy boundary.

C 27-33 Dark yellowish brown (1OYR 3/4 moist), light yellowish brown (1OYR 6/4
dry); clay; moderate, fine subangular blocky to massive; slightly hard,
friable, sticky, plastic; very few, fine roots; very few, micro interstitial
pores; abrupt, irregular boundary.

R 33 + Paved rock with clay in the cracks.
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Figure 62. Vegetation and soil for macroplot D3.

Location: S 12 T 29 S R 13 E, WM Slope: 4°/b

Elevation: 4800 feet Land form: Secondary ridge
Vegetation cover: 44. l% Vegetation density:

2
Juoc 3.09i Juoc 1.3 p1./lOOm2

Shrub cover 27. 9% Arar 17. 7 p1. / 1 0m2

Arar 10.0% Putr 3.8 p1. / lOm

Putr 17.5% Ave. max. shrub height:
Grass cover 11.6% Arar 23 cms
Forb cover 1.6% Putr 100 cms

Soil profile:

Horizon
(cms)

All 0- 8 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 3/2 dry);
loam; moderate, medium platy; soft, loose, nonsticky, nonplastic;
abundant fine roots; common, fine interstitial pores; clear, smooth
boundary.

Al2 8-17 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
loam; weak, medium granular; loose, nonsticky, nonpiastic; abundant, fine
roots; common, very fine interstitial pores; clear, wavy boundary.

Bl 17-23 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
weak, medium subangular blocky; soft, very friable, slightly sticky,

plastic; plentiful, fine roots; few, very fine interstitial pores; abrupt, wavy
boundary.

B2 25-30 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
strong, medium angular blocky to strong, medium prismatic; very hard,
very firm, very sticky, very plastic; continuous, moderately thick clay-
skins on pod surface; very few, fine roots; very few, micro interstitial
pores; clear, wavy boundary.

B3 50-58 Brown to dark brown (1OYR 4/3 moist), light yellowish brown (1OYR 6/4
dry); clay to clay loam; strong, medium subangular blocky; slightly hard,
friable, sticky, plastic; few, thin clayskins on ped surface; very few,
fine roots; very few, micro interstitial pores; clear, irregular boundary.

C 58-63 Brown to dark brown (1OYR 4/3 moist), very pale brown (1OYR 7/4 dry);
clay loam; weak, fine subangular blocky to massive; soft, very friable,
slightly sticky, plastic; very few, fine roots; very few, micro interstitial
pores; abrupt, broken boundary.

R 63 + Thin layer of fractured rock, over unweathered basalt.
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Figure 63. Vegetation and soil for macroplot D4.

Location: S 13 T 29 S R 13 E, WM Slope: 3%
Elevation: 4750 feet Land form: Secondary ridge
Vegetation cover: 39. 3% Vegetation density: 2

Juoc 6.0% Juoc 1.5 p1./lOOm2
Shrub cover 24.1% Arar 23. 2 p1. / 10m2

Arar 10.4% Putr 2.3 p1. / lOm

Putr 13.4% Ave. max. shrub height:
Grass cover 7. 3% Arar 25 cms

Forb cover 1.9% Putr 82 cms

Soil profile:

Horizon Depth
(cms)

All 0- 5 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
loam; moderate, medium platy; soft, very friable to loose, nonsticky,
nonpiastic; abundant, fine roots; many, fine interstitial pores; clear,
smooth boundary.

Al2 5-13 Dark brown (1OYR 3/3 moist), dark grayish brown (1OYR 4/2 dry); loam;
weak, medium subanguAiarblocky; slightly hard, friable, slightly sticky,
plastic; abundant, fine roots; common, very fine interstitial pores; clear,
smooth boundary.

AB 13-17 Dark brown (1OYR 3/3 moist), dark grayish brown (1OYR 4/2 dry); clay
loam; moderate, coarse subangular blocky; slightly hard, friable, sticky,
plastic; plentiful, fine roots; common, very fine interstitial pores; gradual,
wavy boundary.

B21 17-25 Very dark brown (1OYR 2/2 moist), dark grayish brown (1OYR 4/2 dry);
clay loam; strong, medium subangular blocky; very few, thin clayskins
on ped surface; few, fine roots; few, micro interstitial pores; clear, wavy
boundary.

B22 25-33 Very dark grayish brown (1OYR 3/2 moist), brown to dark brown (7. 5YR 4/2
dry); clay; strong, medium subangular blocky; very hard, very firm, very
sticky, very plastic; many, moderately thick clayskins on ped surface;
very few, fine roots; very few, micro interstitial pores; abrupt, wavy

boundary.

C 33-39 Very dark grayish brown (1OYR 3/2 moist), brown to dark brown (7. 5YR
4/2 dry); clay; massive; very hard, firm, very sticky, very plastic;
continuous, moderately thick clayskins on ped surface; very few, fine
roots; very few, micro interstitial pores; abrupt broken boundary..

R 39 + Thin layer of fractured rock, over large closely packed basalt with clay
on the stone surfaces.
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Figure 64. Vegetation and soil for macroplot D5.

Location: S 7 T 29 S R 14 E, WM Slope: 9%
Elevation: 4640 feet Land form: Secondary ridge
Vegetation cover: 40.4% Vegetation density:

2
Juoc 5.0% Juoc 2.0 p1. /100m2

Shrub cover 20. 2% Arar 17. 3 p1. / 10m2

Arar 9.1% Putr 5.7 p./ lOm
Putr 10.8% Ave. max. shrub height:

Grass cover 13.6% Arar 21 cms

Forb cover 1 7% Putr 71 cms

Soil profile:

Horizon Depth
(cms)

All 0- 5 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
loam; soft, very friable, nonsticky, nonpiastic; abundant, fine roots;
many, fine interstitial pores; clear, smooth boundary.

Al2 5-10 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
clay loam; weak, fine granular; loose, slightly sticky, slightly plastic;
abundant, fine roots; common, very fine interstitial pores; clear, smooth

Bi 10-17 Dark brown (1OYR 3/3 moist), dark grayish brown (1OYR 4/2 dry); clay;
moderate, medium subangular blocky; slightly hard, friable, sticky, plastic;
very few, thin clayskins on ped surface; abundant, fine roots; few, very
fine interstitial pores; abrupt, wavy boundary.

B21 17-30 Dark brown (1OYR 3/3 moist), dark grayish brown (1OYR 4/2 dry); clay;
strong, coarse angular blocky; very hard, very firm, very sticky, very
plastic; continuous, moderately thick clayskins on ped surface; few, fine
roots; few, micro interstitial pores; gradual, smooth boundary.

B22 30-48 Dark brown (1OYR 3/3 moist), dark yellowish brown (1OYR 3/4 dry); clay;
strong, coarse prismatic; extremely hard, extremely firm, very sticky,
very plastic; continuous, thick clayskins on ped surface; very few, fine
roots; very few, micro interstitial pores; clear, wavy boundary.

B3 48-53 Dark brown (1OYR 3/3 moist), dark yellowish brown (1OYR 3/4 dry); clay;
moderate, coarse subangular blocky; very hard, very firm, very sticky, very
plastic; very few, fine roots; very few, micro interstitial pores; abrupt,
irregular boundary.

R 53 Thin layer of fractured rock, over large closely packed basalt with clay on
the stone surfaces.
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Figure 65. Vegetation and soil for macroplot El.

Location: S 31 T 28 S R 13 E, WM
Elevation: 4850 feet
Vegetation cover: 31. 4%

Shrub cover 2l.0°,
Arar 11.5%
Putr 9.5%

Grass cover 8.5%
Forb cover 1 9%

Soil profile:

Horizon Depth

Slope: 2%
Land form: Plateau
Vegetation density:

2
Arar 14.3 pl./lOm2
Putr 2.5pL/lOm

Ave. max. shrub height:
Arar 24 cms
Putr 87 cms

(cms)

All 0- 8 Very dark grayish brown (1(JYR 3/2 moiSt), grayish brown (1OYR 5/2 dry);

sandy loam to loam; moderate, medium platy; loose, nonsticky, nonplastic;
abundant, fine roots; many, fine interstitial pores; clear, smooth boundary.

Al2 8-15 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); clay
loam; weak, medium granular; loose, slightly sticky, slightly plastic;
abundant, fine roots; common, fine interstitial pores; abrupt, smooth
boundary.

Bl 15-23 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
weak, fine subangular blocky; slightly hard, friable, sticky, plastic;
plentiful, fine roots; few, very fine interstitial pores; clear, wavy boundary.

B21 23-29 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
strong, medium subangular blocky; hard, firm, very sticky, very plastic;
few, thin clayskins on ped surface; few, fine roots; few, micro interstitial
pores; gradual, wavy boundary.

B22 29-37 Dark yellowish brown (1OYR 3/4 moist), brown (7.5YR 5/4 dry); clay;
strong, coarse subangular blocky; very hard, very firm, very sticky, very
plastic; common, moderately thick clayskins on ped surface; very few, fine

roots; very few, micro interstitial pores; abrupt, irregular boundary.

R 37 + Large, closely packed basalt with clay on the stone surfaces.



318



Figure 66 Vegetation and soil for macroplot E2.

Location: S 31 T 28 S R 13 E, WM
Elevation: 4800 feet
Vegetation cover: 32. 8°i

Shrub cover 20.9%
Arar 11.6%
Putr 9.1%

Grass cover 8.5%
Forb cover 3. 4%

Soil profile:

Horizon Depth

Slope: 3%
Land form: Plateau
Vegetation density:

2
Arar 18.0 p1. hOrn2
Putr 2.3pL/lOm

Ave. max. shrub height:
Arar 21 cms
Putr 76 cms

(cms)

All 0- 8 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); loam
moderate, medium platy; loose, nonsticky, nonpiastic; abundant, fine
roots; many, fine interstitial pores; clear, smooth boundary.

Al2 8-15 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); clay
loam; weak, medium granular; loose, slightly sticky, plastic; abundant,
fine roots; common, fine interstitial pores; clear, smooth boundary.

Bl 15-20 Dark yellowish brown (1OYR 3/4 moist), dark grayish brown (1OYR 4/2
dry); clay; moderate, medium subangular blocky; soft, friable, sticky,
plastic; plentiful, fine roots; common, very fine interstitial pores; clear,
wavy boundary.

B2 20-31 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
strong, medium subangular blocky to angular blocky; very hard, firm,
very sticky, very plastic; common, thin clayskins on ped surface; few, fine
roots; few, micro interstitial pores; clear, irregular boundary.

C 31-40 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;

weak, fine subangular blocky to massive; hard, firm, sticky, plastic;
very few, fine roots; few, micro interstitial pores; abrupt, broken
boundary.

R 40 + Highly weathered conglomerate fractured rock; over large closely packed
hard basalt fragments with some clay on the stone surfaces.





Figure 67. Vegetation and soil for macroplot F3.

Location: S 18 T 29 S R 14 B, WM Slope: 2%
Elevation: 4760 feet Land form: Secondary ridge
Vegetation cover: 32. 7% Vegetation density:

2
Shrub cover 23. 0% Arar 30. 2 p1. /10m2

Arar 11.3% Putr 2.7p1./lOm
Putr 11.7% Ave. max. shrub height;

Grass cover 6. 0% Arar 17 cms
Forb cover 3. 7% Putr 102 cms

Soil Profile:

Horizon Depth
(cms)

All 0- 8 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
loam; moderate, medium platy; soft, very friable, nonsticky, nonpiastic;
abundant, fine roots; many, fine interstitial pores; clear, smooth
boundary.

Al2 8-17 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
clay loam; weak, fine granular; slightly sticky, slightly plastic; abundant,
fine roots; common, fine interstitial pores; clear, wavy boundary.

AB 17-25 Dark brown (1OYR 3/3 moist), dark grayish (1OYR 4/2 dry); clay
loam; moderate, medium subangular blocky; slightly hard, friable, sticky,
plastic; plentiful, fine roots; common, very fine interstitial pores; clear,
wavy boundary.

Bi 25-33 Dark brown (1OYR 3/3 moist), dark grayish brown (1OYR 4/2 dry); clay
loam; moderate, medium subangular blocky; hard, friable, sticky, plastic;
very few, thin clayskins on ped surface; plentiful, fine roots; few, micro
interstitial pores; clear, wavy boundary.

B21 33-43 Dark brown (1OYR 3/3 moist), dark yellowish brown (1OYR 3/4 dry); clay;
strong, fine subangular blocky; very hard, firm, very sticky, very plastic;
common, moderately thick clayskins on ped surface; plentiful, fine roots;
few, micro interstitial pores; clear, wavy boundary.

B22 43-53 Very dark grayish brown (1OYR 3/2 moist), dark yellowish brown (1OYR
3/4 dry); clay; strong, fine prismatic to strong medium angular blocky;
very hard, very firm, very sticky, very plastic; many, moderately thick
clayskins on ped surface; very few, fine roots; very few, micro intersti-
tial pores; clear, wavy boundary.

C 53-68 Brown to dark brown (1GYR 4/3 moist), yellowish brown (1OYR 5/4 dry);

clay; strong, medium subangular blocky; hard, firm, very sticky, very
plastic; continuous, thin clayskins on ped surface; very few, fine roots;
very few, micro interstitial pores; abrupt, wavy boundary.

R 68 + Fractured rock, over large closely packed basalt with clay on the stone
surface.
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Figure 68. Vegetation and soil for macroplot E4.

Location: S 7 T 29 S R 14 E, WM Slope: 3%
Elevation: 4550 feet Land form: Minor ridge
Vegetation cover: 34. 1% Vegetation density:

2
Shrub cover 26.2% Arar 29. 2 p1. hOrn2

Arar 14.4% Putr 3.Opl./lOrn
Putr 11.4% Ave. max. shrub height

Grass cover 5.1% Arar 21 cms
Forb cover 2.8% Putr 71 cms

Soil profile:

Horizon Depth
(cms)

All 0- 8 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
clay loam; moderate to strong, medium platy; soft, loose, nonsticky,
nonpiastic; abundant, fine roots; common, very fine interstitial pores;
clear, smooth boundary.

Al2 8-15 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
clay loam; weak, fine granular; loose, slightly sticky, plastic; abundant,
fine roots; common, very fine interstitial pores; clear, wavy boundary.

B1 15-23 Very dark grayish brown (1OYR 3/2 moist), dark grayish brown (1OYR 4/2
dry); clay; weak to moderate, medium subangular blocky; slightly hard,
friable, sticky, plastic; plentiful, fine roots; few, micro interstitial
pores; clear, wavy boundary.

B2 23-35 Dark brown (7.5YR 3/2 moist), brown (1OYR 5/3 dry); clay; strong,
medium to coarse subangular blocky; hard, firm, very sticky, very plastic;
Common, thin clayskins on ped surface; few, fine roots; few, nticro
interstitial pores; gradual, irregular boundary.

C 35-40 Brown to dark brown (7. 5YR 4/4 moist), brownish yellow (1OYR 6/6 dry);
clay; weak, fine subangular blocky to massive; slightly hard, friable,
sticky, plastic; very few, fine roots; very few, micro interstitial pores;
abrupt, wavy boundary.

R 40 + Highly weathered conglomerate rock; over basalt fragments.
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Figure 69. Vegetation and soil for macroplot ES.

Location: S 18 T 29 S R 14 E, WM
Elevation: 4760 feet
Vegetation cover: 36.5%

Shrub cover 21.8%
Arar 6.7%
Putr 14.9%

Grass cover 10.7%
Forb cover 4. O%

Slope: 2%
Land form: Secondary ridge
Vegetation density:

2
Arar 21.7 pl./10m2
Putr 2.8 pl./lOm

Ave. max. shrub height:
Arar 20 cms
Putr 102 cms

Soil profile

Horizon Depth
(cms)

All 0-8 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
loam; moderate, medium platy; loose, nonsticky, nonplastic; abundant,
fine roots; many, fine interstitial pores; clear, smooth boundary.

Al2 8-17 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); silty clay
loam; loose, to weak, fine granular; loose, slightly sticky, slightly
plastic; abundant, fine roots; common, fine interstitial pores; clear, smooth
boundary.

Bi 17-25 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); clay; weak,
medium subangular blocky; slightly hard, friable, sticky, plastic; plenti-
ful, fine roots; common, very fine interstitial pores; clear, wavy boundary.

B21 25-36 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
strong, medium subangular blocky; hard, firm, very sticky, very plastic;
common, thin clayskins on ped surface; few, fine roots; few, micro inter-
stitial pores; clear, wavy boundary.

B22 36-58 Brown to dark brown (1OYR 4/3 moist), yellowish brown (1OYR 5/4 dry);
clay; moderate, fine prismatic to strong medium angular blocky; very
hard, very firm, very sticky, very plastic; continuous, thick clayskins
on ped surface; very few, fine roots; very few, micro interstitial pores;
abrupt, wavy boundary.

C 58-68 Brown to dark brown (1OYR 4/3 moist), light yellowish brown (1OYR 6/4
dry); clay; massive; soft, very friable, sticky, plastic; very few, fine
roots; very few, micro interstitial pores; abrupt, irregular boundary.

R 68 + Fractured rock, over large closely packed basalt with clay on the stone
surfaces.
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Figure 70. Vegetation and soil for macroplot Fl.

Location: S 31 T 28 S R 13 E, WM
Elevation: 4850 feet
Vegetation cover: 19.0%

Shrub cover 10.4%
Arar 10.4%

Grass cover 5. 9%

Forb cover 2. 7%

Soil profile:

Horizon

Slope: 2%
Land form: Plateau
Vegetation density:

2
Arar 17.Opl./lOm

Ave. max. shrub height:
Arar 25 cms

(ems)

All 0- 9 Very dark grayish brown (1OYR 3/2 moist), light brownish gray (1OYR 6/2
dry); silt loam; strong, coarse platy; soft, loose, nonsticky, nonpiastic;
abundant, fine roots; many, fine interstitial pores; clear, smooth boundary.

Al2 9-17 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
silty clay loam; weak, fine granular to single grain; loose, sticky, plastic;
plentiful, fine roots; common, very fine interstitial pores; clear, wavy
boundary.

Bi 17-29 Dark yellowish brown (1OYR 3/4 moist), pale brown (1OYR 6/3 dry); clay;
moderate, medium subangular blocky; slightly hard, friable, very sticky,
very plastic; plentiful, fine roots; few, very fine interstitial pores; clear,
brocken boundary.

B21 29-37 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
strong, medium to coarse angular blocky; hard, firm, very sticky, very
plastic; common, thin clayskins on ped surface; few, fine roots; few,
micro interstitial pores; gradual, irregular boundary.

B22 37-47 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
strong, medium prismatic; very hard, very firm, very sticky, very plastic;
many, thick clayskins on ped surface; few, fine roots; very few, micro
interstitial pores; clear, broken boundary.

C 47-52 Brown (7. 5YR 4/4 moist), light yellowish brown (1OYR 6/4 dry); clay;
massive to weak, fine subangular blocky; slightly hard, friable, sticky,
plastic; few, moderately thick clayskins on ped surface; very few, fine
roots; very few, micro interstitial pores; abrupt, irregular boundary.

R 52 + Large, closely packed basalt.





Figure 71. Vegetation and soil for macroplot F2.

Location: S 31 T 28 S R 13 E, WM
Elevation: 4800 feet
Vegetation cover: 23.4%

Shrub cover 11.4%
Arar 11.4%

Grass cover 7,5%
Forb cover 4. 6%

Soil profile:

Horizon Depth

Slope: 3%
Land form: Plateau
Vegetation density:

2
Arar 15.7 pl./lOm

Ave. max. shrub height:
Arar 22 cms

(cms)

All 0- 5 Very dark grayish brown (1OYR 3/2 moist), light brownish gray (1OYR 6/2
dry); silty clay loam; strong, medium platy; loose, slightly sticky, slightly
plastic; abundant, fine roots; many, fine interstitial pores; clear, smooth
boundary.

Al2 5-10 Very dark brown (1OYR 2/2 moist), grayish brown (1OYR 5/2 dry); silty
clay; weak, fine granular to single grain; loose, slightly sticky, slightly
plastic; abundant, fine roots; common, fine interstitial pores; clear,
smooth boundary.

Bi 10-15 Dark yellowish brown (1OYR 3/4 moist), grayish brown (1OYR 5/2 dry);
clay; moderate, fine subangular blocky; slightly hard, friable, sticky,

plastic; plentiful, fine roots; few, micro interstitial pores; clear, wavy
boundary.

B21 15-22 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
strong, medium angular blocky; hard, firm, very sticky, very plastic;
common, thin clayskins on ped surface; few, fine roots; few, micro
interstitial pores; gradual, wavy boundary.

B22 22-37 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay; strong,
coarse prismatic; very hard, very firm, very sticky, very plastic; common,
thick clayskins on ped surface; very few, fine roots; very few, micro inter-
stitial pores; clear, irregular boundary.

C 37-42 Strong brown (7.5YR 5/6 moist), very pale brown (1OYR 7/4 dry); clay;
massive to weak, fine subangular blocky; slightly hard, friable, sticky,

plastic; very few, fine roots; very few, micro interstitial pores; abrupt,
broken boundary..

R 42 + Large, closely packed basalt.
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Figure 72. Vegetation and soil for macroplot F3.

Location: S 13 T 29 S
Elevation; 4760 feet
Vegation cover:

Shrub cover
Arar

Grass cover
Forb cover

Soil profile:

Horizon Depth
(cms)

All 0-5

R 13 E, WM

25.8%
16. 0°/b

16.0%
5.5%
4.4%

Slope: 2%
Land form: Plateau
Vegetation density:

2
Arar 47.2 pl./lOm

Ave. max. shrub height:
Arar 20 cms

Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); loam;
moderate, fine platy; soft, very friable, slightly sticky, slightly plastic;
abundant, fine roots; many, fine interstitial pores; clear, smooth boundary.

Al2 5-12 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); clay loam;
weak, medium granular; loose, very friable, slightly sticky, slightly
plastic; abundant, fine roots; common, fine interstitial pores; clear,
smooth boundary.

Bl 12-23 Dark brown (1OYR 3/3 moist), dark grayish brown (1OYR 4/2 dry); clay;
moderate, medium subangular blocky; slightly hard, friable, sticky, plastic;
plentiful, fine roots; few, micro interstitial pores; clear, wavy boundary.

B21 23-33 Dark brown (1OYR 3/3 moist), dark grayish brown (1OYR 4/2 dry); clay;
strong fine angular blocky; hard, firm, very sticky, very plastic; common,
thin clayskins on ped surface; few, fine roots; very few, micro interstitial
pores; clear, wavy boundary.

322 33-45 Very dark grayish brown (1OYR 3/2 moist), dark grayish brown (1OYR 4/2
dry); clay; strong, medium prismatic; extremely hard, extremely firm,
very sticky, very plastic; continuous, thick clayskins on ped surface; very
few fine roots; very few, micro interstitial pores; clear, wavy boundary.

B3 45-55 Dark brown (1OYR 3/3 moist), dark grayish brown (1OYR 4/2 dry); clay;
strong, medium angular blocky; very hard, very firm, very sticky, very
plastic; continuous, moderately thick clayskins on ped surface; very few
fine roots; very few, micro interstitial pores; abrupt, wavy boundary.

R 55 + Large, closely packed basalt.





Figure 73. Vegetation and soil for macroplot F4.

Location: S 7 T 29 S R 14 E, WM
Elevation: 4575 feet
Vegetation cover: 26, 5%

Shrub cover 20. 4%

Arar 20.4%
Grass cover 2. 4%

Forb cover 3. 7%

Soil profile:

Horizon Depth
(cms)

Slope: 50/,

Land form: Secondary ridge
Vegetation density:

2
Arar 31.5 pl./lOm

Ave. max. shrub height:
Arar 19 cms

All 0- 5 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
silty clay loam; moderate, medium platy; soft, very friable, slightly
sticky, plastic; abundant, fine roots; many, fine interstitial pores; clear,
smooth boundary.

Al2 5-12 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);

silty clay; weak, medium granular; loose, slightly sticky, plastic; abundant,
fine roots; common, very fine interstitial pores; clear, wavy boundary.

AB 12-17 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
weak, medium subangular blocky; soft, very friable, sticky, very plastic;
plentiful, fine roots; common, very fine interstitial pores; clear, wavy
boundary.

32 17-30 Dark yellowish brown (1OYR 3/4 moist), brown (1OYR 5/3 dry); clay;
moderate, medium subangular blocky; s].ightly hard, firm, very sticky,
very plastic; few, thin clayskins on ped surface; few, fine roots; very
few, micro interstitial pores; abrupt, irregular boundary.

R 30 + Paved basalt rock.
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Figure 74. Vegetation and soil for macroplot F5.

Location: S 18 T 29 S R 14 E, WM Slope: 1%
Elevation: 4750 feet Land form: Minor ridge
Vegetation cover: 22. 7% Vegetation density:

2
Shrub cover 6.5% Arar 31.3 pl./lOm

Arar 6.5% Ave. max. shrub height:
Grass cover 8. 1% Arar 14 cms
Forb cover 8.1%

Soil profile:

Horizon Depth
(cms)

All 0- 8 Very dark grayish brown (1OYR 3/2 moist), grayish brown (1OYR 5/2 dry);
loam to silt loam; moderate, medium platy; soft, friable, slightly sticky,
slightly plastic; abundant, fine roots; many, fine interstitial pores; clear,
smooth boundary.

Al2 8-15 Dark brown (1OYR 3/3 moist), grayish brown (1OYR 5/2 dry); silty clay
loam; weak, fine granular; loose, sticky, plastic; abundant, fine roots;
common, fine interstitial pores; clear, smooth boundary.

B21 15-22 Very dark grayish brown (LOYR 3/2 moist), dark (1OYR

4/4 dry); clay; moderate, medium subangular blocky; hard, firm, very
sticky, very plastic; few, thin clayskins on ped surface; common, micro
interstitial pores; clear, wavy boundary.

B22 22-35 Dark brown (1OYR 3/3 moist), dark yellowish brown (1OYR 3/4 dry); clay;
moderate, fine prismatic to strong, medium angular blocky; very hard,
very firm, very sticky, very plastic; continuous, moderately thick clay-
skins on ped surface; few, fine roots; very few, micro interstitial pores;
clear, wavy boundary.

B3 35-50 Dark yellowish brown (1OYR 3/4 moist), yellowish brown (1OYR 5/4 dry);
clay; moderate, medium subangular blocky; slightly hard, friable, sticky,
plastic; common, thin clayskins on ped surface; very few, fine roots; very
few, micro interstitial pores; abrupt, irregular boundary.

R 50 + Large, closely packed basalt.
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Figure 75, Plotted points of the first canonical variable (x) against the second variable (y)
for shrubs of communities: (A) Juoc/Putr.-Artr, (B) Putr-Artr, (C) Artr, (D)
Juoc/Putr-Arar, (E) Putr-Arar, and (F) Arar, Five stands per comn-iunity.
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Figure 76, Plotted points of the first canonical variable (x) against the second variable (y)
for grasses of communities: (A) Juoc/Putr-Artr, (B) Putr-Artr, (C) Artr,
(D) Juoc/Putr-Arar, (E) Putr-Arar, and (F) Arar. Five stands per community.
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Figure 77. Plotted points of the first canonical variable (x) against the second variable (y)
for forbs of communities: (A) Juoc/Putr.Artr, (B) Putr-.Artr, (C) Artr, (D)
Juoc/PutrArar, (E) Putr.Arar, (F) Arar, Five stands per community.
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Figure 78. Soil moisture at sampling in soils: of five stands of community A (Juoc/Putr-Artr).
Samples were taken on August 1-15, 1968.
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Figure 79. Soil moisture at sampling in soils of five stands of community B (Putr-Artr).
Samples were taken on August 1-15, 1968.
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Figure 80. Soil moisture at sampling in soils of five stands of community C (Artr).
Samples were taken on August 1-15, 1968,
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Figure 81, Soil moisture at sampling in soils of five stands of community D (Juoc/Putr-Arar).
Samples were taken on August 1-15, 1968,
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Figure 82. Soil moisture at sampling in soils of five stands of community E (PutrArar).
Samples were taken on August 1-15, 1968,
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Figure 83. Soil moisture at sampling in soils of five stands of community F (Arar).
Samples were taken on August 1-15, 1968
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Figure 84. Soil bulk dens ity in five stands of community A (Juoc/PutrArtr).



0

10

20

30

70

80

\\

\(/
I/I

V
/\

/'

BI

B2

B3

B4

B5------

I I I I

.7 .8 .9 1.0 1,1 1.2 1.3 1.4 1.5 1,6 1,7 1,8 1.9

Bulk Density

Figure 85, Soil bulk density in five stands of community B (Putr-Artr),
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Figure 86, Soil bulk density in five stands of community C (Artr).
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Figure 87, Soil bulk density in five stands of community D (Juoc/Putr.Arar),
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Figure 88, Soil bulk density in five stands of community E (Putr-Arar),
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Figure 89. Soil bulk density in five stands of community F (Arar).




