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PLANT SUCCESSION ON TWO ARTEMISIA 
HABITAT TYPES IN SOUTHEASTERN OREGON 

INTRODUCTION 

Associations of plant species tend to change over time (19, 20, 

62, 67, 80, 98). This study is directed toward these changes, their 

direction and magnitude, as found on two plant communities of the 

"high desert" of southeastern Oregon. It is also an attempt to 

describe or evaluate adequately the condition of these communities 

in quantitative terms. 

To determine changes within a plant association over time, it is 

necessary to follow one or both of two possible methods. The first 

involves the use of exclosure techniques which require that an area 

be protected from use by livestock over a period of years. The 

area is studied within and without the protected area at the time of 

its establishment. Then, after a period of years or at appropriate 

intervals, these adjacent areas are reinventoried. In this way 

changes, their direction and magnitude, can be compared on an area 

that is used by livestock and /or game animals and one that is pro- 

tected. Any differences due to use versus nonuse can be detected. 

Of course, it is possible to follow trend on any area under 

investigation regardless of the presence of a livestock exclosure. 

This would constitute a procedure differing somewhat from an 
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exclosure technique. in that there would be no way to evaluate use 

versus nonuse. However, both procedures are alike, in that, they 

both necessitate the lapse of several years in order to obtain results. 

The inventory methods selected for these studies should be 

apropos for the vegetation type and in accord with the desired ob- 

jectives. Unfortunately, what appeared to be appropriate at the 

initiation of a long -time study is often considered inadequate at its 

conclusion. 

The second method, or "inference" approach, necessitates a 

much shorter period. This technique presupposes that similar vegeta- 

tion associations, or similar "habitattypes "J as they will hence- 

forth be called, can be recognized from ecological characteriza- 

tions and keys and that these habitat types can be located and 

studied in several different successional or retrogressional stages. 

It must be assumed, however, that these areas can be reliably 

identified to the extent that any one of the locations studied, if given 

the proper degree of use and /or rest, could attain and maintain a 

condition equal to or approaching that of the "best- condition" site 

studied. The best area can be defined in terms of having the highest 

proportion of desirable species, being nearest to a defined climax 

condition or, as in the case of this study, having the highest propor- 

tion of the dominant perennial forage grass or grasses. 

1 / Defined on page 18. 
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The basic assumption of this second technique is corroborated 

by the author's finding several stands of a habitat type that have 

similar associations of species, soil characteristics, climatic 

pattern, and topographical placement. Inferential studies of plant 

succession are advantageous in that they can yield results at the 

end of any given field season. Their difficulty of interpretation, 

due to uncertainty regarding casual factors, is a disadvantage that 

prevents widespread adaptation and use. 

A number of locations must be sampled in order to facilitate 

the establishment of increase -decrease curves for individual species 

that would be indicative of their successional status. Data for 

species that invade can be plotted against these same curves. 

These curves will reflect the trend or direction of change that an 

individual species will take as the plant community changes toward 

or away from climatic equilibrium. Also, it is possible to relate 

one species to another or one species to a factor used as a site or 

condition index in order to determine how these variables react 

when compared with each other. In other words, as species A 

increases, how does species B react? Can Site Factor A or B 

be used to predict site potential or condition? At what level of 

influence, of one species on another, is the relationship between the 
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two significant? These questions can be partially or completely 

answered by this technique. 

Both of the techniques outlined above have been used in this 

investigation. Following these two approaches, the objectives of this 

study are: 

(1) To determine the magnitude and direction of certain changes 

on the Artemisia tridentata /Agropyron spicatum and 

Artemisia arbuscula /Festuca idahoensis habitat types in 

southeastern Oregon. 

(2) To develop condition and trend standards for the component 

species of these habitat types in order to document the 

increasers, decreasers, and invaders as proposed by 

Dyksterhuis (35). 

(3) To explain and interpret the reasons for some of the 

successional changes and differences found in these two 

habitat types. 

An attempt has been made to ascertain the increase -decrease 

relationships among several species and to identify those that are 

reliable indicators of condition by virtue of their increase or de- 

crease response to use. Certain surface soil characteristics have 

been evaluated to determine if they are sufficiently related to 

vegetation change that they, themselves, can be used as indices of 
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of range condition. Indeterminant comparisons are also emphasized, 

in order to categorize those species or factors which do not change 

in a consistent pattern or are not indicative of significant changes. 
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THE STUDY AREA 

Geographical and Map Locations 

Study sites are located from near Princeton, Oregon, on the 

east to near Bend, Oregon, on the west (Figure 1). However, the 

area of concentrated study consists of the Squaw Butte Experimental 

Range which is located approximately 40 miles west and a little 

south of Burris, Harney County, Oregon. Legal descriptions of 

each study site are found in Appendices 3 and 4. Figure 2 is 

representative of the study area and shows its geographic location 

within the State of Oregon. 

History 

Brimlow (13) in his treatise on "Harney County, Oregon and its 

Range Land" states that the first white men to enter the Harney Basin 

came from the East early in 1826. It was not until the 1860's, how- 

ever, that lands suitable for cultivation were homesteaded. As 

early as 1862, California sheep were driven to mining camps of 

Idaho, Montana, and, as Brimlow puts it, doubtless into Oregon; 

however, cattle numbers were not great until the 1880's. 

In 1869, John S. Devine appeared in this area with white -face 

cattle that were to form a nucleus of the huge herds he later 

- 
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Figure 1. The area represented by this study. 
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Figure 2. Looking east from a prominent point within the Squaw 
Butte Experimental Range showing, in the foreground, 
a good stand of Artemisia arbuscula /Festuca idahoen- 
sis vegetation with scattered specimens of Juniperus 
occidentalis. 
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assembled. Such was the way that herds of livestock were built up 

in this area. Movement of sheep into eastern Oregon increased 

strongly in the seventies. The following quotation from Brimlow, 

p. 73, is indicative of the use that large numbers of cattle made of 

these range areas: "Cattlemen and sheepmen of Oregon's high 

desert virtually lived off the grasses because the grasses built up 

the flesh of their animals. " 

Harney County cattle numbers have varied from about 34, 000 

in 1890 to a high of 97, 000 in 1910. Numbers decreased to 65, 000 

in 1936 and in 1950 there were about 80, 000. Most of the ranchers 

followed the practice of turning livestock out during the spring, 

summer, and fall, moving with the forage and water. The range 

was thus used probably to capacity at all times other than when 

weather conditions and lack of feed warranted the use of supplemental 

feed, usually from home -grown hay. 

Sheep numbers grazing the area of concentration in this study 

were about 12, 000 by 1915. In more recent years only cattle have 

grazed this area. From the period 1938 through 1949 range use was 

heavy on the entire Squaw Butte Range. The entire area was very 

heavily and seasonally overused In 1949, use was reduced and the 

area has been grazed more judiciously (84). Since that time water 

hauling, sagebrush control, riding, and seeding have allowed use 
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to be increased to pre- 1944 levels. In general, all sites used in this 

study have been grazed heavy to light for differing periods since the 

1880's. In spite of this use history, numerous areas of good condi- 

tion range were found. 

Geology 

During the Eocene epoch, 60 to 40 million years ago, western 

Oregon was under a shallow sea; and on the land east of the sea (cen- 

tral and eastern Oregon), rocks ejected from numerous active 

volcanos produced the Clarno formation composed of a thick series 

of lava flows, agglomerates, volcanic ash, and sediments deposited 

in lake bottoms. These sediments contain abundant fossil remains 

of semitropical plants indicating a warm, humid climate throughout 

the state and the absence of a climatic barrier such as the Cascade 

Range (68). 

Toward the latter part of the Miocene epoch, 30 to 15 million 

years ago, basaltic lavas poured out, flow upon flow, over extensive 

areas, particularly in northeastern Oregon and southeastern Washing- 

ton to form the Columbia Plateau as described by Fenneman (44). 

The initial Cascade uplift during this time period separated the 

state into two distinct climatic provinces. Eastern Oregon, with the 

moisture -laden air deposited on the west side of the Cascades, 
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developed a semi -arid to arid climate. In the Pleistocene epoch, the 

Cascades were uplifted for the second time, thus assuring the contin- 

ued aridity of Eastern Oregon, including the area under consideration. 

Fenneman (44) describes the Harney Section of Oregon as in- 

cluding 8, 000 square miles, lying south of the Blue Mountains, 4, 000 

feet or more in elevation, and allied on one hand to the Columbia 

Plateau and on the other to the Great Basin. Baldwin (7) describes 

the High Lava Plains on the eastern edge of the Harney Basin and, 

similar to Fenneman, suggests that the area is related to both the 

Columbia Plateau and the Basin and Range country to the south. 

This area, sometimes referred to as the "High Desert" region 

of Oregon, owes its general form and much of its elevation to nearly 

horizontal beds of basalt which are apparently little eroded. Similar 

to the Great Basin, it has internal drainage with its intermittant 

streams being lost in the loose mantle rock or ending in alkaline 

lakes. The entire region is underlain by thick accumulation of Cene- 

zoic volcanic rocks, dominantly Pliocene lava flows. Tertiary rocks 

include basalts, andesites, and rhyolitic lavas, tuffs, welded tuff, and 

minor amounts of interbedded waterlaid sediments (7). The principal 

rock encountered at any study location was either basalt and /or rhyo- 

lite with perhaps some andesite. Other rocks and minerals encount- 

ered with some frequency include obsidian, perlite, and pumice. 
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Topography 

The relief of the High Lava Plains, as described by Baldwin (7), 

is moderate. Elevations vary from about 4, 000 to 6, 000 feet. Most 

of the area is rolling and hilly, consisting of the little- eroded lava 

flows. Peaks such as Squaw Butte and Wagontire Mountain, Glass 

Butte, Hampton Butte, and other high points depart from this general 

topographical. scheme (7). 

A great deal of the relief is level or with a slope of from 1 to 5 

percent. Some of the steeper slopes approach 20 percent and steeper 

in the case of cliffs or colluvial slopes lying on the ends or sides of 

recent lava flows. There are relatively few areas with slopes steep 

enough to remain inaccessible to livestock grazing or which make it 

difficult for soils to develop and maintain a vegetative cover. The 

exceptions are the steep areas mentioned above which usually consist 

of talus slopes and basalt or rhyolite outcrops. 

Aspects are variable and in the area of study there is no real 

evidence of a north -south orientation of fault -block mountains as is 

characteristic of the basins and ranges to the south. If there is any 

pattern evident, the experience of the author suggests that it is one 

of primarily flat areas and hills with north and south slopes. There 

appears to be a dominant east -west arrangement of hills throughout 
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the study area. 

Irregular microrelief situations are uncommon. In general, 

microrelief can be characterized as uniform. 

Soils 

Until Eckert (39) described nine tentative soil series on the 

Squaw Butte Experimental Range, very little soil survey work had 

been done in the study area. In the western part of the generalized 

area of study, Driscoll (33, p. 138) has described nine series in the 

Central Oregon Juniper Zone. 

The Brown Great Soil Group was outlined by Cheney et. al. (17) 

to be characteristic of the study area. Steep north slopes were 

found, at some locations, to have soils belonging to the Chestnut 

Great Soil Group. Eckert (39) found this to be true. Driscoll (33) 

described a sandy Regosol and mentions the existence of Sierozems 

in addition to Brown and some Chestnut soils. 

These soils are described by Knox (59, p. 46) as having the 

following characteristics: 

"moderately dark colored surface horizons that are nearly 
neutral. Lower horizons are alkaline and generally contain 
lime. Well- drained soils are most common. " "Many of the 
soils have horizons of clay accumulations. Some have 
cemented hardpans." 

This investigation substantiates the above statements by Knox. 
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According to the 7th Approximation (95), the new Soil Classifica- 

tion System of the United States Department of Agriculture, these 

soils belong to the Aridisols. They are described as having an ochric 

epipedon, which is characterized as being a surface horizon with 

rubbed color values lower than 5. 5 when dry and lower than 3. 5 

when moist. The profiles described in this study each contained an 

argillic horizon (an illuvial horizon in which silicate clays have 

accumulated to a significant extent). 

Aridisols with an ochric epipedon and an argillic horizon, but no 

duripan would be termed "Haplargids ". Those possessing a hardpan 

would be called "Durargids ". Both of these are represented on the 

study area and several profiles have developed a duripan, the 

cementation ofwhichis presumed to be silica or an aluminum silicate. 

These duripans may also contain cementing agents other than those 

thought to be silica (95, p. 158- 159). Almost half of the profiles 

with pans were cemented with calcium carbonate. 

While most of the soils in the study are Aridisols, soils on steep 

north slopes possessing a mollic epipedon (a value darker than 3. 5 

when moist, and 5. 5 when dry) would belong to the Mollisols. In 

which case, these soils would be called Argustolls,according to the 

7th Approximation, soils that were formerly called Chestnut 

soils, have a mollic epipedon, an argillic horizon, and no duripan 

(95, p. 179). 
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Joffe (57, p. 148) has discussed developmental processes of soil 

formation in the Desert -Semi Desert regions. Several of these ideas 

are extremely relevant to the study area and are listed below: 

(1) The biosphere as a factor of soil formation is reduced to a 

minimum because of the poor return of bases by way of the 

vegetation cover. 

(2) The temperature, rather than the precipitation, is the 

important element of climate in the process of soil forma- 

tion of this zone. 

(3) A characteristic feature of the A horizon is the vesicular 

structure. 

(4) Physical weathering as a factor of soil formation predom- 

inates in the desert. 

Also of interest to note is that soils developed in arid or semi- 

arid areas have less organic matter and total nitrogen percent. As 

humidity and precipitation decrease, so do these factors. The 

scarcity of vegetation is most likely the reason for this, rather 

than the low humidity or rainfall (55, p. 113 -118). 

Climate 

The main processes of Oregon weather are those which produce 

summer drought, winter storms, winter cold spells, fall or winter 
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fogs, and spring showers (31, p. 7). This general pattern is very 

much evident east of the Cascades, but the total precipitation 

involved is greatly reduced because of this natural barrier. The 

climatic pattern is definitely oceanic in nature. 

Weather data from several locations within the study area 

corroborate these patterns. For example, precipitation records 

from the Squaw Butte Experiment Station show two peaks (Figure 3), 

one during the- months of November, December, January, and Febru- 

ary, and a second in May and June. The former is due primarily to 

snow while the latter is from rain showers. 

Squaw Butte precipitation records show a low of 5. 81 in 

1949 and a high of 15.93 in 1941. The long time average is 11.5 

inches. Average temperatures vary from 25 degrees in January to 

67 degrees in July, with a mean monthly temperature of 45 degrees 

based on a long time average. Killing frost Flay occur at any time of 

year, but has little effect on the native species. The average growing 

season for shrubs, perennial grasses, and forbs is almost 180 days, 

from April to October (39). 

Figure 3 is a climatograph showing the relationship between 

Mean °F and Median Precipitation at the Squaw Butte Range. Such 

figures are referred to as warming and cooling curves. Dauben- 

mire (29) suggests that median values are more sensitive than mean 
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values when relating climatic data to vegetation. These values be- 

come more important at low precipitation levels for the reason that 

a single heavy shower can have great influence on the mean while not 

appreciably affecting the median value or plant distribution. The 

climatic situation throughout the study area is marginal for the 

cultivation of field crops, although with irrigation appropriate 

crops produce substantial yield. Pure stands of grass are not 

maintained with these climatic conditions. 

Vegetation 

Instead of pure stands of grass, bunch grasses occur as the 

understory to several shrubs. Southeastern and central Oregon 

support large acreages of semi -arid rangelands that possess these 

characteristics. The dominant shrubs are species of the genus 

Artemisia. Eckert (39) has described several habitat types within 

this area and estimated their relative importance. The two most 

widespread of these were chosen for this investigation. This was 

done primarily to provide for the possibility of finding these habitat 

types in the several successional stages necessary to an inference 

approach. 

The habitat type has been defined by Daubenmire (28) as "the 

collective area which is capable of supporting the same relatively 

homogeneous climax plant association. " An additional definition 
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given by Poulton (76) is that a habitat type is the collective area that 

will come to have a certain specific type of vegetation, or that the 

vegetation will come to occupy as succession advances. " Poulton 

(76) sums up this idea by the statement that, "a habitat type denotes 

an ultimate unit of the sum environment, " and that "these basic 

units constitute the basic subdivisions of the landscape for manage- 

ment purposes." 

The habitat types characterized by Eckert include the following: 

Artemisia tridentata /Festuca idahoensis; Artemisia tridentata/ 

Agropyron spicatum and its Stipa thurberiana phase; Artemisia 

arbuscula /Festuca idahoensis; Artemisia arbuscula /Agropyron 

spicatum. The Artemisia tridentata /Agropyron spicatum and 

Artemisia arbuscula /Festuca idahoensis were studied in this investi- 

gation and are represented by Figures 4 -5 and 6- 7,respectively. 

Of interest is the fact that during the lower Pliocene epoch, 

southeastern Oregon supported a mesophytic forest containing several 

genera, among which were Acer, Picea, Abies, and Pinus.(16, p. 22% 

Hansen (47) has divided post -glacial time into four climatic stages for 

southeastern Oregon and has published pollen data that substantiates 

the above. The period of maximum dryness was between 4, 000 and 

8, 000 years ago and since that time there has been a general trend 

toward cooler and moist conditions. This semi -arid shrub -steppe 
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Figure 4. An example of Artemisia tridentata /Agropyron spicatum 
habitat type in excellent condition(location, 02-14-47-1). 
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Figure 5. An example of an Artemisia tridentata /Agropyron spicatum 
habitat type in poor condition (location 02-14-73-2). 
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Figure 6. An example of an Artemisia arbuscula /Festuca idahoensis 
habitat type in excellent condition (location, 02-14-36). 

Figure 7. An example of an Artemisia arbuscula /Festuca idahoensis 
habitat type in poor condition (location, 02- 14 -59). 
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vegetation is the result of long -time geologic climatic patterns 

which have prevailed since the lower Pliocene forests disappeared 

from the area. 
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REVIEW OF LITERATURE 

The topic of plant succession commands considerable of the 

ecological literature. In the discussion those papers that are either 

classics in the field or those that appear to be most apropos for this 

study are selected. Range condition and the decreaser, increaser, 

and invader concept are less well documented but are still supported . 

by a wide spectrum of papers. These topics, as well as the recent 

literature on soil- vegetation relationships, will be discussed in 

appropriate sections. 

Plant Succession 

An early investigation of plant succession in the United States 

is that of Cowles in 1899 (19). He studied the sand dunes along Lake 

Michigan and stated that, "because of their instability, plant 

societies, plant organs, and plant tissues are obliged to adapt them- 

selves to a new mode of life within years rather than centuries. " 

This study was an excellent early documentation of vegetation change. 

Oosting (67, p. 236) aptly conveys the successional idea when he 

states that, "no plant community can be completely stable, " and that, 

"a community is characterized by constant change rather than stabili- 

ty. Sometimes these changes are radical and abrupt, or the changes 

. 
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may be so slow as to be scarcely discernible over a period of years." 

"These changes are not haphazard. " Perhaps this last statement 

reflects the thesis of this investigation. Vegetational changes are 

brought about by certain environment - influencing factors that are 

predictable and can be measured. 

Cooper (22) corroborates the above ideas and further empha- 

sizes that, "succession is the universal process of vegetation change" 

and that for this reason, "All vegetational changes, whether internal- 

ly or externally induced, whether gradual or abrupt, are therefore 

successional. " This, of course, brings forth the concept that 

vegetation change, as a result of weather anomalies, fire , and 

influencing organisms external to the vegetation community, is 

successional in nature. 

Robertson and Kennedy (79) documented the vegetation in parts 

of two northern Nevada counties. The latter made observations in 

1902 while the former traversed the same routes and looked at the 

same sites in 1952. After 50 years of grazing use desirable browse 

had decreased, annuals had increased greatly, big sagebrush 

(Artemisia tridentata) had increased, Sandberg bluegrass (Poa 

secunda) and squirreltail (Sitanion hystrix) had increased and stream 

channels had eroded wider and deeper. The observations were made 

by two competent botanists and ecologists. The study, therefore, 
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appears to be a very well documented example of range deteriora- 

tion brought about by longtime grazing. 

Many other investigators have argued these same points (19, 20, 

27, 42, 53, 62, 67, 81, 88, 98). Suffice it to say here that vegeta- 

tional change does apparently exist and it can be predicted, 

measured, and, in some cases, controlled or restored to a 

relatively stable equilibrium. 

Range Condition and Trend 

In an early plant succession study in relation to range manage- 

ment, Sampson advised that livestock grazing promotes the develop- 

ment of a plant cover and causes either retrogression or progressive 

succession (81, 1919, p. 54). 

Talbot (94) and Costello (23) were two of the first investigators 

to provide a realistic approach by their recognition of condition and 

trend through ecological principles. However, the use of quantitative 

ecology did not become important in evaluating condition and trend 

until the works of Daubenmire (27), Dyksterhuis (35), and Parker 

(70) were published by mid - century. 

In southeastern Washington, Daubenmire (27) compared early 

retrogressive, late retrogressive, and biotic climax Agropyron- 

bunchgrass ranges. With the use of frequency data comparisons, he 
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separated the species into (1) decreasers, (2) increasers, (3) those 

characteristic of intermediate stages, and (4) those scarcely affected 

by grazing. Later, the third category, those species character- 

istic of intermediate stages, was replaced with the term invaders. 

This author refers to the fourth category as indeterminants. 

In Nebraska, Weaver and Hanson (100) placed the dominant species 

into three groups in accord with their grazing response: (1) Those 

which decrease; (2) those which increase; and (3) those which invade. 

These characterizations were subjective in nature and purely 

qualitative. 

Later, Dyksterhuis (35) developed a quantitative system and 

grouped the species into "decreasers", "increasers ", and "invaders ". 

It was based upon relative cover percentage of climax vegetation in 

response to years of overgrazing. Changes in the relative propor- 

tions of decreasers, increasers, and invaders were plotted as up- 

ward and downward movements along curves of range improvement 

and deterioration. Poulton (77) has amplified this concept by 

dividing increaser and invader species into two groups each. Type 

I increasers are moderately palatable and as the curve of range 

deterioration descends, these species, after increasing to a certain 

extent, begin to decrease. Type II increasers are the poorest 

forages, very unpalatable, and as a consequence, they continue to 
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increase through the stages of retrogression. Similarly, Type I 

invaders may have low forage value and tend to decrease after their 

initial invasion and the Type II invaders tend to increase with the 

type II increasers. 

The terms "range condition" and "trend" are generally used to 

describe the idea that at any given moment in time a vegetation unit 

assumes a specific set of characteristics (condition) and that these 

characteristics change (trend). Bailey (6) defined range condition as 

range health and range trend as the change away from or toward a 

desirable condition. He further asserts that trend, in addition to 

possessing the attribute of direction, exhibits aspects of velocity and 

selectivity. On the areas of this study, trend velocity is quite slow, 

but selectivity is readily apparent. 

Usually a given range of these characteristics is termed a condi- 

tion- class, Humphrey (53) defined a condition -class rating as 

being an evaluation of the present forage production of an area 

as related to the maximum production possible under the best 

practical management methods. The development and charac- 

terization of condition classes is difficult and it is probable 

that such categories are impractical for certain areas. Parker (70) 

suggests that these condition classes are closely related to succes- 

sional stages. But successional stages are only figments of the 

investigator's imagination since they do not occur in jumps or 
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stairsteps but gradually blend one into the other. 

Several investigators have discussed procedures for judging 

range condition and trend. For example, Pickford and Reid (74) 

have summarized standards for judging subalpine range and have 

described criteria for recognizing condition, as well as developing 

management keys. Talbot (94) has similarly discussed standards 

and indicators for southeastern range conditions. 

Parker and Woodhead (71) developed a scoreboard method to 

rate the condition of perennial grasslands. Numerical values were 

empirically assigned to health and vigor, density composition, over- 

all grazing value, and soil, successional and animal indicators. A 

good example of a range condition score sheet, similar to many 

developed about this time, was published by the Soil Conservation 

Service, Pacific Coast Region in 1945 (56). Trend can also be 

rated using a score sheet as outlined by Stoddart and Smith (92, p. 

186). 

Scorecard methods are not based on quantitative data or natural 

characteristics of the ecosystem under the influence of succession. 

In every case they have been numerical values that the people have 

picked out of the air as an aid in simplifying the problem of condition 

and trend measurement. 

A system for rating condition was developed for California 
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annual grasslands and was based on livestock preference for certain 

species (83, p. 372). In 1951, Ellison et. al. (41) successfully out- 

lined and discussed the indicators of condition and trend on high 

range watersheds of the Intermountain Region. Arnold (5) classified 

ranges by comparing the densities of plants with superior and 

inferior life forms on grazed ranges to those of remnant climax 

communities. This method necessitates the development of a locally 

adabtable life form classification. 

In a recent study (65, 1961) of range condition in a western 

Montana fescue grassland, it was emphasized that, under these 

conditions, total plant coverage increased on the poor- condition 

ranges. The data also determined that soil changes do not neces- 

sarily accompany vegetation changes. Soil chemical tests showed no 

striking differences but lighter soil bulk density was found to be 

correlated with excellent condition. 

Studies concerned with condition and trend are attempts to 

adequately describe the level of reaction, one with another or all, of 

the fundamental biological and physical elements that make up an 

ecosystem. Species of plants and animals are actors in a dynamic 

play of nature and are influenced by soils, topography, and climate. 

The several and various interactions of these factors tend to escape 

elucidiation via condition and trend methodology. 
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Condition and Trend Methodology 

This section will be devoted to quantitative methods of 

determining vegetation changes. Several factors may be elucidated 

by condition and trend methodology, among which might be included: 

(1) quantitative changes for individual species in space 
or over time, 

(2) quantitative changes in relative ground cover in space 
or over time, whether by litter, gravel, stones, 
exposed bare ground or vegetation, 

(3) the speed with which these changes are brought to 
completion, 

(4) the direction of these changes, and 

(5) range- condition standards in the form of keys or 
indices. 

Among the first of these is the so- called "Three -step 

Method" which was developed and described, for purposes of applica- 

tion, by Parker in 1951 (69). The method attempts to reduce several 

measurement procedures into a practical technique for measuring 

trend which would be usable by busy fieldmen and forest administra- 

tors. The first step is to establish permanent records of basic 

field data while the second step involves the field analysis of these 

data, followed by the classification of condition and trend at the time 

of record. Permanent photographic records of the sampled site 

constitute the third step and provide information on direction of 
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trend which is considered as an aid in determining the status of use, 

i. e., whether over or under stocked. 

The basic field data consisted of 100 -foot transects with 

species recorded in a 3/4 -inch loop at each foot mark. The total 

number of times that a species was recorded provided a percentage 

density and any change over time or from location to location was 

considered. A point system or "condition standard" was developed 

with appropriate levels being indicative of several condition classes, 

namely, excellent, good, fair, poor, and very poor. Presumably, 

if a condition rating fell in one and later in another condition class, 

a change in management would be advised. 

It should be pointed out that the use of the 3/4 -inch loop 

provides data that should be considered as frequency of occurrence. 

It is discussed, in the method, as percent cover but called density. 

This author prefers to reserve the term density to mean plants per 

unit area. 

Although the three -step method has been widely used, sev- 

eral other investigators have described methods for evaluating 

trend on rangelands. For example, Smith (88) has used a completely 

subjective approach based upon written descriptions of what in- 

creasers, decreasers, and invaders are. A density method or plant 

counts were used as the basic evaluation method. Any changes in the 
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relative amounts of these species was considered to represent trend 

or a difference in condition. 

Others have set up, arbitrarily, numerical guides to indicate 

the change necessary to constitute trend. Moomaw (64) classified 

plants as increasers or decreasers based on a difference in cover- 

age of at least 20 percent of the higher value. Cover and frequency 

data were compared across fence and fire lines and each species at a 

location was classified as an increaser, decreaser, invader, or little 

affected with respect to the disturbance involved. 

In an attempt to outline a method of evaluating previous 

three -step measurements, Wood and Woolfolk (102) considered at 

least one quarter or more of the difference between the original 

(or previous) measurement and the "maximum potential" to be 

indicative of significant change. The maximum potential was not 

defined. In all probability one should set up some criteria to 

differentiate incidental or insignificant variation in plant 

cover and composition from that change which should be rightly 

considered trend, i.e., trend caused by the influence of differing 

environmental factors or influences such as grazing. These criteria 

will vary from location to location and consequently they should be 

set up after the data has been accumulated, tabulated, and critically 

observed. At this point, it might be possible to consider the various 
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changes and to define statistically,minimum differences in the data 

which would be significant or indicative of trend. 

Conrad (21) has investigated the relative usefullness of four 

methods for determining trend. The ocular estimate of basal area 

was shown to be most effective for showing significant differences 

among vegetation units. These estimates were found to be affected 

less by year -to -year variations than was the estimate of herbage 

spread. 

Hyder et al. (54) in describing a frequency method of vegeta- 

tion appraisal state that, "it remains to be shown whether or not the 

several characteristics assessed by frequency may be used to 

characterize range sites and range conditions satisfactorily, but the 

advantages of speed and objectivity arising from the basic observa- 

tion of species presence warrant further effort in the development of 

frequency methods for sampling sagebrush -grass vegetation. " 

Frequency data are an abstraction of density, dispersion character- 

istics and basal ground cover, and cannot be accurately interpreted 

as ground cover alone (1, 26, 73). 

Vegetation -soil Relationships 

The ecology of range lands can best be understood if the 

soils are investigated at the same time that the vegetation is 
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appraised. As the vegetation is studied and described, certain 

decisions regarding the status of a vegetation grouping can be 

satisfactorily resolved only when the soils are carefully examined. 

After all, soil is also part of the ecosystem. 

Poulton (76) and Eckert (39) have discussed the literature 

on vegetation -soil relationships. In general, their studies have 

shown direct correlations between vegetation and soil units. Poulton 

described three climatic climax vegetation zones which were repre- 

sented by numerous edaphic, topographic, and topo- edaphic climaxes. 

Specific soil series or groups of soil series were found associated 

with each climax. Eckert was able to exhibit a relationship between 

four habitat types described in the study area and nine soil series. 

Anderson (3) has also shown, in eastern Oregon, that vegetation 

units and soil units often show striking affinity for each other. He 

states that, "in studying soil -plant relationships a phase of a soil 

type is the unit of soil mapping about which the greatest number of 

precise statements and predictions can be made concerning soil 

use, management and productivity." Dyrness (38) has described 

six vegetation units and discussed the soil - vegetation relationships 

within the Ponderosa Pine type in the Central Oregon Pumice Region. 

In the Juniper zone of central Oregon, Driscoll (33) has correlated 

nine vegetation units with several soil series. 
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A significant study is that of Hanson and Whitman (49). As 

early as 1938 they characterized nine grassland types inwestern 

North Dakota and related them to several soil profile differences. 

They found that soil texture is closely related to the vegetation types 

but concluded that other variables, such as topography, were 

extremely important. 

The vegetation -soil relationship can be useful when looking 

in either direçtion. Shantz and Piemeisel (85) described the vegeta- 

tion in Escalante Valley, Utah, as indicators of soil conditions. 

They state, "that the most reliable indicators of soil conditions are 

stable plant communities that have occupied the soil over a long peri- 

od of time and have nearly reached equilibrium with soil and climate. " 

From the other point of view, Olson (66) emphasizes use of the soil 

profile as an aid to range management. His idea is that, "other 

things being equal two soil profiles alike in all details will produce 

or will be capable of supporting, the same kind and density of plants. " 

It may be that the latter investigator has placed undue emphasis on 

the soil and is overlooking other environmental factors. 

It is probable that secondary succession is determined 

largely by the type of soil and its associated habitat factors. Camp- 

bell (1932) found this to be true on clay soils in southern New Mexico. 

A striking example of the vegetation -soil relationship has 
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recently been reported by Eckert et al. (40). In 1944, the following 

species were broadcast on a burn in eastern Nevada and harrowed in: 

Agropyron smithii, Poa ampia, Agropyron trachycaulum, 

Arrhenatherum elatius, Bromus inermis, Elymus canadensis, 

Melilotus officinalis, Phalaris arundinacea, Poa bulbosa, 

Agropyron cristatum and Agropyron desertorum. An excellent stand 

resulted, Physically, the site is a gully and a southwest facing slope. 

The only grasses remaining today are Agropyron cristatum and 

Agropyron desertorum. The latter forms a nearly pure stand 

towards the bottom of the slope, the former occurs higher up on the 

slope and they both occur at intermediate elevations. The soils of 

the lower, middle and upper sites were described as imperfectly - 

drained humic gley, well- drained humic gley, and well- drained 

brown soils, respectively. This segregation of species has led the 

authors to state that "each site represents a different environmental 

potential. " 

Recent interest in vegetation -soil relationships is evidenced 

by the above example. Other recent studies are numerous. For 

example, McLean and Holland (63) have studied the vegetation zones 

and relationships to the soils and climate of the Upper Columbia 

Valley. Harrison (50) has studied the relationships between vegeta- 

tion and soil classification units in southern Utah. He aptly suggests 
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the following: "By properly interpreting soil characteristics and 

correlating them with natural vegetation the following can be accom- 

plished: (1) range sites can be more fully described; (2) the relative 

productivity of a site established; (3) the results of grazing use 

evaluated; and (4) a sound management plan developed. Soil surveys 

may provide a basis for deciding the suitability of a site for various 

range improvements such as brush clearing, reseeding and fertiliz- 

ing. Such surveys are also necessary for the development of a 

sound watershed management program on range lands. " 

These studies are not restricted to the Intermountain 

country and the northwest. White (101) studied the possible relation- 

ship of little bluestem distribution to soil characteristics. Of 

several characteristics studied, fertility was more closely related 

to little bluestem distribution. Heerwagen and Aandahl (51) have 

recently discussed the utility of soil classification units in character- 

izing native grassland plant communities in the southern plains. 

Their best correlations were obtained at the soil type and soil phase . 

level of differentiation. It was also found that, "variation in plant 

communities associated with climatic gradients are best determined 

by comparisons of characteristic plant communities on similar soil 

types of closely related soil series." 

This literature review is by no means complete. It has been 
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the intention of the author to discuss only sufficient information to 

document the ideas and /or concepts upon which this study is based, 

Consequently, the existence of plant succession, its relationship to 

the concepts of condition and trend, the means for studying the 

resultant changes and the influence of soils on these changes have 

been considered. 
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Inference Study 
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In determining range condition and trend, the most apparent 

problem is the consideration of the amount of vegetational change 

that is necessary to constitute a significant trend. Likewise, it is 

difficult to ascertain the vegetation differences that are indicative of 

a change in condition. These changes and /or differences will vary 

from location to location and require precise quantitative appraisal. 

The methods used should provide for these considerations. 

The study locations were selected subjectively within the 

predetermined boundaries of the two habitat types. The number of 

study plots used was dictated by the time and money available for 

this research project. Relatively large numbers of plots in each 

habitat type will increase the chance of locating plots in as many 

different successional or retrogressional stages as possible. A 

total of 31 macroplots were established on the Artemisia tridentata/ 

Agropyron spicatum habitat type and 27 macroplots on the 

Artemisia arbuscula /Festuca idahoensis habitat type. 

Moreover, an attempt was made to select the plot size that 

would adequately describe the vegetation and include most of the 

variability within a habitat type. They must represent the stand as 



40 

to frequency, dominance, constancy, and be adaptable to grazed 

vegetation (39). Estimation error should be kept at a minimum and 

the ease of reading should be consistent with the time spent obtaining 

optimum amounts of data. The criteria and keys for the two habitat 

types developed by Eckert (39) were used as a guide to locate 

macroplots within appropriate units of vegetation. 

In some cases the only individuals of the dominant perennial 

grass were found under the shrub plants where they could not be 

grazed as heavily and subsequently killed (Figure 8). This was 

considered to be sufficient evidence, with other criteria and keys 

being satisfied, that these sites were, in reality, the habitat type 

invisioned. 

Basal area, cover, and density data 

The method herein described is a modification of that out- 

lined by Poulton and Tisdale (78). A macroplot size of one hundred 

by fifty feet was chosen. This size plot was shown to be adequate 

by Eckert and Poulton for the type of vegetation studied here and, 

according to their data, was sufficient to adequately describe the 

vegetation of these areas in terms of characterizing habitat types. 

This macroplot provides space for observation -plot randomization, 

and for nearly complete species representation. 
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Figure 8. On "poor" sites Agropyron spicatum is only found under 
the protection of the shrub species (in this case, 
Artemisia tridentata). 

1 

f 



42 

Each macroplot is permanently located with reference to a 

white -tipped, red - colored steel post, as well as by a legal description 

(Appendices 3 and 4). Placement of the macroplot baseline was deter- 

mined by running a 100 -foot tape out in a direction determined by a 

contour if on a hillside and in any direction if on the level. The 

principal consideration here was to see that the macroplot was 

included within the bounds of the stand representing the appropriate 

habitat type. 

Four,50 x 4- foot -wide belt transects were located within 

each macroplot perpendicular to the baseline. Two such transects 

were randomized in either half of the macroplot. Randomization 

was restricted so that each transect was not allowed to overlap 

another transect. This 2 -way restricted randomization has proved 

to be an adequate means of appraising this size macroplot (39). 

Forty, one -by- two -foot observation plots were studied within each 

macroplot. Ten plots were placed equidistantly along each transect 

line, starting at the zero point, and ending at the 45- foot mark. The 

open -end frame was placed at these ten locations with the long side 

parallel to the transect line and on the right -hand side when facing 

away from the baseline. The open end of the frame facilitated 

placement around and through brush and grass plants. Figure 9 

represents the sample plots. 
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Figure 9. Method of obtaining basal area, cover and density data. 
Note the l -by -2 foot, open -end microplot (propped up 
for photo purposes only), the estimator ring, the 
transect tape and the two laths which delimit the 
4 -by -5 foot, crown -cover plot. 
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From each micro or observation plot, two kinds of data 

were accumulated. First, the basal area of all grasses and herbs 

was estimated. Second, the ground cover of stones, gravel, litter, 

cryptogams, and the percentage of exposed bare ground was esti- 

mated. As an aid to increase the precision of estimation, two rings 

were used, one 5 percent of the observation plot area, the other 2 

percent. 

This. observation plot size was found to be very appropriate 

in that it allows one to stand directly over the plot, observe and 

estimate the entire two - square -foot area at one time. Estimations 

were made to the nearest 1 percent of the plot up to 10 percent and 

to the nearest 5 percent from 10 percent to 100 percent. Dead 

centers of bunchgrasses and similar growth forms were excluded 

from the estimate if they exceeded an area greater than 25 percent 

of the plant. Loose rocks greater than 1 percent of the plot area 

were recorded as stone cover, while rocks smaller than 1 percent 

were recorded as gravel. 

Basal area was selected because it is probably least 

affected by yearly variations in rate of growth and intensity of 

grazing. Cespitose or rosette herbs were estimated by including all 

of the area covered by these plants to the complete exclusion of other 

species. 
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Percent cover estimations and density counts for each shrub 

species were made in each of the four, 4- foot -wide belt transects. 

Shrub estimates were made by standing directly over the shrubs 

looking down from about 4 feet and estimating vertical foliar pro- 

jection onto the ground. Large and small sinuses in the shrub 

plant were not estimated and openings in the canopy less than one 

quarter of a square foot were ignored. 

Crown cover estimates allowed a closer estimation of per- 

cent canopy cover than did line intercept measurements. This was 

true for the reason that a larger percent of the macroplot is 

actually observed. To facilitate estimation, ten plots were laid out 

along this 4 -foot wide belt transect making 10, 4 -by -5 -foot plots 

along the transect. A one - square -foot frame, or 5 percent of the 

plot, was used as an estimation guide. Closer estimates are 

approached when critically observing 800 square feet or 16 percent 

of the total macroplot area as compared to 200 linear feet of line 

intercept. Values for crown cover estimates for both Artemisia 

tridentata and Artemisia arbuscula were somewhat higher than 

line- intercept determinations (Table 1). Also with the line 

intercept data, it appears that there is a bit more variation from 

transect to transect. 

The majority of the study sites were free from Western 
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Table 1. A comparison, on one macroplot with four transects, 
showing the relationships between percent line intercept 
and percent crown cover estimates for Artemisia tridentata 
and Artemisia arbuscula. 

Artemisia tridentata Artemisia arbuscula 
Line Crown cover Line Crown cover 

Transect Intercept Estimate Intercept Estimate 

1 0 0 7.8 8.8 

2 0 2.5 15.08 8.1 

3 1.36 6.6 10.62 8.3 

4 5.52 3.8 2.28 11.7 

6.88 12.9 28.76 36.9 

x 1.72 3.23 7.19 9.48 

Juniper (Juniperus occidentatis). However, on several sites a few 

scattered trees did occur. If a juniper tree was found on a transect 

line, precautions were taken to estimate along the line as if it were not 

there until the outer influence of the tree was reached. At this 

point the estimations were discontinued and completed at appropriate 

intervals on the same transect line beyond the influence of the tree on 

the other side. It is very easy to observe the influence of a single 

tree on the microclimate underneath. The obvious characteristics 

are a lack of shrubs and usually grass and a thick mat of needles. 
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Poa cusickii and Festuca idahoensis are occasionally present. The 

author feels that such a procedure is tenable because the influence of 

these few trees over the entire macroplot area and its environment 

is negligible when comparing adjacent plots without these few trees. 

There is a need for consistency of observation when 

making this type of a study. This observer reinventoried macroplots 

studied by Eckert in 1956 (Table 2). These data indicate a close 

correlation between two observers who have had considerable 

experience in estimating the vegetation in this area, with one 

exception. This observer estimated bare ground relatively high in 

relation to litter. Eckert's estimations were just the reverse of this. 

Smith (87) in a study of the reliability of range vegetation estimates 

found significant differences between individuals and also that a given 

individual was found to have significant inter- and intra -daily varia- 

tions when estimating ground cover. All of the data accumulated in 

this study, where estimations were concerned, were read by the 

author. Most of the estimations were made during the first half of 

the day when Smith found less observer variation. 

Frequency data 

Each of the macroplot locations was reinventoried using a 

frequency method. Frequency data, in themselves, are difficult to 
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Table 2. Comparison of observer estimates of vegetation on two 
habitat types (Paul Tueller in 1960 and Richard E. 
Eckert in 1955). 

A rtr /Agsp 
Species Habitat type 

Arar/Feid 
Habitat type 

Eckert Tueller Eckert Tueller 

Agropyron spicatum 1.65 3. 20 1. 40 0. 60 
Festuca idahoensis 0.45 0. 25 2. 70 1. 80 
Poa secunda 2.02 1.30 2.40 1.70 
Sitanion hystrix 0. 20 0. 02 0. 10 0. 10 

Stipa thurberiana 0. 55 0.55 0.30 0.60 
Artemisia tridentata 12.3 11.6 ---- M 

. 
Artemisia arbuscula 10.2 12.6 
Phlox longifolia 0. 20 0. 15 

Phlox diffusa 0. 45 0. 62 0. 20 0. 20 
Antenna ria dimorpha 0.80 0. 08 0. 50 1.30 
Lomatium triternatum 0. 10 0. 00 
Astragalus stenophyllus 0.02 0.00 
Crepis acuminata 0. 30 0. 08 
Eriogonum ovalifolium 0. 02 0. 00 
Erigeron filifolius 0. 02 0. 05 
Phoenicaulis cheiranthoides 

0. 10 0. 10 

Tortula ruralis 6. 17 7.75 2. 80 5. 40 
Crustose crypotgams 1.75 1.40 2. 20 1. 10 

Stones 0.90 0. 95 13.20 12.20 
Gravels 3.80 3.70 6.20 6.60 
Litter 22.60 61. 50 14.0 60.6 
Bare ground 55. 50 16. 90 51.2 7. 3 

* Species occurs only on one habitat type. 

-- - - 
---- ---- 

---- - -- - 

- -- - ---- 

--- - ---- 
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interpret, but the speed and objectivity inherent in the method makes 

them useful when comparing areas where high statistical precision 

is needed. Five hundred presence or absence determinations were 

taken at each macroplot location. In doing this, the same 100 -foot 

base line was used and on either side of the 50 -foot point 5 transect- 

location starting points were randomized. At each of these points 

a 50 -foot tape was stretched out perpendicular to the base line. 

Fifty 1- square -foot plots were laid along this tape contiguously 

(Figure 10). The study by Hyder, et. al. , points out that a 12 x 12- 

inch square is appropriate in obtaining frequency data in these areas, 

but that a 9 x 9 -inch square would be just as efficient. In each of 

these plots presence was noted for each species. After determining 

presence in each of the 50 microplots, a frequency percentage can 

be calculated. Frequency data may not be accurately interpreted as 

ground cover, because they represent an abstraction of density, 

ground cover, and the homogenity of a stand (1, 26, 73). A recent 

study by Hyder, et. al. , outlines this frequency method and dis- 

cusses theoretical considerations (54). 

A subsampling procedure, described by Cochran (18, Chapter 

10), was used for obtaining this information and also for 

analyzing the data. The subsampling allows high precision to 

be obtained without randomizing the location of each observation 
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Figure 10. Obtaining frequency data using a 1- square -foot, 
open -end frame with a handle to facilitate use. 
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plot. Such a procedure would make the cost of accumulating frequen- 

cy data prohibitive in relation to the amount of information that 

could be obtained from it. The frequency determinations are very 

objective because they necessitate only that the observer is able to 

recognize the species in question and that he can tell whether or not 

the plant itself is inside or not inside of the plot. 

Constancy 

All species observed inside each macroplot were noted. 

Constancy percentages could then be calculated by determining the 

total number of macroplots on which a given species was found. 

Appendix 1 lists all species encountered in this study with references 

and constancy values. 

Photographs 

Appropriate photographs were taken at each of the macroplot 

areas in order to document the vegetational aspect. 

Fenceline Differences 

Paired macroplots were established across fencelines to give 

an indication of differences brought about by an unknown degree of 

disturbance which is, in most instances, considered to be grazing. 
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Fenceline comparisons offer an excellent method of obtaining data 

showing condition differences. Such areas, at least in this study 

are homogeneous throughout and therefore, would be expected 

to produce similar stands of vegetation. Any significant differences 

would be indicative of increase, decrease, and invader relationships. 

Specific, significant differences across these fencelines were tested 

individually. 

Basal Area Versus Frequency Data 

After the different methods were tabulated and summarized, 

direct comparisons were made between the frequency data and the 

basal area estimates in terms of changes across fencelines and 

changes from area to area for sites that, in terms of the dominant 

perennial grass, proceed from "good" to "poor" condition. An 

attempt was made to determine the relative precision obtained with 

each method and to ascertain if the two were complementary. 

Simple Correlations 

The IBM 1620 computer, utilizing a FortranProgram, was used 

to compute correlation coefficients indicative of relationships among 

several species and other variables encountered on these macro - 

plots. 2/ This program enables one to obtain all possible 

2/ Statistical Service. Agricultural Experiment Station. Oregon 
State University. (By Roger Peterson) 
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correlation coefficients from as many as 25 variables. With n 

averaging about 26, these coefficients were computed at a rate of 

about 600 /hour of machine time. 

At the same time, the program prints out means, standard 

errors, variances, and covariances if they are needed. 

Exclosure Study 

In 1936,. exclosures were built in 13 of the Squaw Butte 

experimental ranges. Of these, eleven were suitable for this study. 

Nine of these exclosures were found to be in the Artemisia tridentata/ 

Agropyron spicatum habitat type, and the other two were in the 

Artemisia arbuscula /Festuca idahoensis habitat type. 

1937 Data 

Each of these exclosure locations was inventoried in 1937, 

using a chart - quadrat method. A permanently market area 20 x 20- 

feet was inventoried inside and outside of each exclosure. Basal 

area and /or stem location of each plant was charted in the original 

1937 studies. The 20 x 20 -foot plots were subdivided, using an 

appropriate frame, into 100, 2 x 2- foot - square plots. This plot was 

subdivided into 6 -inch squares by a smaller frame. The 2 x 2 -foot- 

squares on the ground corresponded to square inch designations on 
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the original forms used for charting. The square inches on the 

charts were subdivided into quarter -inch squares which correspond 

to the 6 -inch squares on the ground. In this manner, it was possible 

to accurately draw in the basal area of each plant. 

1960 Data 

The purpose of the 1960 study was to obtain quantitative informa- 

tion on change in plant composition rather than on size of individual 

plants. Therefore, it was decided to obtain density counts and fre- 

quency determinations and to compare these with similar density and 

frequency data derived from the original (1937) chartings. 

In June of 1960, each of the charted quadrats inside and outside 

of each of the 11 exclosures was visited. The 100, 2 x 2- square- 

foot plots were outlined with string and density counts and frequency 

determinations were made. All plants rooted in the 4- square -foot 

plots were counted. In the case of bunchgrass, more than half of the 

plant had to be within the quadrat before it was counted. Determina- 

tions of presence per 100 plots was used to obtain a frequency per- 

centage. The exclosure data for 10 highly constant species were 

analyzed using a factorial design. Significant location, grazing 

treatment, and year differences were determined. The following 

interactions were tested for significance: Location X Grazing 
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Treatment, Location X Year, Grazing Treatment X Year. Ten 

other species were analyzed by computing the mean values for 1937 

and 1960 and their plus or minus differences. Also tabulated were 

plus:minus:no difference ratios in order to signify the number of 

exclosure locations in each habitat type on which an increase, 

decrease, or no change in density or percent frequency was recorded. 

Soil Study 

Profile Description 

Complete soil profile descriptions were made at each macroplot 

location using the procedures and description characteristics as out- 

lined in the Soil Survey Manual (96) and the 7th Approximation (95). 

Several of the descriptions were verified in the field by Dr. Ellis G. 

Knox of the Oregon State University Soils Department. Series level 

interpretations were made by the author and checked by Knox for the 

soils found on these habitat types. Relief, aspect, percent slope, 

position on slope, and elevation were recorded at each location. One 

departure from the Soil Survey Manual should be noted. This is 

outlined in Table 3. Stones and roots were estimated in the profile 

and given a rating for each horizon designation of from 0 to 5 

(Table 3). The percentage categories, referrring to these designa- 

tions, were arrived at by the author, while observing several of the 

soil profiles. Several characteristics were determined for each 
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Table 3. A scheme used for estimating stones and roots in each 
profile horizon. 

Designation Description Percent of the Soil 
Stones Roots 

5 Dominant with the soil 
material 

>80 >20 

4 Co- dominant with the 
soil material 60 -80 15 -20 

3 Abundant 40 -60 10 -15 

2 . Many 20 -40 5 -10 

1 Few 0 -20 0 -5 

0 None 0 0 

profile. These include: Depth, boundary, dry and moist colors, 

field texture, structure, consistence and pH, which was determined 

in the field colorimetrically. 

Surface Horizon Characteristics 

Samples of the surface horizon were collected at each macro- 

plot. Percent organic matter and total nitrogen percent were 

determined by the Walkley -Black wet- combustion and the Kjeldahl 

methods, respectively. Cation exchange capacity was determined in 

milliequivalents / 100 grams of soil. Two bulk density determinations 
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were made at each location using a soil core sampler. 

A portable air permeameter was used to index the various 

surface horizons in terms of the resistance of the surface inch of 

soil to 15 lbs. air pressure. The instrument used consists of a 

steel air cylinder, a carrying harness, a constant pressure gauge, 

a toggle switch, a back -pressure gauge, and a 3 -inch soil tube 

(Figure 11). 

The soil tube is a 3 -inch stainless steel centrifuge tube with an 

inside diameter of 1 -3/16 inches. A piece of 1/2 -inch threaded pipe, 

1 -inch long, is inserted in a hole drilled in the closed end of the 

centrifuge tube and welded in place. The open end of the tube is 

sharpened to facilitate insertion into the soil. A flange of 1/16-inch 

stainless steel, 1 inch wide, is welded to the tube, 1 inch from the 

sharpened edge. This is used in order to regulate the depth to which 

the soil tube can be inserted. This machine as constructed is simi- 

lar to one used by Steinbrenner (90)onforestsoils, whichhe used to plot 

macroscopic pore space percent against the permeameter readings 

and obtain a well- defined linear relationship. The relationship was 

highly significant (r = -0.88). Steinbrenner also found a highly sig- 

nificant relationship (r = 0. 36) between the total height by age of 

Douglas fir seedlings in feet and the permeameter readings. This 

affords an example of the use of this instrument to index site potential. 
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Figure 11. Use of the permeameter. Note the air tank, constant 
pressure gauge, back pressure gauge (near the right 
hand) and the apparatus used to force the air into the 
surface one inch of soil. The valve used to admit air 
to the soil can be seen against the palm of the right 
hand. 
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Air permeability or resistance determinations were taken at 

each macroplot location and outside and inside of each Squaw Butte 

exclosure. Ten locations were randomized at each location and 

each of these values was the average of five individual resistance 

determinations. 



RESULTS AND DISCUSSION 

Soil Studies 
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The profile descriptions made at each macroplot location 

were interpreted into eight tentative soil series (Appendix 2). These 

eight soil series were found associated with the two habitat types 

studied, Artemisia tridentata /Agropyron spicatum and Artemisia 

arbuscula /Festuca idahoensis. 

Soil Series A was found on the Artemisia arbuscula /Festuca 

idahoensis habitat type. Soil Series B was found primarily associ- 

ated with the Artemisia tridentata /Agropyron spicatum habitat type. 

The third Soil Series, Series C, was found associated with the 

Artemisia arbuscula /Festuca idahoensis habitat type; whereas, 

Series D was found primarily associated with Artemisia arbuscula/ 

Festuca idahoensis habitat type and is generally on north- facing, 

5-15 percent slopes. Soil Series E is found primarily associatedwith 

the Artemisia arbuscula /Festuca idahoensis habitat type, and 

Series F is exclusively associated with Artemisia tridentata/ 

Agropyron spicatum habitat type. 

An interesting relationship was found with tentative Series G 

which is normally associated with the Artemisia arbuscula/ 

Festuca idahoensis habitat type. But, if this series is found on 

steep south slopes, the associated vegetation is usually the 
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Artemisia tridentata /Agropyron spicatum habitat type. Series H 

represents soils of lower elevations (4200 -4800 feet) that are found 

on slopes varying from 1 -20 percent, They are usually found 

associated with the Artemisia tridentata /Agropyron spicatum habitat 

type. Although, in some cases, if Artemisia arbuscula /Festuca 

idahoensis habitat types are found on south facing slopes these 

Series H soils are usually found in association with them. Each 

series was separated primarily as a result of differentiation by 

three diagnostic characteristics associated with the soils in the 

study area. 

Dry surface color was used as a criterion for the first 

differentiation. This criterion does not appear at the outset to be 

very important; however, if these soils were mapped over a large 

area, such as the entire area of southeastern Oregon, then the 

surface soil color does become of paramount importance. The 

differentiation falls between Munsell Values 5 and 6 -- the latter 

being the lighter color. The second criterion used in this basic 

differentiation was the presence or absence of an indurated horizon, 

cemented either by calcareous material or some sort of a silica 

cementation. The fact that the soils are found developed from both 

rhyolite and basalt parent material is the third criterion (Table 4). 

Table 5 is a summary showing the relationships between these 
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Table 4. A key to soil series showing the related habitat types 1/ 
and the number of profiles represented. 

Habitat 
type 

Number Tentative 
of series 

profiles designation 

Dry surface soil color 
gray brown (10 YR 5/2) 

Indurated horizon lacking 
Rhyolitic parent material 
Basalt parent material 

Indurated horizon present 
Rhyolitic parent material 
Basalt parent material 

Dry surface soil color 
light brownish gray (10 YR 6/2) 

Indurated horizon lacking 
Rhyolitic parent material 
Basalt parent material 

Indurated horizon present 
Rhyolitic parent material 

Basalt parent material 

Arar /Feid 1 

Artr /Agsp 5 

Arar /Feid 4 
Arar /Feid 4 
Artr /Agsp 1 

Arar /Feid 2 

Artr /Agsp 9 

Arar /Feid 9 

Artr /Agsp 3 

Arar /Feid 2 

Artr /Agsp 4 

A 2/ 
B 

C 
D 

D 

E 
F 

G 
G 
H 
H 

1/ Artemisia tridentata /Agropyron spicatum, Artr /Agsp; 
Artemisia arbuscula /Festuca idahoensis, Arar /Feid. 

2/ The letter designation for a tentative series refers to the 
series descriptions in Appendix No. 2. 
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Table 5. A summary table showing relationships between two high 
desert habitat types and three diagnostic soil character- 
istics. 

Number Tentative 
of series 

Profiles designation 
Artemisia arbuscula /Festuca idahoensis 

Rhyolitic parent material 
Indurated horizon lacking 

Gray brown (10 YR 5/2)* 1 A 

Light brownish gray (10 YR 6/2) 2 E 
Indurated horizon present 

Gray brown (10 YR 5/2) 4 C 

Light brownish gray (10 YR 6/2) 9 G 

Basalt parent material 
Indurated horizon lacking 

Gray brown (10 YR 5/2) 0 

Light brownish gray (10 YR 6/2) 0 

Indurated horizon present 
Gray brown (10 YR 5/2) 4 

Light brownish gray (10 YR 6/2) 2 

Artemisia tridentata /Agropyron spicatum 

Rhyolitic parent material 
Indurated horizon lacking 

Gray brown (10 YR 5/2) 0 

Light brownish gray (10 YR 6/2) 0 

Indurated horizon present 
Gray brown (10 YR 5/2) 0 

Light brownish gray (10 YR 6/2) 3 

D 
H 

G 

Basalt parent material 
Indurated horizon lacking 

Gray brown (10 YR 5/2) 5 B 

Light brownish gray (10 YR 6/2) 9 F 
Indurated horizon present 

Gray brown (10 YR 5/2) 1 D 

Light brownish gray (10 YR 6/2) 4 H 

* Surface horizon color 

- 
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two habitat types and the three diagnostic soil characteristics men- 

tioned above. The greatest preponderance of soil profiles were 

found to have light brownish -gray surface soil colors (10 YR 6/2). 

It is also evident that a greater number of Artemisia tridentata / 

Agropyron spicatum habitat types are found on basalt parent material, 

especially with a pan. It is also true that most of the Artemisia 

arbuscula/Festuca idahoensis habitat types are found on rhyolitic 

parent material, and, once again, primarily those with the indurated 

horizon present. 

Tentative Series F is the one group of soils most commonly 

found associated with the Artemisia tridentata /Agropyron spicatum 

habitat type. It lacks the indurated horizon, is developed from basalt 

parent material, and has a light brownish -gray (10 YR 6/2) surface 

soil color. The soil series most frequently associated with the 

Artemisia arbuscula /Festuca idahoensis habitat type is Series G. It 

is found with an indurated horizon on rhyolitic parent material and, 

once again, with the lighter colored, light brownish gray surface soil. 

Apparently soils in this climatic zone with light brownish gray surface 

color most generally developed from basalt parent material with an 

indurated horizon. In addition, it is probable that the associated 

vegetation will be Artemisia tridentata /Agropyron spicatum. It 

would similarly be true that if light brownish gray surface soil 

colors were found associated with rhyolitic parent material with an 
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indurated horizon present, then one would expect the vegetation to 

be Artemisia arbuscula /Festuca idahoensis (Table 5). 

These criteria and others were used to see if there were any 

firm differentiating characteristics between the two habitat types. 

It was found that there were no highly significant, single differ- 

entiating characteristics. There is a suggestion that the soils 

associated with the Artemisia arbuscula /Festuca idahoensis habitat 

type are somewhat shallower in nature. 

The three deepest soils among the Artemisia arbuscula/ 

Festuca idahoensis sites do not have any kind of a pan, and profiles 

less than 21" have some sort of a hard pan. Depth measurements 

were taken to a pan or to rock. 

When stones were estimated, there was an indication that 

there are more stones (1.73, Table 3) on the surface horizon of the 

Artemisia arbuscula /Festuca idahoensis habitat type than on the 

Artemisia tridentata /Agropyron spicatum (1.48, Table 3). There 

is a suggestion, on the other hand, for more stones to occur in the 

B 2 horizon of the Artemisia tridentata /Agropyron spicatum (2.48) as 

compared to the Artemisia arbuscula /Festuca idahoensis (2. 32). 

The same relationship seems to hold true with roots. In the A 1 

horizon of Artemisia arbuscula /Festuca idahoensis soils, the 

estimates of stones average out to 2. 96, while on the other habitat 
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type to 2.65. Estimation of roots in the B 2 of the Artemisia 

arbuscula /Festuca idahoensis is 1.09, whereas, it is 1.30 with 

Artemisia tridentata /Agropyron spicatum. These averages, while 

not significant, indicate observable site differences. For example, . 

there are more rocks in the surface soil of the Artemisia arbuscula/ 

Festuca idahoensis. This was easily noticed and seemed an obvious 

characteristic of the sites studied. 

There were no apparent structural or textural differences, or 

other color differences between the two habitat types. The pH values 

were similar. No significant aspect, slope, or elevation differentia- 

tions were found. 

Figure 12 and Figure 13 show the relationship of the respective 

soil series to the basal area by macroplot locations for Agropyron 

spicatum and Festuca idahoensis, respectively. The former refers 

to the Artemisia tridentata /Agropyron spicatum locations while the 

latter refers to those locations with Artemisia arbuscula /Festuca 

idahoensis. 

With Agropyron spicatum it will be noted that Series F covers 

a range across, at least, the lower two - thirds of the array. Series 

B seems to be slightly oriented toward the upper part of the array, 

but there is one Series B location where the basal area percentage of 

Agropyron spicatum is quite low. Series D seems to occur toward 

. 
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Figure 13. Array of Festuca idahoensis basal area by macroplot location showing related 
soil series (letter designation refers to Appendix 2). 

D 
l l 1 

i l 
N 

l l _ N i i i N 

í0 re) r O 0 d' 

6 

7-u4 

ro m3 

z2 
1.1.1 o 
o 
aI u 

w 

E 

G 

B 
G 

A E C 

G D 

G 

H C 

G A 
D 

C 

C 

..f) I,- 



69 

the bottom of the array. Series G seems to appear up and down the 

array. Series H seems to be tending toward the upper side, although 

it also appears in the center. 

On the Festuca idahoensis array it can be seen that Series G 

seems to occur all along the entire array and is, of course, the one 

that is most consistently associated with the Artemisia arbuscula/ 

Festuca idahoensis habitat type. Series D seems to start about the 

middle of the array and extend down toward the bottom. Series C 

appears restricted to the center. Series E is found only twice, but 

seems to occur toward the top end of the array. Series B occurs 

only once, toward the top. 

Reiterating the basic assumption of the inference study -- 

any macroplot location representing a given habitat type will, 

allowed the proper amount of rest and /or use, be able to attain a 

level of production that the best site maintains in terms of the 

greatest amount of dominant perennial grass -- the fact that at 

least one soil series on both these arrays tends to be spread out 

completely across the array provides evidence substantiating this 

assumption. However, there are some indications that certain soil 

series seem to be associated with the sites that have the poorest or 

the lowest amount of the dominant perennial grass. Others seem to 

be associated with the high level, and others tend to be most closely 

. 
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associated with the values near the median of the array. This tends 

to indicate that the two extreme ends of the arrays may not hold true 

to this basic assumption. In other words, the poorest one or two 

macroplot locations in the array may never conceivably reach the 

level of production of the top two under any reasonable set of 

circumstances providing good and proper use. These may, in addi- 

tion to reflecting range deterioration, also represent a slightly dif- 

ferent site potential. 

One must consider that the soil series interpretations might be 

in error. Series A is found associated only once with the Artemisia 

arbuscula /Festuca idahoensis habitat type and not at all with the other 

habitat type. It is, of course, possible that this tentative Series is 

invalid simply because the number of profiles examined was not 

adequate to allow the variability and characteristics for the Series 

to be satisfactorily described. It should be pointed out that what 

appear to be inconsistencies between soils and vegetation could, 

just as easily, be attributed to soil interpretation errors brought 

about by basing a series level differentiation on too few profiles. 

In addition, the investigator may not become aware of the soil 

characteristics relevant to vegetation differences and thus may have 

grouped soils which should be separated. 
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It is in order here to mention, parenthetically, some general 

characteristics of these soil series. The pH values are about neutral 

The most extreme values approach 6. 0 on the low end and 8. 0 on the 

high end. However, the great majority of the pH values probably fall 

in between 6. 4 and 7.6, which is generally within the neutral pH 

range. Soils were found or described on areas varying from almost 

level up to 20 percent slope. Most of the A 11 horizons were 

vesicular in nature and most had a weak very fine to fine platy 

structure breaking to a granular structure or even powder. In the 

A 12, the situation was similar. Usually the differentiation between 

the A 11 and the A 12 was made because the platy structure was no 

longer evident after about two inches. In differentiating between the 

A and B horizons, the distinguishing characteristic was generally 

texture since the profiles usually become heavier as the B is reached. 

In the B 21 and the B 22 the texture definitely got into the clay range. 

Dark brown colors and yellowish brown colors, moist (10 YR 4/4 and 

10 YR 4/3) were found in the B horizon. In some cases, the B 2 is 

very dark gray brown (10 YR 3/3). Below the B 2 or the B 22 

horizon there is some slight evidence of a beginning of the disinte- 

grated or C horizon. However, in most cases this should probably 

be called a B 3. Most generally the structure in the B 2 horizon 

was weak to moderate, very fine to fine subangular blocky structure. 
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Prismatic structure was evident in some profiles. Consistency 

characteristics were generally sticky or slightly sticky, plastic or 

slightly plastic, hard and firm. The B 2 seemed to always have a 

textural B or argillic horizon (7th Approximation) and in several 

profiles few to many, discontinuous to continuous, thin to sometimes 

heavy clay skins were found. 

Surface Soil Characteristics 

Severàl surface soil characteristics were determined for the 

purpose of providing indices of site potential and range condition. 

Five surface soil characteristics were selected to be used. These 

are total nitrogen percent, percent organic matter, cation exchange 

capacity, resistance of surface soil to 15 lbs. pressure (permeability), 

and bulk density. Also, notes were taken on the surface soil 

characteristics in order to provide some purely subjective informa- 

tion with regard to the relative "excellence" of the range condition. 

The apparatus used to obtain resistance readings of the sur- 

face inch of soil to 15 lbs. air pressure was used extensively because 

this apparatus facilitated the ease of rapidly collecting sufficient 

data per location. In order to increase the value or applicability of 

the resistance reading, an attempt was made to show the relationship 

between bulk density and resistance. Figure 14 shows this 
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relationship. The r value is 0.307 and significant; however, it is 

not high enough for precise predictions to be made. Nevertheless, 

there is a relationship and it is felt that if the soil were not complete- 

ly dry but rather uniformly moist on these areas when the compara- 

ble readings were taken, the relationship might have been much 

higher. Steinbrenner (90) found a much higher relationship with 

bulk density (r = O. 9). He then went one step further and related the 

bulk density to actual pore space. Because of the low relationship, 

these data were not similarly evaluated. Because of the fact that 

there is a significant and presumably reproducable set of data here, 

it is felt that there is some merit in the use of this resistance 

apparatus in terms of indexing site potential and /or condition. Of 

course, it is felt that such indexing will require more refinement of 

technique than has been possible in this study to date. 

It should be mentioned here that a preliminary study using the 

permeameter apparatus was made on an Artemisia arbuscula/ 

Festuca idahoensis habitat type. Within one macroplot, the resist- 

ance of the surface soil to 151bs. of air pressure was made at three 

micro -locations namely, under or against grass plants, under 

shrubs, and out in the openings between the grass and shrub plants. 

Seven replications of five resistance determinations each were made 

in these micro -locations. A summary of this is shown in Table 6. 
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Table 6. The resistance of surface soil to 15 lbs. of air pressure 
at three micro - locations on an Artemisia tridentata/ 
Festuca idahoensis habitat type. 

Under Grass Under Shrubs Openings 

7.3 
7.4 
8. 2 

7.0 
7.9 
8.2 
7.6 

8. 4 
7.5 
9. 6 

9.7 
7.4 
9. 5 

7.6 

12. 4 F = 8. 35** 
11.9 
11.9 
12.5 
12.4 
12. 1 

13.6 

53.6 59.7 87.8 

7.7 8.5 12.5 

B B A* 

* A is significantly greater than B(34). 
** Significant at the 1% level. 

It was found that under grass and under shrubs there was no signifi- 

cant difference. However, there was significant difference found in 

the openings. Resistance to the penetration of 15 lbs. air pressure 

into the surface soil was greater in the openings than under the 

shrubs or grass. The mean values being 12.5 lbs. resistance in the 

openings as compared to 7.7 and 8. 5 for under grass and under 

shrubs, respectively. This tends to fall in line with the idea that 

the animals walk around the grass plants, and especially the shrub 
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plants and do most of their trampling in the openings among these 

plants. It was felt, then, that all of the subsequent determinations 

should be made in the openings because it is at these micro -locations 

that the influence due to grazing use, trampling, etc. , could be 

most readily evaluated. 

A summary of several of the relationships among the surface 

soil characteristics is found for the Artemisia tridentata /Agropyron 

spicatum habitat type in Table 7 and for the Artemisia arbuscula/ 

Festuca idahoensis habitat type in Table 8. It is interesting to note 

that, when comparing the resistance to 15 lbs. air pressure with total 

nitrogen percent, percent organic matter, and cation exchange capa- 

city, there are highly significant negative correlations in all three 

cases for both habitat types. This seems to indicate that the 

resistance determination is an index of trampling on the surface soil 

and that as the resistance increases surface soil compaction in- 

creases and the total nitrogen, organic matter, and cation exchange 

capacity decrease on overused, poorer condition range sites. 

The relationship between the cation exchange capacity and total 

nitrogen is expressed by an r value of about 0.7 for both habitat 

types. The relationship between cation exchange capacity and percent 

organic matter is fairly high in both cases, as well as the relation- 

ship between nitrogen and organic matter, which have r values of 
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Table 7. Several relationships for surface soil characteristics on 
the Artemisia tridentata /Agropyron spicatum habitat type. 

Relationship Statistic 

1. Total nitrogen present vs. resistance to 
15 lbs. air pressure. 

2. Percent organic matter vs. resistance to 
15 lbs. air pressure 

3. Cation exchange capacity vs. resistance to 
15 lbs. air pressure 

4. Cation exchange capacity vs. total nitrogen 
percent 

5. Cation exchange capacity vs. percent organic 
matter 

6. Total nitrogen percent vs. percent organic 
matter 

7. Percent frequency of Agropyron spicatum 
vs. resistance to 15 lbs. air pressure r =-. 640* 

r = -.494* 

r = -.590* 

r =-. 524* 

r = .699* 

r = .725* 

r = .881* 

8. Percent frequency of Agropyron spicatum 
vs. percent organic matter r = . 297 

* Significant 
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Table 8. Several relationships for surface soil characteristics on 
the Artemisia arbuscula /Festuca idahoensis habitat type. 

Relationship Statistic 

1. Total nitrogen percent vs. resistance to 
15 lbs. air pressure 

2. Percent organic matter vs. resistance to 
15 lbs. air pressure 

3. Cation exchange capacity vs. resistance to 
15 lbs. air pressure 

4. Cation exchange capacity vs. total nitrogen 
percent 

5. Cation exchange capacity vs. percent organic 
matter 

6. Total nitrogen percent vs. percent organic 
matter 

r =-. 346* 

r =-. 547* 

r =-.477* 

r = .791* 

r = . 894* 

r = .751* 

7. Percent frequency of Festuca idahoensis 
vs. resistance to 15 lbs. air pressure r = -. 182 

8. Percent frequency of Festuca idahoensis vs. 
percent organic matter r= .484* 

* Significant 
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O. 91 and 0.79 respectively. These last two relationships seem to be 

quite low in comparison to some similar correlations made on culti- 

vated areas. This might possibly be att ributed to the natural 

variability of the sites from which these data were accumulated. 

The percent frequency of Festuca idahoensis shows a suggested 

negative relationship to resistance, but is not significant. The 

percent frequency of Festuca idahoensis is significantly related to 

organic matter percent; however, this is not true of Agropyron 

spicatum frequency when making the same comparison. The r value, 

though, is positive showing the same general trend. The Agropyron 

spicatum frequency relationship to resistance is negative ( -.640) 

and significant. 

It might be hypothesized that when the amount of Agropyron 

spicatum or Festuca idahoensis is high organic matter will also be 

high. If the organic matter is also related to the resistance deter- 

mination, then the resistance determination can be indicative of the 

relative importance of the site in terms of its ability to produce 

organic matter. The evidence is probably not strong enough to 

warrant the making of any final conclusions. It seems, though, that 

the relationships are all tending in the expected direction and as 

methods and schemes of obtaining the measurements are made more 

precise, then it should be expected that air permeability and 
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similar measurements can readily be used as indices of site potential 

and /or range condition. 

Soil surface characteristics notes seem to provide no "real" 

means of differentiating between those sites that have proved to be 

best or poorest in condition. But, there is some feeling that on the 

better condition sites you can see that the ground space is being 

used more completely as characterized by a more even dispersion 

of litter and -cover of Tortula ruralis. On the poorer sites there is a 

great deal more bare ground and rock; and when litter is found, it 

is found in patches and not dispersed in a homogeneous fashion over 

the entire area. 

On all of these sites there is usually noticed some "general" 

pedestaling, especially of larger stones and around grass clumps, 

sage clumps, and other perennials. The largest seem to be around 

the brush clumps. There are actually visible indentations between 

the so- called clumps with the general microrelief being one to 

several inches lower. These seem to be more readily apparent on 

the poorer sites than on the sites where there is more grass cover. 

A good example of this pedestaling is shown in Figure 15. It is 

probably possible to measure these microrelief differences objective- 

ly and, as it were, to index site conditions at a specified location. 
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Figure 15. An Artemisia tridentata /Agropyron spicatum site show- 
ing erosion as evidenced by the pedestaling of Poa 
secunda. 
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Inference Study 

An attempt was made, by inference, to identify the inter - 

speci fic reactions to disturbances (predominantly grazing) for 

each of the two habitat types investigated. In this phase of the 

study each macroplot location was considered. Those species 

hi ghly constant for a given habitat type were used in the inference 

study and for the all- possible - correlation analysis. The surface 

soil characteristics were related to all variables in each analysis, 

i. e., for both frequency and basal area data. Cover estimate values 

for shrubs were included in the all- possible - correlation studies 

along with both basal area and frequency data. 

Basal Area Results for the Artemisia tridentata/ 
Agropyron spicatum Habitat Type 

Table 9 shows the mean and the range of values for 27 locations 

computed for 22 characteristics of the Artemisia tridentata/ 

Agropyron spicatum habitat type. This table provides information 

necessary in the proper interpretation of Table 10. (Table 10 

presents the correlation coefficients showing relationships among 

24 basal area and crown cover characteristics of this habitat type. ) 

The dominant perennial grass, in this case Agropyron spicatum, 

was used as the primary criterion of the relative condition of the site. 
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Table 9. The mean and range values of twenty -seven locations 
computed for twenty -two characteristics of the 
Artemisia tridentata /Agropyron spicatum habitat type 
(Basal area and crown cover). 

Mean Range 

Agropyron spicatum 
Festuca idahoensis 
Koeleria cristata 
Poa secunda 

3.90 
0.53 
0.16 
2.38 

0.58-8.25 
0.00 -2.30 
0.00 -0.68 
0. 11 -8.08 

Sitanion hystrix 0.31 0.00-2.63 
Stipa thurberiana 0.61 0.00 -2.36 
Artemisia tridentata 1 / 12.50 2.49 -17.9 
Phlox diffusa 0.24 0.00-2.04 
Phlox longifolia 0.17 0.00 -0.78 
Chrysothamnus viscidiflorus 0. 15 0. 00 -1.08 
Total perennials other than grasses 2. 14 0.07-8.10 
Bare ground 10. 19 01.2 -26.6 
Litter 42.58 04.7-67.9 
Gravel 5.00 00.1-13.3 
Stones 7.99 00.7 -27.4 
Cryptogams 2.17 0.84 -6.75 
Tortula ruralis 4.34 00.3-13.4 
Total shrubs 13.56 02.4-21.5 
Total perennials 10.54 03.7-17.7 
Total perennial grasses 8.37 03.0-12.8 
Surface soil resistance 2/ 12.79 0.67 -15.6 
Cation exchange capacity 16.59 07.5 -22.6 
Total Nitrogen percent . 09 . 050 -. 142 
Organic matter percent 2.02 0.88-3.80 

1/ All species other than shrubs and ground cover characteristics 
were evaluated by estimating percent basal area. Shrubs were 
evaluated by estimating crown cover. Cation exchange capacity 
was determined in meq. /100 gms. of soil. 

2/ Resistance of the surface inch of soil to 15 lbs. of air 
pressure. 
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Table 10 Correlation coefficients showing relationshine among 
g 

twenty four characteristics of the 

Artemisia tridentata /Azropyron spicatum habitat type (Basal area and crown cover). 

Agropyron spioatum 
Tbatytoa 1dah6enris 
Koeleria oristata 
Pisa secunda 
Sitanion hystrix 
Stipa thurberiana 
Artemisia tridentata 
Phlox diffusa 
Phlox lengifolia 
Chrysothamnus viscidiflorus 
Total per. (other)* 
Bare ground 
Litter 
Gravels 
Stones 
Cryptogame 
Tertula rurale 
Total shrubs 
Total perennials 
Total perennial grasses 
Resistance 
Cation exchange capacity 
Total nitrogen 
Organic natter 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 

19 

20 

21 

22 

23 

24 

2 

.080 

3 

.019 

.4541 -.356 

4 

-.183 

-.188 

5 

-.394 

6 

-.003 
.461 

7 

-.257 
-.288 

8 

.053 

.302 

.225 

-.100 
-.141 
.208 

-.019 

9 

.355 
-.194 
-.346 
-.161 
-.004 
-.301 
.125 

-.304 

10 

.290 
-.205 
-.194 

.055 

-.057 
-.122 
.174 

-.050 
.233 

11 

.145 
-.061 
.189 

.033 

-.272 
.055 

-.077 
.159 
.083 

-.038 

12 

-.071 
.141 

-.027 
-.236 
.045 
.420 
.062 

.260 
-.205 
-.105 
-.311 

13 

.132 

.163 

-.064 
-.124 
-.306 
-.142 
.152 

.164 

.020 

.102 

-.141 
-.202 

14 

-.041 
-.199 
.205 

.565 

15 

.160 

.018 

-.173 
-.373 

16 

-.088 
-.112 
.030 

:069 

.604 

17 

-.044 
-.031 
-.170 
.525 

18 

-.244 
-.332 
-.090 
-.061 
.165 

-.531 -.104 

19 

.633 

20 

.700 

21 22 

-.421 .188 

23 

-.020 
-.274 
-.204 

-.179 
.163 

-.490 

24 

.092 

-.189 
-.033 
-.160 
-.040 
-.464 

-.110 
-.246 
.103 

.108 

.101 

.128 

-.245 
.166 

-.358 
.105 

.074 

.116 

.632 

.107 
-.014 
.143 

-.107 
.167 

-.394 

.206 -.420 
.236 

-.299 
.002 

-.116 
-.005 

.251 

-.638 

.155 -.316 

.248 .071 

.201 .215 

.278 -.447 
-.386 -.108 

-.268 
-.008 
.025 
.347 

-.174 
.003 

-.218 -.242 
.256 

-.391 

.422 

-.072 
-.233 
.008 

-.300 
-.001 
.450 

-.019 
.261 

.075 

-.022 
-.126 
.278 

-.023 
-.332 
-.036 
- 038 

.053 

-.303 
-.048 
.280 

-.332 
-.114 
-.114 
-.110 
-.256 
-.020 

.164 .210 

.294 -.183 
-.564 .646 

.376 .326 

-.222 
.629 

- O'? 

.064 

.299 

-.051 
-.066 
.177 

-.179 
-.020 
.216 

.015 

.015 

.037 

.159 

.074 
-.208 -.342 
.097 
.142 

-.086 
.047 

.251 
-.309 
.819 

-.230 
.542 

-.007 .172 

-.373 .182 

.22 

.096 

-.281 
-.173 
-.330 
.298 

.169 

.045 

.470 

.269 

.212 

-.410 
.021 -.010 

.374 

-.0 
.199 

-.060 
-.277 

.498 -.187 
-.189 .1T5 

.112 -.044 
-.379 -.097 

-.086 
-.185 
.167 

.202 

-.067 
.452 

.001 .219 

.220 .046 

.090 .234 
-.290 .071 

-.095 -.038 
-.524 

-.192 
-.315 
-.494 

-.013 
-.172 
-.590 

.699 .725 

.881 

1 Significance 

.05 _ 0.367 

.01 _ 0.470 

Total per. (other) refers to total perennials other than grasses. 
Resistance refers to the resistance of the surface soil to 15 lbs. air pressure. 
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The dominant perennial grass was chosen mainly because palatability 

and forage value is such that its normal response would be to decline 

as grazing pressure or time under deterioration increases. 

Agropyron spicatum is negatively correlated with Sitanion 

hystrix ( -. 394) and this relationship is shwon in Figure 16. The 

negative correlation indicates that as Agropyron spicatum increases 

or becomes higher on certain sites, Sitanion hystrix decreases. 

Stated in another way, as the Agropyron spicatum basal area 

approaches 8 percent there is a tendency for the relative amount of 

Sitanion hystrix to approach zero. The data also suggest that Poa 

secunda may act as an increaser and as Agropyron spicatum 

approaches zero, Poa secunda may increase to near maximum. 

There are high positive correlations between Agropyron 

spicatum and total perennials (. 633) and Agropyron spicatum and 

total perennial grasses (. 700). This is indicative of the relative 

dominance of this primary perennial grass for this site. A signifi- 

cant negative correlation is found between Agropyron spicatum and 

the permeability of surface soil to 15 lbs. air pressure ( -. 421). 

(On sites supporting more grass there is a lower resistance or 

higher air permeability). On sites with a great amount of perennial 

grass, the surface soil has more organic matter and these friable, 
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softer surface soils have less resistance to the penetration of air. 

Other relationships for Agropyron spicatum with basal area esti- 

mates on the Artemisia tridentata /Agropyron spicatum habitat type 

are insignificant. 

Festuca idahoensis tends to be negatively related with the 

amounts of Poa secunda and Sitanion hystrix but not significantly. 

There is a strong negative relationship between Festuca idahoensis 

and cation exchange capacity ( -.420) which signifies that with more 

Festuca idahoensis on these sites cation exchange capacity decreases. 

Koeleria cristata is significantly related to Festuca idahoensis 

(.454) indicating that these two species occur together on these 

sites. By inference, the data suggest that Koeleria cristata is a 

a decreaser as well as Festuca idahoensis. 

For Poa secunda there is a high positive relationship with 

gravel (. 565). This seems to hold true on both habitat types and for 

both kinds of data. As Poa secunda increases from about .11 per- 

cent ground cover up to about 8 percent, there is an increase in the 

amount of gravel on the surface soil from 0. 1 to 13 percent. 

Increased graveliness could create a relatively more favorable 

environment for Poa secunda and thus may be closely related to the 

dominance of Poa secunda within a habitat type at any particular 

stage of succession. 

, 
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There is a negative relationship between Poa secunda and 

stones ( -. 373). This relationship is closely associated with the 

parent material because on the rhyolitic areas fewer large stones 

and more gravel occur on the surface; whereas on the basalt parent 

material there are more large stones and less gravel. 

A high positive relationship exists between Poa secunda and 

Tortula ruralis (. 525). The other habitat type does not show this 

relationship significantly. All other Poa secunda correlations are 

insignificant. 

Sitanion hystrix shows a negative correlation with gravel 

( -. 386) indicating less gravel on the sites with high amounts of 

Sitanion hystrix. There is a positive relationship with cryptogams 

(. 594) and Tortula ruralis (. 422). On sites with amounts of Sitanion 

hystrix approaching 2. 5 percent, there seems to be an increase of 

cryptogamic cover including Tortula ruralis. Both Poa secunda and 

Sitanion hystrix are related to Tortula ruralis while only the latter is 

related to cryptogams. As Poa secunda is not related to cryptogams, 

the data suggest that only Sitanion hystrix is tied in with trampling 

and other disturbance factors which would reduce cryptogamic cover. 

There is a high positive relationship between Artemisia 

tridentata and total shrubs (. 937), which corroborates the fact that 

Artemisia tridentata is the dominant shrub species. It shows a 
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negative relationship with total perennial grasses ( -. 394). As 

Artemisia tridentata approaches 16 -19 percent ground cover, total 

perennials approach a low of 3. 0 percent. There is a significant 

positive relationship with total nitrogen (. 376). AsArtemisia 

tridentata approaches greater ground cover levels (18 percent) 

total nitrogen seems to increase up to about . 142 percent. 

With Phlox longifolia, there are few significant relationships, 

However, there is a significant correlation between it and the 

resistance of the surface to 15 lbs . of air pressure ( -. 564). The 

other three surface soil characteristics show positive relationships 

(.646, . 542, and .629). This seems to indicate that Phlox longifolia 

was similar to the dominant perennial grass and that as it increases 

permeability decreases. With increasing resistance, in relation to 

Phlox longifolia, there is a lowering of the three surface soil 

characteristics that are here used as indices of better condition sites. 

This suggests that Phlox longifolia might be of value as a site 

condition index or part of a composite one that could be used to 

evaluate this habitat type. However, the low amounts of Phlox 

longifolia prevent its precise use in this manner. 

In the case of total perennials other than grasses, there is a 

significant positive relationship (.450) with gravel, showing that 

certain herbs and gravel increase together. A high relationship is 
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found between the total perennials other than grasses and the total 

perennials (.632). A relationship of this nature might simply imply 

that grasses make up the greatest amount of the total perennial ground 

cover other than shrubs or that the added ground cover increment, 

due to perennials other than grasses, remains relatively uniform. 

The resistance determination is also negatively related ( -. 373) to 

total perennials other than grasses. This suggests that the cover of 

perennial forbs might reflect site condition when air resistance is 

used as a criterion. 

Bare ground is positively correlated (.498) with the resistance 

of surface soil to 15 lbs. air pressure. This may indicate that 

increased bare ground is an index of a "poor- condition" site 

characterized by less grass, greater use, and more trampling 

making the surface soil "tighter" and therefore showing greater 

resistance to the air. A negative relationship was found between 

bare ground and organic matter (- .410). These data also suggest 

that cation exchange capacity and total nitrogen tend to be similarly 

related. By inference, then, one might make the assumption that 

bare ground is a criterion indicative of lower amounts of all three 

surface soil characteristics. A higher relationship might allow 

one to use higher bare ground estimates as an indication of de- 

clining site condition. (The other habitat type showed the same 
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trend but the relationships were lower.) 

A negative correlation was found between gravel and stones 

( -. 391), thus indicating, as mentioned before, that on areas with 

more stones one tends to find less fine gravel and vice versa. A 

positive relationship exists between gravel and total perennials 

(. 374). As total perennials increase so does the gravel cover. This 

suggests that sites with more gravel in and on the surface horizon 

are, for some reason, more productive of total vegetation, or that 

they are more inherently productive. The total perennial component 

of the vegetation is made up primarily of decreasers. Their increase 

along with grave] suggests that the so- called "desert pavement" may 

not necessarily be indicative of poor condition and erosion, at least 

on these sites. 

Stone cover shows only one significant relationship, a negative 

correlation with resistance ( -. 379). Total shrubs are correlated 

positively with, total nitrogen, and organic matter (.470 and .452). 

Total perennials and total perennial grasses are highly related 

(. 810). As total perennials increase to about 17 percent, total 

perennial grasses increase to about 12 percent (Table 9). Other 

relationships on the Artemisia tridentata /Agropyron spicatum habitat 

type are not significant. 

Some variables show no significant correlations, such as 
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Phlox diffusa, but it is tending toward significance with Festuca 

idahoensis (.302) and Tortula ruralis (- .303). Chrysothamnus 

viscidiflorus is not related to any other variable nor are any of the 

coefficients approaching significance. This plant, then, does not 

offer any valid information in relation to other variables. In fact, 

these data might indicate that Chrysothamnus viscidiflorus occurs 

on these sites only by chance. 

From these data one might conclude that Poa secunda and 

Sitanion hystrix act as increasers and under heavy use or adverse 

conditions tend to become more prominent as other grasses, such 

Agropyron spicatum, Festuca idahoensis and Koeleria cristata 

diminish in amount. The negative correlation ( -. 394) between the 

dominant perennial grass, Agropyron spicatum, and Sitanion hystrix 

definitely indicates that this grass is an increaser. 

One additional situation might be mentioned. Stipa thurberiana 

is negatively correlated with Artemisia tridentata which indicates 

that the total amount of Artemisia tridentata is less on those sites 

supporting greater amounts of Stipa thurberiana. This is in accord 

with data from these stands showing that Stipa thurberiana is found 

on soils with sandy textured surface soils and more bare ground 

(39, p. 99). The high positive correlation between Stipa thurberiana 

and bare ground (.420) is indicative of this. Also, the fact that Stipa 

thurberiana is negatively correlated to cation exchange capacity( - .447), 

: 
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total nitrogen(- . 490), and organic matter (-. 464) suggests that as Stipa 

thurberiana becomes more prominent on these stands, bare ground 

increases, surface soil texture becomes sandier and consequently, 

organic matter, total nitrogen, and cation exchange capacity decrease. 

Frequency Results for the Artemisia tridentata /Agropyron 
spicatum Habitat Type 

Tables 11 and 12 show the mean and range values and the 

correlation coefficients, respectively, for 27 locations computed 

for 24 characteristics of the Artemisia tridentata /Agropyron 

spicatum habitat type using frequency percentages instead of basal 

area. These figures, in general, show the same relationships as 

for the basal area and cover data. However, in many cases the 

correlation coefficients are higher (See Table 27). 

For the dominant perennial grass, Agropyron spicatum, there 

are highly significant relationships with Sitanion hystrix ( -. 556) and 

Stipa thurberiana( -. 391). This offers evidence that Sitanion hystrix 

and Stipa thurberiana increase in this habitat type as Agropyron spi - 

catum declines. The data also suggest that Poa secunda increases 

as Agropyron spicatum ( -. 282) decreases. As Agropyron spicatum 

frequency approaches 81 percent, Sitanion hystrix frequency 

decreases approaching zero and the frequency of Poa secunda will 

decrease to 50 percent and below, which is very low for Poa secunda 

on any of these locations. A positive relationship is found between 

. 
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Table 11. The mean and range values of twenty -seven locations 
computed for twenty -four characteristics of the 
Artemisia tridentata /Agropyron spicatum habitat 
type (Frequency). 

Mean Range 

Agropyron spicatum 
Festuca idahoensis 
Koeleria cristata 
Poa secunda 
Sitanion hystrix 
Stipa thurberiana 
Antennaria dimorpha 
Artemisia tridentata 
Erigeron linearis 
Eriogonum ovalifolium 
Phlox diffusa 
Phlox longifolia 
Chrysothamnus viscidiflorus 
Total perennials other than grasses 1/ 

36. 99 
9. 05 
3. 53 

67.86 
8. 16 

15. 24 
1. 15 

14. 21 
4.01 
1.76 

3. 90 
10. 44 
0. 28 
2. 16 

35. 12 
13.67 
10. 54 

8. 37 

07.2-81.4 
00.0 
00.0-24.0 
21.6-98.6 
0.00-48.2 
0.00-49.8 
0.00-0.56 
01.4-22.4 
00.0-41.2 
00.0-06.4 
00.0-24.4 
00.0-31.2 
00.0-03.6 
0.03-8.09 
04.8-62.4 
03.2-23.6 
03.7 -17.7 
2.83 

Tortula ruralis 
Total shrubs 
Total perennials 
Total perennial grasses 
Surface soil resistance to 15 

lbs. air pressure 2/ 12.79 6.68 -15.6 
Cation exchange capacity 16. 59 7.50-22.6 
Total Nitrogen percent . 094 .038 -. 150 

Organic matter percent 2. 07 0.72-3.80 

1/ The totaled variables and the surface soil characteristics are 
the same as in Table 9 and are added here for completeness. 

2/ Resistance of the surface inch of soil to 15 lbs. of air pressure. 



Table 12 Correlation coefficients showing relationships among twenty 
-two characteristics of the 

Artemisia tridentata /Agropyron spicatum habitat type 
(Frequency). 

Agropyron spicatum 

Festuca idahoensis 
Koeleria oristata 
Poa secunda 
Sitanion hystrix 
Stipa thurberiana 

Antennaria dimorpha 
Artemisia tridentate 
Erigeron lineari: 

$riogonum ovalifolium 

Phlox diffusa 
Phlox longifolia 
Chrysothamnus visoidiflorus 
Total per. (other)* 

Tortula ruralis 
Total shrubs 
Total perennials 
Total Perennial grasses 
Resistance* 
Cation exchange capacity 
Total nitrogen 
Organic matter 

1 -.181 

2 

3 

4 

5 

6 

7 
8 

9 

10 
11 

12 
13 

14 

15 
16 

17 
18 

19 
20 

21 

22 

2 3 

-.042 
.759 

4 

-.282 
-.395 
--.311r 

5 6 

-.6561 -.391 

7 

-.186 
.215 

-.006 
.140 

.009 

.356 

8 

.069 

-.059 
.022 
.130 

.071 

-.267 
-.238 

9 

-.082 
-.160 
-.122 
.376 

-.Z1.$ 

.065 

-.062 
.274 

10 

-.291 
.108 
.106 
.045 

-.132 
.279 

.145 

.307 

.444 

11 

-.074 
.307 
.324 

-.131 
-.281 
.290 

.001 

-.267 
-.045 
.325 

12 

.159 

.013 

-.294 
.079 
.106 

-.128 
.220 
.309 

-.056 
-.094 
-.445 

13 

.368 

-.002 
.079 
.291 

-.231 
-.354 
.289 

-.07 
.131 

-.013 
-.038 
.150 

14 

.177 

.013 

.058 

-.036 
- .376 

15 

-.299 
.213 
.039 
.230 
.366 

16 

.048 

.072 

.037 

.039 

.171 
-.420 
-.337- 

.265 
-.008 
.013 

-.151 
.056 
.231 

-.051 
-.206 

17 18 

.436 .437 

19 

-.640 

.058 .398 
-.212 -.265 
-.127 -.208 
-.046 -.033 
-.422 -.271 

.056 

.118 

.276 

.260 

.315 

.208 

-.378 

-.219 .287 

.169 -.241 
. -.073 . 

.015 
-.297 
.365 
.490 

-.013 
.104 

-.063 
-.297 
-.397 
.771TT 

-.041 
-.203 
-.403 

.016r -.064 
-.155 .022 

.161 -.064 

.233 -.063 

.230 -.121 .068 

.187 .068 

-.178 -.223 
.178 .214 

.632 .074 

-.223 

.321 

-.551 

6 

.235 

- .011 

.025 -.041 
-.373 

-.305 -.095 
-.277 .309 

.819 

.321 - .171 

.090 
-.287 
-.096 

1 Significance 
.05 - 0.367 
.01 - 0.470 

Total per. (other) refers to total perennials other than grasses. 

Resistance refers to the resistance of the surface soil to 151bs. air pressure. 
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Figure 17. The relationship between Sitanion hystrix and Agropyron spicatum frequency on 27 
Artemisia tridentata /Agropyron spicatum stands. 
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Agropyron spicatum and total perennials (. 436). This is merely 

indicative of the dominance of this perennial grass. Also related 

to Agropyron spicatum are total perennial grasses (. 437) and the 

resistance of surface soil to 15 lbs. air pressure ( -. 640). The 

latter relationship may be great enough to indicate that the 

resistance apparatus can be used as an index cf site condition. 

For Festuca idahoensis, there is a high positive correlation 

with Koeleria cristata (. 759). Quantitatively, as Festuca idahoensis 

increases up to 30 percent frequency Koeleria cristata tends to in- 

crease up to 24 percent frequency. A negative relationship is found 

with Poa secunda ( -. 395). On sites with more Festuca idahoensis, 

there seems to be less Poa secunda, but more Stipa thurberiana 

which is positively correlated (. 398). Koeleria cristata is nega- 

tively related to Poa secunda ( -. 377) suggesting an increase in Poa 

secunda as Koeleria cristata decreases. Poa secunda tends to be 

higher on sites with more Erigeron linearis (. 375). As Sitanion 

hystrix decreases, the total perennials other than grass seem to 

increase ( -. 376). Sitanion hystrix is also negatively related ( -. 422) 

with total perennials and positively with Tortilla ruralis (. 366). 

Stipa thurberiana, as with the basal area data, is negatively 

correlated with total shrubs ( -. 420) and is indicative of the sandy 

soil situation previously mentioned and documented. In addition, 
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there is a suggested relationship, although in this case not signifi- 

cant, with resistance (. 315) and organic matter ( -. 323) and nega- 

tive relationships with cation exchange capacity ( -. 549) and total 

nitrogen (- .445). This is similar to the sequence of relationships 

found with the basal area data. 

Big sagebrush, Artemisia tridentata, is correlated with total 

perennials other than grasses (.365) and resistance of the surface 

soil to 15 lbs, air pressure (- .378)_ This suggests an increase of 

forbs on sites with more big sagebrush. Both of these relationships 

tend to escape explanation. 

Erigeron linearis and Eriogonum ovalifolium are positively 

related (.444). Also, there is a positive relationship between 

Erigeron linearis and total perennials other than grasses (.490). 

Eriogonum ovalifolium also shows a relationship with total perennials 

other than grasses (.561). This indicates that these plants, being 

perennial forbs, make up a considerable amount of the total perennial 

plant cover other than grass. Eriogonum ovalifolium is related to 

total shrubs ( -. 397) suggesting a lower amount of total shrubs in 

stands supporting more of this plant. 

Phlox diffusa is negatively related ( -. 445) with Phlox longifolia. 

This relationship may have something to do with the differentiation 

between the two habitat types of this study. Phlox diffusa is a highly 
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constant component of Artemisia arbuscula /Festuca idahoensis habi- 

tat types of this study. Phlox diffusa is a highly constant component 

of the Artemisia arbuscula /Festuca idahoensis habitat type. 

Phlox longifolia, similar to the basal area data, shows a nega- 

tive relationship with air permeability readings ( -.551) and positive 

relationships (.551, . 461, . 593) for cation exchange capacity, total 

nitrogen, and organic matter, respectively. Phlox longifolia, on the 

Artemisia tridentata /Agropyron spicatum habitat type can probably 

be used as a quantitative symbol or standard reflective of the stand 

in terms of the nutritive status of the associated soils and likewise 

their air permeability or pore space, and presumably friability and 

good tilth. It seems apparent that Phlox longifolia, similar to 

Agropyron spicatum, is an indicator plant which is very important 

on this particular habitat type and should, according to these data, 

be looked at more critically. Appendix 6 presents some data for 

Phlox longifolia that bear this point out. 

Total perennials other than grasses is negatively related to 

Tortula ruralis ( -. 403). With more total perennials other than 

grasses, there seems to be less Tortula ruralis but more total 

perennials as exhibited by a high positive relationship (.632) . A 

negative relationship with resistance ( -. 373) reflects the idea that 

as the forbs increase, range condition becomes better as evidenced 
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by the decrease in the air permeability readings. This is based on 

the assumption that the resistance or air permeability determinations 

are closely related to the surface soil characteristics. 

Total shrubs, once again, is positively related to total nitrogen 

(.471) and organic matter (.452), and also suggest a positive, but 

not significant, relationship with cation exchange capacity (.235). 

This, of course, is evidence for the fact that on these sites, as the 

total ground cover of shrubs increases, the surface soil character- 

istics increase. This can probably be explained by the fact that 

more litter is deposited on sites supporting more total shrubs. 

The items from total shrubs inclusive through item 22, 

organic matter, in Table 12 are the same as those appearing in 

Table 10. They were added here merely to make the correlation 

analysis complete. 

The most prominent relationship observed here is the high 

negative correlation ( -. 556) of Agropyron spicatum with Sitanion 

hystrix. Sitanion hystrix acts as an increaser on both habitat types 

when evaluated with frequency data. The data suggest that Poa 

secunda may also exhibit this characteristic. Festuca idahoensis 

seems to have a high fidelity with Koeleria cristata as they seem to 

occur together more often than not. With this set of data Antennaria 

dimorpha is the only variable that shows no significant relationships. 
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Phlox longifolia is indicative of the worth of this site because 

as it increases there is an increase in cation exchange capacity, an 

accumulation of total nitrogen and organic matter, and increased 

air permeability. This species is important for its index value in 

terms of indicating site potential or range condition. 

Basal Area Results for the Artemisia arbuscula/ 
Festuca idahoensis Habitat Type 

Table 13 and Table 14, respectively, show the mean and 

range of values and the correlation coefficients for 26 characteristics 

of the Artemisia arbuscula /Festuca idahoensis habitat type, with 

basal area and crown cover data. 

The dominant perennial grass, Festuca idahoensis, shows a 

high negative relationship with Poa secunda (Figure 18). The 

relationship ( -.501) indicates that Poa secunda acts as an increaser 

on these sites. As the basal area of the Festuca idahoensis goes 

from about 0. 04 to 8. 0 percent, Poa secunda decreases from about 

4. 1 percent down to about 0. 91 percent or within these limits as 

shown in Table 13. Sitanion hystrix shows a negative coefficient 

when it is compared to Festuca idahoensis ( -. 227). Antennaria 

dimorpha is negatively related ( -.429) and, in this respect, acts as 

an increaser on these sites, at least in relation to Festuca idahoensis. 
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Table 13. The mean and range values of twenty -six locations 
computed for twenty -six characteristics of the 
Artemisia arbus cula /Festuca idahoensis habitat type 
(Basal area and crown cover). 

Mean Range 

Agropyron spicatum 1/ 0. 58 
2. 82 
2.65 
0. 33 
0. 22 
0. 09 
0. 27 

0. 00-2. 12 
0. 04 -7. 90 
0. 91 -7. 90 
0. 00-1. 03 
0. 00- 1. 23 
0. 00-1. 15 

0. 00- 1. 22 

Festuca idahoensis 
Poa secunda 
Sitanion hystrix 
Stipa thurberiana 
Agoseris glauca 
Antennaria dimorpha 
Artemisia arbuscula 14.00 5. 10 -24. 5 

Eriogonum sphaerocephalum 0.47 0.00 -2. 30 

Phlox diffusa 1.26 0. 09 -4.43 
Phlox longifolia 0. 20 0. 00 -0.70 
Chrysothamnus viscidiflorus 0.86 0.00 -5.80 
Total perennials other than grasses 3. 19 0. 40 -7. 30 

Bare ground 8. 29 2. 50-19.70 
Litter 47.16 7.20 -66.50 
Gravel 7.06 1. 0-26. 80 
Stones 9.43 0.00 -26.40 
Cryptogams 2.30 0.45 -8.65 
Tortula ruralis 4. 38 0. 43- 10. 40 
Total shrubs 14.95 9. 10 -26.00 
Total perennials 10. 05 6. 20-15. 30 

Total perennial grasses 6. 85 3.60 -12.70 
Surface soil resistance 2/ 12. 94 9. 40-15. 90 
Cation exchange capacity 15.33 7. 20 -25. 10 

Total Nitrogen percent 0. 10 0. 04 -0. 19 

Organic matter percent 2. 06 0. 56 -4.61 

1/ All species other than shrubs and ground cover characteristics 
were evaluated by estimating percent basal area. Shrubs were 
evaluated by estimating crown cover. Cation exchange capacity 
was determined in meq /100 gms. of soil. 

2/ Resistance of the surface horizon of soil to 15 lbs. air pressure. 



Table 14 Correlation coefficients showing relationships among twenty -six characteristics of the 
Artemisia arbuscula /Festuca idahoensis habitat type (Basal area and crown cover). 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Agropyron spioatum 
Festuca idahoensis 
Poa secunda 
Sitanion hystrix 
Stipa thurberiana 
Agoseris glauca 
Antennaria dimorphe 
Artemisia arbuscula 
¡riogonum sphaerocephalum 
Phlox diffusa 
Phlox longifolia 
Chrysothamnus viscidiflorus 
Total per. (other)* 
Bare ground 
Litter 
Gravels 
Stones 

Cryptogams 
Tortula ruralis 
Total shrubs 
Total perennials 
Total perennial grasses 
Resistance* 
Cation exchange capacity 
Total nitrogen 
Organic matter 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

22 

23 

24 

25 

26 

.226 -.016 -.372 

-.5011-.227 
.157 -.079 
.114 

-.344 

-.281 

-.209 
.646 .05 

-.278 
-.429 

-.019 
-.168 
.027 

-.246 
-.029 
.143 

-.034 

-.478 .140 

.057 

-.041 

-.167 
-.351 
-.037 

-.111 

.012 

-.198 

.036 -.252 
-.240 .363 

.524 -.329 

-.044 
-.478 

.177 
-.086 

-.478 

-.611 -.218 
-.171 .247 

.517 

.014 .60 
.064 

-.122 

.144 

-.014 
-.146 

-.270 
.001 

-.321 

.257 

-.075 
-.326 
.254 

-.286 
..368 

-.081 
.029 

.135 
-.022 
-.118 

-.252 .074 -.383 
-.261 -.044 
-.352 -.132 
.078 .362 

-.233 -.006 
.085 -.226 

.053 -.134 
-.144 -.123 
.187 -.264 
.086 -.019 

-.242 -.074 
.084 -.209 

-.158 .385 

.380 

.364 

.098 

.099 

.655 

.046 
-.136 

.467 .087 

-.147. -.168 
.214 .113 

.192-*.145 
-.116 -.205 
-.108 .391 

.362 

-.501 
-.094 
.484 

-.20 
0.65 
.064 

.020 

-.330 
-.175 
.212 

-.538 

.212 

-.285 
.365 

-.048 

-.109 
.056 

.196 

-.117 

.004 

.333 
-.449 

-.282 
.303 

-.097 
-.266 
.455 
;497 

-.127 .129 
-.169 

-. 3 

-.088 .044 -.401 
-.493 -.266 

--.085 

1 Significance 
. 05 - .374 
. 01 - .478 

Total per. (other) refers to total perennials other than grasses. 
Resistance refers to the resistance of the surface soil to 15 lbs. air pressure. 

-.211 
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Festuca idahoensis has a high negative correlation with total peren- 

nials other than grasses (- .478). Therefore, on the fescue sites, 

in relation to the agropyron sites described in the previous section, 

there is a suggestion that when the dominant perennial grass, 

Festuca idahoensis or Agropyron spicatum, respectively, decreases 

the total perennial forbs increase. Tortula ruralis is negatively 

related ( -383). Total perennial grasses (.752) shows a high positive 

correlation with Festuca idahoensis and is indicative, once again, of 

the fact that Fe.stuca idahoensis is the dominant perennial grass. Also 

evident is the negative correlation with resistance ( -. 166), and 

the positive correlations (.405, . 523, and . 319) with cation exchange 

capacity, total nitrogen, and organic matter. While only two of these 

are significant, they tend in the expected directions and suggest that 

these surface soil characteristics can be used to indicate site condi- 

tion and /or site potential. 

Agropyron spicatum, while a grass of lesser importance in this 

habitat type, shows several significant relationships. Its relation- 

ship to Eriogonum sphaerocephalum ( -.478) escapes elucidation. 

Likewise, the relationship with litter ( -. 611) and cryptogams (.600) 

are difficult to explain. Less litter and more cryptogams are found 

on stands with more Agropyron spicatum. On stands with more 

Agropyron spicatum there is more total perennials (.434) and total 
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perennial grasses (. 581). This increase in total plant cover has 

been noted by the author when making causual field observations on 

these stands. The argument for use of the dominant perennial 

grass as an important criterion of this suggests, by inference, that 

Sitanion hystrix might be an increaser, although it is not signifi- 

cantly correlated with Festuca idahoensis ( -. 227). 

Poa secunda is positively related to Sitanion hystrix (.380) 

showing that these two species increase together. The negative 

correlation coefficient for Poa secunda and the dominant perennial 

grass ( -.501) suggests that Poa secunda might act as an increaser. 

Agoseris glauca (. 546) and Phlox longifolia (. 524) both show a high 

positive relation to Poa secunda. This is a slight indication that 

Agoseris glauca and Phlox longifolia act as increasers. Total 

perennials other than grasses is positively related (.655). This 

supports the idea that Poa secunda increases along with these other 

perennial forbs. The significant negative correlation with bare 

ground ( -.478) probably has to do with the fact that gravel increases 

(.517) on sites with more Poa secunda. Total perennials tend to 

increase as Poa secunda increases (.506). Sitanion hystrix is 

positively related to Phlox longifolia (.467) which, once again, 

suggests that both of these species act as increasers on this partic- 

ular habitat type. 
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Stipa thurberiana is negatively correlated with total peren- 

nials other than grasses ( -.501) and positively related with bare 

ground (.484). This, once again, suggests the sandy soil situation 

(39, p. 94) found on these sites in relation to Stipa thurberiana. 

More bare ground and exposed surface soil seem to be character- 

istic of this relationship. 

Antennaria dimorpha is negatively related to total perennial 

grasses ( -. 406) . This, once again, offers slight evidence, in 

contrast to evidence from the Artemisia tridentata /Agropyron 

spicatum habitat type, that Antennaria dimorpha acts an an 

increaser. 

The dominant shrub, Artemisia arbuscula has several signifi- 

cant. relationships. The first one is a positive relationship to 

Tortula ruralis (.370) and, as would be expected, with total shrubs 

(.869). Tortula ruralis is found with increasing amounts of the 

dominant shrub and it has been the experience of the author that it 

is found primarily under the brush plants. There is a suggested 

positive relationship between Artemisia arbuscula and resistance 

(. 233): but not high; and there are, in contrast to that found on the 

Artemisia tridentata /Agropyron spicatum habitat type, negative 

relationships with total nitrogen and organic matter (-. 569 and 

-.580). This suggests that on sites with greater amounts of 
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Artemisia arbuscula there seems to be lower amounts of organic 

matter and total nitrogen, and presumably of tilth and fertility 

status which are associated with these two soil characteristics. 

Two of the secondary shrubs, Eriogonum sphaerocephalum 

and Chrysothamnus viscidiflorus, seem to occur together as 

evidenced by the significant positive relationship between these two 

species (. 391). The former one is positively related with cation 

exchange capacity (. 397) which suggests that Eriogonum 

sphaerocephalum might grow better on soils which have soil 

texture and other characteristics favoring the development of higher 

cation exchange capacity. The near lack of significant relationships 

with Chrysothamnus viscidiflorus on this habitat type and the com- 

plete lack on the Artemisia tridentata /Agropyron spicatum habitat 

type suggests that this species is not really an increaser as has 

been suspected in the past. 

Phlox diffusa is positively related to total perennials other 

than grasses (.455) as is Phlox longifolia (.497) showing that these 

two species tend to make up a significant part of the total peren- 

nial forbs found on these stands. This is in line with impressions 

gained when observing these and similar stands. Phlox longifolia 

is also positively related to total perennials (.428) indicating that 

this species occurs in stands supporting more of the perennial 
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plants and, consequently, more of the dominant perennial grass. 

This might constitute additional evidence for Phlox longifolia as an 

index of site condition, although the evidence is not as strong on 

this habitat type. 

Total perennials other than grasses is negatively related to 

bare ground (- .538). This offers evidence that as the total amount 

of perennial forbs increase in these stands, bare ground tends to 

decrease. Also, as the total perennials other than grasses in- 

crease, so do total perennials (. 483). Such evidence suggests 

that on the best condition sites there are extra amounts of peren- 

nial forbs to help fill in the gaps where the total perennial grasses 

do not entirely cover the available area. 

Bare ground is negatively correlated with gravel ( -. 449), 

positively correlated with cryptogams(. 385) and lower amounts of total 

perennials( -.384. The relationship with total perennials suggests 

that the amount of bare ground can be used as a criterion of 

range condition. In addition, stands of this habitat type with more 

cryptogams and less gravel in relation to the percent bare ground 

suggests that an index combining these characteristics might prove 

valuable for judging site potential and range condition. However, 

this interpretation is problematical in view of the complete lack 

of a relationship for the Festuca idahoensis - bare ground 
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comparisons (.086). 

Litter is negatively correlated with cryptogams (-. 401). 

There was either more litter and less cryptogams or vice versa. 

In addition, a positive relationship is found between litter and total 

nitrogen (.392) suggesting the role litter plays in the accumulation 

of nitrogen and presumably organic matter into the soil 

Gravel, once again, is negatively related ( -. 493) with stones. 

Stones are negatively related with total perennial grasses (-. 428). 

In other words, on sites with more perennial grasses, there is 

less stone, and on the sites where stones become more prominent 

there are less perennial grasses. Also with stones, there is a 

suggested relationship, although not significant, with the resistance 

of surface soil to 15 pounds air pressure, and suggested negative 

relationships ( -.499, -.359, and -.373) with the surface soil 

characteristics, cation exchange capacity, total nitrogen, and 

organic matter. This is an indication of a factor responsible for a 

significant minor variation in vegetation characterisitcs or in a 

vegetation characteristic within a single ecosystem. In other 

words, stoniness is a variable within the ecosystem. All stands 

representing this particular ecosystem are not equally stony and 

as stoniness varies, there are certain other things that vary either 

with or in opposition to stoniness. 
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The amount of cryptogams is positively related to total 

perennial grasses (.374). On sites with greater amounts of total 

perennial grasses, the cryptogamic cover on rocks and bare ground 

was more readily apparent. 

Tortula ruralis is negatively related (-. 472) to total perennial 

grasses. The experience of the author suggests that in some stands, 

Tortula ruralis tends to cover ground that is supporting perennial 

grasses in other stands. Once again, a suggested positive relation- 

ship is found between Tortula ruralis and resistance (.254). And, 

with high Tortula ruralis and resistance values, surface soil 

characteristics are low (-. 505, -.632, -. 519). This tends to 

support the assumption that sites with more Tortula ruralis have 

soils with a greater resistance to air pressure, greater surface 

compaction due to trampling, and less organic matter accumulation, 

as well as decreased cation exchange capacity and total nitrogen. 

The frequency determinations do not show such correlations 

(Table 16). However, the magnitude of the correlation with basal 

area data and the surface soil characteristics warrants a further 

look at Tortula ruralis as a reference for site potential, at least 

on the Artemisia arbuscula /Festuca idahoensis sites. 

As the total shrubs increase, the total perennials decrease 

(- .416). The suggested relationship also holds true that resistance 
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readings increase as organic matter tends to decrease. As total 

perennials increase, total perennial grasses increase (,.442). This 

is expected for the reason that grasses make up the greatest share 

of the total perennial plant make -up. Also, as total perennials 

increase, organic matter increases (.414), showing that as the 

total amount of perennial grasses increases, indicative of a good 

site, organic matter increases in the surface soil, presumably due 

to the accumulation of litter. There are slight suggestions that 

cation exchange capacity and total nitrogen tend in the same direc- 

tion (+. 360 and . 226). Similarly, resistance of surface soil to 

15 pounds air pressure (-. 305) exhibits a negative, but hardly 

conclusive, suggestion when related to total perennials. 

Total perennial grasses show the same general trend, a 

negative correlation coefficient with resistance ( -. 245) and negative 

relationships with the three surface soil characteristics. The 

only significant one, however, is the relationship between total 

perennial grasses and total nitrogen (. 409). The surface soil 

characteristics and their relationships have been discussed in 

previous sections. 

The extremely low basal area quantities of Sitanion hystrix, 

Stipa thurberiana, Agoseris glauca, Antennaria dimorpha, 

Eriogonum sphaerocephalum, and Phlox longifolia directs doubt 
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on the validity of significant correlations that any of these might have 

with other characteristics. Low basal area or frequency values 

for individual variables in either habitat type preclude high data 

precision. 

The most important results for basal area data on the 

Artemisia arbuscula /Festuca idahoensis sites is the significant 

evidence that Poa secunda is negatively related to Festuca idaho- 

ensis ( -.501). and, therefore, acts as an increaser. On sites that 

Festuca idahoensis approaches 8 percent in cover, Poa secunda 

decreases to around .91 percent ground cover, as shown in 

Figure 18. Also, as Festuca idahoensis approaches 8 percent 

ground cover, Antennaria dimorpha approaches zero. Presented 

in the other direction, which is probably the more interesting one, 

as Festuca idahoensis decreases in amount to about 0. 04 percent 

ground cover, Poa secunda will increase to around 4 percent, and 

Antennaria dimorpha to about 1.2 percent. Both of these plants 

increase and fill in the empty spaces as the dominant perennial 

grass, Festuca idahoensis, decreases. 

Frequency Results for the Artemisia arbuscula 
Festuca idahoensis Habitat Type 

The Artemisia arbuscula /Festuca idahoensis habitat type was 

also sampled by the frequency method (Tables 15 and 16) and these 
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Table 15. The mean and range values of twenty -six locations 
computed for twenty -five characteristics of the 
Artemisia arbuscula /Festuca idahoensis habitat type 
(Frequency). 

Mean Range 

Agropyron spicatum 
Festuca idahoensis 
Koeleria cristata 
Poa secunda 
Sitanion hystrix 
Stipa thurberiana 
Antennaria dimorpha 
Artemisia arbuscula 
Astragalus 'sibs curus 
Erigeron linearis 
Eriogonum ovalifolium 
Eriogonum sphaerocephalum 
Haplopappus stenophyllus 
Phlox diffusa 
Phlox longifolia 
Chrysothamnus viscidiflorus 
Total perennials other than grasses 1/ 

7.75 
41.98 
5.78 

84.75 
11.23 
3.61 
6.74 

40.51 
3. 24 
3.45 
1.51 
4.66 
1.66 

26.44 
11.08 
4.24 
3. 19 

60.55 
14.95 
10.05 
6.85 

12.94 
15.33 
0. 10 
2. 06 

00.0 -24.4 
06.6-81.8 
00.0 -35.6 
54.4 -97.4 
00.0-33.8 
00.0 -20.0 
00.0 -38.4 
12.4 -63.6 
00.0-15.4 
00.0 -24.0 
00.0 -06.0 
00.0 -29.4 
00.0-13.0 
01.4-73.2 
00.0 -54.0 
00.0 -30.4 
00.4 -07.3 
22. 2 -86.0 
9. 10 -26.00 
6.20 -15.30 
3.60 -12.70 
9.40 -15.90 
7. 20 -25. 10 
0.04-0.19 
0. 56 -4.61 

Tortula ruralis 
Total shrubs 
Total perennials 
Total perennial grasses 
Surface soil resistance 2/ 
Cation exchange capacity 
Total Nitrogen percent 
Organic matter percent 

1/ The totaled variables as well as the surface soil characterist- 
ics are the same values that are recorded with the basal area 
and crown cover data for the Artemisia arbuscula /Festuca 
idahoensis habitat type (Table 13). 

2/ Resistance of the surface inch of soil to 15 lbs. of 

air pressure. 
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Table 16 

3 4 

Correlation coefficients showing relationships 
Artemisia arbuscu :a /Festuca idahoensis 

among twenty -five characteristics of the 
habitat type (Frequency). 

13 14 15 16 17 18 19 20 21 22 23 24 25- 5 6 7 8 9 10 11 12 

Agropyron spicatum 1 .275 .6001 -.307 -.602 -.042 -.214 -.336 -.007 -.075 -.246 -.278 -.208 -.167 -.289 -.140 -.077 -.426 -.074 .023 .261 -.018 -.088 .194 .060 

Festuca idahoensis 2 .003 -.600 -.404 .106 -.510 -.245 -.282 -.223 -.235 .131 -.271 .332 -.452 .157 -.422 -.289 -.376 .120 .607 -.182 .476 .540 .484 

Koeleria cristata 3 -.218 -.346 .158 :7117 -.295 -.191 -.174 .040 -.053 .217 -.062 -.273 -.071 -. 02 -.380 .074 -.175 -.vön" -.125 -.204 - .086 -.154 
Poa secunda 4 .321 -.335 .472 .142 .292 -.010 .105 -.023 .113 .101 .357 .199 .609 .283 .063 .307 -.289 .186 -.216 -.236 -.112 

Sitanion hystrix 5 . . -.404 .216 .195 .079 .193 .390 .383 -.202 .542 .057 .267 .013 .321 -.230 -.286 .402 .064 .342 .527 .357 

Stipa thurberiana 6 -.238 -.125 -.125 .180 -7177 -.218 -.129 -.133 -.485 -.335 .056 -.321 .121 .331 -.342 - .238 -.383 -.213 -.131 
Antennaria dimorph& 7 -.187 .375 -.139 .290 -.157 -.076 -.261 .751 -.120 .663 .369- -.195 .340 -.107 .159 -.185 -.077 -.057 

Artemisia arbuscula 8 .078 .169 -.406 -.063 .360 .181 -.267 .227 .673 -.199 -.317 .246 .077 - .183 -.241 -.105 .019 

Astragalus obscurus 9 .285 .082 -.182 .281 .190 .171 .449 .333 .002 .146 .042 - .162 -.018 .162 .303 .111 

Erigeron linearie. 10 .240 .077 .151 .045 -.026 .148 .111 -.149 .282 .088 -.180 -.245 -.007 -.256 -.054 

Eriogonum ovalifolium 11 .039 -.046 .018 .171 .350 .262 .142 -.183 .089 -.249 -.225 -.358 - .370 -.157 
Eriogonum sphaerocophalum 12 .305 .170 -.044 .434 -.130 -.289 -.219 .257 -.170 -.234 .526 .055 .567 

Haplopappua stenophyllus 13 -.106 .217 .087 -.277 .302 .053 -.290 -.416 71-6-g- -.160 -.109 .071 

Phlox diffusa 14 -.448 .415 .305 .087 -.144 .261 -.099 .109 .049 .216 .074 

Phlox longifolia 15 .480 .147 -.157 .362 .042 -.086 -.018 - .029 .016 -. 64 

Chrysothamnus visoidiflorus 16 .113 .108 -.235 .053 -.121 -.208 .168 .186 .391 

Total per. (other)* 17 .438 -.162 .483 -.216 -.068 -.139 -.037 .006 

Tortula ruralis 18 .031 -.158 -.196 -.189 -.289 -.042 -.269 

Total shrubs 19 -.416 -.212 .205 -.161 -.265 -.451 

Total perennials 20 442 -.305 .360 .032 -741-4" 

Total perennial grasses 21 -.245 .350 .409 .272 

Resistance* 22 -.477 - .346 -.547 

Cation exchange eapacity 23 .791 .894 

Total nitrogen 24 .761 

Organic matter 25 

1 Significance 

.05% _ .381 

.01% _ .487 

* Total per. (other) refers to total perennials other than grasses. 

Resistance refers to the resistance of the surface soil to 15 lbs. air pressure. 
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are summarized as follows. A significant negative relationship 

was found between Festuca idahoensis and Poa secunda ( -. 600). 

The data also show that Sitanion hystrix (-. 404) acts as an 

increaser in relation to Festuca idahoensis. As Festuca idaho- 

ensis decreases in frequency percentage from 82 percent to about 

7 percent, Poa secunda increases from about 54 percent to 98 

percent and Sitanion hystrix from around zero up to 34 percent. 

These relationships are shown in Figures 19 and 20, respectively, 

for Sitanion hystrix and Poa secunda. 

Festuca idahoensis, as with the basal area data, is negatively 

correlated with Antennaria dimorpha ( -. 510). Other fescue 

relationships that should be mentioned are the suggested negative 

correlation ( -. 182) with resistance and the significant positive 

correlations with surface soil characteristics of cation exchange 

capacity, total nitrogen, and organic matter (.475, .540, and .484). 

Agropyron spicatum is positively correlated with Koeleria 

cristata (. 600). Stands with high amounts of Agropyron spicatum 

tend to support more Koeleria cristata and less Sitanion hystrix 

( -.602) and Tortula ruralis (- .426). Likewise, Koeleria cristata 

is negatively correlated with Tortula ruralis ( -. 380). This sug- 

gests a strong tendency for Koeleria cristata to respond as does 

Agropyron spicatum, but inversely to Tortula ruralis. 
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This is consistent with the Agropyron spicatum, Tortula ruralis 

response in that it too, is negative. An adequate explanation is 

not forthcoming. It is felt, however, that the importance of these 

correlations is diminished somewhat because Agropyron spicatum 

ground cover is low on these sites in relation to the dominant 

perennial grass, Festuca idahoensis. 

Poa secunda is significantly related to three other variables, 

Festuca idahoensis (-. 600), Antennaria dimorpha (.472), and total 

perennials other than grass (.609). As the frequency of Poa 

secunda goes up from 54 percent to 98 percent, Antennaria di- 

morpha goes from zero up to as high as 40 percent frequency. 

The latter relationship suggests that Poa secunda fits into a 

category with the forbs or less palatable perennials that may, in 

a group, show an increase in response. 

In addition to the above two relationships, Sitanion hystrix 

is negatively correlated with Stipa thurberiana ( -. 404) and positively 

correlated with Antennaria dimorpha (. 527), Eriogonum sphaeroceph- 

alum (. 390), Haplopappus stenophyllus (. 383), and Phlox longifolia 

(.542). This might suffice to indicate that these species are 

increasers along with Sitanion hystrix. However, as these species 

show frequencies of less than 10 percent, the relationships are of 

doubtful validity. Sitanion hystrix is related to cation exchange 
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capacity (. 402). The explanation for these relationships is not 

forthcoming. It is felt that this and other significant relationships 

difficult to explain biologically should be referred to as being re- 

lated due only to chance. These correlation coefficients probably 

have little biological significance because of the lcw frequency 

and thus poor measure of these species in the stand. 

Stipa thurberiana is negatively correlated ( -.485) with total 

perennial forbs. This is usually an observable characteristic 

on these stands because Stipa thurberiana is found on sandier soils 

with more bare ground and less total ground cover. Consequently, 

there would also be less total perennial forbs other than grasses. 

Artemisia arbuscula is negatively related to Eriogonum 

ovalifolium (-. 406), and positively related to total shrubs(. 673). 

The latter relationship is evident in the field i. e. , Artemisia 

arbuscula makes up, almost exclusively, the total shrub cover. 

The former relationship is probably not valid due to the low mean 

frequency value for Eriogonum ovalifolium (1.51). 

Astragalus obscurus is positively related (.449) with total 

perennials other than grasses. This plant, then, helps consider- 

ably to make up the perennial forb coverage in these areas. 

Once again, we find the relationship between Eriogonum 

sphaerocephalum (.434) and Chrysothamnus viscidiflorus. 
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Eriogonum ovalifolium shows a suggested relationship with resis- 

tance ( -. 234) and positive relationships with cation exchange capa- 

city (.526) and with organic matter (.567), but not with total 

nitrogen (.055). The high relationship with organic matter and 

cation exchange capacity and not with total nitrogen is difficult 

to interpret. Haplopappus stenophyllus is negatively correlated 

( -. 416) with resistance of surface soil to air. The low amounts of 

Haplopappus- -stenophyllus prevent one from drawing any conclusions 

from this relationship. 

Phlox diffusa is negatively correlated with Phlox longifolia. 

( -. 488), which is also true with the basal area data. It is positively 

correlated (.415) with Chrysothamnus viscidiflorus. Phlox longi- 

folia is highly correlated (.480) with total perennials other than 

grasses, indicative of the fact that Phlox longifolia makes up an 

appreciable amount of the total perennials other than grasses. 

The fact that Astragalus obscurus, Antennaria dimorpha, and 

Phlox diffusa are all positively related at least above 0.3 indicates 

that all three tend to be important in this complement of total 

perennial forbs in the Artemisia arbuscula /Festuca idahoensis 

stands. Chrysothamnus viscidiflorus shows only one relationship; 

a positive one (.391) with organic matter. The relationship is 

invalidated because of the low amounts of Chrysothamnus 
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Total perennial forbs is positively related with Tortula 

ruralis (.438) and with total perennials (.483). This latter relation- 

ship may simply indicate that the perennial forbs make up appreci- 

able amounts of the ground cover on those sites supporting consider- 

able total ground cover. In other words, this might either indicate 

that a decrease in ground cover of grasses does not necessarily 

occur as the .ground cover of total perennial forbs increases or that 

these two components of the cover increase concurrently. 

Total shrubs, as a factor, is negatively correlated ( -.416) 

with total perennials. As the total shrub cover increases, the 

total amount of perennial vegetation covering this area tends to 

diminish. In quantitative terms, as the total shrub complement 

increases from about 9 percent to 26 percent frequency, the total 

perennial complement decreases from about 15 percent down to 

around 6 percent frequency. Shrubs, then, tend to have a recip- 

rocal relationship with the perennial cover in these stands. 

As total perennials increase, so do total perennial grasses 

(.442). This is expected because, in general, the total perennial 

complement consists primarily of the grasses. The relationship 

found with organic matter (.414) provides additional information 

for this habitat type, indicating that the dominant perennial grass 
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can be used as a criterion of site potential and /or condition. 

Total perennial grasses show a suggested relationship, 

although not significant, ( -. 245) with resistance, hinting that as 

the total perennial grass cover increases, the resistance to 15 

pounds air pressure diminishes. Also, the idea is again brought 

forth that, as this takes place, the surface soil characteristics 

exhibit higher values indicative of a greater fertility status, 

friability and tilth of the surface soil. It would be expected that, if the 

dominant perennial grass shows a negative relationship to resistance 

and positive relationships to the other three surface soil character- 

istics studied, the same relationships should hold true for the total 

perennial grass category. However, this is not the case and an 

explanation is not forthcoming, at least from these data. Organic 

matter is the only one that is significantly and positively related to 

the amount of total perennial grass (. 409). 

The factor of resistance to 151bs. air pressure is negatively 

correlated with the surface soil characteristics. In fact, this is 

true on each set of data observed. For this set of data, in the Arte- 

misia arbuscula /Festuca idahoensis habitat type sites, the relation- 

ships are -. 477, -. 346, and -. 547, respectively, for the three factors 

of cation exchange capacity, Y, total nitrogen, and organic matter. 

Information is thus provided indicating that the resistance 
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determinations might be useful as indices of site condition. On the 

areas where low resistance determinations are encountered, the 

surface soil characteristics of cation exchange capacity, organic 

matter, and total nitrogen increase. These values, of course, 

when increased, reflect better tilth, a better friability, a better 

fertility status, and less grazing use for these sites. The 

surface soil characteristics and their various relationships are the 

same as have been discussed previously. 

A summary of Table 16 shows that Poa secunda, Sitanion 

nystrix, Antennaria dimorpha and Phlox longifolia are all negatively 

correlated with Festuca idahoensis. This provides adequate informa- 

tion to document these four species as increasers on the Artemisia 

.rbuscula /Festuca idahoensis habitat type. 

Appendix 6 was constructed as a summary of the several 

significant comparisons made in this study. It provides a means 

of gaining a perspective of each of the relationships by habitat 

type by method. 

Increase- Decrease Curves 

Based on these significant relationships, it is possible to 

group certain of the species on the basis of their increase or 

decrease response to the disturbance factors inherent in this 
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study. These curves are plotted for both kinds of data, basal area 

and frequency, and for both habitat types. 

It might be well to mention here that these are not really 

increase - decrease relationships in the sense of a time sequence. 

Rather they merely signify that on equivalent sites occupied by 

less of the predominant perennial forage, more Poa secunda, 

Sitanion hystrix and Antennaria dimorpha tend to occur; and, 

therefore, .these are considered to be increasers. The idea here 

is that as deterioration takes place over time, these species tend 

to increase while the dominant perennial forage decreases. These 

increasers are not as palatable as the dominant perennial grasses 

and consequently are not utilized as heavily. Grazing increases 

the relative vigor of less desired species over the preferred ones 

so that they, through successional generations, gain dominance 

within the habitat type. 

Figure 21 presents an array of macroplot locations on the 

basis of decreasing percentages of Agropyron spicatum basal 

area. Plotted against this array are the percentages of Poa 

secunda and Artemisia tridentata to show the relative response of 

these two species to that of the key forage plant, Agropyron 

spicatum. In this figure, there is some slight indication that 

there is an increase in Poa secunda as the dominant perennial 

. 
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Figure 21. Significant increase- decrease curves for the Artemisia 
tridentata /Agropyron spicatum habitat type, all soils included. 
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Figure 22. Significant increase- decrease curves for the Artemisia 
tridentata /Agropyron spicatum habitat type, for Tentative Soil 
Series F. 
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grass decreases. This indicates that both of these species 

mentioned tend to increase as Agropyron spicatum decreases. 

These data, of course, relate back to the information given on 

Table 9 and Table 10, showing the quantitative mean and range 

values and the correlation coefficients, respectively. 

All remaining species were so unimportant and showed no 

change to such very slight changes over the entire array of 

Agropyron spicatum difference that they were left out of the 

graph. The decision was made on the grounds that their response 

to disturbance was entirely indeterminant and of such minor degree 

as to establish no trends which would be strong enough to use in 

predicting range condition and trend. 

A second set of curves was drawn for the Agropyron spicatum 

basal area (Figure 22) in which the variation due to soil was re- 

moved. It was found that tentative Soil Series F extended essentially 

across the Agropyron spicatum array (Figure 12). Therefore, 

certain of the species were plotted against this array of the 

dominant perennial grass, but only for those locations associated 

with a particular soil. In effect, it was an attempt to tie the 

increase -decrease relationship to what might be termed a 

"least common denominator ", the soil. Figure 22 represents 

the response on the same soil series (Series F) and is a bit more 
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suggestive of an increase trend for Artemisia tridentata and Poa 

secunda than is the case where all soils are considered together. 

Increase -decrease comparisons were made among equivalent 

sites based on the assumption that each one of the poorer condition 

ones is potentially the same as the best and that the past grazing 

and other disturbance history have been reponsible for the varying 

degrees of deterioration of the dominant perennial forage grass. 

By picking varying stages of succession at different points in space, 

where site is held constant, these may be taken to represent the 

equivalent of different points in time as succession continues. 

It is also possible, when looking at these figures, to make 

fenceline comparisons which will be mentioned later. For 

example, macroplot location 48 -1 can be compared with 48 -2 

where it is seen the basal area of Agropyron spicatum declines 

from about 8 to 5 percent across the fence line. This shows a 

significant difference across one particular fence line. 

The frequency data on the Artemisia tridentata /Agropyron 

spicatum habitat type shows some similar relationships (Figure 

23). As the frequency of Agropyron spicatum decreases 

from 80 percent to less than 7 percent, there is an increase 

of Poa secunda from 30 -40 percent to 60 -80 percent, showing a 

definite increase. There almost seems to be a threshold at about 

. 
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Figure 23. Significant increase -decrease curves for the Artemisia 
tridentata /Agropyron spicatum habitat type, all soils included. 
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Figure 24. Significant increase -decrease curves for the Artemisia 
tridentata /Agropyron spicatum habitat type, for Tentative Soil 
Series F. 
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50 -60 percent Agropyron spicatum where an appreciable increase 

of all the values takes place - -up to the 80 -90 percent level for 

Poa secunda in an abrupt rise -- from about 50 percent Poa secunda 

basal area, while Agropyron spicatum basal area is held constant 

above the 50 to 60 percent level. Likewise, there are very good 

indications that Sitanion hystrix tends to increase on sites with a 

lower frequency of Agropyron spicatum and goes up a great deal 

higher when Agropyron spicatum is down around 30 percent 

frequency. The relationship with Stipa thurberiana is not as 

definite, although it does increase. 

When looking at these same things in relation to Series F 

(Figure 24), it is seen that Poa secunda starts out at about 50 

percent and goes up above 70 percent, or at least above 60 per- 

cent and stays up, going up to around 80 percent as the Agropyron 

spicatum decreases within the limits mentioned previously. 

Also, a definite tendency is seen for Sitanion hystrix and 

Stipa thurberiana to increase as this takes place. There is a 

suggestion that when these are related to the dominant soil series, 

the one on which these macroplot locations are most commonly 

found, that the increase -decrease relationships are a bit more 

concrete and possibly a bit easier to visualize and evaluate. 

These relationships are also encountered on the 
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Artemisia arbuscula /Festuca idahoensis habitat type (Figure 25). 

When the basal area of Festuca idahoensis decreases from about 

8 percent down to zero, there is a definite increase of both Poa 

secunda and Tortula ruralis. The evidence is not as striking for 

either the Sitanion hystrix or the Antennaria dimorpha increase. 

When these same relationships are reduced to the "least 

common denominator ", Series G or the series that is most com- 

monly found associated with the Artemisia arbuscula /Festuca 

idahoensis habitat type these relationships become more apparent 

(Figure 26). In this case, as Festuca idahoensis decreases, there 

is a definite tendency for Tortula ruralis and Poa secunda to in- 

crease in amount. Also, there is some indication that Sitanion 

hystrix and Antennaria dimorpha also increase. 

When considering the frequency data on the Artemisia 

arbuscula /Festuca idahoensis habitat type (Figure 27) we find that 

as Festuca idahoensis decreases from above 80 percent to about 

10 percent frequency, Poa secunda increases from 55 to 70 percent 

and approaches 80 percent and above. Also, the threshold idea 

seems to be apparent here; as the amount of fescue frequency 

decreases from 80 to 70 percent, Poa secunda becomes prominent 

in this habitat type from that point on. There is also a hint that 

Antennaria dimorpha and Phlox longifolia remain low until 
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Figure 25. Significant increase -decrease curves for the Artemisia 
arbuscula /Festuca idahoensis habitat type, all soils included. 
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Figure 26. Significant increase- decrease curves for the Artemisia 
arbuscula /Festuca idahoensis habitat type, for Tentative Soil 
Series G. 
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Figure 27. Significant increase- decrease curves for the Artemisia 
arbuscula /Festuca idahoensis habitat type, all soils included. 
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Series G. 

.. 

I 

SO 

17 

IL. 

1 

SO 

o 

- 

-- A A 

\ 
/ 

- - 

01 _ p. 

...."' s.. 

_ 
T 7 ... -7 . 7 'r 7 7 7 

A ':i ... ' 

y.i. ¡: 
. ' 

. ..\ t ;/..' 
... . . t t''4./. .i_. . /t t 

i \ ./'. 
/ \ ' 

/ 

v : 

i V - --- 
--- 



134 

Festuca idahoensis approaches 30 percent frequency, and then 

these species begin to increase, going up to 20, 40, and even 50 

percent frequency. 

When these are related to Series G (Figure 28), the relation- 

ship with Poa secunda as the increaser becomes evident, but the 

idea that Phlox longifolia and Antennaria dimorpha tend to increase 

becomes less readily apparent. These curves tend significantly 

to support the idea that,when working on the same soil series, the 

successional status becomes easier to interpret. 

As the understanding of these kinds of data reaches a higher 

level of refinement, the ability to predict the direction and velocity 

of secondary succession will become possible and the knowledge 

useful in understanding grazing effects and other disturbances will 

become available. At present, the relationships outlined are 

useful in detecting the secondary successional status of individual 

species and in quantifying their relationship with other species 

and habitat variables. However, for maximum refinement of 

condition and trend measurement, it is going to be absolutely 

essential to stratify on the basis of the habitat type and also on the 

basis of soil series within the habitat type. The response curves 

in the preceding section aptly bear this out. 
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Constancy 

Constancy information was obtained by calculating the per- 

cent constancy with 26 macroplots and a total of 65 species on 

the Artemisia arbuscula /Festuca idahoensis habitat type and for 

32 locations and 80 species on the Artemisia tridentata /Agropyron 

spicatum habitat type (Appendix 1). Table 17 and Table 18 show 

the species for both habitat types that have a constancy of 75 per- 

cent or more, between 50 and 75 percent, between 25 and 50 

?ercent, and between 10 and 25 percent. The percent of the total 

-lumber of species with constancy less than 10 percent was also 

calculated, but these species were not listed on the tables 

(Appendix 1). Those species occurring at constancy levels below 

10 percent are just too infrequent to justify their measurement 

except possibly as a group and group considerations are difficult 

:o work with and interpret. 

Agropyron spicatum, Festuca idahoensis, Poa secunda, and 

Sitanion hystrix are found to be highly constant (above 75 percent) 

on both habitat types. The principal constancy difference between 

the two habitat types is with the dominant shrub, Artemisia 

irbuscula is dominant on the Artemisiaarbuscula /Festuca idaho- 

ansis habitat type while Artemisia tridentata is dominant on the 

Artemisia tridentata /Agropyron spicatum habitat type. 
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Table 17. Species on the Artemisia tridentata /Agropyron spicatum 
habitat type with constancy of 10% or more (32 macro - 
plot locations, 80 total species, see Appendix 1). 

7.5 percent of the species had a constancy of 75% or more 

Agropyron spicatum 
Festuca idahoensis 
Poa secunda 

6. 3 percent of the species had a 

Bromus tectorum 
Koeleria cristata 
Crepis acuminata 

8. 7 percent of the species had a 

Agoseris glauca 
Antennaria dimorpha 
Astragalus spp. 
Erigeron filifolius 

Sitanion hystrix 
Stipa thurberiana 
Artemisia tridentata 

constancy of between 50 and 75 % 

Phlox longifolia 

constancy of between 25 and 50 

Eriogonum ovalifolium 
Chrysothamnus viscidiflorus 
Leptodactylon pungens 
Phlox diffusa 

18.7 percent of the species had a constancy of between 10 and 25 

Poa cusickii 
Achillea lanulosa 
Aster spp. 
Astragalus platyphillidus 
Astragalus stenophyllus 
Chaenactis douglasii 
Erigeron linearis 

Lomatium macrocephalum 
Lomatium trifolium 
Lupinus spp. 
Collinsia parviflora 
Artemisia arbuscula 
Chrysothamnus nauseosus 
Eriogonum sphaerocephalum 
Tetradymia canes cens 

58.5 percent of the species had a constancy of less than 10 % 

% 

% 
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Table 18. Species on the Artemisia arbuscula /Festuca idahoensis 
habitat type with constancy of 10% or more (26 macro - 
plot locations, 65 total species, see Appendix 1). 

10.8 percent of the species had a constancy of 75% or more 

Agropyron spicatum Antennaria dimorpha 
Festuca idahoensis Artemisia arbuscula 
Poa secunda Phlox diffusa 
Sitanion hystrix 

9. 2 percent of the species had a constancy of between 50 and 75 % 

Koeléria cristata 
Stipa thurberiana 
Agoseris glauca 

Chrysothamnus viscidiflorus 
Eriogonum sphaerocephalum 
Erigeron linearis 

9. 2 percent of the species had a constancy of between 25 and 50 

Bromus tectorum 
Poa cusickii 
Arenaria franklinii 

30.8 percent of the species had a 

Allium acuminatum 
Allium parvum 
Arabis holboellii 
Astragalus spp. 
Astragalus purshii 
Calchortus spp. 
Crepis acuminata 
Artemisia tridentata 
Leptodactylon pungens 
Eriogonum heracliodes 

Astragalus obscurus 
Eriogonum ovalifolium 
Trifolium macrocephalum 

constancy of between 10 and 25 % 

Haplopappus spp. 
Haplopappus stenophyllus 
Lomatium spp. 
Lomatium triternatum 
Lupinus spp. 
Lupinus wyethii 
Phoenicaulis cheiranthoides 
Phlox longifolia 
Cordylanthus ramosus 
Gilia spp. 

40.0 percent of the species had a constancy of less than 10 

% 

- 

% 
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Other differences that are found in the 75 percent or higher 

category are that Antennaria dimorpha and Phlox diffusa are found 

to be highly constant on the Artemisia arbuscula /Festuca idahoensis 

habitat type; whereas they are not on the Artemisia tridentata/ 

Agropyron spicatum habitat type. On the other hand, Stipa 

thurberiana is found to be highly constant on the Artemisia 

tridentata /Agropyron spicatum sites but not on the other habitat 

type. 

When considering those species between 50 and 75 percent 

constancy, we find that Koeleria cristata is constant on both areas, 

but that there are some differences. Bromus tectorum, Crepis 

accuminata and Phlox longifolia are found to be highly constant 

on the Artemisia tridentata /Agropyron spicatum habitat type. On 

the Artemisia arbuscula /Festuca idahoensis habitat type, 

Koeleria cristata, Stipa thurberiana, Agoseris glauca, Chrysotham- 

nus viscidiflorus, Eriogonum sphaerocephalum and Erigeron 

linearis are found to be constant at levels between 50 and 75 per- 

cent. 

Other differences are apparent. A total of 80 species 

were encountered on the Artemisia tridentata /Agropyron 

spicatum habitat type, while only 65 were found on the 

Artemisia arbuscula /Festuca idahoensis habitat type. This 

' 
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may account for the fact that there were 62.5 percent of the 

species on the Artemisia tridentata /Agropyron spicatum habitat 

type with a constancy of less than 10 percent, while the correspond- 

ing figure for the other habitat type was 40 percent. 

The principal differences, then, seem to be the dominant 

shrub, plus the fact that Antennaria dimorpha and Phlox diffusa 

seem to be highly constant on all the Artemisia arbuscula /Festuca 

idahonesis-habitat types and Stipa thurberiana occupies a similar 

position on the Artemisia tridentata /Agropyron spicatum habitat 

type. These characteristics serve as a means of describing 

and distinguishing the two habitat types that are a part of this 

study. 

This summary characterization does not completely 

correspond to Eckert's (39) differentiation between these two 

habitat types. His data support the constancy position of 

Phlox diffusa on the Artemisia arbuscula /Festuca idahoensis 

habitat type, but does not completely concur with the data of 

this study in regard to Antennaria dimorpha on this same 

habitat type. Eckert's data, as does this study, showed a high 

constancy for Stipa thurberiana on the Artemisia tridentata/ 

Agropyron spicatum stands. Some of the Artemisia tridentata/ 

Agropyron spicatum stands sampled in this study would, in all 
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probability, fit into Eckert's Stipa phase of the Artemisia 

tridentata /Agropyron spicatum habitat type. The fact that this 

differentiation was essentially not considered offers another 

reason for the high constancy of Stipa thurberiana on the 

Artemisia tridentata /Agropyron spicatum habitat type. 

Constancy data are valuable in that they can help range 

scientists decide which species to evaluate and which to merely 

indicate as present or absent. In addition to this, constancy 

data are helpful, as is shown above, in defining different 

environmental situations. 

Fence Line Comparisons 

Fence lines, running through various segments of the two 

habitat types studied, offer an efficient means of making compari- 

sons on identical sites. These areas are shown to be very homo- 

geneous, and the observable and measurable differences on the 

two sides of the fence can be attributed to differential use. During 

the course of this study, 13 fence line comparisons were made in 

the Artemisia tridentata /Agropyron spicatum habitat type and 5 

such comparisons were possible in the Artemisia arbuscula/ 

Festuca idahoensis habitat type. Comparisons were made using 

basal area data, including crown cover data of the shrub species, 
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and frequency data. 

In most instances, it was possible, by visual examination of 

a site, to pick out the "best- condition" side of the fence. The 

criterion used to distinguish between the best and poorest sides 

was the amount of the dominant perennial grass. Before making 

these comparisons, one side was judged "best ", while the other 

side was then judged "poorest ". The fence line comparisons could 

be used to- substantiate or refute data from isolated locations by 

crosschecking the plants that tend to increase under heavy use in 

each instance. 

Tables 19 and 20 show the increase:decrease:no change 

( +: -:0) difference ratios for fence line comparisons at 13 locations 

on the Artemisia tridentata /Agropyron spicatum habitat type 

and 5 locations on the Artemisia arbuscula /Festuca idahoensis 

habitat type. In this three -way ratio, the plus part of the ratio 

indicates the number of fence line comparisons on which a 

greater amount of the item compared was found on the side of 

the fence judged "best ". The minus designation conveys the 

number of fence line pairs in which the greater amount of the 

item compared was found on the "poor" side of the fence. The 

zero or no difference designation indicates either no difference a- 

cross the fence line or thatthe species does not occur on one or 
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Table 19. Increase:decrease:no change difference ratios 1/ 
for fence line differences at 13 locations in the 
Artemisia tridentata /Agropyron spicatum habitat 
type. 

Species Basal Area Estimates Frequency 
+: -:0 +: -:0 

Agropyron spicatum 13:0:0 12:0:1 
Bromus tectorum 3:1:9 1:0:12 
Festuca idahoensis 5:6:2 6:4:3 
Koeleria cristata 3:5:5 4:3:6 
Poa cusickii 3:0:10 
Poa secunda 5:7:1 4:9:0 
Sitanion hystrix 5:1:7 5:5:3 
Stipa thurberiana 7:3:3 5:5:3 

Antennaria dimorpha 2:1:10 5:3:5 
Astragalus obscurus 1:0:12 
Astragalus platyphyllidus 1:1:11 
Astragalus stenophyllus 1:0:12 1:1:11 
Cordylanthus ramosus 0:0:13 0:1:12 
Arabis holboellii 0:0:13 0:1:12 
Erigeron linearis 1:2:10 3:1:9 
Eriogonum ovalifolium 3:2:8 3:3:7 
Phlox diffusa 5:4:4 4:5:4 
Phlox longifolia 2:5:6 3:2:8 
Erigeron filifolius 1:0:12 1:2:10 
Haplopappus stenophyllus 0:0:13 0:2:11 
Townsendia florifer 1:0:12 2:1:10 
Annuals 6:3:4 
Artemisia arbuscula 3:0:10 
Artemisia tridentata 5:7:1 
Chrysothamnus nauseosus 3:1:9 
Chrysothamnus viscidiflorus 4:4:5 
Eriogonum sphaerocephalum 0:3:10 
Leptodactylon pungens 1:3:9 
Tortula ruralis 7:4:2 
Cryptogams 7:3:3 
Stones 9:4:0 
Gravel 3:10:0 
Litter 6:7:0 
Bare ground 6:7:0 
1/ See footnote 1/, Table 20, page 143. 

- - 
- 
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-- 
-- 

-- 
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Table 20. Increase:decrease:no change difference 
for fence line differences at five locations 
Artemisia arbuscula /Festuca idahoensis 

ratios 1/ 
in the 

habitat type. 

Species Basal Area Estimates Frequency 
+: -:0 +: - :0 

Agropyron spicatum 4:1:0 5:0:0 
Festuca idahoensis 5:0:0 4 :1 :0 

Koeleria cristata 1:3:1 2 :1:2 
Poa cusickii 0:2 :3 

Poa secunda 1:3:1 1:3:1 
Sitanion hystrix 3:1:1 0:4:1 
Stipa thurberiana 1:1:3 2:1:2 

Antennaria dimorpha 0:1:4 0:3:2 
Agoseris glauca 1:1:3 
Antennaria corymbosa 1:0:4 
Astragalus obscurus 1:0:4 2:1:2 
Erigeron linearis 1:1:3 0:3:2 
Eriogonum ovalifolium 0:2:3 0:3:2 
Happlopappus stenophyllus 0:1:4 1:2:2 
Phlox diffusa 4:1:0 2:3:0 
Phlox longifolia 2:0:3 2:1:2 
Trifolium macrocephalum 2 :1:2 
Annuals 2:3:0 

Artemisia arbuscula 1:4:0 2:3:0 
Chrysothamnus viscidiflorus 1:2:2 1:1:3 
Eriogonum sphaerocephalum 1:2 :2 1:2:2 
Leptodactylon pungens 1:0 :4 0:1:4 
Tortula ruralis 4:1:0 3:2:0 
Cryptogams 3:2:0 
Stones 4:1:0 
Gravel 1:4:0 
Litter 2 :3:0 
Bare ground 0 :5:0 - - 

1/ The plus designation of the ratio indicates the number of fence 
line comparisons on which more of a particular species was 
found on the side of the fence judged "best ". The minus 
designation conveys the opposite meaning and the "0" designa- 
tion indicates either no differences or that the species did not 
occur on one or more of the fence line locations. 

-- 
-- 

-- 

- - 

-- 

-- 
-- 
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more of the fence line locations. 

In Table 19 for the Artemisia tridentata /Agropyron spicatum 

habitat type and basal cover data, it is seen that the dominant 

perennial grass, Agropyron spicatum, is highest on all 13 of the 

plus sides. Festuca idahoensis was less on 6 of the fence lines, 

higher on 5 of the 13, and did not change on 2. Koeleria cristata 

and Stipa thurberiana showed a trend similar to that of Festuca 

idahoensis. Poa secunda is higher on the minus side of 7 of these 

13 locations. Also, Artemisia tridentata was higher on 

7 sides. Tortula ruralis and cryptogams showed higher values 

on 7 plus sides of the fence. Stones cover more ground on the plus 

side of the fence in 9 locations. There was more gravel on the 

minus side of the fence on 10 of the 13 locations. Annuals seem 

to be higher on the site judged "best ". Other species and surface 

soil characteristics showed no definite trend. 

The frequency data showed similar results. However, for 

Sitanion hystrix, the frequency data show more stands with 

greater amount on the minus side of the fence than the basal area 

data. 

For the Artemisia arbuscula /Festuca idahoensis habitat type 

fence line comparisons, the basal area data indicate that, on the 

sides of the fence with more of the dominant perennial grass, 
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Festuca idahoensis, there are more Sitanion hystrix, Phlox diffusa, 

Tortula ruralis, and stones. On the minus sides of the fence, there 

seems to be more Poa secunda, annuals, gravel, and bare ground. 

These are the only trends that appear to be evident. 

The frequency data for the Artemisia arbuscula /Festuca 

idahoensis comparisons show data approximating that of the 

basal area data. 

It is, of course, difficult to interpret these data when looking 

at a composite of several fence line locations because the fence 

line locations are variable and each differs from the other. Of 

most importance is the difference in intensity of use at one fence 

line location in relation to another. This, then, makes it more 

important to consider one fence line comparison at a time, although 

it is possible that trends shown in Tables 19 and 20 may be 

indicative of plants that, on an average for several locations, tend 

to increase as deterioration takes place. 

Figures 29 and 30 show a fence line comparison in an 

Artemisia tridentata /Agropyron spicatum habitat type. Figure 

29 shows the side judged "best ", while Figure 30 shows the side 

of the fence judged "poorest ". As you look at the photograph in 

Figure 30, it can be seen that the dominant perennial grass, 

Agropyron spicatum, is low in amount as compared to Figure 29. 
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Figure 29. Fence line comparison on an Artemisia tridentata/Agro- 
pyron spicatum habitat type showing the side judged best 
(location, OZ-14-33-2). 

. 

Figure 30. Fence line comparison on an Artemisia tridentata/Agro- 
pyron spicatum habitat type showing the side judged 
poorest (location, 02-14-33-1). 
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kn indication of more Artemisia tridentata is suggested, as well 

is more pedestaling of the grasses. The photograph in Figure 

?9 was taken just across the fence that is seen in Figure 30. 

The area in Figure 30 has been grazed for the last 25 years, 

giver since the initial fence was built around the Squaw Butte 

Experimental Range. The ungrazed area in Figure 29 has probably 

iot been grazed since the fence was built because 100 to 200 yards 

)eyond the fence a lava cliff makes this area inaccessible to live- 

stock. The area was probably grazed by sheep sometime around 

he late 1930's or the early 1940's and has not received any use 

since then. 

Figure 31 shows a comparison of the amount of several 

species and surface soil characteristics at the fence line shown in 

Figures 29 and 30. Both kinds of data; basal area and frequency 

ire represented. The fence line location and the plus and minus 

sides of the fence are shown diagramatically. 

When comparing the plus side with the minus side of the 

"ence, it should first be noted that both kinds of data show that the 

iominant perennial grass, Agropyron spicatum, has decreased on 

:he minus side. With less Agropyron spicatum, the basal area 

lata shows that there are less Sitanion hystrix, a great deal less 

cryptogams and stones, more annuals, Poa secunda, Tortula ; 
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ruralis, bare ground, big sagebrush, and a significantly greater 

amount of litter. 

Where frequency data are used to index vegetation change, 

it is shown, on the side with less Agropyron spicatum, that there 

is less Festuca idahoensis, less Sitanion hystrix, less Tortula 

ruralis and more Poa secunda and Artemisia tridentata. It is 

difficult to explain why Sitanion hystrix decreases with use in this 

site. Sitanion hystrix might increase up to a point and then begin 

to decrease, at this fenceline location. Poa secunda, on the other 

hand, seems to increase in both cases, as does big sagebrush. It 

is, of course, problematical whether or not this limited amount 

of information from one fence line comparison can be interpreted 

to mean that Poa secunda and Artemisia tridentata are increasers 

and that Sitanion hystrix is not. However, this information does 

help to explain these differences. All of the frequency comparisons 

are significant. The basal area differences were not analyzed for 

significance. 

Figure 32 shows an additional comparison on the Artemisia 

tridentata /Agropyron spicatum habitat type. The basal area data 

shows that at the location with less of the dominant perennial 

grass, there is less Artemisia tridentata, litter, Tortula ruralis, 

Lomatium sp., Agoseris glauca, and more Lomatium triternatum, 

. 
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annuals, Phlox longifolia, Poa secunda, and stones. The frequency 

shows that where less Agropyron spicatum occurs, there is less 

Tortula ruralis, Phlox longifolia, Artemisia tridentata, Eriogonum 

sphaerocephalum, and Festuca idahoensis. There also is more 

Haplopappus stenophyllus and Poa secunda. This fenceline 

comparison seems to point to Poa secunda as being one that 

increases on sites that have been used enough to cause a decline 

in the dominant perennial grass. There is some evidence here that 

Tortula ruralis tends to decrease as the range condition becomes 

poorer. Other evidence(from the inference study) tends to indicate 

the opposite of this, thus increasing the difficulty of explaining the 

status of Tortula ruralis on these areas. Also difficult to explain 

is the increase of Phlox longifolia with the basal area data and its 

decrease as shown by the frequency data. 

On the fence line comparison in Figure 31, it is seen that 

Artemisia tridentata crown spread cover increases on the poorer 

sites; however, this fence line comparison shows just the opposite, 

less Artemisia tridentata. This might be accounted for by the 

natural variability inherent in amounts of Artemisia tridentata. 

The correlation studies tend to show no correlation of Artemisia 

tridentata with other species or species groupings. The informa- 

tion to date seems to indicate that the amount of Artemisia 
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tridentata or Artemisia arbuscula, as the case may be, aside from 

its inherent variability within each habitat type, does not change 

consistently as deterioration takes place. A composite of fence 

line comparisons shows that Artemisia tridentata is higher on the 

plus side of the fence in 5 locations, lower in 7, and no difference 

in 1 (Table 19). For Artemisia arbuscula the ratio reads 

1:4:0 (Table 20), which tends to indicate an increase of this species 

on the poor condition stands. However, the correlation data does 

not show this. 

Figure 33 shows a fence line comparison on an Artemisia 

arbuscula /Festuca idahoensis habitat type. The basal area data 

shows that on the side with less Festuca idahoensis, there is also 

less litter, Artemisia arbuscula, Tortula ruralis, stones, Phlox 

diffusa, Agropyron spicatum, and cryptogams. On the side with 

less of the dominant perennial grass, there is more bare ground 

and gravel. 

The frequency data shows that on the side of the fence with 

less dominant perennial grass, there is less Tortula ruralis, 

Artemisia tridentata, Astragalus obscurus, Agropyron spicatum, 

and Koeleria cristata. Those that show larger amounts on the 

heavily grazed side with less dominant perennial grass are 

Chrysothamnus viscidiflorus, Antennaria dimorpha, Sitanion 
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hystrix, Erigeron linearis, Phlox longifolia, and Poa secunda. 

These data seem to indicate that Chrysothamnus viscidiflorus 

increases, whereas Artemisia tridentata does not on the side that 

has been used most. Sitanion hystrix, according to the frequency 

data, tends to react like Festuca idahoensis on these stands. 

Antennaria dimorpha appears to be an increaser. 

In summary, the data from these fence line comparisons seem 

to show, adequately, that Poa secunda is an increaser on both 

habitat types. However, the evidence for some other species is 

not as strong. For example, on some locations with one method, 

but sometimes not with another location or method, Sitanion hystrix 

may be an increaser. The evidence is especially strong that 

Sitanion hystrix is an increaser on the Artemisia arbuscula/ 

Festuca idahoensis habitat type. Antennaria dimorpha, Chryso- 

thamnus viscidiflorus, Erigeron linearis and Haplopappus steno- 

phyllus also increase on the Artemisia arbuscula /Festuca idahoen- 

sis habitat type while Agropyron spicatum, Festuca idahoensis, and 

Phlox diffusa are decreasers. Additional responsive species on the 

Artemisia tridentata /Agropyron spicatum habitat type are the 

increasers Phlox longifolia and Haplopappus stenophyllus and the 

decreasers Agropyron spicatum, Stipa thurberiana and Festuca 

idahoensis. 
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Exclosure Study 

Exclosure studies allow comparisons to be made between 

protected and grazed sites. Individual species can be evaluated 

as to their response to grazing and non -use over a period of 

time which is, in this study, 23 years. Figures 34 and 35 show 

photographs of the vegetation inside and outside of the Squaw Butte 

Exclosure in Range 6. Note that in the grazed area (Figure 35), 

heavy use is indicated. The plants inside the exclosure have 

attained a "wolf" aspect with a great deal of dead culms giving 

the individual plants the false appearance of vigor and size in 

the absence of grazing. On the photograph depicting the outside 

of the exclosure, there seems to be more of other perennial and 

annual species filling in the bare spots between the dominant 

perennial grass plants. 

Tables 21, 22, 23, and 24 show the density and frequency 

summaries for species in nine Artemisia tridentata /Agropyron 

spicatum exclosures and two Artemisia arbuscula /Festuca 

idahoensis exclosures. Each table shows differences between 

grazed and ungrazed plots for 1937 and 1960, and the difference 

between the two years. Increase:decrease ratios are presented to 

signify the number of exclosures on which either an increase or 

decrease was found over the 23 -year period. When the two 

. 
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Figure 34. Inside of Range 6 Exclosure, Squaw Butte Experiment 
Station. 

Figure 35. Outside of Range 6 Exclosure, Squaw Butte Experiment 
Station. 
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numbers on each side of the ratio total less than the number of 

exclosures examined, the difference represents the number of 

exclosures on which no change took place during this time period. 

Table 21 presents the density values for 20 species, showing 

the 23 -year comparison. The first ten species were analyzed with 

a factorial analysis. The important comparison to be made is the 

differential between the two difference values, i. e., for the 

ungrazed and the grazed side of the fence. Also, when making 

these evaluations, the difference on the two sides of the fence in 

1937 must be taken into account. This difference, if any, must 

be attributed to the variation inherent on these sites. In some 

cases, the sites were very homogeneous and there was little or 

no difference between the plots outside and inside the exclosures 

when they were established. In other cases, the location was not 

as fortunate. 

In this table, it can be seen that Agropyron spicatum 

increased on the ungrazed area and decreased on the grazed 

area. This signifies that this species acts as a decreaser. 

Sitanion hystrix increased on both sides of the fence, but more 

prominently on the grazed side. The same was true for Poa 

secunda. Koeleria cristata increased greatly on the ungrazed 

side, but only slightly on the grazed side. This was the only 



Table 21. Density(avg. no. /100 sq. ft.) for twenty species showing grazed and ungrazed values for 
1937 and 1960, their differences and the increase:decrease ratios for these differences 
based on Squaw Butte exclosures (Artr /Agsp Habitat Type). Significant differences and 
interactions from a factorial analysis are listed. 

Ungrazed Grazed 
1937 1960 Diff. +:- ratio 1937 1960 Diff. . +:- ratio 

Agropyron spicatum 15. 19 18.0 1.81 4:2 ' 16.89 14.25 -2.64 2:6 L** 
Sitanion hystrix 5.78 18. 18.97 13. 19 9:0 5.75 32.26 26.61 9:0 
Poa secunda 47. 17 57.97 10.80 5:4 44. 30 94.03 49.73 5:3 L* 
Koeleria cristata 0.95 5.58 4.63 4:4 0. 16 0.95 0.79 .4:2 G* 
Festuca idahoensis 6.04 8.34 2.30 4:5 1.56 2.92 1.36 4:3 
Stipa thurberiana 0.42 9. 95 9. 53 9:0 1.00 4.03 3. 03 9:0 Y ** 
Artemisia tridentate 10.92 5.91 -5.01 0:9 9. 83 7.92 -1.91 3:6 
Astragalus spp. 1. 11 4.50 3.39 8:1 1.06 6.03 4. 97 7:0 y** 
Phlox diffusa 3.33 12.83 9.50 5:3 3. 55 31.62 28.07 9:0 
Lomatium spp. 2.06 1.08 -0.98 2:6 2. 19 2.00 -0. 19 4:4 
Stipa comata 0.68 0.14 -0.54 2:2 1.14 0.28 -0.86 0:6 
Chrysothamnus spp. 0.61 1.28 0.67 2:4 0.47 1.67 1.20 4:2 
Erigeron filifolius 0.08 1.53 1.45 2:0 0.03 0.17 0.14 3:1 
Phlox hoodii 0. 19 9.58 9.39 6:0 0. 03 5.61 5.58 5:0 
Eriogonum ovalifolium 0. 06 0.86 0.80 4:0 2. 25 0.89 -1.36 2:2 
Agoseris glauca 8.83 7.44 -1.39 3:2 2. 10 1. 1 1 -0. 99 4:2 
Eriogonum compositum 1. 14 0.92 -0. 22 2:4 1.53 1.33 -0.20 3:2 
Delphinium menziesii 5.47 1. 17 -4. 30 3:4 3.31 1.58 -1.7 3 2:3 
Antennaria spp. 0.83 0,11 -0.72 1:4 4. 90 23. 17 18. 27 4:3 
Crepis spp. 0.11 2.19 2.08 6:1 0.06 0.20 0.14 3:1 
1/ The data for the first ten species were analyzed to determine significant location(L),, grazing 

treatment(G), and year(Y) differences as well as the following interactions: location x grazing 
treatment(LxG), location x year(LxY), grazing treatment x year(GxY). 

* Significant at 5% level. ** Significant at 1% level. 
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case where the grazing treatment was significant and it was 

significant on all nine of these exclosure locations (Table 21). 

Phlox diffusa showed a very high increase on the grazed areas 

compared to the ungrazed areas. Eriogonum ovalifolium in- 

creased on the ungrazed area and decreased on the grazed area. 

Antennaria dimorpha decreased on the ungrazed area and in- 

creased a great deal on the grazed area. This is highly indica- 

tive of the fact that Antennaria dimorpha acts as an increaser on 

the Artemisia tridentata /Agropyron spicatum habitat type. Signifi- 

cant year and location differences on several of these sites un- 

doubtedly contributed to the lack of significant grazing treat- 

ment differences. 

Table 22 shows similar information for the same 20 

species, using frequency percentage as the data. Agropyron 

spicatum increased considerably on the ungrazed area, but 

barely increased on the grazed area. Location effect was highly 

significant here - -thus confounding the difference. Koeleria 

cristata showed a strong increase inside the exclosure and a 

slight increase outside the exclosure. Festuca idahoensis 

showed a greater increase inside the exclosure. Stipa thurberiana 

showed a great increase inside the exclosure and a slight decrease 

outside. There was a high year interaction in the latter case. 



Table 22. Percent frequency for twenty species showing grazed and ungrazed values for 1937 

and 1960, their differences and the increase:decrease ratios for these differences 

based on values from nine Squaw Butte exclosures /Agsp Habitat Type). 

Significant differences and interactions from a factorial analysis are listed. 
Ungrazed Grazed 

1937 1960 : Diff. +:- ratio' 1937 1960 Diff, +:- ratio 

Agropyron spicatum 28.67 37.38 8.71 5:3 29.34 30.02 0.68 3:5 L ** 

Sitanion hystrix 18.22 46.44 28. 22 8:1 16. 11 46. 34 30. 23 9:0 Y ** 

Poa secunda 43. 34 58. 56 15.22 6:3 49. 23 64. 00 14.77 5:3Lì 1 Q,c LxY* 

Koeleria cristata 2.78 11.11 8.33 4:4 0.66 1. 10 0.44 4:2 

Festuca idahoensis 12. 10 18.56 6.46 4:5 4.56 7.56 3.00 4:3 

Stipa thurberiana 1.11 19.45 18.44 9:0 3. 10 2.46 -0.64 8:0 Y ** 

Artemisia tridentata 29.78 20.56 -9. 22 0:9 32.0 23. 53 -8.47 4 :5 

Astragalus spp. 3. 90 1.30 -2.60 7:1 3.78 14. 45 10.67 9 :0 

Phlox diffusa 6.22 15.44 9. 22 5:3 7. 11 3.40 -3.71 9:0 GxY* 

Lomatium spp. 6.44 3.44 -3.00 2:6 4.61 7.00 2.39 6:2 LxY* 

Stipa comata 1.33 0.57 -0.76 2:2 3.78 0.89 -2.89 0:6 

Chrysothamnus spp. 2.33 3.36 1.03 2:4 1.45 7.89 6.44 5:1 

Erigeron filifolius 0.33 3.44 3.11 2:0 0. 11 0.44 0.33 3:1 

Phlox hoodii 0.56 17.23 16.77 6 :0 0.11 9. 44 9.33 5:0 

Eriogonum ovalifolium 0. 22 0. 00 -0.22 5:0 0.56 3.77 3. 21 4:0 

Agoseris glauca 8.56 11.10 2.54 3:2 2.33 4.44 2.11 4:2 

Eriogonum compositum 3.66 2.45 -1.21 2:4 5.66 4. 89 -0.77 2:3 

Delphinium menziesii 10. 33 2.78 -7.55 3:3 9.66 5. 90 -3.76 2:3 

Antennaria spp. 2.78 0.45 -2.33 1:4 6.67 8.78 2. 11 3:3 

Crepis spp. 2.22 6.11 3.89 7:1 2.22 1.33 -0.89 4:0 

1/ The data for the first ten species were analyzed to determine significant location (L), grazing 

treatment (G), and year (Y) differences as well as the following interaction: location x grazing 

treatment (LxG), location x year (LxY) and grazing treatment x year (GxY). 

* Significant at 5% level. * *Significant at 1% level, 

- 
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Artemisia tridentata decreased on both sides. The various 

species of Astragalus decreased under protection, but increased 

a great deal where grazing took place. Phlox diffusa increased 

under protection, but decreased on the grazed area. Phlox 

diffusa tends to act similarly to Agropyron spicatum, the domi- 

nant perennial grass, and probably, according to these data, can 

be called a decreaser. Lomatium sp. decreased under protection, 

but increased on the grazed area. Stipa comata decreased on both 

areas. Chrysothamnus increased on both areas, but increased 

a great deal more outside the exclosure. Phlox hoodii increased 

a great deal more inside the exclosure, although it increased at 

both locations. Eriogonum ovalifolium tended to increase out- 

side the exclosure and decreases inside. Antennaria dimorpha 

decreased under protection and increased on the grazed area. 

Crepis increased under protection, but decreased under grazing 

and, in this respect, responded somewhat like Phlox diffusa. 

Figures 36 -39 show diagramatically the increase -decrease 

differences for four species on the Artemisia tridentata /Agro- 

pyron spicatum habitat type. Figure 36 shows these relationships 

for Agropyron spicatum. The ungrazed lines definitely go up- 

ward, while the grazed lines stay essentially the same for the 

frequency data, but decrease in the case of the density data. It 
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Figure 36. A 23 -year comparison of Agropyron spicatum frequency 
and density on grazed and protected sites (Artr /Agsp habitat type). 
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must be noted here that there was a wider initial difference with 

the density data than with the frequency data. This illustration 

offers good evidence supporting Agropyron spicatum as a 

decreaser in this habitat type. 

In Figure 37, Koeleria cristata shows considerable increase 

with both density and frequency data on the ungrazed side and 

either no change or a decrease on the grazed side of the fence. 

This substantiates the fact that Koeleria cristata acts as a de- 

creaser because, under protection, it increased from about 1 to 

5 plants/100 sq. ft. , while staying essentially the same when 

grazed. 

Figure 38 shows that Stipa thurberiana also acts as an 

increaser. The number of plants increased from almost none to 

about 10 plants/ 100 sq. ft. as the area was protected. On the 

unprotected side, the increase was much less (about 1 to 3 

plants /100 sq. ft. ). 

Figure 39 shows these relationships for Antennaria 

dimorpha. It can be seen that, ins terms of numbers of plants, 

there is an increase on the grazed part of the stand and little 

or no change on the ungrazed part. The same thing holds true 

for the frequency data but the wide initial difference between 

outside and inside the exclosure tends to mask the significance 
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Figure 38. A 23 -year comparison of Stipa thurberiana frequency and 
density on grazed and protected sites (Artr /Agsp habitat type). 

Figure 39. A 23 -year comparison of Antennaria dimorpha frequency 
and density on and protected sites(Artr /Agsphabitat type). 
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of this relationship. However, the evidence is strong that 

Antennaria dimorpha is a plant that increases with use in 

Artemisia arbuscula /Festuca idahoensis stands. 
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In summary, the data for the Artemisia tridentata /Agropyron 

spicatum habitat type tends to indicate that Agropyron spicatum, 

Koeleria cristata, Festuca idahoensis, Stipa thurberiana, Phlox 

diffusa and Crepis spp. tend to be decreasers, although the 

evidence for some species is stronger than for others. In addition, 

Sitanion hystrix, Poa secunda, Astragalus spp. and Eriogonum 

ovalifolium are increasers in this habitat type. 

Table 23 and Table 24 show the density and percent frequency 

for 20 species compared between 1937 and 1960 on the Artemisia 

arbuscula /Festuca idahoensis habitat type. Agropyron spicatum 

numbers increase on the ungrazed area (Table 23), while on the 

unprotected area there is a great decrease. Sitanion hystrix shows 

a significant increase on the ungrazed area and a slight increase 

on the grazed area. This is in opposition to what might be 

expected when thinking of Sitanion hystrix as an increaser. It 

is difficult to explain why it would increase so greatly on the 

ungrazed area compared to the grazed side of the fence. How- 

ever, this may be due to site differences. Poa secunda shows a 

slight increase on the ungrazed area and a great decrease on the 



Table 23. Density (avg. no. /100 sq. ft.) for twenty species showing grazed and ungrazed values for 1937 
and 1960, their differences and the increase: decrease ratios for these differences based on . 
values from two Squaw Butte exclosures (Arar /Feld Habitat Type). 

Ungrazed Grazed 
1937 1960 Diff. +:- ratio 1937 1960 Diff.: +:- ratio 

Agropyron spicatum 21.63 23.63 2.00 1:1 36.80 19.80 -17.00 0:2 
Sitanion hystrix 2.88 23.63 20.75 2:0 0.63 2.25 1.62 2 :0 
Poa secunda 118.88 125.63 6.75 1:1 131.25 99.12 -32.13 1:1 
Koeleria cristata 9.75 34.62 24.87 2:0 6.75 24.75 18,00 2 :0 
Festuca idahoensis 26. 13 66.50 40. 37 2:0 23.00 33. 13 10. 13 1:1 
Stipa thurberiana 0.00 63. 50 63. 50 2:0 0. 50 15.75 15. 55 2:0 
Artemisia tridentata 32.13 33.50 1.37 1:1 21.38 8.75 -12.63 1:1 
Astragalus spp. 0,25 1.75 1.50 2:0 0. 36 0.81 0. 18 2 :0 
Phlox diffusa 3. 13 0. 13 -3.00 0:1 0. 00 0. 13 0. 13 1:0 
Lomatium spp. 0.00 1.25 1.25 0:1 0.00 0.75 0.75 0:1 
Stipa comata 5.38 0.00 -5.38 0:1 5.75 0.00 -5.75 0:1 
Chrysothamnus spp. 0.15 0.33 0.18 1:1 0.08 0.11 0.03 1:1 
Erigeron filifolius 4.13 15.88 11.75 1:0 2.75 9.13 6.38 2:0 
Phlox hoodii 0.00 14.00 14.00 2:0 0.00 3.88 3.88 1:0 
Eriogonum ovalifolium 0.00 0. 25 0. 25 2:0 0. 00 0. 25 0.25 2:0 
Agoseris glauca 0.00 1.75 1.75 2:0 0.38 0.00 -0.38 0:1 
Eriogonum compositum 0.25 0.75 0.50 1:0 0.50 2.63 2.58 1:1 
Delphinium menziesii 0.00 0.00 0.00 0:0 0. 13 0.00 -0. 13 0:1 
Antennaria spp. 6.00 3.63 -2.37 1:1 0.85 5.00 4.15 2:0 
Crepis spp. 0.00 2.73 2.73 2:0 0.00 1.06 1.06 2:0 

. 

O` 
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grazed area. This again is in opposition to what would be 

expected. 

Other species show no definite trends, although Artemisia 

tridentata decreased on the grazed area. This can probably be 

attributed to trampling damage, although data from the inference 

study indicated that this is unlikely. Phlox diffusa shows a 

decrease on the ungrazed side of the fence and little change on 

the grazed side of the fence. Antennaria dimorpha decreases on 

the protected side of the fence and increases on the unprotected 

side. 

Table 24 shows similar results, but on a percent frequency 

basis. Agropyron spicatum shows the same general trend, as well 

as does Sitanion hystrix. Poa secunda shows a decrease in 

frequency percent on both of these areas, with a greater decrease 

on the ungrazed area. Phlox diffusa shows a big decrease on the 

protected areas and no change on the unprotected area. Agoseris 

glauca shows an increase on the protected areas and a decrease 

on the grazed area. Crepis shows a great increase on the 

protected area, and a slight increase on the grazed area. Other 

comparisons do not appear to be significant and the data for the 

two exclosures in the Artemisia arbuscula /Festuca idahoensis 

stands were not evaluated statistically. 



Table 24. Percent frequency for twenty species showing grazed and ungrazed values for 1937 
and 1960, their differences and the increase:decrease ratios for these differences based 
on values from two Squaw Butte exclosures (Arar /Feid Habitat Type). 

Ungrazed Grazed 
1937 1960 Diff. +:- ratio 1937 1960 diff. +:- ratio 

Agropyron spicatum 36.0 44.0 4.00 2:0 60.5 41.5 -18.80 0:2 
Sitanion hystrix 10.5 44.0 33.5 2:0 2. 5 7.5 5.0 2:0 
Poa secunda 91.0 80.0 -11.0 0:2 87.5 80.5 - 7.00 0:2 
Koeleria cristata 24.5 52.0 27.5 2:0 17.5 46.0 28.5 2:0 
Festuca idahoensis 33.0 58.5 25.5 2:0 53.5 59.0 5. 5 1:1 

Stipa thurberiana 0.0 50.5 50.5 2:0 1.5 36.0 34.5 2:0 

Artemisia tridentata 56.5 19.5 -37.0 1:1 45.0 16.5 -28.5 1:1 

Astragalus spp. 1.0 6.0 5.0 2:0 3.0 5.5 2.5 2:0 

Phlox diffusa 9.0 0.5 -8.5 0:1 0.0 0.5 0.5 1:0 

Lomatium spp. 0.0 4.5 4.5 1:0 0.0 4.0 4.0 2:0 

Stipa comata 11.0 0.0 -11.0 0:1 15.5 0.0 -15.5 0:1 

Chrysothamnus spp. 1.0 1.5 0.5 1:1 1.0 2.0 1.0 1:0 

Erigeron filifolius 10.0 23.0 13.0 1:0 9.0 23.0 14.0 2:0 

Phlox hoodii 0.0 5.45 5.45 2 :0 0.0 10.5 10.5 1:0 

Eriogonum ovalifolium 0.0 1.0 1.0 2:0 0.0 4.0 3.0 2 :0 

Agoseris glauca 0.0 6.0 6.0 2 :0 1.5 0.0 -1.5 0:2 
Eriogonum compositum 1.0 3.0 2.0 1 :0 1.0 8.5 7.5 1:1 

Delphinium menziesii 0.0 5.0 5.0 1:0 0.5 0.0 -0.5 0:1 

Antennaria spp. 16,0 11.5 -4.5 1:1 25.5 13.5 -12.0 1:1 

Crepis spp. 0.0 37.5 37.5 2:0 0.0 9.0 9.0 1:0 

. 
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Figures 40 and 41 show diagramatic illustrations of the 

increase- decrease values for Festuca idahoensis and Sitanion 

hystrix, on the Artemisia arbuscula/Festuca idahoensis habitat 

type. In Figure 40, it can be seen that Festuca idahoensis shows 

an increase for both kinds of data over the 23 -year period, 

although the increase on the protected side seems to be greater. 

The same is true for Sitanion hystrix and is again difficult to 

interpret. 

Increase -decrease relationships on this habitat type, based 

on the two exclosure locations investigated, show something 

less then high significance. There is evidence, however, that 

Festuca idahoensis, Koeleria cristata, and Agropyron spicatum 

decrease with use and that Poa secunda, Sitanion hystrix, 

Antennaria dimorpha, Eriogonum compositum, Phlox hoodii, 

and Erigeron filifolius are increasers. 

The several surface soil characteristics were accumulated 

at each of the Squaw Butte exclosures, both outside and inside. 

The apparatus used to obtain resistance readings provided 

significant results. Ten determinations were made outside and 

inside of each exclosure and the means of these are presented in 

Table 25. On all the _1 exclosures studied, except 2, there 

was a high significant difference (. 01 percent) between the air 
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Figure 40. A 23 -year comparison of Festuca idahoensis frequency and 
density on grazed and protected sites(Arar /Feid habitat type). 
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Figure 41. A 23 -year comparison of Sitanion hystrix frequency and 
density on grazed and protected sites (Arar /Feid habitat type). 
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Table 25. The mean resistance of surface soil to 15 lbs. air 
pressure inside and outside of eleven 23 -year old 
Squaw Butte exclosures 

Range Inside Outside t 

1 9.33 1/ 10.19 9.25* 
2 11.43 12.75 6.46** 
3 8.22 8.70 0.98 
6 8.08 10.91 19.57** 
7 10.36 12.63 4.01** 
8 9.25 11.10 4.60** 
9 9.99 10.69 14.26** 

10 11.79 13.61 5.55** 
11 - 13.49 14.07 10.68** 
12 9.89 12.76 35.09** 
13 13.09 13.70 24.40** 

1/ Each value is the mean of 10 sets, each of 5 resistance 
determinations. 

Significant at . 05% level. 
Significant at . 01% level. 

permeability readings outside and inside each exclosure. The 

resistance in every case was greater on the unprotected areas 

outside the exclosure. For the two cases that were not highly 

significant, one of them was significant at the 0.05 percent level, 

and the other (Range 3) appeared to differ in the same direction 

but not significantly. The probable explanation for the lack of 

significance on Range 3 is that this area is on a soil with a very 

sandy surface texture. Trampling use does not tend to compact 

** 
* 
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this surface soil as it does the others. The reason for the highly 

significant differences on the other exclosures is that livestock 

use has compacted the surface soil, producing less pore space in 

the surface horizon. 

Table 26 shows a summary of the percent organic matter 

and total nitrogen percent for surface soils inside and outside 

the Squaw Butte exclosures. You will note that there is no 

difference in the amount of total nitrogen on the 11 exclosures 

but that there are significant differences for the organic matter. 

More organic matter was found on the unprotected, grazed 

areas. The reason for this tends to escape explanation. How- 

ever, one explanation may lie in the fact that grazing tends to 

trample materials into the surface soil allowing decay to begin 

sooner. Whereas, on the protected area there is little or no 

disturbance of plant remains on the surface of the soil and little 

chance, except possibly through frost action, for this material 

to be incorporated into the surface soil, decay, and form organic 

matter. 
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Table 26. Summary of percent organic matter and total nitrogen 
percent for the surface soils in and outside of the 
Squaw Butte Exclosures. 

Range Ungrazed Grazed 
OM 1/ TN OM TN 

1 1.70 0.09 1.87 0. 08 
2 2.25 0. 10 2. 19 0. 10 
3. 0.97 0.04 0. 85 0. 04 
6 1.93 0.08 1.96 0. 09 
7 1.61 0.09 1. 55 0. 09 
8 1.17 0.06 1.05 0. 05 
9 1.29 0.06 1.58 0. 04 

10 0.94 0.04 1.20 0. 07 
11 0.85 0.05 1.81 0. 08 
12 0.82 0.04 1.32 0. 07 
13 1.23 0.06 1.38 0. 06 

14.76 0.71 16.76 0.77 

X 1.34 0.065 1.52 0.07 

1/ Organic matter, t = 7. 438 ** 
Total nitrogen, t = 0. 38 not significant 
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GENERAL DISCUSSION AND CONCLUSIONS 

With reference to these rangelands, Griffiths (46, p. 56) 

in 1901 was led to comment that, "the only process of renovation 

and improvement of any kind that can be of utility is one that 

aims to control the pasturing in such a way as not to injure the 

stand of grass. The whole question of preservation and mainte- 

nance of native pasturage, therefore, is an administrative one. 

Since then we have come to realize that range seeding and brush 

control have a place in range improvement and that it cannot 

necessarily be done by just the control of pasturing. However, 

Griffiths' early observation does reflect the need for this 

investigation, and also demands a further study directed toward 

the development of management schemes utilizing data outlined 

in this study. In spite of technological advancements there are, 

perhaps, many more areas that cannot be improved culturally and 

which will, therefore, require natural improvements as Griffiths 

has suggested. 

An initial question might be, what level of vegetation change 

or degree of deterioration will justify an alteration in a manage- 

ment scheme for these lands ? This question has been resolved, to 

a certain extent, by the use of "condition classes." The Soil 
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Conservation Service uses plant composition as the basis of their 

condition -class ratings. Their excellent range condition class is 

characterized where 75 percent of the present plant community is 

still like the original for the site. "Good" requires that between 

50 and 75 percent of the present plant community still be like the 

original for the site; "fair ", 25 -50 percent and "poor" less than 

25 percent (94a). Sampson discussed condition classes and 

published the following generalized pattern: 

Excellent condition: range production from 80 to 100 
percent of capacity. 

Good condition: range production from 60 to 80 percent 
of capacity. 

Fair condition: range production from 40 to 60 percent 
of capacity. 

Poor condition: range production form 20 to 40 percent 
of capacity. 

In each case, the term "capacity" is not quantitatively defined 

(81). 

Assuming that the basal area of the dominant perennial 

grass is an adequate index of a site's capacity to yield, 

Table 27 shows how condition classes might be developed for 

the habitat types of this study by breaking the condition classes 

at seemingly natural hiatuses in the array of basal area values 

for the association dominants, Agropyron spicatum and Festuca 
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Table 27. Basal area and percent of capacity for the Artemisia 
tridentata /Agropyron spicatum(Artr /Agsp) and Artemisia 
arbuscula /Festuca idahoensis(Arar /Feid) habitat types 
showing a "condition class" scheme. 

Artr /Agsp 
Agropyron spicatum 

Arar /Feid 
Festuca idahoensis 

Basal area Percent of capacity* Basal area Percent of capacity* 
8.25 
7.80 
7.35 
6.88 
6.75 

100.0 
94.5 
89.1 
83.4 
81.8 Excellent 

7.90 
6.90 
6.35 
4.73 
4.60 

100.0 
87.0 
80.4 Excellent 
59.9 
58.2 

6.35 77.0 4.25 53.8 
6.28 76.0 3.85 48.7 
5.68 68.8 3.79 48.0 
5.03 61.0 Good 3.75 47.5 Good 
4.68 56.7 3.23 40.9 
4.28 51.9 3.18 40.2 
4.26 51.6 2.58 32.7 
4. 13 50.1 2. 13 27.0 
3.48 42.2 2.08 26.3 Fair 
3. 15 38.2 1.80 22.8 
3.08 37.3 1.74 22.0 
2.98 36.1 Fair 1.60 20.3 
2.50 30.3 1.60 20.3 
2.43 29.5 1.58 20.0 
2.10 25.5 1.53 18.1 Poor 
1.55 18.8 1.18 14.9 
1.43 17.3 0.92 11.6 
1.35 16.4 0.90 11.4 
1.13 13.7 0.89 11.3 
0.99 12.0 0.18 02.3 
0.95 11.5 0.04 00.5 Very Poor 
0.58 07.0 Poor 
*The assumption is made that the highest basal area percentage 

encountered was "capacity ". 

idahoensis. Of course it must be admitted that the hiatuses found 

could be a result of not finding stands representative of the intervening 

points. Any condition -and -trend rating scale must, of necessity, be 

arbitrary. If one is going to make an arbitrary condition -class scheme 

then it might as well be made at natural breaks in the available data. 



In Table 27, it is noticeable that for Festuca idahoensis, 
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the highest single value and the lowest two fall away from the 

general gradation of the array. These latter two locations could 

possibly be those sites previously mentioned, which conceivably 

may never reach a level of production paralleling those at the top 

end of the array and most probably not that of the highest (7. 90). 

The other habitat type does not show this idea as well. 

Table 27 is in small degree suggestive of the logical 

breaking points which could,conceivably, provide for condition class 

"breaks ". However, these "breaks" are, at best, arbitrary and 

while they might hold true for a specific vegetation grouping over 

a limited geographic range, their widespread adoption and use 

over larger vegetation categories is questionable. Probably two 

condition classes are necessary, satisfactory and unsatisfactory. 

A satisfactory classification of range land could be used to signify 

when deterioration is taking place and unsatisfactory when the 

range is being used at a level consistent with its long -time 

maintenance or improvement. Although the development 

of condition classes can be argued, their practical use is 

limited by the present lack of knowledge concerning the autecologi- 

cal characteristics and the successional relationships and 
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hresholds of the component species as well as the precise 

lelineation of adequate synecologic groups. 

Evidence has been provided of seemingly good threshold 

oints in regard to an increaser or decreaser. It would be 

,articularly important to define threshold values below 

ihich recovery becomes more difficult. A threshold 

narks the point, immediately beyond which change is accelerated 

ncluding soil disturbances. 

A previous investigation (39) provides adequate synecological 

reformation for the study area. This study provides a certain 

mount of information concerning the reactions among the corn - 

onent species and indices of site condition rather than precise 

utecological data. The results quite conclusively outline the 

ole played by certain species and surface soil characteristics 

Dund associated with these two habitat types, the Artemisia 

ridentata /Agropyron spicatum and the Artemisia arbuscula/ 

'estuca idahoensis. 

For example, it can be concluded from the inference data 

nat on the Artemisia tridentat /Agropyron spicatum habitat 

ype, Agropyron spicatum is a decreaser while Poa secunda, 

itanion hystrix and Stipa thurberiana increase with "overuse." 

ncreased resistance of the surface soil to 15 lbs. air pressure is 
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closely related to lower basal estimates of the dominant peren- 

nial grass, Agropyron spicatum as well as to lower values for 

Erigeron linearis and Phlox longifolia. Stipa thurberiana in- 

creases significantly in stands with low amounts of cation exchange 

capacity, total nitrogen and organic matter in the surface horizon, 

while Phlox longifolia decreases in relation to these variables 

(These relationships are summarized in Appendix 6). 

Conclusions based on the inference data for the Artemisia 

arbuscula /Festuca idahoensis habitat type are that Festuca idaho- 

ensis is a decreaser and that Sitanion hystrix, Poa secunda, 

Antennaria dimorpha, and Phlox longifolia are increasers. In 

addition, Festuca idahoensis basal area estimates and frequency 

percentages are higher in stands supported by soils with higher 

cation exchange capacity, total nitrogen and organic matter 

(Appendix 6). 

In some cases, certain species tend to react together and 

in the same or opposite direction, but their concurrent relation- 

ship to a significant criterion of range condition, such as the 

dominant perennial grass, is lacking. For example, on the 

Artemisia tridentata /Agropyron spicatum habitat type stands, 

there is a high positive relationship (.759) between Festuca 

idahoensis and Koeleria cristata showing that these species change 
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together. However, neither species is significantly related to 

the dominant perennial grass, Agropyron spicatum. Thus we 

cannot say that either of these two species Festuca idahoensis or 

Koeleria cristata have a clearcut increase or decrease relation- 

ship to Agropyron spicatum in the Artemisia tridentata/Agro- 

pyron spicatum habitat type. Based on empirical data or 

observational knowledge range people have tended strongly to 

attach marked increaser -decreaser response to many species. 

In fact, to most all of the good, fair, and poor forage species. 

But, if this study shows any one thing clearly, it shows that it 

is very difficult to measure many of these subordinate species 

with sufficient precision to demonstrate that they do have a 

consistent successional reaction to grazing if, in fact, they do 

at all. 

Fence line comparisons significantly categorize Poa secunda 

as an increaser. Sitanion hystrix also may be an increaser 

depending upon within -site microvariations significant in its 

life history and prominent at a single fence line location. 

These comparisons also tend to place Phlox longifolia, 

Chrysothamnus viscidiflorus, Erigeron linearis, Haplopappus 

stenophyllus and Artemisia tridentata in the increaser category. 

Several species always appear as decreasers. They include: 
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Agropyron spicatum, Festuca idahoensis, Koeleria cristata and 

Astragalus obscurus. 

Data from the long -time or exclosure study provide similar 

information. Agropyron spicatum, Koeleria cristata, Festuca 

idahoensis, Stipa thruberiana, Phlox diffusa, Crepis sp. and 

Delphinium menziesii decrease with deterioration, while 

Sitanion hystrix, Poa secunda, Astragalus spp., 

Chrysothamnus spp., and Eriogonum ovalifolium increase 

according to the data for the Artemisia tridentata /Agropyron 

spicatum habitat type. On the Artemisia arbuscula /Festuca 

idahoensis habitat type. Festuca idahoensis, Koeleria cristata, 

Sitanion hystrix, Agropyron spicatum, Erigeron filifolius and 

Phlox hoodii decrease with deterioration while Poa secunda, 

Antennaria dimorpha, Eriogonum compositum and Phlox diffusa 

increase. 

These data, as described in the results section, are the 

mean values of 9 and 2 exclosures, respectively, for each of the 

two habitat types, Artemisia tridentata /Agropyron spicatum and 

Artemisia arbuscula /Festuca idahoensis. If these relationships 

were analyzed separately for each exclosure location, differences 

might be found highly significant; whereas, when taken as part of 

a composite of several exclosures in the same habitat type, 
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the differences might not be significant. If among -exclosure 

variability were not so great, this would not be a problem. 

The analysis of single exclosures would exclude this problem, 

but the value of the data would be, at the same time, diminished. 

False hypothesis might be developed because there would be no 

measure of among - exclosure error.. Too many of the concepts 

and ideas upon which increase - decrease relationships are based 

have probably been built upon single case studies where this 

variation among locations has not entered into the picture. 

Through casual observation many range people familiar with the 

Squaw Butte study have developed the viewpoints that these 

particular exclosures showed no improvement whatsoever, 

whereas, in fact, they have shown some small differences when 

quantitative data were evaluated. Where small differences are 

the case, crude observational data should not be considered 

reliable. 

Furthermore, the objective of both long -term exclosure 

studies as well as any other time -lapse succession study, is 

actually to follow change. Frequent inventories, at least once 

each year, should be made rather than one at the beginning and 

one at the end of the study period. Also, any such study should 

be preceded by considerable work and experience with the 

_ 
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methods to be used so that the investigator will be reasonably 

confident that the specific method selected will be adequate for 

the research objective 20 or 30 years in the future. 

This 23 -year comparison, while showing only a small num- 

ber of relationships, nevertheless emphasizes one very important 

concept. While long -term protection of these habitat types without 

supplementary treatment will not provide for appreciable range 

improvement, it will prevent continued and accelerated deteriora- 

tion. The extremely slow rate of improvement from protection 

is not always recognized and some have advocated non -use as a 

range improvement method. The amount of improvement accruing 

from long -term protection alone, would hardly appear feasible 

if any other alternative is available for arresting accelerated 

deterioration of the range resource. 

Many of the species studied were "indeterminant" in their 

response, at least in their evaluation by one or more of the 

approaches in this study. In the inference study on the 

Artemisia tridentata /Agropyron spicatum habitat type, Koeleria 

cristata, Artemisia tridentata and Chrysothamnus viscidiflorus 

are indeterminants. Lack of significant response on the Artemisia 

arbuscula /Festuca idahoensis habitat type, according to the infer- 

ence study, is shown by Eriogonum sphaerocephalum and Phlox 



184 

diffusa. Exclosure study evaluations of the Artemisia tridentata/ 

Agropyrcn sp:cat_um habitat type indicate that, Chrysothamnus spp. 

Erigeron fil ifolius _ Agoseris glauca and Eriogonum compositum 

are indeterminant species. The exclo. ure study en the 

Artemisia arbusc,ì1a /Festuca idahoensie habitat type indicates 

the following indeterminant. species: spp. Lrrr._. :gym 

s. Chrysothamnus spp. , Eriogonum t_ . ,ilifol.um and 

Delphinium mt.nzie -ii. 

Classification of a species as an increaser, decreaser cr 

indeterminant to a function cf the m:'hcd used *n their =..:dy. 

For exampl'., on the Artemis:. arbus..:13 /Festuca idahoen- 

habitat type, Sir _pion hystrix is sigritiz. nt1y shown by the frequency 

data to be an increaser while the bash area data does not provide 

a sign.i_ cant. r value (Appendix 6). 

In previous years investigators, ranchers, administrators 

and others ha'- considered that the Are. misia. component of the 

vegetation varies directly with rang.? condition. Data included in 

thi- study substantially proves that this is erroneous. Both 

species of Artemisia! while showing considerable variation, 

maintain a rather specific ground- cover level across all range 

conditions. The rein' _ -e -amounts of Artemisia spp. do not offer 

A.,.ra.us 

blackp
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a reliable guide to range condition. 

An interesting thing regarding the dominant brush species 

is the opposite relationships to the surface soil characteristics 

associated with the two habitat types. On the Artemisia tridentata/ 

Agropyron spicatum habitat type, for both kinds of data, there is 

a strong suggestion of positive relationships among total shrubs 

and the three surface soil characteristics of cation exchange 

capacity, total nitrogen and organic matter (. 234, . 470, . 452). 

This suggests that the shrub component may, quantitiatively, 

reflect the fertility status of the surface horizon of these soils. 

The opposite direction is found on the Artemisia arbuscula/ 

Festuca idahoensis habitat type. These suggested relationships 

are all negative ( -. 161, -. 265, -.431). This implies, then, 

that the shrub component on the Artemisia arbuscula /Festuca 

idahoensis sites may, in contrast, decline in importance as the 

fertility status of the surface horizon increases. 

These reciprocal relationships, the positive and negative 

indications above, are also consistent with the plus sign of the 

non - significant r values between Artemisia tridentata and 

cryptogams and between Artemisia tridentata and litter on the 

Artemisia tridentata /Agropyron spicatum habitat type. Further- 

more, the negative sign of the non -significant Artemisia arbuscula- 

. 



186 

cryptogam and Artemisia arbuscula- litter r values on the 

Artemisia arbuscula /Festuca idahoensis stands shows the same 

consistency. These comparisons tend to substantiate the suggested 

conclusions of the preceding paragraph. 

The increase -decrease curves plotted from data in this 

study confirm the observed differences among several sites and 

are assumed to signify the direction of change that would prevail 

over time. They depict visually the quantitative data in the 

succession study, whether inferential or time -lapse, and are 

suggestive of the low degree of refinement of the increase - 

decrease relationships proposed by Dyksterhuis (35) as well as 

some of the associated problems. While the theroetical curves 

of Dyksterhuis are smooth the "raw" data from this study do not 

show these smooth -curve relationships, but rather indicate a 

high degree of variability that prevents the curves from appearing 

anything like those previously envisioned. This elucidation, in and 

of itself, is important and, in addition, it substantiates the idea 

that the relationships are complex. Either the methods used 

to date are inadequate, or the inherent variability is being fully 

expressed and the relationships have been explained to the highest 

extent possible. It is most likely that the former is true. 

Another question involved in this study is , "How well do 
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the soil profile descriptions aid in substantiating the basic 

assumption of this study ?" Increase- decrease curves, when 

related to a single soil series show less variability among 

locations. They also suggest that, if it were possible to find 

several locations representing the same soil series, but extending 

essentially across the complete array of range conditions, then 

it would be possible to relate the variables with a higher correla- 

tion coefficient and, conceivably, to make more precise predictions. 

This suggests that, while there are great differences among 

habitat types and stratification must first of all be made on a 

habitat type basis, the error term can be substantially reduced 

in condition and trend studies by stratifying additionally on a 

rigorous soil series interpretation within habitat type. In 

interpreting condition and trend data great advantage is gained 

by evaluating change on stands associated with a single soil 

series. 

It is problematical, as to whether or not these or other 

existing data offer enough information for the derivation of 

adequate condition and trend standards. Condition and trend 

standards are precisely derived only after the successions on 

each habitat are fully understood. Any standard developed short 

of this will be purely tentative and subject to change and 
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modification and the poorer the understanding of the successional 

pattern the more inadequate will be the standard. 

All of the variables that might be valuable as condition and 

trend standards have not been evaluated. Additional significant 

variables remain to be related to these and other data for the 

development of condition and trend standards. 

The significant negative relationship between Agropyron 

spi catum and Sitanion hystrix ( -. 394, basal area; -.556, frequency) 

on the Artemisia tridentata /Agropyron spicatum habitat type, 

indicates that differences in the amount of Sitanion hystrix 

allow it to be used, quantitatively, as a key to condition and 

trend on these stands. On the Artemisia arbuscula /Festuca 

idahoensis sites the situation is better. Poa secunda, Sitanion 

hystrix, Antennaria dimorpha and Phlox longifolia, all four, show 

significant negative relationships with the dominant perennial 

grass (see Tables 14 and 15). An index involving the amounts of 

these four species in relation to range condition, could be 

constructed. It may be enough to know that, as one of the 

species increases to a certain level, the amount of the dominant 

perennial grass could be accurately estimated. Unfortunately, 

the level of refinement, does not yet offer enough precision for 

predictions of this sort. Most statisticians feel that correlation 
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coefficients must be at least as high as 0.7 and preferably 0.8 

or O. 9 before valid predictions can be attempted. 

An advantage resulting from the use of the IBM 1620 was 

that all possible correlation coefficients were computed for the 

constant species and soil characteristics evaluated. It would 

have been difficult, in many instances, to pick out and test only 

the significant relationships without the benefit of this analysis. 

On the other hand, it was logical to assume that several of 

those prospective relationships tested would not be significant. 

In this way certain relationships, not generally tested, have 

been evaluated and found to be significant. This is valuable 

knowledge even though the complete biological explanation of 

the relationship remains to be provided. 

Box, in relating vegetation and soil properties from four 

South Texas plant communities (12 a), found no significant 

relationships between organic matter in the surface soil 

and grass cover, brush cover, mesquite cover, percent climax 

plants and brush /acre. Likewise, no relationship was found 

with bulk density of the surface soil. Stewart and Keller (91) 

found that the majority of their coefficients, when relating to 

grassland species, were not significant. Similarly, the 

majority of the correlation coefficients of this study were not 
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significant. 

The correlation coefficients of this study, while not high, 

are, in many cases, significant and consistent with the biology 

of the situation as presently understood and therefore are of 

value. When one finds coefficients that are definitely and 

consistently significant, there is little doubt left that a major 

species is distinctly influenced as a direct result of the 

presence of others. And likewise, when the direction of 

correlation is consistently the same, significance is intimated (9 1).. 

The idea that several r values show similar direction and, 

therefore, even though not significant, offer additional evidence 

for a relationship, has not yet been adequately interpreted. A 

good example of this, however, is the relationships among the 

four surface soil characteristics used in this study, air perme- 

ability, cation exchange capacity, total nitrogen, and organic 

matter. In each case, for both habitat types, the first of these is 

negatively related to the latter three. And, while not always 

significant, the relationships were always negative. As cation 

exchange capacity, total nitrogen and organic matter are all 

closely related, it is probable that measurements of the air 

permeability of the surface horizon of soil may be refined to 

the point that it can be used as a means of predicting the other 

three. However, once again, the correlation coefficients are not 
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high enough to allow precise predictions. 

The data from this investigation offer a good chance to 

make a methods comparison between basal area estimates and 

frequency percentages (Table 28 and 29). A macroplot area 

can be evaluated using 500 frequency determinations (10 groups 

of 50) in about 50 minutes. The basal area estimates of 

4 lines of 10, 1 -x -2 square foot plots and including the crown 

cover estimates of shrubs takes about 1 hour and 10 minutes. 

In most cases, the correlation coefficients derived from frequency 

percentages are higher and allow more meaningful statements 

to be made concerning the data. The direction of the relationships 

is usually the same. Several of the relationships are presented 

in Tables 28 and 29. 3/ It will be noted that only a few of the 

relationships show a different sign or reversal and that the 

majority of the r values are higher for the frequency method. 

It is felt that the frequency percentages complement the 

basal area estimates. If a basal area relationship is not 

significant but proves to be both significant and of the same sign 

by the frequency method support is given to the implied basal 

area relationship, thus these two kinds of data strongly complement 

each other. The basal area estimates can outline the quantitative 

3/ A complete comparison is presented in Appendix 6. 
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Table 28. A methods comparison between basal area estimates 
and frequency percentages showing the relative magnitude 

of correlation coefficients for certain relationships on 

the Artemisia tridentata /Agropyron spicatum habitat type. 

Relationship Basal Area Frequency 

Agsp* vs. Sihy -.394 -. 556 

Agsp vs. Stth -.003 -. 391 

Agsp vs. Pose -. 183 -. 281 

Feid vs. Kocr .454 .759 
Feid vs. Pose -. 355 -. 395 

Feid vs. Sihy -.110 .058 
Feid vs. Stth .461 . 398 

Feid vs. resistance -.421 -.640 
Feid vs. CEC . 188 . 283 

Feid vs. TN -.020 ..210 

Feid vs. OM .092 . 297 

Pose vs. Toru .525 . 230 

Toru vs. total shrubs .015 -. 206 

Artr vs. resistance -.394 -. 378 

* Agsp = Agropyron spicatum, Sihy = Sitanion hystrix, Pose = 

Poa secunda, Feid = Festuca idahoensis, Stth = Stipa thurberiana, 
Artr = Artemisia tridentata, Toru = Tortula rúralis, Résistance = 

resistance -6f.soil to 15 lbs.air pressure; CEC = cation exchange 

capacity, -TN = total nitrogen percent, OM = percent organic matter. 
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Table 29. A methods comparison between basal area estimates and 
frequency percentages showing the relative magnitude of 

correlation coefficients for certain relationships on the 
Artemisia arbuscula /Festuca idahoensis habitat type. 

Relationship Basal area Frequency 

Agsp* vs. Feid .226 . 275, 

Agsp vs. Kocr -.016 .600 
Agsp vs. Pose -.372 -.307 
Agsp vs. Sihy .157 -.602 
Feid vs. Pose -.501 -.600 
Feid vs. Sihy -. 227 -. 404 
Feid vs. Stth .114 . 106 

Feid vs. resistance -. 166 -. 182 

Feid vs. CEC .405 . 476 
Feid vs. TN .523 .540 
Feid vs. OM .319 . 484 
Sihy vs. Stth -.281 -.404 
Sihy vs. Andi .364 .527 
Pose vs. Stth -.344 -.335 
Pose vs. Sihy .380 .321 
Pose vs. Andi .105 .472 

Agsp = Agropyron spicatum, Feid = Festuca idahoensis, 
Kocr = Koeleria cristata, Pose = Poa secunda, Sihy = Sitanion 
hystrix, Stth = Stipa thurberiana, Andi = Antennaria dimorpha, 
Resistance = resistance of surface soil to 15 lbs. air pressure, 
CEC = cation exchange capacity, TN = total nitrogen percent, 
OM = percent organic matter. 

* 
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aspect of the relationship, while the frequency percentage can 

more precisely show the magnitude of the relative relationship. 

One method should be used throughout a succession study. A 

tremendous advantage is lost if it is necessary to change methods 

half -way through a condition and trend study. In most cases, the 

data are not directly comparable and if they are their ease of 

interpretation is diminished. Therefore, if time is limiting and 

a person does not have time to spend two hours on a sample using 

both frequency and basal area data, more precision is gained in 

less time by use of the frequency method. In fact, concluding from 

this study, the frequency method would be recommended for 

additional succession studies in many more stands found associated 

with a single soil series. 
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RESEARCH NEEDS 

Any consideration of research needs at the end of an investi- 

gation should include alternative approaches to the problem. The 

two basic approaches used in this investigation are adequate for 

any study of plant successeion; i. e. , the short -time inference 

approach or the time -lapse exclosure technique. Any alternative 

approach, then, has to do with methods and procedures used 

within the framework of these two schemes. 

Short -time studies such as the "inference" study of this 

dissertation will continue to play a role in the study of plant 

succession. It is possible, using the short -time approach, to 

select the criteria that are most sensitive and presumably would 

provide the greatest amount of meaningful information if they 

were considered in a time -lapse study. In such an instance, 

preliminary short -time appraisals of succession would prove 

truly valuable. 

Moreover, it must be remembered that a necessary first 

step is the adequate classification of the ecosystems and vegetation - 

soil relationships. This provision allows the development of 

condition and trend standards to be made within the framework of 

the same ecosystem. And, as a result, one can refine the 
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variability of response of species or other site variables to a 

maximum by relying on soils as an additional stratification 

standard in minimizing the error term. 

The author appreciates the complexity of vegetation studies 

and would like to describe, in simple outline form, what is 

probably the ideal method for a study of plant succession. This 

approach would have to fit within the framework of the time -lapse 

method and would involve yield data and then the correcting of 

these yield values to median year precipitation. The correction 

to median year precipitation is a necessary step because of wide 

year -to -year variation in the herbage production of individual 

plants. In fact, Sneva and Hyder have recently presented data 

from several locations indicating the high correlation between 

crop -year precipitation amounts and herbage yield in a given 

year (89a). Correction to a median year would put the data on a 

comparable basis from which correct increase -decrease curves 

could be plotted. Yield data should be accumulated at least 

every other year, but more preferably every year, at the time of 

maturity for all of the important species on a site. From the 

annual or semi -annual yield values, precise curves of the 

actual changes over periods of time can be plotted. These 

curves are probably the truest representation of what actually 

. 
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takes place because yield data reflect both the short -term varia- 

tions unimportant in trend and the long -term changes which are the 

true evidences of trend. 

While accurate yield data are probably the most desirable 

measurement unit it is not always the most feasible. This leaves 

one with the decision of choosing an alternative method. Basal 

area estimates, crown cover estimates of shrubs and herbs, 

density (number /unit area) and frequency determinations have 

been discussed. This author would recommend that, if the 

yield -data approach is not used, frequency should be the alternative. 

Its objectivity, speed and value in condition and trend evaluation 

as shown by this study, prompts such a statement. 

In addition, the ideal method would necessitate accurate 

records of use, whether it be by livestock, game, or excessive 

soil movement due to wind. water, or whatever it might be. 

Accurate means of estimating bare ground and litter and precise 

measurements of the incremental increase in pedestaling of 

plants due to erosion would be important in trend studies. Other 

ratings such as vigor and additional subjective evaluations could 

be taken and similarly corrected to a median year. The investiga- 

tion of surface or other soil characteristics as indices of condition 

should in general be accumulated. Chemical soil data may prove 
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to be more important in future studies. 

Along with soil chemical characteristics and their evaluation 

would come a more careful look at the chemical nature of the rock 

or parent material of the area. Bateman($ .p.3 -4)in discussing 

a quadrangle located about 20 miles north and east of Squaw 

Butte, has disucssed the correlation of plants with principle rock 

types. He found that the tertiary rocks on the plateau country in 

this quadrangle area support stands of ponderosa pine, whereas 

the pre- tertiary rocks on the slopes and lower elevations support 

juniper, grass, and sagebrush. He also mentioned the interesting 

relationship of mountain mahogany (Cercocarpus ledifolius) to 

the differentiation between tertiary and pre- tertiary rocks found 

on these areas. In the ecotone between the ponderosa pine and 

the lower sagebrush juniper country, a thin 100 -200 yard belt of 

mountain mahogany is found which, according to Bateman, can be 

used as an indicator of the boundary between the tertiary and the 

pre- tertiary rocks. In the opinion of this author, the study by 

Bateman suggests that further investigations of plant -soil 

relationships and the successional studies of the vegetation upon 

these areas will be more easily understood if tied to this third 

dimension which might be termed "the parent material" or the 

"material form which soils and ultimately the vegetation of these 
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areas have developed. " 

Of course, it can be argued that a careful study and evalua- 

tion of the soils will automatically take care of the influence of 

parent material. This would be true in the event that maximum 

soils evaluation and interpretation were attained. In the past 

the parent material has not been deemed particularly critical in 

the classification of soils similar to those found on the sites of 

this study. However, the recent trend is in the other direction, 

i. e., toward a closer look at parent material as a highly signifi- 

cant criterion for interpreting soil series on these areas. Further 

investigation, I feel, will increase the desirability of looking at 

geologic and parent material information and also prove valuable 

in the interpretation of the several soil classification levels. 

One other approach to this problem of condition and trend 

standards is suggested in a paper by Goebel and Cook (45), They 

determined the effects of range condition on plant density, 

floristic composition, herbage production, vigor of plants, 

chemical content of vegetation, and certain physical characteristics 

of the soil. The study indicated that poorer range condition was 

accompanied by decreased vigor of the good forage plants and, 

consequently, seed production. Most of the criteria studied, 

including chemical make -up of the plants, were found to be 
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useful in classifying range condition. Future studies of the 

secondary succession might well encompass studies of plant 

vigor and nutrition in relation to natural range improvement or 

deterioration. 

Various procedures for evaluating plant succession data 

have been published. One that this author deems valuable has 

been outlined by DeVries (32). The method involves the 

constellation of frequent herbage plants, based on interspecific 

correlations. Constellations were developed by putting species 

coupled with the higher positive r values nearest together, and 

the negatively correlated ones far apart. Information was 

obtained for several species of a large grassland area and 

groupings within the two - dimensional constellation indicated 

natural relationships. A similar constellation involving several 

of the important species in the sagebrush communities might 

conceivably help to characterize or test defined units of vegetation 

and to describe the successional status of the component species . 

by the possible indication of condition differences as an array of 

groupings of species on the constellation. 

In addition to the needs mentioned, phenological observations 

and auteological studies of additional plants will help to understand 

and explain successions; and, a study of succession would be 
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lacking if a consideration of climate was not included. Further 

climatic studies of weather patterns, both short and long time, 

and the investigation of long term trends and their relationship 

to soil development, vegetation development, and change will 

become increasingly important in future periods. 

On this study area, the characterization and investigation 

of additional habitat types will be important if we are to under- 

stand the entire range of successional patterns and the inter- 

relationships of the various soil and vegetation units. Other 

habitat types that have not been characterized and which are 

worthy of consideration at this time would be the provisional 

Artemisia tridentata /Purshia tridentata habitat type and the 

provisional Artemisia tridentata /Chrysothamnus spp. habitat 

type. Several others have been listed by Eckert (39, p. 194). 

Other plant communities needing investigation may become apparent 

as studies continue. 

A further appraisal of appropriate methods will be important, 

especially as electronic data processing becomes more widespread 

among those investigating similar topics. The use of frequency 

data as compared to yield data should be evaluated. The use of 

basal area in relation to yield data should be compared. A 

comparison between density and cover data should be developed 
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in terms of studying change over time. The development of 

trend indices involving two or more of the existing methods 

may prove to be of most value. These methods comparisons 

could be most economically done by the inference method used in 

the study. Having been tested and decisions made as to superior 

methods they could then be applied on time -lapse studies with 

greater confidence. 

The investigation and subsequent use of appropriate 

statistical or mathematical models will become more important 

as these investigations are carried out. As these investigations 

become more intensified; i. e. , as investigations of plant -soil 

relationships and vegetational changes continue, it is probable 

that certain specific programs and statistical methods will be 

developed that will be most appropriate and will be used, at that 

time, exclusively for these problems. 

Electronic data processing will play a very important role 

as more of these alternative approaches are used and as more of the 

variables are included in these complex, all- inclusive studies. 

Greater use of sorters and tabulators will be necessary 

to discover key criteria. More integrated plans or flow charts 

involving use of several kinds of IBM processing equipment and 

more and more complicated and exclusive programs written for 
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high -speed computers, such as the IBM "1620" should be developed. 

This will involve the appropriate arrangement of all the variables, 

the information associated with these variables, and their 

identification on IBM cards or other input media such as paper 

and magnetic tape. In the past, ecologists have been accused of 

being "one- factor ecologists." The use of electronic data 

processing involving high -speed computers will help ameliorate 

this problem. 
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SUMMARY 

1. A study was initiated on the Artemisia tridentata/ 

Agropyron spicatum and Artemisia arbuscula /Festuca idahoensis 

habitat types of southeastern Oregon (Eckert, 39) to evaluate 

secondary grazing succession, develop condition and trend 

standards by documenting increasers, decreasers, invaders, and 

indeterminant species and to explain some of the influencing 

factors. 

2. Two fundamentally different methods were selected: 

first, a short -time or "inference" approach and second, a 

time -lapse technique involving the reinventory of eleven 23- 

year -old exclosures on the Squaw Butte Experiment Station. 

The former method was based on the assumption that stands 

representing the units of vegetation (habitat types) could be 

identified with sufficient accuracy so that any one of the 

locations studied, if given the proper degree of use and /or 

rest, could develop to and maintain a condition equal to or 

approaching that of the "best condition" stand studied. The 

"best condition" stand was described as having the greatest 

basal area coverage of the dominant perennial forage grass. 

The dominance of grasses and forbs and certain ground surface 
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characteristics were evaluated by basal area estimates. Shrub 

dominance was indexed by crown cover estimates. 

Each stand was also inventoried by a frequency method 

(Hyder, et. al., 54). Fence -line comparisons were made at 

several locations to document increase- decrease relationships. 

The second or exclosure approach involved the accumulation 

of density and frequency data on permanent plots inside and outside 

each exclosure. Counts and determinations made in 1960 were 

compared with similar data obtained from chart quadrats made in 

1937. 

3. Soil profile descriptions were made for each stand, 31 

for the Artemisia tridentata /Agropyron spicatum and 26 for the 

Artemisia arbuscula /Festuca idahoensis habitat type. These 

profile descriptions were interpreted into eight tentative soil 

series associated with the Artemisia tridentata /Agropyron 

spicatum and Artemisia arbuscula /Festuca idahoensis habitat 

types. Characteristic soil differences between the two habitat 

types were described and used as additional criteria of the ecolog- 

ically equivalent stands compared within habitat type. 

4. Surface -horizon characteristics were evaluated at 

each location, including the exclosures, as possible indices of 

range condition and trend. These data include determination of 



206 

the resistance of the surface soil to 15 lbs. of air pressure 

(air permeability), cation exchange capacity, total nitrogen, 

and organic matter. 

5. Air permeability readings on the surface soil are 

significantly related to cation exchange capacity, total nitrogen 

and organic matter. Negative correlation coefficients indicate 

a reciprocal relationship between the first one and the latter 

three. The ease of obtaining air permeability readings and 

their consistent relationships to the vegetation, especially the 

dominant perennial grass, suggests the possiblity of using these 

data in the evaluation of range condition and trend. 

6. An all- possible - correlation analysis using an IBM 

Fortran program was made with both basal area and frequency 

data for the highly constant species and the surface soil 

characteristics. Positive and negative correlation coefficients 

were evaluated in terms of increase- decrease relationships and 

the species were grouped into increaser, decreaser, and indetermi- 

nant categories. Basal area estimates and frequency determina- 

tions were compared as methods for studying plant succession. 

7. Increase- decrease curves were developed plotting 

highly constant and significantly related species against the 

dominant perennial grass arrayed in a decreasing curve. 
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Comparisons based on a single soil series reduced the varia- 

)ility and provided smoother curves approaching the proposed, 

)ut theoretical curves of Dyksterhius (35). The species 

)lotted did not respond in steeply increasing or decreasing 

.carves. Several species show sharp breaking points at which 

3ominance increases sharply as the primary forage grass 

ie c lines . 

8. Inference data from the Artemisia tridentata /Agropyron 

;picatum habitat type significantly designate Agropyron spicatum 

is a decreases. and Poa secunda, Sitanion hystrix, and Stipa thur- 

)eriana as increasers. For the Artemisia arbuscula /Festuca 

dahoensis habitat type, Festuca idahoensis is shown to be a 

increaser while Sitanion hystrix, Poa secunda, Antennaria 

limorpha, and Phlox longifolia increase with "overuse ". 

9. Exclosure evaluations of the Artemisia tridentata/ 

kgropyron spicatum habitat type show that Agropyron spicatum, 

Koeleria cristata, Festuca idahoensis, Stipa thurberiana, Phlox 

liffusa, Crepis sp. and Delphinium menziesii decrease with 

leterioration. Sitanion hystrix, Poa secunda, Astragalus spp., 

:hrysothamnus spp., and Eriogonum ovalifolium increase. 

3ased on two exclosure locations for the Artemisia arbsucula/ 

estuca idahoensis habitat type, Festuca idahoensis, Koeleria 
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filifolius, and Phlox hoodii are shown to be decreasers. Poa 
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secunda, Antennaria dimorpha, Eriogonum compositum, and 

Phlox diffusa increase. 

10. Fence line comparisons categorize Agropyron spicatum, 

Stipa thurberiana, and Festuca idahoensis as decreasers and Poa 

secunda, Phlox longifolia, and Haplopappus stenophyllus 

as increasers on the Artemisia tridentata /Agropyron spicatum 

habitat type. On the Artemisia arbuscula /Festuca idahoensis 

habitat type, Agropyron spicatum, Festuca idahoensis, and 

Phlox diffusa decrease while Poa secunda, Sitanion hystrix, 

Antennaria dimorpha, Chrysothamnus viscidiflorus, Erigeron 

linearis, and Haplopappus stenophyllus increase.. 

11. Species indeterminant in their response to use were 

also categorized. Prominent among these were Artemisia 

tridentata in the Artemisia tridentata /Agropyron spicatum habitat 

type and Artemisia arbuscula in the Artemisia arbuscula /Festuca 

idahoensis habitat type. The lack of response by the Artemisia 

component is somewhat contrary to the thinking of many range 

management people, but suggests its climax status in the habitat 

types studied. Evidence is presented to show that as "overuse" 

continues the community is closed within the herb layer itself. 
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Additional indeterminants occurred so irregularly that 

precise measurement was precluded. No invader species were 

detected. 

12. The development of condition and trend standards, 

indices of range condition and trend, and research needs are 

discussed. The frequency method for additional studies of 

succession and rigid stratification on a single soil series within 

habitat type are strongly recommended. 
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APPENDIX I 

Plant Species list and Constancy for twenty -six 
Artemisia arbuscula /Festuca idahoensis (Arar /Feid) and 
thirty -two Artemisia tridentata /Agropyron spicatum (Artr /Agsp) 
habitat type representatives. 

Arar /Feid Artr /Agsp 
Symbol Species No. % No. % 

Grasses: 
Agsp Agropyron spicatum 24 93.2 32 100 

(Pursh. )Scrìbn. & Smith 
Brte Bromus tectorum L. 10 38.4 21 65.6 
Feid Festuca idahoensis 

Elmer 26 100 24 75.0 
Kocr Koeleria cristata(L)Pers. 13 50 16 50.0 
Orhy Oryzopsis hymenoides 

(R & S) Ricker 1 3. 1 

POA Poa L. spp. 1 3. 1 

Pocu Poa cusickii Vasey 10 38.4 5 15.6 
Pose Poa secunda Presl. 26 100 32 100 
Sihy Sitanion hystrix 

(Nutt. ) J. G Smith 25 96.1 24 75 
Stco Stipa cognata 

Trin & Rupr. 1 3. 1 

Stth Stipa thurberiana Piper 17 65.3 27 84. 4 

Perennial Forbs: 
Acla Achillea lanulosa Nutt. -- 5 15.6 
Acmi Achillea millifolium L. -- - 3 9.4 
AGO Agoseris Raf. spp. - -- 1 3. 1 

Aggl Agoseris glauca 
(Pursh. ) D. Dietr. 18 69.2 9 28. 1 

Alac Allium acuminatum 
Hock 5 19.2 3 9.4 

Alpa Allium parvum Kell. 3 11.5 1 3. 1 

ANT Antennaria Gaertn spp. 1 3.8 1 3.1 
Anco Antennaria corymbosa 

E. Nels. -- 

=- -- 

-- 

_ 

-- -- 

-- 

-- 

-- -- -- 
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Symbol Species 
Arar /Feid Artr /Agsp 
Constancy Constancy 
No. % No. % 

Andi Antennaria dimorpha 
(Nutt.) T & G. 22 84.6 14 43. 7 

Arho Arabis Holboellii 
Hornem 3 11.5 3 9.4 

Arhop A. Holboellii var. pendulocarpa 
.(Nels) Rollins 

Arfr Arenaria Franklinii 
Dougl. 7 26.9 1 3. 1 

Asr Aster L. spp. 6 18.7 
Asca Aster canescens Pursh. 1 3.8 -- 
AST Astragalus spp. L. 6 23 8 25.0 
Asmi Astragalus miser Dougl. -- 
Asob Astragalus obscurus 

Wats 8 30.7 2 6.3 
Aspi Astragalus platyphyllidus 

Gray 7 21. 9 
Aspu Astragalus purshii 

Dougl. 6 23 1 3.1 
Asst. Astragalus stenophyllus 

T &G. 2 7.6 7 21.9 
BAL Balsamorhiza Hook ex. 

Nutt. spp. 2 7.6 - 
Basa Balsamorhiza sagittata 

(Pursh) Nutt - -- 
Base Balsamorhiza serrata 

Nels. and Macbr. 
BOR Boraginaceae spp. 1 3.8 - 
Brdo Brodiaea Douglasii 

S. Wats. 1 3.8 -- 
CAL Calchortus Pursh spp. 3 11.5 2 6. 3 

CAS Cast illeja Mutis spp. 1 3. 8 -- 
Chdo Chaenactis douglasii 

(Hook) H & A 1 3.8 4 12.5 
CHR Chrysothamnus Nutt. spp. 3 9. 4 
Cogr Collomia grandiflora 

Dougl. ex. Lindi. 2 6.3 
Crac Crepis acuminata Nutt. 6 23 18 56. 3 

DEL Delphinium L. spp. 1 3. 1 

Epmi Epilobium millifolium 3 9. 4 

_- 

-- 

-- 

_ -_ 

-- _ - 

-- 

-- 

-- 
-- 

-- 
-- 

-- -- 

-- 

-- 

-- 

-- 

-- -- 

-- 

-- 
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Arar /Feid Artr /Agsp 
Symbol Species Constancy Constancy 

No. % No. % 

Erfi Erigeron filifolius Nutt. 2 7. 6 10 31. 3 

Erli Erigeron linearis (Hook) 
Piper 19 73.0 7 21.9 

ERO Eriogonum Michx spp. 1 3. 8 2 6. 3 

Erch Eriogonum chrysocephalum 
Gray 2 6. 3 

Erhe Eriogonum heracleoides 
Nutt. 3 11.5 -- 

Ermi Eriogonum microthecum 
Nutt. 1 3. 8 1 6. 3 

Erov Eriogonum ovalifolium 
Nutt. 7 26.8 12 37.5 

Erum Eriogonum umbellatum 
Torr. 2 7.6 - 

Frpu Fritillaria pudica 
(Pursh) Spreng. 1 3. 8 

HAP Haplopappus Cass, spp. 6 23 
Hast Haplopappus stenophyllus 

Gray 3 11.5 1 3. 1 

HYD Hydrophyllum L. spp. -- 1 3. 1 

Libu Lithophragma bulbiferum 
Rydb. -- 2 6.3 

Liru Lithosperma ruderale 
Lehm. 1 3. 8 1 3. 1 

Liha Linathus Harknessii 
(Curran) Greene 1 3. 1 

LOM Lomatium Raf. spp. 4 15. 3 3 9. 4 
Loma Lomatium macrocarpum 

(H & A) C & R 4 15.3 6 18.7 
Lotr Lomatium triternatum 

(Pursh) C & R 4 15.3 6 18. 7 

LUP Lupinus, L. spp. 6 23 6 18.7 
Luwy Lupinus wyethii Wats. 3 11. 5 6 6. 3 

MEN Mentzelia L. spp. 1 3. 1 

Meob Mertensia oblongifolia 
(Nutt) G. Don 2 6. 3 

OEN Oenothera L. spp. 1 3.8 -- 
PEN Penstemon Mitch. spp. 2 7, 6 -- 
Pegl Penstemon glandulosa 

Dougl . 

-- .-- 

-- 

-- 

- _- 
-- - 

-- .-- 

- - 

.-- 

-- -- 

-- 

-- 

-- -- -- -- 
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Arar /Feid Artr /Agsp 
Symbol Species Constancy Constancy 

No. % No. % 

Phch Phoenicaulis cheiranthoides 
Nutt. 3 11.5 2 6.3 

Phdi Phlox diffusa Benth. 26 100 18 36. 3 

Phho Phlox hoodii Richn. 1 3. 8 2 6. 3 

Phlo. Phlox longifolia Nutt. 5 19.2 23 71. 9 

Sidr Silene Drummondii Hook 4 15. 3 1 3. 1 

Tofl Townsendia florifer 
(Hook) Gray 1 3. 1 

Trdu Tragopogon dubius Scop. 1 3. 8 -- 
Trma Trifolium macrocephalum 

(Pursh) Poir 12 46. 1 2 6.3 
UNK Unknowns 1 3.8 5 15.6 
Zypa Zygadmus paniculatus 

(Nutt) Wats. -- 1 3. 1 

Annuals: 
Copa Collinsia parviflora Dougl. -- -- 6 18.7 
Cora Cordylanthus ramosus 

Nutt. 3 11.5 2 6.3 
CRU Cruciferae L. spp. 3 9.4 
Feoc Festuca occidentalis 

Elmer 1 3. 1 

GIL Gilia R & P spp. 6 23.0 2 6. 3 

Ivax Iva axillaris Pursh. 1 3. 1 

MIC Microsteris Greene spp. 1 3. 1 

Migr Microsteris gracilus 
( Dougl. ex Hook) Greene -- -- 1 3. 1 

Shrubs: 
Arar Artemisia arbuscula 

Nutt. 26 100. 4 12.5 
Artr Artemisia tridentata 

Nutt. 4 15.3 32 100 

Chna Chrysothamnus nauseosus 
(Pall) Britt. 7 21.9 

Chvi Chrysothamnus visdiciflorus 
(Hook) Nutt. 17.0 65.3 15 46. 9 

Ersp Eriogonum sphaerocephalum 
Dougl. 17.0 65.3 7 21.9 

-- 

-- 

-- 

-.= 

-- -- 
-- 

-- 

-- 

-- -- 
-- -- 

-- 
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Arar /Feid Artr /Agsp 
Symbol Species Constancy Constancy 

No. % No. % 

Juoc Juniperus occidentalis 
Hook 1 3.8 7 21.9 

Lepu Leptodactylon pungens 
(Torr) Rydb. 3 11.5 8 25 

Putr Purshia tridentata 
(Pursh) D. C. 2 6. 3 

Riau Ribes aureum Pursh. 1 3. 1 

Teca Tetradymia canescens 
D. C. 2 7. 6 4 12. 5 

. 

-- - 
-- 
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APPENDIX 2 

Tentative soil series associated with the Artemisia 
tridentata /Agropyron spicatum and Artemisia arbuscula/ 
Festuca idahoensis habitat types. 

Tentative Series A 

This soil is a medial Brown soil developed from rhyolite 

alluvium. In terms of the 7th approximation it is a Haplargid. 

AnArtemisia arbuscula /Festuca idahoensis site found at the 

center of a 20% slope, with elevation 4600', aspect North, 

macrorelief rolling, microrelief uniform, parent material 
rhyolite alluvium, and underlying material rhyolite and basalt. 

A11 0-2" Gray brown (10 YR 5/2) dry, dark brown 
(10 YR 3/3) moist, loam, weak very fine 
to fine platy structure breaking to weak 
very fine granular structure or powder, 
slightly hard, friable, nonsticky, 
nonplastic, many stones, many to abundant 
roots, few very fine vesicles, pH 6. 6, 

lower boundary clear and smooth. 

A 12 2 -5" Gray brown (10 YR 5/2) dry, very dark, 
gray brown (10 YR 3/2) moist, clay loam 
or loam, weak to moderate very fine to 
fine platy structure breaking to weak very 
fine granular structure, slightly hard, 
friable, slightly sticky, nonplastic, many 
stones, many to abundant roots, pH 6. 6, 

lower boundary gradual and smooth. 

A3 5- 10 -1/2" Gray brown (10 YR 5/2) dry, dark brown 
(10 YR 3/3) moist, clay loam or clay, 
weak very fine to medium subangular 
blocky structure breaking to weak very fine 
granular structure, slightly hard, slightly 
firm, sticky, slightly plastic, many stones, 
many to abundant roots, pH 6. 6, lower 
boundary gradual and smooth. 
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B21 10-1/2-16" Dark brown (10 YR 3/2) moist, clay, weak 
to moderate,very fine to fine subangular 
blocky structure, hard, firm, sticky, 
plastic, many stones, few to many roots, 
few discontinuous thin clay patches, 
pH 6. 8, lower boundary gradual and wavy. 

B22 16 " -27" Very dark gray brown (10 YR 3/3) moist, 
clay,weak to moderate very fine to fine 
subangular blocky structure, hard, firm, 
sticky, plastic, many stones, few roots, 
few discontinuous thin clay patches, 
pH 7. 0,lower boundary gradual and wavy. 

B3 or C 27-30"+ Brown (10 YR 4/3) moist, clay, weak, 
very fine to fine subangular blocky structure, 
very hard, firm, sticky, plastic, abundant 
stones, no roots, pH 7. 4, no effervescence. 

VARIATION: This series is represented by one profile description. 
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Tentative Series B 

This group consists of Brown soils (Haplargids) 
developed from basalt parent material. The solum is free 
from a hardpan and has a gray brown surface soil color when 
dry. They are primarily found associated with the 
Artemisia tridentata /Agropyron spicatum habitat type and are 
usually found at about 4600 feet: in elevation with varying aspects, 
slopes, and with hilly macrórelief and uniform micrórélief. 

All 0- 3" Gray brown (10 YR 5/2) dry, dark gray 
brown (10 YR 4/2) to dark yellowish brown 
(10 YR 3/4) moist, loam to silt loam weak, 
fine to medium platy structure breaking 
to weak, very fine to fine granular 
structure, soft, friable, nonsticky, 
nonplastic, few vesicular pores, few to 
abundant stones, abundant roots, pH 6. 4- 
6. 9, lower boundary abrupt and smooth. 

Al2 3 -7" Gray brown (10 YR 5/2) to dark brown 
(10 YR 3/3) dry, dark brown (10 YR 3/3) 
dry, dark brown (10 YR 3/3) moist, loam 
or clay loam, weak, very fine to fine 
subangular blocky structure breaking to 
weak, very fine to fine subangular blocky 
structure, soft to slightly hard, friable, 
non -to slightly sticky, non -to slightly 
plastic, few to many stones, many to 
abundant roots, pH 6.6-7.0, lower boundary 
clear and smooth. 

B1 7 -11" Dark brown (10 YR 3/3) to very dark gray 
brown (10 YR 3/2) moist, clay loam, weak 
to moderate very fine to fine subangular 
blocky structure breaking to moderate 
very fine to fine granular structure, 
slightly hard, slightly firm, abundant stones, 
few to many roots, pH 6.6 -7. 2, lower 
boundary gradual and smooth. 
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B21 11 -15" Dark brown (10 YR 3/3) moist, clay loam 
to clay, weak, prismatic structure breaking 
to weak to moderate very fine to fine sub - 
angular blocky Structure, hard, firm, slightly 
sticky to sticky, slightly plastic to plastic, 
few to abundant stones, few roots, pH 6.6-7.2, 
lower boundary gradual and smooth. 

B22 15 -20" Dark brown (10 YR 3/3) to dark yellowish 
brown (10 YR 4/3) moist, clay loam to clay, 
weak to moderate, large prismatic structure 
breaking to weak to moderate subangular 
blocky structure, hard, firm, sticky, 
plastic, few to abundant stones, few roots, 
pH 6.8 -7. 8, lower boundary diffuse and 
wavy. 

C 20 "+ Yellowish brown (10 YR 5/6 to 5/4) moist, 
clay, no structure found in pockets extending 
into parent material, hard, firm, sticky, 
plastic, pH 7. 2 -8.0, no roots. 

R 20 "+ Basalt underlying materials. 

VARIATIONS: Depth to rock may vary from 19 to 20 inches, 
distinction between A and B is rather diffuse and variable with 
an A3, B11, B12 or an AB horizon being recorded. 
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Tentative Series C 

This group consists of Brown soils developed from 

rhyolite and perlite parent material. In terms of the 7th 

approximation, these soils would be called Durargids. The 

solum is overlying a silica cemented hard pan. The associated 

habitat type is Artemisia arbuscula /Festuca idahoensis and they 

have a gray -brown surface soil color when dry. They are found 

at about 5, 000 feet in elevation on north -west slopes in hilly 

macrorelief and with uniform microrelief. 

A 12 0 -2" Gray brown (10 YR 5/2) dry, dark brown 
(7. 5 YR 3/2) moist, silt loam to heavy loam, 

weak, fine platy structure breaking to weak, 

very fine platy structure, soft,friable, non - 

sticky, non -plastic, few to many stones, 
abundant to dominant roots, pH 6. 4 to 6. 6, 

lower boundary abrupt and smooth. 

Al2 2 -5" Gray brown (10 YR 5/2) dry, dark brown 
(10 YR 3/3) moist, silt loam to loam, weak, 

very fine to fine subangular blocky structure 
breaking to weak, very fine granular 
structure, soft,friable, non -sticky, non - 

plastic, few stones, pH 6. 6, lower 
boundary abrupt and smooth. 

B 1 9- 17" Dark yellowish -brown (10 YR 3/4) moist, 
clay loam, weak, very fine subangular 
blocky structure breaking to weak, very 
fine granular structure, slightly hard, 
firm, slightly sticky, slightly plastic, 
few stones, many roots, pH 6.6, lower 
boundary clear and smooth. 

B22 15-22"/25" Dark yellowish -brown (10 YR 4/4) moist, 
clay loam or gravelly clay loam, weak to 

strong, very fine to fine, subangular or 
angular blocky structure, hard, firm, 
slightly sticky, slightly plastic, medium 
continuous clay skins, many stones, 
lower boundary gradual and wavy, contains 
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perlite or obsidian rock, giving this 
horizon a gravelly feel. 

Csim 22/25" + Silica cemented pan, non - calcareous, 
pockets of B2 horizon extending into 
the pan, no roots, perlite material found 
in some profiles. 

VARIATIONS: Principle variation seems to be the distinction 
between the A and B, which is rather diffuse and variable with 
an A3, B11, B12, or an AB horizon being recorded. The 
structure of the B2 seems to vary from a weak to moderate sub - 
angular blocky structure to a strong, medium angular blocky 
structure with the presence of clay skins obscure to readily 
apparent. 
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Tentative Series D 

This group consists of Brown soils, developed from 
basalt parent material. The solum overlies a silica cemented 
pan. This soil, in terms of the 7th approximation, would be 
called a Durargid. They are found at elevations from about 4800 
to 5500 feet, have gray -brown dry surface soil colors and are 
found associated primarily with the Artemisia arbuscula /Festuca 
idahoensis habitat type. They are generally found on north -facing 
5- 15% slopes with rolling, hilly macrorelief and uniform micro - 
relief, usually with a stony soil surface. 

A11 0-3" 

Al2 3 -6" 

B 1 6- 10" 

B21 10 -15" 

Gray brown (10 YR 5/2) dry, very dark 
gray brown (10 YR 3/2) moist, loam or 
silt loam, weak, fine to medium platy 
structure, breaking to weak, very fine 
granular structure, soft,friable, non - 
sticky, non -plastic, few to many stones, 
abundant roots, pH 6. 2 -6.6, lower 
boundary abrupt to clear and smooth. 

Gray brown (10 YR 5/2) dry, dark brown 
(10 YR 3/3) moist, loam to clay loam, weak, 
very fine to fine subangular blocky structure 
breaking to weak, very fine granular 
structure, slightly hard, friable, slightly 
sticky, slightly plastic, many stones, many 
to abundant roots, few small gravels, pH 
6. 2 -6. 8, lower boundary clear and smooth. 

Dark gray brown (10 YR 4/2) to dark yellow- 
ish brown (10 YR 3/4) moist, clay loam to 
clay, moderate, fine to medium subangular 
blocky structure, hard, firm, slightly 
sticky, slightly plastic, many to abundant 
stones, few to many roots, pH 6. 5, lower 
boundary clear and wavy. 

Dark brown (10 YR 3/3) to dark yellowish 
brown (10 YR 4/4) moist, clay, weak, fine 
prismatic structure breaking to moderate, 
fine to medium subangular blocky structure, 



232 

very hard, very firm, sticky, plastic, 
many stones, few roots, pH 6. 3 -6. 8, 
lower boundary gradual and wavy. 

B22 15 -20" Dark brown (10 YR 3/3) to dark yellowish 
brown (10 YR 4/4) moist, clay, moderate, 
fine to medium subangular blocky structure, 
very hard, very firm, sticky, plastic, 
abundant stones, few roots, pH 6.5 -7. 2, 
lower boundary clear and wavy. 

Csim 20 "+ Silica cemented pan, no roots, pH 6. 6 -7. 2. 

VARIATIONS: In some cases, the parent material or underlying 
material ox the stone included in the soil are rhyolitic as well: as 
basaltic. Some of the soils appear to have a bit more of the 
yellowish tint in the B horizon when comparing them with other 
series. None of the silica cemented pans show any effervescence 
when treated with dilute hydrochloric acid. Usually the B22 
extends down into pockets within the underlying material. These 
spots are where the pan itself seems to be weaker in certain 
places as compared to others. The depth to the hard pan varies 
from 14 -20 ". 
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Tentative Series E 

This group consists of Brown soils located on north 
slopes at elevations from 4800 to 6500 feet with rolling, hilly 
macrorelief, and uniform microrelief. The parent material is 
rhyolite. The slopes vary from 10 -12 %. In terms of the 
7th approximation, these soils would be Haplargids. They are 
usually found associated with the Artemisia arbuscula /Festuca 
idahoensis habitat type. The solum is free from a hard pan, but 
there is some indication of silica cemented material on the under- 
sides of the rocks. 

A 11 0 -2" Light brownish gray (10 YR 6/2) dry, 
very dark gray brown (10 YR 3/2) moist, 
loam, silt loam, or silty clay loam, weak 
to moderate, very fine to fine platy 
structure breaking to weak, very fine 
subangular blocky structure breaking to 
weak, very fine granular structure, soft, 
very friable, very slightly sticky, non - 
plastic or slightly plastic, many fine 
vesicular pores, few to abundant stones, 
abundant roots, pH 6.3-6.8, lower 
boundary abrupt and smooth. 

A 12 2 -5" Light brownish gray (10 YR 6/2) dry, dark 
brown (10 YR 3/3) or dark gray brown (10 
YR 4/2) moist, loam to gravelly loam, 
weak, very fine platy structure breaking 
to weak, very fine granular structure, 
slightly hard, slightly firm, slightly sticky, 
slightly plastic, few to abundant stones, 
abundant roots, pH 6.4 -6.7, lower 
boundary clear and smooth. 

B1 5 -10" Dark gray brown (10 YR 4.3/2) dry, dark 
brown (10 YR 3/3) moist, loam to clay loam, 
weak, very fine to fine subangular blocky 
structure breaking to weak, very fine 
granular structure, slightly hard, firm, 
slightly sticky, slightly plastic, many 
stones, abundant roots, pH 6. 6 -6. 8, lower 
boundary clear and wavy. 
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B21 10 -15" Dark yellowish brown (10 YR 3/4) moist, 
clay loam to clay, moderate to strong, fine 
to medium prismatic structure breaking to 
moderate to strong, fine to medium sub - 
angular blocky structure, slightly hard, firm, 
slightly sticky, slightly plastic, many stones, 
many roots, pH 6.7-7. 2, thin continuous 
clay skins, lower boundary gradual and 
wavy. 

B22. 15- 20/27" Dark yellowish brown (10 YR 4/4) moist, 
clay, weak to moderate, very fine to 
medium subangular blocky structure, 
abundant stones, no roots, pH 7. 6, fading 
into rhyolitic underlying material, some 
indication of silica cemented material 
coated on the rocks especially on the 
undersides. 

VARIATIONS: This soil varies in depth from 20 to about 30 
inches. There is some question as to whether or not this soil 
has a pan and whether or not it should be classified as a soil 
which has a pan. It is felt, however, that the slight evidence of 
cementation does not justify such a conclusion. In general, most 
of the characteristics between these profiles are similar and 
the series is based on only two profile descriptions. 

- 
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Tentative Series F 

This group consists of Brown soils or Haplargids in 
terms of the 7th Approximation. They are developed from basalt 
parent material and are generally found on south - facing slopes, 
or, if found on north - facing slopes, the percent slope is less 
than 2 %. Many of them are found on almost level or uniform 
areas, but the general areas have rolling macroreliefs with 
uniform microreliefs. The solum generally does not overlie 
a hard pan and the soil is- noncalcareous. These soils are found 
from about 4400 to 5000 feet in elevation and are, with reference 
to the pro files studied, exclusively associated with the 
Artemisia tridentata /Agropyron spicatum habitat type. 

A11 0 -2" Light brownish gray (10 YR 6/2) dry, 
dark brown (10 YR 3/3) moist, loam 
or silt loam, weak, very fine platy 
structure breaking to weak, very fine 
granular structure, soft to slightly hard, 
friable, non - sticky, non -plastic, few to 
many stones, many to abundant roots, 
few fine vesicles, pH 6. 6 -7. 0, lower 
boundary abrupt and smooth. 

Al2 2 -5" Gray brown (10 YR 5/2) dry, dark brown 
(10 YR 3/3) to very dark gray brown (10 
YR 3/2) moist, silt loam to loam to clay 
loam, weak to moderate, fine to medium 
platy structure breaking to weak, very fine 
to granular structure or in some cases, 
weak, very fine subangular blocky structure, 
soft or slightly hard, friable, slightly 
sticky, slightly plastic, few to many stones, 
many to abundant roots, pH 6.6-7.4, lower 
boundary clear and smooth. 

AB 5 -10" Gray brown (10 YR 5/2) dry, dark brown 
(10 YR 3/3) moist, loam to clay loam, weak 
very fine to fine subangular blocky structure 
breaking to weak, very fine granular 
structure, slightly hard, friable or slightly 
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firm, stickly or slightly sticky, slightly 
plastic, few to many stones, few to many 
roots, pH 6.4 - 7.4, lower boundary 
gradual and smooth. 

B21 10 -14" Dark brown (10 YR 3/3) to dark yellowish 
brown (10 YR 4/4) moist, clay loam to clay, 
weak, fine prismatic structure breaking 
to weak to moderate, very fine subangular 
blocky structure, hard, slightly firm to 
firm, sticky, plastic, few to many stones, 
few to many roots, pH 6. 4 -7. 6, lower 
boundary gradual and wavy. 

B 22 14-20" Dark yellowish brown (10 YR 4/4) or 
(10 YR 5/4) moist, clay loam to clay, 
weak to moderate, very fine to fine 
subangular blocky structure breaking to 
weak, medium to very fine granular 
structure, hard, firm, sticky, plastic, 
many stones, few roots, pH 6.4 -7.6, lower 
boundary gradual and wavy. 

C 20/25 "+ Dark yellowish brown (10 YR 4/4) or 
yellowish brown (10 YR 5/6) moist, clay 
loam to clay, weak, medium to very fine 
subangular blocky structure breaking to 
weak, medium to very fine granular 
structure, hard, firm, sticky, plastic, 
stones dominant, few to no roots, no 
effervescence, pH 6. 8 -7.6. 

VARIATIONS: Some profiles have rhyolitic material and perlite 
material underlying. The horizon designations are similar, the 
depth varies from 17 -30 ", In several cases, white calcareous 
or silica cemented material is found on the undersides of rocks. 
The C occurs in pockets that protrude down into the basalt in 
several profiles. Obsidian is also found in some of these profiles. 

. 
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Tentative Series G 

This group consists of Brown soils or Duragids by the 
7th approximation and are found on rhyolitic parent material. 
They vary in elevation from 4400 to 4800 feet on 2 -15% slopes. 
They are normally found associated with the Artemisia arbuscula/ 
Festuca idahoensis habitat type. However, if they are found on 

the steep south slopes the associated vegetation, with reference 
to the profiles described, is usually the Artemisia tridentata/ 
Agropyron spicatum habitat type. They are found on rolling or 
hilly macrorelief with uniform microrelief. The solum is 
overlying a calcareous hardpan, in most cases. 

A11 0 -3" 

Al2 3 -7" 

B1 7 -10" 

Brownish gray (10 YR 6/3) dry, dark 
brown (10 YR 3/2) moist, loam to silt loam, 
weak, very fine to fine platy structure 
breaking to weak, very fine subangular 
blocky structure breaking to weak, very 
fine granular structure or powder , soft, 
friable, non - sticky, non -plastic, many to 
abundant stones, many to abundant roots, 
pH 6.4 -6. 8, lower boundary clear and 
smooth_ 

Gray grown (10 YR 5/2) dry, dark brown 
(10 YR 3/3) to very dark gray brown (10 YR 

3/2) moist, loam to clay loam, weak, fine 
platy structure breaking to weak, very 
fine granular structure, slightly hard, 
slightly firm, slightly sticky, slightly 
plastic, abundant stones, many to abundant 
roots, pH 6.6 -6. 9, lower boundary clear 
and smooth. 

Dark brown (10 YR 3/3) moist, clay loam 
to clay, weak to moderate, very fine 
subangular blocky structure breaking to 
weak to moderate, very fine granular 
structure, many to abundant stones, many 
roots, pH 6. 2-6, 9, lower boundary gradual 
and wavy. 



321 10 -14" 

322 15 -20" 

;cam 15/30 "+ 
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Dark yellowish brown (10 YR 3/4) moist, 
clay, moderate to strong, fine to medium 
prismatic structure, breaking to weak to 
moderate, fine to medium subangular 
blocky structure, hard, firm, sticky, 
plastic, abundant stones, few roots, 
pH 6.7 -7.8, lower boundary clear and 
wavy. 

Dark yellowish brown (10 YR 3/4) moist, 
clay, moderate to strong, fine to medium 
prismatic structure breaking to moderate 
to strong, fine to medium subangular 
blocky structure, hard or very hard, 
firm or very firm, sticky, plastic, 
abundant stones, few roots, pH 6.8-7.8, 
thin continuous clay skins, lower boundary 
gradual and wavy or irregular. 

Dark yellowish brown (10 YR 4/4) with 
patches of yellowish brown (10 YR 5/6) 
moist, yellowish brown mottles (10 YR 
5/4) moist, 3tructureless, no to few stones, 
no to few roots, generally slight to moderate 
effervescence on white hardpan indicating a 
calcareous cementation, pH 7.0 -7.6. 

TARIATIONS: Depth to the hardpan varies from 14 -30 ". Most of 
he hardpans are calcareous. Rhyolite is associated 
ock although basalt, andesite, scoria and obsidian are also found 
n these profile locations. The A to B differentiation is character - 
zed usually with an A3 or B 1 but in some profiles either or both 
s lacking and an AB is designated. 
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Tentative Series H 

This group consists of Brown soils or Duragids by the 7th 
approximation. They are developed from basalt parent material. 
They are found at elevations from 4200 to 4800 feet on from 1% 

to 20% slopes, and are generally found associated with the 
Artemisia tridentata /Agropyron spicatum habitat type. In some 
cases, when Artemisia arbuscula /Festuca idahoensis habitat 
types are found on south facing slopes, these soils are usually 
found in association with them. Macrorelief is rolling to 
hilly; microrelief uniform. Solum is found lying on a hardpan 
which is, in some cases, calcareous in nature. 

Light brownish gray (10 YR 6/2) dry, dark 
brown (10 YR 3/3) moist, loam to silt 
loam, weak, very fine to medium platy 
structure breaking to weak, very fine 
subangular blocky structure breaking to 
weak, very fine granular structure, soft, 
friable, non - sticky, non -plastic, many 
vesicular pores, few to many stones, many 
to abundant roots, pH 6. 4-7.0, lower 
boundary abrupt and smooth. 

A11 0 -3" 

Al2 3 -7" 

A3 7 -11" 

Gray brown (10 YR 5/2) dry, dark brown 
(10 YR 3/3) moist, silt loam to clay loam, 
weak, fine to medium subangular blocky 
structure breaking to weak, very fine 
granular structure, soft, friable, very 
slightly sticky, very slightly plastic, 
few stones, many roots, pH 6.5 -7.0, 
lower boundary clear and smooth. 

Gray brown (10 YR 5/2) dry, dark brown 
(10 YR 3/3) moist, loam to clay loam, 
weak to moderate, very fine to fine 
subangular blocky structure breaking to 
weak, moderate to very fine granular 
structure, soft: friable, slightly sticky, 
slightly plastic, few stones, few roots, 
pH 6. 6 -7. 2, lower boundary clear and wavy. 
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B21 11 -16" Dark yellowish brown (10 YR 3/4) moist, 
clay or clay loam, weak, very fine to 
medium subangular blocky structure, 
breaking to weak, very fine to fine granular 
structure, hard, firm, slightly sticky, 
slightly plastic, few to many stones, few 
to many roots, pH 6. 8 -7.6, lower 
boundary gradual and wavy. 

B22 16 -20" Dark, yellowish brown (10 YR 4/4) moist, 
clay loam or clay, weak to moderate, 
fine subangular blocky structure, hard, 
firm, slightly sticky, slightly plastic, 
few stones, few roots, pH 7. 0 -7. 6, 
lower boundary gradual and wavy. 

Csim 16/28 "+ Yellowish brown (10 YR 5/4) moist, no 
roots, abundant stones, in some cases 
heavy effervescence indicating that some of 
the material is calcareous, generally a 
silica cemented pan which may extend 
downward into pockets in the basalt. 

VARIATIONS: The pan varies in depth from 16 to 24 inches and 
is found in pockets within the parent material or basalt rock. 
White material on the undersides of rocks is generally strongly 
effervescent. Some of these sites have rhyolitic material mixed 
with the basalt. Several of these soils have a horizon at some- 
where near 10" which is difficult to differentiate into either a 
B1 or A3. 
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APPENDIX 3 

List of Artemisia arbuscula /Festuca idahoensis macroplot 
locations. 

Macroplot Number Legal Description 
(Willamette Meridian) 

1. 02- 14 -31 -1 NE 1/4 Sec. 3, T 24 S, R 25 E. 
2. 02- 14 -31 -2 SW 1/4 Sec. 3, T 24 S, R 25 E. 
3. 02- 14 -34 -1 SE 1/4 Sec. 7, T 24 S, R 25 E. 
4. 02-14-34-2 SW 1/4 Sec. 8, T 24 S, R 25 E. 
5. 02- 14 -35 -1 NW 1/4 Sec. 3, T 24 S, R 25 E. 
6. 02- 14 -36 -1 NW 1/4 Sec. 8, T 24 S, R 25 E. 
7. 02- 14 -40 -1 SE 1/4 Sec. 26, T 23 S, R 24 E. 
8. 02- 14 -41 -1 NE 1/4 Sec. 32, T 22 S, R 24 E. 
9. 02- 14 -41 -2 SE 1/4 Sec. 27, T 22 S,' R 24 E. 

10. 02- 14 -43 -1 NE 1/4 Sec. 23, T 21S, R 26 E. 
11. 02- 14 -46 -1 NE 1/4 Sec. 23, T 21 S, R 26 E. 
12. 02- 14 -46 -2 NE 1/4 Sec. 23, T 21 S, R 26 E. 
13. 02- 14 -50 -1 NW 1/4 Sec. 18, T 24 S, R 29 E. 
14. 02- 14 -51 -1 NW 1/4 Sec. 19, T 24 S, R 29 E. 
15. 02- 14 -59 -1 NE 1/4 Sec. 8, T 24 S, R 25 E. 
16. 02- 14 -61 -1 SE 1/4 Sec. 33, T 23 S, R 24 E. 
17. 02- 14 -62 -1 SE 1/4 Sec. 6, T 23 S, R 24 E. 
18. 02-14-64-1 SE 1/4 Sec. 6, T 23 S, R 25 E. 
19. 02-18-65-1 NE 1/4 Sec. 6, T 21 S, R 21 E. 
20. 02- 14 -66 -1 NW 1/4 Sec. 29, T 23 S, R 24 E. 
21. 02- 14 -67 -1 SE 1/4 Sec. 28, T 21 S, R 26 E. 
22. 02- 14 -67 -2 SW 1/4 Sec. 27, T 21 S, R 26 E 
23. 02- 14 -68 -1 SW 1/4 Sec. 5, T 23 S, R 24 E. 
24. 02-18-70-1 SE 1/4 Sec. 11, T 23 S, R 22 E. 
25. 02-14-72-1 NW 1/4 Sec. 21, T 24 S, R 25 E. 
26. 02 -14 -25 NE 1/4 Sec. 35, T 23 S, R 25 E. 
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APPENDIX 4 

List of Artemisia tridentata /Agropyron spicatum macroplot 
locations. 

Macroplot Number Legal Description 
(Willamette Meridian) 

1. 
2. 
3. 
4. 
5. 
6. 

02-14-32-1 
02-14-32-2 
02- 14 -33 -1 
02- 14 -33 -2 
02-14-37-1 
02-14-37-2 

SE 1/4 Sec. 9, T 24 S, R 25 E. 
SE 1/4 Sec. 9, T 24 S, R 25 E. 
NW 1/4 Sec. 4, T 24 S, R 25 E. 
NW 1/4 Sec.4, T 24 S, R 25 E. 
SW 1/4 Sec.23, T 24 S, R 25 E. 
SW 1/4 Sec.23, T 24 S, R 25 E. 

7. 02- 14 -38 -1 NW 1/4 Sec.31, T 23 S, R 26 E. 
8. 02-14-38-2 NE 1/4 Sec.36, T 23 S, R 25 E. 
9. 02- 14 -39 -1 SE 1/4 Sec. 10, T 24 S, R 25 E. 

10. 02- 14 -42 -1 NW 1/4 Sec.1, T 24 S, R 25 E. 
11. 02- 14 -42 -2 SW 1/4 Sec.1, T 24 S, R 25 E. 
12. 02- 15 -44 -1 NW 1/4 Sec. 24, T 16 S, R 14 E. 
13. 02- 15 -44 -2 NW 1/4 Sec. 24, T 16 S, R 14 E. 
14. 02-16-45-1 SW 1/2 Sec. 13, T 19 S, R 16 E. 
15. 02- 16 -45 -2 SW 1/2 Sec.13, T 19 S, R 16 E. 
16. 02-14-47-1 SW 1/4 Sec. 4, T 22 S, R 34 E. 
17. 02-14-47-2 SW 1/4 Sec. 4, T 22 S, R 34 E. 
18. 02- 14 -48 -1 NW 1/4 Sec. 26, T 28 S, R 36 E. 
19. 02-14-48-2 NW 1/4 Sec. 36, T 28 S, R 36 E. 
20. 02-14-49-1 NW 1/4 Sec.11, T 24 S, T 25 E. 
21. 02-14-49-2 NW 1/4 Sec. 11, T 24 S, T 25 E. 
22. 02- 14 -60 -1 NE 1/4 Sec. 17, T 24 S, R 25 E. 
23. 02- 14 -60 -2 NE 1/4 Sec. 17, T 24 S, R 25 E. 
24. 02- 14 -63 -1 SE 1/4 Sec. 6, T 24 S, R 25 E. 
25. 02- 14 -63 -2 SW 1/4 Sec. 5, T 24 S, R 25 E. 
26. 02- 14 -69 -1 NE 1/4 Sec. 25, T 27 S, R 35 E. 
27. 02- 14 -71 -1 SE 1/4 Sec. 2, T 24 S, R 25 E. 
28. 02-14-73-1 SW 1/4 Sec. 14, T 24 S, R 25 E. 
29. 02-14-73-2 SW 1/4 Sec. 14, T 24 S, R 25 E. 
30. 02- 14 -74 -1 SW 1/4 Sec. 21, T 24 S, R 25 E. 
31. 02- 18 -75 -1 SW 1/4 Sec.23, T 24 S, R 23 E. 



243 

APPENDIX 5 

Squaw Butte exclosure locations 

Habitat type Range Legal Description 
(Willamette Meridian) 

Arar/Feid * 
Artr Agsp 
Artr/Agsp 
Artr/Agsp 
Arar/Feid 
Artr/Agsp 
Artr/Agsp 
Artr/Agsp 
Artr/Agsp 
Artr/Agsp 
Artr/Agsp 

*Arar/Feid = 

Artr /Agsp = 

1 NW 1/4 Sec. 8, T 24 S, R 25 E. 
2 SE 1/4 Sec. 20, T 24 S, R 25 E. 
3 SE 1/4 Sec. 29, T 24 S, R 25 E. 
6 SE 1/4 Sec. 2, T 24 S, R 25 E. 
7 SW 1/4 Sec. 3, T 24 S, R 25 E. 
8 SE 1/4 Sec. 22, T 24 S, R 25 E. 
9 SW 1/4 Sec. 23, T 24 S, R 25 E. 

10 SW 1/4 Sec. 23, T 24 S, R 25 E. 
11 SE 1/4 Sec. 23, T 24 S, R 25 E. 
12 NW 1/4 Sec. 23, T 24 S, R 25 E. 
13 SW 1/4 Sec. 14, T 24 S, R 25 E. 

Artemisia arbuscula /Festuca idahoensis 
Artemisia tridentata /Agropyron spicatum 

. 
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APPENDIX 6 

Comparison of significant relationships by habitat type by method. 

Artr /Agsp Arar /Feid- 
Basal Fre- Basal Fre- 
Area quency Area quency 

Agropyron spicatum vs. 
hystrix 

Agropyron spicatum vs. 
sphaerocephalum 

Agropyron spicatum vs. 
Agropyron spicatum vs. 

perennials 
Agropyron spicatum vs. 
Agropyron spicatum vs. 

perennial grasses 
Agropyron spicatum vs. 

cristata 
Agropyron spicatum vs. 
Agropyron spicatum vs. 

ruralis 
Agropyron spicatum vs. Stipa thurberiana 
Festuca idahoensis vs. Sitanion 

hystrix 
Festuca idahoensis vs. Koeleria 

cristata 
Festuca idahoensis vs. Poa secunda 
Festuca idahoensis vs. Stipa thur- 

beriana 
Festuca idahoensis vs. Antennaria 

dimorpha 
Festuca idahoensis vs. Phlox 

longifolia 
Festuca idahoensis vs. total peren- 

nial (other)* 
Festuca idahoensis vs. total peren- 

nial grasses 
Festuca idahoensis vs. Tortula 

ruralis 
Festuca idahoensis vs. cation 

exchange capacity 

Sitanion 

Eriogonum 

litter 
total 

cryptogams 

Koeleria 

resistance* - 
Tortula 

.- 

+ + 
+ 

+ + + 

+ 

+ + 

+ + 

+ + 

= + 

- 

- 
- 

+ 

- 

- 

- 

- - 

- 

- - 

- 

+ 

- 

- 

- - 
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Festuca idahoensis vs. total 
nitrogen 

Festuca idahoensis vs. organic 
matter 

Koeleria cristata vs. Poa secunda 
Koeleria cristata vs. Tortula ruralis 

Poa secunda 
Poa secunda 
Poa secunda 

dimorpha 
Poa secunda 
Poa secunda 
Poa secunda 
Poa secunda 
Poa secunda 
Poa secunda 
Poa secunda 
Poa secunda 

vs. 
vs. 
vs. 

vs. 
vs. 
vs. 
vs. 
vs. 
vs. 
vs. 
vs. 

Sitanion hystrix 
Sitanion hystrix 

dimorpha 
Sitanion hystrix 
Sitanion hystrix 

stenophyllus 
Sitanion hystrix 
Sitanion hystrix 

(other)' 
Sitanion hystrix vs 

Lapacity 
Sitanion hystrix vs. 

sphaerocephalum 
Sitanion hystrix vs. 
Sitanion hystrix vs. 

perennials 
Sitanion hystrix vs. 

Sitanion hystrix 
Erigeron linearis 
Antennaria 

Phlox longifolia 
Agoseris glauca 
Tortula ruralis 
Total per. (other)* 
gravel 
stones 
bare ground 
total perennials 

vs. Phlox longifolia 
vs. Antennaria 

vs. 
vs. 

vs. 
vs. 

Stipa thurberiana 
Haplopappus 

Tortula ruralis + 

Total per. 

cation exchange 

Eriogonum 

gravel 
total 

cryptogams + 

Stipa thurberiana vs. Artemisia 
tridentata 

Stipa thurberiana vs. total shrubs 
Stipa thurberiana vs. total per. 

(other)* 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ + 

- 
+ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 



246 

Stipa thurberiana vs. bare 
ground + + 

Stipa thurberiana vs. cation 
exchange capacity - 

Stipa thurberiana vs. total 
nitrogen - 

Stipa thurberiana vs. organic 
matter - - 

Antennaria dimorpha vs. 
Phlox longifolia 

Antennaria dimorpha vs. 
total per. (other)* 

Antennaria dimorpha vs. 
total perennial grasses 

Artemisia tridentata vs. total 
per. (other)* 

Artemisia tridentata vs. total 
shrubs 

Artemisia tridentata vs. 
resistance 

Artemisia tridentata vs. total 
perennial grasses 

Artemisia tridentata vs. total 
nitrogen + 

Artemisia arbuscula vs. 
Eriogonum ovalifolium 

Artemisia arbuscula vs. 
Tortilla ruralis + 

Artemisia arbuscula vs. 
total shrubs + + 

Artemisia arbuscula vs. total 
nitrogen + 

Artemisia arbuscula vs. organic 
matter + 

Chrysothamnus viscidiflorus vs. 
organic matter + 

+ 

- 

- 



Eriogonum sphaerocephalum vs. 
Chrysothamnus viscidiflorus 

Eriogonum sphaerocephalum vs. 
cation exchange capacity 

Eriogonum sphaerocephalum vs. 
organic matter 

Haplopappus stenophyllus vs. 
resistance ;, 

Erigeron linearis vs. 
ovalifolium 

Erigeron linearis vs. 
per. (other)* 

Erigeron linearis vs. 

Eriogonum 

total 

resistance* 

Eriogonum ovalifolium vs. total 
per. (other)* 

Eriogonum ovalifolium vs. Tortula 
ruralis 

Phlox diffusa vs. 
Phlox diffusa vs. 

vis cidiflorus 
Phlox diffusa vs. 

Phlox longifolia 
Phlox longifolia 
Phlox longifolia 
Phlox longifolia 

capa city 
Phlox longifolia 
Phlox longifolia 
Bare ground vs. 
Bare ground vs. 
Bare ground vs. 
Bare ground vs. 
Bare ground vs. 

Phlox longifolia 
Chrysothamnus 

total per. (other)* 

vs. 
vs. 
vs. 
vs. 

total perennials 
total per. (others)* 
resistance 
cation exchange 

vs. organic matter + 
vs. total nitrogen + 

resistance* + 
cryptogams 
gravel 
total perennials 
organic matter 
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+ 

- 

- 

+ + 

+ 
+ 



Stones 
Stones 
Stones 
Stones 

vs. 
vs. 
vs. 
vs. 

resistance 
total perennial grass 
cation exchange capacity 
organic matter 

Litter vs. cryptogams 
Litter vs. total nitrogen 

Gravel vs. stones 
Gravel vs. total perennials 

Cryptogams vs. total perennial 
grasses 

Tortula ruralis vs. total perennial 
grasses 

Tortula ruralis vs. cation exchange 
capacity 

Tortula ruralis vs. total nitrogen 

Total per.(other)* vs. gravel 
Total per. (other) vs. Tortula 

ruralis 
Total per. (other) vs. 
Total per. (other) vs. 

perennials 
Total per. (other) vs. 

bare ground 
total 

resistance 

Total shrubs vs. total perennials 
Total shrubs vs. total nitrogen 
Total shrubs vs. organic matter 

Total perennials vs. total 
perennial grasses 

Total perennials vs. organic matter 

Total perennial grasses vs. total 
nitrogen 

Resistance vs. 
capacity 

Resistance vs. 
Resistance vs. 

cation exchange 

total nitrogen 
organic matter 
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+ 

+ 
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Cation exchange capacity vs. 
total nitrogen + + + + 

Cation exchange capacity vs. 
organic matter + + + + 

Total nitrogen vs. organic 
matter + + + + 

Total per. (other) refers to total perennials other than grasses. 
Resistance refers to the resistance of the surface soil to 15 lbs. 
air pressure. 

Frequency 
Basal Area 

Number of Significant 
Relationships 

Artr /Agsp Arar /Feid 
40 47 
43 58 

* 




