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Abstract:
The data presented in this thesis include (1) variations and adaptability of the "per cent of plants grazed
method" of utilization determination influenced by the grazing behavior of unherded sheep and (2)
variations in" degree of utilization as influenced by variation in height-weight relationships .

The study area was located on the Shaw Ranch at White Sulphur Springs, Montana. The
midcontinental climate was characterized by moderately low rainfall. The soils were gravelly or stony
loams. The Palouse bunchgrass species and mixed prairie species were intermingled in the area.

A small band of unherded ewes and lambs was allowed to graze at will on the study area. They spread
out widely in small groups and varied their choice of bed grounds. Factors influencing grazing habits
included the feeding of hay, lambing camp locations, elevation, water barriers, exposure, slope,
vegetation roughs, and plant species preferences,.

The vegetation and degree of utilization were systematically sampled and mapped. A composite plant
for each species, representing all plants of this species in the study area, was developed and used as a
basis for the development of a height-weight chart. This chart was used to determine percentage
utilization from stubble height measurements. This height-weight chart was also used to develop
graphs depicting the relationship of stubble height to per cent utilization.

Utilization values determined by use of the author' s height-weight table were compared to utilization
values, for the same stubble heights, as taken from two different adaptations of Lommasson's
utilization gauge. These paired values were statistically compared. The author's height-weight table for
utilization determination appeared to be equally as accurate as the Lommasson utilization gauge for the
areas studied.

The over-all utilization on the study area was 31.39 per cent, based upon the author'S height-weight
table values for the measured stubble heights. A total of 79.5 animal unit months of grazing use
occurred on the area during the study period. The area was stocked at the rate of 4.6 acres per animal
unit month. The kentucky blue grass-timothy type was the most heavily utilized of the vegetation types.
Sandberg bluegrass was the most heavily utilized of the plant species.

Graphs for the "per cent of plants grazed method" of utilization determination were prepared. The
influence of the method of data summation was reflected in these graphs. Per cent of plants grazed
graphs were prepared from data collected on the Shaw Ranch study area and from previously collected
computed data for the Chadbourne Lease north of Livingston, Montana." The resulting graphs were
compared statistically and were found to be significantly different between areas in nearly all cases.

The possibility of using the per cent of plants grazed graphs developed on the Shaw Ranch study area
on another area of similar vegetation, for which they were not specifically prepared, was tested. This
application of the method gave poor results with junegrass and sandberg bluegrass but good results



with some of the other plant species. 
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ABSTRACT

"The data presented in this thesis include (I) variations and adapta­
bility "of the "per cent of plants grazed method" of utilization determina­
tion as'influenced by the grazing behavior of unherded sheep and (2) va­
riations in' degree of utilization as influenced by variation in height- 
weight relationships »

The study area was located on the Shaw Ranch at White Sulphur Springs, 
Montana. The midcontinental climate was characterized by moderately low ' 
rainfall. The soils were gravelly or stony loams. The Palouse bunchgrass 
species and mixed prairie species were intermingled in the area.

A small band of unherded ewes and lambs was allowed to graze at will 
on the study area. They spread out widely in small groups and varied 
their choice of bed grounds. Factors influencing grazing habits included 
the feeding"of hay, lambing camp locations, elevation, water barriers, ex­
posure, slope, vegetation roughs, and plant species preferences..

The vegetation and degree of utilization were systematically sampled 
and mapped. A composite plant for each species, representing all plants 
of this species in the study area, was developed and used as a basis for 
the development of a height-weight chart. This chart was used to deter­
mine percentage utilization from stubble height measurements. This height- 
weight chart was also used to develop graphs depicting the relationship of 
stubble height to per cent utilization.

Utilization values determined by use of the author* s height-weight 
table were compared to utilization values, for the same stubble heights, 
as taken from two different adaptations of Lommasson1s utilization gauge„ 
These paired values were statistically compared. The author's height- 
weight table for utilization determination appeared to be equally as ac­
curate as the Lommasson utilization gauge for the areas studied.

The over-all utilization on the study area was 31.39 per cent, based 
upon the author's height-weight table values for the measured stubble 
heights. A total of 79.5 animal unit months of grazing use occurred on 
the area during the study period. The area was stocked at the rate of 
4.6 acres per animal unit month. The kentucky blue grass-timothy type was 
the most heavily utilized of the vegetation types. Sandberg bluegrass 
was the most heavily utilized of the plant species.

Graphs for the "per cent of plants^ grazed, nethod11... of,.,utilization de­
termination were prepared. The influence of the method of data summation 
was reflected in these graphs. Per cent of plants grazed graphs were pre­
pared from data collected on the Shaw Ranch study area and from previously 
collected computed data for the Chadbourne Lease north of Livingston, Mon­
tana. The resulting graphs were compared statistically and were found to 
be significantly different between areas in nearly all cases.

The possibility of using the per cent of plants grazed graphs develop­
ed on the Shaw Ranch study area on another area of similar vegetation, for 
which they were not specifically prepared, was tested. This application 
of the method gave poor results with junegrass and sandberg bluegrass but 
good results with some of the other plant species.



o U i=-

INTRODUOTION

The determination of degree of utilization on range forage plants is 

one of the most difficult problems encountered in managing grazing lands 

on a sustained yield basis. A number of methods for utilization measure­

ment have been suggested and tried -with varying degrees of success and 

satisfaction to the User3, but no single method has been entirely satis­

factory . In general, most of the accepted methods are too tedious H.nr| 

time consuming for the average rancher or administrator to applyc The 

large units of range ordinarily involved require a method which is rapid, 

easily used, easily understood, and reliable. Ordinarily, extreme accur­

acy is not as important as a well-distributed sample, yielding reliable 

results, on these large range units*

The “per cent ungrazed method* has been advanced as a possible solu­

tion to the problem of determining utilization on these large areas. A 

variation of this method uses the per cent of plants grazed. For pur­

poses of simplification, this variation will be called the “per cent of 

plants grazed method* throughout this thesis. The per cent of plants 

grazed is determined by dividing the number of grazed plants by the total 

number of plants measured. The “per cent of plants grazed method* em­

ploys a graph of the relationship between the percentage of all the plants 

grazed and the total percentage of forage removed*

The primary objective of this study was to develop graphs, by the 

“per cent of plants grazed method,* which would be applicable to measure­

ment of utilization by sheep within the study area involved. The grazing 

behavior of unherded sheep was examined because of its influence on the

I
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application and accuracy of the methodc In addition, variation in the 

graphs, as influenced by various procedures of data summation, were to 

be studied. These graphs were also to be used to test the validity of 

using them on another area of similar vegetation for which they were not 

specifically prepared»

In objective of a secondary nature was involved=. It was desired to 

test the reliability of the method of utilization determination used in 

this study * The reliability of these utilization values limits the value 

of the “per cent of plants grazed method1* of utilization determination« 

Another procedure of utilization determination, the Lommasson gauge, in­

volving the same basic concepts of height-weight relationships was used 

for this comparison. The same stubble height measurements were used.

This study was conducted with the Montana State College Experiment 

Station experimental sheep band on the Shaw Ranch at White Sulphur 

Springs,. Montana. This ranch is leased by the Montana State College 

Experiment Station for sheep research. Data from a portion of the Chad- 

bourne Ranch, just north of Livingston, Montana, is also included. This 

property was formerly leased by the Montana State College Experiment 

Station.
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REVIEW OF LITERATURE

The use of utilization determinations as an aid in managing grazing 

lands is not new.. Man has made use of this tool, with varying degrees of 

application and success, ever since grazing animals were first domesti­

cated. These applications were of a general nature and were applied only 

as necessity required their use. Around the turn of the century, the con­

servation movement began to flourish, and the need for more complete in­

formation on utilization determinations became apparent„ Progress in 

this field of research accelerated greatly in the early 1930's as several 
men began to study the problem and develop new methods of determining de­

gree of utilization. The two general types of utilization determinations 

in use are the qualitative approach, by means of estimation, and the quan­

titative approach, by means of actual measurements„

QUALITATIVE METHODS

The qualitative approach was used by the old-time stockman as he 

judged how much of his feed was fully used and how much more grazing he 

could get from a particular unit of grazing land. These estimates were 

of an ocular nature and were greatly influenced by the man’s judgment and 

experience. Various standards for proper use based upon these ocular es­

timates have been suggested. Sampson and Malmsten (1926) stated, "It is 

generally conceded that if from 10 to 25 per cent of the herbage of the 
more important palatable species remains in the fall, proper utilization 

has been affected." The U. S„ Forest Service (1936) recommended that 25 

per cent of the seed heads be allowed to reach maturity in Addition to the 

specifications suggested by Sampson and Malmsten. This general reeonnais-



sance method may involve any plant species or any portion of an area. The 

estimates may be in terms of percentage of height or volume removed or 

both, or they may be generalized in terms such as light, moderate, or 

heavy utilization. Presumably, estimates of the use will vary to a con­

siderable extent in the application of this method. Smith (1944) found 

this to occur in estimating density.

Several variations of the general reconnaissance method have been 

devised and studied in recent years. The weight estimate method (Pechanec 

and Pickford, 1937) of determining range production substantiates the ■ 

variation known as the ocular-estimate-by-plot method (Pechanec and. Pick- 

ford, 1937a and Soil Conservation Service, 1944), In this method the 

weight estimates are limited to a plot of such.limited area that alI the 

plot is visible from one point. The average of several plots is the aver­

age utilization, Pechanec and Piekford (1937a) tested a refinement of the 

ocular-estimate-by-plot method, known as the ocular-estimate-by-average-of- 

plants method, and concluded that it was the most accurate of the methods 

tested. This method involves estimates of weight removal for each plant 

within the plot. The average of the estimates is taken as the utilization 

for the plot, Dasmann (1951), Hormay (1943), and others have applied the 

visual estimate method of utilization determination to browse. The per­

centage of use on individual shrubs is estimated by mental reconstruction 

of ungrazed appearance or of uncropped leader length.

A number of methods involving the use of general appearance have been 

used widely to determine the degree of utilization on generalized range 

areas. The primary forage plant method was described by Deming (1939)

«=> 14 =
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and has been widely used by several federal agencies and by private ran­

chers, Specific information on factors which influence use, such as com­

position, abundance, vigor, reproduction mortality, poisonous plants, soil 

erosion, topography, water, rodents, fires, and season of use, are des­

cribed, In addition, specific information about degree of utilization on 

each of the main forage plants is recorded. After a study of all the 

factors examined, the area is assigned to one of nine described classes of 

degree of use.

In the subalpine grassland ranges of Oregon and Washington (Pickford 

and Reid, 1942), a range was properly grazed when 50 per cent of the green 

fescue, the key plant, was utilized. This was determined by estimating 

the per cent of plants grazed to I inch or less, the per cent ,of plants 

grazed to less than 3 inches, and the per cent of plants ungrazed,• For 
the same general vegetation types, Pickford and Reid (1942a) list guides 

to determine proper use by means of appearance and visual estimation of 

per cent used. The range-condition method of utilization survey, as sug­

gested by Humphrey (1949), employs a flexible proper-use factor for each 

key speciesj the factor to be used depending on the range condition of the 

given forage type. The basis of this method is also appearance and es­

timation of per cent used,

A method of judging range utilization (Hormay and Fausett, 1942) of 

annual-type ranges in California was based on the appearance of the range 

as compared to standard photographs. Young (1945) further expanded this 

method for the U„ S, Soil Conservation Service in California and de­

veloped several photographic guides for use in these vegetative types, A
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guide to degrees of range use as applied in southwestern Texas (Osborn, 

194-7) also made use of this procedure of photographic comparison.

Costello and Turner (1949) used photographs and charts as aids to deter= 

mining current forage utilization of the short-grass range on the Central 

Great Plains. Indicators of degree of use are listed according to cur­

rent. forage production within range condition classes.

Lantow (1939) felt that utilization should be estimated separately 

for several species rather than on the over-all basis used in the primary 

forage plant and photographic methods. These values were then weighted 

by the percentage composition and totaled. Proper use was weighted and 

totaled in the same manner. The two sums were then divided to obtain the 

proper per cent utilization of the available forage.

QUANTITATIVE METHODS

The quantitative approach has been used by numerous researchers in 

their efforts to develop accuratescientific methods of utilization de­

termination. These methods involve measurements which vary from those 

which are very extensive to those which are very intensive.

One of the most recently developed methods for determining degree of 

forage utilization involves the counting of pellet groups and droppings 

and correlating them with estimated forage taken. Several researchers, 

among them McCain (1948), U4 S. Forest Service Region 4 (Undated), and 
-Parker (1953)s have suggested and studied this method. The method is 

quantitative in regard to the counts but qualitative with respect to the 

estimated forage removal values4 The conversion of animal population, 

determined by pellet counts, to forage consumed can be based only on
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estimates of pounds of forage normally eaten by each class of animal dur­

ing a 24 hour period.
Purely quantitative methods, such as weight measurement, have also 

been used as a means of determining percentage utilization. Much work has 

been done with the weight measurement system. Morgan and Beruldsen (1931) 

and Beruldsen.and Morgan (1934) used a method in Australia which necessi­

tates two clippings of the forage| 25 samples before and 35 samples after 
grazing. In the 1931 study the 25 .before grazing samples were re-cut at 

the end of the grazing period to allow for regrowth during the grazing 

period. The 1934 study did not have a regrowth problem as the small pas­

tures were grazed by sufficient numbers of sheep so that only one day 

elapsed between the clippings. The percentage of volume reduction in air- 

dry weight is taken as the percentage of forage utilized. If growth is 

appreciable between clippings, forage production and utilization may be 

determined by a method suggested by a Joint Committee.of the American 

Society of Agronomy, American Dairy Science Association, and the American 

Society of Animal Production (1943)« Two meter-square enclosure cages 

are placed at random in each pasture, and a third meter-square unprotected 

plot is located within 10 feet of the enclosures. The cages are moved 

after each clipping. Methods of a similar nature have been successfully 

used in the midwest by Fuelleman and Burlison (1939) and others, Klingman, 

et al. (1943) show, statistically that the cages should be randomly lo­

cated but .the unprotected plot should be selected for its likeness to the 

two caged plots to give the best results. Nevens (1945) compared the 

relative values of 3 variations of cage management and clipping procedure
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which have been used.

A modification of the weight method (Stapledonj et al.,, 1927 and 

Gassadyj 1941) has been used to determine.utilization on sheep range. - 

This system is known as the "before and after grazing" method. The method 

involves collecting, and weighing predetermined numbers of units (one twig, 

Stemj Ieafj other plant part, or the entire plant) just prior to and 

immediately following grazing. This method has given good results in 

range studies in Utah (Cook, G. Waynej et al., 1948| Cook, Clyde Joj et 
al., 19485 and Green, et al., 1951). It has also been used, by these 

same researchers, to determine the composition of a sheep’s diet and. the 

closely related dietary preferences of sheep. Morgan and Beruldsen (1931) 

and Beruldsen and Morgan (1934) separated their clippings by species in 

order to determine dietary preferences. Esplin, et al. (1937) attempted 

to determine the diet by multiplying species composition by the percentage 

of each species which has been consumed at the end of the grazing period.

The measurement of height has also been used to determine utilization. 

The height measurement method, as originally applied to the utilization of 

grass, was based on the premise that percentage utilization of grass is 

equal to the reduction in average leaf height as a result of grazing 

(Pechanec and Pickford, 1937a). If the volume were distributed equally 

throughout the height of the plant, this would be true. However, Lorn- 

mas son and Jensen (1938, 1942, and 1943) ,  Grafts (1938) ,  Valentine ((1946),  

and others found this assumption to be invalid.

A modification of this height measurement method has been applied to 

browse. This modification involves tagging twigs and measuring the cur­
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rent year's growth before grazing and the same current year’s growth after 

grazing. The differnece in length is concerted to a percentage use figure 

for each tagged twig. All of these values are averaged for a total use 

figure. Nelson (1930), Inlander (1937)j> members of the Inter-Agency Com­
mittee, Oregon-California Interstate Deer Range, (1948), and Dasmann 

(1951) are only a few of the research workers who have used this method,

A line transect method, involving a variation of the height measure­

ment method,(Canfield, 1941, 1944? and 1950) has been used in southern 

Arizona and was found to be highly applicable as a research, procedure. 

Stubble heights and diameters are measured along a 50- or 100-foot line 

transect and then arranged according to species and stubble-height 

classes. Total use is determined by weighting these values according to 

•the proportion of each species present. This method has also been used by 

members of the Interstate Inter-Agency Committee (1948) in checking winter 

deer range forage utilization. A suggested method of measuring grazing 

use on bitterbrush (Hormay, 1943) involves a modification of the line 
transect in measuring the average diameter of the plant crown.

The conversion of stubble height measurements of grasses to weight 

removed was a very progressive step forward in the field'of use determina­

tion. This was made possible by studies dealing with the height-weight

distribution within individual grass plants, Lommasson and Jensen (1938)
/

were the first to correlate height removal with weight removal in the 

principal grasses of the western range area. At almost the same time. 

Crafts (1938) reported upon a study which endeavored to tentatively, deter­
mine the relationship between height and volume (by weight) in some of the
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important southwestern range grasses. Further, this study endeavored to 

develop a possible method for measuring volume utilization directly while• 

measuring the stubble heights on the range. Grafts (193&) stated that, 
"The curve of height against volume approaches a parabola in all cases, 

and there is always a.great concentration of volume close to the ground,"

Grafts (1938a) studied and reported upon the height-weight relation­

ships in 11 important grasses in Arizona and New Mexico, Height-weight 

scales were developed for these grasses. Individual utilization guides 

using this method were written by Grafts (1938b, 1938c, and 1938d) and by 
Campbell and Grafts (1938) for 4 of the most important grass.species of 

the Southwest,

In connection with these height—weight scales, definitions and con­

cepts about proper use, utilization indicators, soils, range types, class 

of stock, topography, time to judge use, utilization panels, and the use 

of key species were presented in another publication (Crafts and Wall, 

1938). Parker and Glenderiing (1942a) discuss these factors and give crop 

heights, proper use factors, and proper stubble heights, for each plant 

species by condition class and slope,

Campbell (1942) and Lommasson and Jensen (1942 and 1943) gave in­

structions in constructing and using the tables and scales needed to de­

termine utilization by the height-weight method, Lommasson and Jensen 

(1942 and 1943) tested their method and concluded that height alone could 

be used as the variable for the determination of the required number of 

plants to be used in constructing height-weight tables, They concluded 

that the height-weight principle, when properly used, was sound and more -
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accurate and uniform than the ocular estimate method for utilization de­

termination. The ocular—estimate—by-plot method was compared with the 

height-weight method on green fescue range (Reid and Piekford5, 1941).

They reported varying results depending upon the uniformity of the stubble 

height and recommended the use of the ocular method because of its rapid­

ity. Nevertheless, Pickford and Reid (1942) recognized the height-weight 

relationship in green fescue and plotted a height-weight distribution 

curve for the species. • Heady (1950) studied the relationship between the 

growth form of five perennial grasses and yearly changes in climate, dif­

ferences in habitats, composition of the species in the stand, and degree 

of herbage removal. He found the height-weight method useful when proper­

ly applied and evaluated.

Other researchers have suggested major modifications in the field 

procedure of the height-weight method. In a method employed to make it 

more applicable to mixed grass stands (Parker and Glendening, 1942) all 

the important species were used, rather than a few "key species,” and the 

percentage composition was used to weight the respective utilization 

values. A modified application of the height-weight method, as used 'by 

Collins and Hurtt (1943) at the United States Range Livestock Experiment 

Station near Miles City, Montana, involved the use of marked links on a 

chain as plot centers, stubble-height measurements on ,8key species,” 

and weighting by percentage of all grazed stems of the species involved. 

Valentine (1946) scaled the percentages of utilization on a card which is 

placed at the side of the plant so that the actual stubble height directly 

indicates the percentage of weight that has been removed„ This greatly
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reduces the amount of calculations needed. The method is also helpful in 

that the examiner is able to directly associate stubble height with utiliz­

ation, Woolfolk (194-9) used a modification of the- height-weight method in 

the sheep research at the United States Range Livestock Experiment Station 

near Miles Gity9 Montana, The method involves correction for yearly vari=. 

ation.

Not all workers have found the form factor principle to be an en­

tirely sound approach to the determination of degree of utilization. The 

work at Miles Gity9 Montana, indicated that the height-weight distribution 
and the ratio of culmed to culmless plants varied greatly from year to 

year (Collins and Hurtt9 1943 and Holscher and Woolfolk9 1953). Work in 

the Texas Panhandle (Caird9 1945) indicated that grasses growing on poor 
sites had only a very small proportion of the foliage above the first inch, 

while on good sites, much more of the foliage was distributed higher on 

the plant. Plants on poor sites were also much shorter in total height. 

Grazing to a certain percentage of the height may result in either under, 

proper, or over utilization depending upon the climate, site, and plant 
species because of the possible high variation in the large volume of herb­

age produced in the lowest part of the grass plant (Costello and Turner9 
1944)o Heady (1950) found that the percentage of weight of plants in 

1-inch intervals of height did not vary consistently, either directly or 
indirectly, with average height, average weight, soil, temperature, pre­

cipitation, or species composition of the stand, He concluded, however, 

that the height-weight method is valid and useful provided its limitations 

and variations are considered. In 4 years of work in Utah9 Clark (1945)
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found that composite samples of all years and all zones would often show 

errors of 10 to 25 per cent when use was made of average height-weight 
tables, . Each species exhibited its own variation in growth form as a re­

sult of differences in soil, exposure, shading, moisture conditions, and 

temperature. He concluded that the 10 species studied under the conditions 

described do not have a growth form that even approaches consistency and 

that the ocular-estimate-by-plot method is more accurate.

The stem-count method of utilization determination was introduced by 

Stoddart (1935). In this method he showed that percentage utilization 

was a direct function of the total number of stems grazed. This work was 

done with western wheatgrass (Agronvron smithij) and was deemed to be 

quite suitable. Pechanec (1936) tested this method with thickspike wheat- 
grass (Agronvron dasvstachvum) and found it insufficiently accurate to 

merit its use. The stem-count method was further tested on bunchgrass, 

and it was found to be neither sufficiently accurate nor rapid to justify 

its use on this type of plant (Pechanee and Pickford, 1937aj. Stem, and 

twig counts were used in the Missouri Ozarks (Dalke, 1941) as a basis for 

determining degree of utilization of woody plants.

Canfield (1942 and 1944a) suggested a short-cut method for estimating 

utilization. This method is based upon the number of plants in a grass 

stand grazed to a stubble height of'2 inches or less, the number of plants ■ 
grazed above a 2-inch stubble height, and the ungrazed balance. To use 

this system, the average per cent of plants grazed to a stubble height of 

2 inches or less is estimated, by observation or systematic count, in 
terms of basal tuft area without regard for species, density, and eomposi-



tion. This value is referred to the chart for the balance of the data, 

Stoddart1s method (1935) and this method were the original suggestions for 

the "per cent ungrazed method" as developed by Roach in 1950,. Osborn 

(1947a) further suggested the "per cqnt ungrazed method" with his work on 

frequency tallies. In this methods Ijhe frequency of occurrence of dif*= 

ferent speciep and the percentages o| each completely grazed, partially 

grazed, and upgrazed is systematically tallied in the field and then con­

verted to per cent utilization.

The- "per cent ungrazed method," as developed by Roach (1950), was a 

direct outgrowth of Canfield's findings (1942 and 1944) and later studies 

by S. Clark Martin (Roach, 1950)„ It is based on the grazing habits of 

cattle and on the relationship between the per cent of accessible peren­

nial grass clumps grazed and the amount by weight of forage removed.

Roach (1950) did not differentiate between species in his work. . Hurd and 

Kissinger (1953) applied a variation of the method to Idaho fescue 

(Festuca idahoensis) only, on the basis of the "key species" concept of 

grazing management. A modification of the method (Collins and Hurtt, 1943 

and Holscher and Woolfolk, 1953) utilized the per cent of plants grazed 

multiplied by per cent of plant weight removed. Holscher and Woolfolk 

(1953) stated that "per cent of plants grazed was the most sensitive in­

dicator of the degree to which a forage species had been grazed." They 

propose an adaption of their method involving only a tally of grazed and 

ungrazed plants. This tally is referred to a table listing the proper 

per cent of plants to be grazed, by topographic subtypes on both summer 

and,winter ranges. Hunt, ^t a l „ (1954) determined utilization through a
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combination of counting grazed and ungrazed plants and taking leaf height 

measurements„

Various authors have studied the problem of utilization determination 

and critically examined and compared the various methods which have been 

suggested. Cook and Stoddart (1953) outline and illustrate many of the 

problems encountered in this field of study. They state, “Adequacy of 

standard utilization measurement methods depends upon what information is 

desired and what application is to be made of the data." Heady (1949) 

and Humphrey (1949) have made comprehensive comparisons of the methods of 

utilization determination which have been used, as have Stoddart and 

Smith (1943), Sampson (1952), and Brown (1954). Stoddart (1952) discusses 

the various methods available and the problems involved. These methods 

are discussed from an agronomic angle by Ahlgren (1947). Dasmann (1948) 

has compared the various utilization methods in their application to deer 

range. Bickford and Reid (1948) studied the problem of utilization deter­

mination and pointed out the problem of non-uniformity of grazing and its 

effect on the determination of proper utilization. Campbell (1937) and 

Bailey (1945), in studying the riddle of utilization measurement, discuss 

the invalidity of using specific proper-use factors because of the vari­

able influence of site and climate. According to Campbell (194.3), the
(

real problem is not the measurement of use but the interpretation of the 

measurements taken. According to Lantow (1938), "A method for utiliza- 

tion surveys is not solely a mathematical question, and I doubt whether 

it ever can be made so."
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GRAZING HABITS

The grazing habits of livestock have been studied by men in various 

agronomic fields. James Anderson (1797), a Scottish farmer, developed a 

system of rotation pasture grazing based largely on his observations of 

cattle grazing habits. No practical development of a similar nature has 

been found in the annals of the western range in North America. Even the 

recorded, planned studies are of a rather recent date.

The grazing habits of cattle permitted development of the "per cent 

ungrazed method" of utilization determination (Roach, 1950). Gattle gra­

zing freely with ample forage available will, as a general rule, graze a ' 

qlump of grass only once and then move on to a fresh plant. They will not 

return to a grazed plant unless forage is short or until the grass has 

grown new succulent growth'. Because of these grazing habits, the percent­

age of plants grazed and remaining ungrazed provide indices to the total 

grazing use of a plant species or a range area (Roach, 1950).

Environmental factors which can be influential in the behavior of a
(

herd of bullocks were examined at Stratford-on-Avon. These factors were 

the natural conditions of climate, including seasonal changes in weather, 

and the system of grazing management (Tayler, 1953)« Gold winds and dri­

ving rains cause cattle to stop grazing and drift with the wind in search 

of shelter (Hancock, 1950 and 1952). Gully (1937) studied the forage 

preferences of cattle and the factors that influenced grazing habits in 

southern Arizona. Weather conditions and exposure were closely related 

to the areas which were grazed heavily. Seasonal preferences for forage 

were noted. These fluctuations in forage preference were noted also by



Johnson (1953) and Harris (,1954). Timber is an environmental factor in­

fluencing both grazing'use and other environmental factors0 Pickford and 

Reid (1948) studied the relative palatability of grasses for cattle on the 

timbered lands and grasslands of eastern Oregon, They found a lowered 

palatability of certain forage plants in the timbered areas„ Holscher and 

Woolfolk (1953) and Peterson and Woolfolk (1955) discussed utilization 

variations due to the environmental factors of range subtypess stocking 

rates, and distance from water. They found, as did Gully (1937), that 

cattle tended to heavily graze the bottom or stringer subtypes„

Temperatures in the temperate zones (Castle, et a%,, 1950; Hancock, 

1950; and Waite, et al,, (1951) had little effect on the time cattle spent 

grazing, but Hein (1935) reported that cattle grazing during the night lie 

down very soon after a cooling fog descends. Although grazing time was 

not influenced, loafing time was increased during warm days, either because 

of excess warmth or the prevalence of flies (Castle, et al,, 1950 and Waite,. 

Jli ZLhoj 195l)o This increase in loafing time was due to the expenditure 

of less time on activities other than grazing.

Cattle prefer to graze in daylight, and a strong positive relation­

ship exists between the length of day and the time cattle spend grazing 

in daylight (Hancock, 1953)= Grazing steers were found to graze at night 

only at twilight or in moonlight (Hein, 1935). Hancock (1950) and Waite, 

et al,, (1951) found that during the two months centered around the 
longest day of the year little or no grazing occurs in darkness, but with 

shortening days cows spend a greater part of their grazing time in dark­

ness, This was- contradicted by Peterson and Wbolfolk (1955), Although
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cattle prefer to graze during daylightP grazing follows a distinct pattern 

in that periods of intense eating alternate with periods of idling, rumina­

tion, •and rest (Hancock, 1953 and Peterson and Wbolfoik, 1955).

A statement by Johnstone-Wallace (1944) to the effect that the time 
spent grazing was almost constant irregardless of feed availability has 

not been substantiated by other researchers including Hancock (1953),

Atkeson, afc a%., (1942), and Waite, ^t al., (,1951). The relationship be­
tween rate of stocking and cattle habits tended toward more vigorous for­

aging by cows on heavily stocked range in the study conducted by Peterson 

and Wbolfolk (1955). In New Zealand (Hancock, 1950) it was found that 

grazing times were definitely influenced by the quality of the forage. It 

has been suggested (Waite,,et al., 1951) that cattle graze longer on green, 

succulent growth because it packs tighter in the rumen than coarse, dry 

plants, therefore requiring more grass to satisfy their appetites.■

Studies dealing with the grazing behavior of cattle may be highly 

variable as to subject matter and application. A study may cover a single 

factor or many factors influencing grazing behavior. Hancock’s (1950), 

study of inherent individuality of cattle as an influence in grazing be­

havior varies widely from the common type of study. A study such as 

length of grazing period and its influence on the amount of consumption 

(Waiter et al., 1951) is a more common and practical approach. Weaver and

Tomanek (1951) used a common method by studying cattle behavior in
•\

Nebraska throughout 24-hour periods for a typical day, a hot day, and a 

cool day. Hubbard (1952), in reporting on cattle behavior on Canadian 
Plains ranges, was primarily interested in the practical aspects of forage

»



preference and amount eaten0 Several other researchers have also studied 

grazing cattle behavior. In England there is an organization known as 

"The Association for the Study of Animal Behavior," Most of this work with 

behavior of cattle has been of a basic nature and only a limited amount of 

practical application has been accomplished. Tribe (l950>and Hancock 

(1950a) point out the need for care in the interpretation of livestock be­
havior studies.

Much less work has been done with the grazing behavior of sheep, as 

compared to cattle. Gory (1927) made comparisons of beef cattle, sheep, 

and goat activities and habits on the range, However, he did not study 

them during the hours of darkness after they once bedded down, He con­

centrated his effort on timing their various activities, although he did 

observe some forage preferences and grazing habits, Davies (1925) em­
phasized that stage of growth has an important influence on animal pre­

ference and that selectivity by sheep is in direct proportion to the ̂  

amount of desirable herbage available, Doran (1943) timed the various 

activities of sheep and pointed out that the relative length of feeding ' 

time spent by grazing ewes on various forage plants was closely related 

to abundance of each plant species, He mentions that actual utilization 

is influenced by abundance and composition of the forage, habits of the 

sheep, season, stage of plant growth, climate, and management practices, 

Teigen (1949) noted the forage preferences of sheep while they grazed on 

mountain ranges.

Sheep preferences for certain portions of certain plant species was 

noted and- studied in Utah, (Cook, G, Wayne., et al.,, 194% Cook, Clyde J,,
. . . . , - .i, «-, '
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et al.^ 19485 and Greenp et alop 1952)0 They noted that forage consump­

tion was highly influenced by the amount of time spent grazing. Select­

ivity was influenced by season of useP plant association, intensity pf 

grazing, external characteristic's of the vegetation, and various site 

factors. Generally forbs, browse, and grasses were preferred in that 

order, and leaves were highly preferred to stems, They state that a re­

latively small number of species compose the bulk of the sheep's diet, 

Stapledon and Jones (1927) also found that more grass leaves than stems 

were eaten by sheep even though more stems were present,

Jardine (1910) observed the tendency for sheep to bed near any handy 

obstruction which happened to be close at hand whenever night overtook 

them rather than return to an established bedground, He indicated that 

mountain summer range grazed by sheep .under fence supported from 25 to 
50 per cent more sheep than were being grazed on the same acreage of 

similar range on which the sheep were herded by the methods generally 

practiced at that time, He states the pastured sheep made better gains in 

weight than the herded sheep. Improved methods of herding overcame much 

of this difference. This author also indicated that salting away from 

water in order to improve distribution on sheep range is not successful, 

Jardine and Anderson (1919) recognized a tendency for sheep to graze with­

out regard to temperature as long as insects did not bother.

Relative grazing values and relative abundance of plant species, as 

related to sheep utilization, are discussed in connection with a sheep 

study at the United States Range Livestock Experiment Station near Miles 

Oity, Montana (Woolfoik, 1949), This study involved sheep that were grazed
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in a sheep~tight pasture and not herded. They were located and counted 

twice daily. The grazing periods, resting periods, bedding periods, and 

temperature, insect and predator relationships were discussed. Low tem­

perature and a cold wind would cause the sheep to drift with the wind. 

The fences served to obstruct natural sheep movement and served as a 

natural protection, resulting in severe overuse in localized areas along 

the fences. The author felt that herding is better than pasturing sheep 

in this range area.
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DESCRIPTION OF THE AREA 

GEOLOGY AND SOILS

The grassland area included in this study lies in the foothills of 

the Smith River Valley in Meagher County, Montana. The Smith River Valley 

occupies an intermountain basin between the Big Belt, Little Belt, and 
Castle Mountains. The basin is 40 miles long and 2 to 8 miles wide. Ele­

vations range from 4,800 feet to 5,200 feet (Gieseker, et al., 1953). It 

is characterized by smooth gently sloping benchlands and ridges of sedi­

mentary rock extending out from the mountains. These benchlands and 

ridges are separated by small intervening stream valleys, A few ridges 

and out-crops of igneous rocks occur locally in the basin. The benchland 

covering consists of limestone and argillite fragments, which occur over 

lake-bed sediments in most sections (Gieseker, et aJU, 1953). During the 

Wisconsin glaciation, ice accumulated in the Crazy and Castle Mountains to 

such an extent that it extended down to the mouth of the large canyons.

The Missouri River and its branches drain a large part of centralv ' " —
Montana. One of its branches, Smith River, is the perennial stream that 

drains this intermountain basin between the Big Belt Mountains and the 

Little Belt and Castle Mountains. It rises in the Little Belt Mountains 

and wanders through wet bottom lands in the basin before turning northward 

to join the Missouri River in Cascade County. At Fort Logan it enters a 
canyon that becomes a gorge 800 to 1,000 feet deep in northern Meagher 
County. Its larger branches, such as the Tenderfoot River, flow through 

deep canyons and rock-walled gorges. Its South Fork heads in the southern 

part of the Castle Mountains and flows through the open valley before it
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enters the main river.

The soils of central Montana differ greatly due to their physical, 

chemical, and biological properties as Influenced by parent material and 

the prevailing climate, There are four general groupings of soils in the 

Smith River Basin, They are as followss (l) farming soils, (2) farming­
grazing soils, (3) grazing soils, and (4) miscellaneous soils and land 

. "types (Gieseker, et al,, 1953)0 These groups reflect productive capacity 

to a great extent. This correlation is closely related to differences in 

climate and native vegetation.

The study area occurs on two of the benchlands extending out from 

the western side of the Gastle Mountains, as shown in Figures I and 2, 

This area is cut lengthwise from east to west by a small intermittent 

stream known locally as Lone Willow Greek, One high bench of sedimentary 

rock (Figure 3) occurs in the northeast portion of the study area on the 
north side of Lone Willow Greek, There are four kinds of soils occurring 

on and adjacent to the study area. They are as follows§ (l) Grago gra­

velly loam, a grazing soil5 (2) Gilcrest loam and gravelly loam^undif- 
ferentiated, a grazing soil; (3) Alluvial soils-undifferentiated (dark- 
colored) , a grazing and hayland soil, and (4) Hilger loam and stony loam- 
undifferentiated (some sharply rolling and broken), a farming-grazing soil 

(Gieseker, j|i aj,,, 1953), These soils are all quite fertile and capable 

of supporting a good stand of grass with proper management practices,

CLIMATE

The climate of the Smith River Basin is midcontinental. Over most 

of this area the semiarid climate is characterized by moderately low rain-
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Figure I. Looking northeast across the study area. Castle Mountains are 
in the right background, and the lambing sheds are along the 
creek in the left background.

Figure 2. Looking southeast from the study area toward the Castle Moun­
tains. A typical big sagebrush vegetation type may be seen in 
the foreground.
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Figure 3 Looking northeast across Lone Willow Creek at the high bench of 
sedimentary rock occurring in the study area.



fall, great extremes in summer and winter temperatures, many sunny days, 

and relatively low humidity„ The midsummer temperatures are not oppres­

sive because of the low humidity, and winter is often moderated by warm 

winds. The more general storms and winter Chinooks come from the north 

and west. The normal monthly and annual precipitation and temperature and 

the 1953 monthly and annual precipitation and temperature, as well as 

temperature extremes and freeze data for 1953? are given in Table I for 

White Sulphur Springs, Montana. This weather station is located about 3 ■ 
miles northwest of the study area. The climate on the study area is 

thought to be very similar to the climate as discussed herein.
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Table I, Climatic data from White Sulphur Springs weather station in 
_____________  Meagher County, Montana. I/

Total Average Temp. Number of days
Normal 1953 Normal 1953 Extremes between dates

.-Month Precin. Precin. "Tenm. „ .Temn. 1953 1953
January ,58 1.11 21.0 32.7 =■14 24 degrees
February .59 1.35 23.4 27.4 or below
March 1.00 0.70 33&0 32.8 163April 1.12 1.27 41,4 35.7 28 degrees
May 1.75 3.47 50.3 44,1 ,-OiLbelow
June 2.66 3.31 52.9 54.9 120
July 1.42 0.39 65.2 65.4 97 32 degrees
August 1.16 1.00 63.2 65.6 or below
September 1.28 0.73 53.6 56.2 70
October 1.06 0.39 43.4 47.7
November 0.68 0.15 32.3 38.5
December ■0.88 .. 1.43 22.8 27.2
Annual 14.18 __.15.0.30 . 41.9 44.0
I/ U. 8. Dept, Commerce, Weather Bureau. 1954. Climatological Data

Montana, Annual Summary 1953, 56s208=219.

■ The average annual precipitation is 14,IS inches and the average an­

nual temperature is 41,9 degrees at White Sulphur Springs. During the 5- 
year period, immediately proceeding this study, 1949-1953 inclusive, the 
coldest temperature, -36°, was recorded on January 24, 1949, and the



warmest temperatures 97°, was recorded on July 13, 19530 During this same 

5-year-period the number of days between dates of low temperatures of 24° 
or below, 28° or below, and 32° or below were 146.2, 111.8, and 69.4 days 
respectively.

The distribution of annual precipitation is of great importance in 

the Smith River Valley with the largest amount of it coming during May, 

June, and July. Daily showers of a local nature are characteristic of the 

rainfall during this period. Some localized areas may receive good rains 

and others nearby may receive none. Part of the precipitation falls as 

snow during the fall, winter, and spring months but rarely does it lie in 

place on the lower agricultural and foothill areas. Strong winds .usually 

collect it in drifts on the north slopes of the hills and ridges and in 

the coulees. Only occasionally do hail storms occur in this iiitermountain 

basin.

Brisk westerly and northwesterly winds predominate in the Smith River 

Valley but easterly winds occur frequently during the summer months.

These winds blow more or less constantly during the late winter months and 

throughout the spring months. This basin lies in the path of chinook
I

winds, which often prevent heavy snow accumulation in the lower areas. 

These warm, dry winds have a marked influence on the effectiveness of the 

winter precipitation.

As shown in Table I, the total annual precipitation was 1.12 inches 

above normal and the average annual temperature was 2.1 degrees above nor­
mal in 1953e Thus, the growing conditions were slightly better than aver­

age as"a whole for the year immediately preceeding this study. The tem^



perature extremes were relatively mild0 The period which' elapsed between 

temperatures of 24 degrees and below was about 8 to 10 days longer than 
would normally be expected, thus also improving growing conditions,■

VEGETATION

The kinds of native and introduced plants present in any given area, 

their density, and their value as forage are■generally determined by the 

prevailing climate but the soils and their degree of development can 

cause some local variation in the vegetation, The shorter growing grasses 

predominate in the drier portions of the Smith River Basin, although they 

are thoroughly intermingled with many taller growing species. In the 

areas of more soil moisture, such as the bottoms of coulees and on the 

north slopes, the taller, moisture-gloving plants make up the larger por­

tion of the plant composition.

The grassland climax in the Smith River Valley has not been defi­

nitely classified in regard to its association. Weaver and Clements 

(1938), Clements and Shelford (1939), Wright and Wright (1948), and Heady 

(1950) list the most important species occurring in the mixed prairie and 
Palouse Prairie-associations, Daubenmire (1942) listed the plant species 
of importance as they occur in the Palouse Prairie association, Morris 

(1946) classified the lands in the Smith River Valley on the basis of 

soils, climate, and grazing. The vegetation present in this, intermountain 

basin indicates an intermingling of both the Palouse Prairie and the mixed 

prairie associations.

The plant species occurring within the Smith River Valley vary with 

site and exposure. The principal grasses of the valley include bluebunch



39
wheatgrass smcaturo.) n junegrass (Koeleria cristata!). saridberg.

blue gras s (Poa secunda). kehtucky bluegrasa, (.Poa: bratensis) r Idaho fescue 

(Festuca .idahoensis). blue grama (Bouteloua ,gracilis’). and plains reed- 

grass, (,Galamagrostis montanensis). Forbs of importance include a club

moss hoods phlox (Phlox hoodil)„ pussytdes (Anten-

M,ria SEEi)$. lupines (Lupjnus son.), western yarrow (Achillea lanulpsa), 

and whitepoint loco (Oxytropis serjcea)« Important shrubs include silver 

sagebrush (Artemisia cana)s fringed sagewort (Artemisia frigida)s and 

broom snakeweed (Gutierrezia sarothrae)„ Numerous other plant species of 

minor importance occur throughout the valley*

Poisonous plants which occur within this valley include several 

species of (Astragalus), (,Qxytroplg) s (Luplnus) 9 (Delphinium) p and (Zyga- 

denus). Water hemlock (Cicuta occidentalis) and arrowgrass (Trigiochin 

maritjma) occur occasionally on marshy lands„ Only a limited amount of 

trouble with poisonous plants is experienced by the. livestock operations 

In this area*

The plant species present on the study area are the same as those 

found throughout the entire Smith River Valley* The pattern of species 

distribution within the study area varies with site in much the same man­

ner as it does throughout the entire valley* The Festuea idahoensis type 

is found on most of the moist north slopes, and the Agronvron soicatum* 

Artemisia tridentata. and Artemisia cana types are found on the drier 

sites* A Boa pratensis type occurs along the creek in the study area*

v
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EXPERIMENTAL■PROCEDURE 

LIVESTOCK MANAGEMENT

The "per cent ungrazed method" of determining degree of utilization 

has been tested with cattle grazing under a pasturage management plan 

(Roach, 1950). The. "per cent of plants grazed" variation of the method 

has been tested under similar conditions (Hurd and Kissinger, 1953)= 

Neither this method nor the variation has been tested with sheep. Sheep 

were chosen for this 1954 study both for this reason and for convenience.

The Montana State College Experiment Station experimental sheep band 

was conveniently available and located for a study of this type. These 

sheep were run on a ranch leased by the Montana State College Experiment 

Station. This ranch is adjacent to the town of White Sulphur Springs, 

Montana and is known locally as the Shaw Ranch. A portion of this ranch 

immediately adjoining the lambing area (Figure l) was enclosed by a sheep- 

tight fence. This pasture was approximately I mile long and -g- mile wide. 

This area w§.s chosen as the area to be studied because of the availability 

of ewes and lambs and the grazing management practiced. This, pasture was 

used as a holding area for the lambed-out ewes and their lambs. In the 

early part of the grazing period, May 4-6, inclusive, hay was fed as a. 

supplement to grass. This hay was placed along the north side of Lone 

Willow Creek and near the lambing sheds, thus influencing grazing use in 

this area. No hay or concentrate was fed after this period.

Two different groups of sheep were used in this project. On May 4, 

1954, a total of 175 ewes with their lambs were placed in the area. The
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following day an additional 125 more ewes with their lambs were added. 
These 300 ewes and their lambs were allowed to move, graze, and bed as 
they chose without interference until the morning of May 8 at which time 
they were removed from the area. A period of'4 days elapsed before any 

additional grazing occurred un the area. On May 12, a group of 385 ewes 

with their lambs were placed in the area. These sheep (Figures .'4 and 5) 
were handled in a manner similar to that described above. This group 

of 385 ewes and their lambs was pastured continuously on this area until 

they were removed on the morning of June 3» No data is available as to 

the number of lambs with the first group of 300 ewes. However, some in- ' 

dication of the number of lambs present in the second group was noted in 

the fact that 512 lambs were counted when this group of sheep was taken 
out of the area.

Dhring the periods when the sheep were on the study area, they were, 

left alone as much as possible. Salt was distributed daily on the ridge 

in the northwest portion of the study area (Figure 6). This area was 

chosen (l) because it was dry, for purposes of salting on the ground;

(2) because it was handy, crossed by a road; and (3) because it was1 at 
the opposite end of the study area in relation to the lambing sheds, which 

helped keep these sheep away from the vicinity of the lambing sheds. The 

sheep were allowed a free choice as to when they ate salt. Water was 

readily available in Lone Willow Greek, extending the length of the study 

area, and in a large irrigation ditch which crossed the full width of the 

area near the west end. Water was also available in a small irrigation
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Figure 4. Sheep grazing out from one of their favorite bedding areas.
The foothills of the Castle Mountains may be seen in the 
background.

Figure 5. Sheep grazing on the Shaw Ranch study area. This small group of 
sheep illustrates the widely scattered manner of grazing that 
occurred during this study.
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Figure 6„ Looking northwest across the study area. The salt was dist­
ributed on the ridge in the center background. White Sulphur 
Springs may be seen in the right background and the ranch 
headquarters to the left. A small unit of the silver sage­
brush vegetation type is present in the foreground.
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ditch which crossed the northeast corner of the area,

VEGETATION MEASUREMENT

The stratification and distribution patterns of plant populations and 

communities on the grazing areas of the West are such that it is difficult 

to make accurate studies of them without intensive application of sound 

experimental procedures. Osborne and Reid (1952) have discussed the various 

experimental designs and procedures used in range research, and several of 

these are incorporated in this study. Both an observer and a recorder were 

used in this study, because of the intensive procedures involved.

Plot Location System

In order to study the vegetation of this area, it was necessary to 

decide upon a method of sample plot location which would give accurate re= 

suits with a minimum expenditure of time. Hasel (1938) discussed the 
validity of statistical analysis based upon systematically spaced plots. 

Pechanec (l94l) also discussed this and stated that subdivision by type 

or condition will decrease needed sampling intensity for the same degree 

of error. Pechanec and Stewart (1940 and 1941) tested various methods 

and concluded that the line-plot sampling unit with systematic spacing 

of subunits was the most efficient method. Representativeness for sta= 

tistical purposes was not achieved under the conditions studied.

A grid system of establishing compass lines across the area was se­

lected because of the need for a systematic method of sampling as an aid 

to developing a map of the vegetation types in the area, as well as the 

previously indicated efficiency of this method. These north and south

/
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compass line transects were located 264 feet (4 chains) apart with the 
first and last ones 132 feet (2 chains) from the east and west fence 
lines. The sample plots were systematically located by means of pacing 

along these predetermined compass lines. The advisability of using this 

method is further borne out by Bourdeau '(1953). He states that the 

systematic method is the most accuratep followed by the stratified ran­

dom and purely random methods in that order. Cochran (1946) concluded 

that on the average systematic sampling is more accurate'than stratified 

random sampling for any given size of sample. He points out that plant 

populations do exist in which the systematic sample may be more accurate 

than the stratified random sample at a given sampling rate.but less ac­

curate at another sampling rate.

Types of Plot

The examination of the vegetation present on the area in terms of:

(l) per cent composition, (2) per cent basal density, and (3) number, kind, 
and location of vegetation types involved selection of an accurate and 

efficient kind of sample plot. Various kinds of plots have been used in 

this type of work but no one kind was the best under all conditions of 

vegetation or for all the types of information desired. Stapledon (1931) 

has shown experimentally that small plots concentrate the observer's 

efforts on small areas and thus make his estimates more intensive. Staple- 

don was the first to suggest a point as the most accurate size of plot, 

and Levy and Madden (1933) developed the "point quadrat method" of vege­

tation survey based upon his suggestion. Their method was modified

/
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(Clarke, et al., 1942) by measuring only basal point contacts. The in­

clined point modification (Tinney, et al., 1937) has been found to be 

more accurate and easy to apply in short grasses than the vertical point 

form (Drew,, 1944). Arny and Schmid (1942) and Arny (1944) suggest the 

application of correction factors to yield data determined by using the 

"point quadrat method," but Sprague and Myers (1945) found the use of a 

constant to be of no value.

The "point quadrat method" was chosen as the method to use in study­

ing the vegetation composition of this area. Several workers (Hanson,

1934? Ellison, 19423 Leasure, 19493 Goodall, 1952; Whitman and SiggeirsSon, 
1954? and Johnston, 1954) have satisfactorily tested various modifications 

of the "point quadrat method;Numerous other workers have made satis­

factory use of the method and its modifications (Hanson and Whitman, 19383 
Hein and Henson, 19425 Henson and Hein, 19445 Rhoad and Carr, 19453 Musser, 
19483 Coupland, 19505 and Hanson, 1950). Crocker and Tiver (1948) list 

many advantages of the method. Many of these advantages were applicable 

to the study area. The inclined point modification of this method was 

chosen as the kind of plot to use in this study.

The inclined point frame used in the composition study consisted of 

20 pins, 16 inches long and extending 10 inches below the lower support 
bar of the frame(Figure ?)„ The 20 pins were spaced at llr inch intervals 

throughout a distance of 30 inches in the point frame.
Only the basal hits of the pin points were recorded on all vegetation.

Hits on litter and bare ground were recorded as well as vegetation con=
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Figure 7. The point analysis frame used to determine vegetation composi­
tion on the study area. The inclined angle of the needles is 
accentuated by the fact that the frame is sitting on a slope. 
The needles extend further down the slope than the legs.
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tacts. Only vegetation contacts were used to compute per cent composition.

All hits, including litter and bare ground, were used to compute per cent 

basal density.

The plots were systematically located at intervals of 132 feet (2 

chains) except for the first plot on each transect line. This plot was 

located 66 feet (l chain) from the point of beginning. This procedure was 

necessary in order that the last plot of each transect would not fall on a
(

fence line. At each plot location, the point analysis frame was placed 

with the points sloping toward the operator, with the left front leg of 

the frame at the center of the right boot toe.

After the foregoing process had been completed, the same compass 

transect lines were rerun in order to determine the degree of utilization 

and number of grazed plants in each vegetation type of the study area.

This procedure was accomplished by taking systematic stubble-height ob­

servations according to Lommasson and Jensen’s method (1942 and 1943)»

A measurement.Was taken of the average stubble-height of the grass or 

grass-like plant falling nearest the.center of the right boot toe at in­

tervals of 66 feet (l chain), with the exception of the first plot on each 
transect line. This plot was located 33 feet (•§■ chain) from the point of 

beginning. Again this variation was necessitated by the presence of fence 

lines.

Development of Utilization Table

A total of 20 ungrazed samples of the grass'1 and grass-like plant 
species which the sheep had eaten were collected in order to study their
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height-weight relationships. Only IO sods of blue grama were collected 

because of time limitations. Plants with seed heads were not involved in 

this study. These plants were excluded from this study because seed heads 

were not yet formed at the time grazing occurred. In addition, the major­

ity of plants on the area were of the non-seedstalk. form.

The plant samples were selected by means of a stratified random sample 

technique. The method involved an arbitrary choice of sites, wherever it 

was possible, and a random selection of plants by tossing a hat, within 

each of these sites. These samples were then dug up and taken into the 

laboratory complete with roots. When compared to the Lommasson and Jensen 

method (1942 and 1943)  ̂ this system was found to simplify and shorten the 

work involved.

Each individual plant was then air dried and cut into sections.

These sections were of various lengths depending upon the general height 

of the plant species involved. . This was done in order to avoid excessive 

work and still secure adequate measurements. The blue grama plants were 

all cut into -̂ r-Ineh sections while all the wire rush (Juncus balticus) and 

timothy (Phleum pretense) plants were cut into 1-inch sections. The re­

maining species, bluebuneh wheatgrass, western wheatgrass, plains reed- 

grass, idaho fescue, junegrass, sandberg bluegrass, kentueky bluegrass, 

needle-and-thread (Stipa Comata), and needleleaf sedge (Garex eleocharis), 

were cut into ir-inch sections.

The plants were sectioned from top to bottom in the order that a 

grazing animal would normally graze them. ^The sectioning procedure was
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carried on until a point was reached that would put the next section im­

mediately at or under the ground level. This section was not measured 

or considered a part of the plant. This has been previously discussed by 

Lommasson and Jensen (194-2 and 1943).

These individual plant sections were then weighed individually to 

the nearest 1/100 gram (centigrams). The weights of all the bottom sec­

tions for the 20 plants of a species (10 sods of 10 individual plants in 
the case of blue grama) were totaled. This same procedure was employed 

for each group of higher sections until the tallest plants were included. 

These total weights for each section were then converted to a percentage 

of the total weight of all sections, for all plants of the species in 

question. Thus, the height-weight distribution was weighted both by the 

number of the various plant heights present and by the totaled individual 

weights of the plant sections. This resulted in a composite plant of a 

non-seedstalk producing form for each species. These composite plants 

were assumed to represent all the plants of each species occurring within 

the study area. A discussion of this point may be found beginning onipage 

SO in-the results; and.;discussion section.

These percentages were then used to develop a table for determining 

the per cent of available plant utilized from the stubble height remaining 

upon the ground. The degree of utilization on this area was then deter­

mined both from this table and from Lommasson and Jensen's gauge (1942 

and 1943)j using the same stubble height measurements for both methods.

It should be emphasized that such a table may be applicable only to the
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area in which it is developed„

The various data collected and determined through the various pro= 

cedures listed above were tabulated. These data tabulations were then an­

alyzed for the particular information desired. All statistical analyses 

were based upon procedures described by Ostle (1954)o

Manning Procedures

The study area was systematically mapped by topographic, cultural and 

vegetative features during the first coverage of the area. The systematic­

ally located compass lines, located 264 feet (4 chains) apart, were mea­
sured by means of pacing. Whenever any of the mapping features were en­

countered, they were placed on scaled graph paper at the accumulated dis­

tance from the point of beginning and on the compass line involved. These 

plotted points on each transect line were connected.by means of visual ob­

servation as the observer progressed along the lines. By means of this 

systematic and progressive system of mapping, it was possible to complete 

the map of the area at the' same time that the vegetation analysis was com­

pleted. The boundaries of the vegetation types were determined by visual 

appearance. These -types were classified both by visual appearance and by 

vegetative composition, as determined by the point quadrat readings.

Another phase of study, of minor importance, was also included in

this mapping work. This involved the- determination and mapping of the

various generalized zones of utilization. This process was based upon 
(

visual estimates of the degree of use which had occurred on each portion 

of the area. These estimations were made while following the transects
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across the area. The boundaries were rechecked by driving back and forth 

over the area several times in a car. Occasional stops were made for 

closer examinations. The general use classification terms used for this 

purpose were excessive, heavy, moderate, light, and unutilized.
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RESULTS' M D  DISCUSSION 

SHEEP BEHAVIOR AND GRAZING INFLUENCES 

The behavior-of the unherded sheep that were fed hay followed a fairly 

uniform pattern„ Dhring the period when hay was fed along the creek bottom, 

the sheep utilized the hay during the early part of the day and fed out on 

the adjacent areas in the afternoon, never getting far from the feed 

ground.. They returned to the feed ground in the evening, bedding near 

the feed ground and immediately adjacent to the lambing area. This re­

sulted in severely over-utilized and heavily utilized areas along Lone 

pillow Creek in the eastern portion of the study area, as shown in Figure 

&. The last day these sheep were on the study area, they were not fed 

hay, but they reacted in much the same manner as before, apparently from 

force of habit. While grazing on the range grasses, these sheep spread 

out into loose groups of from 30 to 80 ewes and their lambs.
.The group of sheep placed in the study area at a later date were not 

fed hay..and did not react in as uniform a manner as did the first group. " 

These sheep spread out widely in loose groups of from. 5 to 30 ewes (Fig­
ure 5) and their lambs. They bedded on the highest portion of the par­

ticular area in which they were grazing when twilight approached. If a 

fence was nearby, they often bedded near it (Figure 8). The high bench 

of sedimentary rock in the northeast portion of the area was often used 

as a bedground, although no fences or other obstructions were present.

The difference in grazing habits between these two groups of sheep was 

apparently almost entirely due to the practice of feeding hay to the 

first group.
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Figure 8. Map of the study area on the Shaw Ranch at White Sulphur Springs, 
Montana, showing the various zones of utilization by degree of 
use. The degree of use and zonation boundaries are based upon 
visual estimates.
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The grazing habits of the sheep were apparently not greatly influ­

enced by the location of drinking water and salt.or by temperature, wind, 

insects, or predators» No excessive temperatures or winds occurred dur­

ing this period, and insects were almost entirely absent» ' No shading-up 

was observed. Sheep could be observed grazing, nursing, ruminating, rest­

ing, walking, drinking water, and eating salt at almost any given time 

during the daylight hours. No predators were observed in the area, and 

no unnatural disturbances of a predator nature were detected at any time.

Several factors did influence the grazing habits of the sheep, in 

addition to the previously mentioned factors of hay, lambing camp loca­

tion, and elevations. These included water barriers, exposure, slope, 

vegetation roughs, and vegetation types as influenced by the preference 

of the sheep for certain plant species. The area along Lone Willow Creek 

and below the large irrigation ditch (Figures 8 and 9) was unutilized be­
cause of standing water. The balance of the area below this ditch was 

only lightly utilized because of the difficulty encountered by the sheep 

in getting back and forth across the ditch. The north slope of the high 

bench in the northeast part of the study area was only lightly utilized 

as were the steep south-facing slopes along Lone Willo^r Greek (Figures 8 
and 10). The vegetation roughs along the creek bottom, as depicted in 

Figures 10 and 11, caused the development of an extremely variable gra­
zing pattern along the course of the stream (Figure 8). The sheep made 

heavy use of the vegetation along the creek bottom except for the rough 

areas of old coarse growth, which they left almost entirely alone. Burn­

ing of these areas■of coarse growth would probably have materially changed
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Figure 9. Looking northwest across the unutilized area below the large 
irrigation ditch.
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Figure 10. Little utilization occurred on these steep south-facing slopes 
along Lone Willow Creek. The light areas of grass along the 
creek bottom are rough areas of vegetation which are only very 
lightly utilized while the darker areas are moderate to heavily 
utilized.

Figure 11. A close-up view of the grazing pattern along Lone Willow Creek, 
Moderate use in the foreground and a lightly utilized rough in 
the background.
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this spotty grazing pattern.

The sheep used the kentucky bluegrass-timothy vegetation type the 

heaviest of the major vegetation types. Much grazing time was spent on 

this type. The grass types dominated by bluebunch Wheatgrassi, the grass 

types dominated by Idaho fescue, the sagebrush—bluebunch wheatgrass types, 

and the sagebrush--Idaho fescue types appeared to be favored by the sheep 

in that order. Preferred plant species, by visual observation, included 

sandberg bluegrass, timothy, wire rush, kentucky bluegrass, junegrass, 

bluebunch wheatgrass, western wheatgrass, Idaho fescue, and needle-and- 

tbread. Less preferred plants included needleleaf sedge, blue grama, and 

plains reedgrass. Occasionally, rocky mountain.iris(iris missouriensis). 

scarlet globemallow (Sphaeralcea coccinea), lupine (Lupinus spp.). and 

whitepoint loco (Oxytropis sericea) were heavily utilized. Ho utiliza­

tion was observed on the shrubs.

Some death loss occurred during the time the sheep were on the study 

area. A total of four ewes and seven lambs were found dead. The cause 

of death was not-definitely established. It was believed that the four 

ewes died from eating excessive amounts of poisonous plants. These 

plants were fairly large, in relation to the grass plants, at the time 

the first group of sheep were placed in the area. The lamb losses were 

probably due to the inability of these '"bummed" lambs to care for them­

selves when their mothers died.

VEGETATION PRESENT

The kind, amount, and distribution of the various plant species 

occurring on the area were examined prior to the determination of utili­
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zation within the area. The entire study area was systematically mapped 

by vegetation types, as well as by natural and cultural features. These 

features are located and explained in Figure 12. As previously noted, the 

area is entirely fenced and is cut lengthwise by Lone Willow Greek. Ir­

rigation ditches in the northeast corner and western end of the study 

area supplement the stockwater supply in the creek. The small lake bed 

in the northeast corner dries up early in the grazing season.

Vegetation types vary with slope, soils, and exposure (Figure 12).
The moist north slopes support thick stands of Idaho fescue (Figure 13) 

with a scattered dominance of silver sagebrush or big sagebrush in lo­

calized areas (Figure 6). The flat and drier areas are dominated by 

bluebuneh wheatgrass, junegrass, and plains reedgrass (Figure 14) with 
scattered stands of big sagebrush and silver sagebrush intermingling 

with the grasses on the south side of Lone Willow Greek (Figure 2). The 

steep, gravelly, south-facing slopes support scattered stands of blue- 

bunch wheatgrass and red three-awn (Aristida longiseta)„ The lowlands 

along Lone Willow Greek are dominated by kentucky bluegrass, timothy, 

wire rush, and rocky mountain iris, as shown in Figures 15 and 16.
The acreage (pianimetered on the map) in each vegetation type and 

within the entire study area was determined. The acreage for each vege­

tation type (Table II) was obtained by grouping all of the small units 

of each vegetation type occurring on the. north side and by grouping sep­

arately those occurring on the south side of Lone Willow Creek. This 

arbitrary division was used to facilitate the compilation and discussion 

of the acreages involved. As indicated in Table II, the total acreage in



— 60 —

7 IfVCXvT : % ! . > " 1yis
.SFt?'A+r,Asi>

^  j\|
S cale: 6 ‘inches*l-(nile 

L E G E N D

-------- V egetation ljfe  Line
—•>— CreeK and Draws 

Ir r ig a t io n  DifeA 
S im ila r Vegetation 

Unimproved Road 

Bridge 
Fence 

G a te
Power Line 

Grassland Iyp e  
Sagebrush Type 

Aca-Artemisia oana 
Asp-Agropjrron spicafum 

Atr-Artem isia tridentata 

F id - Festuca idahoensis 
Kcr -KoeIeria crista fa 

Ppe-Poa pro tens is 
Ppr-Phleum pratense

/

Figure 12. Map of the study area on the Shaw Ranch at White Sulphur
Springs, Montana, showing the vegetation types and the natural 
and cultural features.
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Figure 13. Dominant vegetation on the moist north slopes. The vegetation 
is almost entirely Idaho fescue.

Figure 14. Dominant vegetation on the dry areas. Bluebunch wheatgrass
and plains reedgrass dominate the aspect on this type of site
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Figure 15. Dominant vegetation on the lowlands along Lone Willow Creek.
Timothy, Kentucky bluegrass, and wire rush are prominent.

Figure 16. Dominant vegetation on the lowlands along Lone Willow Creek.
Kentucky bluegrass, rocky mountain iris, and wire rush are 
prominent.



the'pasture was 366 acres. A total of 365.5 acres was available for gra= 

zing use if the small lake bed was excluded. The Agropyron Spicafumtl 

Koeleria cristata vegetation type (I-Asps Kcr) north of the creek was the 

largest type, and the various units of the Artemisia tridentatan Agro- 

jpyron spicatum vegetation type (A-Atrs Asp) made up the second largest 

part of the total acreage. The Artemisia canan Festuca idahoensis vege­

tation type (A=Aca5, Fid) was the smallest silver sagebrush type. Arte­

misia tridentata. Festuea idahoensis vegetation (A-Atr5, Fid)s the smal­

lest type, comprised A.7 acres of the total acreage. The Poa pratensis. 

Phleum pratense vegetation type (IrPpes Ppr) consisted of 32.0 acres 

along the creek.

TABLE II. ACREAGES OF EACH VEGETATION TYPE AND TOTAL ACREAGE OCCURRING 
WITHIN THE STUDY AREA ON THE, SHAW RANCH AT WHITE SULPHUR

SPRINGS s MONTANA.
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Type Description Type Location

Grassland Vegetation Types 
1-Asp, Kcr 
I=Asp j, Kcr 
I=Fid5, Asp 
I-Fid5, Asp 
I-Ppe5, Ppr.,

Sagebrush Vegetation Types 
A=Atr5, Asp 
A=Atr, Fid 
A=Aca5, Asp 
A=Aca5, Fid 

Small Laike Bed . „

Total

North of Creek 105.5 
South of Greek 83.0 
North of Creek 7.3 
South of Greek 11.9 
Along Greek 32.0

South of Greek 93.4 
South of Greek 4.7 
South of Greek 15.0 
South of Creek 12.7 
North of Greek 0.5

366.0

The per cent composition of each plant species present, in each major



vegetation type and the total area, is presented in Table III. This table 

also lists each class of vegetation in a similar manner. As previously 

mentioned, these composition values are based upon basal point contacts. 

The per cent composition varies to a great extent among the various vege­

tation types present. For the entire area, bluebunch wheatgrass and june- 

grass make up the most important part of the vegetation available to live­

stock. The importance of the club mess is clearly pointed out by the fact 

that it makes up 19.4 per cent of the vegetation composition for the en­

tire study area. The forbs, which are available to‘livestock, consist 

primarily of unpalatable species such as hoods phlox, pussytoes, and 

western yarrow. Lupine is present in fairly large amounts. Of the shrubs, 

silver sagebrush is the most important. Grass and grass-like plants make 

up the largest part of the composition in all but one of the vegetation 

types. The kentucky bluegrass and Idaho fescue types have larger per­

centages of grass than the other vegetation types. This is largely due
r'

to the moist conditions which favor the grasses. ■ These data were statis­

tically analyzed by the Montana State College Statistical Laboratory.

The analyses are presented in Table IV.

The per cent basal density of each plant species, occurring in each 

major vegetation type and the total area, is tabulated in Table V. This 

table also presents the per cent basal density for- each class of vegeta­

tion. A value of zero per cent basal density indicates that the plant 

species was present in large enough quantities to make up at least I per 

cent of the composition in at least one vegetation type. All the other 

plant species did not make up a total of I per cent of the composition
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TABLE III. PER CElT COMPOSITION OF VEGETATION IN EACH MAJOR VEGETATION TYPE AND FOR THE TOTAL 
_______ AREA ON SHAW RANCH STUDY-AREA AS DETERMINED BI EASAI/ POINT CONTACTS.

...... ; I-Asp5 1-Asp, I-Fidj 1-Fid, I-Ppe, A-Atrs A-Atr, A-Acaj A-Aca5 Total':
- Species Ecr. Ker0 Asp. Asp. Ppr. Asp, Fid0 Asp. Fid. Area. 2/

Agropyroh smithil ■ 2 3 4
Agrbpyron spieatm 15 20 22 10
Boutelbm gracilis H 2
Calamagrostis montanensis 3 5 3
Carex'eleocharis 3 2
Festuca idahoensis 52 65
Juncus balticus
Koeleria cristata 21 14 5
Phleum pratense- I
Poa pratensis 3 3
Poa secunda 8 8 3 3
Stipa eomata Jt _2

Total of Group 74 56 80 90
Achillea lanulosa I
Antennaria spp. I I 3
Artemisia ludoviciana -■ 2 I
Iris missouriensis
Lupinus spp. 10 I
Oxytropis sericea 2
Phlox hoodii 4 2
Phlox spp.
Selaginella- densa 8 35 3 4
Sphaeralcea coccinea I
Trifolium spp-. •

Total of Oroup 14 40 : 15 10
Artemisia c a m 4 - .3
Artemisia frigida 4 2 2
Artemisia tridentata
Chrysothamnus nauseosus
Gutierrezia sarothrae- Jt 2

Total of Group 12 4 5 O
Total of All Vegetation 100 100 100 100

I/ Values for total area are weighted by acreage in

I 3 6 2 . 2 2.5I 17 10 9 4 - 14.7
I 4.7
4 4 2 3.4

6 I 7 I 2.2
42 50 5.4

4 0.4
I 16 3 6 I 13.9

25 2.5
55 I 3 6.0

7 3 4 2 6.3
2 2.1

93 52 74 26 61 64.1
2 I I I 0.5I ; 3 2 2' 1.6

2 0.1
I 0.1

l 2g 2- 0 .9
0.5

2 I 2.2
I 3 0.3

22 - 43 23 19.4
I 0.3

_0i3-7 - 30 26 68 30 26.2
4 3 9 2.7
3 2.4
8 - 2.1
I 0.3
2 4 2.2

0 18 .0 .6 ■9 9.7
100 ' 100 100 100 100 100.0

each type..
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TABLE IVe ANALYSES OF PER CENT COMPOSITION VALUES FOR EACH PLANT 

■■ SFECIESj FOR-EACH CLASS-OF''VEaETATJONs 
AND FOR THE TOTAL AREA6 l/

Species
No6 of 
.Values

Mean
(Per cent)

(5)
Standard
Deviation

(S) .
Standard Errer 
of the Hean

(S5)

Agropyron smith!! a 2.88 Ii55 . "" '0.55
Agropyron spicatnm 9 ' 12.00 7e07 2.36
Bouteloua gracilis 3 5.67 7,23 4.18
Galamagrb sti s' montanensis 6 3.50 1.05 0.43
-Garex-eleecharis 6 3.33 2.58 1.05
Festuca idahoehsis 4 52.2$ 9.54 4.77
Juheus' balticus ' I 4 o QG 0.00 0.00
Kbeleria cristata 8 8.38 7.60 2.69
Phleum pratense 2 13.00 16.97 12.00 '
Poa pratehsis 5 . 13.00 23.50 10.51
Pda"secunda a 4.75 2.49 0.88
Stipa comaia . 1 2.67 J J i 0.67

Total of Group 21.02 -ZaQl
Achillea lanulosa 5 1.20 0.45 0.20
Antennaria -Spp0 7 1.86 0«9O 0.34
Artemisia ludovieiana 3 1.67 0.58 0.33
Iris missouriensis I 1.00 0.00 0.00
Lupinus spp» 5 7J 0 9.50 4.25
Osytropis serieea I 2.00 0.00 0.00
Phlox hoodii 4 2.2$ 1.26 0.63
Phlox Spp6 2 2.00 1.41 1.00
Selaginella densa 7 22.57 21.33 8.06
Sphaeralcea cocc%nea 2 I.GO 0.00 0.00
Trifolium Spp0 J- 3.00 0.00 -GaOO

Total of Group J l 26.67 18*26 6.31
Artemisia eana 5 4.60 2.51 1.12
Artemisia frigida 4 2.75 0.96 0.48
Artemisia tridentata i 8.00 0.00 0.00
Ghrysothamnus nauseosus i 1.00 0.0 0' 0.00
Gutierrezia -sarothrae 2.75 -0^26 _0a68

Total of Group J L Q G 6 .]4.
Total Area 28 3.57 4.79 0.91 . _ _

I/ The Montana State College Statistical Laboratory conducted these 
analyseso
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TABLE Y c PER CERT BASAL DENSITY OF VEGETATION IN EACH EAJOR VEGETATION TYEE AND FOR THE TOTAL 
AREA ON SHAH-RANCH STHDY AREA AS DETERMINED JBY-BASAL POINT CONTACTS n '■

.. I=Aspj, I=Aspj I-FIdj I=FIdj I=Ppsj A=Atrj A=Atrj A-Aeas A=Aoa5 Total'
Species Ecr, Ker» , Asp0 Asp* Ppr0 Asp. Fid0 Asp0 Fid0 Area l/

■ Agropyron smithii I I
_ _ _ _ _

O I 3 I I 0.9
Agropyron splcatm 4 7 7 4 I 5 4 4 2 4.7
Boutelbua gracilis 4 I O 1.4
Calamagrostis montanensis . I 2 I 2 I I0I
Carex' eleoeharis I I 3 O 3 0 0.8
Festuea Idahoensis 18 26 16 22 2.2
Juncus baltieus 2 0.2
Koeleria eristata 6 5 2 I 5 I 3 O 4o4
Phleum pratense O 12 . I0O
Poa pratensis I I 27 O ■ I 2.7
Poa"secunda • 2 3 I I 2 I 2 I 1.9Stipa eomata -i I I 0.8

Total of Group 21 21 27 .36 46 15 29 12 27 22.1
Achillea lanulosa O I 0 - I O 0ol
Antennaria spp» I O I 0 I I I 0.7
Artemisia ludoviciana I O I 0ol
Iris missouriensis O O0O-
.Lupinus spp0 ■■ 3 O 0 9 I 0.2
Oxytropis sericea I 0.2
Phlox hoodii I I I I ■ 0.8
Phlox spp0 I I ■ 0.3Selaginella densa 2 12 I 2 7 30 10 6.7Sphaeralcea coecinea O . 0 O0OTrifolium spp0 2 0.2

Total of Group 4 14 5 3 3 10 . 10 33 13 9.3Artemisia cana I I I 2 4 0.8Artemisia frigida I I I I 0.8Artemisia tridentata 3 0.8Chrysothamnus nauseosus O - 0.0Gutierrezia sarothrae I I I I 0 8Total of Group “3 -z "0 “0 ~S “0 3 ~3TSTotal of All.Veeetation 28 ' ' '37 34 ' _39 49 " __3l.. 39 48 44 34.6
I/ Values for total area are weighted by acreage in each type*
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and were not listed. The club moss, with a basal density of 6.7 per cent, 
makes up the largest basal density of any single plant species. Of the 

grasses, bluebunch wheatgrass and junegrass make up the bulk of the basal 

density. The kentucky bluegrass vegetation type has the highest basal 

density of all the types in the study area. The basal density for the 

entire study area is 34.6 per cent. The statistical analyses of these 

values are tabulated in Table VI.

Tables IV and VI list a value of zero for several standard devia= 

tions and standard errors of the mean. These zero values are due to the 

presence of one value only or of several values which were exactly the • 

same. Table VI also lists a value of zero for several means. This is 

due to the zero values present in Table V.

THE COMPOSITE'PLANT

As previously mentioned in the section dealing with experimental 

procedure, a composite non-seedstalk producing plant was computed for 

each plant species utilized by the sheep. This was done in order that 

utilization determinations might be made from the stubble heights meas­

ured on the study area. PVom the percentage of weight, as distributed 

throughout the height of each of these composite plants, a height-weight 

table was developed for determining the per cent of available plant utili­
zed from the stubble height remaining (Table VII).

The height-weight relationships of these composite non-seedstalk 

producing plants were plotted on the basis of Table VIl (Figures 17 

through 28). The per cent removed by weight, of the composite plant, 

was plotted in relation to the various possible stubble heights.



/
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TABLE VI* ANALYSES OF FER CENT BASAL DENSITY VALUES FOR EACH PLANT
SfECIESs FOR EACH. CLASS OF VEOETATIONs 

AND FOR THE" TOTAL AREA* X / '
^ ..........  ; 1 1

Species
Zoc of 
Values.

Mean
(Per cent)

(3)

.Standard 
Deviation. 
■ (S)

Standard Error 
.of the..Mean.

<%)

Agropyron smithll B 1.25 0.89 0.31
Agropyron spieatum 9 4.22 1.99 0.66
Bouteloua gracilis 3 1.67 2.08 1.20
Calamagrdstis montanensis 6 1.33 0.52 0,21
Garex"eleocharis 6 1.33 1.37 0.56
Fe stuca" ldahoensl S' 4 20.58 4.43 2.22
Juncus' balticus I 2*00 . 0.00 0.00
Kdeleria cristata 8 2*88 2.23 0.79
Fhleum pretense 2 6,00 8.49 6.00 .
Poa pratensis 5 6.00 11.75 5.25
Foa" secunda 8 1.63 0.74 0.26
Stipa comata 1.00 _0&QG 0,00

Tetal of Group a 26.00 10.48 3.49
Achillea lahulosa 5 0.40 0.55 _ 0.25
Antermaria spp 7 0.71 0.49 0.18
Artemisia ludovieiana 3 4.67 0.58 0.33
Iris misseuriensis I 0.00 OoOO 0.08 ^
Lupinus sppa 5 2.60 3.78 1.69 "
Oxytropis serieea I IoOO 0,00 0.00
Phlox hdddii 4 1.00 0.00 0.00
Phlox spp* 2 1.00 0.00 0.00
Selaginella densa 7 9.14 ' 10.14 3U83Sphaeralcea coccinea 2 0.00 0.00 0.00
Trifolium sppe ' I 0,00 0.00

Total of Group 2 10.56 J L 14Artemisia cana 5 1.80 1.30 0.58
Artemisia fr^gida 4 1.00 0.00 0.00
Artemisia trfdentata I 3.00 0.00 0.00
Chrysothamnus nauseesus I 0.00 0.00 0.00
Gutierrezia sarbthrae k 0,00 0,00

Total of Group 2a22 ZaQi (L 6g
Total Area 28 1,60 0.30

l/ The Montana State College Statistical Laboratory conducted these 
analyseS0 z

I
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§ .I l  1 I l
Stubhle
Height
(Inches)

0.25
---H ----
100.00 0.25

0.50 47.15 100.00 100.00 100.00 100.00 100.00 0.50
0.75 17.23 0.751.00 4.66 50.16 27^.7 81.31 81.95 87.68 1.00
1.25 0.47 1.25
1.50 0.00 19.78 5.04 63.56 65.63 75.17 1.502.00 .5.38 , 0.99 47.72 51.41 62 =66 2.00
2.50 1.03 0.47 33.55 38^83 50.69 2.503.00 0.11 0=15 21.98 28=44 39.62 3.00
3.50 0.00 0.04 13.20 20.33 29.96 3.50
4.00 .0.60 6.82 13.58 21.74 4.00
4.50 3.58 8.56 15.12 4.505.00 1.52 5.10 9.77 5.00
5.50 0.49 2.55 5.70 5.506.00 0.10 1.09 2.99 6.00
6.50 0.00 0.36 1.42 6.50
7.00 0.09 0.55 7.00
7.50 0.00 0.17 7.508.00 0.06 8.00
8.50 0.00 8.50

l/ The balance of this table is continued on page 710
2/ Values Merej.basedv.^Qn^Ithej1 ruon̂ s.e.ed&ta'lk■ producing e-omp:®sa,fe planto!. 

which was developed for each of these plant species*
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Speeies

Stubble
Height
(Inches)

5II dI!m 0
CQ

" *53# §
-6 "8CD rCi (34 «r)

mI if 0

I! ■ Stubble 
Height 
(Inches)

0o5O 100.00 100.00 100,00 100,00 0.50
I0OO 67.71 60.23 70.76 81.54 100.00 100.00 1.00
1.50 42.29 32.81 49.09 65*66 1.50
2.00 24.37 16.00 33.29 51.84 83.44 90.16 2.00

' 2 »50 12.08 7.40 22.08 ■40.11 ■- •, 2.50
3.00 4 .7 9 3.13 13.71 30.38 67.38 80.72 3.00• 3.50 1,46 1.41 8.47 22.71 3.50
^oGO 0,00 0.57 4*95 16.71 52.98 71.68 4.00
4*50 0.18 2.87 11.82 4.50
5,00 0.06 1.47 8,22 40.60 63.05 5.00

' 5*50 0,02 0.72 5.51 5.50
6.00 0.00 0.34 3.47 29,70 54.92 ■ 6.00
6.50 0.15 2.16 6.50
7,00 O.06 1 ^ 3 21.32. 47.29 7.00
7.50 0.01 0,70 7.50
8.00 0,00 0.32 14.74 39.96 8.00
8.50 0.08 8.50
9,00 0.04 9.70 32.82  ̂9.00
9.50 0.00 9o5©10.00 6.00 26.00 10,00
11.00 3.59 19.57 11.00
12.00 1.88 13.35 12.00
13.00 0.90 8.03 13,00
14.00 O.42 3.61 14.0015.00 O0Il 1,10 15.00
16.00 O.0O 0.30 16,00
17.00 0.10 17,00
18.00 0.00 18,00

_  This table is continued from page 70. „
2/ Values were .baaedappDn I the;:non-seedstalk" producing' composite, plan tv'' 
_which was developed for each of these plant' specieso-
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JUNCUS BALTICUS-WIRE RUSH

PER CENT REMOVED

Figure 17. Height-weight relationships for non-seedstalk wire rush, in
terms of stubble height and per cent removed, as determined on
the Shaw Ranch at White Sulphur Springs, Montana, June, 1954.
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PHLEUM PRATENSE-TIMOTHY

PER CENT REMOVED

Figure 18. Height-weight relationships for non-seedstalk timothy, in terms
of stubble height and per cent removed, as determined on the
Shaw Ranch at White Sulphur Springs, Montana, June, 1954.
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BOUTELOUA GRACILIS -  BLUE GRAMA

40 60
PER CENT REMOVED

Figure 19. Height-weight relationships for non-seedstalk blue grama, in
terms of stubble height and per cent removed, as determined on 
the Shaw Ranch at White Sulphur Springs, Montana, June, 1954.

CAREX ELEOCHARIS-NEEDLELEAF SEDGE

40 60
PER CENT REMOVED

Figure 20. Height-weight relationships for non-seedstalk needleleaf sedge, 
in terms of stubble height and per cent removed, as determined 
on the Shaw Ranch at White Sulphur Springs, Montana, June 1954.

KOELERIA CRISTATA-JUNEGRASS

w 0.0
PER CENT REMOVED

Figure 21. Height-weight relationships for non-seedstalk junegrass, in
terms of stubble height and per cent removed, as determined on
the Shaw Ranch at White Sulphur Springs, Montana, June 1954.
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POA SECONDA — SANDBERG BLUEGRASS

40 60
PER CENT REMOVED

Figure 22. Height-weight relationships for non-seedstalk Sandberg blue- 
grass, in terms of stubble height and per cent removed, as 
determined on the Shaw Ranch at White Sulphur Springs, Montana, 
June, 1954.

POA PRATENSIS-KENTUCKY BLUE GRASS

-I 4.0

PER CENT REMOVED

Figure 23. Height-weight relationships for non-seedstalk kentucky blue-
grass, in terms of stubble height and per cent removed, as
determined on the Shaw Ranch at White Sulphur Springs, Montana,
June, 1954.
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STlPA COMATA-NEEDLE-AND-THREAD

o  4.0

40 60
PER CENT REMOVED

Figure 24. Height-weight relationships for non-seedstalk needle-and-thread, 
in terms of stubble height and per cent removed, as determined 
on the Shaw Ranch at White Sulphur Springs, Montana, June, 1954.

AGROPYRON SPICATUM-BLUEBUNCH WHEATGRASS

PER CENT REMOVED

Figure 25. Height-weight relationships for non-seedstalk bluebunch wheat-
grass, in terms of stubble height and per cent removed, as
determined on the Shaw Ranch at White Sulphur Springs, Montana,
June, 1954.
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AGROPYRON SM ITH II-WESTERN WHEATGRASS

PER CENT REMOVED

Figure 26. Height-weight relationships for non-seedstlak western wheat-
grass, in terms of stubble height and per cent removed, as
determined on the Shaw Ranch at White Sulphur Springs, Montana,
June, 1954.
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CALAMAGROSTlS MONTANENSIS-PLAINS REEDGRASS

PER CENT REMOVED

Figure 27. Height-weight relationships for non-seedstalk plains reedgrass,
in terms of stubble height and per cent removed, as determined
on the Shaw Ranch at White Sulphur Springs, Montana, June, 1954.
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FESTUCA IDAHOENSIS-IDAHO FESCUE

40 60
PER CENT REMOVED

Figure 28. Height-weight relationships for non-seedstalk idaho fescue, in
terms of stubble height and per cent removed, as determined on
the Shaw Ranch at White Sulphur Springs, Montana, June, 1954.
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The resulting curves start with zero per cent removed at the maximum com­

posite plant height and end with 100 per cent removed at the stubble 
height not considered as part of the plant weight. As explained pre­

viously in the section on experimental procedures this stubble height 

varied between plant species because of the various lengths used in the
A

sectioning procedure. Thus stubble height for wire rush and timothy was 

I inch. For blue grama it was inch. All other species studied had a 

inch stubble height' excluded from the plant weight. ■

The height-weight table (Table VII) should be representative of all 

the plants of each species if it is to be used in determining utiliza­

tion on these species. If the non-seedstalk producing plant samples used 

in compiling this table were representative of the total populationsp the 

composite plants produced would have the same ratio of height to weight 

as though all the plants of each species occurring within the area were 

measured. If this situation existed, the use of this table for deter­

mination of utilization on the area would be a valid procedure. Accord­

ingly, the samples were examined for representativeness of the study- 

area.

Tables VIII and IX list the 12 plant species in question by: (l)

number of plants measured, (2) mean height in inches, (3) standard de­
viation in_inches, and (4) standard error of the mean in inches. Table 

VIII deals with the height of plants collected and sectioned to develop 

the height-weight table. Table IX lists the plant heights measured on 

the study area, in order to determine the average ungrazed heights of 

the plants. The mean heights of these two sample groups, as compared in



TABLE VIIIe' ANALYSES OF HEIGHT; MASUBEMENTS FOR TWELVE RANGE SPECIES 
.SAMPLED TO DEVELOP. BEICRT-WEICBT DISTRIBUTION CURVES FOR 

NON-SEEDSTALE PRODUCING PLANT FORMSe
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Species

No o d'f 
Plant S' ■ 

3 Measuhdd

V-. Mean 
T(Jhetoks)
r W

Sthndahd
Ddfiation
' (S) .

-Standard- Error 
of the-'Mean

(%)

Agropyron" 
spicatwn 20 4<»4o 0.87 0.19

Agropyron
smitMi 20 5.53 1.54 0.34

Calamagrostis
montanensis 20 5.33 0.88 0.20

Koeleria
cristata 20 1.48 0.71 0.16

Poa
se cimda 20 2.20 0.48 ’ 0.11

Festuca
ldahoensis 20 4.23 1.81 o.4G

Stipa
eomata 20 3.50 0.97 0.22

Bduteloua
gracilis 20 0.84 0.26 0.06

Carex
eleocharis 20 2.70 0.58 0.13

Poa
pratensis 20 6.40 1.34 0.30

Phleum
praten-se-- 20 10.30 2.79 0.62

Juncus
balticus 20 13.40 1.62 0.36
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TABLE IX. ANALYSES OF HEIGHT MEASUREMENTS FOR TWELVE RANGE SPECIES 
SAMPLED TO DETERMINE AVERAGE UNGRAZED HEIGHTS FOR 

NON-SEED STALK PRODUCING PLANT FOEMS0

Species

Noe of 
Plants 

Measured

Mean 
(Inches). 

(S)

Standard
Deviation.

(8)
Standard Error 
of the Mean 

(■%)

Agropyron' 
splcattam

" ' ri 'I ■"■■■■■■■' '■

119 4.39 1.58 0.15

Agropyron
smith!! 18 $.47 1.38 0.32

Calamagrostis
montanensis 78 5.12 1.18 0.13

Koeleria
cristata 80 1.48 0.45 0.05

Poa
se cttnda 39 1.91 0.60 0.10

Festuca
idahoensis 44 4.66 1.79 0.27

Stipa
comata- 13 3.19 1.43 0.40

Bouteloua
gracilis 15 0.97 0.49 0.13

Carex
eleoeharis 11 2.77 0.84 0.25

Poa
pratensis- 13 6.73 1.49 ■ o.4l

Fhleum
pratense- 12 10.75 1.85 Oi»54

Juncus
balticus 15 13.30 1.61 0.42
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Table Xf tend to Indicate that the samples which were collected and sec­

tioned were representative of the entire study area* Many of the means 

are extremely- close, and in no case did they differ as much as ■§■ inch*

This question of representativeness was further studied by comparing 

the Table VlI values to values determined from Lommassonts utilization 

gauge* The Lommasson utilization gauge was chosen- as the basis for com­

parison because it was developed from plant collections made in much the 

same manner .as the collections made in this study* Lommassont s collec­

tions were thought to be representative of a very wide range of sites*

The common use of his gauge, has generally substantiated this theory* 

Therefore the Lommasson gauge should be representative of the pasture 

involved in this study* If the use values from Table VIl were found ,to 

be approximately the same as those from Loramassont s utilization gauge, 

the possibility of representativeness would be further substantiated*

The five most important plant species were used in making this compari­

son*

Tables XI through XIV list the statistical analyses for each me­

thod and between the two methods* The author’s percentage use values, 

as analyzed in these tables, were taken at the -§-inch stubble-height 

intervals listed for these plant species in Table VII* These same 

stubble, -heights were used to determine per cent utilization from Lom- 

Hiassonis gauge* The average ungrazed plant height used on the Lomas- 

son gauge for each of these plant species was taken from Table X*

The Use values for Lommassont s utilization gauge were shifted 0*5 

. inch in Table XI in order to determine if a more accurate comparison



TABLE Io SAMPLE SIZE AND HEIGHT MEASUREMENT MEANS FOR TWELVE RANGE 
SPECIES SAMPLED TO DEVELOP HEIGHT-WEIGHT’DISTRIBUTION CURVES 
AS COMPARED TO SAMPLE SIZE AND HEIGHT MEASUREMENT MEANS OF

NON-SEEDSTALN PRODUCING PLANT. FOHMSo

(n) Number Measured (55) Mean Height (Inches)

Species
Ht .O-Wt 6
Plants l/

Ungrazed-■ '• „ 
Plants 2/

Et o
Plants l/

Ungrazed 
Plants 2/

Agropyrpn
spicatum 20 119 4<>40 4.39

Agropyron
smithii 20 18 5.53 5^.7

Calamagrostis
montanensis 20 78 5.33 5.12

Koeleria-
cristata 20 80 1.48 1,48

Poa
secunda 20 39 2*20 1.91

Festuca
idahoensis 20 44 4.23 4.66

Stipa
comata 20 13 3.50 3.19

Bouteloua
gracilis 20 15 O o 84 0.97

Carex
eleoeharis- 20 11 2 o70 2.77

Poa
pratensis 20 13 6o4Q 6.73 .

Phleum
pratehse- 20 12 10*30 ; 10.75

Juncus
baltfcus 20 15 13^-0 13.30

l/ Refers to ungrazed plants-which -were-collected- on the study area"and 
sectioned in the laboratory in order to determine the height-weight 
distribution for each- plant speciese 

2/ Refers to ungrazed plants which ■ were -measured oh the study area by 
systematic sampling in order to determine the average ungrazed height 
for each plant species*
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TABLE ZI0 ANALYSES OF PERCENTAGE USE VALUES FOR FIVE RANGE SPECIES FROM
AUTHOR'S BEIGET^NEIGET TABLE AND.LOMMASSON'S UTILIZATION '

GAUGE I/ FOR..NON=-SEEDSTALK PRODUCING PLANT FORMS,

Species
No, of 
Values

Mean Standard
(Per cent) Deviation

(5) (S)
Standard Error 
of the- Mean

(Sg)

Agropyron
spieatum

-Author'stVni "f" .... "
11

Heieht-Weieht Table
24.89 26.90 8.11

Agropyron
smithii 15 26.89 28.63 7.39

Koeleria
cristata 6 5.69 9.89 4*04

Poa
secunda 5 15.29 18.81 8.41

Festuea
idahoensis U 14.86 21.07 5.63

.Loipiasson' s Utilization Gauge I/
Agropyron

spieatum ' n 20.18 25.56 7.71

Agropyron
smithii ■ , 15 24.60 28.07 7.25

Koeleria 
cristata' .6 7683 12.92 5.27

Poa
secunda 5 11.00 13.19 ' 5.90

Festuca
idahoensis- 15 17.07 23.68 6.33

I/ Use values shifted' O „5 inch in order to correlated 100 ,per3cshtnuse u<n 
this gauge with 100 per cent use on Author's table0



TABLE H I e ANALYSES OF PERCENTAGE USE VALUES FOR FIFE RANGE SPECIES FROM
-AUTHOR’S HEIGHT-WEIGHT TABLE AND LOMMASSON’S UTILIZATION

GAUGE I/ FOR NON-SEED STALK PRODUCING PLANT FORMS«
TTI-.M-I . I ..H,,.,,Ir... urn .I! m

Species

.

No, of 
ValuOs

Mean
(Per cent)

(5)

Standard Standard Error 
Deviation of the Mean I,

Cs) (%)
... .•* • • ,

Agropyron
spicatm

Author’ 
12

s Heieht-Weieht Table 
31.15 33.08

’ ' %

9&55

Agropyron
smithii 16 31.46 32.89 .8,22

Koeleria
cristata 7 19.17 34.24 12.94

Poa
secnnda 6 29.41 35.93 14.67

Festuea
idahoensis 15 20.53 29.42 7.60

Lommasson5 s Utilization Gauge l/
Agropyron

spicatm 12 18.50 25.10- 7.25

Agropyron
smithii 1.6 23,06 27.82 6.96

Koeleria
cristata 7 6.71 12.27 4.64

Poa
seemda 6 9.17 12.72 5.19

Festuca
idahoensis 15 15.93 23.28 6.01

l/ Use values not shifted as in Table H o
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TABLE m i .  CORRELATION COEFFICIENTS AND ANALYSES OF VARIANCE OF PERCENT­
AGE USE VALUES FOR FIVE RANGE SPECIES FROM AUTHOR'S HEIGHT- 

WEIGHT.. TABLE.AND LOMMASSON»S UTILIZATION.GAUGE. .1/ FOR 
NON-SEEDSTALE PRODUCING PLANT FORMS. 2/

“ ....-
i. A -!u-. Correlation Source of Degrees of Mean F
Species Coefficients Variation Freedom Squares Values

Agrbpyron Gauges I 122.1068 15.44**
spicatum 0,99083** Pairs 10 1506.3179 190.50**

Error 10 7.9073

Agropyron Gauges I . 39.2163 34.52**
smithii 0.99889** • Pairs 14 .:1721.2990 1514.96**

Error 14 1.1362

Koeleria Gauges I 13.7388 1.74cristata 0.98439** Pairs 5 309.6263 39.25**
Error 5 7.8890

Poa Gauges I 46.0531 2.28
secunda 0.99830** Pairs 4 639.2931 31.61**

Error 4 2o,2232

Festuca Gauges I ■ 34,3879 2.94
idahoensis 0.98504** Pairs 13 1070.7079 91.48**

Error 13 11,7041

l/ Use values shifted 0.5 inch in Loramasson1s gauge- in order to correlate 
100 per cent use on this gauge -with 100 per cent use on .author's table* 

2/ The Montana State College Statistical Laboratory conducted these 
analyses.

** Significant at the 1% level.
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TABLE ZHe CORRELATION COEFFICIENTS AND ANALYSES OF VARIANCE OF PERCENTAGE
USE VALUES FOR FIVE RANGE SPECIES FROM AUTHOR«S HEIGHT-WEIGHT

TABLE AND LOMMASSON' S UTILIZATION GAUGE l/ FOR
' NON-SEEDSTALK PRODUCING PLANT FORMS.'2/

Species
Correlation
Coefficients

Source of 
Variation

Degrees of 
Freedom

Mean
Squares

F " 
Values

Agropyron Gauges I 960.5146 17.86**
spicatum 0.979** Pairs 11 1826*8142 33.97**

Error 11 53.7769

Agropyron Gauges I 563.6403 30.88**
' smithii 0*995** Pairs 15 1961.2707 107.43**

Error 15 18.2555

Koeleria Gauges I 542.6332 1.91
cristata 0*996** Pairs 6 1260.0906 4.44*

Error 6 283*8068

Poa Gauges I 1229.3777 3.78
secunda 0.997** Pairs 5 1418.5936 4.36

Error 5 325.0936

Festuca Gauges I 158.5620 5.42*
ldahoensis 0,988** Pairs 14 1478*5965 50,57**

Error 14 29.2406

l/ Use values not shifted in Lommassoh8is,_,gauge: as.’.in Table -ZIlI0 
2/ The Montana State College Statistical Laboratory conducted these 

analyseso

** Significant at the 1% level*
* Significant at the 5% level*
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of the two methods eould be accomplished by making this shift. This 

shift correlated 100 per cent use on the gauge with 100 per cent use on 
Table VII. This shift was accomplished by transposing each utilization 

value.determined from Lommassonts gauge for a given stubble height to the 

next higher measurement of stubble height. After the use values in Lem­

mas son t S gauge were shifted 0,5 inch, all of the mean per cent use values 

between the two methods were relatively close for each plant species. In 

no case do the means differ as much as 5 per cent. However, in Table XU, 

where the Lommasson gauge values were not adjusted, a much higher varia­

tion is present.

An analysis of variance and a correlation coefficient were computed 

for each of these five plant species. These analyses (Tables XIII and 

XIV) involved both sets of values determined by use of the Lommasson 

gauge and the single set of values from the author* s height-weight chart 

in Table V H . The analyses in Table XIIl were made in order to deter­

mine if the differences in means between the two methods, shown in Table 

XI, were real and if there was any correlation between them. Table XIV • ■ 

lists these same analyses for the means of the two methods as developed 

in Table XII, The F—values indicated a highly significant difference 

(P = ,01) between Lommassont s gauge and the author* s height-weight 

table for bluebmch wheatgrass and western wheatgrass, using both ad­

justed and unadjusted values in the Lommasson gauge. With the excep­

tion of the unadjusted idaho fescue values, which had a significant dif­

ference (P = ,05), no significant differences existed for junegrass, 

sandberg bluegrass, and idaho fescue, A very high correlation existed
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"between these two systems for all the plant species tested, and in all 

cases, these correlations were highly significant (P ” .01).
The high correlations present between these two systems, for each of 

the plant species involved, indicated that as the values determined by 

one of the systems increased or decreased, the values determined by the 

other system also increased or decreased at approximately the same rate. 

This does not necessarily mean that the values were equal or nearly so, 

although that could be the situation. These values may be extremely dif­

ferent in some cases. As noted in the previous paragraph, some of the 

differences were large enough to be significant. The two methods pro­

duced significantly different values, but these values varied uniformly 

in relation to each other.

Although some significant differences between the use values deter­

mined by these two methods are noted above, the actual means of the. per 

cent use values (Table XI) are not sufficiently different to warrant the 

elimination of either method. For instance, the use values for Apronvron 

spicatum differ only 4.71 per cent, and all of the other plant species 

differ even less* A difference of five per cent is close when you coh- 

sider that sampling errors may be as great as ten per cent and still give 

useable Information. Becuase of this fact, as well as the earlier dis­

cussion of the closeness of the mean heights (Table X) and the sampling 

technique used, it is felt that the author's height-weight chart (Table 

VII) is representative of all the plants occurring on the study area. 

Therefore, the application of the values in Table VII to this study area 

is .apparently a valid procedure. These values were applied to measure—
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merits taken on the study area*

UTILIZATION DETERMINATIONS

Samples were obtained in each of the vegetation types in order to 

determine the degree of utilization in each type. Table XV lists the 

mean per cent utilization, fl*om stubble heights measured and applied to 

Table VIIs for each of the vegetation types involved, for unit combina­

tions of the same types, and for the total area* The standard deviation 

and the standard error of the mean are also given for each type and 

grouping* The two units of the Artemisia tridentata, Festuea idahoensis 

type (4-Atr, Fid) may not have been adequately sampled, as is indicated 

by the number of plants measured* These mean per cent use values indica­

ted an almost uniform grazing pattern throughout all of the vegetation 

types* These mean per cent utilization values generally substantiate the 

visual observations of forage preference discussed previously*

Average utilization for the entire study area was 31*39 per cent,. 

(Table XV)» This degree of utilization was related to the actual use by 

sheep. A total of 9»545 sheep days or 318.17 sheep months of use, based 

upon ewes alone, was made in the study area during the period studied* 

Using a conversion factor of 4 ewes and their lambs per animal unit month, 
a total of 79*5 animal unit months of feed was eaten by the sheep. Thus, 

79*5 animal unit months of use resulted in 31*39 per cent utilization on 
this study area* The area was stocked at the rate of 4*6 acres per animal 

unit month. These figures will be highly valuable as aids to determining 

the carrying capacity of similar ranges in this area.

Per cent utilization was also estimated for each of the grass and
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TABLE XV0 ANALYSES OF PERCENTAGE USE COMPUTATIONS FOR THIRTEEN SEPARATE 
RANGE TYPES AND VARIOUS COMBINATIONS OF THEM FROM STUBBLE-HEIGHT 
AND A HEIGHT-WEIGHT TABLE FOR NON-SEEDSTALK PRODUCING PLANTS* l/

No6 of Mean Standard Standard Error
No *  6i■ . Type Plants (Per cent) Deviation of the Mean
Types Description. Measured (2) (S). (%)

I I-Ppe j  Ppr 
Single Unit 83 43.13 34.42 3.78 "

2 A=Acaj Fid
32.95 42.13Single Unit 3A 7.22

3 A-Acaj Asp 
Single Unit 36. 42.94 43.42 7.24

4 A-Atrj Fid
33.33' First <Unit 3 47.14 27.22

5 A-Atrj Fid 
Second Unit 9 ' 50.69 36.45 12.15 -

6 A-Atrj Asp 
First Unit 131 17.31 27.53 2.41

7 A-Atrj Asp 
Second Unit 57 24,01 32.80 4.34

8 A-Atrj Asp 
Third Unit 36 2$.38 32.25 5.37

A-Atrj Asp 
All Units 224 20.79 ' 30.05 2.01

9 I-Fidj Asp 
First Unit 19 13.32 26.97 6.19

10 I-Fidj,Asp 
Second Unit 29 33.31 41.25 7,66

I-Fidj Asp 
All Units AS 25.39 37.57 5.42

11', I-Aspj Kcr 
First Unit 262 33.65 40.19 2.48

12 I-Aspj Ker 
Second Unit IAl 30.43 37.88 3.19

13 I-Aspj Ker 
Third Unit 60. 41.09 41.38 5.34

I-Aspj Kcr 
All Units .463 33^63 39.79 1.85

All Types Except 
-I-Ppej Ppr 817 30.20 38.10 1.33

All Types 
Totaled 900 31.39 37.96 1.27

!/..Percentage..use computed, from author’s height-weight table»
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grass-like species present* These data were computed both by the author's 

height-weight table and Lommasson's gauge but from the same stubble height 

measurements* Twelve species were studied with the author's height-weight 

table, but only the five most important species were considered with Lom- 

masson's gauge» These two sets of data are partially analyzed in Tables 

ZVI and XVII. The mean utilization values for the. grass and grass-like 

plant species utilized are given in these tables. ' As indicated in Table 

XVI, sandberg, bludgrass andbwireertish'were fctetltoed .the' mostV  Thg-plsnSt 
species utilized':.lea#; were":pM£ti§ -'BegdgrfeiEraStiblue grama.

Analyses of variance and correlation coefficients were also run for 

each of these five plant species (Table XVIII). The F-values indicate a 

significant difference between the utilization determined by adjusting 

Lommasson's gauge, and the utilization derived from the author's height- 

weight table. The difference for Idaho fescue was significant (P - .05), 

and bluebunch wheatgrass, western wheatgrass, junegrass, and sandberg 

bluegrass differences were highly significant (P ~ .01). The correlation 

coefficients are highly significant (P. - .01) for all five of the species 

studied. This relationship of high correlations and significant differ­

ences has been previously explained. Although these differences are sig­

nificant, the actual means do not vary as much as 5 per cent. Thus, both 

methods appear to be about equally accurate in determining utilization on 

this type of vegetation.

THE PER CENT OF PLANTS GRAZED METHOD

The "per cent of plants grazed method" of utilization determination 

employs a graph of the relationship between per cent of plants grazed and



TABLE XVI ANALYSES OF PERCENTAGE USE COMPUTATIONS FOR.TWELVE,RANGE . 
SPECIES FROM STUBBLE-HEIGHT AND AUTHOR5 S HEIGHT-WEIGHT TABLE 

FOR NON-SEEDSTALK PRODUCING PLANT FORMS,

Species

Np, of 
Plants 

Measured

Mean Standard
(Per cent!') Deviation

(5) (S)

Standard Error 
of the Mean 

(%)

Agropyron
spicatum 26$ 31.62 35.54 2.18

:• « . . .

Agropyron
smith!! 30 21,12 31.35 5.72

Calamagrostis
montanensis 92 5.51 15.58 1.62

Koeleria ■ 
cristata 127 20.85 35.74 3.17

Poa
secunda 156 56.24 .41.53 3.32

Festuca
idahoensis 71 27.51 40.04 4.75

Stipa ■ 
comata 28 25.40 29.61 5.60

Bouteloua
gracilis 23 10.86 19.19 4.00

Garex
eleo.charis 18 17.31 27.44 6.47

Poa ■
pratensis 46 44.02 38.08 5.61

Phleum
pratense 32 46.89 32.47 5.74

Juncus
halt!cus 11 50.86 26.31 7.93
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TABLE XVII. ANALYSES OF PERCENTAGE USE COMPUTATIONS FOR FIVE RANGE 
SPECIES FROM STUBBLE-HEIGHT AND LOMMASSON'S UTILIZATION 

GAUGE I/ FOR NON-SEEDSTALK PRODUCING PLANT FORMS.

Species

No. of 
Plants 

Measured

Mean Standard
(Per cent) Deviation

(F) (s)
Standard Error 
of the Mean 

(S-)

Agropyron
spicatum 265 28.53 34.55 2.12

Agropyron
smith!! 30 20.23 30.62 5.59

Koeleria ..... ....
cristata ....  127 22.37 36.05 3.20

Poa
secunda 156 52.12 42.85 3.43

Festuca
idahoensis 71 28.23 40.27 4.78

I/ Use values shifted 0.5 inch in order to correlate 100 per cent use on 
this gauge with 100 per cent use on author1s table.



TABLE XVIII0 CORRELATION COEFFICIENTS AND ANALYSES OF VARIANCE OF PERCENT 
AGE USE VALUES FOR FIVE RANGE SPECIES FROM ACTUAL STUBBLE 
HEIGHTS AS APPLIED TO AUTHOR'S HEIGHT-WEIGHT TABLE AND LOM- 
MASSON'S UTILIZATION GAUGE l/ FOR NON-SEEDSTALK PRODUCING

PLANT FORMS, 2/

Species
Correlation
Coefficients

Source of 
Variation

Degrees of 
Freedom

Mean
Squares

F ' ■ 
Values

Agropyron Gauges I 1263.4552 170.41**spicatum 0.994** Pairs 264 2458.8610 331.64**
Error 264 7.4143

Agropyron Gauges I 11.4810 13.33**smithii 0.999** Pairs 30 1946.7390 2260.50**
Error, 30 0.8612

Koeleria Gauges I . 146.4100 32.15**
cristata 0.997** Pairs 127 .2579.9076 566.45**

Error 127 ' 4.5545

Poa Gauges I 1328.5390 62.81**
secunda 0.989** Pairs 155 3562.8446 168.43**

Error 155 21.1531

Festuca Gauges I 18.3313 3.98*
idahoensis 0.997** Pairs 70 3267.0194 709.48**

Error 70 4.6048

l/ Use values shifted 0„5 inch in Lommasson gauge in order to correlate 
100 per cent use on this gauge with 100 per cent use on author's table0 

2/ The Montana State College Statistical Laboratory conducted these 
analyses.

** Significant at the 1% level.
* Significant at the 5$ level.



per cent utilization by weight* A high correlation between these two 

factors should exist if the percentage of plants grazed is to provide a 

reliable index to the total grazing use of a plant species or a range 

area* In this study, all plants grazed to any extent whatsoever are in­

cluded in the per cent of plants grazed values. The per cent utiliza­

tion values, used in the statistical computation of this phase of the 

study, are based upon the author's utilization chart (Table VII), unless 

otherwise stated*

The relationship of per cent of plants grazed to per cent utiliza­

tion was determined by computing correlation coefficients and regression 

equations for each set of tabulated data* These analyses for the data 

collected on the Shaw Ranch at White Sulphur Springs are tabulated in 

Tables ZIX through ZXIII» These tables serve to illustrate the varia­

tion in these values, as they are influenced by various procedures of 

data summation*

The use data were summarized for each of the range types involved, 

for unit combinations of the same types, and for the total area* The 

average per cent of plants grazed and average per cent utilization values 

were determined for each plant species occurring within each of the vege­

tation types and on each transect within each of the Vegetation types* 

These values are not listed* These averages, as determined for all of 

the plant species present within each unit of a vegetation type, were 

then statistically analyzed* These analyses are presented in Tables.XIZ 

and XXg respectively* Where sufficient values were present to warrant 

the procedure, all units of a similar vegetation type were grouped and
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TABLE H X 0 ANALYSES^ BY CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS,

OF PERCENTAGE USE (Y) AND PER CENT OF PLANTS GRAZED (X) FOR
VEGETATION TYPES TABULATED ONLY BY TYPE0,l/

No, of 
Types

• Type 
Description

No, of Correlation ' 
Values Coefficients

Regression
Equations

I I-rPpey Ppr-j Single Uhit >
' ■ - •' -
0,891* Y=-7.602U 0,57691.2 W-Acay FFiglj GSingleUUhit 2 -1,000** Y= O0OOOU * 0.7529.x

3. U=-Acay Aspj Single Unit 7 0.U 93 . Y = H 0 9306 4-.ro, UU56x
b U-Atry Fidj First Unit 3 I,000** Y= O.OOOO^llLOOOOX
5 U-Atry Fidj Second Unit 3 0,U28 Y=27.65U 7 * 0.2592X6 U-Atrj Aspj First Unit 8 0 .5 2 5 Y=-Uo 1101 4- 0 .5590 X
7 U-Atrj Aspj Second Unit 5 0,976** •Y = - 3 .U 9 3 3 *  0.6859%8 U-Atry Aspj Third Unit 

U-iAtry Aspj All Units ? 0,939* Y=-2,6U6U <* 0.6017%
Averaged 9 0 .7 8 9 * Y=-2,82lU 4- 0,57UUX
Totaled 18 0,88U** Y=-Uo3777 * 0,6250%

9 I-Fidy Aspj First Unit U - 0,983* Y = -o,-9087 + .0. 553U%10 IAFidy Aspj Second Unit 
I-Fidy Aspj All Unitg

-U 0,690 Y= 0,2988 * O.688UX
Averaged ' 5.. 0 ,8 9 2 * Y= 0 .9 9 2 3  *  0.5856%

, Totaled 8 O0 852** Y=-Q038U8 * 0,6397%
H I-Aspy Kcrj First Unit ;11- 0 .9 5 9 * * Y=-U,7513 » 0,8017%12 I-Asps Kcrj Second Unit 7. 0,936** Y=-^l . 9707 * 0.6,013%
13 I-Aspy Kcrj Third Unit 

I-Aspy Kcrj A U  Units
5 o,9U5* Y=-8rfU786'>: 0.8056%

Averaged 11 0,9U6#* T=-5,6376 *■ 0.78U1X
Totaled

All TyPes Except I-Ppe3
23

Ppr
0,9U6* * Y=-U.037U * 0.73UUX

Averaged 11 0,9 3 1 ** T = -6. 968U 0.7870%
Totaled

All Types
6U 0,8 5 2 ** Y=-2,2201 4 - 0.6608%

' \
Averaged 13 0,9U 6** Y = - I . 6 8 0 3 *  0.5966%
Totaled 69 0,8U8** Y=-2,2828 .4 - 0,6U63%

l/ The Montana State College Statistical Laboratory conducted these 
analyses.

## Significant at the 1% level,
#  Significant at the level,•
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TABLHT XXo ANALYSES j, BI CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS s

QF PERCENTAGE U S E  (I) AND PER CENT OF PLANTS GRAZED (X) FOR
VEGETATION TYPES TABULATED BY TRANSECT WITHIN TYPE, l/

No, of Type No. of Correlation Regression
Types Description Values Coefficients Equations

I I-Ppe, Pprj Single Unit 45 0.648** Y*-5.5014 * 0.6100X
2 4=Aeas Fidj Single unit 10 0.699* Y= 5.0118 4- 0.5121X
3 4=Aeas Aspj Single Unit 19 0.788** Y==O.0881 * 0.6926%
4 A=Atrs Fidj First Unit 3 1.000** Yss 0.0000 fr I.oooox
5 A=Atrs Fidj Second Unit 6 0.039 1=47.4883 * 0.0502X
6 A=Atrs • Aspj First Unit 33 , 0.771** Y= 1.5222 «. 0.4048%
7 A=Atrs Aspj Second Unit 19 0.895** Y=-2.1048 * 0.6319%
8 A=Atrs Aspj Third Unit 12 0.923** Y--0.3190 e 0.5508%

A=Atrs Aspj All Units
Averaged =■= Not Analyzed 2/ Not Analyzed 2/
Totaled 69 0.827** Y==O.1419 * 0.4971%

9 I=Fid, Aspj First Unit 10 0.810** Y==OeOOlO «■ 0.5455%
10 I=Fid5 Aspj Second Unit 17 0.900** Y= 0.1628 • 0.7543%

I=Fids Aspj All Units
Averaged *=**=■ Not Analyzed 2/ Not Analyzed 2/
Totaled 27 0.858** Y- 0.6078 e 0.6716%

11 I=Asps Kerj First Unit 117 0.905** Y=-1.3353 * 0.6954%
12 I=Aaps Kerj Second Unit 32 0.789** !==2.9068 e 0.6386%
13' I=Asps Kerj Third Unit 34 0.787** Y^l.6877 e 0.7122%

I=Asps Kerj All Units
Averaged «=«i Not Analyzed 2/ Not Analyzed 2/
Totaled 183 0.868** Y=-I.8372 « 0.6931%

All Types Except I=Ppes Ppr
Averaged == Not Analyzed 2/ Not Analyzed 2/
Totaled 317 0.840** YB=I.0495 «• 0.6484%

All Types
Averaged Not Analyzed 2/ Not Analyzed 2/
Totaled 362 0.822** Y==O.9491 fr 0.6277%

I/ The Montana State College Statistical Laboratory conducted these 
analyses. ,

2/ The data were not averaged for this arrangement, eliminating these 
analyses.

** Significant at the 1% level.
* Significant at the 5% level.

! 'M l . '  . I.-.Vl'- : 't

!'I-Im U i-I I ' 7

116786
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TABLE XXI. ANALYSESs BY. CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS3■
OF PERCENTAGE USE (y ) AND "PER CENT OF PIANTS GRAZED (X) FOR

PLANT SPECIES TABULATED ONLY BY TYPE.l/

No, of Correlation Regression
Species Values Coefficients Equations
I-- i—-- ----—-— - '

.Agrppyron
spicatum- 13 0,939» Y > " 1,1693 V  0,327ltX.

Agropyron
smith!! 6 0,803 ' Y s 0.0208 * 0,3732%

Calamagrbstis
montanehsis' 7 0,933** Y ■ O0ItUit3 0,27002

Kbeleria
cristata 7 0,793* ?' = -19,lU69* 1,1027.X

Ppa
secunda . H 0.798** I = -18,2298+ 0.9917%

Festuca
0,96l#* -1.6633 * 0.8333%idahoensis 7 Y s

Stipa■ 
comata k Not Analyzed 2/ Not Analyzed 2/

Bouteloua
h Not Analyzed 2/gracilis Not Analyzed 2/ t .

Garex
elebcharis "it Not Analyzed ,2/ Not Analyzed 2/

Poa
pratensis 3 Not Analyzed 2/ . Not Analyzed 2/

Phleum
pratense I Not Analyzed 2/ Not Analyzed 2/

Juncus
balticus I Not Analyzed 2/ Not Analyzed 2/

Aristlda Not Analyzed 2/longiseta I Not Analyzed 2/

I/ The Montana State College Statistical .Laboratory conducted these 
analyses*

2/ The amount of data for this species was to limited to warrant analysis.

Significant at the 1% level,
# Significant at the %% level.
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•TABLE XXITo -ANALYSES* BY CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS*
of Percentage use ( i ) and Per cent of plants grazed (x ) for

PLANT SPiECIES TABULATED BY TRANSECT WITHIN TYPE, l/

'
No. of Correlation Regression

Species Values Coefficients Equations

Agropyarpn
spicatum 72 0.7#** Y = .=1.-2-932 +  0.6102X

Agropyrbn 
smithii ■ '21 0.870** Y = 0.6929 * 0.2207X

Calamagrostis 
montanensis h7 0.902** Y ■ 0.21U9 * 0.2893%

Koeleria
cristata U6 0.781** Y s =1.9982 * 0.6280X

Poa
secunda 52 0.821** Y s -6.4284 «■ 0.8728%

Festuca
idahoensis 28 0.869** Y - 1.1166 « 0.6712%

Stipa
comata 18 6.826** Y . 0.6780 * 0.14168%

BbuteloUa
gracilis H1 0.767**. Y.- =0.14003 * 0.3362%

Carex
eleocharis 13 0.93b** Y, " 1.6W2 «-0.14391+%

Poa
pratensis 2k 0.722** Y = =2.9372 * 0.6703%

Phleum
pratense 18 0.603** Y • I4.23U 4 * 0.21402%

Juncus
Balticus 8 1.Ooo** Y = -16.6872 * I.OOOOX

Aristida
longiseta I Not Analyzed 2/ - Not Analyzed 2/

Ij/ The Eontana State College Statistical laboratory conducted these 
analyses.

2/ The amount of data for this species was too limited to warrant analysis. 

iH# Significant at the 1% level.
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TABLE.- XZIII-O ANALYSES-,, BY COHElEIATION COEFFICIENTS AND REGRESSION EQUA-

TIONSs OF PERCENTAGE USE (j) AND PER CENT OF ,PLANTS'
GRAZED (Z) FOR "PLANT SPECIES TABULATED ONLY BY TRANSECT. I/

»• » .___  • , • V

f a Correlation Regression
■Species Values Coefficients Equations

• X "  - •/ 'V. s'-'

Agropyron 
'spicatum 2 b O.83O** Y s -13*8561+ * 0.8213%

Agropyron
smith!! 13 . 0.889** Y = 0.11+27 * 0.6128%

Galamagrostis
montanensis 20 0.8#*4 Y = 0.8897 * 0.2867%

Koeleria
cristata 19 0.801+** Y = -6.7187 + 0.71+28%

Poa
secunda 20 0.821** Y - -9.6562 + 0.8957%

Festuca
idahbensis 18 0.695** Y *

GDO9 t 0.7318%
Stipa

comata 15 0.71+3** Y = 3.31+78 ■ 0.3719%
Bouteloua

gracilis 12 0.909** Y - -2.5515 * 0.1+281%
Carex

eleocharis 9 b*'958%* Y = 0.7698 * 0.1+615%
Poa

pratensis 5 0.997** Y = 0.9791 * 0.8185%
Aristida

longiseta I Not Analyzed 2/ Not. Analyzed:'1;^
All Species 3/

Averaged ‘ 20 • 0:827**' - Y = -li; 281+6 + 0:8605%
Totaled ' 1^2 0.850** 1 Y = -1.2221+ * 0.6266%

l/ The Montana Statg,. College Statistical Laboratory conducted these 
” analyseso
2/ Bie amount of data for this species was too limited to warrant in- 

dividual analysiss but was included in the values for all Species6 
-3/ All plants occurring in the I-Ppe5 Ppr vegetation type were excluded 

from these analyses as this vegetation type was not included in the 
Chadboume Lease data5 to which this data was compared*

Significant at the 1% level*
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statistically analyzed, both for averages and for totals of the values 

for each of the plant species present. All of the types were grouped 

and analyzed in a similar manner.

Tables XXI through XXIII present the statistical analyses for the 

same data summarized for each of the plant species involved. In. Table 

XXI, the average per cent of plants grazed and average per cent utiliza­

tion values were determined for each vegetation type having the plant 

species present. In Table XXII, the same kind of values were determined 

for each transect within each vegetation type having the plant species 

present. Table XXIII is based upon the'same kind of values when com= 

piled for each transect, irrespective of vegetation type, having the plant 

species present. ,

As previously indicated, Table XIX lists the statistical analyses 

for each vegetation type when the data were compiled only by vegetation 

type. Table XX lists the statistical analyses for each vegetation type 

when the data were compiled by transect within each vegetation type. The 

significance of the correlation coefficients were highly influenced by the 

number of values used and the? relationships of these percentages. This is ' 

illustrated in Table XIX by the first and second units of the Artemisia 

trident at a. Festuca idahoensis vegetation type (4-=Atr, Fid) „ Only three 

pairs of values were present in each unit. The first unit shows perfect 

correlation as no disagreement exists between pairs. The correlation is- 

very low for the. second unit as some disagreement does exist between 

pairs and too few values are present to satisfactorily measure these 

differences. This influences the correlations for the averaged' and to*=



taXed values as well as the correlations for each unit of the vegetation 

typeSe More values have more completely sampled this variation (Table XX) s 
but the type just discussed was still not adequately sampled* In contrast, 

the first unit of the Agronvron sulcatum„ Eoeleria cristata type (1-Asp, 

Ecr) had 115 degrees of freedom0 The greater number of values involved 

in Table-.XX served to lower the correlation coefficients because of more 

disagreement in values, but the increase .in degrees of freedom caused the 

lower correlation coefficients to be highly significant (P " *01) for 

more vegetation types* This same situation of too few values resulted in 

several other perfect correlations and low correlations in these tables* 

Thus, a correlation coefficient of 1,000 does not give a true representa=. 

tion of this situation.

Both the type only and transect within type methods of data summa­

tion appear to be valid in applying the "per cent of plants grazed method" 

of utilization determination to vegetation types and entire areas. Care 

should be taken to see that sufficient data are collected and tabulated-—  -

As stated previously. Tables XXI through XXlll Iisn tne suauisnical 

analyses for each plant species* Ho definite relationship between these 

methods, in terms of correlation coefficients, was observed,' The cor­

relation coefficient for western wheatgrass was not significant in Table 

XXI, This was due to an insufficient number of samples, and one pair of 

values was entirely out of line with the other data. The high correla­

tion coefficients involved appear to indicate that all three methods of 

data summation are valid in applying the "per cent of plants grazed me­

in order to have an adequate sample *
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tIiocP to Individual plant species* .

More variation between summation methods existed in the calculated

regression equations than in the correlation coefficients * The influence
/

of this variation upon the final graph is illustrated in Figure 29„ Re­

gression equations for five of the previously discussed methods of data 

summation are presented in graphic form for the entire study area with 

the exception of the Poa nratensis „ Phleum oratense vegetation type 

Ppe-Ppr)* The maximum variation in per cent utilization between regres­

sion lines is approximately 13 per cent, as determined from this graph* 

This indicates a need for future study in order to determine which method 

of data summation is the most accurate for utilization determinations on 

any particular part of a range area*

The graph of the entire study area- (Figure 30)9 including the Poa 

pratensis * Phleum pratense type (I-Ppe5 Ppr) along the creek bottom, in­

dicates that the values from the moist creek bottom tend to lower the 

utilization values as compared to the graph in Figure 29* This occurred 

in spite of the fact that this vegetation type was the most heavily uti­

lized* This may be the result of very heavy use on the plants actually 

grazed but fewer plants grazed on this vegetation type* The irregular 

pattern of use may be indicated by this* A high utilization value may.be 

related to a low per cent of plants grazed value when this situation 

exists* Apparently, the vegetation types in moist creek bottoms should 

be included with the other vegetation types only if they are small in 

relation to the total area* large areas of bottom land should be ex­

amined separately* The pattern of grazing use may possibly be-dmportant
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ALL VEGETATION TYPES EXCEPT THE 
POA PRATENSIS-PHLEUM PRATENSE TYPE

AVERAGE OF TRANSECTS
— -TOTAL OF TRANSECTS 
----- AVERAGE OF TYPES
—  TOTAL OF TYPES
•••• TOTAL OF TRANSECTS WITHIN TYPES

IO 20 30 40 50 60 70 80 90 IOO
PER CENT QF PLANTS GRAZED (X)

Figure 29. Relationships between per cent of plants grazed and per cent
of weight removed of all important grass and grass-like plants
on sheep range*
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ALL VEGETATION TYPES

--------AVERAGE OF TYPES
--------  TOTAL OF TYPES
..........TOTAL OF TRANSECTS WITHIN TYPES

PER CENT OF PLANTS GRAZED (X)

Figure 30. Relationships between per cent of plants grazed and per cent
of weight removed of all important grass and grass-like plants
on sheep range.
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in making such a decision, if the pattern is very irregular»

Graphs for the six most important plant species found in the study 

area are presented in the form required by the “per cent of plants grazed 

method* of utilization determination (Figures 31 through 36)o These 

graphs are based upon the regression equations found in Tables XXI through 

XXIIIo Uo definite conclusions, in regard to accuracy of utilization 

determinations by these various methods of data summation, could be drawn 

from these graphs0 Because of"-the fewer pairs of values developed by the 

“type only* method of summation, this method may be the least accurate«

On the other hand, it may be possible that the larger number of values 

included in the fewer number of averages may offset this apparent lack 

of accuracy. Hence, what may be lacking in number of values may be made 

up in the representativeness likely to occur as a result of this aver­

aging. Thus, this method may be quite accurate. With this method the 

numbers of paired values are limited by the number of vegetation types 

when the utilization values are computed for each plant species. When 

computing utilization values for vegetation types by this method, the 

number of paired values are limited by the number of plant species 

present. '

All of the graphs developed from these analyses need to be tested 

for several years on the same study area in..order .to...determine' the' rela­

tive accuracy of these various methods of data summation, as well as 

the over-all accuracy of the method. One of these methods of data sum­

mation may be the most accurate for one plant species, and utilization 

on another plant species may be more accurately determined by using an-
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AGROPYRON SPICATUM-BLUEBUNCH WHEATGRASS

—  TRANSECTS 
----- TYPES

•• TRANSECTS WITHIN TYPES

10 20 30 40 50 60 70 80 90 100
PER CENT OF PLANTS GRAZED (X)

Figure 31. Relationships between per cent of plants grazed and per cent
of weight removed of bluebunch wheat grass (Agronvr on spicatum')
on sheep range.
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AGROPYRON SMITHH-WESTERN WHEATGRASS

----- TRANSECTS
----- TYPES _ _ .
• • • TRANSECTS WITHIN TYPES

<  60

PER CENT OF PLANTS GRAZED (X)

Figure 32. Relationships between per cent of plants grazed and per cent
of weight removed of western wheatgrass (Agronvron smith!!)
on sheep range.
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CALAMAGROSTIS MONTANENSIS-PLAINS REEDGRASS

-----  TRANSECTS
-----  TYPES
• • • TRANSECTS WITHIN TYPES

PER CENT OF PLANTS GRAZED (X)

Figure 33# Relationships between per cent of plants grazed and per cent
of weight removed of plains reedgrass (Calamagrostls montan-
ensis) on sheep rangee
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KOELERIA GRISTATA-JUNEGRASS

—  TRANSECTS
—  TYPES

TRANSECTS WITHIN TYPES

«  60

Q- 30

10 20 30 40 50 60 70 80 90 100
PER CENT OF PLANTS GRAZED (X)

Figure 34» Relationships between per cent of plants grazed and per cent
of weight removed of junegrass (Koeleria cristata) on sheep
range.
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POA SECUNDA-SANDBERG BLUEGRASS

WITHIN TYPES

=> 50

o  40

10 20 30 40 50 60 70 80 90 100
PER CENT OF PLANTS | GRAZED (X)

Figure 35» Relationships between per cent of plants grazed and per cent
of weight removed of sandberg bluegrass (Poa secundal on
sheep range «



- 124 -

\

FESTUCA IDAHOENSIS-IDAHO FESCUE

------  TRANSECTS
-------TYPE
........TRANSECTS WITHIN TYPES

/  . '

PER CENT OF PLANTS GRAZED (X)

Relationships between per cent of plants grazed and per cent
of weight removed of Idaho fescue (Festuca idahoensis’) on
sheep range.

Figure 36.
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other method of tabulating the data.

To further test these graphs, they were applied to another range 

unit. During the time that the Chadbourne range, located a short distance 

north of Livingston, Montana, was leased by Montana State College, utili­

zation checks of the winter use by herded sheep were made during the 

latter part of February of each year. Stubble height measurements and 

Lommasson1s utilization gauge were used in determining the degree of 

utilization on this grazing area. These data, for the* winter of 1951-52, 

have been tabulated for each plant species by averaging the utilisation 

and per cent, of plants grazed on each full-length transect. These tran­

sects may be a few hundred feet or several miles long. The correlation 

coefficients and regression equations for these data are presented in 

Table XXBT. The correlation coefficients are all highly significant 

(P = .01) except for plains reedgrass which was significant (P s .05).

These correlations are based upon Lommasson1s method of utilization 

determination, while all of the correlations listed prior to Table XXOT 

have been based upon the author* s height-weight table. It was felt that 

either method may be used as a basis for establishing a graph which can 

be used to determine grazing use by percentage of grazed plants. The 

high correlation coefficients obtained indicate that this may be true.

This use of various methods was substantiated by Roach1 s statement (1950) 

to the effect that any one of the accepted systems of measuring per cent 

utilization can be used as a basis for preparing a graph which can be 

used to determine grazing use by percentage of ungrazed plants.

The regression equations in Table XXOT were used to plot graphs for
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TABLE XXIV0 CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS FOR PERCENT­
AGE USE (Y) AND PER CENT OF PLANTS GRAZED (X) FOR PLANT SPECIES 
TABULATED ONLY BY TRANSECT „ l/ THESE DATA NEEHT COLLECTED BY 

OTHER WORKERS ON THE CHADBOURNE LEASE LOCATED A SHORT DISTANCE 
NORTH OF LIVINGSTON, MONTANA. THIS EXAMINATION WAS MADE DURING 

LATE FEBRUARY, 1952, AND IS BASED UPON WINTER UTILIZATION.

f % Correlation Regression
Species Values Coefficients Equations

Agropyron spicatum 27 0.864** Y Sr -0.8332. » 0.5388K
Agropyron smithii 27 0.941** Y B -1.3277 * 0.7709%
Calamagrostis montanensis 8 0.771* Y a -1.9403 «■ 0.5387%
Koeleria cristata 27 0.970** Y a- 0.5758 + 0.7841%
Poa seeunda 27 0.968** Y s 4.5614 »  0.8040%
Festuca idahoensis 2 Not Analyzed 2/ Not Analyzed 2/ ■
Stipa comata 26 0.888** Y - 2.1288 * 0.4246%
Bouteloua gracilis 10 0.805** Y s 2.9182 *  0.3949%
Garex eleoeharis 7 Not Analyzed 2/ Not Analyzed 2/
Aristida longiseta 2 Not Analyzed 2/ Not Analyzed 2/
Carex filifolia 24 0.644** Y s 0.3833 * 0.3576%
Carex spp. 2 Not Analyzed g/ Not Analyzed 2/
Oryzopsis hymenoides 6 Not Analyzed 2/ Not Analyzed 2/
Festuea ovina I Not Analyzed-2/ Not Analyzed 2/
Stipa viridula 4 Not Analyzed 2/ Not Analyzed 2/
Bromus tectorum 4 Not Analyzed 2/ Not Analyzed 2/
All Species, Averaged 27 0.960** Y s -1.4427 * 0.6947%
All Species, Totaled 204 0.853** Y B 0.1175 * 0.6404%

■ l/ The Montana State College Statistical Laboratory conducted these 
analyses.

2/ ,The amount of data for this species was too limited to warrant an 
individual analysis but was included in the values for all. species.

** Significant at the 1% level. 
'# Significant at the 5% level.

i
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the Chadhourne range lands. Regression lines based upon the Shaw Ranch 

study area at White Sulphur Springs were also placed upon the same graphs 

for purposes of comparison.■ Both of these regression lines on each graph 

were based upon the same type of data arrangement and analysis, These 

graphs were not reproduced herein because of time .and cost limitations. 

They may be readily developed from the data presented in Tables XXIII and 

XXW, The bluebunch wheatgrass and 16average® regression lines for the 

Shaw Ranch area are steeper than and cross the Chadboume regression 

lines. This arrangement is reversed in western wheatgrass, plains reed- 

grass, and needle-and-thread, The Junegrass, sandberg bluegrass, blue 

grama, and ®total® regression lines for the Shaw Ranch are generally 

lower than and parallel with the regression lines for the Chadbourae 

Lease,. This variation may be caused by (I) comparing author*s height- 

weight table values to Lommasson gauge values, (2) different composition 

of vegetation, (3) different weather conditions, (4) different sheep,

(5) different grazing systems or (6) any combination of these factors.

The most important single cause of difference is probably the comparison 

of author*s table and Lommasson*S gauge values. ■

Some of the per cent of plants grazed graphs developed for the Shaw 

Ranch study area were■applied to the per cent of plants grazed data for 

the Chadbourne Lease lands. This was done to test the validity of apply­

ing these graphs to another area of similar vegetation for which they 

were not specifically prepared. The per cent of plants grazed graphs pre­

viously illustrated were among them. The only regression lines examined 

were based upon the data tabulated only by transect. The per cent of use
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values, as determined from measured stubble heights and Lommasson1s utili­

zation gauge, were statistically compared with the per cent of use values 

determined from application of the per: cent of grazed plants to the per 1 

cent of plants grazed graphs developed on the Shaw Ranch study area0 

These analyses are presented in Table ZXY. These same stubble heights 

were used to determine per cent utilization values from the author’s . 

height-weight chart. These utilization values were then statistically 

compared in Table XXVI, to the same percentage use values determined pre­

viously from these graphs and used in the analyses presented in the pre­

vious table„

The correlation coefficients in these two tables are generally very 

high with the exception of blue grama as shown in Table XXVI0 This low 

correlation for blue grama was due to lnconelstent variations between 

utilization values, because of extreme variation in utilization values 

determined from the author’s height-weight chart in relation to the per 

cent of plants grazed. There were no significant differences between 

the Lommasson gauge values and the per cent of plants grazed values 

(Table XXV) for bluebunch wheatgrass, western wheatgrass, plains reed- 

grass, needle-and-thread, blue grama, and the average of each species.

The differences in junegrass and ̂ sandherg!.bluegnass^utilization-vvalues 

were highly significant (P = ,01), The. average of each transect values 

were significantly different (P - ,05), . No significant difference was 

present between the use values determined from the author’s height-weight 

table and those determined from the per cent grazed values for plains 

reedgrass, needle—and—thread, blue grama, and the two average groupings

I
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TABUS XM .  STATISTICAL COMPARISON OF AVERAGE DEGREE OF UTILIZATION BY SHAW 
RANCH PER GENT OF PLANTS GRAZED GRAPHS (Y) WITH AVERAGE DEGREE 
OF UTILIZATION BY LOMMASSONeS GAUGE (X). REGRESSION EQUATIONS. 
SHOW RELATIONSHIP BETWEEN (Y) AND (X) FOR DIFFERENT PLANT 
SPECIES TABULATED ONLY BY TRANSECT „ l/ STUBME HEIGHTS 

MEASURED ON CHADBOURNE LEASE,'FEBRUARY, 1952„

I
Species

No. of 
Values

Correlation
Coefficients

F
Values 2/

Regression ' 
Equations

Agropyron
spicatum 27 0.862** 3.48 Y e  4.1615 fr 0.9981X

Agropyron
smithii 27 0.941** 1.42 Y S 2,2095 * 0.7041X

Calamagrostis
montanensis B 0.771* O-, 26 Y =- 4.0832 >  0.3179%

Koeleria
cristata 27 r 0.969** 55.53** Y s -3.1089 «. 0.863,6%

Poa T:;
secunda 27 0.961** 24.83** Y - -5.8873 & 0.9804%

Stipa f. ':-
eomata 26 0.887** 0.18 Y - 4.4551 * 0.6891%

Bouteloua
gracilis 10 0.800** 0.39 Y °  5.8627 0.6637%

Average of
Each Transect' 27 0.956** 5.08* Y s =4.2546 1.0556%

Average of
Each Species . 16 . 0.923** 0.71 Y ■. 3.3659 * 0.7217%

3/ The Montana State College Statistical Laboratory conducted these 
analyses.

2/ F values for testing difference between Shaw Ranch per cent of plants 
graze(d graph utilization values and percentage utilization as 
determined by Lommasson’s gauge,

** Significant at the 1% level.
* Significant at the 5% level.

V
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TABLE XXVI. STATISTICAL COMPARISON OF AVERAGE DEGREE OF UTILIZATION BY SHAW 
RANCH PER CENT OF PLANTS GRAZED GRAPHS (Y) WITH AVERAGE DEGREE 
OF UTILIZATION BY AUTHOR’S HEIGHT-WEIGHT TABLE (X). REGRESSION 
EQUATIONS SHOW RELATIONSHIP BETWEEN (Y) AND (X) FOR DIFFERENT 
PLANT SPECIES TABULATED ONLY BY TRANSECT. I/ STUBBLE HEIGHTS 

MEASURED ON CHADBOURNE LEASE, FEBRUARY, 1952.

Species
No. of 
Values

Correlation
Coefficients

. f
Values 2/

Regression
Equations

Agropyron
spieatum 27 0.758*? 23.65** Y = 7.4736 «■ 1.3924%

Agropyron
smithii 27 0.964*# 7.27* Y - 1.6454 «• 0.6448X

Galamagrostis
montanensis S 0.850** 0.96 Y S 3.2698 « 0.3046X

Koeleria
cristata 27 0.964** 71.39** Y s “3.4331 «. 0.8149%

Poa 'fW/;:
secunda' 27 0.970** 81.50** Y “ =5.6917 * 0.8981X

Stipa ; ,
eomata 26 0.725** 0.15 Y ■ 7.2532 0.5470X

Bouteloua
gracilis 10 0.470 0.01 Y - 16.3799 0.2756%

Average of
Each Transect 27 0.955** 3.36 Y •» “4.5927 «• 1.0830%

Average of
Each Species 16 0.874** 1.32 Y s 4.1280 * 0.6316%

I/ The Montana State College Statistical Laboratory conducted these 
analyses.

2/ F values for testing difference between Shaw Ranch per cent of plants 
grazed graph utilization values and percentage utilization as 
determined by author’s height-weight table.

** Significant at the 1% level.
* Significant at the 5% level*



(Table XXVI)„ The bluebunch wheatgrass and western wheatgrass use values 

were significantly different (P - »01 and P = »05 respectively)» The 

junegrass and sandberg bluegrass values were significantly different (P - 

.05). (The regression equations in these two tables were not plotted.) 

These analyses indicate that the Shaw Ranch per cent of plants grazed 

graphs are more applicable to the Chadbourne Lease area when the Lommasson 

gauge is used as the basis of comparison, in preference to the author’s 

chart o The Lommasson method apparently accounts for a part of the varia= 

tion due to difference in site and vegetation composition. . This may be 

due to the fact that the Lommasson values were determined from more plant 

samples collected from a much wider range of sites.

The differences in Chadbourne Lease mean utilization values, as de= 

termined by the three previously mentioned methods, are directly compared 

in Table XXVTI® The utilization means of bluebunch wheatgrass, junegrass, 

and sandberg bluegrass vary excessively. This, together with the analyses 

of variance, indicates that the application of the Shaw Ranch per cent of 

plants grazed graphs for these three plant species to the Chadbourne 

Lease is not a valid procedure. The application of the western wheatgrass 

graph to the .Chadbourne Lease may be questionable» However, the applies= 

tion of the graphs for the other plant' species and the groupings to the 

Chadbourne Lease appears to be a valid procedure.

Of these utilization values those used in determining the ®average 

of each transect’* were determined by averaging, for each transect, the 

values for all the plants  ̂of all species occurring on the transect in 

question. The averages of all the transect utilization values were then
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TABLE XXFIlI .MEAN UTILIZATION VALUES FOR PLANT SPECIES TABULATED ONLY BY 
/TRANSECT,Yl/, STUBBLE .!HEIGHTS, -WERE MEASURED' ON THE CHADBOURNE 
PLEASE DURING LATE,FEBRUARY^. &952„ DEGREE OF .UTILIZATION WAS 
■ DETERMINED BY LOMMASSON^-S - GAUGE, THE AUTHOR«S HEIGHT-WEIGHT 
TABli:, AND THE SHAW RANCH PER CENT OF PLANTS GRAZED GRAPHS 0

Mean
Mean Mean Utilization

Utilization Utilization (Per Cent
Species (Lommasson) (Author) of Plants Grazed)

V
Agrbpyron' 

spieatum 28,32 • 17.92 32.43
Agropyron 
■ -- Amithii 11 »61 13.55 10.38
C alamagro stis 9.84 12.94 7.21montanensis
Koeleria 44.02 47.05cristata 34.91
Poa 60.25 65.55secunda 53.18
Stipa

comata
Bouteloua

15.73

25.63
14.70 15.30

gracilis 23.55 22.87

Average of
Each Transect 

Average of
29.89

17.90
29.45 27.30

16.28Each Species 19.24

I/ The Montana State-College Statistical Laboratory conducted these -s 
analyseso
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statistically analyzed to develop values for the 68average of each tran­

sect!" The analyses for the "average of each species" was developed in 

approximately the same manner. The values for all plants of the same 

species on all transect lines were averaged. The averages of all the 

various species were then analyzed in the same manner.

The "transect only" regression line for each plant species, as pre­

pared on the Shaw Ranch study area using the author's height-weight table, 

was directly compared to the "transect only" regression line for each 

plant species, as prepared on the Chadbourne Lease using LommasSon6 s 

utilization gauge. This comparison, using the per cent of plants grazed 

graphs, is based upon the conversion of 5 per cent interval readings on 

the per cent of plants grazed axis to per cent utilization, (None of - 

these graphs were prepared for inclusion in this paper, )„ These paired 

utilization values were statistically analyzed in Table ZTVlIIo Enough 

numbers (20 pairs per species) are present to cause a correlation co­

efficient of 1,000 to be truly representative-of the situation. The dif­

ference is highly significant (P = ,01) for all of the plant species and 

groupings examined with the exception of bluebuneh wheatgrass and the 

average of each transect. The correlation coefficients for the two graphs 

were highly correlated and highly significant (P - ,01) for all of the 

plant species and groupings studied,

As previously discussed, high correlation coefficients do not neces­

sarily mean that the values are equal or nearly equal.. The rate of 

change may be approximately equal between two systems of utilization de­

termination but the utilization values may be very different. This pos-
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TABLE XXHII „ SHAW RANCH PER GENT OF PLANTS GRAZED GRAPH UTILIZATION 
VALUES' (X) I/ COMPARED WITH CHADBOURNE LEASE PER'CENT 
OF PLANTS GRAZED GRAPH UTILIZATION VALUES (X) 2/ BY 
5 PER CENT INTERVALS. THESE VALUES TABULATED ONLY 
BY TRANSECT FOR EACH PLANT SPECIES, j/ STUBBLE 
HEIGHTS MEASURED ON CHADBOURNE LEASE DURING

LATE FEBRUARY, 1952•

No* of Correlation F Regression
Species Values Coefficients Values 4/ Equations

Agropyron
spicatum 21 0.993** 2.70 I-s -7.7414 + . 1.3953%

Agropyron
smithii 21 1.000** 38.04** Y s 1.0277 « 0.7990%

Calamagrostis
montanensis 21 1.000** 34.06** Y s 1.8608 0.5343%

Koeleria
cristata 21 0,998** 273.07** Y “ -5.4099 *• 0.9178X

Poa ?..,i
secunda 21 0.997** 249.13** Y =-11.8572 * 1.0670%

Stipa : -- :
eomata 21 1.000** 12.29** Y * 1.7177 «• 0.8691%

Bouteloua
gracilis 21 0,999** 343.48** Y - -4.9373 «■ 1.0590%

Average of
Each Transect 21 0.997** 0.46 Y - -6.3139 1.1706%

Average of
Each Species 21 1.000** 269.38** .Y = -1.2071 «. 0.9750%

I/ These graphs are based upon utilization determined by author's chart.
2/ These graphs are based upon utilization determined by Lommasson's gauge.
J/ The Montana State College Statistical Laboratory conducted these 

analyses.
U  Z values for testing difference between Shaw Ranch per cent of plants 

grazed graph utilization values and percentage utilization as determined 
by Chadbourne Lease per cent of plants grazed graphs»

** Significant at the 1% level.
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sIbly suggests the use of a "constant", to bring any two of the methods 

together an terms of actual utilization values* One difficulty with this 

would be the problem of deciding which method is the more accurate* thus 

influencing the.direction of the'adjustments

Z
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SUMMARY AND CONCLUSIONS

The research work reported in this thesis was conducted to study (I) 

variations and adaptability of the tiPer cent of plants grazed method** of 

utilization determination as influenced by the grazing behavior of un­

herded sheep and (2) variations in degree of utilization as influenced by 

variation in height-weight relationships«

.The range unit involved in this study consisted of a 366 acre area 

one mile long and slightly over one-half mile wide 0 It is located on the 

Shaw Ranch near White Sulphur Springs  ̂Montana* The soils are generally 

gravelly or stony loams* The climate of the area is midcontinental and 

is characterized by moderately low rainfall* Daily showers of a localized 

nature are common during the late spring and early summer months * . Strong 

winter winds are often troublesome* The vegetation present is classified 

as an intermingling of both the Palouse bunehgrass and the mixed prairie 

grasslands.

A small band of unherded ewes and lambs was allowed to graze at will 

on this study area from May 4 to May Sp 1954» Hay was fed to these sheep. 

Another small band of ewes and lambs grazed the area In a similar manner 

from May 12 to June 3j> 1954? but no hay was fed to them* During these ■. 

periodsj, the sheep were left alone as much as possible* The feeding of 

hay was detrimental to the range in the vicinity ,,of the hay feeding be­

cause it kept the sheep from spreading out to utilize the range uni­

formly* The ewes and lambs that were not fed hay spread out widely in 

loose groups of from five to thirty ewes and their lambs and bedded on 

the highest portion of the area on which they were grazing when twilight



approached. Factors which influenced, the grazing habits of the sheep in­

cluded the feeding of hay, lambing camp location, elevation, water bar­

riers, shade, slope, vegetation roughs, and preferences for certain plant 

species.

The composition of the vegetation was determined by systematic samp­

ling with a “point quadrat" frame consisting of 20 points. Paced dis­

tances along predetermined compass lines were used in this systematic pro­

cedure and the vegetation types present were mapped. The three major 

kinds of grassland vegetation types present on the area are dominated re­

spectively by bluebunch wheatgrass, Idaho fescue, and kentucky bluegrass, 

Big sagebrush and silver sagebrush dominated the two sagebrush vegetation 

types. Acreages for each vegetation type are presented. The per cent 

composition and per cent basal densities of the various plant species 

present are presented in table form and briefly discussed, Bluebunch 

wheatgrass and junegrass make up the largest percentage of the vegetation 

available to livestock. Silver sagebrush was the most important shrub 

present. The high basal density of the club moss made it an important 

factor in soil stabilization. This and all the other data dealing with 

vegetation measurements in this thesis have been statistically analyzed.

Stubble heights were systematically measured, according to the me­

thod suggested by Lommasson and Jensen, in order to establish a basis 

for determining degree of utilization, A composite plant for each plant 

species was developed through determination of the height-weight dis­

tribution by sectioning and weighing of a representative sample of each 

grass and grass-like plant species utilized by the sheep. Graphs de-
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pieting the relationship of stubhle height to per cent utilization are 

presented for each of these composite plants0 The author used these com­

posite plants to develop a height-weight chart which was used to determine 

degree of utilization from measured stubble heights <, These composite 

plants of each species are weighted for the entire study area and include 

the maximum heights measurede

Based upon the same measured stubble heights, utilization values 

were determined both by the author*s table and Lommasson*s gauge„ These 

paired values are compared statistically td determine if they give ap= 

proximately the same results. In no case do the means differ as much 

as 5 per cent between the author* s height-weight table and Lommasson1s 

gauge if the use values are shifted 0.5 inch in order to put the two me­

thods on the same level of comparison. They are very highly correlated 

but some significant differences are noted for certain plant specie's. 

Without testing both methods by clipping, the author* s height-weight 

table, for utilization determination appears to be equally as accurate for 

the study area as the Lommasson utilization gauge. On the area for which 

• it is prepared, this height-weight table may be slightly more accurate, 

but its preparation requires the expenditure of more time than is needed 

to use the Lommasson utilization gauge.

The degree of utilization, as taken from the author*'s height-weight 

table and the measured stubble heights, was determined for the study area. 

The over-all utilization for the study area was 31 <>39 per cent with a 

total of 79*5 animal unit months of grazing use. The area was stocked at 

the rate of 4*6 acres per animal unit month. The zones of utilization
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were examined, visually and mapped accordingly6 Most of the excessive use 

was on high ground, near the lamhing camp, or both. The kentucky blue- 

gras s-timothy vegetation type along the moist creek bottom was the most 

heavily utilized of the vegetation types while the degree of utilization 
on the sagebrush types was generally the least heavily utilized* Sand­

berg bluegrass was the most heavily utilized of the plant species, end 

wire rush was also used heavily,, The various utilization values are 

given.

The "per cent grazed method" of utilization determination was 
studied. Graphs are prepared for the more important species and group­

ings. The influence of the method of data summation is graphically pre­

sented. Tables list the correlation coefficients and regression equa­

tions for the data collected on the Shaw Ranch at White Sulphur Springs, 

Montana. These analyses are also listed for the per cent utilization and 

per cent of plants grazed values for the winter use on the Chadbourne 

lease north of Livingston, Montana. ■ The possibility of using graphs in­

volving the "per cent of plants grazed method" of use determination on 

another area of similar vegetation, for which they are not specifically 

prepared, was tested by using the Shaw Ranch graphs on the Chadboume 

Lease utilization and per cent of plants grazed data. The method gave 

poor results for utilization. on june grass and sandberg blue gras s' .but ..was 

considered satisfactory for the other species tested. Plotted regression 

lines for the study area on the Shaw Ranch, based upon the author’s height- 

weight table are compared to lines for the Chadboume Lease based upon Lorn- 

mas son’ s gauge-. The lines are significantly" different in nearly ell cases.
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Jour."Soil arid Water Cdnserv." 2s5>l=55&

Osbome5 J. G.5 and Elbert H. Reid0 195>2. The design5 conduct, and inter=
-■ pretation of range grazing studies. Proc. Sixth Int.- Grassl. Gong.: :?»

Ostle5 Bernard. 1.95ko Statistics in Research | Basic Concepts and Tech=
niques for Research Workers. 'HB? pp. 1st, Ed0 The Iowa State College 
-Press5 Ames5 Iowa.

Parker5 Kenneth, 1953» Instructioris for measurement and observation of 
•vigor, Composition5 and browse. TJ.S. .,Forest. Service, Unnumbered - 
publication;„11 pp. (proc,),

Parker5 Kenneth W 05 and George E, Glendening, 19U2, A method for estima­
ting grazing use in mixed grass types. Southwestern Forest and Range 
Exp. Res, Note 105. 5 pp. (proc.).

Parker5 Kenneth W 05 and George E, Glendening, 19^2a, General guide to
satisfactory utilization of the principal southwestern, range grasses. 
Southwestern Forest and Range Exp. Sta, Res, Note 10l*. k pp. (proc.).

Pechariec5 Joseph F0 1936. Comments on the stem-count method of determining 
the percentage utilization of ranges, Ecology. 17 s:329=331.

Pechanec5 Joseph F. 19Ul. Sampling error in range surveys of sagebrush- 
grass vegetation. Jour. For. 39s52=5b°

Pechanec5 Joseph F05 and G. D0 Pickford, 1937» A weight estimate method 
for the determination of range or pasture production.' Jour. Amer.
Soc. Agron. 29&89^-90Lo

Pechanec5 Joseph F05 and G. D0 Pickford. 1937a* A comparison - of some
methods used in determining percentage utilization of range grasses. 
Jour. Agr. Res. 5^%733-765«

Pechanec5 Joseph F05 and George Stewart. 1914.0. Sagebrush-grass range
sampling studies: Size and structure of sampling unit. Jour. Amer0
Soc. Agron. 321669=682.

Pechanec5 Joseph F05 and George Stewart. 19Ul0 Sagebrush-grass range
sampling studies s Variability of native vegetation and sampling error. 
Jour. Amer0 Soc. Agron. 33i1057=1071.

Peterson5 R0 A05 and E. J. Woolfoik. 1955» Behavior of Hereford cows and 
calves on short grass range. Jour. Range Mangt. 8:51-57»



“ 13B =
Pickford5 Ge D05 and Elbert He Reide 19^2, Basis for judging subalpine

grassland ranges of Oregon and Washington. UeSeDeA e Oirce 655» 38 pp,
■

Pickford5 Ge De 5 and Ee He Reide 19lj2ae Guides to determine range con­
dition and proper use of mountain■ meadows in Eastern'Oregon, Pacific 
Northwest Forest and Range Expe Stae Rese Report 3, 20 ppe (proc,)®

Pickford5 Ge D05 and Elbert H e Reide 19^8» Forage utilization on summer 
cattle ranges in Eastern Oregon, UeSeD0A 0 Girc0 796, 2? PP»

Reid5 Elbert H e 5 and Ge D0 Pickford, 19lfL0 A comparison of the ocular- 
estimate-by-plot-and the stubble-height methods of determining per­
centage utilization of range grasses. Jour, For, 39&935=,9Ul0

Rhoad5 A 0 O05 and R0 B 0 Garr0 ±9k%<> Measuring productive capacity of 
pastures through maintenance studies with mature steers, UeSeDeA 0 
Teach. Bule 890o 20 pp.

Roaeh5 Mack5 E0 1950, Estimating perennial grass utilization on semi- 
desert cattle ranges by percentage of ungrazed plants. Jour, Range 
Mangt0 32182-185«

Sampsori5 Arthur W 0 1952. Range Management Principles and Practices.
570 pp, 1st Ed0 John Wiley & Sons5 Inc05 New York5 New York.

Sampson5 Arthur W .5 and Harry E. Malmsten0 1926. Grazing periods and 
forage production on the National Forests. U0S0D0A 0 Dept0 Bui.
Ui05e 55 PP«

Smith5 Arthur D. 19AA0 A study of the reliability of range vegetation 
estimates. Ecology, 25$UUl-=IUl-S.

Soil Conservation Service5 Region 75 Range Division, 19UU. The ocula- 
estimated-by-plot method of estimating utilization. Unnumbered 
publication. U PP• (mimeo.),

Spragae5 V0 G05 and W, M. Myers. 19U5. A comparative study of methods 
for determining yields of kentucky bluegrass arid white clover when 
grown in association. Joure Amer0 Soe0 Agron0 37s370~377.'

Stapledon5 R, G0 1931« The technique of grassland experiments, Rotham- 
sted Conferences 135 The technique of field experiments s22-28,

Stapledon5 R, G05 T0 W e Fagan5 R. E. Evans5 and W e Ee J, Milton. 1927«
■ The effect of methods of grazing on productivity .and palatability and 
on the chemical and botanical composition of the herbage, Welsh 
Plant Breeding Station5 Univ0 of Wales5 Aberystwyth. Series H. 5 2:5-Ul.



-  139 -
Stapledon5 R. G05 and M0 G„ Jones, 1927, The sheep as a grazing animal 

and as an instrument for estimating"the productivity of pastures, 
Welsh Plant Breeding Station, AhefystwythI" SerV Hf ^2^54,

Stoddart5 L„ A, 1935« Range capacity determination. Ecology, 16s331=333

Stoddart5 L. A. 1932. Problems in estimating grazing capacity of ranges.
' ■ Proc, Sixth Int. Grassl. Oong.gl367=1373,

Stoddart5 Laurence A 05 and Arthur D„ Smith. 19ll3, Range Management.
347 pp0 1st Ed. McGraw-Hill Book Go.5 lhc.5 New York5 New York,

Tayler5 J. C'. 1933« The grazing behaviour of bullocks under two methods
of management, Brit. Jour. Anim, Behaviour 1872-77,

Teigen5 Mons L. 1949» Forage preference of range sheep. (M. S. thesis) 
Montana State College, 40pp,

Tinney5 Fred W05 0. S. Aamodt5 and Henry L. Ahlgren. 1937« Preliminary
report of a study on methods used in botanical analysis of pasture 
swards. Jour. Amer. Soc. Agron. 29:833-840.

Trlbe5 D. E0 1930. The behaviour of the grazing animals A critical re­
view of present knowledge. Jour. Brit. Grassl. Soc. 3»209-224,

U. 3. Forest Service. 1936. The use book. A manual of information about 
the national forests. U.S.D.A. Unnumbered. 113 PP.

U. S. Forest Service Region 4» Undated. Domestic livestock and wildlife 
and forage removal. Unpublished tables. 2 pp. (mimeo,).

Valentine5 K. A. 1946. Determining the grazing use of grasses by scaling 
Jour. For. 44^328-330.

Waite5 R.5 W. B. MacDonald, and W. Holmes. 1931» Studies in grazing
management. III. The behaviour of dairy cows grazed under the close 
folding and rotational systems of management. Jour. Agr. Scie
41:163=173«

Weaver5 John E., and Frederic E. Clements. 1938. Plant Ecology. 601 pp. 
2nd Ed. McGraw-Hill Book. Go., Inc., New York5 New York.

W e a v e r J0 E., and G. W. Tomanek. 1931. Ecological studies in a mid- 
western ranges the vegetation and effects of cattle on its com­
position and distribution. Nebr. Conserv. Bui. 31, 82"pp.

Whitman5 Warren C., and Einar D. Siggeirsson. 1934. Comparison of line
interception and point contact methods in the analysis of mixed 
grass range vegetation. Ecology. 33:431=436.



= 140 “
Woolfolks E. Je 1949e Stocking Northern Great Plains sheep range for 

sustained high production. U.S.D.A. Girc. 804o 39 pp.

Wrights John G.s and Elnora A. Wright. 1948. Grassland types of south 
central Montana. Ecology. 29:449-460.

Youhg9 VemonzA. 1943. Proper grazing use on Southern California annual
range. Region 7 U.S. Soil Conservation Service Unnumbered publication, 
11 pp. (proco).

/

I

\



MONTANA

3 1762

UNIVERSITY LIBRARIES

116766


