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Abstract:
A study was conducted on a foothill range in central Montana to determine (1) the relationship of three
range measurement techniques--point-quadrats, 3/4-inch loop, and dry-weight--in estimating percent
composition of native vegetation and (2) the response of native vegetation to protection from sheep
grazing over a four year period. The vegetation was characterized as an intermingling of mixed prairie
and Palouse prairie types.

Range exclosures were constructed oh five different sites in 1953.

Basal coverage and composition of- the vegetation were estimated by the point-quadrat method along a
series of line transects. The transects were placed within each exclosure and on adjacent areas subject
to fall, winter, and spring grazing by sheep. In 1957, the point-quadrat analysis was repeated on all
transects. In addition, an index to basal coverage and the composition of the vegetation were
determined by the 3/4-inch loop along the same transects. Production and percent composition of the
vegetation were determined, from the dry-weight of individual species harvested from 1’ X 6' plots.
The percent composition of the vegetation determined by weight was used as the standard for
comparison.

The relationship of the three techniques was evaluated by analysis of variance for nine variables. The
loop closely estimated the percent composition of all grasses and sedges as a group when considered
over five sites and two grazing treatments. The point method underestimated this group of plants.
Similar results were determined for rhizomatous grasses and sedges as a group. Large bunchgrasses,
like Agropyron spicatum, which produced relatively large amounts of herbage per unit of basal area
were underestimated by both the point and loop. Short bunchgrasses, like Koeleria cristate, produced
small amounts of herbage per unit of basal area and were overestimated by the point and loop. All
bunchgrasses as a group were estimated nearly equal by the three methods.

Estimates of Phlox hoodii and all forbs as a group were high by the point and low by the loop. First hits
by the point and loop were recorded on the mat-forming forbs. First hits were also recorded on shrub
and half-shrub species. Estimates were high by both methods on this group of plants.

In general, the percent composition by weight of the various components was more closely estimated
by the loop method, than by the point method.

The change of vegetation due to grazing and protection from grazing over a four year period was
evaluated by analysis of variance for 19 variables. Artemisia 'frigida was the only individually analyzed
species to show a statistically significant response to grazing and non-grazing. Considered over all sites
it increased under grazing and decreased under protection from grazing. It appeared to be a relatively
sensitive plant indicator for determining trend in range condition.;, Considering all sites combined, the
basal coverage of all plants (excluding Selaginella dense) as a group did not change significantly under



either grazing treatment, although pronounced variations occurred among sites. Litter and total ground
cover increased under both grazing treatments over all sites. The change was significantly greater on
the non-grazed areas primarily as a result of increased litter. 
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ABSTRACT

A study was conducted on a foothill range in central Montana to de­
termine (I) the relationship of three range measurement techniques--point- 
quadrats 3/4-inch loop, and-dry-weight--in estimating percent composition 
of native vegetation and (2) the'response of native vegetation to protec­
tion from sheep grazing over a four year period. The vegetation was char­
acterized as an intermingling of mixed prairie and Palouse prairie types.

Range exclosures were constructed oh five different sites in 1953.
Basal coverage and composition of- .the vegetation were estimated by the 
point-quadrat method along' a series of line transects. The transects were 
placed within each exclosure and on adjacent areas subject to fall, winter, 
and spring grazing by sheep. In 1957, the point-quadrat analysis was re­
peated on all transects.- In addition, an index to basal coverage and the 
composition of the vegetation were determined by the.3/4-inch loop along the 
same transects. Production and percent composition of the vegetation were 
determined, from the dry-weight of individual species harvested from 1’ X 6' 
plots. The percent composition of the vegetation determined by weight was 
used as the standard for comparison.

The relationship of the three techniques was evaluated by analysis of 
variance for nine variables. The loop closely estimated the percent compo­
sition of all grasses and sedges as a group when considered over five sites 
and two grazing treatments. The point method underestimated this group of 
plants. Similar results were determined for rhizomatous grasses and sedges 
as a group, Large bunchgrasses, like Agropyron spicatum, which produced 
relatively large amounts of herbage per unit of basal area were underestim­
ated by both the point and loop. Short bunchgrasses, like Koeleria cris­
tate, produced small amounts of herbage per unit of basal area and were 
overestimated by the point and loop. All bunchgrasses as a group were . 
estimated nearly equal by the three methods.

Estimates of Phlox hoodii and all forbs as a group were high by the 
point and low by the loop. First hits by the point and loop were recorded 
on the mat-forming forbs. First hits were also recorded on shrub and half­
shrub species. Estimates were high by both methods on this group of plants.

In general, the percent composition by weight.of the various compon­
ents was more closely estimated by the loop method, than by the point method.

The change of vegetation due to grazing and protection from grazing 
over a four year period was evaluated by analysis of variance for 19 vari­
ables. Artemisia frigida was the only individually- analyzed species to 
show a statistically significant response to grazing and non-grazing. Con­
sidered over all sites it increased under grazing and decreased under pro­
tection from grazing. It appeared to be a relatively sensitive plant indi­
cator for determining trend in range condition^

Considering all sites combined, the basal -coverage of all plants 
(excluding Selaginella densa) as a group/did not change significantly under 
either, grazing treatment, although pronounced variations occurred among 
sites. Litter and total ground cover increased under both grazing treat­
ments over, all.sites. The change was significantly greater on the non- 
grazed areas primarily as a result of increased litter.
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INTRODUCTION

One of the problems confronting the range researcher, range administra­

tor, or ranch manager is the measurement of the change in ground cover, com­

position, and production of the native vegetation on livestock and game ' 

ranges as related to grazing management practices. Various techniques have 

been used to measure ground cover, composition, and production of. vegetation 

on native ranges. These, techniques vary from rapidly made estimates by vis­

ual observation to more time-consuming and detailed charting procedures as 

the pantograph. A desirable technique would be one which is rapid yet 

accurate in obtaining measurement information about native vegetation.

Three techniques commonly used for the measurement of range vegetation 

are the point-quadrat, the 3/4-inch loop, and the determination of weight 

of vegetation harvested from small sampling units. The point-quadrat, 

first developed in New Zealand, has been used extensively by grassland re­

searchers throughout the British Empire and the United States- primarily for 

estimating ground cover and composition of pasture and range vegetation.

The loop method has been used primarily in the United States in the apprais­

al of trend and condition on national forest ranges. The method of obtain­

ing the weight of vegetation harvested from small sampling units has been 

used universally for estimating- the forage and herbage production of pas­

ture and range lands.

It was desired to compare the three techniques in one area on sites 

grazed by sheep, and on similar sites protected from sheep grazing. These 

comparisons were conducted on a ranch near White Sulphur Springs, Montana.

The ranch had been leased from the fall of 1952 to the spring of 1957 by
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the Montana Agricultural Experiment Station for range sheep research. 

Permanent range exclosures were constructed in 1953 at five sites. The ba,- 

sal area and composition of the vegetation were analysed.:at..eachodfrthese 

sites by the point-quadrat method. In 1957, the vegetation at each site was 

again analyzed by the point-quadrat method. In addition, an analysis of 

the vegetation was made by the loop method and a series of plots' were clip­

ped to. obtain an estimate of the relative production and percent of com­

position by weight.

This thesis reports on a comparison of the three techniques of range 

measurement and on changes in the basal area and composition of the native 

vegetation over a four-year period as a result of grazing and protection 

from grazing by sheep.
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REVIEW OF LITERATURE 

Point-Quadrat Method

The term, point-quadrat, describes the concept of a quadrat or plot 

reduced in size until it becomes a point, virtually without area. The point 

method is based on the mathematical concept of the homogeneity of a unit 

area as represented by a pin point. An accurate representation of the veg­

etation can be secured by the point method provided a sufficient number of 

pin points of vegetation are examined (Levy and Madden, 1933). Other names 

that have been used to describe the point-quadrat method include point-meth­

od, point-plot, point-contact, point-transect, and point-observation tran­

sect.

History and development

The point-quadrat method was apparently first used in New Zealand by 

Cockayne who used a mark on the toe cap of one boot as the theoretical 

point (Levy and Madden, 1933). References to the use of the method appeared 

in numerous papers by Levy, Davies, and others during the period 1927 to 

1933 (Goodall, 1952). After eight years of use in New Zeland, Levy and ' 

Madden (1933) published a full account of the point method. They described 

the point frame and its use, offered suggestions for the number of points 

to yse, and presented four procedures by which the data could be analyzed. 
These four procedures were (I) The percentage of ground covered by each 

species, (2) The percentage cover each species is contributing to the total 

area, (3) The relative frequency of each species in the cover, and (4) The 

percentage each species is contributing to the pasture sward.- . Subsequent 

studies on the fundamentals of the method have been concerned primarily
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with two of these analytical procedures; percentage cover and percentage 

composition (Goodall, 1952, Winkworth, 1955).

Hanson (1934) was apparently the first person to make use of th,e point- 

quadrat method in the United States, He used a frame similar to the one 

described by Levy and Madden. The cross members of the frame, supported by 

two legs, contained 10 vertical holes, 2-inches apart, through which pins, 

sharpened on one end, could pass. Readings were taken from 20 systematical­

ly placed frames in plots measuring 2-rods by 4-rods, Hanson recommended 

that for extensive surveys of mixed prairie vegetation, the use of the 

point-quadrat method should be supplemented with other techniques.

Techniques of recording hits

By the Levy and Madden method, all-contacts with each species are re­

corded as the pin is lowered .through the vegetation. 'Several workers have 

compared the results of recording all contacts or "hits" with only the first 

hit (Tinney, et al., 1937; Drew, 1944; Van Keuren and Ahlgren, 1957a). They

found that recording only first hits greatly underestimated the lower grow-
.

ing species, whereas recording all hits, tended to place the shorter plants 

on a parity with taller plants,

.Some workers have counted only hits made on the base of the plants 

(Clarke, et al., 1942; Coupland, 1950; Johnston, 1957 and 1958; Whitman and 

Siggeirsson, 1954; Sturm, 1954; Mattox, 1955). When only basal hits are 

recorded, the creeping grasses and prostrate, mat-forming plants may be 

overestimated (Brown, 1954; Whitman and Siggeirsson, 1954). Basal area, 

however, is considered by some as a better criterion for determining changes 
in the pasture over a period of years. Basal area.does not change appreci­
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ably from year to year, due to fluctuating climatic conditions, but is more 

apt to be influenced by plant succession or different intensities of grazing 

(Albertson and Weaver, 1944; Robinson, 1945; Vose, 1956).

A point-quadrat method which uses vertical pins graduated into inches 

by bands of paint has been designed to determine a "height index" of pasture 

swards (Spedding and Large, 1957), Hits are recorded separately for each 

band on each pin and the data summed to give total hits at each height for 

each species. A similar procedure has been used by Heady (1957) to obtain 

a measure termed as "height of plant material". This measurement has been 

facilitated by a point frame modified by Heady and Rader (1958) to include 

a ruler which is placed along side each pin between horizontal members of 

the frame. In addition, a brake device has been installed on the frame to 

regulate the fall of the pins to the ground.

Vertical vs. inclined pins

Tinney, _et _al. (1937) modified the vertical point-quadrat so the pins 

were inclined at an angle of 45 degrees. They .compared the inclined point- 

quadrat with the vertical point-quadrat and stated that the inclined method 

was more easily read and that it covered a greater area per reading. A 

greater number of plants were recorded from inclined pins, and consequently, 

they believed that the accuracy of the point method was increased. This 

conclusion by Tinney, _et al. was later discredited by Winkworth (1955) who 

maintained that there was little to recommend the inclined method for, esti­

mating botanical composition of pastures. He agreed that inclined pins 

would make more contacts with the vegetation, but that no gain in the preci­

sion of estimation of percentage composition would be obtained.



16 -
Van Keuren and Ahlgren (1957a) found that the number of hits obtained 

by inclined points on mixed grass, alfalfa, and clover swards gave a higher 
correlation with the yield of,dry matter than hits obtained by vertical 

points. Drew (1944) noted little difference in accuracy between vertical 
inclined points in the determination of the composition of a grass- 

lespedeza pasture.

Other workers who have used the inclined point-quadrat in pasture 
studies include Henson, and Hein, 1941; Hein and Henson, 1942; Arny and 
Schmid, 1942; Arny, 1944; Rhoad and Carr, 1945; Sprague and Myers, 1945; 
Musser, 1948; Leasure, 1949; Hanson, 1950; Whitman and Siggeirsson, 1954; 
Mattox, 1955; Winkworth, 1955; Van Keuren and Ahlgren, 1957b.

Comparison of the point-quadrat method with weight analysis

Several workers have compared the percentage composition of pasture 
mixtures as determined by point readings with the percentage composition 
determined by dry-weight analysis after hand separation of the clipped 

vegetation. From a study of mixed prairie vegetation in North Dakota,

Hanson (1934) found that the vertical point method gave a higher estimate 
of the composition of the species in the Bouteloua-Carex association than 
did a dry-weight analysis. The estimate of the composition of Agropyron 
smithii was lower by the point-method than by a dry-weight analysis. The 
Bouteloua and dryland species of sedge have a larger leaf and stem surface 
for a given amount of weight than has Agropyron smithii which has greater 

thickness and weight. The former species were hit more often by the points 
and their importance in the pasture was overestimated.

Arny and Schmid (1942) compared botanical composition of grass and
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alfalfa mixtures as determined by the inclined point-quadrat method with the 

composition determined by dry weight of hand separated, clipped vegetation. 

The point-quadrat underestimated alfalfa but overestimated Kentucky blue- 

grass alone and bluegrass and crested wheatgrass combined. Estimates of 

smooth brome varied but little between the methods. Correction factors were 

developed and applied for the overestimation and underestimation values de­

termined by. the point-quadrat. In most cases, the corrected percentages 

closely approached the percentage determined from dry weights.

Similar results to those just discussed were obtained by Arny (1944), 

Sprague and Myers (1945), and Van Keuren and Ahlgren (1957a and 1957b).

Each of these investigators applied correction factors to the point data to 

adjust for the overestimation of grasses' and underestimation of legumes. 

Sprague and Myers (1945) concluded that inaccurate, results would be obtained 

from the use of a constant for correcting the point-quadrat data due to 

great fluctuations among plots and variation between dates.

Winkworth (1955) further explains that the two methods (point and 

weight) measure in different units, and that results obtained by the two 

methods do not correspond. Correction factors cannot be used since the 

differences vary with the growth stage of the plants and with the environ­

mental conditions. Goodall (1952) considered the point-quadrat method wor­

thy to be judged on its own merits as an ecological technique, and that its 

value was independent of agreement with other ecological techniques.

Most comparisons of the point method with dry-weight analysis in terms 

of botanical composition have been made on the basis of "all hits" or "first 

hits" by the point-quadrat method. A method relating weight to basal area
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as assessed by the point-quadrat method has been developed in Canada by 

Clarke, et al. (1942). Forage yield factors are determined for different 

species according to their relationship with Stipa comata on a basis of 

weight per unit of basal area. The method is part of a system used to de­

termine the carrying capacity of native pastures.

Influence of pin diameter

Goodall (1952) demonstrated that pins used in point-quadrat work.should 

be as fine as practicable, and that an optical or sighting apparatus is pre­

ferable to a pin where data for percentage cover only are required. An in­

crease in overestimation of percentage cover or percentage basal area is 

definitely correlated with an increase in pin diameter. Goodall states that 

the use of a thicker pin is probably less objectionable where the principal 

interest centers in changes in the vegetation. Winkworth (1955) found that 

pin size had little effect upon estimates of percentage contribution 

(composition).

Distribution of points

There has been no standardized practice regarding the distribution of 

points. For a study on shortgrass vegetation, Ellison (1942) sampled with 

400 and 800 points placed equidistant over quadrats measuring 0.5 X 0.5 

meter and 1.0 X 0.5 meter. Johnston (1957) examined 1200 points at I-inch 

interval along a 100-foot line transect. He used a frame supporting 36 ver­

tical pins placed I-inch apart. An inclined frame with 20 pins, 1%-inches 

apart, was used by Mattox (1955) to determine the composition of vegetation 

on native range in central Montana. The frame was placed at systematically 

determined intervals along a number of line transects.
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Many workers, following the technique of Levy and Madden (1933) have 

used frames holding ten pinsI Blackman (1935) suggested the use of one pin 

per frame to obtain a more accurate representation of the vegetation and to 

reduce the bias introduced by the interdependence among pins in a set.

These findings have been substantiated by Goodall (1952) and Kemp and Kemp 

(1956). The latter demonstrated that in.one community sampled by 2000 

points in random frames of ten points, only one-fourth to one-half as many 

randomly placed single points, according to species, were required to 

attain the same degree of precision. Greig-Smith (1957) indicates that 

plants are so arranged that there is often a pronounced interdependence 

among pins of the same frame. The accuracy of the data is, therefore, 

affected and open to theoretical objection because of a lack of statistical 

independence of the observations.

A further consideration, according to Kemp and Kemp (1956), is that 

the frame must consist of at least two pins to make it possible to estimate 

patchiness by comparison of within-frame variability with between-frame 

variability. It must also be considered that more time is involved in the 

placement of individual pins at random than in groups even though fewer 

total points are observed (Goodall, 1952| Kemp and Kemp, 1956).

When changes in the vegetation are the main subject of interest, Goodall 

(1952) suggests that fixed positions be marked for point-observations on 

successive occasions.

Number of total points

The number of point-quadrats required for adequate sampling depend upon ' 

the nature of the vegetation, the percentage cover, the accuracy desired for
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various classifications- of the plants, the variety of species present, and 

the part of the plant on which hits are to be recorded. Levy and Madden 

(1933) considered 100 points as sufficient for charting the dominants of a 

pasture sward, but 400 to 500 points were needed to record the less abundant 

species. On.a regional grassland survey in South Australia, Crocker and 

Tiver (1948) concluded that 300 to 500 points per field gave a satisfactory 

estimate of the dominants and a reasonably good analysis of the less impor­

tant species. More than 500 points gave little decrease in variability and 

100 points were considered inadequate for even broad surveys.

In a study to determine species composition of a seeded sward, Leasure 

(1949) found that 30 points would accurately estimate the percentage compo­

sition of a I-square yard sample plot. Working in 300 X 500 foot sampling 

areas of mixed grass range in North Dakota, Whitman and Siggeirsson (1954) 

determined that a minimum of 1400 all-contact points or 3600 basal-contact 

points were needed to estimate the three major components q>f the vegetation 

with sampling errors of 10 percent or less. The basal-contact points picked 

up less than half as many species of the total listed as did the all-contact 

points.

Clarke, at aJL. (1942) concluded that under the conditions of the native 

pastures in the _Prairie Provinces of Canada, from 400 to 1500 points (basal 

hits) were needed to determine the dominant species and their relative im­

portance. To determine cover of the less abundant species, 2400 to 4000 

points were required. These values were obtained by calculation of the ■ 

standard error of the mean and reducing it to less than 10 percent of the 

mean for the first condition and less than 5 percent for obtaining the more
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detailed information. -The analyses showed that where grass cover was about 

5 percents some 3600 points should be tested, but only 2400 points were 

needed where the cover was approximately 18 percent.

Johnston (1957) conducted a methodology study on four sites in southern 

Alberta, and suggested the number of- points necessary to sample the dominant 

species at each site to within plus or minus 10 percent of the mean, using 

basal area as the criteria of measurement. The number of points required at 

each site varied according to the type of vegetation encountered.

Variation among-observers

Goodall (1952) found the personal., differences which existed among 

observers, while not large, made it desirable to use the same observers 

throughout a series of studies in which comparisons were made. Ellison 

(1942) went -into considerable detail to point out the several sources of 

human error which add to the variability in obtaining ecological data by 

different methods and by different observers. Corby (1950, cited by Brown, 

1954) found the point-quadrat method to be less objective than is usually 

claimed, there often being significant differences between analysts.-

Johnston (1958) noted some differences in estimates of basal area among 
observers when using the vertical point-quadrat on several range types in 

southern Alberta. His data did not indicate any consistency toward either 

overestimation or underestimation of basal area on the part of individual 

observers.

Applied modifications of the point-quadrat method

Evans and Love (1957) described a step-point method as used to sample 

irrigated pastures and improved ranges in California. Botanical composition
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was determined from 300 to 500 schematically placed individual'point read­

ings per acre. The sampling pin was lowered to the ground guided by. a de­

finite notch in the toe of the sampler's boot. Estimates of total ground 

cover were made with the use of a square-foot frame partitioned into four,

6-inch squares. Total ground cover and composition data determined from the 

step-point method were considered comparable to data determined by the point 

frame method using ten points per frame and a total of 500 points per acre 

of range. However,' the time required to sample an acre of range with the 

step-point method was about one-sixth to one-eighth as much as with the 

point frame.

A systematic sampling process described as the wheel-point method has 

been developed in South Africa by Tidmarsh and Havenga (1955) for determin­

ing basal area of low growing vegetation. A rimless wheel, running on the 

points of its spokes, is drawn over the area to be surveyed. A record is 

kept of the plants within whose basal area the sharpened point of a desig­

nated spoke reaches the ground. A critical review was made of the wheel- 

point method by Qoodall (1956).

Evanko and Peterson (1955) estimated the kind and amount of soil sur-
' ' ,

face cover on forest ranges by means of a wire with ten beads of solder. '

affixed at 5-centimeter intervals. The wire was stretched lengthwise . 

through the center of a 2 X 5 decimeter plot. The sampling points were 

taken immediately beneath the juncture of each solder bead, and the wire. 

Appraisal

In general, the appraisal of the point-quadrat method and its modifica-■ 

tions as an analytical tool has been favorable. Crocker and Tiver (1948)
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gave the following reasons for using the point-quadrat method in regional 

grassland surveys in South Australia;

"(a) It permits quantitative determination of botanical 
composition in terms of cover which is’ probably the most suitable 
ecological expression for recording change; (b) It is objective 
and more rapid than other methods of equal reliability and objectiv­
ity; (c) It provides for randomisation and ample replication of 
sampling; (d) It also permits a close examination of all or almost 
all species present, and gives plenty of scope for observation;
(e) It does not depend entirely on random distribution of species 
for its usefulness and (f) It does not in any way interfere with 
the vegetation,"

Goodall (1952) states, ".,..one need be in no doubt that the method 

will in future serve ecology even better than it has done in the past."

Loop Method

The 3/4-inch loop was developed by the Forest Service as the measure- ' 

ment device for the 3-step method which is used to determine trend in range 

condition on national forest rangelands (Parker, 1951). The 3/4-inch loop 

represents a compromise between the point-quadrat and a plot of larger dimen­

sions. The close scrutiny to determine a hit as with the point-quadrat meth­

od is not required and the error associated with visual estimates of basal 

area or cover of plants in a large quadrat or plot is reduced. The small 

size or area of the loop reduces to a low level the. probability of the occur­

rence of more than one species within the loop. Because the loop has area 

it is expected that the relative number of "hits" recorded oil vegetation 

will be greater for each loop than for each point-quadrat.

In use, the 3/4-inch loop is attached to the end of a long wire shank. 

The loop is lowered to the ground surface at specific intervals along an 

established transect. Whatever is encountered within the area of the loop
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is delineated and recorded according to a prescribed classification. Depend­

ing upon the type of vegetation and information desired, measurement may be 

made either on the basal portion or on the crown spread of plants (Parker, 

1951).

Much of the literature pertaining to the loop method describes improve­

ments in the technique or reports on tests of adaptability. Short (1953) 

described and illustrated an improved tape holder and an improved loop with 

an offset handle. Driscoll (1958) described a modification in technique for 

measuring ground cover on permanent plots. A thin, narrow board is oriented 

across the center" of a circular plot and supported on each end with chaining 

pins. Notbhes are cut at equal intervals along one edge of the board to 

guide the wire shank of the loop as it is lowered to the ground surface.

An evaluation of the loop procedure was made on salt desert shrub range 

in southern Idaho (Sharp, 1954). Close agreement was generally obtained by 

three observers although some individual differences did occur. The method 

was considered reasonably well adapted for obtaining- quantitative records of 

vegetation and other site factors -especially if good techniques were, used 

and standards of measurement clearly defined.

Production of Clipped Vegetation

Brown (1954) lists four general procedures for carrying out an analysis

by weight. The first procedure listed is the one that was used in the study

reported on by this paper. By this procedure each species of the vegetation

is clipped separately and weighed. This method is considered to be the most

accurate and critical one for analysing pasture composition and productivity.-
.

This method of separating and weighing clipped vegetation has also been
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called percentage productivity, dry-weight analysis, list-weight, and weight- 

list (Brown, 1954).

Time of clipping

Annual production of native vegetation is generally determined from 

sample plots clipped subsequent to the period of major plant growth. This
■ i

procedure best estimates the production of species completing their major 

growth by mid-summer unless fall regrowth occurs. Production of species 

making their major growth during the summer may be less accurately estimated 

by one clipping since regrowth may occur when these species are grazed 

during the summer.

To determine forage production on mixed prairie range in South Dakota, 

Van Dyne (1956) and Lewis, jet al. (1956) clipped plots in a series of tempor­

ary exclosures. Plants were clipped on three different dates. The first 

two clippings were made during the growing season, and the last clipping 

was made after the growing season. All species were clipped and sacked 

separately, oven dried, and weighed to 1/100 of a gram. '

The following clipping procedures have been established by the tri-state 

regional project contributing to W-25 (Tisdale, et al., 1958). The first 

clip of a two period clipping pattern is to. be made after Poa secunda has pro­

duced inflorescences but before its leaves begin to dry. - The second clip is 

to be made after Agropyron spieatum heads are fully developed but prior to. 

shatter. At each clipping all species approaching maturity will be clipped. 

Size, shape, and number of sample plots

Some of the important items to consider when clipping sample, plots of 

vegetation are the size, shape, and number of plots which are required to
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adequately sample a given pasture or type of vegetation. A considerable 

amount of literature has been published in the field of agronomic research 

with reference to optimum plot number, size, and shape. Only a limited 

amount of research lias been involved with the most efficient size, shape, 

or number of plots for sampling production of rangelands.

Information obtained from a sampling study on sagebrush-grass range re­

vealed that, statistically, the smaller the sampling unit the more efficient 

it is per unit of area (Pechanec and Stewart, 1940). From this study, it 

was also found that long narrow plots were only slightly more efficient than 

square ones.

Burlison (1949) evaluated the relative efficiency of various sizes and 

shapes of plots in sampling Palouse bunchgrass range. Oblong plots were 

found to be more efficient than square or circular plots of equal area.

Plot efficiency was reduced by increasing the width of plots from 0.5 meter 

to 1.0 meter.

An increase or decrease in sampling error was shown by Costello and 

Klipple (1939) to be proportional to the square root of the number of plots. 

They also concluded that different vegetational types require different 

sampling intensities to secure a given degree of accuracy and that little 

relationship exists between the area of a vegetational type and the number 

of plots required to sample it with a given degree of accuracy.

Campbell and Cassady (1949) and Frischknecht and Plummer (1949) have 

suggested the use of sample plots 9.6 square feet in area. Not only did 

they find this a suitable size for their respective sampling problems, but 

it is also convenient in that the harvested weight of the vegetation in
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grams can be multiplied by ten to obtain pounds per acre. Campbell and 

Cassady used -a square frame for sampling vegetation on southern forest 

ranges. Frischknecht and Plummer used a circular hoop 42*inches in dia­

meter in the Great Basin area of Utah.’

Theoretically, an oblong plot has an advantage over a square one be- 

cause plant societies exist roughly in circles aij-d there is more likelihood 

that a long plot will cut into more societies than would a square one of the 

same area. A long plot will also encounter a greater number and variety of 

species (Davies, 1931, cited by Brown, 1954). For a given area, a rectangle 

has a greater length of border than does a square. Therefore, a greater 

sampling error due to "edge effect" (the greater ratio of border to area) 

is prevalent in a rectangle, especially when clipping the vegetation. A 

circle ,has the advantage of having the least ratio of border to area 

(Brown, 1954).

Of those concerned with agronomic experiments, Christidis (1931) was 

one of the first to seriously analyze the efficiency of plot shape. On the 

basis of his own trials and the work of others he concluded that a long, 

narrow plot secured the most uniformity among individual plots. Use of the 

rectangular plot was.also recommended by Peterson and Chamblee (1955) on 

sampling forage crop mixtures and by Robinson, at al. (1948) as a result of 

investigations of plot technique with peanuts.

Bormann (1953) recommends that some form of rectangular plot should be 

used with.the longest axis of the plot crossing any observed contour, or 

soil or vegetational banding. Smith (1938) used data from blank experiments 

with wheat to show that variability of yield decreased as size of sample



plots increased. He found no consistant change of variability relative to 

shape of plots.

Location of plots

An experiment on sampling technique was conducted on mixed prairie 

range by Hanson (1934). A schematic design for clipping subplots within a 

series of larger plots was considered as a more reliable system for estimat­

ing production and composition than was the use of scattered quadrats.

Pechanec and Stewart (1940) explained that representativeness is 

achieved only when the element of random selection is included in the sam­

pling procedure. They suggested that in selecting a sampling unit for field 

use an effective balance must be struck between statistical efficiency and 

such practical factors as amount of work and accuracy of observation. Their 

method of subdivided random sampling which incorporated the use of systemat­

ically placed plots within randomly selected units was considered satisfact­

ory for their purposes.

Use of statistical variance

For much of the data obtained from sampling studies, the various 

authors have used statistical variance, or a variability value computed from 

variance, to determine the most desirable or efficient size, shape, or num­

ber of plots. In relation to this subject, Poulton (1948) states,

"Here we have the key to one reason why better methods have 
not been more widely accepted. We tend to favor a method which 
apparently reduces variability. We are inclined to interpret 
greater variability as indicating faulty methodology, overlooking 
the fact that it actually may be caused by more accurate measure­
ment of population characteristics resulting from the use of a 
more efficient method."



Comparison of Methods

Comparisons made of the three methods--point-quadrat, loop, and weight 

of clipped vegetation--are relatively few. It is, of course, necessary to 

have a common criteria by which to compare any measurement method. Attempts 

to compare percentage composition determined by the point-quadrat method 

with percentage composition determined by weight have been discussed. Per­

centage composition .would appear to be one of the few criteria by which the 

three methods could be compared. Apparently, few studies have been made to 

determine if a relationship exists between percentage composition as deter­

mined by the loop method and by weight of harvested vegetation.

Johnston (1957) made a comparison of the line interception, vertical 

point-quadrat, and loop methods on grasslands in southern Alberta. The line 

intercept encountered the most species, the. loop the least, and the point- 

quadrat was intermediate. The loop method gave the most variable data in 

estimating basal area and gave extremely higher.estimates of basal area.

Only where Bouteloua gracilis was dominant did the loop appear useful for 

estimating basal area. The point-quadrat method gave the least variable 

data and a somewhat higher estimate of basal area than did the line inter­

cept method. The.line intercept was the most time-consuming and the loop 

method the least time-consuming. All factors considered, the author rated 

the point quadrat as the most satisfactory of the three methods for chafact- 

erizing the vegetation of the range types under study,

A comparison study of the line intercept method and the point-quadrat 

method was made on mixed grass range by Whitman and Siggeirsson (1954). 

All-hits and basal-hits by the point-quadrat method were considered. Sam-

- 29 -
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Pling errors were greatest for basal-hits and least for the line intercept. 

The line intercept and all-hits rated about equal in detecting the species 

present on the study area; relatively fewer species were recorded ,by basal- 

hits.. Point contacts produced an over-all higher density value for most 

species and groups of species than did the line intercept. Johnston (1957) 

explains that, theoretically, the basal area determined by point contacts 

should be less than the area determined by the line intercept. In Johnston's 

study, the diameter of the pin was considered to be the cause for obtaining 

a greater than expected number of hits by the point-quadrat method.

Grazing and Ecological Studies on Areas 
Similar to the Study Area'

Literature which pertains specifically to the response of vegetation 

to protection from grazing by sheep on ranges in central Montana is extreme­

ly limited. Much information, however, can be applied from ecological and 

grazing studies made in nearby or more distant areas with similar topograph­

ic, edaphic, climatic, and vegetational features. Since the vegetation in 

central Montana is chiefly a blending of mixed prairie and Palouse prairie 

types, grazing and ecological studies'conducted on these two types shall 

also be considered.

Grazing studies with sheep

Studies of the effect of heavy, conservative, and light stocking of 

sheep on ranges in eastern Montana were made by Woolfolk (19.49). The de­

pendable perennial grasses' produced considerably more herbage on the con­

servatively and lightly stocked ranges. „ Six years of heavy grazing by sheep 

caused a shift from dominance of perennials to a dominance of low value
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annual species..

Several brief references were'made by Heady (1950) to the effects of 

grazing by sheep on Agropyron spicatum and several other species in a number 

of Agropyron spicatum communities in a belt extending from the northern to 

the southern border across central Montana. On one area which had been 

heavily grazed by sheep, the basal area of Agropyron spicatum was much great 

er than would generally be expected on an over-grazed range. Many, of the 

more palatable plants had been eliminated by spring-fall grazing, and . 

young plants of Agropyron spicatum were absent. Many of the remaining ped­

estaled plants of. Agropyron spicatum were weakened and some had dead 

centers. Gutierrezia sarothrae was especially prevalent, and an abundance 

of Phlox hoodii and Oxytropis lambertii had been favored by early use by 

sheep.

The utilization of Artemisia frigida by sheep on winter range was de­

termined by weight- sampling before and after grazing on a foothill range 

near Livingston, Montana (Spang, 1954). The plant was considered as choice 

feed for sheep under the existing grazing conditions.

Teigen (19.49) conducted a study on the forage preferences of range 

sheep on a forest allotment in the Bridger Mountains in Montana. Glasses of 

forage ranked according to abundance were grasses and grass-like plants, 

forbs, and browse. Sheep selected forbs", grass, and browse in order of

preference. Of the grasses present, Agropyron trachycaulum, Festuca ovina,
.

and Bromus marginatus ranked highest in preference by the sheep.

Pechanec and Stewart (1949) discussed the benefits of deferred and ro- - 

tation grazing by sheep on spring-fall ranges in southern Idaho. They also
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expressed the importance of proper .stocking rates and the dangers of too 

early use of the ranges in the spring. Ranges improperly managed soon 

showed a loss of palatable perennial grass and forbs and were eventually in­

vaded by sagebrush and cheatgrass.

Other studies on a spring-fall sheep range near Dubois, Idaho, indicat­

ed that heavy stocking in the fall will not markedly affect grass and forb 

production, but may cause a decrease in the abundance of shrubs (Mueggler, 

1950), Heavy stocking in the spring will, however, severely reduce grass'

and forb production and greatly increase the abundance of undesirable shrubs.
,

Pechanec (1945) listed a number of indicators of downward trend on 

overstocked sheep ranges on the sagebrush-perennial grass type in Idaho.

The first sign of overstocking became evident within three years after the 

practice was begun. In order of occurrence, the signs of overstocking were: 

(I) a decrease in vigor of palatable perennial weeds and finer grasses, (2) 

an increase in number and size,of annuals, (3) a.decrease in the vigor of 

the more robust perennial bunchgrasses, (4) the establishment of numerous 

young sagebrush plants, (5) the death of portions of perennial weed and 

bunchgrass clumps, and (6) excessive pedestaling of bunchgrasses on slopes 

■and less favorable sites.

Grazing studies with cattle

The vegetation in five exclosures, fenced for 15 to 26 .years, was com­

pared to that on adjacent grazed range on national forest in southwestern 

Montana (Eyanko and Peterson, 1955). The cover and composition of the vege­

tation varied greatly among the five test areas, even though they were locat­

ed within an area having a 1% mile radius. Unpalatable forbs and shrubs



- 33 -

were more common on the grazed than on the protected counterparts. The 

total grass cover was slightly greater on the protected areas. Festuca 

idahoensis provided less cover on the grazed portions of the areas at which 

it was dominant. A similar trend was noted for Agropyron spicatum.. Poa 

secunda was the only species persistently more abundant on the parts of the 

area open to grazing.

From their study, Evanko and Peterson concluded that leaf height, 

basal area of plants, and yield per clump or unit of plant area of impor­

tant forage species appeared to furnish more reliable and usable criteria 

for evaluating range condition than did cover estimates.

The combined effects of climate and grazing' by cattle upon the basal 

area of native vegetation was compared on areas protected from grazing with 

areas subject to grazing (Clarke, et al., 1947). Results of this 12-year 

study in southern Alberta and southwestern Saskatchewan indicated similar 

changes in both moderately grazed and ungrazed quadrats, an indication that 

climatic factors were more responsible for vegetational changes than was
I

grazing. Data from the heavily grazed pastures, however, indicated that 

grazing was more influential than'climate in effecting deterioration of 

plant cover.

Ecological studies

Wright.and Wright (1948) located and analyzed the vegetation on ten 

different relict areas in southcentral Montana. In some cases, a comparison 

was made between the relict area and grazed pastures in the same locality. 

Basal cover of grasses and sedges was estimated in each area by the line 

interception method, while forbs and shrubs were listed in order of abun-
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dance. The vegetation of the relict areas was classified into five types: 

(I) Festuca idahoensis type, (2) Agropyron spicatum type, (3) Agropyron 

spicatum-Carex filifolia-Bouteloua gracilis type, (4) Bouteloua gracilis- 

-StilPa comata-Koeleria cristata type, and (5) Bouteloua gracilis-Stipa comata 

. type. ' ' ■

The Festuca idahoensis type occurred in the more mesic portions of the 

foothills of the intermountain regions; whereas, Agropyron spicatum was dom­

inant. in the drier portions of these regions. The two communities are 

favored by the relatively cool growing season of the intermountain region. 

Overgrazing has caused Festuca■idahoensis to be replaced by Poa pratensis 

. and Phleum pratense on the more moist sites; and by Artemisia tridentata on 

the deep, well-drained soils in drier regions. As a result of moderately 

"heavy grazing, especially by cattle, Agropyron spicatum has. been replaced 

by Koeleria cristata, Stipa comata, and Poa secunda. More 'severe grazing 

;■ usually results in an increase of. undesirable shrubs such as Chrysothampus 

' nauseosus, Artemisia tridentata, and Gutierrezia sarothrae.

The Agropyron spicatum-Carex filifolia-Bouteloua gracilis type is tran­

sitional between the bunchgrass zone of the foothills and the mixed grass 

prairies of the Great Plains, but in the drier phases of southcentral ■ 

Montana, Koeleria cristata drops out. In the drier phase, Bouteloua ; 

gracilis increased in coverage on a grazed pasture and.Stipa comata decreas­

ed.

Sturm (1954) compared soil cover and percentage composition of species 

on a relict area in northern Montana with the soil cover and composition of 

species on a pasture grazed year-long and one.grazed only in the spring.
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Stipa comata was a dominant grass on the relict and Bouteloua gracilis a 

subdominant. On grazed range, Bouteloua gracilis became dominant and Stipa 

comata became a minor species. The relict area was characterized as climax 

for the shortgrass plains.

■ Daubenmire and Colwell (1942) found that the most evident effects of 

overgrazing in the Palouse prairie consisted of the removal of the tall, 

dominant bunches of Agropyron spicatum, and their replacement by dwarf annu­

als. Poa secunda was only slightly injured by grazing animals and remained 

as the principal perennial associated with the annuals.

Response of plants to grazing

Reference will.be made throughout this thesis to the response of plants 

to grazing and protection from grazing. The system of classification pre­

sented by Dyksterhuis (1949) is frequently used to describe the response of 

a particular plant species, or group'of species, to grazing pressure on the 

range. Dyksterhuis classed the major plant species as (I) decreasers: 

plants which decrease under grazing pressure, (2) increasers: plants which

increase under grazing pressure,"and (3) invaders s plants which invade 

under grazing pressure. The use of this classification with its implied 

meanings shall be used throughout this report.
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DESCRIPTION OF'THE EXPERIMENTAL-AREA 

Physical Characteristics

Physiographic features

Central Montana has been described as an area transitional between the 

main range of the.Rocky Mountains and the vast continental slope of the 

Northern Great Plains. This area consists of frontal ranges, intermountain 

basins, tablelands, plains, badlands, and etoding stream banks.. Geologists 

believe that the surface features over most of the area have resulted from 

the mountain-forming upheavals which occurred during Cretaceous and Tertiary 

periods and from subsequent erosion and deposition of colluvial and alluvial 

materials (Gieseker, et al., 1953)»

Geographically situated in central Montana is an intermountain basin 

nearly encircled by the Big Belt, Little Belt, and Castle Mountains. This 

basin, drained by the Smith River and its tributaries, lies entirely within 

Meagher County. The area of study is located primarily in the foothills and 

benchlands that lie between the Smith River Valley and the Castle Mountains 

(Figure I). The foothills of the Castles are largely short, gravel or stony 

capped ridges extending out from the mountains between the drainage courses. 

The grass covered slopes and ridges in the foothills are generally described 

as gently rolling or sharply rolling. The gravel capped benchlands rising 

above the Smith River on the east are smooth and gently sloping and range 

in elevation from 4800 to 5200 feet (Gieseker, 1944),

Soils

The principal soil unit found on the study area is Hilger loam and 

stony loam, undifferentiated. These dark-brown (Chestnut) soils occupy
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Figure I. Map of Meagher County, Montana, showing the major physiographic 
features and location of the experimental area.



38 -

moderately to steeply sloping alluvial fans composed largely, of gravelly and 

stony outwash materials derived from igneous and metamorphic rocks - These - 

soils occur at the higher elevations and are mostly undulating to sharply 

rolling.

Two brown (Brown) soils occur to a lesser extent primarily at the lower 

elevations on the benchlands. These are (I) Crago gravelly loam and (2) 

Gilcrest loam and gravelly loam, undifferentiated. The Crago soils are of 

aeolian origin and underlain with stratified limestone gravel. Many of the 

Gilcrest soils are. now under irrigation.(Gieseker, et al., 1953).

Climate and weather

The climate of central Montana is mid-continental. Comparatively low 

rainfall, great extremes in temperature, many sunny days, and relatively low 

humidity characterize the'intermountain basins. The midsummer temperatures

are not oppressive because of low humidity, and the winter cold is sometimes
-

tempered by warm "chinook" winds descending from the north and west. A 

local influence is exerted by the various mountain ranges and canyons on air 

drainage and paths of local storms. Consequently, some localized areas are 

more subject to early and late frosts, hail storms, or summer showers than 

are other areas only a few miles distant (Gieseker, et al., 1953).

Brisk south to southwesterly winds prevail in the vicinity of the study 

area. The winds occurring late in winter and in the spring are usually more 

intense and more constant than during othdr times of the year. Snow which 

falls during -the winter period rarely lies in place in the lower agricultur­

al and foothill area. The strong winds collect the snow in drifts on the 

leeward slopes of hills and ridges and in the coulees (Gieseker, jat al.,
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1953).

The temperature and precipitation information reported is taken from 

data collected at the weather station at White Sulphur Springs, Montana.

The weather station is at an elevation of 5187 feet and located about three 

miles northwest of the study area. An incomplete weather record exists 

covering a 43-year period. The reported long-term means, especially for 

precipitation, may not, therefore, be an accurate indication of average 

precipitation over the entire 43-year period. In 1945, the Weather Bureau 

established the normal annual precipitation as 14.18 inches. This value was 

reported for comparative purposes through 1955. . A new long-term annual mean 

of 18.83 inches was established in 1956; quite indicative of the relatively 

greater precipitation received during the years 1945 through 1955.

Precipitation data for the period, 1953-1957 inclusive, and long-term 

means, are shown in Table I, Parts of the experimental area situated at el-
tV

evations higher than the weather station would be expected to receive more 

precipitation than recorded at the weather station. The increased precipi­

tation may, however, be quite small. For southwestern Montana, the average 

increase in precipitation is 2.5 inches per 1000 feet of rise in elevation 

(Baker, 1944). Temperature data for the same period are given in Table 2.

Total precipitation for 1957 was nearly equal to the long-term average. 

Intense rains of short duration occurred during late August and early Sep­

tember. These rains were frequently accompanied by hailstorms. The below 

average annual temperature for 1957 was primarily due to the colder than 

average, temperatures during January. The number of days between dates- of a 

temperature of 32 degrees or below was HO. During the 9-year period, 1948-
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Table I. Precipitation data from the White Sulphur Springs weather station 
__________in Meagher County, Montana. I/_______

Month
Long-term 
means 2/

Total
Precip.
1957

Total
Precip.
1956

Total
Precip.
1955

Total
Precip.
1954

Total
Precip
1953

January 1.00 .95 .60 .82 2.45 1.11February 1.15 .90 .48 1.41 .90 1.35March 1.73 1.71 .82 3.25 1.83 .70April 1.38 .83 1.57 3.15 .87 1.27May 2.35 2.41 2.19 2.65 1.22 3.47June 3.41 4.92 1.13 2.73 3.13 3.31
July 1.39 .79 1.63 2.40 1.32 .39
August 1.36 2.35 1.46 1.37 1.13 1.00
September 1.52 .84 .61 1.22 1.52 . 73
October 1.17 1.68 1.42 .88 .46 .39
November 1.16 1.06 .70 1.94 .13 .15
December 1.21 .53 .45 2.20 .26 1.43

Annual 18.83 18.97 13.06 24.02 15.22 15.30
I/ U. S. Dept. Commerce, 

Annual Summaries 1953, 
2/ Established in 1956.

Weather Bureau. Climatological Data, Montana, 
1954, 1955, 1956, 1957.

Table 2. Temperature data from White Sulphur Springs weather station in 
Meagher County, Montana. I/

Month
Long-term 
means 2/

Avg. 
temp. 
1957

Avg. 
temp. 
1956

Avg. 
temp. 
1955

Avg. 
temp. 
1954

Avg. 
temp. 
1953

Number of days 
in 1957 between 
dates with:

January 20.2 8.8 19.2 19.8 16.9 32.7 24 degrees
February 23.1 23.7 18.8 18.4 34.2 27.4 or below
March 28.4 29.0 29.0 20.5 22.5 32.8 160
April 40.9 39.0 38.4 36.3 37.8 35.7
May 50.2 51.1 49.5 47.2 49.3 44.1 28 degrees
June 56.6 56.0 59.8 55.4 52.6 54.9 or below
July 65.5 64.9 64.3 63.3 66.2 65.4 145
August 63.6 63.4 59.5 65.1 61.6 65.6
September 53.6 53.0 54.9 52.1 53.7 56.2 32 degrees
October 44.3 40.5 43.7 46.5 41.9 47.7 or below
November 31.5 29.4 30.3 19.9 39.3 38.5 H O
December 24.1 30.7 28.2 20.0 26.8 27.2

Annual 41.8 40.8 41.3 38.7 41.9 44.0
I/ U. S. Dept. Commerce, Weather Bureau. Climatological Data, Montana, 

Annual Summaries, 1953, 1954, 1955, 1956, 1957.
2/ Established in 1956.
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1956 inclusive, the average number of days, between the 32-degree dates was 

77. The shortest period of 23 days occurred in 1955.

Vegetational Characteristics

The native vegetation encountered within the study area is typical of 

the intermingling of the vegetational types of the Palouse prairie and the 

mixed prairie of the plains. Dominants of both of these grassland climaxes, 

are prevalent in the study area (Weaver and Clements, 1938; Wright and 

Wright, 1948; Daiubenmire, 1940; Heady, 1950).

Dominant grasses of the Palouse prairie that commonly occur bn the study 

area include Agropyron spicatum and Festuca idahoensis. The latter species 

occurs on the more mesic north- and east-facing slopes at the higher eleva­

tions. Agropyron spicatum is most common on the drier sites and on south? 

and west-facing slopes. Grass dominants of the mixed prairie include Stipa 

comata, Agropyron smithii, Koeleria cristata, and Bouteloua gracilis. Other 

mixed prairie species common to the area of study are Calamagrostis montan- 

ensis and Carex eleocharis. Two grass species common to both of the grass­

land climaxes are also present. These are Poa secunda and Poa cusickii.

Some forbs that occur most frequently over the study area include Phlox 

hoodii, Astragalus spp., Chrysopsis villosa and Sphaeralcea coccinea. Other 

forb species present"include Oxytropis sericea, Solidago missouriensis, 

Artemisia ludoviciana, Senecio canus, Paronychia sessiliflora, Erigeron spp., 

Lupinus spp. and Antennaria spp.)

Two half-shrubs, Artemisia frigida and Gutierrezia sarothrae are common 

over much of the study area. Major shrub species occurring on the area are 

Artemisia tridentata, Artemisia cana, Chrysothamnus nauseosus and C. visici-



diflorus. Selaginella densa, a heterosporous plant belonging to the subdi­

vision Lycopsida, is abundant over much of the area.

A listing of the species encountered on the experimental sites is pre­

sented in Appendix Table I by latin and common names.

- 42 -
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EXPERIMENTAL'PROCEDURES

Location of Sites, Exclosures, and Line Transects 

The field investigations, were conducted on the Shaw Ranch JL/ near the 

town of White Sulphur Springs. A lease on the ranch had been acquired by

the Montana Agricultural Experiment Station for .experimental studies with
' ,

range sheep. In September, 1953, five sites on the ranch were selected on 

which the detailed investigations were to be conducted. The five sites var­

ied from one another with respect to physiographic, edaphic and vegetational

characteristics. • The five sites shall be referred to by the Roman .numerals,
.

I, II, III, IV, and V, throughout this report.

At each.site, two adjacent areas (to be referred to as "locations" to 

delineate them from the "sites") were selected by visual observation for 

their similarity of slope, exposure, soils, and vegetation present. On one 

of the locations at each site a permanent range exclosure was constructed in 

September, 1953. Following construction of the exclosures, a group of five 

permanently marked line transects was established inside of each exclosure.

On the other selected location at each site, a second group of five tran­

sects was similarly established and permanently marked. The latter "outside" 

locations were subject to seasonal grazing by sheep until May, 1957, when, 

prior to current season grazing by livestock, a temporary fence was con- .. 

structed around each of the "outside" group of transects (Figure 2),

The line transects within the 75-foot square exclosures were each 50 

feet long and placed in a parallel series with approximately 12 feet between 

them (Figure 3). No transects,were, at any point, less than approximately 

JL/ Now the property of R. Bailey of White Sulphur Springs, Montana.

(
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PERMANENT EXCLOSURE

TEMPORARY EXCLOSURE

RANCH HEADQUARTERS

Figure 2. Map of the experimental area showing location of the exclosures
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M---------  75' --------- >1

Permanent Exclosure "Inside" 
(Constructed 1953)

Temporary Exclosure "Outside"
(Constructed 1957)

Figure 3. Schematic diagram of a typical study site with exclosures and 
line transects.
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12 feet from the exclosure fence.

Hereafter, the terms "inside" and "outside" may be used to denote the 

location of the permanent and temporary exclosures, respectively. Reference 

to these locations may also be made as non-grazed and grazed, denoting the 

type of grazing treatment prevalent during the period 1953-1957, inclusive. 

When referring to work done in 1957, the term "exclosure" will include both, 

permanent and temporary exclosures, unless otherwise specified.

The permanent exclosures and line transects were established primarily 

as a means for studying the response of native vegetation to protection from 

grazing livestock. A determination of such effects were planned to be made 

from subsequent periodic observations and botanical analyses of the vegeta­

tion.

Analyses of the Vegetation 

1953 point-quadrat analysis

The first detailed analysis of the vegetation was accomplished in 

September, 1953, by the point-quadrat method. Basal coverage and composi­

tion were estimated from a number of points along the ten transects at each 

of the five sites. The point apparatus used was an inclined frame contain­

ing 30 pins spaced one-inch apart (Figure 4). The pins .were sharpened to a 

point on the lower end. Twenty consecutive placings of the frame were made 

along the edge of a steel tape tightly stretched between two stakes. , Thus, 

a total of 600 point contacts were recorded along each 50-foot transect, 

totaling 6000 points at each site. On the basis of studies conducted in 

Canada (Clarke, at al., 1942) 6000 points were considered adequate for a 

reliable estimate of basal cover and composition of the vegetation at each
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Figure 4. The point analysis frame used to estimate basal area and
composition of the vegetation. The frame holds 30 pins which 
are spaced I-inch apart. A total of 600 point readings was 
taken at 1-inch intervals along a 50-foot transect.
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of the sites'. '

Contact of each point at the soil surface was recorded according to the 

item "hit". Basal "hits" were recorded on the stems of forbs, sod-forming 

grasses and sedges, or the crown of bunchgrasses. Hits on litter and bare 

ground, including rocks, were also recorded. An exception to recording only 

basal hits was made for shrubs and several mat-forming forbs. In recording 

hits on shrubs, the technique proposed by Coupland (1950) was employed. He 

proposed that contacts of the pins with the branches and foliage of shrub 

species should be recorded since the influence of shrubs, on the habitat was 

considered to be more important than indicated by their basal areas. Hits 

on the foliage of mat-forming forbs such as Phlox hoodii, Antennaria spp., 

Astragalus gilviflorus and Selaginelia densa were recorded since it was dif­

ficult to determine exactly the basal portion of these species. The point, 

apparatus used in this study is similar to the one described by Mattox 

(1955), and the procedures for reading and recording hits are similar to
tV '

those described by Johnston (1957). Tabulated results of the 1953 point 

analysis are presented in Appendix Table II.

1957 point-quadrat analysis '

A subsequent point analysis along the line transects was conducted in 

August and September, 1957. The same apparatus and procedures as previously 

described were used except for several alterations in the recording of hits. 

Hits on rock, bare ground,and lichens were recorded separately at all sites. 

Due to an accumulation of sheep manure within the" permanent exclosure at 

site IV, hits on the manure were recorded separately from.hits on litter.

A comparison of the amount of manure inside, with the amount outside
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of the permanent exclosure, appeared of interest. A tabulation of the 1957 

point analysis is presented in Appendix Table III.

Loop method

An analysis of the vegetation was made in 1957 by the loop method 

(Parker, 1951). The 3/4-inch loop readings were taken at 6-inch intervals 

along each 50-foot transect:. A total of 100 readings per transect or 500 

'per exclosure were obtained. The loop was designed after the one described 

by Short (1953). The loop was placed so that its center was directly be­

neath the edge of the tightly stretched tape (Figure 5),

An observation and record was made of whatever occurred within the loop 

at the ground surface. If two or three species occurred within a loop, each 

species was given a value of one-half or one-third of a hit. As with the 

point method, aerial hits on shrubs and mat-forming forbs were recorded.

When no vegetation appeared within the loop, a decision was made as to what 

characterized the loop. If more than half of the loop area was estimated to 

be covered with litter, it was recorded as such. Lichens were also recorded 

when they occupied over one-half of the loop area. . This same procedure 

applied to hits on sheep manure at site IV. Selaginella densa, however, was 

recorded when present within the loop in any amount. Hits on rocks approxi­

mately 3/8 to 1/2 inch or more in diameter were recorded as "rock", whereas 

hits on rocks of smaller size were classed as bare ground. Tabulated re­

sults of the loop analysis are.presented in Appendix Table IV.

Forage production

An estimation of forage production was determined from clipped plots. 

The grass, sedge, and forb components were clipped as close to the ground as
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Figure 5. The 3/4-inch loop used to estimate composition of the vegetation. 
Loop readings were made at 6-inch intervals along a 50-foot 
transect.
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possible and the.current year's growth was removed from the shrubs and half­

shrubs . Standing dead material was removed as completely as possible from 

the clippings in the field..

The harvested plant materials were permitted to air dry at room temper­

ature and humidity for approximately a two-month period. All samples were 

then placed in an electric drying oven for a two-hour period at 105° C. and 

subsequently weighed to the nearest I/100 of a.i gram. These samples shall
I  -

hereafter be referred to as "oven-dry."

Forage production in 1953 was estimated from two, 9.6-square foot plots 

selected from among each group of transects. Weights in grams were recorded 

for.Agropyron spicatum, other grasses, Artemisia frigida, shrubs, and forbs. 

Production data from 1953 are presented in Appendix Table V.

The forage production in 1957 was estimated from four, I' X 6' plots 

clipped within each exclosure. Each exclosure was subdivided iiito four 

columns delineated by the five line transects. Each column was further sub­

divided into 24 plot positions. From each column of 24 plot positions one 

plot position was randomly selected in which the I' X 6' plot was centrally 

placed. The vegetation was clipped by species and oven-dry weights deter­

mined for each species. The undecayed litter or mulch lying within each 

plot was also carefully collected and weighed. At site IV, sheep feces were 

also collected separately. Production data for 1957 are presented in 

Appendix Table VI.

Personnel

The majority of the work involved in collecting the data for the study 

was performed by two men. The 1953 data'were collected by different observ-
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ers than was the 1957 data. In 1957, all of the analyses by the point- 

quadrat method were performed by the. same observer with the second man 

functioning as recorder. The two men then switched duties so that the 

second man made all of the observations by the loop method. -Some of the 

bias resulting from familiarity with the vegetation along a given transect 

was thereby eliminated from the loop analysis.

Soil Sampling

Soil samples were taken in.1957 from four randomly selected locations 

within each exclosure and composited into one representative sample for the 

exclosure. The samples were taken from the zone of greatest foot concentra- 

V tion which approximates the A horizon in the study area.

An excavation was made between the exclosures on each site to facili­

tate an examination of the soil profile (Figure 6). The thicknesses and 

depths of the A and B horizons were measured as was the depth at which effer­

vescence with dilute hydrochloric acid was first detected. Mechanical anal­

yses were performed on the composite samples and on those taken from the A 

and B horizons. The mechanical analyses were conducted by the hydrometer 

method of Bouyoucos (1936).

Grazing Patterns

. No intensity-of-grazing records are available for the period, covered by 

the study. Sheep were grazed on the ranch area primarily during the spring, 

fall, and winter, except during the summer of 1956, when.part of the sheep 

band was left on the ranch.,. The movement of the sheep was controlled by 

herding. Grazing was considered to have been moderate over most of the 

ranch during the period of the lease, but lighter or heavier use probably -

(I
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Figure 6. Excavation showing profile of the soil at site II. Horizon 
boundaries are marked by the nails placed by the ruler. The 
excavations were made between the permanent and temporary 
exclosures at each site.



occurred on some localized areas„ The most intensive grazing probably 

occurred on the windswept ridge tops of the sections of the ranch that were 

sharply rolling, especially during the winter. Little is known by the 

writer about the history of grazing on this ranch prior to the lease by the 

Montana Agricultural Experiment Station. Grazing with both sheep and cattle 

was known to have been practiced for several years immediately prior to the

- 54 ~

lease.
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RESULTS AND DISCUSSION

Physical and Vegetational Characteristics of the Experimental Sites 

All of the variations of the physical and vegetational characteristics 

found within the boundaries of this foothill range area were not represented 

by the five selected sites. However, these sites represent much of the 

native rangeland in the area. Several edaphic and physiographic character™ 

istics of the five sites are presented in Tables 3 and 4. The sites, I • 

through IV, would probably be classified as "silty range sites" according to 

the Soil Conservation Service Technicians' Guide for Central Montana (1956). 

Site V would probably be classified as a "shallow site".

Table 3. Slopes and exposures at the five experimental sites.

Sites I II III IV v
locations In Out In Out In Out In Out In Out
Slope (percent) 3 5 2 2 4 4 .2 2 9 9
Exposure (degrees

from north) 280 270 275 275 255 310 15 '15 220 230

The estimates of percent basal area presented in the following discus-

v sion of the individual experimental sites were obtained by the 1957 vegeta­

tional analysis with the point-quadrat technique. The estimates of percent­

age composition of weight contributed by the various species were derived 

from oven-dry weights of the vegetation harvested in 1957 from sample plots.

Only the analyses from areas subject to grazing at each site were considered
.

in describing the vegetation. The percentage basal area and percentage com­

position values presented for the five sites have been summarized from the 

data presented in Appendix Tables LIIcand.VI.
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Table 4. Results of mechanical analyses of soil samples,JL/ depths of soil 
horizons, and depths at which effervescence with dilute HCl was

__________ first detected.__________________________ ______________________
Horizon Depth Depth to

or in Lime Layer, Percentage Composition Textural
Site Location Inches Inches Sand2/ SiltJB/ Clay4/ Descriptions/

I A 0.0- 4.0 64
•

31 5 Sandy loam
B 4.0-12.0 14 49 20 31 Sandy clay loam

3 11 A 0.0- 4.0 60 25 15 Sandy loam
3

B 4.0-12.0 12 46 33 21 Loam

9 III A 0.0- 6.5 44 37 19 Loam
IH

B 6.5-16.0 15 42 34 24 Loam

I IV A 0.0- 4.0 54 32 14 Sandy loam
B 4.0-11.0 10 51 34 15 Loam

V A 0.0- 4.0 49 35 16 Loam
B 4.0- 8.0 8 47 39 14 Loam

I In 4.0-5.0 6/ 57 29 14 Sandy loam
Out 4.0-5.0 61 27 12 Sandy loam

II In 4.0-5.0 61 28 11 Sandy loam
Out 4.0-5.0 69 26 5 Sandy loam

III In 3.0-4.0 52 38 10 Sandy loam-loam
Out 3.0-4.0 45 34 21 Loam

IV In 3.0-4.0 58 31 11 Sandy loam
Out 3.0-4.0 52 35 13 Sandy loam-loam

V In 3.0-4.0 49 36 15 Loam
Out 3.0-4.0 57 37 6 Sandy loam

I/ The portion of the sample passing through a 2.0 mm screen.
2/ Particles .05-2.0 mm in diameter.
3/ Particles .002-.05 mm in diameter.
4/ Particles less than .002 mm in diameter.
5/ Determined from triangle chart, Soil Survey Manual (1951).
_6/ Approximate depth to which samples were taken. Represents zone of 

greatest concentration of roots.



Site I

This site is located on a lower part of the ranch in. an area that is 

gently rolling. The soil sample taken at this site contained approximately 

17 percent gravel by weight.I/ The estimated basal area of all plants, 

excluding Selaginella densa, at Site I is 13.4 percent as determined by the 

point-quadrat analysis. Selaginella densa had an estimated basal area of 

1.8 percent.

Four species, Koeleria cristata, Phlox hoodii, Artemisia frigida, and 

Agropyron spicatum, listed in order of decreasing basal areas, occupied 77 

percent of the total estimated basal area covered by all plants excluding 

Selaginella densa. Agropyron spicatum, Koeleria cristata, Artemisia frigida, 

and Phlox hoodii, listed in order of decreasing weight comprised nearly 76 

percent of the total harvested vegetation.

Grasses and sedges, forbs, and shrubs and half-shrubs comprised 45.5,

30.0, and 24.5 percent of the estimated basal area, respectively; and 60.0,

16.0, and 24.0 percent of the total oven-dry weight of clipped vegetation.

A greater variety of forbs were present on this site than on any of the 

other four sites. The more important of these were Senecio canus, Astraga- 

J1Us gilviflorus, Eriogonum flavum, Erigeron compositus, Arenaria congests, 

Sphaeralcea coccinea, Townsendia exscapa, Liatris punctata, Hymenoxys ■ 

acaulis, and Aster spp..

The season of grazing at this site was primarily spring-fall during the 

5-year lease period. An observation of the immediate area, a study of the 

collected experimental data, and a sketchy knowledge of the history of graz- 

J V Particles larger than 2.0 millimeters in diameter.

I
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ing and homesteading in Meagher County9 would indicate that relatively in­

tense use has been made of ,Site I by all. classes of grazing livestock for 

many years prior to 1953.

Site II
'

Site IX is'the lowest in elevation of the five experimental sites. The

topography in the vicinity of this site is gently rolling to nearly level.

Gravel contributed 9 percent of the total weight of the soil samples taken

at this site. The basal area of all plants was estimated as 13.5 percent.
' *-

In order of importance, Koeleria cristata, Phlox hoodii,. Artemisia frigida, 

and .Bouteloua gracilis contributed 79 percent of the estimated basal area 

covered by all plants. Estimates of production indicate that Koeleria 

cristata, Artemisia frigida. Phlox hoodii, Calamagrostis montanemsis, and 

Bouteloua gracilis comprised 75 percent of the vegetation, Selaginella 

dense is nearly absent at this site.

The estimated percentage of total basal area contributed by grasses and 

sedges, fprbs, and shrubs and half-shrubs was 59,3, 21.5, and 19.2, respec­

tively. Percentage composition by weight of clipped plants was 61.1, 16.5, 

and 22.4 percent for the three classifications, respectively.

Spring-fall use by sheep has been the grazing pattern on this site for 

the period 19.53 to 1957. The evidence indicates - that at sometime in the 

past, prior to 1953, this portion of the ranch was very heavily grazed by 

domestic stock. The study site, itself, is situated in an area that appears 

to have been a half-section homestead. A nearby abandoned field and the 

ruins of a homestead dwelling tend to support this hypothesis. The vegeta­

tion is largely composed of low-producing grasses and less desirable forbs
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and shrubs. The rangeland near this site contained a greater concentration 

of Artemisia tridentata and Artemisia cana .plants than did the two specific 

study locations.

Site III v

Site III is located on the ridge of one of the lower finger-like projec­

tions extending out from the Castle Mountains. The surrounding topography 

is more sharply rolling than at site I. The loam soil contained 9 percent 

gravel by weight as estimated from the soil samples. The point analysis 

showed total basal area of plants to be 7.5 percent. Species estimated as 

contributing nearly 73 percent of the total basal area of plants are 

Koeleria cristata, Artemisia frigida, Poa secunda and Poa cusiekii combined,
I
and Phlox hoodii. Almost 78 percent of the harvested vegetation was compos­

ed of Koeleria cristata, Calamagrostis montanensis, Agropyron smith!i, and 

Artemisia frigida. Festuca idahoensis became prevalent a short distance 

from the study site where the ridge sloped off toward the north, but was not 

present on the study site. The basal area of Selaginella dense was estima- 

ed as 9.4 percent.

The point-quadrat analysis indicated that 62.0, 12.0 and 26.0 percent 

of the estimated total basal area of plants was contributed^ respectively, 

by grasses and sedges, forbs, and shrubs and half-shrubs. Percentage com­

position of the three categories on an oven-dry weight basis was 73.8, 7.5, 

and 18.7 percent, respectively.

Grazing at tt/is site was primarily spring-fall and winter grazing by 

sheep. The ridge tops in this locality and at the higher elevations often 

blow free of snow in the winter and thereby permit the exposed vegetation

X



I

" 60 ™

to be grazed. The history of grazing use in the locality of site III cannot 

readily be determined, but observation indicates that grazing may have been 

less severe than at sites I and II.

Site IV

Site IV is situated at a higher elevation than any of the other four 

sites. It was selected on' the top, but near the lower end, of a long slop­

ing bench extending out from the higher portions of the Castle Mountains. 

Gravel composed 15 percent of the sandy-loam soil samples by weight. The 

surrounding topography is sharply rolling. ■

The basal area of all plants on this site was estimated as covering 15 

percent of the ground surface. Species composing 70 percent of this basal 

area were Festuca idahoensis, Poa secunda, Poa cusickii, and Agropyron 

dasystachyum. On a production by weight basis, Festuca idahoensis, Agropy- 

ron dasystachyum, Calamagrostis montanensis, ICoeleria cristate, and Poa 

cusickii comprised an estimated 77 percent of the vegetation. The basal 

area of Selaginella densa was estimated as 4.6 percent.

Estimates of percentage composition of total basal area covered by 

plants were 78 percent for grasses and sedges, 14.9 percent for forbs, and 

7.1 percent for shrubs and half-shrubs. Grasses produced 87.2 percent of
- L

the clipped vegetation; forbs, 10.4 percent; and shrubs and half-shrubs pro­

duced '2.4 percent.

This site had been rather heavily grazed during the 5-year lease period. 

It became, in effect, a natural bed-ground for the sheep, when they were 

grazing on this portion of the ranch. The sheep were not bedded here but 

they often sought out this ridge top for their rest periods during the day.
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Also, during the night, some of the sheep would occasionally leave the main 

band and move to this ridge top site and bed for the remainder of the night. 

A corner of the boundary fence was present on the ridge top only a short 

distance from the permanent exclosure. These two fence structures may have 

had an attractive influence upon the sheep. Woolfolk (1949) conducted a 

study in eastern Montana with unherded sheep. He observed the tendency for 

sheep to bed near a fence or other obstruction which provided some real or 

fancied protection from enemies.

A considerable amount of sheep manure had accumulated within the per­

manent exclosure at site IV by 1957. It is assumed that the manure was 

blown across the exclosure by the force of the strong prevailing winds which 

occur in this area during the fall, winter, and spring. The tall, ungrazed 

vegetation within the exclosure served as a barrier in breaking the force of 

the wind and caused many of the manure particles to fall inside the exclo­

sure. The vegetation appeared to be more influential in reducing the 

force of the wind than did the fence. The manure was well distributed over 

the entire exclosure area and. not concentrated just beyond the fence on the 

windward side of the exclosure. A definite response of the vegetation to 

the effects of this added fertilizer and protection from grazing can be ob­

served in this exclosure.

Site V

This site was located on top of and near the end of a long ridge pro­

jecting out from the Castle Mountains. The shallow loam soil contained 23 

percent gravel by weight. The topography in this area is very sharply roll­

ing. The total basal area of plants on this site was estimated as 12.3 per­
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cent by the point-quadrat method of analysis. The site has the characteris 

tics favorable for dominance of Agropyron spicatum. As a result of live­

stock grazing at this site this grass species has taken the form of large 

aggregated clumps.

Of the total basal area of all plants, 68 percent was contributed by 

Artemisia frigida, Agropyron spicatum. Poa secunda. and Koeleria cristata. 

An estimation of the percentage composition by weight indicates that 

Agrqpyron spicatum, Artemisia frigida, Koeleria cristata. and Stipa comata 

compose 84 percent of the vegetation. Selaginella densa, at this site, had 

an estimated basal area of 19.4 percent.

Grasses at this site contributed 57.7 percent of the estimated basal 

area of plants, forbs contributed 11.1 percent, and shrubs and half-shrubs 

31.2 percent. By weight, grasses contributed 75.6 percent of the vegeta­

tion, forbs 6.8 percent, and shrubs and half-shrubs 17.6 percent.

The seasons of grazing in the vicinity of sites IV and V were spring- 

fall and winter during the period of the lease held by the Experiment 

Station. This area was well suited for winter grazing as many of the ridge 

tops were blown free of snow. No definite evidence exists from which assump 

tions can be made about the grazing history prior to 1953 in the immediate 

vicinity of site V.

Comparison of Methods of Vegetational Analysis

One of the major objectives of this study was to compare three methods 

of analyzing the percentage composition of the vegetation. These methods 

are the point-quadrat, 3/4-inch loop, and oven dry weight of harvested vege­

tation, The comparison of the three analytical methods was made over five
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sites and two locations at each site. The five sites will be referred to 

as sites I, II, III, IV, and V. The two locations or grazing treatments 

at each site were the non-grazed areas inside the permanent exclosures, and 

the grazed areas outside the permanent exclosures. The percentage composi- 

tion determined from the oven-dry weights of the clipped vegetation was used 

as the standard with which percentage composition determined by the point- 

quadrat and 3/4-inch loop methods was compared.

Statistical procedure

The statistical design used to analyze the comparison of methods data 

is a simple 3-way classification in which sites, grazing treatments, and 

methods were considered as the three variables. The mathematical model 

postulated for the data is outlined in Table 5. The model and test proce­

dures for the design follow Ostle (1956). Tabulated "F" values used to test 

hypothesis were taken from tables presented by Pearson and Hartley (1956). 

The use of the mathematical model was made under the assumption that the 

sampled populations were normally distributed. Some workers have shown 

that many vegetational characteristics do not exhibit a normal distribution. 

This subject has been reviewed and discussed by Grieg-Smith (1957). However, 

the determination of appropriate tests for various distributions was not an 

objective of this study.

The point-quadrat and loop data used in the analyses were derived from 

four of the five line transects at each location. The purpose for using 

only four transects was to equalize or balance the number of observational 

units taken by each method. The four I' X 6' plots used in the dry weight 

of clipped vegetation method were considered as four observational units.



Table 5. Analysis of variance model for comparison of methods.__________

Yijkl 7 %+0<i +/3j + (<*/3)Ij + W 2f)ik + -t fljkl

i = I,...,5 (number of sites) 
j = 1,2 (number of grazing treatments)
k = I,...,3 (number of methods)
I = I,...,4 (number of observational units)

Assumptions: ^  ̂  = 0; = 0; £  = 0; =

" 0; ^  ̂ f̂k = ^  ̂ ik = 0; .̂(/̂ )̂jk =

f  cZ3̂ jk = 0; C y I6^ijk (Y^ijk =

f i j k l ^ N-I‘D '

ANALYSIS OF VARIANCE
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Source of Variation______________D. F._________ Expected Mean Squares

Sites (S) 4 O ^ +  2 4 /4  £ o ( . 2
>v I

Grazing vs. Non-grazing (G) I ( y a +  6 0 /1  i/3|2
Methods (M) 2 or" 4 0 /2  I / 2

Ic
S x G 4 1 2 /4  i ( o ( A L  

-l J
S x M 8 </1+ 8/8 GKTAiL
G x M 2 20/2 jZ.(/3a6^

S x G x M

Experimental Error

8

90

4 /8

^  ^ ' K J

Total 119
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It was considered more expedient to balance the statistical model by the 

elimination of one observational unit (transect) from each group of five 

than to handle the unwieldy mathematics involved in an unbalanced model.

The transects that were eliminated were selected by a random procedure. The 

four remaining transects used in the statistical analyses are illustrated in 

Table 6. The necessity of making adjustments of observational units in this 

study clearly indicates the essentiality of fitting a proposed experiment to 

a statistical model rather than attempting to fit a statistical model to pre­

viously collected data.

Table 6. Randomly selected transects used in the comparison of methods
__________analysis.________________________________________

Sites_______I_________II_________ill________iv__________v
Treatment Transects 1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  1 2 3 4 5  1 2 3 4 5

Non-grazed X X X X X X X  X X X  X X X X X X  X X X X

Grazed X X X  X X X X  X X X X  X X  X X X X X  X X

The arithmetic means of the comparison of methods data are presented in 

Table 7. These are the means of the percentage values computed from data 

presented in Appendix Tables III, IV, and VI. The arithmetic means vary 

slightly from the weighted means which can be computed from the raw data.

A comparison of arithmetic means with weighted means indicated that the dif­

ferences were small, therefore, both kinds of means were not presented in 

the table of means. The results of the analysis of variance presented in 

the form of calculated means squares for the three factors and their inter­

actions are given in Table 8.

Nine different vegetation variables were considered in analyzing the 

comparison of methods data. The variables that were analyzed were those



Table 7. Means for comparison of methods data on a percentage composition basis. I/
Non-grazed Grazed

Site Point Loop Weight
All

Methods

Both treatments

Point Loop Weight
All

Methods Point Loop Weight
All

Methods
AGROPYRON SPICATUM

I 8.95 10.41 29.34 16.54
II 5. 76 3.08 11.16 6.66

III 4.33 8.03 10.72 7.69
IV 1.95 1.02 1.12 1.36
V 16.92 13.44 42.82 24.40

All 7.58 7.20 19.03 11.27

I 31.48 40.82 17.13 29.81
II 40.72 50.88 35.35 42.32

III 18.92 13.46 14.02 15.47
IV 2.16 6.65 3.20 4.00
V 12.80 10.95 13.07 12.27

All 21.22 24.55 16.55 20. 77

I 45.33 54.96 49.43 49.91
II 58.82 64.84 51.48 58.38

III 44.42 36.84 41.34 40.86
IV 70.41 60.39 65.96 65.58
V 62.70 63.36 81.30 69.12

All 56.34 56.07 57.90 56.77

I 1.40 5.43 4.22 3.68
II 5.48 10. 78 17.94 11.40

III 19.13 44.18 46.10 36.47
IV 9.70 21.71 7.88 13.10
V 7.48 15.26 1.04 7.93

All 8.64 19.47 15.44 14.51

11.89 11.07 27.31 16. 76 10.42 10.74 28.33 16.50
1.24 1.56 5.94 2.92 3.50 2.32 8.55 4. 795.50 1.42 3.01 3.31 4.92 4.73 6.86 5.50
3.09 1.48 4.64 3.07 2.52 1.25 2.88 2.22
13.24 11.19 44.38 22.94 15.08 12.32 43.60 23.67
6.99 5.34 17.06 9.80 7.29 6.27 18.04 10.53

KOELERIA CRISTATA
27.42 32.08 23.98 27.83 29.45 36.44 20.56 28.82
32.05 43.48 32.83 36.12 36.39 47.18 34.09 39.22
27.53 34.69 26.58 29.60 23.23 24.08 20.30 22.539.54 11.31 9.15 10.00 5.85 8.98 6.17 7.00
9.32 15.25 11.51 12.03 11.06 13.10 12.29 12.15

21.17 27.36 20.81 23.12 21.20 25.96 18.68 21.94

BUNCHGRASSES
41.97 47.20 52.38 47.18 43.65 51.08 50.91 48.5455.48 65.00 51.64 57.37 57.15 64.92 51.56 57.88
47.25 52.74 35.82 45.27 45.84 44.79 38.58 43.0765.52 60.22 51.77 59.17 67.97 60.30 58.86 62.3845.90 55.83 71.01 57.58 54.30 59.59 76.15 63.3551.23 56.20 52.52 53.32 53.78 56.14 55.21 55.04

SOD-FORMING GRASSES AND SEDGE
2.60 6,99 8.12 5.90 2.00 6.21 6.17 4. 79
4.58 9.36 9.95 7.96 5.03 10.07 13.94 9.68
15.66 25.22 38.40 26.43 17.40 34.70 42.25 31.45
11.12 21.84 35.69 22.88 10.41 21. 77 21.78 17.999.98 19.86 2.09 10.64 8.73 17.56 1.57 9.28
8.79 16.65 18.85 14. 76 8.71 18.06 17.14 14.64

I
Ob
Ob

I



,_______ Non-grazed_______
All

Site Point Loop Weight Methods

Table 7. (Continued)________________

I 46.73 60.38 53.65 53.59
II 64.30 75.62 69.42 69.78

III 63.55 81.01 87.44 77.33
IV 80.12 82.10 73.83 78.68
V 70.18 78.62 82.34 77.04

All 64.97 75.55 73.34 71.28

I 15.44 11.65 26.82 17.97
II 20.22 12.34 9.84 14.13

III 8.79 5.53 2.44 5.59
IV 7.84 5.47 4.63 5.98
V 9.37 3.74 3.69 5.60

All 12.33 7.75 9.49 9.85

I 20.06 18.05 36.98 25.03
II 22.91 15.15 17.78 18.61
III 9.63 6.90 3.92 6.82
IV 13.16 10.26 20.08 14.50
V 15.31 10.98 13.16 13.15

All 16.21 12.27 18.38 15.62

I 18.27 10.41 3.64 10.77
II 9.62 9.23 2.78 7.21

III 6.44 3.30 0.80 3.51
IV 4.86 4.44 2.63 3.98
V 14.16 9.85 4.50 9.51

All 10.67 7.45 2.87 7.00

Grazed
All

Point Loop Weight Methods
ALL GRASSES AND SEDGE

44.58 54.19 60.50 53.09
60.06 74.37 61.58 65.34
62.91 77.96 74.23 71.70
76.64 82.06 87.46 82.05
55.88 75.69 73.10 68.22
60.01 72.85 71.38 68.08

20.55
PHLOX
17.30

HOODII
6.91 14.92

19.80 7. 79 10.26 12.62
10.40 2.68 6.01 6.36
5.38 4.68 2.77 4.28
9.06 1.62 3.99 4.89
13.04 6.82 5.99 8.62

ALL FORBS
31.01 27.88 15.50 24.80
22.25 10.36 16.11 16.24
11.14 3.12 7.28 7.18
15.20 11.14 10.05 12.13
12.08 4.93 7.24 8.08
18.34 11.49 11.24 13.69

ARTEMISIA FRIGIDA
18.45 14.68 14.26 15.80
15.98 14.10 17.44 15.84
21.64 17.10 14.70 17.81
5.48 5.12 2.20 4.27

31.69 19.38 18.18 23.08
18.65 14.08 13.36 15.36

Both treatments______
All

Point Loop Weight Methods

45.65 57.29 57.08 53.34
62.18 75.00 65.50 67.56
63.23 79.49 80.83 74.52
78.38 82.08 80.65 80.37
63.03 77.15 77.72 72.63
62.49 74.20 72.36 69.68

17.99 14.48 16.87 16.44
20.01 10.06 10.05 13.38
9.60 4.11 4.23 5.98
6.61 5.08 3.70 5.13
9.22 2.68 3.84 5.25

12.68 7.28 7.74 9.23

25.54 22.96 26.24 24.92
22.58 12.75 16.95 17.43
10.38 5.01 5.60 7.00
14.18 10.70 15.06 13.31
13.70 7.95 10.20 10.62
17.27 11.88 14.81 14.65

18.36 12.54 8.95 13.28
12.80 11.66 10.11 11.52
14.04 10.20 7.75 10.66
5.17 4.78 2.42 4.12
22.92 14.63 11.34 16.30
14.66 10.76 8.11 11.18



____ ______ Non-grazed_____
All

Table 7. (Continued)_____________

Site Point Loop Weight Methods

I 33.21 21.57 9.37 21.38
II 12.80 9.23 12.79 11.61

III 26.81 12.09 8.64 15.85
IV 6.72 7.63 6.09 6.82
V 14.50 10.40 4.50 9.80

All 18.81 12.19 8.28 13.09

__________Grazed___________
All

Point Loop Weight Methods 
ALL SHRUBS AND HALF-SHRUBS

24.41 17.93 23.99 22.11
17.69 15.28 22.30 18.42
25.95 18.92 18.50 21.12
8.16 6.80 2.48 5.82
32.04 19.38 19.66 23.69
21.65 15.66 17.39 18.23

Both treatments_________
All

Point Loop Weight Methods

28.81 19.75 16.68 21.74
15.24 12.26 17.55 15.02
26.38 15.50 13.56 18.48
7.44 7.22 4.29 6.32

23.27 14.89 12.08 16.75
20.23 13.92 12.83 15.66

V  Only arithmetic means are presented



Table 8. Mean squares for comparison of methods data on a percentage composition basis.

Variable Sites Grazing Methods S X G S X M G X M S X G X M

Agropyron spicatum 2013.2** 65.0 1702.2** 41.7 410.5** 5.9 20.2

Koeleria cristata 3991.0** 164.5# 546.2** 371.1** 103.9# 47.9 55.3

Bunchgrasses 1898.5** 357.9# 56.3 213.6# 450.6** 96.2 87.5

Sod-forming grasses 
and sedge 2663.8** 1.8 1062.3** 330.6** 325.3** 97.3 164.6**

All grasses and sedge 2507.5** 308.2* 1584.3** 134.3 118.4# 24.5 101.1

Phlox hoodii 675.1** 46.1 359.3** 11.9 30.9 45.0 105.6**
All forbs 1138.3** 112.5 292.2** 27.5 26.3 224.8** 145.8**

Artemisia frigida 484.8** 2098.2** 433.6** 207.9** 36.2 38.4 26.8

All shrubs and half-shrubs 803.5** 793.2** 637.7** 204.8** 103.6# 119.1 77.0

** Significant at (P-1C-Ol)
* Significant at (P<\ 05)
# Significant at (PC-10)
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considered to be important in terms of dominance, abundance, grazing reac­

tion, growth forms, or appropriate groupings of plants. Data for Selagin- 

ella densa were not included in the comparison of methods study, primarily 

because this species was not harvested at all sites and a percentage com-■ 

position by weight could not be computed.

Effects of sites on estimates of percentage composition

The difference in percentage composition as determined by the three 

methods was highly significant among the five sites for all of the variables 

tested. This result could be expected since the five sites were selected to 

represent different vegetational characteristics. The characteristics of 

each site were previously discussed.

Effects of grazing treatment (locations) on estimates of percentage 
composition

. J i.

The analysis of variance indicated that the two grazing treatments 

caused a statistically significant difference in the percentage composition 

of several of the analyzed variables when estimated by the three methods 

over all sites. These differences were significant at the .10 probability 

of type I error for Koeleria cristata and bunehgrasses; significant at the 

.05 level for the all grasses and sedge group; the highly significant (.01 

level) for Artemisia frigida and the all shrubs and half-shrubs group. 

However, the effects of grazing and protection from grazing cannot be wholly 

determined from this part of the study because a comparison with previous 

vegetational analyses is not considered. The effects of grazing and pro­

tection from grazing will be discussed later in this section of the thesis.
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The primary purpose for testing this data by analysis of variance was 

to compare percentage composition as determined by the three methods of an­

alyzing vegetation. The three methods, considered over the five sites and 

two locations, gave significantly different (.01 probability of type I error) 

estimates of percentage composition for all of the variables except bunch- 

grasses. No significant difference among methods was shown for the bunch- 

grasses variable.

Effects of methods on estimates of percentage composition of bunchgrasses, 
Agropyron spicat'um, and Koeleria cristate

The close relationship of the estimates of percentage composition of 

the bunchgrasses variable by the three methods over all sites and locations 

is revealed in the table of means (Table 7). The close relationship appears 

to be a reasonable one in view of the results obtained from the two bunch­

grasses that were individually analyzed. The point and loop methods gave 

nearly equal estimates of the percentage composition of Agropyron spicatum, 

but both estimates were about one-third of the estimate by weight. This was 

especially true on sites I and V where Agropyron spicatum was a heavy pro­

ducer by weight. The estimates of percentage composition were nearly the 

same for all methods at site IV, where Agropyron spicatum is relatively 

scarce.

A reverse situation was true for Koeleria cristata, as both^the point 

and loop methods estimated a higher percentage composition for this species 

than did the dry-weight technique. The point-quadrat method more nearly 

equalled the estimate by weight than did the loop. The loop gave a consid­

Effects of methods on estimates of percentage composition



72

erably higher estimates of percentage composition. It appears that the in­

fluences of these two forms of growth habit--the greater weight per unit of 

basal area as characterized by Agropyron spicatum and the lesser weight per 

unit of basal area as characterized by Koeleria cristata— tend to nullify 

each other when combined. The remaining bunchgrasses that were not analyzed 

individually do not vary greatly from Koeleria cristata in growth form and 

would apparently tend to stabilize the close relationship of percentage 

composition for bunchgrasses as determined by the three methods of measure­

ment, It seems reasonable to assume that Poa secunda and Bouteloua gracilis 

would be over-estimated by the point and loop methods. Estimates of Poa 

cusickii and Stipa comata by the three methods would probably be similar to 

the estimates for Koeleria cristata.

Festuca idahoensis was encountered only at site IV. The data was not 

subjected to analysis of variance, but a comparison of the composition per­

centages estimated by the three methods over both locations appears as 

follows: point, 40.7 percent; loop, 28.1 percent; and weight, 39.9 percent

(derived from Appendix Tables III, IV and VI). The loop underestimated the 

percentage composition by weight at both locations. The point method over­

estimated the weight of Festuca idahoensis on the grazed portion and under­

estimated its weight in the non-grazed exclosure. The Festuca idahoensis 

plants were taller and, consequently, produced more weight per unit of basal 

area in the exclosure than was produced on ";he grazed location.

Effects of sites X grazing interaction on estimates of percentage composi­
tion of bunchgrasses, Agropyron spicatum, and Koeleria cristata '

The sites X grazing interaction for Koeleria cristata was shown to be
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highly significant. The table of means show that the percentage composi™ 

tion of Koeleria cristata as indicated by the three methods was greater in­

side the permanent exclosure than outside the exclosure at sites I, II, 

and V, but less inside than outside at sites III and IV. The interaction

Agropyron spicatum was statistically non-significant and the interaction

for bunchgrasses was significant at the .10 level. The effects of grazing

at the different sites cannot be adequately determined from this analysis.

Effects of sites X methods interaction on estimates of percentage composi­
tion of bunchgrasses, Agropyron spicatum. and Koeleria cristata

The interaction of sites X methods was highly significant for Agropyron 

spicatum and bunchgrasses and significant at the .10 level for Koeleria 

cristata. Percentage composition of Agropyron spicatum was estimated in a 

relationship of approximately 1:1:3 by the point, loop, and weight methods, 

respectively, at sites I, II, and V. At sites III and IV, the relationship 

more nearly approached 1:1:1 for the three methods.

The plants of Agropyron spicatum at sites I, II, and V are, in general, 

in the form of larger and taller bunches than those encountered at sites III 

and IV. The more robust form of growth is particularly pronounced at site V. 

The weight of vegetation per unit of basal area of these bunches is expected 

to be greater than the weight per unit of basal area of the relatively small­

er and shorter bunches of Agropyron spicatum.

A recheck of the field data, including some measurements taken to re­

flect vigor of Agropyron spicatum at the two locations on each site, leads 

the author to believe that another factor may also account for the differ­

ence in estimates among sites. The sites X methods interaction may be an

4
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effect of plant distribution and the sampling procedure used. Greig-Smith 

(1957) states that there are two departures from a random distribution. A 

"contagious" distribution is one in which individuals tend to be clumped or 

aggregated together, the sampling of which gives an excess of blanks and 

high values compared with random expectations. The other distribution in 

which the individuals tend to be uniformly spaced has been termed as 

"regular."

The distribution of the larger bunches of Agropyron spicatum appears to 

be contagious with very few smaller plants of this species growing in the 

interspaces. This effect appears to be more prevalent on the grazed areas 

than on the exclosed areas. The contagious distribution of Agropyron 

spicatum is not so apparent on sites III and IV. The significant sites X 

methods interaction for Agropyron spicatum may be a result of inadequate or 

improper sampling in view of the apparent contagious distribution. The use 

of points and loops in a non-random procedure may also account for this in­

teraction. A sampling procedure using randomly placed individual points and 

loops would perhaps be valuable for obtaining better estimates, of percentage 

composition by the two methods over the five sites.

The relative pattern of the three methods in estimating percentage com­

position of Koeleria cristata was similar at all five sites. Estimates by 

the point method were higher than weight estimates at sites I, II, and III, 

but were slightly lower than the weight estimates at sites IV and V. The 

loop in all cases gave higher estimates of percentage composition than both . 

the point and weight methods.

A close look at the means presented in Table 7 for bunchgrasses reveals
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that no particular trend for estimating percentage composition by the three 

methods was common over any of the sites. However, as has been indicated, 

the non-significant mean square for "methods" reflects the similarity of 

estimates by all methods when the five sites are considered together.

The nearly equal estimation of percentage composition of bunchgrasses 

by the loop and weight methods at site I reflects the contrasting influences 

of the low estimate of Agropyron spicaturn and high estimate of Koeleria 

cristata by the loop method. The lower estimate of Koeleria cristata by the 

point in relation to the loop influences the status of the point method at 

site I.

At site II, the relative amount of Agropyron spicatum was small and the 

high estimation of percentage composition of bunchgrasses by the point and 

loop reflects the influence of the point and loop estimates of Koeleria 

cristata. The loop estimated Koeleria cristata especially high and the 

point and loop both overestimated Poa secunda and Poa cusickii. Poa secunda 

is an especially low producer of vegetation for the basal area that it 

occupies.

The high estimate of percentage composition of bunchgrasses at site III 

by the point and loop methods reflects the influence of these two methods in 

estimating Koeleria cristata and Poa secunda.

The percentage composition of Festuca idahoensis was similarly estimat­

ed by both the point and weight methods at site IV. Overestimation of Poa 

secunda by the point method again influenced the higher estimate of bunch­

grasses by the point method. The overestimation of Poa secunda by the loop

was nullified by its underestimation of Festuca idahoensis.
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The estimation of percentage composition of bunchgrasses at site V re­

flects the gross underestimation of Agropyron spicatum by both the point and 

loop methods. Koeleria cristata was estimated nearly the same by all meth­

ods at site V, but Poa secunda was estimated high by the point and loop 

methods. However, the dominance of Agropyron spicatum is still reflected in 

the very high estimation of percentage composition of bunchgrasses by weight.

Effects of grazing X methods interaction on estimates of percentage composi­
tion of bunchgrasses, Agropyron spicatum, and Koeleria cristata

The non-significance of the grazing X methods interaction would indi­

cate that under the assumptions of the analysis of variance model the three 

methods tend to estimate percentage composition of Agropyron spicatum, 

Koeleria cristata, and bunchgrasses in about the same pattern or relation­

ship to one another on both the non-grazed exclosures and the grazed area 

outside of the explosures.

Effects of sites X grazing X methods interaction on estimates of percentage 
composition of bunchgrasses, Agropyron spicatum, and Koeleria cristata.

No three-way interactions were indicated as significant for the three 

previously discussed variables. In the succeeding discussion, those factors 

and interactions which have non-significant mean squares will not be given 

consideration under a separate heading, unless the data appears to warrant 

discussion.

Effects of methods on estimates of percentage composition of sod-forming 
grasses and sedges

An examination of the table of means readily explains the highly signi­

ficant difference among the three methods for estimating percentage composi­

tion of sod-forming grasses and sedges. The percentage composition of the
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sod-formers is greatly underestimated by the point method and slightly over­

estimated by the loop method when the three methods are compared over all 

sites and both locations. This overall relationship should not be entirely 

accepted before consideration is given to the variations that occurred on 

the different sites, primarily because of the presence of different sod­

forming species. These variations will be discussed later under the topic 

of effect of sites X methods interaction.

The reason for the high estimate of sod-formers by the loop method when

compared with the point method.should be apparent. The probability of a

point striking the basal area of any given single-stemmed plant is quite

small in comparison with the probability that the basal portion of that stem

is included within a loop, 3/4-inch in diameter. The number of theoretical

points within the area of a 3/4-inch loop could be infinite. In practice,

however, the point used in the field is a tiny loop and some definite number

could be fitted inside of the loop. Six times as many point readings as

loop readings were taken in the field, but the number of points (or tiny

loops) that would fit into the 3/4-inch loop would be many times six.

Effects of sites X grazing interaction on estimates of percentage composi­
tion of sod-forming grasses and sedges. ■

When estimated by the three methods the sod-formers showed different 

reactions to grazing on the various sites. Again, these results should not 

be accepted as concrete evidence of the influence of protection from grazing 

upon the vegetation. This analysis does not consider comparisons with the

1953 data.



78 -

Effects of sites X methods interaction on estimates of percentage composi­
tion of sod-forming grasses and sedges

The estimates of percentage composition of the sod-formers obtained by 
the three methods was extremely variable among the five sites. The greatest 
extreme in variation existed at site V, on which both the point and loop 
exhibited much higher estimates of percentage composition than did the 
weight. This may be expected because Carex eleocharis comprised, almost en­
tirely, the sod-formers present on the site. Carex eleocharis at site V was 
very small in stature and produced very little vegetation. This species 
makes its growth very early in the spring and by late summer the upper por­
tion of the leaves have dried and often disappeared.

At site III, both the point and loop methods gave low estimates of per­

centage composition of the sod-formers and the point estimated only half as 

much as the loop. The sod-forming species of importance at site III are 

Calamagrostis montanensis and Agropyron smithii, both of which are major 

species on the site. Johnston (1957) considered the loop as nearly useless 

for estimating basal area of Agropyron smithii. His results showed that the 

estimates of basal area by the loop were from three to nearly five times as 

great as the estimates made by the point-quadrat method. In this study, 

estimates of basal area made at site III by the loop method were nearly 

eight times the estimates made by the point-quadrat method (Appendix'Tables 

III and IV). However, as an estimator of percentage composition of Agropy- 

ron smithii and sod-forming species of similar morphology, the loop method 

appears to be more accurate than does the point-quadrat method. Results 

from th$ other sites tend to support this conclusion.
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When considered over both locations, the point-quadrat method underes­

timated the percentage composition by weight of the sod-formers on site IV, 

but the loop estimated percentage composition equal with weight. A great 

variation among methods exists, however, when the two locations are consid­

ered separately. This variation between locations was one of the factors 

influencing a highly significant three-way interaction for the sod-forming 

grasses and sedges variable. The percentage composition of the sod-formers 

at the grazed location on site IV was underestimated by the point and loop 

methods. The estimates of sod-formers inside the exclosure at site IV pre­

sented a different comparison. Both the point and loop methods overestimat­

ed the percentage composition, the loop very decidedly so. The reason for 

the difference in estimates by the three methods between the two locations 

may be that the plants of Agropyron dasystachyum and A l smithii on the 

grazed area were more vigorous and contributed more weight per unit of basal 

area than did the sod-forming plants growing inside the exclosure. The 

vigor of the sod-formers on the non-grazed location was probably suppressed 

by the competition from Festuca idahoensis.

Three species comprised the major portion of the sod-formers at site 

IV. They were Agropyron dasystachyum, Agropyron smithii, and Calamagrostis 

montanensis. The two Agropyron species could not be delineated vegetatively 

so were considered as one species in recording hits. The two species of ■ 

Agropyron made up a greater portion of the vegetation outside than inside 

the exclosure, but the same relationship existed in 1953 as determined by 

the point-quadrat method of analysis.

As an estimator of percentage composition by weight, the point was
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again low at sites I and II. The loop estimated low at site II but nearly 

equal to weight, at site I. From Appendix Tables III, IV and VI it can be 

shown that the point-quadrat method underestimated the percentage composi­

tion of Calamagrostis montanensis at both sites, Agropyron smithii at site 

I and, surprisingly, Carex eleocharis at site II. The loop gave low estim­

ates of Calamagrostis montanensis at site II and Agropyron smithii at site ' 

I, but high estimates of Calamagrostis montanensis at site I and Agropyron 

smithii at site II., Carex eleocharis was overestimated by the loop at both 

sites.

Effects of sites X grazing X methods interaction on estimates of percentage 
composition of sod-forming grasses and sedges

The highly significant mean square for the three-way interaction would 

indicate that the three methods did not estimate percentage composition in 

a particular pattern or trend between the two locations and over the five 

sites.

The most consistent trend was for the point-method to greatly underes­

timate the percentage composition of the sod-formers. The loop method, in 

general, also underestimated the percentage composition of the sod-formers 

but to a lesser degree; and in several cases nearly equalled the weight 

estimates. Two departures from this trend were previously discussed under 

the sites X methods interaction for sites IV and V. Another inconsistency, 

is the high estimates made by the loop method at site I.

The irregularities encountered in estimating percentages of sod-forming 

grasses and sedges are an indication of the variable production that can be 

expected from the several sod™forming species at various sites and under
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different grazing practices.

Effects of methods on estimates of percentage composition of all grasses 
and sedges

The estimates of percentage composition of all grasses and sedges 

should reflect the combined results of estimates on bunchgrasses and sod­

forming grasses and sedges. In the estimation of percentage composition 

by weight of all grasses and sedges, considered over all sites and locations, 

the point-quadrat method estimated nearly 10 percent low. The loop method 

estimated very close to the estimate by weight, being only about 2 percent 

high. The influence of low estimates of both bunchgrasses and sod-formers 

by the point method is apparent. Likewise, the influence of a slightly 

high estimate by the loop on both bunchgrasses and sod-formers is respons­

ible for the similar effect on all grasses and sedges.

From this information, one might suggest the use of the 3/4-inch loop 

as a method for estimating percentage composition of all grasses and sedges 

as a group on an area similar to the one on which the experiment was con­

ducted.

Effects of sites X methods interaction on estimates of percentage composi­
tion of all grasses and sedges

The statistical analysis indicates that the probability is nine chances 

in ten that an interaction exists between sites and methods (Table 8).. This 

significance may not be great, but the interaction does warrant some consid­

eration. The sites X methods interactions were.highly significant for 

bunchgrasses, and sod-forming grasses and sedges, the two components of all 

grasses and sedges. The low probability of the sites X methods interaction 

for the all grasses and sedges variable is indicative of a counteracting or
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The relationship among estimates by the three methods was nearly the 

same on sites I, III, and V. On each of the three sites the point-quadrat 

method gave a low estimation of the percentage composition by weight of all 

grasses and sedges. The loop method 'gave nearly equal estimates at all 

three sites. An example of the equalizing influences can be shown at site 

V where the loop method gave a very high estimate of the sod-formers, a low 

estimate of the bunchgrasses, but a nearly exact estimate of weight of all 

grasses and sedges. Other similar comparisons can be made from the table 

of means.

The three methods gave the most uniform estimates of weight at site IV. 

The point estimated slightly low and the loop slightly high. The only 

appreciably high estimate of all grasses and sedges was made by the loop 

method on site II. This reflects on the high estimate, made by the loop, 

of the grass species at this site which produced a small amount of vegeta­

tion per unit of basal area. These grasses included Koeleria cristata, 

Bouteloua gracilis, Poa secunda, and Poa cusickii.

Effects of methods on estimates of percentage composition of Phlox hoodii 
and all forbs

Highly significant mean squares are. indicated for Phlox hoodii and all 

forbs as a result of the different estimates of percentage composition made 

by the three methods. Phlox hoodii is the most abundant and persistent forb 

on the experimental area. With few exceptions,, this prostrate, mat-forming 

species covers more ground area and produces more total vegetation by weight

equalizing effect resulting from the combination of its two component vari­

ables.
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than any other forb on the experimental sites. Its relatively high produc­

tion cannot be attributed to its stature, but to its relative abundance on 

every site. Coupland (1950) lists Phlox hoodii as the second most abundant 

forb on the Canadian mixed prairie and classifies it as unpalatable and of 

little value for forage.

The percentage composition of both Phlox hoodii and all forbs was esti­

mated in nearly the same relationship by the three methods. This seems rea­

sonable in view of the relatively high proportion of Phlox hoodii in the 

composition of all forbs. The point-quadrat method overestimated the per­

centage composition of both Phlox hoodii and all forbs. The loop method 

made a low estimate of all forbs, but estimated Phlox hoodii nearly equal 

with weight.

The remainder of the forbs that were not analyzed separately were esti­

mated equally by the point and loop methods,, but both methods were low esti­

mators of percentage composition by weight. Two of the unanalyzed forb 

species that contributed the most to the greater estimate by weight of all 

'forbs were Astragalus striatus and Oxytropis sericea. Plant species of this 

growth form have a relatively large amount of vegetative weight per unit of 

basal area. Low estimates of these two species by the point and loop meth­

ods would be expected.

The first contact made by the point-quadrat with any portion of a plant 

of Phlox hoodii was recorded as a hit. Similarly, a loop which contained 

any part of the plant of Phlox hoodii was counted as a hit. It would seem 

reasonable, when aerial hits (first hits) were recorded, that both the point 

and loop methods would overestimate the percentage composition of Phlox
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hoodii. This reasoning would appear to be supported by an assumption that 
the plants produced a low weight of vegetation per unit area of ground 
covered.

The estimates obtained by the point method verified the above assump­

tions with one exception. The exception will be discussed later. The loop 

method, however, estimated percentage composition rather inconsistently and, 

in general, gave a low estimate of weight. The higher estimate on Phlox 

hoodii by the point method (or the lower estimate by the loop) may be a re­

sult of sampling technique. The close spacing (I-inch interval) of the 

pins in the point-quadrat frame could allow for more than one hit on one 

plant of Phlox hoodii when aerial hits are recorded. If basal hits had been 

recorded, with the position of the frame unchanged, the same plant of Phlox 

hoodii may have been hit only once or not at all. Considering the loop 

method, it is unlikely that more than one aerial hit per plant would be re­

corded when readings are taken at 6-inch intervals, because the average 

diameter of the plants was usually less than 6 inches. Many of the same 

loop hits would be recorded by either basal or aerial contacts. The area of 

the loop would increase the chance that an aerial hit on a given plant would 

also include the basal portion of that plant. The chance is very small that 

an aerial hit by the point would also be a hit oh the base of a given plant.' 

The area of the pin point used in the field is very small in comparison to 

the area of the 3/4-inch loop. Therefore, when recording aerial hits as 

compared to basal hits, only a few additional hits may be encountered per 

line by the loop method, but the point method may pick up a greater number 

of additional hits per line.
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Consideration of another factor may explain the nearly equal estimate 

bX looP and weight. Phlox,hoodii is a rather dense, compact plant and may 

weigh heavier for the volume of space occupied than is often the case with 

many species, especially shortgrasses such as Bouteloua gracilis or Poa 

s_ec.unda. The loop, then, instead of overestimating the weight as anticipat­

ed, may more nearly estimate it correctly; whereas, the point overestimates 

the weight because of additional hits obtained by aerial readings and close 

spacing of the pins in the frame.

It is surmised by the writer that the use of individual points and 

loops randomly placed over the sample area would tend to equalize the esti­

mates of percentage composition of Phlox hoodii by the point and loop meth­

ods. An attempt to record only basal hits would probably Cause the loop, 

and especially the point, methods to underestimate percentage composition 

of Phlox hoodii. The practice of recording aerial hits on Phlox hoodii 

and species of similar morphology is suggested on the basis of the results 

obtained in this study.

^^^®cts of grazing X methods interaction on estimates of percentage composi- 
tion of Phlox hoodii and all fofbs . ' '

This interaction did not show statistical significance for Phlox hoodii 

although the loop underestimated percentage ,composition when considered over 

all of the non-grazed locations and gave a slightly high estimate on the 

grazed locations. The departure from the trend was caused by the estimates 

at site I which will be discussed under the -heading of effects of the three- 

way interaction.

A ^ighly significant interaction for grazing X methods was shown by the
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statistical analysis for all forbs. Over all of the non-grazed locations, 

both the point and loop methods underestimated percentage composition; the 

loop more so than the point. When considering all of the grazed areas, the 

point method gave a high estimate of the weight of all forbs but the loop 

method gave an estimate', equal with weight.

The effects of grazing and protection from grazing on the vigor and 

production of several forb species appears to be partially responsible for 

this interaction. Astragalus stfiatus and Oxytropis sericea were two forbs 

which were especially responsive to the effects of grazing and protection 

from grazing. The percentage composition by weight of these forbs was 

greater on the non-grazed locations, but the basal area as estimated by the 

point and loop methods was nearly the same on both grazed and non—grazed 

locations. This would indicate that protected plants of these species were 

more vigorous and produced more vegetation per unit of basal area than did 

plants of the same species that had been subject to grazing. Astragalus 

gilviflorus added.considerably to the weight estimate on the protected area 

at site I, but was not encountered by either,the loop or point methods.

Astragalus gilviflorus is a short mat-forming plant which occurred in only 

a few scattered clumps on site I. It was a matter of chance that one clump 

fell into one of the clipped plots, but that no clumps were encountered 

along the line transects.

Effects of sites X methods X grazing interactions on estimates of percentage 
composition of Phlox hoodii and all forbs

Several factors apparently influenced the highly significant three-way 

interaction for these two variables. The preceding discussion pertaining
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to the grazing X methods interaction for all forbs has explained,, in part, 

the reason for the three-way interaction.

Perhaps the most noticeable inconsistency associated with estimates of 

percentage composition of Phlox hoodii occurred at site I. The table of 

means shows that both the point and loop methods gave high estimates at the 

grazed location. However, on the non-grazed location the estimates were 

markedly different in that both the point and loop gave low estimates of 

weight. This difference is unexplainable from the collected data. The 

total sample weight of Phlox hoodii was four times greater on the non-grazed 

location at site I than it was on the grazed location. The weight was. quite 

uniformly, distributed among the four sample plots inside the exclosure, al­

though less so outside the exclosure. From the samples taken on the other 

four sites, no appreciable difference in total weight was found to exist due 

to grazing and non-grazing. No difference was observed in the stature of 

the plants as a result of protection from grazing. If protection from graz­

ing were solely responsible, the same.effect would have been expected at 

site II, where past grazing was thought to have been more severe. Soil tex­

ture and depth, precipitation, slope, and exposure are all comparable at 

sites I and II.

The sampling procedure was considered to be statistically sound and 

adequate for estimating the weight of the more common species present. The 

distribution of Phlox hoodii did not appear to be aggregated to such an ex­

tent that additional plots would be required to obtain a representative 

sample of its production.

At both locations on all sites, except site I, Phlox hoodii was consist-
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siitly estimated high by the point-quadrat method. The loop method estimated 

slightly high or nearly equal to weight on all non-grazed locations, except 

at site I, but underestimated Phlox hoodii on the grazed locations at sites 

II, III, and V. It may be possible that on the grazed locations at these 

three sites the weight per unit area of ground covered was greater than on 

the non-grazed location. The production data from sites II and III indicat­

ed that the total weight of the samples of Phlox hoodii were greatest from 

the grazed locations. This relationship was reversed at site V.. The writer 

is unable to explain the reason for the apparent difference in estimates 

between the two locations when using the loop method.

Several explanations for the highly significant three-way interaction 

for all forbs have been made in the discussion of the methods X grazing in­

teractions for all forbs and the three-way interaction for Phlox hoodii.

The estimates of all forbs at site I reflect the unexpected results obtained 

from the estimates of Phlox hoodii.

Forbs other than Phlox hoodii which showed the most variation in weight 

between locations and among sites were Astragalus striatus at sites IV and 

V, Oxytropis sericea at site V, and Astragalus gilviflorus at sites I and 

II (Appendix Table VI). The harvested sample of Astragalus striatus from 

inside exclosure IV was three times heavier than the sample taken outside. 

Oxytropis sericea, sampled from inside exclosure V, was nearly 17 times 

heavier than the sample from the grazed location. These.forbs were appar­

ently selected by the sheep and their reduced vigor on the grazed areas 

indicated the results of repeated utilization by sheep.

At site I, the harvested sample of Astragalus gilviflorus from the non-
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grazed location was 20 times as heavy as the sample from the grazed loca­

tion. Neither the point or loop.detected this species on the non-grazed 

location. Estimates by the three methods were nearly equal on the grazed 

portion. A sample.of Astragalus gilviflorus was harvested only at the ; ■ 

grazed portion of site II. Both the point and loop greatly underestimated 

its percentage composition by weight. This species was not encountered on 

the non-grazed portion of site II.

Effects of methods on estimates of percentage composition of Artemisia 
frigida and all shrubs and half-shrubs ' ' '

Both variables, Artemisia frigida and all shrubs and half-shrubs (the 

latter term may subsequently also be referred to as "all shrubs" to simplify 

the wordage), were estimated in a similar relationship by the three methods. 

This similar relationship among methods for both variables seems reasonable 

since Artemisia frigida is, in most cases, the primary constituent of the 

all shrubs variable.

For both variables, estimates of percentage composition were about 1.7 

times higher by the point than by weight. The loop method also estimated 

both variables high but to a lesser degree than did the point method.

All of the component species of the all shrubs and half-shrubs variable 

were, with one exception, recorded by aerial hits (first hits). The excep­

tion was Gutierrezia sarothrae. Only crown hits were recorded on this half­

shrub. It was assumed that the vegetative portion of Gutierrezia sarothrae 

did not influence the area it covered in the same degree as did the other 

shrubs and half-shrubs. A reason for the overestimation of percentage com­

position of these two variables (Artemisia frigida and all shrubs) by the
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point and loop methods has been presented in the discussion pertaining to 

overestimation of Phlox hoodii by these two methods. The same reasoning 

applies to the higher estimate by the point than by the loop. This reason­

ing was that several hits could be expected on one plant by the closely 

spaced points. Fewer total hits in proportion would be expected by the loop 

as only one hit per plant would be expected. In the case of the larger 

shrubs, two or possibly three hits could be made on one plant by the loop, 

but many more hits would be expected by the point method on the same plant.

A check through the data in Appendix Tables III, IV and VI indicates 

that both the point and loop methods gave low estimates of Gutierrezia 

sarothrae. The estimate by the loop was lower than the point for this spe­

cies. It is believed that by recording only basal or crown hits, low esti­

mates of percentage composition by weight would have been even more pro­

nounced with the other shrubs and half-shrubs. It is conceivable that one 

plant may receive 15 or 20 hits by the point when recording aerial hits, 

but may receive no more than 2 or 3 hits if only hits on the basal or crown 

area were recorded. That the weight of the plant may be overestimated, in 

the case of the former, and underestimated, in the case of the latter, 

should be apparent.

Effects of sites X grazing interaction on estimates of percentage composi­
tion of Artemisia frigida and all shrubs and half-shrubs

The sites X grazing interaction was shown to be statistically highly 

significant for both variables. When considering the three methods collec­

tively, estimates of percentage composition of Artemisia frigida were great­

er on the grazed than, on the non-grazed locations at all sites. The amount
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of difference between grazed and non-grazed locations, however, varied 

among sites. The percentage composition was only slightly greater on the 

grazed locations at site IV but was five times greater on the grazed than 

on the non-grazed location at site III. '

The same general trend was apparent for all shrubs and half-shrubs 

but the difference between grazing treatments was less marked than it was 

for Artemisia frigida.

This data would indicate that the grazing treatments as determined by 

the three methods have influenced the difference in percentage composition 

of these species, especially Artemisia frigida. However, a definite con­

clusion about its reaction to grazing cannot be drawn from this data which 

does not present comparisons with any previous analyses. Grazing influence 

on Artemisia frigida will be discussed later in the thesis.

Effects of sites X methods interaction on estimates of percentage composi­
tion of Artemisia frigida and all shrubs and half-shrubs

The statistical analysis indicated a non-significant result for 

Artemisia frigida and significance at the .10 probability of type I error 

for all shrubs.

The relationship of the three methods was similar in the estimate of 

Artemisia frigida over the five sites with the exception of site II. At 

this site the point and loop methods closely estimated percentage composi­

tion by weight. The grazed location at site II is the only place at which 

the point and loop methods underestimated weight. Perhaps Artemisia frigida

has been most favored at this site due to past grazing pressure.
j:

The three methods estimated the percentage composition of all shrubs
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in a similar pattern over all the sites except site II. Appendix Tables 

IV and VI show that Gutierrezxa sarothrae was underestimated by the 

point and loop methods at both locations on this site. Artemisia tridentata 

was underestimated by the point and loop methods on the non-grazed location 

and Chrysothamnus nauseosus was underestimated on the grazed location. Re­

cording only crown hits on Gutierrezia sarothrae chiefly accounted for its 

underestimation5 however, inadequate sampling may have been responsible for 

the varied.results between locations of the other minor species.

Effects of grazing X methods interaction on the estimates of percentage 
composition of Artemisia frigida and all shrubs and half-shrubs

This interaction did not appear statistically significant for either 

variable, but several comments may be applicable. The relationship of the 

three methods was similar over all sites for the non-grazed and grazed loca­

tions in that the point and loop both gave high estimates of percentage 

composition of Artemisia frigida by weight. The variation among methods 

was least on the grazed locations. This is an indication of the greater 

stature and vigor of the Artemisia frigida plants on the grazed area.

Weight appears to be the most sensitive measure for determining the 

effects of protection from grazing on Artemisia frigida. Of the three meth­

ods considered over all the sites, weight showed the greatest difference 

between grazing treatments. It would appear that under protection from 

grazing, production of the Artemisia frigida plants declines rapidly; where­

as basal area appears to change more slowly.

Both the point and loop methods gave high estimates of weight of all 

shrubs on the non-grazed areas but only the point estimated high on the
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grazed areas. As previously discussed, the loop apparently tends to estim­

ate lower than the point on plants recorded by aerial hits. It is also . 

possible that the number of loops employed in this study was inadequate to 

record hits on some of the minor and scattered species of shrubs; some of 

which had been encountered by the point and weight methods.

Effects of sites X grazing X methods interaction on estimates of percentage 
composition of Artemisia frigida and all shrubs and half-shrubs

The three-way interaction was not statistically significant. The rela­

tionship of the three methods to one another in estimating percentage com­

position at each location at each of the five sites was, in effect, quite 

similar. The variations from the trend have been discussed under the two- 

way interactions. The only place where the loop method estimated higher 

than the point method was on shrubs inside exclosure IV.

Number of species encountered by each method

The number of species encountered at each site by each of the three 

measurement methods is presented in Table 9. These data were not analyzed 

statistically. When considered over the five sites, the average number of 

species encountered was nearly the same for the three methods. A certain 

amount of bias may be present in the number of species encountered by the 

point and loop methods due to the procedure of taking the readings by both 

methods along the same line transects. Random placing of the points and 

loops over the study units ,would perhaps give a more unbiased estimate of 

the number of species' present.

The.results of a methodology study on grassland vegetation in southern 

Alberta, indicated that nearly the same number of grass and sedge species
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were encountered by both the point and loop methods (Johnston, 1957). How­

ever, the point method encountered a greater number of forb and shrub spe­

cies than did the loop. Similar results were obtained in this study by the 

point and loop methods on the grasses and sedge, but dissimilar results were 

obtained on the forbs and shrubs.

Table 9. Number of species encountered by each method at each site.
Vegetation class 

and site
Method

Point Loop Clipped plots
Grasses and sedge

I 8 9 9
II 9 9 9

III 8 8 8
IV 10 9 10
V 8 7 6
Average 8 .6 8.4 8.4

Forbs
I 14 11 13

II 7 7 10
III 4 4 4
IV 5 6 9
V 5 6 7
Average 7.0 6 .8 8 .6

Shrubs and half-shrubs
I 4 5 4

II 5 3 4
III 6 6 4
IV 3 3 4
V 2 2 2
Average 4.0 3.8 3.6

Changes in Vegetation Due to Protection from Grazing

The results of the comparison of the 1953 point analysis with a repeat

analysis made in 1957 are to be discussed in this section. These results 

should reflect chiefly upon the response of the vegetation due to protection 

from grazing. It is also probable that changes in the vegetation have
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occurred on the grazed areas. It seems reasonable to assume that prior to 

the period of lease by.the Montana Agricultural Experiment Station, such 

factors as rate of stocking, season of use, class of livestock, and distri­

bution of livestock were different than they were after the experimental 
area wa.s leased.

Statistical procedure

The response of the vegetation to grazing and protection from grazing 

was determined from the differences between the number of hits made by the 

point-quadrat analysis in 1953 and 1957. The use of difference values is 

convenient because the direction of change between years can be immediately 

determined by the positiveness or negativeness of the value. The relative 

magnitude of the change among sites or between treatments can also be read­

ily learned. The same type of information could be learned by using the 

actual values for.both years, however, another item, years, would be entered 

into the analyses and the additional interactions would be difficult, if not 

impossible, to interpret.

The difference values for 19 variables were subjected to an analysis of 

variance using a simple two-way classification design. The statistical mod­

el for the analysis of variance is presented in Table 10. The model is used 

under the assumption that a normal population was sampled. The model and 

test procedures follow Ostle (1956). Tabulated "F" values for testing 

hypotheses were those presented by Pearson and Hartley (1956). The two 

factors considered in the analysis of variance for the difference in number 

of hits were sites and locations. The two locations correspond to the two 

grazing treatments--non-grazed inside the exclosure_and. grazed outside the
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Table 10. Analysis of variance model for differences in the number of
hits between 1953 and 1957 as determined by the point-quadrat 

___________method.

Yijk - M +  cKi + t 4- Eijk

i —  I,...,5 (number of sites)
j = 1»2 (number of grazing treatments)
k =  I,...,5 (number of observational units)

Assumptions: = 0; ^ j = O; ^(ft/tf).. = £(o(/3).. = 0

Eijk^N.I.D. (0, (T2)

ANALYSIS OF VARIANCE

Source of Variation d.f Expected Mean Squares

Sites (S) 4 <r2 4  10/4 £c ( . 2

Grazing vs. Non­
grazing (G) I (T2 4- 25/1 I A 2

S x G 4 O-2 +  5/4 ^exfl ) 2
ZJ -1

Experimental Error 40 Cf2

Total 49
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exclosure. The Interaction of sites and locations is also considered. The 

data from all five transects at each location were used in the analysis of 

variance.

Table 11 presents the means of the differences between years for the 19 

variables considered in this analysis. The results of the analysis of vari­

ance are shown in the form of the mean squares presented in Table 12. The 

differences between years were computed by subtracting the 1957 hits from 

the 1953 hits. Numbers preceded by a minus (-) sign in the table of means 

indicates that more hits were made in 1957 than in 1953. Numbers not preced­

ed by a minus sign indicate that more hits were made in 1953 than in 1957.

In the following discussion the difference between the number of hits made 

in 1953 and those made in 1957 may be referred to solely as the difference 

in hits without specifying the number of years.

Changes in Agropyron spicatum

Table 12 shows that the difference in the number of hits between 1953 

and 1957 was statistically non-significant for sites, grazing treatment, arid 

the two-factor interaction. Agropyron spicatum is classed as a climax JL/ 

dominant over much of the experimental area (Wright and Wright, 1948), there­

fore, some consideration will be given to the results of the analysis even 

though the results were shown to be statistically non-significant.

When considered over all sites and grazing treatments, only seven less

hits were recorded in 1957.than in 1953 (difference values cited here and

subsequently in the text are taken from Appendix Tables II and III). The-

JL/ This term is used as defined by the "Report of the Committee on 
Nomenclature of the Ecological Society of America."
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Table 11. Means of differences between 1953 and 1957 hits on vegetation by 
___________ the point-quadrat method.

Grazing _______________Sites_________________ All
Variable treatment I II III IV V Sites
Agropyron NG I/ -0 .6 2/ -0 .6 -0.4 2.8 -0 .8 0.08spicatum G -5.0 1.4 1.6 0 .0 3.0 0 .20

Both -2 .8 0.4 0 .6 1.4 1.1 0.14
Koeleria NG -2.4 10.2 14.6 4.2 6.6 6.64cristata G 6 .2 5.4 19.6 -2.4 3.2 6.40

Both 1.9 7.8 17.1 0.9 4.9 6.52
Poa secunda & NG -0 .2 -4.2 -4.6 -9.2 -7.4 -5.12P. cusickii G -1.6 -4.0 -1.4 -19.0 -7.0 -6.60

Both -0.9 -4.1 -3.0 -14.1 -7.2 -5.86
Stipa comata NG 0.4 -1.8 0 .2 -0 .8 10.8 1.76

G 0 .2 -3.8 0 .0 0 .0 4.0 0.08
Both 0.3 -2 .8 0 .1 -0.4 7.4 0.92

Bunchgrasses NG -2 .2 7.6 9.8 -3.0 9.4 4.32
G 0 .0 1.4 19.8 -13.0 3.2 2.38
Both -1.1 4.5 14.8 -8 .0 6.3 3.30

Carex NG 0 .2 -0 .6 0.4 0.0 0.4 0.08
eleocharis G 0 .0 0 .0 1.8 -1.2 -0.4 0.04

Both 0 .1 -0.3 1.1 -0 .6 0 .0 0.06

Calamagrostis NG 0.4 6 .8 11.0 2.4 0.4 4.20
montanensis G -0.4 4.0 7.0 0 .2 0 .8 2.32

Both 0 .0 5.4 9.0 1.3 0.6 3.26
Sod-forming NG 0 .6 6 .0 8 .2 3.2 0 .8 3.76
grasses and G -1.2 4.4 11.6 2.6 0 .2 3.52
sedge Both -0 .6 5.2 9.9 2.9 0.5 3.64

All grasses NG -1.6 13.6 18.0 0 .2 10.2 8.08
and sedge G -1.2 5.8 31.4 -10.4 3.4 5.80

Both -1.4 9.7 24.7 -5.1 6 .8 6.94
Phlox NG -1 .8 -6.6 2 .0 -4.8 -2 .2 -2.68
hoodii G -8.4 -11.6 -4.0 -2.2 -2.2 -5.68

Both -5.1 -9.1 -1.0 -3.5 -2.2 -4.18

All forbs NG -1.8 -7.4 2.2 -7.0 -0 .6 -2.92
G -6 .0 -8 .6 -3.0 -2.6 -2.4 -4.52
Both -3.9 -8 .0 -0.4 -4.8 -1.5 -3.72



Table 11. (Continued)

Variable
Grazing 
treatment I II

Sites
III IV V

All
Sites

Artemisia NG -1.6 -3.4 3.0 -3.6 10.4 0.96frigida G -4.4 -9.0 -0.4 -2 .2 -3.4 -3.88Both -3.0 -6 .2 1.3 -2.9 3.5 -1.46
Chrvsothamnus NG -1.4 -0 .2 -0 .6 -2.2 -0 .2 -0.92nauseosus G -0 .6 0 .0 -0 .2 -0 .2 -0 .2 -0.24Both -1.0 -0 .1 -0.4 -1.2 -0 .2 -0.58
All shrubs and NG -8 .6 0 .6 -6 .2 -6 .8 10.2 -2.16half-shrubs G -7.8 -4.0 -0 .6 -1.6 -3.6 -3.52Both -8.2 -1.7 -3.4 -4.2 3.3 -2.84
All plants NG -12.0 6 .8 14.0 -13.6 19.8 3.00(less G -15.0 -6 .8 27.8 -14.6 -2.6 -2.24Selaginella) Both -13.5 0 .0 20.9 -14.1 8 .6 0.38
Selaginella NG 3.8 0 .0 -11.0 148.4 -1.6 27.92densa G -2 .6 -0.4 4.8 221.6 20.4 48.76Both 0 .6 -0 .2 -3.1 185.0 9.4 38.34
All vegetation NG -8 .2 6 .8 3.0 134.8 18.2 30.92

G -17.6 -7.2 32.6 207.0 17.8 46.52Both -12.9 -0 .2 17.8 170.9 18.0 38.72
Litter NG 118.6 -183.6 -137.2 -141.0 -10.4 -118.16

G -76.4 -90.0 -13.8 -177.6 43.4 -62.88
Both -97.5 -136.8 -75.5 -159.3 16.5 -90.52

Total ground NG 126.8 -176.8 -134.2 -6 .2 7.8 -87.24cover G -94.0 -97.2 18.8 29.4 61.2 -16.36
Both -110.4 -137.0 -57.7 11.6 34.5 -51.80

I/ Grazing treatments: NG--not grazed (permanent exclosure).
G--grazed until May 1957.

2/ Numbers preceded by a minus (-) sign represent an increase in the number 
of hits in 1957 over 1953.

144675
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Table 12. Mean squares for differences in the number of hits between 1953 
___________and 1957 by the point-quadrat method.

Variable Sites Grazing S X G
Agropyron spicatum 28.6 .2 31.0
Koeleria cristata 422.8** .7 110.5#
Poa secunda & P. cusickii 263.9** 27.4 60.9#
Stipa comata 146.6** 35.3# 23.0
Bunchgrasses 724.4** 52.0 163.1
Carex eleocharis 4.1 .02 2 .8

Calamagrostis montanensis 147.7** 44.2 7.4
Sod-forming grasses and sedge 168.9** .7 11.1

All grasses and sedge 1343.9** 65.0 233.2
Phlox hoodii 98.9 112.5 41.5
All forbs 88. 7 32.0 30.9
Artemisia frigida 147.8** 292.8** 78.8* *

Chrysothamnus nauseosus 2.4 5.8 1.6

All shrubs and half-shrubs 174.7* 23.1 163.4*

All plants (less Selaginella) 2227.8** 343.2 468.7
Selaginella densa 67434.0** 5428.8# 2475.9
All vegetation 56294.8** 3042.0 3222.9#
Litter 46500.3** 38198.5** 9202.5**
Total ground cover 55487.6** 62799.7** 6137.5**

** Significant at (PC.01)
* Significant at (P<. 05)
# Significant at (PC. 10)
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number of hits on Agropyron spicatum was less in 1957 than in 1953 at all 

sites except site I. At this site the number of hits obtained on the grazed 

location in 1957 were double the number obtained in 1953. Only three addi­

tional hits were made on the non-grazed exclosure in 1957. These results 

are difficult to explain ecologically. That the basal area of Agropyron 

spicatum could increase under light or conservative grazing by sheep is 

feasible, but the author cannot explain why a similar increase on the pro­

tected location did not occur.

The only non-grazed location to show a decrease in the number of hits 

in 1957 was at site IV, The trend indicated by this apparent decline of 

Agropyron spicatum may have been a response to the competition with Festuca 

idahoensis. Site IV is characterized by a north exposure, receives more 

precipitation than the other sites on the ranch, and is situated on a ridge- 

top with relatively shallow soil. Over much of the experimental area 

Festuca idahoensis was observed to dominate the north and east-facing slopes 

which tend to be more moist and cooler, and often associated with deep, rich 

soils. Agropyron spicatum was most frequently observed as a dominant on 

south and west-facing slopes which are drier and warmer, and often associat­

ed with shallow, gravelly soils of relatively lower fertility. The combined 

effects of protection from grazing and the accumulation of manure within the 

exclosure at site IV may have developed a microclimate more nearly like the 

one described as favorable for the dominance of Festuca idahoensis. The . 

relatively shallow ridgetop soils at site IV were probably not as favorable 

for plant growth as some of the deeper soils on the gentle north slopes and 

in the bottoms. This may be due to factors such as less effective moisture
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due to snow blow off, possible nutrient deficiencies, and less favorable 

microclimatic conditions. However, fertility has been added by the accumu­

lation of sheep manurej and the available moisture has been increased 

through greater snow catch by the taller, ungrazed vegetation. Loss of 

moisture from the soil was also decreased by the accumulated mulch layer 

composed of manure and dead vegetation. .

It is feasible that early and rapid growth of Agropyron spicatum is 

partially dependent upon the warm soil temperatures that would occur on 

south and west-facing slopes. The added mulch in the permanent exclosure 

at site IV would tend to maintain a cooler temperature of the soil than 

would be expected ,if no mulch were present. The cooler soil temperatures 

are apparently more favorable to development of Festuca idahoensis. On the 

basis of observation and the preceding suppositions, it seems reasonable 

that, under protection from grazing, the environment at site IV is more 

favorable for the growth of Festuca idahoensis than for Agropyron spicatum. 

This would account for the lower number of hits in 1957 on the latter 

species inside the exclosure.

These results appear to be in accord with those of Wright and Wright 

(1948) who made a study of a relict area situated on a flat bench on the 

west side of the Crazy Mountains. This relict area is. located about 50 

miles to the south of the experimental area of this study. The soils of 

the relict area were gravelly loams and the vegetation was dominated by 

Festuca idahoensis. The vegetation in an adjacent grazed pasture was pract­

ically devoid of Festuca idahoensis and the remaining grass composition 

included 24 percent of Agropyron spicatum. This might be an indication
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that the microclimate resulting from grazing was more favorable for Agropy- 

ron spicatum than for Festuca idahoensis. However, such factors as the sea­

son of use, intensity of use, and the class of livestock that had grazed the 

pasture were not mentioned.

The greatest decrease in the number of hits on Agropyron spicatum was 

detected on the grazed area at site V. Apparently, past grazing had been 

rather severe. The relatively shallow, gravelly soil on the south-facing 

slope supported large aggregated clumps of Agropyron spicatum. Many of 

these large clumps had dead centers and contained a great amount of standing 

dead material from previous years' growth. The dumpiness was most notice­

able on the grazed areas because of the scarcity of young Agropyron spicatum 

plants growing between the larger clumps (Figure 7). The young plants had 

apparently been grazed out, whereas grazing on the larger bunches was appar­

ently limited due to the presence of the old, coarse material remaining in 

the bunches. Other grass, species and forbs growing in the interspaces were 

of very low vigor. Heady (1950) observed similar results due to severe 

grazing by sheep on a range dominated by Agrdpyron spicatum in western 

Montana.

The vegetation inside the exclosure at site V showed a marked differ­

ence due to protection from grazing (Figure 8). The bunches of Agropyron 

spicatum were not so large, there were more young plants of the species, 

and fewer plants were observed to have dead centers. Other grass species 

and forbs were observed to be more vigorous than they were on the grazed 

area.

At sites I, II, and III, changes in abundance or growth habits of
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Figure 7. Grazed area at site V. Note aggregated bunches of Agropyron 
spicatum and vegetation of low vigor in the interspaces. 
Agropyron spicatum comprised 15 percent of the "point hits" on 

plants (excluding Selaginella densa) and 48 percent of the 
vegetation composition by weight at site V. Marks on the 
board indicate 6-inch and 1-foot divisions.
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Figure 8. Non-grazed area at site V. This area has been protected from 
livestock grazing for four years. The aggregated distribution 
of Agropyron spicatum is less noticeable due to the increased 
vigor of plants in the interspaces, an accumulation of litter, 
and the presence of young Agropyron spicatum plants between 
the old clumps.
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Agropyron spicatuan as a result of four years of protection from grazing were 

not visually apparent. Differences between years were small as determined 

by the point-analysis. At both sites II and III, fewer hits were made in 

1957 on the grazed locations and more hits were encountered on the non-graz- 

ed locations than had been encountered in 1953.

Changes in Koeleria cristata

ihe results of the statistical analysis show that the difference in the 

number of hits between 1953 and 1957 was highly significant among sites; 

non-significant between grazing treatments, and significant at the .10 prob­

ability of type I error for the two-factor interaction.

The total decrease in the number of hits over the four-year period was 

326. There was a decrease in the number of total hits at every site, but 

the variation among sites was great. The greatest decrease occurred at site 

III and the least change occurred at site IV. When considering all sites, 

the decrease in the number of hits was nearly the same for both grazing 

treatments.

•The Montana Range Technicians Guide of the Soil Conservation Service 

(1956) indicates that Koeleria cristata reacts as an increaser species to 

grazing on most range sites in central Montana. The ecological studies by 

Wright and Wright (1948) show that Koeleria cristata often became the domin­

ant grass on both Agropyron spicatum and Festuca idahoensis sites that have 

been "moderately overgrazed". On a national forest range in southwestern 

Montana, Evanko and Peterson (1955) found that Koeleria cristata covered 

more ground on the grazed portion than on the protected portion at.four of 

five sites grazed by cattle.
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The results of this study appear to agree with the concept that Koeler- 

ia cristata reacts as an increaser. That this grass species also decreased 

on the grazed areas, may be an indication that the intensity of grazing was 

much less severe than it had been prior to 1953. This reasoning may be 

supported by the results at site IV which show an increase of Koeleria cris- 

.teta on the location that was considered to have been most intensively 

utilized by sheep during the four year study period.

A different result was obtained at site I, where an increase in the 

number of hits was recorded on the protected portion. This would typify the 

reaction of Koeleria cristata in the mixed prairie (Sarvis, 1941; Coupland, 

1950). The reason for this reverse situation at site I cannot be readily 

explained by the writer.

Changes in Poa secunda and Poa cusickii

The difference in the number of hits between the two years was statis­

tically highly significant among sites; non-significant between grazing 

treatments; and significant at .10 probability of type I error for the 

interaction. The two species of Poa have been considered together for the 

between-year comparisons because a distinction between the two species was 

not made in 1953.

In contrast to the results for Koeleria cristata, the two species of 

Poa showed a marked increase as determined by the 1957. point analysis, A 

total of 293 more laits were made in 1957 than in 1953. The greatest in­

crease occurred at site IV with 141 hits and the least increase occurred at 

site I with 9 hits.

The assumption that moderate grazing had been practiced during the four-
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year period appears to be contradicted by the results obtained from the 

point analysis of Poa secunda and Poa cusickii. The expected reaction of 

P°a cusickii to grazing could not be learned from the literature; however, 

Poa secunda has been established as an increaser species (Daubenmire and 

Colwell, 1942; Wright and Wright, 1948; Evanko and Peterson,'1955; Soil 

Conservation Service, 1956).

The difference in the number of hits on these two species between 1953 

and 1957 was nearly equal on both the grazed and non-grazed locations. Only 

at site IV was this difference between years appreciably greater on ,the 

grazed location than on the non-grazed. These results imply that the two 

Poa species reacted as decreasers rather than as increasers, if we assume 

that conservative grazing.was practiced. If it is assumed that these spe­

cies react as increasers, it would appear that grazing had been relatively 

severe during the four-year period. This reasoning would not explain the 

increase encountered in the exclosed areas. Poa secunda is known to in­

crease during periods of drought (Lommasson, 1939). This is not a likely 

reason for the increase encountered in this study as precipitation was not 

limited during most of the four-year period.

In an attempt to defend the assumption that grazing was conservative 

during the four-year period involved, two reasons may be advanced for the 

apparent increase of the two Poa species. First, Poa cusickii may possibly 

react as a decreaser species in this area and have increased as a result of 

protection from grazing. Secondly, a considerable amount of late summer 

regrowth was encountered on Poa secunda during the time the point analysis 

was made in 1957. It is believed that, in many instances, plants of Poa
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secunda would not have been recognized as such except by the presence of new 

growth. Poa secunda plants lacking regrowth often appear as no more than 

dead crowns. Frequently these crowns are not recognized for what they really 

are, or are so small that they may be easily overlooked.

It appears as a possibility that fewer hits were encountered on Poa 

secunda in 1953 because there was no regrowth to aid in the identification 

of the plants. The 1953 weather records indicate below average precipita­

tion for the months of August and especially September. The 1953 point 

analysis was conducted during September. Precipitation for August 1957 was 

above average. Much of the August precipitation fell late in the month 

only a few days after the 1957 field work had begun. Considerable regrowth, 

as a result of the generous precipitation, was noted on several species of 

cool-season grasses and forbs.

The greatest difference between grazing treatments occurred at site IV 

where the increase in hits on the grazed portion doubled the increase in 

hits on the protected counterpart. The relatively severe grazing at this 

site was considered responsible for this difference.

Changes in Stipa comata

A highly significant difference among sites was shown by the analysis ' 

of variance. The difference in the number of hits between 1953 and 1957 was 

significant at the .10 level for the variation between grazing treatments.

The two factor interaction was not statistically significant.

An over-all decrease of 46 hits was obtained by the point analysis.

Most of the decrease was accounted for at site V, especially on the protect­

ed area. An increase in the number of hits was detected at site II, largely
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on the grazed location. The difference between years at the other three 

sites was negligible.

The relationship of the decrease in hits between inside and outside at 

exclosure V is nearly the same if considered on a percentage basis. A de­

crease of approximately 40 percent occurred on the grazed location and 

about 50 percent decrease occurred on the protected counterpart. There 

were nearly twice as many hits on Stipa eomata at the non-grazed location 

in both years. At sites III and IV, no hits were made on Stipa eomata at 
the grazed location in either of the two years. This indicates that Stipa 

eomata may tend to grow in patches, perhaps as a result of soil variations.

It would appear that protection from grazing at site V caused Stipa 

eomata to decrease. This result may be reasonable in that the dominant 

species at the site, Agropyron spicatum, may be responding to protection to 

the disadvantage of Stipa eomata. It may also be possible that Stipa 

eomata decreased on the grazed portion due to sheep grazing. Stipa eomata 

is listed as an increaser for most of the range sites in a 15 to 19-inch 

rainfall belt in central Montana (Soil Conservation Service, 1956).

Stipa eomata may have increased at both locations on site II in re­

sponse to protection from grazing in the exclosure, and in response to con­

servative grazing outside the exclosure. Since Stipa eomata is considered 

as an increaser species, it would be reasonable to assume that it should 

have decreased as a result of protection from grazing. The theoretical 

curve depicting the percentage composition of an increaser, starting from 

climax and continuing through years of "overuse", indicates that the species 

increases in abundance for a period of time and. then decreases in abundance.
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It is feasible that under secondary succession JL/ the situation is reversed 

and the "overused'* species then increases under protection to a certain 

abundance and then decreases in abundance. The response of Stipa comata at 

site II may be the result of such an increase under secondary succession.

One of the signs at site II which is indicative of severe grazing in 

the past is the presence of Bouteloua gracilis. This species does not com­

monly occur in the climax vegetation of the foothill areas of central Mon­

tana (Wright and Wright, 1948). Bouteloua gracilis showed a decrease in 

basal area at both locations over the four-year period. The decrease was 

greatest on the protected area. Stipa comata and Bouteloua gracilis are 

commonly associated together in mixed prairie vegetational types in Montana 

(Wright and Wright, 1948; Sturm, 1954). Both of these authors found Stipa 

comata to be favored by protection from grazing; whereas, Bouteloua gracilis 

increased on adjacent grazed areas. These results appear to support the 

assumption made in the preceding paragraph.

Changes in Festuca idahoensis

The results of hits encountered on Festuca idahoensis were not statis­

tically analyzed as the species was encountered only at site IV. More hits 

were encountered on Festuca idahoensis at the non-grazed location than on 

the grazed in both 1953 and 1957. The same number of hits (249) was made on 

this species in both years on the non-grazed location. A decrease of 42 

hits (from 187 to 145) was encountered on the grazed portion.

The weight of the 1957 harvested sample of Festuca idahoensis from

JL/ This'term is used as defined by the "Report of the Committee on 
Nomenclature of the Ecological Society of America."
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inside the exclosure was nearly two and one-half times heavier than the 

sample from outside the exclosure (Appendix Table VI). However, the differ­

ence in estimated basal areas is not as great, thus indicating that the 

vigor of the vegetation was greater inside the exclosure (Figure 9). The 

heavy use of the vegetation by sheep on the grazed portion of site IV is 

indicated by the decrease in both basal area and vigor of Festuca idahoensis 

(Figure 10). This species appeared to react as a decreaser at site IV.

The combined effect of protection-from grazing and the accumulation of 

manure on Festuca idahoensis can also be shown by some measurements that 

were taken to reflect the vigor of grazed and non-grazed plants. The aver­

age longest leaf length of the protected plants was over twice the length 

of the average longest leaf length of the grazed plants. The average basal 

area per ungrazed plant was nearly twice that of the grazed plants. The 

results of these measurements agree with results obtained by Evanko and 

Peterson (1955).

Changes in bunehgrasses

The total number of hits on all bunehgrasses was less in 1957 than in 

1953. The difference between years was highly significant among sites but 

non-significant between grazing treatments and non-significant for the two 

factor interaction.

The greatest increase in the number of hits occurred at site IV, espec­

ially on the grazed location. . This was a result of the increased hits ob­

tained on the two Poa species and on Koeleria cristata. The greatest de­

cline in the number of hits was encountered at site III; the grazed portion 

again showed the most change. This was primarily due to the decrease of
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Figure 9. Non-grazed area at site IV. The vigor of Festuca idahoensis 
was greatly increased at this location due to protection from 
grazing and an accumulation of sheep manure within the ex­
closure. Festuca idahoensis comprised 56 percent of the har­
vested vegetation at this location.
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Figure 10. Grazed area at site IV. The dominant grass species is Festuca 
idahoensis. This species produced 24 percent of the vegetation 
composition by weight. Selaginella densa was dying out at this 
location, apparently as a result of intense utilization of the 
area by sheep.
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Koeleria cristate at this site.

When considered over all sites, the decrease in hits on the protected 

areas was about double the decrease.on the grazed counterparts. This dif­

ference was statistically insignificant probably because the total decrease 

was small in relation to the total number of hits involved.■

Changes in Carex eleocharis

This rhizomatous, dryland sedge was not -abundant over the entire ranch, 

yet it was persistent and was analyzed because, it occurred on every site.

,It was most abundant at site V and least abundant at site I. The differ- . 

ence in the number of hits between years was not statistically significant 

for the sites, grazing treatment, or the .two-way interaction. The total de­

crease in hits was only three. The indication is that protection from graz­

ing for the relatively short period of time and the level of stocking over 

the four-year period did not apparently cause a change in the basal are of 

Carex eleocharis.

Changes in Calamagrostis montanensis

When considered over the five sites, Calamagrostis montanensis was the 

most abundant and most productive sod-forming species. Only at site V was 

it relatively scarce and produced even less total vegetation tlian Carex 

eleocharis. Its production was also less than Agropyron dasystachyum on the 

grazed portion of site-IV.

The over-all decrease in the number of hits in 1957 was statistically 

highly significant among sites, but non-significant between locations and 

for the two-factor interaction. The greatest - decrease occurred at sites 

II and III, The'percentage decrease between 1953 and 1957 was about the
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.same at both locations at each of the two sites. The abundance of Calama- 

grostis montanensis was apparently not influenced any differently by pro­

tection from grazing than it was by grazing. Sod-forming grasses are gener*- 

ally considered to be more resistant to the effects of grazing.than are 

bunchgrasses. The author is unable to explain ecologically the over-all 

decrease of this species. It is possible that the difference in numbers of 

hits between years is a result..of personal differences between observers in 

determining exactly the criteria of a hit. This reasoning may be especially 

true in the analysis of single-stemmed species because of the very small 

basal area of an individual stem.

Changes in sod-forming grasses and sedge

This classification includes Carex eleocharis, Calamagrostis montanen­

sis, . Agropyron smithii, and Agropyron.dasystachyum. The latter species was 

encountered only, at site IV. The statistical analysis showed a highly sig­

nificant difference among sites. The difference in the number of hits be­

tween years was nearly the same for both grazing treatments when considered 

over the five sites.. The interaction showed no significance.

The total difference of all sod-formers between years at each site var­

ied little from the differences noted for Calamagfostis montanensis. The 

inference is that the total number of hits on Agropyron smithii and Agropy- 

ron dasystachyum at each site was about the same in both years. There was 

an apparent decrease of the two Agropyron species on.the grazed location at 

site IV with little change noted inside the exclosure. At site III, the 

number of hits on. Agropyron smithii increased in the exclosure and decreased 

outside the exclosure. Whether or not these results are a real influence of
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Changes in all grasses and sedges
I

The total decrease in the number of hits between .1953 and 1957 was 347. 

Of these, 202 were encountered in the non™grazed exclosures and 145 in the 

grazed counterparts. The difference between grazing treatments was not 

statistically significant. The variation among sites was quite large and 

statistically highly significant. The greatest decrease of 247 hits occur­

red at site III and a total increase of 51 hits was encountered at site IV.

A decrease in the estimated basal area of grasses does not necessarily 

indicate that the vegetation is being adversely affected. As shown from the 

results of this study, the greatest decrease.in basal area occurred on a 

relatively low producing species, Koeleria cristata. Improvement on a range 

on which Agropyron spicatum is the climax dominant may be indicated by in­
creased vigor of the dominant species more than by an increase in total 

basal area. Several large, healthy plants may require as much .surface space 

and soil moisture as do many small plants of low vigor. Evanko and Peterson 

(1955) concluded that measurements reflecting vigor were a better criterion 

for determining trend in range condition than was basal coverage.

Changes in Phlox hoodii

Data from the' point-quadrat analysis indicates an increase of Phlox 

hoodii at every site. Over all sites, the increase was the greatest on the 

grazed locations. However, when the sites are considered individually, the ■' 

increase at site IV was greatest under protection and an equal increase was 

observed at both locations at site V. •

The statistical analysis shows that the difference between years was

grazing and protection from grazing is difficult to determine.



not significant for either factor or the two factor interaction. Phlox 

koodli is generally considered as a relatively unpalatable forb to sheep and 

cattle (Coupland, 1950). It has been reported as an ihcreaser under grazing 

throughout central Montana (Soil Conservation Service, 1956). Heady (1950) 

observed that early use by sheep favored its abundance on an area dominated 

by Agropyron spicatum.

The author cannot account for the apparent increase of Phlox hoodii 

under protection from grazing. Perhaps it is only a temporary increase due 

to a favorable climatic condition. Not all of the literature,however, in­

dicates that this species is favored by "overgrazing". Clark, et al. (1947) 

reported that Phlox hoodii did not compete to any great extent with grasses 

and that it increased on the lightly grazed pasture, but did not increase 

on the two pastures grazed at heavier intensities. These observations were ' 

made over a period of relatively.dry years on pastures grazed by cattle. 

Evanko and Peterson (1955) observed a greater cover of Phlox hoodii in two 

out of the five non-grazed exclosures than on adjacent grazed areas. This 

study was also associated with cattle grazing.

The increase of Phlox hoodii on the-grazed portions could be a result 

of non-use of the species by sheep, although under the assumption that con­

servative grazing was practiced, an appreciable increase would not be ex­

pected because of increased competition from other species.

Changes in all forbs

A similar trend was noted for all forbs as was prevalent for Phlox 

hoodii. An increase in the number of hits of all forbs resulted from both 

grazing treatments. The greatest increase was observed on the grazed por­

- 118 -
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tion of all sites except site XV. Intense utilization by sheep of the gtaz- 

ed area at site IV apparently accounted for the reduced number of forbs at 

that site.

The influence of Phlox hoodii as the most abundant forb is quite evi­

dent in the results obtained for all forbs. In general, the minor forb 

species did not contribute much toward a change in the number of hits made 

on all forbs. •

Changes in Artemisia frigida

This half-shrub was the only analyzed species that showed a statisti­

cally highly significant difference between grazing treatments when compared 

over all sites. The difference in the number of hits between years was also 

highly significant.among sites and significant at the „05 level for the two- 

factor interaction. ' The total increase in hits on the grazed portions over 

all sites was 97. A total decrease of 24 hits occurred over all protected 

locations.

At every site, except site IV, the .increase of Artemisia frigida was 

greater on the grazed locations than on the protected locations. At site 

IV a slightly greater increase was noted inside the permanent exclosure.

That site IV was a site favored by the sheep and more intensively grazed 

than the other sites may account for the relatively limited increase of 

Artemisia frigida. Payne (1956) reported heavy use of this half-shrub by 

sheep on the experimental area during the winters of 1954-55 and 1955-56. 

Spang (1954) observed approximately 60 percent utilization of Artemisia 

frigida on a winter sheep range similar to the one in this study. Coupland 

(1950) indicated that under winter grazing conditions, livestock frequently ’
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utilize half of the foliage produced by this half-shrub.

The data show that a marked decline occurred in the number of hits in­

side the exclosure at site V. This is possibly due to increased competition 

from Agrbpyron spicatum. A small decrease was also detected in the exclo- 

sure at site III, but no appreciable change occurred ,on the grazed location.

Artemisia frigida is considered to be an increaser species under graz­

ing on all range sites in central Montana (Soil Conservation Service, 1956). 

An increasing abundance of Artemisia frigida generally indicates overgrazing 

and a decline in range condition (Coupland, 1950; Coupland, 1952; Clarke, 

.etal., 1947; Sarvis, 1941; Whitman, et al., 1943). Clarke, et al. (1947) 

found that during a drought period Artemisia frigida decreased in basal area 

on pastures grazed at three different intensities, The decrease was least 

on the heavily grazed pasture. With increased precipitation, the Artemisia 

frigida decreased on the lightly grazed pasture, but increased.on the two 

more heavily grazed pastures.

Sarvis (1941) and Coupland (1950) indicate that Artemisia frigida read­

ily takes advantage of the weakened condition of other species and appropri­

ates the soil in overgrazed pastures formerly occupied by grasses. The 

deep, extensive root system of this species enables it to withstand drought 

and also to take advantage of additional moisture in unusually wet seasons. 

Although its grazing value is limited, its increase on severely grazed 

ranges aids in soil stabilization (Sarvis, 1941; Weaver and Albertson,

1956).
I "

The results of the study would indicate that, over the experimental 

area, Artemisia frigida reacts as an increaser, even under assumed conserve-
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tive grazing. The data show that, considered over-all sites, it has in­

creased on the grazed areas and decreased under protection from grazing.

This species appears to be the most sensitive plant species indicator of 

trend in range condition on the experimental area.

Changes in Chrysothamnus nauseosus

This shrub species is not the most abundant one on this foothill ranch, 

but it was the only shrub species that was encountered on all five sites by 

the point-quadrat analysis. This shrub is considered as an invader wherever 

it occurs throughout Montana (Soil Conservation Service, 1956). This shrub 

is also considered as unpalatable to cattle, and only slightly palatable to 

sheep (U. S. Forest Service, 1937).

The analysis of variance showed that the difference in the number of 

hits between 1953 and 1957 was non-significant for the two factors and their 

interaction. A total increase of 29 hits was encountered. An increase 

occurred at all sites, although the amount of increase was small. A greater 

increase occurred in the non-grazed exclosures over all sites than on the 

grazed areas.

The results indicate that Chrysothamnus nauseosus may have been favored 

by protection from grazing. This could possibly be due to an increase in 

size of individual plants more than the development of new plants. The re­

cording of aerial hits would be a relatively sensitive measure for determin­

ing increase in lateral spread of a shrub. Individual plants of this spe­

cies subject to frequent browsing by sheep may not develop as well as plants 

under protection. Utilization of this shrub on the ranch area was estimated 

as moderate during the winters' of 1954-55 and. 1955-56 (Payne, 1956). The
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use of these shrubs as browse varied considerably from one winter to the 

next due to snow cover and availability of other forage.

Changes in all shrubs and half-shrubs'

Included in this category are. the species: Artemisia frigida. A. cana,

tridentata3 Chrysbthamnus nauseosus, _C. viscidiflorus, and Gutierrezia 

sarothrae. An over-all increase of 142 hits was encountered in 1957. Of 

these? 54 were on the protected1areas and 88 were on the grazed locations. 

The difference between years was significant at the .05 level among sites 

and for the two factor interaction. The difference due to grazing treatment 

was not statistically significant.

The results obtained for all shrubs and half-shrubs at site V were 

nearly the same as for Artemisia frigida, as this species comprised nearly 

all of the shrubs and half-shrubs encountered. An increase in total hits 

occurred at each of the remaining four sites. The non-grazed exclosure at 

site II showed a slight decrease in the number of hits. This was due to a 

decrease in the number of hits on Gutierrezia sarothrae. Artemisia triden- 

tata.' showed a small increase on the grazed portion of site II (Appendix 

Tables II and III).

A noticeable increase in Artemisia cana was encountered inside the ex­

closures at sites I, III, and IV. Very little change occurred on the graz­

ed areas. The protection apparently favored the existing plants of Artemi­

sia cana, whereas, browsing by sheep apparently limited the development of 

plants on the areas open to grazing. Heavy use of this shrub species was 

noted on the experimental area during the winters of 1945-55 and 1955-56 

(Payne, 1956). Artemisia cana is listed as an increas.er, for central Montana
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(Soil Conservation Service, 1956), however, the results of this study do not 

tend to support this classification. Artemisia cana appears to react as a 

decreaser to sheep grazing as determined by the point analysis conducted in 

this study.

The changes in basal area of the minor shrubs and half-shrubs (other 

than Artemisia frigida) as indicated by the point analysis may not have been 

solely due to grazing or protection from grazing. It is possible that the 

level of sampling was inadequate to accurately detect changes in the basal 

area of these relatively sparse and scattered plants. , It has been shown by 

Johnston (1957) that many more points were required to obtain an estimate 

of the basal area of the secondary species than were required to estimate 

the basal area of the dominant species.

Changes in all plants (less Selaginella densa)

The data for this category show a total decrease of 19 hits between 

1953 and 1957. A decrease of 75 hits was encountered on the enclosed areas' 

and an increase of 56 hits was encountered on the grazed areas. There was 

considerable variation among sites which was highly significant statistical­

ly. The difference between grazing treatments was not significant, nor was 

the interaction.

The influence of the three components--all grasses and sedges, all 

forbs, and all shrubs and half-shrubs--is reflected in the data for all 

plants. These data indicate that, when considered over.all of the experi­

mental sites, the percentage basal area of all plants changed very little 

during the four year period. It also indicates that protection from graz­

ing had little effect upon percentage basal area. The changes in basal area
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among sites were quite variable. The data indicated that no change occurred 

at site II whereas the relatively greatest change occurred at site III. 

Changes in Selaginella densa

This small, mat-forming, heterosporous plant was considered separately 

from the other plant species because of its growth form and its apparent 

uselessness as a forage producing plant. Although not a true moss, this 

plant is commonly called little cubmoss, small clubmoss," dwarf clubmoss, or 

prairie clubmoss. To the author's knowledge relatively little has been 

published pertaining to the ecology of this plant.

Selaginella densa was encountered at every study site, although it was 

nearly absent at site II. It was most abundant at sites IV arid V. The 

total decrease in the number of hits between the two years was 1917 hits.- 

The decrease on the grazed portions over all sites was 1219 hits; the de­

crease on all protected areas was 698 hits. The difference between years 

was statistically highly significant among sites, significant at the .10 

probability of type I. error between grazing treatments, and non-significant 

for the interaction.

Only a total of 2 hits was encountered at site II in 1957; none were 

encountered in 1953. At site I, a slight decrease in the number of hits was 

encountered in the permanent exclosure and a slight increase encountered on 

the grazed area. An increase in the number of hits occurred on the protect­

ed portions of sites III and V, but a decrease was detected on the grazed 

counterparts..

The greatest change in the number of hits occurred at site IV. A de­

crease of 742 hits (from 1731 to 989) was encountered on the non-grazed
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exclosure. The decrease on the grazed portion was 1108 hits (from 1247 to 

139). These, results suggest that the relatively intense grazing and trampl-. 

ing by sheep at site IV was detrimental to the existence of Selaginella 

densa. It is believed that the abundance of this plant did not decrease in 

the non-grazed exclosure as much as the data indicates. The litter and 

sheep manure which had accumulated inside the exclosure formed a dense layer 

of undecayed mulch under which were found plants of Selaginella densa. In 

recording hits, the decision was often difficult to make as to which of the 

three items (litter, manure, or Selaginella densa) should be recorded. Many 

of the hits recorded as litter and manure in 1957 were possibly recorded as 

Selaginella densa in 1953.

The results of the analysis - indicate that Selaginella densa did not in­

crease under grazing and may possibly have been favored by protection from 

grazing. These,results concur with the findings of Clarke, et al. (1947) 

who observed the greatest increase of Selaginella densa on the lightly graz­

ed pasture in an intensity of grazing study. This species was also observed 

to increase more on pastures subject to rotation grazing. These workers 

also concluded that the increase in basal area of Selaginella densa along 

with increases in basal area of Poa secunda and Phlox hoodii was considered 

as one of the effects of drought upon the vegetation. Coupland (1950)

states that Selaginella densa has been observed to increase under protection
' i '

from grazing and to decrease with trampling by grazing animals. In view of 

Coupland's statement, trampling may have contributed appreciably to the de­

crease of Selaginella densa on the grazed areas, especially at site IV.

This species has also been reported as an indicator of overgrazing.
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Sturm (1954) concluded that Selaginella densa showed a definite increase on 

both year-long and spring grazed range. Budd (1957) states that the species 

increases with overgrazing and abuse of prairie pastures in Canada.

It may be possible that Selaginella densa is sometimes considered as 

an increaser on intensively grazed ranges because of its conspicuousness.

On ranges in good and excellent condition, this species is not so easily 

seen under the more luxuriant foliage and litter covering.

Changes in all vegetation

The results of this category are influenced by the results of all of 

the previously discussed variables. As can be seen from the table of means, 

the greatest influence was contributed by Selaginella densa. .

Changes in litter

The difference in the number of hits between 1953 and 1957 was statis­

tically highly significant for both factors and the interaction. The litter 

variable included all hits made on dead organic material that was no longer 

attached to any part of a plant, and hits on sheep manure and lichens.

Hits on litter increased at all sites except site V. A noticeable de­

crease occurred on the grazed portion of this site. Except for Agropyron 

spicatum, the grasses on this location are chiefly short bunchgrasses.

These grasses were apparently well utilized by sheep and consequently in low 

vigor. Probably, the small amount of remaining vegetation contributed lit­

tle to the accumulation of litter.

As would be expected, the increase of litter was greater on the pro­

tected locations than on the grazed locations when considered over all sites. 

This was also true for the individual.sites except at site IV. A greater
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increase of litter on the grazed than on the non-grazed portion of this site 

was attributed to the abundance of dead, but undecayed, Selaginella densa 

which was recorded as litter.

Changes in total ground cover

This category shows the influences of all the preceding variables. An 

increase in total ground cover was shown when considered over all sites.

The influence of litter was prevalent in this effect. When considering in­

dividual sites, the two sites, IV and V, which had apparently received the 

most intense use during the four year period, showed a decrease in total 

ground cover. This decrease was primarily on the grazed locations. The 

decrease at site IV was primarily a result of the decrease in Selaglnella 

densa. The decrease in hits at site V resulted largely from a decrease in 

hits on grasses, shrubs and half-shrubs, Selaginella densa, and litter.

In general, protection from grazing caused an increase in the total 

ground cover. On the grazed portions of sites considered to have been con­

servatively grazed over the four year period, total ground cover increased;, 

however, ground cover decreased at sites IV and V which apparently received 

more intense use by sheep during the four year period covered by this study. 

Influence of experimental error

It can generally be assumed that a certain amount of. experimental error 

due to the human element is inherent to range measurement studies. There is 

reason to believe that the results of this study, too, have been influenced
' <L ’

by the element of human error. This study has indicated to the writer that 

the point-quadrat method is perhaps more subjective than has often been 

claimed. Subjective judgment is required by an observer to determine wheth­
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er a point is a "hit" or "miss". For this reason, some experimental error, 

due to personal differences in observers, probably exists when comparing 

successive point-quadrat analyses made by different observers. ; This appear­

ed to be the case in this study. The error .may be greatest when the obser­

vers are unfamiliar with one another's field techniques. Verbal or written 

instructions may not entirely substitute for the first-hand witness of 

field procedures.

Subsequent point-quadrat analyses for determining changes in range 

vegetation should be performed, whenever possible, by the same person who 

performed the. original analysis. Even then, the same observer may not be 

able to exactly repeat his own original techniques. It is essential that 

the person conducting a point analysis record in detail all the techniques., 

employed in determining and recording hits, as well as any unusual situa­

tions encountered.



- 129

SUMMARY AND CONCLUSIONS

The investigations were conducted on a foothill range area in central 

Montana, to determine (I) the relationship of three range measurement tech­

niques in estimating percentage composition of native vegetation, and (2) 

the response of native vegetation to protection from sheep grazing over a 

four year period. The vegetation was characterized as an intermingling of 

mixed prairie and Palouse prairie types.

Five heterogeneous experimental sites were selected at which permanent 

range exclosures were constructed in 1953. The point-quadrat method was 

used to estimate basal coverage and composition of the vegetation along a 

series of permanently marked line transects at each site. Five transects 

were placed within each permanent exclosure and on adjacent areas which were 

open to sheep grazing during the fall, winter, and spring.

In 1957, the point-quadrat analysis was repeated on all transects. In 

addition, indexes to basal coverage and the composition of the vegetation 

were determined by the 3/4-inch loop technique along the same established 

transects. Production and percentage composition of the vegetation were 

determined from the oven-dry weight of individual plant species harvested 

from I' X 6’ plots. The three methods--point, loop, and weight--were com­

pared on the basis of their ability to estimate the percentage composition 

of various components of the vegetation. The percentage composition of the 

vegetation as determined from the weights of the clipped plants was used as 

the standard for comparison.

The relationship of the three measurement methods was evaluated by an 

analysis of variance for nine variables. Tfie loop method closely estimated
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percentage composition by weight of all grasses and sedges considered as a 

group, when the three methods were compared over all sites and .two grazing 

treatments. Basal hits by the point method underestimated the all grasses
, ■ i '

and sedges group at all sites. The same results were determined for the 

estimates of rhizomatous or sod-forming grasses and sedges when considered 

as a group.

The percentage composition by weight of the large bunchgrasses, such 

as Agropyron spicatum, was underestimated by both the point and loop methods. 

Agropyron spicatum produced a relatively large amount of vegetation per unit 

of basal area. Short bunchgrasses, such as Koeleria cristata and Poa secun- 

da, were relatively low producers per unit of basal area and were .overestim­

ated by both the point and loop methods. Percentage composition of all 

bunchgrasses as a group was estimated nearly equal by the three methods when 

considered over all sites and grazing treatments.

Estimates by the three methods varied considerably among sites for all 

classes of grass species due to the variation in the type and relative abun­

dance of species at each site. The three methods estimated the composition 

of the various component groups of all grasses and sedges in nearly the 

same relationship.on both the grazed and non-grazed locations when consider­

ed over all sites.

Hits on Phlox hoodii, the most abundant forb on the experimental sites, 

were recorded when a point or loop made contact with any portion of a plant 

(first hits or aerial hits).. The percentage composition of Phlox hoodii 

was overestimated by the point method, but slightly underestimated by the 

loop method when compared to percent by dry weight. All forbs as a group
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were overestimated by the point and underestimated by the loop. Some of the 

more vigorous forbs encountered in the non-grazed exclosures were estimated 

low by both the point and loop methods.

Aerial hits were recorded on all shrubs and half-shrubs, except Gutier- 

rezia sarothrae. Only the current year's production was harvested from this 

group of plants. The percentage composition by weight of all shrubs and 

half-shrubs, considered as a group, was overestimated by both the point and 

loop methods.

The loop method, when considered over all sites and grazing treatments, 

more nearly estimated the percentage composition by weight of the various 

components of the vegetation than did the point method. The loop estimate 

of percentage composition of forbs, shrubs, and half-shrubs was more accur­

ate over all the grazed areas than over all non-grazed’ areas. This indi­

cates that range condition.and plant vigor should be considered when esti- ' 

mates of percentage composition are made by measurement methods such as the 

point-quadrat or the 3/4-inch loop.

Although the purpose of this study was not to compare random with 

systematic placement of points and loops, the results .of the comparison of 

methods study suggest that a random sampling procedure may have been desir­

able. The results also indicated that the use of closely spaced points in 

a frame gave high estimates of weight when aerial hits were recorded on the 

mat-forming forb, shrub, and half-shrub species.

The effects of grazing.and protection from grazing were determined from 

the difference between the number of hits encountered by the point-quadrat 

analysis in 1953 and the number of hits encountered in 1957. The differ­
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ences between years were evaluated for 19 variables by analysis of variance.

The basal area of all grasses and sedges as a group decreased over all 
sites on both the grazed and non-grazed locations. The decrease was great- 
est on areas protected from grazing, but not significantly so.

P°a secunda and Poa cusickii, considered together, were the only grass 
species to show an over-all increase in basal area. The increase was great­

est on the grazed areas, but not significantly greater than on the non- 

grazed. Late summer regrowth in 1957 aided in the identification of small 

Poa secunda plants. This was thought to be a reason for encountering more 

hits on Poa secunda in 1957 than were encountered during the relatively dry, 

late, summer and fall in 1953.

An increase of the all forbs group occurred over all sites on both the 

grazed and nqnrgrazed areas. This trend was primarily influenced by Phlox 

hoodii which comprised the major portion of the all forb group. The great­

est increase occurred on the grazed locations, but the difference between 

treatments was not statistically significant.

Artemisia frigida was the only individually analyzed species which 

showed a highly significant difference between years as a result of grazing 

and non-grazing. This species increased under grazing and decreased under 

protection from grazing over all sites. Artemisia frigida appeared to be 

the most sensitive plant indicator of trend in range condition on this 

foothill range.

The basal area of all plants considered together (Selaginella densa 
not included) did not change significantly as a result of grazing or pro­
tection from grazing. Under the climatic conditions prevalent, the four
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year period of protection from grazing was apparently an insufficient period 

of time for measurable changes to occur in the basal area of the vegetation 

as a whole.

Selaginella densa decreased under grazing in this study and may possi­

bly have been favored by protection from grazing. The greatest decrease ' 

of this low growing plant occurred on the most intensively grazed site.

The litter cover and total ground cover increased under both grazing 

treatments when considered over all five sites. The change was significant­

ly greater on the non-grazed areas primarily as a result of increased litter.
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APPENDIX TABLE I
Identified Species Encountered on Experimental Sites

Latin Name and Authority JL/

Agropyron dasystachyum (Hook.) Scribn. 
Agropyron smithii Rydy.
Agropyron spicatum (Pursh.) Scribn. & Smith 
Bouteloua gracilis (H.B.K.) Lag. 
Calamagrostis montanensis Scribn.
Festuca idahoensis Elmer.
Koeleria cristata (L.) Pers.
Poa cusickii Vasey 
Poa secunda PresI.
Stipa comata Trin. & Rupr.

Carex eleocharis Bailey

Achillea lanulosa Nutt. 
Antennaria rosea (Eat.) Greene 
Arenaria congesta.Nutt.
Arnica fulgens Pursh.
Artemisia ludoviciana Nutt. 
Astragalus gilviflorus Sheld. 
Astragalus drummondii DougI. 
Astragalus striatus Nutt. 
Chrysopsis villosa (Pursh.) Nutt. 
Comandra umbellata Nutt.

Sites on which 
Encountered

Symbol 21 Common Name I/ I 2 3 4 5
GRASSES

Agda Thickspike wheatgrass X X
Agsm Bluestem wheatgrass X X X X X
Agsp Bluebunch wheatgrass X X X X X
Bogr Blue grama X X
Camo Plains reedgrass X X X X X
Feid Idaho fescue X X
Kocr Prairie Junegrass X X X X X
Pocu Cusick bluegrass X X X X X
Pose Sandberg bluegrass X X X X X
Stco Needle and thread X X X X X

SEDGES

Gael Needleleaf sedge X X X X X

FORBS

Acla Western yarrow X
Anro Rose pussytoes X X X
Arco Ballhead sandwort X
Arfu Orange arnica X
Arlu Cudweed sagewort X
Asgi Three leaved miIkvetch X X
Asdr Drummond miIkvetch X
Asst Prairie miIkvetch X X
Chvi^ Hairy goldaster X X X X
Coum Pale Bastard toadflax X



APPENDIX TABLE I (CONTINUED)
Sites on which 
Encountered

Latin Name and Authority Symbol Common Name I 2 3 4 5
FORBS (CONT'D)

Erigeron caespitosus Nutt. Erca Tufted fleabane X X
Erigeron compositus Pursh. Erco Femleaf fleabane X X
Eriogonum flavum Nutt. Erfl Yellow eriogonum X
Grindelia squarrosa (Pursh.) Dunal Grsq Curlycup gumweed X
Hymenoxys acaulis (Pursh.) Parker Hyac Stemless hymenoxys X XLiatris punctata Hook. Lipu Dotted blazing star X X
Oxytropis sericea Nutt. Oxse White pointloco XParonychia sessiliflora Nutt Pase Stemless nailwort X X
Phlox douglasii Hook. Phdo Douglas phlox X X
Phlox hoodil Rich. Phho Hood's phlox X X X X XSenecio canus Hook. Seca Woolly groundsel X X
Solidago missouriensis Nutt. Somi Missouri goldenrod X
Sphaeralcea coccinea (Pursh.) Rydb. Spco Scarlet globemallow X X X XTownsendia exscapa (Rich.) Porter Toex Stemless Townsendia X
Tragopogon pratensis L. Trpr Meadow salsify X

Forbs - Genera Identified Only

Allium spp. ALL Onion X XAntennaria spp. ANT Pussytoes X XAster spp. AST Aster X
Erigeron spp. ERI1 Fleabane X X X XEriogonum spp. ERI2 Eriogonum X X
Lupinus spp. LUP Lupines XPenstemon spp. PEN Penstemon X
Potentilla spp. POT Cinquefoil X
Tragopogon spp. TRA Salsify X
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APPENDIX TABLE I (CONTINUED)

Latin Name and Authority Symbol Common Name

Sites on which 
Encountered 
1 2 3 4 5

Unidentified Forbs - 4 species

CLUBMOSS

Selaginella densa Rydb. Sede Little clubmoss X X X X X

SHRUBS

Artemisia cana Nutt. Area •Silver sagebrush X X X XArtemisia tridentata Nutt. Artr Big sagebrush X X XChrysothamnus nauseosus (Pall.) Britt. Chna Rubber rabbitbrush X X X X XChrysothamnus viscidiflorus (Hook.) Nutt. Chvig Green rabbitbrush X X

HALF-SHRUBS

Artemisia frigida Willd. Arfr Fringed sagewort X X X X XGutierezzia sarothrae (Pursh.) B. & R. Gusa Broom snakeweed X X X

------------------------------------------------- ------ ----------------U V V U l l  \ u v v v /  O l l U  O U U U H  O U U  H t J L g U L  J  .

Symbols are derived from the first two letters of the generic name and the first two letters 
of the specific name. For plants identified by genera only, the first three letters of the 
generic name are given in upper case letters. Where duplication of symbols exist, delinea­
tion is made by number subscripts.
This species was listed in 1953 in the point analysis. Examination of the area in 1957 and 
1958 indicates that this may have been a misnomer for Paronychia sessiliflora.
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Inside Lines Outside Lines
APPENDIX TABLE II

Number of hits by point-quadrat method, site I. 1953

Item I 2 3 4 5 Total I 2 3 4 5 TotalGRASSES AND SEDGES
Agsm I/ I I
Agsp 4 6 3 10 6 29 8 2 3 6 5 24Bogr 4 4 6 6Gael I I
Camo 3 3 I I 8 I 3 5 I 10Kocr 15 12 21 19 32 99 24 33 21 26 32 136Pose 5 I 4 2 I 13
Stco I I 2 I I 2TOTAL 31 23 31 32 40 157 32 36 34 37 39 178

FORBS
ANT 3 3 3 3Asgi 3 3ERI I I 5 6 4 4 3 22
ERIg 4 4
Lipu I I 2PEN 2 2Phdo 6 I 7Phho 7 11 13 13 14 58 16 8 4 5 9 42Seca 2 I 3 I I 2 4Spco I I 2 3 I I 5Toex I ITrpr I I 2
Unidentified I I

TOTAL 14 12 14 14 20 74 28 23 15 11 14 91
SHRUBS AND HALF-SHRUBS

Area I 3 I 5 3 3
Arfr 9 7 17 10 12 55 6 23 7 6 9 51
Chna I I
Gusa 3 2 2 7 I 4 I 6

TOTAL 12 7 21 13 15 68 7 26 7 10 10 60

ALL PLANTS
(less Sede) 57 42 66 59 75 299 67 85 56 58 63 329

Sede 12 28 47 36 4 127 5 3 7 25 I 41
ALL VEGETATION 69 70 :L13 95 79 426 72 88 63 83 64 370

LITTER 176 :186 216 :157 :153 888 122 161 :117 210 149 759
TOTAL COVER 245 256 329 252 232 1314 194 249 :180 293 213 1129
BARE GROUND 355 344 :>71 348 368 1686 406 :151 420 307 387 1871
I/ See Appendix Table I for explanation of symbols.
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Inside Lines Outside Lines
Item____________ 1 2 3 4 5 Total 1 2 3 4 5 Total

GRASSES AND SEDGES ------------

APPENDIX TABLE II (CONT1D)
_____________Number of hits by point-quadrat method, site II, 1953___________

Agsm I/ I 6 7Agsp 14 I 15 2 I 6 2 3 14Bogr 8 4 5 9 I 27 9 12 12 10 9 52Gael I I I 3Camo 8 5 11 14 14 52 9 7 4 I 8 29
Kocr 32 38 42 48 44 204 40 31 24 26 38 159
Pose 2 I 3 I I
Stco I I I 3 I I 2 4

TOTAL 62 48 61 71 62 304 61 53 50 41 64 269
FORBS

Asgi 3 I 4
Chvi^ I I 2 2 4Coum I I
ERI1 I I
Phdo 2 2 4
Phho 6 4 6 5 11 32 11 3 6 I 21
Seca 2 4 6
Somi I I
Spco 2 2 2 I I I 5
Unidentified I I

TOTAL 7 4 8 7 13 39 17 6 10 9 2 44

SHRUBS AND HALF- SHRUBS
Area 3 3 2 2
Arfr 2 I 8 6 6 23 5 7 4 5 3 24
Artr I I 2
Gusa I 7 4 8 7 27 9 7 4 2 8 30
TOTAL 3 8 12 17 13 53 15 14 8 8 13 58

ALL PLANTS
(less Sede) 72 60 81 95 88 396 93 73 68 58 79 371

Sede

ALL VEGETATION 72 60 81 95 88 396 93 73 68 58 79 371

LITTER 149 128 164 198 173 812 188 155 136 191 193 863
TOTAL COVER 221 188 245 293 261 1208 281 228 204 249 272 1234
BARE GROUND 379 412 355 307 339 1792 319 372 396 351 328 1766
I/ See Appendix Table I for explanation of symbols.
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Inside Lines
Item______________1 2 3 4 5 Total

APPENDIX TABLE II (CONT1D)
_______Number of hits by point-quadrat method.

GRASSES AND SEDGES

site III, 1953 
Outside Lines 

1 2 3 4 5 Total
Agsm I/ I I I I 4 I 9 9 3 6 28Agsp 9 4 2 I 16 3 3 3 7 2 18Gael 2 2 I 5 10 3 I 2 4 10Camo 15 16 33 29 16 109 8 6 16 16 10 56Kocr 14 31 28 33 21 127 44 27 42 27 23 163Pose 4 15 4 4 12 39 4 9 4 5 22Stco 10 I I 2 14

TOTAL 55 69 67 72 56 319 59 50 81 61 46 297
FORBS

Acla I IAsdr I I I 3ERI „ I I
Phho 4 32 2 6 44 2 2 2 6Spco I I I 3 2 2TOTAL 5 32 3 I 7 48 3 5 3 I 12

SHRUBS AND HALF- SHRUBS
Area 4 2 2 8 3 3Arfr 5 2 8 12 6 33 I 3 11 18 10 43Chna I I 2 I IGusa I 2 3 I 5 12 I I 4 2 I 9TOTAL 6 8 14 16 11 55 2 5 15 23 11 56

ALL PLANTS
(less Sede) 66 109 84 89 74 422 61 58 101 87 58 365

Sede 100 156 160 84 500 39 72 69 69 58 307
ALL VEGETATION 166 109 240 249 158 922 100 130 170 156 116 672
LITTER 277 301 192 170 178 1118 423 391 321 364 383 1882TOTAL COVER 443 410 432 419 336 2040 523 521 491 520 499 2554BARE GROUND 157 190 168 181 264 960 77 79 109 80 101 446
JL/ See Appendix Table I for explanation of symbols.
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APPENDIX TABLE II (CONT1D) 
Number of hits by point-quadrat method. 

Inside Lines
Item____________ 1 2 3 4 5 Total I

GRASSES AND S E D G E S ~

site IV, 1953 
Outside Lines 
2 3 4 5 Total

Agda I/ 
Agsm 3 3 I
Agsp I 2 9 6 8
Gael I
Camo 21 18 7 5 2
Feid 45 76 59 39 30
Kocr 8 5 6 9 12
Pose
Stco I I I

TOTAL 78 105 82 61 53

FORBS
ANT I 2
Arlu
Asst 3 4 2

2
2

ERI1
LUP 2
Phho 6 I 3 7 10

TOTAL 9 7 5 10 14

SHRUBS AND HALF- SHRUBS
Area I I
Arfr I I 6 3
Chna I
Chvi2

TOTAL I 2 I 6 4

ALL PLANTS
(less Sede) 88 114 88 77 71

Sede 291 259 351 396 434

ALL VEGETATION 379 373 439 473 505

LITTER 202 204 161 127 86
TOTAL COVER 581 577 600 600 591
BARE GROUND 19 23 9
,1/ See Appendix Table I for explanation

10 10 5 25
7 7 8 8 23

26 I 8 I 2 12
I

53 I 3 4 I 12 21
249 43 39 39 32 34 187
40 6 6 7 4 6 29

2 2
3

379 58 64 68 48 61 299

3 3 2 2 7
2 6 I 2 9
11 2 5 3 I 6 17

2 2 4
2

27 4 2 2 5 4 17
45 15 10 9 8 12 54

2
11 I I 4 4 2 12
I I 6 I 8

3 I 4
14 I 5 11 4 3 24

438 74 79 88 60 76 377

1731 144 159 317 286 341 1247

2169 218 238 405 346 417 1624

780 360 340 191 249 182 1322
2949 578 5 78 596 595 599 2946
51 22 22 4 5 I 54

of symbols.
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APPENDIX TABLE II (CONT1D)
Number of hits by point-quadrat method, site V, 1953

Item I
Inside 
2 3

Lines 
4 5 Total I

Outside Lines 
2 3 4 5GRASSES AND SEDGES

Agsp I/ 4 12 11 9 I 37 8 19 26 13 6Gael I 5 4 I 7 18 9 10 6 5Camo 4 5 9 4
Feid I I
Kocr 10 16 8 27 13 74 6 4 19 14 10Pose 3 6 6 15 12 5 2Stco 18 15 24 20 28 105 9 14 10 9 10TOTAL 34 48 50 67 60 259 48 52 63 41 26

FORBS
Asst 3 IERI1 I
Oxse 4 7 I 7 6 25 I I 3 I 2Phho 2 5 7 3 17 8 3 3 2Spco I I

TOTAL 6 7 6 14 10 43 10 4 3 7 5
SHRUBS AND HALF-SHRUBS

Arfr 34 15 23 12 18 102 19 19 13 21 23Chna I I
TOTAL 34 15 23 12 18 102 19 19 14 22 23

ALL PLANTS
(less Sede) 74 70 79 93 88 404 77 75 80 70 54

Sede 173 :171 :156 :L78 :120 798 120 :122 114 134 194
ALL VEGETATION 247 241 235 :m  208 1202 197 :L97 194 :204 248
LITTER 322 321 343 256 290 1532 273 282 371 382 346
TOTAL COVER 569 562 578 I>27 498 2734 470 479 565 586 594
BARE GROUND 21 38 22 73 102 266 130 ]L21 35 14 6
I/ See Appendix Table I for explanation of symbols.

Total
72
30
4

53
19
52
230

16

29

95
2

97

356

684

1040

1654
2694
306

I

OO
 M

 4
>
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APPENDIX TABLE III
Number of hits by point-quadrat method, site I, 1957

Inside Lines Outside Lines
Item I 2 3 4 5 Total I 2 3 4 5 Total

GRASSES AND SEDGES
Agsm I/ I I I I 2 4Agsp 5 5 10 8 4 32 8 7 8 10 16 49Bogr I I 5 5Camo 2 3 I 6 3 3 6 12Kocr 18 17 20 24 32 111 21 25 16 16 27 105Pocu 3 6 4 13 I 5 2 8Pose I IStco I I

TOTAL 30 25 37 33 40 165 32 34 33 39 46 184
FORBS

Anro 2 2 I IArco
Asgi

2 2
3 3AST I I 2Chvi1 I IErcoi

Erfl I I
I I I 2 2 7

Hyac
Pase

I I
3 4 2 9Phho 9 19 24 7 8 67 18 3 21 18 24 84Seca 5 I I 7 2 2 4 8Spco I I I 2 I I 5Toex I I I IUnidentified I I

TOTAL 16 22 25 10 10 83 29 13 28 22 29 121
SHRUBS AND HALF-SHRUBS

Area 9 2 8 6 7 32 4 2 4 10Arfr 6 8 13 17 19 63 7 24 18 12 12 73Chna 4 I 3 8 3 3Gusa 2 I 3 2 8 I 7 I 2 2 13
TOTAL 21 12 24 26 28 111 8 38 21 18 14 99

ALL PLANTS
(less Sede) 67 59 86 69 78 359 69 85 82 79 89 404

Sede 8 15 55 24 6 108 5 2 8 32 7 54
ALL VEGETATION 75 74 141 93 84 467 74 87 90 111 96 458
LITTER 229 280 258 271 233 1271 171 195 160 247 212 985
LICHENS 53 47 48 37 25 210 15 36 29 41 35 156
TOTAL COVER 357 401 447 401 342 1948 260 318 279 399 343 1599
ROCK 25 35 6 6 17 89 38 43 86 20 20 207
BARE GROUND 218 164 147 193 241 963 302 239 235 181 237 1194
I /  See Appendix Table I for explanation of symbols.
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APPENDIX TABLE III (CONT1D)
________ Number of hits by point-quadrat method, site II, 1957_________

Inside Lines Outside Lines
Item______________1 2 3 4 5 Total 1 2 3 4 5 Total

GRASSES AND SEDGES — —  _ _
Agsm I/ I I I I 3 5Agsp 8 4 3 I 2 18 I 3 3 7Bogr 2 4 I 7 4 10 6 9 11 40
Gael 2 I 3 I I I 3Camo 4 2 4 6 2 18 5 3 I 9Kocr 33 31 32 33 24 153 30 29 29 26 18 132Pocu I 3 6 2 12 I I 3 2 I 8
Pose 2 I 4 5 12 3 4 3 3 13
Stco I 4 3 4 12 4 7 7 I 4 23TOTAL 49 46 52 47 42 236 48 54 53 43 42 240

FORBS
Asgi 2 4 6
Chvi^ I I I I
Grsq I I
Pase I 6 7
Phho 15 23 11 5 11 65 24 16 13 13 13 79
Somi I I I I
Spco I I

TOTAL 15 24 17 8 12 76 26 17 18 13 13 87
SHRUBS AND HALF- SHRUBS

Area 3 3
Arfr 5 8 5 12 10 40 15 11 7 17 19 69
Artr I I 2 4 3 9
Chna I I
Gusa 3 I I 5
TOTAL 9 8 6 13 14 50 17 15 7 20 19 78

ALL PLANTS
(less Sede) 73 78 75 68 68 362 91 86 78 76 74 405

Sede 2 2
ALL VEGETATION 73 78 75 68 68 362 91 86 78 76 76 407
LITTER 333 344 387 331 299 1694 228 273 240 249 235 1225
LICHENS 8 13 3 3 9 36 27 16 12 12 21 88
TOTAL COVER 414 434 465 402 376 2092 346 375 330 337 332 1720
ROCK 21 31 11 26 41 130 22 19 20 36 22 119
BARE GROUND 165 134 124 172 183 778 232 206 250 227 246 1161
\ !  See Appendix Table I for explanation of symbols.
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APPENDIX TABLE III (CONT1D)
Number of hits by point-quadrat method, site III. 1957

Item
Inside Lines 
2 3 4 5 Total

Outside Lines 
2___3 4 5 TotalGRASSES AND SEDGES

Agsm V I 16 3 20 2 4 3 3 2 14Agsp 4 2 7 2 3 18 3 4 3 10Gael 2 I 2 3 8 I ICamo 6 9 21 12 6 54 9 I 2 5 4 21Kocr 7 15 7 6 19 54 22 7 6 16 14 65Pocu 7 2 I 4 17 31 I IPose 3 7 9 12 31 4 12 5 4 3 28Stco 2 6 4 I 13
TOTAL 32 29 67 43 58 229 42 28 19 28 23 140

FORBS
Anro I I
Asdr I I
Phho 8 I 5 I 19 34 5 9 4 7 I 26Spco I I 2

TOTAL 9 I 6 2 19 37 5 9 5 7 I 27
SHRUBS AND HALF- SHRUBS

Area 4 7 7 3 11 32 2 I 2 5Arfr 3 5 3 3 4 18 10 8 9 9 9 45Artr 18 18
Chna 2 3 5 2 2
Chvi 2 3 3
Gusa 2 I 3 4 10 3 I 3 7TOTAL 27 13 16 8 22 86 15 11 10 14 9 59

ALL PLANTS
(less Sede) 68 43 89 53 99 352 62 48 34 49 33 226

Sede 118 46 147 135 109 555 24 61 75 75 48 283
ALL VEGETATION 186 89 236 188 208 907 86 109 109 124 81 509
LITTER 299 413 269 282 257 1520 391 356 352 366 324 1789
LICHENS 40 20 68 79 77 284 29 30 42 16 45 162
TOTAL COVER 525 522 573 549 542 2711 506 495 503 506 450 2460
ROCK 49 31 12 20 22 134 Not Recorded
BARE GROUND 26 47 15 31 36 155 94 105 97 94 150 540
_1/ See Appendix Table I for explanation of symbols.
2/ Hits on Poa cusickii were included with hits on P. secunda for lines 

2-5, outside.
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Inside Lines Outside Lines
____Item______________1 2 3 4 5 Total 1 2 3 4 5 Total
GRASSES AND SEDGES ------------------------

APPENDIX TABLE III (CONT1D)
____________Number of hits by point-quadrat method, site IV, 1957_____________

Agda JL/ I I 2 6 5 8 9 30Agsm 2 2
Agsp I 4 3 4 12 2 I 5 I 3 12Gael I I 2 3 I 6Camo 11 5 10 11 4 41 I 8 4 2 5 20Feid 49 65 56 53 26 249 39 28 19 21 38 145Kocr I 2 2 4 10 19 4 8 10 12 7 41Pocu 4 3 I I 2 11 2 13 15 4 9 43Pose 5 8 2 12 8 35 15 11 2 13 13 54Stco 5 2 7

TOTAL 72 83 75 90 58 378 65 77 60 64 85 351
FORBS

Anro I 3 4 I I 2 4 8Arlu 4 4 2 I I 4
Asst 5 6 4 I 5 21 3 3 4 8 6 24Chvii 2 I 3Phho 10 I 6 16 18 51 8 8 4 8 28

TOTAL 16 7 10 21 26 80 16 12 9 11 19 67
SHRUBS AND HALF- SHRUBS

Area I 6 7
Arfr 4 2 3 12 8 29 2 4 8 5 4 23
Chna 12 12 3 6 9

TOTAL 4 3 9 12 20 48 5 4 14 5 4 32
ALL PLANTS
(less Sede) 92 93 94 123 104 506 86 93 83 80 108 450

Sede 212 193 197 212 175 989 29 30 15 23 42 139

ALL VEGETATION 304 286 291 335 279 1495 115 123 98 103 150 589
LITTER 237 242 218 188 214 1099 433 446 452 404 387 2122
LICHENS 2 5 I 2 4 14 I I
SHEEP FECES 57 67 88 74 86 372 11 11 20 28 17 87
TOTAL COVER 600 600 598 599 583 2980 559 580 570 535 555 2799
ROCK I 14 15 3 2 3 2 2 12
BARE GROUND 2 3 5 38 18 27 63 43 189JL/ See Appendix Table I for explanation of symbols.
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APPENDIX TABLE III (CONT1D)
Number of hits by point-quadrat method, site V, 1957

Item I
Inside 
2 3

Lines 
4 5 Total I

Outside Lines 
2 3 4 5 TotalGRASSES AND SEDGES

Agsm \! I IAgsp 10 9 13 9 41 19 8 20 5 5 57Gael 4 4 I 3 4 16 5 10 4 4 9 32Camo 4 3 7
Kocr 9 6 6 10 10 41 6 5 10 5 11 37Pocu I 2 2 3 4 12 7 I 8Pose 3 8 11 8 10 40 7 5 17 6 11 46Stco 19 9 6 9 8 51 4 10 I 6 11 32TOTAL 36 39 35 50 48 208 42 38 52 33 48 213

FORBS
ALL I 2 I 4 I 2 3Asst I 2 I 4 4 2 6Hyac I I
Oxse I I I 4 2 9 I I 3 5Phho 6 5 9 7 I 28 8 10 I 4 4 27TOTAL 9 6 15 11 5 46 8 12 6 6 9 41

SHRUBS AND HALF-SHRUBS
Arfr 13 3 8 8 18 50 16 25 20 33 18 112Chna I I 2 I 3TOTAL 13 3 8 8 19 51 16 25 22 34 18 115

ALL PLANTS
(less Sede) 58 48 58 69 72 305 66 75 80 73 75 369

Sede 159 ]L73 :176 163 135 806 123 :118 81 112 :148 582
ALL VEGETATION 217 :>21 :234 :232 :207 1111 189 :193 :161 185 223 951
LITTER 308 281 307 :316 327 1539 279 243 283 277 281 1363
LICHENS 11 8 7 10 9 45 5 6 14 29 20 74
TOTAL COVER 536 510 548 558 f343 2695 473 442 458 491 524 2388
ROCK 9 15 8 5 25 62 10 10 23 15 3 61
BARE GROUND 55 75 44 37 32 243 117 148 ]L19 94 73 551
\l See Appendix Table I ffor explanation of symbols.



APPENDIX TABLE IV
_____________________ Number of hits by loop method, 1957_________________ ___________

Inside Lines Outside Lines
Item_________I_____2_____3_____4_____5____Total____ I_____2_____3_____4____5____Total

SITE I
GRASSES AND SEDGES

Agsm I/ 1.0 1.0 2.0
Agsp 10.0 3.0 4.0 3.0 1.0 21.0 4.5 3.0 4.0 3.0 5.5 20.0
Bogr 1.0 1.0 3.0 3.0
Gael 1.5 1.0 2.5 1.0 1.0 2.0
Camo 1.0 2.0 4.0 0.5 7.5 3.0 3.5 5.0 1.0 12.5
Kocr 19.0 18.5 10.5 19.8 15.0 82.8 13.0 17.5 5.5 9.0 13.5 58.5
Pocu 1.0 0.5 1.5 3.0 1.0 3.5 4.5
Pose 1.0 1.0 2.0 1.0 1.0
Stco 1.0 1.0

TOTAL 34.5 22.5 18.0 26.8 18.0 119.8 21.5 21.5 17.0 21.5 23.0 104.5

FORBS
Anro 1.0 1.0
Chvi1 1.0 1.0
Erco 1.0 1.0 1.0 2.0 1.0 6.0 1.0 3.0 1.0 1.0 6.0
Erfl 1.0 1.0
Hyac 1.0 1.0
Pase 1.0 1.0 2.0
Phho 4.0 8.5 7.5 3.8 3.0 26.8 8.5 1.0 5.5 10.5 12.0 37.5
Seca 1.0 1.0 2.0 1.0 1.0 3.0 5.0
Spco * .3 0.3 1.0 2.0 3.0
Toex 1.0 1.0
Unidentified 1.0 1.0

TOTAL 8.0 11.5 9.5 6.2 5.0 40.2 11.5 7.0 9.5 11.5 15.0 54.5

SHRUBS AND HALF-SHRUBS
Area 1,5 5.5 1.0 3.5 11.5 2.0 2.0
Arfr 2.0 3.0 4.5 6.0 3.5 19.0 2.0 7.5 8.5 3.0 4.0 25.0
Artr 1.0 1.0
Chna 1.0 1.0 1.5 3.5 1.0 1.0

154



APPENDIX TABLE IV (CONTtD)

Item I
Inside Lines 
2 3 4 5 Total I

Outside 
2 3

Lines
4 5 TotalSITE I (CONT1D)

SHRUBS AND HALF- SHRUBS (CONT1D)
Gusa 1.0 1.0 1.0 3.0 2.0 1.0 2.0 1.0 6.0TOTAL 5.5 4.0 11.5 8.0 8.0 37.0 4.0 9.5 8.5 8.0 5.0 35.0

ALL PLANTS
(less Sede) 48.0 38.0 39.0 41.0 31.0 197.0 37.0 38.0 35.0 41.0 43.0 194.0

Sede 2.0 4.0 6.0 5.0 2.0 19.0 1.0 1.0 4.0 4.0 10.0
ALL VEGETATION 50.0 42.0 45.0 46.0 33.0 216.0 38.0 38.0 36.0 45.0 47.0 204.0
LITTER 8.0 9.0 17.0 13.0 10.0 57.0 6.0 6.0 6.0 11.0 5.0 34.0
LICHENS 10.0 12.0 9.0 5.0 2.0 38.0 7.0 7.0 5.0 11.0 7.0 37.0
TOTAL COVER 68.0 63.0 71.0 64.0 45.0 311.0 51.0 51.0 47.0 67.0 59.0 275.0
ROCK 3.0 8.0 1.0 1.0 13.0 2.0 2.0 7.0 1.0 2.0 14.0
BARE GROUND 29.0 29.0 28.0 36.0 54.0 176.0 47.0 47.0 46.0 32.0 39.0 211.0

SITE II
GRASSES AND SEDGES

Agsm 1.0 1.0 2.0 2.5 4.5Agsp 1.5 1.0 0.5 1.0 1.0 5.0 1.0 1.5 O SBogr 1.0 1.0 2.0 3.0 5.5 2.0 7.0 6.0 23 5Gael 1.0 2.0 3.0 2.0 1.0 1.0 4.0Camo 1.5 4.5 4.5 3.0 1.5 15.0 4.3 2.5 0.5 2.0 1.5 10 8Kocr 19.5 12.5 25.0 13.5 13.5 84.0 17.3 21.0 16.5 22.5 15.5 92.8
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Inside Lines Outside Lines
Item___________1 2 3 4 5 Total 1 2 3 4 5 Total

SITE II (CONT'D) -----------
GRASSES AND SEDGES (CONT1D)

________________________________________APPENDIX TABLE IV (CONT1D)______________________

Pocu 1.0 3.0 1.0 5.0 1.0 0.5 2.0 2.0 5.5Pose 1.5 1.0 1.0 3.5 2.0 1.0 1.0 4.0Stco 0.5 2.0 1.0 2.0 5.5 1.0 4.0 1.0 3.0 9.0TOTAL 25.5 22.0 36.0 19.5 21.0 124.0 26.7 38.5 25.5 35.5 30.5 156.7
FORBS

Asgi 1.0 1.0 2.0Chvi i 1.0 1.0
Pase 2.0 2.0
Phho 4.5 6.5 3.0 1.5 2.5 18.0 4.0 3.5 3.0 3.5 2.0 16.0Somi 1.0 1.0 2.0Spco 1.0 1.0
Unidentified 1.0 1.0

TOTAL 5.5 6.5 5.0 2.5 3.5 23.0 5.0 4.5 5.0 3.5 2.0 20.0
SHURBS AND HALF- SHRUBS

Arfr 1,0 4.5 2.0 1.0 4.5 13.0 5.3 4.0 5.5 5.5 7.5 27.8Artr 1.0 0.5 1.5Gusa 1.0 1.0TOTAL 1.0 4.5 2.0 1.0 4.5 13.0 6.3 5.0 5.5 6.0 7.5 30.3
ALL PLANTS
(less Sede) 32.0 33.0 43.0 23.0 29.0 160.0 38.0 48.0 36.0 45.0 40.0 207.0

Sede

ALL VEGETATION 32.0 33.0 43.0 23.0 29.0 160.0 38.0 48.0 36.0 45.0 40.0 207.0
LITTER 16.0 17.0 13.0 19.0 22.0 87.0 9.0 9.0 4.0 7.0 8.0 37.0
LICHENS 7.0 4.0 6.0 4.0 4.0 25.0 9.0 9.0 8.0 6.0 10.0 42.0
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Inside Lines Outside Lines
_________ APPENDIX TABLE IV (CONt1D)______________________

Item I 2 3 4 5 Total I 2 3 4 5 Total

TOTAL COVER 55.0 54.0 62.0
SITE II 

46.0 55.0
(CONT'D)

272.0 56.0 66.0 48.0 58.0 58.0 286.0

ROCK 4.0 5.0 3.0 8.0 20.0 3.0 2.0 3.0 3.0 5.0 16.0

BARE GROUND 41.0 41.0 38.0 51.0 37.0 208.0 41.0 32.0 49.0 39.0 37.0 198.0

SITE III
GRASSES AND SEDGES

Agsm 3.0 2.0 3.0 2.5 10.5 3.5 5.0 6.5 9.0 6.0 30.0
Agsp 3.5 7.0 5.0 1.0 2.0 18.5 2.0 1.0 3.0
Gael 3.0 1.0 1.0 0.5 2.0 7.5 2.0 4.0 1.0 0.5 7.5
Camo 18.0 13.0 18.5 16.5 9.5 75.5 3.5 2.8 7.0 7.0 9.0 29.3
Kocr 3.5 6.0 6.0 6.5 5.0 27.0 26.0 16.3 11.0 17.0 17.5 87.8
Pocu 3.5 6.0 1.0 4.0 14.5 1.0 1.0 2.0
Pose 2.5 1.5 1.0 6.0 11.0 9.5 9.0 6.5 2.0 6.0 33.0
Stco 2.0 2.0 1.0 5.0

TOTAL 39.0 36.5 37.5 28.0 28.5 169.5 45.5 36.2 36.0 36.0 39.0 192.7

FORBS
Acla 1.0 1.0
Asdr 1.0 1.0 2.0
Phho 2.0 1.0 2.5 0.5 6.0 12.0 4.0 0.8 1.0 5.8
Spco 0.5 0.5

TOTAL 2.0 1.0 3.0 1.5 7.0 14.5 5.0 0.8 1.0 6.8

SHRUBS AND HALF-SHRUBS
Area 1.0 1.5 1.0 1.5 3.5 8.5 0.5 2.0 2.5
Arfr 2.0 1.0 1.0 1.5 5.5 6.5 5.5 8.0 8.0 15.0 43.0
Artr 4.0 4.0
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Inside Lines Outside Lines
_________ APPENDIX TABLE IV (CONTtD)______________________

Item I 2 3 4 5 Total I 2 3 4 5 Total
SITE III (CONT'D)

SHRUBS AND HALF SHRUBS (CONT'D)
Chna 0.5 0.5
Chvi2 2.5 2.5
Gusa 1.0 2.0 3.0 2.0 1.0 1.0 4.0TOTAL 7.0 3.5 3.5 2.5 7.5 24.0 6.5 6.0 10.0 11.0 16.0 49.5

ALL PLANTS
(less Sede) 48.0 41.0 44.0 32.0 43.0 208.0 57.0 43.0 46.0 47.0 56.0 249.0

Sede 19.0 6.0 19.0 27.0 20.0 91.0 2.0 17.0 10.0 11.0 5.0 45.0
ALL VEGETATION 67.0 47.0 63.0 59.0 63.0 299.0 59.0 60.0 56.0 58.0 61.0 294.0
LITTER 17.0 25.0 21.0 29.0 19.0 111.0 17.0 17.0 29.0 26.0 23.0 112.0
LICHENS 5.0 7.0 7.0 6.0 10.0 35.0 5.0 2.0 2.0 3.0 5.0 17.0
TOTAL COVER 89.0 79.0 91.0 94.0 92.0 445.0 81.0 79.0 87.0 87.0 89.0 423.0
ROCK 6.0 3.0 3.0 2.0 3.0 17.0 Not recorded
BARE GROUND 5.0 18.0 6.0 4.0 5.0 38.0 19.0 21.0 13.0 13.0 11.0 77.0

SITE IV
GRASSES AND SEDGES

Agda
Agsm 1.0 2.0 1.5 1.0 5.5

1.0 11.0 11.0 7.0 4.0 34.0
Agsp 2.0 2.0 4.0 0.5 1.0 1.0 0.5 3.0Gael 1.0 1.0 2.0 1.0 1.0 2.0 3.0 7.0
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APPENDIX TABLE IV (CONT1D)

Iteni I
Inside Lines 
2 3 4 5 Total I

Outside Lines 
2 3 4 5 Total

SITE IV (CONT1D)
GRASSES AND SEDGES (CONTfD)

Camo 12.5 7.5 7.5 4.0 5.5 37.0 3.0 10.0 7.5 2.0 4.0 26.5Feid 19.5 14.5 17.0 20.0 9.0 80.0 13.5 10.0 10.0 6.5 12.0 52.0Kocr 5.5 1.0 2.5 3.5 5.5 18.0 9.0 10.5 8.0 4.0 3.5 35.0Pocu 3.0 1.0 0.5 1.0 1.5 7.0 1.0 8.5 11.0 2.0 5.0 27.5Pose 4.5 5.0 2.5 4.0 2.5 18.5 14.5 4.0 3.5 9.0 12.0 43.0TOTAL 46.0 30.0 32.0 37.0 27.0 172.0 43.5 55.0 52.0 33.5 44.0 228.0
FORBS

Anro 1.5 2.5 4.0 1.0 1.0Arlu 1.0 1.0 1.0 0.5 1.5Asst 1.0 2.0 0.5 1.5 5.0 1.0 5.0 2.0 1.5 9.5Chvi^ 2.0 2.0 1.0 1.5 2.5Phho 2.0 2.0 6.5 3.5 14.0 6.5 3.0 1.0 3.0 13.5POT 0.5 0.5
TOTAL 4.5 2.0 3.0 9.5 7.5 26.5 9.5 4.0 6.0 3.5 5.0 28.0

SHRUBS AND HALF- SHRUBS
Area 1.5 3.5 5.0
Arfr 1.5 0.5 3.5 2.5 2.0 10.0 3.0 2.0 1.0 4.0 2.0 12.0Chna 2.5 2.5 2.0 2.0 4.0TOTAL 1.5 2.0 7.0 2.5 4.5 17.5 5.0 2.0 3.0 4.0 2.0 16.0

ALL PLANTS
(less Sede) 52.0 34.0 42.0 49.0 39.0 216.0 58.0 61.0 61.0 41.0 51.0 272.0

Sede 31.0 43.0 32.0 34.0 32.0 172.0 6.0 2.0 3.0 3.0 14.0
ALL VEGETATION 83.0 77.0 74.0 83.0 71.0 388.0 64.0 63.0 61.0 44.0 54.0 286.0
LITTER 9.0 9.0 15.0 12.0 20.0 65.0 29.0 30.0 32.0 37.0 38.0 166.0
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APPENDIX TABLE IV (CONT1D)

Item I
Inside Lines 
2 3 4 5 Total I

Outside : 
2 3

Lines
4 5 Total

LICHENS 1.0 1.0
SITE IV (CONT'D) 

2.0

SHEEP FECES 7.0 13.0 11.0 5.0 7.0 43.0 1.0 3.0 1.0 4.0 3.0 12.0
TOTAL COVER 100.0 100.0 100.0 100.0 98.0 498.0 94.0 96.0 94.0 85.0 95.0 464.0
ROCK 2.0 2.0 1.0 1.0
BARE GROUND 6.0 4.0 6.0 14.0 5.0 35.0

SITE V
GRASSES Aim SEDGES

Agsp 1.0 4.0 3.5 9.5 1.0 19.0 6.0 5.0 5.0 5.0 2.0 23.0Gael 4.5 2.0 5.0 4.0 8.5 24.0 12.3 15.0 3.0 5.0 1.5 36.8Camo 2.5 2.0 4.5
Kocr 6.0 5.0 3.0 0.5 7.5 22.0 5.0 3.0 9.0 8.0 6.5 31.5Pocu 4.5 1.0 2.0 2.0 9.5 1.0 3.0 4.0Pose 6.5 6.0 9.0 5.5 8.0 35.0 5.5 6.5 12.5 4.0 8.0 36.5Stco 5.5 4.0 10.0 5.0 5.5 30.0 3.3 3.0 7.5 3.0 7.0 23.8TOTAL 28.0 21.0 31.5 29.0 34.5 144.0 32.2 32.5 38.0 28.0 25.0 155.7

FORBS
_ ALL 2.0 0.5 2.5 1.0 1.5 1.0 1.0 4.5Asst 1.0 2.0 3.0 1.0 1.0 2.0ERI1 1.0 1.0Oxse 1.0 1.0 1.0 2.5 5.5

Phho 2.0 2.0 0.5 0.5 5.0 1.8 1.0 1.0 3.8Spco 1.0 1.0
TOTAL 1.0 4.0 7.0 1.5 3.5 17.0 3.8 2.5 3.0 2.0 11.3
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APPENDIX TABLE IV (CONT1D)
Inside Lines Outside Lines

Item I I 3 4 5 Total I 2 3 4 5 Total
SITE V (CONT1D)

SHRUBS AND HALF-SHRUBS
Arfr 7.0 1.0 3.5 3.5 8 .0 23.0 6 .0 12.0 6.5 8 .0 5.0 37.5Chna 1.0 1 .0 2.5 2.5TOTAL 7.0 1.0 3.5 3.5 9.0 24.0 6 .0 12.0 9.0 8 .0 5.0 40.0

ALL PLANTS
(less Sede) 36.0 26.0 42.0 34.0 47.0 185.0 42.0 47.0 50.0 38.0 30.0 207.0

Sede 32.0 36.0 31.0 33.0 19.0 151.0 18.0 23.0 16.0 21.0 30.0 108.0
ALL VEGETATION 68 .0 62.0 73.0 67.0 66.0 336.0 60.0 70.0 66.0 59.0 60.0 315.0
LITTER 17.0 18.0 12.0 21.0 18.0 86 .0 15.0 11.0 11.0 13.0 19.0 69.0
LICHENS 3.0 1.0 3.0 3.0 2 .0 12.0 3.0 4.0 7.0 9.0 4.0 27.0
TOTAL COVER 88 .0 81.0 88 .0 91.0 86 .0 434.0 78.0 85.0 84.0 81.0 83.0 411.0
ROCK 2 .0 2 .0 1 .0 3.0 8 .0 2 .0 2 .0 2 .0 6 .0

BARE GROUND 10.0 17.0 12.0 8 .0 11.0 58.0 20.0 13.0 16.0 17.0 17.0 83.0JL/ See Appendix Table I for explanation of symbols.
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APPENDIX TABLE V
Weights of harvested vegetation in grams from square,

9.6-square foot plots, sites I, II and III, 1953
Inside ------- 1

Outside
Site Species I 2

Total
Plots I 2

Total
PlotsI GRASSES AND 

Agsp V
SEDGES

5.7 16.4 22 .1 7.2 5.7 12.9
Others 9.5 9.2 18.7 9.7 9.0 18.7

TOTAL 15.2 25.6 40.8 16.9 14.7 31.6
ALL FORBS 15.6 21.5 37.1 4.9 17.3 22 .2

SHRUBS AND HALF-SHRUBS 
Arfr 6.7 10.3 17.0 11.7 5.5 17.2
Others 2.3 6.3 8 .6 4.1 7.1 11.2

TOTAL 9.0 16.6 25.6 15.8 12.6 28.4
ALL PLANTS 39.8 63.7 103.5 37.6 44.6 82.2

II GRASSES AND 
Agsp

SEDGES
1.8 0 .0 1 .8 0 .0 4.5 4.5

Others 29.7 32.9 62.6 26.3 26.3 52.6
TOTAL 31.5 32.9 64.4 26.3 30.8 57.1

ALL FORBS 15.6 9.3 24.9 17.7 6.3 24.0
SHRUBS AND HALF-SHRUBS 

Arfr 6.5 3.1 9.6 9.4 11.9 21.3
Others 3.9 4.2 8 .1 1.9 4.1 6 .0
TOTAL 10.4 7.3 17.7 11.3 16.0 27.3

ALL PLANTS 57.5 49.5 107.0 55.3 53.1 108.4

III GRASSES AND 
Agsp

SEDGES
1.9 2.7 4.6 7.9 1 .2 9.1

Others 35.7 29.6 65.3 33.1 39.5 72.6
TOTAL 37.6 32.3 69.9 41.0 40.7 81.7

ALL FORBS 2 .0 3.4 5.4 3.0 0.4 3.4
SHRUBS AND HALF-SHRUBS 

Arfr 9.1 14.2 23.3 4.5 1.2 5.7
Others

TOTAL 9.1
0.5
14.7

0.5
23.8

15.4
19.9

7.4
8 .6

2 2 .8
28.5

ALL PLANTS 48.7 50.4 99.1 63.9 49.7 113.6
_!/ See Appendix Table I for explanation of symbols.
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APPENDIX TABLE V (CONT1D)
Weights of harvested vegetation in grains from square,

9.6-square foot plots, sites IV and V. 1953
Inside _____ __ _______Outside

Site Species I 2
Total
Plots I 2

Total
PlotsIV GRASSES AND

Agsp JL/ 
Others

SEDGES

64.3 70.7 135.0
1.5

41.2 48.9
1.5

90.1TOTAL 64.3 70.7 135.0 42.7 48.9 91.6
ALL FORBS 12.1 17.6 29.7 23.9 20.1 44.0
SHRUBS AND HALF-SHRUBS 

Arfr 2.5 0.3 2 .8 10.2 3.5 13.7Others
TOTAL 2.5 0.3 2 .8 10.2 3.5 13.7

ALL PLANTS 78.9 88.6 167.5 76.8 72.5 149.3

V GRASSES AND
Agsp

SEDGES
14.5 9.5 24.0 22.8 8 .6 31.4Others 10.3 23.1 33.4 8 .8 8.7 17.5TOTAL 24.8 32.6 57.4 31.6 17.3 48.9

ALL FORBS 13.3 22.9 36.2 6.7 13.6 20.3
SHRUBS AND HALF-SHRUBS 

Arfr 12.6 29.1 41.7 7.0 11.5 18.5Others
TOTAL 12.6 29.1 41.7 7.0 11.5 18.5

ALL PLANTS 50.7 84.6 135.3 45.3 42.4 87.7
I/ See Appendix Table I for explanation of symbols.
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APPENDIX TABLE VI
Weights of harvested vegetation and litter in grains by I' X 6° plots-
_________________________________ Site I, 1957_____

Item
Inside (Non-grazed) Total Outside (Grazed) TotalI 2 3 4 Plots I 2 3 4 Plots

GRASSES AND SEDGES
Agsm I/ 2.97 2.97 .12 .57 2.53 .41 3.63Agsp 10.78 12.20 15.67 8.43 47.08 6.31 21.19 3.08 7.62 38.20Bcgr .89 .89
Gael .15 .15 .07 .10 .17Camo .32 1.73 .91 .74 3.70 3.61 .50 1.03 5.14Kocr 8.12 4.29 7.64 6.85 26.90 5.31 7.27 8.61 6.37 27.56Pocu .32 1.07 .47 1.04 2.90 .17 .12 .83 1.12Pose .46 .01 .04 .51 .02 .02Stco .54 .54

TOTAL 20.15 19.84 25.58 20.07 85.64 15.59 29.77 15.05 15.43 75.84
FORBS

Anro 2.65 2.65Arco .22 .22Asgi 13.02 13.02 .64 .64Erco .23 .09 .32 .20 .42 .21 .83Pase .34 .34
Phho 11.05 11.90 7.27 13.31 43.53 1.95 6.36 1.08 .85 10.24Seca 2.50 .48 2.98 1.01 1.11 .24 .24 2.60Speo .24 .24 .40 .17 .04 1.06 1.67Unidtfd 2/1.18 .30 .36 1.84 .69 .09 .52 1.30

TOTAL 15.54 25.70 7.27 13.76 62.27 7.12 8.15 2.09 2.79 20.15
SHRUBS AND HALF-SHRUBS

Area .21 .75 3.15 4.11 3.67 3.67Arfr 2.07 1.03 2.08 .54 5.72 5.04 9.55 2.27 2.54 19.40
Chna .05 .05Gusa .34 3.16 .99 .83 5.32 .12 3.01 .89 3.19 7.21TOTAL 2.62 4.19 3.82 4.52 15.15 5.21 12.56 6.83 5.73 30.33

ALL PLANTS 38.31 49.73 36.67 38.35 163.06 27.92 50.48 23.97 23.95 126.32
LITTER 19.76 11.13 28.05 23.50 82.44 9.16 9.72 10.11 5.27 34.26

I /  See Appendix Table I for explanation of symbols.
2/ Unidentified forbs.
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APPENDIX TABLE VI (CONT1D)
Weights of harvested vegetation and litter in grams by I' X 6 ' plots*

___________________ Site II. 1957 ________________  '
Inside (Non-grazed) Total Outside (Grazed) Total

--------------1-----2 3 4 Plots_____I_____2_____3 4 Plots
GRASSES AND SEDGES

Agsm I/ 1.02 .49 1.51 1.43 1.43Agsp 3.01 1.94 2.63 4.06 11.64 1.66 2.45 2.70 6.81Bogr .16 .16 3.98 4.61 .16 8.75Gael .54 .17 .08 .35 1.14 .49 .42 .83 .19 1.93Camo 2.35 3.78 5.10 4.72 15.95 1.30 .67 .90 7.01 9.88Kocr 7.56 9.04 10.66 9.49 36.75 13.70 8.21 8.40 10.18 40.49Pocu .53 .33 1.80 2.66 .65 .08 . 73Pose .01 .17 .11 .29 .11 .02 .18 .38 .69Stco 2.28 2.28 1.39 1.41 2.19 4.99TOTAL 16.28 16.44 20.93 18.73 72.88 19.34 17.14 19.11 20.11 75.70
FORBS

Asgi 2.60 4.20 6.80Chvi. 1.51 1.51
Erco .03 .01 .04
Lipu .34 .34
Phho 4.25 .01 3.29 3.08 10.63 5.35 2.17 2.70 2.36 12.58Somi 1.34 1.34
Spco .27 .17 .10 .54 .19 .16 .23 .58Uhidtfd 2/ .69 1.65 1.94 4.28 .04 .05 .43 .52TOTAL 5.24 3.34 5.33 4.77 18.68 5.58 2.17 5.51 7.22 20.48

SHRUBS AND HALF-SHRUBS
Arfr .79 .03 1.38 .83 3.03 5.37 6.70 2.34 7.12 21.53Artr 2.84 2.84 .13 1.36 1.49Chna 1.74 1.74Gusa 1.54 3.26 1.29 1.30 7.39 .51 .45 .70 1.37 3.03TOTAL 5.17 3.29 2.67 2.13 13.26 5.88 7.28 4.78 9.85 27.79

ALL PLANTS 26.69 23.07 28.93 25.63 104.32 30.80 26.59 29.40 37.18 123.97
LITTER 18.02 14.84 20.33 16.29 69.48 11.58 7.95 7.22 11.73 38.48
I /  See Appendix Table I for explanation of symbols.
2 /  Unidentified forbs.
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APPENDIX TABLE VI (GONT6D)
Weights of harvested vegetation and litter in grams by I' X 6' plots:
________________________________Site III. 1957

Item
Inside (Non-grazed) 

1 2  3 4
Total
Plots

Outside (Grazed) 
1 2  3 4

Total
Plots

GRASSES AND SEDGES
Agsm I/ 2.27 3.44 6.46 1.21 13.38 2.42 3.50 13.48 3.54 22.94Agsp 6.14 2.34 3.09 2.74 14.31 .04 .20 .09 3. 70 4.03Gael .36 .22 .25 .12 .95 .08 .20 1.09 .62 1.99Gamo 14.45 11.59 11.97 8.72 46.73 10.94 7.44 3.16 2.84 24.42Kocr 8.37 4.15 3.74 3.03 19.29 6.08 10.86 6.40 10.03 33.37Pocu 5.96 1.06 1.63 1.43 10.08 Included with P. secundaPose .94 .25 .30 1.49 2.73 1.31 2.98 1.00 8 .02Stco 10.19 2.30 12.49 .08 .08TOTAL 38.49 33.24 27.44 19.55 118.72 22.33 23.51 27.28 21.73 94.85

FORBS
Acla 1.04 .09 1.13Asdr .31 .09 .18 .58 .02 .01 .02 .05Phho .60 1.06 1.09 2.75 1.84 .48 2.03 3.65 8 .00
Spco .72 .55 .33 1.60 .14 .20 .10 .44TOTAL 1.63 .64 1.39 1.27 4.93 2.90 .62 2.33 3.77 9.62

SHRUBS AND HALF-SHRUBS
Area .11 .11 .29 .29
Arfr .42 .16 .38 .96 5.61 2.71 4.78 6.03 19.13
Chna 8.00 .26 8.26
Gusa 1.02 2.11 3.13 .51 .66 1.20 2.32 4,69
TOTAL .42 9.02 .53 2.49 12.46 6.41 3.37 5.98 8.35 24.11

ALL PLANTS 40.54 42.90 29.36 23.31 136.11 31.64 27.50 35.59 33.85 128.58
Sede 2/ 81.69 88.16 83.10 252.95 29.32 39.97 24.37 2.04 95.70
ALL
VEGETATION 40.54 124.59 117.52 106.41 389.06 60.96 67.47 59.96 35.89 224.28

LITTER 37.02 22.96 28.49 22.11 110.58 41.25 18.38 23.96 18.49 102.08

_!/ See Appendix Table I for explanation of symbols,
2/ Selageinella densa was collected at site III only.
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APPENDIX TABLE VI (CONT5D)
Weights of harvested vegetation and litter in grams by I' X 6" plots*
__________ ______ ________________ Site IV, 1957

Inside (Non-grazed) Total
Item______1 2 3 4 Plots

Outside (Grazed) Total
I_____2_____3 4 Plots

GRASSES AND SEDGES
Agda I/ 14.15 19.88 9.11 7.33 50.48Agsm .48 .48
Agsp 2 .20 .62 2.82 1.41 4.52 3.54 9.47Gael .03 .08 .13 .04 .28 .31 .54 .12 .97Camo 2.52 3.45 4.92 5.53 16.42 5.49 7.96 7.56 2.52 23.53Feid 28.83 28.02 38.06 29.29 124.20 8.74 9.67 9.93 22.37 50.71Kocr 3.99 1.04 .72 1.65 7.40 3.67 5.23 4.65 5.49 19.04Pocu .76 1.37 2.04 2.42 6.59 6.03 7.24 4.82 18.09Pose .80 .20 .87 .16 2.03 4.76 2.50 .58 2.81 10.65Stco .69 .27 .96

TOTAL 39.82 34.43 47.36 39.57 161.18 44.57 45.78 43.71 48.88 182.94
FORBS

ALL .02 .02Anro .43 .37 .80 .04 .09 .13Arfu .24 .24
Arlu 2.22 2.22 5.05 5.05Asst 19.43 7.95 5.67 33.05 5.80 2.41 .95 1.07 10.23Chvi, 1.94 1.94 .39 .39Phho 3.18 4.07 .26 1.61 9.12 .99 1.10 2.61 .98 5.68Unidtfd 2/ .07 .07 .23 .23TOTAL 23.04 4.31 10.87 9.22 47.44 11.88 3.85 3.95 2.05 21.73

SHRUBS AND HALF-SHRUBS
Area .36 .36
Arfr 1.53 .96 .61 3.10 .68 2.51 1.30 .07 4.56Chna 11.40 11.40
Chvi 2 .59 .59TOTAL 1.52 1.32 12.01 14.86 .68 2.51 1.30 .66 5.15

ALL PLANTS 64.39 38.74 59.55 60.80 223.48 57.13 52.14 48.96 51.59 209.82
LITTER 55.08 21.13 62.68 42.98 181.87 17.63 15.48 14.11 20.09 67.31

I/ See Appendix Table I for explanation of symbols
2/ Unidentified forbs.
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APPENDIX TABLE VI (CONT1D)
Weights of harvested vegetation and litter in grams by I' X 6' plots:

Site V. 1957
Inside (Non-grazed) Total

Item______1 2 3 4 Plots
Outside 
I 2

(Grazed)
3 4

Total
Plots

GRASSES AND SEDGES
Agsp I/ 17.45 21.98 19.28 9.69 68.40 24.16 26.69 3.11 8.48 62.44Gael " .32 .30 .81 .33 1.76 .32 .66 .91 .65 2.54Kocr 1.28 2.98 3.18 11.62 19.06 3.62 5.08 4.07 2.12 14.89Pocu 3.66 .06 6.26 .30 10.28 .50 .56 .25 1.31Pose 4.18 2.32 2.91 1.33 10.74 .49 1.35 3.39 1.03 6.26Stco 3.13 4.70 10.96 3.41 22.20 2.21 2.11 3.76 2.38 10.46TOTAL 30.02 32.34 43.40 26.68 132.44 31.30 35.89 15.80 14.91 97.90

FORBS
ALL .44 . 46 .19 .97 2.06 .03 .15 .24 .02 .44Asst 2.84 2.84 .65 .36 1.45 2.46Chvi^ .30 .30Oxse 1.49 7.52 1.63 10.64 .38 .22 .04 . 64Phho 4 .66 .79 5.45 .89 .85 .11 2.98 4.83Spco .20 .20 .04 .09 .13TRA .02 .02

TOTAL 5.10 2.74 7.73 5.64 21.21 .96 2.12 .93 4.79 8.80
SHRUBS AND HALF-SHRUBS

Arfr 1.65 2.52 2.06 .98 7.21 1.74 3.98 7.93 7.61 21.26Chna 1.55 1.55TOTAL 1.65 2.52 2.06 .98 7.21 1.74 3.98 9.48 7.61 22.81
ALL PLANTS 36.77 37.60 53.19 33.30 160.86 34.00 41.99 26.21 27.31 129.51
LITTER 24.20 24.25 30. 73 18.39 97.57 6.73 21.67 7.82 4.15 40.37

JL/ See Appendix Table I for explanation of symbols.
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