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Abstract:
The study was designed to arrive at the most efficient sample size and number when using the line
interception, point quadrat, and 3-Step methods of vegetative analysis in four range types in southern
Alberta. These range types were representative of the Festuca-Danthonia association of the fescue
grassland, and of the Aqropyron-Stipa associes and Bouteloua-Stipa faciation of the mixed prairie.

At each site a total of 10 transects each 100 feet long were laid out, spaced 10 feet apart, and parallel to
each other. Basal area measurements of all species encountered by each method at each site were
obtained and the data were so arranged that each 10 foot segment of each 100 foot transect could be
later identified. This, in effect, gave a total of 100 plots at each site, in each of which basal area
measurements had been obtained by three methods, which were available for study and analysis.

Sampling intensities sufficient to sample the dominant and secondary species to within ± 10 percent of
their true mean basal areas are shown.

The precision obtained when the secondary species are sampled at intensities found adequate for the
dominant species are also indicated. Measurement of secondary species at these intensities was highly
variable for the most part.

Regression lines were plotted and correlation coefficients calculated for various combinations of
methods and show, in general, that a high degree of relationship exists between the methods.

The variability of some native species encountered is discussed and types of curves obtained when their
frequency distributions are plotted are shown. 
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ABSTRACT

The study was designed to arrive at the most efficient sample size 

and number when using the line interception, point quadrat, and 3-Step met

hods of vegetative analysis in four range types in southern Alberta. These 

range types were representative of the Festuca-Danthonia association of the 

fescue grassland, and of the Agropyron-Stlpa associes and Bouteloua-Stipa 

faciation of the mixed prairie.

At each site a total of 10 transects each 100 feet long were laid 

out, spaced 10 feet apart, and parallel to each other. Basal area measure

ments of all species encountered by each method at each site were obtained 

and the data were so arranged that each 10 foot segment of each 100 foot 

transect could be later identified. This, in effect, gave a total of 100 

plots at each site, in each of which basal area measurements had been obtain

ed by three methods, which were available for study and analysis.

Sampling intensities sufficient to sample the dominant and secondary 

species to within + 10 percent of their true mean basal areas are shown.

The precision obtained when the secondary species are sampled at intensit

ies found adequate for the dominant species are also indicated. Measure

ment of secondary species at these intensities was highly variable for the 

most part.

Regression lines were plotted and correlation coefficients calcula

ted for various combinations of methods and show, in general, that a high 

degree of relationship exists between the methods.

The variability of some native species encountered is discussed and 

types of curves obtained when their frequency distributions are plotted are 

shown.
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IWffiODUCTION

The objective of the study being reported was to attempt, by statis

tical methods, to arrive at the most efficient sample size and number to be 

used in conjunction with the line interception, point quadrat, and 3-Step 

methods of vegetative analyses. The areas studied have never been investi

gated with evaluation of sampling procedures as an objective. Herein lies 

an important phase of the study, for, as Goodall (1952) points out:

"An answer cannot be given ja priori to the question of how many 

points are required to give a specified degree of precision, 

but must be derived from observations directly on the vegetation 

concerned."

His remark applies equally well to intensity of sampling by any other method 

of study.

Many papers have been written which pertain to ecological sampling. 

Most deal with the proper size, shape and number of plots which constitute 

the most efficient sample, or which yield the greatest amount of precision 

for the least amount of time or money spent. The problem has been attacked 

empirically by use of the species area curve (Cain. 1938), or by statistical 

methods (Clapham, 1932)(Ashby, 1935) (Pehance and Stewart, 1940) (Penfound, 

1945).
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REVIEW OF LITERATURE

The point quadrat method was first used by workers in New Zealand 

(Levy and Madden, 1933). As modified for use in western Canada (Clarke £t 

jal, 1942), the method involves the use of a wooden frame one yard long with 

thirty-six metal pins inserted vertically at one inch intervals. The frame 

is dropped at predetermined intervals of from ten to thirty paces in trans

ects across the area to be sampled. In recording vegetation, a plant is hit 

when the point of a pin touches its base. Hits for each species are record

ed and are expressed in terms of percentages of total number of points stud

ied. The influence of shrubs in a vegetative complex is thought to be great

er than their basal areas would indicate hence contacts of the pins of the 

sampling apparatus with the branches and foliage of these species are record

ed and not those made at the surface of the ground (Coupland, 1950).

The sampling intensity required in using the point method is thought 

to be a function of the grass cover (Clarke et al̂ , 1942) and varies from 3600 

points where total basal area is about 5 percent to 2400 points where it is 

about 18 percent.

In the United States Hanson (1934) was apparently the first to use 

the method. He compared the point method with various types of quadrats 

and concluded that valuable information could be obtained by its use since 

large areas could be quickly sampled. Hanson used the point method in deter

mining the characteristics of major grassland types in North Dakota and used 

300 points per stand of 2 to 20 acres to sample these areas.

Ellison (1942) compared the point method with the area-list and 

pantograph chart methods. He found basal areas obtained by the point method
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were very close to those obtained by the area-list method. In addition, 

results by the point method were more consistent and were more efficient in 

vegetation of high density. The point method had the additional advantage 

that its efficiency could be increased by increasing the number of points 

examined.

In Australia, after a comparison of methods, the point method was 

chosen for regional grassland surveys (Crocker and Tiver, 1948). Its most 

valuable features were:

"(a) it permits quantative determination of botanical composition 

in terms of cover, which is probably the most suitable ecological 

expression of recording change; (b) it is objective and more rapid 

than other methods of equal reliability and objectivity; (c) it 

provides for randomization and ample replication of sampling;

(d) it also permits close examination of all, or nearly 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 interfer with the vegetation."

These investigators felt that 300-500 points per 14-150 acre field 

were sufficient for adequate sampling and stated that uniformity of treatment 

was more significant than area in determining the number of points required.

Goodall (1952) has published a critical analysis of the point method. 

He points out that pin diameter may have a marked effect on data obtained. 

Equal distribution of points over the area to be studied was suggested, ra

ther than random distribution of individual points or groups of points.

Where plant succession is being studied, successive observations should be
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made at the same point. Slight differences between observers recording the 

same vegetation were noted but Goodall concludes:

“It remains one of the most trustworthy methods available to f
Ithe ecologist, and one of the most nearly objective."

Modifications of the point method have been variously called the 

point transect method (Coupland, 1952): the point contact method (Hanson,

1950), the frequency point method (Parker, 1950), and the inclined point 

quadrat method (Tinney et al, 1937). These, and other, modifications are 

in wide use (Goodall, 1952).

The line interception method (Canfield, 1941) is a modification of 

the line transect and is:

"A procedure for sampling vegetation based on the measurement of

the intercept of all plants occurring on the courses of lines of

equal length."

Length of lines used varies with the density of vegetation, lines 50 

feet in length being recommended when the ground cover is 5 to 15 percent, 

and 100 feet when the ground cover is less than 5 percent. Not less than 

16 sampling lines should be randomly located in the area to be sampled regard

less of size of the area.

A modification of the method, involving a belt one centimeter wide 

and 10 meters long, was used by Savage (1940) in measuring vegetation of 

the southern Great Plains and was thought to be suitable in light of the 

conditions encountered. Vegetation in the study area consisted of a mixture 

of brush and low-growing grasses.

Hanson (1950) in his discussion of the line interception method con-
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eludes that it is most suitable for use in vegetation where shrubs are grow-
I

ing in mixture with grasses and forbs and not so well suited to dense grass

land types.
.

Modifications of the line interception method have been used t6 measure 

utilization (Canfield, 1944) and yield (Homay, 1949).

A method, designated as the 3-Step method, has been developed |or
I

use in appraising condition and trend on national forest range in the west

ern United States (Parker, 1950) (Parker, 1951). Trend refers to the influ

ence of:

”A complex set of factors relating to the vegetation, soil, and 

native animals both large and small, and even micro-fauna, which 

are constantly changing from one growing season to the next. Both 

range administrators and stockmen are interested in whether these 

changes are in the direction of improvement or in a downward trend 

of deterioration. They want to know how much of the change is due 

to current weather and how much to grazing use."

Condition has been defined as the state of health or productivity of both 

soil and forage of a given range, in terms of what it could or should be 

under normal climate and best practical management. Dyksterhuis (1949) has 

defined condition as "The percent of present vegetation which is original 

vegetation for the site." The essential difference between condition and 

trend binges on the time factor. Condition refers to the state of a range 

at a particular time; trend, to changes which take place over a period of 

time.

The 3-Step method represents a combination of the more desirable



—14-

features of several methods (Parker, 1950). In practice, a line transect 

Is laid out and the vegetation, or other materials, appearing in a 3/4 in

ch loop dropped at predetermined intervals along the line, is recorded. The 

3/4 inch loop represents a compromise between a point, discarded because of 

the difficulty of replacing it at the same spot on successive occasions, and 

a small plot, discarded because of the additional variation which its use 

introduced.

Recommended procedure, when using the 3-Step method is to group the 

line transects in clusters of from one to three depending on the density of 

vegetation, and to use a minimum of two clusters to afford a larger sample 

of the vegetation, and to help ensure that no rare species are overlooked. 

The practice of grouping transects in clusters also provides a measure of 

the variation within a sampling site and helps smooth out the differences 

between men.

At present a good deal of interest is being shown in the method, lit

erature to date dealing primarily with improvements in technique (Short,

1953) or with tests of its adaptability (Sharp, 1954).

The work of Costello and Kipple (1939) represented a major contri

bution to an understanding of the sampling of range vegetation. Using the 

standard error as a measure of sampling intensity, they showed that the law 

of diminishing returns applies to accuracy of surveys by the method studied. 

Further, they found that different vegetative types require different samp

ling intensities for a given degree of accuracy; that little relationship 

exists between the area of a vegetative type and the number of plots required 

to sample it to a given degree of accuracy; and that different portions of
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a type generally require different numbers of plots for a given accuracy. 

Seasonal and yearly fluctuations in floristic composition resulted in simi

lar fluctuations in the sampling intensity necessary to survey the same area 

to a given accuracy.

Poulton (1948) discusses sampling techniques in range forage invent

ory and points out that every population has its own optimum sampling design. 

This emphasizes the need for a definition of the individual population, to 

be followed by the determination of a proper sampling design. A few invest

igators (Hanson, 1934) (Pehanec and Steward, 1940) have utilized this approach.

Well over 100 uniformity trials have been reported in the literature 

(Koch and Rigney, 1952), most dealing with the determination of optimum plot 

size, shape, and number in agronomic research. A few have dealt specifically 

with native range vegetation (Hanson, 1934) (Costello and Kipple, 1939)

(Pehanec and Stewart, 1940).

Pehanec and Stewart (1940) studied sampling intensity of native sage- 

brush-grass range in Utah. They concluded that the smaller the sampling unit 

the more efficient it is per unit of area. However, they point out that an 

effective balance must be attained between statistical efficiency and such 

practical factors as the amount of work involved and the accuracy of obser

vation.

Using the same data (Pehanec and Stewart, 1941) variability of native 

vegetation was studied. In general, frequency distributions were found to 

be strongly skewed to the right, a characteristic of native vegetation which 

has been noted by many investigators (Robinson, 1954). Sampling intensities 

were found to vary greatly with the species studied. A sampling intensity
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sufficient to give a sampling error of 5 percent of the mean of major spec

ies and 10 percent for secondary species was thought to be an effective com

promise. This can be more effectively attained by sampling several replic

ates of the same treatment rather than increasing the sampling intensity of 

a single replicate.

In most studies of ecological sampling, statistical variance, or 

some statistic derived from the variance, has been used to determine the 

most favorable size, shape, and number of plots. Suitable procedures where

by variance can be used for this purpose are outlined in various publications 

(Schumacher and Chapman, 1948) (Snedecor, 1950). Bormann (1953) has utilized 

statistical variance in a study of sample plot size and shape in forest ec

ology.
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DESCRIPTION OF THE AREA

I. General Description;

The grassland area of Alberta extends from t̂ ie foothills of the Rocky 

Mountains eastward to the Alberta-Saskatchewan boundary. It |s bounded on
I

the north by the aspen parkland and extends some 30b miles northward from 

the International border along the Alberta-Saskatcttewan boundary. Within 

this area two grassland associations are recognized. The mixed prairie re

gion (Coupland, 1950) forms a rough triangle from the base of the foothills 

of the Rocky Mountains, along the International border, and northward along 

the Alberta-Saskatchewan boundary for about 260 miles. The sub-montane 

prairie or fescue grassland lies to the north and west of the mixed prairie 

(Clements, et_ al, 1939; Clarke, et̂  al, 1942; Moss, 1944; and Moss and Camp

bell, 1947) and is associated, to some extent, with the aspen parkland.

This grassland area forms part of the Great Plains physiographic re

gion. It is made up of the Plains region —  further sub-divided into the 

Shortgrass zone, the Cypress bills, and the Northern prairie —  and the fo

othills region (Vrooman, ell jrt, 1946).

The plains region is characterized by gently rolling topography, with 

an average elevation of about 3000 feet, cut occasionally by deep coulees 

or river valleys from 100 to 500 feet in depth. The continuity of this 

plain is broken by the Cypress hills which rise abruptly to elevations of 

4200 feet. The foothills region, with an average elevation of about 4000 

feet, consists of rolling hills which fringe the eastern slope of the Rocky 

Mountains from the International border northwards. Many of the hills are 

broadly rounded, with grassy benchlands, and are separated by wide valleys.



—19-

Dark Brywn
Soil Zyne

■ Calga Brown Soil 
zone

Shallow
Black

. X X  Soil

Medicine
^ethbriqge

Cvpres I

Figure I. Vegetative and soil zones of southern Alberta. The broken line 

shows the approximate boundary between the mixed prairie to the south and 

the fescue grassland to the north and west. Study sites are indicated as 

follows: I, Stavely Grassland Sub-Station. 2. Veterinary Research Sta

tion. 3. Dominion Experimental Station at Lethbridge and, 4. Dominion 

Experimental Sub-Station at Vauxhall.
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Soils of the region range from the brown and chestnut soils of the 

dry plains to the black Chernozem soils of the foothill valleys. Most of 

the area has been glaciated hence the parent material for most soils is of 

mixed origin. With the exception of the foothills, drainage of the area is 

not yet fully established and many small sloughs, often containing a high 

concentration of soluble salts, are common. Soils in these depressions are 

frequently heavy in character and contain a high proportion of clay. In 

the foothills, the valleys usually have deep black soils while the soils of 

the ridges are lighter loams with frequent gravel and rock outcrops.

Climatic conditions vary but are generally dry and continental in 

character. Precipitation varies from 11.71 inches per year at Manyberries 

to 20 inches or more along the foothills and in the northern portions of 

the area. Extremes of temperature are encountered although severe winter 

temperatures are frequently amelioriated by warm winds from the west. These 

warm winds are known locally as the Chinook. During the summer months these 

same winds cause rapid drying of the soil and vegetation. Climatic data of 

interest is shown in Table I.

Table I.
Climatic Data from Representative Stations in Southern AlbertaJ/

Station Mean Annual 
Temp, in °F.

Average ppt. 
Annual April-July

Evaporation 
in inches

Pincher Creek 39.0 19.93 9.74
Lethbridge 41.2 15.76 7.82 24.6
Medicine Bat 42.0 12.70 6.70 ——
Manyberries 40.5 11.71 6.30 33.17

J/ Clarke and Tisdale, 1945
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EXPER!MENTAL PROCEDURE

I. Procedure in the field:

At each study site a uniform area was selected by visual inspection. 

A total of ten 100 foot transects were then laid out, placed 10 feet apart, 

and parallel to each other. These transects were marked by three stakes 

placed at the 0.5, 50.5, and 99*5 foot marks. A 100 foot metal tape, grad

uated in 1/I00ths of a foot, was tightly stretched along the transect as 

close to the ground surface as possible, and anchored at each end by a 

steel pin. Measurements, by each method, were made along the edge of this 

tape.

When measuring by the line interception method, the intercept of 

plant crowns, on a vertical plane directly below the edge of the tape, was 

measured to the nearest l/100th foot and recorded by species. Measurements 

by the point method were made by placing a frame containing thirty-six poi

nts directly over the tape in such a way that the pins touched the tape a- 

Iong its length. Points were therefore examined at one inch intervals along 

the 100 foot length of the transect. Any point hitting the crown of a her

baceous plant was recorded by species. With shrubs, those points hitting 

the above ground portion of the plant were recorded since the influence of 

these plants is felt to be greater than their basal areas, obtained by only 

recording basal hits, would indicate.

When using the 3-Step method, a 3/4 inch loop was dropped at inter

vals of one foot along the length of the tape in such a way that a vertical 

plane below the edge of the tape would bisect the loop. Crown portions of 

vegetation, or other materials such as rocks and litter, which appeared in
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the loop were recorded —  again, with vegetative hits, on a species basis.

Two aen were used for the study, one to measure the vegetation by 

the various methods, the other to record the data. Data was recorded in 

such a way that each 10 foot segment of each 100 foot transect could be 

later identified, At each site, therefore, a total of one hundred 10 foot 

plots, in each of which basal areas in percent of the species present had 

been obtained by three methods, were available for study and analysis.

2, Statistical Treatment:

The main object in statistical treatment of the results was to ob

tain information regarding the sampling intensity required to give a desired 

level of accuracy. Snedecor (1950) outlines a procedure, used by Torrie et_ 

al (1943), whereby this is possible.

Torrie £t al (1943) point out that field experiments, in which sam

ples are taken to represent the whole plot, have two sources of random var

iation. These are the sampling and experimental errors. In the study being 

reported, the sampling error is represented by the variance between plots 

within transects. Experimental error is made up of the sampling error plus 

the random variation among transects.

Thus, the random variation among transects might be designated as 

"A" and the variance of the mean of "n" plots about the mean of the transect
D

as -g. The experimental error variance in terms of transect means would be 

A + Tf which, in terms of the individual samples would be n + or nA +

B. The estimated variance of a species mean on a single plot basis, V—  

would be, Vy « B, where n is the number of 10 foot plots, and k is the

number of transects
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Thus by a variance analysis of the data obtained by one method at 

one site and knowing the values of n and k used in the variance analysis,

A and B can be calculated. By substituting a value for VX equal to 10 per

cent of the mean basal area squared, the sampling intensity (i.e. the values 

of n and k) required to attain this level of accuracy can be calculated.

To ensure that the probability of calculated sampling intensities 

could be in the order of 19:1, the following procedure was adopted.

The desired mean was visualized as being "x + tvlc where tvx is equal

to 10 percent of the mean basal area and t is equal to 2 (from table of "t"
_  2

probability 19:1). The variance, vx or Vx, could then be readily calcul

ated. Equating this quantity in the formula:

and substituting any value from 1 - 1 0  for n, the comparable values of k 

could be calculated. This, in effect, gave the number of transects of var

ious lengths from 10 feet to 100 feet needed to sample the vegetation to a 

level of accuracy to within + 10 percent of the mean.

This procedure was followed in determining the sampling intensity ne

cessary to sample, first, the dominant species, and secondly, secondary 

species to a level of accuracy within + 10 percent of the mean, for each 

site and by each method, with the exception of secondary species by the 

3-Step method.

The formula:

x ioo
3T2

where VX % is equal to the variance on a single plot basis of species means
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of secondary species and x g is equal to the mean of the secondary species, 

was used to determine the sampling precision obtained when the sampling in

tensities found adequate for the dominant species were used to sample the 

secondary species.

The original percentage data was transformed using the formula:

arc Sinvr^

for use in the variance analysis since the percentage figures were generally 

below twenty percent. Tables given by Johnson (1952) were used in trans

forming the data.

Original percentage data was used in calculating correlation and re

gression coefficients as it was felt that these statistics would aid in 

showing relationships between the methods. As used in this study correla

tion might better be termed "covariation" (Johnson, 1952) since the coeffi

cients calculated are actually a measure of the degree by which variates 

obtained by each of the three methods vary together. Regression lines were 

plotted to show the direction of this relationship.

An idea of the variability of the native species encountered was ob

tained by setting up frequency tables showing the type of distribution ex

hibited by various species and groups of species using original percentage 

data obtained at each site.

Other calculations have been carried out. Their significance is in

dicated where applicable.
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RESULTS AND DISCUSSION 

Vegetation of the Study Areas

(a) Stavely Grassland Sub-Station, Stavely, Alberta.

This site is representative of the Festuca-Danthonia faeiation of 

the fescue grassland association. Average percent basal areas of species 

encountered at this site are presented in Table II. The study site is sit

uated on a moderate west facing slope and is part of a field that has not 

been grazed by livestock for five years. Prior to that time it was used 

for moderate winter grazing by cattle and horses. The soil is classed as 

a light loam, and is described as a shallow black glacial soil with a nor

mal profile.

(b) Veterinary Research Station, Lethbridge, Alberta.

The vegetation of this area is fairly typical of the Agropyron-Sti- 

pa associes of the mixed prairie (Moss, 1944). Average basal areas in per

cent of species encountered are given in Table III. This site is located 

in a shallow depression, in which the soil is of a clay texture. The area 

has been heavily utilized in the past, chiefly by horses and cattle, but 

has received only light use since about 1944.

(c) Dominion Experimental Station, Lethbridge, Alberta.

At this site the vegetation is representative of the Bouteloua-Sti- 

pa faeiation of the mixed prairie (Table IV). The area is quite level, 

soils are light loam in texture, and have developed from undifferentiated 

glacial till. The area was used as sheep range for many years but has been 

protected from all grazing since 1939.

(d) Dominion Experimental Sub-Station, Vauxhall, Alberta.
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Table II. Average Percent Basal Area by Species Obtained by the Line
Interception, Point, and 3-Step Methods at StaveIy.

PERCENT BASAL AHSA
SPECIES Line Interception

Method
Point
Method

3-Step
Method

Agropyron smithii. Rydb. 0.03 0.08 0.35Agropyron subsecundum (Link) Hitch. 0.19 0 .22 1 .30
Bromus Dumpellianus Scribn. 0 .02 Trace* 0.20
Danthonia parry! Scribn. 10.89 12.00 24.55
Festuca idahoensis Elmer. 0.33 0.42 1 .50
Festuca scabrella Torr. 3.44 3.87 8.40
Helictotrichon hooker! Hitch. 0.04 0.05 0.01
Koeleria cristata (L) Pers. 0.04 0 .11 0.45
Stipa spartea Trin Var. curtiseta HitchO.lO 0.14 0.80
Stipa viridula Trin 0 .0 1 Trace 0

Carex spp. 0.58 1.15 7 .60

Achillea lanulosa Nutt. 0 .02 0 .01 0 .02
Androsace puberulenta Rydb. Trace 0 0Antennaria spp. 0 .01 Trace 0Aster spp. 0 .02 0 .0 2 0
Campanula rotundifolia L. 0.01 0.03 0
Gaillardia aristata Pursh. Trace 0 o
Galium boreale L 0.04 0.05 0.65Geranium viscossissimum F. and M. 0.03 0.04 0
Geum triflorum Pursh. 0 .22 0.23 0.45Hedysarum amerleanum. (Miehx.) Britt 0 .0 1 0 .0 1 0Heuchera riehardsonH R.Br. 0 .06 0.04 0.60Lupinus argenteus Pursh. 0.03 0.05 0 .01Oxytropis sop. 0 .0 1 Trace 0PotentilIa fruiticosa L. 0 .11 0 .16 0Potentilla sop. Trace 0 0
Putsatillai ludovlciana (Nutt.)Heller Trace 0 0Rosa spp. 0 .02 0 .0 2 0
Sisyrinchium ansrust^fplium Miller Trace Trace 0
Thenaopsis rhombifolia (Nutt1)RichardsTrace Trace 0Vicia americana Muhl Trace Trace 0 .01Viola spp. Trace 0 0
Zygadenus elegans Pursh. Trace Trace 0

Total 16.28 18.70 46.91

■“Trace - less than 0.01 percent basal area
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Table III. Average Percent Basal Area by Species Obtained by the Line
Interception, Point, and 3-Step Methods at Veterinary Research Station.

SPECIES
PERCENT BASAL AREA 

Line Intercep- Point 
tion Method Method

3-Step
Method

Aeropyron smithii Rydb. 2.99 5.32 14.65
Bouteloua gracilis (H.B.K) Lag. 0 .62 0.70 1.40
Koeleria cristata. (L.) Pers. 0.45 0.64 1.30
Stipa comata trin. and Rupr. 0.81 1 .22 2.90
Stipa viridula. Trin 2.03 2 .52 3.95

Carex spp. 2.29 3.65 18.35

Artemisia frigidia Willd. 0.26 0.44 1.10
Astragalus spp. Trace* 0 0.15
Mamillaria vivipara (Nutt.) Haw. 0.02 0.04 0 .10
Phlox hoodii Richards 0.36 0.48 1 .20
Potentilla spp. 0 .01 0.03 0 .10
Traeopoeon dubius. Scop 0 .02 0.03 0
Sphaeralcea coccinea (Pursh) Rydb. 0.03 0.03 0.20

Total 9.89 15.10 45.40

flTrace - less than 0.01 percent basal area
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Table IV. Average Percent Basal Areas by Species Obtained by the Line
Interception, Point, and 3-Step Methods at Lethbridge.

SPECIES
PERCENT BASAL AREA 

Line Intercep- Point 
tion Method Method

3-Step
Method

Agropyron smith!! Rydb. 0.28 0.25 1 .20
Bouteloua gracilis (H.B.K.) Lae. 31.67 33.83 64.30
CalamaKrostis montanensis scribn. Trace* 0 0
Koeleria cristata (L) Pers. 0.03 0.13 0
Poa secunda. Presl. 1.31 1.25 3.55
Stipa comata. Trin. and Rupr. 1 .86 1.90 3.70

Carex spp. 0.73 0.79 3.15

Eurotia lanata. (Pursh) Moq. 0.36 0.47 0.55
Mamillaria vivipara (Nutt) Haw. 0 .26 0.29 0.35
Plantago purshii R.andS. 0 .01 0.04 0.05
Sphaeralcea coccinea (Pursh) Rydb. 0.05 0.15 0.25
Taraxacum officinale Weber 0 .01 0.05 0
Tragopogon dubins. Scop. 0 .02 0.08 0.10

Total 36.59 39.23 77.20

*Trace - less than 0.01 percent basal area.
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This site is also representative of the Bouteloua-Stlpa faciation 

of the mixed prairie (Table V). Topography is level and soils are light in 

texture. This area was also used as sheep range in the past but had not 

been grazed for two years prior to the study.

These study sites will hereafter be referred to as "Stavely", "Vet

erinary Research", "Lethbridge", and "Vauxball", respectively.
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Table V. Average Percent Basal Areas by Species Obtained by the Line
Interception, Point, and 3-Step Methods at Vauxhall.

________ PERCENT BASAL AREA_______
SPECIES Line Intercep- Point 3-Step

___  tion Method Method Method
0.64

19.95
0.09
0.77

0.69
20.62
0.07
0.79

2.40
40.251.00
2.20

Agropyron smithii Rydb.
Bouteloua gracilis (H.B.K.) Hag. 
Calamagrostis montanensls Scribn. 
Koeleria criatata. (L.) Pera.
Poa secunda Presl.
Stipa comata Trin. and Rupr.

Carex Spp.

Artemisia cana Pursh.
Artemisia frigldia Willd. 
Astragalus peotinatua. Dougl. 
Chrysopsis villosa TPursh) Nutt. 
Gutierreaia diversifolia Greene. 
Phlox hoodll Richards 
Seleginella densa Rydb.
Solidago spp.
Sphaeralcea coccinea (Pursh) flydb. 
Tragopogon dubIus Scop.

Total

1.00 1.09 4.00
2.50 2.31 4.05

0.39 0.27 2.80

0.01 0.01 0
0.21 0.19 0.30

Trace* Trace 0
Trace 0.01 0
Trace 0 0
0.12 0.10 0.10

18.42 22.05 24.50
0.01 0.04 0
0.03 0.04 0.15

Trace 0 0

44.34 48.28 81.85

*Trace - less than 0.01 percent basal area
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Intensity of Sampling
I. The Stavely Site.

(a) The line interception method.

Following the procedure outlined, the number of transects of vary

ing length required to sample the dominant species, a group of minor spec

ies, and a portion of this group of minor species, to a level of accuracy 

within + 10 percent of their true means, were calculated. Results are shown 

in Table VI.

Pehanec and Stewart (1940) have indicated that the shorter the tran

sect used, the more efficient it is per unit of length. This is borne out 

by the data shown where a total of 33 transects each 10 feet long will sam

ple the dominant species to the level of accuracy desired. The same accur

acy of sampling could be obtained by using 7 transects each 100 feet long, 

for a total linear sampling area of 700 feet, or nearly twice that needed 

when using the shorter transect. However, the work involved in re-locating 

short transects many times is appreciable and work and time would undoubted

ly be saved by utilizing fewer transects of a longer length.

In practical sampling, secondary species and other minor constituents 

of the sward nay be of real importance. The data shown in Table VI indica

tes that to obtain a level of accuracy to within + 10 percent of the true 

mean of these species, involves a greatly increased sampling intensity.

With the group of minor species shown whose cumulative average basal areas 

amounts to 0.78 percent, from two to four times the number of transects are 

required depending on the transect length. With species whose average basal 

area amounts to only 0 .22 percent from three to seven hundred times the num-
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Table VI. Sampling Intensities Required to Sample the Dminant Species 
and a Group of Minor Speciesl/ to Within ± 10 Percent of Their Respective 
True Means Using Basal Areas Obtained by the Line Interception Method at 
Stavely.

Danthonia Parryi Minor species
No. of Transects Linear feet No. of Transects Linear feet

10 33 330 127 1270

20 19 380 65 1300

$ 30 14 420 44 1320

5  40 12 480 34 1360

I  50
CO

10 500 27 1350

§ 60 9 540 23 1380

1Z 70 9 630 20 1400

«5 80 C 8 640 19 1440

^  90 8 720 16 1440

100 7 700 15 1500

I/ Group of minor species refers to the cumulative basal areas of 
Festuca idahoensis. Agropyron smith!!. A. subsecundum. Bromus 
pumpellianus. Hellctotrichon hooker!. Koeleria cristate. Stipa 
sparta var curtiseta and Stipa viridula.
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ber of transects are required. Sampling intensities of the latter magni

tude are obviously far beyond all practical considerations and indicate 

that if these minor species are important in an investigation, from an in

dicator or other standpoint, some other means of assessing their relative 

importance must be adopted or devised.

The sampling procedure adopted in any study will depend largely on 

the objectives of the study and on available time and funds. However, it 

does appear, on the basis of the data in Table VI that a minimum of 10 tran

sects each 50 feet long will sample the dominant species adequately. Such 

a length will not involve undue moving of the sampling apparatus and measure

ments obtained, if units of 0,01 feet are used, may be readily converted to 

a percentage basis. Should species, whose basal areas are in the order of

1 .0 percent be of importance in the study, the number of transects might be 

doubled.

(b) The point method.

Table VII shows the sampling intensity required to give a level of 

accuracy to within + 10 percent of the true mean of the dominant species 

and of a group of minor species whose cumulative basal area by the point 

method is 1.02 percent. Basal area of the dominant (Danthonia parryi) is

12.00 percent.

The data again show that the shorter the sample area the more effi

cient it is per unit of length. This fact is of some importance when using 

the point method since a sampling frame three feet long and containing 36 

points is commonly employed. Moving from one sample area to another is not 

a factor with this method as it is with the line interception method since



-33-
Table VII. Sampling Intensities Required to Sample the Dominant Species

and a Group of Minor Species to Within +  IO Percent of Their Respective
True Means, Using Basal Areas Obtained by the Point Quadrat Method at
S t a v e l y , Ultimate Sampling Unit $ - 120 points.

Danthonia parry! Group of Minor species
Replicates Points Replicates Points

I 20 2400 305 3b600

2 2 10 2400 184 44160
•M
S  3 7 2520 143 51480
o>S
3  4 6 2880 123 59040

I b 5 3000 111 66600

2 6 4 2880 103 74160
5
5  7 4 3360 97 81480
S
O 6 3 2880 93 89280

I  9 

z  10

3 3240 89 96120

3 3600 87 104400

J  Group of minor species refers to the cumulative basal areas of 
Festuca idahoensis, Aoropyron smith!!, A. subsecundum, Bromus 
pumpillianus, Helictotrichon hookerii, Koeleria cristata, Stipa 
spartea var. curtiseta, and Stipa viridula.

$  Schumacher and Chapman 1948
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the sampling apparatus is easily and quickly moved.

On the basis of the results shown, therefore, a total of 2400 points 

would seem adequate to sample the dominant species to within + 10 percent 

of its true mean. Minor constituents again pose a problem since the inten

sity of sampling necessary for a level of accuracy within + 10 percent of 

the true mean involves about fourteen times that required for the dominant 

species. The relative importance of these species in any study would pro

bably be the deciding factor in arriving at a workable sampling procedure,

(c) The 3-Step method.

Sampling intensities required when using the 3-Step method are pre

sented in Table VIII. These intensities will sample the dominant species 

to within + 10 percent of its true mean basal area.

Values of A and B required to arrive at sampling intensities necess

ary for minor species could not be calculated using the data on hand. This 

was the case at all sites studied by this method. However, it is apparent 

from the data shown that such intensities would probably be very great.

At this site 25 transects, each 100 feet long, are recommended for 

use in the vegetative type under consideration. This length was chosen as 

further results indicate its superiority over all others studied. This as

pect of the study, and the grouping of the transects into clusters, is dis

cussed in detail in a later section.

2. The Veterinary Research Site.

(a) The line interception method.

Sampling intensities required to provide a level of accuracy to 

within + 10 percent of the true mean of the dominant and a secondary species
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Table VIII. Sampling Intensities Required to Sample the Dominant Species 
to Within ± 10 Percent of the True Mean, Using Basal Areas Obtained by the 3-Step Method at Stavely.

Number of Transects 
Danthonia parry!

10 85

-P 20 53

£ 30 41
S
<0 40 36I 50 32i 60 30

% 70 28
XSI 80 27
>3 90 26

100 25
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Table IX. Sampling Intensities Required to Sample the Dominant Species
and a Secondary Species to Within ± 10 Percent of Their Respective True
Means Using Basal Areas Obtained by the Line Interception Method at
Veterinary Research Station.

%«5
e
I

"6

Danthonia parryi________________ Stipa comata
Transects Linear feet Transects Linear feet

10 24 240 193 1930

20 19 380 132 2640

30 14 420 U l 3330

40 11 440 101 4040

50 10 500 95 4750

60 9 540 91 5460

70 8 560 88 6160

80 7 560 86 6880

90 7 630 84 7560

100 7 700 82 8200
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are shown in Table IX.

Again, to overcome the necessity of frequent moving of the sampling 

apparatus, and to keep the transect length as short as possible considering 

this limitation, a sampling procedure based on IO transects each 50 feet 

in length is selected as being the most useful. Should species, whose basal 

areas are in the order of 1.0 percent be of importance, this sampling inten

sity might have to be greatly increased. This is brought out in Table IX 

where such a species requires from eight to eleven times the intensity of 

sampling necessary when sampling the dominant species.

(b) The point method.

A consideration of Table X indicates that a minimum of 2650 points 

are required to sample the dominant species in this vegetative type. Minor 

species again require a greatly increased sampling intensity ranging from 

eleven to fourteen times that required for the dominant species.

For ease of computation of results, and since additional points may 

be rapidly examined and recorded, 3000 points are considered an adequate 

number for use in sampling the dominant species at this site. Should spe

cies with a basal area of about 1.25 percent be important this figure may have 

to be increased somewhat in any specific study.

(c) The 3-Step method.

Table XI presents the calculated sampling intensities for the dom

inant species at this site. For reasons to be discussed elsewhere the tran

sect 50 feet long is selected as being most efficient and a minimum of 68 

of these are required.

3. The Lethbridge site.
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Table X. Sampling Intensities Required to Sample the Dominant Species
and a Secondary Species to Within — 10 Percent of Their Respective True
Means Using Basal Areas Obtained by the Point Quadrat Method at Veterinary
Research Station. Ultimate Sampling Unit!/ = 120 points.

Danthonia parry! Stipa comata
Replicates Points Replicates Points

i 22 2640 317 38040
to
I 2 13 3120 172 41280

I
3 10 3600 124 44640Ito 4 9 4320 100 48000

5 8 4800 85 51000I 6 8 5760 76 54720
H
Z3 7 7 5880 69 60960
% 8 7 6720 63 60480

9 7 7560 59 63720
I!

10 6 7200 56 67200

I/ Schumacher and Ohapman 1948
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Table XI. Sampling Intensities Required to Sample the Dominant Species
to Within ± 10 Percent of the True Mean Using Basal Areas Obtained by the
3-Step Method at Veterinary Research Station.

Number of Transects
Agropyron smithii

10 159

4J 20 102
0)e

30 83
•S
0) 40 73
4»
8m 50 68

I 60 64

% 70 61
JS

S 80 59
3 90 58

100 56
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(a) The line interception method.

Sampling intensities at this site for a dominant and a secondary 

species are shown in Table XII. Average basal areas are: Bonteloua grac-

ilis 31.67 percent, and Stipa comata 1.86 percent.

The most effective transect length would again appear to be 50 feet 

and 6 of these would be required to sample the dominant species. Sampling, 

to a level of accuracy within + 10 percent of the true mean of secondary 

species, would have to be about five times as intensive as that necessary 

for the dominant species.

(b) The point method.

Table XIII indicates that about 1200 points are adequate to sample 

the dominant species to within + 10 percent of its true mean. However, as 

will be shown later, this intensity of sampling is not at all reliable for 

secondary and other minor species and should probably be increased somewhat 

depending upon the information desired. A sampling procedure involving the 

use of 3000 points is suggested as a workable compromise at this site.

(c) The 3-Step method.

As shown by Table XIV relatively few transects are required to sam

ple the dominant species to within + 10 percent of its true mean when using 

the 3-Step method at this site. For reasons to be shown, transects 100 feet 

in length are considered to be the most efficient at this site and only 2 

of these are required.

4. The Vauxhall site.

(a) The line interception method.

On the basis of the data shown in Table XV a total of 15 transects



—41-

Table XII. Sampling Intensitiea Required to Sample the Dominant Species 
and a Secondary Species to Within ±  10 Percent of Their Respective True 
Means Using Basal Areas Obtained by the Line Interception Method at Leth
bridge.

Boutelona gracilis Stipa comata
Transects Linear feet Transects Linear feet

10 14 140 214 2140

20 9 180 109 2180

a 30 7 210 74 2220
-S
9} 40 7 280 57 2280
-pO®M
§
A

50 6 300 46 2300

60 6 360 39 2340

% 70 6 420 35 2450
JS

I
80 6 460 31 2480

90 5 450 28 2520

100 5 500 26 2600
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fable XIII. Sampling Intensities Required to Sample the Dominant, Species and a Secondary Species to Within ± 10 Percent of Their Respective True 
Means Using Basal Areas Obtained by the Ppint Quadrat Method at Lethbridge. 

Ultimate Sampling Unit.!/ = 120 points

Bouteiona gracilis______________Stioa com&taReplicates_______ Points________ Replicates ~P^ts
I 10 1200 188 22560

2 7 1630 109 26160

3 6 2160 83 29880

4 6 2880 70 33600

5 5 3000 62 37200
6 5 3600 57 41040

7 5 4200 53 44520
8 5 4800 51 48960

9 5 5400 48 51840
10 5 6000 47 56400

Schumacher and Chapnan 1948
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Table XIV. Sampling Intensities Required to Sample the Dominant Species 
to Within ± 10 Percent of the True Mean Using Basal Areas Obtained by the 3-Step Method at Lethbridge.

Number of Transects 
Boutelona gracilis

10 11
• 20 6I 30 5aoo 40 44»O0CO 50 3
I 60 3
O 70 3J3
I 80 2I 90 2

100 2
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iable XV. Sampling Intensities Required to Sample the Dominant Species
and a Secondary Species to Within ± 10 Percent of Their Respective True
Means Using Basal Areas Obtained by the Line Interception Method at Vauxhall

___ Boutelona gracilis__________  Stioa comata______
Transects_____ Linear feet______ Transects Linear feat

10 45 450 130 1300

i
20 26 520 75 1500

5

CO

30 20 600 57 1710
40 17 680 47 1880

S
2 50 15 750 42 2100

I 60 14 840 38 2280
%
XJ

70 13 910 35 2450
80 12 960 33 2640S 90 12 1080 32 2880

100 11 1100 31 3100
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each 50 feet long appears adequate to sample the dominant species to the 

desired level of accuracy. It will be shown that this intensity of sampl

ing will sample secondary species to within + 28 percent of their true mean. 

Should more precise information be necessary about three times the sampling 

intensity found adequate for the dominant species will be required when 

sampling the secondary species.

(b) The point method.

Table XVI indicates that the sampling intensities required to sample 

the dominant species and a secondary species to within + 10 percent of 

their true means.

It would appear that a minimum of 4320 points are necessary to sam

ple the dominant species and about five times this amount are required to 

sample the secondary species at this site. For ease in compilation of data 

and to ensure that secondary species are being sampled to within 15 or 20 

percent of their true means a minimum of 5000 points is suggested as being 

most desirable for the vegetative type under consideration. Information on 

sampling precision on which the figure 5000 is partially based will be pre

sented in a later section.

(c) The 3-Step method.

Sampling intensities required to sample the dominant species at this 

site are shown in Table XVII. For reasons to be discussed transects 100 

feet long are thought to be most efficient and 11 of these are necessary.
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Table XVI. Sampling Intensities Required to Sample the Dominant Species 
and a Secondary Species to Within ±  10 Percent of Their Respective True 
Means Using Basal Areas Obtained by the Point Quadrat Method at Vauxhall. 

Ultimate Sampling Unitl/- 120 points.

Boutelona gracilis Stipa comata
Replicates Points Replicates Points

I 36 4320 194 23280

2 23 5520 122 29280

3 19 6840 98 35280

4 17 8160 86 41280

5 16 9600 79 47400

6 15 10800 74 53280

7 14 11760 70 58800

6 14 13440 68 65280

9 13 14C40 66 71280

10 13 15600 64 76800

2/ Schumacher and Chapman 1948
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Tabl® XVII. Sampling Intensities Required to Sample the Dominant Species 
to Within £ 10 Percent of the True Mean Using Basal Areas Obtained by the 3-Step Method at Vauxhall.

dumber of Transects 
Boutelona gracilis

10 42

o 20 25s,
.3

30 19

m 40 16
8
i

50 15I 60 13
%
_c 70 13I 80 12

90 12

100 11
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Precision of Sampling

1. The Stavely site.

Table XVIII shows the sampling precision obtained when those inten

sities found adequate for the dominant species are used to sample a group 

of minor species. Thus, from Table VI it was seen that, when using the 

line interception method, 10 transects each 50 feet in length would sample 

the dominant species to within + 10 percent of its true mean. This sampl

ing intensity, when used to measure a group of minor species, provides an 

estimate of the true mean which may vary from the mean of the population 

by + 17 percent. However, this level of accuracy would probably be accept

able for most studies within the type.

A total of 2400 points were suggested as being satisfactory in samp

ling the dominant species by the point method at this site. As is shown in 

Table XVIII such an intensity of sampling would only sample the group of 

minor species to within + 43 percent of their true mean.

The data shown emphasize an aspect of sampling which appears common 

to all ecological sampling. That is, while a suggested sampling intensity 

will give fairly accurate information about the whole or a major portion of 

the whole, it may not give very accurate information about an individual 

species or group of species which make up a relatively small part of the 

whole.

2. The Veterinary Research site.

A consideration of Table XIX, in the light of suggested sampling in

tensities when using the line interception and point methods at this site 

show that sampling which is adequate for the dominant species may not be



Table m i l . Sampling Precision Obtained W h m  Sampling Secondary Species at Intensities Found Adequate for the Dominant Species at Stavely

Line Interception Method Point Method
Lmgth of 

transect feet
No. of 

transects
Chances 19*1 that the sample mean 
will be within the following per
cent of the true mean No. of

Ultimate Units No. of 
replicates

Chances 19II 
will be with; 
cent of the I£

iat the sample mean 
the following per- 
Ke meanDanthonis parryi Minor species Danthonia Mm Minor species

IO 33 ±  1036 ±  2056 I 20 ±  10%
'

± 4 3 %

20 19 ±  1056 ±1956 2 10 ± 10% ± 4 3 %

30 34 ± 1056 ± 1856 3 7 i  io% ± 4 3 %

40 12 I 1056 ±  1756 4 6 ± 10% ±  41%

50 10 ± 1056 I 1756 5 5 I 10% ± 4 1 %

60 9 ± 1056 ±1656 6 4 ±10% ± 4 2 %

70 9 ±1036 ± 16% 7 4 ±  10% ± 39%
80 8 ± 10% ± 1656 8 3 ±  10% ± 4 3 %

90 8 ± 1056 ±14% 9 3 ± 10% ± 4 1 %

100 7 t IÔ ±15% 10 3 ± 10% ± 40%



Table JCEXe Sampling Precision Obtained 'when Sampling Secondary Species at Intensities
Veterinary Research Station.

Found Adequate for the Dominant Species at

Line Intercepfcion Method Point Method

Length of 
transect feet

Chances 19*1 that the sample mean 
No. of will be within the following per-

transects cent of the true mean__________
_____________A^ropyron smith!! Stipa comata

No. of
Ultimate Units

Chances 19*1 that the sample mean 
No. of will be with An the following percent replicates of the true________

Stipa comatayyixLLi
10

20
30
40
50
60
70
80
90
100

24
19
14
11

10

9
8
7
7
7

I 10% 
± 10% 
± 10% 
± 10% 
± 10% 
± 10% 
I 10% 
± 10% 
± 10%

I 29% 
± 27% 
±28% 
± 30% 
±31% 
I 32% 
±33% 
- 35% 
±35% 
±34%

1

2
3
4
5
6
7
8 
9

10

22
13
10

9
8
8
7
7
7
6

± 10% 
± 10% 
± 10% 
±i(% 
± 10% 
2  io% 

± 10% 
± 10% 
± 10% 

± 10%

■hlut th

; ±38% 
±36% 
±35% 
±33% 
±33% 
±31% 
±31% 
± 30% 
± 29% 
±31%

-0
9



-51-

particularly satisfactory when applied to secondary species. With both 

methods, sample means of secondary species may only be within 30 or 40 per

cent of the true mean. This is a large margin of error and one would hesi

tate to place much confidence in the information obtained. The data strong

ly emphasizes the necessity of adequate sampling if these secondary species 

are of importance in a study.

3, The Lethbridge site.

Table XX shows that the mean basal area of secondary species, when 

using the line interception method at the intensity found adequate for the 

dominant species would be within + 23 percent of its true mean. Again, de

pending upon the importance of these species in an investigation the inten

sity of sampling may have to be increased somewhat and a more acceptable 

level of accuracy attained.

Basal areas of secondary species obtained by the point method are 

even more variable than those obtained by the line interception method.

Table XX shows the sample means of secondary species to be only within 30 

to 60 percent of their true mean when using the sampling intensities found 

adequate for the dominant species at this site.

4. The Vauxhall site.

Table XXI shows that mean basal areas of secondary species fall with

in 17 to 24 percent of the true mean when the sampling intensities found ad

equate for the dominant species are used to sample the secondary species by 

the methods indicated.



Table XX. Sampling Precision Obtained When Sampling Secondary Species at Intensities Pound Adequate for the Dominant Species at 
Lethbridge.

Line Interception Metnod
Length of 

transect feet No. of 
transects

Chances 19:1 that the sample mean 
will be within the following per
cent of the true mean No. of

Ultimate Units No. of 
replicates

Chances 19:1 that the sample mean 
will be within the following percent of the true mepnBouteloua gracilis Stipa comata Bouteloua gracilis Stipa comata

10 34 I 10* (A41 I 10 ±30* ±61*
20 9 ± 10* g<r>41 2 7 ± 10* ± 51*
30 7 ± 10* ±33* 3 6 ± 10* ±45*
40 7 ± 30* ± 29* 4 6 ± 10* ±38*
50 6 ± 10* ±28* 5 5 1 10* ±43*
60 6 t 30* %41 6 5 I 10* ±37*
70 6 ± 10* ± 24* 7 5 ±10* ±35*
80 6 t 30* ± 23* 8 5 ± 10* ±33*
90 5 t 10* ±24* 9 5 ± 10* ±32*
100 5 t 10* ± 23* 10 5 I 10* 131*



Table XXI. Sampling Preeielon Obtained When Sampling Secondary Species at Intensities Pound Adequate for the Daainant Species at Vauxhall

Length of 
transect feet

No. of 
transects

Chances 19:1 that the sample mean 
will be within the following per
cent of the true mean

No. of
Ultimate Units

No. of 
replicates

Chances 19:1 that the sample mean 
will be within the following per
cent of the true mean

Bouteloua gracilis Stipa comata Bouteloua gracilis Stipa ccmata
10 45 ±10* t 17* I 36 ±10* ± 24*
20 26 ± 20* ± 17* 2 23 ± 10* -M

30 20 ±10* t 21* 3 19 ± 10* ± 23*
40 17 ± 10* ±17* 4i 17 ± 10* ± 23*
50 15 I 10* ±19* 5 16 ±  IQ* ±22*
60 34 ± 10* ± 17* 6 15 ± 10* ± 22*
70 13 ± 10* ±17* 7 14 ± 10* -H

60 12 ± IQ* ± 17* 6 14 ± 10* ±21*
90 12 I 10* ± 17* 9 13 ± 10* ± 23*
100 11 ± 10* ±17* 10 33 ± 10* ±22*
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Reuression and Correlation

Using original percentage data, correlation coefficients were cal

culated for various combinations of methods at all sites. These coeffici

ents are tabulated in Table XXII. In all cases except two, the values ob

tained are highly significant indicating that, for the most part, the three 

methods do measure essentially the same thing. There seems to be no obvious 

reason why no agreement exists between the line interception and 3-Step 

methods at Stavely and Lethbridge.

Regression lines were plotted to show the direction of relationship 

between methods. This is shown graphically in Figures 2 to 5 inclusive.

With the exception of the line interception and 3-Step methods at Stavely 

and Lethbridge, good agreement exists between all methods.

Length of transects. 3-Step method

Parker (1950) outlines a method whereby the most efficient number of 

loops per transect may be calculated. In the study under discussion these 

loops were dropped at one foot intervals hence the most efficient number of 

loops will also indicate the most efficient length of transect.

The method outlined involves the use of the formula:

vf5 # SE.
N

Where P is the percentage of loops in which vegetation is hit, q is the per

centage of loops in which the vegetation is missed and N is the total num

ber of loops examined. The error term secured is then expressed as a per

centage of P. This formula was used in calculating percentage error terms 

when using transects 50 and 100 feet long.

Results obtained are shown in Table XXIII and indicate that a tran-
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Table XXII. Correlation Coefficients (r) and values of "t" for Various 
Combinations of Methods at Each Site, Based on Basal Areas of Dominant 
Species.

Site Correlation of: Ilr M Mt"
Stavely Line interception and Point 0.789 12.703**Line interception and 3-Step 0.128 1.384Point and 3-Step 0.402 4.344**

Vet. Res. Line interception and Point 0.716 10.146**Line interception and 3-Step 0.542 6.380**Point and 3-Step 0.473 5.311**
Lethbridge Line interception and Point 0.430 4.714**Line interception and 3-Step 0.039 0.386Point and 3-Step 0.328 3.435**
Vauxhall Line interception and Point 0.934 25.996**Line interception and 3-Step 0.734 10.689**Point and 3-Step 0.741 10.922**

** significant at 0.01 percent point, 98 d.f
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Percent Basal Areas by (------ ) Point Method and (----) 3-Step
Method.

Figure 2. Line a r  relationship between point method, 3-Step method and the
line interception method as used in measuring percent basal area of
Danthonia parryi at S t a v e l y .
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Percent Basal Area by (----- ) Point Method and (-----) 3-Step
Method.

Figure 3. L i n e a r  relationship between the point method, 3-Step method and
line interception method as used in measuring percent basal area of
Agropyron smithii at Veterinary Research Station.
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Percent Basal Area by (----- ) Point Method and (-----) 3-Step
Method.

Figure 4. L i n e a r  relationship between point method, 3-Step method, and
line interception method as used in measuring percent basal area of
B o uteloua gracilis at Lethbridge.
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Percent Basal /irea by (_____ ) point Method and (-----) 3-Step
Method.

Figure 5. Linear relationship between point method, 3-Step Method, and

line interception method as used in measuring percent basal area of 

Bouteloua gracilis at Vauxhall.
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Table XXIII. The Most Efficient Transect Lengths When Using the 3-Step
Method at Each Site, Using Basal Areas of Dcsninant Species.

Standard error in percent of mean 
Site 100' Transect_____50* Transect Most efficient 

length in feet
Stavely 

Vet. Res. 
Lethbridge

10.079
11.132

5.391
4.796

14.454
6.890
7.517
6.765

100
50
100

Vauxhall 100
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sect 100 feet long is superior to one 50 feet long at all sites except at the 

Veterinary Research site.

Number of Transects per Cluster. 3-Step Method 

Parker (1950) also outlines a method whereby the most efficient num

ber of transects per cluster may be calculated. The procedure involves a 

variance analysis of the data, calculation of the experimental and sampling 

error variances (i.e. A and B) and the use of these variances to calculate 

the number of transects per cluster.

For example, data was available from the Stavely Grassland Sub-Sta

tion involving 24 transects which were grouped in Q clusters of 3 transects 

per cluster. These clusters sampled areas ranging from excellent to poor 

range condition. The analysis was carried out as shown in the following ex

ample.

Table XXIV
Analysis of Variance of 3-Step Data for Determination 
of Optimum Number of Transects per Cluster at Stavely

Source d.f. Sum of Squares M.S.

Between clusters 7 415.2 59.314 A = 11.486
Within clusters 16 397.7 24.866 B s 24.856

Total 23 812.9

The ratio J  B - J  24.056 = 2.164JT  VH7406

Thus, the number of transects per cluster is 2,164 or N = 2.

The same procedure was followed using the data obtained at each of 

the study sites. Results are given in Table XXV.
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Table XXV. Number of Transects per Cluster Required When Using the 
3-Step Method at Each Site, Based on Basal Areas of Dominant Species at 
Each Site.

Site
Transects 100 feet 

in length
Transects 50 feet 

in length

Stavely 2 -

Vet. Res. 5 7

Lethbridge I —

Vauxhall 2
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Estlmated Time Required per Method 

The estimated time spent in recording and measuring data by each 

method at each site is shown in Table XXVI. Unfortunately detailed records 

were not kept on this aspect of the study. The estimated times shown indi

cate that with increasing density and complexity of the vegetative cover 

the time required when using the line interception method increases quite 

markedly. This is not quite the case when using the point and 3-Step met

hods since each point or loop has to be examined and, if the observer is 

familiar with the species growing on an area, the necessary information can 

be rapidly obtained. The slight increase in time shown at the Stavely site 

for these two methods is due in large part to the increased number of spec

ies which must be written into the field record and not to a longer time 

being required to obtain the basic information.

Relative Basal Area Measurements by Each Method 

The relative basal area measurements obtained when using each method 

are shown in Table XXVII, At each site the line interception method was 

used as an index and basal areas obtained by the method were given a value 

of 1.000. Relative basal areas obtained by the point and 3-Step methods 

were then calculated using this index.

In general, basal area measurements at the Stavelyl Lethbridge, and 

Vauxhall sites are quite consistent and are in the order of 1.000:1.050; 

2.000. The relative values at the Veterinary Research site show a striking 

departure from this series where the line interception method has a relative 

value of 1.000, the point method approximately 2,000, and the 3-Step method
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Table XXVI. Estimated Time in Man Hours Required to Measure and Record 
Basal Area of Vegetation on Each One Hundred Foot Transect by Each Method 
at Each Site.

Method______________ Stavely Vet. Res. Lethbridge Vauxhall

Line interception method 2 .50 1.75 2.00 2.00

Point method 0.75 0 .50 0.65 0.65
3-Step method 0.40 0.25 0.30 0 .30



Table XXVII. Relative Basal Area Measurements at Each Site by Each Method Using the Line Interception Method as an Index. Based on Basal
Areas of Dominant Species at Each Site. '

Line _______ Stavely_________________ Veterinary Research_____________ Lethbridge____________________ Vauxhall
Transect
Number

Interception
Method

Point
Method

3-Step
Method

Point
Method

3-Step
Method

Point
Method

3-Step
Method

Point
Method

3-Step

I I. COO 1.139 1.986 1.310 5.803 1.003 2.324 1.076 2.038
2 1.000 1.217 1.165 2.211 5.706 1.368 2.289 1.078 1.970
3 1.000 1.195 1.998 1.521 4.081 0.937 2.316 1.092 1.899
4 1.000 1.007 2.744 2.097 3.571 1.405 2.355 1.021 1.936
5 1.000 1.153 3.058 1.904 3.393 0.772 1.588 0.906 1.934
6 1.000 1.078 2.128 2.161 8.091 1.378 2.410 1.060 1.872
7 1.000 1.072 2.302 1.596 4.372 0.839 1.647 1.022 2.239
8 1.000 1.076 1.743 1.711 4.279 1.196 2.272 1.086 2.417
9 1.000 1.115 2.136 1.505 2.061 0.917 1.529 0.945 1.771

10 1.000 0.996 2.131 1.833 5.952 0.798 1.898 1.070 2.347
Average 1.000 1.105 1.743 1.785 4.731 1.081 2.062 1.035 2.042
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approximately 5.000.

Values were calculated using the basal areas of the dominant species 

at each site. At the Veterinary Research site the dominant is Agropyron 

smithii.

This grass is rhizomatous in habit and characteristically grows in 

a stand consisting of scattered single stems. It can readily be seen that 

the 3-Step method, in which vegetation appearing in a 3/4 inch loop is re

corded, might very easily over-estimate the basal area contributed by such 

a species.

A proposal has recently been made (Cowlin, 1953) that the vegetation 

appearing in the 3/4 inch loop or nearest to the loop be recorded. The pro

cedure has been called the "nearest hit technique" and apparently provides 

lower sampling errors for composition inventories, gives better information 

on secondary species, and resulted in the recording of twice as many species 

as were encountered when using the unmodified loop technique. Using the 

nearest hit technique 100 observations are consistently available for study 

and analysis. However, in the light of the over-emphasis which the 3-Step 

method places on single stemmed species, the nearest hit technique should 

be used with caution.

The increase in basal area shown when using the point method at this 

site is not as easily explained. On the contrary one would expect that the 

method, depending as it does on crown hits for an estimate of basal areas, 

would under-estimate* rather than over-estimate, such a species. This is 

not the case on the area studied.



Table XXVIII. Number of Species Encountered by Each Method at Each Site

Vegetative Glass _____________________ Method_________________________

_______ Site____________ Line Interception Point 3-Step________

Grasses and Carex
Stavely 11 11 10

Vet. Res. 6 6 6
Lethbridge 7 6 5

Vauxhall 7 7 7
Average 7.75 7.50 7.oo
Forbs and Shrubs

Stavely 24 20 11
Vet. Res. 7 6 7

Lethbridge 6 9 5
VauxhaLl 11 8 6

Average 12.00 10.75 7.25
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Number of Species Encountered

In Table XXVIII the number of species encountered at each site are 

shown. It will be noted that all methods detected the grasses quite well 

but a marked difference exists in the number of forbs and shrubs encounter

ed,

At all sites, the grasses were well distributed over the study areas 

and the chances of encountering them by all methods were quite good. Forbst 

and shrubs, on the other hand, occurred infrequently and, while they might 

be detected by the line interception method, they could very easily be miss

ed when using either the point or 3-Step methods.

Thus, the greatest number of species were encountered by the line 

interception method, the next largest group by the point method, and least 

when using the 3-Step method. In view to the unreliability of data pertain

ing to minor species (Tables XVIII, XIX, XX, XXI) these differences are pro

bably not too serious from a quantative standpoint. The differences might 

be a factor if qualitative data on species present is desired.
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VariablHty of Native Species

Figures 6, 7, and 8 graphically illustrate the type of distribution 

encountered at the Veterinary Research site by the line interception, point 

and 3-Step methods. In all cases, distributions are distinctly skewed to 

the right and, the less abundant the species, the more skewed the distribu

tion since it is accentuated by the large number of plots in which the spe

cies fails to occur. This is characteristic of many plant populations 

(Robinson, 1954). Distributions at all other sites followed essentially 

the same pattern.

At first sight, one might seriously question the application of sta

tistical analysis, based on a normal distribution, to this type of data. 

However, it has been pointed out (Pehanec and Stewart, 1941) that Fishers 

"z" test can be validly applied to data with distinctly non-normal distri

bution. This in turn implies the validity of the "t" and ”f" tests.

The important point is that the validity of the analysis of variance 

from skewed distributions, assuming that the data is not transformed, pre

supposes an ample number of samples from each treatment group. The more 

skew the distribution, the more important adequate sampling becomes.

Table XXX lists the mean, error variance, and coefficient of varia

tion for each method using the dominant species at each site. In general, 

the 3-Step method gave the most variable data, the point method least, with 

data obtained by the line interception method intermediate between these 

two methods.

Thus, in a type of cover whose dominant species consists largely of 

Bouteloua gracilis or a grass with a similar growth habit, the 3-Step method
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-Stipa comat a
- Agropyron smithii 
• Total grass
- Total basal area

Class Interval in Percent

Figure 6. Frequency distributions of some constituents of the vegetation 

at Veterinary Research Station using basal area measurements obtained by 

the line interception method.
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--- Stipa comata
— .Agropyron soithii 
... Total grass
—  Total basal area

I ;\ I \A ; >

Class Interval in Percent

Figure 7. Frequency distributions of some constituents of the vegetation 

at Veterinary Research Station using basal area measurements obtained by 

the point method.
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---Stipa comata
—  Agropyron sraithii

Total grass
—  Total basal area

Class Interval in Percent

Figure 8. Frequency distributions of some constituents of the vegetation 

at Veterinary Research Station using basal area measurements obtained by 

the 3-Step method.



Table XXIX. Comparison of Means. Variances, and Coefficients of Variation at Each Site by Each 
Method, Using Basal Areas of Dominant Species.

Stavely Veterinary Research
Line interception Point 3-Step Line interception Point 3-Step

method method method method method method

Mean 18.827 19.785 27.276 9.627 12.753 19.525

Variance 25.599 18.904 124.895 7.216 6.906 108.487

Coe. of Var. 26.87% 21.97% 40.97% 27.90% 20.59% 53.34%

Lethbridge Vauxhall
Line interception 

method
Point
method

3-Step
method

Line interception 
method

Point
method

3-Step
method

Mean 33.992 34.682 53.816 25.579 26.258 38.574

Variance 26.766 19.113 73.305 61.661 43.745 126.706

15.21% 12.61% 25.18% 29.18%Coe. of Var 15.80% 30.69%

-73-
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appears very useful. Data obtained is nearly as consistent as that obtain

ed by other methods. The method gives extremely variable data when used to 

measure basal area of a single stemmed species such as Acropyron smithii or 

an open bunch type such as Danthonia parryi. However, increased sampling 

may overcome this tendency to a degree.

The line interception and point methods gave reasonably consistent 

results regardless of the vegetative type, the point method being generally 

somewhat superior, as shown by a slightly lower coefficient of variation.
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CONCLUSIONS At® SUMMARY

1. Statistical variance was used to determine the optimum sampling inten

sity when using each of three methods on each of four grassland types in 

southern Alberta, These methods were the line interception method, the 

point quadrat method, and the 3-Step method. Grassland types studied were 

representative of the Festuca-Danthonia association of the fescue grassland, 

and the Bouteloua-Stipa faciation and Agropyron-Stipa associes of the mixed 

prairie.

2. Results obtained are shown in tabular form as follows.

(a) The line interception method.

Table XXX
Number and Length of Transects Required to Sample 

the Dominant Species to Within + 10 Percent of 
the True Mean when Using the Line Interception

Method

Site No. of Transects Length of Transect

Stavely 10 50 feet
Vet. Res, 10 50 feet
Lethbridge 6 50 feet
Vauxhall 15 50 feet

(b) The point method.

Table XXXI
Minimum Number of Points Required to Sample 
the Dominant Species to Within + 10 Percent of 

the True Mean when Using the Point Method

Site No. of Points

Stavely 2400
Vet. Res. 3000
Lethbridge 1200
Vauxhall 4320
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(c) The 3-Step Method.

Table XXXII
Number and Length of Transects Required to Sample the 
Dominant Species to Within + 10 Percent of the True 

Mean and Number of Transects per CTuster When Using the 3-Step Method

Site No. of Transects Length of Transect Transects/Cluster

Stavely 25 100 2
Vet. Res. 68 50 7
Lethbridge 2 100 I
Vauxhall 11 100 2

3. When secondary species were sampled at intensities found adequate for 

the dominant species, measurements of these secondary species were found to 

be highly variable. Thus, a sampling intensity that may give accurate info

rmation about the whole or a major portion of the whole may not give very 

accurate information about a species which only makes up a small part of the 

whole.

4. A high degree of correlation exists between the methods studied.

5. Under the conditions of the test, measurements by the 3-Step method 

could be made most rapidly, those by the point method next, while measure

ments by the line interception method took the longest time of the three 

methods studied.

6. Each method gave somewhat different information regarding the vegetative 

complex. The 3-Step method detected fewer species than the others and show

ed a greatly increased total basal area. The line interception method de

tected the greatest number of species and the lowest total basal area. The 

point method was similar to the line interception method but detected fewer 

species and showed a slightly higher total basal area.
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7. Native species are not randomly distributed. Frequency distributions 

are skewed to the right and the less abundant the species, the more skew 

the distribution.

6. As shown by coefficients of variation, the point method gave the least 

variable data. The line interception method gave data which was similar to 

that obtained by the point method. The data obtained by the 3-Step method 

was most variable, especially where the cover consisted largely of Aqropyron 

smithii or Danthonia parryi.
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Variance necessary for accuracy to within ±  10 percent of mean = 0.941

Appendix Table I. Estimated variances of a species mean on a single
plot basis using various combinations of transect numbers and transect
lengths and based on the basal areas of Danthonia parryi obtained by the
line interception method at Stavely

Number of Transects
1 2 3 4 5 6 7 3 9  10

10 29.321 14.660 9.773 7.330 5.864 4.886 4.188 3.665 3.257 2.932

20 16.551 8.275 5.517 4.137 3.310 2.158 2.364 2.068 1.839 1.655

£  30 12.294 6.147 4.098 3.073 2.458 2.049 1.756 1.536 1.366 1.229
-5 40
ti

10.166 5.083 3.388 2.541 2.033 1.694 1.452 1.270 1.129 1.016

I 50
A  60

8.889 4.444 2.963 2.222 1.777 1.481 1.269 1.111 0.987 0.888

8.037 4.018 2.679 2.009 1.607 1.339 1.148 1.004 0.861 0.803
y
° 70 7.429 3.714 2.476 1.857 1.485 1.238 1.061 0.928 0.825 0.742

I  80 6.973 3.486 2.324 1.743 1.394 1.162 0.996 0.871 0.774 0.697

^  90 6.618 3.309 2.206 1.654 1.323 1.103 0.945 0.827 0.760 0.661

100 6.335 3.167 2.111 1.563 1.267 1.055 0.905 0.791 0.703 0.633
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Variance necessary for accuracy to within ±  10 percent of mean -  0.978.

Appendlx Table II. Estimated variances of a species mean on a single
plot basis using various combinations of ultimate sampling unitsl/ (120
points) and replicates of the ultimate sampling units, based on basal area
of Danthonia parry! by point quadrat method at Stavely.

Number of Replicates
I 2 3 4 5 6 7 8 9 10

I 19.547 9.773 6.515 4.886 3.909 3.257 3.091 2.443 2.171 1.954

32 10.095 5.047 3.365 2.523 2.019 1.682 1.442 1.261 1.121 1.009

3 6.944 3.472 2.314 1.736 1.388 1.157 0.992 0.868 0.771 0.694I 4 5.366 2.683 1.788 1.341 1.073 0.894 0.766 0.670 0.596 0.536a 5 4.423 2.211 1.474 1.105 0.884 0.737 0.631 0.552 0.491 0.442a 6 3.793 1.896 1.264 0.948 0.758 0.632 0.541 0.474 0.421 0.379S 7 3.343 1.671 1.114 0.835 0.668 0.557 0.477 0.417 0.371 0.334
%
{h

8 3.006 1.503 1.002 0.751 0.601 0.501 0.429 0.375 0.334 0.300i 9 2.743 1.371 0.914 0.685 0.548 0.457 0.391 0.342 0.304 0.274
as

10 2.533 1.266 0.844 0.633 0.506 0.422 0.361 0.316 0.281 0.253

I/ Schumacher and Chapman 1948
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Variance necessary for accuracy to within t  10 percent of mean =  1.857.

Appendix Table III. Sxtiaiated variances of a species mean on a single
plot basis using various combinations of transect numbers and transect
lengths, based on basal areas of Danthonia parryi by 3-steD method at
Stavely.

10

20
30

40

50

60
70

80

90

100

___________________ Mumber of Transacts________ ____________
1 2___ 2___ h___ 5___ 6___ 2___ d___ 2___ io

159.092 79.546 53.030 39.773 31.818 26.515 22.727 19.886 17.676 15.909 

96.644 48.322 32.214 24.161 19.328 16.107 13.806 12.080 10.738 9.664

75.828 37.914 25.276 18.957 15.165 

65.420 32.710 21.806 16.355 13.084 

59.176 29.588 19.725 14.794 11.835 

55.012 27.506 18.337 13.753 11.002 

52.039 26.019 17.346 13.009 10.407 

49.808 24.904 16.602 12.452 9.961 

48.074 24.037 16.024 12.018 9.614 

46.686 24.343 15.562 11.671 9.337

12.638 10.832 9.478 8.425 7.582

10.903 9.345 8.177 7.268 6.542

9.862 8.453 7.397 6.575 5.917

9.168 7.858 6.876 6.112 5.501

8.673 7.434 6.745 5.782 5.203

8.301 7.115 6.226 5.534 4.980

8.012 6.867 6.009 5.341 4.807

7.781 6.669 5.835 5.187 4.668
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Variance necessary for accuracy to within ±  10 percent of true mean = 
0.231.

Appendix Table IV. Estimated variances of a species mean on a single
plot basis using various combinations of transect numbers and transect
lengths based on basal areas of Axrowron smith!! by the line interception
method at Veterinary Research Station.

10

20
30

40

50

60
70

80

90

100

____________________Number of Transects
1 2 3 4  5 6 7 8

7.976 3.988 

4.368 2.184 

3.166 1.583 

2.564 1.282 

2.204 1.102 

1.963 0.981 

1.791 0.895 

1.662 0.831 
1.562 0.781 

1.482 0.741

2.658 1.994 

1.456 1.092 

1.055 0.791 

0.854 0.641 

0.734 0.551 

0.654 0.490 

0.597 0.447 

0.554 0.415 

0.520 0.390 

0.494 0.370

1.595 1.329 

0.873 0.728 

0.633 0.527 

0.512 0.427 

0.440 0.367 

0.392 0.327 

0.358 0.298 

0.332 0.277 

0.312 0.260 

0.296 0.247

1.139 0.997 

0.624 0.546 

0.452 0.395 

0.366 0.320 

0.314 0.275 

0.280 0.245 

0.255 0.223 

0.237 0.207 

0.223 0.195 

0.211 0.185

9 10

0.886 0.797 

0.485 0.436 

0.351 0.316 

0.284 0.256 

0.244 0 .220  

0.218 0.196 

0.199 0.179 

0.184 0.166 

0.173 O.I56 

0.164 0.148



Nu
mb

er
 o

f 
Ul

ti
ma

te
 S

am
pl

in
g 

Un
it

s
-05-

Appendix Table V, Estimated variances of a species mean on a single 
plot basis using various combinations of ultimate sampling unitsjy (120 
points) and replicates of the ultimate sampling units based on basal areas 
of Agrppyron smithli by point quadrat method at Veterinary Research Station 
Variance necessary for accuracy to within ±  10 percent of true mean =  0.405

_____________ Number of Replicates ___________________
lL 2______ k______ 5______ 6______2______8______ 9______io

1 8.659 4.329 2.886

2 5.206 2.603 1.735

3 4.055 2.027 1.351

4 3.479 1.739 1.159

5 3.134 1.567 1.044

6 2.904 1.452 0.968

7 2.739 1.369 0.913

8 2.616 1.308 0.872

9 2 .520 1.260 0.840

.0 2.443 1.221 0.837

2.164 1.731 1.443

1.301 1.041 0.867

1.013 0.811 0.675

0.869 0.695 0.579

0.783 0.626 0 .522

0.726 0.580 0.484

0.684 0.547 0.456

0.654 0.523 0.436

0.630 0.504 0 .420

0 .610 0.488 0.407

1.237 1.082 0.962 O .865

0.743 0 .650 0.578 0 .520

0.579 0.506 0.450 0.405

0.497 0.434 0.386 0.347

0.447 0.391 0.348 0.313

0.414 0.363 0.322 0 .290

0.391 0.342 0.304 0.273

0.373 0.327 0.290 0.261

0.360 0.315 0.280 0 .252

0.349 0.305 0.271 0.244

l/ Schumacher and Chapman 1948
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Variance necessary for accuracy to within £  10 percent of true mean = 0.952

Appendix Table VI. Estimated variances of a species mean on a single
plot basis using various combinations of transect numbers and transect
lengths, based on basal area of AKropyron smith!! by 3-step method at
Veterinary Research Station.

10

20
I(£30

S 60
70 

80 

90 

100

_______________________Number of Transects
1 2  3 U 5 6

151.016 75.508 50.338 37.754 30.203 25.169 

96.773 48.386 32.257 24.193 19.354 16.128 

78.692 39.346 26.230 19.673 15.738 13.115 

69.651 34.825 23.217 17.412 13.930 11.608 

64.227 32.113 21.409 16.056 12.845 10.704 

60.611 30.305 20.203 15.152 12.122 10.101 

58.028 29.014 19.342 14.507 11.605 9.671 

56.090 28.045 18.696 14.022 11.218 9.348 

54.584 27.292 18.194 13.646 10.916 9.097 

53.378 26.689 17.792 13.344 10.675 8.896

7 8

21.573 18.877 

13.824 12.096 

11.241 9.836 

9.950 8.706 

9.175 8.028 

8.658 7.576 

8.289 7.253 

8.012 7.011 

7.797 6.823 

7.625 6.672

9______10

16.779 15.101

10.752 9.677

8.743 7.869

7.739 6.965

7.136 6.422

6.734 6.061

6.447 5.802

6.232 5.609

6.064 5.458

5.930 5.337



Variance necessary for accuracy to within ±  10 percent of true mean = 2.856

Appendix Table VII. Estimated variances of a species mean on a single
plot basis using various combinations of transect numbers and transect
lengths, based on basal areas of Bouteloua gracilis by line interception
method at Lethbridge,

Number of Transect
I 2 3 4 5 6 7 8 9 10

10 37.992 18.996 12.664 9.498 7.958 6.332 5.427 4.749 4.221 3.799
20 24.609 12.304 8.203 6.152 4.921 4.101 3.515 3.076 2.734 2.460

30 20.148 10.074 6.716 5.037 4.029 3.358 2.878 2.518 2.238 2,014
40 17.917 8.958 5.972 4.479 3.583 2.986 2.559 2.239 1.990 1.791
50 16.579 8.289 5.526 4.144 3.315 2.763 2.368 2.072 1.842 1.657
60 15.687 7.843 5.229 3.921 3.137 2.614 2.241 1.960 1.743 1.568

70 15.049 7.524 5.016 3.762 3.009 2.508 2.149 1.881 1.672 1.504
80 14.571 7.285 4.857 3.642 2.914 2.428 2.081 1.821 1.619 1.457
90 14.200 7.100 4.733 3.550 2.840 2.366 2.028 1.775 1.577 1.420

100 13.902 6.951 4.634 3.475 2.780 2.317 1.986 1.737 1.655 1.390
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Appeudix Table VIII. Estimated variances of a species mean on a single 
plot basis using various combinations of ultimate sampling units (120 points) 
and replicates of the ultimate sampling units, based on basal areas of 
Bouteloua gracilis by point quadrat method at Lethbridge.
Variance necessary for accuracy to within ±  10 percent of true mean =  2.992. 

_______________________Number of Replicates_______ ___ __________ _
------- i------ 2 3______ &______ 5______ &______ 2______ 2______2_____ io

1 29.996 14.998 9.998 7.499 5.999 4.999 4.285 3.749 3.332 2.999

2 20.439 10.219 6.813 5.109 4.087 3.406 2.919 2.554 2.271 2.043

3 17.254 8.627 5.751 4.313 3.450 2.875 2.464 1 .740 1.917 I .725

4 15.665 7.830 5.220 3.915 3.132 2.610 2.237 1.957 1.740 1.566

5 14.705 7.352 4.901 3.676 2.941 2.450 2.100 1.838 1.633 1.470

6 14.068 7.034 4.689 3.517 2.813 2.344 2.009 1.758 1 .563 1.406

7 13.613 6.806 4.537 3.403 2.722 2.268 1.944 1 .701 1.512 I.36I

8 13.272 6.636 4.424 3.318 2.654 2.212 1.896 1.659 1.474 1.327

9 13.006 6.503 4.335 3.251 2.601 2.16? 1.858 1.625 1.445 1.300

10 12.794 6.397 4.264 3.198 2.558 2.132 1.827 1.599 1.421 1.279
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Appendix Table IX. Estimated variances of a species mean on a single 
plot basis using various combinations of transect numbers and transect 
lengths, based on basal areas of Bouteloua Kracilis by 3-step method at 
Lethbridge.
Variance necessary for accuracy to within ±  10 percent of true mean =  7.236

_______________________ Number of transects_____________________________
-------1------2—  2______ 4 5______ 6 7 8______ 9 10

10 78.014 39.007 26.004 19.503 15.602 13.002 11.144 9.751 8.668 7.801

20 41.861 20.930 13.953 10.465 8.372 6.976 5.980 5.232 4.651 4.186

30 29.810 14.905 9.936 7.452 5.962 4.968 4.258 3.726 3.312 2.981

40 23.785 11.892 7.928 5*946 4.757 3.964 3.397 2.973 2.642 2.378

50 20.170 10.085 6.723 5.042 4.034 3-361 2.881 2.521 2.241 2.017

60 17.759 8.879 5.919 4.439 3*551 2.959 2.537 2.219 1.973 1.775

70 16.038 8.019 5.346 4.009 3.207 2.673 2.291 2.004 1.782 1.603

80 14.747 7.373 4.915 3.686 2.949 2.457 2.106 1.843 1.638 1.474

90 13.742 6.871 4.580 3.435 2.748 2.290 1.063 1.717 1.526 1.374

100 12.939 6.469 4.313 3.234 2.58? 2.156 1.848 1.617 1.437 1.293



Le
ng

th
 o

f 
Tr

an
se

ct
s 

in
 F

ee
t

90-

Variance necessary for accuracy to within t  10 percent of true mean =  1.633

Appendix Table X. Estimated variances of a species mean on a single
plot basis using various combinations of transect numbers and transect
lengths, based on basal areas of Bouteloua gracilis by line interception
method at Vauxhall.

10

20
30

40

50

60
70

80

90

100

Number of Transects
I 2 3 4___ 5 6 7 8 9 10

73.203 36.601 24.401 18.300 14.640 12.200 10.457 9.150 6.133 7.320

42.371 21.185 14.123 10.592 8.474 7.061 6.053 5.296 4.707 4.237

32.094 16.047 10.698 8.023 6.418 5.349 4.584 4.011 3.566 3.209

26.956 13.478 8.985 6.739 5.391 4.492 3.850 3.369 2.995 2.695

23.873 11.936 7.957 5.968 4.774 3.978 3.410 2.984 2.652 2.387

21.81? 10.908 7.272 5.454 4.363 3.636 3.116 2.727 2.424 2.181

20.349 10.174 6.783 5.087 4.069 3.391 2.907 2.543 2.261 2.034

19.248 9.624 6.416 4.812 3.849 3.208 2.749 2.406 2.138 1.924

18.392 9.196 6.130 4.598 3.678 3.065 2.627 2.299 2.043 1.839

17.707 8.853 5.902 4.426 3.541 2.951 2.529 2.213 1.967 1.770



Nu
mb
er
 o
f 
Ul
ti
ma
te
 Sa

mp
li
ng
 U
ni
ts

-91-

Variance necessary for accuracy to within ± 10 percent of true mean = 1.721

Appendix Table XI. Estimated variances of a species mean on a single
plot basis using various combinations of ultimate sampling units (120
points) and replicates of the ultimate sampling units, based on basal areas
of Bouteloua gracilis by point quadrat method at Vauxhall.

________________ Number of replicates
I ____ 2 3 4 5 6 7 8 9 10

I 61.716 30.656 20.572 15-429 12.343 10.286 8.816 7.714 6.857 6.171

2 39-643 19-921 13.281 9.960 7.968 6.640 5.691 4.980 4.427 3.984

3 32.522 16.276 10.850 8.138 6.510 5.425 4.650 4.069 3.616 3.255

4 26.907 14.453 9.635 7.226 5-781 4.617 4.129 3.613 3.211 2.890

5 26.720 13.360 8.906 6.680 5.344 4.453 3.817 3.340 2.968 2.672

6 25.261 12.630 6.420 6.315 5.052 4.210 3.608 3.157 2.806 2.526

7 24.220 12.110 8.073 6.055 4.844 4.036 3.460 3.027 2.691 2.422

6 23.439 11.719 7.813 5.859 4.687 3.906 3.348 2.929 2.604 2.343

9 22.831 11.415 7.610 5.707 4.566 3.805 3.261 2.853 2.534 2.283

10 22.345 11.172 7.448 5.586 4.469 3.724 3.192 2.793 2.482 2.234



Appendix Table XII. Estimated variances of a species mean on a single 
plot basis using various combinations of transect numbers and transect° 
lengths, based on basal areas of Bouteloua gracilis by 3-steo method at 
Vauxhall•
Variance necessary for accuracy to within ±  10 percent of true mean = 3.717

-92-

_____________ Number of T r a n s e c t s ____________
2------2______4______5______6______2______8______2______10

10 154.488 77.244 51.496 38.622 30.897 25.748 22.069 19.311 17.165 15.448
20 91.135 45.567 30.378 22.783 18.22? 15.189 13.019 11.391 10.126 9.113

£  30
CS

70.017 35-008 23.339 17.504 14.003 11.669 10.002 8.752 7.779 7.001

> 59.458 29.729 19.819 14.864 11.891 9.909 8.494 7.432 6.606 5.945

I 50
53.123 26.561 17.707 13.280 10.624 8.853 7.589 6.640 5.902 5.312

§ 60 49.899 24.449 16.299 12.224 9.779 8.149 6.985 6.112 5.433 4.989
%  70
X J

45.882 22.941 15.294 11.470 9.176 7.647 6.554 5.735 5.098 4.588
I  80 43.620 21.810 14.540 10.905 8.724 7.270 6.231 5.452 4.846 4.362
” 90 41.860 20.930 13.953 10.465 8.372 6.976 5.980 5.232 4.651 4.186
100 40.452 20.226 13.484 10.113 8.090 6.742 5.778 5.056 4.494 4.045
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Appendix Table XIII. Analysis of variance tables for each method at each 
site showing values of A and B used in calculating sampling intensity, based 
on basal areas of dominant species.

Site, Method and Source
of Variation D.F. M.S. A B

Stavely
Line Interception Method

Among Transects 9 63.35 3.78 25.54
Within Transects 90 25.54
Total 99

Point Method
Among Transects 9 25.441 0.643 18.904
Within Transects 90 18.904
Total 99

3-Step Method
Among Transects 9 466.874 34.197 124.895
Within Transects 90 124.895
Total 99

Veterinary Research
Line Interception Method

Among Transects 9 14.842 0.760 7.216
Within Transects 90 7.216
Total 99

Point Method
Among Transects 9 26.442 1.753 6.906
Within Transects 90 6.906
Total 99

3-Step Method
Among Transects 9 533.786 42.529 108.487
Within Transects 90 108.487
Total 99
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Appendix Table XIII. (con't)

Site, Method and Source
of Variation D.F. M.S. A. B.

Lethbridge
Line Interception Method

Among Transects 9 139.02 11.226 26.766
Within Transects 90 26.766
Total 99

Point Method
Among Transects 9 127.947 10.883 19.113
Within Transects 90 19.113
Total 99

3-Step Method
Among Transects 9 129.404 5.709 72.305
Within Transects 90 72.305
Total 99

Vaxuchall
Line Interception Method

Among Transects 9 177.076 11.541 61.661
Within Transects 90 61.661
Total 99

Point Method
Among Transects 9 225.463 17.971 43.745
Within Transects 90 43.745
Total 99

3-Step Method
Among Transects 9 424.526 29.782 126.706
Within Transects 90 126.706
Total 99
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Appendix Table XIV. Analysis of variance tables for two methods at each 
site showing values of A and B used in calculating sampling intensity, 
based on basal areas of secondary species.

Site, Method and Source
of Variation D.F. M.S. A. B.

Stavely
Line Interception Method

Among Transects 9 7.030 0.102 6.008
Within Transects 90 6.008
Total 99

Point Method
Among Transects 9 45.928 3.307 12.852
Within Transects 90 12.852
Total 99

Veterinary Research
Line Interception Method

Among Transects 9 41.715 3.543 6.282
Within Transects 90 6.282
Total 99

Point Method
Among Transects 9 30.911 1.497 15.936
Within Transects 90 15.936
Total 99

Lethbridge
Line Interception Method

Among Transects 9 25.924 0.481 21.109
Within Transects 90 21.109
Total 99

Point Method
Among Transects 9 49.503 3.288 16.617
Within Transects 90 16.617
Total 99

Vauxhall
Line Interception Method

Among Transects 9 47.436 3.044 16.991
Within Transects 90 16.991
Total 99

Point Method
Among Transects 9 84.187 6.527 18.913
Within Transects 90 18.913
Total 99

110599
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