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ABSTRACT

Comparison of the sensitivity of frequency and canopy 
coverage as methods for monitoring condition and trend in 
rangelands were made in five stands having different manage
ment histories and representing a sandy loam range site at 
Santa Rita Experimental Range. The number of significant, 
differences detected for the species between the five stands 
at the 95% level was slightly higher for frequency than 
canopy coverage. Both methods were highly correlated to the 
importance value at the 95% level of significance. The 
canopy coverage method was a more sensitive measure of dif
ference resulting from utilization between those areas ex
cluded from grazing and those open to grazing* even though 
there was no apparent condition difference between them.
The ephemeral nature of canopy cover reduces the value of 
using the canopy cover method for trend.analysis.

Using the same sampling time allowed more frequency 
quadrats to be run and precision increased from 55 to 63 
at the a .05 level for detecting differences between the 
location. Adequate sample size for the canopy cover method 
in desert grassland was estimated as 6 to 8 transects of 
20 quadrats for total cover.. Sample size for individual 
species was highly variable. Bias in estimates of canopy



cover with increasing quadrat size was negligible for com 
monly used quadrat sizes.



INTRODUCTION

Perhaps no range management concepts are more use
ful than those of condition and trend. They are the most 
important in range evaluation.(Stoddart, Smith and Box,
19 75) , and the data obtained from them enables us to make 
certain management decisions such as stocking adjustments, 
deferment of pastures and improvement practices. Assess
ments of condition and trend are based on the ecosystem 
concept and dynamics of vegetation. Thus, current site 
productivity compared to the potential afford comparison of 
condition and trend. The changes detected in such compari
sons are correlated with a certain degree of vegetation 
utilization and form the basis of management plans.

Communities have a number of characteristics which 
must be studied for adequacy of description and understand
ing of the community (Daubenmire, 1959). Such character
istics are measured by using certain techniques that give 1 
information about the community. The techniques (methods) 
and the parameters they measure facilitate comparisons of 
the changes in a community in space and time.

Production measurements require clipping and weigh
ing and are too laborious to warrant frequent determination 
and are also highly variable .(Hyder et al., 1963; Haile,
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1981) . Canopy coyer . is considered to be. one of the most im
portant characteristics of species in its community relations 
(Lindsey, 1956; Daubenmire, 1959), but varies with stage of 
growth and weather of different years (Campbell and Cassady, 
1955; Hanson, 1934; Whitman and Siggeirsson, 1954; Hyder et 
al. , 1963) . Frequency is a blend of density and dispersion 
characteristics of the vegetation and is relatively stable 
(Hyder et al., 1963), but is highly dependent on quadrat 
size (Kyiin, 1926; Gleason, 1920; McGinnies, 1934; Preston, 
1948), and is not necessarily related to production or den
sity. The preceding discussion indicates that all of the 
methods of vegetation characterization have certain deficien
cies; however, they are all useful in giving information 
about the dynamics of vegetation. A balance has to be made 
between the advantages and disadvantages of the methods.
Since none of the methods can give a complete picture of the 
ecosystem, and since all parameters cannot be measured .effi
ciently, then it is important to select those methods or tech 
niques that are relatively efficient. Two of the methods 
that are getting current recognition are Daubenmire’s canopy 
coverage and frequency. When the cover and/or density and 
dispersion characteristics of species change in the community 
important changes in management are implicated. However, 
sensitivity of the two methods in detecting changes in vege
tation has not been studied. The objective of this study was
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to examine the.method that detects more significant differ
ence between locations of the same range site exposed to 
different grazing treatments. Another objective was to 
examine the efficiency of the two methods when the same 
sampling intensity is used.

The required frame size and sample size for canopy 
cover was not known in desert grassland ranges of southern 
Arizona. Exploration of the appropriate quadrat size and 
sample size was one of the objectives of this study. The 
use of uneven cover class intervals in Daubenmire's canopy 
cover arouses the suspicion that there is an inherent bias 
in the method. It was the intent of this study to find but 
if the bias exists and its effect on sampling vegetation and 
interpretation of results.



REVIEW OF LITERATURE

Condition and Trend
Development of range management resulted from the 

build-up and loss of livestock and forage„ The disappear
ance of the valuable perennial grasses and their replace
ment by less desirable annuals was recognized by early 
cattlemen. Smith (1895) indicated that the most disastrous 
situation on rangelands, from the financial standpoint, is 
overstocking which must be guarded against.

Writings of Smith (1895) , Bentley (1898) and 
Colville (1898) outlined the problems of grazing livestock 
on open rangelands. Concurrently, others such as Nelson 
(1898), and Kennedy and Dolen (1901) were making surveys of 
range condition in parts of the United States.

Early workers in the field of range management rec
ognized that range condition is an important factor that 
can be read from the land (Wooten, 1908; Bailey, 1945). 
Wooten (1908) pointed out that the proportion of weed and 
desirable forage plants reflect the past treatment of the 
range.

Sampson (1919) and Talbot and Crafts (1936)

recognized the need for a simple usable measure of range 
condition. Sampson, after 13 years of research in the

4



western United States, published his results in 1919. He 
concluded that the most rational and reliable way to detect 
overgrazing is to recognize the replacement of one type of 
plant cover by another. He further pointed out that the 
grazing value of the vegetative cover is essentially deter
mined by the stage of succession. Locally and indeed, gener
ally, the carrying capacity and forage value are highest 
where the cover represents a stage in close proximity to the 
herbaceous climax and lowest in the most remote from climax.

Sampson (1919) classified the vegetation condition 
as first weed, second weed, mixed grasses and climax. These 
condition classes correspond roughly to those currently used 
by the Soil Conservation Service, the Bureau of Land Manage
ment, and the Forest Service.

Bailey (1945, p. 733) described range condition as 
the range health and defined it.as "the condition of the 
plant cover and the soil mantle in relation to standard set 
up by management objectives and thus provides a basis for 
determining the extent to which a site has been damaged by 
use."

The development of the range condition concept brought 
about conflict of opinion concerning the proper approach in 
assessing condition. Two approaches have been the subject 
of debate until now: the productivity and the ecological



approach (Hacker, 19 73). The ecological approach rates con
dition in relation to climax, while in the productivity 
approach, condition is rated relative to a potential for a • 
particular use. The productivity approach was discussed by 
Humphrey (1949), Shiflet (1973), and others. Hacker (1973, 
p. 114) clearly distinguished the two approaches. He stated 
that "condition assessment is not aimed in the first instance, 
at providing information about the current productivity of 
the resource. Productivity and condition are two separate 
attributes of range and it is important to recognize and pre
serve this distinction."

While the concept of condition is important in evalu
ating the current status of site productivity and in planning 
the use of the range, knowledge of trend is essential to 
determine the effect of management on the resource. Bailey 
(1945, p. 733) stated that "determination of trend is telling 
whether the range condition is being maintained, is improving 
or is deteriorating." Measurement of trend is, thus, essen
tial for recognizing changes at an early stage . Stoddart , Smith 
and Box (1975) acknowledged that condition ratings are of 
little usefulness without knowing the trend in condition.

In addition to direction, range trend has aspects of 
velocity and selectivity. The rate of change may be rapid 
or slow; thus,defining velocity. It may be selective, as
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when soil stability is maintained while at the same time 
plant composition changes, or it may involve concurrent change 
of both plant and soil in the same or opposite directions 
(Bailey, 1945).

While the approaches for condition and trend presen
ted conflicts, the methods used were equally controversial. 
Early methods used were qualitative and subjective. Inter
est in the field of range management and the:need for more 
food and fiber necessitated the need for more quantitative 
data in assessing condition and trend in rangelands.

In the early attempts to develop quantitative systems, 
factors relating to trend were considered in defining range 
condition classes; such factors as vigor, pedestailed plants, 
hummocking of the soil were important in determining condition. 
These variables, however, could not be expressed quantita
tively. Dyksterhuis (1949, p. 10 5) stated that "when depleted 
range has widely spaced perennials of the climax growing among 
invading annuals, these perennials may exhibit more vigor 
after a short deferment than do the same species in the cli
max." Plant vigor is, however, an important indicator of 
trend in range condition.

An attempt to base quantitative systems on production 
presented many problems. Dyksterhuis (1949) criticized con
dition based on potential production because of the fact that



the year-to-year variability in production may be greater 
than the difference that exists between sites. He further
noted that the relative coverage (species composition) flue-1.■ i
tuates less from year to year than production and that cli-■ ' 
maxes which are different floristically may produce essenti
ally the same amount of forage per unit of surface area. 
Dyksterhuis (1949) claimed that range condition should be 
regarded as the degree of departure in any downward direction 
from 100 percent level. Smith (1940) reported the behavior 
of prairie species under range deterioration and listed spe
cies that decreased in abundance, species that increased and 
species that invaded the area. Weaver and Hansen (1941) 
reported similar results using distribution of plants and 
response to grazing. Dyksterhuis (1949) incorporated the 
ecological classification of species based upon response to 
grazing with quantitative classification based on cover and 
coined such words as "decreasers," "increasers," and "inva
ders." He called decreasers and increasers as species of 
relatively undisturbed climax and invaders as nonclimax spe
cies occurring on disturbed, areas. Daubenmire (1950) classi
fied the stages of retrogression of Agropyron-bunch grass in 
Washington using frequency data and the decreaser-increaser 
concept. ■

Parker (1951) developed the "Three-step method" or 
"Parker loop method" for measuring trend over time. The loop



method is used; however, it is criticized by the fact that 
there is a tendency to overestimate cover since it depends 
on the loop size, density and size of plants (Tueller,1962). 
Johnston (1957) tested the loop method and found 200-3,400' 
loops necessary to reduce error for major grassland dominants 
to within 10 percent of the true mean, and the number required 
for equally accurate estimate of the minor species was too 
astronomical to calculate.

Hyder et al. (1963, p. 740) used frequency sampling 
in sagebrush-bunchgrass vegetation in southeastern Oregon. 
They stated that "density and dispersion characteristics of 
species are important for the classification of range sites 
and conditions." These authors outlined a procedure for 
efficient sampling using frequency on blue grama ranges in 
Colorado. They explained the advantages of the methods and 
developed a tallying technique using beads and plastic tubes 
(Hyder et al., 1965).

Frequency
Raunkiaer (1909) was instrumental in the application 

of frequency estimates to quantitative analysis of plant com
munities. His frequency determination involved selection of 
a certain number of samples from a definite area; frequency 
was then expressed by the percentage number of samples in 
which the species in question is found, i.e., percentage 
frequency. He grouped his frequencies into five classes
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ranging from 0-20, 21-40, 41-60, 61-80, and 81-100. Raun- 
kiaer (1934) found that if the numerical relations of fre
quencies of species constituting the formation are repre-

!

sented by a curve, this is seen to have two peaks; it begins
with a relatively high peak, corresponding to the figures of

| ■ -

low frequencies, while in the second peak, a much lower one, 
occurs the highest group of frequency figures.

Willis (192 2) found that if the number of individuals 
of the various species composing an association is determined 
and expressed in a graph, the result will take the form of 
a hollow curve. Arrhenius (1922) claimed that the best 
method for getting good results is that of Raunkiaer and 
developed empirical formulae that fit that kind of a distri
bution.

Kenoyer (1927) found that Raunkiaer's law holds true 
for the distribution of insects in grasslands. He also ack
nowledged that the letters on a printed page taken at random 
have the same kind of distribution. Hanson and Ball (1928) 
found that under deferred grazing the frequency index ap
proaches that found by Raunkiaer. Gleason (1929) reported the 
application of Raunkiaer's distribution to a large number of 
other phenomena outside the plant world, such as, for example, 
income of people as shown by income tax returns. He conclu
ded that Raunkiaer* s law is merely an expression of the fact
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that in any association there are more .species with few 
individuals than with many.

Many investigators tried to relate frequency to other 
more quantitative attributes of vegetation such as density 
(plants per unit area). DuRietz et al. (192 0) claimed that- 
there is a linear relationship between frequency and density 
but was criticized by Kyiin (1926) , Pearsall (1924) and 
Romell (1930), who had shown that the relation is not linear. 
Ashby (1935) agreed with Kyiin's logarithmic relation between 
frequency and density. Most investigators agree that fre- 
queiicy is closely related to the number of individuals if 
plants are distributed throughout the extent of an associa
tion precisely in accordance with the laws of probability 
and chance (Blackman, 1935; Preston, 1948; Williams, 1950; 
Gleason, 1920; Aberdeen, 1958; and Clapman, 1936).

Most of the criticisms of the frequency method were 
centered on its dependence upon the size of the quadrat.
The effect of the quadrat on Raunkiaer's "normal", curve was 
reported by Kyiin (1926), Gleason (1929), McGinnies (1934), 
Preston (1948) and others, who showed that increasing the 
quadrat size results in increase in the number of species in 
the highest frequency class while decrease in quadrat size 
has the opposite effect.

Gleason (1920) revealed that the number of individ
uals likely to be found in a quadrat depends in part upon the
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quadrat size, and any statistic resulting from quadrat 
sampling will be influenced accordingly. Williams (1950) 
showed that percentages obtained with different quadrat 
sizes cannot be compared. Aberdeen (1958) claimed that 
frequency values derived from;very large size of quadrat 
gives no information on the details of the distribution 
of a particular species.

Curtis and McIntosh (1950, p. 454) studied artifi
cial populations with different sizes of quadrats. They 
concluded that:

A practicable size for the study quadrat is one which 
will give frequency less than 86% for all random or 
contagious species.. Ordinarily, this will be a quad
rat which is twice as large as the mean area of the 
most numerous species. Such a quadrat will give a 
maximum information about all of the important species 
of the community.

Investigators of the method used different sample 
sizes. It should be understood, however, that the sample 
size, depended upon the kind of vegetation and the precision 
required by the investigator. Raunkiaer (1909) proposed 
25-50 quadrats. Arrhenius (1922) recommended 200. Hyder 
et al. (1965) outlined a method of obtaining optimum number
of quadrats in frequency using subsampling theory of Cochran 
(1953). They recommended 15 transects of 10 quadrats.
Yavitt (1979) found 200-250 quadrats to be sufficient.

Despite the criticisms, the method has been widely 
used. Arrhenius (1922) acknowledged that it is the best
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method of getting good results within a short'time. Hanson 
and Ball (1928) used frequency quadrats to express quanti
tative difference between the vegetation in two adjacent 
pastures grazed by range cattle under different systems of 
management. They acknowledged that this method would not 
only give quantitative data, but making quadrats permanent 
would afford comparison of one year with another. McGinnies 
(1934) , using different quadrat sizes in semi-desert commu
nities of Arizona, emphasized the rapidity of sampling a . 
large area using the frequency method.

The necessity for some means of estimating the abun
dance of species in an association and the impossibility of 
counting the number of individuals necessitated the use of 
frequency (West, 1936).. West also pointed out that the 
method affords a rapid and approximate,means of determining 
the general floristics and for describing vegetation. It 
also gives a measure of the distribution of species in a given 
area and the results obtained are quantitative.

Daubenmire (1950) used frequency to classify stages 
of retrogression of Agropyron-bunch grass in Washington. 
Goodall (1952, p. 210) has the following to say about the 
method:

Certainly the frequency found reflects certain abso
lute characteristics of the vegetation, as well as 
the size and distribution of quadrats used; but it 
combines so many:(density, distribution and in many 
cases size of the individuals) and unites them in so
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" . complex a fashion, that it is not usually possible 

to argue back from the frequency to the feature of 
the vegetation to which it depends.

Hyder et al. (1963) used the method for determining 
vegetation-soil and vegetation-grazing relationships at the 
Central Plains Experimental Range near Nunn, Colorado where 
grazing has been controlled at various intensities since 
1939. They concluded that frequency percentages are stable 
enough to permit the study of vegetation-soil relations at 
all of these grazing intensities. Wilkie (1966) used fre
quency for the study of range plant communities in Nevada 
and suggested the need for empirical data for establishing 
condition classes from frequency percentages.

Rapidity, objectivity and repeatability of the data 
obtained with this method seem to be agreed by most investi
gators such as Blackman (1935), Brown (1954), Greig-Smith 
(1957), Hanson and Churchill (1961), and Hyder et al. (1963, 
1965). The general consensus among investigators is that 
frequency furnishes a good basis for the comparison of plant 
communities even though there has been argument about its 
.accuracy.

Canopy Cover
Canopy cover is frequently used to serve as a criter

ion of relative dominance in an ecosystem. Lindsey (1956, 
p. 292) stated that canopy cover "is the most important
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single parameter of species in its community relations." 
Canopy cover is an approximation of the sphere of influ
ence of a species to the rest of the ecosystem (Daubenmire, 
1959). Nichols (1930) defined canopy cover as the degree 
in which any particular species covers the ground as ex
pressed by the collective crown spread of all the individual 
plants. Daubenmire (1968) defines it as the percentage of 
the ground included in a vertical projection of imaginary 
polygons drawn about the total spread of foliage of the 
individuals of a species.

Different methods were used by ecologists in measur
ing canopy cover. Sampson (1923) combined list plot and 
charting methods and recorded percentage of canopy coverage 
in one-hundreth units of each plot. Nichols (1930), Romell 
(1930) and other investigators expressed it in terms of the 
so-called Hull-Sernander Scale in which an index of 5 is 
given to species covering more than half the quadrat, 4 to 
species.covering less than half but more than a quarter, 
and so on. Canfield (1941) developed the line interception 
method which has been widely used.

Daubenmire (1959) described a method of estimating 
canopy coverage using 1/10 m rectangular quadrat. The 
method is summarized as follows: a representative area is 
selected and a tape stretched. Quadrats are run along the 
tape. The method basically involves the estimation of the
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percent cover of each species in relation to quarter of 
the quadrat area except that 0-5 and 95-100 classes are 
segregated front the 0-25 and 75-100 class, respectively. 
Thus, there are six cover classes and their midpoints 
are used for the calculation of the canopy coverage of 
each species in the area.. The following are the classes 
and their midpoints:

Class Range Midpoint
1 0-5 2.5
2 5-25 15.0
3 25-50 37.5
4 50-70 62.5
5 75-95 85.0
6 95-100 . 97.5

Daubenmire summarized the advantage of his method 
as follows:

1. Plants of different life forms can be compared on 
the same basis.

2. It provides a comparative index of productivity, 
at least of closely related ecosystems.

3. The method allows sufficient precision to measure 
successional changes.

4. It is related to forage availability.
Many investigators have compared the different meth

ods used in estimating canopy cover. Hanson and Love (1930) 
compared five methods of quadrating and concluded that the
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density-list (density refers to cover) method is not desir
able because it requires only estimates. Brown (1954) dis
cussed the different methods used for canopy cover and out
lined their, advantages and disadvantages. Whitman and 
Siggeirsson (1954) found that the line interception method 
gave significantly lower estimates of cover than did a point 
method in mixed grasslands. Johnston (1957) found small 
differences between the line intercept and point method. 
Heady, Gibbons and Powell (1959) obtained the same esti
mates of cover using four methods.. Cook and Box (1961) 
compared ocular estimates with circular plots to other 
methods of estimating cover and found that the ocular method 
gave significantly lower results of cover.

Winkworth, Perry and Rosettii (1962) compared the 
line intercept, point and charting methods of measuring 
coyer with ocular estimates. Their ocular estimates were 
visual estimates of the proportion of the area of rectan
gular plots and circular plots covered by the plant. The 
result of their study was that all the methods gave equally 
reliable estimates.

Daubenmire (1959) compared the line intercept and 
the canopy cover and did not find any significant differ
ence. He claimed, however, that the line intercept is 
less efficient. Hanley (1978, p. 62) compared the canopy 
cover and the line intercept and found the methods to be 
equivalent in their accuracy of measuring big sagebrush.
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He concluded that

Where a high degree of precision and confidence are 
required (where repeatability is very important) the 
line intercept is more advantageous than the 0.1 nr 
quadrat but where lower level of precision is re
quired the quadrat method may be more advantageous.

Daubenmire (1959) acknowledged that the canopy cover
method becomes awkward when plants exceed waist height. The
canopy cover method is more reliable for low plants of rela-

/

tively discrete habit. Taller shrubs often go unsampled, 
while cover estimates of rhizomatous grasses are very inac
curate (Peek, Fredric.and Pence, 1978)., The bias of using 
a large quadrat size was pointed out by Winkworth, Perry 
and Rossetti (1962) and Daubenmire (1959).

Daubenmire claimed that there is less chance of 
human error with broad cover classes. It can be argued, 
however, that a two class method, i.e., 0-50 and 50-100, is 
less subject to human error since the person has only two 
choices but might not necessarily give a good estimate of 
cover. According to Kershaw (1974), the use of large 
intervals of classes overestimates the cover, particularly 
for those species which do not contribute greatly to vege
tative cover.



DESCRIPTION OF STUDY AREA 
AND SAMPLE LOCATIONS

The study area was located at the Santa Rita Experi
mental Range, approximately 30 miles south of Tucson,
Arizona. The study location selected had uniform soil and 
represented a sandy loam range site. Range site is defined 
by the Society for Range Management (SRM, 1978, p. 166) as 
". . .a kind of rangeland, with a specific plant association
and specific physical site characteristics differing from 
other kinds of rangelenad in its ability to produce vegeta
tion and to respond to management." The soil of the range 
site is Comoro.gravelly sandy loam. This soil is a typic 
torrifluent, coarse-loamy, mixed, thermic.

The average annual precipitation is approximately 
14 to 17 inches with 50-60% received as summer rains during 
the months of July to September. Summer precipitation is 
characterized by thunderstorms which are sporadic, of limited 
extent, and which often produce runoff.

Vegetation of the area is composed of scattered mes- 
quite (Prosopis juliflora), catclaw (Acacia greggii) and 
cactus (Opuntia sp.) with an understory of burroweed 
(Hapolpappus tenuisectus), brack grama (Bbuteloua eriopoda),
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slender grama (Bouteloua flliformls), Arizona cottontop 
(Digitaria californica) , tangle-head (Heteropogon contortus) , 
bush muhly (Muhlenbergia porter!), other shrubs and peren
nial grasses, some perennial forbs, and annuals.

Five locations with different grazing histories were 
selected within one range site. Location one (Ap) was an 
exclosure excluded from grazing in 1920. Location two (Â ) 
had been lightly grazed for a number of years. Location 
three (A3) had been heavily grazed until 1971 when the fence, 
between location two and three was removed. Now both A2 and 
A^ receive light to moderate grazing. Location four (Â ) is 
within location two and had similar grazing history except 
that A^ was fenced in 1980 for a primary production study 
(Haile, 1981) (see Figure 1). Location five (Ag)  has been 
heavily grazed for many years. All five locations were 
within 200 m of each other. These locations within the same 
range site were selected because differences in vegetation 
cover, pattern of distribution and number of plants can be 
considered as resulting from management history (Smith, 1981).
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Figure 1. Schematic map showing arrangement of 
sampling locations on study areas.
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MATERIALS AND METHODS

At each of the five locations, data for density, 
frequency, canopy cover, and line intercept were col
lected. The objective of the study, as stated earlier, 
was to determine the sensitivity of the frequency and 
cover methods to identify changes in vegetation if these 
methods are to be used for monitoring trend. It was felt, 
however, that other attributes of the vegetation might 
help to compare the two methods. This necessitated the 
use of other techniques that may give a direct or indirect 
absolute measure of the two vegetation attributes. Density 
and line intercept were then felt to be related to frequency 
and canopy cover, respectively.

Frequency Sampling 
^Frequency as used in this study is defined as the 

number of plots in which a species is found out of the total 
plots sampled in any given location. One macroplot was ran
domly selected in each of the five locations. A macroplot 
is a study plot large enough to include maximum site vari
ability. In this study 600m2 macroplots (30 x 2 0 meters) 
were selected. This macroplot size is 9 times the size 
proposed by Yavitt (1979) in semi-desert grassland ranges of
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Arizona. The reason for using such a large plot is to 
cover a larger area to compensate for the variability ex
pected from sparse vegetation of semi-desert grasslands 
and to obtain adequate sample size.

In each macroplot a baseline was established using 
a 30-meter tape stretched along any suspected gradient and 
transects were run up and down the gradient at right angles 
to the baseline. The orientation of the transects up and 
down the gradient was to maximize variability within tran
sects and to minimize variability between transects. Ten 
transects of 20 plots (quadrats) were run in each macro
plot at each location. Transects were run along a. system
atic grid at 3-meter intervals but the location of the first 
transect was selected at random. The plots were then run •
along the transects at 1.5-meter intervals. Two nested

2 2 rectangular frame sizes of .2 m (40 x 50 cm) and .1 m
(20 x 50 cm) were used along each transect. The frames were 
open at one end to facilitate their placement as close to 
the ground surface as possible without curshing or dis
turbing the vegetation. The frame also had a handle for 
convenience of carrying and easy handling for plots where 
the vegetation is intertwined or dense.

Ground rules for recording the data were established 
before the study was actually undertaken. In each plot a 
species was recorded present if a plant was rooted in the
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plot- for nonrhizomatous perennial herbaceous plants. In 
the case of stoloniferous plants a plant was recorded 
present if a stolon rooted in the plot. A vertical pro
jection was sighted for shrubs and trees and a plant was' 
recorded present if part of the canopy hung over the plot. 
Reading of quadrats consisted of identification of each 
species and noting presence or absence in the plot. Un
known plants were numbered, mounted, and kept for later 
identification. The data for each transect was recorded 
separately, plot by plot, to allow flexibility in data 
analysis.

Canopy Coverage
Canopy coverage as defined by Daubenmire (1968, p. 

43) is "the percentage of the ground included in a vertical 
projection of imaginary polygons drawn about the total 
spread of foliage of the individuals of a species."

The procedure for laying out the transects and the 
plots is the same as those described for frequency. Simi
larly, the frame sizes, the number of transects and plots 
were the same as those used for frequency. The only differ
ence between the two methods was that in canopy cover the 
percentage that a plant or plants of the individual species 
covered in any one plot was visually estimated using six 
cover classes (0-5, 5-25, 25-50, 50-75, 75-95 and 95-100).
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The cover class for each species in each plot was kept 
separately.

Density and Line Intercept 
Density, defined as the number of plants per unit 

area, is considered as an absolute measure of plant abun
dance and is directly related to frequency if the plants 
are randomly distributed. For this reason density for 
each species was recorded in all.the locations. The pro
cedure, the materials used and data recording is the same 
as those for frequency and canopy cover except that the 
number of individual plants of a species was counted in 
both frame sizes.

Canfield's 1941 line intercept is an unbiased 
measure of vegetation cover. ' In this technique 10 tran
sects of 30 meters each were run perpendicular to the 
base line at 3-meter intervals. Along each tape transect 
the measurement of the length of the transect line inter
cepted by individual plants was recorded separately for 
each species. Basal intercept was recorded for perennial 
grasses and canopy intercept was recorded for trees and 
shrubs.

Procedure for Analysis 
In the study there were four independent variables: 

species (12), locations (5), transects/location (10), plots/
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transect (20)•and seven experimental variables or measure
ment techniques:

71. Canopy Cover for .2 m plots.
22. Canopy Cover for .1 m plots.

23. Density for .2 m plots.
24. Density, for .1 m plots.
25. Frequency for .2 m plots.
26. Frequency for .1 m plots.

7. Line intercept (30-meter tape).

The problem was to handle the 84 species x measure
ment technique combinations separately. A one-way analysis 
of variance "ANOVA" (Table 1) with locations as treatments 
and transects per location as replications was used to 
determine differences among locations for each species and 
measurement technique.

Table 1. Analysis of variance (ANOVA).

Source of 
Variation DF SS MS Observed F Tabular F

Total 49
Locations 4
Error 45:
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The- vegetation of the site was sparse. For this 

reason many of the transect averages had a zero value, par
ticularly for grazed areas, thus violating the assumptions 
for the ANOVA. This necessitated the transformation of the 
data for all methods. -

An Arcsine or angular transformation was used for 
frequency, canopy cover and line intercept because data ex
pressed as percentages or proportions of the total sample 
normally fit a binomial distribution (Steel and Torrie, 
1960). Arcsine or angular transformation is obtained by 
finding the angle whose sine is the square root of the pro
portion (Percentage/100). It should be realized, however, 
that transformation of the data was not meant to manipulate 
the data to get the result wanted but to lead to valid 
analysis and correct conclusions (Little and Hills, 1978).

Multiple range tests using student-Neuman-Keul's 
procedure (SNK) at a = .05 level of significance was con
ducted for the separation of the means among the five loca
tions. Similarly, one-way ANOVAs with square root trans
formation were used for density. The effect of the square 
root transformation is to increase the precision with which 
we measure the difference between small means.



RESULTS AND DISCUSSIONS

Sensitivity of Canopy Cover and 
Frequency Data to Detect 

Differences Among Locations
The data obtained from canopy cover and frequency 

method were analyzed for all the 12 species encountered; in 
the study area (Table 2). The means of each species at the 
five locations were grouped into homogeneous subsets using 
SNK at 95% level of probability. Homogeneous subsets are 
subsets of groups, whose highest and lowest means do not 
differ by more than the shortest significant range for a 
subset of that size. This established a basis of comparison 
for the sensitivity of the two methods in detecting changes 
in vegetation. Sensitivity as defined in this study is the 
number of significant differences that can be detected be
tween locations for each or all the species when comparable 
sampling intensity is used for both methods. Ten possible 
comparisons were made for all the species in the five loca
tions by pairing the locations (Table 3).

The total significant differences obtained for both 
methods were similar for comparable frame sizes; however, 
frequency detected slightly more significant differences for 
both frame sizes than canopy cover (Table 3).

28
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Table 2. Common name and scientific name of the 12 species 
in the study area.

Scientific Name Common Name

1. Bouteloua eriopoda black grama
2 . Bouteloua filiformis slender grama
3. Bouteloua rothrockii rothrock grama
4. Digitaria californica Arizona cottontop
S. Muhlenbergia porteri bush muhly
6 . Heteropogon contortus tanglehead
7. ; Aristida sp. three awn
8. Haplopappus tenuisectus burroweed
9. Prosopis juliflora mesquite
10 . Opuntia spp. prickly pear and cholla
11.
12 .

Boerhaavia coccinea red spiderling 
other forbs



Table 3. Total number of significant differences among locations in species
frequency and canopy cover with two frame sizes (a = .05).

Locations
Method (152) (153) (154) (155). (253) (254) (255) (354) (355) (455) Total

F2em 2eF r L e  4 6 3 4 7 1 5 4 7 8 55

Cn ? yFrCa « r = 3 4 6 3 6 5 5 6 6 51

Frequency 3 4 4 6 4 6 5 6 7 8 53
. 1 m^
Canopy Cover . a x  k x.1 m2 4 4  ̂ ^ 4 5 4 4 6 42
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Comparison of the two methods for individual species 

show inconsistency in detecting differences (Table 4). Can
opy cover detected more significant difference for most 
grasses. Grouping the plant species into three life forms of 
shrubs, grasses and forbs indicated that canopy cover may be 
a slightly more sensitive measure of grasses than frequency 
(Table 5). The difference could have resulted from utiliza
tion difference between the two exclosures and those areas 
open to grazing since the three most palatable grasses, slen
der grama, cottontop and bush muhly, all show more differences 
in canopy cover than frequency (Table 4).

Frequency detected more significant difference for 
shrubs and forbs. These plants tend to be more randomly and 
uniformly distributed than most grasses. The slight varia
bility between frequency and canopy cover methods in detecting 
difference for individual species was expected, since the two 
methods measure different attributes of vegetation. The over
all sensitivity of the two methods in detecting change of com
munity resulting from management were not different enough to 
warrant any clear-cut reliability of any one method even though 
frequency showed to be slightly more sensitive than canopy 
cover method.

Comparison of the time required for 2 00 frequency 
quadrats and 200 canopy cover quadrats (Table 6) indicated 
that in the same field sampling time, 20 more frequency



Table 4. Number of significant differences among locations in frequency
and canopy cover of individual species with two frame sizes (a =

Frequency Canopy Cover Frequency Canopy Cover
Species (.2 m2) (.2 m2) (.1 m2) (. 1 m2)

Black grama 8 7 8 8
Slender grama 6 7 4 8
Arizona cottontop 6 8 6 6
Bush muhly 0 2 0 0
Rothrock grama 4 ' 4 3 1
Tanglehead 3 4 4 4
Three awn 4 0 4 0
Burroweed 7 6 7 5
Mesquite 1 0 1 0
Cactus 2 0 3 0
Red spiderling 8 8 7 6
Other forbs 6 5 6 4
Total 55 51 . 53 42
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Table 5. The number of significant differences in canopy 
cover and frequency for shrubs, grasses and 
forbs with two frame sizes.(a = .05).

Method Shrubs Grasses Forbs Total

2Frequency (.2 M ) 10 31 14 55
7Canopy Cover (.2 M ) 6 32 13 51

2Frequency (.1 M ) 11 29 13 5 3
?Canopy Cover (.1 M ) 5 27 10 42

Table 6. Efficiency of the two methods as a function of 
field time.

Method Time in Seconds Number of Transects

Frequency 2570 10
Canopy Cover 2 840 10
Frequency 2840 11
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quadrats can be run. Precision can be gained by using the 
additional time to increase the sample size for frequency 
quadrats. The additional frequency quadrats increased the 
number of significant differences detected for shrubs and 
rare grass species of bush muhly and tanglehead (Table 7)
t ■

as compared to differences determined by 10 canopy cover 
transects.

Frequency, Canopy Cover and 
Density Comparisons with 

Importance Value
One of the most important considerations in monitoring 

vegetation is to detect the change of a species importance in the 
community. Apparently comparison of each method to the im
portance value (IV) may give us more information about the 
interpretability of the data. Importance value (IV) is the 
sum of relative frequency, relative density and relative 
cover. These parameters are based on the actual parameters 
of frequency (measure of species distribution in space), 
density (a measure of plant abundance) and cover (measure of 
plant size and the sphere of influence of each species in the 
community). The three parameters measure three important 
aspects of vegetation. The importance value, thus, attempts 
to balance the contribution that each parameter makes to 
each species importance in the community. The IV is employed 
to assess community structure (Curtis and McIntosh, 1950).
It is, therefore, anticipated that non-parametric techniques
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Table 7. Comparison of significant differences in species 
frequency and canopy cover from .2 m2 plots 
based on equivalent sampling intensity (10 
transects) and equivalent sampling time (2840 
seconds).

Frequency Frequency Canopy Cover
Species 11 Transects 10 Transects 10 Transects

Black grama 8 8 7
Slender grama 6 6 7
Arizona cottontop 6 6 8
Bush muhly 2 0 2
Rothrock grama 4 ' 4 4
Tanglehead 4 3 4
Three awn 4 4 0
Burroweed 8 7 6
Mesquite 4 1 0
Cactus 3 2 0
Red spiderling 8 8 8
Other forbs 6 6 5
Total 63 55 51
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that may correlate importance value to each of the vegetation 
sampling methods employed in this study may be useful to determine 
their reliability of vegetation characterization. Spearman's 
rank correlation coefficient was employed for this analysis.

6 d2The rank correlation r = 1 - ---=---
n(n -1)

where d is the difference between any rank pairs and n is the 
number of pairs or ranks. In using this procedure, the values 
to be ranked are arranged according to their magnitude from 
the highest to the lowest and given the ranks 1 to n.

All of the species encountered in the study area were 
used for the correlation. Correlation of the importance 
value to each of the parameters of frequency, density and 
canopy cover was highly significant at the 95% and 99% level 
of probability for all the five locations (Table 8). The 
null hypothesis that there is no relationship between the 
importance value and the three methods of characterizing 
vegetation is then rejected.

The ranking of frequency and canopy cover relative 
to the importance value of the different species were consis
tent in the manner of detecting significant difference be
tween the five locations for all the species and the indivi
dual species.

The major disagreement in ranking between frequency 
and canopy cover to the importance value resulted from forbs
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Table 8. Rank correlation between importance value and 

parameters of frequency, canopy cover and 
density at five locations.

Locations

A1 A2 V A4 A5

Frequency .888 .986 .853 .923 . 888
Canopy Cover .895 .951 . 881 .909 .930
Density . 846 .979 . 874 .979 .853

and shrubs. Where forbs had high frequency and density, 
the importance value was highly correlated to frequency.
For example, in stands and red spiderling (forb) had a 
high frequency ranking of 1 and 2, respectively and the 
importance value was ranked as 1 and 2 for stands A2 and A^, 
respectively. Canopy cover, however-, ranked the same species 
as 2 and 5 (Tables 9 and 10). This definitely resulted from 
the higher r. value for frequency (Table 8). This apparently 
suggests that frequency overemphasizes the importance of red 
spiderling that did not actually contribute much to either 
the total cover or biomass production.

In stands A-̂ , A^ and A^ canopy cover for mesquite ranked 
5, 1 and 2, respectively. The importance value had a ranking 
of 8, 3 and 2 for stands A^, A^ and Ag, respectively. Fre
quency ranking, however, was 10, 7 and 5 for the three stands.



Table 9. Importance value and ranking of frequency, density and canopy
cover in stand Ag.'

Number Species
Importance

Value
Frequency

Rank
Density
Rank

Canopy Cover 
Rank

1 Red spiderling 91.7 1 1 2
2 Black grama 80.9 2 2 1
3 Slender grama 53.6 3 3 3.
4 Other forbs 23.6 4 4 5
5 Three awn 12. L 5 6 6
6 Arizona cottontop 12.0 6 5 7
7 . Mesquite 9.4 ; 7 8 4
8 Cactus 9.0 8 7 8
9 Tanglehead 3.5 9 10 9
10 Bush muhly 2.7 10 9 10
11 Burroweed 1.4 11 11 11
12 Rothrock grama 0.0 12 12 12



Table 10/ Importance value and ranking of frequency, density and canopy
cover in stand .

Number Species
Importance

Value
Frequency

Rank
Density Canopy Cover 
Rank Rank

1 Slender grama 78.8 1 1 1
2 Red spiderling 49.6 2 2 5
3 Arizona cottontop 48.6 3 4 2
4 Black grama 47.8 4 3 3 '
5 Cactus 15.2 5 5 7
6 Tanglehead 14.3 6 6 4
•7 Burroweed 12.5 7 8 6
8 Three awn 11.5 8 7 8
9 Other forbs 7.3 9 9 • 11
10 Bush muhly 6.5 10 11 9
11 Rothrock grama 6.4 11 10 10
12 Mesquite 0.4 12 12 12
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respectively (Tables 11, 12 and 13). The importance value 
was, thus, more correlated to the canopy cover. It should 
be pointed out that since the quadrat size is small relative 
to size of mesquite plants, importance values are more af
fected by canopy cover than by density or frequency.

The rank correlations of canopy cover and frequency 
to importance value followed a certain pattern relating to 
the variability of the locations. Where the coefficient of 
variation was small the rank correlation for both methods 
was high, and where the coefficient of variation was high 
the correlation was lower (compare Tables 8 and 15). This, 
perhaps, suggests that in homogeneous stands the parameters 
measured may be related in a certain way; but it cannot be 
explained at this stage.

Importance values give a composite picture of the 
three parameters of plant size, plant number and plant dis
tribution that are important in characterizing vegetation 
structure and the ecological place or importance of a species 
in a community. The high correlation of the importance value 
to each of the three parameters, however, suggests that 
measuring any one of these attributes in characterizing 
vegetation condition and trend is as valid as measuring all 
the three attributes. The virtual failure to distinguish 
the reliability of the methods apparently suggests that cri
teria of selection of any one method should be based on prac
tical grounds.



Table 11. Importance value and ranking of frequency, density and canopy
cover in stand A^.

Number Species
Importance

Value
Frequency

Rank
Density Canopy Cover 
Rank Rank

1 Black grama 92.2 >1 1 1
2 Slender grama 68.5 2 2 3
3 Arizona cottontop 36.9 3 3 4
4 Burroweed 20.6 8 8 2
5 Red spiderling 20.3 4 4 7
6 Other forbs 14.1 5 5 9
7 Bush muhly 13.3 7 9 6
8 Mesquite 11.2 10 10 5
9 Three awn 11.0 6 6 8
10 Tanglehead 6.9 9 7 10
11 Cactus 2.8 11 11 11
12 Rothrock grama 2.0 12 12 12



Table 12. Importance value and ranking of frequency, density and canopy
cover in stand A^.

Number Species
Importance

Value
Frequency

Rank
Density
Rank

Canopy Cover 
Rank

1 Slender grama 77.9 1 1 3
2 Red spiderling 55.2 2 2 4
3 Mesquite 42.2 7 7 1
4 Arizona cottontop 40.7 5 3 5
5 Burroweed 2 7.6 6 6 2
6 Three awn 22.8 3 . 5 7
7 Other forbs ■21.6 ' 4 4 8
8 Cactus 9.4 10 10 6
9 Rothrock grama 7.0 8 8 10
10 Black grama 4.9 9 9 11
11 Tanglehead 3.4 11 12 9
12 Bush muhly 3.1 12 11 12



Table 13. Importance value and ranking of frequency, density and canopy
cover in stand Ag.

Number Species
Importance

Value
Frequency

Rank
Density Canopy Cover 
Rank Rank

1 Burroweed 155.6 1 1 1
2 Mesquite 40.4 5 2 2
3 Red spiderling 18.4 2 : 3 6
■ 4 Arizona cottontop 15.5 4 7 4
5 Three awn M 00 3 9 3
6 Slender grama 14.3 6 5 5

. 7 Black grama 10.2 10 4 7
8 Other forbs 9. 3 8 8 10
9 Bush muhly 8.8 7 6 8
10 Cactus 3.8 11 10 9
11 Rothrock grama 3.7 9 11 11
12 Tanglehead 0.0 12 12 12
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Whittaker (1970) stated that any of the parameters ' 

of density, frequency and cover can be interpreted as 
importance value. This depends oh which of the values the 
investigator considers most important. If that is the 
case, then objectivity, efficiency and repeatability of the 
method could be a useful criterion in selecting a method 
for monitoring vegetation condition and trend. Frequency, 
perhaps, meets such a criterion. It is objective, since 
the only decision required is proper species identification 
and recording presence or absence of the species. It is 
efficient because frequency gives a complete list of species 
in a community at a relatively short time. It has the added 
advantage of being stable enough for monitoring vegetation , 
condition, while yield and cover are too ephemeral to be 
useful for vegetation monitoring (Hyder et al., 1963).
Hanson and Walter (1928) acknowledged that permanent fre
quency quadrats would afford comparison of vegetation of one 
year with another.

Frame Size, Sample Size and
Bias for Canopy Cover

One of the major concerns for drawing valid conclu
sions from vegetation analysis is consideration of the 
effect of both the frame size (plot size) and the sample 
size. Since a great deal of study has been done in the past
on the effect of the frame size on frequency sampling and
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is available in the literature, no attempt was made in this 
study to determine the required sample and frame size to 
obtain frequency data. A frame size of .16 m^ and a sample 
size of up to 200 plots were found sufficient for frequenty
sampling in semidesert grassland ranges of southern Arizonai ; ■
(Yavitt, 1979)

The effect of frame size on canopy coverage was not
2 2known for semidesert grassland ranges. The .2 m and .1 m 

frames used in this study are not a good range of frame 
sizes; yet it was felt important to examine if more precision 
is gained by doubling the frame size. Evaluation of the
number of significant differences detected by each frame size

2 . shows that the .2 m frame gave increased precision for all
the species studied (Table 4).

Daubenmire (1968) recommended a sample size of 40 to 
250, .1 m plots in Arternesia tridentata stands where both the 

cover of the major species and the total cover was higher 
than 20%. It is not expected, however, that the sample size 
will be similar to that of semidesert grassland where the 
total cover might be less than 20% and the cover of the 
individual species is less than 10% (Table 14). Daubenmire 
(1968) also acknowledged the need for appropriate sample 
size in each location.

Sample sizes were calculated for each frame size 
used in this current study using the formula:



where n is the required sample, s is the standard deviation 
from the mean, t is the studentized (probability tabular 
value) t at .05 level and 9 degrees of freedom and E is the 
half-width confidence interval at 10% of the mean.

Table 14. Percentage total cover obtained 
for the two frame sizes.

Location . .2 m^ Frame .1 m^ Frame

Ai 13.9 15.9

A2 7.4 6.4

A3 13.8 11.8

A4 14.1 . 13.5

A5 13.5 13.1

In locations where the sampling variability was
relatively small, practical sample.sizes were obtained for

2 ;the .2 m frame. A sample size of 17 and 18 transects of 
20 quadrats was obtained for locations 4 and 2, respec
tively (Table 15). The sample size obtained for the other

7three locations using the .2 m frame and the calculated
2sample sizes for the .1 m frame in all the locations were 

too high to be of any practical value in measuring vegeta
tion cover (Table 15).
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Table 15. Coefficient of variation and number of 

transects required to sample within 
10% of true mean at 95% confidence level 
based on 10-transect sample for both 
frame sizes in each location.

?.2 m Frame 2.1 m Frame
Location CV n CV n

A1 43 102 48 139

A2 24 18 30 • 29

V 70 262 82 302

A4 17 17 23 25

A5 38 76 45 101

Daubenmire (1959) suggested that in comparisons in
volving adequate sample size, calculations based on standard 
error overestimate the amount of work needed to obtain a 
reasonable appraisal of the coverage of scattered vegeta
tion. The two frame sizes and the line intercept were, thus, 
compared by tabulating the total cover of all the species 
and the mean cover of black grama and slender grama as a 
cumulative function of increasing sample size at increments 
of 20 quadrats for the two frames and increments of one 
transect for the line intercept. Both quadrat and transect 
values were randomly selected from the data sheets. The 
same procedure was used by Hanley (1978) in comparing the 
sample sizes for canopy cover and line intercept methods.
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■ The line intercept mean and both frame size means 
stabilized at about the same level for locations 2 ând 4

(Tables 16 and.17) . Stabilization in this study is defined as that 
point where the change in the mean resulting from an additional 
transect is 5% or less. The similar results for the mean cover at 
the same sample size in both frame size and the line inter
cept was perhaps due to the low variability between samples
in both locations. The coefficient of variation (CV) for 

? 2the .2 m and the .1 m frame was 24% and 30%, respectively,
2 2at location 2. The CVs for the .2m and the .1 m at loca

tion 4 were 17% and 23% respectively. The stabilization
sample size at both locations was 120 quadrats for the two
frame sizes and 6 transects for the line intercept.

At location 5 where the CVs were 76% and 101% for 
2 2the .2m and .1 m frames, respectively, the mean cover 

stabilized at a sample size of 180 quadrats for both quadrat 
sizes and 8 transects for the line intercept (Table 18).
This was consistent with Hanley’s (1978) findings that both 
the canopy cover and line intercept methods require a large 
sample size due to great variability between samples at low 
vegetation density.

The mean cover of black grama did not stabilize 
within the limits of the sample sizes (Table 19) for both the 
two frame sizes and the line intercept. Slender grama, 
however, had a mean stabilization at a sample size of 140
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Table 16. Cumulative estimates of mean total cover with 
increasing number of 20-quadrat transects for 
location •

Number of Transects

Method 4 5 6 7 8 9 10

2.2 m Quadrat 7.8 7.3 7.2 7.4 7. 3 7.0 7.3
?.1 m Quadrat 7.2 6.7 6.3 6.3 6.5 5.9 6.0

Line Intercept 6.4 8.6 7.7 7.1 7.4 7.1 ■ 7.4

Table 17. Cumulative estimates of mean total cover with .
increasing number of 20-quadrat transects for 
location A^.

Number of Transects 

Method 4 5 6 7 8 9 10

.2 m2 Quadrat 14.1 12.9 15.1 14.2 14.5 14.3 14.0

.1 m2 Quadrat 15.3 12.8 14.4 14.2 13.9 13.5 13.4
Line Intercept 12.2 11.6 12.7 12.3 12.4 13.1 12.6
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Table 18. Cumulative estimates of mean total cover with 
increasing number of 20-quadrat transects for 
location Ag.

Method
Number of Transects

4 5 6 7 8 9 10

2.2m Quadrat 10.7 11.1 14.1 11.4 12.7 13 .7 13.5
?•.I'm Quadrat 9.7 10.6 14.1 10.7 12.6 13.2 13.1

Line Intercept 15.4 16.0 18.9 15 .,6 17.6 17.9 17.9

Table 19. Cumulative estimates of mean cover of black 
grama with increasing number of 20-quadrat 
transects for location A2.

Number of Transects
Method 4 5 -6 7 8 9 10

.2 m2 Quadrat 2.7 2.6 2.2 2.4 2.5 1.9 2.2

.1 m2 Quadrat 3.3 3.2 1.9 2.6 2.6 1.6 2.3
Line Intercept 2.0 2.8 2.1 2.2 2.3 2.0 2.2
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quadrats'(Table 20). This is, perhaps, an indication that 
sampling intensity is more a function of the uniformity of 
distribution than vegetation density. Species such as 
slender grama that tend to be more uniformly distributed 
require a smaller sample size than those that tend to be 
clumped (black grama, in this case).

Table 20. Cumulative estimates of mean cover of slender 
grama with increasing number of 20-quadrat 

, transects for location A2. ’

Number of Transects
Method 4 5 6 7 8 9 10

.2 m2 Quadrat 1.2 1.2 1.0 1.3 1.2 1.3 1.3

.1 m2 Quadrat 0.8 1.1 1.1 1.0 1.0 1.1 1.0
Line Intercept 0.9 0.9 1.1 0.8 1.0 1.0 1.0

The similar points of stabilization of the two frame
sizes show that the tabular procedure failed to differentiate
the sample size and the precision to which each quadrat size
will measure cover. However, the more precision and the

2smaller sample size calculated for the .2 m frame indicate
there is an advantage of increasing the frame size from the

2 2 .1 m quadrat used by Daubenmire to .2 m for semidesert
grasslands (Table 15). Perhaps the tabular procedure of
obtaining sample size is adequate where less precision is



52
accepted in range inventory work and particularly where a 
large area is involved.

There seems to be an inherent bias in using Dauben- 
mire’s six cover classes of estimating canopy cover. The 
bias is related to the quadrat size used. Theoretically, if 
the total cover is less than the class midpoint, a quadrat 
size many times the plant size will estimate the class mid
point, resulting in a positive bias. This might be the case 
where the plants are frequent but, having a relatively small 
size, do not contribute much to the total cover.

Conversely, if the true cover is slightly more than 
the class midpoint, the same quadrat will estimte the class 
midpoint, resulting in a negative bias. Both types of 
biases will affect the precision of measuring the change of 
vegetation essential for management decisions.

It is difficult, however, to prove this theoretical 
expectation of bias in natural populations where the true 
cover cannot be accurately measured. Schultz and Gibbons' 
artificial populations where the true population parameters 
were known was used to study this aspect of cover estimation 
by canopy classes. The artificial population was made of
plastic discs of six size classes and six colors, randomly

2 2 dispersed on a 1 m board. Three quadrat sizes of 1 cm ,
16 cm^ and 256 cm^ and a point frame were employed for samp
ling the artificial population. The total cover of all the
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discs was estimated using Daubenmire1s six cover classes for 
all the frame sizes. The green color, which had the highest, 
and the blue color, which had the lowest cover, were esti
mated separately. Comparison of the true population cover
to the mean cover obtained for each quadrat size showed that

2 ' the largest quadrat (256 cm ) approximated the class midpoint
(15%) of class 2 which contained the actual cover of 12%
(Table 21). There was no substantial difference between the

2cover of the population and that estimated for the 1 cm and 
216 cm quadrats and the point frames.

Considering the mean cover of the blue color alone,
the largest quadrat estimated the class 1 midpoint (2.5%),
even though the actual cover for that color was 0.8% (Table
21), thus, showing a positive bias. This is because the
blue color was made up of frequent small-sized discs and
the quadrat size was many times greater than the disc size.

2The large difference between the 256 cm quadrat and the 
disc size allows no room of estimating anything more than 
cover class 1; thus, 96% of the cover estimates were cover 
class 1 (Table 22).

Evaluation of the green color did not conform to the 
theoretical expectation that the cover class method will 
underestimate the true cover if the cover is slightly more 
than the class midpoint (Table 21). All the frame sizes 
estimated more than the true cover. This is because 4% of
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Table 21. Comparison of estimates of percent cover in an
artificial population obtained by varying quadrat 
sizes with true population mean and midpoint of 
cover class containing true mean.

Quadrat Size
Pt. Frame 1 cm2 16 cm2 256 cm2

Total Cover
Estimated Mean 13.0 12.4 12 .,2 16,.8
True Mean 12.0 -
Class Midpoint - - - - 15.0 - ' - - - - ; ~ -

Blue Disc
Estimated Mean 1.0 0.7 0 ,,9 2,.4
True Mean 0.8
Class Midpoint 2.5 -

Green Disc
Estimated Mean. 4.0 5.9 4 .,7 5,.0
True Mean 3.6 -
Class Midpoint ■2.5 -
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Table 22. Percentage of observations falling in each cover 
class for different quadrat sizes for the green 
and blue discs of the artificial population.

Cover Class
Color/Quadrat Size 0 - 1 2 3 4 5 6

Blue Disc
21 cm 97 0 2 1 0 0 0

16 cm^ 74 24 2 ' 0 0 0 0
256 cm2 4 ' 96 0 0 0 0 0

Green Disc 
1 cm2 85 3 5 2 1 2 2
16 cm2 62 12 24 2 0 0 0
256 cm2 0 84 16 0 0 0 0

the cover estimates for the largest quadrat size, for example, 
were in class 1, which contains the true means. However, 6% 
was found to be in cover class 2 (Table 22), and since there 
were no zero values to offset these, the cover was over
estimated.

The pattern of bias obtained from the artificial 
population was similar to that obtained for the natural 
population of this study. In the natural population, line 
intercept data was considered to be an unbiased estimate of 
the population cover and the two frame size data were com
pared to the line intercept. Tabulating the total cover as a 
function of sample size for both frame size and line
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intercept indicated there is a positive bias when the cover 
of the line intercept is less than the cover class midpoint.
For example, at location 4 where the line intercept cover

, ' ' | was 12.6%, the canopy cover value was 14% and 13.4% for the
2 2.2 m and .1 m frames, respectively (Table 17). The value 

obtained for the quadrat sizes trend towards estimating, the 
class 2 midpoint (15%). This is consistent with both the 
theoretical expectation and the result of the artificial 
population. At location 5 where the dominant plant was 
burroweed, the cover value obtained for the line intercept . 
was 17.9%. This is higher than the midpoint of cover class 
2 (15%) . The cover, obtained from the two frame sizes was
far less than the line intercept (13.5% and 13.1% for the

2 g.2 m and the .1 m , respectively), but approximated the
class 2 midpoint, thus, showing a negative bias (Table 18). 
This again is consistent with the theoretical expectation.

In situations where the cover value is near the 
boundary of two cover classes, for example location 2 where 
the line intercept cover was 7.4%, which is near the bound
ary of cover classes 1 and 2 (Table 16), the canopy cover 
value obtained for both quadrat sizes was similar to that 
of the line intercept. Perhaps the negative and the positive 
bias balance out.

Evaluation of the confidence interval at a 95% level 
of probability for both frame sizes and line intercept had



shown a confidence limit overlap between canopy cover and 
the line intercept method. Apparently the bias effect is 
negligible, considering the sampling variability and the 
practical quadrat sizes often used in the field.



CONCLUSIONS

1. The overall sensitivity of frequency and canopy 
cover classes methods in detecting changes of the 
community resulting from management were not dif
ferent enough to warrant any clear-cut reliability 
of any one method, even though frequency was found 
to be slightly more sensitive than the canopy cover 
method.

2. . The significantly high correlation between the
importance value and parameters of density, fre- 
quency and canopy cover suggests that any one of 
the attributes can be as good as the other in 
characterizing vegetation and can, therefore, be 
used as a tool for monitoring condition and trend.

3. Canopy cover is a more sensitive measure of changes 
in cover resulting from utilization and was able to 
detect more significant difference for grasses be
tween those areas excluded from grazing and those 
areas open to grazing. This tends to overemphasize
the difference between conservatively grazed and 
areas deferred from grazing for a short time, even
though there is no real condition or trend differ
ence between the two areas. The ephemeral nature
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of canopy cover reduces the value of using canopy 
cover method for trend analysis.
More frequency quadrats can be run if the same 
sampling time is spent in the field for both methods 
This means a gain in precision using frequency. 
Rapidity and objectivity are advantages in using 
frequency. Frequency is stable enough yet sensi
tive enough that it can be used for monitoring
condition and trend in vegetation.

2 " 2Doubling the frame size from .1 m to .2 m in
creased the precision of estimating cover, in sparse 
vegetation of desert grasslands of Arizona. 
Daubenmire's suggestion that a sample size cal
culated from the standard error overestimates the 
amount of work needed to obtain a reasonable apprai
sal of the vegetation of scattered vegetation is 
confirmed, since the number of plots required to 
give a precision of _+ 10% of the mean at the 95% 
level of significance was too astronomical to be of 
any practical value in estimating cover. A proce
dure of tabulating the total mean as a cumulative 
function of increasing sample size was found to be 
more realistic in estimating sample size for sparse 
vegetation. A sample size of 140, .2 m^ quadrats 
was found appropriate.
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There is an inherent bias in using Daubenmire's 
cover classes. The bias is negative when the 
cover is higher than its class midpoint and posi
tive when the cover is lower than its class mid
point. This is particularly true when the quadrat 
size is many times larger than plant size. This 
means that canopy cover estimates are sensitive 
to the plot size and, therefore, appropriate 
quadrat size should be selected in the field. Appa
rently the bias is negligible relative' to the ex
pected variability and for practival sizes of 
quadrats commonly used in field sampling.
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Table 1.A. Frequency, density, canopy cover and line intercept data
(two frame sizes used for canopy cover) in stand A^.

Species
Frequency

(%)

Density 
(No. of 
Plants 
per m2)

Canopy Cover (%)
2 2 Line Intercept 

,2.m Frame .1 m Frame (%)

Black grama 42.5 8. 9 4.0 5.5 3.9
Slender grama 41.5 6.8 2.0. 2.8 2.9
Arizona cottontop 23.5 2.2 1.9 2.3 3.1
Bush muhly 7.0 0.4 1.0 0.6 0. 7
Rothrock grama 1.5 0.2 0,0 0.1 0.0
Tanglehead 4.5 0.6 0.2 0.3 0.6
Three awn 8 i 5 0.8 0.3 0.4 0.3
Burroweed 5.0 0.5 2.5 1.9 1.2
Mesquite 2.0 0.2 1.3 1.3 1.2
Cactus 2.0 0.2 0.1 0.0 0.5
Red spiderling 18.0 1.5 0.4 0.3 0.1
Other forbs 10.5 1.3 0.3 0.2 0.1



Table l.B. Frequency, density, canopy cover and line intercept data
(two frame sizes used for canopy cover) in stand

Species
Frequency

(%)

Density 
(No. of 
Plants 
per m̂ )

Canopy Cover (%)
------ ------- —— ----!—  Line Intercept
.2 m^ Frame .1 m^ Frame (%)

Black grama . 49.0 9.1 2.1 2.3 2.2
Slender grama 39.0 4.8 1.5 1.1 1.0
Arizona cottontop 10.5 1.0 0.3 0.2 0.6
Bush muhly 1.5 0.2 0.1 0.2 0.1
Rothrock grama 0.0 0.0 0.0 0.0 0.0
Tanglehead 1.0 0.1 0.2 0.2 0.2
Three awn 11.5 0.8 0.3 0.1 0.3
Burroweed 0.5 0.0 0.1 0.0 0.3
Mesquite 2.5 0.3 0.5 0.4 1.6
Cactus 6.0 0.8 0.3 0.4 . 1.0
Red spiderling 69.0 12.0 1.6 1.2 0.0
Other forbs 23.0 2.3 0.4 0.3 0.0



Table l.C. Frequency, density, canopy cover and line intercept data
(two frame sizes used for canopy coyer) in stand .

Species
Frequency

(%)

Density 
(No. of 
Plants 
per m^)

Canopy Cover (%)
— --2----—— :— '---?----- - Line Intercept
.2m Frame .1 m Frame (%)

Black grama 4.0 0.6 0.1 0.2 0.2
Slender grama 66.0 8.9 1.9 1.2 1.4
Arizona cottontop 19.5 2.6 0.8 0.6 0. 7
Bush muhly 2.5 0.4 0.1 0.1 0.1
Rothrock grama 6.0 0.8 0.2 0.1 0.1
Tanglehead 2.5 0.2 0. 2 0.1 0.2
Three awn 22.5 2.1 0.6 0.3 0.2
Burroweed 10.5 1.0 2.6 2.5 2.2
Mesquite 8.5 0.8 4.9 4.8 3.8
Cactus 3.5 0.6 0.8 0.8 0.7
Red spiderling 50.5 6.2 1.2 0.8 0.0
Other forbs 20.0 2.3 0.5 0.2 0.0



Table l.D. Frequency, density, canopy cover and line intercept data
(two frame sizes used for canopy cover) in stand .

Species
Frequency

(%)

Density 
(No. of 
Plants 
per m^)

Canopy Cover (%)
— — 2— ---- -— -- -7----- - Line Intercept
.2m Frame .1 m Frame (%)

Black grama 22.0 3.7 3.1 3.3 2.3
Slender grama 53.5 7.4 3.3 3.6 2.7
Arizona cottontop 30.0 2.8 3.1 2.9 2.6
Bush muhly 3.5 0.5 0.4 0.2 0.2
Rothrock grama 5.0 0.6 0.2 0.1 0.3
Tanglehead 7.5 0.9 ; 1.0 0.9 0.9
Three awn 10.5 0.8 0.4 0.4 0.4
Burroweed 8 .0 . 0.7 0.8 0.6 2.2
Mesquite 0.0 0.1 0.0 0.0 0.0
Cactus 9.5 1.3 0.7 0.7 1.2
Red spiderling 42.0 5.6 0.9 0.7 0.0
Other forbs 8.0 0.6 0.1 0.1 0.0



Table I.E. Frequency, density, canopy cover and line intercept data
(two frame sizes used for canopy cover) in Stand A g .

Species
Frequency

(%)

Density 
(No. of 
Plants 
per m^)

Canopy Cover (%)
------------------— ---- Line Intercept
.2 m Frame .1 m Frame (%)

Black grama 1.5 0.9 0.2 0.2 0.0
Slender grama 7.0 0.8 0.2 0.1 0.0
Arizona cottontpp 9.5 0.7 0.2 0.1 0.1
Bush muhly 7.0 . 0.8 0.2 0.1 0.0
Rothrock grama 2.0 0.2 0.1 0.0 0.0
Tanglehead 0.0 0.0 0.0 0.0 0.0
Three awn 10.0 0.5 0.3 0.1 0.0
Burroweed 54.5 5.3 8.6 8.5 13.4
Mesquite 9.0 0.9 3.4 3.4 3.7
Cactus 1.5 0.2 0.1 0.2 0.6
Red spiderling 11.5 0.9 0.2 0.1 0.0
Other forbs 5.0 0.5 0.1 0.1 0.0
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2Table 2.A. Mean cover and confidence interval at a = .05 for .1 m frame.

A1 V A3 A4 A5
Species Mean Cl Mean Cl Mean Cl Mean Cl Mean Cl

Black grama 5.51 ±2.8 2.33 ±1.6 .17 ± .2 3.28 ±1 .3 .23 ± .4
Slender grama 2.79 ±1.0 1.06 ± .3 1.20 ± .4 3.56 ±1.1 .14 ± .1
Arizona cottontop 2.35 ±1.2 .21 ± .1 .59 ± .3 2.95 ±1 .3 .12 ± .1
Bush muhly .64 ± .7 .20 ± .4 .13 ± .2 .20 ± .2 .13 ± .1
Rothrock grama .08 ± .2 .00 ± .0 .10 ± .1 .08 ± .1 .04 ± .1
Tanglehead .34 ± .5 .19 ± .4 .09 ± .2 .86 ± .7 .00 ± .0
Three awn .39 ± .3 .13 ± .1 .33 ± .2 .40 ± .3 .14 ± .2
Burroweed 1.94 ±2.7 .00 ± .0 2.52 ±1 .4 .62 ± .6 8.49 ±3.5
Mesquite 1.32 ±2.0 .43 ± .7 4.84 ±7 .1 .00 ± .0 3.45 ±3.0
Cactus .02 ± .0 .36 ± .5 .76 ±1.0 .72 ± .7 .18 ± .3
Red spiderling .31 ± . 3 1.25 ± .3 .85 ± .3 .72 ± .3 .14 ± .2
Other forbs .23 ± .2 .28 ± .1 .24 ± .1 .08 ± .1 .07 ± .1



2Table 2.B. Mean cover and confidence interval at a = .05 for .2 m frame.

Species
V A2 A3 A4 A5 .

Mean Cl Mean Cl Mean Cl Mean Cl Mean Cl

Black grama 4.01 ±1.2 2.15 ±1.0 .11 ± .1 3.09 ±1.3 .17 ± .3
Slender grama 2.05 ± . 8 1.49 ± .3 1.88 ± .4 3.29 ± . 6 .20 ± .1
Arizona cottontop 1.87 ± .9 .29 ± ,1 .83 ± .4 3.14 ±1.3 20 ± .2
Bush muhly . 1.03 ± . 9 .10 ± .2 .06 ± .1 .39 ± .5 • .16 ± .1
Rothrock grama .03 ± .1 .00 ± .0 .17 ± .1 .22 ± . 3 .05 ± .1
Tanglehead .23 ± .3 .20 ± .4 .21 ± .4 .98 ± .7 .00 ± .0
Three awn .34 ± .2 .31 ± .1 .62 ± .3 .43 . ± ,4 .27 ± .2
Burroweed 2.15 ±2.0 .09 ± .2 2.62 ±1.6 .80 ± .7 8.66 ±2.7
Mesquite 1.30 ±1.8 .54 ± .9 4.86 ±7.1 .00 ± .0 3.39 ±2.9
Cactus .10 ± .2 : .27 ± .3 .76 ±1.0 .73 ± .7 .11 ± .2
Red spiderling .43 ± . 3 1.57 ± .4 1.16 ± . 5 .87 ± .2 ,19 .2
Other forbs .31 ± .3 .41 ± .1 .50 ± .3 .13 ± . 1 .10 .1



Table 2.C. Mean cover and confidence interval at a = .05 for line intercept.

Ai A2 A3 A4 A5
Species Mean Cl Mean Cl Mean Cl Mean Cl Mean Cl

Black grama 3.86 ± .8 2.22 ± .8 .24 ± .3 2.30 ± .9 .00 ± .0
Slender grama 2.91 ± .7 1.01 ± .4 1.40 ± .5 2.70 i..5 .00 ± .0
Arizona cottontop 3.10 ±113 .64 ± .3 .75 ± .3 2.61 ± .7 .10 ± . 1
Bush muhly .71 ± .7 .07 ± . 2 .06 ± .1 .17 ± .3 .02 ± . 0
Rothrock grama .00 ± .0 .00 ± .0 .09 ± .1 . 26 ± .2 .01 ± .0
Tanglehead .56 ± .5 .18 ± .2 .18 ± .2 .87 ± .6 .00 ± .0
Three awn .34 ± .3 .27 ± .2 .25 ± .1 .41 ± .3 .03 ± . 0
Burroweed 1.20 ± .8 .29 ± .5 2.17 ±1.7 2.22 ±1 .2 13.45 ±1.2
Mesquite 1.25 ±2 .0 1.65 ±2.2 3.79 ±6.1 .00 ± .0 3.72 ±2.9
Cactus .46 ± .7 1.08 ±1.0 .71 ± .8 1.16 ±1 .0 .56 ± .7
Red spiderling .09 ± .1 .00 ± .0 . .00 ± .0 .00 ± .0 .00 ± .0
Other forbs .09 ± '.1 .00 ± .0 .00 ± .0 .00 ± .0 .00 ± . 0
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Tab.e 3.A . Correlation coefficients at the 5% and 1% levels of significance •

Degrees of Degrees of
Freedom 5% 1% Freedom 5% 1%

1 .997 1.000 24 . .388 496
2 .950 .990 25 . 381 487
3 .878 .959 26 . 374 478
4 . 811 .917 2.7 .367 470
5 .754 .874 28 .361 463
6 . 707 . 834 29 . 355 456
7 .666 . 798 30 .349 444
8 .632 .765 35 „ 325' 418
9 .602 . 735 40 . 304 393

10 .576 . 708 45 .288 372
11 .553 .684 .50 .273 354
12 .532 .660 60 • . 250 325
13 .514 .641 70 .232 302
14 .497 .62,3 80 . 217 283
15 .482 .606 90 .205 267
16 .468 .590 100 .195 254
17 .456 .575 125 .174 228
18 .444 . 561 150 .159 208
19 .433 .549 200 .138 181
20 .423 . 537 300 .113 148
21 .413 .526 400 .098 128
22 .404 .515 500 .088 115
23 .396 .505 1,000 .062 081

Source: Snedecor, 1956, p. 174.
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