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The ability to estimate the amount of defoliation that 
has occurred to forage plants on a rangeland area is 
important to good grazing management. It depends fun- 
damentally on understanding the degree of use that can 
occur without reducing forage plant productivity or 
inducing undesirable changes in species composition. 
Information on the degree of use continues to be neces- 
sary to adjust stocking rates and grazing periods to 
ensure that the threshold value of defoliation is not 
exceeded. However, estimating and monitoring defolia- 
tion levels on desert shrubs is difficult because of inde- 
terminant growth and the propensity for animals to defol- 
iate more than the current year's growth. 

"Utilization" is defined as the proportion of a forage 
plant's current season's growth removed by grazing 
animals (Cook and Stubbendieck 1986). Estimation of 
utilization is inherently difficult because the object is to 
quantify something that is no longer present—that por- 
tion of the plant removed by grazers. Several methods 
have been developed for estimating grass utilization, 
most of them based on clipping and weighing grazed and 
ungrazed plots. Estimating current growth and the pro- 
portion of it removed by grazing is relatively easy for 
grasses compared to shrubs. On shrubs, grazing animals 
generally consume 100% or more of the current season's 
growth with each bite, often removing several years of 
growth at once. Furthermore, current season growth on 
shrubs is very difficult to distinguish from past growth 
after the period of active growth in the spring when the 
stems and leaves become lignified. 

Typical methods for estimating utilization on shrubs 
rely on measuring the remaining plant parts to infer the 
biomass removed (Cook and Stubbendieck 1986). For 
example, twig diameter at the point of browsing was mea- 
sured by Roundy et al. (1989) to estimate the amount of 
biomass removed by using regressions of twig diameter 
and twig weight. Such methods are applicable to the 
close study of a few forage shrubs, but are far too time- 
consuming for extensive rangeland monitoring. 

The method currently recommended in the Nevada 
Rangeland Monitoring Handbook (Nevada Range Stu- 
dies Task Group 1984) requires classification of plants 
into one of six categories based on the proportion of 

current growth removed. The method was developed for 
herbaceous plants, and does not address the difficulties 
of determining the current year's growth of desert shrubs 
and the grazing behavior of cattle and burros on shrubs. 
Because it is difficult to consistently assign browsed 
shrubs to 1 of 6 use classes, the results can vary widely 
among observers. 

For these practical reasons, the standard concept of 
utilization is not useful in desert shrub ranges. We believe 
that a more useful index to the degree of use in desert 
shrub communities is the proportion of heavily browsed 
plants. The method we have developed, called Binomial 
Use Monitoring (BUM), eliminates the need to estimate 
the amount of removed foliage and requires the least 
possible amount of judgment on the part of the observer. 
A large number of plants of the key forage species is 
observed (e.g., along transects). At each observed plant 
an assessment is made of the proportion of the total 
number of stems that have been browsed in the current 
grazing year, regardless of the amount of growth removed 
from each stem. Thus, if a shrub has 25 stems and 15 of 
them have been browsed, then the index of use on that 
shrub is 15/25 60%. We have chosen the easily evaluated 
criterion of 50% to classify shrubs into 1 of 2 categories: 
#1 = shrubs with fewer than 50% of their currently living 
stems browsed and #2 shrubs with more than 50% of 
their currently living stems browsed (Fig. 1). The indexto 
grazing use of an area is the proportion of key forage 
plants sampled in the area that fall into the #2 category. 

The BUM method is similar in idea to the "shortcut" 
method of Canfield (1942), in which the percentage of 
perennial grasses grazed to a 5-cm stubble is estimated 
and used to infer the proportions of more lightly grazed 
and ungrazed plants. Other methods based on percen- 
tages of grazed vs. ungrazed plants include the stem 
count method (Stoddard 1935, Pechanec 1936), and the 
grazed plant method (Roach 1950, Springfield and Peter- 
son 1964). These early workers dealt exclusively with 
perennial grasses and used empirically derived regres- 
sions between grazed plant percentage and utilization to 
calculate the percent utilization at the study site. 

The Binomial Use Monitoring (BUM) method was eval- 
uated in desert shrub vegetation near Lake Mead, Arizona 
and Nevada, to address (1) How accurately different 
observers score plants, (2) What intensity classes of 
browsing are most difficult to score accurately, (3) How 
consistently different observers assign a BUM index to an 
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area, (4) How accurately different observers assign a 
BUM index to an area, and (5) How accurately the BUM 
method can distinguish among areas with different levels 
of use? 

Materials and Methods 
The evaluation of BUM was undertaken in February, 

1991, in conjunction with the establishment of a wild 
burro grazing monitoring program for the Lake Mead 
National Recreation Area, Arizona and Nevada. The study 
involved 5 observers, 2 of whom had previous experience 
classifying Ambrosia dumosa (white bursage) with the 
BUM method. A 30-minute training session was con- 
ducted the first day to explain the BUM method and sev- 
eral plants were inspected and counts made of their stems 
to classify them as #1 or #2. A second 30-minute training 
session was held on the second day. 

One hundred Ambrosia plants with known percentages 
of browsed stems were used to address questions of indi- 
vidual plant accuracy and differential error among brows- 
ing intensity categories. Each plant was numbered and 
placed in 1 of 5 browsing intensity classes—0-20%, 
21 -40%, 41 -60%, 61-80%, 81 -100%—describing the pro- 
portion of currently living stems that had been browsed or 
clipped. In orderto have 20 plants in each of the5 catego- 
ries, a number of plants were clipped to appropriate levels 
before the study began. Plants in the 41 -60% category 
were marked as #1 or #2, indicating that their level of 
browsing was less than or greater than 50%. The 5 
observers scored each of the 100 marked plants as either 
#1 or#2. 

To determine consistency and accuracy in assessing 
the BUM score for a given area, 4 areas containing 

approximately 400 Ambrosia plants each were marked at 
Walker Wash, Twin Springs Wash, and at2 sites atAcacia 
Wash. Every plant within the marked areas was inspected 
before the test to determine the area's actual BUM score. 
Each observer scored only 100 plants within each test 
area, selecting them as they traversing the marked area. 

Results 
Observer's accuracy at classifying plants into the cor- 

rect BUM category was evaluated by calculating the per- 
cent of plants incorrectly categorized. The mean percent 
of incorrect scores was 22, ranging from 18 to 25 for the 5 
observers (Table 1). As expected, the highest number of 
incorrect scores was in the 41—60% category. Plants 
whose true level of browsing is near 50% are difficult to 
correctly score as above or below the 50% level. 

Some observers showed a tendency to overestimate 
the browsing intensity on individual shrubs, while others 
showed a tendency to underestimate. The strong ten- 
dency of 1 observer to over-estimate browsing intensity 
accounts for the large percent error in the 21 -40% class 

Table 1. Incorrect BUM scores for different browsing Intensity 
classes, expressed as a percent of the total number of plants 
scored in the class. The results of five observers have been pooled. 

Browsing Intensity Class Percent Incorrect 

020% 6 
21_40% 34 
41 -60% 35 
61_80% 17 
81—100% 19 

All Classes 22 

A 

Fig. 1. Comparison of Ambrosia dumosa plants that have <50% or >50% of stems browsed. Plant A has 4 of 14(29%) stems browsed and 
plant B has 12 of 14 (86%) stems browsed. Plant A would be placed in BUM class #1 and plant B in class #2. 

B 
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Removed by Browsing 

Fig. 2. Underestimating the number of stems that have been browsed will occur when browsing reduces the number of stems remaining. 
Plant A has 14 stems, and browsing 10 of those stems to approximately half the height of the plant will reduce the number of stems 
remaining to 9. Therefore, plant A should be recorded as 10 of 14 (71 %) of stems browsed. However, plant A will look like plant B when 
monitoring occurs, and the observer will record only 5 of 9 (56%) stems browsed. 

(Table 1). The percent of errors in the 81-100% class is 
surprising, and is not due to 1 observer consistently 
underestimating, but rather results from several individ- 
ual plants that most observers misclassified. 

The observers' BUM index scores for the 4 test areas 
were not very consistent, and there was a relatively high 
coefficient of variation at all sites (Table 2). At each site, 
the score of only 1 or 2 observers caused most of the 
variance, but that observer was not consistently incorrect 
at every site. Most observers were within 3 standard errors 

(SE) of the actual value; the most experienced was within 
1 SE at 3 of 4 sites. Standard error was calculated with the 
normal approximation method (Zar 1984, p. 377). The 
mean score for all observers was a good estimate of the 
actual score at all sites: the 80% confidence interval 
included the actual score. 

The sample means were lower than the actual BUM 
scores in all 4 test areas (Table 2), suggesting a tendency 
to underestimate the proportion of #2 plants in a popula- 
tion. Of the 19 scores, 12 were underestimates, 6 were 

Table 2. Observers' BUM scores compared to the actual scores of four test areas. The standard error of each observer's estimate is in 
parentheses. The mean and the coefficient of variation (C.V.) among observers' scores at each site are given. (n looper observer at each 
site). 

Site 
Observer Sample 

Mean 
Actual 
Score C.V. A B C D E F 

Acacia lower 49 
(5.0) 

45 
(5.0) 

-- 15 

(3.6) 
42 

(5.0) 
65 

(5.0) 
43 

(2.2) 
46 0.42 

Acacia upper 55 
(5.0) 

79 
(4.1) 

-- 42 
(5.0) 

70 
(4.6) 

-- 62 
(2.4) 

65 0.27 

Walker Wash 12 

(3.3) 
16 

(3.7) 
5 

(2.2) 
16 

(3.7) 
3 

(1.7) 

-- 10 
(1.3) 

14 0.59 

Twin Springs 11 

(3.1) 
6 

(2.4) 
13 

(3.4) 
9 

(2.9) 
2 

(1.4) 

-- 8 
(3.8) 

13 0.53 

A B 
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overestimates, and 1 was exactly correct. 

Discussion 
The results emphasize the importance of sufficient 

training for even the most simple methods. The worst 
deviations were recorded at the first plot sampled, and the 
observers reported that their confidence, and evidently 
their accuracy, improved with experience. Observer A, 
whose average deviation from the true BUM scores of the 
test area was the lowest, and who also had the fewest 
number of incorrect scores in the first test, had previous 
experience with the BUM method. Observer 0 had the 
next lowest average deviation and also had previous 
experience. 

Despite inadequate training, the novice observers' 
BUM scores were more than 20% off in only half of the 
cases, whereas, observer A's worst score was 15% off. 
Given sufficient training, (i.e., 2 hours of careful inspec- 
tion of plants and counting of stems), we are confident 
that an average observer's BUM score will be within ±15% 
of the area's actual score. In other words, if the area's 
actual BUM score is 50, then the average trained observer 
will score it within the range 42-58, corresponding to a 
confidence level of about 85%. 

Because a bite from a branched main stem of a shrub 
can remove several lateral stems and leave only 1 browsed 
stem remnant, the number of browsed stems increases 
more slowly than the number of unbrowsed stems de- 
creases (Fig. 2). The result isthata plant will be scored in 
the #1 category even though >50% of its original stems 
have been browsed. This effect introduces systematic 
error that may aggravate the tendency for BUM scores to 
underestimate the degree of use of an area. 

Monitoring with BUM is fast. The average time taken to 
score 100 plants at each of 4 sites by the 6 observers was 
43.5 minutes, ranging from 26 to 70 minutes. 

Confidence limits can be assigned to BUM scores, 
allowing statistical comparison among sites and over 
time, according to the normal approximation procedure 
for binomial distributions outlined in Zar (1984, p. 379). 
We recommend that an 80% confidence level (alpha 0.2) 
be used to determine the critical value of the Z statistic 
used to compute the confidence limits. 

For winter-dormant desert shrubs in continuously 
stocked pastures, the BUM sampling should be done 
early in the growing season. During this time it is easy to 
recognize live stems and to determine whether or not 
stems have been browsed since the initiation of growth in 
the previous spring. The BUM score indicates grazing use 
at the site over the course of the entire previous year, and 
therefore must be done before very much grazing has 
occurred in the new year. For pastures in a rotational 
grazing schedule, sampling of key forage species can be 
done while animals are present to help determine when 
they should be rotated. 

The BUM score at a site can be directly compared to the 
data from successive years to evaluate changes in graz- 
ing use. Comparison among sites must be done cau- 

tiously because the presence of preferred species redu- 
ces grazing pressure on less-preferred species. Thus if at 
Site 1 there is a higher proportion of a preferred species 
than at Site 2, a comparison of BUM scores will be biased 
by animal selectivity, even though total grazing pressure 
(i.e., total amount of forage available per animal unit) may 
be equal at both sites. 

While it seems reasonable that the proportion of heavily 
browsed shrubs in a population should indicate ecologi- 
cal consequences, we do not know what a particular BUM 
score means biologically to an individual shrub, to a pop- 
ulationofshrubs,ortothecommunity.TheBUM indexis 
intended simply as a gauge of grazing pressure that can 
be used to understand the role of grazing pressure in 
long-term biological change. Only extensive experience 
in particular communities will allow the setting of thre- 
shold values of BUM scores. Further research into the 
BUM method should include evaluation of its sensitivity 
to variation in grazing pressure and correlation of BUM 
scores with individual plant fitness and with population 
and community dynamics. 

The advantages of the Binomial Use Monitoring method 
are its speed and repeatability, making it well-suited for 
extensive monitoring programs that involve numerous 
observers. Recognizing shrubs on which half or more of 
the stems have been browsed is the only training required. 
However, this evaluation underscores the necessity for 
thorough training to ensure accurate classification. Range 
managers should emphasize the need for more serious 
training for even the simplest methods rather than sug- 
gesting that simple methods can be performed with little 
or no training. Averaging the scores of several observers 
may improve accuracy. As is the case with all other utiliza- 
tion and grazing pressure estimates, the BUM method is 
not entirely satisfactory, but it is certainly simpler and 
more accurate than methods calling for classification of 
plants into 4 or more categories and shows promise for 
providing much-needed monitoring information in desert 
shrub communities. 
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