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Botanical Composition Determination of 
Range Herbivore Diets: A Review 

JERRY L. HOLECHEK, MARTIN VAVRA, AND REX D. PIEPER 

Abstract 

Procedures used for estimating the botanical composition of the 

range herbivore’s diet include diet observation, utilization tech- 

niques, fistula sampling, and fecal analysis. Each of these proce- 

dures has important limitations. Direct observation requires 

minimal time and equipment inputs but accuracy and precision are 

a problem, particularly with wild animals. Utilization studies are 

generally unsuitable when plants are actively growing and more 

than one herbivore is using the area under study. Fistula methods 

are accurate but are difficult to use with wild animals. In addition 

they are costly and require considerable time. The esophageal 

fistula is preferable to the rumen frstula because it provides more 

accurate information and requires less labor. Stomach analysis 

involves animal sacrifice and, therefore, is generally restricted to 

wild animals with large populations. However, trocar sampling of 

the rumen contents is a new method that avoids this problem. Fecal 

analysis has been used extensively in recent years to evaluate diet 

botanical composition of wild herbivores. This procedure gives 

good precision but accuracy is a problem because of differential 

digestion between plant species. Techniques are available that can 

be used to reduce this source of error. Microhistological analysis 

has become the most widely used method for quantifying botanical 

composition of masticated forage or fecal material. Recent studies 

show microhistological analysis can give an accurate representa- 

tion of percent diet botanical composition by weight if observers 

use had compounded diets to check their accuracy. A new proce- 

dure, infrared spectrophotometry, may have considerable poten- 

tial for evaluating herbivore diet botanical composition of fIstula 

or fecal samples. 

In the past 30 years considerable information has been collected 

by various methods on the botanical composition of the grazing 

animal’s diet. A comprehensive review of these studies is provided 

by Van Dyne et al. (1980). Knowledge of range herbivore food 

habits is essential for efficient range management. This informa- 

tion is required for optimal forage allocation to different types of 

herbivores, selecting types of grazing animals compatible with the 

forage resource, selecting species for reseeding deteriorated ranges, 

predicting the outcome of overgrazing by different animals, identi- 

fying new species on which to base management, and determining 

the suitability of exotic animals for a particular range type. Pres- 

ently knowledge of range herbivore food habits is far from com- 

plete, and much more information will be needed in the future if 

range management effectiveness is to be improved. In the last few 

years the information on methodology for studying range herbi- 

vore food habits has substantially increased. Procedures used to 

evaluate the botanical composition of the grazing animals’ diet 

have included direct observation of the animal, utilization tech- 

niques, stomach analysis, fecal analysis and fistula techniques. The 
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purpose of this review was to consider these procedures emphasiz- 

ing the more recent information. 

Utilization Techniques 

Utilization is one of the oldest approaches used to evaluate the 

grazing animal’s diet. The advantages of this approach include 

speed and the fact it provides information on where and to what 

degree a range is being used. When a forage species was used and 

how often a forage species was used are questions that this 

approach will not answer. A serious problem with any utilization 

technique is that large scale losses of plant parts from weathering, 

trampling and animals other than those of interest can greatly 

confound results (Cook and Stoddart 1953). Further when forage 

is actively growing, regrowth after defoliation can make accurate 

estimates of utilization difficult to obtain. Studies comparing utili- 

zation data with fistula samples have shown lack of agreement 

between the two procedures (Lesperance et al. 1960b, Ridley et al. 

1963, Conner et al. 1963, Laycock et al. 1972, Mclnnis 1977). Data 

from these studies and Cook and Stoddart (1953) indicate that 

when forage is actively growing and/or use is by more than one 

herbivore, any utilization technique has severe limitations. Under 

these conditions other procedures in most cases should be selected 

for determination of diet botanical composition. 

Reviews of the various utilization techniques for estimating diets 

of grazing animals are given by Smith et al. (1962) and Martin 

(1970). Edlefsen et al. (1960) provide a description of these proce- 

dures. Approaches to utilization have involved evaluating differen- 

ces between grazed and ungrazed plots; evaluating differences 

before and after grazing; measurement: correlation and regression 

of factors related to utilization; and general observations and 

comparisons with predetermined standards of use. The most com- 

monly used methods have been the ocular estimate method of Reid 

and Pickford (1941) and caged plots. Visual appraisals of forage 

species use are compared to known values of hand clipped plants 

with the ocular estimate methods. Caged plot methods involve 

comparing the amount of herbage present inside a cage with that 

outside. The major problem with this procedure is that microcli- 

mate can be changed by the use of cages (Grelen 1967, Owensby 

1969). However, Heady (1957) found these changes were relatively 

small when open-mesh wire cages were used on annual range in 

California. Laycock et al. (1972) reported that the caged plot 

method gave results that were less consistent with data from eso- 

phageally fistulated sheep than the ocular estimate method. 

Direct Observation of the Animal 

A widely used procedure in past and present studies of herbivore 

diet botanical composition is direct observation of the grazing 

animal. Information on this procedure is reviewed by Bjugstad et 

al. (1970), Theurer (1970). and Theurer et al. (1976). Simplicity, 

minor equipment requirements and ease of use are major advan- 

tages of direct observation. Difficulty in species identification and 

quantification of how much of a plant was consumed are impor- 

tant problems associated with the procedure. 
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Quantitative information from direct observation has been 

obtained from the bite-count and feeding minutes approaches. 

When the feeding minutes approach is employed, time spent graz- 

ing each species is quantified and assumed to be proportional to the 

importance of the species in the diet (Bjugstad et al. 1970). The 

bite-count procedure differs in that number of bites taken from 

each species, rather than the length of grazing time, is recorded 

(Reppert 1960). Free et al. ( 197 1) modified the bite-count approach 

by quantifying the weight per bite of primary forage species in the 

diet. Species data were then converted to relative percentages by 

weight. Regelin et al. (1974) reported small differences between 

percentage of bites and percentage weight converted from bites for 

several forage species consumed by cattle. 

Wild animals are often difficult to locate and approach closely 

enough for accurate observation. These problems are reduced or 

eliminated with tame animals. However, only one animal can be 

observed at a particular time even with tame animals, In addition it 

may be difficult to differentiate between mere nibbling and active 

grazing (Bjugstad et al. 1970). There are other problems associated 

with using tame animals. Diet selection is a complex behavioral act 

that is influenced by several factors (Krueger et al. 1974). Physio- 

logical condition, degree of hunger, topography, other animals 

present and past grazing experience all influence which and how 

much of individual plant species are consumed. The previously 

mentioned factors can be severely altered by using artificially 

reared and maintained animals. 

Two studies have shown that results from direct observation of 

tame animals were consistent with data from esophageally fistu- 

lated animals (Free et al. 197 1, Sanders et al. 1980). However, 

Sanders et al. (1980) reported that direct observation was not 

practical for use on large brush infested pastures with rough ter- 

rain. Data from rumen fistula samples and direct observation 

differed considerably in a study conducted by Gait et al. ( 1969) in 

Arizona. 

Factors influencing the accuracy and precision of the direct 

observation procedure include the degree of training of the 

observer, complexity of the plant community present, and/or 

phenological development of individual plants. Plant identifica- 

tion is much less of a problem on desert rangelands where plants 

are widely spaced than on prairie ranges where plants are close 

together. As plants mature, they also become easier to identify. 

Free et al. (1971) reported the least consistency between direct 

observation and data from esophageally fistulated cattle in the 

spring when plants were beginning growth. 

Stomach Analysis 

A common procedure used by wildlife researchers is stomach 

and intestinal tract analysis (Chippendale 1962, Talbot and Talbot 

1962, Chamrad and Box 1964, Korschgen 1966, Chamrad and Box 

1968, Smith and Shandruk 1979). The main disadvantage of this 

procedure is that it involves sacrifice of animals and, therefore, is 

restricted primarily to wild animals with large populations. Other 

important disadvantages are that differential destruction of forage 

species during digestion alters the proportions of the food items 

consumed (Norris 1943, Courtright 1959, Bergerud and Russell 

1964, Scatter 1966, Mclnnis 1977, Vavra and Holechek 1980), and 

the location of consumption cannot be determined. There may be 

considerable difficulty in identification of partially digested food 

items (Hill 1946, Martin 1949, Brown I96 1, Anderson et al. 1965). 

Stomach analysis will provide information on what species are 

being consumed and gives an indication of relative proportions 

consumed. 

Tabulation of food item numbers, tabulations of frequency of 

food item occurrences, volumetric measurement, and weight mea- 

surement are methods that have been used to evaluate stomach 

contents (Medin 1975). There is some question concerning which 

of these methods is best. Chamrad and Box (1964) described a 

method for quantifying species composition by volume which 

appears to be superior to other methods in speed, accuracy, and 

precision. The microhistological technique of Sparks and 

Malechek ( 1968) and the microscope point technique of Heady and 

Van Dyne (1965) can be used to evaluate species composition by 

weight. 

A method recently reported by Wilson et al. (1977) can be used 

to avoid the problem of animal sacrifice when stomach analysis is 

used to sample large ruminant diets. Tranquilization is used to 

immobilize animals, and rumen samples are taken with a trocar. 

After sample collection the resulting wound is sewn shut. Layering 

of rumen contents, effective tranquilization of animals, and 

infection by parasites are problems associated with trocar 

sampling. Because death from parasites, disease, and overdosing 

occur often, this technique should not be used on rare or 

endangered species. 

Fecal Analysis 

In the past 10 years, fecal analysis has received greater use for 

evaluating range herbivore food habits than any other procedure. 

Fecal analysis has several unique advantages which account for its 

popularity as a research tool. These are discussed by Croker ( 1959) 

Ward (1970), Anthony and Smith (1974), and Scotcher (1979). 

Advantages of fecal analysis are: 

I. It does not interfere with the normal habits of the animals. 

2. It permits practically unlimited sampling. 

3. It places no restriction on animal movement. 

4. It has particular value where animals range over mixed 

communities. 

5. It is the only feasible procedure to use when studying 

secretive and/ or endangered species. 

6. It can be used to compare the diets of two or moreanimals 

at the same time. 

7. Actual sampling requires very little equipment. 

However, fecal analysis also has some important disadvantages 

which are discussed by Ward (1970), Slater and Jones (1971), 

Owen (1975) Scotcher (1979), Smith and Shandruk (1979), Vavra 

and Holechek (1980), and Sanders et al. ( 1980). These include: 

I. Accuracy is a problem because forage species passed in the 

feces are often not proportional to those consumed. 

2. Preference indices cannot be accurately assigned because 

where the food was consumed cannot be determined. 

3. Identification of feces may be a problem. However, 

Howard ( 1976) reported procedures involving pH analysis that 

can be used to differentiate between animals with similar feces. 

4. Considerable equipment and labor are required for actual 

analysis. 

5. An extensive reference plant collection is required. 

6. An observer must have considerable training in order to 

accurately identify plant fragments. 

7. Many plant species are difficult to separate at the species 

and sometimes at the genus level. 

8. Plant identification is both tedious and time consuming. 

9. Destruction of some plant species may occur during slide 

preparation (Vavra and Holechek 1980). 

10. Procedures of sample collection may bias the results. 

1 1. Some species may become unidentifiable in the feces 

(Slater and Jones 1977). 

12. Identification is further complicated by aging of fecal 

material before sample collection. 

13. Fragmentation may differ between species during 

digestion so the relative proportion of species appears 

different. 

The previous listing of fecal analysis disadvantages indicates that 

accuracy is the greatest overall limitation. 

Vavra et al. (1978) compared esophageal fistula and fecal 

samples of cattle on shortgrass range in northeastern Colorado. 

They found that during the growing season fecal sampling tended 

to underestimate the percentage of forbs and overestimate the 
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percentage of grasses in the diet compared to fistula sampling. The 

two procedures were more comparable in the winter months when 

plants were dormant. Esophageal, rumen, and fecal samples from 

sheep fed known diets were compared to the actual diet in a study 

by Mclnnis (1977). Fecal samples were significantly lower in their 

composition of forbs than the actual diet, and they did not 

represent the actual diet as well as esophageal and rumen samples. 

Smith and Shandruk (1979) used rumen contents, intestinal 

feces, site feces, and utilization to evaluate the diet of pronghorn 

antelope. Both intestinal and site feces had fewer plant species than 

rumen contents. Mule deer were fed known diets in a further test of 

the accuracy of fecal analysis. Forbs were underestimated while 

grasses and forbs were overestimated. Other studies showing lack 

of agreement between known diets or stomach contents and those 

determined by fecal analysis include Storr ( 196 I), Stewart ( 1967), 

Zyznar and Urness (1969), Free et al. (1970), Slater and Jones 

(1971), Jacobs ( 1973), Dunnet et al. (1973) Westoby et al. ( 1976) 

and Kessler et al. ( 198 I). However not all studies have shown that 

fecal samples misrepresented the actual diet. Hansen (1971) 

reported good agreement between composition of ingested and 

fecal material but no data on plant species were included. Although 

certain species were consistently either under-or-over-estimated 

depending on the animal and season, Casebeer and Koss ( 1970) 

claimed close similarity between stomach contents and fecal 

material of wildebeest, zebra, and cattle. Johnson and Pearson 

(1981) reported high similarity between esophageal fistula and 

fecal samples from cattle in Louisiana although there was a 

tendency for forbs to be underestimated. 

Microdigestion techniques have recently been used to study 

differential destruction of plant speciesduring passage through the 

digestive tract. Investigations by Deardon et al. (1975) and Vavra 

and Holechek (1980) evaluated the percent weight composition of 

hand-compounded diets subjected to microdigestion. The 

microhistological technique of Sparks and Malechek (1968) was 

used for diet analysis in both studies. There was considerable 

difference in estimated and actual diets in both studies. However, 

in each study, the investigators solved the accuracy problem by 

developing regression equations to correct estimated percent 

weight to the actual percent weight. Aguirre-DeLuna et al. (1981) 

found that microhistological analysis did not accurately indicate 

the percent weight composition of hand compounded diets. 

However, subjecting the samples to microdigestion greatly 

improved accuracy. The species evaluated in their study apparently 

would not require correction factors if fecal analysis was used. 

When fecal analysis is used in ruminant diet quantification, 

sufficient plant material should be collected so that hand 

compounded mixtures can be made and digested in vitro (Vavra 

and Holechek 1980). Bias due to differential digestion can be 

reduced by developing regression equations between estimated and 

actual values for bias correction. In vivo trials would be required to 

correct for this type of bias in non-ruminants. Less bias would be 

expected with non-ruminants because they are less efficient in fiber 

digestion. 

Presently little information is available on the precision of fecal 

analysis. Research reported by Anthony and Smith (1974) 

indicated that 15 fecal samples would give the same level of 

precision as 50 deer rumen samples. They considered 15 to be the 

minimum fecal sample number that should be used to evaluatedeer 

diets during a particular season at a particular location. Further 

study is needed regarding the precision of fecal sampling. 

Fistula Techniques 

Esophageal and rumen fistula techniques have considerable 

advantage over the sampling methods previously discussed 

because they enable the investigator to obtain naturally grazed 

samples. Both fistulas have been widely used (Theurer et al. 1976). 

However, the esophageal fistula is generally preferred over the 

rumen fistula because rumen evacuation subjects animals to 

abnormal physiological conditions, is limited to large animals, and 

is more laborious (Rice 1970). Esophageal fistula samples have 

been found to be more representative of known diets than rumen 

samples. One advantage that rumen sampling does have over 

esophageal sampling is that the rumen sample contains all the 

forage consumed during the collection (Rice 1970). The esophageal 

fistula can become plugged allowing material to pass through the 

rumen or forage can be lost from collection bags which are 

required with the esophageal fistulated animal. Reviews regarding 

the development and use of the esophageal fistula include those of 

Van Dyne and Torrell(1964), Theurer (1970), Rice (1970), Camp- 

bell et al. (1968) and Theurer et al. (1976). Surgical techniques of 

esophageal fistulation for large animals are described by Torrell 

(1954), Cook et al. (1958, 1963), Hamilton et al. (1960) McManus 

(1962a), McManus (1962b), and Chapman and Hamilton (1962). 

Information on surgery success and maintenance has been 

reported by Torrell (1954), Cook et al. (1958), Lesperance et al. 

( 1960a), Cook et al. ( 1963), Van Dyne and Torrell ( 1964), Jefferies 

and Rice (1969) and Lake and Clanton (1972). Closuredevices for 

esophageal fistulas are discussed by Holechek et al. (1982b). The 

care of esophageally fistulated animals is discussed by Cook et al. 

(1958) and Hoehne et al. (1965). Holechek (1982b) reported that 

fistulated animals could be used for several years when given 

adequate care. 

Problems associate with the use of the esophageal fistula include 

contamination by rumen contents, incomplete recoveries, high 

cost, and low sampling precision for individual species in the diet. 

The effect of saliva on the chemical composition of ingested forage 

is reviewed by Holechek et al. (1982b). Holechek (unpublished) 

found no differences between several hand compounded diets fed 

to esophageal fistulated cattle and the actual botanical composi- 

tion of the diets. Studies conducted by Grimes and Watkins ( 1965) 

and Campbell et al. (1968) showed that esophageal fistula sample 

recovery ranged from 35 to 94%. Holechek (1980) reported few 

recovery problems when the closure device described by Bedell 

(1968) was used. 

Samples contaminated by rumen contents cannot be used for 

botanical analysis. Bath et al. (1956) reported that collection 

periods of longer than 30 minutes increased the chance of 

regurgitation of rumen contents into the collection bag. However 

the present authors have found this problem is primarily related to 

time since previous eating. Withholding feed from animals for a 

few hours will usually overcome this problem. 

Several studies have shown that estimates of diet botanical 

composition obtained with esophageally fistulated animals are low 

in precision (Van Dyne and Heady 1965, Galt et al. 1969, Galt 

1972, Harniss et al. 1975, Holechek 1980). Van Dyne and Heady 

( 1965) calculated 24 or more animals would be required to estimate 

major species with adequate precision (90% confidence the esti- 

mate is within 10% of the mean). At the forage class level (grass, 

forb, browse) as many as nine animals were required for the same 

precision level. Galt et al. (1969) found that 30 steers would be 

needed to adequately (90% confidence, 10% of the mean) sample 

important species on desert grassland range in Arizona. Even 

higher numbers were required for major species to be within 10% of 

the mean with 90% confidence in studies conducted by Galt ( 1972), 

Harniss et al. (I 975) and Holechek (1980). It appears impractical to 

estimate content of individual species in the diet to a close degree of 

precision because of the large number of animals required. 

Botanical Analysis of Fistual Samples 

Reviews on the various methods of determining the botanical 

composition of fistula samples include Theurer (1970), Ward 

(1970), and Theurer et al. ( 1976). These methods can be categorized 

into the basic groups of visual appraisal, manual separation with 

weight or volume analysis, microscope point methods, and micro- 

histological methods (Theurer et al. 1976). Only the techniques 

involving the use of microscope provide a quantitative evaluation 

diet botanical composition (Theurer et al. 1976). Visual analyses 
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can be used to identify most browse plants but grasses and forbs are 

generally masticated beyond recognition (Cook et al. 1958). After 

reviewing studies involving manual separation of plants into major 

groups or specific species (Hoehne et al. 1967, Obioha 1967), 

Theurer et al. ( 1976) concluded this procedure was low in precision 

and time consuming. For these reasons the microscope point and 

microhistological techniques have become the most widely used 

methods for botanical analysis of diet samples. The two techniques 

are differentiated by sample preparation procedures, plant quanti- 

fication procedures, and the degree of microscope magnification 

used in plant fragment identification. 

In a review Theurer et al. (1976) reported the microscope point 

technique was first used by Levy and Madden (1933), further 

developed by Heady and Torrell(1959), and illustrated by Harker 

et al. (1964). This technique involves spreading clipped fistula 

forage over a tray. The tray is then passed under a microscope with 

16X magnification with cross hairs and established stops. The 

plant that occurs under the crosshairs is identified and recorded for 

100 different point locations. Percent composition by weight is 

estimated from point data by regression equations. Several modifi- 

cations of the basic method previously discussed have been used to 

evaluate diet botanical composition (Chamrad and Box 1964, Van 

Dyne and Heady 1965, Galt et al. 1969, Durham and Kothmann 

1977). 

A summary of precision and reliability estimates for microscope 

point analysis is given by Theurer et al. ( 1976). Studies have shown 

that consistency between observers was high when the microscope 

point technique was used to quantify known diets. Different 

observers were consistent in estimating the amounts of different 

plant species in known mixtures in studies conducted by Harker et 

al. (1964) and Galt et al. ( 1968). 

Because a I: I ratio does not exist between percent points 

observed and percent weight (Heady and Van Dyne 1965, Harker 

et al. 1964, Galt 1972), regression equations are developed between 

these two parameters by feeding and analyzing known diets. In all 

the studies reviewed by Theurer et al. (1976) the correlation coeffi- 

cient (r) was 85 or greater which shows that the percent points can 

be accurately used to predict botanical composition by weight. 

Theurer et al. (1976) reviewed research conducted by Galt (1972) 

which showed that the relationship between the percent volume 

and the percent points was stronger than the relationship between 

the percent weight and the percent points. Relating volume, rather 

than weight, to points may be better for quantifying diets because 

the regression equations are less dependent on the species composi- 

tion of the mixture (Theurer et al. 1976). 

Baumgartner and Martin (1939) first described the microhisto- 

logical technique which was later refined by Dusi (1947), Sparks 

and Malechek (1968), Voth and Black (1973), and Holechek and 

Gross (1982b). The technique, as demonstrated by Sparks and 

Malechek (1968), involves oven drying and then grinding diet 

samples through a l-mm screen to reduce all fragments to a uni- 

form size. Five slide mounts are then prepared for each diet sample 

using Hertwig’s clearing solution (Baumgartner and Martin 1939) 

and Hoyer’s mounting solution (Baker and Wharten 1952). After 

drying at 60° C, the slides are analyzed under a compound binocu- 

lar microscope. Twenty microscope fields under a 125X magnifica- 

tion are read for each slide. Epidermal fragments other than hairs 

are recorded as presence of the plant species on the slide. The 

percent frequency is calculated for each species in the mixture, and 

the table developed by Fracker and Brischle (1944) is used to 

convert frequency to density. Relative density and relative percent 

dry weight can be assumed to have a 1 :I regression ratio on the 

basis of the plant species used in the study by Sparks and Malechek 

(1968). 

A number of studies are now available which have examined the 

relationship between observed and expected values for known 

mixtures when microhistological analysis was used to estimate 

species composition by weight (Denham 1965, Sparks and Male- 

chek 1968, Westoby et al. 1976, Vavra and Holechek 1980, Hole- 

chek and Gross 1982a). These studies, with the exception of 

Westoby et al. ( 1976), have shown that correlations coefficients(r) 

between expected and observed values to be greater than .95. The 

investigation conducted by Holechek and Gross (1982a) is the most 

intensive examination of this relationship. They used 26 hand- 

compounded mixtures containing various combinations of 

grasses, forbs and shrubs from semidesert range. The regression 

equations developed in their study agreed quite well with those of 

Sparks and Malechek (1968). The study conducted by Holechek 

and Gross (1981a) differed from other studies in that observers 

were given special training with hand compounded diets prior to 

analysis of the test mixtures and observers were replicated. 

A I: 1 relationship between relative density and relative percent 

composition by weight does not exist for all plant species (Westoby 

et al. 1976, Havstad and Donart 1978, Vavra and Holechek 1980, 

Holechek 1982, Holechek et al. 1982a). Studies by Havstad and 

Donart (1978) and Holechek (1982) showed that ratios of identifia- 

ble to nonidentifiable fragments and ratios between grasses, forbs 

and shrubs were not equal to one. Holechek (1982) found that 

sample preparation techniques influenced both accuracy and the 

ratio of the identifiable to nonidentifiable fragments when micro- 

histological analysis was used. Soaking sample material in either 

sodium hydroxide or bleach improved accuracy compared to use 

of standard sample preparation techniques described by Sparks 

and Malechek ( 1968). The improved accuracy was attributed to the 

removal of pigments associated with certain forb and shrub species 

that make identification of epidermal material difficult. Use of 

microhistological analysis may result in poor estimation of certain 

browse species because leaves from these species have a low pro- 

portion of epidermal material in relation to total biomass (Wes- 

toby et al. 1976). Correlation coefficients between observed and 

expected values for dietary species were low in Westoby’s investi- 

gation indicating that regression would be an unsatisfactory means 

of correcting data. In contrast, Holechek and Gross (1982a) and 

Holechek et al. (1982a) found browse species were accurately 

estimated in their studies. Only current years growth of browse was 

used, and observers were replicated and required to pass an inten- 

sive training program in the studies of Holechek and Gross( 1982a) 

and Holechek et al. (1982a). Vavra and Holechek ( 1980) found that 

sample preparation partially destroyed one shrub species used in 

hand compounded diets. Eptdermal fragments of for& can also be 

destroyed during sample preparation (Rogerson et al. 1976). Sev- 

eral studies now show that hand compounded diets should be used 

in all studies involving microhistological analysis to test the 

assumption of a one to one ratio between actual and estimated diet 

percent by weight composition (Westoby et al. 1976, Rogerson et 

al. 1976, Havstad and Donart 1978, Vavra and Holechek 1980, 

Agruirre-De Luna et al. 198 1, Holechek 1982, Holechek and Gross 

1982a, Holechek et al. 1982a). Regression analysis can be used for 

correction if certain species do not exhibit this ratio (Vavra and 

Holechek 1980). 

Holechek et al. (1982a) examined the influence of plant growth 

stage on the results from microhistological analysis. They used 

hand compounded diets containing equal proportions of grasses, 

forbs and shrubs. Mature and immature growth stages were com- 

pared for diets having the same botanical composition. Little 

difference was found between the two stages of maturity for most 

of the species that were studied. Holechek and Gross (1982a) used 

combinations of mature and immature plants to evaluate the accu- 

racy of microhistological analysis. Stage of maturity appeared to 

have little or no influence on results. 

Research has shown that the precision of microhistological anal- 

ysis is a function of the number of frequency observations recorded 

per slide rather than the number of fields examined per slide 

(Holechek and Vavra 198 I). At least 20 frequency observations 

should be recorded per slide in order to maintain repeatability 

between slides. The numbers of slides required for different levels 

of precision when this restriction is met are provided by Holechek 

and Vavra (1981). 

Holechek and Gross (1982b) found the conversion of frequency 

to density by the Fracker and Brischle (1944) table was less accu- 
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rate and more time consuming for obtaining diet percent by weight 

composition than a more simple procedure. The alternative proce- 

dure involves adding the total number of frequency observations 

for all species. The number of frequency observations of each 

species is divided by the total number of frequency observations for 

all species. This number multiplied by 100 is used as the percent by 

weight composition of the diet. 

Variation associated with observers was reported in studies by 

Holechek and Gross (1982a) and Holechek et al. (1982a). Both 

studies showed that observers were fairly consistent in their esti- 

mates of hand compounded diets if given previous specialized 

training. However, Holechek et al. (1982a) found that estimations 

from an experienced observer not given specialized training were 

both inconsistent with observers receiving such training and much 

lower in accuracy. The average coefficient of variation associated 

with four trained observers was 17% when they evaluated 26 hand 

compounded diets comprised of various combinations of 30 differ- 

ent forage species in a study by Holechek and Gross (1982a). 

Holechek et al. (1982a) recommended that observers should be 

replicated if the study objective is to accurately quantify herbivore 

diets using microhistological analysis. However, if only relative 

differences between herbivore species and dietary trends are of 

interest, this is probably not necessary, particularly if the proce- 

dures described by Holechek and Gross (1982a) are used to train 

and evaluate observers. 

A new procedure called infrared reflectance (IR) has been used 

effectively to evaluate the nutritive value of herbivore diet samples 

(Norris et al. 1976, Ward 1980). The principles behind IR are 

discussed by Norris et al. ( 1976) and Stermer et al. ( 1977). A review 

of the procedure is provided by Shenk et al. (1979). Preliminary 

research has shown that the botanical composition of grass-legume 

mixtures can be predicted within 10 percent of the mean using IR 

(Shenk et al. 1979). IR may hve potential for botanical analysis of 

fecal and fistula samples from range herbivores. 

Summary and Future Research Needs 

The methods presently available to estimate range herbivore diet 

botanical composition all have important limitations. Utilization 

studies for diet determination are most suitable for winter ranges 

having dormant plants that are used primarily by one species of 

herbivore. If direct observation is used in conjunction with tame 

animals, it can give accurate results. Fecal analysis has largely 

replaced stomach analysis as a procedure to evaluate wild herbi- 

vore diets. This has been because fecal analysis gives greater sam- 

pling precision and does not require animal sacrifice. Differential 

digestion reduces accuracy with either stomach or fecal procedures 

but information can be obtained on what species are being con- 

sumed. The use of microdigestion and regression procedures with 

known diets has considerable potential to correct this problem. An 

additional disadvantage of fecal analysis is that it requires large 

labor inputs. Despite its limitations, fecal analysis is the method of 

choice for evaluating wild herbivore diets in many situations. Diet 

samples most representative of what the range animal has actually 

consumed are provided with fistula techniques. The esophageal 

fistula provides a sample more representative of the actual diet 

than the rumen fistula and also requires less labor. Poor precision 

and expense are major problems associated with fistula proce- 

dures. In addition fistula techniques are difficult to use with wild 

ruminants. Several techniques have been developed to estimate 

botanical composition of masticated forages or fecal droppings. 

However, only the microscope point and the microhistological 

techniques provide quantitative results. Research is available 

showing both techniques can provide reasonably accurate esti- 

mates of herbivore diets on the basis of percent composition by 

weight. The microscope point technique requires less sample prep- 

aration than microhistological analysis but its application is res- 

tricted to masticated forages. Relating microscope points to 

volume rather than weight may give more accurate results. Hand 

compounded diets are essential for training observers and checking 

observer accuracy when microhistological analysis is used. 

Presently research is needed in comparing the microscope point 

and microhistological techniques. The microscope point method 

may be more suitable for analysis of fistula samples than microhis- 

tological analysis because less time is required and problems asso- 

ciated with sample preparation are reduced. However, this has not 

been studied. Much more research is needed evaluating the accu- 

racy of fecal analysis. Although microdigestion procedures look 

promising as a means to correct for differential digestion, their 

actual effectiveness has not been established. Information on the 

precision of fecal sampling is limited to one study involving deer, 

and needs further study. Infrared reflectance is a new procedure 

used for analysis of forage nutritive value that may have potential 

for evaluating the botanical composition of fecal and fistula sam- 

ples. This should be investigated. 
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