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ABSTRACT 

This study was undertaken to investigate the accuracy of the 

microhistological technique for estimating the percentage dry weight 

composition of a hand compounded, in-vitro digested mixture which in

cluded globe mallow (Sphaeralcea coccinea), cholla (Opuntia versicolor), 

Lehmann lovegrass (Eragrostis lehmanniana), and sideoats grama (Boute-

loua curtipendula). Regression equations derived from data of un

digested and digested mixes were statistically compared to the equation 

of a one to one ratio. In undigested mixtures, the equations of all 

species were significantly different from Y=X except for Lehmann love-

grass. In digested mixtures, however, the equations of all species fit 

Y=X except for globe mallow. 

Correction factors were not developed for globe mallow, the only 

species with equation statistically different from Y=X in digested mix

tures. Instead of correction factors, readers are advised of the high 

probability of overestimating this species or any other with similar 

characteristics by the microhistological technique. Data should be in

terpreted accordingly. 

vii 



CHAPTER 1 

INTRODUCTION 

To assist with management planning, livestock managers are 

interested in knowing diet composition, the season during which each 

species is grazed, the amount of individual plants consumed, and the 

way animals respond to a particular diet. Diet composition is the item 

of interest of this study. 

Commonly used methods for obtaining diet composition of grazing 

animals have included: direct observation methods; forage utilization 

methods; and the identification of plant fragments in fecal samples, 

esophageal collected materials, and in rumen collections. Diet analysis 

based on visual observations of animals is feasible for the determination 

of grazing preference but are subject to personal bias. Visual obser

vations are of little use in the quantitative determination of diet 

composition. Forage utilization data can be used successfully to 

determine the gross quantity of herbage removed and to predict the 

trend of a given area but are of low value when the quantity of indi

vidual species in the diet is needed. The fecal and esophageal fistula 

collected samples may provide a mean for species identification in the 

diet, but the accuracy of this technique for quantifying any single 

species in the diet has been contested in many studies (Campbell et al,, 

1968; Zyznar and Urness, 1969; and Anthony and Smith, 1974). 

1 
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Recently, the microhistological technique has been widely used 

to determine the botanical composition of not only livestock diets but 

game and insects as well (Brusven and Mulkern, 1960). The accuracy of 

the technique has been investigated by many researchers (Dearden, 

Pegau, and Hansen, 1975; Westoby, Rost, and Weis, 1976; Aguirre de Luna, 

1980; Dembele, 1981). They have reported satisfactory results in most 

cases. 

This thesis is a further investigation of the accuracy of the 

microhistological method, and was accomplished by estimating the bo

tanical composition of known hand compounded mixture of two grasses, 

a forb, and a shrub. The study was designed to test the hypothesis for 

both globe mallow (Sphaeralcea angustifolia) and cholla (Opuntia versi

color) that regression lines of estimated composition versus actual 

composition in mixtures have parameters of a=0 and b=l. Because of 

their cellular characteristics described below, there is a possibility 

that they will be overestimated in the mixture. A direct consequence 

of this overestimation will be the underestimation of the grass species. 

Globe mallow has a stellate trichome externally attached to the epi

dermis, and cholla has a cluster of crystals known as druses which 

occur in the epidermal cells and mesophyll of this species. Both of 

these features are easily identified after digestion. When a sample 

containing one or more of these two cellular characteristics is ob

served by microscope they may have a tendency to lead to an over-

estimation of the species in a mixture. 
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Objectives 

Objective one was to determine how accurately the microhis-

tological technique predicted the botanical composition of the hand 

compounded mixtures which included globe mallow and cholla fruits. 

Objective two was to develop correction factors to correct for 

over or underestimation if necessary. 



CHAPTER 2 

LITERATURE REVIEW 

Many methods have been used to investigate the botanical com

position of grazing animal diets. Methods have included: visual 

observations of animals grazing, utilization methods, and the micro

scopic identification of plant fragments in the diet. Direct observa

tions of animals have been classified into three categories; cafeteria 

or free choice feeding, the feeding minute methods, and the evaluation 

of grazing patterns (Bjugstad, Crawford, and Neal, 1970). These workers 

have indicated that direct observation methods could not be used for the 

quantitative measurement of consumption but rather for assessing any 

deviations from established grazing patterns. Wallmo and Neff (1970) 

concluded that direct observation of grazing animals were good at 

determining the kind of plants grazed but poor methods to use for 

assessing the amount of individual species eaten. In other studies, 

this method was found to be subject to personal bias and was extremely 

time consuming (Wilm, Costello, and Klipple, 1944; Halls, 1954; Smith 

et al., 1959; Reppert, 1960), Pechanec and Pickford (1937) indicated 

that general observations or reconnaissance methods were good for 

predicting utilization but of low accuracy for use in research studies. 

Gait et al. (1969) compared the botanical composition of diet determined 

by occular estimates and rumen content analysis and obtained significant 

differences between the two estimates. 

4 



The use of utilization and production data have proven success

ful for predicting the trend of a given area but have failed to provide 

any information as to the quantity of individual species eaten (Martin, 

1970). These methods might give an indication of what conditions might 

have prevailed when pastures are grazed. 

Fecal analysis has been widely used to determine the botanical 

composition of herbivore diets. Vavra, Rice, and Hansen (1978) have 

recommended the use of this technique for studies which do not require 

any significant level of accuracy, when endangered and/or unmanageable 

animals are studied, and where several herbivores occupy the same range. 

Stewart (1967) stated that in order to use fecal analysis one must 

assume that the epidermis of each species comes out of the digestion 

process intact to be identifiable in the feces. He also found the 

method time consuming and to require correction factors to correct for 

the difference in the digestibility between species and the difference 

between animals in the extent to which they digest any single species. 

Anthony and Smith (1974), who compared the rumen content to fecal 

residues, obtained higher evergreen and lower forb estimates with this 

technique leading them to question the reliability of the microscopic 

technique for diet analysis. They were unable to identify in the feces 

items such as flowers, tubers, and acorns and raised the possibility of 

high identification errors when this method is used to analyze complex 

diets. Smith and Shandrunk (1979) fed known diets to mule deer and then 

analyzed the fecal material obtained from the animal droppings. They 

could not determine the amount of any species indicated by fecal 
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analysis close to its quantity fed to the animal, Croker (1959) could 

not identify in sheep feces one out of the twenty-five species he thought 

were being grazed by the animals. This is contrary to the findings of 

Hercus (1960) who found some recognizable cuticule and epidermis frag

ments of each species grazed in the feces, thus, concluding that fecal 

analysis could be used to investigate the botanical composition of her

bivore diets. 

The use of the esophageal fistula has been restricted to animals 

raised in confinement or at most to domesticated animals because it re

quires constant handling and care. Because these animals were often fed 

controlled diets or hand harvested forages, the validity of results ob

tained by analyzing esophageal fistula collected samples has been ques

tioned in extrapolation to range conditions (McCraken and Hansen, 1981). 

Some workers have reported a differential species composition between the 

esophageal samples and the gross herbage eaten by the fistulated animals 

(Weir and Torrel, 1959), Campbell et al. (1968) collected incomplete 

samples of species fed from esophageal fistulated animals. Hercus (1960) 

has indicated that both esophageal and fecal material analysis might not 

provide any significant answers because the fragmentation of material 

during digestion could lead to their difficult identification in the 

samples. Esophageal fistulate has also the disadvantage of requiring 

constant handling which might interfere with the normal feeding habit of 

the animal and is very costly, Laycock, Buchanan, and Krueger (1972) 

have cautioned the use of this technique to assess the impact of grazing 

on a pasture because it failed to account for trampling losses. 
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The microscopic point technique developed by Heady and Torrel 

(1959) for diet analysis was evaluated by Harker, Torrel, and Van Dyne 

(1964) on samples collected from esophageal fistulated Zebu cattle. 

They reported satisfactory estimates of species composition on a dry 

weight basis. Stewart (1967) indicated that this method could be used 

to determine the surface area of fragments in the diet but was tedious 

and therefore unsuited for routine use. 

The need for a method that would yield both qualitative and 

quantitative estimates of individual species in the diets has led many 

researchers to look for a new technique. Ideally, that method should 

allow the animals to graze freely, be accurate in estimating the botani

cal composition of both domestic and wild animals, be easy to reproduce, 

and be the least expensive and time consuming possible. The micro-

histological technique was thought to meet nearly all above criteria 

and was used by many workers interested in the determination of the 

amount of each species in animal diets (Croker, 1959; Storr, 1961, 

Aguirre de Luna, 1980; Dembele, 1981). This approach to diet analysis 

using epidermal characteristics was first used by Dusi (1949) to 

analyze the fecal samples of rabbits and was an adaptation of a tech

nique used by Baumgartner and Martin (1939) to analyze squirrel stomach 

content. The method uses recognizable elements of the epidermis as the 

basis for species identification, and this could be so because the 

patterns of epidermal arrangement (size, stomate distribution, hairs, 

and silica deposits) are specific to groups of plants and often to 

species as well. Many of these epidermal characteristics are known to 
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vary from species to species and according to the degree of maturity of 

the species (Storr, 1961). Storr (1961) used the shape, size, presence 

or absence of hairs, and crystals included in the epidermal cells to 

identify the grass species and used specialized cells such as cork cells, 

silica cells, and silico-suberose couples for forb identification. Other 

characteristics that could well be used include cell orientation, tri-

chomes, druses, and stomates. The theory behind the microhistological 

technique relies on the ability of the method to correctly identify each 

species, on a complete recovery of the epidermis and/or cuticule frag

ments after digestion, and the ability of the observer to distinguish 

the epidermis of one species from another. One major problem encountered 

is the differential sensitivity of each plant epidermis to both the 

grinding and digestion processes (Vavra, Rice, and Hansen, 1978). 

Species identification has been done by matching the observed 

epidermal characteristics on the slide to those on reference slides 

prepared from each individual species. Dearden, Hansen, and Pegau 

(1972) poorly estimated some species in their mixtures because the 

species had cellular characteristics that were either easy or too 

difficult to identify. They also investigated the microscopic dis-

cernability of plant fragments that were very abundant or relatively 

easy to identify and overestimated these fragments in reindeer diet, 

but Todd and Hansen (1973) felt they were able to determine the 

botanical composition of bighorn sheep diet using this technique. 

To quantify each species in the diet, the frequency percentages 

obtained from the microhistological method are converted to relative 



density using a table developed by Fracker and Brischle (1944). Curtis 

and Mcintosh (1950) have underlined two assumptions that are to be 

satisfied before this conversion is appropriate: 1) the plant fragments 

must be randomly distributed over the entire slide, and 2) the frequency 

of the most common species should not occur over 86% of the microscopic 

field. They ground the plant fragments to obtain uniform size and then 

thoroughly mixed them to fulfill the first assumption and the later was 

fulfilled by adjusting the amount of material mounted on each slide. 

The reliability of the microhistological technique has also 

been investigated by many researchers. Martin (1955) was able to 

recognize in sheep feces and their stomach content only sixteen of the 

forty species he thought were grazed. Westoby, Rost, and Weis (1976) 

have indicated that the microhistological examination of fragmented 

material could not be used to analyze diet containing desert shrubs 

after ground stomach content analysis. Sanders, Dahl, and Scott (1980) 

overestimated both Solanum and Sphaeralcea species. Vavra, Rice, and 

Hansen (1978) used the microhistological procedure to quantify the 

diet of cattle grazing a shortgrass range in northeastern Colorado by 

analyzing both fecal and esophageal samples. They found total grass 

significantly less in esophageal samples and total forbs significantly 

lower in fecal samples. Free, Hansen, and Sims (1970) have reported 

similar results from their study. Aguirre de Luna (1980) prepared six 

samples from each of the three mixtures he made by combining ground 

materials for jojaba (Simmondsia chinensis), filaree (Erodium cicu-

tarium), and foxtail brome (Bromus rubens). He then in-vitro digested 



three of the samples for each mixture and ran a regression analysis on 

all samples after microscopic examination. He used the regression 

equations to draw regression lines he compared to a one to one ratio 

regression line. A student t-test at the 95% confidence level revealed 

a significant difference between the regression lines of the undigested 

materials, but the digested samples did not show any significant dif

ference. He attributed the failure of showing a one to one ratio for 

undigested mixes to the fact that jojoba had a high particle density so 

that the species had less particles per unit area causing the species to 

be underestimated. Dembele (1981) used three separate mixtures by com

bining a grass, forb, and shrub to develop his regression equations. 

Eight species were used, and a test of significance at the 95% con

fidence level showed that in the undigested mixtures only stickseed 

(Mentzelia multiflora) was significantly different from Y=X. But in the 

digested samples, Threawn (Aristida sp.), mesquite (Prosopis juliflora), 

erastrium (Erastrium diffusum ) , and yucca flowers (Yucca elata) were 

all significantly different from Y=X. Some of these species were over

estimated; thus, resulting in a downward adjustment of the other species. 

Havstad and Donart (1978) tested two assumptions of the micro-

histological technique. One was that percent frequency could accurately 

estimate particle density from which dry weight percentages could be 

determined. The second was that percent of identifiable material was 

constant for each species. They found the first assumption to hold 

except when particles of unequal size were mixed. This was the case of 

globe mallow which was overestimated in their study. The second 



assumption demands that the ratio of unidentifiable to identifiable frag

ments be equal between species and between sample periods. According to 

their study, these ratios were neither equal to one at the species level 

nor equal between grass and forb fragments. The inability to identify 

some particles even when the slide was moved and the difference in the 

ease of identification between grass and forb and within each species 

made it difficult to satisfy the second assumption. Forbs, for example, 

were consistently more difficult to identify than grasses except when 

grazed green, immature, and leafy. 

Sparks and Malechek (1968) were able to show a direct relation

ship between the actual dry weight and estimated dry weight of a hand 

compounded mixture of grass alone, forb alone, and a mixture of the two. 

Voth and Black (1973) used the microhistological technique to analyze 

the fecal material collected from animals fed twenty vascular species of 

plants and were able to develop equivalent factors which increased the 

accuracy of the relative volumetric estimates of food intake. Dearden, 

Pegau, and Hansen (1975) found many species that failed to fit a one to 

one ratio and developed regression equations to correct the estimated 

percent dry weight to actual by adjusting the regression lines to pass 

through the origin. 

Other studies have been conducted to determine the different 

factors that could influence the accuracy of the microhistological 

technique, Dearden, Hansen, and Pegau (1972) reported that shrubs and 

forbs were poorly discernable by microscopic examination and indicated 

that the thickness of the cell walls might play an important role in the 



identification because it resists the digestion process. They also found 

the estimates of forb and grass greatly influenced by the in-vitro 

digestion. Rogerson, Stevens, and Hughes (1976) have indicated that some 

plants contained fragile fragments that were easily destroyed by the 

grinding or digestion process. This might explain the deviation between 

the percent estimated weight and actual weight in the diet. Johnson and 

Pearson (1981) have raised the possibility of bias from the examiner as 

a big factor in the inaccuracy of the technique and recommended proper 

training of the technician to build confidence and skills for accurately 

quantifying the composition of mixtures. Their study demonstrated that 

technicians could be trained to estimate the composition of plant mix

tures that include grasses and forbs with accuracy. Aguirre de Luna 

(1980) and Holechek and Vavra (1981) tried to determine the minimum 

number of slides required for proper estimation of major and minor 

species in a diet. Holechek and Vavra (1981) indicated that five slides 

per sample and 20 observations per slide were sufficient to obtain 

reasonable estimations of species comprising 20% or more of the diet. 

For minor species, a minimum of sixty slides or higher were needed. 

Aguirre de Luna (1980) also estimated five slides with 20 readings 

per slide were enough to obtain an adequate estimation of major species 

grazed by cattle during spring. 



CHAPTER 3 

MATERIALS AND METHODS 

Mixture Preparation and Digestion 

Four species, two grasses, one forb, and one shrub, were collected 

from the Santa Rita Experimental Station south of Tucson, Arizona. These 

species were: globe mallow (Sphaeralcea angustifolia), sideoats grama 

(Bouteloua curtipendula), Lehmann lovegrass (Eragrostis lehmanniana), 

and cholla (Opuntia versicolor). Collection was of parts of these species 

known to be palatable to the grazing animals and included the whole plant 

above a 2-inch base for the grass and globe mallow species and fruits on 

cholla. The collected parts were then brought to the laboratory where 

they were ovendried for 48 hours at 60C. The dried samples were ground 

on a Wiley mill to pass through a 40 mesh screen, and four different mix

tures were prepared from these ground materials by allocating a certain 

percentage by weight to each species within each mixture. The mixtures 

were done so that one species became dominant from one mixture to 

another as shown in Table 1. To ensure proper mixing and uniformity, 

each mixture was vigorously stirred by hand. The mixtures were then 

digested using the two stage in-vitro digestion process (Tilley and 

Terry, 1963). 

Either in-vivo or in-vitro digestion could be used to carry out 

the digestion of the ground materials. Because the former required large 

quantities of material and extended amount of time to feed the animal a 

13 
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Table 1. Percentage composition by weight of each species within each 
mixture. 

SPECIES MIXTURES 

12 3 4 

Cholla 10 20 30 40 

Globe mallow 20 30 40 10 

Sideoats grama 30 AO 10 20 

Lehmann lovegrass AO 10 20 30 
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particular mixture and make sure that only that mixture is present at 

the time of rumen sample collection it was not used. The in-vitro 

digestion was used, since it provides a good simulation of what may 

happen in the rumen, and is less time consuming than the in-vivo method. 

The in-vitro digestion was accomplished according to the pro

cedures outlined by the Department of Animal Science of the University 

of Arizona and is an adaptation of the method reported by Tilley and 

Terry (1963). Six samples weighing approximately .5 g each were obtained 

from each mixture and each individual species and placed into flasks. 

To each flask was added 40 ml of a medium solution prepared by dis

solving 6 g of tripticase (casein hydrolyse) into 1200 ml of distilled 

water followed by the addition of .3 ml of micromineral solution and 600 

ml buffer solution. The flasks were then placed in a water bath pre

heated to 30C for a few minutes. Then 2 ml of a reducing solution were 

added. Carbon dioxide was allowed to bubble in each flask for about 

thirty seconds. Rumen innoculum was obtained from a steer on alfafa diet 

fed three hours earlier. The ingesta was strained through two layers of 

cheesecloth and again through eight layers. Ten milliliters of the 

filtrate were dispensed into each flask followed immediately by the 

bubbling of carbon dioxide. The flasks were incubated for forty-eight 

hours before the second stage of the in-vitro digestion was started. 

In the second phase, 2 ml of a 6N HCL were introduced into each 

flask to lower the medium P to around 2. This created an ideal con

dition for the pepsin digestion to proceed. The addition was done slowly 

to avoid any excessive foaming. Then, .5 g of Pepsin (National Formulary 
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Grade) were added to each flask which was shaken until complete dissolu

tion of this last compound. The purpose of this last step was to digest 

any remaining protein from both the plant species and the microorganisms 

used in the digestion. The flasks were then incubated for another 48 

hours. During the entire digestion process, the flasks were stirred by 

hand at 12-hour intervals. At the end of the second incubation period, 

the flasks were removed and their content filtered through six layers of 

glasswool. The residues were ovendried for 24 hours after which they 

were weighed. 

Slide Preparation 

Methods used in slide preparation have been well described in 

the literature by Sparks and Malechek (1968) and Hansen (1971). First, 

the digested and undigested plant fragments were broken into individual 

particles with a blender and washed through a 150 mesh screen to elimi

nate the very small particles. A portion of the washed material was 

put onto the slide and carefully spread while eliminating the larger 

fragments. Five drops of Hertwig's solution were added to each slide and 

mixed with the fragments. The slide was then held over an alcohol burner 

until the Hertwig's solution evaporated. This step was done slowly to 

avoid the burning of the materials. Next, seven drops of Hoyer's solu

tion (mounting agent) were added and thoroughly mixed until the materials 

appeared to be evenly distributed. At this stage a slide cover was put 

on the slide and the slide slightly heated until it started to boil. The 

cover slide was pressed on to eliminate any air bubbles. Four slides 
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were prepared for the digested material and two for the undigested. The 

slides were ovendried for six days after which they were ready for obser

vation. 

Mixture Analysis 

Four sets of twenty fields each were examined by the author of 

this thesis from each of the four slides of digested and two slides of 

undigested mixtures. Two sets of twenty fields for two slides for each 

of the four digested mixtures were analyzed by an experienced, indepen

dent observer. Cell walls, stomates, cork cells, trichomes, and druses 

were used for species identification. The first three characteristics 

were used to identify the grass species and the later two to identify 

globe mallow and cholla, respectively. Identification was done by 

matching one or more of these characteristics to those on reference 

slides. Slides were observed under a microscope set at 100 magnification 

power. Locations of fields were chosen randomly and only those frag

ments that were positively identified were recorded. A location was 

defined as one in which at least one species is correctly recognized. 

Accordingly, when no one species could be identified the slide was moved 

and that position ignored. When twenty fields were covered, the re

cordings were counted and expressed in percent frequency. That percent 

frequency was converted to relative density using a table developed by 

Fracker and Brischle (1944). The relative density was used to estimate 

the percent dry weight of each species in each mixture. The average 

relative density of the four slides expressed as percent estimated dry 



weight (Y) and the actual dry weight (X) were used to develop regression 

equations for each species in digested mixtures and the average of two 

slides for the undigested mixtures. 

The relationship between the estimated dry weight percentages 

(Y) and the actual dry weight percentages (X) by species in digested and 

undigested mixtures was expressed in regression equations. Statistical 

analysis as described by Snedecor and Cochran (1956) and Hicks (1982) 

was used to test the regression equation coefficients a and b. The 

significance of the hypothesis Y-intercept (a) equals zero and slope (b) 

equals one was tested using a student t-test at the 95% simultaneous 

level or 99.4% confidence level for individual species. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Species Digestibility 

The percent digestibility of each species and the Newman-Keuhl 

least significant range as a test for significance are shown in Table 2. 

The results show a relatively high digestibility for all species. The 

least significant range test was used to test if the means of the four 

species were statistically different from each other. Lehmann lovegrass 

had the highest digestibility and globe mallow the lowest. Sideoats 

grama, which had almost the same digestibility as the forb and shrub, had 

the lower digestibility as a result of some previous year growth in

cluded in the collected samples. The relatively early phenological 

stage of the species, namely early leaves for both sideoats grama and 

Lehmann lovegrass, young green plant on globe mallow, and fruits ripen

ing stage for cholla, suggested that these species did not have time to 

build up the lignin content of their cell walls and, thus, why they were 

highly digested. Wallace and Van Dyne (1970) indicated that the lower 

the lignin content of a species the higher its expected digestibility. 

In the case of the grass species, it might have been possible to obtain 

a higher digestibility if Lehmann lovegrass samples were collected from 

an ungrazed pasture and for sideoats if the samples were cleaned of 

older materials. 

19 
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Table 2. Mean percent digestibility and least significant range between 
the means of all species in the mixtures. 

SPECIES MEAN PERCENT DIGESTIBILITY 

Lehmann lovegrass 66, 
C
M
 

(a)* 

Choila 64, .78 (a) 

Sideoats grama 63, .82 (a) 

Globe mallow 61, .99 (a) 

*Means with the same letter are not significantly 
different at the 95% level of confidence. Newman-Keuhl 
Least Significant Range (95%) = 11.84. 
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Undigested Mixtures 

The regression equations, the correlation coefficients, and the 

rejection or acceptance of the hypothesis Y-intercept equals zero and 

slope equals one for all species are reported in Table 3. The regression 

lines are shown in Figure 1 and additional data in Appendix Tables A1 and 

A2. The results show that both globe mallow and cholla were overestimated 

resulting in an underestimation of the grass species. Of all species in 

undigested mixtures, only Lehmann lovegrass was in accord with Sparks 

and Malechek (1968) who stated that the relative density could be used 

to predict the percent dry composition of species in animals diets. 

The regression equations of this species was the only one which had a 

slope not significantly different from one and an Y-intercept not 

statistically different from zero. The equation of globe mallow and 

cholla were significantly different from Y=X by their Y-intercept which 

was significantly greater than zero. This suggested that the relative 

density could not be used to predict their actual dry weight percentages. 

In the case of the grass species, the sideoats grama slope was 

significantly different from a one to one ratio, and Lehmann lovegrass 

equation slope was not statistically different from one. Sideoats grama 

was characterized by a small slope coefficient and an Y-intercept not 

large enough to offset the underestimation except when X=10, Lehmann 

lovegrass, on the other hand, had a negative Y-intercept and a slope 

coefficient less than one, thus, producing the slight underestimation. 

In the mixtures, both globe mallow and cholla were overestimated pri

marily because of the presence of the large trichomes for the former and 



Table 3. Regression equations, r , and the acceptance or rejection 
of the hypothesis Y-intercept equals zero and slope equals 
one for species in undigested mixtures. 

ACCEPTANCE OF HYPOTHESIS* 

SPECIES EQUATIONS 
2 
r a=0 b=l 

Globe mallow Y=7.35+.90X .98 no yes 

Cholla Y=8.94+.78X .97 no yes 

Sideoats grama Y=3.17+.70X .98 yes no 

Lehmann lovegrass Y--1.-16+.90X .99 yes yes 

*The hypotheses were tested at the 95% simultaneous levels 
or 99.4% confidence level by individual species. 
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Figure 1. Regression equations for species in undigested 
mixtures as plotted from regression equations. 



numerous druses for the later. These two epidermal characteristics had 

a tendency to make the epidermal characteristics of the grasses hard to 

see, thus, leading to their underestimation. The grasses were affected 

by the overestimations of the forb and shrub as shown by Dearden, Pegau, 

and Hansen (1975) who suggested that the overestimation of one species 

in a mixture was compensated by an underestimation of another. 

Digested Mixtures 

The regression equations, the acceptance or rejection of the 

hypothesis, and the correlation coefficients are reported in Table 4, 

the regression lines shown in Figure 2, and additional data shown in 

Appendix Tables A3 and A4, Regression lines obtained from the plotting 

of the regression equations showed an overestimation of globe mallow 

and an underestimation of the remaining species. The overestimation of 

globe mallow agreed with Havstad and Donart (1978) and Sanders, Dahl, 

and Scott (1980) who found the trichomes of this species resisting the 

digestion process and were easily identified, thus, producing the over-

estimation. From the regression equation, the overestimation was pro

duced by an Y-intercept larger than zero and a slope coefficient close 

to one. This overestimation of globe mallow here and in undigested mix

tures meant the microhistological technique could not be used to predict 

this species and failed to satisfy the results reported by Sparks and 

Malechek (1968) which indicated that the microscopic technique could 

estimate species in a mixture with accuracy. 

In the case of cholla, this species failed to satisfy the 

assumption made at the beginning of this study that, similar to globe 



Table 4. Regression equations, r , and the acceptance or rejection 
of hypothesis for all species in digested mixtures. 

ACCEPTANCE OF HYPOTHESIS* 

SPECIES EQUATIONS 
2 
r a=0 b=l 

Globe mallow Y=7.30+.92X .98 no yes 

Cholla Y=1.74+.87X .99 yes yes 

Sideoat Y=-l.13+.97X .98 yes yes 

Lehmann lovegrass Y=-l.31+.98X .99 yes yes 

*The hypothesis were tested at the 95% simultaneous levels 
or 99.4% confidence level by individual species. 
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mallow, it will be overestimated. Instead it was slightly but not sig

nificantly underestimated. The equation of this species was character

ized by a small Y-intercept which barely compensate for the lower slope 

value. 

For sideoats grama and Lehmann lovegrass, both species were 

slightly underestimated, and their regression equations were not 

statistically different from a one to one ratio, and zero intercept. 

Because all species have their equations close to each other, one may 

conclude that they all shared the overestimation of globe mallow. 

In assessing the behavior of the different mixtures and their 

included species after digestion, one may compare the results of digested 

to those of undigested mixtures. In mixture 1, the forb and shrub in 

one hand and the grasses in the other hand, behave identically before 

and after digestion. In subsequent mixtures cholla became slightly 

underestimated after digestion compared to slightly overestimated in un

digested mixtures 2, 3 and 4. An explanation of this underestimation is 

provided below. 

The epidermal characteristics of globe mallow, namely the cell 

walls and tiny druses, were extensively altered by the in-vitro digestion. 

Therefore, their use for the identification of this species was avoided 

both in digested and undigested mixtures for consistency reasons. When 

considering the epidermal trichomes, then, the effect of the digestion 

was negligible. The trichomes were only slightly if at all affected. 

This was reported by Havstad and Donart (1978). 
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The in-vitro digestion had a great influence for cholla. Its 

trichomes were highly digested and the druses to some extent destroyed 

and were very hard to find, thus, making identification difficult. 

Dembele (1981) encountered similar problem with yucca flowers which he 

found highly altered to the extent they were hard to find after diges

tion. Martin (1955), after recognizing only 16 of the 40 species in

gested by the grazing animals, reported similar conclusions. He 

suggested that the remaining species were reduced to small pieces too 

small for identification on the slide. 

One major problem in dealing with sideoats grama and Lehmann 

lovegrass has been the distinction of one species from the other. Their 

differences are the stomates that were round in sideoats and pointed in 

Lehmann lovegrass and also the cork cells in the form of an hour glass 

in sideoats grama and round in Lehmann lovegrass. Distinction of these 

species based on the cell walls was very difficult because they appeared 

to be rough and smooth in both species depending on the stage of growth 

of parts of plants they came from. Consequently, when both stomates 

and cork cells were absent or highly altered in a location and a cell 

wall of a grass species was observed, there was a possibility of mis-

identifying one species for the other. This may in part explain the 

closeness of the regression equation of the grass species. 

The results indicated that the microhistological technique was 

very accurate in the estimation of all species in the digested mixtures 

except globe mallow. In the undigested mixtures only one species was 

accurately predicted. The behavior of cholla and sideoats grama from 



undigested to digested mixtures suggested that this accuracy was a 

function of how individual species reacted to the digestion process. 

When plant fragments resisted the digestion, as in the case of globe mal

low, an overestimation was more likely. When fragments were highly 

altered by the digestion an underestimation was more likely to result. 

In mixtures composed of woody and/or succulent species, Van Dyne (1968) 

has cautioned the interpretation of the results of the microhistological 

technique which may be quite variable. 

Comparison of the Results of the Author's Analysis 
to Analysis by an Independent Observer 

In this section, the data of the author are compared to data of 

a more experienced, independent observer. The departure between the two 

estimates was great and show that the accuracy of the microhistological 

technique was observer related. Regression equations were derived from 

the independent observer data and used to draw regression lines for 

each species for the same digested mixtures as previously discussed. 

These equations and regression lines are shown in Table 5 and Figure 3, 

respectively. From these regression lines, a high overestimation of 

globe mallow was observed compared to a 7% average bias on this species 

by the author. I barely underestimated cholla which was highly under

estimated by the independent observer. Lehmann lovegrass was slightly 

underestimated by me and was overestimated by the independent observer. 

Sideoats grama was underestimated by the independent examiner. An ex

planation for these descrepancies is provided below. 
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2 
Table 5. Regression equations and r value for all species in digested 

mixtures from the independent observer data. 

SPECIES REGRESSION EQUATIONS r2 

Cholla Y=-l.5+.14X .84 

Globe mallow Y=26.0+1.28X .95 

Sideoats grama Y=1.0+.41X .75 

Lehmann lovegrass Y=9.0+.80X .86 
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Figure 3. Regression lines for species in digested mixtures, 
based on data obtained by an independent observer. 
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The estimation of the percentage dry weight by the microhistolo-

gical technique is based on the conversion of frequency data to density. 

Curtis and Mcintosh (1950) indicated that this conversion was possible 

only if the frequency of the most common species does not exceed 86%. 

Furthermore, Hansen (1971) reported that the most suitable microscope 

slide for converting frequency to density for the most common item in 

the sample is a slide with a fragment density that results in a mean 

frequency around 63% for the species of plant with the greatest number 

of individual fragments. He also stated that the optimum use of 

relative frequency is when the recognizable fragment density on slides 

is adjusted so the frequency of the most numerous item is about 86%. In 

this analysis, especially in the undigested mixtures, trichomes of globe 

mallow were observed at almost any location resulting in a frequency of 

90% or higher with 100% very common. In order to remain within the 

optimum use of the method, restrictions were imposed by me for the 

identification of globe mallow and were as follows: globe mallow was 

reported in a location only if two or more trichomes were observed. 

When only two trichomes were observed but one of the trichome was broken 

or altered, that position was still ignored. This resulted in my lower 

frequency readings compared to those of the independent observer who used 

any trichomes not altered or broken after digestion to identify this 

species. In the case of cholla, this species was identified based on the 

observation of druses and/or trichomes by the independent observer. But 

in the digested mixtures these two epidermal characteristics were highly 

digested and were seldom seen at any location. In my analysis, the 



possibility of using the cell walls beside the druses and trichomes, was 

investigated and used for the identification of this species, thus, 

resulting in a higher frequency readings than observed by the independent 

observer. For sideoats grama and Lehmann lovegrass, the more experience 

the independent observer had in the identification of these two species 

made up the difference between the two estimates. These two species 

were so identical in their distinguishing characteristics (epidermal 

characteristics) that they were hard to distinguish from one another. 

The high overestimation of globe mallow by the independent observer con

tributed greatly to the underestimation of the other species. 

From the independent observer's experience in working with fecal 

samples collected from the same area where cholla fruits were collected, 

cholla druses were known to occur in abundance in cattle fecal samples. 

This suggested that either the in-vitro digestion had a greater impact 

on these druses than does the rumen digestion or the species or fruit 

of cholla collected did not include as many druses as was expected and 

the many druses in the fecal matter were from other Opuntia spp. But 

observation of the undigested mixtures where druses were numerous sug

gested otherwise. The impact of the in-vitro digestion on this species 

should be investigated to determine if the disappearance of the druses 

after in-vitro digestion can be explained. 

According to the results of the digested mixtures in the present 

study, the verification of the first objective has been clearly es

tablished. Only globe mallow failed to satisfy this objective. The 

second objective was to develop correction factors to correct for over 



or underestimation. In past studies, correction was done by adjusting 

the regression equations to pass through the origin (Dearden, Pegau, and 

Hansen, 1975) or simply by solving for X in the regression equations 

with Y being the estimated percent dry weight from the analysis (Aguirre 

de Luna, 1980; Dembele, 1981). Correction factors may be needed for 

over or underestimated species that fail to describe a one to one ratio 

after digestion. In light of the difference between my results and 

those of an independent observer, it was concluded that correction fac

tors, even if developed, may not be used to correct for over or under

estimation of these same species in another analysis. Bias of over or 

underestimation is observer and mix related. One approach to deal with 

globe mallow or any other species similar in behavior would be to caution 

readers interpreting the results of the microhistological technique of 

the high possibility of overestimation of this species in diets that in

cluded it and consequently other species are underestimated. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Results of this analysis varied from undigested to digested mix

tures. In undigested mixtures, three species failed to fit a one to one 

ratio of actual percentage composition to estimated composition. The 

regression equation of Lehmann lovegrass was not statistically different 

from Y=X. In the digested mixtures all species, except globe mallow, 

have regression equations with a slope of one. This is in agreement 

with Sparks and Malechek (1968), Hansen, Peden, and Rice (1973), and 

McCraken and Hansen (1981) who accurately determined the dry weight com

position of diets using the microhistological analysis. Globe mallow 

was again overestimated in the digested mixtures as was reported by 

Havstad and Donart (1978). The results for this species suggests that 

the microhistological technique may not be as reliable as many have re

ported (Dearden, Pegau, and Hansen, 1975). These results indicate that 

more research needs to be done to improve the accuracy of this method 

in analysis of diets containing species with large and/or numerous epi

dermal characteristics which could bias estimates of composition of 

other species in the same diet. 

The in-vitro digestion affected mostly cholla and the grass 

species which were digested or altered to be hardly recognizable. Vavra, 

Rice, and Hansen (1978) pointed out that plant epidermis cells have a 

differential sensitivity to both the grinding and/or digestion process, 
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Dembele (1981) reported a low digestibility on mesquite (Prosopis 

juliflora) because of a thick cell wall almost unaffected by the diges

tion. 

Correction factors were not developed for over or underestimated 

species that failed to fit a one to one regression slope in the digested 

mixtures. Correction factors may be suitable for the analysis for which 

they were developed only and may not be used to correct for over or 

underestimated that resulted from another observer's analysis because 

bias of over or underestimation is observer related. In this analysis, 

instead of correct factors, readers are advised of the high probability 

of overestimation of globe mallow, or any other species similar in 

behavior to globe mallow, by the microhistological technique. They 

should take this bias into account when interpreting diet data obtained 

by microhistological analysis. 

Although the microhistological method has been successful in 

predicting most species in the digested mixtures, the inconsistencies 

observed with the undigested mixtures suggested that work needs be con

tinued to determine what changes could be brought in to account for the 

behavior of certain species such as globe mallow. Furthermore, the 

discrepancies between the results of this study and those of the in

dependent observer suggested that proper training of the examiner to 

correctly identify species in diets should be more emphasized before 

the actual observation of diet samples takes place. Still, the method 

appeared to be of high value and of interest especially for routine diet 

analysis for which no high level of accuracy is required. 



APPENDIX A 

TABULAR DATA 

Table A.l. Actual percent dry weight (X) and estimated percent dry 
weight (Y) from frequency observation of slides of undi
gested mixtures. 

SPECIES 

CHOLLA GLOBE MALLOW SIDEOATS GRAMA LEHMANN LOVEGRASS 

SLIDES X Y* X Y* X Y* X Y* 

1 10 15.96 20 26.75 30 24.4 40 32.98 

2 10 14.99 20 27.68 30 20.9 40 35.68 

1 20 28.81 30 33.48 40 29.74 10 8.02 

2 20 25.79 30 32.96 40 33.64 10 7.56 

1 30 31.02 40 42.47 10 10.11 20 16.31 

2 30 31.24 40 43.05 10 9.10 20 16.58 

1 40 42.44 10 15.57 20 19.66 30 24.80 

2 40 38.26 10 13.95 20 18.00 30 29.78 

*Each value is the average of 4 observations taken by slide. 
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Table A.2. Regression equations of species and their respective 
standard errors in undigested mixtures. 

SPECIES EQUATIONS STANDARD ERROR OF a* STANDARD ERROR OF b 

Cholla 

Globe 
mallow 

Sideoats 
grama 

Lehmann 
lovegrass 

Y=7.35+.903X 

Y=8.94+.785X 

Y=3.176+.700X 

Y=1.164+.904X 

2.615 

1.459 

1.875 

1.446 

.1025 

.05723 

.07355 

.0567 

*The t value used to test the regression equation coefficients 
of this analysis was a t of df=12 at 95% simultaneous level for which 
t=2.934. 
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Table A.3. Actual dry weight (X) and estimated dry weight (Y) from the 
frequency observation on slides of digested mixtures. 

SPECIES 

SLIDES 

CHOLLA GLOBE MALLOW SIDEOATS GRAMA LEHMANN LOVEGRASS 

SLIDES X Y* X Y* X Y* X Y* 

1 10 7.59 20 27.34 30 26.26 40 38.21 

2 10 14.94 20 27.11 30 24.92 40 33.20 

3 10 12.49 20 24.27 30 27.18 40 36.10 

4 10 12.72 20 20.42 30 26.97 40 39.89 

1 20 15.90 30 37,26 40 41.40 10 5.43 

2 20 20.68 30 33.35 40 37.40 10 8.63 

3 20 11.91 30 38.09 40 42.78 10 7.12 

4 20 20.35 30 34.55 40 35.27 10 9.63 

1 30 27.34 40 49.80 10 8.04 20 14.82 

2 30 29.5 40 41.32 10 10.99 20 18.03 

3 30 26.5 40 47.57 10 9.52 20 17.35 

4 30 26.31 40 36.39 10 11.54 20 25.73 

1 40 39.37 10 19.57 20 14.82 30 27.93 

2 40 36.44 10 14.70 20 18.03 30 28.82 

3 40 35.16 10 19.10 20 17.35 30 27.73 

4 40 39.44 10 13.81 20 25.73 30 30.71 

*Each value is the average of the 4 observations taken by slide. 
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Table A.4. Regression equations of species and their respective 
standard errors in digested mixtures. 

SPECIES EQUATIONS STANDARD ERROR OF a* STANDARD ERROR OF b 

Cholla Y=1.738+.872X 1.652 .0648 

Globe 
mallow Y=7.30+.919X 2.089 .0819 

Sideoats 
grama Y=-l.135+.97X 1.418 .0556 

Lehmann 
lovegrass Y=-l.306+.976X 1.813 .0711 

*The t value used to test the regression equation coefficients 
of these data was a t of df=12 at 95% simultaneous level which is 
t-2.934. 
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