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ABSTRACT

The objective of this study was to investigate the ac
curacy and precision of a microhistological technique for esti
mating species composition of in vitro digested known mixtures of 
eight forage plants found in livestock diets on three Bureau of 
Land Management allotments on the Safford District', Arizona.

The regression equations of estimated composition to ac
tual composition for species derived from the analysis of undi
gested mixtures were not significantly different (95% confidence 
level) from Y=X, except stickseed (Mentzelia multiflora). The 
regression.equation of estimated composition to actual composi
tion derived from digested mixtures for sacaton (Sporobolus 
airoides), stickseed (Mentzelia multiflora), four-wing saltbush 
(Atriplex canescens), and little-leaf baccharis (Baccharis brach- 
phylla) also were not significantly different from a Y=X equation. 
Regression equations for threeawn (Aristida s.p), mesquite (Pro-. 
sopis juliflora), eriastrum (Eriastrum diffusum) and yucca flowers 
(Yucca elata) in digested mixtures were significantly different 
from Y=X at the 95% confidence level.

Correction factors to compensate for overestimation or 
underestimation of species were shown to be impractical, because 
species behavior was found to be subject to the species with 
which it was associated in the mixture.

- vii



CHAPTER 1 

. INTRODUCTION .

In pasture investigationsthe researcher frequently is ■ 
interested in the quality and quantity of forage species con
sumed by the grazing animal. Fecal analyses often have focused on 
identification of plant species in animal diets, but have failed 
to reflect the amount of each species. A botanical analysis of 
herbivore diets ideally should accurately reflect both the plant 
species eaten and the amount of each species eaten.

A preliminary fecal analysis of livestock diets on three 
Bureau of Land Management allotments in the Safford District 
showed that sacaton (Sporobolus airoides), stickseed (Ment'zelia 
multiflora), and saltbush (Atriplex sp) were plants in cattle di
ets on the Creosote allotment; threeawn (Aristida sp), eriastrum 
(Eriastrum diffusum), little-leaf baccharis (Baccharis brachphyl- 
la), and yucca (Yucca elata) were species in cattle diets on the 
Van Causing allotment. On the White House area, mesquite (Proso- 
pis juliflora), stickseed'(Mentzelia multiflora) and yucca (Yucca 
elata) were plant species eaten by the cattle. An evaluation of 
the accuracy of quantitative amounts of each species in live
stock diets is ne'eded.

1
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Techniques for determining the amount of each species in 

the animal diets have been reported, Utilization methods con
sisting of measurement of. grazed forage through the use of cages 
or some other techniques for comparing grazed and non-grazed 
pasture and the bite count method are subject to personal biases 
and observer error. Visual analysis without the aid of a micro
scope has given only qualitative estimates of botanical composi
tion of animal diets. The direct observation of the free animal 
on the pasture is very difficult, time consuming, and determining 
the species being grazed and their amount is nearly impossible.
In cafeteria feeding, the animal does not have a choice of eating 
something else, but is limited to the available food offered.
The esophageal fistula devised by Torrell (1954), and the rumen 
fistula developed by Lesperance et al. (1960) have been exten
sively used, but these techniques require. fistulation of animals 
and are very costly and sometimes troublesome. The microscopic 
point technique developed by Heady and Torrell (1959) and illus
trated by Barker, Torrell, and Van Dyne (1964) is a modification 
of the point method for identifying species composition of pas
tures . The method recommended a 16x magnification for identifi
cation of masticated plant species by surface characteristics. A 
source of bias exists in the method., because it determines compo
sition based on the surface area of species.

The micrOhistological technique for determining dry 
weight, composition of forage, first described by Baumgartner and 
Martin (1939), and later defined by Dusi (1949), has been
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increasingly used in recent years for diet determination. This 
technique, even though Theurer, Lesperance, and Wallace (1976), 
and Smith and Shandrunk (1979) have reported some disadvantages 
about it, overcomes many of the disadvantages of the other meth
ods. The technique does not interfere with the animal and. leaves 
it free to eat whatever is available in the area, no confinement 
is necessary, and the sampling can be done at the convenience'of 
the researcher.

The microhistological techniques, as reported by Sparks 
and Malechek (1968), is appropriate to attain the following ob
jectives for this thesis:.

1. Determine if dry weight composition of mixtures of plant 
species in livestock diets on three different grazing al
lotments can be estimated accurately by the microscope 
technique after in vitro digestion.

2. Determine adjustment factors to correct for biases over 
or under estimates of plant species composition if 
necessary.



CHAPTER 2 '

REVIEW OF LITERATURE

Techniques of Dietary Botanical Analysis 
Various methods have been used to determine quantitative

ly the botanical composition of animal diets. Use of vegetation 
utilization data to estimate diet composition is one of the com
mon methods used. This method, based on vegetation differences 
before grazing and after grazing, does hot.give a good result on 
diet composition due to sampling problems,, especially if the time 
of the before and after measurements are over extended periods of 
variable growth and grazing effects on vegetation. Martin (1970) 
stated that the measurement of forage utilization and production 
will reveal what is happening to the general habitat but will not 
give information on which animal ate what on a given day.

The direct observation of a grazing animal overcomes the 
problem of identification of the diet of specific animal species, 
but fails to solve the problem of how much of each forage species 
has been consumed. Bjugstad, Crawford, and Neal (1970) concluded 
that observation alone cannot determine how much forage is being . 
consumed, as the time and number of bites required to consume 
equal amounts of various types of forage are not necessarily 
equivalent. Observation methods do not determine percentage



5
weight of plants grazed. Wallmo and Neff (1970) concluded that 
if it is only important to know what kinds of forage are being 
consumed by the subject animal, the direct observation works very 
well. If it is the amount consumed which is needed, the method
is too crude. ^

The inability of investigators to sample forage manually 
to represent that which is ingested by livestock has led to the
use of esophageal or rumen fistulated animals to collect natu
rally grazed samples of diet. Galt et al. (1969) found consid
erable differences in quantities of species when comparing the. 
botanical composition of diet determined from ocular observations 
with the rumen sample analysis of three steers grazing the same 
area, and they stated that it is evident that ocular estimates 
provide only general information on botanical composition of the 
steersf diets.

Many methods have been used to determine quantitatively 
the botanical composition of forage grazed by fistulated animals. 
These methods may be classed into four categories: visual ap
praisal,. manual separation with weight or volume analysis, micro- 
histological methods, and microscope point techniques. The two 
latter methods are based on the point system analysis, and their 
principal difference is in the degree of sample preparation and 
microscope magnifying power used to identify plant fragments.

Visual analysis without the aid of a microscope have 
given only qualitative estimates of botanical composition of diet 
of grazing animals.. Cook et al. (1958) determined botanical
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composition of forage samples collected by esophageal fistulated 
sheep by visual appraisal. Most browse plants in fistula forage 
could be identified by texture and color differences; however, . 
grasses and herbaceous plants were frequently masticated to the 
extent that they were too fine for visual'identification.

Manual separation was done by Hoehne, Streeter, and 
Clanton (1965) and Obioha (1967). In their experiments, frozen 
samples of esophageal fistula forage from steers were thawed, and 
after mixing 50g of the wet material was weighed onto an aluminum 
pan. A pair of forceps and a long, narrow spatula were used to 
separate the species under a table illuminator. Species were 
identified by gross morphological characteristics such as color, 
texture, veination and hairy or glabrous surface. Each separated 
sample was dried, the component's weighed and expressed as per
centages of total dry weight. Precision was established on the 
basis of reproducable results between duplicated samples sepa
rated on different dates. Results which fell outside 20% on 
either side of the mean were rejected and a third separation un
dertaken. Personal error was probably the greatest variant in 
obtaining reproducable results. Thus, greatest precision oc
curred when only one individual performed all separations. Galt 
(1972) and Theurer et al. (1976) found that personal errors make 
the results unreliable,, thus very difficult to obtain reproduc
ible results.

The microscopic point technique for diet determination, 
described by Levy and Madden (1933), developed by Heady and
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Torrell (1959), and illustrated by Barker et al. (1964),. is a 
modification of the point method for identifying species composi
tion on pastures. For this technique,. samples of clipped forage 
or distulated animal rumen content are spread on a tray.and 
passed under a binocular microscope with 16x magnification. The 
microscope is equipped with a cross hair and a stage with estab
lished, stops. The plant appearing immediately under the cross 
hair is identified and recorded at each point location. Percent 
species composition by weight is estimated from data by means of 
regression equations. Some modifications of the microscopic 
point technique have been reported by other workers. Chamrad and 
Box (1964) reported percent weight of species in masticated for
age samples by applying a density constant weight/volume to 
point estimates. Galt (1972) modified the Chamrad and Box 
(1964) method to estimate volume of species identified, since the 
ratio of percent point to percent weight was not 1:1 for all 
species identified in fistula forage. Sample-weight per volume 
measurements were determined for various masticated species of 
grasses which had been .individually fed and recovered from rumen 
fistulated steers. Lesperance, Tueller, and Bohman (1970) used 
a modified technique to differentiate grasses and broadleaf 
plants by placing rumen samples in dishes containing water and 
recording 100 points per sample. They reported that the micro
scopic point technique was modified, since the point method using 
surface area only and the presence of large items such as leaves, 
stems and .the influence of various browse species would cause
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overestimation of some species, therefore, correction factors 
were developed to relate surface area to weight.

The microhistological techniques of diet analysis has 
been used by many researchers in recent years. This technique 
was first described by Baumgartner and Martin (1939) and later 
refined by Dusi (1949). Dusi (1949) studied herbivore diets by 
analyzing the cuticle fragments of various species appearing in . 
fresh fecal droppings. The percentage composition was estimated 
by viewing the fecal slide at 11Ox magnification and recording 
the frequency of occurrence of each plant material. In New 
Zealand, Hereus (1960) used this technique to determine the diet 
of sheep. Storr (1961) introduced the use of stain reaction, 
cell shape and orientation, stomates', and trichomes as characters 
to be used in the identification of epidermal fragments in fecal 
samples of wallabies and kangaroos in Australia.

The correlations between species fragments observed by 
microhistological technique and known species composition of 
clipped forage mixtures has been investigated by Denham (1965) 
and Sparks and Malechek (1968). These workers overcame the prob
lem of having different food particle sizes by grinding the 
clipped mixture and fecal material in a Wiley mill equipped with 
a 1 mm screen. Denham (1965) compounded forage samples from six 
plant species to simulate fistula forage. Samples were prepared 
for analysis by oven drying and then grinding through a 1 mm 
screen. Small sub-samples were mounted on microscope slides. 
Analysis involved observing and identifying species at
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approximately 100 locations on each of two slides. When all six 
species, were correlated with percentage weight of each expected 
in the sample, a highly significant correlation of r^0.97 
resulted.

Sparks and Maleche'k" (1968) accurately. estimated percentvt 
composition by dry weight' for hand-compounded mixtures of plants 
that were likely to be found in animal diets. They ground the 
oven-dried.food plants through a 1 mm screen, and after weighing 
and mixing the hand-compounded mixtures, the samples, were washed . 
over a 200 mesh screen to remove dirt and the smallest particles. 
The mixtures were sampled by recording the frequency of occur
rence of.each food plant in 100 microscope fields under 125x mag
nification, converting frequency to density per field using a 
table developed by Fracker and Brischle (1944), and the relative 
density expressed as a percentage of each species in the mixture 
was calculated. Regression equations that express the relation
ships between estimated percentage dry weight (x) and actual per
centage dry weight (y) were developed for three categories: 
grasses, forbs, and grass-forb combinations. They found a 1:1 
relationship between relative density and the dry weights of food 
plant in the hand-compounded mixtures (r2=.98).

Reliability of the Microhistologjcal Technique 
. The microhistological technique which has been found to: 

be promising for the botanical analysis of forage plants in 
herbivore diets has been investigated by many workers. The
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investigations have focused on the behavior of forage plants un
der mastication and after digestion. A major approach has been 
to determine forage plant composition in diets before and after 
digestion.

Haiv.stad and Donart (1978) tested two central assumptions 
of•the microhistological technique. The first assumption is that 
percent frequency can accurately estimate particle density which 
then directly predicts dry weight percent composition. This 
first assumption was proved to be accurate for equal sized plant 
fragments3 but they got a small exception with globe mallow . 
(Sphaeralcea coccinea) which has prominent identifying charac
teristics, a relatively large epidermally attached trichome which 
remained intact through the grinding process. The second assump
tion is that the ratios of identifiable to non-identifiable par
ticles within a species are equal to one. This assunption 
assures that each species is as identifiable as all other spe
cies, and the final percent composition will accurately reflect 
each species proportion within the diet. It was, not possible to 
test these ratios at species level, because some particles re
mained unidentifiable even after the slides were removed, and 
also it was found as the grasses matured, individual particles, 
became more difficult to identify and fOrbs were consistently 
more difficult to identify than grasses. Free, Hansen, and Sims 
(1970) found small differences in estimated mean percent dry 
weight of species of grass found in the esophageal sample from 
steers, the fecal sample from steers, and the esophageal samples .
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from sheep that had consumed portions of the same collected sam
ple. They also found some inconsistencies in identifying spe
cies; the. epidermal tissue of forbs was not -as ...easily, foundcin,: 
the cattle and sheep feces as it was in the fistula sample. . 
Vavra, Rice, and Hansen (1978) found that total grasses occurred 
significantly less in esophageal samples, and total forbs were 
significantly lower in fecal samples. The correlation and re
gression analysis revealed little relationship in botanical com
position determined on fecal and esophageal sampling. However, 
an importance value ranking revealed esophageal and fecal samples 
were similar for estimating diet when individual species were 
ranked from the most common to the least common in the diet.
Smith and Shandrunk (1979), using a controlled feeding test with 
deer, did not confirm the reliability of the technique after 
fecal analysis. No species appeared in percentages closely ap
proximating its occurrence in the diet. They also had experi
enced difficulties of identifying some species in the feces.
These workers concluded that the determination of diet from fecal 
analysis must be regarded as qualitative rather than quantitar 
tive. Dearden, Pegau, and Hansen (1975)., using eight species 
consumed by reindeer, found no differences in the slopes of the 
lines of the species. Adjusted relative percent density of the
digested species estimated the original dry weight more accu-

. ' .

rately than did the relative percent densities for the undigested 
forage. Although the microscopically discernible characteristics 
showed moss fragments were high in abundance and extremely easy
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to identify, resulting in an underestimation of other species and 
difficulties of identifying some, species in the feces, they con
cluded that the technique appears to be a promising development 
in making the microhistological technique the most accurate of 
all methods for estimating diet of herbivores



CHAPTER 3

MATERIALS AND PROCEDURES

Eight forage plants revealed by a preliminary fecal 
analysis of. livestock diets on three Bureau of.Land Management/, 
allotments on the Safford District were collected. The collec
tions consisted of palatable parts to livestock. Shrub leaves 
and terminal, palatable branches were collected. The collection 
of herbaceous plants consisted of the above ground parts down to 
two to three inches above ground, since livestock can readily 
graze to this stubble height (Table 1).

Preparation of Mixtures 
After drying the species at 55C, they were grounded sep

arately over a 40 mesh screen in order to reduce all fragments to 
uniform size. Three kinds of mixtures giving 13 different hand- 
compounded mixtures were made of combinations of three to four 
species (Table 2) and put in glass"jars. To insure mixing, the 
mixtures were shaken vigorously and ground over a 40 mesh screen. 
At this point, the mixtures were ready for slide making and the 
in vitro digestion.

13
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Table 1. Species: Used for Simulated Diet Mixes and Their Parts 

and Stage of Growth*

Growth Form Species Plant Parts and Stage of Growth
Grasses Sacaton All above ground parts (preflowering)

Threeawn All above.ground parts (preflowering)
Forbs Eriastrum All above ground parts 

plant)
(young green

Stickseed All above ground parts 
plant) -

(young green

Shrubs Little-leaf 
baccharis

Leaves and current flexible stems

Mesquite Leaves and very flexible branches
Saltbush Leaves and flexible branches
Yucca Blooming flowers

*Each species was placed in a bag and kept .separately..
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Table 2. Hand-Compounded Mixtures by Percentage Weight 

Representing Three Grazing Allotments of the 
Safford District Bureau of Land Management

Mixtures
Species . 1 2 • 3 4 5
Creosote Allotment: Mixture A
Sacaton 20 30 50 33.3
Stickseed 30 50 20 33.3
Saltbush 50 20 30 33.3

Van Causing Allotment: • Mixture B
Threeawn 10 20 30 40 25
Eriastrum 20 30 40 10 25
Yucca Flowers 30 40 10 20.. 25
Little-Leaf Baccharis 40 10 20 30 25

WhitehOuse Allotment: Mixture C
Mesquite 20 30 50 33.3
Stickseed 30 ' 50 20 33.3
Yucca Flowers 50 20 30 33.3
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In Vitro Digestion 

Knowing the digestibility of plants is of great import 
tance in estimating the nutritive value of forages to ruminants. 
The in vivo digestion is tedious and requires large amounts of 
forage. The in vitro digestion has been chosen in this experi
ment because of its simplicity, speed, precision and economy. 
Ruggiero and Whelan (1976) found a slight difference between the 
in vivo and in vitro digestion in their evaluation of the two 
stages of in vitro microdigestion technique as an estimator of in 
vivo dry matter digestibility.

The, in vitro digestion for this thesis was done following 
the procedure used in the Animal Sciences Department at The Uni
versity of Arizona. - . ,.

Samples of 0.5g of mixtures and individual species were 
weighed and placed in a 50 ml centrifuge tube.. Each mixture and 
each species had three replicates. Two blank tubes were included 
in the total number of tubes. A day before the samples were run, 
the waterbath was filled and raised to 39C. Flasks containing 
the McDougall's saliva buffer and phosphate buffer were placed in 
the waterbath to be preheated. A solution"of•2.0 ml of urea was
added to each tube and allowed to stand for approximately 30
minutes. Carbon dioxide (COg) was bubbled through the McDougall 
buffer, and phosphate buffer was added to each tube, then they 
were placed in the waterbath. .

■ Rumen content from a fistulated steer fed by alfalfa hay ■
was collected three hours after morning feeding, and the content
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placed in an insulated container. The content was squeezed 
through four layers of cheesecloth. The. filtrate was again fil
tered through four layers of cheesecloth, then again through 
eight, layers of cheesecloth. The final filtrate was poured in 
flasks, placed in the waterbath and bubbled with COg for approxi
mately five minutes. The filtrate stayed, in the waterbath until 
two distinct layers were formed. The lower layer was removed 
using the automatic syringe to dispense 10 ml (2 of. 5- ml) in each 
tube and the upper layer was discarded. The tubes were then 
flushed with COg for 10 to 15 seconds and closed with a stopper 
and a gas release valve. The incubation was for 48 hours. The 
experiment was observed twice during the daytime and once at 
night in order to insure that the stoppers had not come off and 
to check on the temperature level in the waterbath. At each 
visit, the tubes were swirled to mix the plant material.

At the end of the 48-hour incubation period, the tubes 
were taken from the waterbath.and four drops of iso-amyl alcohol 
were added and 2 ml of 2.2 N HCL were poured slowly in each tube. 
At this stage, the microorganisms digestion stopped and approxi
mately Ig of pepsin was added and mixed by gently swirling the 
tubes. The tubes were then stoppered and incubated at 39C in the 
waterbath again for 48 hours.

At the end of the second 48 hours, the in vitro digestion 
was finished. The tubes containing the mixtures were each poured 
over a 200 mesh screen and the contents washed for two minutes



18
and put in a bottle containing alcohol. The three replicates of 
each mixture were added together in the same bottle.

The tubes containing the species were each filtered 
through a crucible containing fiber and washed with hot water.
The crucibles with the fiber were'tared after 24 hours at 100C in 
the oven. The crucibles were then put to dry in the oven at 100C 
for 24 hours, and when dried, weighed again.

When weighing the sample for digestion, the species also 
were weighed for determination of humidity. The species' dry 
matter digestibility was determined by:

%IVIDMD = Dry sample wt - (dry residue wt - blank wt) x 100
Dry Sample Wt

. Microscope Slide Preparation 
Five replicate slides of each mixture were made from each 

digested mixture and for each undigested mixture. Along with the 
mixture slides, the reference slide of each species was made to 
help in identifying the species in each mixture. The slides were 
prepared following the procedure described by Hansen (1971,
pp. 10-12).

Remove a small amount of the washed material from the 
screen with a spatula and spread near one end of micro
scope slide. Add three to four drops of Hertwig's solu
tion (clearing agent) to the wet material on the slide, 
then carefully boil off most of the Hertwig's by holding 
the slide above a small alcohol burner. It is important, 
at this point, not to char the sample by overheating.
When most of the Hertwig's has boiled off, add enough 
Hoyer's solution (mounting agent) to cover an area about 
2/3 as large as a cover slip.. With a teasing needle, mix 
.the plant material with the.Hoyer's-solution and spread . 
evenly over an area as large as a cover slip.' Place a 
cover slip on the preparation and heat the slide over the "



burner until the Hoyer’s solution starts to boil. Imme
diately wipe the. bottom surface.of the slide With a 
cold, damp cloth or sponge to draw air bubbles out of 
the Hoyer? s solution. Press a teasing needle gently on 
top of the cover slip to squeeze out excess mounting 
medium and remove any remaining air bubbles. Applica
tion of a thin ring of Hoyerrs solution around the edge 
of the cover slip will insure a seal as the slide dries.

The slides were placed in an oven at 55C for two or three 
days until the Hoyer's solution had hardened.

. r. Analysis of Mixtures
Each species mixture was analyzed by examination of five 

slides each for undigested and digested material under the micro
scope. This microhistological examination of. material followed 
the methods of Sparks and Malecheck (1968). The reference 
slides were used to help identify species in mixtures. The iden
tification of each species in the mixtures was based on epidermal 
characteristics (Davies 1959; Brusven and Mulkern 1960; and 
Storr 1961). Histological features such as size and shape of 
epidermal hairs, presence or absence of hairs, cell shapes, and 
crystals included in epidermal cells provided diagnostic charac
teristics for identification of forb species. Species of gras- . 
ses were identified by the occurrence and. position of such ■- 
specialized epidermal cells as cork cells, silica cells, silico- 
•suberose couples, and asperities. The size and shape of the 
guard and subsidiary cells of the stomata were also reliable

-  ' ■ ■■■■■ ■. - ■ , " w  ^ ,diagnostic features.
Y Twenty microscope fields were examined at 12Ox magnifica

tion power for each slide to give 100 fields for each mixture. A



• . ' 20 
location was considered as an area of the slide delineated by a 
microscope field. Fragments that were recognized as species tis
sues were recorded as positive evidence for the presence of a 
plant species at a location on the slide. When particles ob
served in a field were not identifiable, the slide was moved to 
the next location. The slide was moved from location to location 
until 20 location recordings were made. Each species present for 
each location was recorded. Frequency percentages (number of 
fields that the species occurred in out of 100 locations) were 
tabulated for each species in the mixture. The frequency per
centages were converted to particle density per field using a 
table developed by Fracker and Brischle (1944) and the relative 
density, expressed as a percentage of each species in the mix
ture, was calculated. The relative density of a species was used 
to estimate the percentage dry weight of that species in the 
mixture.

Regression equations that express the relationship be
tween estimated percentage dry weight (Y) and actual percentage 
dry weight (X) were developed for the eight species in the di
gested and undigested mixtures.



CHAPTER 4

RESULTS AND DISCUSSION

. The estimated percentage composition (Y) from the analy
sis and the actual percentage composition (X) were used to devel
op regression equations of each species, digested and undigested. 
Data from reading of individual slides and standard errors of b 
and a are given in Appendix A. A student t-test at a 95% confi
dence interval was used to test the hypothesis of slope equal to 
one and the intercept of each regression equation equals zero, for 
significance between equations of each species in digested and un- 
gested mixtures and for significance between the equations of 
species within the - same digested or undigested mixture . Statis
tical analyses were made according to Huntsberger (1961) and 
Steel and Torrie (1960).

The Undigested Mixtures 
The results • from the analysis of the undigested mixtures 

are expressed in Table 3. These results, except for stickseed in 
mixture C, were not statistically different from the equation ■ 
Y=X. These results agree with Sparks and Malechek (1968) who 
concluded that the percentage composition based on dry weight 
could be predicted from relative density. The equation of stick
seed, Y=3.63 + 1.11X was statistically different from Y=X with

21 -
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Table 3. Regression Equations, , and the Acceptance or

Rejection of Hypotheses a=0 and b=l at 95% Confidence 
... Interval for Each Plant Species in Each of the Three 
Undigested Mixtures

Acceptance of 
Hypothesis

Mixtures Species Equations* r2 a=0 b=l
A Sacaton Y=.27+1.0OX ' .91 yes ' yes

Stickseed . Y=.93+.97X .92 yes ■ yes
Saltbush Y=.18+1.0OX .85 1 yes yes

B Threeawn . . Y--1.41+1.07X .94 yes yes
Eriastrum Y=1.19+.94X . .92 yes yes
Little-Leaf
Baccharis Y=l.05+.96X ,93 yes yes
Yucca Flowers Y=.76+.97X .97 . yes ' yes

C Mesquite Y=.45+,99X .95 . yes yes
Stickseed Y=-3.63+l.HX .98 no no
Yucca Flowers . . Y=-2 .09+1. 06X .94 yes yes

*Y = estimated composition and X = actual composition.
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the slope greater than one and the Y intercept negative. There 
was an overestimation of this species on the slides. The two . 
other species in the mixture seemed to share'equally in underes
timated particles resulting from the overestimation of stickseedg 
thus their closeness to the one to one ratio. The results ob
tained from the analysis of mixture C confirmed results of 
Dearden et al. (1975) who founded that moss fragments were over
estimated and this resulted in underestimation of other species 
fragments in the same mixture.

Species Digestibility 
The digestibility results from the in vitro digestion of 

the eight species used for the three kinds of hand-compounded 
mixtures are in Table 4. The percentage digestibility varied 
from 47.7% for mesquite to 94.4% for the yucca flowers. The per
centage digestibility is similar among grasses and among forbs, ’
as they were harvested at early phenological stages; thus are 
similar in lignin. Among the shrubs, the percentage digestibil
ities are far apart. This is due to difference in the part of ' 
the plant collected and the growth characteristics of the plants. 
Little-leaf Baccharis and mesquite are very close in digestibil
ity, saltbush digestibility is similar to the forbs, and yucca 
• flowers are highly digestible. The high digestibility of yucca is 
because only flowers were collected and this part of this plant 
species did not have time to lignify and become resistant to di
gestion. The wide range in the digestibility among shrub species
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Table 4. Percentage Digestibility by In Vitro Digestion of 

Plants Species Used in the Three Hand-Compounded 
Mixtures

Species
Plant Parts and Stage 

of Growth Digestibility %
Grasses Sacaton All above ground parts 

(preflowering) 60.6 .
Threeawn All above ground parts 

(preflowering) 57.4
Forbs Eriastrum■ All above ground parts 

(young green plant) 75.8
Stickseed All above ground parts 

(young green plant) 72.7
Shrubs Little-leaf . 

baccharis
Leaves and current 
flexible stems • 48.1

Mesquite Leaves and very flexible 
branches 47.7

Yucca Blooming flowers 94.4
Saltbush Leaves and branches 74.6
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is a result of cell wall thickness and lignification of the 
plants parts collected. Digestibility of lignin according to 
Wallace and Van Dyne (1970) varied from 4% to 46%, depending on 
season of the year and plant maturity.. The less lignin present 
or the greater the digestibility of lignin in the plant part, the 
greater the overall digestibility of the plant species.

The Digested Mixtures .
The equations derived from the results of analysis of di

gested mixtures, their r^, and the statistical test at a 95% con
fidence interval of a=0 and b=l are shown in Table 5. The 
Student t-test also was used to test significance between equa
tions of species within the same mixture.

For Mixture A, sacaton/stickseed/saltbush, tests showed 
that the regression lines for each species were not significantly 
different for a=0 and b=l or from each other at the 95% confi
dence level (Table 5, Figure 1).

For Mixture B, threeawn/little-leaf baccharis/eriastrum/ 
yucca, tests showed significant difference between the threeawn 
and the other species within the mixture. The eriastrum equation 
also was different from yucca but had a similar intercept as 
little-leaf baccharis. Yucca flowers and little-leaf baccharis 
equations were not significantly different from one another at 
the 95% confidence level (Table 5, Figure 2).



Table 5. Regression Equations, r2, and the Acceptance or
Rejection of Hypotheses a=0 and b=l at 95%.Confidence
Interval for Each 
Digested Mixtures

Plant Species in Each of the Three

Mixtures Species Equations* r2

Acceptance of 
Hypothesis
a=0 b=l

A Sacaton Y=5.06+1.12X .77 yes yes
Stickseed Y=-.81+.85X_ 00 H yes yes
Saltbush Y=-l.31+.97 H00 yes yes

B . Threeawn Y=7.31+.96X . .80 . no yes
Eriastrum Y=5.17+.73X .86 no no
Little-Leaf
Baccharis Y=.94+.87X CM00 yes yes
Yucca Flowers Y=-.94+.90X 00 yes yes

■ 'C Mesquite Y=18.11+.89X o 57 no yes
Stickseed Y=-3.26+.86 .78 yes yes
Yucca Flowers Y=6.43+.53 .67 no no

Y = estimated composition and X = actual composition.
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Figure 2. Equations of Eriastrum, Little-Leaf Baccharis,
Threeawn and Yucca Flowers from Digested Mixture B
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For Mixture C, mesquite/stickseed/yucca, the Student t- 

test showed that all three equations were different from each - 
other at the 95% confidence interval (Table 5, Figure 3).

Considering all the equations derived from the analysis 
of all the digested mixtures A, B and C, the. equations from Mix
ture A did not show significance from Y=X. In the other mixtures, 
threeawn and eriastrum in Mixture B and mesquite and yucca flow
ers in Mixture C. showed a statistical difference from the one to 
one ratio. These species were satisfactorily estimated by Y=X 
in the undigested mixtures.

When considering the examination of plants after diges
tion to determine the botanical composition of the starting mix
ture, the obvious consideration should be the differential 
digestion of the various plant species in the mixture. However, 
data are available in the literature to refute this. Hanna, 
Monson, and Barton (1973) reported that the outer portion of the 
epidermis was more resistant to digestion than other cellular 
structures because it is cutinized and lignified. Chatterton and 
Powell (1974) found different rates of digestion of various con
stituents of orchardgrass (Dactylis glomerata); however, the cu- 
ticule (cutinized layer over the epidermis) remained intact and 
was not significantly attacked by microbes. These data empha
sized that, because plant fragment identification is based on 
epidermal characteristics, the percentage identifiable fragments ' 
of each species should not change from an undigested mixture to a 
digested mixture. But in practice, digestion influences species
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from Digested Mixture C
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fragments identification because of its effect on the discerni- 
bility of species fragments. Data collected by Wallace and Van 
Dyne (1970) on lignin digestibility varied from 4% to 46% depend- . 
ing on the season of the year and the plant maturity. Digesti
bility of lignin in forage plants also depends on the part of the 
plant collected and the stage of vegetation of the plant. As • 
plant fragment identification is based on epidermal characteris
tics, and these epidermal cells are cutinized and lignified, the 
greater the digestibility of the lignin the smaller the chance of 
a discernible epidermal fragment passing through the process of 
digestion and the smaller the chance of identification

The equations that do not satisfy the one to one ratio of 
estimated to actual diet composition can be split between equa
tions resulting from over estimation and equations resulting from 
underestimation of species fragments during the analysis of the 
digested mixtures. The equations of species resulting from over
estimation are characterized by'a slope greater than one or a 
large Y intercept with a slope great enough to maintain the over- 
estimation at higher proportion in the mixture. The overestima
tion of percentage identifiable fragments of mesquite and 
threeawn in mixtures studied for this thesis is due to the re
sistance of the identifiable characteristics to digestion, the 
cuticular resistance to digestion and epidermal cell thickness.
As Dearden, Hansen ̂ and Pegau (1972 ) pointed out, cell, wall'thick
ness is the characteristic which probably influences the identi
fication of fragments to a greater extent than 'any other. This
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findings of Dearden et al., (1972) seems to confirm the case of 
mesquite. Cell wall thickness has resulted in a very low diges
tibility, thus mesquite is easy to identify. In the case of 
threeawn, the overestimation is due to its epidermal character
istics behavior after digestion. This behavior is a breaking 
down into more particles after digestion. The threeawn particles 
were fragmented after digestions so that fragment proportion is 
greater after than before digestion. This factor is especially 
important where plantsf very dissimilar behavior of epidermal 
characteristics are involved. For example, Owen (1975) observed 
marked difference in fragmentation among three grass species 
eaten by the waterfowl. -

The equations derived from underestimation of species are 
characterized by a low slope compared to the equations of other 
species within the same mixture. The underestimation of eria- 
strum and yucca is due t.o„ the behavior of the identifiable char
acteristics. The identification of eriastrum was based on its 
epidermal cells with trichomas. The trichomes were not resistant 
to digestion, as they break down into many pieces. Thus, it is 
difficult to identify eriastrum epidermal cells with trichomes 
after digestion. The behavior of this species also has been 
found for other species by Dearden et al. (1972) who found that a 
few species- are improperly estimated because of cellular 
characteristics. '

- The high digestibility of yucca flowers influenced to a 
great extent its identification in the digested mixture. The
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main characteristic of identification of this species was based 
on its epidermal cells which do not have trichomes, but under the 
effect of digestion these young epidermal cells, thus low in 
lignin and high in digestible substances, were altered to the ex
tent that they were hard to find after digestion. This diffi
culty in finding yucca flower fragments was associated in a 
mixture with mesquite which, on the other hand, was easy to iden
tify; thus, the underestimation of yucca and overestimation of 
mesquite in Mixture C, The kind of behavior shown by yucca flow
ers during this study has led some workers to report poor results 
during botanical analysis of plant species after digestion.
Martin (1955) was able to recognize only 16 of the 40 species 
which were present in the pasture. He suspected all species were 
being ingested but were reduced to such small fragments as to be 
unidentifiable. Croker (1959) could not identify in sheep"feces 
one of about 25 grass species which were present in the pasture. 
The species she could not find had a thin cuticule which disin
tegrated in vitro and she suspected it had been completely 
digested.

Considering the species equations derived from the di
gested mixtures which do satisfy the one to one ratio of esti
mated versus actual composition, digestion did not have a great 
effect on these species fragments discernibility. The starting 
composition of mixture can be predicted directly from relative 
density after the mixture has been digested. The results of 
analysis of these species showed that digestion may have only
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negligible effect upon the diseernibility of their plant frag
ments. These results agreed with Todd and Hansen (1973) who . 
could find no significant differences between the frequency 
counts of plant fragments found by microhistological analysis of 
rumen and colon residue of individual bighorn sheep (Ovis 
canadensis). They concluded that the relative number of fragment 
of each kind of plant in their sample remained similar while 
passing through the digestive process and suggested that diges
tion reduces the mean weight of fragments rather than eliminating 
the whole fragment. Using paired fistula and fecal sample of 
cows, bison, and sheep, Hansen, Peden, and Rice (1973) determined 
that the degree of dietary overlap between herbivores, areas, 
seasons, and grazing intensity is approximately the same for dis
cerned plant fragments in the feces as it is in paired esophageal 
samples.

The accuracy and precision of the microhistological tech
nique of species composition in digested mixture is subject to 
the behavior of the species involved, as digestion influences the 
diseernibility of species because of the modifying and contami
nating effect which results, in the ease or difficulty of identi
fication of fragments. In mixtures or in diets, many plant . 
species may be involved; their differential digestibility and 
epidermal cell resistance to digestion would contribute to highly 
variable results. As Van Dyne (1968) concluded, when plants are 
succulent and when diet is composed of woody and herbaceous
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plants, the differential rate of digestion of the different plant 
species can lead to highly variable results.

In the present study, correction, factors could be devel
oped from the regression equations to compensate for over or 
underestimation. These correction factor's are different from 
Dearden et al. (1975) who adjusted their regression lines to pass 
through the origin; thus, expressing the corrected equation as ' 
Y=bX. In the case of the present study,-the estimate of diet 
composition from the slide reading provided the'dependent or Y 
value. The objective of the study was to estimate the actual 
composition of the hand-compounded mixture or independent value 
X. The equation derived from analysis of digested mixtures for 
each species was used solving for X instead of Y. Thus, the cor
rected actual composition based on the regression equation is ex
pressed -by X=^~a where: b

. X = actual or hand-compounded percent composition by weight
Y = estimated composition from analysis
a = Y intercept of the equation developed
b = the slope of the line of the equation developed

This estimate of X in the case of this study would be ap
plied to species that had regression estimates with either the
intercept,, a, different from zero or the slope, b, and failed to 
satisfy the one to one ratio. But yucca in Mixture B satisfies
the one to one ratio and failed to satisfy it in Mixture C.
Thus, the correction or the equation derived .for digested species 
should not be kept constant for all mixtures. A species



behavior is related to the kind of other plant species in the 
mixture with it. This means that different correction factors 
should be developed for a species as it changes in different 
species mixtures.



CHAPTER 5

SUMMARY AND CONCLUSION

The equations derived from the undigested mixture analy
ses were not, except stickseed, statistically different from a 
slope with a one to one ratio. This confirms the results of 
Sparks and Malechek (1968). But the results from the analyses of 
the digested mixtures are divided into two groups. One group 
fits the one to one ratio for slope of the regression line of 
actual to predicted and goes along with Todd and Hansen (1973) 
and Hansen et al. (1973) who found the microhistological method 
reliable in determining species composition after digestion. The 
other group of species gives results statistically different from 
the one to one ratio for the slope of the regression line. This 
suggests the method is not reliable for determining species com
position. These results, as well as results by Smith and 
Shandruck (1979) and other workers, suggest that additional work 
must be done before this method can be used for botanical compo
sition quantification of diets. Different plant species respond 
differently to the digestion process. Some species may be un
identifiable after digestion (Slater and Jones 1971) or identi
fiable characteristics may be differently fragmented so that, 
when fragment frequency is' used as the basis for determination of

37
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composition, as was the case of threeawn in Mixture B, the pro
portion of species appear different. This factor as reported by 
Smith and Shandrunk (1979) is especially important where plants, of 
very dissimilar kinds having different epidermal characteristics 
are involved.

Regression equations as. developed in this study which is 
a solving for X instead of Y should be a way of correcting for 
over and underestimation. But species respond differently ac
cording to the species in association in the mixture. This 
means that equations have to be developed according to species in 
association in the diet or mixture which is a very tedious job 
considering the number of species present over a grazing area.

In conclusion, the accuracy and precision of the micro- 
histological technique for estimation of species composition of 
digested mixtures or from animal feces still needs more work.
The method works well where accuracy and'precision are not overly 
emphasized. The. precision and accuracy results obtained through 
this study vary from species to species and from mixture to mix
ture. However, the microhistological technique appears promis
ing. Research will need to be continued to resolve the effect of 
the factors described above on digested mixture results. The 
work is time consuming and requires laboratory facilities and 
experience.



APPENDIX A . 

TABULAR DATA
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Table A-l. Weight Composition of Mixture (X) and Estimated

Composition from Frequency on Slide (Y) for
Undigested Mixture A

Slides
Species Composition or Data

Sacaton Stickseed Saltbush
X Y X Y =■ x Y

1 20.0 19.8 30.0 28.2 50.0 51.4
2 2 0.0 24.6 30.0 32.5 50.0 42.9
3 20.0 18.2 30.0 32.0 50.0 : 57.4
4 20.0 21.2 30.0 28.8 50.0 50.0
5 2 0.0 23.8 30.0 28.2 50.0 50.7
6 30.0 35.1 50.0 46.0 20.0 18.9
7 . 30.0 27.2 ' 50.0 50.6 20.0 22.1
8 30.0 30.8 50.0 50.6 . 2 0.0 18.6
9 30.0 29.7 ■ 50.0 45.0 20.0 25.2

10 30.0 23.8 50.0 56.1 20.0 20.1
11 50.0 47.2 20.0 16.9 • . 30.0 35.8
12 50.0 52.2 20.0 21.5 30.0 26.3
13 50.0 50.8 20.0 23.2 30.0 26.0
14 50.0 51.9 20.0 22.4 30.0 25.8
15 50.0 51.5 ■ 20.0 19.6 30.0 28.8
15 33.3 40.2 33.3 29.9 33.3 29.9
17 33.3 36.7 33.3 31.7 33.3 31.7
18 33.3 25.4 33.3 : 29.0 33.3 45.6
19 33.3 33.0 33.3 38.2 33.3 . 28.8
20 33.3 33.3 33.3 33.3 33.3 33.3
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Table A-2• Equations for- Species and Their Standard Errors for

Undigested Mixture A

Species Equations
■ Standard Error 

of a*
Standard Error 

of b
Sacaton Y-.27+1. 00X 2.639 .075
Stickseed . Y=.93+.97X V . 2.286 . .065
Saltbush Y=„18+1.0OX 3.462 . 099

*The t value used to test the equations derived from
these data was t with df=18. at 95% confidence interval, thus
t=2.10.
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Table A-3. Weight Composition of Mixture (X) and Estimated

. Composition from Frequency on Slide (Y) for Digested
Mixture A

 ____  Species Composition or Data
Sacatbn Stickseed Saltbush

Slides. X Y X Y X Y
1 20.0 33.6 30.0 22.1 50.0 44.3
2 20.0 33.2 30.0 22.2 50.0 44.6
3 20.0 23.2 30.0 27.2 50.0 . 50.6
4 20.0 31.4 30.0 20.7 50.0 47.9
5 20.0 23.7 30.0 27.4 50.0 48.8
6 30.0 47.9 50.0 31.4 20.0 . 2 0. 7
7 30.0 - 33.6 50.0 44.4 20.0 22.0
8 30.0 47.7 50.0 36.4 20.0 15.9
9 30.0 32.9 50.0 44.5 20.0 22 . 6

10 30.0 35.5 50.0 47.3 ■ 20.0 17.2
11 ' 50.0 56.3 20.0 13.1 30.0 30.6
12 50.0 76.8 20.0 8.9 30.0 . 14.2
13 50.0 58.2 20.0 17.0 30.0 24.8
14 50.0 64.4 20.0 17.8 30.0 17.8
15 ': 50.0 56.1 20.0 20.1 30.0 23.8
16 33.3 44,8 33.3 22.3 33.3 33.9
17 33.3 34.9 33.3 30.1 33.3 34.9
18 33.3 ' 38.0 33.3 33.0 33.3 38.0
19 33.3 41.2 - 33.3 : 30.6 33.3 28.2
20 33.3 31.7 33.3 31.7 33.3 36.6



Table A-4. Equations of Species and„Their Standard Errors for
Digested Mixture A.

Species Equations -
Standard Error 

of a*
Standard Error 

of b
Sacaton Y=5.06+l,12X 5.024 ' .143
Stickseed Y--.81+.85X 3.399 .097
Saltbush Y=-1.31+.97X 3.848 . ’ .110

*The t value used to test the equations per species
derived from these data was t of dflS at 95% confidence interval,
thus t=2.10.
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Table A-5.. Weight Composition of Mixture (X) and Estimated

Composition from Frequency on Slide (Y) for
Undigested Mixture B

Slides

Species. Composition or Data
Threeawn Eriastrum Yucca

Little-Leaf
Baccharis

X Y X Y X Y X Y
'' 1 10. 0 11.9 20.0 19.2 30.0 29.2 40.0 39.7
2 10.0 7.1 20.0 16.6 30.0 29.6 40.0 46.6
3 10.0 11.0 20.0 22.8 30.0 26.2 40.0 39.9

. 4 10.0 9.2 20.0 18.7 30.0 31.8 40.0 40.6
5 10.0 10.1 20.0 23.9 30.0 28.4 40.0 37.6

- 6 20.0 20.2 30.0 30.7 40.0 40.6 10.0 8.5
7 20.0 22.4 30.0 29.1 40.0 89.5 10.0 8.6
8 20.0 20.6 30.0 27.0. 40.0 41.4 10.0 11.0
9 20.0 16.0 30.0 32.4 40.0 37.5 10.0 13.9

10 • 2 0.0 20.2 30.0 26.6 40.0 40.6 10.0 21.6
11 30.0 30.5 40.0 40.9 10.0 10.9 20.0 17.5
12 30.0 28.5 40.0 43.6 10.0 9.1 20.0 18.8
13 30.0 27.2 40.0 35.9 10.0 12.9 20.0 23.9
14 30.0 33.1 40.0 33.1 10.0 12.1 20.0 21.7
15 30.0 . 31.6 40.0 36.6 10.0 7.9 2 0.0 23.9
16 40.0 42.7 10.0 8.0 20.0 19.5 30.0 29.9
17 40.0 46.0 10.0 11.1 20.0 16.5 30.0 26.4
18 40.0 43.3 10.0 11.7 20.0 20.9 30.0 24.1
19 40.0 . 42.8 10.0 9.2 20.0 21.0 30.0 27.6
20 ' 40.0 36.1 10.0 9.0 20.0 23.6 30.0 31.2
21 25,0 21.5 25.0 28.8 25.0 24.9 25.0 24.9
22. 25.0 23.3 25.0 26.7 25.0 23.3 25.0 26.7
23 . 25.0 21.0 25.0 27.6 25.0 23.9 25.0 27.6
24 25.0 26.5 25.0 23.1 25.0 26.4 25.0 24.0
25 . 25.0 29.5 25.0 22.4 25.0 25.8 25.0 22.4
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Table A—6. Species Equations and 

Undigested Mixture B
Their Standard Errors for

Standard Error Standard Error
Species Equations of a* of b
Threeawn Y=-l.41+1.07X 1.471 . .055
Eriastrum Y=1.19+.94X 1.524 .056
Yucca Y=.76+.97X 3.996 .037
Baccharis Y=l.05+.96X 1.531 . 057

*The t value used to test the species equations derived 
from these data was t of df23 at 95% confidence interval, thus 
t=2.07.
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Table A-7. Weight Composition of Mixture (X) and Estimated

Composition from Frequency on Slide (Y) for Digested
Mixture B

Slides

Species Composition or Data
Threeawn . Eriastrum Yucca

Little-Leaf
Baccharis

X Y X Y X Y X Y
1 10.0 13.7 20.0 16.3 30.0 44.4 40.0 25.6
2 ' 10.0 16.9 20.0 16.9 30.0 19.9 40.0 46.2
3 10.0 9.4 20.0 21.9 30.0 29.6 40.0 39.1
4. 10.0 14.6 20.0 16.8 30.0 29,3 40.0 39.3
5 10.0 21.0 20.0 21.0 30.0 21.0 40.0 36.8
6 20.0 38.9 30.0 2 5.6 40.0 29.6 10.0 5.9
7 20.0 29.4 30.0 29.4 40.0 34,9 10.0 6.2
8 20.0 27.9 30.0 24.5 40.0 36.8 10, 0 10.7
9 20.0 - 17.0 . 30.0 33.5 40.0 38.8 10.0 10.7

i o - 20.0 27.9 30.0 23.7 40.0 32.1 10.0 16.3
ii 30.0 39.4 40.0 34.0 10.0 11,2 2 0.0 14,4
12 30.0 34.1 40.0 36.3 10.0 8.6 20.0 20.5
13 30.0 30.4 40.0 42.4 10.0 9.2 20.0 ' 18.0
14 30.0 33.2 40.0 36.5 10.0 7.4 2 0.0 23.0
15 . 30.0 34.9 40.0 39.6 10.0 6.5 20.0 20.6
16 40.0 55.6 10.0 8.8 2 0.0 11.6 30.0 24,0
17 40.0 41.0 10.0 18.0 20.0 16.2 30.0 24.9
18 40.0 43.8 10.0 15.7 20.0 19.9 30.0 20.6
19 40.0 46.5 10.0 12.4 20.0 14.7 30.0 26.3
20 40.0 41.3 10.0 15.1 20.0 - 17.5 30.0 26.2
21 25.0 28.5 25.0 24.9 25.0 21.6 25.0 24.9
22 2 5.0 36.7 25.0 24.0 • 25.0 18,2 25.0 21.1
23 25.0 40.6 25.0 19.6 25.0 17.2 25.0 22.6
24 25.0 30.0 25.0 21.2 . 25.0 20.0 25.0 28.8
25 25.0 : 27.7 2 5.0 27.7 25.0 28.8 . 25.0 23,8 "



Table A-8. Equations of Species 
Digested Mixture B

and Their Standard
. 47 

Errors for

Species Equations
Standard Error 

of a*
Standard Error 

of b
Threeawn Y=7.31+.96X 2.734 .102
Eriastrum , Y=5.17+.73X 1.629 .060
Yucca Y=-.94+.90X 2.699 .100
Baccharis Y=.94+.88X 2.314 .086

*The t value used to test the species equations derived 
from these data was t of df23 at 95% confidence interval, thus, 
t=2.07„
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Table A-9. Weight Composition of Mixture (X) and Estimated

Composition from Frequency on Slide (Y) for
Undigested Mixture C

Slides
Species Composition or Data

Mesquite Stickseed Yucca
X Y X Y X Y

1 20.0 ■ 21.5 30.0 28.4 50.0 50.2
2 ■ 20.0 19.2 30.0 29.3 50.0 51.5
3 20.0 19.8 30.0 30.6 50.0 49.6
4 20.0 25.5 30.0 29.4 50.0 45.1
5 20.0 19.1 30.0 28.6 50.0 52.3
6 30.0 27.7 50.0 48.2 20.0 24.1
7 30.0 33.6 50.0 50.7 20.0 16.7
8 30.0 26.6 50.0 53.8 20.0 19.7
9 30.0 29.2 50.0 52.4 20.0 19.5

10 30.0 26.8 50.0 55.6 20.0 17.6
11 50.0 55.4 20.0 17.7 30.0 27.5
12 50.0 50.8 20.0 18.1 30.0 33.1
13 50.0 48.6 20.0 2 0.6 30.0 30.8
14 50.0 ■ 51.6 2 0.0 19.2 30.0 29.2

. 15 50.0 52.1 20.0 19.0 30.0 28.9
16 33.3 35.8 33.3 21.1 33.3 . 32.1
17 33.3 31.0 33.3 34.3 33.3 34.7
18 33.3 34.8 33.3 34.8 33.3 30.4
19 33.3 30.9 33.3 34.9 33.3 34.2
20 33.3 34.8 33.3 30.4 33.3 34.8
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Table A-10.: Equations of Species and Their Standard Errors for

Undigested Mixture C

Species Equations
Standard Error 

of a*
Standard Error 

of b
Mesquite Y=.45+.99X 1.782 .051
Stickseed • Y=-3.63+l.llX 1.299 .037
Yucca Y=-2.09+1.06X 2.222 .063 .

••The t value used to test the equations of species
derived from these data was t of df 18. at'.95% confidence interval,,
thus t=2.10. . . .
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Table A-ll. Weight Composition of Mixture (X) and Estimated

Composition from Frequency on Slide (Y) for
Digested Mixture C

Slides
Species Composition or Data

Mesquite Stickseed Yucca
X Y . X Y . x .... Y

1 20.0 45.6 30.0 25.4 50,0 29.0
2 20.0 32 .2 30.0 28.8 50.0 38.8
3 20.0 41.2 30.0 31.3 ' 50.0 27.5
4 20.0 53.5 30.0 19.9 50.0 26.6
5 20.0 39.1 30.0 21.7 50.0. 39.1
6 30.0 36.2 50.0 27.5 20.0 16.2
7 30.0 34.3 50.0 46.0 20.0 19.7
8 30. 0 31.4 50.0 44.0 20.0 14.6
9 30.0 35.6 50.0 41.0 20.0 13.4
10 30.0 36.3 50.0 36.3 20.0 17.4
11 50.0 67.2 20.0 12.6 30.0 20.2
12 50.0 . 70.8 20.0 20.8 30.0 18.5
13 50.0 56.1 20.0 12.2 30.0 21.7
14 50.0 74.7 20.0 14.2 30.0 21.0
15 50.0 60.0 20.0 11.1 30.0 28.9
16 33.3 50.9 33.3 24.5 33.3 24.5
17 33.3 52.5 33.3 25.3 33.3 22.2
18 33.3 38.3 33.3 33.0 33.3 28.7
19 33.3 49.4 33.3 18.4 33.3 30.2
20 33.3 50.9 33.3 26.5 33.3 22.6
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Table A-12. Equations of Species and Their Standard Errors for

Digested Mixture C

Species .Equations
Standard.Error 

of a*
Standard Error 

. of b
Mesquite Y=18.12+.89X 6.384 .182
Stickseed Y=-3.25+.86X 3.774 .108
Yucca Y=6.43+'. 53X 3.034 .086

. . *The t value used to test the equations per species
derived from these data was t.of dflS at 95% confidence interval,
thus t = 2.10.
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