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ABSTRACT
The study was undertaken beginning in March, 1979,
to obtain information on spring and summer diets of cattle
grazing on a desert shrub rangeland in Central Arizona.
The microhistological technique of fecal analysis
used in this study was accurate for estimation of percent
weight composition of in vitro digested, hand-compounded
mixtures of jojoba, filaree, and foxtail brome.
Cattle diets during the spring were composed of
annual forbs and annual grasses which were the most succu
lent plants available at that season.

Jojoba, which was

the major palatable shrub available on the area, was not
preferred by cattle in the spring but composed nearly 50%
of the diet in early summer.

Mesquite, foxtail brome, and

jojoba composed 75% of the cattle diets during middle and
late summer.
The study showed also that there were extreme vari
ations between sampling locations which reflected the dif
ferent availability of plant species and the cattle
preferences on active plant growth suggesting that the
sampling locations have to be carefully selected to reflect
the study area.

ix

INTRODUCTION
Proper management and balanced use of the resources
of a range area are of fundamental importance for production
optimization.

Basic for this proper management is the knowl

edge of the botanical composition of the grazing animal's
diet and the seasonal variation.

This will give information

on which plant species c.an be used as utilization indicator
species or key species in the implementation of grazing sys
tems or management plans.
In the Roosevelt Lake area, jojoba (Simmondsia
chinensis) is considered by the Forest Service as the key
species of many grazing allotments.

Thus, management should

be based on its proper utilization.

Furthermore, Forest

Service personnel claim that jojoba is an important part of
cattle diets in the spring of the year when grazing could be
detrimental for growth of this plant; thus, deferment or
light use during the spring is advocated.

On the other

hand, ranchers argue that the utilization of this plant in
the spring is not as significant as the Forest Service per
sonnel claim.

For this reason, more detailed information on

cattle diets is required to help determine management needs.
Several methods of determining the botanical compo
sition of grazing animal diets have been reported.
1
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Utilization estimates are subject to personal biases and
observer error.

This is compounded with the inability to

separate the effect of different herbivores grazing the
same area.

The direct observation of free animals is very

difficult in dense vegetation, and determining the plant
being used is nearly impossible (Smith and Shandrunk 1979).
The rumen analysis method has been used extensively in the
past, but this technique requires fistulated animals which
are costly and sometimes troublesome, besides, provide
limited and possibly unrepresentative sampling.
In recent years, there has been an increased use of
the microhistological technique of fecal analyses for diet
determination.

This technique, even though it has been re

ported to have disadvantages (Theurer, Lesperance and
Wallace 1976; Smith and Shandrunk 1979), overcomes many of
the problems of other methods.

Fecal samples can be ob

tained without interfering with the animals, no confinement
or costly equipment is required, and samples can be col
lected at the convenience of the researcher.
The fecal analysis technique is appropriate to
attain the following objectives:

(1) to determine the quan

tity of jojoba and other plants in the diet of animals
grazing desert shrub rangeland,

(2) to detect seasonal vari

ations in the composition of cattle diets, and (3) to de
termine the accuracy and precision of the microhistological

technique used in this study by an analysis of an in vitro
digested mixture of a grass, a forb, and a shrub.

REVIEW OF LITERATURE
Techniques for Botanical Analysis of Diet
Many methods have been used to determine the diet of
grazing animals.

Use of vegetation utilization data to

estimate animal consumption is one of the common methods
used.
as:

Smith et al.

(1962) classified utilization methods

methods based on vegetation differences before grazing

and after grazing, methods based on correlation and regres
sion measurements of factors related to utilization, and
methods based on comparisons with predetermined standards of
use.

Martin (1970) stated that measurement of forage utili

zation 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 domestic animals overcomes
the problem of identification of the animal species which
utilized the forage,

the season when different species were

eaten, and of grazing patterns.

However, it will not over

come the problem of how much forage has been consumed
(Bjugstad, Crawford and Neal 1970).

The quantity of material

consumed from the different plant species has been estimated
by various researchers by recording the number of bites or
bite "units" taken by tamed animals grazing on the range and
4
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expressing these "units" in terms of weight of forage con
sumed (Reppert 1960; Free, Sims and Hansen 1971; Sanders,
Dahl and Scott 1980).

The estimates obtained with the bite

unit method do not differ significantly from other techni
ques such as esophageal fistula or fecal analysis.

Biases

can occur in determining the bite "unit" and by using tamed
animals, thus making this technique somewhat unreliable
(Wallmo and Neff 1970).
Different methods have been utilized to determine
qualitatively or quantitatively the botanical composition of
forage grazed by animals.

These methods have been broadly

classed into four categories:

visual appraisal, manual

separation with weight or volume analysis, microscope point
techniques and microhistological methods (Theurer, Lesperance and Wallace 1976).

The first two methods require no or

very low power magnification.

The third group of methods

requires low power magnification (15x), and the last group
of techniques uses high power magnification, usually 100 to
120x.
Visual appraisal and manual separation techniques
have been reported by several investigators.

Cook et al

(1958) and Talbot and Talbot (1963) used the visual analy
sis technique, and Hoehne, Streeter and Clanton (1965) and
Dirschl (1962) have reported the use of the manual separa
tion technique to determine the diet of fistulated animals.
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Results given by these techniques gave only gross estimates
of the diet composition, and identification of most species
was not possible due to finely masticated particles which
are not visually recognizable.

Personal errors make the

results unreliable, thus very difficult to obtain repro
ducible results (Galt 1972; Theurer et al. 1976).
The microscopic point technique for diet determina
tion has been reported by many researchers.

This technique

is a modification of the point method described by Levy and
Madden (1933) to identify species composition of pastures.
The modification was developed by Heady and Torell (1959)
and later illustrated by Barker, Torell and Van Dyne (1964).
In this technique, the hand-clipped or fistulated samples
are evenly spread on a tray and passed under a binocular
microscope at low magnification (16x).

The microscope is

equipped with a cross hair and a stage with established
steps.

Identification and recording of each plant appear

ing immediately under the cross hair are made at each stop.
By means of a regression equation, percent species composi
tion by weight can be estimated from the point data (Lesperance et al 1960; Galt 1966; Van Dyne and Heady 1965).
These researchers developed their regression equations by
hand-clipping samples simulating rumen composition samples
or by actual collection of masticated forage collected from
fistulated animals.

Heady and Van Dyne (1965) reported
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that regressions based on hand-clipped samples may not give
a reliable estimate of point weight, when this is correlated
to fistula samples of unknown composition.

This is due to

the fact that mastication and salivation of the samples
change the identifiable characteristics of the species.
Also the relationship of percent points to percent weight
do not remain in a one-to-one ratio for all the species
identified in fistula forage samples and these changes
might be due to different densities and growth characteris
tics of each plant throughout the growing season.
Modifications of the point technique have been used
by other researchers.

Chamrad and Box (1964) reported

botanical composition on a percent volume basis.

Galt

(1972) reported that variations in the ratios of percent
points to percent weight were mainly due to differences
between species densities.

He found in his study that the

point-volume relationship was closer to a one-to-one ratio
than the point-weight relationship for most species in his
study.

With the exception of bushmuhly and blackgrama,

further studies on the point-volume relationship indicated
that there were no significant differences between the
weight estimates of species using point-volume regressions
or by assuming that points equal volume.

The latter being

a simpler method, he applied density constants of each
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species to the point values to calculate the percent weight
of each species present in rumen samples.
The microhistological technique of diet analysis
has had much use in recent years.

This technique was

developed by Baumgartner and Martin (1939) to examine the
stomach content of rodents.

Dusi (1949) modified the tech

nique to study herbivores by analyzing the cuticule frag
ments of various plant particles appearing in fresh fecal
droppings.

Percent composition was recorded by viewing the

fecal slide at IlOx magnification and recording the fre
quency of occurrence of each plant particle.
In New Zealand, Hercus (1960) used this technique
to determine the diet of sheep.

She collected unweathered

feces from the field and preserved them on formalin/acetic
acid/alcohol.

Three gram samples were suspended in 100 ml

of water, and 3 sub-samples were withdrawn to analyze under
the microscope.

The number of fragments of each cuticule

pattern was counted and identified.

She found that there

were variations in the total count per unit volume due to
the fact that the cuticule fragments were not of even size
and shape.

Quantification of the intake and utilization

could be estimated by relating the amounts of cuticule in
the feces and the amount of each plant eaten, either in
terms of weight or leaf number.
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Storr (1961) used stain reaction, cell shape and
orientation, stomatas, and trichomes as characters to be
used in the identification of epidermal fragments in fecal
samples of wallabies and kangaroos in Australia.

He dried

and ground the fecal samples and boiled them one minute in
an acid solution of 10% nitric and chromic acid fitted to a
reflux condenser.

The material was washed with water and

transfered to a centrifuge tube, drained and dyed with an
alcohol solution of gentian violet.

The fecal material was

then washed with alcohol, centrifuged for at least five
minutes, and drained.

The percentage of area of each spe

cies was obtained on each slide by systematically transversing zones of 2.8 mm wide, whose centers were 5 mm apart, and
recording the area of the epidermal fragments in hundredths
of a square millimeter by using a graduated eye piece.

He

concluded that the data obtained could be qualitatively and
quantitatively evaluated because (1) there is little or no
digestion of epidermis that is encased in cutin,

(2) the

epidermis is usually identifiable to species level under
low-power microscope, and (3) the relationship between sur
face area and dry weight of the foliage can be determined
for each species.
Denham (1965) and Malechek (1966) overcame the prob
lem of having different food particle sizes by grinding the
fecal material on a Wiley mill equipped with a 1 mm screen.
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Malechek (1966) mounted sub-samples of the ground material
on microscope slides and analyzed them at 125x with a com
pound microscope.

He determined the relative number of

epidermal fragments of each species recognizable in 100
microscope fields and determined the botanical composition
of each sample.
Sparks (1967), on further work in Colorado, col
lected fecal droppings of black-tailed jackrabbits, washed
and mixed the samples in warm water, dried them, and finely
ground them in a Wiley mill with a 20-mesh screen.

He

washed the material over a 200-mesh screen to insure proper
mixing and to remove dust and very small particles.

A

small sub-sample was mounted on a microscope slide and 20
systematic observations were made of the slide at 125x mag
nification with a compound microscope.

Average frequency

percentages were calculated for all the plant species
present on the composite sample of 25 jackrabbit pellets
(500 fields).

Frequency percentages were converted to

density per field with a table developed by Fracker and
Brischle (1944).

This density was used to calculate the

percent composition of each food item in the sample.
Sparks and Malechek (1968) found that percent compo
sition based on dry weight could be predicted directly from
relative density measurements.

For their study, they arti

ficially mixed plants commonly found in the diet of some
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herbivores; fifteen mixtures were analyzed.

Five slides

were made of each mixture and 20 systematic locations were
observed on each slide at 125x magnification.

Frequency

percentages were recorded for each species and converted to
density, and relative density was calculated as an estimate
of percent composition by dry weight of each species in the
mixture.

They found that there were no significant differ

ences between the prediction equations for grasses, forbs,
and grass-forbs combination.

The ratios of estimated dry

weight percentages (relative density) and actual dry weights
were approximately one-to-one.

Therefore, the percent com

position could be predicted directly from relative density.
There are two requirements that have to be met before fre
quency can be converted to density (Curtis and McIntosh
1950):

The plant fragments must be distributed randomly

over the slide and the frequency of the most common species
should not occur in more than 86% of the microscope field.
The latter requirement can be met by adjusting the amount of
material mounted on the slides.
Evaluation of Microhistological Techniques
Several investigators have reported the behavior of
different forage species under mastication or digestion.
Free, Hansen and Sims (1970) and Vavra, Rice and Hansen
(1978) reported that cuticular resistance to digestion is
greater in grasses than in forbs because total grasses in
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esophageal samples were always significantly less than in
feces, and forbs were significantly higher in esophageal
samples than in feces.

Slater and Jones (1971) fed known

mixtures of clover and grass to sheep and found that the
microhistological technique consistently overestimated the
grass and underestimated the clover.

They warn that if

legumes are the major portion of the diet, special care
should be made to verifying if the epidermis is fully re
covered in the feces and that the presence of epidermal
hairs could overestimate the percentage of certain species.
Havstad and Donart (1978) and Sanders, Dahl and Scott (1980)
reported that species with large stellate tricornes such as
Solanum spp. and Sphaeralcea spp.which are undigested and
pass through the digestive tract in large numbers, cause
these species to be overestimated in the diet.
Pulliam and Nelson (1979) determined digestibility
coefficients for epidermal fragments of several common elk
forage species.

Two forbs, eight grasses, and one shrub in

three phenological stages were fed to the animals, and com
position based on cover was determined from the fecal pel
lets by microhistological analysis and compared with the
known diet composition.

Results show that there were dif

ferences in digestibility between forage species, vegetation
classes, and phenological stages.

Plant species with high

digestibility such as forbs may be underestimated, and
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species with lower digestibility will be overestimated in
the composition of the diet.

They concluded that quantifi

cation of fecal analyses without correction for differen
tial digestibility could result in severely biased results.
Derden, Pegau and Hansen (1975) used eight forage
species consumed by reindeer and hand compound them into
mixtures of known composition.

They prepared slides from

these mixtures and calculated the relative density of each
plant species according to procedures described by Sparks
and Malechek (1968).

Regression equations were calculated

from the estimated relative density against the actual
weight of each species.

The slope of the lines were used

as a correction factor.

These factors were used as a direct

multiplier for the relative densities of undigested mate
rials to compensate for the under or over estimation of the
actual dry weight of each species on the mixture.

They also

used these correction factors on nylon bag residues digested
in the rumen of bison, reindeer, and cattle and on the fecal
pellets of reindeer.

They found that the adjusted estimated

relative densities predicted more accurately the original
dry weight of the mixtures than the unadjusted relative den
sities.

They concluded that the digestion reduces the mean

weight of fragments rather than eliminating the whole frag
ment, and that a correction factor from undigested plant
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mixtures could be used to estimate the actual ingested pro
portions from digested samples.
Cattle Diets on Southwestern Ranges
The diet of cattle on the desert rangelands of
southwestern United States has been reported by several
investigators.
In New Mexico, Rosiere, Beck and Wallace (1975)
studied the botanical composition of cattle diets by the
microhistological technique, on a semidesert grassland.
They reported that cattle consume 45% grasses, 32% forbs
and 19% shrubs, and that this composition changed with
seasons.

Grasses were higher in the summer (78%) and low

est in spring (14%) when shrubs accounted for most of the
diet at 72%.

The most important species in the diet were

mesa dropseed (Sporobolus flexuosus), six weeks three awn
(Aristida adscensionis), soap tree yucca (Yucca elata), and
Russian thistle (Salsola kali).
Allison et al.

(1977) on a blue grama range and

Thetford, Pieper and Nelson (1971) on a pinyon-juniper and
grassland range where the major species was blue grama
(Bouteloua gracilis) reported that the cattle diets were 62%
grass, 32% forbs and 6% shrubs for the pinyon-juniper and
grassland, and 73% grass and 17% forbs for the blue grama
range.

In these plant communities, the grass composition

did not vary between seasons, but composition of individual
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species did change among the seasons, blue grama being the
major forage species in the summer and fall and mat muhly
(Muhlenbergia richardsonis) furnishing the majority of
grass in the diet during winter and spring.
In Nevada, Smith, Lesperance and Bohman (1968) in a
northern desert shrub community where grasses and forbs
dominated, reported a botanical composition of 80% grass,
11% forbs and 9% shrubs.
Connor et al.

Similar results were obtained by

(1963) in a sagebrush-grass-aspen community

where even though grasses comprised 15% of the vegetative
cover, they provided 83% of the diet from May to December.
Forbs and shrubs accounted for 8 and 9% of the diet, respec
tively.

Results reported by Connor et al.

(1963) from a

desert shrub range in southern Nevada show that cattle con
sumed 74% shrubs and 26% grass, but this was due to a very
low availability of grasses, forcing the cattle to eat
shrubs.

This is proven by the fact that in May and July,

grass made up less than 10% of the cover, and yet fistula
forage samples contained 60 to 80% grass.

The principle

browse plants were winter fat (Eurotia lanata), Brigham tea
(Ephedra nevadensis) and salt bush (Atriplex sp.).
Galt et al.

(1969), in Arizona in a desert grass

land range, reported the botanical composition of fistulated
animals to be 87% grass, 4% forbs, and 9% shrubs.

The main

species were plains bristle grass (Setania macrostachya),
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Lehmann lovegrass (Eragrostis lehmanniana), and Arizona
cottontop (Trichachne californica).

Lehmann lovegrass com

prised 69% of the grass composition on the study area, and
only made up 23% in the diet.

Plains bristle grass com

prised 7% of the grass composition and was the prominent
species found in the diet at 36% of the composition.
In another study (Galt 1972), four fistulated steers
grazing year-around on a desert grassland range, had a diet
composed of 67 to 97% grasses.

Forbs and shrubs made small

portions of the diet (1 and 13%, respectively).

Shrubs were

high in early summer and winter at 33 and 24%, respectively.
False mesquite (Calliandra eriophylla) and velvet mesquite
(Prosopis juliflora) were the more preferred shrubs.

Grass

species varied considerably among seasons, and composition
of diets was usually different from composition of available
forage.

Arizona cottontop was the most preferred plant

species, comprising 33% of the animal diet.

Black grama

(Bouteloua eriopoda) was not preferred by the animals,
being the principal species of the available forage at 31%,
only formed 3% of the cattle diet.
Information on cattle diets is essential to deter
mine management needs and information on cattle diets on
the southern desert shrub rangeland of central Arizona, but
is lacking.

According to Sanders, Dahl and Scott (1980),

a method for determining grazing animal diet should ideally
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follow the following criteria:

(1) allow for free animal

movement and natural selection of all available forage on
any pasture,
terrain,

(2) allow for diet determination regardless of

(3) be useful for wild and domesticated animals,

(4) not require the killing of test animals,
minimum of animal care,

(5) require a

(6) be relatively objective, and

(7) allow identification of each individual plant species
consumed.
From the literature review, the conclusion is that
the microhistological technique of fecal analyses most
closely meets the criteria outlined.

With some procedures

to verify the reliability of the technique for quantitative
analysis this method will be the most suitable technique
for this study.

DESCRIPTION OF THE STUDY AREA
The field part of this experiment was conducted on
the Sierra Ancha Grazing Allotment of the Tonto National
Forest.

The two pastures studied were located adjacent to

the northeast shore of the Roosevelt Reservoir in the area
of mile post 267 on the road to Young, Arizona (Figure 1).
The study area has a mean elevation of 2400 feet and
an average annual precipitation of 14.15 inches (Figure 2)
distributed in two seasons.

One precipitation season is

in the summer from July through September, and another is in
winter from December through March.

On the study area, about

50% of the precipitation falls during the winter season and
about 30% during the summer months.

In 1979, even though the

total precipitation of 15.48 inches was near normal, the
season of rainfall did not reflect the normal seasonal pat
tern.

In this year, there was a very wet winter and a very

dry summer.

Precipitation from December of 1978 to March of

1979 was almost 17 inches, in contrast to the 2.21 inches
which fell from July to September, 1979.
The vegetation on the study area is described by
Lowe (1972) as southwestern desert scrub with creosote bush
(Larrea tridentata), palo verde (Cercidium spp.), and mesquite (Prosopis juliflora) associations.
18
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Three major vegetation types are recognized in the
area.

Along the dry arroyos on sandy loam bottoms mesquite,

blue palo verde (Cercidium floridum), catclaw (Acacia
greggii), wolf berry (Lycium fremontii) and whitethorn
(Acacia constricta) are the major constituents of the vege
tation.

On the loamy upland, jojoba, foothill palo verde

(Cercidium microphyllum), creosote bush, triangle bursage
(Ambrosia

deltoidea), brittle bush (Encelia sp.), and

saguaros (Cereus giganteus) are most abundant.

On the limy

hills and hill tops, foothill palo verde, crucifixion thorn
(Holacantha sp.), yucca (Yucca sp.), and various chollas
(Opuntia spp.) are the more abundant species.
Photographs of the study area are shown in Figures
3 to 8.
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Figure 3.

Photograph of foothills and bottom land at
sampling locations identified as Trough 1,
Trough 2, and Willow Springs Corral.

Figure 4.

Photograph of mesquite and catclaw bottom land
near Trough 1 and Trough 2.
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Figure 5

Photograph of foothills near Cholla Ridge tank
area.

Figure 6.

Photograph of Cholla Ridge tank area.
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Figure 7.

Photograph of bottom land near Cholla Ridge tank
area.

Figure 8.

Photograph of Roadrunner tank area.

BOTANICAL ANALYSIS OF DIGESTED AND UNDIGESTED
MIXTURES OF KNOWN COMPOSITION
The purpose of this experiment was to test the
accuracy of the microhistological technique and establish
correction factors to be applied if needed to the botanical
composition results of the fecal analysis to correct over
or underestimation that could occur due to differential
digestibility of the different plant species consumed by
the grazing animals.
Experimental Procedures
Plant species that constituted a good portion of the
vegetation of the study area and that were believed to be
utilized by cattle were collected in April, 1979♦

Three

species, a grass, a forb, and a shrub were selected.

These

were foxtail brome (Bromus rubens), filaree (Erodium
cicutarium), and jojoba.

This plant material was oven dried

at 55°C for 24 hr and ground on a Wiley mill to pass through
a 1 mm (20-mesh) screen. Three mixtures were prepared from
the ground plants at different composition by weight (Table
1), and each mixture was divided into six parts (samples).
Three samples remained undigested and three samples were
digested in vitro.
25
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Table 1.

Percent composition by weight from three handcomposited mixtures of ground grass, forb, and
shrub material.

Species

• 1

Mixture
2

3

Foxtail brome

10

30

60

Filaree

30

60

10

Jojoba

60

10

30

The in vitro dry matter disappearance (IVDMD) trial
was accomplished using a modification of the two-stage
technique developed by Tilley and Terry (1963).

Nine

samples (three from each mixture) weighing approximately
.5 g each were placed in 50 ml centrifuge tubes equipped
with gas release values.

In the first stage, the samples

were incubated for 48 hr at 39°C in a water bath with 20 ml
saliva buffer (McDougall, 1949) and 10 ml of strained rumen
fluid inoculum.

The inoculum was prepared from whole rumen

contents obtained 3 hr after morning feeding from a fistulated steer fed alfalfa hay.

Whole rumen contents were

strained through four layers of cheesecloth and one layer
of glasswool.

The fluid portion was re-strained through

four layers of cheesecloth and two layers of glasswool, and
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then saturated with carbon dioxide prior to use.

After the

initial incubation, four drops of isoamyl alcohol (anti
foaming agent), 2 ml on 2.2 N HCL and approximately 0.1 g
of pepsin were added to each tube and the second stage incu
bation continued for 48 hr.

At the end of the second stage,

digested samples were filtrated through tared filter paper,
oven dried and the residue used to calculate the IVDMD (this
last stage can be omitted if IVDMD values are not needed).
Two microscope slides were prepared from each of the
nine digested and undigested samples.

The slide preparation

follows the procedure described by Sparks and Malechek
(1968), Cavender and Hansen (1970), and Hansen (1971).

Each

undigested and digested samples are placed in a blender with
hot water for one to two minutes and washed in running hot
water over a .1 mm (200-mesh) screen.

A small sub-sample is

removed from .the screen and spread near one end of a micro
scope slide.

Three or four drops of clearing agent (Hert-

wig's solution) are added to the material on the slide,
slowly stirring with a teasing needle; then evaporate most
of the Hertwig's solution by holding the slide over a small
alcohol burner.

Care must be taken at this stage not to

burn the sample by overheating.

After this, enough Hoyer's

solution (mounting agent) is added to cover an area about
two-thirds as large as a cover slip.

With a teasing needle

the plant material is mixed with the Hoyer solution and
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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.

Immedi

ately wipe the bottom surface of the slide with a cold, damp
cloth or sponge to draw air bubbles out of the Hoyer1s solu
tion.

Press a teasing needle gently on top of the cover

slip to squeeze out excess mounting medium and remove any
remaining air bubbles.

Application of a thin ring of

Hoyer's solution around the edge of the cover slip will in
sure a seal as the slide dries.

The slides are placed in

an oven at 55°C for two or three days until the Hoyer's
solution has hardened, then stored in a dry place.
Reference slides of each species were made following
the above procedure and were used to aid in the identifica
tion of the material found on the mixture slides.
With a compound microscope at 125x magnification,
identification of plant material on the slides was based on
epidermal characteristics such as trichomes, cell shape,
stomates and guard cells.

Twenty locations (area delimited

by a field of the microscope) were read on each slide.

A

total of 40 fields (two slides per sample) were observed per
sample, and the frequency of each species recorded.

Fre

quency was converted to density of particles per location
using a table developed by Fracker and Brischle (1944).
Relative density was calculated and used as an estimate of

29
percent composition by dry weight of each species present
on the sample (Sparks and Malechek 1968).

The estimated

percent composition results (Y) and the actual percent com
position (X) were used to develop regression equations for
each species and t-tests with a 0.05 significance were used
to test the slope and the intercept of each equation.

Sta

tistical analyses for this experiment were made according
to Snedecor and Cochran (1956).
Results and Discussion
Regression lines and regression equations of undi
gested samples are shown in Figure 9.

There were no adjust

ments to fit the line through the origin as reported by
Derden, Pegau and Hansen (1975) because variations or some
characteristics of each species causes some over or under
estimation which causes the line not to pass through the
origin.
Student's t-test showed that there was a significant
difference (p < .05) between the regression coefficient
(slope of the line) of jojoba and that of a one-to-one rela
tionship.

This was caused mainly due to the fact that the

ground jojoba had a high particle density, causing it to have
less particles per unit weight than the other species.

This

produced an underestimation of the estimated percent composi
tion in the order of approximately 50%.

30
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Relationship between actual percent composition
and estimated percent composition of undigested
plant particles from hand-composited mixtures.
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There was no significant difference (p < .05) be
tween the slope of the lines for filaree and foxtail brome
and that of a one-to-one ratio, but there were significant
differences (p < .05) between the y-intercepts of the lines
and the origin.

The underestimation of jojoba could cause

the other two species to adjust upward causing them to be
overestimated.

These results disagree with results of

Sparks and Malechek (1968) where they stated that actual
x

--

percent composition and estimated percent composition of
hand compound undigested mixtures of grass and forbs were
in a one-to-one ratio.
Correction factors could be used to correct over and
under estimation, and to adjust lines that are not in a oneto-one ratio as reported by Derden, Pegau and Hansen (1975).
In their work, they adjusted the regression lines through
the origin,
bx.

thus, expressing the correction factor as y =

In the case of this experiment, the complete regression

equation was used, and since the objective is to predict the
actual percent composition, solve for x instead of y.

Thus,

the correction factor is expressed by the following equation:

where:

x = actual percent composition by weight
y = estimated percent composition
a = y-intercept
b = slope of line
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Regression lines and equations of the digested
samples are shown on Figure 10.

Student's t-tests showed

no significant difference (p < .05) between the slopes of
the regression lines of each species and that of a one-toone relationship or for the y-intercepts and the origin.
Filaree and foxtail brome behaved similarly under
digested and undigested conditions.

In both, the slope of

the line improved with digestion, going from .95 undigested
to 1.05 digested for foxtail brome and from .86 to .91 for
filaree.
The digestion process had a significant effect on
the jojoba plant, since the underestimation due to high
density was overcome by this process.

The slope of the line

on the undigested sample was .53, and the slope changed to
1.05 under the digestion process.
The results of this study show that since the di
gested samples show a one-to-one relationship between esti
mated percent composition (relative density) and actual
percent composition by weight, there will be no need to use
correction factors to calculate the percent composition
based on dry weight.

This can be predicted directly from

the relative density calculated by reading the microscope
slides.

Thus, percent composition by dry weight in fecal

sample analyses for the following sections of this thesis,
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and estimated percent composition of digested
plant particles from hand-composited mixture.
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will be calculated by assuming relative density equals
relative composition by weight.

i

BOTANICAL ANALYSIS OF FECES, COLLECTED FROM
CATTLE GRAZING DESERT SHRUB RANGELAND
The study was started in March, 1979, and continued
through late summer of the same year.

Eight sampling dates

were distributed during the spring and summer and one
limited sample was collected in October to check the trend
of the cattle diet through early fall.
Field Procedures
Procedures for fecal collection were as follows:
In each of the two pastures (Figure 1), three watering
places were selected as sites Of collection.

Five fecal

samples were collected at each location, thus making 15
samples per pasture.

Trough 1, Trough 2 or Willow Springs

Corral, and Cholla Ridge Tank were sampled in the upper pas
ture, and Willow Springs Corral, Roadrunner Tank and Spring
Creek Flat were sampled in the lower pasture (Figure 1).
Only cow fecal deposits with the inner part appear
ing to be fresh and with minimum or no insect contamination
were collected.

From each cow feces, about 5 to 10 cc of

fecal material was collected and stored in.4 oz bottles
properly labeled according to the data and place of collec
tion.

These bottles were half-filled with 95% ethyl alcohol
35
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which was used to preserve the fecal material until analy
sis in the laboratory.
Along with the fecal sampling, a collection of all
the plant species found on the study area was made.

These

plants were identified and classified with the aid of The
University of Arizona herbarium.

A list of the plants found

on the study area is shown in Appendix A.
Laboratory Procedures
The botanical composition of the diet of grazing
cows was calculated by analyzing the fecal samples collected
on the field.

From each fecal sample two microscope slides

were prepared following the procedure of Sparks and Malechek
(1968) and described in the previous section.
A reference slide collection from tissues of leaves,
stems, flowers, and seeds of all the plant species found on
the study area was made.

These slides, along with photo

graphs and drawings of the plant characteristics, were used
as references to aid in the identification of the plant
material present on the fecal slides.
Statistical Procedures
Botanical composition of each species on each sam
pling date was analyzed using a nested experimental design
to test variability between pastures, water locations, and
samples.
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There were some changes on the analysis of variance
(ANOVA) on the different sampling dates.

The ANOVA on date

one (March 22) is shown on Table 2 (Snedecor and Cochran
1956).

On this date, tests to measure the adequacy of the

sampling as explained on the following results section,
changed the number of slides taken per sample at later
dates (April 11 and May 1), thus changing the ANOVA (Table
3) used.

After May 15, the cattle on the lower pasture

were moved out for market and sampling was made only on one
pasture.

The ANOVA used for dates four through eight (May

to August) is shown in Table 4.
Differences between means were tested at the 0.05
significance level using the least significant difference
test (Snedecor and Cochran 1956; Little and Hills 1978).
Results and Discussion
On March 22 (first sampling date) 60 slides (two
pasters, three locations per pasture, five samples per
location, and two slides per sample) were used to determine
the botanical composition of the diet.

Ninety-five percent

confidence limits were placed on the means of the most
abundant species (Figure 11) to test if an adequate number
of slides had been analyzed.

The 95% confidence limits on

the major species show that by changing the number of slides
from three per location (one slide per each of 3 samples) to
five per location (one slide per each of 5 samples, 30 slides
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Table 2.

Analysis of variance table for sampling date one
(March 22) on the diet study.

Source of Variation

d.f.

Expected Mean Squares

Pasture

1

2
a2_ + 2cr _ /T + 30K2P.
S/L
SL

Location/Pasture

4

°2 s L

Sample/Location

24

Slide/Sample

30

Total

59

Table 3.

+

2°2s /l +

k 2l /p

2c,2s /l

°2s L

Analysis <of variance table for sampling dates two
and three (April 11 and May 1) on the study area.

Source of Variation

d.f.

Pastures

1

Locations/Pasture

4

Samples/Location
Total

»2s l

+

24
29

Expected Mean Squares

02S/L +

15K2p

*2S/L + 5k 2l / p
°2 s / l
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Table 4.

Analysis of variance table for sampling dates four
to eight (May to August) on the study area.

Source of Variation
Location/Pasture
Samples/Location •
Total

d.f.
2
12
14

Expected Mean Squares

°2s/L + 5k 2l
°2s /l

F1LAREE

28.62 H

40
26.62 ■

X

24.62

22.62 -

PERCENT COMPOSITION

20.62 -I

FOXTAIL BROME

32.18 i

30.18 -

28.18

26.18 -

24.18 1

JOJOBA

0.37-1

NUMBER OF SLIDES
Figure 11.

Confidence intervals around the mean of major
forage species present in diets of cattle graz
ing on desert shrub range on March 22, 1979

41
total),

there was a sharp reduction on the confidence

limits.

With a further increase to 10 slides per location

(60 total), there was little narrowing of the confidence
interval.

By increasing the number of slides to more than

five per location, the reduction in the confidence limit
was minimal.
No significant change (reduction) was found in the
number of species encountered in the cattle diets by read
ing only five slides per location.

Thus, in subsequent

dates one slide of each sample was read per location.
Percent botanical composition of the cattle diets
varied greatly at each location.

Tables 5 through 12 show

the percent composition of the major species found in the
diets at each sampling location for the different sampling
dates.

Species showed variation between sampling locations

and between dates.

The variation was greater for the spring

months (March - May) than for the summer months (June August).

On March 22, for example, filaree and foxtail

brome show ranges in composition among locations from 8 to
42% for filaree and from 10 to 48% for foxtail brome.

There

was a sharp decrease in utilization of foxtail brome from
March 22 to May 1 in the upper pasture as diet composition
changed from about 40% in March to about 18% in May.

At the

same time, there was an increase in use of this species in

Table 5.

Percentage composition of cattle diets by location for major species on
March 22.

Species

Lower Pasture
Willow
Roadrunner
Spring
Corral
Tank

Upper Pasture
Spring
Creek
Flat

Trough 1

Trough 2

Cholla
Ridge
Tank

Forbs
Nuttal milkvetch

.5ab

.lb

.3b

1.3a

5.4b

7.7b

11.6a

7.9d

11.2d
——
ab
1.8

25.4C

.8ab

Borages

,ib*
14.6a

15.0a

6.3b

Filaree

42.2a

31.9b

29.1°

Deervetch

:3b
„b
.2

.lb
_b
.5

Red eye lupine

.2a

.7a

‘ .43

1.8a

1.4a

.2b
a
7.1
——

l.lb

2.4b

1.4b

2.6b

5.2a

1.7b

Slim leaf bursage

Globemallow

.lb
_ „ab
3.0

.8a
. „ab
4.0

Shrubs
False mesquite

—

Flat top eriogonum

—

Mesquite
Jojoba

—

——

—

1.2a
—

—

.5a

1.9ab

.3b

.7a

—

——

—

.8a
——

l.la

3.0ab

4.13

4.43

—

.9a
—

Grasses
Foxtail brome

15.9°

9.8°

23.7b

47.2a

47.5a

25.0b

Mediterranean grass

23.6b

33.3a

33.7a

21.2C

14.4°

18.8C

1.3

2.7

1.2

4.5

5.3

3.6

Others

^Values on same row with same superscript are not different (p < .05)
to

Table 6.

Percentage composition of cattle diets by location for major species on
April 11.

Species

Lower Pasture
Willow
Roadrunner
Spring
Corral
Tank

Upper Pasture
Spring
Creek
Flat

Trough 1

Trough 2

Cholla
Ridge
Tank

Forbs
Nuttal milkvetch

14.6a*

2.0b

3.2b

1.0b

1.4b

2.6b

Borages

2.8b

3.8b

3.0b

6.6a

3.0b

9.0a

Filaree

35.0a

32.2ab

25.8abc

Slim leaf bursage

•?a
10.2bcd
—

Deervetch
Red eye lupine
Globemallow

.4a
12.0bc

—

21.8a

20.8°
—

—

22.8b°
—

7.8Cd

3.6d

.6b

.2b

.2b

1.6b

1.4b

1 .ob

3.8a

6.2a
•
-

.2a

.2a
—

.4a
——

——

——

1.2a

—

——

33.0ab

10.2°

12.4°
.8

33.0a
1.4

30.6ab°
.4a
15.4ab
.2b
.6b

Shrubs
False mesquite
Flat top eriogonum
Mesquite
Jojoba

.2b

—

.4a
—

—

—

40.6a

43.2a

24.0b

17.4°
1.8

17.6bC
2.2

15.0°

Grasses
Foxtail brome

12.4°

Mediterranean grass 22.6b
——
Others

^Values on same row with same superscript are not. different (p < .05).

1.8
W

Table 7.

Percentage composition of cattle diets by location for major species on
May 1.

Species

Lower Pasture
Willow
Roadrunner
Spring
Corral
Tank

Upper Pasture
Spring
Creek
Flat

Trough 1

Trough 2

Cholla
Ridge
Tank

Porbs
Nuttal milkvetch

1.6abc

1.0a

1.8a

1.8a

1.0a

10.4b

30.4a

8.6b

12.8b

29.2a

.4a

1.2a

.6a

.4a

.2a

37.4a

44.0a

3.4ab

Borages

.4a

.8a

Filaree

28.0a

Slim leaf bursage
Deervetch
Red eye lupine
Globemallow

—

12.2°
—

i.oa

24.6b
—

.2°

.4°

1.4bC

3.6a*

18.4bC
—

.2
i.oa

21.4bc
—

.8a

4.6a

.6a

1.6a

i.oab

.4b

.8ab

.8ab

.8a

.8a

.4a

.23

2.6a

Shrubs
False mesquite
Flat top eriogonum

——

.8

Mesquite
Jojoba

—

6.8bC

2.0°

12.8ab

6.0bC

5.4bc

18.4a

33.8ab

35.4a

6.4d

24.6abc

18.8bcd

11.4od

7.4°

6.4C

23.4a

14.4b

9.0b

13.8bc

6.8

9.6

3.8

2.8

Grasses
Foxtail brome
Mediterranean Grass
Others

2.4

^Values on same row with same superscript are not different (p < .05)

2.4
at
at
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Table 8.

Percentage composition of cattle diets by location
for major species on May 23.

Species

Trough 1

Upper Pasture
Cholla Ridge
Trough 2
Tank

Forbs
Nuttal milkvetch
Borages

.2

.2a*

.4a

.8a

24.0a

13.6b

9.8b

.8a

i.oa

.6a

4.8a

7.0a

7.2a

.2b

1.6b

4.6a

8.6a

7.6a

7.8a

3.6a

2.6a

,6b

.4a

.4a

.6a

4.2b

10.2a

,4b

39.6b

37.2b

58.8a

Foxtail brome

3.6b

10.4a

1.8b

Mediterranean Grass

4.4a

4.0a

3.6a

5.6

3.8

3.4

Filaree
Slim leaf bursage
Deervetch
Red eye lupine
Globemallow
Shrubs
False mesquite
Flat top eriogonum
Mesquite
Jojoba
Grasses

Others

♦Values on same row with same superscript are not different
(p < .05) .
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Table 9. . Percentage composition of cattle diets by location
for major species on June 10.

Species

Upper Pasture
Cholla Ridge
Trough 1
Tank
Trough 2

—

— —

.2

Borages

.2

——

—

Filaree

-8b *

2.0b

14.8a

Slim leaf bursage

,4b

3.0a

Deervetch

1.6a

.8a

2.0a

Red eye lupine

1.6b

6 . 8a

1.2b

6 . 0b

6.4b

.6b

6.8a

4 . 4ab

Globemallow

H
K)

Nuttal milkvetch

CTt

Forbs

1.2ab

Shrubs
False mesquite
Flat top eriogonum

i . o ab

.4b

2 . 8a

Mesquite

35.2a

30.2a

8.6b

Jojoba

31.0ab

26.4b

44.6a

9.6a

5.2b

3 . 2b

.4a

.6a

.4a

Grasses
Foxtail brome
Mediterranean Grass
Others

5.0

11.8

10.2

*Values on same row with same superscript are not different
(p < .05).
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Table 10.

Percentage composition of cattle diets by loca
tion for major species on June 22.

Species

Trough 1

Upper Pasture
Cholla Ridge
Trough 2
Tank*

Forbs
Nuttal milkvetch

——

—

Borages

,a**
.6

.4a

Filaree

4.0a

2.6a

,4b

2.6a

Deervetch

1.0a

2.2a

Red eye lupine

7.2*

6.6a

12.0a

10.8a

7.0a

5.0a

.2

——

Slim leaf bursage

Globemallow
Shrubs
False mesquite
Flat top eriogonum
Mesquite

17.0a

14.0a

Jojoba

26.8a

34.8a

15.4a

18.0a

2.8a

.8a

Grasses
Foxtail brome
Mediterranean Grass
Others

5.6

2.2

*No samples found in this location on this date.
**Values on same row with same superscript are not different
(p < .05) .

48
Table 11.

Percentage composition of cattle diets by loca
tion for major species on July 17.

Species

Trough 1

Upper Pasture
Cholla Ridge
Tank
Trough 2

Forbs
Nuttal milkvetch
——

Borages

.4

——

1.0b*

3.6a

—

.4

——

—

Deervetch

1.0b

3.4a

,6b

Red eye lupine

5 . 8a

6.0a

9.8a

Globemallow

3.2a

.8a

3.4a

3.8a

3 . 4a

2.2a

4.4a

18.8S

18.4a

6 . 4b

7.4b

29.8a

35.6a

35.2a

23.0b

Filaree
Slim leaf bursage

Shrubs
4 . 2a •

False mesguite

Jojoba

o

*&,

to

Mesquite

pj

——

Flat top eriogonum

Grasses
Foxtail brome
Mediterranean Grass
Others

——

.4

18.4

18.0

—

7.2

*Values on same row with same superscript are not different
(p < .05).
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Table 12.

Percentage composition of cattle diets by loca
tion for major species on August 16.

Species

Trough
1

Upper Pasture
Trough Cholla Ridge
2
Tank

Trough
1*

Forbs
Nuttal milkvetch

.2

——

——

——

Borages

.2

——

——

——

.8a

——

Filaree
Slim leaf bursage
Deervetch
Red eye lupine
Globemallow

2.6a**

—

8.0a

5.4a

7.2a

1.2

.6a

.6a

.6a

.4

—'—

.4b

—

2.2a

5.4

10.2a

5.0a

11.4a

4.0ab

2.0b

—

.4a

1.2a

1.2a

'——

Mesquite

23.2a

27.2a

20.8a

38.8

Jojoba

11.2b

27.2a

35.0a

13.0

23.4a

16.0ab

12.6b

31.4

12.2a

Shrubs
False mesquite
Flat top eriogonum

Grasses
Foxtail brome
Mediterranean Grass
Others

.4a
8.6

.4a
10.4

—

7.2

——
9.8

♦Limited number of samples collected on October 19 to
check diet trend.
**Values on same row with same superscript are not different
(p < .05).
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the lower pasture, from 17% in March to more than 25% in
May.
In the summer months, there was still variation
among sampling locations but not at the same magnitude as
in the spring months.

This reflects the availability of a

diversified plant composition in the spring of the year when
many annual plants grow after winter precipitation.
Even though precipitation in 1979 was about one inch
higher than normal, it was an unusual year in the respect
that there was a very wet winter and a drier than usual sum
mer period.

The dry summer is reflected in less forage

selectivity available among locations in the summer months.
In general, these data show that diet varies with
sampling locations, and that special care should be taken on
choosing the sampling locations on any diet study.
diet should represent the general area in question.

The
Also

caution should be exercised in comparing food availability
data with the general cattle diet as it may not reflect the
same area.
Table 13 shows the mean percent diet composition for
cattle for all locations at each sampling date.

The data

presented in this table represents an average of means that
were different between them, and were only grouped in this
table for a general explanation of the diet.

Table 13.

Average percent composition of major forbs, shrubs, and grasses and
total for life form by sampling date for cattle grazing on the
Sierra Ancha grazing allotment in spring and summer of 1979.
Sampling Dates
May
June
June
22
23
10

Mar.
22

Apr.
11

.5

4.1

1.8

.1

.1

Borages

10.1

4.7

1.1

.5

.1

Filaree

24.6

27.9

19.9

15.8

.3

.3

.5

2.8

11.8

26.3

.8

1.2

2.4

Species

May
1

July
17

Aug.
16

Oct
19

Forbs
Nuttal milkvetch

—

.1

—

.5

.1

.1

—

5.9

3.3

1.5

1.1

.8

1.5

1.5

.1

6.9

1.2

6.3

1.5

1.6

1.7

.6

.4

—

2.1

3.2

6.9

7.2

.9

——

1.4

1.8

8.0

8.3

11.4

2.5

9.1

5.4

41.5

51.4

51.4

33.6

20.6

25.2

13.1

18.8

7.0

False mesguite

——

——

.8

2.3

3.9

6.0

3.8

5.8

.8

Flat top Eriogonum

.8

.2

.4

.5

1.4

.1

2.2

.9

Mesquite

—

.1

4.9

24.7

15.5

20.4

23.7

Slim leaf bursage
Deervetch
Red eye lupine
Globemallow
Total

—

—

—

—

Shrubs

—

—

38.8

Table 13— Continued
Sampling Dates
May
June
June
23
10
22

July
17

Aug.
16

Oct.
19

8.6

45.2

34.0

30.8

14.5

24.5

13.0

.4

9.9

52.9

64.0

52.4

40.9

54.9

52.6

28.2

27.2

21.7

5.3

6.0

16.7

31.3

17.3

31.4

Mediterranean grass 24.2

19.7

12.4

4.0

.5

1.8

.1

.3

52.4

46.9

34.1

9.3

6.5

18.5

31.4

17.6

31.4

2.9

1.3

4.6

4.2

8.9

3.9

14.6

8.7

9.0

Species
Jojoba
Total

Mar.
22

Apr.
11

2.4

.2

3.2

May
1

Grasses
Foxtail brome

Total
Others

—

—
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The cattle diet for March 22 was composed of 52%
grasses, 42% forbs and almost no shrubs (3%) .

Among the

major forage species for March 22 were foxtail brome,
filaree, Mediterranean grass
of the borage family.
different species:

(Schismus barbatus), and species

The borages are represented by four

Plagiobotris arizonicus, Pectocarya

recurvata, Cryptantha barbigera, and Amsinkia intermedia.
These species were grouped together because of difficulties
in identification among them on fecal slides.

Filaree also

is a combination of two species and was also grouped for
the same reasons as above.

Erodium texanum and E . cicu-

tarium compose this group.
On April 11 and May 15, forbs were the dominant
components of the diet at 51%.

Filaree reached its highest

)
point (28%) and started to decrease, deervetch (Lotus
humistratus) increased to 26% of the diet by May 1. Grasses
decreased in composition with Mediterranean grass decreas
ing very rapidly from 24% in March to 4% in late May.

On

May 23 and on June 10, grasses were comprising only 9 and
7% of the diet.

The forbs decreased also on these dates,

from 51% in early May to 34% on May 23 and 21% on June 10.
On May 23 the shrubs had increased to 53% of the
diet with jojoba being the major component with 45% on this
date (Table 13).

The reason could be that jojoba was

actively growing and putting out new leaves and the annual
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forbs and grasses were drying out.

On June 10, shrubs com

prised 64% of the diet, mesquite and jojoba comprised 25
and 34% of the diet respectively (Table 13).

For the rest

of the summer these two species varied from 15 to about 35%
of the diet and were the major species that cattle ate.
The forbs averaged about 20% of the diet during the summer
months, globemallow (Sphaeralcea sp.) and lupines (Lupinus
sparsiflorus) being the most preferred with 11 and 7% at
their highest use, respectively.
On July 17, the shrubs comprised 41% of the diet,
but is not including almost 15% of other plants, such as
whitethorn, catclaw, and palo verde which were in fruit and
were consumed by the cattle on this date (Table 13).
In general. Figure 12 shows graphically the trend
followed by each life form throughout the seasons.

Grasses

and forbs started high at the beginning of the spring as
influenced by the winter precipitation, shrubs were almost
not utilized on these dates, but increase rapidly in late
spring and early summer, maintaining an average of about 50%
of the diet.

This use pattern reflects the green forage

available for the cattle on those dates.

Forbs and grasses

decrease rapidly in diets in late spring and were variable
throughout the rest of the season.
Cows showed a major preference for green growth,
but utilized dry grasses when no green growth was available

O •Mnuee

O

20-

S A M P LIN Q DATE

Figure 12.

Percentage composition of major forbs, shrubs, and grasses in diets
of cattle grazing on the Sierra Ancha allotment in spring and
summer of 1979.

m
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as shown in Table 13.

Foxtail brome comprised more than

25% of the diet on the last three sampling periods even
though it was dry.

These data agree with Connor et al.

(1963), who reported that with limited grass available in a
desert shrub community, grasses comprised 26% of the diet
and shrubs 74%.
Figure 13 presents the percent composition of jojoba
in the diet of cattle, and it shows that the jojoba was not
utilized to a great extent by the cattle in the spring of
1979.

This was due to the great availability of annual

plants that grew in the spring due to winter moisture.

The

greatest percent composition of jojoba in the diet of cattle
occurred in late May, and this was at a time when jojoba was
actively growing and the annual plants were dying out.

The

rest of the summer season jojoba declined in diet composi
tion but still averaged a little more than 20% of the cattle
diets.
Since this plant is the key species in the study
area, some management implications can be pointed out and
supported by this diet analysis.

The data indicate that if

there is good winter moisture, the pastures could be grazed .
without any deferment in March and April, since the cattle
did not use jojoba to a great extent in the early spring.
This is contrary to views of some Forest Service personnel.
Deferment could be implemented as annuals begin to dry and

50-

O 30-

O 20-

5/23

6/10

10/19

SAMPLING DATE

Figure 13.

Percent composition of jojoba in diets of cattle grazing on the Sierra
Ancha allotment during spring and summer of 1979.
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when jojoba is making spring growth if physiological, mor
phological or utilization studies determine that grazing is
detrimental to this plant in late spring and early summer
when jojoba is greatly utilized by cattle.

SUMMARY AND CONCLUSIONS
The spring and summer cattle diets were determined
using the microhistological technique of fecal analysis.
Cattle fecal samples were collected in the spring and summer
of 1979 on the Sierra Ancha Allotment of the Tonto National
Forest near Roosevelt Lake in Central Arizona.
Digested and undigested mixtures of plants found in
the study area were used to test the accuracy of the tech
nique used in this study.

Regression equations showed that

digestion has a marked effect on the plant particles of
certain species.

The undigested mixtures did not show a

one-to-one ratio for species between actual percent composi
tion by weight and estimated percent composition.

The di

gested species showed a one-to-one relationship, indicating
that the technique could be used without adjustments for
over or underestimation of composition data.
Confidence limits placed on the mean of the composi
tion data of the major species consumed by cattle in March
showed that five slides per sampling location were adequate
to estimate the botanical composition of the diets.
A nested experimental design was used to get varia
tion between pastures, sampling locations and samples, for
each species.

Species varied greatly among sampling
59
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locations.

This variation was greater in the spring of the

year than in the summer.

This probably was caused by the

greater availability of new growth produced by the winter
precipitation.

This suggests that special care should be

implemented in selecting the sampling location for any diet
study.
The overall diet during the study period consisted
of 28% grasses, 29% forbs and 37% shrubs, but these data do
not reflect the high seasonal variation that the diet had
during the study period.

There were only two main grasses

in the diet, foxtail brome and Mediterranean grass.

To

gether they varied from a high of 52% in March to a low of
7% in early June.

Foxtail brome was one of the major compo

nents of the cattle diet during the spring and summer.

No

perennial grasses were available on the study area in suf
ficient amount to show a noticeable use by cattle.
The forbs varied from a high of 51% in April and May
to a low of 7% in October.

In the spring of the year, the

major species used were filaree, deervetch and the borage
species.

In the summer months, globemallow, lupine and

bursage were the major forbs consumed by cattle.
The shrub species varied greatly in cattle diets
during the study period.

They ranged from a low of less

than 1% in early spring to a high of 64% of the diet in
June.

They averaged more than 50% of the diet in almost all
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the months from late May to mid-October.

Jojoba, mesquite

and false mesquite were the major shrubs preferred by
cattle.
From this thesis study it can be concluded that:
1.

The microhistological technique can accurately esti
mate the diet of cattle if some means are provided
to check the behavior under digestion of the major
forage species available on the study area.

2.

The variability of the diet was high at the location
level, which reflects vegetation variations and
cattle preference variations.

3.

The sampling locations should be carefully selected
in order to reflect the study area.

4.

The diet varied greatly during the spring and summer
reflecting the cattle selectivity for green growth.
An exception was made with foxtail brome which was
used in the summer when it was dry.

5.

Jojoba was not utilized in the early spring of the
year when winter precipitation produced good annual
growth.

APPENDIX A
STUDY AREA PLANT LIST
Common Name

Scientific Name
Grasses
Aristida pansa
Bromus rubens
Poa annua
Schizmus barbatus
Tridens muticus
Tridens pulchellus

wooton threeawn
foxtail brome
annual bluegrass
Mediterranean grass
slim tridens
fluffgrass

Forbs
Ambrosia confertiflora
Amsinkia intermedia
Apium leptophyllum
Astragalus nuttallianus
Baeria chrysotoma
Baileya multiradiata
Boulesia incana
Calochortus nuttallii
Capsella bursa-pastoris
Cassia covesii
Chaenaetis fremonti
Cryptantha barbigera
Dichelostemma pulchellum
Eriastrum eremicum
Eriogonum inflatum
Eriogonum trichopes
Erodium cicutarium
Erodium Texanum
Euphorbia capitellata
Euphorbia melandenia
Lotus humistratus
Lupinus sparsiflorus
Lygodesmia sp.
Melampodium leucanthum
Orthocarpus purpurascens
Pectocarya recurvata

slimleaf bursage
fiddleneck
celery
nuttal milkvetch
gold fields
desert baileya (marigold)
hairy bowlesia
sego-lily
shepherds purse
hairy senna
false-jarrow
hidden flower
grassnuts
eriastrum
trumpet buckwheat
little trumpet buckwheat
filaree
birdtail
head spurge
spurge
deervetch
red eye lupine
skeletonplant (milkweed)
plains blackfoot
escobita owlclover
combseed
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Scientific Name

Common Name

Forks
Penstemon sp.
Penstemon subulatus
Phacelia sp.
Plagiobothrys arizonicus
Plantago insularis
Polygala macrodenia
Psilostrophe cooperi
Rumex hymenosepalus
Senecio sp.
Sisymbrium irio
Sphaeralcea sp.
Thamnosma Texana
Tiquilia canescens

beard tongue
scarlet tube b.t.
caterpillar weed
blood weed
burro Indian wheat
milkwort
whitestem paperflower
wild rhubarb
groundsel
tumble mustard
globemallow
Texas desertrue
shrubby coldenia

Half-shrubs/
Shrubs and Trees
Acacia constricta
Acacia greggii
Acamptopappus sphaerocephalus
Ambrosia deltoidea
Atriplex canescens
Calliandra erlophylla
Cercidium floridum
Cercidium microphyllum
Encelia frutescens
Ephedra nevadensis
Eriogonum fasciculatum
Fouquieria splendens
Janusia gracilis '
Krameria grayi
Larrea tridentata
Lycium fremontii
Menodora scabra
Opuntia engelmannii
Prospis juliflora
Simmondsia chinensis
Xanthocephalum sarothrae
Yucca sp.
Zinnia pumila

whitethorn acacia
catclaw acacia
rayless goldenhead
triangle bursage
four wing salt bush
false mesquite
blue palo verde
foothill palo verde
bush encelia
boundry ephedra
flat top eriogonum
ocotillo
slender janusia
gray ratany
creosote bush
Fremont wolfberry
rough cods
Englemann prickly pear
common mesquite
jojoba
broom snakeweed
yucca
zinnia
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