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ABSTRACT

A study was conducted during the summer of 1967 to ascertain 

the grazing behavior of four ruminal-fistulated steers to measure 

their relative preference for plant species on mesquite-infested and 

mesquite-free desert grassland pastures.

The steers followed a systematic behavioral pattern throughout 

the study period. During an average animal-day, the steers grazed for 

6.7 hours, ruminated for 4.4 hours, stood idle for 1,2 hours, and lay 

idle for 1.0 hour. During the night the steers grazed 2.0 hours, ru

minated for 2.4 hours, stood idle for 0.25 hour and lay idle for 3.7 

hours. Frequencies of drinking, salting, urinating, and defecating 

were similar to those reported in literature for intact cattle. Sig

nificant differences in behavioral activities were found only for ru

minating time and frequency of urination between trials and for 

salting time among steers.

The order of preference for plant species starting from the 

most highly preferred species was Arizona cottontop, slender grama, 

plains bristlegrass, sideoats grama, forbs as a group, Santa Rita 

threeawn, shrubs as a group, bush muhly, and black grama.

Significant differences were found between trials for the four 

most preferred species and bush muhly; between periods and between in

teractions of pasture and trial for Arizona cottontop, and between 

pastures for shrubs.

viii



INTRODUCTION

In 1966, Henry D, Galt began studies at the Santa Rita Experi

mental Range near Tucson to measure botanical composition of diets for 

cattle grazing on mesquite-infested and mesquite-free pastures. Galt 

was using four fistulated steers for this study. Because of the nature 

of his study, it was possible and desirable to design companion studies 

for the purpose of obtaining further information on range nutrition 

problems. Therein, this study was proposed with two specific objec

tives.

The first objective was to get some information on the behavior 

of fistulated steers. With the recent emphasis on range nutrition have 

come new methods and techniques for study. One of the most significant 

of these has been the use of esophageal and ruminal fistulated animals, 

a development of only the last ten to fifteen years. These techniques 

offer many advantages to the study of botanical composition of diet, 

nutritional characteristics of diet, and forage intake. Despite the 

obvious advantages of using fistulated animals for such studies, there 

is doubtless much skepticism concerning extrapolation of data from fis

tulated animals to non-fistulated or intact animals. Presumably there 

should be close correspondence between the two if wide application is 

to be made of research data from fistulated animals. Although it was 

not possible to compare intact with fistulated steers in this particu

lar study, comparisons can be made with data in the literature or with

1
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data from future studies involving intact animals. Moreover, behavior

al data from range livestock are not plentiful but are useful in range 

management. Results of grazing behavior studies have been useful in 

the development of grazing systems, comparison and evaluation of range- 

lands, interpretation of differences in feed intake between two indi

viduals or groups of animals, and improvement in methods for weighing 

animals that are grazing on the range. Tribe and Gordon (1953) sum up 

the value of behavioral data by saying that ,*... a fundamental under

standing of animal behavior will ultimately lead to improved methods of 

animal management for optimum production since fuller knowledge gives a 

fuller control."

The second objective of this study was to determine the rela

tive preference of the available plant species as expressed by the fis- 

tulated steers and to determine if removal of mesquite from the range 

affected the preference ratings. An animal’s preference for one plant 

over another is an important consideration in evaluating utilization of 

a range and in planning range management and improvement. The presence 

of unpreferred species on the range reduces overall range production. 

Moreover, grazing pressure is shifted to more desired species and may 

result in over-grazing, weakening, and loss of the more preferred 

plants. Meanwhile, the lightly grazed, less preferred species are 

likely to thrive. Thus, a knowledge of relative preference for plant 

species available on a range is one criterion being used to assign a 

proper use factor for plant species. Proper stocking rate can then be 

estimated for the range so that the range can be used most efficiently.



REVIEW OF LITERATURE

During the last twenty years, the need to utilize ranges more 

efficiently has led to increased interest in the behavior of grazing 

animals. Considerable attention has also been paid to the animal pref

erence for different plant species by range researchers.

Grazing Behavior

The study of grazing behavior dates back to the time man 

started domesticating animals. Peterson and Woolfoik (1955) reported 

that a treasure of experience has been built up by ranchers and range 

men since the beginning of agriculture. However, little of their 

knowledge on animal behavior has been recorded in the literature.

Johnstone-Wallace and Kennedy (1944) cited Anderson of 1797 who adopted 

a system of rotation grazing as a result of his observations on certain 

grazing habits of cattle. Hodgson (1933) noticed that cows grazed 28 

minutes less in rotational grazing than with continuous grazing, but 

the cows grazed more frequently when grazing rotationally.

A possible relationship between an animal's behavior and its 

productivity has been reported. Graves et al. (1933) compared two 

groups of dairy cattle. One group was kept in a barn and fed grasses 

which had been clipped from a pasture while the other group grazed on 

the same pasture. Rate of increase in milk production and body weight 

was higher for the cows kept in the barn. This suggests that the act 

of grazing consumes energy that might otherwise be used in production.

3
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In some parts of Africa, cattle are confined each night in small pro

tected pens without feed and released again each morning for grazing. 

Joblin (1960) reported that this kind of grazing was one of the impor

tant factors which limited annual weight gain per animal to only 100 to 
150 pounds in that part of the world.

Data from behavior studies may be useful in solving many prob

lems related to range and livestock management. For example, the graz

ing animal is often used as the harvesting mechanism in range research 

with weight gains or losses used as a criterion of response. The fac

tors affecting weight gains are many, and of the several procedures 

used to obtain livestock weights, none have seemed quite satisfactory. 

Hughes and Barker (1950) used information gained from behavior studies 

to increase the accuracy of weighing animals on the range. The weights 

recorded early in the day when the animals were generally of a constant 

habit had a minimum day-to-day variation and were comparable to those 

obtained after over-night fasting. Hancock (1954) stated that grazing 

behavior may be useful in explaining why one pasture is more productive 

than another. Doran (1943) concluded from his studies on sheep that 

knowledge of grazing behavior aids in obtaining the most efficient use 

of a range.

Hancock (1955) conducted a study to relate animal behavior and 

incidence of bloat on a clover pasture. His results did not show any 

relationship with the day-to-day fluctuations in the incidence of bloat. 

However, the results proved that the incidence of bloat could not be 

prevented by changing the grazing habits of the animals. Thus, animal
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behavior can be related to some characters such as weight gains while 

it may not be related to others such as bloat.

Factors Affecting Animal Behavior

Some of the factors that affect animal behavior are known. A 

study with identical twins showed that inherent individuality was an 

important factor in determining grazing behavior (Hancock, 1950). The 

difference in average grazing times between identical twins was only 

7*5 minutes; with non-identical individuals, grazing time differed by 

2*5 hours.

Besides heredity, environment has a great influence on the ani

mal. Cory (1927) stated that once cattle "bed down" at night, they re

main down until daylight. Other studies have obtained results to the 

contrary (Hancock, 1950; Hardison et al., 1956; Dwyer, 1961; Wagnon, 

1963; Nelson and Furr, 1966). Results of most studies show that ani

mals prefer to graze during the daylight hours. However, when the 

weather is unfavorable animals may graze at night (Hancock, 1953).

There is a very strong positive relationship between the length of the 

day and the time cattle spend grazing in daylight hours. During the 

months of longest days, little or no grazing occurs in darkness, but 

with shortening days cattle spend a greater part of their grazing time 

in darkness (Hancock, 1950; Dwyer, 1961).

Davis (1960) found that under conditions of high environmental 

temperature cattle reduced their feed intake when the relative humidity 

increased. He found that at 90 F an increase from 20 to 40 per cent 

relative humidity caused the amount of food eaten to fall by 15 per
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cent and that at 50 per cent relative humidity, the cattle ate 20 per 

cent less. Maximum day temperature of 85 F and over reduced the time 

spent in grazing (Seath and Miller, 1946; Dwyer, 1961). Cattle grazed 

about 24 per cent less on a hot day than on a cool day. They spent 17 

per cent less time grazing on hot days than on days with moderate tem

perature (Dwyer, 1961). In some areas seasonal fluctuations were taken 

into consideration in animal behavior studies. In the tropics cows 

grazed for a shorter time during the hottest part of the year than in 

the cool season (Payne, Laing, and Raivoka, 1951).

Driving rains and cold blustery winds cause cattle to stop graz

ing and seek shelter (Hancock, 1953). Extremely bad weather reduces 

the time spent in grazing, but cattle are able to make up at least part 

of the lost feed intake by longer periods of grazing either during the 

same day or on succeeding days (Castle, Foot, and Halley, 1950).

The quality of forage available on a range affects the behavior 

of the grazing animal. Halley (1955) found that stemmy grass species 

caused long rumination times, whereas with leafy materials ruminating 

time was shortened. Waite, MacDonald, and Holmes (1951) found that 

dairy cows grazed for 9 to 10 hours on young grass containing 17 to 18 

per cent crude protein; for the grass containing 8.5 per cent crude 

protein, grazing time was only 7.7 hours. Thus, the relative amount of 

time spent on grazing and ruminating activities appears to be associated 

with protein and fiber content of the feed.

The condition of a range has an effect on the grazing activi

ties. Range animals graze longer hours when the range is in poor
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condition or when little forage is available (Dwyer, 1961; Wagnon,

1963). Hein (1935) observed that approximately 8.75 hours were spent 

grazing pastures when forage was abundant as compared to 10 hours for 

pasture with less forage. Athenson, Shaw, and Cave (1942), in a 

twelve-hour daylight observation, found that 62 per cent of the avail

able time was occupied in grazing where the pasture was in poor condi

tion, 56 per cent where it was fair, and 46 to 50 per cent where it was 

good. Wardrop (1953) found that cows turned into pasture previously 

grazed by a large herd increased their grazing time by 12 per cent 

compared with their behavior on fresh grass. Thus, as the supply of 

forage decreases the grazing time increases.

The effect of feed supplement on grazing behavior has been 

studied on dairy cows. Hardison e_t al. (1956) found that feeding six 

pounds of grain per cow reduced grazing time by 7.5 per cent. As a 

result, the cows save some energy otherwise lost in the exercise of 

grazing. This energy may be used for production of more milk or in 

other metabolic processes.

Amount of Time Spent on Grazing Activities

Most studies of grazing behavior record the time the animal 

spends in grazing and ruminating, and many give the time Spent in lying 

down, stand, and walking. Some of the recorded results are given in 

Table 1.

As shown in Table 1, the amount of time spent in grazing ranges 

from 7.2 to 11.5 hours; ruminating time ranges from 6,5 to 10.5 hours;



8

standing time ranges from 1.3 to 6 hours; lying time ranges from 1.26 

to 7.1 hours, and walking time ranges from 0.23 to 1.6 hours.

Table 1. Summary on some published data on amount of time spent in 
various grazing activities of intact animals.

Breed Grazing Ruminating Standing Lying Walking Reference

Hours Per Day

Hereford3 7.7 1.3b 1.4 1.7 1.4 Cory, 1927

Hereford 11.5 7.0 1.9 1.6 - Peterson and 
Woolfolk,1955

Hereford 7.6 6.8 2.4 7.1 0.23 Hughes and 
Reid, 1951

Hereford 11.5 8.2 1.3 2.8 - Hull,Lofgreen,
• and Meyer,1960

Hereford 9.7 10.5 2.1 1.26 0.44 Dwyer, 1961

Hereford 10.1 8.0 2.6 2.0 1.1 Nelson and 
Furr, 1966

Zebu
(Brahman) 7.8 • 6.5 4.9 6.1 1.6 Wilson, 1961

Zebu 7.2 6.6 6.0 4.2 Lampkin, 
Quarterman, 
and Kidner, 
1958

Holstein 8.4 6.9 4.4 4.3 - Hancock, 1954

a. Data recorded from the time the animal rose early in the
morning until bedding down at night.

b. Ruminating time while standing only.
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Other activities often recorded by researchers are the number 

of defecations, urinations, and drinks. Some of these results are re

viewed in Table 2.

Table 2. Average number 
animal per day.

of drinks, defecations, and urinations per

Breed Defecations Urinations Drinks Reference

Holstein 16.2 12.1 2 Wardrop, 1953

Holstein 14.5 9.6 4.8 Hardison et al., 
1956

Holstein 12.2 10.1 3.7 Hancock, 1954

Hereford 12.1 8.4 1.5 Wagnon, 1963

Hereford 12.2 4.6 3.5 Dwyer, 1961

Hereford 11.8 8.5 1.0 Johnstone-Wallace 
and Kennedy, 1944

Data in Table 2 indicate that the frequency of defecation var

ies from 12 to 16; frequency of urination varies from 5 to 12, and the 

number of drinks varies from 1 to almost 5 per animal per day.

Grazing Preference

Range animals encounter a variety of plant species when grazing 

on the range. Many workers have shown that animals do not graze plant 

species at random but exhibit preference for certain species (Cory, 1930; 

Corbett, 1953; Hurd and Pearse, 1944; Heady, 1964; Weaver and Tomanek, 

1951 and many others).
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In the study of range nutrition, two terms, palatability and 

preference, have been used interchangeably. Some workers use the two 

terms as synonyms (Ivins, 1952; Soc. Amer. Foresters, 1958). Others 

use them differently (Heady, 1964; Tribe and Gordon, 1953). Even if 

the two terms are used differently, the factors that affect one affect 

the other (Cory, 1930). Therefore, their significance in range manage

ment and the factors that affect them are reviewed here jointly.

The importance of preference or palatability in range nutrition 

has been investigated by many workers. Hignett (1950) considered pref

erence as one of the factors that affect fertility of dairy cattle. 

Ivins (1952) emphasized that preference is an important factor which 

must be respected and studied by professionals in range management and 

animal husbandry. Many have agreed that palatability has an important 

influence on feed consumption by the grazing animal (Jordan and Wedin, 

1961; Jordan and Marten, 1965). From this it follows that palatability 

has added significance in relation to the evaluation of a range. Hurd 

and Pearse (1944) working with eight grasses commonly used in reseeding 

found that some were definitely preferred over others. They concluded 

that grasses of high and low preference should not be planted together. 

Heady (1964) stressed the fact that a better understanding of palata

bility will aid the interpretation of vegetational changes and facili

tate development of animal management practices, planning range 

improvement programs, and determining the food intake of grazing ani
mals
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A number of studies have been conducted to determine the fac

tors that influence preference of animals for certain plant species. 

Tribe (1952) stated that preference varies among individual animals 

within the same species because of genetic variation and with the same 

individual at different physiological times, for example, during per

iods of growth, pregnancy, and maturity. Climate (Cook, 1959; Tribe, 

1952), soil, fertilizer (Tribe, 1952; Rogler, 1944), soil moisture and 

topography (Cook, 1959), temperature and rainfall (Castle and Halley, 

1953; Corbett, 1953), wetness of the foliage, time of the day and 

season of growth (Springfield and Reynolds, 1951) appear to be factors 

that influence the palatability of plants or preference of cattle for 

plants. Bender (1934) indicated that nitrogen-treated grass was more 

preferred than that grown without nitrogen. Beaumont, Stitt, and Snell 

(1933) found that stage of growth affected preference. Cows showed 

little discrimination between plants when grasses were 2 to 4 inches 

high but showed definite preference when grasses were 4 to 6 inches 

high. Other workers confirmed that maturity of forage was an important 

factor affecting preference (Rogler, 1944; Tribe, 1952; Springfield and 

Reynolds, 1951). The degree of harshness and hairiness of plants has 

been found to have an effect on preference (Tribe, 1952). Rogler 

(1944) found that intensity of grazing, rate of recovery, amount of 

mixture with associated species, and drought resistance of the plants 

affect the preference.

Some workers tried to relate the palatability of a plant to its 

chemical composition. Dwyer (1964) found color as influenced by
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nitrogen content of the plant to have an effect on preference. Feeds 

that were high in protein were preferred to those with low protein con

tent (Hardison et al., 1956; Hobbs, Gallup, and Taylor, 1945; Cook,

1959; Blaser ejt aJL., 1960; Heady, 1964). Plants with high fatty acid 

content were preferred to those with low fatty acid content (Blaser et 

al., I960). Plice (1951) found that preference for a plant increased 

as the sugar content increased. Leigh (1961) reported that grasses 

high in phosphate and potash were most preferred by livestock. Other 

workers agreed that chemical composition of a plant was indicative of a 

plant's palatability. They tend to believe, however, that not only one 

but all chemical components taken together were indicative of a plant's 

palatability (Albrecht, 1945; Cook, Stoddart, and Harris, 1956; Cook, 

1959). On the other hand some researchers have arrived at the conclu

sion that there is no consistent relationship between chemical composi

tion and preference of a plant (Johnstone-Wallace and Kennedy, 1944; 

Hardison et al., 1956).

There is no accurate method which can be used to determine the 

preference of grazing animals for particular plants. Hence, several 

methods have been used by different investigators. One of the methods 

that has been in use for some years is collecting forage samples before 

grazing and after grazing, the difference being the amount consumed by 

the animal (Cook, Harris, and Stoddart, 1948). Others have taken for

age samples by observing the grazing animal and hand-picking the forage 

believed to be comparable to that consumed by the animal (Halls, 1954; 

Edlefson, Cook, and Blake, 1960). Other investigators have recommended 

frequent ocular estimates of the quantity of each species grazed as an
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adequate method of measuring preference (Hubbard, 1952; Cowlishaw and 

Alder, 1960). The most recent method which is in the process of devel

opment is collecting samples from the animal itself through ruminal or 

esophageal fistula.

Fistulated Animals

Direct forage sampling by use of grazing animals was first ac

complished by Torell (1954) with the establishment of a successful 

esophageal fistula in sheep. Many other workers later used the method 

with cattle. An alternative method to the esophageal fistula is the 

use of a rumen fistula. The establishment and maintenance of rumen 

fistula in cattle is simple and trouble free (Balch and Cowie, 1962). 

The procedure for collecting forage samples from rumen fistulated ani

mals is explained by Lesperance e_t al. (1960). The method involves 

evacuations of the rumen by hand through the fistula.

Since the development of fistula technique, researchers have 

used fistulated animals to determine the quality and quantity of diets 

of range animals (Russoff and Foot, 1961; Van Dyne, 1964; Cook, Blake, 

and Call, 1963; Galt, 1966). However, very little is known about the 

behavior of animals after being fistulated. Bath, Wier, and Torell 

(1956) stated that keeping the animal in good health is the most diffi

cult task. This may imply that behavior of fistulated animals may be 

influenced markedly. However, technological advancements and experi

ence in use of the technique have overcome most health problems of the 

animals that were associated with the fistula. Arnold et al (1966)
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found that esophageal fistulated sheep selected diets higher in nitro

gen content than did intact sheep grazing on the same pasture.

Lesperance and Bohman (1963) compared digestibility of fistu

lated and intact animals under drylot conditions, where rumen contents 

were removed three different times from fistulated animals during a 7- 

day collection period. In their work, intact animals digested signifi

cantly more dry matter than ruminal-fistulated steers because of the 
evacuations. This may change the behavior and grazing preferences of 

the animal and as a consequence the results of such studies may' not ap

ply to intact animals.



DESCRIPTION OF THE STUDY AREA

The study was conducted during the summer of 1967 on the Santa 

Rita Experimental Range, 35 miles south of Tucson, Arizona. The study 

area was typical of desert grassland range in southern Arizona, New 

Mexico, and Texas.

The topography of the area is gently sloping hills dissected by 

a few shallow dry washes. The elevation is about 4,200 feet. The 

soils include White House gravelly sandy loam and Tumacacori coarse 

sandy loam. Both are considered good soils for growth of grasses 

(Young et al., 1935). The average annual precipitation is 14 to 16 

inches. Sixty per cent of the total rainfall falls in the summer from 

late June through September, the remainder falling from December through 

April (Martin, 1966). During summer the maximum temperature ranges from 

80 F to 100 F and the minimum temperature ranges from 60 F to 70 F.

The specific site selected for this study was an 80-acre pas

ture that had abundant forage. The pasture has been under good range 

management for several years and is considered in good condition. Per

sonnel of the Rocky Mountain Forest and Range Experiment Station 

treated the north half of the pasture with low grade diesel oil in 1954 

and 1955 to eradicate velvet mesquite (Prosopis juliflora var. velutina 

(Woot.) Sarg.).* The oil was very effective in killing every individual

1. Scientific names of plants used- in this thesis follow nomen
clature of Kearney and Peebles (1960).
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mesquite plant (Figure 1). Eradicating mesquite plants was necessary 

because forage production was decreasing tremendously as the mesquite 

plants invaded'the range and replaced the perennial grasses. The mes

quite stand of the south-half pasture has not been disturbed, and at 

present it covers almost twice as much area as it did in 1900 (Martin, 

1966; see Figure 2). The two halves were fenced in March, 1966.

Except for the velvet mesquite, both pastures contained about 

the same kind of vegetation. The major shrub (excluding velvet mes

quite) present on each pasture was catclaw (Acacia greggii Gray). The 

main perennial grasses present on both pastures were Santa Rita three- 

awn (Aristida glabrata (Vasey] Hitchc.); spidergrass (Aristida ternipes 

Cav.); sideoats grama (Bouteloua curtipendula TMich.*] Torr.); black 

grama (Bouteloua eriopoda Torr.); slender grama (Bouteloua filiformis 

[Fourn.Jj Griffiths); bush muhly (Muhlenbergia porteri Scribn.); plain 

bristlegrass (Setaria macrostachya H.B.K.); and Arizona cottontop (Tri- 

chachne californica PBenth.l Chase), In addition some forbs were pres

ent on both pastures during the summer.



Figure 1. A typical area of the mesquite-free experimental pasture on the Santa 
Rita Experimental Range.



Figure 2, A typical area of the mesquite-infested experimental pasture on the 
Santa Rita Experimental Range,

00



METHODS AND PROCEDURES

This study was conducted concurrently and made possible by 

Galt's study on "The relationship of botanical composition of steer 

diet to digestibility and forage intake on a desert grassland." Galt 

was interested in determining the botanical composition of a steer’s 

diet using fistulated steers. He was also interested in determining 

differences in forage consumption by fistulated steers on a mesquite- 

free and a mesquite-infested range. To study these problems, Galt 

systematically grouped four fistulated steers into two pairs to de

crease differences within pairs as much as possible. He placed one 

pair of steers in each of two pastures (mesquite-infested and mesquite- 

free) in December, 1966. Forage samples were collected from the ani

mals by evacuating the rumen about every twelve days. These samples 

were assumed to represent the complete diet eaten throughout the 

twelve-day period. He switched the two pairs of steers back and forth 

from one pasture to another in a cross-over design (Cochran and Cox, 

1951), because this was the most reliable way to separate animal dif

ferences from pasture differences. The four steers used had been fis

tulated in March, 1966. The fistula of each animal was fitted with a 

one-piece semi-pneumatic plug (Figure 3). Each steer wore a neck chain 

with a tag number and a bell so that he could be identified and located 
quite easily.

19
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Figure 3. Two of the four fistulated steers used in determin
ing behavior and grazing preference.
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The fact that Galt had his study under way during the summer of 

1967 made it possible for this study to be conducted. However, because 

this study and Galt's were conducted simultaneously using the same ani

mals and because the conduct of Galt's study required the manipulation 

of animals not required by my study, certain restrictions and limita

tions were imposed on this study. As a consequence of Galt's study, 

this study was forced to use a cross-over design. The experimental de

sign for my study included observation of animals for sixty days from 

June 27 to September 9, 1967. Six periods consisting of ten days each 

were used. The six periods were divided into three trials of two per

iods each. Each pair of steers was turned into one pasture on the 

first day of a period and switched over to the second pasture at the 

end of the period. Within each period a restricted random procedure 

was used to determine the sequence for observing each animal on each of 

two days. The selected animal was followed and observed for a complete 

day. Thus, within each trial (two periods) each of the four steers was 

observed for two days in each of the two pastures. Observation on a 

particular steer for any given day began when he arose in the morning, 

usually about 5:45 AM and continued until he ceased grazing, commonly 

at 8:30 PM. In this thesis the period from rising until bedding is re

ferred to as an animal-day.

The time of day at which any change of activity occurred and 

the amount of time spent in various activities were recorded to the 

nearest minute. A stop-watch was used to record the duration of activ

ities normally requiring less than a full minute. The observed
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activities were grazing, lying-ruminating, standing-ruminating, walk

ing, standing, lying, drinking, salting, and mastication of a cud. The 

frequencies of drinking, salting, urinating, defecating, and mastica

tion of a cud were also gathered for the day.

The experimental pasture was divided into two types, based on 

the infestation of velvet mesquite. The crown cover of velvet mesquite 

in the mesquite-infested pasture was estimated by the line-transect me

thod (Canfield, 1941). Thirty line-transects of one hundred feet each 

were sampled on the pasture. The species composition and forage pro

duction of the plant species (excluding velvet mesquite) in both pas

tures were determined by the double sampling method (Wilm, Costello, 

and Klipple, 1944), using 9.6 square feet quadrats. A total of fifty 

quadrats were sampled in each pasture; every fifth quadrat was clipped 

and weighed; the weight of the remainder was estimated. Botanical com

position of the pasture was determined from the forage weight data.

The number of bites taken by an animal per unit of time was used 

as the criterion of relative preference for plant species. Although it 

was impossible to record every bite, it is believed that fairly good 

estimates were obtained. The animals had become so tamed from observa

tion in earlier experiments and pilot observation prior to actual data 

collection that movement by the observer caused them to be scarcely 

disturbed at all. It was possible to stay within thirty feet of a 

steer during most observation periods. Field binoculars (7 x 50 magni

fication) were used to observe the steers whenever they performed an 

activity far from the observer.
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Once in every period, a pair of steers was observed for a com

plete night. This was readily accomplished since both steers on the 

same pasture spent the night together. During dark nights the bells 

which hung from their necks and a flashlight were helpful in making ob

servations. Use of the light had a noticeable effect on the activity 

of the steers. Its use was avoided as much as possible. This made it 

difficult to collect the night data accurately. Therefore, data col

lected during the night observations are of questionable accuracy.

During the third period the steers were harnassed with a bag 

for collection of feces for Galt's study. The study was interrupted 

for four days so that the steers would be adjusted to the bags. Obser

vations were resumed when it was observed that the effect of harnassing 

on animal behavior had diminished.



RESULTS AND DISCUSSION

Grazing Behavior

During a given period of ten days each pair of steers was free 

to move and graze as they wished on one of the two pastures to which as

signed. They were not. allowed, however, to move from one pasture to 

another. Because of requirements of Galt's study other restrictions 

were placed on free choice of activities by the steers. Nearly every 

morning the steers were taken to the corral on the eastern corner of 

the pastures for collecting fecal samples for Galt's study. The steers 

spent an average of four minutes traveling from the place of activity 

to the corral. They were kept in the corral for about ten minutes. 

During the period when steers were harnassed with fecal collecting bags, 

they were taken to the corral each morning and evening to change the i 

bags. The bags were usually filled with feces by the time for changing 

the bags. The bags were heavy when they were filled with feces; the 

average weight of a full bag was 23.5 pounds. Thus, the steers took a 

longer time or an average of seven minutes to reach the corral when 

they were carrying the bags. The animals were kept in the corral for 

an average of twenty-five minutes to change the bags. While the steers 

were waiting, the activities performed were either drinking, salting, 

ruminating, or standing.

The fistulated steers were evacuated ten times by Galt during 

my study period. Since a significant portion of the day was required

24
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for evacuation activities, no observations were made on days scheduled 

by Galt for rumen evacuation. The study was resumed the second day 

after evacuation.

To determine the significance of the pasture differences shown 

in Table 3, the time spent in each activity by the steers was subjected 

to an analysis of variance. The significance of the differences

Table 3. Average time spent at various activities by fistulated steers 
within an animal-day on mesquite-free and mesquite-infested 
pastures.

Activity Mesquite-free
Pasture

Mesquite-infested 
Pasture

Animal-day 14.53 hours 14.32 hours

Grazing 6.75 " 6.79 ft

Lying Ruminating 2.81 " 2.89 II

Standing Ruminating 1.46 " 1.61 II

Total Ruminating 4.28 " 4.51 II

Lying-idle 1.34 " 1.08 II

Standing-idle 1.02 " . 0.91 It

Total Idling 2.37 " 1.99 II

Walking '22.93 minutes 23.83 minutes

Drinking 5.63 " 4.87 n

Salting 38.63 " 33.60 ti
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between trials, between the two periods within a trial, between conse

cutive days, between individuals and pairs of steers was determined for 

each variable. The resulting mean squares are shown in the Appendix, 

Table Al. Throughout this thesis, the 0.05 level of probability has 

been considered significant; the 0.025 level highly significant.

The 24-hour day was divided into animal-day and animal-night.

The animal-day may be expressed as the time spent from rising early in 

the morning until the animal lies down late in the evening. The animal- 

day began at day-break just as objects could be identified slightly by 

the human eye. The animal-day for the steers in this study was usually 

the time between 5:45 AM and 8:30 PM and averaged 14.4 hours per steer. 

This time is less than the 15.3 hours reported by Dwyer (1961) for in

tact Hereford cows, but relatively longer than 13,6 hours reported by 

Cory (1927) for intact Hereford cows and bulls. The time between 8:30 

PM and 5:45 AM represented the animal-night which averaged 9.6 hours.

The analysis of variance showed no significance in length of animal-day 

as a function of the sources of variation tested.

Grazing

Grazing time may be expressed as the total grazing time and the 

short time of walking while selecting forage. There was a characteris

tic grazing pattern in an average animal-day. The main grazing schedule 

was composed of two major and two minor periods. The major grazing 

periods occurred in the morning and in the evening; the two minor per

iods occurred around mid-day. The first major period began at 5:45 AM 

and lasted until about 8:00 AM (Figure 4). The next grazing period was
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Figure 4. Schematic diagram depicting grazing activity of fistulated steers within an 
animal-day based on average data of all observations.
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the minor period that began about 9:30 AM and lasted until about 10:30 

AM. The second minor grazing period occupied the time between 12:30 PM 

and 1:30 PM. The last daylight grazing period was the period of great

est activity. It began about 4:30 PM and lasted until 8:30 PM.

During the two major grazing periods the steers consumed many 

bites of forage within a single step. During the two minor grazing 

periods, the steers usually walked several steps between bites. An av

erage of 27.8 per cent of the daylight grazing time occurred during the 

first major grazing period, as compared to 43.7 per cent in the last 

major grazing time. The forenoon and afternoon minor grazing periods 

averaged 12 and 13 per cent of the total daylight grazing time, respec
tively.

When grazing a particular plant, the steer would observe the 

plant, walk towards it, and sniff it before either rejecting or eating 

the plant part. This cycle was repeated throughout the grazing period. 

The time taken to complete this cycle was very brief and difficult to 

determine.

The pair of steers on each pasture usually grazed together.

Most of the time one of the steers was a leader. There were few cases 

where the usual leader became a follower. The leaders commonly walked 

faster than the followers. This may be the reason why two of the 

steers happened to be leaders. The amount of time spent in gathering 

forage averaged 6.7 hours per animal-day for the two groups and for the 

two pastures (Table 4), This is a longer time than the 6.0 hours
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Table 4. Time spent 
grazing on

in daytime activities by four fistulated 
a desert grassland.

steers

Activity Steer Number
1 2 3 4 Average

H o u r s

Animal-day 14.29 14.48 14.53 14.25 14.43
Grazing 6.83 7.21 6.52 6.13 6.67
Ruminating-lying 2.65 2.93 2.95 2.88 2.85
Ruminating-standing 1.43 1.39 1.70 1.67 1.55

Total 4.08 4.32 4.65 4.55 4.40

Idling-lying 1.19 1.02 1.15 1.48 1.22
Id1ing-s tanding 1.08 0.92 0.85 0.98 0.96

Total 2.27 1.94 2.00 2.46 2.18

Walking 0.30 0.37 0.41 0.43 0.39
Salting 0.53 0.65 0.73 0.81 0.68

M i n u t e s

Drinking 5.20 5.25 5.58 4.85 5.22

Frequency (Number/Animal-day)
Drinking 2.8 2.7 3.0 2.3 2.7
Salting 2.6 2.6 3.1 2.4 2.7
Defecation 7.4 8.1 9.2 7.1 7.9
Urination 5.9 5.4 6.1 . 4.6 5.5
Mastication/Bolus 44.6 45.7 48.7 40.8 44.9

S e c o n d s

Time to Chew One
Dolus 42.4 40.5 37.8 43.3 41.0
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reported by Cory (1927) but similar to the 6.5 hours described by Lamp- 

kin ejt aJL. (1958).

Observations of the grazing behavior of the steers were made on 

six nights for each pair of steers. ' It was possible to observe both 

steers of a pair simultaneously since they seldom performed any activity 

far from one another at night. Timing of the experiment offered an op

portunity for observing the animals on nights with one-quarter to full 

moon and no moon. At night the steers had an average of two grazing 

periods. The first grazing period was usually between 10:00 PH and 

11:00 PM, and the second grazing time was between 1:30 AM and 3:00 AM. 

The average amount of time spent by a steer in grazing was 1.97 hours 

per animal-night (Table 5). This time was similar to the two hours re

ported by Dwyer (1961) for intact cattle.

The total amount of time spent grazing by a steer averaged 8.64 

hours per 24-hour day, of which 67 per cent occurred during the animal- 

day and 23 per cent during the animal-night. Grazing time consumed 36 

per cent of the total activity of an animal in a 24-hour period (Table 

6). Analysis of variance showed no significant difference between the 

sources of variation tested in relation to grazing (Table Al).

Factors that affected grazing. Daily temperature seemed to 

have some effect on grazing. On very hot days (90 F to 100 F) the 

steers would not graze in mid-day. The steers looked for the shade of 

shrubs, and when they found it they would lie down until the weather 

cooled again. On very hot days the steers grazed until late in the 

evening, i.e., until about 9:00 to 9:30 PM.
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Table 5. Nighttime activities of the four fistulated steers in rela
tion to moonlight.

Steer
Number Grazing Total

Ruminating
Total
Idling

H o u r s
1 k  to full moon 1.99 2.06 4.06

No moon 1.84 ' 2.18 4.12
2 k  to full moon 2.18 2.29 3.83

No moon 1.95 2.44 3.90
3 h i to full moon 2.05 2.58 4.13

No moon 2.13 2.89 3.80
4 k  to full moon 2.16 2.47 4.04

No moon 1.95 2.65 3.73
Average 1.97 2.42 4.00

Table 6. Average time spent in 
day, animal-night, and

various activities during the animal- 
1 24-hour day.

Activity Animal-day Animal-night 24-hour Day

Hours % Hours 7. Hours 7.
Grazing 6.67 46.2 1.97 20.5 8.64 36.0
Lying-ruminating 2.85 19.8 2.14 22.3 4.99 20.8
S tanding-rumina ting 1.55 10.7 0.28 2.9 1.83 7.6
Total Ruminating 4.40 30.5 2.42 25.2 6.82 28.4
Lying-idle 1.22 8.4 3.75 39.1 4.96 20.7
Standing-idle 0.96 6,6 0.25 2.6 1.21 5.0
Total Idling 2.18 15.0 4.00 41.8 6.17 25.7
Walking 0.39 2.7 - - -
Drinking 0.09 0.6 - - - -
Salting 0.61 4.2 - - - -
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During the study period there was an opportunity to observe the 

animals on days when there was a heavy rainfall. On such days the 

steers stopped grazing as the rain began and stood at the spot where 

they were last grazing. The steers often ruminated during periods of 

rainfall and resumed grazing as the rain stopped. Thus, rainfall, if 

intense, seems to limit the grazing time.

Duration of night grazing periods was not affected by the amount 

of moonlight (Table 5). There was no significant difference between 

the time spent grazing with a full moon and no moon at all. The aver

age grazing time was 2.09 hours on nights with moonlight as compared 

with 1.97 hours on nights without moonlight. This result is similar to 

most of the studies reported on intact animals (Hancock, 1953),

Ruminating

The second most time-consuming activity of the steers, next to 

grazing, was rumination. Rumination time as defined by Hancock (1953) 

is the total time spent in regurgitation, mastication and swallowing of 

ruminal ingesta, and the short intervals between boluses. Rumination 

occurred while the animals were standing and lying down. In rare cases 

the steers ruminated while walking slowly.

In this study rumination time was recorded, as the standing- 

ruminating, lying-ruminating, and total ruminating. The total time 

spent in ruminating averaged 4.4 hours per steer per animal-day. Of 

this total ruminating time, 1.55 hours was performed while standing and 

2.85 hours while lying down (Table 4). Total ruminating time per
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animal in this study was about the same as that reported by Dwyer 

(1961), 4.42 hours per animal-day.

There was a significant difference between trials in ruminating 

time (Table Al). The average time spent in ruminating was 3.8, 4.3, 

and 5.1 hours per steer per animal-day during the first, second, and 

third trials, respectively. The first trial came during the growing 

stage of most plant species, while by the end of the third trial the 

plants had matured, reproduced, and lost their green color. Thus, the 

difference in ruminating time might have been caused by the moisture 

content and maturity of the forage. Immature plants of high water con

tent take a relatively smaller amount of time to ruminate than dry and 

coarse forage. There was no significant difference with other sources 

of variation.

Determination of ruminating time at night was the most diffi

cult of all observations. The use of a flashlight was not possible 

whenever needed because the steers were disturbed by the light. When 

the beam of flashlight was directed at an animal, the animal either 

stopped his activity and stared at the observer or walked away from the 

observer. This difficulty in observation undoubtedly introduced errors 

in the results. During the animal-night, the steers ruminated an aver

age of 2.42 hours, of which 2.14 hours occurred while lying down and 

0.28 hours while standing (Table 6). Thus, during darkness steers de

finitely preferred to ruminate while lying, whereas during the daylight 

this preference was less apparent.
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The total ruminating time in a 24-hour period averaged 6.82 

hours per steer. Of this, 1.83 hours occurred while standing; 4.99 

hours occurred while lying down. On the average the total ruminating 

time comprised about 28.4 per cent of the 24-hour activity, with 64.5 

per cent of the rumination done during the day. The total ruminating 

time in 24 hours was about the same as the 6.8 hours reported by Hughes 

and Reid (1951) for intact Hereford steers.

The frequency of mastication or chewing the cuds was determined 

by counting. The time required to chew each bolus was recorded with a 

stop watch. One hundred boluses were sampled for each steer. The av

erage number of mastications was 45 per bolus for the four steers 

(Table 4). The average time required to masticate each bolus was 41 

seconds. The frequency of mastication reported here is less than the 

53.3 found by Hancock (1954) but higher than 39.3 found by Wagnon 

(1963) for intact cattle. The time required to masticate a bolus found 

here was somewhat shorter than the 44.4 seconds reported by Dwyer 

(1961).

Idling

Idling time is the total time spent in lying and standing posi

tions while the animal was not engaged in either grazing, ruminating, 

or walking. The average time spent in total idling amounted to 6.17 

hours per steer per 24-hour period (Table 6). This time was less than 

7.1 hours reported by Hughes and Reid (1951) and higher than 4.6 hours 

reported by Nelson and Furr (1966). The idling time- represented 25.7 

per cent of the total daily activity. The steers spent an average of
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2.18 hours per animal-day and 4.0 hours per animal-night in idle time 

(Table 6). The analysis of variance did not show significant differ

ences in idling time for the sources of variation tested.

Standing-idle. At the beginning of the animal-day, the steers 

usually stood a few minutes before they began grazing. While the 

steers were standing they completed their rumination which was commonly 

performed before getting up. The steers then stretched and licked 

their bodies. They then walked to a nearby tree and scratched part of 

their body.

During the grazing periods the steers commonly ceased grazing 

for some time to stand idle or to observe other animals or cars passing 

along a nearby road. The animals largely or altogether ceased their 

grazing activities at times and looked for protection from the sun.

On the warmer days the steers spent their idling time by stand

ing more than lying down during the animal-day. In some cases the ani

mals seemed as though" they were getting tired of lying down and rose to 

rest on their legs. There were certain times when flies were bothering 

the steers and they had to run from one shaded position to another try

ing to avoid them.

The average number of hours spent standing-idle was 0.96 hours 

per steer per animal-day. This was about 6.6 per cent of the animal- 

day activity (Table 4). Nighttime studies showed that the steers spent 

an average of one-quarter of an hour in standing-idle (Table 5).

Steers in this study spent much less time in standing-idle (both during 

nights and days) than those reported in the literature (Hancock, 1953).
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Lying-idle. Lying-idle time includes the time steers spent ly

ing down without ruminating. In most cases the steers sniffed the 

ground before lying down. The fistulated steers tended to lie down 

more on their left side than on their right. This may have been be

cause of the fistula which was open on the left side of the body. When 

the weather was very hot steers alternated periods of lying-idle with 

periods of standing-idle.

The steers spent an average of 1.22 hours lying-idle per animal- 

day and 3.75 hours per animal-night, for a total 4.96 hours in 24 hours. 

Lying-idle time represented 20.7 per cent of the animal’s total activ

ity (Table 6). The result found here is higher than the 2.0 hours re

ported by Nelson and Furr (1966) but similar to the 4,2 hours reported 

by Lampkin et al. (1958).

Walking

Walking time may be expressed as the time spent traveling from 

one place to another by an animal excluding the short steps taken while 

grazing. The time spent running was also recorded as walking time. In 

this study no record was made on the distance traveled. Most of the 

travel was spent in going to and from water and salt.

The average time spent by a steer in walking was 23.4 minutes 

per animal-day. This comprised only 2.7 per cent of the animal-day's 

activity (Table 6), This amount of time was considerably less than 96 

minutes reported by Wilson (1961) but was higher than the 14 minutes 

reported by Hughes and Reid (1951). The analysis of variance showed
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that none of the various sources of variation tested resulted in a sig

nificant difference in walking time of the steers.

Drinking

The watering trough was located on the eastern corner of the 

two pastures. A good supply of clean water was available at all times. 

The steers commonly made two trips to the water trough every day. The 

first trip usually occurred between 7:00 AM and 8:00 AM, During this 

time the steers drank and went back to grazing. The steers returned to 

water at about 12:00 Noon and after drinking they walked to a nearby 

tree and remained under the shade. On certain days, especially when 

the weather was hot, the steers went to drink at about 4:30 PM for a 

third time. On the few days when the steers went for a fourth drink, 

it took place without any apparent pattern.

One steer of each pair of steers showed some bossing but this 

did not have much effect on the other steer who commonly arrived at the 

watering trough and finished drinking before the bossing steer arrived 

at the trough. The average time spent in drinking was 5.22 minutes per 

steer per animal-day. The average frequency of drinking was 2,7 times 

per steer per animal-day (Table 4). This was a little higher than most 

of the observations reported in the literature (Hancock, 1953), The 

high frequency might have been caused by wastage of water through the 

fistula of the rumen.

During the twelve nights of observations, the steers went for a 

drink on only two nights and then just for one visit. Conditions that 

appeared to influence drinking were temperature, wetness of plants, and
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rainfall. On days when the plants were wet either from rainfall or 

heavy dew, the steers drank once or twice per animal-day. On especi

ally hot days the steers went to the watering trough from three to 

four times. However, these frequencies did not show any significant 

in the analysis of variance (Table A2). This was mainly because of 

large error variances.

Salting

A plain salt block was placed in each pasture about 30 feet 

from the water trough. The steers licked the salt only during the day

light hours. Whenever the animals went to drink water, they also 

licked salt. In most cases the steers licked the salt after drinking 
water.

There were cases where a steer alternated drinking and licking 

several times at one visit. Thus, a steer walked directly from the 

pasture to water; after drinking, the steer walked to the salt and 

licked for several minutes, then walked to the water and back to the 

salt. This cycle was repeated as many as five times. Finally, the 

steers went directly from the salt to perform other activities such as 

grazing, ruminating, or idling.

One of the pair of steers often chased away his colleague so 

that he could lick alone. The steer that was chased waited near the 

salt block until the bossing steer left. The waiting, time was spent 

standing-ruminating or standing-idle. The time spent by a steer lick

ing salt averaged 36.6 minutes per animal-day. This amounted to 4.2 

per cent of the steer’s activity each day (Table 6). This time is much
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higher than 7.6 minutes reported by Cory (1927). The average frequency 

of salting was 2.7 times per steer per day. The animals did not lick 

any salt at night during the observation period. There was a highly 

significant difference among individual steers in the time spent on 

salt (Table A2). The average time spent by steers ranged from 32 to 48 

minutes (Table 4). There was no significant difference with other 

sources of variation.

Defecations and Urinations

The frequencies of defecations and urinations that occurred dur

ing the animal-day were recorded for each steer. It was almost impos

sible, however, to obtain exact data of frequency of urinations during

the animal-night. A steer defecated and urinated an average of 7.9 and

5.5 times per animal-day, respectively (Table 4). The frequency of 

urination was higher than the 4.6 times recorded by Dwyer (1961). The 

average number of defecations per animal-night was 4.3 times. Frequency 

of defecations added up to 12.2 times in a 24-hour period (Table 6).

This is identical to the 12.2 defecations reported by Dwyer (1961) for 

intact Hereford cows. The analysis of variance showed highly signifi

cant differences in urination between trials (Table A2), The number of 

urinations decreased from 2 to 4 times as the study period progressed. 

This was correlated with plant maturity and dryness which increased as 

the growing season progressed. Thus, the significant difference be

tween trials might have been caused by changes of moisture content of 

the plants.
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Botanical Composition and Forage Production

There were more than thirty plant species on each pasture but 

only the abundant species that were present are reported here. The 

crown cover of velvet mesquite in the mesquite-infested pasture as es

timated by the line-transect method was 18 per cent.

The species composition and forage production of the plant spe

cies (excluding velvet mesquite) in both pastures were determined from 

weight data. Black grama, slender grama, and spidergrass together made 

up 66 per cent of the total vegetation and produced 844 pounds of forage 

per acre in the mesquite-free pasture. Black grama and Arizona cotton- 

top composed 52 per cent of the species present and produced 462 pounds 

of forage per acre in the mesquite-infested pasture (Table 7).

Grazing Preference

The fistulated steers chose a wide selection of plant species 

during the study period. Most of the grass species, some of the forbs, 

and a few of the shrubs present on the pastures were consumed at least 

to some extent. However, the steers preferred certain species as indi

cated by the preference data (Table 8). As the highly preferred species 

became scarce, the steers grazed a greater proportion of the less pre

ferred plant species. The animals even displayed preference for partic

ular plants within a species. For example, the animals would regraze 

some plants leaving ungrazed plants of the same species untouched, even 

if no regrowth of the grazed plants had occurred. While certain plants 

of plains bristlegrass were left to flower and produce seeds, other 

plants of plains bristlegrass were regrazed quite closely to the ground.
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Table 7. Composition and forage production of the plant species

present on mesquite-free and mesquite-infested pastures on 
the study area.3

Name of Plant Species
Mesquite-free

Pasture
Mesquite-infested 

Pasture
Compo
sition

Forage
Production

Compo
sition

Forage
Production

% lbs./acre 7. lbs./acre
Black grama

(Bouteloua eriopoda) 33 442 26 231
Slender grama

(Bouteloua filiformis) 15 201 8 71
Spidergrass

(Aristida ternipes) 15 201 9 80
Arizona cottontop

(Trichachne californica) 11 147 26 231
Rothrock grama

(Bouteloua rothrockii) 8 107 7 62
Tangle-head

(Heteropogon contortus) 7 94 3 27
Santa Rita threeawn 

(Aristida glabrata) 2 27 4 36
Bush muhly

(Muhlenbergia porter!) 2 27 5 44
Plains bristlegrass

(Setaria macrostachya) 2 27 . 3 27
Sideoats grama

(Bouteloua curtipendula) Tb T 7 62
False mesquite

(Calliandra eriophylla) 3 40 T T
Catclaw (Acacia greggii) 2 27 T T
Desert-honey suckle

(Aniscanthus thurberi) T T T T
Cactus (Opuntia spp.) T T T T
Forbs T T T T

a. Composition and production data were collected with the 
help of Galt.

b. The letter T means trace amounts (less than 2 per cent).



Table 8, Average preference rating of major plant species based on the average number of bites con
sumed per hour by four fistulated steers on a desert grassland range,a

Steer
Number

Arizona
Cotton-

top
Slender
Grama

Plains
Bristle-
grass

Roth-
rock
Grama

Spider-
grass

Side-
oats
Grama

Forbs
Santa
Rita

Threeawn
Bush
Muhly Shrubs

1 493 412 332 249 214 182 172 167 99 149
2 570 402 358 266 218 188 161 156 87 - 123

3 428 428 311 271 206 172 152 140 62 107

4 409 403 278 260 243 193 156 169 44 113

Average 459 417 329 262 217 186 162 156 73 123

7. of
Total
Diet

19.2 17.4 13.8 10.9 9.1 7.8 6.8 6.5 3.4 5.0

Prefer
ence
Rating

High 1 High 2 High 3 Int.k 4 Int. 5 Int. 6 Int. 7 Int. 8 Low 10 Low 9

a. Rating Score:"
Below 150 bites per hour = low preference,
151-300 bites per hour = intermediate preference. 
More than 300 bites per hour = high preference,

b. Intermediate.
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Succulence of forage appeared to influence strongly the grazing 

preference. At the beginning of the growing season, the steers concen

trated on areas such as washes where new plant growth first appeared 

after the first seasonal rains started. Besides succulence of forage, 

at least two factors seemed to affect the preference expressed by the 

steers. First of all, grazing preference was altered with wetness of 

plants. The steers grazed less discriminately when mature grasses were 

wet from rain or heavy dew. Secondly, the grazing preference varied 

with the time of day. The animals consumed the greatest variety and 

abundance of species during the morning and evening. At all other 

times, the steers were highly selective in their preference.

The number of bites taken from forbs and shrubs was not re

corded for individual species, but taken only for the group of either 

forbs or shrubs. On the other hand, the number of bites taken from 

grasses was recorded as bites from individual grass species. Of the 

average 6,7 hours grazing time per steer per animal-day, it was only 

possible to determine the approximate number of bites consumed in a 

four-hour period. This was because of the difficulty in differentiat

ing species in the darkness of early morning and late evening.

The steers consumed many of the plant species present. How

ever, for relatively unpreferred species they took very few bites in a 

given day. Thus, it was difficult to get a meaningful figure for rel

ative preference. For example, black grama was the most abundant and 

the highest forage producer in both pastures. It furnished 33 per cent 

of the total forage produced in the mesquite-free pasture and 26 per
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cent of the total forage in the mesquite-infested pasture (Table 7). 

Yet, the steers took very little of this plant during the course of the 

study, so relative preference figures are not reported here for black 

grama.

The preference ratings for eight species of grasses, for forbs 

and shrubs are presented in Table 8, The number of bites for all for

age species given were added to get the total bites consumed by a steer 

in one hour. The contribution of a given species to the total diet of 

an animal was calculated by assuming that the total number of bites of 

forage taken per hour was equivalent to 100 per cent of the diet. It 

was also necessary to assume that one bite of each species was equal to 

one bite of any other species on a dry weight basis. The percentage of 

diet contributed by each species was calculated and is presented in 

Table 8.

Arizona Cottontop

Arizona cottontop was the most abundant grass on the mesquite- 

infested pasture; it made up 26 per cent of the total vegetation by 

weight and produced 231 pounds of forage per acre. In the mesquite- 

free pasture cottontop was fourth in both composition and production; 

it made up 11 per cent of the total forage weight and produced 147 

pounds of forage per acre (Table 7). The difference between the two 

pastures is attributed to the fact that Arizona cottontop normally pre

fers to grow under the shade of trees and shrubs which were more abund

ant in the mesquite-infested pasture than in the mesquite-free pasture. 

Arizona cottontop had the highest overall preference rating in both
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pastures (Table 8). There was a highly significant difference between 

trials and a significant difference between periods in the number of 

bites of cottontop taken by the steers (Table A3). These differences 

were the result of increasing scarcity of the Arizona cottontop as the 

study period progressed. By the end of the study the species was heav

ily grazed and had decreased from the first to the third most heavily 

consumed plant species. There was also a significant difference between 

the interaction of trial and treatment (Table A3). This was most likely 

the result of the differences in the species composition between the 

two pastures. The steers grazed an average of about 459 bites per hour 

of Arizona cottontop. This amounts to approximately 19 per cent of the 

forage consumed by the fistulated steers (Table 8).

The high preference of Arizona cottontop together with its high 

ranking in production make it the leading forage grass on the study 

pastures. Thus, maintaining or improving the productivity of this 

single species appears to be of great importance, particularly when the 

mesquite trees are not eradicated from the pasture.

Slender Grama

Slender grama made up 8 per cent of the forage weight and pro

duced 71 pounds of forage in the mesquite-infested pasture compared to 

201 pounds per acre or 15 per cent of the forage in the mesquite-free 

pasture (Table 7). Slender grama was second in species composition and 

production in the mesquite-free pasture, and it was fourth in both spe

cies composition and production in the mesquite-infested pasture.
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There was a significant difference between trials in the pref

erence animals showed for slender grama (Table A3). During the first 

trial the steers did not show a strong liking for slender grama. How

ever, as the grazing season progressed the most preferred species de

creased in abundance and the preference for slender grama went up 

until it was the most preferred grass by the end of the study period. 

Slender grama ranked second highest in overall preference rating; the 

four steers averaged 417 bites of slender grama per hour. Slender 

grama contributed approximately 17 per cent of the forage consumed by 

the steers (Table 8). Like Arizona cottontop, the high rating of slen

der grama in both preference and production made it an important grass, 

particularly when the mesquite trees are eradicated from the range.

Plains Bristlegrass

Plains bristlegrass was found in almost equal amounts in both 

pastures. It comprised only 2 per cent by weight of the herbaceous 

forage in the mesquite-free pasture and 3 per cent in the mesquite- 

infested pasture. Plains bristlegrass produced 27 pounds of forage per 

acre in both pastures (Table 7). When plains bristlegrass was succu

lent or immature the steers grazed it heavily. Once a plant of plains 

bristlegrass escaped being grazed and reached flowering stage, the 

steers did not graze it. There was a significant difference between 

trials in the number of bites of bristlegrass taken by the steers be

cause the species became more scarce as the study period progressed 

(Table A3).
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Overall, plains bristlegrass rated high in preference; it was 

consumed at the rate of 329 bites per hour and supplied about 14 per 

cent of the total forage taken by the steers. It was the third most 

heavily consumed plant species in both pastures (Table 8). Because of 

plains bristlegrass*s high preference, improving the productivity of 

this species would be of great help in obtaining efficient utilization 

of the pastures,

Rothrock Grama

Rothrock grama ranked fourth in both forage production and spe

cies composition in the two pastures. It made up 8 per cent of the 

total forage weight and produced 107 pounds of forage per acre in the 

mesquite-free pasture. In the mesquite-infested pasture, Rothrock grama 

contributed 7 per cent of the total forage or 62 pounds of forage per 

acre (Table 7). There was a significant difference between trials in 

the number of bites o.f this species taken by the steers (Table A3). 

Rothrock grama was not highly preferred in the first two trials of the 

study, but as the highly preferred species decreased in abundance, it 

was utilized more readily by the steers.

The steers consumed an average of about 262 bites of Rothrock 

grama per hour. This amounted to about 11 per cent of the forage con

sumed by the steers (Table 8). In overall consumption, Rothrock grama 

was the fourth most heavily grazed plant among the plant species pres

ent. This grass had an intermediate preference rating and produced a 

good amount of forage per acre. These characteristics make Rothrock 

grama an important forage species on this range.
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Spidergrass

Spidergrass was common in both pastures from the beginning to 

the end of the study period. In both pastures, spidergrass ranked 

third in the total forage production. It produced 201 pounds of forage 

per acre and made up 15 per cent by weight of the species composition 

in the mesquite-free pasture. In the mesquite-infested pasture, 

spidergrass produced 80 pounds per acre of forage and made up 9 per 

cent of the total herbage (Table 7). The analysis of variance showed 

no significant difference between trials or for any other source of 

variation tested with respect to preference of spidergrass. The steers 

consumed an average of about 217 bites of spidergrass per hour during 

the study period. This consumption rate constituted about 9 per cent 

of the diet taken by the grazing animals (Table 8). Spidergrass ranked 

fifth in consumption and was rated intermediate in preference. Its 

high production coupled with its consistent preference throughout the 

summer makes spidergrass one of the important grasses on the range,

Sideoats Grama

Sideoats grama was found in small amounts in both pastures dur

ing the study period. It amounted to less than 2 per cent by weight of 

total forage produced in the mesquite-free pasture and 7 per cent in 

the mesquite-infested pasture. In the latter pasture it produced 62 

pounds of forage per acre (Table 7). The big difference in the amount 

of sideoats present in the two pastures may be because of its prefer

ence for rocky areas. Rocky areas were more abundant in the mesquite- 

infested pasture than in the mesquite-free pasture.
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The analysis of variance showed no significant difference for 

the sources of variation tested with respect to the number of bites of 

sideoats grama taken by the steers. The failure to establish signifi

cance may be attributed partly to the large error variance and the few 

degrees of freedom for error. The steers consumed an average of about 

187 bites of sideoats grama per hour. This constituted approximately 

8 per cent of the total forage taken by the grazing animal (Table 8). 

Sideoats grama ranked sixth in forage consumption and is rated inter

mediate in preference. The low production and intermediate preference 

makes sideoats grama of moderate significance on this range.

Forbs

Some forbs were common in both pastures during the growing sea

son. Since they composed less than 2 per cent of the species composi

tion, no attempt was made to evaluate the preference of individual 

species of forbs (Table 7). The forbs were taken by the steers during 

the early growing stage when they were green. Utilization of forbs in

creased as the growing season progressed but once the forbs reached the 

flowering stage the steers hardly grazed them. Despite the apparent 

observed trend, the analysis of variance did not show any significant 

difference between periods or for any other source of variation tested 

in relation to forbs. The lack of differences was primarily due to the 

small number of degrees of freedom for error.

The steers consumed about 162 bites of forbs per hour. This 

amounted to about 7 per cent of the total diet consumed by the grazing 

animal. The forbs as a group ranked seventh in consumption and were
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rated intermediate in preference (Table 8). Although the forbs were 

more preferred than some of the grasses such as Santa Rita threeawn, 

bush muhly, and black grama, their short life span makes the forbs of 

minor significance on the two pastures.

Santa Rita Threeawn

Santa Rita threeawn produced 27 pounds of forage per acre in 

the mesquite-free pasture or 2 per cent of the total forage. In the 

mesquite-infested pasture, it made up 4 per cent of the forage and 

furnished 36 pounds of forage per acre (Table 7). Preference shown for 

this plant by the fistulated steers did not change significantly as the 

study period progressed. The steers grazed an average of 158 bites of 

Santa Rita threeawn per hour. Thus, it contributed approximately 7 per 

cent of the total diet for the steers, Santa Rita threeawn ranked 

eighth in forage consumption and was rated intermediate in preference 

(Table 8), It is of moderate significance on the range because of its 

intermediate preference and moderate production.

Bush Muhly

Bush muhly made up 5 per cent by weight of the total forage and 

furnished 44 pounds of forage per acre in the mesquite-infested pasture. 

In the mesquite-free pasture where shrubs were relatively less abundant, 

bush muhly made up only 2 per cent of the forage or 27 pounds per acre. 

Bush muhly has a characteristic habit of growing under the protection 

of shrubs; thus the lower amount of it in the mesquite-free pasture was 

expected.



51

There was a significant difference in grazing preference for 

bush muhly between trials (Table A3). This species was the fourth most 

preferred grass in the first trial of the study but it was the least 

desired in the third trial. The difference in preference between 

trials seemed to be related to growth stage. As the study period pro

gressed bush muhly lost its green color and most of its leaves. When 

the steers grazed bush muhly they took few bites from a single plant 

and did not consume large numbers of bites at once. Bush muhly was the 

tenth most consumed plant species and was rated low in grazing prefer

ence. The steers consumed an average of 82 bites of bush muhly per 

hour. It contributed about 3 per cent of the total diet of the fistu

la ted steers (Table 8). Low preference of bush muhly makes it of minor 

significance on the range.

Shrubs

On the mesquite-free pasture, the only shrubs grazed were des

ert honey suckle, false mesquite, cactus, and catclaw. On the mesquite- 

infested pasture the steers grazed the leaves and beans of velvet 

mesquite in addition to the shrubs mentioned above. Although the 

steers grazed the shrubs to some extent, they were the least preferred 

of all forage species present.

The analysis of variance showed that there was a highly signif

icant difference between trials and a significant difference between 

the pastures in animal preference for shrubs (Table A3). The difference 

between trials was.associated with succulence of leaves of shrubs, since 

the steers took 134 bites per hour in the second trial when the shrubs
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were most succulent compared to 93 bites per hour in the third trial 

when the shrubs were quite matured. The significant difference between 

pastures was caused by the presence of mesquite plants in the mesquite- 

infested pasture; the steers consumed a lot of mesquite beans and 

leaves during the study period. The steers consumed an. average of 141 

bites of shrubs per hour in the mesquite-infested pasture and 85 bites 

per hour in the mesquite-free pasture (Table 9). The shrubs contrib

uted about 5 per cent of the total diet for the steers (Table 8),

Table 9. Preference rating of major plant species based on the average 
number of bites consumed per hour of grazing by four fistu- 
lated steers grazing on a mesquite-free and mesquite-infested 
pasture.

Plant Species

Mesquite-free
Pasture

Mesquite-infested 
Pasture

Number of Preference Number of Preference 
Bites Rating Bites Rating

Arizona cottontop 

Slender grama 

Plains bristlegrass 

Rothrock grama 

Spidergrass 

Sideoats grama 

Forbs

Santa Rita threeawn 

Bush muhly 

Shrubs

445 High 1

432 High 2

286 Int. 3

278 Int. 4

219 Int. 5

191 Int. 6

149 Low 8

166 Int. 7

87 Low 9

85 Low 10

504 High . 1
390 High 2

354 High 3

245 Int, 4

219 Int. 5

176 . Int. 6

170 Int. 7

150 Int. 8

81 Low 10

141 Low 9



SUMMARY AND CONCLUSIONS

The fistulated steers used in this study followed a systematic 

pattern of activity throughout the study period. The steers rose from 

bedding at about 5:45 AM and grazed intensively until about 8:00 AM.

As the steers stopped grazing they traveled to the water trough. After 

drinking they licked salt. At about 8:25 AM they stopped licking salt 

and went to nearby shade to lie down for rumination and resting. At 

about 9:30 AM the steers resumed grazing and continued to graze until 

about 10:30 AM. Then they moved to shade and ruminated as they stood, 

alternating with just standing and sometimes with lying down. At about 

12:30 PM the steers resumed grazing and continued to graze until about 

1:30 PM. The steers would then walk to the water trough to drink and 

to the salt block to lick; this activity consumed about 15 minutes.

From about 1:30 to 4:30 PM the steers spent the time lying-ruminating 

and standing-ruminating, alternating with just standing or lying. The 

steers usually walked to the watering trough and salt for a third visit 

around 4:30 PM. From about 4:35 PM to 8:30 PM the steers grazed very 

intensively for their last daylight grazing time.
At night the steers had two grazing periods regardless of moon

light. The first grazing period occurred between 10:00 and 11:00 PM, 

while the second period occurred between 1:30 and 3:00 AM. The steers 

spent the remainder of the night lying down, lying-ruminating, and 

standing. Thus, the daily schedule of fistulated steers included four

53
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daytime and two nighttime grazing periods and about three daytime water

ing periods. This suggests that there is some value in having watering 

places close together and raises the question of how much weight gain 

is lost if cattle can water only once per day.

Both steers of a pair usually performed their activities to

gether during daylight and darkness. This suggests that grazing exper

iments should use a minimum of two steers per pasture. A single animal 

would likely become lonely and pace the fences.

During very hot days the steers did not graze in mid-day, but 

lay down under shade of shrubs. On days with heavy rainfall the steers 

stopped grazing and usually ruminated until the rain had stopped. Thus, 

high temperatures and heavy rainfall seem to limit grazing time.

Grazing behavior of fistulated steers on a mesquite-infested 

pasture did not differ significantly from that of steers on a mesquite- 

free pasture. Nor did behavior differ significantly with time through

out the study period. However, there were significant differences in 

ruminating time and frequency of urinations between trials. Ruminating 

time was 3.8, 4.3, and 5.1 hours per steer per animal-day during the 

first, second, and third trials, respectively. Frequency of urination 

was 8, 6.5, and 4.4 times per steer per animal-day during the first, 

second, and third trials. Thus, rumination time increased with matur

ity of forage, while frequency of urination decreased as moisture in 

forage decreased.

No significant difference was found among the fistulated steers 

in their grazing behavior except for salting time. Time spent licking
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salt was 40, 43, 32, and 48 minutes for steer number 1, 2, 3, and 4, 

respectively. One important observation was that the steers went on to 

perform other activities after licking salt. They did not go to water 

after licking salt as sometimes reported. Grazing behavior of the fis- 

tulated steers used in this study was similar to that for intact ani

mals reported in the literature.

Grazing preference for various plant species on a mesquite- 

infested and a mesquite-free pasture did not differ significantly 

except for shrubs. The animals consumed a lot of mesquite beans and 

leaves in the mesquite-infested pasture which caused the difference be

tween pastures. There was a significant difference between trials in 

the number of bites taken per hour for Arizona cottontop, slender 

grama, plains bristlegrass, Rothrock grama, bush muhly, and a highly 

significant difference for shrubs. The steers consumed many bites of 

Arizona cottontop, plains bristlegrass, and bush muhly during the first 

half of the study period, while slender grama and Rothrock grama were 

consumed heavily in the last half of the study period. Shrubs were more 

heavily consumed in the second trial when leaves were succulent compared 

to the third trial when leaves were matured, Fistulated steers shifted 

their diet to less preferred species only when the highly preferred 

species had been closely grazed or had matured. Throughout the study 

period the steers grazed most of the species available to some extent.

Arizona cottontop, slender grama,and plains bristlegrass were 

the most highly preferred grasses, whereas Santa Rita threeawn, bush 

muhly, and black grama were the least preferred grasses on the range.
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The animals displayed preference for particular plants within a 

species. They would regraze some plants close to the ground leaving 

ungrazed plants of the same species untouched. The steers were highly 

selective and took few bites between steps during the mid-day grazing 

periods, while they took many bites between steps during the morning 

and evening grazing periods.

Results of this study suggest that Arizona cottontop, slender 

grama, and plains bristlegrass should receive special attention in 

planning a management system for range such as this.

V



APPENDIX

Table Al. Analysis of variance for the number of hours spent at various activities by fistulated 
steers.

Source of Variation D.F.

M e a n  S q u a ir e s

Grazing Lying
Ruminating

Standing
Ruminating

Total
Ruminating

Standing
Idle

Rows (Pairs of Steers) 1 24.08 10,680.33 1,704.08 1,220.08 675.00

Squares (Trials) 2 25,170.25 13,032.75 27,912.33 57,853.00* 4,549.08

Column/Square (Periods) 3 19,618.75 20,389.10 9,130.92 11,078.25 974.17

Treatments (Pastures) 1 290.08 4,181.33 3,996.75 9,240.75 2,523.00

Treatment X Square 2 3,621.58 3,777.08 2,317.00 2,359.00 1,131.25

Error 2 16,370.08 . 5,140.08 5,872.33 1,816.06 574.75

Among Steers 12 916.35 1,847.08 306.14 1,596.19 283.08

Among Observations 24 1,069.19 1,109.08 959.10 2,015.25 447.79

a Significant at 0.05 level of probability



Table Al.--Continued

Source of Variation D.F.

M e a n S q u a r e S

Lying-idle Total Idling Walking Drinking Salting

Rows (Pairs of Steers) 1 4,563.00 1,728.00 40.33 3.00 30.08

Squares (Trials) 2 6,170.58 21,143.58 333.25 12.25 6,281.58

Column/Square (Periods) 3 2,732.50 1,539.50 734.50 0.83 1,396.75

Treatments (Pastures 1 11,656.33. 25,025.33 40.33 21.33 990.08

Treatment X Square 2 ' 1,103.08 3,768.08 50.08 5.08 855.08

Error 2 4,771.75 3,875.25 1 249.08 3.25 332.58

Among Steers 12 834.00 1,610.62 43.00 2.33 8,175.27*

Among Observations 24 461.79 832.67 45.83 1.46 186.27

a. Significant at 0.05 level of probability



Table A2. Analysis of variance for the frequencies of drinkings, saltings, urinations, and 
defecations by fistulated steers.

Source of Variation D.F.

M e a n S q u a r e s

Drinking Salting Defecation Urination

Rows (Pairs of Steers) r 0.08 3.00 0.75 8.37

Squares (Trials) 2 1.58 5.33 4.08 174.08*

Column/Square (Periods) 3 1.42 5.50 3.42 1.16

Treatments (Pasture) 1 0.07 1.33 2.08 1.33

Treatment X Square 2 3.08 8.58 1.08 0.58

Error 2 ' 2.58 6.58 0.75 4.08

Among Steers 12 0.35 1.25 1.39 1.67 •

Among Observations 24 0.19 0.25 0.64 0.50

a. Significant at the 0.025 per cent level of probability



Table A3. Analysis of variance for the number of bites of various plant species taken by the 
fistulated steers in one hour.

Source of Variation D.F. Arizona
Cottontop Slender Grama Plains

Bristlegrass
Rothrock
Grama Spidergrass

Rows (Pairs of Steers) 1 318,508.08 1833,790.08 21,845.38 836,880.08 331,668.75

Squares (Trials) 2 31724,076.58b 52233,673.58a 16891,667.58a 17371,269.33a 161,006.25

Column/Square (Period) 3 1773,743.75a 680,521.42 1905,715.50 752,656.25 79,410.42

Treatments (Pasture) 1 661,760.08 759,530.08 3538,188.00 792,074.08 126.75

Treatment X Square 2 3118,998.583 112,163.58 481,028.25 371,217.33 735,870.25

Error 2 67,295.58 2551,560.08 599,496.08 684,662.31 552,993.25

Among Steers 12 39,948.44 139,463.73 40,260.16 9,785.17 53,009.14

Among Observations 24 47,343.77 102,026.98 59,142.14 61,447.33 22,774.94

a. Significant at 0.05 level of probability.

b. Significant at 0.025 level of probability.



Table A3.— Continued

Source of Variation D.F. .

M e a n  S q u a r e s

Sideoats
Grama Forbs Santa Rita 

Threeawn Bush Muhly Shrubs

Rows (Pairs of Steers) 1 364,356.75 12,288.00 82,502.08 440,067.00 290,163.00

Square (Trials) 2 501,660.75 3124,388.25 15,307.00* 10119,229.00a11033,246.08b

Column/Square (Periods) 3 551,915.42 1106,203.83 149,172.92 122,942.99 736,188.16

Treatment (Pastures) 1 161,704.08 391,685.33 190,764.08 27,075.00 4445,701.33a

Treatment X Square 2 53,978.08 572,779.08 78,276.32 193,228.00 2128,091.58

Error 2 1095,621.75 620,431.75 1470,114.33 285,733.00 140,764.75

Among Steers 12 26,147.19 96,887.54 32,459.44 16,322.54 180,876.10

Among Observations 24 32,592.90 37,536.37 17,178.02 3,313.62 113,980.27

a. Significant at 0.05 level of probability.

b. Significant at 0.025 level of probability.
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