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ABSTRACT 

Activities of Domestic Sheep on 

Central Utah Ranges 

by 

J. Daniel Rodgers, Doctor of Philosophy 

Utah State University, 1980 

Major Professor: Dr . Arthur D. Smith 
Department: Range Science 

viii 

The range sheep industry , economical l y important to Utah and to 

the United States , produces needed food and fiber from much of the less 

productive land. Improved management will depend on more knowledge of 

the range ecosystem . Research to determine the time spent by sheep in 

activities of differing energy demands and to determine what factors 

affec t sheep activi ty was comple ted on Utah ranges. 

The research was conducted in central Utah on f oothill range near 

Eureka and on mountain range near Scofield. Rambouillet sheep were 

loosely h e rded on the s agebrush-aspen areas on mo untain range and were 

unherded on foothill range where they were assigned to 14 pastures. 

Activities on foothill range were studied in May and June at two graz-

ing intensities on three species of seeded wheatgrasses and on native 

sagebrush-juniper range. Feeding , standing ruminating, standing idle, 

lying ruminating, lying idle , and traveling were recorded as all-inclu-

sive activities by observing the behavior of four randomly selected 

sheep from among marked ewes at 90 instantaneous scans at 10-minute 

intervals from 0500 to 1950 hours on each of 28 days at each location . 

Hourly readings were made on the degree of cloudiness , wind movement, 
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ambient temperature, a nd relative humidity. 

Data we re analyzed to determine components of var ian c e and to 

evaluate effect s of month, graz ing intensity, and kind of forage. Each 

activity was r egressed on e nvironmenta l factors in a stepwise-deletion 

multiple regression procedure . 

Sheep daily repeated a bimodal routine of early morning feeding 

fol l owed by midday ruminating a nd restin g which l asted un t i l l a te af t er

noon, f ollowed by feeding again before bedding down at nightfall on 

high ground. On mountain range the morn ing and afternoon feeding per

iods were of similar length, but on foothi ll range the sheep began 

feedin g ear lier in the afternoon and thus fed longer in the afternoon 

than during the morning hours. Sheep were highly synchronous in their 

choice of activity . 

Sheep spent more time feeding on seeded foo th i ll range than on 

either native foothil l or mountain r ange . Conversely , they spent more 

time lying ruminating and standing idle during the daylight hours stud

ied on mountain and on native foothill r ange . Traveling t ime was 

g r eater on moun tain t h an on footh ill range , but the horizontal dis

tances traveled were the same at both locations. Sheep spent more time 

l ying idle on native foothill range than on seeded pastur es . At the 

sprin g foothill location the s heep also spent mo re t ime standing idle 

and traveling in May than in June. No differences were noted in any 

activities between intensities of grazin g . 

The dai ly feeding time of sheep responded positively to average 

daily temperature. Both lying ruminating an d lying idle showed posi

tive regressions o n relative humidity . Traveling and standing idle 

were negatively related to mean daily temperature , which varied only 



within a narrow temperate range and averaged 20 C during the two per

iods of study. 

Sheep activities necessary to the animal on a daily basis were 

little affected by small changes in the range environment. Feeding 

time was proportional to the est imated e nergy expenditure for mainte

nance, activity, and production at each location. 

(149 pages) 
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INTRODUCTION 

Nature and Justification of the Study 

The range sheep industry is of significant economic importance to 

the state of Utah and to the United States . As of January 1, 1979 , 

there were 8.24 million breeding ewes i n the United St ates and 338,000 

br eeding ewes in Utah (Crop Reporting Board , ESCS-USDA 1979). The 

country a l so produces 45.55 million kg of wool annually and the state 

of Utah more than 2 million kg . Though these data represent a decline 

of about 60% in the past 12 years, increases in r ecen t lamb and wool 

mar ke t prices reflect the continuing demand fo r these sheep products. 

More than one-fourth of all land in the United States is in range 

and grassland past ure with grazing the largest single use of agricul

tural l and . In the range sheep area of the western United States , in

cluding Utah, 70% of the privately owned range is in only fair or poor 

condition, while public l ands are estimated to be producing only half 

or less of the ir potential. The USDA Land and Wate r Policy Committee 

(USDA 1962) concluded that pasture and range research to develop snit

able management systems for the many diff e r ent types of vegetation , 

livestock, and game s hould be accelerated and that more rese arch was 

needed on nutrition of animals an d man as affected by properties of 

soil, plan t s, and climates . 

Range scientis t s have long recognized that proper management to 

elimin ate wasteful practices could play a sign i f icant role in increas

ing sheep production on weste rn r anges {Doran 1943) . Johnstone-Wallace 

and Kennedy (1944) , Peterson and Woolfolk (1955) , Skovlin (1957), and 
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Nelson and Furr (1966) recognized that a thorough knowledge of the be

havior of grazing animals was essential for the proper understanding 

of the application of range management principles. Animal watching 

can suggest ways and means of amending the animal's environment so 

that the grazing animal may find a better diet for itself and step up 

its own production on different types of range and under different 

weather conditions . 

Squires (1976a) indicated that animal behavior is concerned with 

the observable characteristics of the movements and expressions of the 

animals and the underlying neurophysiologic processes and could thus 

provide a firm basis for sheep management. Weaver and Tomanek (1951) 

concluded that one should study the activities of livestock as they 

graze and travel naturally on the range to observe what they do and 

insofar as possible, determine why they do it. Tribe (1950) noted 

that investigations of different individual anima l s and different 

species under a wide variety of soil and pasture conditions at different 

elevations, and during a great variety of climatic conditions. Such 

studies are essential for the development of management which properly 

accounts for the behavior of sheep on range to improve efficiency of 

energy utilization. 

Objectives of the Study 

This investigation was conducted to provide needed information for 

improved management of sheep on western rangelands . Specifically, 

I set out to: 

1. Estimate the time spent by ewes in specified activities on 



central Utah range under typical foothill and mountain condi-

tions and, 

2. Test the following hypotheses; 

a . Sheep spend the same amount of time in specified activities 

on both foothill and moun tain range. 

b . Sheep spend the same amount of time in specified activities 

on native and seeded foothill range . 

c. Sheep spend the same amount of time in specified activities 

on three selected seeded species of wheatgrass . 

3 

d . Stocking pressure has no effect on sheep activities on foot 

hill range . 

e . The time ewes spend daily in specified activities is not 

a f fected by changes encountered in selected environmental 

factors. 
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LITERATURE REVIEW 

Rela ted Studies 

At the time the field wo rk was done the nearest paralle l to the 

present study was reported by Doran (1943) . He observed ac tivities and 

graz ing habits of sheep on summe r range in the aspen zone of wes t e rn 

Colorado . He recorded behavior over a 3-year period as occasions arose , 

amassing at least 17 observations for each of the 29, 30- minute inter

vals from 0500 to 1950 hours. For each observation period Doran selec

ted some landmark beforehand, and then choosing the ewe neares t that 

landmark at the selected time , recorde d her activities continuously for 

the next 30 minutes . He recorded time spent feeding, traveling, rest

i ng, drinking, nursing, and saltin g . 

While my studied was being conducted , Bowns (1971) was studying 

activities of unherded sheep on range in Iron County , Utah. He obser

ved an i nd ividual ewe through her active day . Activities reported in

cluded grazin g , resting , traveling, watering , and salting. Bowns was 

unable to separate r uminating and idlin g time because an individual 

sheep coul d no t be kept in view continuously under his conditions. He 

did find that Rambouille t ewes traveled farther than did Columbia ewes . 

Squires (1974) in Australia recorded the activities of ten or so 

flock l eaders every five minutes during the active day . In one 24-hour 

observation with warm temperat ures and a full moon, he noted no grazing 

or traveling at night. He divided time among grazing, resting, and 

wa lking. Squires (1976b) also compared sheep act i vities on grass l and 

with that of sheep on sa l tbush range. 
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Several workers studied cattle activities under conditions some

what similar to this investigation. Gonzalez (1964) followed individual 

cows continuously for 24-hour periods on mountain range in northern 

Utah, yet he treated his data as number of 10-minute intervals for 

statistical analysis. Activities recorded were feeding, standing rum

inating, lying ruminating, standing idle, lying idle, and walking, plus 

urinating and defecating. Malechek and Smith (1976) recorded cattle 

activities in northwest Utah on sagebrush and seeded grass range by 

following individual cows continuously for 24-hour periods. They related 

activities to weather conditions and calculated energy expenditures for 

the daily routine . Cows consumed less energy on cold days but spent 

less energy in act ivities thus deferring energy expenditures until 

warmer days . 

General Behavior of Sheep 

The behavior of animals including sheep has been summarized by 

several reviewers (Scott 1945, 1946; Tribe 1950; and Hafez and Scott 

1962). Scott (1956) listed nine behavioral categories which encompassed 

all animal activities as contactual, ingestive, eliminative, sexual, 

epimeletic, e t-epimeletic, agonistic, allelomimetic, and investigative. 

He also compared sheep and mice (Scott 1945) and noted the great devel

opment of allelomirnetic behavior in sheep, which should draw animals 

together and influence group formations in their social organization. 

Tribe (1950) probably wrote the most thorough review of the literature 

on behavior of grazing animals to that time. 

The review by Hafez and Scott (1962) is a better combination of 

the knowledge of both ethology and livestock activities. 



6 

They listed examples of sheep activities in each of the behavioral cat

egories. Also, they gave estimates of sheep activities including total 

grazing time (9-11 hours per day), total rumination time (8-10 hours), 

and distance traveled (3-8 miles). Hafez and Scott also reported the 

average number of chews per rumination (39,000), chews per minute (91), 

chews per bolus (78), and number of boli per day (500). In reference 

to social organization of sheep they noted that in the ordinary activ

ity of grazing, sheep flocks show little or no sign of dominance. They 

further suggested that farm or range flocks are comparatively disorgan

ized but are protected from the natural consequences of disorganization 

by fencing and herding. 

Animal performance may be affected by changes in feeding behavior 

in response to established social relationships. Bond et al (1967) 

found a strong social relationship to develop between steers and sheep 

when grazed in pairs with the strength of this relationship increasing 

with time. 

Dudzinski and Arnold (1967) noted that ewes with lambs were more 

widely spread while gr azing than were flocks of wethers. Dudzinski, 

Pahl, and Arnold (1969) found that average flock size, group size , and 

number of groups changed with changing environmen t while average dis

tance to nearest neighbor and between groups did not change. Squires 

(1975b) noted different group sizes in sheep grazing homogeneous salt

bush pasture and heterogeneous grassland pasture. He indicated the 

group size was affected by heterogenei t y of the environment with more 

varied environments leading to smaller group size (Squires 1975c). 

Hunter (1954, 1962, 1966a , 1966b) extensively described the behav

ior of hill sheep in Scotland. 



He noted periods of rest related to times of sunrise and sunset during 

the long days from April to September (Hunter 1954). Sheep began to 

move from high ground before sunrise, and after a period of grazing in 

the course of moving to and after arriving at the low ground, they 

rested for one or two hours then began to graze again. He observed 

another period of rest in the afternoon which was less general in that 

the sheep did not all rest at approximately the same time. In the late 

afternoon the sheep began to move up the hill and started to settle 

down shortly before sunset. From October to March, however, the sheep 

grazed the high ground during the day. 

Hunter (1964b) indicated that on hill pasture each sheep moved 

daily over a well-defined group of plant communities of different types 

of vegetation . As the younger animals tended to follow their dam and 

travel over the same area as the dam the basic unit within a flock was 

the family unit . Several family units together formed higher groups 

similar to wildlife home range groups as described by Burt (1943). 

Members of a home range group did not necessarily share the same daily 

movement although some sites were shared. Thus the home range group 

was the highest natural order of grouping, and what the ranche r calls 

a flock is an economic and administrative artifact. Hunter (1964b) 

stated tha t the pasture was not a common environment for the sheep , 

who divided into subflocks composed of families of sheep restricted to 

parts of the pasture which differed in elevation, aspect, and vegeta

tion as determined by patterns of behavior. 
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Ruckebush (1972) reported that sheep slept less than 4 hours 

daily; they spent 84% of the day in a wakeful sta te. Sheep spent mos t 

of the w~keful period in an alert condition, while cows spent much of 

their wakeful state in a drowsy condi t ion. Balch (1955) sta t ed that 

under normal conditions of management, healthy adult cattle and s heep, 

probably ruminants in general, sleep little i f any at all . He s ugges ted 

that if sleep does occur it can only be of a very light a nd transient 

nature. He thought that this peculiarity of ruminants may be r ela ted to 

the need for maintaining the thorax i n an upright position fo r proper 

func tioning of the reticula-rumen and to the requirement of time and 

consciousness for rumination. Recently Meddis (1975) suggested tha t 

sleep serves the function of maintaining immobility in animals a t times 

when immobility is an optimum behaviora l s urvival stratega~ and that 

sleep is uot for recuperation. 

Activities of Wild Sheep 

Studies of wild sheep may assis t i n understanding the behavior of 

their domestic counterpar ts even though domestic sheep may have los t 

much of their origina l sensitivity to the environment as noted by 

S·quires·(l975a). Reed (1959) showed that mos t Old World Sheep belong to 

several subspecies of Ovis ammo n, while the North American wild s heep 

are subspecies of Ovis c anadensis of far eastern Siberia. Apparently 

domestication of sheep occurred in southwestern Asia in prehistoric 

times , a nd Bradley (1968) states that hybridization evidence s ugges ts 

combin ing all recen t sheep of the world including domestic sheep 

Ovis aries, into one species Ovis ammo n with appropriate subspecies . 
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Honess and Frost (1942) reported that bighorn sheep in Wyoming 

left their bedgrounds at an early hour, but later in the winter than 

summer, and sought one of their favorite bedgrounds each evening . The 

sheep, which ruminated and idled in midday for several hours , only occa 

sionally drank water and seemed indifferent to water when grazing in 

high mountains in the summer . They found that the bighorn ' s mo rning a nd 

afternoon grazing periods were not as regular as that of wapiti (Cervus 

canadensis) and deer (Odocoileus hemionus). 

Wilson (1968) found that desert bighorn (Ovis canadensis nelsoni) 

travel more and unpredictably where water was deficient, but he a l so 

concluded that succulence of plants was more important than temperature 

in determining their free water needs . From his study with wild s heep , 

he indicated that sheep which bedded down under his observation were 

almos t always within 100 m of whe r e t h ey bedded down on the following 

morning. During the midday ruminating and idling period desert sheep 

often arose and grazed for awhile before again lying down . 

Spencer (1 943) · found that practically al l feeding by bighorn sheep 

in Colorado was done during the day , especially during the winter , and 

at night they bedded down in rough , sheltered areas . The s heep were 

found grazing at all hours of the day and, wnere fora ge was plentiful , 

t he feeding bouts were rather shor t and interrupted by periods of rest. 

Livestock Activities 

Cory (1927) observed cattle , sheep, and goats in Texas contin

uously from the time they began grazing each morning until they ceased 

grazing each night. Thus recorded , sheep had an average day of 13 .2 

hours , spending 6.6 hours feeding , 2 . 0 hours lying resting , 1.3 hours 
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standing ruminating, and 1.4 hours idling per day. Cory found that in 

pastures of l ess than one sec tion (260 hec tares) the sheep traveled 

5.1 km each day and spent 1.7 hours traveling other than while feeding. 

In comparison, cattle were active 13. 6 hours per day with 7.6 hours 

devoted to feeding. Other activities of cattle includ ed 1.4 hours 

traveling (4.4 km), 1.6 hours lying resting, 1.2 hours standing rumi

nating , and 1.4 hours idl ing . 

Wagnon (1963) kept individual cows under continuous su r ve illance 

fo r 33 , 24-hour days . He fo und cows fed for 10. 8 hours, ruminated 7.7 

hours, rested 3 hours, and idled 38 minutes each day. He noted that of 

the 32% of the day in rumination, 64 % was done at night. Furthermore, 

80% of the rumination was done while lying, 17% while standing , with 

the remainder while nursing the calf or wa lking. 

Dwyer (1961) r ecorded a cow day from the time the cow began graz-

ing each morning until s he bedded down i n the evening of 15.3 hours wi th 

52% or 7 . 96 hours of feeding . Res ting time was 6.74 hou r s , divided 

between 4;26 hours standing and 2.48 hours lying. Rumination t i me was 

4.75 hours, l ikewise divid ed in to 2.48 hours standing , 1.92 hours ly i ng , 

and 0. 33 hours walking . During the day cattle traveled an average of 

4.2 km. Only four and eight minutes, respectively, were devoted to 

watering a nd sal ting. Dwyer also found that cattle fed abou t 1.7 hours 

each night, beginning near midnight. 

Tribe (1949a) noted that between 1900 a nd 0700 hours ca ttle graz-

ing was unpredictabl e (not regular) and mos t occurred before 0100 hours. 

Smith (1959) reported one peak of night g r azing and stated t hat nigh~-

time grazing was constant at 20% of total feeding time for ca ttle i n 

Rhodes ia. 
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Hubbard (1952) found cat tle in shortgrass prairie of Canada to 

have average days of 16.8 hours. He recorded 10 hours feeding, 4.6 

hours resting, 1.6 hours idling, and 49 minutes ruminating. The cattle 

also traveled 54 minutes each day to move 3 .76 to 5.5 km. 

Under continuous observation, 4 steers spent 7 hours feeding, 1.4 

hours standing ruminating, 4 hours lying ruminating, 5 . 5 hours standing 

idle, 6 hours l ying idle, and 0.1 hours drinking per 24 hours (Hull , 

Lofgreen, and Meyer 1960). 

Nelson and Furr (1966), working with smal l groups of cattle for 

24 hours per day, reported times of 600 minutes feeding, 171 minutes 

standing ruminating , 368 minutes lying ruminating , 156 minutes standing 

idle, 118 minutes lying idle, and 27 minutes walking. Herbel and Nelson 

(1966) noted similar values for two breeds of cat tle on New Mexico range 

except more timewas spent walking . Gonzalez (1964), working with cattle 

in northern Utah recorded similar values for these activities with 638 

minutes grazing , 493 minutes ruminating , 250 minutes idling, 20 minutes 

walking, and 39 minutes nursing of calves . 

Bowns (1971) in southern Utah compared the grazing activities of 

3 breeds of sheep, which spen t about 268 minutes feeding ea ch morning 

and 326 minutes feeding in the afternoon. He fou nd that sheep spent 

more time grazing late in the season with a concomitant decrease ·in 

resting time . Squires (1976b) found that sheep grazing in Australia 

also increased their grazin g time as well as the time they spent walking 

to water as the summer season progressed. At the same time resting was 

declining as a percentage of the active day . 

The distance sheep traveled while grazing was measured directly 

with rolling wheel devices in New Zealana and Utah<(Cresswell 1960, 
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Cresswell and Harris 1959) . On hill pastures Cheviot sheep ranged 

10.7 km per week and Romney about 6.7 km per week. On Lowland pastures 

the Cheviot traveled 13 . 1 km and the Romney 10 . 7 km per week . In Utah, 

Rambouilett ewes in a 1-2 hectare pasture averaged about 2 km of trave l 

per day. 

Ingestive Functions 

Pearce (1965) s t ated that there was no direct evidence on what 

initiates rumination, but that apparently the presence of roughage 

itself was not sufficient to promote immediate rumination. Pearce and 

No ir (1964) reported that grinding animal feed resulted in shorter 

retention in the digestive trac t and lower apparen t dry matter , 

organic matter , and crude f iber digestibility. Restricting rumination 

with a tight muzzle to prevent chewin g markedly increased r etention 

time and was accompanied by higher apparent digestibility of these 

fractions. 

Gordon (1958) conducted a detail ed ana lysis of rumination behavior 

of a caged yearling ewe with a jaw movemen t measuring apparatus. 

Rations , fed fo r 6-7 days each, consis t ed of combinations of hay and 

concentrate meal from 100% hay to 100% meal. When hay was fed there 

was no r elationship between .the quantity of hay i ngested and the amount 

of rumination, which averaged 8 hours per day. l<ithout hay in the 

ration rumination f ell to only 2 .5 hours per day and much of this was 

pseudo-rumination. Rate of chewing during rumination var i ed from 83-99 

chews per mlnu le , compared with 4 2 chews per minute for cattle, for a 

total of 39,00 0 chews per day . He a l so found that tiring during rum

ination was expressed not in reduc tion of c hews per minute but rather 



in a longer rest between bali. Such rest periods accounted for 15% 

of the total rumination time. 

l3 

Iggo (1951) indicated that the cycle of contractions of the 

reticulum and rumen in unanesthetized sheep were periodic, recurring 

every 50-70 seconds and consisting of a sharp double contraction of 

the reticulum followed immediately by a contrac tion of the rumen. 

Iggo postulated that there is a region in the brain of the sheep 

caudal to the intercollicular plane which can maintain coordinated 

activity of the reticulum and rumen . Duncan (1953) stated that the 

normal, rhythmic activ ity of the rumen and reticulum, and propulsion 

of digesta from these organs into the omasum and abomasum, are lost 

following total vagotomy. Splanchnotomy, however , had no significant 

effec t on gastric emptying and motility and did not appear to modify 

Lhe eff~t..:lS uf coucomitant vagotomy in the sheep. 

Sheep eat to a constant distension of their digestive tracts 

measured by the "fill 11 which is in turn determined by the rate of 

passage of the food and its diges tibility according to Blaxter, 

Wainman, and Wilson (1961). Voluntary intake of long fodders by 

sheep and their resultant gains of body weight were positively related 

to the apparent digestibility of feed e nergy . Neither taste nor 

acceptability to the palate determined intake . Purser and Moir (1966) 

found ad libitum intake of dry matter of poor quality bulky roughages 

to be proportiona l to the rum e n volume. Animals with small rumens fed 

longer causing a more continuous a nd possibly relatively more active 

type of metabolism . · They thought that sheep with smaller rumens mlghl 

be more efficient when feed intake was restricted. 
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The animal's rumen capacity and the rate at which undigested feed 

could be moved through the alimentary canal limited production in cows 

given feeds with low digestibility (Conrad 1966). At high levels of 

digestibility the physiological state of the cow was the primary deter

minant of feed intake . Conrad suggested that physical limitations on 

eating capacity vanish and the influence of production become dominant 

at some point which varies with body size, production and fecal excre

tion rate. Pigden and Bender (1972) suggested that above about 65% 

digestibility, bulk no longer controls the intake of forages. Below 

65%, bulk is a major but variable factor which can be modified by 

grinding. Such grinding would r educe the time and energy required for 

particles to pass through the rumen due to increased surface area, rate 

of rumen fermen tation, density of feed, and the resulting effective 

capaci ty of the animal. 

Tribe (1952) stated that the action of an animal in rejecting or 

accepting a food assigns to the food a degree of palatability and must 

in the ultimate stage be explained in terms of special sensory reac

tions . He noted differences between the preferences of the same anima l 

at different times, and felt that food selection depended on an 

animal's nutritional history. He concluded that since food sel ect ion 

of an animal today may be influenced by what it chose yesterday , pref

erence was a function of the animal rather than of the plant. 

Krueger (1970) found that learning was impor tant in the selection 

of diet by sheep , as sheep new to an area changed from a grass diet to 

a forb diet after five days on the new area . Working with sheep with 

senses selec tively withdrawn on range pastures, he concluded that taste 

was important for food rej ection with smell supplementary to taste. 



Sight was used for positive selection of species preferred by 

other senses. Krueger suggested that s h eep selected plants by sight 

but moved on if selection was not reinforced b y positive preference 

by other senses. Tribe (1949b) also found that the sense of smell 
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was important in the initial stimulation of appetite but, because of 

i t s adap tive character, smell could only be of supplementary importance 

in influencing the food selection of the grazing sheep . 

Tribe and Gordon (1949) discovered t hat sheep failed to associa te 

either a r ed or blue color with the palatability of their food and 

concluded that sheep were co lor-bl i nd. Reflecting on these prob l ems 

of voluntary intake and their own research, Peterson and Woolfolk 

(1955) sugges ted that for optimum welfare, range managers should pro

vide ample forage for the necessary fil l, thus leaving preferably more 

than half the time free for r est and rumination by the s heep. 

Influence of Pasture Situations 

Attributes of the pas ture may affec t the grazing activities oT 

sheep a nd other lives tock . Hubbard (1952) found no significant dif

ference in time spent in different activities due to rate of stocking , 

but distances traveled by cattle appeared to be clearly rela ted to 

the size of the field . Cres swell (1960) found that variations in the 

size of the lowland pastures di d no t result in proportional variations 

in the distances traveled each day by Romney a nd Cheviot s heep. A 

several-fo ld increase in the size of hill pastures r esulted in both 

breeds i ncreasing the ir distances by abou t one-third. 

Hancock (1954) noted that grazing time of twin dairy heifers 
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increased with scarcity of forage and decreasing quality. Rumination 

time was prolonged by poor quality grass. 

Peterson and Woolfolk (1955) reported that length of time spent 

grazing and distance traveled by ca ttle on short-grass range appeared 

related to intensity of utilization and to the variety of vegetational 

types. Smith (1959) reported no difference in grazing time between two 

groups of cattle at two grazing intensities in Rhodesia during the dry 

season . During the rainy season the heavy grazing group spent abou t 

43% more time grazing than the lightly stocked group, and Smith con

cluded · that the 13 hou r s of grazing during the dry season might be a 

practical limit to which grazing time could be increased to compensate 

for lack of forage. 

The difficulty in obtaining green forage in late spring may have 

increased the time spent grazing by cattle in Colorado, but the tbue 

spent at certain daily grazing habits was mos tly a function of day 

length (Reppert 1960) . 

Arnold (1960) noted differences among sheep in their ability to 

increase their grazing time. He found a linear increase in grazing 

time as forage availability decreased, but tha t the rate of increase 

in g razing time was insufficient to maintain liveweight. Rumination 

time became less as forage availability declined. The linear increase 

in grazing time was more closely associated with green dry matter than 

to total dry matter on offer (Arnold 1964). Grazing time began to 

decrease when there was less than 560 kg per hectare of green dry 

matter on the Phalaris-annual grass-subterranean clover pasture . In

take per hour of grazing increased rapidly as available forage increas

ed , reaching 200 g organic matter per hour at 2800 kg per hectare . 
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Iskander (1973) noted differences in feeding habits of sheep be

tween moderate and heavy stocking only a t a 20% s i gnificance level. 

Sheep used objects to orient themselves while grazin g with utilization 

occurring in strips from one object to another . The sheep thus grazed 

more heavily a round shrubs and objects placed in the past ure. 

Squires (19 73) noted that sheep bedded in thickets of 1-2 m tall 

Atrip1ex on saltbush range and under trees in grassland range . Squires 

(1975b) found that sheep without s hade will hold their heads in the 

shade of other sheep . When resources such as shade and water are l oca

lized, limitations to group size occur. Grazing sheep formed smaller 

groups on grassland than on saltbush range. Squi r es (1976b) reported 

that she ep grazing on saltbush drank three times as much water as sheep 

graz ing grassland. Sheep which drank twice rather once daily traveled 

more and grazed areas mo r e than 3 km from water even t h ough passin g by 

a reas of abundant forage closer to water . 

Response to Climatic Factors 

Armstrong ~ al (1960) reported that Scottish Blackface and North 

Country Cheviot sheep did not differ between breeds in response to 

t emperatures as long as fleece lengths were similar. At 32 C fleece 

l ength had no effect on heat production, at 20 C metabolism increased 

unless fleece length exceeded 18 mm, and at 8 C metabolism rose unless 

fleeces exceeded 35 to 40 mm. 

Bl axter ~ al (1959a) found that she ep with fleeces were content 

at ambient t emperat ures of 11 to 30 C. Heat production was constant 

between 15 and 35 C i ndicating that sheep with f l eeces have a very 

wide thermoneutral zone rather than a point of minimum hea t production 
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or critical temperature. They concluded that heavy fleeces depress the 

critical t emperature and reduce the effects of drops in temperature 

below the critical level. Also , the heat produced by sheep from metabo

lism of its food and the heat it loses in warming its food and water to 

body temperature were thought to be very important items i n det ermining 

the c r itical temperature. At temperatures above 30 C the sheep panted , 

and heat losses by vaporization of water converged to one value at 

40 C irrespective of fleece length. Studies of the insulation of the 

fleece indicated that, above the critical temperature, hea t loss from 

hair- covered areas, espec ially the ears, was three-fourths of the 

total while loss from fleece-covered areas was minimal. 

Working with closely c lipped sheep , Blaxter ~ al (l959b) noted 

that sheep shivered at temperatures below 23 C and tha t the first 

reaclion to cold was co-rrugation of skin due to contraction of the 

fascial muscles. They found that respiratory frequencies were pro

portional to increasing heat loss by vaporization . They concluded 

that below the critical temperature the increase in h ea t production 

with falling environmental temperature reflected the increased radia

tive losses of heat while increasing heat production above the critical 

temperature appeared related to the inefficiency of the evaporative 

mechanism . Voluntary intake of water and urinary volume increased with 

a rise in e nvironmental t emperature, but o nly a small amount of cooling 

resulted from warming large quantities of water to body temperature . 

They concluded that changes in body heat content might explain heat 

losses due to rapid changes in air temperature of as much as 20 C in 

l-3 hours . 
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Knapp and Robinson (1954) reported that both the Jersey cow and the 

Corriedale ewe showed an increase in body temperature, respiratory rate 

and volume, and respiratory and transcutaneous water losses during heat 

exposure . In the sheep respiratory water losses reached one-third of 

the total water loss. Thus the e,,e was relatively a poorl y sweating 

ruminant relying mainly on the respiratory mechanism for approaching 

a heat balance. Brook and Short (1960a, 1960b) agreed that panting was 

the principal method of evaporative cooling in sheep. They found that 

evaporative cooling by sweating, above the critical temperature , was 

important to closely clipped sheep but was of limited value to the 

fully fleeced animal . Schmidt-Niels on (1964) reported that the thick 

fleece was excellent protection against heat flow from hot environments 

and that its removal greatly decreased the tolerance to high tempera

ture. 

Symington (1960) compared the climat ic adaption of Merino, Persian, 

and a native hair breed of sheep i n Rhodesia. The Merino's fleece 

s t abilized its skin temperature, but that of other breeds did not . 

Also the Merino fleece did not aggravate the effects of exercise and 

did not hamper elimination of heat from the body after exercise . 

Respiratory evaporation was the principal thermolytic process , but heat 

tolerance i n the Merino was due primarily to i nsul ation by the f l eece 

and not to more efficient physiological thermo lysis, since un s horn 

Merino ewes showed more and shorn Merinos less effective body tempera

ture r egulat i on than the other breeds. 

Stimulation of t emperature receptors in both the nasobucal area 

and elsewhere on the general body surface is necessary for the normal 
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respiratory response of sheep to a raised environmental temperature 

(Bligh 1959). Receptors on the general body surface are more effective. 

The onset of panting in response to an abrupt rise in environmental 

temperature need not be preceded by any change in deep body temperature . 

Bligh (1959) concluded that any changes in deep body temperature coin

cident with the onset of panting were passive and that panting resulted 

from stimulation of peripheral thermal receptors. Alliston and Ulberg 

(1960) recorded only a slight rise in rectal temperatures from 39 C to 

40 C between environmental temperatures of 21 C and 32 C for ewes at 

65% relative humidity, while respiratory rates climbed from 64 to 136 

per minute. 

Gonzalez (1964) found no effect of maximum daily temperature on 

walking distances of cattle on northern Utah range. Cattle sought 

tree cover from rain and hail storms, where they remained standing 

until resuming grazing 20-30 minutes after the storm ceased. He noted 

that cattle ruminated primarily in shade during the day but mostly in 

the open at night. 

Ehrenreich and Bjugstad (1966) recorded a high correlation between 

grazing time of heifers during summer days and a calculated t em perature

humidity index. Cattle grazed less as the index increased under summer 

heat stress conditions. 

Malechek and Smith (1976) recorded more time spent grazing by 

ca ttle on Utah winter range on warm days than on cold days. At the 

same time the cattle spent less time standing. They grazed and rum

inated longer following absolute changes in atmospheric pressure. 

Distance traveled was inversely related to wind velocities . 



Bennett (1972) stated that sheep preferred to stand when exposed to 

cold , even though standing cost them more energy. 

21 

Squires (1973) noted increasing water intake rtnd frequency of 

watering with rising temperatures in studies of sheep in Austrailia. 

Above 38 C the Merinos abandoned their afternoon walk to water thus 

consuming less water daily while reducing distance traveled . Squires 

indicated that sheep grazed into the wind three-fourths of the time 

and bedded down during midday to reduce hea t s tress. Start of morning 

grazing was closely related to sunrise; cessation of afternoon grazing 

was less closely related to sunset. Squires (1974) noted that t ime of 

feeding by sheep was related to changing seasons and length of day as 

summer progressed and not related to increasing temperatures. Length 

of afternoon grazing increased as season progressed with its later 

sunsets . Squires (1976b) found that wind direction affected the area 

grazed by sheep in treeless saltbush pastures, but sheep on grassland 

ruminated and idled in the s hade of trees in the downwind corner of 

the pasture. 

Energy Expenditure of Grazing Animals 

Osuji (1974) stated that increased energy requirement for animals 

on range migh t be due to the energy cost of eating, walking to graze , 

and the "work of digestion" done by the gut in handling bulky forage. 

He found that the metabolizable energy r equirement of sheep given 

fresh grass was 12% higher than that of sheep given dried grass. He 

indicated that the cost of eating is a direct function of time spent 

eating . 
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Young (1966) found no difference in energy cost of eating between 

whole and fistulated sheep in which feed was recovered by esophageal 

canula. He concluded that metabolic rise and cost of eating must be 

related to the work of prehension and mastication. Christopherson and 

1-lebster (19 72) recorded a 60% increase in oxygen consumption during 

eating with rapid fall thereafter. 

Graham et al (1959) reported on critical temperatures of closely 

clipped sheep fed grass cubes at three l evels--600, 1200, and 1800 g 

per day. Minimal heat production occurre d at 39-40 C for the lowest 

feeding level, 33 C for medium feeding level, and 24-27 C for the 

highest feeding level. They found that below the critical temperat ure, 

heat production increased at a constant rate pe r surface area per de

gree Celsius irrespective of feeding level and at 8 C was more than 

double the minimum metabolism determined at the medium feeding level. 

Above the critical temperature heat production increased exponentially 

with rectal temperature , with a doubling of metabolism for each 9 C in

crease in rectal temperature. 

Osuj i ( 19 74) indicated that the energy cost of ruminating was very 

small compared to eating or other activities of sheep . He sugges ted 

that the value of rumination may be in the saving of energy during 

rumination as opposed to eating . Rumination migh t save sheep eight 

hours of grazing time per day and the additional energy required to 

graze for that period. 

Brockway (1965) and Brockway, Pullar, and McDonald (1969) s tudied 

the effects of postural changes on heat content and energy expenditure 

of sheep in metabolism chambers . They observed that from the overall 

average , skin temperature at 40 sites on the body showed a mean decrease 
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of 0.14 C when standing and a mean increase of 0.13 C when lying. 

Likewise, body core temperature showed changes of -0.13 C when standing 

and +0.04 C when lying. Bennett (1972) noted that heat loss in the 

lying position was 80-90% of the heat loss while standing. He sug

gested that the extra energy expenditure while standing, a typical 

response of sheep to cold stress , might be the best strategy for short 

periods of cold. 

Graham (1964, 1965) concluded that muscula r effort accounts for 

more than 40% of the energy expenditure at maintenance of a 50 kg 

grazing sheep but represents only 11% of that of a caged sheep. He 

measured expenditures as metabolizable energy in kcal per hour per 

kg of body weight due to various functions Expenditures were: 

ruminating 0.24, standing 0.34, and either eating prepared meals or 

gra:t:::lng 0.54. Varying intake rates from 60 g to 800 g per hour did 

not affect e nergy expenditure. Thus a grazing animal might have 

energy requirements 40% greater than those of a caged sheep a nd 

walking distances could substantially increase this difference . 

Blaxter (1967) reported energy expenditures in kcal per kg meta

bolic weight per 24 hours for fasting sheep of varying ages and also 

for certain activities . Basal energy expenditures decreased with age 

of sheep, averaging 59 kcal per kg metabolic weight per 24 hours for 

the animals studied . He indicated that sheep in fasting and calor

imetry experiments spent 21 of 24 hours l ying ; standing cost them an 

additional 2.8 kcal per kg metabolic weight per 24 hours. 

Young and Corbett (1972) recorded increasing grazing time wilh 

declining herbage per hectare, and they found that grazing sheep had 

60-70% higher energy requirements than caged sheep. -
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Osuji (1974) calculated a 36% higher energy requirement for a graz

ing sheep over the resting metabo l ic rate and a 28% higher energy cost 

for a grazing sheep as compared to one fed prepared meals under housed 

conditions . 

Clapperton (1964), Corbett et al (1969), and Cook (1970) have all 

reported energy requirements for walking both horizontal distances and 

vertical climbs . Clapperton (1964) noted expend itures of 0 . 59 cal per 

horizontal m per kg of body weight and 6.36 cal per vertical m per kg 

of body weight for varying speed and feed l eve ls with sheep . Corbet t 

~ al (1969) reported similar data for horizontal travel and slightly 

higher requirements , 7. 2- 7. 9 ca l /kg wt, for vertical movemen ts. Cook 

(1970) applied previous work to western range sheep situations. He 

assumed 33 kcal per 100 pounds per mile on level walking and downhill 

travel plus 59.4 kcal per 100 pounds per mile uphill on a 5% slope. 

Typical energy expendit ure for travel by sheep on mountain range was 

assumed to be 100 kcal energy per day considering a mile downhill plus 

a mile uphill each day for average size ewes. 

Osuji (1974) using a similar technique arrived at a cost of 180 

kcal per day for sheep walking 6.1 km per day under a grazing situation. 

His calculated values for a grazing sheep in kcal per day were 1200 fo r 

resting metabolism , 202 . 5 for grazing, 12 for ruminating, 36 for stand

ing, and 180 for travel for a total estimated energy expenditure of 

1630.5 kcal per day. 
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Methods of Previous Studies 

Previous students of livestock behavior have utilized a number of 

methods of observation and recording of activity ~s wel] as measures of 

environmental factors. Cory (1927) recorded the primary activity of 

a flock of sheep on a continuous basis. Doran (1943) noted the activ

ity of a single ewe continuously for 30-minute periods. Dwyer (1961), 

Gonzalez (1964), Bowns (1971), and Malechek and Smith (1976) each 

recorded the activities of an individual animal continuously. Squires 

(1973, 1974) recorded the activities of the changing group of the 10 

or so sheep leading each activity at 5-minute intervals . 

Several investigators compared continuous and intermittent obser

vations to determine cattle activities . Harker, Taylor, and Rollinson 

(1954) compared intervals of 1 to 6 minutes to record activities of 10 

cattle by recording the activity of each anima l at the instant of 

observation and not during the interval . They chose the 4-minute 

interval after a s hort trial period and recorded grazing , ruminating, 

idling, walking, drinking , and salting activities . Hull, Lofgreen, and 

Meyer (1960) compared continuous observation with instantaneous record

ings at 15-, 30-, and 60-minute i n tervals on four steers individually. 

They concluded that up to 30-minute intervals between instantaneous 

observations was adequate to report major activities , more frequen t 

observation was required for minor activities, and several animals 

were needed because of variation among individuals. 

Nelson and Furr (1966) observed groups of 7 to ll · beef cows on 

pasture continuously and at 15-, 30-, and 60-minute intervals. Grazing 

and rumination t imes were estimated within desirable accuracy at either 
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15- or 30-minute intervals. Even 15-minute intervals led to unreliable 

estimates of the less-time-consuming activities. 

Gammon (1976) recorded instAntaneous observations of the activi

ties of 4-5 steers individually during the grazing day in Rhodesia . 

Box and Pook (1974) used a time sampling method in which the s ub

j ec t's behavior was noted at 10-second intervals cued by a ti~er. They 

foun d it satisfactory to record umambiguous , readily observable, 

mutual ly exclusive activities . They suggested that very short activi

ties would be underestimated by the technique and '"ould be better 

measured by some event-recording method . 

Altmann (1974) indicated that sampling decisions are made when

ever the student of behavior cannot continuously observe and record 

al l the behavior of all the members of a group and must the refore 

settle for a partial record. She described instantaneous observation 

and noted its usefulness to determine the amount of time spent in 

activities . She suggested tha t the shorter the interva ls, relative to 

the behavior durations, the c lo ser this method would come to the time 

spent. Instantaneous observations on each of a group of animals was ~ 

referred to as a scan-sampling technique . Altmann (1974) noted that 

scan sampling could provide information on the degree of synchrony 

among members of the group, but each individual must be scanned fo r 

the same brief period of time. Scan sampling was most suited to study 

of non-social activities. Percent of time could be e s timated directly 

from the percent of samples in which a given activity was recorded. 
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STUDY AREAS AND ANIMALS 

Sheep activities were studied on foothill range and mountain range 

in central Utah (Figure 1). The foothill ranges of the area are com

monly used for sheep grazing in late spring and in some cases aga in in 

the fall, and the mountain ranges are usually grazed in summer . 

Eureka Foothill Site 

The foothill study area is located in Tintic Valley between U.S. 

Highway 50 a nd the Union Pacific Railroad tracks a few kilometers south 

of Eureka in Juab County , Utah (Figure 2). The site, ad~inistered by 

the Bureau of Land Management, US Department of the Interior, is oper

ated as a cooperative research area by Utah State University. The area 

is between 1725 and 1825 m eleva tion and r eceives about 330 mm precipi-

tation as an a nnual average. The amounts received in the summer months 

a re especially low and erratic . Drainage from the gentle slopes is 

westward across the study site which features silt loam soils . 

The study area supports both native vegetation and introduced 

seeded grasses . The trea tments of brush control and seeding were des

cribed by Cook (1966). The native vegetation is characterized by a 

moderately dense overstory of Utah juniper (Juniperus osteosperma 

(Torr .) Little) and dense big sagebrush (Artemisia tridentata Nutt.). 

Principal herbaceous species include cheatgrass (Br omus tectorum L. ), 

squirreltail (Sitanion hy s trix (Nutt.) J.G. Smith) , Indian ricegrass 

(Oryzopsis hymenoides (Roem, & Schult . ) Ricker), western wheatgrass 

(Agropyron smi thii Rydb . ), and bluebunch wheatgrass (!. spicatum 

(Pursh.) Scribn . & Smith). 
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Figure 1. Location of foothil l and mountain sites in Utah for 
sheep grazing act ivity research. 
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Brush control treatments began in 1947 a t Eureka and starting in 

1950, 24 pastures of about 25 ha each were seeded to singl e species or 

3-way mixtures of crested wheatgr ass (Agropyron cristatum (L) Gaertn. 

and A. desertorum (Fisch.) Shul t.), intermedia te whea tgrass (!. inter

medium (Host) Beauv. ), and tall wheatgrass (!. e longatum Ho s t) . Six 

con t rol pastures of 100-200 ha along the lower west side of the site 

remained i n native vegetation . 

Scofield Mountain Site 

Studies on summer mountain range were conducted near Scofield in 

wes tern Carbon Coun ty, Utah (Figure 3). Elevation ranged f rom 2360 m 

a t the mout h of Andrew Da iry Canyon at Fish Creek where sheep grazing 

began in early July to about 2890 m on Granger Ridge on t he Manti 

Division , Manti-La Sal National Fore st. The entir e area was located 

wes t of Scof i eld, south of Fish Creek, north of Headquarters Canyon, 

and eas t of the Carbon-Sanpete county line (T 12 S, R 6 E, Sal t Lake 

Meridian) on the gr azing al l otments of Euray Allred of Fountain Green, 

Utah. 

Vegetation varied from sagebrush-grass a t lower elevations and 

sou th exposures through aspen-fir to s pruce-fir on north slopes at 

higher e l evations. Vege t ation similar to that at the Scofield site 

has been extensively describe d by sc i entists at t he Great Bas in 

Experimental Range located near Ephraim some 50 km southwes t of the 

s ite . Ellison (1954) described several subtypes within the subalpine 

zone. Precipitation , though not measured on the study area, c ould be 

expected to i ncrea se by 40 mm per 100 m rise in elevation from about 

54 0 mm at 2360 m to 750 mm at 28 90 m (Lull and Ellison 1950). 



Figure 3. Topographic map of Scofield mountain range sheep study 
site with approximate boundaries of area grazed by study herd in 
both 1965 and 1966. 
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Major forage species in sagebrush-grass sites included bluebunch 

and slender wheatgrass (Agropyron trachycaulum (Link) Malte), western 

yarrow (Achillea millefolium L. ssp. lanulosa (Nutt.) Piper), penste

mon (Penstemon spp . ), sagewort (Artemisia michauxiana Bess. ), and 

snowberry (Symphoricarpos oreophilus A. Gray) . Other common species 

were c heatgrass, geranium (Geranium richardsonii Fisch . & Trautv . ), 

cinquefoil (Potentilla fruticosa L.) , peavine (Lathyrus spp . ), and 

big sagebrush . 

Forage beneath the canopy of aspen (Populus tremuloides Michx.) 

included mountain brome (Bromus carinatus Hook. & Arn.), Kentucky 

bluegrass (Poa pratensis L.), slender wheatgrass , vetch (Vicia ameri

cana Muhl . ), and chokecherry (Prunus virginiana L.). Openings at the 

higher elevations produced predominately mountain brome and yarrow 

with scattered elderberry (Sambucus racemosa L . ) . Gooseberry (Ribes 

montigenurn McClatchie) often occurred as an edge species between aspen 

an d sagebrush sites. 

More mesic sites at intermediate elevations were dominated by 

Douglas-fir (Pseudotsuga menz i esi i (Mirb.) Franco) and at higher sites 

by Engelmann spruce (Picea engelmannii Parry) and subalpine fir (Abies 

lasiocarpa (Hook.) Nutt.) . Little forage grew beneath these dense 

stands of conifers . 

Sheep and Their Management 

All ewes involved in this study were owned by Euray Allred. 

They were essentially purebred Rambouillet although none were regis

tered (Allred, personal communication). Ewes were wintered on the 

cold-desert-shrub range in western Utah where they were exposed to 

rams beginning in early December each year . 
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In spring the sheep were moved to sagebrush foothi ll range near the 

town of Jericho, not far from the Tintic study site . After shearing 

in late April a t Jericho the s~eep were moved to the experimental pas

tures on May l just prior to the onset of lambing. About July l the 

sheep with lambs were trailed to mountain range near Scofield where 

they remained until late September. After the lambs were separated in 

early fal l the sheep spent a few weeks on foothi ll sagebrush range be

fore trailing to winter range. 

At the Tintic study site ewes were ass i gned to individual pastures 

prior to lambing. Numbers per pasture varied from 32 to 111 ewes , de

pending on pasture grazing capacity and the degree of utilization de

sired (Table 1). A herder checked the ewes daily during lambing in 

Hay, except for the pasture under activity observation that day. About 

June l both ewes and lambs were weighed and all dry ewes were removed. 

To maintain desired utilization dry ewes were replaced by ewes with 

lambs from similar pastures not involved in the experimental design. 

All sheep were weighed again before leaving the Tintic site . 

At Tintic water was provided in open meta l troughs, one in each 

pasture. Water was rep l enished dai l y, and troughs were c l eaned weekly . 

Watering locations were at the lower, wes t end of all seeded pastures 

an d at the upper, east side of the two native pastures. Salt was pro

vided in troughs near the watering locations. Most seeded pastures 

had a few juniper trees or brush stacks in variable amoun ts that pro

vided the s heep some shelter from the sun. 

At the Scofield site the ewes were grouped into one herd of some 

600 ewes , plus their lambs , under t he ca r e of a herder . 
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Table 1. Species, grazing in tens ities, pastures, number of ewes, and 
degree of utilization for exper imental area in Tintic Va lley near 
Eureka, Utah, in 1966. 

Species 

Nat i ve 

Cres ted 
wheatgrass 

I ntermedia te 
whea t grass 

Tall 
wheat gr ass 

Aver age 

* 

Grazing Pasture 
intensity number 

27 
28 

Light* l 
17 

Heavy 8 
14 

Light 7 
23 

Heavy 6 
20 

Light 5 
21 

Heavy 11 
24 

Li ght 
Heavy 

Number 
of ewes 

56 
56 

33 
32 

69 
70 

42 
34 

70 
54 

36 
57 

108 
111 

39 
80 

Percent utilization 
on selected dates 
5-20 6-10 7-7 

43 
67 

17 29 62 
lO 21 51 

l3 28 54 
22 33 64 

15 20 46 
14 24 28 

22 32 57 
36 48 60 

11 22 49 
7 26 44 

23 30 64 
8 26 51 

12 24 47 
21 33 58 

Initial stocking rates were based on a history of fora ge production 
and ani mal pe rformance with intent to obtain 40% and 60% util i za t ion 
by the end of the grazing period for l i ght and heavy, r espective ly . 
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The herder interfered with the sheep only to control the general area 

they grazed daily. He supplied salt on alternate days, usua lly near 

the bedding location. Water was available from small creeks jn the 

bottom of the canyons. 
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METHODS AND PROCEDURES 

Pilot Work 

A pilot study was conducted at the Scofield mountain site during 

the summer of 1965 to develop reliable techniques for the principal 

study. Field work began when the st udy herd arrived on mountain range 

from the Eureka foothill site about July 1, and continued into Sep

tember . All sheep were paint branded by number, and two ewes from 

each pasture at Eureka were spec i ally marked with bright orange pain t 

on hips, shoulders and back of the neck . Initial plans were to fol

low and record the activities of a selected, marked individual con

tinuous ly ea ch day while monitoring environment al conditions . 

Limitations 

Due to complications of the herd size and movement, obstruction 

by vegetation and lying posture , continuous observat ion of an indi

vidual ewe was not possible by a lone observer . Marked ewes selecte d 

by random number for observation on a given day often could not be 

located at the beginning of the day. Frequent l y an animal that was 

observed throughout most of the day was lost to view for longer or 

shorter periods late in the day. Sheep activities were monitored 

during three, 24-hour days during the summer of 1965. Use of light 

to identify night activities seemed to disturb the resting herd. 

Activities recorded at night were almost entirely standing and l ying 

ruminating and idling. Bedded sheep did not appear to sleep. On one 

occasion after disturbance the sheep grazed a few minutes, while mov

ing to a nearby location . A 24-hour day of observation caused observer 
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fatigue and increased the interval required for rest between observa

tion days . 

Method of recording 

In the pilot study I made observations on two marked individual 

ewes once every 10 minutes throughout the day from 0500 to 1950 hours . 

I recorded the activities of the first two marked ewes visually dis

covered at the observation instant. This technique constituted a 

simple scan sampling at instants 10 minutes apart (Altmann 1974) . When 

several marked ewes could be seen simultaneously, the herd was mentally 

divided, left and right, and the activity of one marked ewe from each 

side of the herd was record ed . Frequently I was obliged to move to 

several vantage points to locate two marked ewes at any one observa

tion instan t. The study herd was accustomed to seeing people on horse

back, and most observations were made while thus mounted . Binoculars 

were ·used to determine ewe behavior from distances that were less dis

ruptive . Data on sheep activities were at first recorded on tape and 

subsequent ly transferred to data sheets. Later in the study the infor

mation was handwritten on smal l index cards carried in a pocket. 

Activities recorded 

Activities were tentatively defined based on behavioral litera

ture , but these definitions later were amended from field experience. 

Feeding, salting, watering, defecating, urinating, nursing and lick

ing l amb , s tanding ruminating, lying ruminating, standing idle, lying 

idle, and walking or traveling were initially recorded. Later salting 

and watering were included in feeding while other minor activities, 
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timewise, such as nursing and licking lamb, urinating, and defecating, 

were included in their associated activities and postures. 

Environmental variables 

Temperature and relative humidity were recorded each hour using a 

sling psychrometer . Sunset and sunrise times were noted as they oc-

curred at the location of the herd, rather than using official times 

for these events . 

Pilot study design 

Data obtained in the pilot study were statistically analyzed in 

their original form of number of observations for each activity each 

day to obtain components of variance fo r each activity (Table 2). 

Variances were est imated for the differences due to days, to animals 

selected at each observation instant , and to experimental error with-

in animals, using the daily totals for obse~~ation scans of each ac-

tivity . Days were considered random mode l effects . Since different 

individ ual ewes were likely chosen at each observation scan, the be-

tween - animal variation properly could be assigned to experimental error, 

Table 2. Experimental design for the pilot study in 1965 on sheep 
activities . 

Source of variation Degrees of freedom Expected mean squares 

Total 23 

Days 11 a2 + 2a~ 

Animals a2 + 12o2 
a 

Error 11 a2 
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but was separated here to help loca t e sources of variation and to check 

for bias in the animal se l ection method. 

Interpretation 

Number of observations recorded for each activity at the 10-minute 

intervals during the day were multiplied by 10 and assumed to represent 

the t ime spent by sheep daily in each activity (Altmann 1974; Box and 

Pook 197 4 ; Nelson and Furr 1966; Hull, Lofgreen, and Meyer 1960) . 

Princi pal Study 

Scan sampling 

Activities of individual ewes we re recorded under typica l range 

s he ep grazing situations near Eureka and Scofield, Utah, in 1966. At 

b oth locations scan sampling ob servat i ons were made every 10 minutes 

(Al tmann 1974). The current ac tivity was noted separately for four 

of the marked ewes in the herd . 

Eight e wes per pasture at the Eure ka foothill range site were 

identifie d with r ed wool-paint brands at the time sheep were r e l eased 

into each pasture individua lly. Observat i ons on four of the marked 

e wes were rec orded at the e nd of each 10-minute interval. On moun

tain range near Scofield activities were recorded separately on four 

marked s heep as they could be located by the observer at each ob serva

tion i nstant. Marked sheep that had been used earlier on foothill 

pasture s tudies numbered about 100 among more than 600 ewes in one 

flock on the mountain site . 

Activity definitions 

Activities recorded were fe e ding , standing ruminating, lying 
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ruminating, standing idle, lying idle, and traveling (Table 3). These 

were chosen and defined to be all-inclusive. All less-time-consuming 

activities s uch as watering, salting, nursing of lamb, defecating, and 

urinating were not separated from the six activities of principal 

interest. 

Environmental measuremen ts 

Factors recorded. Ambient temperature in degrees Fahrenheit and 

percentage r e lative humidity were determined with a sling psychrometer 

at each hour during anima l observation. The observer made these re

cordings at his vantage point near or within the sheep herd. Wind 

velocity was estimated hourly using the Beaufort scale (Table 4) as 

described by Taylor (1954). Degree of cloudiness was recorded hourly 

on a simple arbitrary 0 to 3 scale with 0 for clear skies , 1 for less 

than 50% c l oud cover, 2 for less than 50% cloudless skies, and 3 fo r 

completely overcas t skies. 

Analyses; The 15 hourly observations of environmental factors 

were averaged for each observation day and used as independent varia

bles in a multiple regression analysis of daily activity at both the 

foothill and mo untain range sites . The data were analyzed by a step

wize deletion, multiple regression procedure in which t he variable 

producing the least sum of s quares for regression was eliminated from 

the model for the next step . Thus, the procedure evaluated regression 

models with one to four environmental fac tors for each of the six 

sheep activities (Table 5) . A du~ny variable was included to evaluate 

the intercepts . Regression coefficients for all tested variables were 

obtained at each stage of the deletion procedure. Significance of the 



Table 3. Definitions of sheep activities recorded in study of sheep 
behavior on central Utah ranges, 1966. 

FEEDING 

Grazing, browsing, or any form of animal harvest of forage 
whether grass, forbs, or browse; eating or licking sal t ; drink
ing or muzzle contact with drinkable water ; travel occurring 
while continuously feeding. 

RUMINATING 

Regurgitation and mastication of bali; swallowing of masticated 
food; the pause of 0-20 seconds common between swal lowing and 
regurgitation of the next bolus. 

Separated into ruminating in standing a nd lying postures. 

IDLING 

Resting without ruminating or feeding; minor movement not asso
ciated with feeding nor of such duration or extent to be called 
traveling; pushing against o ther sheep; stamping feet and other 
insect avoiding movement not traveling; panting or shivering . 

Separated into idling in standing a nd lying postures. 

TRAVELING 

Locomotion by sheep from one place to another; moving at l eas t 
5 paces if interspersed with movement of feeding; not including 
movement necessary during feeding . 
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Table 4. Beaufort scale of wind forces and criteria over land along 
with average velocity and codes recorded for wind conditions in sheep 
activity study . 

Code number 

0 

2 

3 

4 

5 

6 

7 

Criteria over land 

Smoke rises or dust falls 
vertically 

Smoke or dust drifts with 
wind; not felt on face 

Wind felt on face; l eaves 
rustle or quake 

Leaves and small twigs in 
constant motion; light 
cloth flag extends 

Raises dust and loose pa
per; moves sma ll branches 

Sways small trees in leaf 

Moves l arge branches; 
telegraph wires whistle 

Inconvenience felt in 
wa l king against wind 

Speed in mph 

Less than 1 

1 - 3 

4 -

8 12 

13 - 18 

19 - 24 

25 - 31 

32 - 38 
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Table 5. Multiple r egression analysis of variances model used to 
evaluate effects of environmenta l factors on sheep activities. 

sv df Model 

Total 223 

V1 (1) 
V2:V 1 (1) 
V3 :V1, V2 ( 1) 
V4:V1,V2,V3 (1) 
Hode l 4 A=BOXO+B 1X1+B2X2+B3X3+B4X4+£ 
Residua l 219 

V4 (1) 
V3:V4 (1) 
V2:V4,V3 (1) 
Model 3 A=BOXO+B4X4+B3X3+B2X2+£ 
Residua l 220 

V4 (1) 
V2:V4 (1) 
Model 2 A=BOXO+B4X4+B2X2+E 
Residual 22 1 

V4 (1) 
Model 1 A=BOXO+B4X4+ E 
Residual 222 

43 
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regression based on mean square ratios was tested against four times 

the appropriate tabular F values (Draper and Smith 1966. p64) . 

Experimental design 

Mountain site. Studies on mountain range near Scofield were 

designed and evaluated considering the 28 observation days as treat

ments with the four animals as samples (Table 6) . 

Separate analyses were made for each of the six defined and 

recorded activities . All activity data for both sites were statis

tically analyzed first in their raw form of number observations record

ed fo r each activity and afterwards translated into minutes per day by 

multiplyin g by 10 since scans were made at 10-minute intervals . 

Foothil l site. Data generated by the studies on foothill range 

near Eureka were analyzed by two separate designs for each activity 

(Ostle 1963) . Both designs fea tured two replications based on two 

separate pastur es of each treatment and two months, May and June. 

Small herds of sheep were assigned to each of the 14 pastures and sheep 

activities o bserved and recorded such as to meet the design restric

tions simultaneously imposed by both experimental designs (Table 7). 

Pasture situations or treatments included native foothill range stock

ed moderate ly and three species of seeded wheatgrass pastures stocked 

either light or heavy . Int ensity of stocking on the seeded crested , 

intermediate, and tall wheatgrass pastures was achieved by controlling 

the nwnber of ewes introduced to each pasture relative to its estimated 

carrying capacity. 

The first mode l considered the native pastures plus the two inten

sities of stocki ng on three species of seeded grasses as seven 



Table 6 .. Model for analysis of components of variance for sheep 
activities on mountain range, 1966. 

sv df EMS 

Total 111 

Days 27 
2 + 4 

2 
a ad 

2 + 28 
2 

a a 
a Animals 3 

2 
Error 81 a 
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Table 7. Dates of daily observations, pasture numbers, vegetation , 
and grazing intensities on foothill range at Tintic pastures in May 
and June , 1966 . 

Day Date 

1 5-3 
2 5-5 
3 5-7 
4 5-11 
5 5-13 
6 5-15 
7 5-17 

8 5-19 
9 5-21 

10 5-23 
11 5-25 
12 5-27 
13 5-29 
14 5-31 

15 6-6 
16 6-8 
17 6-10 
18 6-14 
19 6-15 
20 6-16 
21 6-17 

22 6-19 
23 6-20 
24 6-22 
25 6-24 
26 6-26 
2 7 6-2 7 
28 6-29 

Pasture 
number 

21 
27 
24 

8 
1 
6 
7 

14 
5 

11 
28 
23 
20 
17 

28 
11 

5 
17 
20 
23 
14 

8 
1 

24 
7 

27 
21 

6 

Species 

Tall wheatgrass 
Native foothill 
Tall wheatgrass 
Crested wheatgrass 
Crested wheatgrass 
Intermediate wheatgrass 
Intermediate wheatgrass 

Crested wheatgrass 
Tall wheatgrass 
Tall wheatgrass 
Native foothill 
Intermediate wheatgrass 
Intermediate wheatgrass 
r.rested wheatgrass 

Native foothill 
Tall wheatgrass 
Tall wheatgrass 
Crested wheatgrass 
Intermediate wheatgrass 
Intermediate wheatgrass 
Crested wheatgrass 

Crested wheatgrass 
Crested wheatgrass 
Tall wheatgrass 
Intermediate wheatgrass 
Native foothill 
Tall wheatgrass 
Intermediate wheatgrass 

Grazing 
intensity 

Light 

Heavy 
Heavy 
Light 
Heavy 
Light 

Heavy 
Ligh t 
Heavy 

Light 
Heavy 
Light 

Heavy 
Light 
Light 
Heavy 
Light 
Heavy 

Heavy 
Light 
Heavy 
Light 

Light 
Heavy 
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treatments (Table 8). Selected comparisons investigated included 

native range pastures versus the seeded pastures and an orthogonal 

comparison among the seeded pastures. 

The second analyses omitted the native range pastures leaving 

the remaining pastures as a 3 x 2 factorial combination of species 

and intensities (Tab l e 9). 

Scope of study 

47 

Activities were r ecorded from 0500 to 1950 hours USA Mountain 

Standard Time. Beginning an d ending times were chosen to include the 

active day of the sheep even on the longes t days of the year . Each 

15 hour observation day featured activities of four ewes separately 

at 90 observation instants ~ or 360 activity recordings per day. Since 

activities of four ewes were recorded throughout the day, each day of 

study yielded four animal observation days. 

At Eureka and also a t Scofleld, activities were recorded on 28 

separate days . Thus 112 anima l observation .. days were recorded at 

each location for a total of 224 anima l observation days for t h e e ntire 

study . 

During the principal study in 1966 each actual observation day 

began at 1200 hours, continued until 1950 hours, then resumed the next 

morn ing at 0500 hours to end at noon. This procedure proved sustain

ab l e on an alternate day basis f or the lone observer for the duration 

of both the foothill and mountain range work . 



Table 8 . Fixed effects model for analyses of variances for each of 
six activities on foothill range as seven treatments with selected 
comparisons. 

sv df 

Total 111 

Replications 

Treatments 6 

Native vs Seeded (1) 

Among Seeded (5) 

Months 

T X M 6 

Error 13 

Animals 84 

EMS 

o~ + 4o2 + (56/1) " r 2 

o! + 4o2 + (16/6) "t2 

02 + 4o2 + (56/1) l:m2 
a 

02 + 4o2 + (8/6) H(tm) 2 
a 

02 + 4o2 
a 

o2 
a 
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Table 9. Fixed effects model used for factorial analyses of vari
ances for each of six activities on foothill range , 1966. 

sv df EMS 

Total 95 

Replications o2 + 4o2 + (12/ 1) Er2 
a 

Species 2 02 + 4o2 + (8/2) Ew2 
a 

Intensity 02 + 4o2 + (12/1) Eu2 
a 

S x I 2 02 
a + 4o2 + (4/2) H(wu) 2 

Month o2 + 
a 

4o 2 + (12/1) Em-2 

M X s 2 02 + 4o2 + (4/2) H(wm) 2 
a 

M X I o2 + a 4o2 + (6/1) H(um)2 

M X J X S 2 o2 
a + 4o2 + (2/2) EH(wum) 2 

Error 11 o2 + 4o2 
a 

Animals 72 02 
a 

49 
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RESULTS 

Pilot Study 

Scope of pilot study 

Purpose. A pilot study of domestic sheep activities of central 

Utah rangelands was begun following preliminary sheep watching i n 

the grazing environment. The initial investigation was conducted at 

the Scofield site to determine the general behavior of the study herd 

under Utah rangeland situations and to develop and test for reliab l e 

and useful methodology . 

Interpretation. Results of the pilot study helped define activi

ties to make them all-inclusive and mutually exclusive , determine 

llmltalions , identify environmental factors to monitor, and estimate 

the numbers of animals and days needed in the principal investigation. 

As in the later work, data tabulated were the number of observations 

for each activity each day at instantaneous scans at 10-minute inter

vals. Data were analyzed in their original form, then numbers were 

multiplied by 10 and interpreted as minutes per day. 

Tempora l patterns 

Daily movement. Sheep traveled a nd fed downhill as a group from 

overnight bedgrounds on ridges each morning. They spent the midday 

period in shade at the l owe r elevations. In the afternoon the herd fed 

and traveled back uphill to the night's b edding area. This pattern of 

do•~hill movemen t in the morning followed by the afternoon uphill move

ment occurred ev-ery day sheep activities we re studied . 
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Feeding periods. Daily feeding by the sheep was bimodal with both 

morning and afternoon feeding periods . During the 1965 pilot study 

sheep on the average b egan their morning feeding period at 0530 hours, 

or about 30 minutes prior to local sunrise . The herd usually began 

feeding as they left the bedgrounds, but at times they walked 100-200 m 

before feeding . The herd then fed downhill for approximately 210 

minutes , or during the n ext 21 scans (Figure 4). Generally the sheep 

stopped feeding several hundred meters before reaching the canyon bot

toms in which they sought shelter provided by conifer trees. Upon 

arrival at the repeatedly used resting areas some sheep drank water 

from small streams. Not all animals drank each day. 

On the average the s heep resumed feeding 440 minutes after the 

cessation of morning feeding and continue d for approximate ly 210 

minutes, the same duration as the morning f eeding period. Upon r e ach

ing the ridge tops the s h eep usually consumed supplemental salt pro

vided by the herder. Feeding ended at about 1950 hours, some 40 

minutes after observed s unset . 

Rumination and idling. Following the morning f eeding period and 

upon r eaching available shade , she ep spent mos t of the midday period 

from about 0850 to 1610 hours ruminating a nd idling in e ither standing 

or lying postures . The period devoted to ruminating an d idling was 

seldom interrupted by feeding or traveling. Rarely a few sheep would 

feed momentarily in the immediate vicinity of the resting a rea. The 

resting area itself was often devoid of forage. Freque ntly single ewes 

would walk to the nearby st ream or pond to drink then return directly 

to shade where they continued to ruminate or idle. Only 31 minutes 

(7%) of the 440-minute midday period was spent traveling. 



s nnrise 

midday 
I 
I 

1200 : 

. 
I 

Rumina tin &' 
and Idlin~ 

440 min ., 

Night not 
recorded 

nd of 
day 

Figure 4 . Schematic daily activity pattern of domestic ewes in 
central Utah during 1965 preliminary study. 
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Some 87% of all ruminating and idling occurred during the midday 

period. Nearly all lying idle, 99%, and most lying ruminating, 91%, 

and standing ruminating, 87%, occurred during the period between feed

ings . Only 77% of the standing idle occurred during midday, as the 

sheep often stood idle on the bedgrounds before morning feeding . 

Within the midday period 51% of the time was spent ruminating and 

42% idling. Portions of the midday period accounted for by these four 

activities were standing ruminating, 29%; standing idle, 26%; lying 

ruminating, 22%; and lying idle, 16%. 

Panting and shading. During the midday period of ruminating and 

idling most ewes sought s h ade for their heads at least. Shade on 

the mountain range site was generally avai lable for the entire herd 

in the form of canopy cover by large conifer trees . The sheep often 

held their h eads in the shade created by their neighbor even when 

tree shade was nearby~ 

On 10 of the 12 days in 1965 the maximum ambient temperature 

occurred while the s heep were in shade ruminating or idling . On the 

other 2 days the maximum temperature was measured after the afternoon 

feedin g had begun . Daily maximum ambient t empera ture ranged from 14 

to ·25 C with an average of 21 C. The sheep were observed to pant while 

otherwise idle on those days (6 of 12) when the ambient temperature 

exceeded 22 C. 

Relation of sunrise and sunset . The sheep began morning feeding 

shortly before sunrise and ceased afternoon feeding 40 minutes after 

sunset . The two feeding periods were of equal length. Thus the mid

day period of rumination and id ling was located midway between sunrise 

an d sunset. Ewes were observed never to feed more than 10 minutes 
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prior to 0500 hours nor more than 15 minutes past 1950 hours . 

Relation to habitat. The area grazed by the sheep in the 1965 

pilot study consisted primarily of short spurs running north and down

hill from a common east-west ridge. Sheep were limited mostly to east 

and west exposures of the smaller ridges plus some small north-facing 

areas. Feeding occurred in the sagebrush-grass and aspen areas on the 

east and west slopes while midday rumination and idling occurred in the 

shade of fir trees on north and east exposures . No evidence was col

lected that suggested the exposure or vegetation type affected the be

ginning or ending of any activities . 

Relation to rainfall. All incidents of rainfall occurred while 

the sheep were in shade during the midday period . The ewes sought 

shelter from the rain by standing beneath fir canopy where they remain

ed standing during the rain. On the one day that rain occurred late 

in the midday period the sheep did not begin feeding until after the 

rain stopped, some 40 minutes later than was usual . Fe e ding then was 

synchronous and uninterrupted on the wet forage. 

Ewe-lamb activities. Lambs suckled frequently during the day, 

often after a change in activity or posture of the ewe. Most lambs 

suckled prior to l eaving the bedground each morning. Lambs occasion

ally interfered with ewe feeding in attempting to suckle on the move. 

Both ewes and lambs frequently called to each other in July but such 

attention and suckling declined in Aug ust and were unnoted in Septem

ber . 

Flock synchrony 

Sheep in the pilot study engaged in the same activity sirnultan-
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eously more than could be expected if they selected activities indepen

dent l y of other sheep in the flock (Table 10). The two animals selec-

ted at each observation scan were recorded as engaged in the same ac-

tivity more than three times as frequently as could be expected by ran

dome choice of activity. When activities were weighted by their pro

portion of the daily activity, synchrony was more than twice that ex

pected. In 58% of the scans both sheep being recorded were engaged in 

the same activity. 

Twice the expected feeding activity, 88%, was synchronous . Stand

ing idle and standing ruminating showed similar synchrony to feeding. 

Both lying activities were more than three times as synchronous as 

predicted for random simultaneous activity . The travel data indicated 

that activity was more than six times as synchronous as predicted . 

All sheep activities appeared to be strongly allelomimetic. 

Time budgets for activities 

_Observations per activity . In 1965 on mountain range the sheep 

were observed feeding at 39 of the 10-minute interval scans daily on 

the average . Standing ruminat ing and lying ruminating accounted for 

15 and 10 observations , respectively. At 15 scans the sheep were 

standing idle . Sheep in the pilot study were found to be l ying idle 

at 7 scans an d traveling at 4 scans each day on the average . When 

multiplied by 10 the number of daily scans yielded an estimate of the 

amount of time, in min utes per day, the sheep devoted to each activity 

(Table 11). 

Almost half the day was spent foraging or in other mobile behavior. 

The remainder was spent in less-energy-demanding activities. 
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Table 10. Degree of synchrony in sheep activities between two "indi
viduals" in a herd in 1965 pilot study, comparing observed data with 
binomial frequencies weighted by time spent in each activity. 

Activity 
Binomial 

term 
Number 

synchronous 

FEEDING p = .430555 , q .569445 

. 32426 7 

. 490355 

. 185378 

0 
1 
2 

Sightings 
expected 

350.21 
529.58 
200 . 21 

STANDING RUMINATING p .165277, q . 834723 

.69676 1 

. 275922 

.027317 

LYING RUMINATING p 

. 780278 

.206111 

.013611 

0 
1 
2 

. 116666, q 

0 
1 
2 

STANDING IDLE p = .161111, q 

.703734 

.270309 

. 025957 

0 
1 
2 

752.50 
298 . 00 
29.50 

. 883334 

842.70 
222.60 

14.70 

. 838889 

760.03 
29 1.93 

28.03 

LYING IDLE p = .080000, q = . 920000 

. 846400 

. 14 7200 

.006400 

TRAVELING p = .044444, q 

.913086 

. 084938 

.001975 

0 
1 
2 

0 
1 

.955556 

914.11 
158.98 

6.91 

986.13 
91.73 

2 .1 3 

Sightings 
·observed 

560 
109 
411 

792 
219 

69 

876 
156 

48 

790 
232 
58 

932 
123 
25 

998 
68 
14 

Chi
square 

152.58** 
337.98** 
252.90** 

9. 30 
26 . 88** 

206 .12** 

11.00 
38.24** 

199.22** 

14. 17 
32.08** 
72. 78** 

8 . 29 
36.70** 

111. 43** 

0.96 
13.52 

142. 70** 

** inUicales statistical significance at the 99% level for chi-square 
values in a one-tailed test. 



Table 11. Time spent by sheep in specified activities during 15-hour 
days in 1965 on a central Utah mountain range. 

Postures 
Standing Lying Total 

57 

Activities minutes percent minutes percent minutes percent 

Feeding 388 43 388 43 

Ruminating 149 17 105 12 254 29 

Idling 146 16 72 8 218 24 

Traveling 40 4 40 4 

Totals 723 80 177 20 900 100 
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Posture budgets. Only 20% of the day was spent in the lying pos

ture, and less than half the total ruminating time was spent lying 

down. More than half the standing time was devoted to feeding or 

traveling. The sheep stood while idling twice as often as they lay 

while idling (Table 11). 

Relation to temperature. Though data were limited, time spent 

feeding and lying each showed significant simple regressions on 

average daily temperature (Table 12) . Regressions of all other activ

ities or posture combinat ions on temperature were not significant. 

In 1965 the sheep spent mo re time feeding on cooler days in late 

Augus t and ear ly September . Sheep fed less in early summer when the 

average daily temperatures were higher. On those days the sheep spent 

more time in the l ying posture, either ruminating or idling . 

The range of temperatures observed, 3-25 C, was not great in 1965. 

Average daily minimum temperature was 9 C, and the average daily maxi

mum was 21 C for a mean daily range of only 12 C. Average daily tem

perature for the 180 hourly recordings was 15.4 C. The ambient tem

perature averaged 13 C when the sheep ceased morning feeding and 18 C 

when afternoon feeding began. The relative humidity at these times 

averaged 57% and 44%, respectively. Regression of feeding time daily 

on a temperature-humidity index as used by Ehrenreich and Bjugstad 

(1966) produced a coefficient of determination of 0.54, similar to the 

value I found for ~· temperature alone (Table 12). 

Evaluation of pilot methodology 

Components of variance. The amount of time sheep spent feeding, 

standing ruminating, standing idle, lying ruminating, and lying idle 



Table 12. Separate simple linear r egressions of dai l y ac tivity 
t imes on mean ambient temperatures F for 12 days in preliminary 
study on summer range in central Utah. 

Re gression Coefficient of 
coefficien t determination 

Activity 
(b1) (r2) 

Feeding - .83 .53 

Standing ruminating .21 .06 

Lying ruminating .48 . 28 

Standing idle -.11 .02 

Lyin g idle .15 . 04 

Travelin g .06 .08 

To ta l ruminating .69 .18 

Total idling . 04 .00 

Total s t anding .10 . 01 
(idle or ruminating) 

Total l ying .63 .41 
(idle or ruminating ) 
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varied significantly from day to day (Table 13). Travel time did not 

vary much from day to day , but differed between animals . These pilot 

study data indicated that an increase in the number of days of study 

would prod uce the greatest improvement in statistical efficiency. 

Sensitivity of methods. Only feeding time was sampled within 10% 

of the mean (Table 14). The data suggested that the number of days 

that would be needed to samp le each activity within 10% of its mean 

value without changing procedures, ranged from 16 days for feeding 

to 193 days fo r lying idle. Minor activities like defeca tion, were 

not properly subject to sampling by the methods used . 

Herder and observer effects. In the pilot study the herder some

times forced the sheep to leave the overnight bedground in the morning 

or the midday resting site in the afternoon sooner than they would 

have moved of their own choice. The sheep seemed to quickly adapt to 

the nearby presence of the observer, who remained in view of much of 

the herd at al l times. In some cases the sheep may have awaited the 

arrival of the herder before initiating afternoon feeding . The herder 

influenced only the direction the sheep took as they began feeding on 

mountain range and did not enter the foothill pastures on the day of 

observation. 

Principal Study 

The principal investigation was conducted in 1966 to determine 

the time budgets of domestic sheep for important activities as influ

enced by range type, seeded species , stocking pressure, and weather 

factors to provide inputs for b e tter management. 
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Table 13. Components of v ariation for each sheep activity on moun-
tain range in preliminary study ; 1965 . 

Source df ss MS EVIl F 

FEEDING 
Total 23 1238 . 50 
Days 11 1203 .50 109.41 53.39 41. 50** 
Animals 1 6.00 6.00 . 28 2.28 
Error 11 29.00 2. 64 2 . 64 

STANDING RUMINATING 
Total 23 748 . 62 
Days 11 612 . 12 55.65 22.30 5.04** 
Animals 1 15.04 15 . 04 . 33 1.36 
Error 11 121.46 11.04 11.04 

LYING RUMINATING 
Total 23 761.62 
Days 11 683. 12 62.10 28.32 11. 37** 
Animals 1 18.38 18.38 1.08 3 . 37 
Error 11 60.12 5 . 46 5 .46 

STANDING IDLE 
Tota l 23 790.00 
Days 11 704.00 64.00 28.21 8.44** 
Animals 1 2.67 2.67 . 00 .35 
Error 11 83.33 7.58 7.58 

LYING IDLE 
Total 23 598.50 
Days 11 460.50 41.86 14 . 04 3 . 04* 
Animals 1 13.50 13.50 .00 .98 
Error 11 151. 50 13 . 77 13 . 77 

TRAVELING 
Total 23 96 .00 
Days 11 37.00 3.36 . 09 1.06 
Animals 1 24.00 24.00 1. 74 7.55* 
Error 11 35.00 3.18 3.18 

II EV indicates estimated v ariance due to e ach source 
** denotes significance at the 99% confidence level 
* denotes significance at the 95% confidence level 



Table 14. Minutes per day spent by sheep in various activities with 
95% confidence interval and e s timate of number of anima l observation 
days n e eded to test w]thin 10% of mean . 

Activity Mean ±95% C.I. Number needed 

Feeding 388 ±31 16 

Standing ruminating 149 ±24 59 

Lying ruminating lOS ±25 123 

Sta nding idle 146 ±24 62 

Lying idle 72 ±22 193 

Travelin g 40 ± 9 103 

62 



Daily pattern of activity 

Genera l pat tern. Sheep graz ing mountain range near Scofield, 

Utah, from July t o September, 1966, exhibited a bimoda l pattern of 

daily activity (Figure 5). Morning and afternoon feeding per iods 

were separa ted by midday periods of ruminating and idling. Each 

morning the sheep fed downhill from the previous overnight bedground 
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at higher elevations . The midday resting sites were located along 

intermittent streams in the canyon bottoms. Each afternoon the sheep 

moved back uphill while feeding and reached the ridge cres t in time for 

overnight bedding. Ridge sides grazed varied from 20% to 80% slope and 

the r idges averaged 10% s l ope. The s heep stayed together l oosely as 

a single f l ock or herd of some 600 ewes plus their lambs . 

Sheep on foothill range at Tintic fo llowed a pattern of morning 

and afternoon graz ing (Figure 6), as was t he case ou liiO un tain range . 

The midday period of ruminating and idling was very much shor te r on 

foothill range , and the sheep resumed feeding earlie r in the after

noon than on the mountain range situation. The entire f lock in each 

pasture , numbering from 30 to 110 ewes plus lambs, moved as a unit. 

Even though t he pas tures only differed by an average of 22 m elevation 

from the low to the h igh side, the sheep b edded overnight repeated l y 

in the h ighes t a rea of each pasture. In the seeded pastures the sheep 

fed downhill each morning a nd then uphill in the afternoon. 

Relat ion to sunrise and sunse t. At both locations the s heep 

usually began mo rning feeding shortly before sunrise averaging 6 

minutes prior to sunrise on mountain range a nd 23 minut es prior to 

sunrise on foothill r ange . The sheep stopped feeding in the evenings 

after s unset. On the average sheep ceased to fee d 10 minutes past 



midday 
I 
I 

1200! 

2400 
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s un s et 

Fig ure 5. Schematic d a ily activ ity pat t ern of sheep on mountain range 
in central Utah, summer of 1966. 
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midday 

0500 

Figure 6 . Schematic daily activity pattern of sheep on foothill range 
in central Utah , spring 1966. 



sunset on foothill pastures and 30 minutes past sunset on mountain 

range. Thus a total of only about 35 minutes of feeding occurred 

beyond the sunlit hours. 
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Distance traveled . The average distances traveled by the flock 

were similar at the two locations ave raging 2100 m horizontally 

(Table 15). Daily travel r anged from 1600 to 3200 m on foothil ls and 

1220 to 3290 m on mountain range . 

Vertical travel at the two si t es varied by a factor of 10 with 

the sheep averaging nearly 250 m one-way climb on mountain range but 

only 22 m on foothills . The af ternoon uphill climb ranged from 150 

to 300 m on moun tain range and 15 to 27 m at Tintic . 

On the steep slopes of mountain range the herd selected an aver

age line of travel of 23% slope for feeding and traveling from over

night bedground to midday resting area each direction dally. TI1e herd 

traveled across the gent l e topography of the foothill pastures at a 

2% slope . 

Individually , the ewes frequently changed direct ions of travel 

while feedin g and chose a less direct path across the s l opes than the 

herd average movement. Such meandering about increased the distances 

traveled by individual sheep and also r educed the .gradient of vertical 

travel. 

Feeding periods. Feed ing periods for both morning and afternoon 

were l onger on foothill range than on mountain range . The morning 

feeding was of longer duration due to earlier initiation of feeding 

on foothill range . Likewi se , a fternoon feeding began earlier on foot

hill range, resulting in a l onger afternoon feeding period . Initia

tion of afternoon feeding on foothill range was ill-defined, or lacked 



Table 15. Mean horizontal and vertical distances traveled by sheep 
on mountain and foothi l l ranges , with 95% con f idence intervals . 

Site Components Distance 

Nountain Da ily horizontal 2127 m ± 218 m 
trave l 

Daily one-way 248 m ± 15m 
vertical trave l 

Foorhi ll Daily hor izontal 2077 m ± 119 m 
travel 

Daily one-way 22 m ± 2 m 
vertical travel 
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synchrony , with a few sheep at a time f eeding fir s t . On mountain range 

the sheep began afternoon feeding later t han on the foothill location 

and more as a flock activity . 

Midday rumination and idling . On foothil l pastures the sheep 

ruminated and i dled during midday for abou t the s ame amount of time 

as they had fed during the mo rn i ng . On mountain range they spen t 

more time runinating and id ling during the midday period than they 

did on the foothill l ocation . 

Bedgrounds. On foothill range the smal l herd in each pasture 

usually bedded at th e same site at Lhe upper end of th e pasture each 

nigh t; on mountain range the sheep se ld om used the same night beddi ng 

site more t h an twice . Successive bedgrounds were usually farther 

uphill a long a ridge crest adjacent to the successive feeding areas . 

Nidday r es ting areas for ruminating and id l ing on mountain r ang e 

were o f ten used for several successive days until the feeding area 

became so far removed from the resting area th at a new closer site 

was se l ected following morning f eeding. Midday resting areas on the 

foothi ll pastures were poor l y de fin ed, perhaps due in part to l ack 

of s h ade , but they we re usually l ocated in pro x imity to the wate r 

troughs . 

WateriEg and salt i ng . On the foot hil l pas tu res t he s heep reached 

the wate r troughs dur ing morning f eeding, or they ceased fe e ding and 

traveled t o water afte r which they resumed feeding . Most sheep drank 

agRin in t he aftern oon as feeding time appr o ached. Supplementa l salt, 

available i n troughs near wate r , was als o consumed daily by mos t sheep 

whi l e on foo t hil l pastures . On mount ain range the sheep consume d salt 

on alternate days at the end of afternoon f eeding j ust prior to bedding . 
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Ewe and lamb activities . Ewes began l ambing soon after enterin g 

the foot h ill pastures about May 1. Most lambed within the fi rst thre e 

"''eeks of May. The ewes often lambed during the first two hours of morn

ing ac t ivity prior to watering . Some ewes followed the feeding he rd to 

water soon after parturition l eaving the newborn lamb alone but r et urn

ed to their lambs soon afte r watering. More often the ewes stayed be

hind with their newborn l amb as the herd fed toward water , an d both ewe 

an d lamb joined the herd later in the morning . Lambs suckled often 

during the day. Lambs continued to suckle th r ough mos t of July on 

rrountain range, but most were weaned naturally by earl y August. Ewes 

an d lambs both called to one a nother when separated, but s uch bleatings 

declined after weaning . 

Synchrony of activity 

Since 0 to 4 sheep could be en gaged i n a given activi t y at each 

scan the data were tested for fit to a binomial distribution wi th five 

terms to measure the degree of synchrony in sheep activities. Binom

ial distributions for each activity at each location were based on the 

proportion of day devoted to an activity. Finall y the number of scans 

at which each possible number of animals was observed was compared to 

the number that might be expec ted if sheep timed their ac tivities i n

d~pendently an d at random through the day . 

Sheep engaged in the same activity simultaneously more often than 

predicted (Ta ble 16). All fo u r animals were synchronous more often 

~an expected, and there were fewer scans than expected with none of 

the four animals engaged in a particul ar activi ty . Also there were 

fewer scans than expected in which only one of the four had selec t e d a 
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Table 16. Degree of synchrony in activities among four sheep i n a 
herd, comparing observed behavior with binomial frequencies based on 
time s pent in each sheep activity ~ 

Binomial Number Sightings 
Activity term synchronous expec ted 

FEEDING p = .5444, q 

.043069 

.205890 

.369097 

. 294097 

.087865 

STANDING RUMINATING p 

. 355606 

. 419564 

.185634 

.036465 

.002692 

LYING RUMINATING p 

. 567067 

. 345613 

.078991 

. 008024 

.000306 

MOUNTAIN SITE 1966 

. 4556 

0 
1 
2 
3 
4 

108.53 
518.84 
930 . 12 
741.07 
222.42 

. 2278 , q = .7722 

0 
1 
2 
3 
4 

.1322, 

0 
1 
2 
3 
4 

q 

896.13 
1057.30 

467.80 
91.89 

6. 7811 

.8678 

1429.01 
870.94 
199.06 

20.22 
.77 

STANDING IDLE p .0444, q .9556 

. 833727 

.155112 

. 010822 

.000336 

.000004 

LYING I DLE p = .0122, 

.952000 

.047118 

.000874 

.000007 

.00000002 

0 
1 
2 
3 
4 

q = .9878 

0 
1 
2 
3 
4 

2100.99 
390.88 

27.27 
.85 
.01 

2399 .04 
188 .7 4 

2 . 20 
.02 
.00006 

Sightings 
observed 

1048 
68 
73 
65 

1266 

1603 
174 
311 
274 
158 

1844 
279 
210 
122 

65 

2225 
194 

78 
18 

5 

2416 
78 
19 

7 
0 

Chi
square 

8383 .08** 
397.33** 
792.63** 
620.02** 

4999 . 97** 

59 7.64 ** 
750.27** 

86 . 44** 
523 . 75** 

1398 . 00** 

60.33** 
417. 49** 

44.87* 
695.00** 
255.00** 

23.21 
140 . 29** 
270.00** 

32.00 
27.00 

4.12 
48 . 74** 
55 . 00** 
31.00 
28 .00 
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Table 16 continued 

TRAVELING p ~ .0389, q . 9611 

.853286 0 2150.28 2338 21.66 

.138104 1 348.02 66 232 .7 4** 

.008382 2 21.12 54 81.00** 

.00022 6 3 . 57 31 39 . 00 

.000002 4 . 01 31 111.00** 

FOOTHILL SITE 1966 

FEEDING p ~ . 6889, q . 3111 

.009368 0 23 . 61 449 9959.00** 

.082969 1 209 .08 205 75.84** 

. 275590 2 694.49 235 323.97** 

. 406845 3 1025 . 25 297 547.11** 

. 225221 4 567 .54 1334 1128 . 09** 

STANDING RUMINATING p .2200, q ~ . 7800 

. 370151 0 932.78 1518 402 . 78** 

.417661 1 1052 . 37 307 544.16** 

.176679 2 445 . 23 307 68 .loO** 

. 033222 3 83 . 72 269 598 . 89** 

.002342 4 5 . 90 119 627 . 00** 

LYING RUMINATING p .0589, q . 9411 

.784447 0 1976.81 2155 56.22** 

.196343 1 494.78 208 210 .87** 

.018435 2 46.46 96 327.97** 

.000769 3 l. 94 51 249.00** 

. 000012 4 .03 10 60.00** 

STANDING IDLE p ~ .0111, q .9889 

.956291 0 2409,85 2405 8.44 

.042979 1 108.31 100 131.11** 

. 000724 2 1.83 14 37 .00 

.000005 3 .01 1 27 . 00 

.000000015 4 .00004 0 28 .00 

LYING IDLE p ~ .0033, q ~ . 9967 

. 986 733 0 2486 .57 2492 l. 33 

.013069 1 32.93 27 84.99** 

.000066 2 .17 1 27 .00 

.0000001 3 . 0003 0 28 .00 

.0000000001 4 .0000003 0 28 .00 



Table 16 continued 

TRAVELING p = .0178, 

. 930763 

. 067465 

.001834 

. 000022 

.0000001 

q = • 9822 

0 
1 
2 
3 
4 

2345.52 
170.01 

4.62 
.06 
.0003 

2373 
118 

21 
7 
1 

72 

5.24 
62.44** 
35.00 
23.00 
27.00 

* and ** indicate statistica l significance at the 95% and 99% levels 
for chi-squar e values in a one-ta iled test . 

# Expected values less than 28 , or 1 pe r day, were treated as 1 per 
day in calculating these chi-square values based on data for 28 
days at each site . 
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certain activity . Departures from expected values for two and three 

animals acting synchronously varied with the pr oportion of total time 

spent in each of the activities . Generally a ll sheep fed at the same 

time or e ngaged in some other activity. There were fewer scans with 

one , two, or three sheep feeding compared with none or all four s heep . 

Sheep activities on mountain r ange 

Sheep activities were recorded on mountain range near Scofjeld, 

Utah , on 28 of the 57 days from July 12 to September 6 with half the 

recordings ma de before and half after Augus t 15 (Table 17). The numbe r 

of scans r e corded for each activity was variable , but some seasonal 

trends were apparent. Feeding time tended to decrease late in the sum

mer, an d was replaced by an increase in time spen t standing ruminatjng. 

OLher activities showed only slight seasonal changes . 

Analysis of the field data showed that variation among t he four 

animals was a small component of total variation for ea ch of the s ix 

activities (Table 18) . Host variation was due to differences among 

dai ly means which were highly signif icant for each activity . 

AfLer examination the field data were groupe d in pe riods of 7 da ys 

each , an d the periods were compar e d using a Duncan multiple range t es t 

(Table 19) . Feeding and l ying took mo re of the sheep ' s time during the 

firs t ha lf of the summer than in the latter half , while traveling and 

s t anding means were higher during the latter hal f of the summer . 

Feeding wa s the predominant activity of the sheep whi l e on moun

t ain r ange , averaging 490 minutes per day. Extremes among anima ls for 

the locat j on ranged f rom 380 to 600 minutes of feeding dai l y . No f ewer 

than 46 scans as a da j_ly average for the four an i mals were recorded a s 
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Table 17. Mean minu t es spen t in each of six act i vities by sheep on 
mounta in range in cen t ral Utah, 1966 . 

Activities 
Ruminating Idling 

Date Day reeding Standing Lying Standing Lying Traveling 

Perj od 1 
l-"""f2 - - 1 520 165 140 72 2 0 

-14 2 488 155 255 28 2 0 
-19 3 565 148 172 2 0 12 
-2 0 4 592 158 92 12 28 18 
-27 5 510 262 95 8 10 15 
-29 6 475 228 128 15 30 25 
- 30 7 488 112 135 18 58 90 

Period 2 
-8=--7-- 8 462 132 155 15 22 112 

- 8 9 572 130 140 12 40 5 
- 9 10 528 90 195 28 8 52 
-10 11 575 152 122 25 10 15 
-12 12 468 228 115 68 5 18 
-13 13 548 155 118 50 8 22 
- 14 14 522 240 88 35 5 10 

Perj od 3 
8-22 - - 15 502 195 78 80 0 45 

- 25 16 405 22 2 140 82 2 48 
- 26 17 555 180 118 20 0 28 
-27 18 42 5 280 105 52 2 35 
-28 19 520 26 5 65 38 0 12 
-2 9 20 458 258 105 45 0 35 
-30 21 400 362 70 20 5 42 

Period 4 
8-31- - 22 460 278 78 40 28 18 
9- 1 23 460 238 80 72 10 40 

- 2 24 445 290 42 82 5 35 
- 3 25 42 8 190 155 45 12 70 
- 4 26 418 218 168 15 5 78 
- 5 27 470 205 92 72 8 52 
- 6 28 478 195 112 60 8 48 

Average 490 205 119 40 11 35 
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Table 18. Analysis for components of variation for sheep activities 
on mountain range based on number of observations recorded for each 
activity , 1966. 

Sources of df Sum of Mean F Estimated 
variation squares squares ratios variances 

FEEDING 
Total 111 3457.68 31. 15 
Days 27 3126.18 115.78 29.25 ** 27 . 96 
Animals 3 10.89 3. 63 .92 .00 
Error 81 320 . 61 3.96 3 .96 

STANDING RUMINATING 
Total 111 6903.86 62.20 
Days 27 4198.36 155.49 5.29 ** 31.52 
Animals 3 324.86 108.29 3.68 2.8 2 
Error 81 2380.64 29 . 39 29 . 39 

LYING RUMINATING 
Tota l 111 3737.49 33 . 67 
Days 27 1841.74 68.21 3 .04 ** 11.44 
Anima l s 3 79.10 26.37 1.18 .14 
Error 81 1816.65 22.43 22 .43 

STANDING IDLE 
Total 111 1140.92 10.28 
Days 27 702.67 26 .02 5.55 ** 5.33 
Animals 3 58.38 19.46 4.15 ** .53 
Error 81 379.87 4 . 69 4 . 69 

LYING IDLE 
Total 111 425.49 3.83 
Days 27 206.74 7 . 66 3.09 ** 1. 30 
Animals 3 15 . 95 5.32 2.15 .10 
Error 81 200.47 2.47 2.47 

TRAVELING 
Tota l 111 938.00 8.45 
Days 27 807 . 50 29 .91 18.84 ** 7.08 
Animals 3 1. 93 . 64 .40 . 00 
Error 81 128.57 1. 59 1.59 

** Indicates significance at the 99% level. 



Table 19 . Comparison of time spent in specified activities during 

7-day periods on mountain range. 

Activity Periods and period means* 

FEEDING (4)11 (3) (l) (2) 
451 467 520 525 

RUMINATING 
STANDING (2) (l) (4) (3) 

161 175 230 252 

LYING (3) (4) (2) (l) 
97 104 133 141 

IDLE 
STANDING (l) (2) (3) ( 4) 

22 33 48 55 

LYING (3) (4) (2) (l) 
1 11 14 19 

TRAVELING (l) (2) (3) (4) 
23 34 35 49 

* Me ans underscored by the same line are not different at the 5% 
level in Duncan multiple r ange test. 

# Numbers in parentheses refer to pe riods during the sunmer , 
numb e rs not in parenth e ses are mean minutes per day. 
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feeding during the first half of the stummer on mountain range when the 

sheep fed 520 minutes pe r day. In contras t, sheep fed only 450 minutes 

per day during the final 7 days . or fourth period. 

The sheep stood ruminating 170 minutes per day as an average and 

did not exceed 280 minutes during the day in the first half of the 

summer . Later in the season the sheep stood ruminating each day an 

average of 240 minutes . The increase i n standing ruminating late in 

the season on mountain range equalled the decrease in feeding activity 

toward the end of the suw~er. 

The sheep spent 2 hours daily ruminating while lying. Only 2 days 

were encountered when the sheep spent more than 3 hours, 18 scans , l y

ing ruminating on mountain range , both during the first half of the 

sunnner. In one of the cases , on Da y 10 whe n the herd fed on Trail 

Ridge , the s heep remained lying ruminating in fir-tree shade much la.Lt!r 

than usual before beginning afternoon feeding . On only 7 days late i n 

the summer did s heep spend less than an hour and a half lying ruminat

ing. 

Standing idle occupie d l ess tjme of the sheep on mountain range 

than feeding or ruminating . Never 0id the sheep spend as much as 90 

minutes standing idle . Except for the first day of study the sheep 

tended to spend more time standing idle in late summer than earlier . 

The study herd spent very little t ime lying idle on the mountain 

range situation. Each day sheep spent l ess than one hour lying idle. 

On 75% of the days the sheep were foun d lying idle no more than 10 

minutes per sheep per day , and on half the days on mountain range no 

more than 5 minutes as an nverage were devoted to lying jdle . 
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From the fourth to the ninth day the sheep averaged about 30 minutes 

per day lying idle, but at all other times this activity occupied l es s 

than 6 minutes per day. 

The estimate of travel i ng time per day for the sheep varied from 

none to nearly 2 hours on mountain range and averaged 35 minutes per 

sheep per day at this location. On only 4 days did the estima t e ex

ceed 1 hour. Omitting these 4 days of maximum travel still left an 

average of more than 26 minutes of travel each day. Most dail y tra

vel without feeding occ urred e ither just before or just after a 

period of feeding activity on the mountain range site. 

Sheep act ivities on foothill r ange 

Time budgets . On 28 of t he 58 days fr om May 3 to June 29, 1966, 

the activit i. e s of sheep were recorded at 90 daily scans at 10-minute 

intervals between 0500 and 1950 hours. Observations were made in 14 

pastures in May and again in June. The number of scans recorded for 

each of six activities varied by day and treatment , but no seasonal 

trends were appa r e nt. 

On the average the sheep fed 620 minutes dail y at the Tint ic 

location (Table 20). Daily feeding estimates ranged from less than 

hours in a native foothill range pasture to more than 13 hours on 

a crested wheatgrass pa sture . 

Estima tes of standing ruminating time varied from only 80 minutes 

to nearly 5 hours on similar pasture . On the average on foothill 

range the exper imental s heep were standing ruminating at about 20 

scans daily. 
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Table 20. Mean minutes spent in each of six activities by sheep on 
foothill range in central Utah , 1966. 

Activities 
Ruminating ___ I<!_~--

Date Day Feeding Standing Lying Standing Lying Traveling 

5- 3 1 558 225 42 32 2 40 
- 5 2 412 185 195 70 20 18 
- 7 3 512 260 65 28 5 30 
-11 4 650 140 48 18 0 45 
-13 5 660 192 22 5 0 20 
-15 6 722 110 10 15 0 42 
-17 7 702 162 5 12 0 18 

-19 8 650 228 8 2 2 10 
-21 9 645 195 48 5 0 5 
-23 10 620 190 80 0 0 10 
- 25 11 528 232 62 32 15 30 
- 27 12 678 200 12 5 0 5 
-29 13 730 155 8 0 0 8 
-31 14 605 250 10 5 0 30 

6- 6 15 538 190 140 5 2 25 
- 8 16 648 162 85 2 2 0 
-10 17 505 218 152 5 10 10 
-14 18 590 278 15 2 0 15 
-15 19 650 165 75 5 0 5 
-16 20 618 268 8 2 0 5 
-17 21 655 220 20 0 0 5 

-19 22 700 152 15 5 0 28 
-20 23 790 80 10 0 0 20 
-22 24 660 188 48 0 0 5 
-24 25 690 160 32 0 0 18 
-26 26 435 255 168 15 15 12 
-27 27 612 248 35 0 0 5 
-29 28 592 230 78 0 0 0 

Av erage 620 198 53 10 3 16 
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Slightly more than 20% of the estimated ruminating time was spent 

lying . Estimates fo r lying ruminating varied from less than 1 scan 

per a nimal per day to near l y 20 scans p e r a nima l . Gr ea test totM l 

rumination time , including both standing and lying postures, was es

timated as more tha n 7 hours on a native range pasture . In contras t, 

the s heep ruminated for as ljttle as an hour and a ha l f the day of 

maximum feeding . 

Idling was a minor activity on foothill range with only 13 min

utes per day devoted to both standing a nd lying idle. On 8 days no 

id ling was r ecorded at any of Lhe 90 scans. 

Travel occurred primar i l y as the s heep int errupted feeding a nd 

moved directly to wa t er most mornings . On the average t he s heep 

trnvel ed 16 minutes per day on the foothill location . 

Analyses of variance . An a lys is of variance wa s ca l culate d for 

each activi ty to determine sign ifica nce of mean squares fo r months 

and treatments . The 7 treatments includ e d the native foothill range 

treatment plus the 6 combinat ions of seeded spec ies and intensities 

of s tocking . 

Treatment mean squares were s ignificant for al l activities ex -

cept standing ruminating and traveling (Tab l e 21). Host of the va r i

ations due to treatments were caused by the differences between na -

tive range and seeded pas tures . Compa rison of na tive and seeded 

treatments produced significant variances for feed i ng , lying ruminating , 

standing idle , a nd l ying id l e . 

Honths significantly affec ted only standing idle and trave ling . 
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T?.ble 21 . Analyses of variance for six ar.tivities of r;heep on foot 
hj 11 range at Tin tic in 1966 with species and intensity combinations 
plus native pastures consirlPrP-d as seven treatments. 

- --- ----- - - - --~------ --- --~--- ·- -- ----- --

ACTIVITY 
Source of 
var i ation 

-- ---- - ------

FiEDING 

Total 
Replica tj ons 
Tr t:;..c t ~ c"ltS 

Nat i ve -... ~ s seeded 
AJ,,ung s eeded 

;fon ths 
T X H 
Error 
Sc·np 1 ~ ng 

STAN!JJNG kUHI NATING 

Total 
ReplicAtions 
Treatme nts 

NAt ive VS se eded 
A.Itlo ng seeded 

l funths 
T X M 
Error 
Sa1'1pl ing 

l.YING RUHINA'IIN G 

Tota l 
R~p lic c tions 

TrP a Ln,c.nts 
l ~ at ive vs ~ eEded 
Among c 'eded 

Mont hs 
T X M 
Error 
::amp ing 

df 
Sum of 
squa r es 

Mean 
s q_ua r es 

- --- - --- - --- -- -- - --

lll 9667.96 
l 2.29 2.29 
6 4963 . 84 827 . 31 
(l) :l747 . 87 3747.87 
(5) 1215.97 243. 19 
l . 14 .14 
6 1044.98 174.16 

l3 2176 . 71 167. 44 
81, J.480 . 00 17.62 

lll 1,451.42 
l 187 . 72 187.72 
6 338 .73 56.46 
(l) 59.52 59 .52 
(5) 279.21 55 . 84 
1 10.94 10 . 94 
6 400 .62 66.17 

13 1563.15 120.24 
84 1950.25 23 . 22 

lll 3851.11 
l 3.~7 3 . 57 
6 1975 . 61 329. 27 
(1) ]_/;4 0. 86 1& 40.86 
(5) 531, . 7 5 106 . 95 
l 100 . 32 100 . 32 
6 213 .18 15 . 53 

13 721. 93 55.5 3 
84 836.50 9.96 

4 . 94 ** 
22.38 ** 

1.1,5 
.00 

1. 04 

. 47 

.50 

.46 
'09 
. 55 

5 . 93 ** 
25.95 ''* 
1. 93 
1.81 

. 64 
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Tab le 21 continued 

ACTIV ITY 
Source of Sum of Mean F 

v a riation df squares squa res ratios 

STAND ING IDLE 

Tota l 111 366.92 
Replications l 23.22 23.22 
Treatmen ts 6 86 . 86 14 . 48 3.83 * 

Native vs seed ed (l) 81.48 81.48 21.55 ** 
Among seeded (5) 5.38 1.08 . 29 

Months l 50.22 50.22 l3 .29 ** 
T X M 6 40.7 1 6.79 1.80 
Error 13 49 . 15 3 .78 
SDmpling 84 116 . 75 l. 39 

LYING IDLE 

Total 111 67.96 
Replications 1 .14 . 14 
Trea tme nts 6 21.71 3.62 7 . 40 ** 

Native vs seeded (1) 20.37 20 . 37 41.66 ** 
Among seeded (5) 1. 34 . 27 .55 

Months 1 .32 . 32 .66 
T X M 6 3 . 43 . 57 1.19 
Error 13 6 . 36 .49 
Sampling 84 36 .00 .43 

TRAVELING 

Tota l 111 303.42 
Replications 1 27.01 27 . 01 
Treatmen ts 6 22 .23 3 . 71 . 59 

Native vs seeded (1) 4 .18 4.18 .67 
Among seeded (5) 18.05 3 . 61 . 58 

Mon ths 1 35 . 44 35.44 5.68 * 
T x M 6 14 . 38 2.40 . 38 
Error l3 81.12 6.24 
Sampling 84 123.25 1.47 

* and ** jndica te s i gnificance a t the 95% and 99% l evels of 
confidence , respectively . 
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In separate analyses of variance, data for the native foothill 

range were omitted so that data for the seeded pastures could be ana 

lyzed separately as a factorial combination of 3 species of forage a nd 

2 intensities of stocking to increase prec i sion. In these ana l yses 

neither intensity of stocking nor any of the interactions produced 

sjgnificant mean squares (Table 22 ). Species mean square was signif i

cant for the lying ruminating ac t ivity . Honths provided a significant 

source of va r iation in data for standing idle and traveling time for 

sheep on seeded foothil l pastures . Species mean square fo r feeding 

time was significant only at the 90% level . The error mean squares 

derived in the factorial analyses of variance were also utilized to 

test the mean squares due to variation amo ng the seeded pasture trea t

me nts in the previous 7 treatmen t analysis . They provlded a more pre

else error term for these selected comparisons which did not inc l ude 

the n 8tive pasture Lreatment . By this method all bu t one of the ac

tiviLy tests remained unchanged . For lying ruminating data the ~ 

seeded treatmen t comparison F-test value was 3.4 7, a s i gn i ficant value 

at the 95% confidence level . 

Treatment effects. On the foot hill location the sheep fed less 

time daily on the native range pastures than they did on pastures 

seeded to jntroduced wheatgrasses (Table 23) . ·Durlng that period the 

sheep spent more time l ying ruminating and standing and lying jdle on 

the nrttive pastu res. No differences in a ny of the activities of the 

sheep could be ascribed to intensity of stocking . 

Though analysis of variance tests for difference due to seeded 

species of Hheatgras s were highly significant fo r lying ruminating , 

the three species means were not differen t from each other by the 
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Table 22 . Factoria l analysis of variance of sheep activities on 

seeded foo thill range pastures at Tintic in 1966. 

ACTIVITY 
Source of Sum of Mean F 
variation df squares squares ratios 

FEEDING 

Total 95 5373.66 
Re plications 1 ll0.5l ll0.51 
Species 2 l143.19 571.59 3 .94 
Intensity 1 31.51 31.51 .22 
S X I 41.27 20.64 . 14 
Months 1 . 84 .84 . 01 
M X s 2 583.19 291. 59 2.01 
M X I 1 6.51 6 . 51 .04 
M x I X S 2 444 .02 222 .01 1. 53 
Error ll 1593.86 144 . 90 
Sampling 72 1418 .75 19.70 

STANDING RUMINATING 

Tota l 95 4011.96 
Replications 1 240.67 240 . 67 
Species 2 140.58 70 . 29 .56 
Intensity 1 126.04 126.04 1.00 
S X I 2 12.58 6.29 .05 
Months 1 6.00 6.00 .05 
M X s 2 231.25 ll5 . 62 .92 
M X I 1 .17 .17 .00 
M X I X S 2 166.58 83.29 .66 
Error ll 1380.58 125.51 
Sampl ing 72 1707 .50 23.72 

LYING RUMINATING 

To tal 95 1816.50 
Replications 1 20.17 20.17 
Species 2 466.19 233.09 7.56 ** 
In tensi ty 1 35.04 35. 04 1.14 
s X I 2 33 .5 2 16.76 .54 
Months 1 77.04 77.04 2.50 
M X s 2 86.90 43.45 1.41 
M X I 1 .17 . 17 . 01 
M X I X S 2 124.40 62.20 2 . 02 
Error ll 339 .08 30 .83 . 
Sampling 72 634.00 8.81 
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Table 22 continued 

ACTIVITY 
Source of Sum of Mean F 
variation df squares squa res ratios 

STANDING IDLE 

Tota l 95 138 . 50 
Replications 1 10.67 10.67 
Species 3 . 81 l. 91 .66 
Intens ity l 0.00 0.00 . 00 
s X I 2 l. 56 .78 .27 
Honths 1 18.38 18.38 6.40 * 
H X s 2 3 . 81 1.91 . 66 
H X I 1 . 04 .04 .01 
M x I X s 2 .65 . 32 . 11 
Error 11 31.58 2 . 87 
Sampl ing 72 68 .00 .94 

LYING IDLE 

Tota l 95 12.16 
Replications 1 . 09 . 09 
Spec i e s 2 1.19 . 59 2 . 35 
Intensity l .01 .01 .04 
s X I 2 .15 . 07 .29 
Months l .01 .01 . 04 
M X s 2 .15 . 07 .29 
M X I l .26 .26 1.03 
M X I X s 2 .27 .14 .54 
Erro r 11 2.78 . 25 
Sampling 72 7 . 25 .10 

TRAVELING 

Tota l 95 269.49 
Replications 1 44 . 01 44.01 
Species 2 16.40 8.20 l. 56 
Intensity l .01 .01 .00 
S x I 2 l. 65 . 82 .16 
Months 1 36.26 36.26 6.89 * 
M X s 2 2. 02 l. 01 .19 
M X I 1 5 .51 5.51 l. 05 
M X I X S 2 5.02 2.51 .48 
Error 11 57.86 5.26 
Sampling 72 100.75 1.40 

* an d ** indicate significance at the 95% and 99% level of conf i-

dence , respective l y . 



Table 23. Mean daily time spent by sheep in each of six activities 
on foothill range at Tintic fo r each treatment, 1966. 

Activities 
Ruminat i ng Idling 

Situation Feeding Standing Lying Standing Lying Traveling 

minutes 

Treatments (Native + species x in tensities) 
Native 478* 216 141 31 13 21 
Cr Lt 661 200 14 3 0 21 
Cr Hy 664 185 22 6 1 22 
I n Lt 672 198 14 5 0 11 
In Hy 674 165 42 5 0 14 
Tl Lt 580 221 69 11 3 15 
Tl Hy 610 200 69 8 2 11 

Average 620 198 53 10 3 16 

Species (Seeded wheatgrasses) 
Crested 662 192 18 5 0 . 3 22 
In termediate 673 181 28 5 0 12 
Tall 595 211 69 9 0.2 13 

Intensities ( Initial stocking based on sheep numbers ) 
Light 638 206 33 6 16 
Heavy 649 183 45 6 16 

Months 
May 620 195 44 16 3 22 
June 620 201 63 3 2 11 

Replications (Separate pas tures of 7 treat ments) 
1 621 185 55 14 3 21 
2 618 211 52 5 2 12 

* Means for the native treatment were statistically different at 95% 
level by Duncan range test f rom each of the other treatments fo r 
all activities except standing ruminating. No other comparisons 
were significantly di f f erent by Duncan range test . 
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Duncan multiple range test. Likewise, no differences in means were 

found due to months for the standing idle and traveling activities, 

which did produce significant F-tests in analysis of variance. 
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Shade effects in seeded pastures. After the sheep were noted to 

begin afternoon feeding earlier than in the preliminary study on hot 

days in seeded pastures with little or no shade, the seeded pastures 

were rated on a 0 to 9 scale for shade abundance and location in the 

pasture. Considering the seeded pastures only, the number of scans for 

each activity were regressed on the shade ratings for the pastures. 

Only lying ruminating produced a significant coefficient of determina

tion (Table 24) . In some seeded pastures the availability of shade 

near at hand where sheep stopped morning feeding may have contributed 

to an increase in t he amount of time sheep spent lying ruminating. 

Since the analysis for lying idle showed little correlation with shade 

rating, the regression on shade rating for the combination of both ly

ing activities produced a similar coefficient of determination as did 

the lying ruminating activity alone. 

Effects of environmental factors 

Temperature, relative humidity, cloudiness, and wind movement ex

plained less than 31% of the variation in any of the sheep activities 

in this study. Averaged across all activities, temperature contributed 

most to the coefficients of multiple determination, followed by rela

tive humidity, cloudiness, and wind movement . In spite of the low co

efficients of determination, some F-tests of regression mean squares 

nd residual mean square ratios were highly significant, even with a 

decision criterion of four times the appropriate tabular F value. 
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Table 24. Simple linear regressions of activity times on avai lability 
of shade on foothill range in central Utah , f or 12 seeded pastures. 

Regression Coefficients of 
Activi ty coefficients determ~nation 

(bi) (r ) 

Feedin g -. 72 .09 

Stand ing 
ruminating -.18 .01 

Standing 
i dle -.02 . 00 

Lying 
ruminating . 94 .46 

Lying 
idle .03 . 14 

Combined 
lying . 47 . 46 

Traveling - .06 .02 
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Both lying activities were positively related to relative humidity . 

Traveling and standing idle decreased, but feeding time increased with 

higher mean daily temperature. 

Feeding time . Multiple regression of time spent feeding on the 

environmental factors produced the largest coefficien t of determination 

of all activities studied (Table 25) . With all four factors in the 

model, R2 was . 304. The stepwise deletion procedure fi rst eliminated 

humidity as a factor, leaving the 3-factor model with an R
2 

of . 275 

and all three factors positively correlated with daily feeding time . 

The 2-factor ana l ysis included cloudiness and temperature. Finally, 

ambient temperature r emained as the factor mos t related with feedin g 

time . Daily feeding time was approximate l y 60 minutes greater for each 

10 F increase i n mean daily temperature . 

Four measures of ambient temperature--daily mean, peak daily tem

perature, and temperatures when morning and afternoon feeding began- 

were analyzed separa tely for effect on daily feeding time at each loca

tion individually and at both locations combined . These ana l yses indi

cated no relation between temperature and feeding time on the foothil l 

location (Table 26). On the mountain location mean dai l y temperature 

exp l ained 32% of the variation in daily feeding time. 

Standing ruminating. In the ana lyses of stand i ng ruminating in 

relation to environmental factors all models and singl e factors at 

each stage lacked significance (Table 27) . 

Lying ruminating . Relative humidity was the mos t predictive en 

vironmental factor for daily time spen t lying ruminating by the sheep 

under th ese study conditions {Table 28). 
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Table 25 . Regression of daily feeding time by sheep on four environ
mental factors on mountain and foothill range. 

sv df MS F b 

Total 223 100.84 
V11/ (l) 1858 . 72 26.0 1 + 4. 2300 
V2 (l) 794. 7l 11.12 4.1356 
V3 (l) 740.56 10.36 . 3563 
V4 (l) 65 7. 57 9.20 - .1989 

Model 4 1708.44 23.90 ++ 20.0742 bo 
Residual 2 19 71. 4 7 R2 = .304 

V1 (l) 1439.9 1 19.42 + 3.6072 
V2 (l) 1195.47 16.12 + 4. 95 16 
V3 (l) 3115.28 42.02 ++ .56 77 

Model 3 2058.72 27.77++ - . 9 716 bo 
Residual 220 74. 14 R2 = . 275 

V1 (l) 1317.90 16.64 + 3.4469 
V3 (l) 2830 . 55 35.73 ++ . 5394 

Model 2 2490 .35 31.44 ++ 15.2521 bo 
Residual 221 79 . 2 1 R2 = .2 22 

V3 (l) 3662 .81 43 . 20 ++ .604 1 
Model 1 3662 .81 43.20 ++ 14.2030 bo 
Residual 222 84.79 R2 .163 

II V1 - Cloudiness , V2 - Wind movement, V3 - Temperature , 
V4 = Relative humidity 

+ F ratio more than four times F-value for 95% level 
++ F ratio more than four times F-value for 99% level 



Table 26 . Simple linear regressions of feeding time of sheep on 
various measures of temperature . 

Temperature Regression Coefficients of 

measures coefficients determination 

(bi) (r2) 

MOUNTAIN SITE 

Mean daily temperatur e . 80 .32 

Temperature at start of AM feeding . 66 .28 

Temperature at start of PM feeding .56 .21 

Peak daily temperat ure . 53 .20 

FOOTHILL SITE 

Peak daHy temperature -.16 . 02 

Temperature at start of AM feeding -.15 .02 

Temperature at start of PM feeding -. 09 .01 

Mean daily temperature - .06 . 00 

COMBINED SITES 

Peak da ily temperature . 58 . 22 
Mean daily temperature . 60 . 18 

Temperature at sta r t of PM feeding . 45 .15 
Temperature at start of AM feeding -.18 . 01 

91 
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Table 27. Regression of daily standing ruminating time by sheep on 
four environmental factors on mountain an d foothill range . 

sv df MS F b 

Total 223 51.04 
V11/ (l) 67 . 78 l. 35 - . 80 78 
V2 (1) 34 . 40 .68 . 8605 
V3 (1) 50 . 97 l. 01 - .0935 
V4 (1) 140 . 40 2. 79 - .0919 

Model 4 91.00 l. 81 27 . 0982 bo 
Residual 219 50.31 R2 = .032 

Vl (l) 67 . 06 1.13 - .8034 
V4 (1) 180.6 7 3. 60 - .1018 
V3 (1) 71.6 7 l. 43 - . 1087 

Hodel 3 109.86 2.19 30.8290 = bo 
Residual 220 50.24 R2 = .029 

V4 (1) 256.67 5.10 - . 1174 
V3 (1) 127 . 97 2.54 - .1390 

Model 2 131.27 2. 6 1 32.5009 bo 
Residual 221 50 . 31 Rl = . 023 

V4 (l) 134.56 2.66 - .0691 
Mode l 1 134.56 2.66 21.8100 bo 
Residua l 222 50.66 R2 = . 012 

II V1 - Cloudiness , V2 - Wind movement, V3 - Temperature, 
V4 Relative humidity 
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Table 28 . Regression of daily lying ruminating time by sheep on four 
env ironmental factors on mountain and foothill range . 

sv df MS F b 

Total 223 44.79 
V111 (l) 524.44 15.58 - 2.2469 
V2 (l ) 6 79 0 35 20 .19 + - 3.8237 
V3 (l) 0 17 .01 . 0054 
V4 (l) 795 0 16 23 .63 + 0 2188 

Model 4 654 .31 19.44 ++ 16 0 0010 
Residual 2 19 33 . 65 R2 = .26 2 

V1 ( 1) 564.82 16 0 86 + -2.2354 
V2 (l) 711. 39 21. 24 + -3 0 8356 
V4 (l) 1293 .46 38.61 ++ .2 168 

Hode l 3 872 . 35 26 .04 ++ 16 0 4413 
Residual 220 33.50 R2 = . 262 

V4 (l) 1150 0 99 32.66 ++ 0 2036 
V2 (l) 648 .9 7 18.08 + -3.6586 

Model 2 10 26 0 12 28.58 ++ 14 .0703 
Residual 221 35.90 R2 = . 206 

V4 (l) 1403 . 27 36.29 ++ .2230 
Mode l 1 1403 . 27 36 0 29 ++ 3.1558 
Residual 222 38 .67 R2 .141 

Vl = Cloudiness , V2 = Wind movement, V3 - Temperature , 
V4 = Relat ive humidi ty 

+ F ratio more than four times F-value for 95% level 
++ F ratio more than four times F-value for 99% l evel 

bo 

bo 

bo 

bo 
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The sheep spent more time lying ruminatin g on days that wer e humid and 

s till. 

Standing idle . Stand ing idle time was negative ly related to mean 

daily temperature (Table 29). Within the range of daily conditions en

c.onn tered in this study, 3-34 C (37-94 F) , the sheep spent 16 minutes 

more time standing idle fo r each 10 F decrease in mean daily tempera 

ture . 

Lying i dle. Like lying ruminating, the amo unt of time the sheep 

spent lying idle was mos t associated with relative humidity (Table 30). 

Lying id l e was more common on days tha t were humi d and still. 

Trave ling. Temperature exp l a ine d more of the var i a tion, 19%, in 

daily traveling time than was true of any othe r sin gle factor f or any 

activity (Table 31). The s h eep traveled 16 minutes less daily for each 

10 F increase i n me an daily temperat ure. 

Native v ersus seeded range 

The number of scans r ecorded for each activity did not differ be

tween native foothill pas tures a nd the mounta in range s ituation in 

this study (Table 32) . Feeding occupied more of the sheep d a y on the 

seeded foothill pastures than on eithe r native foothill range or the 

mountain range. On the other hand, the s h eep spen t less time lying 

ruminating and either standing or lying idle on the seeded foothill 

pastures. Th e sheep travele d more while not feeding on the mo untain 

location t han they did on seeded foothill pastures. This study d etec

ted no difference in standing ruminating t ime due to loc ation or 

forage type on foothil l r an ge . 
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Table 29 . Regression of daily standing idle time by sheep on four en
vironmental factors on mountain and foothill range. 

sv df MS F b 

Total 223 9.02 
Vl # (1) 108.40 14.69 -1.0215 
V2 (1) 16.36 2 . 22 - .5933 
V3 (1) 136.53 18.50 + - .1530 
V4 (l) . 68 .09 - .0064 

Model 4 99.11 13.43 + 15 . 7862 bo 
Residual 219 7.38 R2 = .197 

V1 (1) 120 . 05 16.33 + -l. 0415 
V2 (1) 15.68 2 .13 - .56 71 
V3 (1) 206.60 28. 11 ++ - .1462 

Nodel 3 131.91 17.95 ++ 15.1104 bo 
Residua l 220 7.35 R2 = .197 

Vl (l) 116.13 15 . 74 + -l. 0232 
V3 (1) 198 . 82 26.94 + - . 1430 

No del 2 190 . 03 25.75 ++ 13.2522 bo 
Residual 221 7 .38 R2 = . 189 

V3 (1) 263 .9 3 33 .54 ++ - .16 22 
Model 1 26 3 . 9 3 33.54 ++ 13.5636 bo 
Residual 222 7. 87 R2 = .131 

II Vl = Cloudiness , V2 = Wind movement, V3 = Temperature, 
V4 = Relative humidity 

+ F ratio more than four times F-value for 95% level 
++ F rat io more than four times F-value fo r 99% l evel 
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Table 30. Regression of daily lying idle time by sheep on four envir
onmental factors on mountain and foothill r ange . 

sv df MS F b 

Total 223 2.39 
V1/l (l) . 85 .42 - .0903 
V2 (l) 9 . 72 4.86 - .4574 
V3 (l) 6 .69 3.35 .0339 
V4 (l) 63.47 31.74 ++ . 0618 

Model 4 24.09 12.04 + -1.7423 bo 
Residual 219 2.00 R2 ~ .181 

V4 (l) 63.81 32.07 ++ .0600 
V2 (l) 9. 77 4.91 - .4584 
V3 (l) 5 . 88 2.95 .0304 

Mode l 3 31.84 16.00 ++ -1.5500 bo 
Residual 220 1. 99 R2 ~ .179 

V4 (l) 66.85 33.26 ++ .0491 
V2 (l) 13.67 6. 80 - . 5310 

Model 2 44.82 22.30 ++ -1.0065 bo 
Residual 221 2.01 R2 ~ .168 

V4 (l) 75 . 96 36.87 ++ .0519 
Model 1 75 . 96 36.87 ++ .5774 bo 
Residual 222 2.06 R2 ~ .140 

II Vl = Cloud i n e ss, V2 ~ Wi nd mov ement, V3 = Temperature, 
V4 ~ Relative humidity 

+ F ratio more than four times F-value for 95% level 
++ F r a tio more than four times F-value for 99% level 
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Table 31. Regression of dail y traveling time by sheep on four environ-
menta l fac tors on mountain and foothill range . 

sv df MS F b 

Total 223 6.42 
V11/ (1) . 30 .06 - .0540 
V2 (1) . 42 . 08 - .0946 
V3 (1) 128 .05 24.30 + - . 1482 
V4 (1) 4 . 71 . 89 .0168 

Model 4 69 . 86 13 .26 12.6208 bo 
Residua l 219 5.27 R2 = .195 

V4 (1) 4.41 . 84 .0158 
V2 ( 1) .42 .08 - .0952 
V3 ( 1) 143.22 2 7. 33 + - .1502 

Model 3 93 . 05 17.76 ++ 12.7358 bo 
Residua l 220 5 . 24 R2 = . 195 

V4 ( 1) 5 . 29 1.01 .0169 
V3 (1) 146 . 15 28.00 ++ - .1486 

Mode l 2 139 . 36 26 . 70 ++ 12.3240 bo 
Residual 22 1 5 . 22 R2 = .195 

V3 (1) 2 73.44 52.38 ++ - .1651 
Mode l 1 273.4 4 52 . 38 ++ 13. 8641 bo 
Residual 222 5 . 22 R2 = .19 1 

II Vl = Cloudiness , V2 = Wind movemen t, V3 = Temperature, 
V4 = Relative humidity 

+ F ratio more than four time s F-value for 95% level 
++ F ratio more than four times F-value for 99% level 
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Table 32. Comparison of mean minutes per day spent by sheep for each 
activity on mountain range, native foo thill range, and seeded foot
hill range . 

Activity 

Feeding 

Standing ruminating 

Lying ruminating 

Standing idle 

Lying idle 

Traveling 

Mountain 
range 

490a* 

205a 

ll9a 

40a 

lla 

35a 

* Within each activity means with 
tl1e 95% level of significance . 

the same 

Foothill 
Native Seeded 
range pastures 

478a 640b 

216a l95a 

l4la 38b 

3la 6b 

l3a lb 

2lab l6b 

letter do not differ at 
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Sheep postures 

\~1ile grazing seeded foothill pastures the study sheep spen t 94% 

of their time standing or moving about and only 6% of their time lying 

down (Table 33) . On mountain range the sheep spent more time lying 

than they did at the foothill location on seeded pastures . Sheep spent 

considerably more time ruminating on the mountain location than at the 

foothill pastures . Mos t of the additiona l ruminating was performed 

while the sheep were lying . 

Shee p performance during study 

Ewes gained 125 g per day in Hay on the seeded pastures , while 

those graziilg r.ati·oe foothill rang.o lost 45 g daily (Table 34). The 

ewes lost weight in June on all treatments excep t heavy stocked tal l 

Hheatgrass . The sheep from each foothill treatment gained weight on 

mountain range. As a group the sheep had a total gain for the study 

period of about 3.1 kg each from May through early September . Fo r 

the total period at both locations ewes on crested wheatgrass in May 

and June gained the least and those e wes on intermediate wheatgrass 

the mos t . Lamb gains were 16-17 kg per lamb from June through early 

September regardless of foothill treatment . 
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Table 33. Time spent by sheep in spec ified activities during 15-
hour days in 1966 on central Utah foothi ll and mountain range types . 

Postures 
Standing Lying Tota l 

Activity minutes percent minutes percent minutes percent 

Foothill range 

Feeding 620 69 620 69 

RUI i nating 198 22 53 6 25 1 28 

I dling 10 3 0 13 

Traveling 16 2 16 2 

Totals 844 94 56 6 900 lOO 

Nountain ra nge 

Feeding 49 0 54 490 54 

Rumjna tjng 205 23 119 13 324 36 

Idling 40 4 11 51 5 

Traveling 35 4 35 4 

Totals 770 86 130 14 900 100 



Table 34. Average daily gains in grams for ewes and l ambs on three 
speci es of wheatgrass grazed at two intensities and native foothill 
ranee at Tintic and subsequent summer mounta]n range at Scofield in 

196 6. * 

Class of Foo thill 
Species Intensity animals May June Mountain 

Native Ewes -45 -1 8 73 
Lambs 186 155 

Crested Light Ewes 200 - 177 23 
wheatgrass Lambs 241 136 

Heavy Ewes 159 -141 23 
Lambs 209 155 

Intermediate Light Ewes 141 - 18 5 
wheatgrass Lambs 227 141 

Heavy Ewes 136 - 45 8 
Lambs 209 141 

Tall Light Ewes 55 - 18 18 
wheatgrass Lambs 214 155 

Heavy Ewes 59 32 14 
Lambs 195 155 

* Data taken from Utah State University Range Science Department 

Project 690 files in summarized f orm. It is not c l ear whether 
May gain s of ewes were adju s ted f or weight loss from the lambing 
process in early May. 
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DISCUSSION AND CONCLUSIONS 

Test of Hypotheses 

Hypothesis A 

The first null hypothesis tested was that sheep spend the same 

amount of time in specified activities during the day on foot h i ll and 

mountain range. This hypothesis and its alternative , that sheep activ

ities differ on mountain and foothill locations, were entertained fo r 

each activity separately. The null hypothes is A was accepted for 

standing ruminating but rejected for a ll other activities, which 

accounted for different portions of the observation day on the foothill 

pastures compared with mountain range i n central Utah. Explanations of 

tl-1ese differences vary among the activities . 

Feeding. The sheep spent more time feeding on foothill range in 

May and June than they did in subsequent months on mountain range 

(Table 35) . Limitations of the study by confounding of many factors 

with changes f rom foothill to mountain range prevented the determination 

of causes of differences in feeding time as well as other activities . 

Although the same sheep were observed at the two locations, the sheep 

were in differen t stages of production . Also the types of forage avail 

able, the type and distribution of shade, weather factors and daylength 

varied between the two locations. 

The foothill study began with the sheep i n late stages of pregnan cy 

a nd continued through lambing and the early stages of laclalion. Later 

on mountain range the sheep were in l ate stages of lactation and con

tinued beyond weaning of lambs. As Arnold and Dudzinsk i (1978) pointed 



Teble 35. Comparison of time budgets of ewes with data from other 
sheep activity studies on range. 

Rodgers 

b 
Summer Spring 

Activity Cory 
a Bowns Doran 

c 
Mountain Foothill 

minutes 

Recorded day 792 840 870 900 900 

Feeding 397 594 408 490 620 

Resting 288 213 343 375 264 

Standing ruminating 78 205 198 

Lying ruminating 119 53 

Lying idle 120* 11 3 

Stand in g idle 90 40 10 

Traveling 102 33 108 35 16 

Dl stance moved 6116 m 3862 m 2980 m 2910 m 

a 
Cory 1927; b Bowns 1971; c Doran 1943 

* Cory recorded lying resting time , but it is no t clear whether this 
i ncluded some ruminating time while lying. 
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out, sheep in lactation may spend more time feeding, take more bites of 

forage per unit of time while feeding and take larger bites of forage 

while feeding to increase their intake and mee t their greater energy 

r equirements. Much of the differences in feeding at the two locations 

may have been due to these differences in stage of lactation . Arnold 

and Dudzinski (1978) reported a 12% increase in feeding time due to 

lactation while the sheep in this study spent 26% more time feeding on 

foothill range than they spent on mountain range . 

The lack of shade in the vicini t y of water in mos t seeded pastures 

may have triggered earlier initiation of afternoon feeding on foothill 

pastures . In the absence of shade the sheep chose to return to feeding 

rather than stand or lie i n the heat without protection from the sun . 

This early afternoon feeding was frequently interrupted, less intense , 

and less synchronous than feeding at other times . Vfuile not tested in 

this study , the lack of sufficient shade for the entire herd to rest 

simultaneously may have prompted individual feeding. The sheep fed more 

each day, on the average, than the sheep studied by Cory (1927) and 

Doran ( 1943) but about the same as those observed by Bowns (1971) in 

southern Utah (Table 35). 

In each half of the mountain grazing season the sheep began after

noon feeding about 370 minutes, on the average , after the cessation of 

morning feeding . Thus,some of the additional feeding time in the first 

half of the summer on mountain range may have been due to the timing of 

the earlier morning feeding permitted by the earlier sunrise associated 

wiLh longer daylength Uuring that part of the grazing season. Both 

daylength and daily f eeding time in my study were greater for the foot

hill location. Squires (1974) also concluded that increased sheep 



feeding in his situation was due to seasonal changes in daylength as 

did Reppert (1960) for cattle grazing in Colorado. 

lOS 

The higher feeding time in the first half of the summer on mo un

tain range followed a period of under-nutrition on foothil l pastures 

i n June as reveal ed by the sheep weight losses at that time (Table 34). 

Arnold and Birrell (1977) found higher dry organic matte r intake by 

increases in both the rate of intake and the time spent grazing by 

sheep after periods of weight loss. 

Lying ruminating . Sheep spent less time lying ruminating in ~ay 

and June on foothill range than they did i n subsequent months on moun 

tain range. Welch and Smith (l 969a , 1969b) have suggested that rumin

ating time exhibits a curvilinear response to intake of forage cell 

wall constituents . If the total 24 -hour day had been recorded in this 

study the sheep would have been expected to increase ruminating time 

the same days they spent more time feeding . Since onl y the daylight 

hours were studied my data represe nt primarily the ruminating time 

required following the morning feeding periods . Much of the increased 

feeding time on the foothill location carne during the afternoon and 

served to reduce the length of the midday period available for rumin

ating and idling . Little can be said about the impact of the increased 

feedin g time upon total rumination time that may have occurred during 

the night. Forage quality was not determined in this study as a basis 

for projections o f ruminating time n e eded in relation to feeding time. 

Lying ruminating generally was recorded onl y during the midday 

period when the entire f lock was shaded up and still. A minor amount 

of l ying ruminating was observed at either end of the active day. 
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Animals that were lying ruminating often arose when other sheep moved 

about or began feeding individually. 

The lying resting activity reported by Cory (1927) was not synony

mous with lying ruminating in this study, but he recorded a similar 

amoun t of time in that activity as I did for lying ruminating on the 

mountain range location. Neither Bowns (1971) nor Doran (1943) dis 

tinguished lying ruminating from other resting and idling, Dwyer (1961) 

noted a similar amount of lying ruminating time during the active day 

of cows in Oklahoma as I recorded for sheep on mountain and native foot

hill range in Utah . 

Idling . Sheep on mountain range spent a little more time idling 

thao they did on foothill pastures including standing idle and lying 

idle activit ies . Idling activities were most common just prior to 

feeding and after a bout of rumination . Time devoted to idling was 

probably a result of the combination of time needed for rumination in 

midday and the initiation of afternoon feeding . Although idling may be 

most lv a residual activity there was also the~eed for panting on hot 

days which required that sheep spend time idling instead of ruminating . 

Sheep did not ruminate and pant simultaneously . Perhaps I should have 

recorded panting as a separate activity to learn more about the envir

onmental effects on sheep activities. Notes recorded during the pre

liminary study in 1965 indicated that sheep panted on those days when 

ambient temperature exceeded 22 C. A temperature of 22 C was exceeded 

on 26 of 28 days on foothill range and on 12 of 28 days on mountain 

range during the principal study in 1966. In spite of the warmer 

conditions on foothill range the sheep spent less time idling there 

than they did on mountain range . Feeding and ruminating activities on 
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foothill range left only 30 minutes daily for idling and traveling . 

Others who have studied sheep under similar conditions did not separate 

idling as an activity (Bowns 1971 , Doran 1943, Cory 1927). 

Traveling . The sheep traveled slightly more on mountain range 

than in foothill pastures. Much of the greater traveling time on 

mountain range was probably related to the distance from midday res t 

areas at the time morning feeding stopped on mountain range . On the 

25 ha seeded foothill pastures the sheep often continued feeding right 

up to the water troughs . Additional travel on mountain range also 

occurred as the flock moved up sloping crests of ridges to selected 

nightly bedgrounds . 

Both Cory (1927) and Doran (1943) recorded more time traveling 

by sheep during the active day than I did at either location. Travel 

while not feeding reduces efficiency of livestock production . Desir 

able midday ruminating and idling sites need to be so located that such 

traveling is not necessary. 

Hypothesis B 

The second null hypothesis tested in this investigation predicted 

that sheep activities would be the same on seeded and native foothil l 

pastures. Hypothesis B was rejected for al l activities except traveling 

and standing ruminat ing . Feeding time was great e r on the seeded 

pastures than on the native foothill pastures where the time budge t of 

sheep was similar to that of sheep o n the mountain range later in the 

year (Table 32) . The ewes on seeded wheatgrass pastures spent less 

time lying ruminating and lying idle than the ewes on the two native 

foothill pastures . 
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Feeding. Sheep on native foothill pastures spent much less time 

feeding daily than ewes on seeded foothill pastures . Arnold (1964) 

found that, -usually, sheep increased their grazing time to compensate 

for lack of available green forage but that grazing time decreased when 

green forage was l ess than 560 kg/ha. Although forage availability 

was not measured during this study it s hould be noted that palatable 

forage was certainly below the critical amount suggested by Arno ld 

(1964) on the native foothill pastures . In the native pastures big 

sagebrush was the predominant forage available . Previous records of 

production on t he seeded pastures (Cook 1965) suggests that a greater 

amount of green forage was available there. Since the study was 

conducted during the period of rapid growt h of t he seeded species, it 

is doubtful if forage availability declined on the seeded pastures 

during the course of study there even though utilization was gradually 

increasing. Arnold (1 960) has suggested that sheep may increase their 

feeding time to maintain intake when forage availability declines in 

a pasture. Krueger (1970) noted that sheep selected preferred forage 

by sight but moved on if selection was not reinforced by other senses . 

On native foothill range in my study the ewes may have simply fed across 

the native pastures more rapidly as they foraged and reached preferred 

resting areas earlier in the feeding periods, where they remained 

until increasing appetite late in the day overcame their lack of 

preference for the available forage plants in the native pastures . The 

ewes lost weight in both May and June on native foothill range , a nd 

their lambs gained less than those on seeded pastures. 

Ruminating . ~~ile standing ruminating time did not differ between 

native and seeded foothill range, lying ruminating and total rumination 
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time we re both different. Ewe s ruminated about two hours more daily 

on native range than they did on seeded pastures , with most of the dif 

f e rence due to increased lying ruminating. The fact that sheep spent 

more time ruminating on native pastures than on seeded pastures may 

have been due to the greater time not feeding at their disposal, but 

s o me of the increase in ruminating time may have been needed if the 

native pasture forage was of poorer quality . Welch and Smith (1969a) 

have indicated that rumination is an important process in promoting 

passage of c oarse fibrous material from the rumen, and may be a factor 

in l i miting intake of poor quality forages. Under continuous feeding 

conditions l"elch and Smith (1969b) noted a curvilinear response of 

r uminating time to intake of forage. They found that as the fibrous 

load i ncreased , rumination time decreased per unit of dry matter or 

c e ll wall constituents . Po~~lble e .xplauations were that rumination is 

mo r e e ffic ient in reducing particle size as the load increa ses, that 

other means of reducing particle size (such as microbial dige stion ) be

c o me s mo re i mportant , or that the reticule-omasa! orifice may accept 

larger particles as the rumen fiber load increases. 

On native foothill range the sheep had access to more abundant 

and more evenly distributed shade for midday ruminating and idling than 

the sheep on most of the seeded pastures. Squires (1 973) found tha t 

sheep in two situations in Australia bedded in midday, choosing thic

kets of taller brush in saltbush pas ture and utilizing the shade of 

scattered tre es in a grassland pasture. 

Idling . The sheep spent very little time idlin g on foothill range, 

but spe nt more time idling on native than o n seeded pastures . Since 

idling totaled only 44 minutes per day even on native range pastures 
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this component of the sheep ' s day may be of significance only when the 

sheep need to pan t under hea t stress or to care for their l ambs . For 

both types of pasture the sheep spent abou t five times as m~ny minutes 

standing id le in May as they did in June , par ticularly during the first 

weeks of May . Davey and Holmes (1977) noted a considerable increase in 

standing just after shearing which led to a large increase in energy 

expenditure . The sheep i n this study were sheared just prior to being 

moved t o the study pastures about ~illy 1. 

Hypothesis C 

The third hypothesis entertained i n the investigat ion was tha t 

sheep activities are not di fferent on three sel ected seeded species- 

crested , intermediate, and tall wheatgrass . Hypothesis C was accepted 

for each activity. None of the seeded species caused activities to 

differ significan tly from other species (Table 23) . Estimates of mean 

feeding time were l ess and those for l y in g rumina ting more for sheep 

on tall wheatgrass than corresponding values for sheep on crested an d 

intermediate wheatgrass . These differences were not statistically 

significan t . Additional study under more precise methods migh t show 

that sheep would reach rume n fill more quickly and require more time 

for rumination when f eeding on the coarser tall wheatgrass as s ugges 

ted by the research of Conrad (1966), Pigden and Bender (.1972), and 

Welch and Smith (1969a, 1969b) . 

Hypothesis D 

The four th null hypothesis tested in this study predicted that 

stocking ra te would have no effect on sheep activities on foothill 

range . The null hypothesis was accep t e d for e ach activity. Stocking 
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rate, varied by changing th e number of ewes in similar size pastures, 

had no effec t on the amount of time sheep spent in any of the six 

activities (Table 23). 

Ewe numbers in the individ ual pastures var ied from 32 to 111 with 

an average of 39 ewes on lightly stocked pastures and 80 ewes on 

heavily stocked pastures . Utilization achieved by the end of the sea

son ranged from 28% to 64% on individual pastures, and averaged 47% 

on lightly stocked pastures and 58% on the heavily stocked pastures. 

Separate simple regressions of activity t imes on utilization actually 

obtained r a ther than the planned i ntens ity of use still required 

acceptance o f null hypothesis D. 

Other stud i es of the effect s of stocking rate on l ivestock acti

vities , mostly with catt le, have found no effect on time spent in the 

various activit i es due to gr azing intensity aside from the long term 

effects of such stock i n g r ates on the veg etative composition of the 

pastures (Hubbard 1952, Hancock 1954, Peterson and Woolf olk 1955, 

Smith 1959) . Arnold (1960, 1964) notes a r eduction in rumination time 

as forage avai l abil i t y declines and an i n crease in grazing time in 

response to declining availability of g r een forage. 

~othesis E 

The final null hypothesis entertained in this inves t igation was 

that the time sheep spend in specifi ed daily activities is not affected 

by changes encountered in se l ect ed environment al factors. In spite of 

significant regressions discovered for severa l comb i nations of activi

ties and weather factors the null hypothes is E was no t r ejected. Con

founding of we ather factors wi th vary ing range si t uations an d the low 



112 

coefficients of determination suggests that the null hypothesis should 

not be rejected pending further investigation under more strictly con

trolled condit ions- Weather factors varied only within a very narrow 

and temperate range during the study. Greater extremes in weather con

ditions might have produced significant responses in daily time budgets 

of sheep . Nevertheless, some of the apparent relationships we re of 

interest. 

Temperature. Sheep fed more on foothill range, where the mean 

daily temperature was warmer , than they did on the cooler mountain lo

cation. None of the tempera ture and feeding relationships, h oweve r, 

were strong enough to have any predictive value . Regressions of all 

activities on various measures of temperature (the daily mean, dai ly 

maximum, a nd temperatures at the start of both morning and afternoon 

feeding) were examined for possible i n fluences on activities , both for 

t he two locations combined and each s e para tely . Regression analyses 

for effects of t emperature on s heep f e eding time on foo thil l ranges 

yielded essentially zero rel ationships . On the mountain l ocation 

where the s h e ep fed much l ess under the cooler condit ions , there was 

a s ignificant positive regression of feeding time on temperature . 

None of the temperature measures explained more than one-third of the 

variation in feeding time (Table 26). Malechek and Smith (1976) found 

that cows spent more time grazing a nd less time standing on warmer days 

during the winter in northe rn Utah, while in Australia Lynch (1974), 

note d that sheep prolonged rest during midday when temperatures were 

high. 

The higher temperature and greater feeding time during the first 

half of the summer on mountain range resulted as the sheep began to -
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feed about 30 minutes earlier in the afternoon and, perhaps due to the 

later sunset , fed about 30 minutes later each evening. Examination of 

the field data indicated that the sheep began afternoon feeding after 

the daily peak temperature had occurred . On the average the daily peak 

temperature was reached 30 minutes earlier during the first half of the 

mountain grazing period than during the late season . Lynch (1974) re 

ported that sheep resumed feeding by 1800 hours even when the tempera

ture exceeded 40 C. Arnold a nd Dudzinski (1978) suggested that sheep 

are sensitive to daylength by relating the start of aft ernoon feeding 

to the time of sunset, but I found no such relationship . 

Pan ting and shivering are two mechanisms sheep use to adjust to 

extremes in temperature. Both activities generally occur while the 

sheep is standing idle and might affect the time devoted to standing 

ldle . In thl.s study Lhe sheep paulec..l only while idle and Be nnett 

(1 972) has noted that s h ee p prefe r to s t a nd when exposed to cold per

haps as a way of producing greater energy expenditure to temporarily 

warm the body even though heat loss is greater when standing . 

The e wes panted to dissipate heat through respiratory evaporation 

on hot days on foothill an d mountain range . Symington (1960) stated 

that this is the most important cooling mechanism for sheep. Knapp 

and Robinson (1954) found that such respiratory water loss could ac

count for one- third of the total water loss. I found that ewes panted 

at lower ambient temperatures than reported by Blaxter ~ al (1959a) . 

Perhaps this was due to shorter fleeces providing less insulation. 

The ewes were observed shivering on several cool mornings on both 

foo thill and mountain locations with ambient temperatures around 8 C, 

the point at which Armstrong et al (1960) noted a metabolism rise 
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unless fleeces of the sheep were l onger than 33mm . The ewes i n this 

study were sheared in late Apri l, but the l ength of their fleeces were 

not measured during the study . Graham~ al (1959) fo tmd that c l oRP.ly 

clipped sheep on a medium feeding regime a t 8 C showed twice the mini

mum metabolism. Bl axter et al (l959a) noted more shivering at a tem

perature of 11 C than was observed in this study . Mos t of the sheep 

were in a positive energy balance in May an d then again on mountain 

range as reflected by their average daily gains in those periods of 

the study (Table 34). 

Relative humidity . Lying ruminating an d l ying idle both showed 

positive regression on relative humid ity. Both lying activities were 

more common on mountain range than on t he foothil l site . Relative hu

midity was higher on the rnountaj.ns ~ where the sheep spent the same a

moun t of LlUJe standing ruminating as on the footl• ills but ::;pent mos t 

of the longer midday period lying ruminating . Relative humidity serves 

to exaggerate the effects of temperature by changing the evaporative 

cool ing power of the air. Ehrenreich and Bjugstad (1966) found tha t 

catt le grazing time responded to a combination of temperature and hu

midity as expressed i n an index of both factors , bu t I did no t . 

fJoudiness and wind movement. Little influence was noted for wind 

movement and cloud cove r on the time sheep spent in any activity . The 

sheep were seen to seek the leeward s ide of brushpiles fo r non-feeding 

activities on the windiest days on foothill pastures , but the sheep 

did not change the time spen t in the act ivities. Likewise , direct s un

shine may have affected the distribution of sheep relative co shade, 

wind direction, and each other, but djd not cause a change i n time 

al location to the six activities studied. 
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Malechek a nd Smith ( 19 76) repor t e d that cows traveled shor t e r distance s 

on cold days , but no s uch e ff ec t was ob served in this study . 

Genera l Behavior 

Bimodal feeding 

Sheep fed twice d a ily in a ll situations investigated with the tim

ing of the feeding periods re l ated to sunrise a nd sunset. Length of 

the midday ruminating an d idling per i od was very unifo rm a t each loc

ation. Differences bet•·een locat ions we re probably due to the n eed 

for r umination during th e day an d the avai l a bility of s h ade. On the 

seeded foothil l past ures the e \ve s began afternoon fee ding earlier and 

less synchronously than on either nat ive foothill or mountain range . 

Simil a r bimodal feeding pat t erns were noted by Squires (1 973 , 1974) 

an d Lynch (1974) for domest ic s heep and by Gonzalez (196 4) an d Smith 

(1959 ) for cat tle . Bowns (197 1), working with unn e rde d sheep on l ower 

an d drier mountain range in southern Utah, recorded a bimoda l pattern 

and earlie r aften1oon feeding s imilar to tha t of the unherded sheep on 

foothill pastures in this study. Hunter (1954) observe d a n ad ditional 

midday feed ing per iod for unherded s h eep on Scottish hill pas tures , 

simi l ar to that reported fo r wild desert bighorn sheep i n Utah by 

1-'ilson (1968). Honess an d Fros t (1942) a nd Spencer (1943) noted fre-

quent interruptions of f eeding for rumina t ion "'dth less of a bimodal 

pattern for bighorn sheep. Hoef s (1974) indicated that Dal l bighorn 

sheep fed twice daily during the short days o f winter n ear the Arctic 

Circle in Canada but includ e d a midd ay f eeding period at other times 

of the year . 
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Daily elevation changes 

On steep mountain range and the gently sloping foothill pastures 

the sheep moved downhill while feeding each morning and in the after

noon moved uphill while feeding. Nightly bedgrounds were located on 

the higher ground, and midday ruminating and idling sites were gener

ally at lower elevations . On successive nights the bedgrounds were 

usually farther uphill along the crest of a ridge and were not used 

more than two successive nights on mountain range. The sheep studied 

by Bowns (1971), however , repeatedly utilized the same bedgrounds at 

night. Since his sheep reached the bedground before nightfall and the 

ces sation of feeding, those ridges were overgrazed. By contrast, the 

midday resting areas were used repeatedly by sheep in my study until 

another favorable site was encountered farther up the canyon bottom as 

the sheep each day grazed an area farther up the side of a ridge. 

Most traveling without feeding on mountain range occurred at the end of 

a feeding period as the sheep trailed to either a night or midday rest

ing area . Hunter (1954) noted a similar daily uphill and downhill 

movement among sheep on hill pastures in Scotland as did Bowns (1971) 

for unherded sheep in southern Utah. Wilson (1968) noted analagous 

downhill and uphill daily movement of desert bighorn sheep in south

eastern Utah. Hunter (1954) observed a reversal of this summer move

ment pattern in the winter months during which the sheep occupied the 

higher ground during the day. 

Bowns (1971) suggested that any fencing in such mountainous ter

rain be done along the crests of ridges to reduce t he overuse of the 

crests and t o keep the flock within a single watershed. 
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Synchrony of activity 

The sheep engaged in identical activities synchronously. Such 

flock activity often has been stated for sheep, but data to support the 

observation have been lacking. In my investigation data were collected 

from the scan sampling of sheep behavior at periodic instants as sug

gested by Altmann (1974). The four individuals observed at each scan 

were more often found in the same activity than would have been obser

ved had their activities been randomly chosen. Scott (1945, 1956, and 

1960) and Hafez and Scott (1962) wrote of the social organization of 

sheep and their great development of allelomimetic behavior. They in

dicated that such behavior was a result of early mother-young and 

young-young social learning . Arnold and Pahl (1974) studied the mix

ing of two flocks of different breeds and found that the sheep sought 

the company of their own breed but were not concerned with particular 

individuals. The two flocks fully integrated in 20 to 22 days. Bowns 

(1971) observed one group pass through another group of a separate 

breed while feeding without becoming mixed. My data leave open the 

possibility that synchronous activity could be caused by simultaneous 

response to internal or external factors. Dudzinski, Pahl and Arnold 

(1969) noted that sheep have a basic individual distance which they 

deliberately maintain. Feeding or traveling by one sheep might cause 

its herdmates to join in the activity simply to stay together. Prob

ably a few individuals respond to these internal and external stimuli 

while many of the sheep may primarily join any new activity to remain 

with the flock. 



118 

Daily movement 

No attempt was made to monitor distances traveled by individual 

sheep. I recorded only the flock movement by utilizing a topographic 

map to estimate both horizontal and vertical distances . At both the 

foothill and mountain locations the flock tended to maximize vertical 

travel within the limits of topography and daily movement. On foothill 

pastures the flock's daily vertical travel was limited by the small 

differences in elevation within each pasture. In contrast, on mountain 

range the flock could and did choose high nightly bedgrounds and low 

midday rest areas as much as 300 m diffe rent in elevation. During 

most of the season on mountain range the flock ascended farther uphill 

in the afternoons than they descended in the morning so that the flock 

occupied higher parts of the mountain slopes on succeeding days . 

The average daily horizontal movement of sheep at the two loca

tions was about 2100 m. Individual sheep certainly walked and fed over 

greater horizontal distances than this . If one assumes that on the 

average individual sheep traveled on paths which were at 45 degree 

angles to the line of movement of the flock, then individual sheep 

would have covered 1 .4 times the general flock distances. On this 

basis individual sheep were estimated to have traveled 2980 m and 

2910 m on mountain and foothill range, respectively . These distances 

are much less than those recorded for sheep in most other studies 

(Cory 1927, Bowns 1971 , Squires 1973, 1974). Cresswell and Harris 

(1959) reported similar distances traveled by Rambouillet ewes on 

1- 2 ha pastures in Utah. On my study areas,forage and water were 

readily available as was shade except for certain seeded foothill 

pastures. Consequently the sheep did not need to move far to obtain 
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daily amenities. Range managers must recognize that both the distri

bu tion an d quantity as wel l as the presence or absence of animal 

r e quirements are import ant . 

Time an d Energy Budget s 

To apply knowledge of sheep behavior to grazing management for 

improved production the range manager needs no t only to understand the 

responses of sheep to changes in the habitat but must also understand 

the effect s of management upon the effid ency of energy harves t a nd 

conver sion t o useable products . Rushing (1973) suggested that once 

the daily time budget of homeotherms can be pred icted throughou t the 

year , t he daily energy expend itures can be calculated by adding the 

me t abol i c costs of separate activities. Thus f ol lm.,r ing the l ead of 

Cook (19 70) an d Osuj i (1974), the daily time budge ts of t he sheep in 

my investiga tion were proj e cted to daily energy expenditures based on 

es timates of metabolic costs of e ach ac tivity. This should he lp 

clarify the ad ditional ener gy expend itures of sheep grazing on range

land compared with housed sheep which have been the subject of many 

stud i es providing energy da ta. 

Assumptions 

Time budgets were taken f rom Table 33 for t he 15-hour day of TIJY 

study at the foo th ill an d mountain locations . Energy expenditure for 

resting metabolism was based on the data of Blaxter (1 96 7) for 4-6 

ye ar old ewes . All expenditures "t.;rere calculated for 60 kg elve s, a 

typical size for range ewes i n Utah. Data for ene rgy cost s asso c i ated 

wi th ruminating , standing compared with lying, and the c o s t of feed ing 
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were based on the work of Graham (1964) . Energy costs for walking 

were based on distances estimated in this study combined with the 

energy expenriiture rlata of Corbett, Leng, and Young (1969) for variable 

speed walking characteristic of movement while feeding . Like Cook 

(1970) I assumed the cost of walking downhill was the same as that on 

level ground, so vertical movement expen ditures were added only for the 

daily uphill climb . 

Projections 

Ewes graz i ng foothil l range in May and June at Tintic ex~ended an 

estimated 1554 kcal per 15-hour day for resting metabolism and specified 

activities (Table 36) . The three principal components included 747 kcal 

fo r body maintenan ce, 395 kcal for feeding and ruminating, and 412 kca l 

for standing and walking . Within the 15-hour day studied, energy expen

ditures for activities exceeded the cost for resting metabolism. 

Similar projections for ewes grazing on mountain range indicated 

energy expenditure during a 15-hour day of 1587 kcal for resting wetab

olism an d activities, slightly more than on the foothill situation . On 

mountain range the ewes spent less energy , 343 kcal, for fe e ding and 

ruminating due to the shorter feeding time there . As a result of the 

large vertical climb daily the sheep on mountain range spent more 

energy, 497 kcal, standing and walking than they did on foothill pas

tures . The estimated energy expenditure for resting metabolism and 

activity for just the 15-hour day approached the 24-hour estimates for 

a grazing sheep as calculated by Osuji (1974) . 

Further projection of my estimates to the 24-hour day plus produc

tion functions may be helpful for comparison with other research for 



Table 36. Time and estimated energy budgets for 60 kg ewe on r ange 
during 15-hour day of the study. 

Foothill range }1ountain range 
Source Units Cost Units Cost 

hr kcal hr kcal 

Resting tnelabolism a 15.0 747 15.0 747 

Ruminating b 4 . 2 60 5.2 78 

Standing b 14. 1 287 12.8 262 

Feeding b 10.3 335 8.2 265 
1429 1352 

Novementc rn m 
Horizontal 2910 115 2980 118 
Vertica l 22 10 248 117 

}fovement 125 235 

Daytime maintenance and act ivity -1554 1587 

------· 

a Blaxter 1967 (55 .4 kcal/kg W" 7 5/24 hr for 4-6 yr old ewes ) 

b Graham 1964 (0.24 kcal/kg/hr- energy above resting metabolism to 
ruminate , 0.34 kcal/kg/hr- energy above resting metaboli sm to 
s t and, 0.54 kcal/kg/hr - ener gy above resting metabolism and 
standing to feed) 

c Corbett, Leng , and Young 196 9 (0 . 00066 kcal/kg/m for horizontal 
movement, 0.00788 kcal/kg/m f or vertical climb - energy above 
resting metabolism , standing , and feeding to trava l abou t range 

121 
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Table 37 . Extension of time and energy budgets for 60 kg ewe on r a nge 
to 24-hour day and production functions . 

Foothill rang_g_ 
Source Units Cost 

Daytime maintenan ce 
and activity2 

Nighttime projections 

hr 

Resting metabolismb 9.0 

Ruminating c (half Ume ) 4. 5 

Standingc, d 5.2 
Nighttime 

Daj_ l y mrdntenance and activity 

Production functions 

Ewe doi l y gainse 

l.Jool growth e 

Milk for l ambf 
Production 

Total daily e nergy expendict ure 

kcal 

1554 

448 

65 

107 
620 

2174 

58 

50 

1058 
1166 

3340 

Mountain ran~ 
Units Cost 

hr kcal 

1587 

9.0 448 

4.5 65 

5 . 2 107 
620 

22 07 

58 

50 

490 
598 

2805 

a From Table 36 ; b Blaxter 1967; c Graham 1964; d Ruckebush 1972; 

e Cook 1970 and my gain data from Table 34; f From Table 38. 



123 

Table 38 . Estimated energy expenditure by the lamb and that energy 
obtained from the ewe on range. 

Foothill range 1'1ountain range 
Source Units Cost Units Cost 

hr kcal hr kcal 

Resting metabolisma,b 24.0 515 24 . 0 632 

Ruminating 
c 2. 175 5 7.275 37 

Standing c 
19.3 66 18 .0 129 

Feeding 
c 

2.575 14 6. 15 70 
600 868 

Movementd 

Horizontal 2910 m 19 2980 m 41 
Vertical 22 m 2 248 m 41 

Lamb maintenance and activity 621 950 

Lamb gain including wool3 'e 465 559 

Total lamb energy expenditure 1086 1509 

Lamb e nergy from milkf 814 377 

Energy cost to ewe for mil kg 1058 490 

a Chiou and Jordan 1973, 10 kg l amb@ 91 .5 kcal/kg w· 75 on foothill ; 

b Rattray et al 1973b , 21 kg lamb@ 64.4 kcal/kg ~< " 75 on mounta in; 

c Graham 1964, energy above other act ivity, same hours as ewe each 
location for standing, 0.25 of ewe hours on foothill an d 0.75 of 
ewe hours on mountain for rumj nating a nd the reverse relationship 
for feeding time; 

d Corbett, Leng , and Young 1969, same di stances as ewes each location; 

e Rattray et al 1973a, 212 g/day gain on foothill and 148 g/day gain 
on mountain range; 

f Assuming one lamb pe r ewe , 0.75 of lamb expenditure on foothill and 
0.25 of l~~b expenditure on mountain range ; 

g Gardner, Hogue, and Bensadoun 1964, 0.77 efficiency for l amb needs . 
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management considerations . To extend the data to the 24-hour day I 

ass umed the sheep did not feed, ruminated half the additional 9 hours , 

~nd stood 5 . 25 hours (Ruckebush 1972) . Under these assumptions the 

estimated 9-hour energy expenditure was 620 kcal for each l ocation 

(Table 37) . Based on the gains of ewes in this study and the energy 

costs suggested by Cook (1970), additional energy expenditures included 

50 kcal dai l y for wool production and 58 kcal for ewe daily non-wool 

gain . Thus the 24-hour sheep energy expenditures, excluding lactation, 

were estimated to be 2282 kcal on footh ill range and 2315 k ca l on 

mountain range. 

To estimate ener gy expenditures for lactation to support the 

lambs , 75% of the estimated lamb energy costs on foothill r ange and 

25% of t h e estimat ed lamb e nergy requirements on mountain range were 

attributed to milk produc t ion by the ewes (Table 38) . Expenditures by 

the ewe fo r milk production (Table 37) were estimated to be 1058 kca l 

on foothill range and 490 k cal daily on mountain range based on only 

one lamb per ewe (G ardner, Bogue , and Bensadoun 1964; Chiou and Jordan 

197 3). Th erefore, with most of the maint enance, activity , and produc

tion costs accounted f or, th e s heep on foothill range were estimated 

to have expended 3340 kcal of energy daily but only 2805 kcal daily 

while grazing moun tain range. 

Relation to performance 

Daily feedi ng time of the sheep on moun tain and foothill range 

was proport ional to the energy estimated to have be en expended fo r 

maintenan ce, activity, and production at each location . The feedi ng 

time rati o, 490/620 minutes , for t h e two lo ca tions and the es tima ted 
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energy expenditure ratio, 2805/3340 kcal, were nearly identical, with 

one minute of feeding for about each 5.5 kcal of energy expended . The 

increased feeding time on foothi 1] r;mge roul d hrtve been related to the 

increased lactation energy demands whi le the sheep were at that loca

tjon . These energy budget projections sugges t a linear relationship 

between time spent feeding and amoun t of intake or useful energy con

sumed. Arnold and Birrell (1977) suggested that increasing demands for 

higher intakes could be achieved by increases in either time spent feed

ing or by increased rate of intake while feeding . Arnold and Dudzinski 

(1978) noted that there is no set pattern of adjustment in time of 

feeding , size of bite, or rate of biting while feeding, but they repor

t e d that sheep with different energy demands are able to maintain these 

related intake differences over a wide range of pasture conditions. 

Management 

Activities of sheep and management practices which are wasteful 

of energy reduce the ef fi ciency of livestock production on rangelands. 

To improve range livestock performance the manager needs to r educe 

those sheep activities which are least essentia l or those which are 

most energy expens ive, feeding time and vertical travel for example , 

without reducing forage intake or upsetting productive patterns of be

havior. It might prove helpful to find ways of reducing feeding time 

while at the same time increasing the rate of intake or energy harvest 

while feeding since the energy cos t of feeding is proportional to the 

time spent feeding and not to the rate of intake or to total daily in

take . Then the sheep could spend more time ruminating, which is less 

energy e:>.."Pensive but serves a productive function . 
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Managemen t solu tions may vary among managers and areas grazed. 

Perhaps the wise use of fencing or better herding techniques could re

duce th e vertica l d istMnces between midday resting a r eas and nightly 

b edgrounds. Sheep feeding across slopes nearer the contour a nd walking 

less to bedding areas after morning and afternoon feeding would waste 

less ener gy . 

Early afternoon feedin g such as occurred on f oothill pastures in 

this study did not appear very intensive a nd may have produced a low 

rate of intake . Nevertheless , s u ch additiona l feeding a nd intake may 

be necessary for the level of lactation r equired for adequate lamb per

formance . Any feeding that exceeded about 20 g/hr intake of typical 

forage s wou ld harvest more energy than woul d be use d i n the act of 

feeding . On forages with about 50% digestib ility f eeding must achieve 

more t h an about 75 g/hr intake on a long term basis to harvest any 

ener gy beyond the needs of the ewe for maintenance and activity under 

range situations similar to t hose in this st udy and common to western 

United States rangelands . 

The range sheep i n dustry , economica lly important to Utah an d to 

the United States, produces needed foo d and fiber from much of the less 

productive land. I mp rove d management will dep end upon more knowledge 

of the range ecosystem . Research to determine th e time spent by 

sheep in activities of differing energy demands a nd to determine wha t 

factors affect sheep activi t y time allocation was completed in 1965 

and 1966 i n central Utah . 
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The research was conducted on spring foothill range near Eureka 

and on summer moun tain range near Scofield, both in central Utah . Ram

bouillet sheep were loosely herded on the sagebrush-aspen areas on 

mountain range and were unherded on foothill range where the sheep were 

assigned to 14 pastures either 25 ha or 125 ha in size . Activities of 

sheep were studied in Hay and June at two grazing intensities on three 

species of s eeded wheatgrasses and on native sagebrush-juniper range . 

Feeding , standing ruminating , lying ruminating , standing idle , l ying 

idle , and traveling \.Jere recorded as a ll-inc lusive activities by observ

ing the behavior of four randomly selected sheep from among marked ewes 

at 90 instantaneous scans at 10-minute intervals from 0500 to 1950 hours 

on each of 28 days at each location. Hourly readings were made on the 

degree of cloudiness , wind movemen t, ambient temperature , and rela tive 

humidity . 

Data we re analyzed to determine components of variance and t o 

eva luate effects of month, grazing intensity, and kind of forage. Each 

activity was regressed on e nvironmental factors in a stepwise-deletion 

multiple regression procedure. 

The foothill data were ana lyzed first as seven treatments with 

identification of variation due to two replications and two months and , 

second ly, without the native foothill range as a 2-month, 2-intensity , 

3-species factorial design with two replications. 

Sheep daily repeated a bjmodal routine of early morning feeding 

followed by midday rumination and res t whi ch lasted unti l late after

noon , followed by feeding again before bedding down a t nightfall on 

high ground . On mountain range the morning and afternoon feeding 

periods were of simi lar length , but on foothil l range the s heep began 
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feeding earlier in the afternoon and thus fed longer in the afternoon 

than during the morning hours. Sheep were highly synchronous in their 

choice of activities . 

Each null hypothesis formulated for testing in the study was con

sidered in light of the data collected an d either accepted or rejected 

separately for each activity. These decisions are summarized in 

Table 39. Study design prevented determination of causes of some of 

the differences noted in sheep activities . 

Sheep spent more time feeding on seeded foothill rm1ge than on 

either native foothil l or mountain range . Conversely , they spent more 

time lying ruminating and standing idle during the daylight hours 

studied on mountain and on native foothill ranges . Traveling time was 

greater on mountajn than on foothill range, but the horizontal distan

ces traveJed were the same at both locations . Sheep spent more time 

l ying idle on native foothill range than on seeded pastures. At the 

spring foothill location the sheep also spen t more time standing idle 

and traveling in May than in June . No differences were noted in any 

activities between intensities of grazing . 

Both lying r uminating and lying idle shuwed positive regressions 

on relative humidity . The daily feeding of sheep responded positively 

to average daily temperature . Trave l ing and standing idle were nega

tively r elated to mean daily temperature , which averaged 20 C and 

varied only within a narrow range during the two periods of s tudy. 

All regressions of wea ther factors , though significant on one or 

more factors for all activities except standing ruminating, were of 

little predictive value since coefficients of multiple determination 

were low for a ll regression models. 



Table 39 . Summary of nul l hypotheses and decisions r esulting from 
the study of sheep activities . 
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Hypothesis A. Sheep spend the same amount of time in specified activ
ities on both foothill an d moun tain range . 

- Re jected for each activity e xcep t Standing 
Ruminating . 

Hypothesis B. Sheep spend the same amount of time in specified activ
ities on native and seeded f oothi ll range . 

- Rejected for each activity except Standing 
Ruminating and Traveling . 

Hypothesis C. Sheep spend the same amoun t of time in spec ified activ
ities on three seeded wheatgrasses. 

- Accepted for each activity . 

P.ypothesis D. Stocking rate has no effect on sheep activity budgets 
on foothill range . 

- Accepted for each activity . 

Hypothesis E . Changes encountered in environmental factors do no t 
affect s heep activity budgets . 

- Accepted for each activity and factor . 
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Results were compared with other data reported in the research litera

ture. Sheep activities necessary to the animal on a daily basis were 

l itt le affected by small changes in the range environmen t . Feeding 

time was proportiona l to the estimated energy expenditure for mainten

ance, activity , and production at each location . 
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