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study, begun in mid-1959, in- 
cluded two years of severe 
drought and poor rainfall dis- 
tribution. 

The greatest effect of using 
fertilizer was to increase grazing 
capacity. Little important differ- 
ence in daily gain was noted ex- 
cept in the first year of dry-sea- 
son grazing. The number of ani- 
mal-days of grazing in the dry 
season was increased by 45% on 
the sulfur-fertilized units, and 
by 141% on sulfur-plus-nitrogen- 
fertilized range units. On the 
same kind of range grazed in the 
green season, the increase was 
82 “/o on sulfur-fertilized units 
and 145% on sulfur-plus-nitro- 
gen-fertilized units . Also the 
green season began an average 
of 17 days earlier on the sulfur- 
plus-nitrogen-fertilized range. 

We considered the additional 
grazing capacity produced on 

fertilized range a useful way of 
evaluating a fertilizer program. 
Even considering the longer 
green season and greater grazing 
capacity, the cost of grazing per 
animal for the sulfur-plus-nitro- 
gen-fertilized range was higher 
than for sulfur alone so long as 
the cost of the rangeland, equip- 
ment, labor, etc. was below $5.86 
/acre/year. This includes con- 
sideration of the cost of main- 
taining the animal on winter 
range plus supplement during 
the 17 days when the green sea- 
son had started on the sulfur- 
plus-nitrogen-fertilized units. 
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Highlight 
Reasonably accurafe esfimafes of 

acfivifies of longer duration, such 
as grazing and ruminating, can be 
obtained by observafions ai intervals 
of 15 or even 30 min. Observations 
af 15 min or longer intervals failed 
fo give reliable esfimafes of such 
aciivifies as walking, sleeping, nurs- 
ing calves, defecation, urination and 
drinking. 
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ous observation, but the procedure is 
laborious. A larger number of ani- 

It is important to know animal 

mals may be observed with less la- 
bor by lengthening the interval be- 
tween observations. Hughes and 

grazing behavior in pasture experi- 

Reid (1951)) Tayler (1953) and 
Harker et al. (1954) concluded that 

ments. A large quantity of accurate 

observing activities of grazing cattle 
at 4-min intervals yielded satisfac- 

data may be obtained from continu- 

tory results. Sheppard et al. (1957) 
recorded observations of grazing 
habits at 30-min to 1-hr intervals, 
but did not make any observa- 
tions at night. Hull et al. (1960) com- 
pared 15-, 30-, and 60-min observa- 
tion intervals with continuous obser- 
vation using four steers in 0.4 acre 
of irrigated pasture. Among those re- 
porting grazing habits of range beef 
cattle observed continuously are 
Dwyer (1961) and Wagnon (1963). 
This study reports the frequency of 
observations necessary for an ac- 
curate estimate of the activity of 
range beef cows in a 24-hr period. 

cattle grazing in excellent condition 
native grass pastures approximately 
100 acres in size, eight miles north- 

Methods 

west of Stillwater, Oklahoma. The 
dominant grass species were little 
and big bluestem’ (Andropogon sco- 

Five 24-hr grazing behavior 

parius and A. gerardi), indiangrass 
(Sorghastrum nutans) and switch- 
grass (Panicum virgatum). The to- 

studies (continuous observation) 

pography was gently rolling with 
some small hills, however, none was 

were conducted with grade Hereford 

steep enough to hinder the natural 
travel of the cows. 

The number of cows observed per 
study varied from 7 to 11; in three 
of the studies the cows were suck- 
ling calves. The first study began on 
August 18, 1959, at 10 AM and ended 
24 hr later. All other studies started 
at 5:30 AM. One group of spring- 
calving cows was observed in one 
pasture on August 25, 1959, and 
again on September 25, 1959. A sec- 
ond group was fall-calving cows ob- 
served in another pasture on August 



18, 1959, September 11, 1959, and 
July 2, 1960. The activities recorded 
were grazing, standing ruminating, 
standing idle, lying ruminating, ly- 
ing idle, walking, suckling calves 
and sleeping. Walking included only 
actual time spent in walking di- 
rectly from one place to another and 
did not include time devoted to 
travel accompanying grazing. Cows 
were considered to be sleeping when 
they turned their head to one side 
and rested it against their body or 
on the ground with their eyes closed. 
A record was also made of the dis- 
tance traveled, and the number of 
times cattle drank, defecated and 
urinated. Distance traveled was mea- 
sured from routes traced on aerial 
photographs. Results of continuous 
observations over a 24-hr period 
were compared with those recorded 
at 15-, 30-, and 60-min intervals over 
the same period. At these time inter- 
vals the total time spent in a given 
behavior was calculated on the as- 
sumption that the animal remained 
in a particular pattern from the time 
of one observation to the next. 

Different colored paints or combi- 
nations thereof were used to identify 
individual cattle. Marking the cat- 
tle across the back, across the fore- 
head and across the tailhead and 
pinbone region facilitated identifi- 
cation of individuals from any angle 
of observation, Small reflective glass 
beads were dusted on the wet paint 
as an aid to identification during 
nighttime. 

Observations were made by at 
least three persons. Usually two per- 
sons observed the animals, generally 
with the aid of field glasses, while 
the third person recorded the infor- 
mation. Observers were generally at 
a distance of about 75 and 50 yards 
from the cattle during the daytime 
and nighttime, respectively, A pick- 
up truck, to which the cattle were 
accustomed, was used to follow them 
in the pasture, At night it was usu- 
ally necessary for the observers to 
use a handlamp or spotlight to de- 
termine certain activities such as 
ruminating and sleeping, Disturb- 
ance resulting from the use of light 
appeared to be negligible, 

Resulia and Dfscussion 
A summary of the activities of 

the cows determined from &I- 
servatisns made at the four diP- 
ferent time intervals in each of 

GRAZING HABITS 

the five studies is given in Table 
1. The variation in relation to 
size of the mean for activities 
recorded during continuous ob- 
servations indicate that, within 
any individual study, grazing 
time varied the least. 

For most activities the stan- 
dard deviation increased as the 
time interval between observa- 
tion increased. As might be ex- 
pected, the activities of shortest 
duration were usually the most 
variable. For example, the time 
associated with walking was 
quite different in two of the 
studies (August 18 and Septem- 
ber 11) when the observation in- 
tervals were 15 min instead of 
continuous; also, the standard 
deviation was usually markedly 
increased. When the interval of 
observation was increased to 60 
min, no time whatsoever was 
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recorded for walking on August 
24 and September 11. It seems 
that for a reliable estimate of 
walking and perhaps other ac- 
tivities of short duration, the ob- 
servation interval must be less 
than 15 min. 

The larger standard deviation 
in all studies for any activity at 
the 60-min interval of observa- 
tion as compared with continu- 
ous observation does not appear 
to be associated with the differ- 
ence in mean time associated 
with that activity. Illustrative of 
this is a comparison of grazing 
time at the different intervals of 
observation on September 11. 
The average time spent grazing 
was 673, 686, 693, and 671 min 
for continuous, 15-, 30-, and 60- 
min intervals of observation, re- 
spectively. However, the stan- 
dard deviation was more than 

Table 1. Aciivities of range beef cows for a 24-hr. period as determined ai 
different intervals. 

- Date Ruminating Idle 
and Grazing Walking Standing Lying Standing Lying 

Interval Min SDn Min SD Min SD Min SD Min SD Min SD I__- 
July 2,196O (10 cows) 
Contin. 536 35.8 26 8.8 133 58.1 443 67.4 192 34.3 110 25.3 
15 min. 523 45.0 21 14.5 134 63.8 452 61.8 207 44.0 103 30.4 
30 min. 482 60.9 21 20.2 147 72.7 453 47.9 225 45.3 111 56.7 
60 min. 456 120.9 24 31.0 162 89.7 396 106.6 270 76.2 132 108.8 
August 18,1959 (11 cows) 
Contin. 586 35.8 47 7.6 188 48.1 364 52.2 170 36.7 85 32.2 
15 min. 573 37.8 19 9.7 187 47.6 361 48.1 207 47.3 93 36.0 
30 min. 619 36.2 3 9.1 177 60.7 368 52.1 175 42.0 98 42.6 
60 min. 638 72.4 6 18.1 169 88.3 382 48.5 169 79.9 76 66.2 
August 25,1959 (10 cows) 
Contin. 576 23.7 34 3,6 280 55.8 242 44.0 204 31.8 104 50,4 
15 min. 582 30.7 28 14,9 300 36,8 228 56.0 195 55.2 107 50.2 
30 min, 612 42,9 33 9.5 297 53.8 228 69.6 168 53.3 102 51.4 
60 min, 660 566 0 258 89.7 246 77.2 169 73.8 108 62.0 
Sepfenaber 11 I 1959 (11 cows) 

’ Contin, 673 34,3 0 6-3 131 4’45 413 63,3 81 26,3 133 44,2 
15 min. 686 37,4 1 4,5 120 39,7 420 64,3 87 29,l 126 49.4 
30 min, 693 413 3 9,1 120 40,2 403 64.8 90 46,5 131 54.1 
60 min, 671 750 0 153 62,l 393 7706 76 64.3 147 67,7 

%;$?;ber 634 25,1959 55,s (7 (38208) 15 9,8 
15 min. 647 57,7 13 18,2 

106 60,7 373 70,5 134 3499 178 47,3 
105 60,O 367 61,l 124 28,3 I84 495 

30 min. 651 68,7 9 14,7 99 66-4 377 71,l 116 20.7 188 61.8 
60 min 634 90.7 I7 29,3 60 69.3 343 108,O 129 64,l 257 75,2 
Average (Weighted) ActZwZttss 
Five Dates of Observation 
Contin. 600 604 27 lb,8 171 30,1 368 90,8 256 56,l 118 438 
15 min, 601 71,O I6 16,4 173 855 366 96-3 166 6b,3 118 Ql,O 
30 min. 611 863 14 17,4 171 894 366 96,4 lb6 64,2 122 58,9 
60 min, 612 1149 9 %I,% 166 97,4 354 98.9 163 78,5 I36 931 
A Standard deviation 
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double for 60-min interval as 
compared with continuous ob- 
servation. Usually, variation in- 
creased most when the interval 
of observation was increased 
from 30 to 60 min, e.g., on Sep- 
tember 11 the standard deviation 
was 41.3 at the 30-min interval 
vs. 75.0 at the 60-min interval. 

15-, 30- and 60-min intervals with 
continuous observation on the 
behavior of four steers over a 
24-hr period in 0.4 acre of irri- 
gated pasture, reported wide in- 
dividual variation in animal be- 
havior patterns. 

Harker et al. (1954) found that 
the error introduced by observ- 
ing grazing habits at 4-min inter- 
vals rather than continuously 
was inversely proportional to 
the time spent in each activity. 
Hull et al. (1960)) who compared 

In general, for activities of 
longer duration (grazing and 
ruminating) the variation and 
mean were not altered greatly 
up to but not including 60-min 
intervals of observation. Times 
spent in each of these two ac- 
tivities during each hour on July 
2 when observed at the different 
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Fig. 1. Grazing and ruminating times of range beef cows when observed continuously 
and at 15-, 30-, and 60.minute intervals, July 2, 1960. 

time intervals are illustrated 
graphically in Fig. 1. No time 
was recorded for either activity 
because 6: 30 and 7: 30 AM at the 
60-min interval of observation 
even though an average of 24 
min was noted for grazing time 
at the 30-min interval of obser- 
vation. Standing idle was the 
main activity other than grazing 
during this particular hour. An- 
other example of considerable 
variation is during the time from 
8: 30 to 9: 30 P.M. when 36 min of 
grazing and 6 min of ruminating 
were recorded for the 60-min ob- 
servation interval vs. 18 min of 
grazing and 30 min of ruminat- 
ing for the 30 min interval. 

These studies indicate that the 
accuracy desired by the experi- 
menter will tend to dictate the 
most desirable observation inter- 
val. It appears that reasonably 
accurate estimates of the activi- 
ties of longer duration can be ob- 
tained by observations at inter- 
vals of 15 or even 30 min. This is 
in agreement with the results of 
Hull et al. (1960) who observed 
steers on irrigated pasture. The 
primary purpose of the longer 
interval would be to allow the 
experimenter to observe more 
animals. 

Summaries of the miscellane- 
ous activities from a record of 
continuous observation are given 
in tables 2 and 3. In order to de- 
termine accurately these activi- 
ties they must be recorded at in- 
tervals of less than 15 min. 

Table 2. Miscellaneous adivifies of beef cows on the range in a 24-hour period. 
July 2, August 18, August 25, September 11, September 25, 

1960 1959 1959 1959 1959 
Activity Avg SD” Avg SD Avg SD Avg SD Avg SD 
Avg. distance traveled, mi. 

Day 1.92 - 2.81 - 2.26 - 1.64 - 1.52 - 
Night 0.23 - 0.92 - 0.65 - 0.36 - 0.65 - 
Total 2.15 - 3.73 - 2.91 - 2.00 - 2.17 - 

Time walking, min 26.0 8.8 47.0 7.6 34.0 3.6 9.0 6.3 15.0 9.8 
Time sleeping, minb 30.6 16.1 - - - - 26.6 13.4 27.0 15.9 
No. of drinks of water’ 2.0 - - - 2.0 - 1.4 - - - 
No. of defecations 7.8 1.7 8.0 3.9 2.1 1.6 6.4 3.2 3.6 1.4 
No. of urinations 1.5 1.1 5.0 3.8 1.5 0.8 2.4 1.4 1.6 0.8 
a Standard deviation. 
b No record kept on August 18 and 25. 
c No record kept on August 18. Cattle did not drink on September 25 which was relatively cool with a very 

heavy dew. 
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Table 3. Observations of calves with their dams on the range.a 
Age of Total time 
calves Nursing periods spent nursing 

Date of Study mo. No SDb Min SD 
July 2, 1960 8 2.4 1.6 18.1 14.6 
August 25, 1959 6 3.2 1.2 23.7 8.8 
September 25, 1959 7 3.6 1.0 27.3 12.9 
a In 24-hour period. 
b Standard deviation. 

Therefore, values for the differ- 
ent intervals of observation are 
not given. 

Summary 

Five 24-hr. grazing behavior 
studies (continuous observation) 
were conducted with grade 
Hereford cows grazing native 
range pastures. The number of 
cows varied from 7 to 11; in 
three of the studies the cows 
were suckling calves. 

Results of continuous observa- 
tion were compared with those 
obtained from observations at 

15-, 30-, and 60-min intervals. 
Reasonably accurate estimates 
of the two major activities, graz- 
ing and ruminating, were ob- 
tained in each study from obser- 
vations at 15- and 30-min inter- 
vals. Estimates of these activi- 
ties obtained from observations 
at 60-min intervals were quite 
variable. Observations at 15-min 
intervals failed to give reliable 
estimates of such activities as 
walking, sleeping, nursing calves, 
defecation, urination and drink- 
ing. 
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Highlight 
To maximize the conversion of the 

solar energy received by range vege- 
fafion info forms effectively used by 
domestic animals is an important 
objective of range managers. In 
annual-iype California range im- 
proved by legume introduction and 
sulfur ferfilbation, the efficiency of 
the conversion of annual solar energy 
income over a fhree-year period 
averaged 0.09% by the vegetation 
and 0.004% by ihe stockers consum- 
ing fhe fed-off portion of the ,vegefa- 
fion. Furiher study of the manner 
of display of the photosynthetic sur- 
faces in range vegetation commu- 
niiies fo incoming radiati energy 
will make if possible to identify 
foliage configurations ihat will max- 
imize solar energy capiure. 

Productivity is the rate of gen- 
erating or transforming a re- 
source per unit time, and it is an 
attribute of many nonecological 
systems as well as all ecological 
systems (ecosystems). Produc- 
tivity in the ecological context 
is the time rate of transforming 
radiant energy from the sun to 
chemical energy stored by photo- 

1 Adapted from a paper presented as 
part of a symposium on “Range 
Ecosystems”, November 12, 1964, to 
the annual meeting of the Cali- 
fornia Section, American Society of 
Range Management, Ukiah Cali- 
fornia. 
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synthetic organisms with the re- 
sulting generation of organic 
matter. 

From the relatively few long- 
term records of solar energy re- 
ceipts that are available, we 
know that large amounts of en- 
ergy are received at the earth’s 
surface and that the amounts 
vary seasonally and from place 
to place. A primary management 
objective of ranchers is to maxi- 
mize the conversion of this en- 
ergy by range plants; although 
other qualities of the resulting 
organic matter, e.g., protein, 
mineral, or vitamin level, may 
attain importance in some range 
situations. 

Records of productivity in 
range ecosystems are few and 
fragmentary. Nevertheless, it is 
useful to attempt to compile 
such information in an example 
to contrast energy input-output 


