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I. The Effect of Artificial Photoperiod on Eating Behavior and Other
Behavioral Observations of Dairy Cows.

Twenty-eight cows were randomly assigned to a dairy photoperiod of

18 h light and 6 h darkness or to continuous light and observed 1 d each

month from December 1981 to February 1982. Lighting regimen did not

affect eating behavior or milk production. Overall means of total

eating time, number of eating bouts and average time eating per bout

on the three observation days were 270 to 280 min, 10 to 12 times and

24 to 27 min, respectively. Eating behavior and milk production were

not significantly correlated. Eating patterns were similar in both

groups and across observation days. Peaks of eating activity occurred

before sunset, bracketing the evening milking and after the offering of

fresh feed in the morning. Approximately 80% of total eating activity

occurred between 0900 and 2100 h in both groups. Cows had a clear

preference for entry into the right or left side of the milking parlor,

and entry order was repeatable. Milking order and milk production were



not correlated. In one group, location of free stalls did not influence

utilization; but in the other group, centrally located stalls were util-

ized more than stalls at either end of the alley. About 40% of cows

had individual free stall preferences.

II. The Effect of Recorded Sound on Feeding Behavior of Lambs.

This study was designed to examine the effect of recorded sound on

the feeding behavior and feed intake of lambs and to examine their

feeding patterns throughout the day. Thirty crossbred lambs were

randomly assigned to 6 pens. The trial lasted 44 d (July 30 to

September 11, 1982) and consisted of 4 d acclimation to test facilities,

then 4 d with no sound stimulation followed by 4 d with sound stimulation.

This cycle of 4 d without sound followed by 4 d with sound stimulation

was repeated for the remainder of the trial. Sound stimulation consisted

of 6 min broadcasts, every 3 h, of sounds associated with feed delivery

and eating. Lambs were observed continuously for 24 h on 6 observation

days, 3 when lambs were subjected to sound stimulation and 3 when they

were not. The sound stimulation affected neither feed intake nor feeding

behavior. Lambs largely ignored the recorded sounds, and total feed

intakes during 20 sound-stimulated vs 20 non-sound-stimulated days were

1234 kg vs 1240 kg, respectively. There was a rhythmic feeding pattern

at 1 to 2 h intervals, synchronously throughout the barn, and this was

not affected by the 3 h cycle of sound stimulation. There were no major

peaks in feeding activity except after the offering of fresh feed in the

morning. Feeding activity did not change with sunrise or sunset and

peaks of eating activity were evenly distributed throughout the 24 h.

The overall means per lamb for the total time spent eating, the number



of eating bouts, the average time eating per bout and the number of

drinking episodes across the 6 observation d were 118.8 min, 22.6 times,

5.5 min, and 9.6 times, respectively.
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THE EFFECTS OF ALTERED PHOTOPERIOD AND OF SOUND STIMULATION ON

FEEDING AND OTHER BEHAVIORS OF DAIRY CATTLE AND SHEEP

Chapter 1

INTRODUCTION

The effect of the environment on the performance of farm animals

has long been recognized as an important factor in animal husbandry, and

many studies in this field have been reported. Furthermore, in recent

years the utilization of artificial environments to manipulate the pro-

ductivity of farm animals is becoming the object of experimentors'

attention. For instance, artificial photoperiod increases the produc-

tivity of chickens, sheep and cattle (Tucker and Ringer, 1982). Howerver,

the mechanism for these effects has not been elucidated, and the effect

of photoperiod on feeding behavior of sheep and cattle has not been

examined. Offord et al. (1969) and Ames (1974) investigated the appli-

cation of conditioning sound and the effects of environmental sound on

cattle and sheep.

The first experiment reported herein was designed to compare the

effects of photoperiods of 18 h light - 6 h darkness vs continuous light

on the feeding behavior of dairy cattle, to examine relationships

between feeding behavior and milk production and, additionally, to

examine repeatability of cow entry order into the milking parlor and to

quantify and analyze free stall utilization by the cows. The second

experiment was designed to examine the effect of recorded sound on the

feeding behavior and feed intake of lambs and to examine their feeding

patterns throughout the day.
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Chapter 2

LITERATURE REVIEW

Various environmental factors are closely related to the perfor-

mance of farm animals. For example, the effect of seasonal changes in

day length on reproduction in sheep and the relationship between photo-

period and oviposition in chickens are well known (Tucker and Ringer,

1982). And further, the effect of photoperiod on growth and milk pro-

duction of cattle has been reported in recent years (Peters et al., 1978,

1980, 1981). Outdoor feeding behaviors of cattle and sheep are also

closely related to sunrise and (or) sunset (Hafez and Bouissou, 1975;

Hulet et al., 1975).

Feeding Patterns and Behavior in Farm Animals. Most studies on

feeding behavior of farm animals have been conducted in outdoor condi-

tions. Outdoor feeding activity in response to sunrise and (or) sunset

was reported in grazing sheep (Squires, 1971, 1974; Hulet et al., 1975;

Bueno and Ruckebusch, 1979; Dudzthki and Arnold, 1979), feedlot lambs

(Shreffler and Hohenboken, 1980), grazing cattle (O'Donnell and Watson,

1969; Ruckebusch and Bueno, 1978), feedlot cattle (Ray and Roubicek,

1971), beef cattle in outdoor pens (Gonyou and Stricklin, 1981), and

beef cattle offered grass silage in troughs (Wilson and Flynn, 1979). It

also has been suggested that eating activity is mostly confined to the

daytime in sheep (Bueno and Ruckebush, 1979; Hulet et al., 1975; Squires,

1974; Shreffler and Hohenboken, 1980) and in cattle (Putnam and Davis,

1963; Putnam et al., 1964, 1967; Chase et al., 1976; Vasilatos and

Wangsness, 1980).
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In the management of farm animals either indoors or outdoors, it is

very important to understand the effect of surrounding environments and

moreover, it will become increasingly important to manipulate their per-

formance by the means of artificial environments.

Artificial Photoperiodic Effects on Animal Production. Extending

the period of light from a natural 9-12 h to 16 h (16L:8D) resulted in

increased weight gains and milk yield (Peters et al., 1978) and increased

dry matter intake and milk yield in dairy cows (Peters et al., 1981).

Heifers subjected to 16L:8D consumed more dry matter and gained more

weight per day than animals exposed to 24L:OD or to a natural photoperiod

during the winter months (.Peters et al., 1980). However, Roche and

Boland (_1980) reported that extending the photoperiod to 16 h in winter

did not increase growth rate in either Friesian bull calves or steers.

Castrated male (Forbes et al., 1975) and female lambs (Forbes et al.,

1979) kept in 16 h light per day grew significantly faster than lambs in

8 h light. But 20L:4D consisting of natural plus artificial light did

not affect lamb growth or carcass weights (Jones and Forbes, 1982). In

a subsequent study, Forbes et al. (1981) suggested that carcass weights

were not significantly increased under a 16 h day length, because most

of the live weight difference was due to gut-fill. Schanbacher and Crouse

(1981) reported the existence of a photosensitive phase, in that lambs

exposed to 16L:8D and 7L:9D:1L:7D photoperiods ate more feed, gained

weight more rapidly, and required less feed per unit of gain than

did lambs exposed to an 8L:16D photoperiod. Contrary to these reports,

Hackett and Hillers (1979) reported that artificial night lighting

did not significantly affect growth rate, feed efficiency or carcass

characteristics. Hoersch et al. (1961) indicated that lambs
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under 12 h light gained more weight than lambs under 4, 8 or 20.h light

and that there was a tendency for gains to increase with increasing light

up to 12 h and then decrease with increased light up to 20 h. According

to Moose and Ross (1962), average daily gains of lambs fed under continu-

ous light were significantly lower than of lambs under natural light.

Sows exposed to 16 h light produced significantly more milk (Mabry

et al., 1982) and nursed more often (Mabry et al., 1983) than sows exposed

to 8 h light. At 24 wk of age, boars under 15L:9D consisting of natural

plus supplemental light were heavier than animals under natural daylight

(Mahone et al., 1979). However, Greenberg and Mahone (1982) reported

that photoperiods of 16L:8D or 8L:16D had no influence on reproductive

efficiency or lactation in sows. Ntunde et al. (1979) indicated that

there were no differences in average daily gain or feed conversion

between gilts under 18L:60 vs natural daylight.

Broiler chickens grown under continuous light were heavier than

chickens subjected to intermittent light and dark periods (Beane et al.,

1962, 1965; Moore, 1957, Weaver and Siegel, 1967).

Feeding behavior as affected by artificial photoperiod has been

examined in domestic fowls. A review paper concerning the feeding

patterns of domestic fowls (Savory, 1980) suggested that fowls usually

ate most either at the start or at the end of the day, or both, but not

in the middle of the day under 8 to 16 h photoperiods. Ballard and

Biellier (1969) reported that the peak of feeding activity occurred soon

after dawn and approximately 5 h before darkness in chickens under 14L:

10D regimens. Chicks under 12L:12D did not eat in the dark but learned

to anticipate the onset of darkness, as indicated by significantly more
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time spent eating and longer meals 2 to 3 h prior to lights out (Squibb

and Collier, 1979). Savory also indicated in his review (1980) that in

poultry, regular changes between light and darkness acted as the most

potent stimulus, or Zeitgeber, for entraining rhythms of locomotor

activity, body temperature, heart and respiration rates, oviposition time

and feeding. However, in the absence of normal day-light variations (i.e.

continuous lighting), other periodic environmental signals such as tempera-

ture and sound could be used by the chicken to synchronize its circadian

rhythms (Cain and Wilson, 1974). For example, temperature cycles, recorded

chicken sound cycles (Cain and Wilson, 1974) and feeding time (Tanida et

al., 1981) were effective as Zeitgebers for the circadian rhythms of

chickens under continuous light. Squibb and Collier (1979) reported that

the time of feeding affected the time spent eating of chicks under three

lighting regimens (12L:12D, continuous lighting, continuous dark).

To our knowledge, the effect of artificial photoperiod on feeding

behavior of cattle or sheep has been reported only by Zinn et al. (1983),

where heifers on 16L:8D had more eating events than animals on 8L:16D.

In the same experiment, lights on and presentation of fresh feed increased

the frequency of eating.

Effects of Sound on Animal Production. Experiments on the effects

of sound on animal production can be classified into two categories. One

is to examine the effect of sound as noise and the other involves experi-

ments to utilize sound to influence production. The utilization of sound

could be further classified into conditioning sound and environmental sound.

The effects of noise on physiology and behavior of farm animals

were summarized in Bond's review paper (1971), where there was no evi-
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dence of an effect on milk production of dairy cattle resulting from fly-

overs by jet aircraft or proximity to an air base. The observed behav-

ioral reactions of large animals to the sonic booms were minimal.

However, there was a report that fright stimuli caused by exploding

paper bags every 10 sec for 2 min prior to attaching a milking machine

resulted in an immediate cessation of milk ejection (Ely and Petersen,

1941).

According to Bond's review, sonic booms of equal or greater over-

pressures than are normally created by operational aircraft or supersonic

transports did not affect the normal development of chick embryos and

their subsequent growth, and effects of aircraft noise on broilers and

laying flocks were not observed.

In Kansas State University experiments (Ames and Arehart, 1970), 10

lambs were subjected to 12 d of continuous 75 db noise followed by 12 d

of continuous 100 db noise while another 10 lambs were subjected to 12 d

of continuous 100 db noise. Five lambs were maintained outside to serve

as controls for organ weights. Heart rate increased during initial

exposure to 100 db in all cases and peaked on d 5 of treatment. A sharp

decline in heart rate was noted upon cessation of 100 db sound. Adrenal

and pituitary weights of lambs under sound exposure were less than

those of the control group. Lambs subjected to 75 db gained significantly

more than did controls or lambs subjected to 100 db. In a subsequent

study, Ames (1971) reported that 90 db white noise inhibited the release

of thyroid hormones in growing lambs.

The utilization of environmental sound on lambs was also reported

by Ames (1974), where white noise at 75 db intensity significantly
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increased average daily gain and feed efficiency compared to no-sound

controls and the 100 db treatment. The effects of sound type (white

noise vs 4000 Hz pure tone), and time of exposure (d 12 to 17 vs d 14 to

17 of the estrous cycle) on ovarian structures were also studied. Syn-

chronization was accomplished and all ewes were laparotomized on d 20

to characterize ovarian structures. Audio environment significantly

altered ovarian observations. It appeared that 4000 Hz pure tone during

d 14 to 17 (proestrous) was most effective in increasing the number of

corpora lutea per ewe, compared with other treatments.

Recorded chiekcn sound cycles influenced time of oviposition and

locomotor activity of chickens under continuous light, and these two

behaviors were confined to the sound exposure period (Cain and Wilson,

1974). However, Tanida (1980) suggested that periodic 1000 cycle pure

tone sound did not affect the time of oviposition under continuous light.

The merit of classic conditioning using sound is being recognized

by experimentors. Cattle wearing a tape recorder were conditioned to

respond to a certain vocal command to go to a feed bunk (Albright et al.,

1966). Also, cattle have learned to respond to the sound of an alarm

and move to the milking barn (Kiley-Worthington and Savage, 1978).

However, Offord et al. (1969) found that heifers taught to associate

machine noise with feeding did not increase their feed intake.
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ABSTRACT

Twenty-eight cows were randomly assigned to a daily photoperiod of

18 h light and 6 h darkness or to continuous light and observed 1 d each

month from December 1981 to February 1982. Lighting regimen did not

affect eating behavior or milk production. Overall means of total eating

time, number of eating bouts and average time eating per bout on the

three observation days were 270 to 280 min, 10 to 12 times and 24 to 27

min, respectively. Eating behavior and milk production were not signifi-

cantly correlated. Eating patterns were similar in both groups and across

observation days. Peaks of eating activity occurred before sunset,

bracketing the evening milking and after the offering of fresh feed in

the morning. Approximately 80% of total eating activity occurred between

0900 and 2100 h in both groups. Cows had a clear preference for entry

into the right or left side of the milking parlor, and entry order was

repeatable. Milking order and milk production were not correlated. In

one group, location of free stalls did not influence utilization; but in

the other group, centrally located stalls were utilized more than stalls

at either end of the alley. About 40% of cows had individual free stall

preferences.

INTRODUCTION

The effects of photoperiod on milk production and feed intake in

cattle have been examined in several studies. Extending the period of

light from a natural 9-12 h to 16 h (16L:8D) resulted in increased

weight gains and milk yield (9) and in increased dry matter intake and

milk yield in cows (11). Heifers subjected to 16L:8D consumed more dry

matter and gained more weight per day than animals exposed to 24L:OD or
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to a natural photoperiod (10). However, the mechanism for these effects

has not been elucidated, and the effect of photoperiod on eating behavior

has not been examined.

The potential for studies in dairy cattle behavior to enhance effi-

ciency of milk production and cattle welfare has been recognized (1,3,4,

5,7,8,15,18), but information on behavioral traits is still rather limited.

The present study was designed to compare the effects of photo-

periods of 18L:6D and 24L:OD on the eating behavior of dairy cattle and

to examine relationships between eating behavior and milk production.

Additional objectives were to examine repeatability of cow entry order

into the milking parlor and to quantify and analyze free stall utili-

zation by the cows.

MATERIALS AND METHODS

Twenty-eight multiparous Holstein cows (mean age = 5.1 years) in

early lactation were assigned at random to one of two groups. The cows

had been exposed to a 24L:OD photoperiod prior to initiation of the

experiment on December 12, 1981. Two weeks after they were assigned to

experimental treatments, one group was changed to 18 h illumination

(0600 - 2400 h) and 6 h darkness while the other group continued to

receive a 24L:OD photoperiod. High pressure sodium lamps, mounted

approximately 9 m above the barn floor, provided light intensity aver-

aging 130 + 9.6 lx in two alleys during nighttime and 254 + 25.8 lx

during the day at eye level. Light intensity in the 18L:6D alley during

the 6 h dark period registered zero on the light meter. During daylight

hours, indirect sunlight entered the open north and south sides of the

barn. Groups were restrained in separate 4 m wide alleys that were 28
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apart. Cows had access to free stalls on one side and feeding mangers

on the other side of the alley.

Each morning, usually between 0600 and 0700 h, the cows were fed

a complete mixed diet ad libitum consisting of corn silage, alfalfa

cubes, concentrates and whole cottonseed. At 0700 and 1900 h daily,

the cows were moved to the milking parlor for milking. Milk production

was recorded for a 7-day period bracketing the observation day for each

of the 3 months. Percentage butterfat and protein were determined from

a composite PM and AM milk sample once each 7-day period.

The cows were observed for one 24 h period each month for 3 consecu-

tive months from December 1981 to February 1982 (Day 1, Day 2, Day 3).

The first observation period was conducted before the photoperiod treat-

ment began, when both groups were on the 24L:OD regimen. During each

24 h observation period, the activities of each cow were recorded on a

continuous basis. This allowed determination of the proportion of time

per cow devoted to eating, resting-standing and resting-lying. Free

stall utilization also was recorded. The observers stood approximately

4 m from the alley to minimize disturbing the cows. A flashlight occa-

sionally was used for observing the cows during hours of darkness, but

it did not appear to influence their behavior. During the morning and

the evening milking of the three observation days, order of entry of cows

into the double-four herringbone milking parlor was recorded.

Data from each observation day were subjected to analysis of vari-

ance with sources of variation for lighting regimens, linear and quadratic

regressions on lactation number and linear and quadratic regressions on

day of lactation. Response variables included, for individual cows: total

time eating, number of eating bouts, average duration of eating per bout,
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total time resting-lying, total time resting-standing, average milk

production during the 7 days bracketing the observation day, and fat

and protein percentage in the pooled morning and evening milk samples

on the observation day. Product-moment and residual correlations among

all variables were computed for each observation day.

To test statistically whether each cow's entry order into the

milking parlor tended to be repeatable across observation days, the

overall variance of all observed entry order ranks for cows within each

lighting regimen group on all observation days was first computed. Next,

the pooled within cow variance for entry order ranks was computed. The

difference between these two variances was tested by F test. If cow

entry order were random rather than repeatable, the two variances should

both be estimates of the same quantity and should not differ significantly.

Free stall utilization was analyzed by least-squares analysis of

variance. Minutes that each free stall was occupied during each obser-

vation day was the response variable. Sources of variation were lighting

regimen, observation day, free stall number and all two-factor interac-

tions. Free stalls had been numbered serially from the north to the south

end of each alley, to facilitate recording of behavioral observations; so

free stall number is an index of its location within the alley. Whether

individual cows had individual free stall preferences was examined graph-

ically but was not tested statistically.

RESULTS AND DISCUSSION

Overall averages for eating behavior traits on each of the observa-

tion days and milk production bracketing the observation days are shown

in Table 1. The effect of lighting regimen (18L:6D minus 24L) on each

trait is also presented. The average total daily eating time per cow



13

was similar between the two groups on all observation days. However the

average time spent eating per bout differed significantly (P<.05) between

the two groups on the first and the second observation day, and the number

of eating bouts differed significantly (P<.05) between groups on each of

the three days. Since the first observation was conducted before the

photoperiod treatment began, when both groups were subjected to a 24L:OD

regime, these results suggest that the 18L:6D lighting regime did not

influence the cows' eating behavior. Rather, the significant differences

in number of eating bouts and average time spent eating per bout were due

to unexplained, pre-existing differences between the groups. Peters et

al. (10, 11) reported an increase of 6 to 7% in feed intake associated

with a 16L:8D compared to natural short-day photoperiods. In our experi-

ment, there was likely no increase in intake caused by 18L:6D in compari-

son with 24L:OD unless rate of intake was affected. From observation

this seems unlikely, but direct measurements of eating rate were not

made.

No significant differences were found between groups for average

milk production, fat percentage or protein percentage (Table 1). Thus,

lighting regimen did not affect milk production in this experiment.

Bracketing the third observation day though, cows on the 18L:6D regimen

produced 12% more milk than cows on 24L:OD (not significant). Differ-

ences between groups might have emerged had the experiment been of

longer duration. In other experiments, cows receiving 16L:8D produced

more milk than cows under natural short-day photoperiods (9, 11).

Neither linear nor quadratic effects of day of lactation affected

any of the behavior or production traits. In addition, quadratic effects
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of lactation number were never important. Linear effects of lactation

number influenced the total time spent eating on the second and the third

observation days and the number of eating bouts on the third observation

day.

Product-moment correlations among all variables are presented in

Table 2. Residual correlations were similar to these correlations so

are not presented. There were no significant correlations between eating

behavior and milk production on any of the three observation days. There

was, however, a negative correlation between the total time spent eating

and the total time spent resting-lying, and between the total time spent

resting-lying and the total time spent resting-standing. To a certain

extent, these correlations are automatic in that as time spent for one

activity per 24 h increases, time available for otheractivities decreases.

The number of cows engaged in eating sometime during each 10 min

period during the second observation day is presented in Figure 1.

Eating patterns for the other two days were very similar in both groups.

There were three major peaks for eating behavior: from 1400 to 1600 h

(sunset was at 1658), bracketing the evening milking and after the provi-

sion of fresh feed in the morning. Ray and Roubicek (16) reported that

eating activity of feedlot cattle in the summer in Arizona was confined

to periods corresponding to sunrise and sunset. Ruckebusch and Bueno

(17) showed that major periods of grazing occurred at sunrise and sunset

in temperate weather for cows having access to a large grazing area. In

the present study, the cows were subjected to artificial light plus in-

direct sunlight inside the barn. Their eating behavior still may have

responded to natural daylength. Gonyou and Stricklin (6) also found

that the eating patterns of beef cattle in outdoor pens were associated
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with sunrise and sunset, though some artificial lighting was used. The

cows in our experiment also seemed to respond to the offering of fresh

feed in the morning. This is consistent with reports of Vasilatos and

Wangsness (19) where the eating activity of lactating dairy cows in a

conventional tie-stall barn was greatest in the hour interval after

each feeding, although abundantfeed was always available in the mangers.

Also, Ray and Roubicek (16) reported that highest frequency of eating

during the winter appeared to coincide with the time feed was placed in

the bunk in the afternoon.

Approximately 80% of the total eating activity occurred between

090.0 and 2100 h in both groups. Previous studies have reported that 60

to 75% of the total eating activity occurred between 0600 and 1800 h

(2,12,13,14,19). These reports suggest that cattle do most of their

eating during the daylight hours.

In this experiment, cows subjected to continuous artificial light

or to an 18L:6D photoperiod did not differ from each other in eating

behavior or milk production, nor did their eating patterns differ

markedly from those reported in the literature for cattle under natural

lighting conditions. These results make the following hypothesis

possible: change in ambient temperature and/or of background natural

light with sunrise and sunset, the time of feeding and milking time,

rather than the artificial lighting regimen, had an overriding effect

on eating behavior. The influence of ambient temperature on eating

behavior of cattle has been described by Hafez and Bouissou (8), who

suggest that the eating behavior of cattle depends not only on photo-

period but also upon other environmental factors. Provision of an

artificial photoperiod, either of 18 or 24 h duration as in the current
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experiment, may disrupt any synchrony between natural photoperiod and

temperature changes. Under these conditions, feeding and milking time

might be effective as Zeitgebers (timegivers) for entraining the eating

pattern. If cows had been exposed to artificial lighting regimens in

environmentally controlled chambers, they might have changed their

eating pattern in response to the light treatment.

The order of entry of cows into the double-four herringbone milking

parlor was recorded during the morning and afternoon milkings of the

three observation days. Cows could enter either the right or left side

of the milking parlor. Twelve of 21 cows always chose the same side,

while 5 cows chose the same side on all but one occasion. The preference

of the remaining 4 cows was less marked. Thus most cows had a clear

preference for the right or left side of the milking parlor. The pooled

within cow variance for entry order rank was significantly less than the

overall variance in entry order ranks for both lighting regimen groups,

indicating that serial entry into the milking parlor across observation

days was repeatable. Examination of the data supported the conclusion

that individual cows had clear preferences for early, mid- or late entry

into the parlor. Both in choosing sides of the milking parlor and for

entry order elected, the cows were creatures of habit. This agrees with

the reports of Dietrich et al. (4), Dickson et al. (3) and Rathore (15).

No significant correlation between entry order and milk production was

recognized, in agreement with Dietrich et al. (4) and Dickson et al. (3),

whereas Rathore (15) reported that cows entering early for milking had

higher milk yields.

Seventeen free stalls in the 18L:6D group faced one wall of the

barn, whereas 16 free stalls in the 24L:OD group faced free stalls for



17

other non-experimental cows in the next alley. In both alleys, free

stalls faced to the west. Differences in duration of free stall uti-

lization between lighting regimens were not significant, but the pattern

of free stall utilization was different between the two groups. That is,

the interaction between lighting regimen and free stall number was signi-

ficant. In the free stalls facing other free stalls in an adjacent alley,

centrally located stalls were utilized more than stalls at either end of

the alley, in agreement with the report Hacker et al. (7) where the four

end stalls were used significantly less than the remaining sixteen in a

free stall barn. In the free stalls facing a wall, however, the location

or order of free stalls did not influence utilization. The cows in the

free stalls facing the wall might have been screened from the wind and

therefore subjected to a more uniform environment throughout the alley.

The free stalls facing adjacent free stalls may have been affected by

wind, especially at the end of the alley, causing cows to utilize prefer-

entially the centrally located free stalls. Alternatively or in addition,

cows in the free stalls facing other free stalls might have interacted

with neighboring cows in choosing a stall. Arave and Walters (1) sug-

gested that cows seemed to avoid facing one another through the relatively

open partition in front of the free stalls, as every instance of heavy

usage in one free stall was accompanied by light usage in the opposite

free stall. The main effect of and interactions involving observation

days were not significant sources of variation in free stall utilization.

About 40% of cows had clear individual free stall preferences, in

concurrence with reports of Friend and Polan (5) and Schmisseur et al.

(18).. They spent most of the time in one specific free stall, across

observation days, and spent the rest of the time in closely adjacent
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stalls. The use pattern for one such cow is illustrated in Figure 2 (A).

The free stall utilization pattern of a cow with no apparent free stall

preference is illustrated in Figure 2 (B).



Table 1. Overall averages and the effect of lighting regimen (18 h light : 6 h dark minus 24 h light)
on eating behavior and production on each of the observation days.

Day lc Day 2 Day 3

a
X Effect

b
5( Effect Tc Effect

Total time spent eating (min) 279.7 17.1 276.4 -8.3 287.0 20.7

Number of eating bouts 10.5 3.3* 10.6 2.4* 12.3 2.9*

Average time spent eating (min) 27.6 -6.8* 27.5 -7.3* 24.3 -4.5

Total time spent resting-lying (min) 696.1 66.5 670.8 62.1 677.7 -75.1

Total time spent resting-standing (min) 273.7 -92.7 307.6 -72.9 280.5 46.7

Average milk production (kg) 32.4 0.7 30.4 0.9 28.1 3.5

Butter fat (%) 2.96 -0.34 3.70 -0.20 3.29 -0.04

Protein (%) 3.13 -0.14 3.18 -0.06 3.13 -0.01

*
P<.05.

a
Overall mean for both lighting regimen groups.

b
Effect equals the mean of the 18 h light : 6 h dark group minus the mean of the 24 h light group.

c
Both groups were subjected to continuous light on this day.



Table 2. Product-moment correlations among behavioral and production traits

2a 3 4 5 6 7 8

1. Total time spent eating
b

.59 .08 .01 -.58 .41 -.21 -.08
-.04 .59 -.12 -.27 .07 .17 .30
.40 .27 .26 -.65 .23 -.19 .06

2. Number of eating bouts -.69 .18 -.61 .17 -.16 .01

-.76 .01 -.04 .14 .07 .01

-.74 -.15 -.18 .18 -.41 -.04

3. Average time spent eating -.32 .36 -.01 .09 .00

-.09 -.11 -.04 -.07 .09

.22 -.28 -.09 .34 .05

4. Total time spent resting-lying .74 .11 .07 -.10
-.88 .03 -.07 -.06

-.87 -.01 .36 .23

5. Total time spent resting-standing -.27 -.00 -.01

-.12 -.10

1; -.N -.18

6. Average milk production
::113;

-.26

--1!

7. Butter fat percentage
.43

.23

a
Numbers for columns correspond to like numbered traits in rows. Trait 8 is protein percentage.

b
The three correlations are for observation days 1, 2 and 3. Correlations greater than .42 or .54 in
absolute value are significant at P<.05 and P<.01, respectively.
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ABSTRACT

This study was designed to examine the effect of recorded sound

on the feeding behavior and feed intake of lambs and to examine their

feeding patterns throughout the day. Thirty crossbred lambs were ran-

domly assigned to 6 pens. The trial lasted 44 d (July 30 to September

11, 1982) and consisted of 4 d acclimation to test facilities, then 4 d

with no sound stimulation followed by 4 d with sound stimulation. This

cycle of 4 d without sound followed by 4 d with sound stimulation was

repeated for the remainder of the trial. Sound stimulation consisted

of 6 min broadcasts, every 3 h, of sounds associated with feed delivery

and eating. Lambs were observed continuously for 24 h on 6 observation

days, 3 when lambs were subjected to sound stimulation and 3 when they

were not. The sound stimulation affected neither feed intake nor feeding

behavior. Lambs largely ignored the recorded sounds, and total feed in-

takes during 20 sound-stimulated vs 20 non-sound-stimulated d were 1234

kg vs 1240 kg, respectively. There was a rhythmic feeding pattern at 1

to 2 h intervals, synchronously throughout the barn, and this was not

affected by the 3 h cycle of sound stimulation. There were no major

peaks in feeding activity except after the offering of fresh feed in the

morning. Feeding activity did not change with sunrise or sunset and

peaks of eating activity were evenly distributed throughout the 24 h.

The overall means per lamb for the total time spent eating, the number

of eating bouts, the average time eating per bout and the number of

drinking episodes across the 6 observation d were 118.8 min, 22.6 times,

5.5 min, and 9.6 times, respectively.
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INTRODUCTION

Workers at the Oregon State University Sheep Barn have observed

that sounds associated with feed delivery and feeding motivate antici-

patory feeding behavior in sheep well before feed actually is offered.

These observations led to the question of whether daily feed intake

patterns and daily feed intake of lambs being fed ad libitum might be

altered by broadcasting, at predetermined intervals, prerecorded sounds

associated with feeding.

To our knowledge, attemps to stimulate feeding activity by recorded

sound have not been reported. Therefore, the present study was designed

to examine the effect of recorded sound on the feeding behavior and feed

intake of lambs and to examine their feeding patterns throughout the day.

MATERIALS AND METHODS

The experiment was conducted from July 30 to September 11, 1982 at

the OSU Sheep Barn. Thirty crossbred lambs that had been raised on hill

pasture without supplementation of processed feed were moved into the

barn for the experiment. They were approximately 5 months of age and

the average weight was 36 kg at the beginning of the experiment. Lambs

were randomly assigned to 6 sawdust bedded, 7 m x 6 m pens constructed

of wooden gates. The 6 pens were adjacent to one another in 2 rows of

3 pens each. A feeder (.3 m x 2.4 m) was placed on one side and a water

trough (_.3 m x .3 m) on the other side of each pen. The east side of

the barn was open but adjacent to another building across at 3.4 m aisle.

The west side had a 2.7 m aisle between the pens and a wall with nine

1.2 m x 1 m windows. A standard 200-watt incandescent bulb was mounted

2.4 m above the floor in each of the 3 pens located on the west side of
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the barn and provided light intensity, 50 cm above the floor, averaging

49 + 2.3 lux during the day and 12 + 1.8 lux during the night. The 3

pens located on the open east side of the barn did not have artificial

lighting but received direct and indirect sunlight during the daylight

hours. Light intensity averaged 169 + 17.9 lux during the day and neg-

ligible light during the night, although 0.6 + 0.2 lux was recorded at

the edge of the lighted pens.

At 0800 daily the lambs were fed slightly more of a complete pelleted

ration than they could consume in the ensuing 24 h. Feed intake of each

pen was measured daily. The lambs soon became accustomed to the feeders

and feeding schedule.

Sounds associated with the offering of fresh feed (buckets rattling,

feed cart being moved, pelleted feed striking metal containers and wooden

feeders) and with eating were recorded, edited to 6 min segments and

dubbed repeatedly onto reel-to-reel tape. Two speakers were mounted 3.5

m apart in the center of the barn and 2.2 m above the barn floor.

Following a 4 d acclimation period, lambs were exposed alternately to 4

d without sound stimulation followed by 4 d sound stimulation throughout

the 40 d experimental period. During days of sound treatment, 6 min

sound was played every 3 h starting at 0800 on the first day of sound

treatment. The sound intensity was approximately 60 to 65 db throughout

the 6 pens.

Twenty -four h behavioral observations were conducted on the third

day of no sound treatment and the third day of sound treatment in the

first, mid, and last part of the experiment. One lamb was randomly

chosen from each pen and marked. The activities of these 6 lambs were



29

recorded on a continuous basis. This allowed the determination of the

proportion of time per lamb devoted to eating and the number of drinking

incidents. For group behaviors, the number of lambs engaged in eating

in each pen also was recorded on a continuous basis.

RESULTS AND DISCUSSION

Overall means for feed intake, gain and efficiency throughout the

40-day experimental period were 82 kg and 14 kg per lamb and 17% per pen.

The pooled variance for daily feed intake per pen of 5 lambs was 1.03 kg.

The effect of sound stimulation on feed intake was tested by com-

paring average pen feed intakes of the first non-sound stimulated 4-d

period to average pen feed intakes in the following sound-stimulated 4-d

period by paired t-test, then comparing that sound stimulated period to

the following non-stimulated period, etc. throughout the 40 d experimen-

tal period. Differences were not significant, and there was no evidence

that sound stimulation led to increased feed intake. In fact, total

feed consumption on 20 sound-stimulated days was 1234 kg compared to 1240

kg on 20 non-sound-stimulated days. In agreement with this, Offord et

al. (1969) reported that heifers taught to associate machine noise with

feeding did not increase their feed intake.

The number of lambs engaged in eating sometime during each 10 min

period of one pen on the second observation day during sound stimulation

is presented in Figure 3 (A). Feeding patterns for the other 5 pens on

that day were very similar in timing and height of peaks and therefore

are not presented. In Figure 3 (B), the feeding pattern pooled across

all 6 groups of lambs for the second observation day during sound stimu-

lation is presented. There was a rhythmic feeding pattern at 1 to 2 h
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intervals, and this was not affected by the 3 h cycle of sound stimu-

lation. In addition, no immediate response of lambs to the sound was

observed during any of the observation days. The lambs totally ignored

the stimulus. Even combining all pens, the feeding activity peaks at

1 to 2 h intervals still existed. This indicates that the feeding

activity of all pens was synchronized to some extent and that a rhythmic

pattern existed throughout the barn. This rhythmic feeding pattern did

not change throughout the 6 observation days in either sound or no sound

treatments. Social facilitation seems to have occurred, with lambs

within and between pens mutually stimulating feeding activity, as sug-

gested by Craig (1981). Audiovisual stimulus within and between pens

and physical contact within pens, rather than the sound treatment,

appeared to affect feeding activity.

There were no major peaks in feeding activity except after the

offering of fresh feed in the morning. An increase in feeding activity

at the time of feeding was reported by Vasilatos and Wangsness (1980)

and Ray and Roubicek (1971) in cattle.

In the present experiment, direct and indirect sunlight entered

the open east portion and through the windows in the west side of the

barn. Continuous incandescent lighting was provided in the 3 pens

located on the west side but not the 3 pens on the east side of the barn.

No change in feeding activity with sunrise or sunset was observed on any

of the 6 observation days (Figure 1 (A),(B)). Tanida et al. (1983).

however, reported that the feeding behavior of Holstein cows subjected

to artificial light plus indirect sunlight inside a barn still was

synchronized with the natural photoperiod. Outdoor feeding activity

coinciding with sunrise and (or) sunset has been reported in grazing
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sheep (Squires, 1971, 1974; Hulet et al., 1975; Bueno and Ruckebusch,

1979; Dudzinski and Arnold, 1979), feedlot lambs (Shreffler and Hohenboken,

1980), grazing cattle (O'Donnell and Walton, 1969; Ruckebusch and Bueno,

1978), feedlot cattle (Ray and Roubicek, 1971) and beef cattle in outdoor

pens (Wilson anf Flynn, 1979; Gonyou and Stricklin, 1981). Reasons for

results differing from these previous studies were hard to elucidate

because other environmental influences, such as the temperature and

humidity changes, were not measured. Also there were differences between

the current and previous studies in seasons and locations.

There was no apparent decline in feeding activity of lambs during

the nighttime; feeding was nearly constant throughout the 24 h. In

grazing sheep, however, Bueno and Ruckebusch (1979), Hulet et al. (1975)

and Squires (1974) reported that the grazing activity was confined mostly

to daylight hours. Shreffler and Hohenboken (1980) found that the major-

ity of feedlot lambs were lying down throughout the hours of darkness.

The number of lambs engaged in eating was significantly greater in

lambs housed on the east side (open side) than in lambs on the west side

of the barn, although the rhythmic feeding pattern was similar. Also

there was no significant difference in feed intake between the two groups.

This could be explained by the fact that more playful fighting and chasing

were observed throughout the 24 h among lambs on the west side which had

continuous lighting. These behaviors, however, were not recorded nor

quantified. Whether the difference in feeding behavior was caused by

the difference in lighting or by other environmental factors such as

sunlight, temperature or pen location was not possible to determine.
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The means of three classes of eating activities and of drinking

incidents, over the 6 observation days, for individually observed lambs

are presented in Table 1. The results for drinking incidents may not be

as accurate as the other feeding behaviors because of observational dif-

ficulties. There was a significant difference in number of eating bouts

between lambs in the west vs east tiers of pens, and this is consistent

with the results for number of lambs engaged in eating stated earlier.

The overall means per lamb for the total time spent eating, the number

of eating bouts, the average time eating per bout and the number of

drinking episodes across the 6 observation days were 118.8 min, 22.6

times, 5.5 min and 9.6 times, respectively. The repeatabilities of

these four activities on the 6 observation days were 0.28, 0.28, 0.07

and 0.34. Thus an individual lamb's ingestive behavior on any one day

was modestly predictive of its behavior on other days. No significant

correlations were found between gain and eating behaviors.

The distribution of feeding activities on one observation day with

the sound treatment for the 6 individually observed lambs is shown in

Figure 4. Similar patterns existed on the other 5 observation days. This

figure emphasizes that lamb feeding activity was synchronized, even though

the lambs were selected randomly from each pen, and that their activities

were distributed throughout 24 h.

Under the conditions of this experiment, sound stimulation did not

alter feed intake or feeding behavior patterns. Perhaps lambs learned

to ignore the stimulus since it was not reinforced by the offering of

fresh feed. Or perhaps the fact that lambs were fed ad libitum, with

feed always present, rendered the stimulus ineffective.



Table 3. Means and standard errors of feeding activities of
randomly selected lambs on six observation days

Pen Lamb Total time number of eating Average time
location no. spent eating (min) bouts (times) spent eating (min)

West 1 110.2 ± 4.4 18.3 ± 1.5 6.2 ± 0.5

2 114.2 ± 9.7 19.7 ± 1.8 5.9 ± 0.5

3 111.9 ± 13.1 19.2 ± 3.1 6.0 ± 0.3

East 4 117.4 ± 12.2 26.2 ± 3.0 4.7 ± 0.6

5 155.8 ± 11.2 31.3 ± 4.2 5.3 ± 0.5

6 103.5 ± 8.3 21.0 ± 2.3 5.1 ± 0.5
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SUMMARY AND CONCLUSION

Experiments were conducted to determine whether feeding behavior

(number of eating bouts and feed intake) could be altered by altering

the light environment in dairy cattle and the sound environment in sheep.

Artificial light and sound were used as cyclic environmental regimens in

the experiments. Both factors could possibly consume less energy or be

less expensive than mechanical or human labor for encouraging feeding

activities of animals. The first study was designed to compare the

effects of photoperiods of 18L:6D and 24L:OD on the eating behavior of

dairy cattle. The second study was designed to determine whether feeding

activity in lambs would be stimulated by cyclic recorded sound.

Based upon results of these studies, the following conclusions have

been reached:

1. Lighting regimen did not affect eating behavior or milk produc-

tion of dairy cattle. Eating patterns were similar in both 18L:6D and

continuous lighting groups and across observation days.

2. Peaks of eating activity occurred before sunset, bracketing the

evening milking and after the offering of fresh feed in the morning.

3. These results suggest that cyclic environmental cues other than

artificial photoperiod were used by the cows to synchronize their cir-

cadian rhythms. The various periodic environmental cues affecting the

animals could be ranked in order of strength as Zeitgebers. Artificial

photoperiod could be considered a weak Zeitgeber on feeding behavior of

cattle in our case, and this suggests that a more controlled environment

would be necessary, either to entrain cattle to the periodic lighting

regimen or to change eating behavior with the change of lighting regimen.



39

4. Overall means. of total eating time, number of eating bouts and

average, time eating per bout of cows on the three days were. 270 to 280.

min, 10 to 12 times and 24 to 27 min, respectively.

5. Cows had a clear preference for entry into the right or left

side of the milking parlor, and entry order was repeatable..

6. In one group, locations of free stalls did not influence util-

ization; but in the other group, centrally located stalls were utilized

more than stalls at either end of the alley. About 40% of cows had

individual free stall preferences.

7. The sound stimulation affected neither feed intake nor feeding

behavior of the lambs. In the present experiment, recorded sound without

any reinforcements or rewards was used in an attempt to stimulate feeding

activity. It likely was considered by the lambs as environmental rather

than as conditioning sound. They had their own rhythmic feeding patterns

at about 1 to 2 h intervals throughout the 24-h day.

8. Overall means of total eating time, number of eating bouts,

average time eating per bout and number of drinking episodes of lambs

across the 6 observation days were 118.8 min, 22.6 times, 5.5 min and

9.6 times, respectively.
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