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SUMMARY

In each of two experiments, 72 intact male lambs were randomly assigned to 
treatments (number per pen 3, 7, il or 15). For each animal's feeding event, 
length of feeding (s) and feed consumption (g) were recorded. Pens were treated 
as experimental units with observations repeated daily for 21 days. Response 
variables were pen feed consumption (g), average time (s) and rate of feed con
sumed (g/s) per visit and feed consumed (g), average time (s) and number of 
visits per animal. Animal density was significant for most feeding behavior 
characteristics. As number of animals within a pen increased, feed consumption 
per visit increased linearly. For experiment 1, rate of feed consumption per 
visit increased at a decreasing rate while in experiment 2 the linear effect of 
animal density on this trait was positive. Daily feed consumption per animal 
was greatest at the intermediate animal densities and the number of visits and 
time spent feeding per animal decreased linearly. Results of the studies 
suggest the feeding behavior of ram lambs can be modified by the number of ani
mals housed in a pen.

INTRODUCTION

To address genetic improvement in feed efficiency, information descriptive 
of body weight and its constituent changes and feed consumption are required. 
Research with laboratory animals and poultry have demonstrated additive genetic 
variation for feed efficiency (Eisen, Bakker and Nagai, 1977 and Soresen, 1984). 
In these studies, animals were housed in individual cages thus allowing the 
monitoring of daily individual animal feed intake by manually feeding the ani
mals each day. Manual feeding systems have been used for ruminants to investi
gate individual animal feed intake (Jenkins and Ferrell, 1983 and Theissen, 
Taylor and Murray, 1985) or feed intake recorded on a pen basis (Smith et al.,
1976). In each situation, the information recorded was quantity of feed con
sumed over an extended time period. Information descriptive of factors such as 
the number of feeding events and the quantity of feed consumed at each feeding 
activity was not recorded due to technical limitation. If appetite (feed con
sumption under ad libitum conditions) has an effect upon feed efficiency then it 
seems reasonable to assume that feeding behavior (e.g., nibblers vs. meal 
eaters) may also influence feed efficiency.

Advances in electronic instrumentation provide an opportunity to record 
information not readily obtainable in the past. A specific electronic instru
ment characterizes the ad libitum feeding behavior of individual sheep by 
recording the date, time, ambient temperature, feeding duration and feed con
sumption at each feeding event. The data are recorded by and stored in a 
microprocessor dedicated to a pen of animals. Each animal within a pen wears a 
transmitter coded for a unique identification. The transmitter is activated by 
a magnetic interrogation coil to identify each animal as it enters a common 
feeding station. Access to the feeding station is restricted to a single animal
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at any time. The microprocessors are wired to a microcomputer to facilitate 
management of the voluminous data.

Use of such equipment in research aids measurement of feed intake and allows 
estimation of genetic parameters for feeding behavior traits. This information 
is useful to investigate factors affecting the efficiency of lean growth and, 
consequently, to improve the efficiency of lean growth by selection. However, 
preliminary research is necessary to establish guidelines for optimum use of the 
equipment during future genetic studies.

Competition for feeding opportunities among animals within a pen may affect 
feeding behavior and associated traits. Therefore, the primary experimental 
objective was to evaluate the effects of animal density on various feeding beha
vior characteristics. Relationships of feeding behavior traits with weight 
change over a constant time interval were also estimated.

MATERIALS AND METHODS

Two experiments were conducted in 1985. In each experiment, 72 rams were 
randomly assigned to treatments (pens) with animal densities of 3, 7, 11 or 15 
rams per pen. Each treatment was replicated once per experiment. Rarns from a 
composite population originating from one-half Columbia, one-quarter Hampshire 
and one-quarter Suffolk germ plasm were used. Rams averaged 65 days of age and 
36 + 1.6 kg at the beginning of experiment 1 and 100 days of age and 41 ± 1.3 kg 
for experiment 2. Prior to initiation of the study, rams were allowed a four to 
seven day period to adjust to the facilities. A ration of 17% crude protein and 
approximately 78.1% TDN was provided free choice. Each pen (11.2 m2 ) was 
equipped with electronic instrumentation that provided a unique identification 
number for individual rams. The feeding queue was limited to a single animal. 
Feeding behavior data were collected on a 24 hr basis for 21 days. Due to 
microprocessor hardware and/or software problems, the number of days of success
ful data acquisition varied among pens. For a feeding event, animal iden
tification, time of initiation of activity, length of feeding activity 
(seconds), ambient temperature (°F) and feed consumption were recorded.

Response variables for daily pen feeding behavior were average feed 
consumption/visit (g), average time/visit (s), rate of feed consumption/visit 
(g/s), average feed consumed/animal (g), average time/animal (s) and number of 
visits/animal. Pens were treated as the experimental units with observations 
repeated daily. These variables were analyzed using weighted least-squares 
methods and a mixed model that included effects of treatment (fixed), pen within 
treatment (random) and day as a covariate. Treatment was tested against pen 
within treatment and the remaining terms tested against the residual. Standard 
errors for the least-squares means for treatment were calculated using the pen 
within treatment means squares. Preliminary analyses of the data detected une
qual variances among treatments. The reciprocals of treatment variances were 
used as weighting values for the final analyses. The treatment sums of squares 
were partitioned into orthogonal polynomials. The resulting orthogonal 
regression coefficients were converted to observed units (Snedecor and Cochran, 
1971; Anderson and McLean, 1974). Average weight change per pen for the test 
interval and weight change relative to average 21-day feed consumption 
(efficiency) were analyzed with treatment as a source of variation. The rela
tionship of weight change and efficiency with feed consumption, total number of 
visits per animal and total time spent feeding for a per animal 21-day period 
were investigated with multiple regression.

RESULTS AND DISCUSSION

Results from the weighted analyses of variance for experiment 1 are reported
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in Table 1. Animal density affected the quantity of feed consumed per visit 
(P<.U5) and the rate of feed consumed per visit (P<.01). The effect of day on 
test was highly significant with feed consumption and rate of feed consumption 
per visit increased over time. Expressed on a per animal basis, effects of ani
mal density upon feed consumption (P<.10), time spent feeding (P<.01) and number 
of visits (pc.05) were detected. Feed consumed per animal increased signifi
cantly as days on test increased.

TABLE i. ANALYSES OF VARIANCE FOR FEEDING BEHAVIOR TRAITS OF INTACT MALE LAMBS
________ WITH ACCESS TO A SINGLE FEEDING OUTLET (EXPERIMENT l)a________________

Traits
Per visit Per animal

Sources of 
variation d.f.

Feed con
sumption 
(gK

Time
(s)2

Rate
(g/s)2

Feed con
sumption
(9)2

Tine
(s)2

No. of 
visits 
(v)2

Treatment^ >c 3 377* 196 364** 81t 668** 616*
Linear (1) 312** 130 284** 7 502** 611**
Quadratic (1) 52 64 80* 73* 68** 5
Cubic (i) 13 2 0 1 98** 0

Pen/treatment 4 35** 132 19** 22** 2 76**
Julian date 1 11** 1 25** 30** 3 .32
Residual 148 145 146 147 148 162 154
R2 (%) 75 69 74 48 81 82

dSums of squares.
T̂reatments: number of animal s/pen = 3, 7, 11 and 15. 
cTreatments and orthogonal contrasts were tested against pen/treaiment. All 

other factors were tested against the residual.

Information reported in Table 2 characterizes the feeding behavior patterns 
associated with the four animal densities. The effects of animal density are 
discussed using the polynomial regression coefficients expressed in observed 
units, i.e., per animal increase in animal density. A highly significant linear 
increase in feed consumption per visit was observed. The quantity of feed con
sumed per visit increased by approximately 15 g per animal increase in animal 
density. Linear (pc.Oi) and quadratic (P<.U5) relationships were observed be
tween rate of feed consumption and animal density. As the number of animals 
increased, the rate of feed consumption increased at a decreasing rate. 
Approximately a four-fold increase in rate of feed consumption per visit was 
observed between the low (.05 g/s) and high (.21 g/s) animal densities. The 
daily feed consumption/animal was greatest at the intermediate animal densities. 
All terms for the orthogonal partitioning were highly significant for time spent 
feeding per animal. As the number of animals increased, the number of 
visits/animal/day decreased by 2.5.

Levels of significance for factors affecting feeding characterstics in 
experiment 2 are reported in Table 3. For traits expressed relative to 
visits/day, animal density affected (P<.05) feed consumption and rate (P<. 10) 
but not time. Daily time/animal and visits/animal were affected (P<.01 and 
P<.05, respectively) by animal density but average feed consumption was not 
(P>. 10). Time/animal decreased (-19 + 6.7 s/animal/day, P<.01) but feed con
sumption and number of visits per animal were not affected (P>. 10) by days on 
test.

As number of animals increased, feed consumed/visit increased linearly 
(P<.01) as did rate of feed intake (pc.10). Approximately a threefold increase 
was observed between the lowest and highest animal densities for feed consump
tion and a twofold increase in rate (Table 4). The response to increasing ani
mal density upon feed consumption/animal was quadratic (pc.05) with the per
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animal consumption at the highest density level being reduced when compared to 
the intermediate density levels. Time spent feeding each day was reduced in a 
curvilinear manner as animal density increased. A linear decrease in 
visits/animal was observed.

TABLE 2. LEAST SQLARES MEANS, STANDARD ERRORS AND COEFFICIENTS FOR 0TH0G0NAL AND OBSERVED UNIT
POLYNOMIAL REGRESSIONS FOR FEEDING BEHAVIOR TRAITS OF MALE LAMBS WITH ACCESS TO A SINGLE

________ FEEDING OUTLET (EXPERIMENT i)_________________
Traits

Per visit Per animal
Feed con
sumption
(g) Time (s)

Rate
(g/s)
(x 100)

Feed con
sumption
(g) Time (s)

Visits
(v)

Animal density Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
3 43 6.1 320 ~ a T 2  771 1449 89 10961 169 38 6.9
7 71 8.1 303 65 16.2 .57 1756 56 7447 61 26 4.1
11 112 12.3 425 71 21.2 .52 1834 80 6994 46 17 1.6
15 224 40.2 799 227 21.2 .92 1570 76 5644 39 8 2.1

Orthogonal
coefficients Coef SE Coef SE Coef SE Coef SE Coef SE Coef SE
Transformed3
Intercept 112.6 3.6 461 10.9 15.9 .35 1652 16 7761 76 22.4 .48
Linear 29 6.1 78 35.3 2.7 .39 22 18.1 -820 25.8 -101 5.1
Quadratic 21 10.8 98 63.1 -2.8 .75 -142 38.0 541 46.5 3 1.9
Cubic 3 3.0 5 18.6 .0 .28 -6 15.8 -198 14.1 -2 1.4

Observed units
Intercept -18.6 461 -6.52 1010 17979 45
Linear 14.6 4.43 171 -3183 -2.5
Quadratic -.17 -9 3i2
Cubic -10
Orthogonal coefficients: Linear (-3 i 1 3); Quadratic (1 -1 -i 1); Cubic (-1 3 -3

i).

TABLE 3. ANALYSES OF VARIANCE FOR FEEDING BEHAVIOR TRAITS OF INTACT MALE LAMBS WITH
ACCESS TO A SINGLE FEDING OUTLET (EXPERIMENT 2)a

Sources of 
variation d.f.

Traits
Per visit Per animal

Feed con
sumption 
(g)2

Time
( S ) 2

Rate
(g/s)2

Feed con
sumption
(g)2

Time
(s)2

No. of 
visits 
(v)2

Treatment^’1- 3 392* 223 144t 42 345** 754*
Linear (1) 342** 170t 128* 8 304** 698**
Quadratic (i) 34 29 10 33* 38** 26
Citric (1) 16 24 6 1 3 30

Pen/treatment 4 69** 90** 37** 15** 6 121**
Julian date 1 1.8 4.6* 8.0** 1.1 7.6** 1.1
Residual 151 148 150 152 153 151 149
R2 (%) 75 67 55 28 71 85

aSims of squares.
tfreatments: number of anirals/pen = 3, 7, 11 and 15.
treatments and orthogonal contrasts were tested against pen/treatment. All other 

factors were tested against the residual.
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TABLE 4. LEAST-SQUARES MEANS, STANDARD ERRORS AND COEFFICIENTS FDR OTHOGONAL AND OBSERVED UNIT
POLYNOMIAL REGRESSIONS FOR FEEDING BEHAVIOR TRAITS OF MALE LAMBS WITH ACCESS TO A SINGLE

________ FEEDING OUTLET (EXPERIMENT 2 ) _______________
Traits

__________ Per visit Per animal
Feed con- Rate Feed con-
sunption (g/s) suiption Visits
(9) Time (s) (x 100) (g) Tine (s) (v)

Animal density Mean St Mean SE Mean SE Mean SE Mean SE Mean SE
3 ~ B T  S . 7 62 12 2.7 1438 67 726? 162 26 4.2
7 79 10.2 345 73 14 3.1 1668 67 7293 147 22 2.5
11 91 13.3 354 93 15 2.1 1704 60 6452 130 19 3.1
15 159 20.7 554 146 22 1.9 1562 42 5397 62 10 1.5

Orthogonal
coefficients Coef SE Coef SE Coef SE Coef SE Coef SF Coef .SF
Transformed9
Intercept 97.4 1.7 384 5.7 15.9 .4 1593 15 66ol 55 19 .27
Linear 16 3.5 41 13.6 30.8 3.8 2U 12.6 -332 27.8 -2.5 .70
Quadratic 11 7.2 34 27.4 4.1 1.4 -93 29.8 1 ro i— 65.4 -1.0 1.50
Ciiaic 3 2.9 12 10.8 7.1 3.3 1 14.0 33 30.2 -.5 .44

Observed units
Intercept 24.7 198.4
Linear 8.1 20.6
Q u a d r a t i c _______________
Orthogonal coefficients: Linear (-3

1 ) .

7.46 1142 7o62 3o.6
.77 113 138 -1.2

-6 -l7
T I T ; Quadratic (1 -1 -1 1); Cubic (-1

Weight changes during the test intervals for both experiments 1 and 2 were 
not affected (P>. 10) by animal density. For experiment 1, animal density 
affected (P<.10) feed efficiency; least-squares means and standard errors for 
feed efficiency of pens housing 3, 7, 11 and 15 animals were .29 + .016,
.19 + .026, .19 ± .016 and .32 t .024, respectively (weight change/feed intake). 
Results from fitting orthogonal polynomials indicated a significant quadratic 
relationship between pen density and feed efficiency for experiment 1. Pen den
sity was not a significant source of variation for feed efficiency in experiment

Application of this technology to sheep requires measuring the effect of 
number of animals per pen upon feeding behavior characteristics. Competition 
among animals for feeding opportunities could modify these characteristics and 
the resultant change in weight of the animals. For example, expressed relative 
to the number of daily visits, the limitation imposed by the single feeding 
queue resulted in greater feed consumption per visit by increasing the rate of 
consumption and the length of feeding. However, because the number of daily 
visits per animal was reduced in the higher density pens, the daily feed con
sumption per animal was similar to the feed consumption of animals in the pens 
with least animal density. The intermediate animal density levels exhibited 
greater feed consumption per animal.

These results are relevant to experimental measurement of feeding behavior 
in studies selecting for feed efficiency. Questions regarding measurement 
include should the number of animals per pen be set for maximum daily feed con
sumption or maximum feed consumption per visit? The latter question becomes 
relevant when one considers the suggested effect of meal size upon change in 
body constituents. Additional studies are planned to address the question of 
feeding behavior patterns upon accretion of body tissues.
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