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Abstract

During winter, beef cows in large herds are now more often accommodated with group
feeding systems. However, the recommended allowances for feeding beef cows are primarily based
on results obtained with tethered animals. The feed intake and feeding behaviour of 47 Charolais cows
fed hay ad libitum were thus compared over two successive winters in a stanchion tie-stall system (TS)
and in a loose housing system (LH) using 24 barren dry cows and 23 lactating cows. Loose-housed
cows consumed 0.8 kg of dry matter (DM) less than tethered cows. This difference depended on
the physiological state of the cows. Barren dry cows had a similar daily voluntary intake in both
housing systems, but spent 35 min longer eating in the LH system. Lactating cows spent the same time
(5 h 50 min) eating in both housing systems but ate 1.1kg of DM less in the LH system. There was
a substantial individual variability for the modifications of intake and feeding behaviour between tethered and loose-housed systems. This variability seemed to be dependent upon the individual nutritional
requirements of the cows. The small leanest cows, having a low milk yield, increased their intake when
loose-housed. They also maintained their rate of intake, which decreased for about 7 to 8 g DM.min1l
for their counterparts with high requirements. (&copy; Elsevier / Inra)
-
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Résumé &mdash; Effets de l’alimentation en groupe sur le niveau d’ingestion et le comportement
alimentaire de vaches Charolaises. Durant l’hiver, les vaches reproductrices des troupeaux allaitants
de grande taille sont le plus souvent conduites en stabulation libre et alimentées collectivement. Les
recommandations alimentaires pour ces vaches sont cependant basées exclusivement sur des résultats obtenus en stabulation entravée. Le niveau d’ingestion et le comportement alimentaire de
47 vaches Charolaises (24 vaches taries et 23 vaches en lactation) nourries au foin à volonté ont été
comparés durant deux hivers consécutifs à l’attache et en stabulation libre (cross-over avec des
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groupes de 6 vaches à même état physiologique). Les vaches ont consommé en moyenne 800 g de
MS-j-’ en moins en stabulation libre : la différence n’a pas été significative pour les vaches taries
(500 g), contrairement aux vaches en lactation (1 100 g ;p < 0,05). La durée d’ingestion des vaches
taries a été supérieure de 35 min en stabulation libre (p < 0,05), alors qu’elle a été équivalente pour
les vaches en lactation (5 h 50 en moyenne). La vitesse d’ingestion a été plus faible en stabulation libre
pour les vaches des deux stades physiologiques. La variabilité individuelle des réponses a été importante, en relation avec le niveau des besoins nutritionnels des vaches. Ainsi, les petites vaches les plus
maigres, produisant peu de lait pour celles qui étaient en lactation, ont augmenté leur niveau d’ingestion en stabulation libre, contrairement aux autres. Elles ont également maintenu leur vitesse d’inges. Il existe donc un « effet
1
tion, alors que les autres l’ont diminué en moyenne de 7 à 8 g de MS-mingroupe » sur le niveau d’ingestion et les paramètres du comportement alimentaire, en interaction
avec le niveau des besoins nutritionnels des vaches. (&copy; Elsevier / Inra)
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1. INTRODUCTION
In France, there is

a

trend towards

increasing suckler herd size, and this has
led to specific changes in rearing practice,
which include fewer batches of greater size,
with less frequent modification of batches
[14, 15]. During winter, cows in large herds
are now more often accommodated in loose
housing systems with group feeding systems. The recommended allowances for
feeding suckler cows [23] are primarily
based on results obtained with tethered animals for which it is easy to obtain individual
data. Individuals are then considered as independent for statistical analyses. The predictive equations for intake include live weight,
body condition score and milk yield [1]] but
not social effects (dominance, social facilitation) which arise in group feeding. The
models for individual nutritional requirements are applicable to the average animal
in a specified group [11], assuming that the
group is as homogeneous as possible. It is
also assumed in the current equations that
animals in loose housing systems have 10 to
15 % greater energy requirements than those
in tie-stall systems due to more exercise [3,
17, 23]. Comparative studies of individual
and group feeding have included dairy cattle [5, 7, 22] and growing cattle [6, 17], but
there are no published reports on the feeding

behaviour and voluntary intake of hay by
individual suckler cows offered feed as a
group.
The aim of this paper is to compare the
feed intake and feeding behaviour of suckler cows in a stanchion system (individual
feeding), and in a loose housing system
(group feeding), with particular attention to
individual cows in groups. Thus, one objective is to determine if the behaviour of cows
penned individually can be representative
of similar animals kept in groups [26].

2. MATERIAL AND METHODS
2.1.

Animals, feed, measurements

Forty-seven Charolais cows (24 barren dry
and 23 lactating cows) were involved in a
trial conducted at the Laqueuille experimental
farm (Inra, Puy-De-D6me, France) during two
successive winters (1995/96: calving between
29 December and 17 January, and 1996/97: calving between 24 December and 25 January). Each
winter, for cows in each physiological state, two
treatments were applied using a cross-over design
involving 4-week periods and batches of six cows
at the same physiological state (only five cows in
one batch of lactating cows in winter 1996/97
because one cow was removed from the experiment). The two treatments were 1) individual
feeding in a tie-stall (TS) system (slatted floor)
and 2) group feeding in a loose housing (LH)
system (slatted floor and straw bedding). All
cows

fed ad libitum with a natural grass
15 % refusal), in two daily feedings at
10.00 and 16.00 hours. The cows had free access
to water and minerals. The amount of hay harvested as a single batch was insufficient and thus,
each winter, barren and lactating cows were
offered different hays, resulting in a total of four
different hays offered. Samples (500 g) of hay
offered and refused were taken twice weekly and
dried at 80 °C to estimate dry matter (DM) concentration. Dried samples were retained for subsequent chemical analysis (table n [4]. To take
into account the different types of hays, intake
data were corrected relative to the hay having
the smallest fill value (hay 2) [18]. The correction
coefficients were 1.009, 1.061 and I .035 for hays
1, 3 and 4, respectively (table n.
cows were

hay (10 to

In the stanchion system, hay offered and
refusals were weighed from Monday to Thursday
and from Tuesday to Friday, respectively. Hence,
four individual daily data points per week were
available for TS cows. In the loose housing system, individual records of feed consumed was
obtained daily using an electronic system, named
’Solot’ [16], similar to that described by Forbes
et al. [ 11 ]. The hay was placed into mangers (one
manger per cow) and automatically weighed by
compression-type load cells. Each access (one
per manger) was fitted with a loop which energizes the transponder of any cow feeding in the
manger. The corresponding identity of the animal
was transmitted to a microcomputer and a file
was appended with the time, the cow’s identity
and the manger’s weight (one file per manger).
The time lapse between two scans of each manger
by the computer is about 5 to 10s.
were videotaped for 24 h per day
periods of 5 days for each treatment to determine feeding behaviour in the stanchion system
(time, duration and frequency of meals) and to

Animals

over

estimate the social rank of each

cow

in the loose-

housed group. The behaviour used to establish
dominance was the replacements among cows
around the mangers (priority of access to food).
The social rank for each cow in the group was
then obtained by assigning the two most dominant cows to rank 1, the two medium cows to
rank 2 and the two most submissive cows to rank
3. Video recording also allowed control of the
data registered with the automatic monitoring.
The results showed that the two systems were in

accordance [ 16].
The cows were weighed twice per month.
size was assessed by measuring height at
withers, chest depth and width at trochanter once
each winter with a measuring stick. Body condition was estimated at the beginning and end
of the trials by giving a score from 0 to 5 [2].
Calves were not allowed continuous access to
the cows and milk production of lactating cows
was estimated every 15 days by weighing calves
before and after suckling in the morning (07.30
hours) and in the evening (16.30 hours) [21].

Body

There was no significant difference between
barren and lactating cows in liveweight, or width
at trochanter but barren cows had a greater chest
depth (table Io. Average body condition score

2.5 ± 0.4 and 2.1 ± 0.3, respectively, for
barren and lactating cows (P > 0.05). The milk
production level for lactating cows was
7.9 ± 1.24 kg.d, in agreement with classical
1
values obtained for the Charolais breed.

ponent

2.2. Data

3. RESULTS

was

analysis

Dependant variables used in the analyses were
individual data: daily intake level, daily duration of eating, daily rate of eating, number of
short and long meals, synchronisation of eating
activity and eating duration per hour. The daily
rate of eating was calculated by dividing the daily
intake level by the daily duration of eating. The
synchronisation of eating activities was assessed
by calculating every minute (from data on feeding bouts) and for each cow the number of counterparts eating at the same time [28]. If one cow
always ate alone, the corresponding value would
be I; if one cow always ate with all the others,
this value would be 6 (group size). Meals were
determined with a 5-min interval criterion (to
account for differences between intra- and intermeal intervals). Long and short meals were distinguished according to their duration: more or
less than I h. The 24-h period was divided into
three parts: Pl,from 07.00 to15.00 hours (around
first feeding in the morning), P2, from 15.00 to
23.00 hours (around second feeding in the
evening) and P3, from 23.00 to 07.00 hours
(night).
Effects of treatment (TS and LH) were analon average for the batch and individually
for each cow in the batch. In the first case, a SAS
mixed procedure [27] was performed to analyse
the effect of treatments for batches, according
to the physiological state of cows. By using the
SAS Mixed procedure, individual measurements
were used for cows kept in the group, assuming
that interactions between individuals were the
same whatever the animal. The fixed effects
included in the model were the year (confounded
with the hay for each physiological state), the
feeding system and the physiological state. The
cow within the group was included as a random
effect.

ysed

In the second case, cows were clustered
according to the differences in feeding behaviour
between the two housing systems for the following variables (value in TS minus value in
LH): intake level, eating time, number of long
and short meals, synchronisation of eating activity. It combined a principal component analysis
(PCA) and a cluster analysis using principal com-

scores [20]. The clusters were then
described and compared (SAS GLM), using the
characteristics of the cows (physiological state,
size, body weight, body condition, milk production level, social rank).

3.1. Tie stall vs. loose housing
for the batch (table 111)
The average daily intake level over the
2 years was 13.2 kg DM for barren cows
(range: 10.5 to 15.7) and 15.8 kg DM for
lactating cows (range: 11.7 to 18.5). Cows
ate on average 0.8 kg less DM in the LH
system (P < 0.05). This difference was not
significant for barren cows, but the lactating
cows ate 1.1 kg DM less in the LH system
(P < 0.01). The difference in intake between
housing systems was positively correlated to
intake level in the TS system (figure 1) and
the lower the intake when tethered, the
higher the increase when loose-housed.
The average daily duration of eating was
326 min. It did not differ between treatments
for lactating cows, but barren cows in the
LH system spent more time eating than in
the TS system (35 min-d; P < 0.05). Lac1
cows
tating
spent 64 min!d-’ more eating
than barren cows in the TS system versus
only 31 1 min.d!! more in the LH system.
The average rate of eating was 44 g-min.’.
1
Both types of cows ate more rapidly in the
TS system than in the LH system, especially
barren cows (50 vs. 43 g DM.min, respec1
tively). Lactating cows had the same rate of
eating than barren cows in the LH system
(44 vs. 43 g-min-1,respectively), but not in
the TS system (47 vs. 50 g-min, respec1

tively).
The number of daily meals differed only
for barren cows, which had fewer long meals
when loose-housed. Lactating cows had
fewer and longer small meals in the morning
(P 1 ) and longer short meals and more long
meals during the night (P3) when they were
loose-housed. Barren cows had fewer long

meals during the morning and fewer short
meals and had some long meals during night
when loose-housed. No differences appeared
for either the number or duration of meals
during the P2 period (from 15.00 to 23.00

hours).
The overall average values of synchronisation of eating activity were 3.4, indicating that more than half of the cows in a
group ate at the same time. The synchronisation of eating activity was greater in the
TS system, but the difference was significant (P < 0.001) only for barren cows. The
difference between barren and lactating
cows appeared only in the LH system: loosehoused barren cows had a low synchronisation, with less than three cows eating

simultaneously.
Eating duration per hour did not differ
between treatments according to the global
daily pattern (figure 2). Values ranged from
3 to 32 min-hI for tethered cows and from
2 to 35 min-h’! for loose-housed cows and in
both cases were closely linked with feeding time. Most of the time spent eating followed feeding and there was minimal time

spent eating

at

night.

Finally, differences in feeding behaviour
between the TS and LH systems were generally greater for barren cows. When loose-

housed, barren

cows

spent

more

time eat-

ing, they had a lower rate of eating, less long
meals and meals were less synchronised,
but their intake did not differ. On the other
hand, lactating cows had a lower intake
when loose-housed and had a lower rate of
eating but no other significant differences
occurred in their feeding behaviour.

3.2. Individual variability in differences
between tie-stall and loose housing

systems
The multivariate analysis

(PCA and clus-

analysis) was performed using five variables representing the differences between
TS and LH systems for feeding behaviour.
ter

Three groups (G1, G2 and G3) were distinguished by the analysis, with 21,9 and
17 cows in groups 1, 2 and 3, respectively.
The between-group comparisons were performed for each housing system (table II!.
The proportions of the total variation
accounted for by the first, second and third
principal components (PCA) were 0.35, 0.199
and 0.18. The first component discriminates
cows according to the difference between
TS and LH for the number of meals and the
synchronisation of eating. The second and
third components discriminate cows accord-

ing to the difference between TS and LH
for daily duration of eating and daily intake
level, respectively. Therefore, the individual
modification of intake

was

not

the first dis-

criminating variable, indicating that all cows
did not modify their feeding behaviour in
the same way and that there were different
individual adaptive strategies within the
group.
can be described according to
characteristics of the cows as follows

Groups
some

(table V):

G1(n
21): Lactating cows with a
reduced intake when loose-housed. In the
Ggroup, there was a marked difference in
intake between cows in the TS and those in
the LH system. This was associated with
fewer short meals and more long meals when
loose-housed. Those cows were not specific
according to their characteristics (table V),
except that most of them (0.71) were lactating cows. For most of the cows from G1,
the intake level in the TS system was high,
1 (figure 1 ).
ranging from 15 to 18 kg DM.d=

G2 (n 9): Low producing light cows,
eating more when loose-housed. Cows from
G2 were distinguished mostly by a higher
intake when loose-housed and by the same
=

level of synchronisation of eating in the two
housing systems. These cows were lighter
than the average (40 kg less) and lactating
cows (0.69) had a lower milk yield. The

intake level of these cows in the TS system
was low, ranging from 11 to 15 kg DM.d1

figure 1 ).
G3 (n

=

17): Barren

cows,

modifying

greatly their feeding behaviour when loo.sehoused. Cows from G3 modified their feeding behaviour (longer duration of eating,
more short meals, fewer long meals and a
lower level of synchronisation when loosehoused) but not their intake level which was
mid-ranged in the TS system (figure 1).
Those cows were mostly barren cows (0.82)
and high producing lactating cows.
The social rank was very similar for the
three groups (table V).

4. DISCUSSION
The intake values for dry and lactating
correspond to those given for the feed
intake capacity of beef cows [24]. They also
correspond closely to the values obtained
cows

in a previous trial with cows from the same
herd eating the same type of hay [13]: 12.8
and 15.7 kg DM, respectively, during pregnancy and lactation vs. 13.2 and 15.8 in the
present study. Intake for tethered cows was
positively correlated with size, i.e. body

length (r 0.28), height at withers (r 0.42)
and body weight (r 0.32), which is in
=

=

=

accordance with Forbes

[10]. Duration of

eating was negatively correlated with
weight, and thus heavy cows tended to eat
shorter time. Intake and duration
eating
negatively correlated with
adiposity and positively correlated with the
number of short meals, illustrating that the
motivation for eating depends on body
energy reserves [8].
more

of

in

a

were

The lower level of synchronisation of
eating activity when cows were kept in a
group was an unexpected result, according
the concept of social facilitation, defined
&dquo;an increase of frequency or intensity of
responses or initiation of particular
responses, already in an animal’s repertoire,
when shown in the presence of others
engaged in the same behaviour at the same
time&dquo; (Clayton, 1978, cited by Rook and
Penning [25]). Rook and Penning [25] found
a greater synchronisation of eating than
ruminating or idling for grazing dairy cows,
contrasting with a greater synchronisation
to

as

of idling for sheep. These results, combined
with the present study, could mean that synchronisation of activities in a group is only
closely linked with their duration. In other
words, the longer the duration of a particular activity during the day, the greater the
probability that it will be synchronised.

Authors comparing individual and group
feeding typically indicate a greater intake
level when animals are kept in groups. For
example, an average increase of 4 % was
reported for the intake level of growing cattle kept in groups (bulls and steers) [17].
However, this difference was positive for
only two-thirds of the trials. Fischer et al.
[9] reported no difference in intake level,
nor average daily gain and time spent eating
in finishing beef heifers. Likewise, no difference was reported in feed intake of ten
dairy cows fed individually or in a group,
with five and ten mangers for the group [12].
In the present study, cows ate more slowly
when they were kept in a group. The fact
that the only food was hay (unchopped) may
explain the difference between the present
results and the previous reported studies
involving silage (maize or grass), which had
higher ingestibility and was thus consumed

rapidly [9, 19]. As the cows needed
time to eat the hay in the present study,
they were subsequently more exposed to be
disturbed by their counterparts when loosehoused. However, the hays used in the present trial were of good quality and supplies
were always higher than requirements
regardless of the housing system and the
physiological state of the cows (figure 3).
One explanation for the lower feed consumption of cows when loose-housed was
the greater distance between the lying and
feeding areas. Once their nutritional
requirements were met, the motivation for
eating was too weak to maintain the same
intake level as when feed was readily available in TS.
more
more

There was a substantial individual variability between tethered and loose-housed
cows for intake and feeding behaviour. This

variability seemed to be dependent upon
individual nutritional requirements although
supplies were always higher than requirements. Firstly, lactating cows (G and G2)
modified (i.e. decreased) their intake
whereas barren cows (G3) modified their
feeding behaviour (i.e. increased the duration
of eating, decreased the number of meals
and the synchronisation of eating). The relationship between intake in the TS system
and the difference of intake between TS and
LH systems is not the same for barren and
lactating cows (figure 1). Secondly, low producing light cows (G2) increased their intake
when loose-housed whereas high producing cows (G 1) reduced their intake when
loose-housed. The former tended to be
leaner than the latter, inducing a higher motivation for eating.
5. CONCLUSION/IMPLICATIONS
In a loose housing system without competition for food (one manger per animal,
ad libitum feeding), cows tended to eat less
than in a stanchion system. Although supplies were always higher than requirements,
the difference was positively correlated to

nutritional requirements of cows and was
greater for heavy lactating cows which ate
1.8 kg DM less when they were loosehoused. The modification in feeding
behaviour from TS to LH systems differed
between barren and lactating cows. The former tended to have more long meals and
less short meals when they were loosehoused, with a similar global daily duration
of eating (345 min) and a similar number
of total daily meals (n = 12). The latter
tended to have less long meals and more
short meals when they were loose-housed,
and more total daily meals. One group of
cows had higher intake when they were
loose-housed (1.1 kg on average). These
were the lightest and leanest cows, and those
that were lactating had low milk yield. No
effect of social rank was detected to explain
differences in feeding behaviour in either
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treatment.

An effect of group feeding was detected
intake and parameters of feeding
behaviour of beef cows. Models of animal
performance build-up must then be extended
to include situations of group management,
taking into account the characteristics of the
groups and their environment.
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