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Free-Stall Dimensions: Effects on Preference

and Stall Usage

C. B. Tucker, D. M. Weary, and D. Fraser
Animal Welfare Program,

Faculty of Agricultural Sciences,

University of British Columbia,

Vancouver, Canada V6N 174

ABSTRACT

In 2 experiments, free-stall dimensions were exam-
ined to determine how they affected stall preference,
usage, cleanliness, and milk production in Holstein
dairy cattle. In experiment 1, stall width (112 or 132
cm) and stall length (229 and 274 c¢cm from curb to wall)
were compared in a 2 x 2 factorial arrangement of stall
treatments using 15 individually housed, non-lactating
animals. Cows showed no clear preference for stall size
as measured by lying time. When animals had no choice
between stalls, average lying time was higher in the
wide stalls than in the narrow stalls (10.8 vs. 9.6 £
0.3 h/24 h). Both length and width affected time spent
standing with only the front hooves in the stall; total
stall area is best explained by the variation associated
with this behavior. In experiment 2, 27 lactating dairy
cattle were alternately housed with access to stalls of
106, 116, or 126 cm in width using a cross-over design
with exposure to each treatment lasting 3 wk. Animals
spent an additional 42 min/24 h lying in stalls measur-
ing 126 cm in width compared with stalls with only 106
cm between partitions. Free-stall width influenced the
time spent standing with the front 2 hooves in the stall;
animals averaged 58 min/24 h in the widest stalls and
85 min/24 h in the narrowest stalls. The amount of time
spent standing with all 4 hooves in the stall tended to
be longer in wider stalls, and these stalls were also
most likely to become soiled with feces. Stall width did
not affect the number of lying events or milk production.
In conclusion, animals spent more time lying down, and
less time was spent standing with only the front hooves
in larger stalls, but larger stalls were also more likely
to become soiled.
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INTRODUCTION

Dairy producers are faced with a range of recommen-
dations concerning suitable dimensions for free-stalls.
For example, recommendations for overall stall bed
length range from 200 to 274 cm, and recommendations
for space for a lateral head lunge range between 40 and
60 cm (Faull et al., 1996; Bickert, 2000). Recommenda-
tions for stall width are generally given in terms of
the size of the animals. Common recommendations are
about twice the hip width, which often translates into
approximately 100 to 120 em (Irish and Martin, 1983;
McFarland and Gamroth, 1994; Bickert, 2000). Little
is known about the range of stall sizes found on farms
in North America, but a recent survey of 37 farms in
the UK found that 87% of stalls measured were <230
cm in length and 50% were between 115 and 122 cm
in width (Faull et al., 1996). The variation in recommen-
dations reflects the lack of adequate results on free-
stall dimensions and their effects on cow behavior.

Indeed, what is known about the space requirements
for dairy cattle comes from the literature examining
the standing up and lying down movements (Lidfors,
1989). The lunge space, or the space taken up by the
head of the animal as it moves forward to stand up, is
often thought of as the optimal length requirement.
However, until recently, there were few reliable esti-
mates of the space requirements for dairy cattle. One
exception is the results of kinematic analysis of the
standing up movements, which indicate that dairy cat-
tle use between 260 and 280 cm of total longitudinal
space (from the nose to the most caudal point of the
cow), and that lateral displacements during this move-
ment range from 60 to 110 cm at the hips (Ceballos,
2003). Estimates of space used by the head while lung-
ing, based on the longitudinal movement of the nose,
range between 22 and 76 cm (Ceballos, 2003).

The size of the lying area may affect the behavior of
dairy cattle. Comparisons of the results of Haley et al.
(2000, 2001) suggest that lying times were 1.5 to 2 h
lower in tie stalls (180 x 130 cm or 2.3 m? per cow per
mattress surface) than in larger pens (420 x 390 cm or
16.4 m? per cow per mattresses surface). In addition,
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in one study, heifers were housed in straw-bedded pens
with 1.8, 2.7, or 3.6 m? of lying space (Mogensen et al.,
1997), and in another, cows were housed with either 9
or 4.5 m? of bedded area per cow (Fregonesi and Leaver,
2002). In both experiments, the animals showed no dif-
ferences in lying time associated with space allowance.
These previous studies can provide some insight into
the effect, or lack of effect, of the size of the lying area.
However, they are inadequate as a basis for recommen-
dations for free-stall design, as neither of those studies
examined how animals interact with the free-stall in-
frastructure without constraints such as tethers.

The objective of the 2 experiments described in this
paper was to assess the impact of free-stall size on dairy
cattle behavior, specifically stall usage and preference.
Preference testing, or allowing an animal to choose be-
tween alternative housing designs, can provide insights
into aspects of housing design that may be important
to the cow. Results from preference tests can correspond
with the behavioral response to an option when the
animal has no choice. Time spent in the stall, particu-
larly lying down, is an important response variable be-
cause it can provide information about how comfortable
animals find a given stall design (Tucker et al., 2003).
Together, the combination of information about
changes in stall usage and preferences can provide a
more comprehensive evaluation of which housing fea-
tures affect cattle. The first experiment evaluated how
the width and the forward lunge space of free-stalls
affected cow preference and stall usage. The second
experiment also examined the effect of free-stall width
on stall usage and assessed other considerations such as
milk production and stall cleanliness. The dimensions
tested in both experiments represented the range seen
in the industry.

MATERIALS AND METHODS

Experiment 1: Free-stall Width
and Forward Lunge Space

Fifteen Holstein cows, all in the last 8 wk of preg-
nancy, were used as subjects (average weight + SD: 720
+ 69 kg; average parity + SD: 3.73 + 1.58). Before this
experiment, the subjects had been housed in a free-
stall barn where stalls measured 116 cm between stall
partitions and either 229 or 274 cm in length. During
this study, each animal was housed alone in a test pen
containing a row of 4 free-stalls. In each stall, the neck
rail was positioned 125 cm above the geotextile mat-
tress base and 160 cm from the curb. A 10-cm high
plastic brisket pillow was positioned 165 cm from the
curb (Figure 1). Stalls were bedded with 2 to 3 cm of
sawdust and were cleaned each day during the morning
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Figure 1. Design of free-stall partition used in experiments 1
and 2.

and afternoon feedings (0800 and 1500 h). The animals
were fed grass hay ad libitum.

Trios of animals were tested simultaneously in the
3identical test pens at the South Campus Large Animal
Research Facility, located in Vancouver, British Colum-
bia, during the summer and fall of 1999. During the
experiment, each animal was housed alone in a test
pen containing a feed trough, a waterer, and 4 free-
stalls accessible from the alley. All flooring outside the
freestall area was concrete. The 4 free-stalls in each
pen varied in width and length according to a 2 x 2
arrangement of treatments. Stall length (short [S] =
229 cm; long [L] = 274 cm) was altered by adjusting
the lunge space available in front of the brisket board,
as this is often the space eliminated in smaller stalls
in commercial conditions. Stall width (narrow [N] = 112
cm; wide [W] = 132 cm) was altered by adjusting the
space between stall partitions. The 4 stalls thus varied
in total area available from 2.48 m? to 3.51 m?. For
each animal, a combination of treatments (e.g., WL,
NS, WS, NL) was assigned randomly to the 4 positions
in a pen.

Each test consisted of 3 consecutive phases: adjust-
ment, restriction, and free choice. During the adjust-
ment phase, animals had free access to all 4 stalls for
7 d, which allowed animals to settle into the facilities,
as they were normally housed at a different location.
During the restriction phase, animals were allowed ac-
cess to only a single stall at a time, each for a 2-d
period, with the order of access assigned randomly. In
a preliminary experiment in our facility we found that
restricting animals for 2 d yielded the same behavioral
results (e.g., lying time) as a 10-d period of restriction.
The restriction phase ensured that animals had short-
term experience with each option before testing prefer-
ences and allowed us to measure stall usage. During
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the free-choice phase, animals were again allowed free
access to all 4 stalls for 2 d. Again, the length of free-
choice phase was based on preliminary results, which
indicated that preferences for free-stall features, such
as bedding, are reasonably stable over time. Thus, the
final 24 h of a 2-d period provided a representative
sample of this information.

Each animal was video recorded during the last 24-
h period of the adjustment, restriction, and free-choice
phases for a total of 6 d of recording. Recordings were
at 3 frames/s using a Panasonic AG-6720 time-lapse
VCR, a Panasonic WJ-FS 10 digital-frame switcher,
and a Panasonic WV-BP330 CCTV camera. Cameras
were located with a full view of all 4 stalls, and 100-W
white light was hung between 3 and 6 m above each
set of stalls to facilitate recording at night. Video tapes
were watched continuously, and the following behav-
iors were recorded: 1) lying in the stall, 2) standing
with 4 hooves in the stall, 3) standing with the front 2
hooves in the stall, and 4) the number of lying events.
Lying down outside the stall was not recorded and was
rarely seen in live observations of the animals. Mean
lying bout duration was calculated by dividing total
lying time by the number of lying events in each 24-h
period. Because of technical malfunction, preference
data (free-choice phase) were recorded for only 12 of
the 15 animals.

Statistical analyses. Analysis of preferences was
based on lying time, as this behavior provides a clear
indicator that the animals are willing to use the stall.
Specifically, lying time was used to rank each option
to assess which option a given animal preferred. The
probability of a given number of animals choosing either
the wide or long stalls was compared using a binomial
test. For the preference information, the interaction
between width and lunge space was compared using
the Fisher’s exact test. In addition, as the animals did
not spend all of their time in one stall, a value was
calculated representing the composite size of the free-
stalls used during this phase (proportion of lying time
in the stall multiplied by the area of that stall). The
relationship between this variable (composite size of
free-stall used during preference phase) and animal
weight was tested using Pearson correlation.

A general linear model was used to analyze differ-
ences in the dependent variables during the restriction
phase. This model included a term for animals (14 df),
terms for order of exposure to treatments (3 df), width
(1 df), length (1 df), and the width by length interaction
(1 df), which were tested against the residual error term
(39 df). For behaviors where the analysis showed effects
of both width and length, a similar model was used to
test the linear, quadratic, and cubic effect of total stall
area (1 df each). The higher order effects (quadratic
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and cubic) were never significant and are not reported
further. Both the correlation and the general linear
model were carried out using SAS (1989).

Experiment 2: Free-stall Width

One objective of this experiment was to re-assess the
effect of stall width on stall usage, as the results from
experiment 1 indicated that this was an important fac-
tor influencing lying time. However, in this experiment
we tested lactating cattle managed under commercial
conditions and, thus, could also assess how stall width
affected milk production and stall cleanliness. We used
27 Holstein cattle divided into 3 groups of 9, balanced
for lactation number (mean + SD: 3.30 + 1.63) and DIM
(mean = SD: 71.5 + 20.5). Each group of 9 animals
was housed in one of 3 pens, each with 9 stalls at the
University of British Columbia’s Dairy Education and
Research Centre in Agassiz, British Columbia during
September, October, and November 2000. In a given
pen, the 9 stalls were configured in 3 rows. Two rows
faced one another, were open at the front (head-to-
head), and had a total bed length of 240 cm. The back
row of stalls faced a cement wall, so these stalls were
30 cm longer to allow more space for the cow to lunge
forward when getting up and lying down. All stalls
measured 165 cm between the brisket board and the
curb. Stalls were bedded with 40 cm of washed river
sand. Animals were fed a total mixed ration and were
milked twice a day at approximately 0600 and 1600 h.
All flooring outside the free-stall area was grooved
concrete.

Free-stall partitions (Figure 1) were adjusted to give
3 stall widths of 106, 116, and 126 cm, all measured as
the space between the partitions. All stalls within a
pen were adjusted to the same width for a 3-wk period
and then switched, such that treatments were assigned
according to a Latin square design so that each width
was tested once in each of the 3 periods, and once in
each of the 3 pens.

The animals were videotaped using one video camera
(Panasonic WV-BP330) per pen, a time-lapse videocas-
sette recorder (Panasonic AG-6540), and a video multi-
plexer (Panasonic WJ-FS 216). To facilitate recording
during the dark period, we suspended 2 red lights (100
W, <5 1x) approximately 8 m over each pen (same height
as cameras). Observations began after the evening
milking on Saturday and ended immediately before the
evening milking on Sunday on the 1st and 3rd wk of
each treatment. Observations were suspended while
animals were absent from the pens during milking,
which ranged from 29 to 170 min/24 h. Video tapes
were watched continuously, and the following behav-
iors were recorded: 1) lying in the stall, 2) standing
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Table 1. Response measures (mean and SE) for cows in experiment 1 (n = 15) shown in relation to stall

length and width during the restriction phase.

Width Length
112 cm 132cm P 229 cm 274 cm P SE

Lying behavior

Lying events, no./24 h 8.4 8.1 0.58 8.0 8.6 0.19 0.37

Duration of lying bouts, h per bout 1.3 1.5 0.01 14 14 0.79 0.05

Lying time, h/24 h 9.6 10.8 0.01 9.9 10.5 0.16 0.29
Standing behavior

Front hooves in stall, min/24 h 168 136 0.07 173 131 0.02 12.6

Four hooves in stall, min/24 h 106 93 0.38 91 108 0.22 10.2

Total standing in stall, min/24 h 275 228 0.04 264 239 0.26 15.2

with 4 hooves in the stall, 3) standing with the front 2
hooves in the stall, and 4) the number of lying events.
Individual animals were identified with markings made
with Clairol’s Nice and Easy #122, Natural Black, or
Clairol’s I'image Maxiblonde, depending on hair color
on the back.

Stall cleanliness and milk production. Fecal
matter from each pen was collected and weighed during
the Saturday morning, Saturday afternoon, and Sun-
day morning milkings of wk 1 and 3 of each treatment.
We attempted to minimize the amount of sand mixed
in with the fecal material, but the weights reported
likely overestimate the amount of fecal material be-
cause of the bedding still present in the samples. After
removing feces from each stall, the stall surface was
leveled with a rake, in accordance with normal farm
practice. Milk production was recorded at each milking
and averaged across each 3-wk treatment period.

Statistical analyses. To test the effect of stall width,
these data were analyzed as a change-over experiment
as described by Morris (1999). The individual animal
served as the observational unit, as each animal was
tested under each condition. Observations from wk 1
and 3 on each treatment were averaged for each cow.
A general linear model was used to analyze differences
in time spent lying, standing with 2 or 4 hooves in the
stall, number of lying events, mean duration of lying
bouts (lying time divided by number of lying events),
and milk production. This model included a term for
cows (26 df) and an order of exposure to each treatment
(2 df) and tested the linear and quadratic effects of total
stall width (1 df each) against the residual error (52
df). The quadratic effect was never statistically signifi-
cant and is not reported further. For the analysis of
stall cleanliness, pens served as the experimental unit
because fecal material could not be identified based on
individual animals. Fecal weights were log-trans-
formed before analysis (because of unequal variances),
and differences in stall cleanliness were analyzed using
a general linear model that included a term for pen (2
df) and an order of exposure to each treatment (2 df)

and tested the linear and quadratic effects of stall width
(1 df each) against the residual error (2 df).

RESULTS

Experiment 1: Free-stall Width
and Forward Lunge Space

During the restriction phase, animals spent more
time lying in the wide stalls than in the narrow stalls
(P = 0.01; Table 1), but forward lunge space did not
affect lying times (P = 0.16). The longer lying times can
be explained by longer average lying bouts in wide stalls
(P = 0.01). Both lunge space and width influenced the
amount of time spent standing with the front hooves
in the stall. As a result, this behavior was better ex-
plained by comparing the different stalls on the basis
of total area available. Time spent standing with the

NS
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©
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Figure 2. Mean time spent standing with the front 2 hooves in
the stall (min/24 h £ SE) are shown in relation to total stall area
(m?) in each of the 4 stalls in experiment 1 (n = 15). Each stall is
labeled as its designation in the 2 x 2 arrangement of treatments
(e.g., NS indicates narrow-short or 112 x 229 cm, and WL indicates
wide-long or 132 x 274 cm).
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Table 2. Duration of lying (h per 24 h) for the 4 stall sizes during the free-choice phase, shown for 12
individual animals in experiment 1, together with weight (kg) and composite size of the free-stall (calculated
by summing the proportion of time spent lying in a given stall multiplied by the area of that stall).

Stall size
Composite Narrow-short Narrow-long Wide-short Wide-long
Animal BW stall size (112 x 229 cm) (112 x274 cm) (132 x 229 cm) (132 x 274 cm)
kg) (m?

1 760 3.05 1.8 4.0* 0.0 3.3

2 608 2.77 4.3% 2.8 4.3 0.0

3 734 3.35 0.0 0.0 4.2 10.0*

4 758 3.07 0.0 0.0 6.5% 1.4

5 742 2.95 0.5 0.0 9.8%* 0.0

6 766 2.97 0.0 0.0 12.7* 0.0

7 618 2.81 4.1 0.0 6.8%* 0.4

8 630 2.97 0.0 0.0 12.5% 0.0

9 624 2.90 1.6 11.1% 6.0 0.0

10 799 2.94 0.5 2.7 10.5% 0.0

11 743 2.89 0.7 7.7% 0.0 0.0

12 686 3.20 0.0 5.7 14 5.9%
Median 738 2.96 0.5 14 6.2 0.0

*Indicates stall size ranked first, based on lying time.

front 2 hooves in the stall was influenced by the total
area of the stall (P < 0.01; Figure 2). Standing with all
4 hooves in the stall and the number of lying events
did not vary in relation to stall width or amount of
forward lunge space (P> 0.1). Total time spent standing
(with either 2 or 4 hooves in the stall) was higher in
the narrow stalls (P = 0.04). There were no significant
interactions between width and forward lunge space
for any measure.

There was no consistent preference for lying in stalls
of a given size: 6 cows ranked the wide-short stall as
their first choice, 2 chose wide-long, 3 chose narrow-
long, and one chose narrow-short (Table 2). Eight of 12
animals choose wide stalls (P = 0.19), and 7 of 12 ani-
mals chose stalls with more forward lunge space (P =
0.39). There was no interaction between width and
lunge space (P = 0.22). The amount of time cows spent
lying on their first choice ranged from 38 to 100%. There
was no clear relationship between the weight of the

animal and composite size of free-stalls used in the
preference phase (r = 0.40; P = 0.20), although the two
lightest animals did prefer to lie in smaller stalls (Ani-
mals 2 and 7 in Table 2).

Experiment 2: Free-stall Width

The linear effect of stall width was statistically sig-
nificant for the total lying time and the duration of lying
bouts (P < 0.05; Table 3). There was no effect of stall
width on the number of lying events, total time spent
standing in the stall, or milk production (P > 0.3). Time
spent standing with the front 2 hooves in the stall was
reduced with increasing stall width; the least amount
of time (58 min) was spent in stalls measuring 126 cm,
and the most (85 min) was spent in stalls measuring
106 cm (P = 0.01). The amount of time spent standing
with all 4 hooves in the stall tended to increase with
stall width, with the most standing taking place in the

Table 3. Lying and standing behavior and milk production (mean and SE; P values for linear term) for 3

stall widths in experiment 2 (n = 27).

Stall width

106 cm 116 cm 126 cm SE P

Lying behavior

Lying events, no./24 h 12.3 11.9 11.9 0.38 0.45

Duration of lying bouts, h per bout 1.1 1.2 1.2 0.03 0.04

Lying time, h/24 h 12.3 13.0 13.0 0.21 0.02
Standing behavior

Front hooves in stall, min/24 h 85 66 58 7.0 0.01

Four hooves in stall, min/24 h 53 50 68 5.8 0.06

Total standing in stall, min/24 h 138 116 126 8.0 0.33
Milk production

Amount of milk, kg/24 h 47.0 45.8 46.2 0.77 0.62

Journal of Dairy Science Vol. 87, No. 5, 2004
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stall measuring 126 cm (68 min; P = 0.06). There was
also a linear, positive relationship between stall width
and amount of fecal material in the pen (back-trans-
formed means and 95% confidence intervals for weight
of fecal material, kg per pen/24 h: 22.5 +10.0/-6.93, 33.3
+11.3/-8.4, 53.9 +36.9/-21.9, for stalls measuring 106,
116 and 126 cm, respectively, n = 3, P = 0.04).

DISCUSSION

In both experiments, the animals spent more time
lying down and had longer lying bouts in wider stalls,
at least within the range tested in experiments 1 and
2. In experiment 2, lying times in stalls measuring 106
cm averaged 0.7 h less than in stalls measuring 116 or
126 cm. In experiment 1, the difference between lying
times in stalls measuring 112 and 132 cm was 1.2 h.
These results are consistent with the limited research
available on the effect of stall size on behavior. Wander
(1976) reported decreased lying times in smaller stalls
(although it is unclear how the stalls were smaller);
also, narrow tie stalls (1 m) were found to reduce lying
time compared with stalls of 1.1 and 1.2 m in width
(Maton et al., 1978). However, animals differed in the
magnitude of the response between experiments in the
current study (Experiment 1: 1.2 h; Experiment 2: 0.7
h) and in their average lying time between the 2 experi-
ments (experiment 1: 10.2 h; experiment 2: 12.8 h).
These differences might have been due to differences
in free-stall widths tested, to differences between the
2 groups of animals including stage of lactation or par-
turition, or to the environmental conditions under
which the experiments were carried out (i.e., different
facilities, management, etc.). Despite the difference in
the magnitude of the responses, in both experiments the
animals spent more total time lying down and exhibited
longer lying bouts when using wider stalls.

The difference in the duration of lying bouts was not
accompanied by a difference in the number of lying
events. Other authors have hypothesized that a reduced
number of lying events is associated with discomfort
during rising and lying down (Haley et al., 2001); for
example, more lying events were observed in stalls with
softer surfaces that allow the knees to sink into the
flooring material (Dumelow, 1995). These results sug-
gest that the range of free-stall widths tested did not
affect the decision to lie down.

One possible explanation for the longer lying bouts
in wider stalls is that cows are less likely to contact the
stall partitions in these stalls. Blom et al. (1984) placed
pressure sensors on various parts of the free-stall and
found that cows contact stall partitions over 100 times/
d, but it was unclear whether the contact occurs while
the animals were in a recumbent position or during the
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rising and lying movements. However, given that the
frequency of lying events is well below 100, it seems
likely that some of the contact with the stall partitions
was occurring while lying in the stall. Haley et al. (2000)
found that cows spent more time lying down when
housed in large pens with mattress flooring compared
with concrete tie stalls, but this difference was driven
by a greater number of lying events rather than a
change in the average duration of lying bouts as re-
ported in the current study. However, the width of the
tie stall in the Haley et al. (2000) experiment was 130
cm, a value close to the upper range of those tested
in experiments 1 and 2, and the pen tested had no
equivalent to free-stall partitions. Perhaps contact with
the partitions only influences the duration of lying
bouts at smaller widths.

The amount of forward lunge space in the free-stalls
did not affect lying time, the length of lying bouts, or
the number of lying events, despite the fact that the
229-cm treatments were at least 30 cm less than the
260 to 280 cm used by dairy cattle when rising (Ce-
ballos, 2003). Perhaps a larger sample size would im-
prove the chances of detecting a difference between the
2 treatments. However, it seems likely that amount of
space required while resting would be less than the 260
to 280 cm used when lunging forward. Therefore, if
lying time were to differ between treatments, this
change would likely be mediated by a change in the
number of lying events, as this is the movement most
likely to be affected by restricted lunge space. Future
work should evaluate the effects of lunge space on the
difficulty of lying down and standing up.

Interestingly, when given a choice among free-stalls
with different dimensions, cattle showed no clear pref-
erences for lying in certain stalls, although there was
a trend for animals to choose stalls of intermediate size
(wide-short and narrow-long). This result differs from
the clear and consistent preferences cattle show for
free-stall lying surfaces (Manninen et al., 2002; Tucker
et al., 2003). It is possible that cattle are strongly fo-
cused on the evaluation of the lying surface, rather than
stall size, when lying down. Dairy cattle are descend-
ents of plains-dwelling animals, who would rarely have
to consider spatial constraints about where to lie down.
Stall width affects behavior while animals have contact
with the stall surface and partitions (as described pre-
viously), but it is unclear if animals evaluate or remem-
ber this aspect of the lying space when deciding where
to lie down.

Recommendations for stall sizes are normally pro-
vided separately for different weight classes of animals
(Agriculture Canada, 1990). The experiments reported
here were not specifically designed to test the effects
of animal size, but, as a secondary aim of experiment

Journal of Dairy Science Vol. 87, No. 5, 2004
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1, we examined the effect of animal weight on prefer-
ences for lying down in stalls of various sizes. There
was no clear relationship between composite size of
the freestall used and BW, but the 2 smallest animals
tended to use smaller stalls. Further work is likely
needed to evaluate how stall usage changes with body
size. One approach would be to hold stall size constant
and monitor the behavior of a large number of animals
varying in size.

Lying time may be important to cows for several rea-
sons. Cows spend a large portion of their time lying,
and even a 3-h deprivation of lying is sufficient to cause
animals to forego eating in order to lie down (Metz,
1985). Additionally, several physiological changes are
associated with reduced lying time in cattle; these in-
clude a decrease in circulating levels of growth hormone
(Munksgaard and Lgvendahl, 1993), a short-term in-
crease in plasma cortisol levels (Ladewig and Smidt,
1989; Fisher et al., 2002), and increased incidence of
lameness (Leonard et al., 1994, Singh et al., 1993). More
blood circulates to the udder while the animal is lying
down compared with when standing (Metcalf et al.,
1992). However, no study to date has found differences
in milk production clearly linked to duration of lying.
Similarly, we found no differences in milk production
associated with stall width in experiment 2. It is possi-
ble that the duration and sample size of the experiment
were insufficient to detect differences in milk produc-
tion associated with lower lying times in smaller free-
stalls, particularly because animals could maintain
milk production by metabolizing body stores. However,
Rushen et al. (2001) found no difference in milk produc-
tion when cows were housed in stalls with concrete vs.
rubber mat surfaces over a 16-wk experiment, despite
a difference between treatments of 1.5 h/d in lying time.
It is possible that changes in lying time are not associ-
ated with milk production, because feed intake, a lim-
iting factor for milk production, may not be affected by
the treatments tested. Although we did not measure
the amount of feed consumed, other work has shown
that deprivation of the opportunity to lie down does
not affect feed intake (Ingvartsen et al., 1999). Indeed,
Fregonesi and Leaver (2001) have shown that high-
producing cows spend more time feeding and less time
lying down than low-producing cows, and high milk
production is correlated with high DMI (Dado and Al-
len, 1994).

In addition to longer lying times in wider stalls, the
increase in time spent standing with all 4 hooves in the
stall may also benefit cows. The wider space between
stall partitions provided more room for cows, possibly
making it more comfortable for the animals to stand
entirely in the stall without contacting the partitions
or neck rail. Indeed, in both experiments, the amount
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of time spent standing with 4 hooves tended to be higher
in the wider stalls, although this result was only statis-
tically significant in experiment 2. Cows may stand in
the stall to avoid the relatively uncomfortable standing
surface available in the alley, as suggested by Stefanow-
ska et al. (2001). We found marked individual differ-
ences in the time cows spent standing this way, perhaps
because the increase in stall size was especially im-
portant for certain animals. For example, animals with
hoof injuries may particularly benefit from the more
comfortable standing surface available in the stall, and
the lactating cattle in experiment 2 were more likely
to be experiencing hoof injuries than the dry animals in
experiment 1 (Chaplin et al., 2000). Future experiments
should consider the incidence of claw horn lesions and
animal size as covariates to better understand the effect
of stall size on standing behavior.

Standing with the 2 front hooves in the stall occupied
almost 2 h more time in the smaller stalls relative to
the largest stalls in experiment 1. Similarly, in Experi-
ment 2, animals spent 27 min more time standing with
front hooves in the stall when tested with the narrowest
width relative to the widest width. As with standing
entirely in the stall, there was considerable individual
variation in this behavior. Some authors have sug-
gested that standing in the stall in this manner may
be used to hide from more socially dominant animals
(Galindo et al., 2000). However, this was clearly not
the case in experiment 1, because animals were housed
individually. An alternative explanation for standing
with only the front hooves in the stall may be a reluc-
tance to lie down, perhaps because of cow size, but
additional work is required to determine how cow size
influences the expression of this behavior. There may
also be health consequences associated with excessive
standing with only the front hooves in the stall. Two
previous studies have indicated that increased standing
with the front 2 hooves in the stall predisposed cattle
to claw lesions (Colam-Ainsworth et al., 1989; Galindo
and Broom, 2000). This may be because increased expo-
sure to moisture is highly correlated with lameness
(Fitzgerald et al., 2000), and cattle standing in this
position have their back hooves in the relatively moist
environment of the alley. In addition, increased expo-
sure to fecal material and concrete surfaces is associ-
ated with increased prevalence of hoof diseases (Bergs-
ten and Pettersson, 1992). Thus, in addition to provid-
ing a comfortable area to lie down, the design of free-
stalls should also allow cattle access to a suitable stand-
ing surface.

As a potential disadvantage, larger stalls can in-
crease the frequency with which animals defecate and
urinate in the stall as opposed to the alley. We found
that the widest stalls (126 cm) in experiment 2 con-
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tained 2.4 times the amount of fecal material compared
with stalls measuring 106 cm and 1.6 times the amount
in stalls that were 116 cm wide. However, readers
should be aware that this result is based on very few
error degrees of freedom. The increase in fecal material
was likely due to animals spending more time lying
and standing with all 4 hooves in the stall, positions
where fecal material is likely to come in contact with
the stall surface. More defecation and moisture from
urine in the stall may increase the exposure of teat
ends to bacteria and lead to an increased rate of clinical
mastitis. It may be possible to reduce the negative ef-
fects associated with fecal material and moisture from
urine by cleaning stalls and replacing bedding more
often. Indeed, improved stall maintenance may be one
way to minimize the impact of additional stall soiling
associated with wider stalls while still reaping the bene-
fits of larger stalls in terms of longer lying times and
less time spent standing with only the front hooves in
the stall.
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