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A B S T R A C T

Information on (changes in) standing and lying behaviour of cows can be used for oestrus

detection, early diagnosis of disorders and to evaluate welfare consequences of changes in

housing and management. Data sets on lying and standing behaviour were collected from

cows with IceTagTM sensors fitted to the leg. Data were obtained with 10 late-pregnant

indoor-housed beef cows (Exp. 1), 19 out-wintered beef cows (Exp. 2) and 44 housed

lactating dairy cows that were milked three times daily (Exp. 3). During part of Exp. 1 video

footage was recorded to validate the sensor records. Data were analysed with the aims of

estimating objective lying and standing bout criteria and to test two hypotheses. These

hypotheses were that (i) the probability of cows standing up would increase with the

length of time the animal had been lying down and (ii) the probability of cows lying down

would increase with the length of time the animal had been standing. A total of 10,814,

39,089 and 9405 lying episodes were recorded by the sensors in Exp. 1–3, respectively. On

the basis of log–survivorship plots, frequency distributions of (log-transformed) lying

episode lengths and analysis of the correspondence between recorded lying episodes and

video footage of lying behaviour, a minimum lying bout criterion of 4 min was indicated.

Application of this criterion reduced the number of lying episodes by between 62% and 88%

in the three experiments, even though this had only minor effects on total estimated lying

and standing time (changes between 0.5% and 3.2%). Out-wintered beef cows tended to

have fewer but longer lying bouts than the other groups and dairy cows had the shortest

total lying time. (11.6, 10.5 and 10.2 h/day in Exp. 1–3, respectively). The probability of

cows standing up within the next 15 min increased (P< 0.001) with lying time in all

experiments, which was consistent with the first hypothesis. The probability of cows lying

down within the next 15 min did not significantly increase with standing time. This lack of

change in probability was not caused by pooling of data across day and night or across

cows with different behavioural strategies. Our second hypothesis was, therefore, refuted

because cows were not more likely to lie down the longer they had been standing.

� 2010 Elsevier B.V. All rights reserved.
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1. Introduction

There is increasing interest in analysis of the lying,
standing and/or walking behaviour of farm animals (e.g.
Fregonesi and Leaver, 2001; Trénel et al., 2009). Changes in
such behaviour have been associated with changes in the
reproductive and health status of animals (e.g. Huzzey et
al., 2005; Galindo and Broom, 2000) and automatic
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recording of locomotory behaviour has been used for
oestrus detection (e.g. Van Vliet and van Eerdenburgh,
1996; Firk et al., 2002) and early diagnosis of lameness (e.g.
O’Callaghan et al., 2003; Mazrier et al., 2006). Effects on
lying behaviour due to different housing and bedding
conditions have been measured to identify the most
comfortable systems (e.g. Tucker and Weary, 2004;
Drissler et al., 2005). In addition, there is some animal
welfare concern regarding the effects of management
changes, such as increased milking frequency, on the
availability of sufficient resting opportunities (Österman
and Redbo, 2001; Munksgaard et al., 2005).
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Until recently, records on lying behaviour of animals
could only be obtained via observation but sensors have
become available that provide an increasingly detailed
picture of animals’ posture and locomotory behaviour.
Pedometers were developed to record walking behaviour
(e.g. Firk et al., 2002; Mazrier et al., 2006) and more
advanced sensors (e.g. Champion et al., 1997; Trénel et al.,
2009) can also estimate whether an animal is lying or
standing, which considerably increases the scope for
behavioural analyses. Identification of lying and standing
bouts gives information on animal behaviour that may
assist in the early detection of health and welfare problems
and may also help in answering questions about the
mechanisms and motivations underlying that behaviour.

Definitions of standing and lying bouts can differ
considerably and depend on recording system and
subsequent data interpretation. For instance, O’Driscoll
et al. (2009) recorded lying behaviour at 5 min intervals
with TinytagPlus data loggers and rejected single lying
observations, resulting in minimum bout durations of
10 min. Munksgaard et al. (2005) ignored observations of
behaviour lasting less than 60 s but Munksgaard et al.
(2006) accepted bout durations lasting only seconds, all
recorded with IceTagTM (IceRobotics, South Quensferry,
UK) sensors. Blackie et al. (2006) deleted all records of lying
episodes shorter than 2 min obtained from cows with
IceTagTM sensors while Trénel et al. (2009) proposed a
lying period criterion of 24.8 s for data obtained with
IceTagTM sensors in calves. This shows that variation in
bout definitions not only arises from differences in
methodology of data collection but also occurs between
studies in which the same technology is being used to
generate the raw data. Such different definitions can have a
huge impact on the temporal structure of that behaviour as
estimated by daily number of lying and standing bouts and
their durations. This impairs comparison of data across
experiments and research groups. The use of relevant
criteria that help to group observations generated by a
given technology into behavioural bouts, similar to
accepted practice in feeding behaviour analysis (e.g. Sibly
et al., 1990; Yeates et al., 2001) can avoid interpretational
problems and facilitate comparisons.

Our first aim was, therefore, the estimation of bout
criteria for the investigated sensor system on the basis of
analyses of sufficiently large data sets. Analysis of the
distribution of interval lengths between specific behaviour
is frequently used to estimate bout criteria (Slater and
Lester, 1982). The shape of such distributions is deter-
mined by the change in the probability of animals
initiating that behaviour as a function of the time since
they showed that behaviour last (Tolkamp et al., 1998;
Yeates et al., 2001), irrespective of what caused that
change. The probability of animals starting to feed
increases with time since feeding last (e.g. Morgan et al.,
2000; Yeates et al., 2001; Howie et al., 2009). Because
animals can lie down between meals only, we hypothe-
sised that, for that reason alone, the probability of a cow
standing up would increase with lying time (hypothesis 1).
In addition, a high motivation in cows to lie down after
lying deprivation has been reported (Metz, 1985; Jensen et
al., 2004). We reasoned, therefore, that also the probability
of cows lying down would be expected to increase with
standing time (hypothesis 2).

To develop the methodology and test our hypotheses
we collected data sets in three experiments. In the first a
data set on lying and standing behaviour was obtained
from 10 housed late-pregnant beef cows that were
equipped with IceTagTM sensors. Cows were video-
recorded during the 16-day experimental period. The
results were analysed in detail to assist in the estimation of
bout criteria for lying and standing behaviour. The
methodology was subsequently applied to data collected
with IceTagTM sensors during two more experiments, one
with beef cows and one with dairy cows. The same data
sets were also used to test the two hypotheses regarding
the probability of cows changing their lying and standing
behaviour in relation to time since they changed behaviour
last.

2. Materials and methods

Cows in all experiments were monitored under the
regulations established by the Animal Experiments Com-
mittee of the Scottish Agricultural College.

2.1. Animals, housing and data recording

2.1.1. Exp. 1: late-pregnant indoor-housed beef cows

During the spring of 2009, data were obtained near
Edinburgh, Scotland, from ten 8 months pregnant cows for
up to 16 days per cow. Four focal cows (equipped with
IceTagTM sensors) were housed with six additional cows in
one yard and a further six focal cows were housed with six
additional cows in another yard, both with straw bedding
and in the same shed. Cows were fed 2 kg barley and 0.8 kg
rapeseed meal between 6:00 and 7:00 h/day. Cows had ad

libitum access to chopped straw that was provided behind
a feed barrier at the same time and scattered feed was
pushed back towards the barrier between 15:30 and
16:30 h. A thin layer of fresh bedding was provided
between 7:30 and 8:30 h daily or every second day,
according to requirement. Cows were clearly marked with
non-toxic stock-marker spray, such that individuals could
be identified from video footage that was obtained (24 h/
day) during the experimental period.

2.1.2. Exp. 2: pregnant out-wintering beef cows

Two groups of 10 pregnant non-lactating beef cows
were out-wintered near Edinburgh, Scotland, between
January and March 2009 either at pasture only or at
pasture with access to a straw-bedded shed in a cross-over
design experiment with two periods of three weeks. The
cows were offered ad libitum straw from a ring feeder and
were given 40 kg concentrates/group/day in one morning
meal. Water was constantly available from a stream or a
trough in the shed. IceTagTM sensors were fitted for the full
six weeks but, as a result of battery connection faults in
some sensors, no data were recorded for one cow and
complete data sets of 42 days were obtained in only about
half of the remaining cows. Data obtained with the other
cows were included until equipment failure occurred, i.e.
between 25 and 40 days into the experiment.
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2.1.3. Exp. 3: lactating dairy cows

Four groups of 12 lactating dairy cows each, all
equipped with IceTagTM sensors, were housed with other
cows at SAC Dairy Research Centre Dumfries, Scotland, in a
yard in which the number of mattress and saw-dust
bedded cubicles matched the number of cows. Cows were
of first to eighth parity and had ad libitum access to a mixed
silage/concentrate diet that was supplied around 10:00 h.
Cows were removed from the cubicle yard for around
45 min during milking (around 07:00, 15:00 and 22:00 h/
day). During some days, cows had access to outside loafing
areas between 08:40 and 19:00 h. Complete records were
obtained from 44 cows during four recording periods of
nine days each in the autumn of 2008. During two days of
the observation period, staff occasionally removed cows
from the yard for training purposes, which likely disturbed
normal lying behaviour. For that reason, only data
collected during the remaining seven days were included
in the analyses.

2.2. Data collection and analyses

IceTagTM sensors were fitted with Velcro straps to the
left hind leg (above the fetlock) of cows. After removal of
the sensors, the stored data were downloaded to data files
with kit and software provided by IceRoboticsTM. The
downloaded data were in the format of one summary
record per minute of behaviour recorded per second, which
resulted in 1440 records per cow per day of the observation
period. Each record provided date, time, the percentages of
the last min the cow was estimated to be lying and
standing, an activity index and the number of steps taken.

Purpose-written FORTRAN programmes were used to
summarise individual data sets at the min level into files
with a single record for each lying and the preceding
standing episode. In calculating these episodes, it was
assumed that any continuous series of minute records
showing 100% lying (or standing) behaviour were part of a
single lying (or standing) episode. If a minute record
showed both lying and standing behaviour, it was assumed
that the behaviour during the first part of the minute was
identical to the behaviour in the last part of the previous
minute. It was also assumed that such a record ended an
episode of one and started an episode of the other
behaviour. The resulting new data sets were the basis of
our first analyses and contained records of the date, end-
time of the lying episode and the lengths of the lying
episode and the preceding standing episode.

Animal behaviour is frequently expressed in bouts and
several methods to determine whether standing and lying
behaviour occurred in bouts were used. First log–
survivorship curves (i.e. log-transformed cumulative
frequencies) and relative frequency distributions of lying
episode length were plotted because such distributions
can give a good first impression of the structure of
behaviour without having to make too many assumptions
(Tolkamp et al., 1998; Mishra et al., 2005). Intervals
between some forms of behaviour, such as feeding, may
not be distributed exponentially or normally but log-
normally (Tolkamp and Kyriazakis, 1999a; Howie et al.,
2009). Lying episodes are intervals between standing
behaviour, and vice versa. The frequency distributions of
log-transformed lying and standing episode lengths
(expressed in s) were, therefore, plotted for bin-widths
of 0.5 loge-units (Tolkamp and Kyriazakis, 1999a). Natural
logarithms were used for all log-transformations. Ice-
TagTM sensor data obtained in Exp. 1 were compared with
video observations to validate the conclusions drawn
from analyses of the distribution of lying episode lengths,
and a bout criterion was derived. Standing and lying bouts
were subsequently calculated by ignoring all lying
episodes shorter than the bout criterion. These new data
sets were the basis of subsequent analyses.

To test our hypotheses, we calculated the probability
that a cow would change behaviour in relation to time
since changing behaviour last. The probability that a cow
would stand up within the next 15 min was calculated for
time t since lying down as 1� (the number of lying
bouts� (t + 15) divided by the number of lying bouts� t)
(Tolkamp and Kyriazakis, 1999b). The same method, but
on the basis of standing bouts, was used to calculate the
probability that a cow would lie down within the next
15 min in relation to time standing. The probabilities that a
cow would lie down were also calculated after disaggrega-
tion of data into sub-sets by time of day or by individual
lying strategies. Contrasts in lying behaviour between day
and night were largest in Exp. 1 and 2 and probabilities
were calculated on the basis of episodes falling entirely
within the day (08:00–16:00 h) or entirely within the night
(18:00–06:00 h). Probabilities were also calculated for
sub-sets of cows with the lowest or highest number of
daily standing episodes. Each group consisted of 5, 6 or 15
cows in Exp. 1–3, respectively. Linear regression was used
to test for effects of time on the probabilities of cows
changing behaviour. Only probabilities based on at least
100 observations were used when fitting regression lines
to exclude inappropriate effects of probabilities based on
few observations only.

3. Results and discussion

3.1. The frequency distribution of lying episodes

A total of 10,814, 39,089 and 9405 complete lying
episodes were recorded by the IceTagTM sensors fitted to
cows in Exp. 1–3, respectively. Fig. 1 shows how the
lengths of these lying episodes were distributed. The log–
survivorship curves in Fig. 1(a), (d) and (g) show that at
short episode lengths the log-transformed cumulative
frequency decreased fast with increasing length. This
suggested that standing behaviour was interrupted by
many very brief lying episodes. At episode lengths longer
than around 4 min, the decrease in the log–survivorship
plot was much slower and in the form of a convex curve. A
decrease in the form of a straight line can be expected if
standing bouts would occur randomly, i.e. if the probability
of animals standing up would be independent of lying time
(Metz, 1974). Fig. 1 shows that the observed log–survivor-
ship plots deviated in a systematic manner from a straight
line fitted to episode lengths longer than 4 min in all
experiments. Methods to estimate bout criteria on the
basis of log–survivorship analysis (Slater and Lester, 1982)



Fig. 1. The log–survivorship curves of lying episode lengths [(a), (d) and (g); regression lines were fitted only to episodes >4 min]; the frequency

distributions of lying episode lengths [(b), (e) and (h); bin width = 2 min] and the frequency distributions of log-transformed lying episode lengths

expressed in second (c), (f) and (i); bin width = 0.5 loge-units) of indoor-housed late-pregnant beef cows (Exp. 1), out-wintering pregnant beef cows (Exp. 2)

and indoor-housed lactating dairy cows (Exp. 3). Values for the first bins in graphs (b), (e) and (h) (i.e. 0.88, 0.87 and 0.60 for intervals up to 2 min,

respectively) are not shown.
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or log–frequency analysis (Langton et al., 1995) are then
not appropriate (Tolkamp et al., 1998).

The frequency distributions plotted in Fig. 1(b), (e) and
(h) confirm that frequencies did not continuously decline
with increasing episode length, as assumed for traditional
methods to estimate bout criteria (Tolkamp et al., 1998).
Longer lying episode lengths were distributed as (extre-
mely) skewed normal distributions in all experiments.
However, between 60% (Exp. 3) and more than 80% (Exp. 1
and 2) of lying episodes were shorter than 4 min and this
clearly did not fit within the skewed-normal pattern for
longer episode lengths as displayed in Fig. 1.

Analysis of feeding behaviour has suggested that the
frequency distribution of intervals between such behaviour
can be normalised by log-transformation (Tolkamp et al.,
1998). Fig. 1(c), (f) and (i) demonstrate the effects of
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log-transformation of lying episode duration on the
frequency distribution. In all experiments, there is a trough
in frequency between approximately 5 and 6 loge-units,
showing that very few lying episodes with durations
between around 2.5 and 6.5 min occurred. Episodes longer
than that are distributed as slightly left-skewed normal
distributions in all experiments, as has been observed for
between-meal intervals (Yeates et al., 2001). Episodes
shorter than that seem to consist of two distributions:
Fig. 2. The log–survivorship curves of standing episode lengths [(a), (d) and (g); th

episode lengths [(b), (e) and (h); bin width = 2 min] and the frequency distributio

bin width = 0.5 loge-units] of indoor-housed late-pregnant beef cows (Exp. 1), out

cows (Exp. 3).
one entirely consisting of 1-s episodes (represented by the
bar at the left-hand side of each graph) and roughly log–
normal distributions of lying episodes lengths between 2 s
and 2.5–6.5 min. In the three experiments, the proportion of
lying episodes lasting only 1 s (0.183, 0.221 and 0.123,
respectively) or from 2 to 5 s (0.154, 0.190 and 0.098,
respectively) formed a considerable part of all lying
episodes. It is highly unlikely, however, that such short
episodes can represent real lying behaviour.
e regression line was fitted to all data]; the frequency distributions of lying

ns of log-transformed lying episode lengths expressed in s; [(c), (f) and (i);

-wintering pregnant beef cows (Exp. 2) and indoor-housed lactating dairy



Table 1

The mean, standard error (SE), and minimum and maximum values of

individual averages for daily number of lying bouts, lying bout duration

and total daily lying time recorded in Exp. 1 (late-pregnant indoor-housed

beef cows), Exp. 2 (pregnant out-wintering beef cows) and Exp. 3

(lactating housed dairy cows).

Characteristic Exp. Mean SE Minimum Maximum

Daily lying bouts (n) 1 10.0 0.67 7.9 15.4

2 6.8 0.25 3.9 8.3

3 11.5 0.46 4.7 19.4

Lying bout duration (h) 1 1.2 0.07 0.8 1.6

2 1.6 0.07 1.3 2.4

3 0.9 0.03 0.5 1.6

Daily lying time (h) 1 11.6 0.33 10.2 13.0

2 10.5 0.20 8.4 11.6

3 10.2 0.31 5.9 15.3
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3.2. Validation of lying episodes with video observations

A total of 442 lying episodes as recorded by the sensors
were compared with video recordings obtained from cows
in Exp. 1. None of the 343 recorded lying episodes shorter
than 4 min corresponded with real lying behaviour on the
video recordings. Frequently, very short records of lying
behaviour (i.e. one or a few second) coincided with
observed sudden leg movements of a cow, e.g. while
being displaced at a feeder. Two of the seven episodes
between 4 and 6 min (both >5 min) did not correspond
with lying behaviour in the video recordings but the
remaining five (i.e. 71%) did. All lying episodes longer than
6 min corresponded with lying behaviour in the video
recordings. The data show, therefore, that lying episodes
shorter than 4 min do not represent lying behaviour but
longer episodes generally do. This value of 4 min (240 s,
corresponding with 5.48 loge-units) coincides well with
the trough in the frequency distributions of log-trans-
formed episode length in all experiments (Fig. 1). For that
reason, 4 min was selected as the minimum criterion for
acceptance of a recorded lying episode as a lying bout in
subsequent calculations.

3.3. The frequency distribution of standing episodes

If short ‘lying’ episodes (i.e. <4 min) are recorded in
standing cows, such episodes should not be considered to
separate standing episodes. Standing episodes were,
therefore, re-calculated by a FORTRAN programme that
ignored all lying episodes of less than 4 min. This reduced
the number of standing and lying episodes considerably,
i.e. by 88.3%, 87.6% and 61.5% in Exp. 1–3, respectively.

Few very short standing episodes were recorded, i.e.
only 1.3%, 2.8% and 0.5% of all standing episodes were
shorter than 1 min in Exp. 1–3, respectively. In addition,
the distribution of shorter standing episodes did not
clearly deviate from the distribution of longer episodes
(Fig. 2). The log–survivorship plots (Fig. 2) formed either an
almost straight line (Exp. 3) or showed some variation
around a straight line (Exp. 1 and 2), without much
evidence for bouted lying behaviour. Standing episode
lengths were distributed approximately as negative
exponentials (Fig. 2), which suggests that lying occurred
almost randomly in time (Metz, 1974). The frequency
distributions of log-transformed episode lengths sug-
gested that perhaps two populations of intervals (with
overlapping lengths) were present, with the peak of the
first occurring between 6 and 6.5 loge-units (i.e. between
around 7 and 11 min) in all experiments (Fig. 2). Short
standing episodes (<15 min) occurred mainly during the
night. In Exp. 1, more than half of all standing episodes that
were initiated between 21:00 and 05:00 h were shorter
than 15 min. This contrasted sharply with the proportion
of short standing episodes that were initiated between
05:00 and 21:00 h (0.22 of all bouts). Similarly, 91.5% of all
short standing episodes occurred during the night in Exp. 2
and more than two-thirds of short episodes occurred
between midnight and the morning milking in Exp. 3. It
seems likely that during longer resting periods (such as
those that occur during the night), cows may briefly
interrupt lying behaviour by short standing periods (up to
around 15 min), perhaps to switch side or find a more
comfortable resting position.

3.4. Validation of standing episodes with video observations

The first 61 short standing episodes (with durations
ranging from 22 to 550 s) that were checked against video
recordings all corresponded with standing behaviour.
IceTagTM sensors appear less liable to record brief standing
episodes in lying cows than vice versa. No additional
criterion was, therefore, considered necessary and all
standing episodes were classified as standing bouts.

3.5. Resulting number of daily bouts and their durations

Application of the 4 min bout criterion decreased the
number of lying and standing episodes with 62–88% but
the effect on total lying time was minor (decreases ranged
from 0.5 to 3.2%). There was some variation between
experiments in mean individual daily number of lying
bouts (from 6.8 to 11.5), lying bout duration (from 0.9 to
1.6 h) and total daily lying time (from 10.2 to 11.6 h; see
Table 1). Cows in Exp. 2 had the smallest number, and
longest duration, of lying bouts but these were similar in
the cows of the other two experiments. The individual
variation in total daily lying time is remarkable, especially
in Exp. 3, during which both the longest (15.3 h) and the
shortest (5.9 h) individual mean daily lying times were
recorded. The data in Table 1 summarise lying and
standing behaviour per experiment for the reader and
are not intended to provide a test of differences in
behaviour between beef and dairy cows or between cows
under different housing conditions, which was not an aim
of the present paper.

3.6. The change in probability of lying cows standing

up and vice versa

There was a highly significant and virtually linear
increase in the probability of cows standing up with
increasing lying time in all three experiments (Fig. 3).
Regression lines were fitted to calculated probabilities at
lying times up to around 3 h, thus avoiding effects of



Fig. 3. The probability of lying cows to stand up within the next 15 min [Pstand, indicated by & and & in graphs (a), (d) and (g)] in relation to time spent lying;

the probability of standing cows to lie down within the next 15 min Plie, indicated by ^ and ^ in graphs [(b), (e) and (h)] in relation to time spent standing;

the probability of standing cows to lie down within the next 15 min (Plie) in relation to time spent standing for dis-aggregated data sub-sets [graphs (c), (f)

and (i)]; shown are the effects of disaggregation by day (*) and night (*) of indoor-housed late-pregnant beef cows (c) and out-wintering pregnant beef

cows (f) and by different behavioural strategies, i.e. many (&) or few (!) daily standing bouts of indoor-housed dairy cows (i). Shown are also the fit of

linear regression models (lines) to the observed probabilities [closed symbols only in graphs (a), (b), (d), (e), (g) and (h)]. The observations in the first bin (i.e.

Plie within 15 min of standing up) were not included in the fitting of regression lines in graphs (c), (f) and (i).
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probabilities estimated on the basis of very few observations
at long lying times. The data in Fig. 3 are clearly consistent
with our hypothesis that the probability of cows standing up
will increase with lying time. The large number of estimated
very short lying episodes (i.e. up to 4 min) result in a very
high estimate of the apparent probability of cows standing
up immediately (that is within 4 min) after ‘lying down’
(ranging from 0.62 to 0.89; Fig. 1). This clearly falls outside
the probability pattern shown in Fig. 3, which is in
agreement with our conclusion that such short lying
episodes are not part of the population of normal lying
bouts but are the result of mis-estimation of lying behaviour.



Fig. 4. The average proportion of cows lying by hour in the day for indoor-housed late-pregnant beef cows (a), out-wintering pregnant beef cows (b) and

indoor-housed lactating dairy cows (c).
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There was, however, no significant correlation between
standing time and the probability of cows lying down
within the next 15 min for the pooled data of cows in any of
the experiments (Fig. 3(b), (e) and (h)). This is consistent
with the almost linear decreases of the log–survivorship
plots and the approximately negative exponential dis-
tributions of standing bout lengths in all experiments
(Fig. 2). The shown regression lines were fitted for a
variable range in standing times, which reflects differences
between experiments in total numbers of observations and
lengths of lying bouts. The elevated probability in the first
bin (i.e. the probability of cows to lie down again within
15 min of standing up) seems to be associated directly with
the relatively high proportions of short standing bouts,
especially occurring during the night, that were identified
earlier. Fig. 4 gives an impression of the diurnal pattern of
cow lying behaviour in the three experiments. Cows in Exp.
3 lay down less than average around milking times and
slightly more than average between midnight and first
milking and between first milking and feed supply. In
contrast, cows in Exp. 2 stood most of the time during the
day and lay down during most of the night. This is the likely
cause of the sudden increase in Plie between standing times
of around 10 and 13 h (Fig. 3(e)): a considerable proportion
of cows stood up around dawn, remained standing during
the day and lay down again at dusk. Cows in Exp. 1 lay
down mostly during the night and also around mid-day,
with standing behaviour mainly around dawn/feeding
time and dusk (Fig. 4).

Pooling of day and night data can obscure the probability
of animals changing behaviour at a given time (Morgan et al.,
2000), especially when the contrast in behaviour between
night and day is large (Yeates et al., 2003). Sub-sets of
standing bouts that fell entirely within the dark (night) or
within the light (day) period were selected for Exp. 1 and 2,
which showed the largest contrast between day and night
lying behaviour (Fig. 4). Fig. 3 shows that in both
experiments the probability of cows lying down within
15 min was, on average, higher during the night than during
the day. In Exp. 1, around two-thirds of the night standing
bouts were shorter than 15 min, which left insufficient data
for fitting a regression line. No statistically significant effect
of standing time on the probability of cows lying down was,
however, observed in any of the other sub-sets (Fig. 3).
Pooling of data across animals with different beha-
vioural strategies can also obscure existing individual
patterns in the probability to change behaviour (e.g. Howie
et al., 2009), especially when contrasts are large (Yeates et
al., 2003). Variation between cows in daily number of
standing bouts was largest in Exp. 3. We calculated,
therefore, how Plie changed with standing time for sub-
groups, i.e. cows with the highest and lowest number of
daily standing bouts. As expected, the average Plie was
higher for cows with many than for cows with few daily
standing bouts (Fig. 3(i)). There were, however, again no
statistically significant effects of standing time on Plie for
either sub-group. Similar disaggregations were carried out
for Exp. 1 and 2. Because cow numbers were lower and
between-cow contrasts were not as strong in these
experiments, differences were smaller than in Exp. 3.
There were, however, no significant changes in Plie with
time standing for any of these sub-sets (data not shown).
The lack of significant systematic change in the probability
to lie down as seen in the pooled data sets was, therefore,
not a result of data pooling across cows with different
behavioural strategies.

The analyses of data sets pooled per experiment as well
as sub-sets based on diurnal patterns or individual
behavioural strategies show, therefore, that the probability
of cows lying down did not systematically increase with
standing time. These observations are in direct conflict
with our second hypothesis and, at least at first sight, seem
to contradict earlier reports, as discussed below.

4. Discussion and conclusions

Analyses of frequency distributions of lying and
standing episodes, combined with considerations about
the manner in which the used sensors summarised data,
support the use of minimum criteria for episode lengths
that can safely be assumed to consist of real lying or
standing behaviour. When such criteria can be estimated
on the basis of available data they should not be chosen
arbitrarily, as has happened in the past. The relevance of
using a sound basis for such criteria is demonstrated by the
considerable effect that their application can have on the
estimated daily number of behavioural bouts and their
mean duration. For the type of sensors used in the work
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described here, a criterion of 4 min for lying bouts seems
most appropriate. Application of this criterion reduced the
number of lying and standing bouts considerably, even
though the effects on estimated total daily lying and
standing time were minor. Fig. 1(c), (f) and (i) shows very
low frequencies of lying episode lengths between 5 and 6
loge-units (that is between around 2.5 and 6.5 min), i.e. a
clear separation between lying episode lengths that did
and did not correspond with real lying behaviour. As a
result, any variation in applied criteria between these
lengths would have a very limited effect on the number of
identified lying and standing bouts and their durations. We
are, therefore, confident that the use of the 4-min lying
bout criterion resulted in the exclusion of virtually all
erroneously recorded short ‘lying’ episodes from the
population of lying bouts and the proper identification
of standing bout number and duration. A similar minimum
criterion for standing bouts was not required because the
distribution of short standing bouts fitted in the pattern
shown by the distribution of longer bouts and short bouts
were observed to consistently correspond with standing
behaviour as recorded on video.

As expected on the basis of feeding behaviour analyses
alone, the probability of cows standing up increased with
lying times. The increase was similar to the increase in
probability of cows starting to feed over the same time span
(Yeates et al., 2001). These data alone cannot show whether
the observed increase in rising probability with lying time is
entirely (or mainly) a result of increasing feeding motiva-
tion. Dairy cows were milked three times per day and it is
possible that the relatively high probability of cows standing
up at short lying times in this experiment is related to
disturbance of lying cows by milkers. Nevertheless, a
systematic increase in the probability of cows to stand up
with lying time was observed in all three experiments,
which is in agreement with our first hypothesis.

There was, however, no systematic positive correlation
between standing time and the probability of cows lying
down in any of the experiments and our second hypoth-
esis, therefore, has to be rejected. This is surprising in the
light of the literature on cows’ motivation for lying down
after long standing periods. The early study of Metz (1985)
is widely cited as showing a strong motivation of cows for
lying down after relatively short periods (3 h) of lying
deprivation (e.g. Blackie et al., 2006; O’Driscoll et al., 2009).
Metz’ paper shows that a lying deprivation of 3 h was
applied immediately following a period of 2.5 h during
which cows could not lie down either, because they were
first milked and subsequently locked in the feeding
passage. It seems likely that at least some of the cows
will have been standing for some time before milking
started. The total standing time before the cows in the
study of Metz (1985) could lie down must have extended,
therefore, to 5.5 h or longer. Nevertheless, the study
showed clearly that such deprived cows spent more time
lying in the period following deprivation (mainly the first
3 h) than cows in the same circumstances that were not
lying deprived. More recently, Jensen et al. (2004) deprived
heifers from lying during two periods per day, each with a
duration of 3 or 6 h, and concluded that the motivation to
lie down was increased in the treatment with 6 h
deprivation. The literature suggests, therefore, an increase
in motivation to lie down after longer standing periods
caused by lying deprivation.

In our data, however, between 85% (Exp. 2) and 96% (Exp.
3) of all standing bouts were shorter than 4 h and very long
standing bouts (i.e. 6 h and longer) hardly occurred in Exp. 1
and 3 (Fig. 2). Where they did (Exp. 2), there is also no clear
increase in this probability between 6 and 9 h standing time,
but a peak occurred around 11 h (Fig. 3). This suggests that
the sunset was the main cause of this increase in that
experiment, rather than standing time per se. The previously
observed high motivation of cows for lying down following
longer standing periods associated with lying deprivation
may have limited relevance, therefore, for cows that are not
deliberately prevented from lying down.

The average daily standing time observed in Exp. 3 (i.e.
24� 10.2 = 13.8 h; Table 1) is very close to a previous
estimate of 14 h for dairy cows that was used by the AFRC
(1993) to predict energy requirements. However, these
energy requirement predictions also assumed that dairy
cows would change body position nine times per day
(AFRC, 1993), corresponding to 4.5 lying bouts, which is
less than half the number observed in our study (Table 1).
According to AFRC estimates, doubling the number of body
position changes would correspond with additional
metabolisable energy requirements of around 2.5 MJ/day
for a 650 kg cow. It seems likely that an increase in milking
frequency will result in an increase in average daily
number of lying bouts.

Considerable variation in individual lying behaviour
existed, especially in Exp. 3 (Table 1). Around a quarter of the
dairy cows had daily lying times of 11 h or longer. This
suggests that cow management during the experiment
permitted cows to achieve lying times as generally
recommended (e.g. Blackie et al., 2006). It is not immedi-
ately clear, however, why the majority of dairy cows lay
down less than 11 h/day. The literature strongly suggests
that cows will ‘trade-off’ lying time against other desirable
objectives. For instance, Munksgaard et al. (2005) concluded
that, following lying deprivation, lying time had a higher
priority for cows than feeding time or social contacts while
cows in the experiments of Schütz et al. (2009) preferred
standing in the shade over lying in the sun, even after 12 h of
lying deprivation. It seems likely, therefore, that longer lying
times for the majority of dairy cows in our experiment were
not impossible but, apparently, not desirable, perhaps
because of trade-offs made by these cows against other
behavioural desires or requirements. The question why
some cows had total daily resting times less than half of
those achieved by other cows in the same experiment, as
well as a large number of other questions that can be
investigated by analyses of this type of data, remain to be
addressed in future research. For such studies, the use of
sensors of the type employed here in combination with the
estimated bout criterion can be very useful.
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