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The objective of the current study was to determine the number of focal animals required
to represent the daily lying behaviour of a herd of lactating dairy cows. The study was
carried out at 3 commercial dairy farms. The lying time (h/d) and number of lying bouts
(n/d) of 15 ± 3 focal dairy cows, continuously recorded by electronic recording devices,
were analysed using a resampling method for sample size determination. Estimates of

O\LQJEHKDYLRXUEDVHGRQ¿YHRUVL[FRZVSHUIRFDOJURXSSURYLGHGDQDFFXUDWHHVWLPDWH

of the overall means for each focal group monitored. An accurate estimate of the daily
lying behaviour on commercial dairy farms might be generated using continuous

UHFRUGLQJRIDWOHDVWRIWKHFRZVLQWKHKHUG7KHVDPSOLQJPHWKRGVDSSOLHGWRWKH

automated monitoring systems are time- and labour-saving tools that can be used to
assess cow comfort and welfare in relation to lying behaviour.
.H\ZRUGV:

Sampling

Dairy cow, Lying behaviour, Automated measurement, Focal animal,

,QWURGXFWLRQ

Behaviour is one of the most commonly used and sensitive indicators of animal welfare
(Haley et al., 2001). Measures of lying behaviour are important measures of cow
comfort and welfare, providing valuable information on how cows interact with their
environment (Tucker et al., 2004; O’Driscoll et al. 7KHGXUDWLRQDQGIUHTXHQF\
of lying behaviour (particularly the time spent lying down, the frequency of lying bouts,

WKHGXUDWLRQRILQGLYLGXDOO\LQJERXWVDQGWKHODWHUDOLW\ KDYHEHHQLGHQWL¿HGDVVHQVLWLYH

measures of stall comfort and can be used as indicators to assess the welfare of lactating
dairy cows (Fregonesi and Leaver, 2001). On-farm monitoring of cow behaviour can be
time consuming and labour intensive, particularly when the number of animals per pen

LVKLJK/DUJHQXPEHUVRIDQLPDOVSHUSHQ WKHXVXDOH[SHULPHQWDOXQLW PDNHLWGLI¿FXOW

to sample the entire herd continuously. Focal sampling – which involves observation
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RIRQHRUPRUHVDPSOHLQGLYLGXDOVIRUDVSHFL¿HGSHULRGRIWLPH±UHTXLUHVOHVVHIIRUW

when studying groups of animals than continuous monitoring of the entire population
(Martin and Bateson, 2007). Methods of assessing behavioural activity have changed
in recent years in favour of automatic sampling techniques (Rushen et al., 2012). Recent
developments in sensor technology have created new opportunities for automatic
monitoring and recording of animal behaviour. Electronic data loggers can be used
to measure lying behaviour accurately, including the total time spent lying down, the
number of lying bouts (Müller and Schrader, 2003; McGowan et al., 2007), the duration
of each lying bout for individual cows (O’Driscoll et al. DQGWKHODWHUDOLW\RIWKHLU
lying behaviour (Ledgerwood et al., 2010). These devices can be quite inexpensive,
although this depends upon the particular device being used (size of memory storage
and power options). However, since at least one device is needed per animal, the total
cost can be high when there is a large number of animals, which will create pressure to
reduce sample sizes during a welfare assessment (Rushen et al., 2012). The accuracy
of focal-group sampling depends on group size, cohesiveness, animal activity, and
design and management factors, and potentially introduces biases into data collection.
Therefore, focal animal sampling should be validated and selected according to the
REMHFWLYHVRIDVSHFL¿FVWXG\7KHREMHFWLYHRIWKHFXUUHQWVWXG\ZDVWRGHWHUPLQHWKH

number of focal animals required to represent the daily lying behaviour of the herd
mean of lactating dairy cows, using a resampling-based procedure (jackknife).
0DWHULDOVDQGPHWKRGV

Farms and animals
This study was conducted at 3 commercial dairy farms between April 2010 and July
2011. Two dairy farms (A and B) were located in Friesland (Netherland) where animals
were milked in an automatic milking system (AMS) and feeding was carried out by an
automatic feeding system (AFS). In both farms, barns were E-W oriented and featured
a loose-housing layout with a total of 141 and 129 cubicles with rubber mats covered

ZLWKVDZGXVWDQGDQGIHHGLQJSODFHVIRU)DUP$DQG%UHVSHFWLYHO\7KHPLONLQJ

area, in both barns, consisted of two AMS units and a closed waiting area in front of

WKHXQLWHQWUDQFH2QHZD\JDWHVSURYLGHGVHOHFWLYHO\JXLGHGFRZWUDI¿F$WWKHWLPH

of the study, barn A housed 107 lactating Holstein-Friesian cows (parity 2.4 ± 1.3, milk

\LHOGNJGGD\VLQPLONPHDQ6' GXULQJWKH¿UVWPRQLWRUHG

period (focal group 1) and 109 lactating Holstein-Friesian cows (parity 2.7 ± 1.5, milk

\LHOGNJGGD\VLQPLONPHDQ6' LQWKHVHFRQGPRQLWRUHG

period (focal group 2). Ninety-seven lactating Holstein dairy cows, 45 primiparous and

PXOWLSDURXV SDULW\PLON\LHOGNJGGD\VLQPLON

mean ± SD), subdivided into two homogeny groups (focal group 3 and 4) were used in
the study at farm B. The third commercial dairy farm (C) was located at the Institute
of Animal Sciences of the Volcani Center in Bet-Dagan (Israel). The cows were housed
Precision Livestock Farming ‘13
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in a loose-covered pen, milked 3 times a day and fed twice daily. At the beginning of
the data collection period, the barn housed a group of 92 lactating Israeli Holstein cows
(focal group 5) with 215.4 ± 167.4 days in milk (mean ± SD).
Behavioural recordings
The lying behaviour of 73 focal dairy cows, randomly selected and subdivided into
focal groups 1 to 5 (14.6 ± 3.2; mean ± SD, ranging from 11 to 19 cows; see Table 1),

ZDVFRQWLQXRXVO\UHFRUGHGIRUWRGD\VE\HOHFWURQLFUHFRUGLQJGHYLFHV $¿PLON

Pedometer Plus tag, Hobo Pendant G data logger, IceTag 2D). The data loggers, previously
validated for recording standing and lying behaviour in dairy cows (McGowan et al.,
2007; Ito et al., 2009; Higginson et al., 2010) were programmed to record daily lying
time (h/d) and number of lying bouts per day (n/d).
Table 1: Parity, milk production and days in milk of 5 focal groups monitored
Farm
A
A
B
B
C

Focal
Group
1
2
3
4
5

Cow (n) Day (n)
12
11
15
16
19

3
16
16
16
11

Parity
mean ± SD
2.7 ± ˺̄˽
3.0 ± 1.7
2.4
± 1.1
2.4 ± 1.7
2.3 ± 1.5

Milk Yield
mean ± SD
33.6 ± ˾̄˿
31.3 ± 11.5
29.6 ± 12.1



/

DIM
mean ± SD
191 ± ˺˹̀
213 ± 130
177 ± 121
200 ± 150


The HOBO Pendant G (Onset Computer Corporation, Pocasset, MA) is a waterproof
3-channel data logger. This data logger uses an internal 3-axis accelerometer with a
range of ± 3 g. The data loggers were attached to the lateral side of the left or right hind

OHJ RI WKH FRZV XVLQJ 9HWÀH[ VXFK WKDW WKH [D[LV ZDV SHUSHQGLFXODU WR WKH JURXQG

and pointing towards the back of the cow (dorsal direction). The data loggers were
programmed to record g-force at 1 min intervals following the procedure of Ito et al.,
(2009). The g-force readings from the x-axis were used to evaluate lying and standing
behaviour (Ledgerwood et al., 2010).
The IceTag 2D (IceRobotics, Edinburgh, UK) is an electronic sensor device based on
accelerometer technology that measures and determines the percentage of time the
cows spent lying and standing for each recorded second (McGowan et al., 2007). IceTag
was attached to the lateral side of the left or right hind leg above the fetlock by means

RI D VWUDS ZLWK D EXFNOH /\LQJ EHKDYLRXU SHUPLQXWH EDVLV ZDV FODVVL¿HG IRU HDFK

recording following the IceTag-recorded intensity thresholds for lying and standing
(Trénel et al., 2009). For both data loggers (Hobo Pendant G data logger and IceTag
2D) we followed the approach by Endres and Barberg (2007) and ignored lying bouts
shorter than two minutes.
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7KH3HGRPHWHU3OXVWDJ D¿PLON.LEEXW]$¿NLP,VUDHO SURYLGHVLQIRUPDWLRQUHODWLQJ

to lying time and lying bouts by means of a posture sensor including an omni-directional
tilt switch to sense a tilt in orientation above an operating angle. From this information,
the device calculates a number of behavioural parameters, including the rest time (the
time that the cow is lying down) and the rest bout (the number of lying bouts). The
Pedometer Plus tag was attached with a strap to the lateral side of the leg above the

IHWORFNEHWZHHQWKHNQHHDQGWKHKRRI7KHUHFRUGHGGDWDZHUHDQDO\VHGE\WKH$¿IDUP

software which calculates daily lying time (h/d) and number of lying bouts per day (n/d)
for each cow monitored.
Data analyses: sample size determination using the visual jackknife
To determine how the sample size in focal sampling affects the estimates for lying

EHKDYLRXU RI FRZV LQ HDFK RI WKH ¿YH IRFDO JURXSV WKH O\LQJ WLPH DQG QXPEHU RI

lying bouts were analysed using a sample size determination method, derived from a
resampling-based procedure (namely, jackknife). This approach is based on intensive
use of the sample data by systematically taking sub-samples of the original data set, and
calculating mean and standard deviation for each of subsamples. The software (SISSI
±6KRUWFXW,Q6DPSOH6L]H,GHQWL¿FDWLRQYHU&RQIDORQLHULet al., 2007) was used
to generate virtual samples and matrices of the means and standard deviations for the
lying time and number of lying bouts for each of 5 focal groups. When analysing the
trends in the means for increasing values of N-k (N is the total number of observations;
k is the number of observations not used by the jackknife), the optimum sample size
is considered to be the N-k value for which the variability between the means does
QRW VLJQL¿FDQWO\ GHFUHDVH ZLWK LQFUHDVLQJ VDPSOH VL]H &RQIDORQLHUL et al., 2007).

6SHFL¿FDOO\IRXUZHLJKWHGOLQHDUUHJUHVVLRQVDUHSHUIRUPHGIRUWKHJHQHUDWHGPHDQV
WKH¿UVWXVHVWKHKLJKHVWYDOXHVRIWKH1N 1N ¶; the second uses the lowest values;
the third uses the highest values of 1N 1N ¶; and the fourth uses the lowest values).
A global index (SR2  LV FDOFXODWHG E\ VXPPLQJ WKH FRHI¿FLHQWV RI GHWHUPLQDWLRQ RI
the four regressions. By repeating the steps for all the possible (N-k)’ it is possible to
identify the optimum sample size, i.e. (N-k)’ where SR2 is the highest. The process
stops when the next sample size does not produce an SR2WKDWLVODUJHUWKDQRIWKH

previous value.
5HVXOWV

Means and standard deviations were obtained for all the generated virtual sub-samples

IRUHDFKRI¿YHIRFDOJURXSVDQGZHUHSORWWHGRQWZRFKDUWVZLWKWKHYDOXHVRI 1N RQ

the X-axis and the means and standard deviations on the Y-axis. This allows a visual
representation of how the means and standard deviations for the samples generated vary
with increasing sample size of focal group (Figures 1 and 2, for lying time and number
of lying bouts, respectively).
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Figure 1: Daily lying time (focal group 1) – Means (h/d) and standard deviations (h/d)
of the generated populations of subsamples (various symbols and colours) when the
jackknife is applied for different k values. The sample size (N-k) values are shown
on the X-axis, with k from (N-2) to 1. k is the number of observations not used by the
jackknife; N is the total number of observations (12 cows). The automatically computed
sample size is indicated by the vertical series of blue dots
Figure 1 shows that the differences between the means and standard deviations for
daily lying time in the populations of subsamples generated for focal group 1 decrease

IRUDVDPSOHVL]HRIXSWR¿YHFRZV7KHVHGLIIHUHQFHVREWDLQHGZLWKWKLVUHVDPSOLQJ
PHWKRGFRQWLQXHWRVOLJKWO\GHFUHDVHZLWKODUJHUVDPSOHVL]HV PRUHWKDQ¿YHFRZV 
)RUWKLVIRFDOJURXS¿YHFRZVFDQEHFRQVLGHUHGWKHRSWLPXPVDPSOHVL]HREWDLQHG

by an automatic sample size determination procedure, based on the variability between
the means.
The same considerations apply to the number of lying bouts in focal group 4 (Figure 2).
The mean values chart shows that the range of the plot is similar for sample sizes larger
than six cows, while differences in standard deviation are greater in samples smaller
than six cows. The accuracy of estimates of daily lying time (Figure 1) and lying bouts
(Figure 2) decreased when estimates were based on fewer cows per focal group.
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Figure 2: Number of lying bouts per day (focal group 4) – Means (n/d) and standard
deviations (n/d) of the generated populations of subsamples (various symbols and
colours) when the jackknife is applied for different k values. The sample size (N-k) values
are shown on the X-axis, with k from (N-2) to 1. k is the number of observations not used
by the jackknife; N is the total number of observations (16 cows). The automatically
computed sample size is indicated by the vertical series of blue dots
The mean values, standard deviations, range of variability (CV) and sample size for
lying time and number of lying bouts for each focal group are reported in Table 2.

(VWLPDWHVRIO\LQJWLPH KG DQGQXPEHURIO\LQJERXWV QG EDVHGRQ¿YHRUVL[FRZV
per focal group (N – k value for which the variability between the means and standard
GHYLDWLRQV GRHV QRW VLJQL¿FDQWO\ GHFUHDVH ZLWK LQFUHDVLQJ VDPSOH VL]H  SURYLGHG DQ

estimate of the overall means.
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Table 2: Means, standard deviations, range of variability (CV) and sample size1 for daily
O\LQJWLPHDQGQXPEHURIO\LQJERXWVSHUGD\IRUHDFKIRFDOJURXS ¿YH PRQLWRUHG

Focal
Group
1
2
3
4
5

1
2
3
4
5

Lying time (h/d)
mean ± SD
10.94 ± 1.55

9.63







11.32 ± 1.92

11.75
10.5
12.25





9.07 ± 1.94
Lying bout (n/d)
mean ± SD

CV range
&9  

17.35

19.67


CV range
&9  







9.4 ± 2.5
9.5 ± 2.1
11.1 ± 3.7

21.11
14.46
24.61
14.43

30.9
27.56
41.99





Sample Size1
N – k value
5
5
6
5
6
Sample Size
N – k value
7
5
5
6
5

Automatically computed sample sizes (N – k value) were obtained using a resamplingbased procedure (jackknife)

1

'LVFXVVLRQDQGFRQFOXVLRQV

Mitlöhner et al. (2001) showed that estimates of the percentage of time spent lying based
on one to nine animals out of a group of ten were all similar, indicating that one focal

DQLPDOIRUHYHU\WHQZDVVXI¿FLHQWWRHVWLPDWHWKHJURXSPHDQ+RZHYHU&RRNet al.
 VDPSOHGWHQIRFDOFRZVIURPDSHQFRQWDLQLQJDSSUR[LPDWHO\FRZVDQGIRXQG

some differences between behavioural indices calculated from only the focal cows and
the same indices based on all cows. Furthermore, most of the studies that have utilized
automated devices to measure behaviour have sampled focal animals. Ito et al. (2009)
established that 30 cows per farm provided a reasonable sample to detect variations in

O\LQJEHKDYLRXUZLWKDSSUR[LPDWHO\DFFXUDF\EXWWKDWDFFXUDF\GURSSHGWROHVV
WKDQZKHQWKHVDPSOHVL]HGHFUHDVHGWRWHQFRZV
(QGUHVDQG%DUEHUJ  SODFHGDFWLYLW\PRQLWRUVRQWKHOHJVRIDWOHDVWRIWKH

cows in each herd to represent the entire group. Considering all possible combinations

RIFRZVIRUHDFKJURXSPRQLWRUHGZHIRXQGWKDWDVDPSOHRIDWOHDVWVL[FRZV  LV

necessary to provide an accurate estimate of lying behaviour for a group with an average
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size of 15 cows. In the present study, cows differed greatly in terms of lying time and
number of lying bouts both between focal groups and among cows within each focal
group, and it is necessary to sample and select cows to obtain a representative measure of
the herd. The accuracy of focal-group sampling depends upon group size, cohesiveness,
animal activity and management operations, thus potentially introducing biases into
data collection. Several farm conditions contribute to and affect the social behaviour of
a dairy herd, including the type of housing, the number of cows and the space allowance
per cow. These factors largely explain the differences in automatically computed sample
size (N–kYDOXH REWDLQHGIRUWKH¿YHIRFDOJURXSVPRQLWRUHGIRUO\LQJWLPHDQGQXPEHU
of lying bouts. The number of cows in the group, the variability of lying behaviour
among the cows and the different environmental and farm conditions may play a part
in determining the sample size for focal sampling. Furthermore, the different aspects
of lying behaviour (lying time and number of lying bouts) can also affect the sample
VL]HIRUIRFDOVDPSOLQJ*URXSGH¿QLWLRQDQGWKHPHWKRGRIVHOHFWLQJWKHDQLPDOVLQWKH

“focal group” are crucial for valid behavioural sampling. Some authors have limited
their selection to only high-yielding cows or systematically selected the cows based
on the order they entered the milking parlour; other authors have selected the cows by
limited random selection or on the basis of parity, stage of lactation, locomotion score,
and/or health problems.
Regardless of the cause, individual lying behaviours of cows housed together can be
highly variable. In small and non-homogeneous groups, the behaviour of each individual
cow has a greater effect on the total behaviour of the group (in terms of weighting),
whereas in large groups or synchronized subgroups each individual cow has a smaller

HIIHFWRQWKHWRWDOEHKDYLRXURIWKHJURXS7KLVUHODWLRQVKLSZDVFRQ¿UPHGLQWKHUHVXOWV

of this study, where the number of cows required to estimate the behaviour of a focal
JURXSFRQVLVWLQJRQDYHUDJHRIFRZVZDV VL[FRZV ZKHUHDV,WRet al. (2009)
found that for a group of 44 cows, the number of focal animals required to obtain a
UHDVRQDEOHHVWLPDWHRIO\LQJEHKDYLRXUZDVDSSUR[LPDWHO\RIWKHKHUG WHQFRZV 

In conclusion, estimates of the daily lying behaviour of the herd mean can be generated
using continuous recording of at least six focal cows out of 15. The sampling methods
applied to the automated monitoring systems are time- and labour-saving tools that can
EHXVHGWRDVVHVVFRZFRPIRUWDVH[HPSOL¿HGE\O\LQJEHKDYLRXU
$FNQRZOHGJHPHQWV
6SHFLDOWKDQNVJRWRWKHIDUPVIRUWKHLUVLJQL¿FDQWFRQWULEXWLRQVRIFROODERUDWLYHHIIRUW

time and patience to this study. Thanks are also due to Wageningen University, Farm
Technology Group and Institute of Agricultural Engineering, A.R.O., Volcani Center
for supporting this research, and Wageningen UR Livestock Research for providing the
animal activity monitoring sensors.
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