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Relationships among lying and standing behaviour, body condition score
and milk production in primiparous cows
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Giorgio Provolo and Anna Sandrucci

, Maddalena Zucali (®, Luciana Bava (), Elisabetta Riva,

Dipartimento di Scienze Agrarie e Ambientali, Universita degli Studi di Milano, Milano, Italy

ABSTRACT

The aim of this study was to examine the time budgets of 20 lactating primiparous Italian
Holstein cows and to determine the relationships between lying and standing behaviour, milk
production and Body Condition Score in the first stage of lactation. Parturition period ranged
from 15 September to 31 March and in the first seven lactation days all cows were equipped
with individual 3-axes acceleration and angular displacement loggers, throughout 150days for
lying and standing behaviour measuring. Body Condition Scores (BCS) were estimated weekly,
while milk production (in both morning and evening milking) and humidity and temperature air
data were collected daily. Average individual milk yield was 27.3+6.24kg/d and milking time
was 4.95+ 1.94 min. Individual BCS was on average 3.46+0.30 and standing daily time was
13.5+2.26 h/d. Primiparous cows with BCS at parturition <3.25 quite regained BCS after
20 weeks of lactation, but produced on average 2.3kg/d (p<.001) less than the other cows.
Primiparous cows with standing time <14h/d in the first 21days of lactation showed higher
BCS than the others cows (+0.11 on average, p<.001), but did not produce more milk
(+0.1kg/d, p=.25) on average and showed smaller Linear Score (logarithm transformation of
milk somatic cell count) than other cows. Primiparous cows with standing time <14h/d had
higher number of lying bouts and less minutes between two lying bouts, probably due to a
higher cow activity to feeding. Multiple regression on milk production showed a low effect of
standing time, but primiparous cows lost 0.34 kg/d (p < .05) for each standing hour.
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HIGHLIGHTS

e Primiparous cows with standing time <14 h/d in the first 21 days of lactation showed higher
BCS than the others cows

e Primiparous cows with standing time <14 h/d showed smaller somatic cell count

e Primiparous cows lost 0.34 kg/d for each standing hour

Introduction behaviour in free-stall barns is also affected by design
and management factors (DeVries and von Keyserlingk
2005; Fregonesi et al. 2007), social relationships
between animals (Galindo and Broom 2000), health
status of cows (Gomez and Cook 2010), temperature
and humidity index (THI) (Herbut and Angrecka 2018)
and is related to level of milk production (Calamari
et al. 2009). Gomez and Cook (2010) showed that
lameness was associated with an increase in time
standing in the stall and a reduction in the mean

number of lying bouts per day, from 13.2 bouts/d for

Behaviour is commonly used as a sensitive indicator of
(Cook et al. 2005).
Changes in behaviours can reflect health disorders in

animal welfare and comfort
a herd and can be associated with lower production
(Steensels et al. 2012). In particular, lying and standing
behavioural patterns of dairy cows are useful to iden-
tify reproductive and health
(Tolkamp et al. 2010) and are related to level of milk
production (Bewley et al. 2010). Several studies of

status of animals

lying time in cows housed in free-stalls have reported
that, on average, a typical dairy cow spends approxi-
mately 11.0h/d lying down (Ito et al. 2014). Lying

non-lame cows to 10.9 bouts/d for moderately lame
cows. Lying behaviour is also influenced by the stage
of lactation: according to Vasseur et al. (2012) and Ito
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et al. (2014) lying time and lying bout duration
increase with increasing days in milk (DIM). Cows in
early lactation spend more time eating and less time
lying than cows in late lactation (Nielsen et al. 2000).
The automated monitoring of lying behaviour become
recently available can be a powerful management tool
for improving understanding of dairy cow comfort
and welfare especially in large herds. Those automated
systems can help dairy farm management, allowing
identification and even prevention of individual or
herd problems that need attention. Therefore, the cor-
rect interpretation of gathered data can be achieved
only by combined monitoring systems and sensors
able to integrate a wide range of information
(Halachmi 2000).

The Body Condition Score (BCS), as known, provides
a reasonably accurate indicator of a dairy cow’s body
fat content and nutritional status and its monitoring is
considered by animal scientists and farmers as an
important factor for a successful dairy cattle manage-
ment (Roche et al. 2007). The BCS of lactating dairy
cows and its variation is related to several cow-level
factors, including fertility (Pryce et al. 2001), parity
(Roche et al. 2007), and season of calving (Pryce et al.
2001). In addition to the effects of cow-level factors
on BCS, management (herd-level) factors such as
stocking rate (Roche et al. 2007), feeding strategy and
diet type (McCarthy et al. 2007) have also been
reported to affect cow BCS. In particular, BCS at calv-
ing is an important factor that can affect early lacta-
tion Dry Matter Intake (DMI), post-calving BCS loss,
milk yield, cow health and reproductive performance
(Roche et al. 2009). Several studies (Bernabucci et al.
2005; Akbar et al. 2015) reported an optimum BCS at
calving for dairy cows of 3.0 to 3.25 (5-point scale). A
lower calving BCS (<3.0) is related with reduced milk
production and reproduction performances, whereas
cows with calving BCS greater than 3.5 (5-point scale)
will reduce DMI in early lactation and milk production
and will increase risk of metabolic disorders as ketosis
(Roche et al. 2009). Therefore, BCS can be used for
research, farm management, and monitoring of animal
welfare and comfort (Roche et al. 2009).

Early lactation is a sensitive period in the life of a
cow, during which the majority of health problems
occur (Ingvartsen 2006) as a consequence of the inten-
sive post-calving changes at hormonal, metabolic, pro-
ductive and reproductive levels, especially in high
producing breeds. Mainau et al. (2014) found that
behavioural patterns around calving were considerably
modified by parturition and showed a significant par-
ity effect. Primiparous cows, in respect to multiparous
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ones, have lower daily lying times during the first
weeks after calving (Sepulveda-Varas et al. 2014) and a
parity effect was reported by Vasseur et al. (2012) on
lying bout frequency and lying bout length in
early lactation.

Moving from these considerations, an integrated
approach was performed in the present research to
study the multifactor response at milk production and
health in primiparous cows, paying particular attention
to lying and standing behaviour, milk production and
body condition score. The aims of this study were to
investigate and quantify the relationships among BCS,
lying behaviour and milk production in primiparous
dairy cows.

Material and methods
Primiparous cow selection

The entire trial lasted 1year and a total of 20 primipar-
ous cows (age at calving = 2.30+0.22years; BCS at
calving = 3.3+0.257) were selected and included in
the study, at calving, gradually during the trial.
Parturition period ranged from the beginning of
September to the end of March. For each cow, the
monitoring period started from the first days after
calving and lasted approximately 280days for milk
production and BCS, and 150days (22 weeks) for
behaviour monitoring.

Housing and farm characteristics

Data were collected at the experimental farm A.
Menozzi (Landriano, Italy; 45°19'16.5”N, 9°15'56.4"E) of
the University of Milan. At the beginning of the study,
the herd included 72 lactating Italian Holstein cows
(parity = 24+1.2; DIM = 229+119; milk yield =
24,0+ 6.0kg/d on average), but just 20 primiparous
were selected for the trial. Cows were housed in a
free-stall pen in a loose-housing layout with a total of
130 cubicles with rubber mats and 106 feeding places,
split in two boxes (early lactation and late lactation
cows). A total mixed ration (TMR) was delivered once
daily, at approximately 10:00 a.m. Cows had ad libitum
access to six water troughs and were fed the TMR
consisting, on average, of 33.6% maize silage, 18.5%
high moisture ear corn, 12.5% commercial mixed con-
centrate, 8.4% soybean meal, 6.7% maize meal, 6.2%
alfalfa hay, 5.4% cotton seeds, 4.7% grass hay, 2.6%
molasses, and 1.6% mineral supplement, on dry mat-
ter. Cows were milked 2 times daily at approximately
08:30 a.m. and 09:00 p.m.
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Behavioural and environmental data

Lying behaviour patterns of all 20 primiparous cows
were automatically recorded using individual 3-axes
acceleration and angular displacement loggers (HOBO
Pendant G Data Loggers - Onset Computer
Corporation, Pocasset, MA). During the first seven lac-
tation days after calving, cows were equipped with
the individual data loggers throughout 150days.
These devices measured leg orientation at 1-min inter-
val and allowed all the lying and standing behaviour
data to be collected electronically (Mattachini et al.
2013). The devices were attached to the lateral side of
the right hind leg of each cow by using plastic tough
leg bands in a position such that the x-axis of the
data logger was perpendicular to the ground. The
degree of vertical tilt of the x- and z-axis was used to
determine the lying and standing behaviour of the
animal (Mattachini et al. 2013). Data collected by the
data loggers were used to calculate lying and standing
times (h/d), lying bout frequency (n bout/d) and lying
bout length (min/bout) for each cow and each day.

Four data loggers were used to continuously meas-
ure the air temperature and relative humidity (HOBO
U12 Temp/RH/Light/External Data Logger, Onset
Computer Corporation, Bourne, MA, USA) during 1-
year trial. The data loggers were placed in four differ-
ent locations (2 in the resting area and 2 in feeding
area) at a height of about 2m above the floor. The
recording interval for microclimatic data was set at
30 min. From the data registered by each data logger,
the Temperature-Humidity Index (THI) was calculated
using the following equation:

THI=Tdb + 036 xTdp + 41.2

where Tdb is the dry bulb temperature in °C, and Tdp
is the dew point temperature in °C (Yousef 1985). An
average THI was determined from the THI of the four
different locations in the barn.

BCS monitoring

Weekly, following the morning milking (at approxi-
mately 10:00 a.m.), individual BCS of each cow was
estimated separately by both two trained observers
throughout the entire study, and an average BCS was
calculated from the two values. The BCS observers
were trained at the start of the experiment following
the method developed by Ferguson et al. (1994),
based entirely upon visual assessment using a 1-5
scale with 0.25 intervals. The BCS were recorded while
cows were head-locked at the feed bunk.

Milk production and feed intake

Cows were milked twice a day and individual milk
yield of each milking was automatically recorded
(DeLaval ALPRO™, DeLaval, Sweden) during the entire
trial. Individual fat and protein percentage and som-
atic cell counts (SCC) were obtained from the data-
base of AIA (Italian Breeders’ Association) for each
cows every month during the study. SCC were con-
verted to Linear Scores (LS) by the following equation
(Wiggans and Shook 1987):

Linear Score = log,(SCC/12500)

The average amount of feed offered (kg/cow as
fed) to the 20 primiparous cows was recorded
automatically each day by a conventional feeder-
mixer wagon. The DMI was estimated by
subtracting the weekly average DM weight of the
orts from the DM weight of the feed delivered by the
feeder-mixer wagon, by DM content analysis of orts
and delivered, every week for all the duration of
the trial.

Statistical analysis

The data of milk production and quality of 20 prim-
iparous cows were included from the first days after
calving to 40 weeks of lactation. Weekly basis descrip-
tive statistics (mean, SD, minimum and maximum)
were used to characterise the distribution of the fol-
lowing dependent variables: milk yield (kg/d), milk fat
(%), milk protein (%), LS, BCS, THI, DMI (kg/d) and
percentage of forage (% of diet DM). Daily behav-
ioural patterns were processed by original data, and
standing and lying time (h/d), frequency of lying
bouts (n/d), and mean duration of lying bouts (min/
d) was calculated for each day of observation. Data
were then averaged over 7-d observation period
(week basis).

In the statistical analysis, 20 cows were divided into
two homogeneous groups on the basis of BCS at par-
turition (3.0 to 3.25 or >3.25, respectively), and into
two homogeneous groups on the basis of individual
daily standing time in the first 21 DIM (<14 or >14h/
d, respectively), in order to have five cows for each of
four subgroups. No cow had BCS <3.0 at calving. In
order to study the effect of parturition season, we div-
ided the 20 cows into two groups: 10 cows that
calved between October and December (‘autumn’
period), and 10 cows that calved between January
and March (‘winter’ period).

Daily cow standing time and BCS at parturition
effects were included as fixed effect on milk



production and lying behaviour, in a mixed model
(SAS 9.4, SAS Institute Inc., Cary, NC) as:

Yijkl =u+ Si + BCSJ + PSk+ S BCSU‘ + S % PSy
+ BCS PSjk + S*BCS * PSijk + €j

where Yj=dependent variables (milk yield, milk fat
and protein, Linear Score, BCS, lying bout, lying hour,
lying hour on left and lying hour on right); 1= general
mean; S; = effect of standing time in the first 21 d of
lactation (i=1-2); BCS; = effect of BCS at parturition
(j=1-2); PS, = effect of parturition season (k=1-2);
S*BCS;;, S*PSi, BCS™PSj, S*BCS*PSyc = interaction
effects; ey = residual error.

A principal component analysis was performed
(PROC PRINCOMP, SAS 9.4, SAS Institute Inc., Cary, NC)
on the most important variables (milk yield, DIM, milk
fat and protein, Linear Score, BCS, lying bout, lying
hour, lying hour on left and lying hour on right, THI)
to study their multiple correlation. A consequent mul-
tiple regression analysis was computed (PROC REG,
SAS 9.4, SAS Institute Inc., Cary, NC) to study the rela-
tionship between milk yield (as dependent variable)
and other independent variables (DIM, milk fat and
protein, Linear Score, BCS, lying bout, lying hour, lying
hour on left and lying hour on right, THI).

Results and discussion

As reported in Table 1, average individual milk yield
was 27.3%6.24kg/d (50.5% in the morning milking)
and individual milking duration was 4.95*1.94min
(data not shown). Milk fat was on average
3.96 £0.53%, milk protein 3.34+0.32%, Linear Score
2.45+1.47. Individual BCS was on average 3.46 +0.30.

Average stall temperature was 15.8+6.99°C, aver-
age stall relative humidity was 75.6+11.9%, and aver-
age THI was 60.3+8.73. Average individual DMI was
25.2+1.16 kg/d with a forage percentage on diet DM
of 45.2+2.14% (data not shown).

Table 1. Descriptive statistics (averaged on week basis) for
milk yield (kg/d), milk fat, milk protein, Linear Score, body
condition score (BCS), temperature humidity index (THI) and
group dry matter intake (DMI) (Number of cows = 20).

N Mean SD Minimum Maximum
Milk yield, kg/d" 789 273 6.24 107 440
Milk fat, % 540 3.96 0.53 291 5.00
Milk protein, % 622 3.34 0.32 2.03 4.00
Linear Score 654 245 1.47 0 7.64
BCS? 538 3.46 0.30 2.75 4.00
THI 740 603 8.73 435 749
DMI, kg/db 600 25.2 1.16 19.9 27.4

®Mean values of individual weekly average.

PMean values of weekly average.

THI: Temperature Humidity Index (calculated as Yousef 1985); DMI: Dry
Matter Intake (calculated as individual kg/d).
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Standing and lying behaviour

Descriptive statistics for the standing and lying behav-
iour are provided in Table 2. Median, skewness and
kurtosis are showed, because of no perfect normal dis-
tribution of data.

Standing time lasted on average 13.5h/d. In the
first 21 d of lactation mean time of standing was
16.0 £ 2.26 h/d (data not shown). In particular, 10 cows
showed a mean time <14h/d in the first 21 DIM and
10 cows had a mean standing time of >14h/d (data
not shown).

By most standards (NFACC 2009), the 10.5+2.26 h/
d of lying found in all trial of this study represent an
inadequate amount, although considerable deviation
exists in recommendations for lying time. Studies on
lying time in cows housed in free-stalls have reported
average lying times ranging from 11.4 to 13.7h/d
(Cook et al. 2005). Bewley et al. (2010) obtained aver-
age daily hours standing of 12.6 £2.0h/d. A minimum
lying time of 12h/d is recommended under the
Canadian Code of Practice for Dairy Cattle (NFACC
2009). Jensen et al. (2005) conducted a demand
experiment and concluded that heifers had a no
changed demand for 12-13 h/d of lying time.

Descriptive statistics showed that cows spent more
time lying down during the ‘morning’ between 00.00
a.m. and 11.59 a.m. than during the ‘evening’ between
00.00 p.m. and 11.59 p.m. This is also highlighted by
Figure 1, which shows that between 00.00 and
approximately 8.00 in the morning, most cows are
lying down. After this hour, the milking and feeding
activities prevealed in the herd (10.00 a.m. is the time
of feed distribution). As expected, two hours after the
end of the milking most of cows were lying. In the
second part of the day, after 00.00 p.m. the same
trend was observed between 09.00 p.m. and 11.00,
due to milking time. Then, the feed pushing operation
increase the number of cows standing. From Figure 1,
it can also be noticed that the behaviour patterns dif-
fer according to the DIM. Cows in the first two weeks

Table 2. Daily mean® values (averaged on week basis) for
standing and lying behaviour patterns (standing time, lying
time, lying bout frequency, lying bout duration). (Number of
cows = 20, Number of total observations = 432).

Mean Median SD  CV°

Skewness  Kurtosis

Standing, h/d 135 13.3 226 16.8 0.47 1.26
Lying, h/d 10.5 10.7 226 215 —0.47 1.26
Lying on left, h/d 481 482 245 509 0.24 0.08

Lying on right, h/d 572 586 253 443 0.03 0.10
Number of bout, n/d  8.76 8.57 3.58 40.9 0.43 1.13
Lying bout duration ~ 88.1 82.8 37.1 42.1 1.35 295

*Mean values of individual weekly average.
bCV: Coefficient of Variation (Standard Deviation/mean).
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Figure 1. Daily lying behaviour pattern in three different stages of lactation (0-14 DIM, 42-56 DIM, 98-112 DIM). DIM: days in milk.

after calving show a lower lying time during all the
day and a slower reaction to events (for example it
takes more time to reach the peak of lying
after milking).

The number of lying bouts in this study (8.76 +3.58,
Table 2) was lower to those reported in other studies
where the range of variation was between 10.7 and
11.9 bouts/d (Blackie et al. 2006; Endres and Barberg
2007; Bewley et al. 2010). Lying bout duration was on
average 88.2+37.1 min (Table 2). Both number of lying
bouts and their average duration were higher in the
morning than in the evening. The short overall lying
time and the low number of lying bouts can be
related to first parity (in this study, all cows were prim-
iparous), as Westin et al. (2016) reported a mean of
daily lying time of 11.4h/d lying down, with a lying
bout frequency of 9.5 bouts/d and a median bout dur-
ation of 71 min. The authors observed increased lying
time associated with increased parity, later stage of
lactation and higher BCS. Older cows (parity >3) spent
about 0.5h/d more lying down compared with prim-
iparous cows, and cows with BCS >3.5 lay down on
average 1h/d longer than cows with BCS <2.25.

Regarding lying laterality, in this study the primipar-
ous cows spent 4.81+245h/d in right lying and
5.72+2.53 h/d in left lying (+19% on right lying) (data
not shown). Tucker et al. (2009) reported that on aver-
age cows do not have preference for lying side,
spending 51% and 49% of their total lying time per
day on the left and right side, respectively, with some
individual marked preferences. However, Forsberg
et al. (2008) found that cows in later stages of

pregnancy tend to lie down more on the left side
because the foetus is located mainly on the right side.

Body condition score

As showed in Figures 2 and 3, BCS of primiparous
cows decreased in the first weeks after calving and
then increased again.

Cows with BCS at calving >3.25 (Figure 2) lost BCS
after parturition, reaching the minimum of 3.25 at
7 weeks of lactation; after that their BCS increased
again regularly until 40 weeks of lactation. They have
significantly higher BCS in throughout the whole lacta-
tion than the other cows (Table 3). On the contrary,
primiparous cows with BCS at parturition <3.25 lost
less BCS in the first 3 weeks of lactation (minimum of
3.0) and then regained, but less than the other cows.
They produced on average 2.3kg/d (p <.001) less milk
than the group of high BCS cows.

Primiparous cows with standing time in the first 21
DIM <14 h/d (Figure 3 and Table 3) showed higher BCS
than the other cows (+0.11 on average, p<.001, not
showed in table), but did not produce more milk
(+0.1 kg/d, p=0.25) and showed lower Linear Score than
other cows. Moreover, primiparous cows with standing
time <14h/d had higher number of lying bouts during
the day and lower lying bout length. Westin et al. (2016)
observed that, on average, thin cows (BCS <2.25) lay
down 1h/d less than cows with high BCS (>3.5). Bewley
et al. (2010) also observed a trend of increasing lying
times with increasing BCS although it was not significant.
This may be due to the lack of cushioning (lower body
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Figure 2. Milk production and Body condition score (BCS) for group of cows with BCS at parturition (<3.25 or >3.25) during the
first 40 weeks of lactation.
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Figure 3. Milk production and Body condition score (BCS) for group of cows with daily time standing in the first 21 days of lacta-
tion (<14 or >14h/d) during the first 40 weeks of lactation.

fat) when the thin cows are lying on hard surfaces. more displacements from lying stalls (Fregonesi et al.
Additionally, social competition can increase variation in ~ 2007), causing a reduced lying time for low-ranking indi-
lying behaviour, with subordinate cows experiencing viduals (Galindo and Broom 2000).
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Table 3. Body condition score (BCS) at parturition and daily cow standing time effects on milk production and lying behaviour

(Least Square means) (Number of cows = 20).

» <3.25 >3.25 Probability
BCS parturition
Standing <14h/d >14h/d <14h/d >14h/d SEM Standing (S) BCS part. (B) S*B
Milk yield, kg/d 24.5 27.1 28.6 28.6 0.46 0.008 0.0001 0.005
Milk fat, % 3.80 4.01 3.96 3.95 0.05 0.042 0.295 0.020
Milk Protein, % 333 3.41 3.21 3.35 0.03 0.0001 0.0001 0.293
Linear Score 2.13 2.84 2.03 252 0.12 0.0001 0.075 0.344
BCS 347 340 3.54 3.45 0.03 0.008 0.035 0.624
Lying bout, n/d 9.61 5.68 10.53 7.94 0.35 0.0001 0.0001 0.057
Lying, h/d 1.4 9.4 1.1 10.0 0.22 0.000 0.387 0.056
Lying on left, h/d 5.81 3.82 7.23 4.40 0.21 0.0001 0.0001 0.052
Lying on right, h/d 5.57 5.55 3.91 5.59 0.24 0.001 0.001 0.0001
20 2
e Standing duration - Standing <14 h/d
vy . A ® Standing duration - Standing >14 h/d 2
* ol ® Number of bout - Standing <14 h/d
16 @, 21
i ® Number of bout - Standing >14 h/d
®
1 ® ® --’........ -.,_'.. ry 19
® “vo.... @ 0., . 0.0 0. °. . 8.
= e, | lee*® &, o) '°.‘~ o _..-' ‘9
2 oo ._‘. ..._...'°- ...........-.'.. ......... 5
g 1 ® e’ por T o @ ® 17 g
: <
@ 2
;_,E 10 15 S
é 8 13 2
n
6 11
4 9
7
i
7 0 1 2 3 4 5 6 7 8 ] 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 ’

week of lactation

Figure 4. Standing time (h/d) and number of bouts (n/d) by group of cows differing for the daily time standing (<14 or >14h/
d) in the first 21 days of lactation, during the first 22 weeks of lactation.

Effects of DIM on standing or lying behaviour

In Figures 4 and 5, it is showed the effect of DIM on
standing time and number of bouts for primiparous
cows in different standing time in the first 21 DIM
(Figure 4) or different BCS at parturition (Figure 5).
The standing time decreased in the first 10-12 weeks
of lactation, particularly for the primiparous with high
average standing time (>14h/d), no differences for
cows with different BCS at calving. The number of
bouts are different particularly for the primiparous
with high average standing time (>14h/d). Bewley
et al. (2010) demonstrated that DIM was a significant

predictor (P=0.05) of mean daily hours lying. Similar
results were reported by Chaplin and Munksgaard
(2001). Cows in early lactation may be spending more
time eating, and consequently less time lying down,
to meet the nutritional needs of higher milk produc-
tion in early lactation.

Multiple  regression
nent analysis

Table 4 shows the most significant parameters (inde-
pendent variables) on milk production. Model R?> was
0.432, but the Linear Score parameter explain a partial

and principal compo-
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Figure 5. Standing time (h/d) and number of bouts (n/d) for group with Body condition score (BCS) at parturition (<3.25 or

>3.25) during the first 22 weeks of lactation.

Table 4. Multiple regression on individual milk production (kg/d).

Variable Parameter SE FValue Pr>F Partial > Model R?
Intercept 35.28 497 5039 <0.0001

Linear Score —242 0.27 80.14 <0.0001 0.319 0.319
BCS 5.48 1.05 27.05 <0.0001 0.055 0.374
Milk protein —4.63 0.97 2272 <0.0001 0.045 0.419
Standing time —0.34 0.14 6.06 0.0145 0.013 0.432

Not significant discarded variables were: milk fat, DMI, lying, bout num-
bers, bout duration.
BCS: Body condition score; DMI: Dry Matter Intake.

r* as 0.319. Standing time showed a low but signifi-
cant effect (* as 0.013) on milk production, with a
milk loss of 0.34kg/d for each standing hour.

A Principal Component Analysis (Figure 6) was per-
formed on the most important parameters: the first 3
component explained the 70.3% of variability, and the
first 2 components explained the 55.9% of variability.
The Figure 6 shows the high relationship between
milk production, lying, BCS, stage of lactation and THI.
Number of bouts are in negative relationship with
lying and particularly with bout duration. The negative
relationship between right and left lying is explainable
by the compensation between the alternative possibil-
ity to lying on the right side or in the left side. On the
contrary it is not clear the positive relationship
between right lying and THI or milk production.

Conclusions

Behaviour of dairy cows is now easy to be monitoring,
because many precision dairy management technolo-
gies provide tremendous opportunities for improve-
ments in individual animal management on dairy
farms. The automatic systems for data collection can
help dairy farm management and productivity, report-
ing individual problems that need care and attention.
Continuous automated monitoring over 24-h period of
behavioural patterns, integrated with other data col-
lected by the herd management system (as milking
pattern, body weight and condition) can support the
early warning capability of the herd management sys-
tem improving detection of health disorders and
reducing time for detection, increasing the efficiency
of the livestock, particularly for the first weeks
of lactation.

Primiparous cows are more sensitive of the first
transition period, and it is more important monitoring
these cows. In this study, the primiparous cows with
BCS at parturition <3.25 produced on average less
than the primiparous cows with BCS at parturition
>3.25. On the contrary, the primiparous cows with
standing time <14 h/d in the first 21 days of lactation
showed higher BCS than the cows with standing time
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Figure 6. Component Pattern for principal component analysis (PCA).

>14h/d, but did not produce more milk and showed
smaller Linear Score than other cows. Moreover, prim-
iparous cows with standing time <14h/d had higher
number of lying bouts and less minutes between two
lying bouts, probably due to a higher cow activity to
feeding. Standing time decreased in the first
10-12weeks of lactation and showed a significant
effect on milk production, with a milk loss of 0.34kg/d
for each standing hour.

From the results obtained, it is clear that the use of
continuous monitoring data requires a dynamic adapta-
tion of the model to interpret correctly the data and
avoid misleading information. For example, the lying
time of a primiparous cow can vary significantly during
the lactation and might be affected also by several other
environmental parameters like THI and cubicle character-
istics. Therefore, the assessment of this value should be
based on a suitable model combining different parame-
ters. The results obtained confirm that the lying and
standing behaviour and the BCS should be considered
as relevant parameters as they affect the milk produc-
tion. However, it will be necessary to improve the auto-
matic monitoring behaviour in order to have a more
detailed description of the activities of a cow, including

drinking and eating and to develop suitable equipment
for automatic recording of BCS in a herd. The research
and development action in this direction are already
ongoing, but more experimental data are required to
obtain adequate models. Infact, in a routine and auto-
mated recording approach of precision farming manage-
ment, many factors can influence cow production and
behaviour and it seems essential to study decision sup-
port tools to predict problems and to improve manage-
ment decisions in dairy farms.
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