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Abstract

Conventional dairy farming practices usually involve the early separation of calves from their dams.
Cow-calf contact (CCC) systems may offer an alternative rearing solution that allows for the
expression of natural behaviours, such as suckling and bonding. However, the effects of such
systems on rest and lying behaviours of lactating cows are relatively unstudied. Cows are highly
motivated to lie down, and a reduction in daily rest may have negative consequences for overall
welfare. Thus, the aims of this study were: (1) to assess the effects of a CCC system on lying
behaviours in lactating dairy cows, and (2) to determine if cubicle use of treatment dams and calves
changes throughout the rearing period. Cow-calf pairs (n=37) were assigned 1 of 2 treatments after
calving: dam-rearing (TREATMENT), where calves would be housed in the same facility as their
dams, or separation shortly after parturition (CONTROL). Only TREATMENT cows had access to
a modified lying area in which full CCC was available. Daily lying time — as well as the duration
and frequency of lying bouts — was collected for cows automatically using leg-mounted tri-axial
accelerometers (IceQube, IceRobotics, Edinburgh, UK). Video recordings were also collected and
used to perform scan sampling at 10-minute intervals for a 24-h period each week. Behavioural data
was collected during 14 weeks, starting when all cow-calf pairs had entered the experimental pen
and continuing until weaning began. Access to full cow-calf contact did not affect lying behaviour.
Overall, daily lying time and lying bout duration increased with consecutive time periods, while the
frequency of lying bouts decreased. TREATMENT cows were observed to spend 76.6 + 29.2% of
their total lying time within the contact area across all weeks. These results combined indicate that
lying behaviour in CCC systems is influenced by factors other than cow-calf contact, which cows
are motivated to maintain throughout the rearing period.

Keywords: Cow-calf contact system, dairy cattle, lying behaviour, welfare
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1. Introduction

Under natural or semi-natural conditions, cows preparing to give birth will separate
themselves from the herd and find a dry, sheltered place to use as a nesting site
(Lidfors et al. 1994). In the first few days following birth, the calf will remain
hidden in bushes or other tall vegetation while the mother grazes nearby (Vitale et
al. 1986; Bouissou et al. 2001). During this time, a maternal-filial bond will begin
to form through the engagement of licking and teat-seeking or suckling behaviours
(Edwards & Broom 1982; Lidfors et al. 1994; von Keyserlingk & Weary 2007).
The dam will rejoin the herd after a few days (Bouissou et al. 2001) and, quite
quickly, the dynamic shifts from dam-initiated contact-seeking behaviours to the
majority of social behaviours being initiated by the calf (Jensen 2011). The amount
of time spent daily on suckling behaviours decreases as the calf grows older and
ends altogether after weaning, a process that has been shown in semi-wild Zebu
cattle to occur between 8-12 months of age (Reinhardt & Reinhardt 1981).

Conventional dairy farming practices the separation of cow and calf immediately
after birth, thereafter raising the calf either in isolation or with conspecifics.
Reasons cited for early separation are often related to economics and calf health, as
milk intake and disease transmission can be more easily controlled in artificial
rearing settings (Flower & Weary 2001). However, there are both production and
welfare benefits to keeping dams and calves together. Delayed separation has been
shown to result in higher calf growth rates (Grgndahl et al. 2007; Roth et al. 2009)
and lower instances of abnormal behaviour (i.e., cross-suckling, tongue-rolling)
(Margerison et al. 1999; Froberg & Lidfors 2009; Roth et al. 2009). As a result,
new housing systems have been developed that facilitate contact between dams and
calves. These systems, known as dam-calf or cow-calf contact (CCC) systems,
provide increased opportunities for cows and calves to express natural behaviours
(as reviewed by de Oliveira et al. 2020). Within these housing systems, cow-calf
pairs are housed together with either free or restricted contact, allowing for the
development of a maternal-filial bond and natural suckling behaviours (Johnsen et
al. 2016).

Previous research on alternative calf rearing systems has been largely focussed
on calf behaviours and production measures, including pre- and post-weaning
growth rates, separation stress response and cross-suckling or social behaviours (Le
Neindre 1989; Johnsen et al. 2016; de Oliveira et al. 2020). To date, there has been

10



limited exploration on the potential effects of cow-calf contact systems on the cow,
other than the amount of milk delivered to the milk tank. For example, very little is
known about important rest-related behaviours in cows, such as the daily amount
of time spent lying down. Lying time is a particularly important activity to monitor,
as acute decreases in this behaviour may lead to impaired health and physiological
functioning. Johnsen et al. (2021) recently evaluated the lying behaviours of both
cows and calves in a CCC system, but the small sample size (8 cow-calf pairs in
total) and lack of behavioural measures on control cows renders the study to be
considered a pilot for further ethological research.

Lying behaviour is an important measure of cow health and comfort. As such,
animal legislation and guidelines sometimes include outlines for ‘healthy’ resting
times, with the implication that a failure to meet these recommendations may result
in reduced welfare. For example, the Canadian Code of Practice advises that cows
achieve daily lying times of at least 12 h/d (National Farm Animal Care Council,
2009). Many on-farm welfare assessments also utilize observations of lying
behaviours to calculate estimates of stall use, such as the cow comfort index (Ito et
al. 2009). This index represents the proportion of all cows within stalls that are fully
lying down at a given point in time (Nelson 1996; Ito et al. 2009). However, this
measure is based on a single estimation and — despite being widely used — has been
shown to have little or no association with behavioural measures, including daily
lying time as well as the frequency and duration of lying bouts performed (Ito et al.
2009).

Behavioural measures of rest may be used as indicators of underlying health
issues; therefore, it is important to monitor individual variation (Weary et al. 2009).
There is unfortunately a current lack information relating to lying patterns and
behaviours in CCC systems. It is possible that cows may be forced to alter these
behaviours when adapting to the added contact time with calves. Thus, the primary
aim of this experiment was to determine how access to a cow-calf contact area
affects the lying behaviours of lactating dairy cows. Additionally, the study aimed
to explore how cubicle use and lying patterns of treatment dams and calves change
throughout the rearing period.

11



2. Literature Review

2.1. Importance of rest for dairy cow welfare

In 1997, the concept of animal welfare as a trio of overlapping ethical concerns was
first proposed, suggesting that quality of life can be determined by measuring the
extent to which an animal is able to (1) live a natural life, (2) function well
physiologically, and (3) maintain a positive affective state (Fraser et al. 1997; von
Keyserlingk et al. 2009). It thus follows that certain natural behaviours are essential
to an animal’s welfare, which when prevented from being performed may result in
poor biological functioning and behaviours suggestive of a negative affective state
(i.e., stereotypies). The extent to which an ethological need may affect welfare is
often dependent on the motivational strength to perform the behaviour(s) (Jensen
& Pedersen 2008). It is often thought that animals are willing to work harder for
access to resources that are essential for their well-being (Patterson-Kane et al.
2008). The following sections will explore the function of rest as a behavioural
need, as well as the consequences of failing to adequately fulfill this need.

2.1.1. Lying down as a behavioural need

The relative importance of a particular resource to an animal can be quantified by
its willingness to work for that resource (Munksgaard et al. 2005). To measure this
motivation, animal ethologists often utilize techniques related to the economic
concepts of elasticity of demand and income elasticity (Mason et al. 1998). The
demand elasticity of a resource — in this case, the ability to perform lying behaviours
— is usually measured using operant conditioning techniques, where access to a
resource is offered at an increasing cost (Jensen & Pedersen 2008). This method
allows for the creation of a behavioural demand function; the slope of the function
represents the demand — or price — elasticity, and the area under the function can be
used to calculate the maximum price paid to access a resource (Jensen & Pedersen
2008). This entire theory works on the idea that demand for a resource can be
inelastic (even as the price of that resource rises, the demand stays constant) or
elastic (Matthews & Ladewig 1994). Behavioural resources for which the demand
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Is inelastic are said to be necessities (Mason et al. 1998). Limiting the ability to
access these resources can thus act negatively on overall welfare.

To date, a total of 3 studies have utilized the economic theory of demand
elasticity in an attempt to quantify the motivation of dairy cows to rest (Jensen et
al. 2004, 2005; Tucker et al. 2018). In all cases, cows were — to a certain extent —
deprived of rest for a fixed period of time each day. Jensen et al. (2004, 2005)
explored various aspects associated with the demand function for rest by training
dairy heifers to press a panel in order to access the ability to lie down. In an initial
set of experiments, heifers were tested under two different levels of rest deprivation,
as well as controlled rest reward lengths of 10, 15 or 20 minutes (Jensen et al. 2004).
Lying was prevented in all cases by means of a simple girth strap. Researchers
found that the demand function with the longest reward period (20 minutes) had the
lowest elasticity, meaning the cows were highly motivated to access these rest
periods regardless of cost. Elasticity was also lower after longer lengths of rest
deprivation. Further experiments tested heifers under a larger variation of reward
durations, eventually leading to the conclusion that 50 minutes appears to be the
most valid measure of the demand for lying (Jensen et al. 2005). While prescribing
a fixed reward unit may pose limits on the external validity of the results (Mason et
al. 1998) (i.e., applicability of results to situations beyond the scope of the study),
longer reward periods come with a higher risk for interruption of the resting
behaviour (Jensen et al. 2005). Ultimately, researchers determined that heifers have
an inelastic demand of 12-13 hours of rest per day, and will work towards earning
enough rest time (in the form of 50 min rewards) to maintain this (Jensen et al.
2005).

In a slightly alternative approach to the demand elasticity theory, Tucker et al.
(2018) used a pneumatic push gate to measure the motivation of lactating cows to
lie down. This approach presents animals with an “entrance fee”, which the animal
must “pay” by pushing on a weighted gate to gain access to a resource — in this
case, a deep-bedded lying area. Experimental results determined that cows are
highly motivated to access a deep-bedded pack, especially when deprived of rest
for 4 hours. In fact, the true extent of their motivation may be unknown; 5 of the 16
cows tested reached the maximum pressure allowed by the gate, therefore
potentially underestimating their motivation.

An economic measure that is closely related to the elasticity of demand is income
elasticity. Rather than manipulating the price of the resource, as was just
demonstrated, income elasticity is measured by instead controlling the income
received (Mason et al. 1998). This technique usually involves the manipulation of
an animal’s total time budget and measuring the relative changes in the activities
performed (Munksgaard et al. 2005). The idea is that when presented with a
constricted time budget, animals will prioritize certain activities or behaviours over
others (Munksgaard et al. 2005).
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In what was perhaps the first study to attempt to quantify the relative importance
of lying to other activities (i.e., feeding), Metz (1985) prevented a group of 20
freestall-housed cows from accessing a lying area for 3 hours each day, restricting
them instead to an alleyway containing feed, water and a brush. Compared to
control weeks, cows increased their lying time significantly during the 3 hours
immediately following deprivation. In a second experiment, Metz (1985)
simultaneously deprived cows from both feeding and lying down, and found that
cows prioritized lying over eating once access to both resources was reobtained.
More recently, researchers attempted to measure the priority of rest relative to
feeding and socializing behaviours, both of which are well-known to be of
importance to dairy cows (Munksgaard et al. 2005). Lactating cows were given
controlled access to a pen containing the opportunities to feed, lie down and
socialize with conspecifics. Cows had access to the pen for 23, 15 or 12 hours per
day, with the remainder of each day spent in tie-stalls and deprived of feed and
social contact, as well as rest via girth straps attached to ceiling rafters. As access
time to the resource pen decreased, cows — both in early and late lactation — spent
an increasing proportion of time lying down, to the extent that some of the cows
lost weight due to reduced feed intake. However, the study may not have presented
the cows with a true “closed economy” scenario; cows, while deprived of social
contact with other cows in a physical and visual sense, still had olfactory and
auditory contact with conspecifics during the deprivation periods. Dwarf goats,
another gregarious species, have been observed to display more behavioural
indications of emotional distress and frustration when subjected to complete
isolation rather than partial isolation, where both acoustic and olfactory contact
were accessible (Siebert et al. 2011). It may be that the cows were able to gain some
degree of social satisfaction during the deprivation period, possibly to the extent
that their relative motivation to access social contact in the pen decreased
(Munksgaard et al. 2005).

Overall, these studies all contribute to the idea that lying down is a behaviour
that cows are highly motivated to perform, especially after a period of deprivation.
In commercial settings, this may translate to the time spent waiting to be milked.
Nonetheless, rest is a clear ethological need for dairy cows, one which producers
are responsible for ensuring their animals have the ability to fulfil within their
respective management systems.

2.1.2. Effects of reduced lying time

When dairy cows are unable to satisfy their motivation to lie down, their overall
welfare may be negatively affected. A deprivation of sufficient lying time can lead
to various adverse behavioural and physiological changes, as well as an increased
risk for disease.
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Effects on behaviour

Experimental rest deprivation has been shown to result in a variety of behavioural
responses. Munksgaard and Simonson (1996) first scored the behavioural effects of
depriving a group of mid-lactation cows from lying down for 14 h/d. They found
throughout the experiment, which lasted a total of 8 weeks, cows deprived of lying
performed acts of oral manipulation and leaning at a greater frequency and duration
than control cows. These behaviours are stereotypic and may indicate that the
animals are experiencing some degree of frustration or stress (Broom 1983).
Similarly, young bulls experiencing the same level of deprivation, but for a slightly
longer period (10 weeks), were also shown to perform higher rates of oral
manipulation (Munksgaard et al. 1999). In both cases, animals were subjected to
levels of deprivation likely not experienced in commercial settings. However, even
short periods of deprivation (i.e., 2 or 4 hours) can result in an increase in leg
stomping, repositioning, weight shifting and head swinging — all of which are
behaviours thought to be indicative of discomfort, frustration and/or tiredness
(Cooper et al. 2007, 2008).

Effects on limb and hoof health

The relationship between lying time and lameness is complicated; a reduction in
the time spent lying down will, of course, result in increased time spent standing,
which is a known risk factor for lameness. Modern dairy housing systems often use
hard flooring substrates, such as concrete, due to their affordability and resistance
to wear (Telezhenko & Bergsten 2005). However, the use of hard flooring surfaces
can increase the risk for developing lameness-causing diseases, including white-
line disease, digital dermatitis and sole ulcers (Bergsten 2001; Somers et al. 2003).

A cow that is lame will also alter her lying behaviours. High lying times are
therefore not to be interpreted as a definitive indication of better welfare. Due to
the difficulties in differentiating a change in lying time as being causal or
consequential of lameness, many studies simply report potential associations
between lying time and an increased risk of lameness (i.e., Ito et al. 2010).

A limited number of studies have attempted to test the direct effects of lying
deprivation on hoof health, with varied results. Leonard et al. (1996) housed
primiparous cows at a stocking density of 200 % for a 4-month period after calving.
While claw health deteriorated for all cows, those with the shortest average daily
lying times displayed higher claw haemorrhage scores than cows receiving more
rest. The study also reported a significant negative correlation between foot lesion
score at 4 months post-calving and lying behaviour in the month prior. In contrast,
Ouweltjes et al. (2011) observed heifers for sole hemorrhages 1 and 6 weeks
post-restriction and found no differences from control cows. However, the animals
in this case were only deprived of lying for 6 hours each day and were able to
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compensate by altering their time budgets. This, in combination with the relatively
short restriction period (8 weeks), may explain the results.

Effects on physiological functioning

There is some evidence to suggest that insufficient rest — or potentially a combined
deprivation of lying and sleep — may induce some physiological responses in cows
and increase the risk for nutritionally-related disorders. The hypothalamic-
pituitary-adrenal (HPA) axis is responsible for regulating the release of hormones
—such as cortisol — in response to stress (Brown & Vosloo 2017). Exactly how the
HPA axis responds to lying deprivation in cows is unclear, as the experimental
results are quite varied. Young bulls forced to stand for 14 h/d displayed an
increased cortisol response to injections of adrenocorticotropic hormone (ACTH),
the hormone responsible for cortisol regulation (Munksgaard et al. 1999).
Meanwhile, lactating cows subject to 8 weeks of an identical forced standing
treatment presented no notable changes in the HPA axis (Munksgaard & Simonsen
1996). It remains unclear as to what extent — if at all — lying deprivation influences
the physiological stress response in cattle, despite clear behavioural indicators of
stress.

Another potential consequence of rest deprivation in cattle may be a reduction
in sleep. The effects of sleep deprivation are well documented in humans; a lack of
sufficient sleep can have severe consequences on overall health and cognitive
functioning (reviewed by Alvarez & Ayas 2004). In contrast, there exists very little
research on sleep —and a lack of it —in cattle. Cows are known spend approximately
4 hours per 24 hours in either non-rapid eye movement (NREM) and rapid eye
movement (REM) sleep states (Ruckebusch 1972), divided into short intervals of
3-5 minutes (Ternman et al. 2012). The remainder of each day is spent either fully
awake or in a state of wakefulness known as drowsing (Ruckebusch 1972). This
large difference in sleeping patterns — as well as the various documented effects of
lying deprivation — leads to the belief that sleep in cows may not serve the same
purpose as in humans. To date, a single study exists that has attempted to observe
both the separate and combined effects of sleep and lying deprivation in dairy cows
(Kull et al. 2019). Twelve mid-to-late lactation cows were subjected 1 of 2
treatments in a crossover design: a 24-hour lying deprivation period, or 24 hours of
sleep deprivation. Since cows are thought to be unable to perform REM sleep while
standing (Ruckebusch 1974), the forced standing treatment was essentially a
combined deprivation of both lying and REM sleep. Cows deprived of lying down
exhibited a slight decrease in milk production in the days immediately following
deprivation (Kull et al. 2019). Additionally, these cows displayed higher levels of
TNF and IL1B cytokines expressed by whole-blood leukocytes, a known
physiological response indicating inflammation (Proudfoot et al. 2021). It is
possible that these physiological changes may instead — or in part — be an effect of
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forced standing for 24 hours. It should also be noted that these results may only be
applicable to mid-to-late lactation cows. Further research is thus necessary in order
to draw any conclusions regarding the effects of sleep deprivation in cows.

Cows that are unable to obtain sufficient rest may also be at a higher risk for
nutritionally-related disorders, such as ruminal acidosis. Rumination occurs
predominantly while cows are lying down (Albright 1993) and plays an important
role in the remastication and reswallowing of food particles — processes through
which saliva is produced (Beauchemin 1991). Saliva aids in buffering the volatile
fatty acids in the rumen, thus preventing the pH from dropping too low
(Beauchemin 1991). Cows that are prevented from lying down for an extended
period of time (i.e., 2-4 hours) may decrease their total daily rumination time and
instead spend more time standing without ruminating (Cooper et al. 2007, 2008).
This may increase the risk for developing subacute ruminal acidosis, a condition
with serious health and production consequences (Plaizier et al. 2008). Admittedly,
examination of rumination activity in dry cows with regards to lying time has been
unsuccessful in finding a correlation between the two measures (Schirmann et al.
2012). It is therefore currently unknown how short lying times may affect ruminal
changes in other bovine demographics, including cows in different stages of
lactation.

2.2. Factors that may affect lying behaviours

When offered the opportunity, cows have been shown to lie down 12-13 hours per
day (Jensen et al. 2005). However, the levels of rest actually achieved in
commercial settings is highly variable, both within herds and between farms (lIto et
al. 2009; Gomez & Cook 2010; Charlton et al. 2014). Lying behaviours — including
daily lying time, as well as the frequency and duration of individual lying bouts —
have been associated with a vast variety of different animal- and management-
based factors. Some of these factors can be controlled by producers (i.e., choice of
stall bedding), while others, such as a cow’s stage of lactation, can only be taken
into consideration. The following sections will review some of the most common
factors that have been experimentally linked to changes in lying behaviours.

2.2.1. Cow-level factors

Various aspects of a cow’s current state can play a role in influencing their
individual rest patterns. Dairy cows will alter their lying behaviours in response to
sickness and changes in reproductive hormone levels. Furthermore, cows of
different ages and stages of lactation may also differ in their behaviours.
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Disease and injury

Animals are known to alter certain behaviours in response to sickness and pain
(Weary et al. 2009). As such, behavioural changes are sometimes used as indicative
measures to identify ill individuals (Weary et al. 2009). Extensive research has been
conducted attempting to link changes in lying behaviours with an increased risk for
lameness or mastitis. Therefore, these two maladies will be the focus of this review,
specifically with regards to their interactions with lying time and lying bout
characteristics in dairy cows.

As previously mentioned, the relationship between lying behaviour and
lameness is complex; yet, it is generally agreed upon that lame cows will spend
more time lying down than non-lame cows (Chapinal et al. 2009; Ito et al. 2010;
Blackie et al. 2011; Westin et al. 2016). One epidemiological study collected data
from 28 dairy farms through Western Canada, and reported that high lying times
(>14.5 h/d) and long lying bouts (>90 min/bout) were associated with increased
odds of a cow being severely lame (Ito et al. 2010). Similarly, Westin et al. (2016)
assessed cows across 36 AMS farms and found associations of clinical lameness
with longer daily lying times and fewer, but longer, lying bouts. Blackie et al.
(2011) studied lying behaviours in chronically lame cows (lame for 3 consecutive
months) and observed a 2.1 hour increase in daily lying time compared to nonlame
COWS.

However, a few studies have reported contradictory results. Galindo and Broom
(2000) found a significant association between increased daily standing times and
cows diagnosed with lameness or hoof lesions, suggesting that these cows were
lying down less than healthy cows. Cook et al. (2004) selected focal cows from 12
different freestall herds and observed that moderately lame cows had lower daily
lying times than nonlame cows. It should be noted that an extremely small sample
of moderately lame cows (n=10) was used in this anaylsis, and thus the average
lying time projected may not be representative of cows with that particular lameness
score. Lying time is highly variable between individuals and previous estimates
have suggested that a minimum of 30 cows are necessary to obtain accurate herd
estimates (Ito et al. 2009). A third study observed equal numbers of lame and
nonlame from 10 different freestall farms and discovered no difference in daily
lying time or the daily frequency of lying bouts (Yunta et al. 2012). Lame cows did,
however, perform significantly longer lying bouts than nonlame cows — a similar
finding to those of Westin et al. (2016) and Ito et al. (2010). The inconsistent results
depicted in these three studies are possibly due to interactions of one or more cow-
or herd-level factors with lameness — a phenomenon that may thereafter have
influenced the lying behaviours of lame cows. Furthermore, lameness was primarily
diagnosed by locomotion scoring without identification of what factors may have
caused the disease. Although not experimentally confirmed, it is possible that lame
cows may behaviour differently depending on the causation for the condition. These

18



inconsistencies, in addition to the high degree of individual variation and lack of a
threshold for defining lameness, provide arguments against utilizing lying
behaviour as a sole indicator for detecting lameness (Ito et al. 2010).

Mastitis is another major disease common in dairy cows, known to negatively
affect welfare and productivity. Research, while slightly more limited, is suggestive
of cows responding behaviourally to mastitis in a manner that is opposite to what
has typically been reported for lameness. Cows with induced acute (Siivonen et al.
2011) or naturally-occuring mastitis (Medrano-Galarza et al. 2012) spend less time
lying down per day than control cows. While these findings are opposite to typical
mammalian sickness behaviour — where rest is usually increased — the reduced lying
times may be due to the cows having increasingly swollen udders (Siivonen et al.
2011). Mastitic cows may therefore find lying down to be painful as a result of the
increased pressure. Regardless, associations of lying behaviour and mastitis, as well
as other types of infections, have not been well studied. As such, lying behaviours
should not currently be considered in the diagnosis or risk assessment of infectious
diseases such as mastitis.

Estrus

Estrus — also known as standing estrus or standing heat — is characterized
behaviourally in cows by increased levels of restlessness and activity, and can range
from 7-18 hours in length (Diskin & Sreenan 2000). The intensity of displayed
estrus behaviours, such as mounting, can be influenced by management factors,
including flooring surface or stocking density (Diskin & Sreenan 2000). Therefore,
the extent to which estrus influences rest may depend on these factors as well.

Numerous studies have illustrated clear associations between reproductive state
and daily lying time. Cows in heat perform fewer (but not shorter) lying bouts,
resulting in significant decreases in daily lying time compared to when not in estrus
(Dolecheck et al. 2015; Silper et al. 2017). Heifers respond similarly to estrus;
Silper et al. (2015) reported a 35% increase in standing time when heifers were in
heat, translating to an almost 5 hour difference in daily lying time. More recently,
a study compared the lying behaviours of cows either in behavioural or silent estrus,
the latter of which is characterized by a lack of behavioural signs (Zebari et al.
2018). Cows in behavioural estrus decreased their daily lying time by
approximately 3 hours compared to measures taken 3 days before or after the
reproductive event. However, silent estrus events did not elicit any changes in lying
time or the number of lying bouts performed.

It is clear that estrus events must be taken into consideration when studying
activity patterns or time budgets in open cows.
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Stage of lactation

Lying time has repeatedly been shown to be associated with the stage of lactation
— also referred to as the number of days in milk (DIM) — a cow is in. Large-scale
studies of freestall-housed dairy herds have generally reported that the average
daily lying time increased with lactation stage (Bewley et al. 2010; Gomez & Cook
2010; Ito et al. 2014; Solano et al. 2016; Westin et al. 2016). Recent findings from
Maselyne et al. (2017) suggest that this relationship between lying time and DIM
Is non-linear. Lying data collected from 200 cows across 4 Danish freestall farms
showed that while lying time does increase from early to late lactation, it first
decreases from the very start of lactation until approximately 28 DIM (Maselyne et
al. 2017). However, lying times reported in the first 10 DIM were still significantly
lower than those in a late stage of lactation (265 DIM), which could explain the
seemingly linear findings of other large-scale association studies.

Lying behaviours within different stages of lactation have also been observed
experimentally. Chaplin and Munksgaard (2001) found that in a 21.5-hour period,
tethered cows in early lactation (< 100 DIM) spent significantly less time lying
down than late lactation (> 200 DIM) or dry cows. Another study examined the
lying behaviours of both tethered and freestall-housed cows in 3 different stages of
lactation (Vasseur et al. 2012). Daily lying time was shown to increase with
lactation stage in both housing systems. Vasseur et al. (2012) also noted an effect
of DIM on the frequency and duration of lying bouts, although the extent of this
influence was further dependent on parity.

Multiple explanations have been brought forth in attempts to explain the reduced
lying time in early lactation. One suggestion is that cows in early lactation
experience greater levels of discomfort while lying due to increased udder pressure,
and that this distension decreases as cows progress through lactation (Vasseur et al.
2012). Alternatively, cows in early lactation may be spending more time eating to
meet the demands of high milk production and, as a result, be spending less time
on rest (Bewley et al. 2010). Regardless of why this difference occurs, lactation
stage should be considered when designing or analyzing experiments related to
lying behaviours.

Parity

Similar to findings on lactation stage, herd-level studies of freestall-housed cows
have found increased daily lying times to be associated with an increase in parity
(Solano et al. 2016; Westin et al. 2016). Short-term observational studies of lying
behaviours in primi- and multiparous cows have reported slightly more varied
results. Grazing cows observed in the first 3 weeks following calving displayed
slight differences between the two parity classes, with multiparous cows lying down
approximately 1 hour more per day than primiparous cows (Sepulveda-Varas et al.
2014). In contrast, Neave et al. (2017) found no differences in lying time between
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freestall-housed primi- and multiparous cows, also having examined a 3-week post-
calving period.

While the effects of parity on daily lying time are not entirely clear, there is a
substantial amount of evidence suggesting differences in the length and frequency
of lying bouts performed by primiparous and multiparous cows. Particularly in
early lactation, primiparous cows have been shown to lie down more frequently
than older cows, but for shorter durations of time (Vasseur et al. 2012; Sepulveda-
Varas et al. 2014; Solano et al. 2016; Neave et al. 2017). A plausible explanation
for this difference in lying behaviours is that primiparous cows may be experiencing
higher levels of stress (Solano et al. 2016). This stress may be the result of various
changes related to calving for the first time, such as the forced introduction into a
novel social environment. The initial increased frequency of transitions from
standing to lying seen in primiparous cows may be a reflection of restlessness
(Solano et al. 2016). As lactation progresses, lying bouts become longer and less
frequent, perhaps representing a gradual adaptation to the new environment
(Vasseur et al. 2012). Lying behaviours in primiparous may also be influenced by
more socially dominant individuals, as age has previously been correlated with
social dominance in dairy cows (Beilharz & Zeeb 1982). Depending on the stocking
density, there may have been high levels of competition to access lying space.
However, as dominance has been shown to be resource-dependent (Val-Laillet et
al. 2008), age alone cannot define submissiveness. Ultimately, there is a lack of
knowledge regarding the social dynamics of stall use, and thus this explanation for
the lying behaviours observed in primiparous cows can neither be confirmed nor
rejected.

2.2.2. Management-based factors

Lying behaviour in herds of dairy cows can be influenced by any number of
individual and interacting factors related to housing or management. Therefore, this
section will focus on a selection of factors that have been extensively studied in
relation to rest behaviours, including housing and milking system, stocking density
and stall design and management. For the purpose of this review, housing system
and stall design will be considered management-related factors rather than
environmental factors, as the choices relating to designing either are ultimately a
management decision.

Housing and milking system

Cows in conventional freestall housing systems spend between 10 and 12 hours per
day lying down, as estimated in a previous literature review (Tucker et al. 2021).
This is similar to average lying times reported for cows housed in tie-stalls (\VVasseur
et al. 2012) and in outwintering pad systems (O’Driscoll et al. 2009). However, this
assessment was drawn from a number of large-scale studies that estimated herd
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lying times across as many as 141 different farms. In reality, the between-farm
variation exhibits a much greater range. For example, Ito et al. (2009) assessed
lactating cow on 43 different freestall farms and reported a between-farm variation
in lying time of 9.5 to 12.5 h/d. This means that some farms were achieving herd
rest averages that were lower than recommended lying times. Furthermore, this
indicates that housing system alone (i.e., freestall, tiestall) does not influence lying
behaviours; instead, there are likely a large number of management and cow-level
factors that influence the amount of rest cows are able to obtain.

Within the results of herd-level studies examining freestall housing systems, no
obvious differences in lying time can be noted between farms that use milking
parlours (Ito et al. 2009, 2014; Gomez & Cook 2010; Charlton et al. 2014; Solano
et al. 2016) and those with automatic milking systems (AMS) (Deming et al. 2013;
Helmreich et al. 2014; Westin et al. 2016; King et al. 2017). The possible effects of
different milking systems have also been tested experimentally, with slightly
varying results. Lexer et al. (2009) housed similarly-composed groups of cows in
freestall barns equipped with either a herringbone parlour or a single automatic
milking robot, and found no difference in the daily proportion of time spent lying
down. Comparatively, in a separate study, Spolders et al. (2004) collected hourly
lying estimates for an extended period of time (110 days) and observed that cows
housed in parlour systems were lying down for a greater daily proportion compared
to automatically milked cows. Furthermore, within AMS herds, whether cow traffic
is forced, semi-forced or free does not appear to have an effect on the time cows
spend resting each day (Hermans et al. 2003; Munksgaard et al. 2011).

Stocking density

Overstocking is often practiced as a means of increasing overall farm profitability
(Krawczel & Lee 2019). As many as 60 % of North American freestall dairy
producers maintain stocking densities greater than 100 %, meaning that they house
more cows in a pen then there are available stalls (von Keyserlingk et al. 2012).
While some herd-level studies have reported a lack of association between stocking
density and lying times (Charlton et al. 2014; King et al. 2017), experimental
manipulation of stocking density has garnered evidence that suggests an association
does exist. Various studies have explored the effects of increasing the stocking
density for a short period of time (i.e., 1-2 weeks) on daily lying time, particularly
in systems utilizing milking parlours. Compared to a density of 100 % (1 cow per
stall), cows housed at a 150 % stocking density show decreases in daily lying time
of 1.2-1.7 hours (Fregonesi et al. 2007a; Winckler et al. 2015). Other studies have
also reported significant decreases in lying time at densities of 131 % and 142 %,
although the differences were not quite as large (0.5-0.9 h/day) (Hill et al. 2009;
Krawczel et al. 2012).
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More recently, a similar experimental approach was applied to freestall-housed
cows with automatic milking (Witaifi et al. 2018). It was initially predicted that
overstocking may have less of an effect on overstocked AMS-housed cattle, as their
lying behaviours are likely less synchronous than that of parlour-milked cows
(Witaifi et al. 2018). Yet, cows housed at a density of 150 % were still observed to
spend less time lying down than those kept at densities of 120 % or 100 %. It is
clear that stocking cows at densities greater than 1 cow per stall may negatively
influence the daily amount of rest they are able to obtain, thus potentially
outweighing the monetary profit gained from maintaining a higher overall milk
production.

Stall design and management

Lying time is often considered to be a direct measure of cow comfort (Haley et al.
2000). The particular combination of material components utilized in freestalls —
including the stall base and bedding type — will determine the level of comfort, thus
directly influencing the daily lying time of freestall-housed cattle (McPherson &
Vasseur 2020). Cows have been shown to have higher lying times in stalls that
utilize soft rubber mats or mattresses as their base, as opposed to a concrete base
(Haley et al. 2000; Rushen et al. 2007; Norring et al. 2010).

The bedding material used to cover the stall base can also play an influential role
in cattle resting behaviour. However, out of the materials most often experimentally
tested (straw, sand, sawdust and wood shavings), no one substrate has been
determined to consistently result in increased lying times. Instead, cows have been
shown to display a tendency for higher resting times when housed in soft, deep-
bedded stalls, regardless of substrate (Tucker et al. 2003; Ito et al. 2014; Solano et
al. 2016). A cross-sectional study of 40 different freestall farms across northeastern
United States reported that herds housed in deep-bedded stalls had average daily
lying times that were approximately 0.8 hours higher than in herds utilizing other
types of bedding (Ito et al. 2014).

Researchers have also attempted to quantify the relative preferences of cows for
various bedding substrates. Through a series of free-choice and restriction phases,
Tucker et al. (2003) discovered that dry cows spent significantly less time lying
down on mattresses covered with a thin layer of sawdust than on deep-bedded
sawdust or sand stalls. In a separate study, Manninen et al. (2002) reported a clear
preference for deep-bedded straw and lightly bedded rubber mats over deep-bedded
sand stalls. In any case, cow preferences are likely to be influenced by prior
experience (Duncan 1992). This has been shown to be true, particularly with sand
bedding (Manninen et al. 2002; Tucker et al. 2003; Norring et al. 2010); cows that
had not previously experienced sand bedding displayed visible reductions in their
daily lying times when restricted to sand-bedded stalls.
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Two additional factors that may influence daily lying time are the quantity and
quality of the bedding used. Due to the high costs associated with bedding materials
such as straw or wood shavings, the quantity of bedding utilized in freestalls is often
kept to a minimum (McPherson & Vasseur 2020). Canadian freestall farms that bed
their stalls at a depth of 2 cm or greater tend to have higher daily lying times than
farms that use less bedding (Solano et al. 2016). Cows have also been
experimentally tested on different depths of bedding material. Tucker et al. (2009)
housed lactating cows with straw or shavings at a series of different depths and
found that lying time increased as the amount of bedding increased. For every
additional kilogram of straw or shavings, cows increased their daily lying time by
12 minutes and 3 minutes, respectively. Another study subjected cows to a variety
of sand depths, noting that for every 1 cm decrease in depth, cows reduced their
daily resting time by 11 minutes (Drissler et al. 2005).

Additionally, the cleanliness of a bedding substrate is crucial in upholding high
levels of cow comfort and health. Poor stall management may lead to bedding
becoming wet or soiled. Stalls bedded with wet (as opposed to dry) sawdust have
been shown to result in rest decreases of up to 5 h/d (Fregonesi et al. 2007b).
Instead, cows increased the amount of time spent standing half or fully in the stalls.
Similarly, Chen et al. (2017) depicted a clear decrease in daily lying time as the
muddiness of the designated lying area increased. In this case, dry cows decreased
the frequency of lying bouts performed and instead increased the proportion of time
they spent lying or standing on a concrete pad. The consequences of prolonged
standing on hard flooring substrates, such as concrete, have previously been
described as potentially contributing to an increased risk for lameness (see section
2.1.2).

Ultimately, it appears that dairy cows are able to achieve the highest lying times
when offered stalls that are bedded with a soft, dry substrate. Moreover, caution
should be maintained when making changes to bedding substrate, as novel materials
may result in significant decreases in lying time.
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3. Materials and Methods

This study was conducted at the Swedish University of Agricultural Sciences’
Swedish Livestock Research Centre (Ldvsta lantbruksforskning) in Uppsala,
Sweden from Sept 2020 to Jan 2021 as part of a larger research project. All
procedures outlined were approved by the regional ethics committee (ID-No:
5.8.18-18138/2019).

3.1. Animals and treatments

A total of 40 multi- (n=19) and primiparous (n =21) cows were used in this
experiment. All cows in the herd that calved within the time frame of Sep 1 and Oct
15, 2020 were eligible for inclusion. Upon calving, cow-calf pairs were assigned 1
of 2 treatments: dam-rearing (TREATMENT), where calves would be housed in
the same facility as their dams, or separation shortly after parturition (CONTROL).
Treatment groups were balanced for calf age and gender, such as that every other
heifer calf or bull calf born was separated following parturition. Dam breed
(Swedish Holstein (SH), n = 15; Swedish Red (SR), n = 25) and parity were also
considered during treatment allocation as 2nd and 3rd tier criteria. On average,
cows were a parity of 2 (x 1) and produced 2726 (+ 1057) kg of milk in the first
100 days after first entering the experimental pen. CONTROL calf housing and
management will not be described in further detail, as they are not relevant to the
aims of this study.

The experimental period began once the last cow-calf pair entered the pen and
lasted for a total of 14 weeks, after which calves were weaned and consequentially
removed from the experimental pen. Calves were an average 24 (+ 12) days old
when observations began. During the study, 1 calf was euthanized due to severe
lameness, 1 cow died following treatment for E. coli mastitis and another cow was
removed after being diagnosed with mastitis. The final number of cow-calf pairs
available for statistical analysis was 37 (19 TREATMENT and 18 CONTROL).
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3.2. Experimental facility and management

Cows were housed in an insulated building with freestalls and automatic milking.
The experimental pen was divided into 4 distinct areas: the feed alley, the automatic
milking system and two lying areas that differed in the degree of cow-calf contact.
Cow traffic through the pen was partly managed with the use of an automatic
selection gate (DeLaval smart selection gate SSG, DeLaval International AB,
Tumba, Sweden), operating a Feed First™ system (DeLaval International AB,
Tumba, Sweden). Upon exiting the feeding alley, cows entered the selection gate
and were sorted in one of three directions, depending on treatment and milking
permission status. Cows that were due to be milked were sent into a holding pen,
which led to an automatic milking robot (DeLaval VMS™ Classic, DelLaval
International AB, Tumba, Sweden). Milking permission was granted 6 hours
following the previous milking session. TREATMENT cows were otherwise
directed forwards to the CCC area, while CONTROL cows were sent to the general
lying area. The maximum number of cows housed within the pen at any given point
was 58, although this number was often lower.

The CCC area was accessible by both calves and TREATMENT cows and
contained a total of 24 freestalls. In this area, dams had full, unrestricted access to
their calves, as well as controlled access to 2 concentrate feeding stations (DeLaval
feed station FSC400, DelLaval International AB, Tumba, Sweden). Calves also had
access to a separate calf creep: a 73.2 m? deep-bedded wood-shavings area that ran
the entire length of the pen. Roughage and water were available ad libitum to calves
within the creep. Access to the creep was limited to calves by way of horizontally
placed wooden boards. Cows were able to exit the contact area through a pair of
spring-loaded one-way gates (FeedSelect, GEA Farm Technologies GmbH, Bonen,
Germany), which led directly to the general lying area.

The general lying area consisted of 38 stalls, distributed unevenly across 4 rows.
Two of these rows lined a center alley that ran adjacent to the feed alley, while the
remaining rows of stalls were situated in an alley alongside the calf creep. As such,
cows could access visual, auditory and olfactory contact with the calves from this
area; physical contact was, however, largely restricted due to the placement of
wooden beams at multiple heights. Cows in the general lying area also had access
to concentrate via 2 concentrate feeding stations. From the lying area, cows could
access the feed alley through 1 of 2 different one-way gates.

In the feed alley, cows had free access to 7 water cups, 20 individual forage bins
(CRFI, BioControl AS, Rakkestad, Norway) and 2 swinging brushes (DeLaval
SCB, DelLaval International AB, Tumba, Sweden). Fresh feed — a specially
formulated TMR — was delivered to the bins 5 times per day via a rail-suspended
distribution wagon (DeLaval FS1600, DeLaval International AB, Tumba, Sweden).
The only way for cows to exit the feed alley was to enter the automatic selection
gate, thus maintaining circularity of cow traffic within the housing system.
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Flooring throughout the alleyways encompassing the lying areas was grooved
concrete, while the feed alley was equipped with rubber mats. The holding pen
leading to the AMS was the only area containing rubber slatted flooring. Manure
was removed using automatic scrapers, which ran through the feed alley once every
30 minutes, and through all alleys encompassing the general lying area once per
hour. In the contact area, the scraper was initially run manually during day hours to
minimize the risk of injury to young calves. On Nov 11, the scraper was set to start
running automatically during the day while still being turned off at night. From Nov
23 onwards, manure scraping in the contact area was conducted automatically
during both day and night hours.

Stalls were bedded with rubber mats and a layer of sawdust, which was topped
up 4 times per day by use of a rail-suspended shavings dispenser (JH miniStrg
COW, MAFA i Angelholm AB, Angelholm, Sweden). Stalls in the contact area
received 3 additional distributions of sawdust throughout the day.

3.3. Collection of data

3.3.1. Behavioural observations

A total of 8 fisheye cameras (Samsung SNF-8010VM, Samsung Techwin Co., Ltd.,
Seoul, South Korea) were used to continuously monitor the experimental areas
throughout the duration of the study. All cameras were mounted to provide an
overhead view, with 4 placed over both the calf creep and cow-calf contact area.
Additionally, 2 cameras were positioned over the general lying areas, one
overlooking the VMS holding pen and selection gate passageway, while the final
camera was placed above the feed alley. Video recordings were later viewed using
the program BackupViewer (v2 1.4.6_M190708).

Each TREATMENT cow was marked with a unique symbol on her sides and
back using blue (KRUUSE Marking Spray, Jergen Kruuse A/S, Langeskov,
Denmark) or yellow (RAIDEX Animal Marking Spray, RAIDEX GmbH,
Dettingen an der Erms, Germany) animal-safe paint to facilitate identification of
individuals. Markings were refreshed every week (+ 1 day). Scan sampling was
performed at 10-minute intervals for a 24-h period each week using the video
recordings, starting at 0000 h and ending at 2350 h. During each scan, the IDs of
all cows lying down in stalls that were located within the contact area were
recorded. Cows in the process of lying down or getting up (i.e., not in a fully
horizontal position) were not included. The number of stalls occupied by resting
calves was also logged at each scan.
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3.3.2. Lying behaviours

All experimental cows were equipped with leg-mounted tri-axial accelerometers
(IceQube, IceRobotics, Edinburgh, UK) which automatically recorded the time
spent lying (min), as well as the frequency and length of individual lying bouts.
Once every week, data was manually downloaded from each cow using an
IceReader (IceRobotics, Edinburgh, UK) and laptop containing the IceManager
program (IceRobotics, Edinburgh, UK).

3.4. Statistical analysis

All data analysis was carried out using SAS OnDemand for Academics (v. 3.1.0,
SAS Institute Inc., Cary, NC). Prior to analysis, IceQube data was manually
transformed into .csv files using the IceManager program. Daily summaries were
obtained for lying time (min/d), lying bout duration (min/bout) and lying bout
frequency (bouts/d) using the SUMMARY procedure in SAS. For lying bout
duration data, outliers were removed to correct for the overlap in bouts between
days. Each lying behaviour was then averaged weekly across a 3-day period, based
on previous research that suggests this is the minimum observation time necessary
to attain an accurate estimate (Ito et al. 2009). Means composed of fewer than 3
complete days of data were not included in the final dataset. Lactation weeks were
calculated for cows using their calving dates (Table 1); observations with a lactation
week less than 1 were removed from the dataset. Furthermore, all observations
during which a cow was in estrus were removed. Experimental weeks were then
grouped into 1 of 3 time periods: early (wk 1-5), peak (wk 6-9) or post-peak
(wk 10-14). This was done so as to be able to analyze and compare the lying
behaviours during distinct periods throughout the trial, each of which corresponds
to a stage of lactation. Parity data was used to classify cows either as being
primiparous (parity =1) or multiparous (parity > 1). Finally, one cow was
temporarily moved to a sick pen while undergoing treatment for mastitis;
observations occurring during this time period were subsequently removed. The
final dataset consisted of 376 observations and was checked for normality using the
UNIVARIATE procedure of SAS.

Each of the three lying behaviours were analyzed as continuous dependent
variables using the MIXED procedure, with individual cow identity included as a
repeated measure. Breed (SH and SR), parity (primi- and multiparous), treatment
(TREATMENT and CONTROL) and experimental time period (early, peak and
post-peak) were included as fixed effects in each model. Lactation week was
ultimately not included due to the confounding effect on time period. As it was
assumed that the measures of each individual cow across time were correlated, a
first-order autoregressive covariance structure was specified in the model. To test
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for differences within treatment or time period, additional models were run where
either variable was removed from the fixed effects and instead used to create a data
subset through input of a WHERE statement. Differences in LSMeans were
adjusted using the Tukey-Kramer option within the MIXED procedure.

Observational data collected via the video recordings was summarized to obtain
the daily frequency of lying events for each treatment cow. This data was then
combined with the 1-day mean lying data corresponding to the observation dates,
and thereafter used to calculate the average weekly proportion of time spent lying
down within the cow-calf contact area. A MIXED procedure was used to test the
fixed effects of breed, parity and time period on the daily frequency of lying events.
Cow identity was specified as a repeated measure and the covariance structure
stated to be autoregressive.

Calf stall use data, also collected via video recordings, was averaged per hour
and fitted into a simple MIXED procedure to test the fixed effects of hour and
experimental week on the number of stalls occupied by calves within the contact
area. Observational cow data was used to calculate corresponding cow stall use,
which was thereafter averaged per hour and plotted against hourly stall use by
calves for visual comparison. Estrus events were not removed for this comparison
of stall occupancy.

Within this study, significant differences were declared when P < 0.05, and
results presents as LSMeans + SEM or mean(SD) if not else stated.

Table 1. Mean ( SD) lactation weeks of cows during either of the 3 experimental periods. The week
following and including a calving event was referred to as lactation week 0. Data is based on the
final cleaned dataset.

Time Period TREAMTENT CONTROL
Early 5.0 (2.3) 5.4 (2.3)
Peak 9.8(2.2) 10.1 (2.2)
Post-peak 13.9 (1.9) 14.2 (2.1)
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4. Results

4.1. Lying behaviour

There was no overall effect of treatment on daily lying time (F1,337 =0.97, P =0.33),
the frequency of lying bouts (Fi337 = 0.17, P = 0.68) or lying bout duration
(F1,337=10.00, P = 0.97).

4.1.1. Daily lying time

Cows spent on average 11.6(1.9) h/d lying down throughout the experiment,
regardless of treatment. No further treatment differences were found within any of
the experimental time periods (Table 2). Moreover, neither parity (F1,337 = 0.79,
P =0.37) nor breed (F1,337 = 2.17, P = 0.14) were significant in the model. However,
lying time increased significantly with time period for all cows (F2337 = 43.14,
P <0.01). The post-hoc analysis showed that TREATMENT cows increased their
lying time by approximately 1.3 h/d from the early to post-peak period in the
experiment (SE = 0.21, P <0.01), while CONTROL cows saw a similar increase
of approximately 1.4 h/d (SE = 0.21, P < 0.01).

4.1.2. Frequency of lying bouts

No overall effects were found of either parity (Fi337 = 2.82, P = 0.09) or breed
(F1337 = 2.48, P = 0.12) on the frequency of lying bouts. In contrast, the number of
daily lying bouts performed decreased over time (F2,337 = 8.17, P <0.01). However,
post-hoc analysis revealed no significant differences in bout frequency between
time periods for TREATMENT cows. For CONTROL cows, lying bout frequency
in the early period was significantly higher when compared to the peak (P = 0.01)
or post-peak (P < 0.01) periods, but no difference was evident between peak and
post-peak (P =0.74).

Additionally, no treatment differences were evident within time periods. Within
the peak period of the study, there was a tendency for multiparous cows to perform
slightly more lying bouts each day than younger cows, but this difference did not
reach significance (P = 0.07).
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Table 2. Lying behaviours of cows during each of the 3 experimental periods. Data are presented as LSMeans + S.E.M.

TREATMENT CONTROL

Early Peak Post-peak P-value Early Peak Post-peak P-value

Lying time (h/d) 10.9 + 0.22 11,5+ 0.3 12.2£0.2¢ <0.001 11.3+1.0° 12.0 + 1.0° 12.7 £ 1.0° <0.001

tgﬂ?st?n‘:rn%'ggt) 495+ 2.4 53.3 + 2.4° 58.9 + 2.3 <0.001 46.7 £ 4.5° 54.2 + 4.6 50.9 + 4.5¢ <0.001
Frequency of lying 1, g, g 149108 13.70.8 0.058 16,5+ 2.7 152+ 2.7 14.9 + 2.7 0.001

bouts (no./d)

abcMeans within rows and treatments with different letters differ (P < 0.05).
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4.1.3. Duration of lying bouts

There was a significant effect of time on the overall duration of lying bouts
(F2,337=41.40, P <0.01). For both TREATMENT and CONTROL cows, lying bout
length increased significantly with progressing time periods.

Breed was not found to have a significant effect on the length of lying bouts
(Fi337 = 2.42, P = 0.12). Conversely, lying bout duration was found to have an
overall weak interaction with parity (Fi33s7 = 4.69, P = 0.03); multiparous cows
tended to have longer lying bouts than primiparous cows. This effect was also
evident within treatment groups, but only for TREATMENT cows (P < 0.01), as
well as within the earliest time period (P = 0.01).

4.2. Lying time within contact area

TREATMENT cows spent on average 76.6(29.2) % of their total lying time within
the cow-calf contact area (Figure 1). The proportion of lying time in this area did
not differ throughout the experiment (F2,200 = 0.50, P = 0.61). Parity did not have
an overall effect on the proportional lying time (F1,209 = 0.35, P = 0.56), while breed
was found to have a significant influence (F1,200 = 5.08, P = 0.03). Overall, SH cows
spent proportionately more time lying down in the CCC area than SR cows. Post-
hoc analysis of means revealed higher lying times within the contact area for SH
dams only in the peak (P = 0.02) and post-peak (P < 0.01) experimental periods.
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Figure 1. Mean proportion of total lying time spent in the cow-calf contact area during
each of the experimental periods.
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4.3. Stall use by calves

Across all weeks, calves occupied approximately 6.1(2.2) stalls at any given hour
within the cow-calf contact area. The occupancy rate was found to be dependent
both on week (Fi3200 = 11.42, P < 0.01) and hour (F23299 = 3.78, P < 0.01). No
obvious pattern of stall use was evident across experimental weeks, despite
significant differences between various weeks (Figure 2). In a 24-h period, calves
tended to occupy the fewest stalls between 0400 h and 0600h, while consistently
reaching a maximum stall occupancy rate between approximately 1300h and
1500h. Average stall use by calves was lower at hours where a cows occupied a
higher percentage of stalls (Figure 3).
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Figure 3. Mean number of stalls occupied by calves (n=19) across all experimental weeks.
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Figure 2. Mean number of stalls occupied by calves (n=19) and cows (n=19) within the
contact area each hour throughout a 24-h period. Cow data was summed in 10-min
intervals and avereraged per hour. All data is averaged across a period of 14 consecutive
weeks.
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5. Discussion

This study is believed to be the first to directly compare the lying behaviours of
cows housed in a CCC system, with and without their calves. Daily lying time was
not affected by treatment; cows with access to full contact with calves maintained
similar levels of rest as cows without. The average lying times in this study were
comparable to those previously reported for freestall-housed herds with automatic
milking (Deming et al. 2013; Westin et al. 2016; King et al. 2017). Similar lying
times were reported by Johnsen et al. (2021) for dams housed in a CCC system with
either free or partially-controlled access to calves. However, the cow-calf contact
area in their system did not contain any stalls. Moreover, the small sample size
(4 cow-calf pairs per access treatment) and lack of true controls renders it difficult
to further compare the results to our own.

Similar to the lack of treatment difference for resting times seen in our study,
Margerison et al. (1999) reported no difference in lying time within a 24-h period
for cows with and without restricted calf contact. The contact in this case was in the
form of 15-minute suckling periods prior to each milking session; thus, cows were
likely able to compensate this reduction in time by altering their time budgets. A
similar explanation is perhaps possible for the cows within our own study. Cattle
are known to prioritize lying over other activities (i.e., feeding, socializing) when
time constraints are implemented, and will increase the relative proportion of time
dedicated to lying in order to maintain adequate levels of rest (Metz 1985;
Munksgaard et al. 2005). In our study, TREATMENT cows were likely
experiencing time budget reductions due to their participation in cow-calf
interactions, such as suckling. At 10 weeks of age, calves with full, unrestricted
access to their dams have been shown to spend approximately 13 minutes per 4
hours suckling (Roth et al. 2009). It is possible the cows in our study may have
adjusted the time spent on other activities in order to attain sufficient rest. However,
without close analysis of the daily time budgets for cows within a CCC system, this
explanatory theory cannot be confirmed.

Cows increased their daily lying time by as much as 1.4 h/d from the start to the
end of the 14-week period. As this effect was visible regardless of treatment, it is
assumed that part or most of this can be explained by exploring the relationship
between lying time and stage of lactation. It is known from previous experimental
(Vasseur et al. 2012) and association studies (Ito et al. 2014; Solano et al. 2016;
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Westin et al. 2016) that beyond the first few weeks of lactation, daily lying time
generally increases with DIM.

Across all weeks, cows performed approximately 14-17 lying bouts each day,
which each bout lasting an average 47-60 minutes. Comparatively, observations of
AMS herds have reported cows to perform longer, less frequent bouts, with
durations ranging from 71 to 78 minutes and frequencies of about 9-10 bouts/d
(Deming et al. 2013; Westin et al. 2016; King et al. 2017). One explanation for the
differences in behaviour is our decision to exclude events of estrus from our dataset.
When in heat, cows are known to be more active and lie down less frequently
relative to days not in estrus (Dolecheck et al. 2015; Silper et al. 2017). This
decrease in lying bout frequency (but not duration) results in an overall decrease in
daily lying time during estrus events, which can last anywhere from 7-18 hours
(Diskin & Shreenan 2000). The removal of these cows likely resulted in the higher
mean bout frequencies observed. However, without confirmation of how many
cows were in heat during each of the herd-level studies, this theory cannot be tested
for certainty.

As the weeks progressed, cows — both with and without calves present — changed
their resting patterns by lying down fewer times per day, but for longer durations
of time. However, the observed decrease in lying bout frequency was only
significant for CONTROL cows, and only between the early and two later time
periods. Vasseur et al. (2012) found a similar pattern of increased bout duration and
decreased bout frequency between early (10-40 DIM) and middle (100-140 DIM)
stages of lactation. Further investigation found this pattern to only be significant for
primiparous cows. It has been suggested that primiparous cows may be
experiencing higher levels of stress in early lactation due to changes related to
calving for the first time, which may translate to increased restlessness and a greater
frequency of transitions from lying to standing (Solano et al. 2016). Within our
study, the early time period encompassed cows that were an average 35-38 DIM,
while the peak and post-peak periods contained average DIM values of 70 and 98,
respectively. As approximately half of the cows in each treatment were
primiparous, it is possible that the pattern we observed was in part due to the effect
of lactation, much like that observed by Vasseur et al. (2012). The relationship
between lying bout measures and lactation stage has also been explored in various
herd-level association studies. Westin et al. (2016) reported an associated increase
in lying bout duration with increasing lactation month across 36 North American
dairy herds. In contrast, Gomez and Cook (2010) and Ito et al. (2014) sampled cows
from 16 farms and 79 farms, respectively, and found no association of DIM with
either lying parameter. Ultimately, it is likely the singular treatment difference
observed for lying bout frequency during the earlier stages of our experiment was
due to the relatively small number of observation available for testing after stringent
data editing.
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Cows with access to the CCC area spent a large majority of their total daily lying
time resting within this area — a behaviour that did not change throughout the
entirety of our study. This is interesting, as it suggests that cows may be choosing
to remain in close proximity to their calves for a large portion of each day, even as
calves near 3-4 months of age. In semi-wild, free-ranging herds of Maremma cattle,
Vitale et al. (1986) observed calves to spend an increasing proportion of time away
from their dams as they grew older. Moreover, relatively soon after calving, the
majority of contact behaviours have been shown to be initiated by calves rather than
dams (Jensen 2011). While these previous findings of maternal-filial contact
behaviours contradict the behaviour observed in our study, it is important to point
out that the selection gate directed dams directly towards the contact area. Thus, it
is also possible that cows simply chose to lie down in the first available stall,
remaining in the contact area to obtain rest rather than contact with calves. Recently,
Johnsen et al. (2021) observed that within the first month after calving, dams visited
a CCC area approximately 4.6 times per day for 28 min/visit when access was
granted upon successful milking, and nearly 8 times per day (20 min/visit) when
access was free. These frequent visits occurred despite the fact that the CCC area
did not contain any stalls. This finding suggests that the motivation for cows in our
study to remain within the contact area may not have been entirely based on the
availability of stalls. Future ethological research on CCC systems should focus on
the latency for cows to lie down upon entering the contact area, as well as whether
cows immediately seek out a stall or instead engage in contact with calves.

It should be noted that the CCC system in our study was understocked at all
times (cow:stall < 1:1). While the act of understocking itself does not appear to
influence daily lying time (Winckler et al. 2015), overstocking has repeatedly been
demonstrated to result in a decrease of lying time (Fregonesi et al. 2007a; Hill et al.
2009; Krawczel et al. 2012). It is currently unknown how housing cows in such a
system at a stocking density of 100% or greater would affect lying behaviour. This
is an important question to answer if CCC systems are ever to be implemented
throughout North America, where overstocking is a common practice (von
Keyserlingk et al. 2012). Despite having access to a dedicated lying space with
nearly 3.85 m? per individual, calves consistently chose to lie down in stalls
intended for cow use. Yet, within the contact area alone there were 5 more stalls
than treatment cows, adding to the likelihood that competition for stall use was
relatively low. Previous research has demonstrated that as stocking density
increases, so does the direct competition for stalls (Fregonesi et al. 2007a). It would
be interesting to see how stall use within the contact area would change if cows and
calves were housed at higher densities. Additionally, it could be relevant to
investigate the interactions of cows and calves in stalls, as it is currently unknown
if cows actively displace calves like they do with adult conspecifics.
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Within a 24-h period, numerically calves occupied the fewest number of stalls
at times when stall occupation by dams was the highest. However, this observation
was not analyzed further for significance.

Parity was generally found not to influence the lying behaviours of cows within
our study, with one exception: in the first 5 weeks, multiparous TREATMENT
cows performed longer lying bouts than primiparous cows. This is in line with the
findings of Vasseur et al. (2012), who experimentally determined that parity was
positively associated with bout duration during early and mid-lactation stages.
Further studies exploring lying behaviour within the first 3 weeks of lactation have
confirmed this relationship (Sepulveda-Varas et al. 2014; Neave et al. 2017).
However, they also reported a negative association between parity and bout
frequency, which does not explain the tendency for multiparous cows within our
study having performed slightly more lying bouts per day than primiparous cows.
This contrast in our findings, as well as the overall lack of parity effect, may be the
result of one or a combination of factors. Cows were introduced to the AMS —
including the contact area and selection gate — prior to calving. This may have
reduced some of the stress usually experienced by first-parity heifers when entering
a new housing after calving for the first time. Furthermore, the low stocking density
— combined with the fact that milking sessions did not occur simultaneously for all
cows like in parlour systems — likely reduced the direct competition for lying space.
Age is thought to influence social dominance in cows (Beilharz & Zeeb 1982), but
in this case, younger cows may not have had to compete with older cows for lying
space.

Within our study, whether a cow was Swedish Holstein or Swedish Red did not
affect the daily lying time, nor the duration and frequency of individual lying bouts.
However, Swedish Holstein cows spent a greater proportion of time lying within
the contact area during the peak and post-peak experimental periods compared to
Swedish Reds. While the lying behaviours of these two particular breeds have not
previously been experimentally observed, O’Driscoll et al. (2009) compared two
similar breeds — Norwegian Red and Holstein-Friesian — and found no differences
in behaviour. Conversely, Le Neindre (1989) reported differences in maternal
behaviour between Friesian and Salers (a traditional French breed) cow-calf pairs
— specifically for suckling bout length and licking during the first 2 months post-
calving. In the case of our study, the difference in behaviour by the two breeds was
possibly due to the fact that nearly half as many cows were Swedish Holstein;
therefore, any individual variation would have been much more pronounced.

The results of this study are suggestive of the fact that a combined cow-calf
housing system does not appear to alter the various lying behaviours of lactating
cows. However, there were a few constraints that may limit the applicability of
these findings to CCC systems in a broader setting. Firstly, only calves born within
a 6-week period were housed together in the experimental pen, resulting in all
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calves being relatively close in age. In commercial settings, calves are born on a
continuous basis. The setup of the CCC system would likely need to be adapted to
better fit commercial dairy practices, as well as to accommodate differences in
management (i.e., parlour-based systems opposed to AMS). Furthermore, due to
time constraints, the lying behaviours of calves were not explored to any extent
beyond daily stall usage. Although the importance of rest relative to calves is not
as well-known as it is for adult cows, lying behaviours — including those explored
in our study — have not previously been explored within a CCC system. Finally,
after stringent editing of the dataset, some experimental weeks contained
observations for as a few as 9 TREATMENT dams and 10 CONTROL cows.
Further research with additional cows is thus needed to confirm the results of our
study.
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6. Conclusions

Overall, access to a CCC area did not affect the lying behaviours of lactating cows.
Cows altered their lying behaviours as time progressed, generally increasing their
daily lying time by performing fewer, but longer, lying bouts. Cows with access to
CCC were found to spend a large proportion of their daily resting times within the
contact area — an observation that remained constant throughout the rearing period.
These results suggest that cows were able to adapt to the added contact with calves
without making changes to lying behaviour beyond the scope of what is already
observed in freestall-housed, AMS herds. CCC systems, while still a relatively
novel concept, may offer an alternative to early cow-calf separation and allow cows
and calves to be housed together without compromising important lying behaviours
in dams. Further research is needed on these systems in order to make sound
recommendations for their use on a larger scale.
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