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1. INTRODUCTION

Dairy farming has been the most important field of  livestock production 
in Estonia. Most households traditionally owned animals, including dairy 
cows. During the Soviet period animals were gathered into collective 
farming units. Estonia had the best herds and highest production 
throughout the Soviet Union. After early 1990’s milk production 
decreased considerably (Eesti Jõudluskontrolli aastaraamat 1993–1994; 
1995). Dairy farming converged into joint stock companies and there was 
a decline in the number of  farms with small herds. Joining the European 
Union, in 2004, accelerated the modernisation of  farms. It took another 
five years for the Ministry of  Rural Affairs to pass a list of  regulations 
for facilities or buildings where cattle are kept (Põllumajandusministri 
määrus, 2009). Together with the Animal Protection Act (Eesti 
loomakaitseseadus, 2000), which was passed on December 13th 2000, 
there was now legislative protection for the welfare of  dairy cattle. 

Animal welfare has been a concern for many people around the world 
for a long time (Arney, 2018). The way people are treating animals living 
on farms, in zoos, research laboratories and in conservation projects, 
sports, while executing pest control and at home are being constantly 
judged and criticized (Dawkins, 2008). People are becoming more aware 
of  the environmental footprint of  intensive livestock farming (European 
Commission, 2006) and consumers believe that farms, who have high 
welfare standards will produce high quality, healthy and safe food (Fallon 
and Earley, 2008; Weddle-Schott, 2009). Consumer demands have started 
to change animal production systems for better animal welfare, higher 
intrinsic quality, sustainability and care for the environment (Verbeke et 
al., 2010). But what is animal welfare? 

Among other definitions of  animal welfare, the World Organisation for 
Animal Health (2008) has stated that “animal welfare means the physical and 
mental state of  an animal in relation to the conditions in which it lives and dies” 
and “animal experiences good welfare if  the animal is healthy, comfortable, well 
nourished, safe, is not suffering from unpleasant states such as pain, fear and distress, 
and is able to express behaviours that are important for its physical and mental state”. 
Broom’s (1986) definition focuses more on the welfare of  the animal 
in relation to its ability to cope with its environment, and it should be 
borne in mind that each individual animal reacts differently to changes 
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in its environment (Berckmans, 2017). The behaviour of  an animal is 
an intrinsic component of  welfare evaluation (Welfare Quality®, 2009) 
and this is considered and evaluated in this work. These definitions are 
considered within the understanding of  welfare presented throughout 
this thesis.

Improving animal welfare may be more easily ensured through 
precision livestock farming systems, which aim to monitor each animal 
continuously in real time and send feedback to the farmer. When a 
parameter is without the range of  normal values an alarm is sent to the 
farmer to check on the particular identified animal (Berckmans, 2017). 

For farmers to improve welfare of  their animals they should have 
as complete a knowledge as possible of  their animals’ behaviours 
(Brzozowska et al., 2014). One of  the more easily monitored behaviours 
is activity, which in dairy cows can be affected by housing system, group 
size, stocking density, milking and fresh feed delivery. Activity has been 
shown to be an indication of  comfort and welfare by giving information 
about cows’ physiological and health status (Tolkamp et al., 2010). 
Changes in activity could relate to reduced production levels (Steensels 
et al., 2012) and health problems. When cows are grouped, in order to 
make more efficient their feeding management, regrouping cows into a 
new feeding group might have the same effect as forming a new group 
of  cows, through disrupting their social hierarchy and affecting their 
welfare, but also maybe their access to feed if  their feed is sourced from 
a different place. If  this has the same effect as group change, it might 
be possible to observe how long individual cows take to find their new 
feeding bins and for activity to normalize. The first study was designed 
to look at this affect of  group change on activity, how persistent any 
change was, and to consider implications for the cows’ welfare.

In the second study the feeding behaviour of  high and low yielding 
dairy cows were assessed and compared. Depending on the feeding 
management system used, monitoring feed intakes can be complicated. 
In early lactation the nutrient requirements for a modern high-yielding 
dairy cow cannot be adequately covered by roughage alone (Ivemeyer et 
al., 2014). Concentrate mixtures are therefore usually added to roughage 
to increase feed intake and milk yield by increasing feed digestibility, 
and energy content and balancing the energy to protein ratio (Bargo et 
al., 2003; Kuoppala et al., 2004). But care needs to be taken, insufficient 
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concentrates in the transition period can impair subsequent cow health 
and fertility (Drackley, 1999; Duffield, 2000; Esposito et al., 2014). While 
an overprovision can result in overconditioned cows, lower feed intake 
after calving can lead to health and fertility problems (Coppock et al., 
1974; Fronk et al., 1980; Duffield, 2000; Roche, 2006). Feeding a total 
mixed ration (TMR) should ensure that cows consume the right balance 
of  nutrients each time that they feed. Feeding a partially mixed ration 
and concentrates separately, or roughage and concentrates separately, 
might unbalance the ratio of  concentrates to forage and culminate in 
loss of  production efficiency, or in the worst-case the risk of  metabolic 
disease. This problem had been identified by local farmers in Estonia 
who wanted to know if  feeding a TMR or alternatively a ration in which 
concentrates were fed separately, might have different effects on the 
balance of  the ingested ratio of  concentrates to forage. 

Additionally, when cows’ nutritional needs are not met, or specifically, 
if  they are not able to access the feed at the time that they would like to 
feed, this might cause them distress and affect their behaviour. If  cow’s 
feeding behaviour and social behaviour at different milk production 
levels is different, this might suggest that the well-being of  the individual 
is not met, and a change in the feeding regime could help restore the 
welfare of  the animal. The hypothesis for this second study was that 
cows receiving extra concentrates would spend less time feeding on 
forage, if  the extra concentrate were offered separately. Comparative 
behaviours of  the differently fed cows were also compared. 

In the third study, cow’s aggressive and other social behaviours were 
assessed after feeding group changes. It is common to group cows 
according to different parameters into homogeneous groups for better 
herd management (Grant and Albright, 2001). As described above, 
group change can disrupt dairy cows’ daily routine and their social 
hierarchy. After regrouping cows will start establishing new positions 
in the social hierarchy and might be expected to be more active during 
that time. Primiparous and submissive cows may change their daytime 
activity patterns to avoid aggressive encounters with more dominant 
groupmates, and might change their feeding behaviour in order to avoid 
contact with them. This might have negative consequences on their 
intakes and consequent milk yields.
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Introducing new individuals to an already formed animal group may 
affect both the newcomers and older group members’ welfare and level 
of  production (Neisen et al., 2009, Pavlenko et al., 2017), although it 
does not affect all animals equally (Cook and Nordlund, 2004). Heifers 
and primiparous cows might not be used to regrouping, while older 
cows might be more accustomed to it. Some studies have concluded 
that calves show fewer aggressive interactions after grouping compared 
to semi-mature or adult cows (Bouissou, et al., 1974; Veissier et al., 2001; 
Raussi et al., 2005). It seems that regrouping in earlier life can prepare 
dairy cows to future regroupings even though in semi-adult cow’s 
aggressive encounters increase (Bouissou, 1977). As grouping is a large 
part of  a many modern dairy cow’s lives research has been made to study 
the number of  new animals that would be optimal to introduce into a 
group. Results have shown that regrouping three cows to a new group 
might help to decrease aggressive behaviour on the first day (Knierim, 
1999) and introducing new cows to a group at night time might lower 
aggressive interactions (Nakanishi et al., 1993). This of  course could be 
also related to farm management, more specifically to stocking density 
(Telezhenko et al., 2012). 

After calving, primiparous cows will usually be moved to the main 
herd where they have to find their place in a new group. In addition to 
grouping they must become accustomed to being milked, the process 
itself  and the environment of  the parlour. Cook and Nordlund (2004) 
and Schirmann et al. (2011) reported a decrease in feed intakes and 
milk yields of  cows when they were moved to a new group. It has 
been confirmed that grouping affects dominant cows less than middle 
ranking and subordinate cows (Hasegawa et al., 1997), but not many 
studies (Neave et al., 2017) have looked at how dairy cows’ dominance 
and position in the social hierarchy changes through regroupings, and 
how this affects social relationships. 

The final study determined how the movement from far-off  cubicle 
housing to a close-up pre-calving strawyard affects the frequency of  
antagonistic behaviours initiated and experienced by dairy cows. It 
was hypothesised that regrouping of  animals has less of  an effect on 
older cows compared to heifers, and cows’ individuality plays a role in 
acclimatizing to a new group. 
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2. LITERATURE REVIEW

2.1. Importance of  animal welfare

Farm animal welfare has been a well studied topic (Miele et al., 2013; 
Blokhuis et al., 2013), and concerns about animals’ quality of  life were 
publicized nearly 60 years ago (Harrison, 1964). The general public is 
understood to be looking for guidance from animal welfare research 
regarding their concerns about animals’ welfare states (Fraser et al., 1997). 
The general public contributes to the welfare of  farm animals (Verbeke 
et al., 2010; Grunert, 2006) by sharing information about livestock 
conditions on farms and to some extent by their choice of  welfare 
labelled products on the marketplace. Therefore, solutions to welfare 
problems are important for farmers because healthy animals produce 
higher value products and their management practices can be more 
acceptable to consumers, as well as possibly positively affecting their 
own sense of  morality and job satisfaction (Seabrook and Wilkinson, 
2000; Hemsworth, 2007).

Improving animal welfare on farms requires an understanding of  the 
behaviour of  the farmed species (Brzozowska et al., 2014), including 
their preferences and motivations (Telezhenko et al., 2007; Legrand et 
al., 2009). For example, cows at pasture walk about 4 km per day and 
lie down for about 9-12 hours (Broom and Frazer, 2007). Of  the time 
lying down cows drowse for about 7 (Meddis, 1975) to 8 hours per day 
(Ruckebusch, 1972). Their sleep is short and transient (Balch, 1955) with 
about 2 to 8 minutes rapid eye movement (REM; “true sleep”) sleep 
(Rukebusch et al., 1974). Active, lying and sleeping patterns should be 
borne in mind when considering the daily activities of  housed dairy 
cows. When indoors the opportunity for these activities are likely to be 
restricted. Many researchers have observed lying behaviour as a marker 
for welfare risk and concluded that lying time is between 10.5 to 11 hours 
per cow per day (Ito et al., 2010; Bewley et al., 2010; Cyples et al., 2012). 
Danish reserchers concluded that lying is a high-priority behaviour, 
followed by eating and social contact (Munksgaard et al., 2005). 

Assessing animal welfare by looking at different aspects of  animals’ 
wellbeing in their environment is more effective than considering one 
single measure (Fraser, 1995; Broom, 1996), while many welfare studies 
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have focused on a single measurement’s effect on dairy cattle welfare. 
One of  the main welfare factors measured is activity, which makes it 
easier to predict oestrus (van Vliet and van Eerdenburg, 1996; Firk et 
al., 2002) and diagnose lameness (O’Callaghan et al., 2003; Mazrier et al., 
2006). Changes in behaviour such as activity or locomotive behaviour, 
may be related to health problems which can lead to decreased production 
(Steensels et al., 2012) and might affect cows’ welfare (O’Driscoll et al. 
2008; Ladewig and Smidt, 1989; Müller et al., 1989). 

On farm, locomotive behaviour may be affected by fresh feed delivery 
and return from milking (DeVries and von Keyserlingk, 2005, DeVries 
et al., 2005), group size, stocking density and housing system (Barker 
et al., 2007, Telezhenko et al., 2012) as well as oestrous state (Roelofs 
et al., 2005). Studies have shown that activity can be a factor to use as 
an indirect indicator of  health and welfare (Tolkamp et al.; 2010; Ito et 
al., 2010; Chapinal et al., 2010). In addition, feeding time, rumination 
time and antagonistic behaviour are as important to pay attention to 
when observing dairy cow welfare (DeVries and von Keyserlingk, 2006; 
Stangaferro et al., 2016). Monitoring farm animals’ health and welfare at 
an individual level has become relatively common and not difficult to do 
(Nielsen, 2013). There are many technologies available currently to keep 
an eye on different behaviours such as feeding (Rumiwatch, Cow Scout), 
ruminating (Rumiwatch, Smartbow), activity (Ice Robotics, Smartbow, 
Cow Scout), heat detection (Ice Robotics, SCR Heatime, Cow Scout, 
Moocall) and calving (Moocall). These can provide the farmer with 
timely and reliable notification of  individual risks to their cows’ welfare. 
Presuming of  course that the farmers are trained in, and are familiar 
with their use.

2.2. Social behaviour

The social structure of  dairy cows has been described as a series of  
dominance relationships and social bonds characterised by aggressive 
and positive social interactions (Gibbons et al., 2009a). These interactions 
are affected by the space that is provided for the animals, and these are 
especially relevant during feeding (DeVries et al., 2004) and resting times, 
because cows are social animals and often synchronise their behaviour 
(Miller and Wood-Gush, 1991; Rook and Huckle, 1995; Færevik et 
al., 2008; Stoye et al., 2012). This means that all animals should have 
sufficient access to resources, such as feed and resting space, such that 
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they can all access them at the same time. Behavioural synchrony is 
beneficial for a group to function efficiently, which means activities like 
foraging, moving and resting may be coordinated (Conradt and Roper, 
2000).

Variation in sex, age and size may result in animals’ different motivations 
and energy requirements, which might differ individually and lead to 
the formation of  small subgroups, wherein animals are more similar 
to each other from the rest of  the group (Boyland et al., 2016). This 
might suggest that decisions regarding the formation of  different 
feeding groups in modern farming should be made in regard to these 
factors. Boyland et al. (2016) found a significant pattern of  breed, milk 
production, pasture access, lactation number and gregariousness on 
assortative mixing into subgroups. Studies on social behaviour have 
shown some individuals associate more or less with other individuals 
by preferring to be close to them spatially or avoiding them (Reinhardt 
and Reinhardt, 1981; Wasilewski, 2003; Cooper, et al., 2008; Gygax et al., 
2010; Boyland et al., 2016). 

On-farm groups’ social network structures can be influenced, to a greater 
or lesser extent, by regrouping or culling/selling of  cows, depending on 
the hierarchy status of  the cows leaving or joining the herd (Makagon 
et al., 2012). Cows usually calve all year round which means that cows 
are moved to new groups and group composition is always changing, 
making relationship bonds temporary. The social hierarchy influences 
cows’ mixing patterns. It determines individuals’ access to resources 
such as feed and resting area. When, for example, lying areas are limited 
the dominant cows will occupy the more favourable places (Boyland et 
al., 2016). The most vulnerable to this denial of  access to resources are 
heifers (Bøe and Færevik 2003), because after calving they are moved to 
the main herd and will most likely be at the bottom of  the dominance 
hierarchy because of  their young age (Beilharz and Zeeb, 1982), small 
size (Brantas, 1968) and inexperience (Schein and Fohrman, 1955). 
Calves and heifers who have had previous experience with regrouping 
are known to fight less and establish a stable social position faster than 
animals with no such experience (Bouissou, 1975; Veissier et al., 1994). 
The number of  regrouping events may be important. Raussi et al. (2005) 
found that after the 7th regrouping heifers showed fewer antagonistic 
behaviours than a control group and established a social hierarchy more 
quickly, while after the 16th regrouping there were more antagonistic 
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behaviours observed than after any of  the other regrouping occasions. 
Effects on grouping and regrouping are discussed in more detail below.

2.3. Grouping during the transition period

Transition period is a part of  both the dry period and the post-calving 
period, and is defined as three weeks before to three weeks after 
parturition (Huzzey et al., 2005). It is the most critical time of  a dairy 
cows’ life cycle, where they experience physiological, nutritional, and 
social changes which make them vulnerable to metabolic and infectious 
diseases (Huzzey et al., 2005). In addition, this is the time when cows are 
often re-grouped (Cook and Nordlund, 2004). It is inevitable as cows 
typically move from a dry (non-lactating) group through a calving group 
and thence into the main herd. After calving it is socially challenging 
for cows to be separated from their calf  and also introduced into 
main herd within a very short period. This is known to result in higher 
frequencies of  antagonistic behaviour (Bak Jensen and Proudfoot, 
2017). Much of  this antagonistic behaviour happens at the feed bunk 
and very likely affects feeding times and intakes (von Keyserlingk et 
al., 2008; Bak Jensen and Proudfoot, 2017), especially for primiparous 
cows. In early lactation cows experience negative energy balance (NEB), 
because acceleration rate of  dry matter intake is slower than that of  
milk production (Kaufman et al., 2016). Submissive cows may therefore 
be at a greater risk of  developing NEB. If  the NEB state continues for 
an extended period it may result in non-adaptive NEB and subclinical 
ketosis (Kaufman et al., 2016).

2.4. Effects of  grouping on behaviour

It is common practice on dairy farms to group cows according to 
lactation stage, milk yield, dietary requirements or reproductive status. 
On larger farms, with the practice of  year-round calving, cows may 
move from group to group as their lactational status and concomitant 
nutritional requirements change. As cows form a linear hierarchy, 
exposing a new cow to an already formed group may evoke aggressive 
encounters as the new hierarchical order is established. This applies to 
transition cows as well, who might be regrouped up to five times during 
a less than five-week period (Cook and Nordlund, 2004). Moving cows 
from one group to another increases their social interactions (Cook and 
Nordlund, 2004), which for lactating cows may last from three to seven 
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days (Grant and Albright, 2001). Aggressive acts are highest immediately 
after regrouping (Schirmann et al., 2011; Bak Jensen and Proudfoot, 
2017). A lot of  aggressive behaviour occurs at the feed bunk and can 
affect feeding times, intakes (von Keyserlingk et al., 2008; Bak Jensen and 
Proudfoot, 2017) and time spent ruminating (Schirmann et al., 2011). 

All situations happening in the farm such as grouping do not affect all 
animals equally (Cook and Nordlund, 2004). Heifers are most affected 
by this situation, because of  their lower status in the hierarchy (Phillips 
and Rind, 2001). Dominant cows in competitive situations tend to spend 
more time feeding (Bouissou, 1970; Friend and Polan 1974; Friend et al., 
1977; Manson and Appleby, 1990) and have greater intakes (Friend and 
Polan 1974; Manson and Appleby, 1990) than lower ranking cows. For 
this reason, it is advised to group primiparous cows separately, as they 
have been shown to receive more aggressive interactions, more avoidance 
behaviours and were more often displaced from their chosen position 
when housed with multiparous cows compared to a primiparous only 
group (Gibbons et al., 2009b). When grouping primiparous cows as a 
single separate group, feeding times could increase by 11.4%, number of  
meals per day by 8.5%, dry matter intake by 11.7% and lying bouts by 
19% (Konggard and Krohn, 1978), all of  these are positive production 
and welfare indicators.

2.5. Feeding behaviour

Regarding general feeding behaviour of  dairy cows, cattle are most 
active at sunrise and sunset (Albright, 1993). In Hancock’s classic 
studies (1950; 1954) total daytime grazing time was almost 85% and 
total night-time grazing time was 15%. From 07:00–15:00 cattle grazed 
approximately 50% of  the time and had four feeding cycles between 
morning and evening milking. From 17:00-04:45 cattle grazed for more 
than 40% of  the time, had one grazing bout when they were let out to 
pasture after milking and one (sometimes two) during the night. Metz 
(1975) concluded that duration of  feeding and ruminating behaviour of  
nonpregnant dry cows ranged from 248 to 392 min/d (average 330 min 
per day). 

The effects of  feeding concentrate on herbage and forage intakes have 
been studied for many years (Hijink et al., 1982; Meijs and Hoekstra 
1984; Meijs, 1986; Gordon et al., 1995). Individual cows may feed at 
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different rates from each other. Older and socially dominant cows 
consume forage and concentrates offered in the milking parlour faster 
than younger cows, and lactating cows feed slightly more rapidly than 
nonlactating pregnant cows (Campling and Morgan, 1981). 

A consequential behaviour from feeding is rumination, which has been 
described as regurgitation, remastication and reswallowing (Soriani et 
al., 2012). Metz (1975) studied rumination behaviour and concluded 
that the time spent on this activity ranged from 464 to 579 min per day 
(average 511 min per day) and rumination bouts from 10.8 to 16.9 per 
day (average 14.0). Time spent ruminating is higher with higher forage 
concentration in the diet (Phillips and Leaver, 1986). When cows’ welfare 
is compromised by acute stress (Herskin et al., 2004), anxiety (Bristow 
and Holmes, 2007), disease (Welch, 1982; Hansen et al., 2003) or greater 
stocking density (Rind and Phillips, 1999; Grant and Albright, 2000) 
the rumination time decreases. Cows should therefore have enough 
comfortable space, and time, to encourage them to ruminate as much 
as possible. Rumination, as Ewbank (1978) speculated, could also be 
an “anti-boredom” activity, which may lead to drowsiness (Ruckebusch, 
1972). While ruminating, cows prefer to lie on their left side for the most 
efficient outcome (Albright, 1987; Albright and Stricklin, 1989; Grant, 
1990), and so the lying area for cows should allow for this.  

2.5.1. Concentrate feeding and impacts on feeding behaviour

On dairy farms concentrates are fed to cows to increase feed intake and 
milk yields by increasing energy content and digestibility and balancing 
energy to protein ratio of  the diet (Bargo, et al., 2003; Kuoppala et al., 
2004). Concentrate feeding is particularly important in the first weeks 
immediately after calving when cows go through a period of  NEB 
(Ferris et al., 2003). Currently, concentrate feeding levels in dairy cows’ 
rations are increasing, but so are concentrates’ prices, which means they 
should be used efficiently by producers (Finneran et al., 2012).

Dairy cattle’s sense of  taste is highly developed and with the help of  feed 
manipulation, feed can be made to suit both the aims of  nutritionists, 
farmers and cows. Total mixed rations help to mask the flavours of  
individual ration components, for example the incorporation of  high 
concentrations of  fats into the ration which might be less palatable 
if  offered in isolation (Albright, 1993). So, feeding parts of  the ration 
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separately might be expected to encourage preferential intakes, or 
selection of  different portions of  the ration. Jiao et al. (2014) found 
that concentration (substitution) amounts affected herbage dry matter 
intakes. When concentrate mixture amount was raised herbage dry 
matter intake decreased, and total dry matter intake increased. The same 
result was found by Hernandez-Mendo where herbage dry matter intake 
was affected by concentrate level. Heublein et al. (2016) found a decrease 
in grazing time when concentrate was added to grazed cows’ diet. In 
addition, those cows spent more time lying and walked and stood less. 

There are a wide range of  concentrate feeding methods that can be used 
on farms such as mixing together concentrate with the forage components 
into a single feed, offering the concentrate portion separately from 
the forage or combining these two approaches. Whenever the farmer 
decides to feed concentrates separately from forage there are at least two 
strategies. One is to consider individual cows’ milk yields, and include 
the concentrate portion in amounts appropriate to the yield. Another is 
to feed the concentrate at a flat rate, which does not consider the needs 
of  each individual cow (Purcell et al., 2016). 

High yielding cows require high levels of  concentrate feeds to achieve their 
maximum potential milk yield. Grouping cows based on lactation stage 
can reduce the problem of  differential concentrate feeding requirements 
in the herd, but farmers must be cautious not to underfeed or overfeed 
the cows (Mäntysaari et al., 2004). When it is not possible to group cows 
by keeping them in different pens, and offering different feed rations in 
each pen, one option can be the use of  feeding bins, where it is possible 
to keep the cows housed in a single group, but feeding them differentially 
by allowing them to feed from specific bins, with different proportions 
of  concentrates to forage, depending on their milk yield. Access to each 
bin is permitted through cow recognition by a transponder. This means 
that cows with higher milk yields should receive more concentrates to 
support their higher levels of  production. A second option is to have a 
feeding barrier and separate concentrate feeding bins where cows receive 
the concentrate portion of  their ration which, as in the previous option, 
depends on their milk yield and days in milk. Both options require cows 
to have ID collars fitted with transponders. 

The use of  feed bins and individual access by cows is not a perfect 
solution, as cows can still access the “wrong” feed bins (Soonberg et 
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al., 2014), with highly motivated but lower yielding cows accessing 
the higher value ration, leading to overcondition in those cows. In 
addition, where cows are offered concentrates separately from forage, 
the cows offered higher amounts of  concentrates may have a reduced 
appetite for, and therefore reduced intakes of  forage. This imbalance 
between concentrate and forage intakes could have negative effects on 
degradability, digestion, volatile fatty acid absorption and consequent 
milk composition and quality (Kärt et al., 2004). If  cows are frustrated 
from satisfying their nutritional needs, or in their motivation to feed, it 
might be expected that this would be a cause of  distress and affect their 
behaviour. The combined effects of  changing both the feed and the feed 
source simultaneously could compromise the cows’ preferred spectrum 
of  daily activity. When cows change groups, usually for feeding reasons, 
their welfare can be compromised (Pavlenko et al., 2017). This might 
affect, in particular, their feeding behaviours and social behaviours (both 
social and antagonistic behaviours). If  therefore cows are identified as 
having different feeding and social behaviours at different production 
levels this might suggest an impairment in their level of  well-being, and 
possibly indicate the need for a change in their feeding regime. 
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3. AIMS OF THE STUDY

As precision livestock farming is becoming more widespread in dairy 
farming, and feeding management systems change accordingly, impacts 
on the behaviour and welfare of  the dairy cows are not well understood. 

The hypotheses underpinning this study were: 

• Changing the feeding bins for dairy cows affects their behaviour.

• Cows who receive extra concentrate spend less time feeding on 
forage when both portions of  the ration are offered separately. 

• Observations of  feeding and social behaviour of  dairy cows in a 
herd are useful indicators of  intakes of  dietary rations. 

• Regrouping of  animals has less effect on older cows compared to 
heifers.

• Cows’ individuality plays a role in acclimatizing to a new group. 

Therefore, the specific aims of  the study were the following:

• To evaluate welfare by observing lactating dairy cows´ activity before 
and after feeding group, and feed source change (I).

• To compare the feeding behaviour of  high and low yielding cows 
fed different rates of  concentrates. (II).

• To evaluate changes grouping has on dairy cows´ behaviour during 
the transition period (III). 



21

4. MATERIAL AND METHODS

4.1. Farm and management in studies I and II

Studies I and II were carried out on the experimental dairy farm of  
the Estonian University of  Life Sciences. The farm houses around 250 
animals, including lactating and dry cows, and youngstock. Lactating cows 
(approximately 120 cows) were housed separately from the youngstock 
and dry cows. Half  of  the lactating cows were milked in a DeLaval 
milking parlour (Tumba, Sweden) and the other half  were milked with a 
DeLaval milking robot. Milking parlour cows were milked twice a day at 
5:00 and 15:00. All the cows on the farm were loose housed. Lactating 
cows had combined rubber mattress bedding (covered with peat and 
sawdust). The cows were all kept as per normal farm management 
practice, and were not subjected to any painful procedures nor restricted 
diets nor water intakes. Studies were run in accordance with the Animal 
Protection Act of  the Republic of  Estonia.

In the first study (I) cows were fed a TMR from 30 feeding bins. The 
feed was available ad libitum and consisted of  a grass-clover mix silage 
and a concentrate feed of  barley and rapeseed cake, which was fed 
in proportions according to milk yield. Each cow had a transponder 
attached around its neck enabling individual access to the feeding bins. 
Time and duration of  each visit to the feed, amount of  feed in the bin 
and feed removed per visit were automatically recorded. Fresh water was 
accessible at all times from two drinking troughs. Cows were grouped 
according to milk production (high 30-35 kg, medium 30-25 kg, low 
<25 kg per day) and each group had 10 bins available to feed from. 
Separation from other group mates was not a physical separation, but 
the feed from each bin was only accessible for specific groups of  cows. 
Cows were only able to access their appointed feed bin if  they were 
recognised by the computer through their neck transponder.

STUDY I

Study plan

The first study was designed to investigate if  changing the feed ration, 
and therefore the bin accessible to the cow, affected the cows’ welfare 
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as evaluated by a change in their activity. Seven multiparous and 
three primiparous cows were selected before they were assigned to a 
subsequent feeding group; either from high to medium or from medium 
to low feeding level groups. Activity monitors (Ice Tags, IceRobotics 
Ltd., UK) were attached to each cows’ right hind leg. Data collected 
were: motion index, time spent standing, time spent lying, number of  
steps taken and number of  lying bouts. Data were downloaded to a 
laptop by Ice Manager every week.

Data collection

Cows were monitored for 14 days before and 14 days after feed ration 
change. After the change the cows did not have access to their old bins 
and had to find another from the 10 feeding bins they now had access to. 
After 14 days one cow was sent to the dried off  area on completion of  
her lactation period. This cow, and four others that had been monitored 
previously, were monitored in the dry cow area for a further 5–14 days. 
Due to technical problems, the number of  steps for the cow that went 
straight to the dried off  area, were not registered. Activity data collected 
from this cow were only used for analysis of  regrouping to the dried off  
area. 

Statistical analyses

The mean daily values of  the collected data were calculated. Standing and 
lying data registered in seconds were converted into minutes. A general 
linear mixed model was used to compare daily mean number of  steps 
(per minute), motion index and proportion of  lying and standing times 
before and after the ration change, and also in the dried off  area. Lying 
bouts (per minute), which had a right-skewed distribution, were analysed 
with a generalized linear mixed model with a logarithm link function. 
Fixed effect of  time period and parity, and random effect of  cows were 
considered for both models. The Welch–Satterthwaite equation was 
used to calculate an approximation to the effective degrees of  freedom. 
The results were presented as least square means with standard errors 
and the differences were considered significant at p ≤ 0.05. 

Two separate analyses were made for each variable: 1) nine cows with 
data before and after group change and 2) five cows with data from dry 
off  area (four cows in the number of  steps analysis). 
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Collected data were analysed with SAS 9.4 processes MIXED and 
GLIMMIX. R 3.2.3. were used to describe single cow’s behaviour in 
different time periods. 

STUDY II 

Study plan

In the second study eight multiparous dairy cows (with a mean of  194 
days in milk, 30kg mean milk yield, SD 13.1 kg) were selected on the 
basis of  the amount of  extra concentrate they received in their diet. 
The trial was carried out with two groups: four sample cows received 
two to four kg of  concentrate feed per day (according to milk yield) and 
four cows (control) did not receive additional concentrate. Individuals 
assigned to each group were selected randomly. All of  the cows were fed 
a partially mixed ration ad libitum, which consisted of  grass and clover 
silage (63%), and the compound feed comprised barley (31%) and 
rapeseed cake (5%) and minerals (1%). Feed was delivered three times 
a day at a post-and-rail feed barrier. Water was available ad libitum from 
four bowl drinkers. Cows received concentrates at the milking robot and 
from two separate concentrate feeding bins. Concentrate was offered 
according to cows’ individual milk yield with a maximum of  half  their 
daily portion delivered per visit.

Figure 1. Plan of  the housing of  the studied cows. (“=>” indicates movement of  
cows, “---“ indicates one-way gate).

Data collection

Behaviour at the post-and-rail feeding area (Figure 1) were recorded in 
the summer for three cows and in the autumn and winter for five cows. 
The mean temperature over all seasons was 9.4°C ± SD of  8.3°C. Cows’ 
behaviour was recorded with video equipment (Sony HDR-PJ580VE, 
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Japan) from an overhead gallery, which was situated directly above the 
feeding area. Cows were observed over 24 hours. One trained observer 
analysed the collected data by playing back video recordings with a Power 
DVD 12. Each behaviour´s starting and finishing times were recorded. 

Recorded behaviours were feeding time (from “first to last bite”), drinking 
time, standing time, walking time and grooming events (both grooming 
with a mechanical brush and allogrooming). Antagonistic behaviour 
was recorded to evaluate how social behaviour in the herd might affect 
cows’ feeding behaviour. Behaviours recorded were pushing (recipient 
was physically pushed away from its position by the aggressor), nudging 
(recipient was pushed but not replaced by aggressor) and threatening 
(aggressor takes up a threatening posture and positions its head in the 
direction of  the recipient). For data analysis, nudging and threatening 
data were summed together with pushing data to form one single 
antagonistic group of  behaviours. 

Statistical analyses 

Statistical analyses were performed with Microsoft Excel (t-test and F-test) 
and with R 3.2.3. The t-test was used to analyse differences between the 
two groups. The non-parametric Wilcoxon test was used to identify 
group differences when data were not normally distributed and could 
not be normalised by logarithmic transformation. Spearman Correlation 
coefficients were calculated to study the relationships between variables.

4.2. Farm and management in study III

This third study was conducted at Edinburgh University’s Langhill 
Farm, Scotland, during early spring before turnout. The farm housed 
228 milking cows, who were kept indoors through the winter time. High 
yielding cows were kept indoors all year round. The study was carried 
out according to the animal care guidelines of  the Animals Scientific 
Procedures Act (ASPA, 1986). It was approved by the Animal Ethics 
Committee of  Scotland’s Rural College.

Dry cows were housed in two separate groups in two separate buildings. 
Far-off  dry cows were housed in a cubicle shed from three weeks till 
7–10 days before expected calving date. Shed dimensions depended on 
the number of  cows in that group, but there were always more cubicles 
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available than number of  cows. It was possible to change the dimensions 
of  the cubicle group. Cubicles were bedded with mattresses and sawdust. 
Seven to ten days before calving cows were subsequently moved to a 
close-up group in a strawyard and remained there until calving. 

After calving, cow and calf  were moved to an individual pen and after 
24–48 h the calf  was removed from its mother. From then on, the cow 
entered into the main herd.

The main herd cows were grouped into two groups depending on their 
milk yield (moved when they were confirmed pregnant and daily milk 
yield was less than 40 kg). High-yielding cows were located in three pens 
with open access to each other. Low-yielding cows had a separate closed 
pen. Cubicles were bedded with rubber mattresses (240) and sawdust 
bedding was laid down three times a week and raked twice a day during 
milking. The farm was installed with a DeLaval milking system (Tumba, 
Sweden) with a parallel milking parlour for 28 places. Cows were milked 
twice a day at 05:00 and 15:00. 

Cows in the main herd were fed a TMR, which consisted of  first cut 
grass silage, wholecrop wheat, barley, wheat and corn cob meal, maze 
meal, soyabean meal, beet pulp, molasses. Far-off  dry cows received 
second cut grass silage and wheat straw. Close up cows received first 
cut grass silage, wheat straw, wholecrop wheat and protein feed. Water 
was available ad libitum from self-filling water trough. Extra concentrate 
was provided for each cow in the milking parlour to attract cows to the 
milking parlour.

Twenty-nine dry Holstein cows (n = 13) and heifers (n = 16) were 
selected based on their proximity to expected calving date (days to calving 
24+21). Herd structure was dynamic with cows entering and leaving 
the group depending on calving dates. Seventeen of  these animals were 
observed in the far-off  cubicle pen, 27 of  them in the strawyard and 23 
while in the main herd. In each group animals were observed on three 
consecutive days. Observations were divided into five periods with two 
in cubicle housing, and three in the strawyard (Figure 2 A and B). Three 
cows had milk fever after calving and were excluded from the main herd 
observation. One cow was eliminated from the study, because she was 
not pregnant. Animals’ activity change during regrouping was recorded 
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with Ice Tags (n = 14) and Ice Qubes (n = 14) (IceRobotics Ltd., UK). 
Activity monitors were attached to each cow’s/heifer’s right hind leg.

The same algorithms were used on both devices to calculate standing 
and lying times, lying bouts, number of  steps and motion index (R. 
Boyce, IceRobotics, pers. comm.), so the data from both devices were 
equivalent (https://www.icerobotics.com/products/). Ice tags were 
removed when the cow/heifer had spent two weeks in the main herd. 

Consistency of  individual cows’/heifers’ dominance behaviour was 
recorded by Canon Legria video cameras (HF M52, Canon Ltd., London, 
UK). A metal pole with Manfrotto “Magic Arms” were attached above 
the cubicle pen and the strawyard to record aggressive behaviour. Three 
cameras were used in the cubicle pen and one in the strawyard, which 
were all directed at the feed bunk. Video recording started in the morning 
when fresh feed was delivered (around 10:00) and lasted for one hour. 

Behaviours recorded from the aggressors’ part were: pushing (actor 
uses other parts of  her body than head to attack), butting (actor uses 
head to attack), bulldozing (actor forcefully enters feed bunk), penetrate 
feeder (actor enters feed bunk between two recipients), blocking (actor 
physically comes between recipient and feed bunk), threatening (actor 
takes a threatening posture and presents her head in the direction of  
recipient). Behaviours recorded on the recipients’ part were: no response, 
avoidance, withdraws backwards, withdraws sideways, retaliates (recipient 
retaliates with attack towards actor) and fights (recipient retaliates with 
an attack and further aggressive interactions follow).

Regrouping effect on cows’/heifers’ social interaction was recorded with 
nearest neighbour observation. The distances to the first two nearest 
neighbours were visually scored in 0.5 m categories up to 2.5 m (i.e. 
<0.5, 0.5, 1.0, 1.5, 2, 2.5 and >2.5 m). Observations were carried out 
30 minutes after feed delivery. Behaviours were recorded after every 20 
minutes for four hours with one-hour break in the middle. Recorded 
behaviours were: posture (lying/standing), idling (not ruminating, 
feeding or sleeping), ruminating, feeding and sleeping. During the study 
all observations were made by one observer.

The effects of  second group change on multiparous cows’/primiparous 
cows’ behaviours were made by visually observing the animals’ locations 
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in the main herd during the first three days. Sample cows were observed 
for one hour at 10-minute intervals. Recorded locations were: at the feed 
bunk, in the passageway or elsewhere (lying in cubicles or standing/
walking in between two groups). Observations started in the morning 
when fresh feed was delivered or when the sample animals (re)joined 
the main herd after milking. When time between feed delivery and 
multiparous cow/primiparous cow joining the main herd was more than 
half  an hour, the animals’ first observation day was on the subsequent 
day. 

Figure 2. (A) The distribution and co-presence of  animals by study periods, heifers are 
presented in red and cows in black. (B) Time schedule at pre-calving periods.

The data from activity monitors were divided into measurements before 
calving, on calving day and after calving. Two-way repeated measures 
analysis of  variance was applied to test the statistical significance of  
time period, animals’ age (heifer/cow) and their interaction effects. 
Data collected throughout each day were summed. Logarithmic 
transformation to right-skewed variables of  motion index, number of  
steps and number of  lying bouts were applied before data analysis.

Consistency in aggressive behaviour was calculated from the mean 
number of  aggressive actions performed and received for each pair 
of  animals when animals were present in more than one period. The 
mean numbers of  aggressive actions performed by cows against heifers, 
by cows against cows, by heifers against heifers and by heifers against 
cows were calculated and compared with t-tests followed by Bonferroni 
correction for multiple testing.
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A visual observation dataset was formed with one row for each 
animal and period which contained the percentages of  times observed 
standing, lying, feeding, ruminating and idling. The mean distances to 
the first and second neighbour, and the mean number of  aggressive 
actions performed and received, were also included. The mean number 
and percentage values for each animal and period were calculated based 
on 3×12 observations, except for three animals observed on 2×12 
occasions because of  earlier calving. The analysis showed a distribution 
that was close to normal and so two-way repeated measures analysis 
of  variance was used to test the significance of  the age of  the animal, 
housing system and the age by system interaction effects. The Tukey 
post-hoc test was used to calculate and compare model-based means. 

A dataset was made to visualize and measure the differences or similarities 
of  the two systems. This incorporated percentages of  recordings of  
behaviour and posture, the number of  aggressive actions performed and 
received per hour for each animal and the mean distance to the first and 
second closest neighbour. Concordance was estimated by calculating 
correlation coefficients between the same variables recorded on the 
same animals in the different systems.

A nearest neighbour score between each pair of  animals was calculated 
where an animal was observed as a neighbour of  another animal and 
vice versa, by considering the first and the second closest neighbour, 
estimating the observed distance between neighbours and counting the 
number of  observations when two animals were in the same group. 
The scores were calculated separately for each study period. The results 
obtained were between zero (the animals were not nearest neighbours) 
to one (maximum closeness between two animals over all pairs). The 
nearest neighbour score was missing when two animals were not present 
in the same period.

Circle network diagrams (chord diagrams) were created to visually 
examine how similar and/or different pairwise nearest neighbour scores 
were. The strength of  the line connecting two animals’ represents their 
nearest neighbour scores value. 

Pearson correlation coefficients were calculated to study the concordance 
of  nearest neighbours in different periods, and weighted means of  those 
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correlations were calculated where weights indicated the number of  
animals common to the pairs of  each periods. 

In the main herd (post-calving period) data collection resulted in six 
observations for each cow each day. A normal distribution was not 
found from the data set of  percentages of  posture and behaviour, and 
therefore the Wilcoxon test was applied to compare the values of  heifers 
and cows.

The data were analysed using statistical software R 3.3.3 (R Foundation 
for Statistical Computing, Vienna, Austria), except the repeated measures 
analysis of  variance, which were performed using SAS 9.4 (SAS Institute 
Inc., Cary, NC, USA).
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5. RESULTS

5.1. Grouping effect on cows’ activity (I, III)

The motion index for heifers increased by 1.44 times, and steps taken per 
minute by 0.43 times, which were significantly higher than in multiparous 
cows (which increased by 0.36 and 0.08 times respectively) after changing 
feeding place and feed ration. There were no differences for lying time 
change nor standing time change (P = 0.65; P = 0.65 respectively). It 
took 3-5 days for cows to return to the same base activity state that they 
showed before change. (I)

The cows who were sent to the dry-off  pen had lower mean motion 
indices and steps taken per minute in comparison with the change found 
for cows after changing the feeding bin (P < 0.001), but immediately after 
the group change, motion index and steps taken per minute increased. (I)

Post calving activities resulted in significantly higher mean motion 
indices, number of  steps and number of  lying bouts compared to the 
week before calving. Again, the effects were much more pronounced 
in heifers (all P < 0.001). Mean lying time per day (Figure 3 A) was five 
hours longer for both heifers and cows before calving (P < 0.001) with 
no difference between parity number (P = 0.194). (III)

Both cows and heifers lay down more (P = 0.002) in the strawyard 
(50.5%) compared to in the cubicle housing (35.0%) with no difference 
in parity. In both housing systems a moderate positive correlation was 
observed between time lying in the strawyard and time lying in cubicles 
(r = 0.34, P = 0.192), which means that cows who lay down more in 
cubicles also lay down more in the strawyard. Standing times were 
significantly higher in cubicles than in the strawyards (P = 0.002). (III)

There were no differences between the two systems, nor between heifers 
and cows, for times spent ruminating (Figure 3 B), feeding or idling. 
No correlation was found between days before calving and behaviours 
observed. No significant correlations were found between ruminating, 
feeding and idling behaviours across the two housing systems (r = 0.24 
(P = 0.366), r = 0.29 (P = 0.276) and r = 0.14 (P = 0.605), respectively 
(Table 1).
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Figure 3. The percentage of  (A) lying and (B) ruminating at different study periods. 
The days to calving on X-axis indicates the difference between the first day of  the 
study period and the actual calving date. Observations made on the same animals are 
joined with lines.

5.2. Grouping effect on cows’ aggression (II, III)

The mean number of  observed acts of  aggression in cubicles showed a 
weak tendency to be higher than in the strawyard (6.58 ± 1.19 and 4.13 
± 0.94 per hour respectively), though this finding was not significant (P 
= 0.129). 

Heifers were less aggressive and received more aggressive acts compared 
to cows. Heifers carried out 3.66 (± 1.05) mean aggressive acts per 
hour, whereas they received 6.94 (± 0.73) mean aggressive acts per 
hour. In cows this was respectively 7.04 (± 1.19) and 2.38 (± 0.77). The 
differences between heifers and cows were significant (P = 0.035 and P 
< 0.001, respectively) (Figure 4 and 5).

There was a strong positive concordance between aggression in cubicles 
and in the strawyard at the animal level. Animals, who performed/
received more aggression in cubicles, also performed/received more 
aggression in the strawyard: r = 0.68 (P = 0.004) and r = 0.53 (P = 
0.033). Consistent pairings of  aggressors- recipients were observed.

A strong correlation was found between number of  aggressive acts 
received and time spent standing (r = 0.889, P = 0.004). Submissive cows 
had less time available for feeding, which indicates that social position 
may be a factor affecting the feeding times of  cows. Such aggressive 
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activities are highly likely to be dependent on time of  day, such as feeding 
time, milking time and preferred sleeping times.

Figure 4. The average number of  times per hour the animal performed and received 
an aggression act. Animals present in both loose house system with cubicle bedding 
and strawyard have two points in the figure joined with line, animals present only in 
one system are notated with single dot. Heifers are in red and cows in black.

Figure 5. The overall aggression matrix of  studied animals. Heifers and cows are 
presented in red and black, respectively. ‘Cow X’ denotes 1-3 animals in each period 
not included in present study and varying from period to period. Grey crosses denote 
animals’ pairs without common periods and therefore without the opportunity to be 
aggressive against each other.
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5.3. Grouping effect on nearest neighbour

The mean distance to the first neighbour was one metre in both housing 
systems and no differences between heifers and cows were observed 
(Table 1). Second nearest neighbour mean distance was 0.15 meters 
longer in the cubicle housing than in the strawyard (1.66 and 1.51 meters, 
respectively, P = 0.055).

Table 1. Summary of  observed variables at pre-calving periods on heifers and cows 
separately in a loose housed system with cubicles and in a strawyard.

Variable
Heifer Cow P-value#

Cubicle 
(n=9)

Straw 
(n=14)

Cubicle 
(n=8)

Straw 
(n=13)

Parity Place

Posture
  Lying, % 38.6±4.4ab 49.7±3.5b 31.4±4.7a 51.2±3.7b 0.489 0.002
  Standing, % 61.4±4.4ab 50.3±3.5b 68.7±4.7a 48.6±3.7b 0.504 0.002
Behaviour
  Ruminating, % 31.2±2.8 29.8±2.2 31.3±3.0 30.7±2.3 0.849 0.708
  Feeding, % 23.0±2.6 21.2±2.1 22.0±2.7 21.9±2.1 0.949 0.701
  Idling, % 36.3±3.2 39.2±2.5 38.6±3.3 36.7±2.6 0.979 0.859
Neighbourhood*

  DistNN1, m 1.14±0.06 1.00±0.05 1.00±0.06 1.04±0.05 0.356 0.399
  DistNN2, m 1.71±0.08 1.51±0.06 1.61±0.08 1.51±0.07 0.478 0.055
Aggression
  Aggressions per 
  hour

4.91±1.63ab 2.42±1.31a 8.25±1.73b 5.83±1.36ab 0.035 0.129

  Aggr. received 
  per hour

7.69±1.14a 6.20±0.92a 3.21±1.21ab 1.55±0.95b <0.001 0.161

* DistNN1 and DistNN2 denote distances to the first and second nearest neighbours.
# Parity by place interaction effect was not significant for any variables (all p>0.05).

For each period there was an indication that several pairs of  animals 
were observed more frequently to have been close to each other than to 
other animals, but the identities of  the neighbours were not consistent 
(Figure 6). The weighted mean of  correlation coefficients measuring the 
concordance of  the nearest neighbour scores between periods was only 
0.18 (varying between -0.16 and 0.95).
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Figure 6. Animals’ neighbourhood net by periods, where the strength of  the line 
characterizes the relative closeness (the nearest neighbourhood score) of  the two 
animals. To simplify the comparison, in all periods all animals are shown, animals 
missing at certain period are presented in grey, heifers and cows present at certain 
period are presented in red and black, respectively. ‘Cow X’ denotes 1-3 animals in each 
period not included in present study and varying from period to period.
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5.4. Grouping effect on cows’ (re)joining main herd (III)

After calving, primiparous cows spent less time feeding (time spent at 
the feed face, 9.0%) compared to multiparous cows (time spent at the 
feed face, 31.7%), especially on the first day after calving (P = 0.042) 
(Figure 7 A). On average they had one feeding time recorded during a 
one-hour observation period. Primiparous cows were twice as likely to 
be observed in the passageway compared with the multiparous cows, 
though the difference was not significant (for all three days P = 0.11–
0.14) (Figure 7 B). 

Figure 7. The percentage of  (A) feeding and (B) time spent in alleyway in the first 
three days after calving on primiparous and multiparous cows. The only significant 
difference in feeding behaviour on the first day in the main herd between primiparous 
and multiparous cows is denoted with a p-value (Wilcoxon test).

5.5. Feeding behaviour (II)

In study II two groups of  cows were observed. One group received 
extra concentrate and the other group did not. The group with cows 
which received extra concentrate fed for a mean of  5 h 58 minutes and 
drank for a mean duration of  11 minutes. The other group, which did 
not receive extra concentrate, fed for a mean of  4 hours 40 minutes and 
drank for a mean duration of  14 minutes. The differences found were 
not significant, but cows receiving extra concentrate stood (not feeding) 
longer in the feeding area than the cows of  the other group. Neither 
the feeding time, walking time, standing time nor drinking time were 
significantly affected by additional concentrate fed.
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6. DISCUSSION

6.1. Effect of  grouping on cows’ activity (I, III)

Grouping cows is a common practice in the dairy industry for feed 
management reasons. For a cow transported into a new group this 
means establishing or re-establishing social relationships, being a subject 
of  aggression at feed bunk, reduced dry matter intake and a short-term 
decrease in milk yield (von Keyserlingk et al., 2008). A change in level of  
activity following group change might reflect cows’ response to stressors 
associated with the new social and housing environment. Motion index, 
number of  steps taken per minute and number of  lying bouts per minute 
increased significantly after changing feeding place and feed ration.

There were tendencies for lying time to increase, and standing time 
to decrease after change, but these differences were small and not 
significant. The primiparous cows’ motion index increased by 1.44 
times and steps taken per minute increased by 0.43 times, which were 
significantly higher than for multiparous cows (0.36 and 0.08 times 
respectively). After changing feeding groups, cows’ behaviour returned 
to pre-grouping values after around three to five days, which is similar to 
the time taken to return to previous behavioural patterns of  cows moving 
into a new herd (Pavlenko et al., 2017). Hasegawa et al. (1997) found 
standing and lying to decrease and social behaviour and locomotion 
activity to return to normal 15 days after regrouping of  primiparous 
cows. Kondo et al. (1984) observed that it took a week before calves 
with no previous contact affiliated to a group. Both these studies are 
aligned with the results of  our study about the time taken to familiarise 
themselves, or at least return to previous behavioural budgets, after 
group change. Another factor found to be of  importance affecting the 
welfare of  animals introduced into new groups is the different impact 
on newcomers and established group members, with cows allocated 
into a new group having higher social integration problems than cows 
already in the group (Mench et al., 1990).

Primiparous cows had a stronger reaction to change than multiparous 
cows. This might be because a novel situation is a very strong stressor 
(Stephens and Toner, 1975; Moberg and Wood, 1982; Dantzer and 
Mormede, 1983). Especially when suddenly confronted with new 
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herdmates (Grandin, 1997). After grouping Schirmann et al. (2011) 
found a modest, but significant increase in the number of  lying bouts, 
but von Keyserlingk et al. (2008) found lying bouts to decline on the 
day of  regrouping and a similar tendency of  a decrease for lying times. 
In our study, cows were physically in one group, but were divided into 
three groups by their access to feeding bins. Access was granted only to 
correctly identified cows, and if  cow did not get access to its usual bin, 
it might have become frustrated at being unable to feed and therefore 
moved to the lying area. Von Keyserlingk et al. (2008) used a pendulous 
feed rail, which might have made accessing feed easier and less of  a 
cause for frustration. 

Cows who were transferred to the dry-off  pen had lower mean motion 
indices and steps taken per minute in comparison with cows after 
changing the feeding bin (P < 0.001). The reason for this reduction in 
activity on transfer to the dry-off  pen might simply have been due to the 
smaller enclosure size. However, immediately after entering the dry-off  
pen the motion index and steps taken per minute actually increased; this 
immediate increase might have been the result of  anxiety or exploratory 
behaviour in their new environment.

Calving was followed by significantly higher mean motion indices, 
number of  steps and number of  lying bouts compared to the week 
before calving. Again, the effects were much more pronounced in 
heifers (all P < 0.001). Mean lying time per day was five hours longer for 
both heifers and cows before calving with no difference between parity. 
Other studies have found higher standing time (Huzzey et al., 2005), 
activity index, walking and lying bouts (Miedema et al., 2011; Bak Jensen, 
2012; Hendriks et al., 2019) around calving. Miedema et al. (2011) and 
Bak Jensen (2012) concluded that cows’ behaviour started to change six 
hours before the calf  was born, and the number of  lying bouts were 
estimated to increase roughly 4 hours 13 minutes before calving.

In study III two housing types were compared, strawyard and cubicle. 
Both cows and heifers lay down more in the strawyard than in the cubicle 
housing, with no difference in parity (50.5% and 35.0% respectively). 
A moderate positive correlation was found between the number of  
lying observations in the strawyard and in cubicles. Standing times were 
significantly higher in cubicles than in the strawyards. Previous studies 
confirm these findings, that cows lying times increase when there is 
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more bedding material (as was the case in the strawyard) (Fregonesi and 
Leaver, 2001; Tucker et al., 2004). Deep straw bedding is preferred over 
cubicles (Fregonesi and Leaver, 2001) or deep bedded cubicles with sand 
or straw over rubber mats and mattresses (Calamari at al., 2009). Campler 
et al. (2018) compared transition cow activity in strawyard and cubicle 
housing, similarly to our study, but they found no difference in lying 
times although they found a parity effect on lying bouts which was not 
found in our study. Differences in findings may have been because their 
cows were all studied from four weeks before their expected calving date 
for a three weeks period, while our cows were studied from 10 weeks 
before their expected calving date till three days after calving. Another 
reason might have been the presence of  unfamiliar Jersey filler cows 
who were added to the pen to maintain a stocking density of  10 cows 
per pen.

After joining the main herd primiparous cows walked more than 
multiparous cows. The same was found by Gonzales et al. (2003). But 
they found no difference in lying bouts. In our study heifers had a greater 
increase in their motion index and decrease in the number of  lying bouts 
than cows, which could be explained by the effects of  the novel situation 
for the heifers (Grandin, 1997). After calving, heifers and cows walked 
more and lay more frequently than in the week before calving. This 
might have been due to the milking regime of  twice a day, forcing them 
to walk to the parlour and possibly interrupting bouts of  lying.

6.2. Effect of  grouping on cows’ aggression (II, III)

Aggression in cubicles tended to be higher than in the strawyard (6.58 
± 1.19 and 4.13 ± 0.94 per hour respectively; P = 0.129), but analysed 
data also showed that the same animals who performed/received more 
aggression in cubicles, also performed/received more aggression in the 
strawyard. Heifers received more aggressive acts than cows. Certain pairs 
of  aggressors-recipients were observed. If  one of  these paired animals 
were regrouped, overall aggression might be reduced. 

In study II, a strong positive correlation was found between the number 
of  aggressive acts received and time spent in standing behaviour (r = 
0.889, P = 0.004). The assumption may be made that the dominant cows 
were more likely to actively move and find better spots to feed, and 
disturb submissive cows at the feeding barrier (McPhee et al., 1964). This 
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means that the more dominant cows spent more time standing, exploring 
and actively displacing submissive cows. Submissive cows spent less time 
feeding, which indicates that social position may be a factor affecting 
the feeding times of  cows. Such feeding activity is highly likely to be 
dependent on time of  day. As cows have a preferential, and specific time 
to feed, not all cows (submissive cows and/or heifers) will be able to 
feed at their preferred time, and will have access to feed that has possibly 
been previously sorted by more dominant cows. This remaining feed 
may therefore be nutritionally suboptimal and less palatable and this may 
impair intakes of  the feed that is left to them. 

Dominance status is correlated with age, body weight, chest girth and 
seniority in the herd (Schein and Fohrman, 1955; Beilharz and Mylrea, 
1963; Dickson et al., 1970; Arave and Albright, 1976; Mench et al., 1990) 
and it plays an important role in the social behaviour of  existing or 
newly formed groups. As in our study, Gibbons et al., (2009b) observed 
that primiparous cows received more aggressive acts and were displaced 
more from the feedface than multiparous cows. Group size also has 
an effect on cows’ antagonistic behaviour. Kondo et al. (1989) found 
increased agonistic behaviour when group size increased, but when 
more space was available to the animals, fewer aggressive acts were 
recorded. The usual behaviours observed after regrouping calves, such 
as an increase in general activity and number of  aggressive interactions, 
decrease with repeated regrouping (Veissier et al., 2001; Kondo et al., 
1984). This shows that cows can become accustomed to re-grouping, 
and older cows are more resilient to the change than cows that have had 
less regrouping experience. However, it seems that aggression itself  is 
inevitable, because after puberty dominance-related agonistic behaviour 
becomes prevalent (Bouissou, 1977). Levels of  androgen have been 
found to be correlated with aggression in dairy cows, which can be found 
at higher levels in socially dominant individuals (Bouissou, 1983; Phillips 
and Rind, 2001). Gibbons et al. (2009b) found consistency in aggressive 
behaviour and a higher likelihood of  heifers being the recipients of  
aggression, which was also found in our study.

6.3. Effects of  grouping on nearest neighbour (III)

The mean distance to the nearest neighbour was one metre in both 
housing systems, with no difference between heifers and cows. Second 
nearest neighbour mean distance was 0.15 metres longer in the cubicle 
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housing than in the strawyard. At each period there was an indication 
of  several pairs of  animals that were observed more frequently close 
to each other, but the neighbours were not consistent. The weighted 
average of  correlation coefficients measuring the concordance of  the 
nearest neighbour scores between periods was only 0.18. 

Cows living in one territory rarely space themselves randomly (Lindberg, 
2001). In study III cows were closer together in the strawyard compared 
to the cubicle housing and it was evident that cows preferred to 
be close to certain individuals although this was not consistent. The 
same evidence was found by Cooper et al. (2010) and Boyland et al. 
(2016), where cows were reported to prefer some individuals to others. 
The reason behind this might be the cows’ similarity to their closest 
neighbour, for example, the same weight, milk yield, breed or sharing 
similar requirements and preferences (Boyland et al. 2016; Gygax et al. 
2010). Cows’ preference to be in a particular area of  the enclosure at 
a particular time could have an effect on the identity of  their nearest 
neighbours (Neisen et al., 2009). Neisen et al. (2009) pointed out that 
when considering nearest neighbours only, the animals could change at 
every observation, as they did in our study. Their work showed more 
stable nearest neighbour networks when more animals were recorded 
close to the focal cow. Cows prefer to distance themselves from their 
nearest neighbours if  more space is allowed to them. Kondo et al. (1989) 
observed that the distance between neighbours was maintained within 
the range of  10–12 meters when the space allowance increased beyond 
360 m2 per animal. 

6.4. Effects of  grouping on cows (re)joining the main herd (III)

After calving, heifers fed less frequently than cows, especially on the first 
day after calving (time spent at the feed face, 9.0 and 31.7% respectively). 
On average, heifers had generally one feeding time on the first day. 
Heifers were twice as likely to be observed in the passageway compared 
with the cows, though this difference was not significant.

When primi- and multiparous cows (re)join the main herd, it is very 
important for them to have easy access to feed. Studies have shown that 
five to seven days prepartum cows reduce their dry matter intake by up to 
30% (Bertics et al., 1992; Coppock et al., 1972; Lodge et al., 1975; Journet 
and Remond, 1976) and should rapidly increase their intake from 0 to 
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21 days postpartum (Grant and Albright, 1995). If  the possibility of  free 
access to feed is not granted for a long period then the animal is at a 
higher risk of  negative energy balance, which is associated with impaired 
health, fertility and welfare.

There are several management factors that may reduce and modify the 
negative effects of  (re)grouping, which are social environment, group 
size, social experience, group composition, space allowance and number 
of  animals that are introduced to a resident group (Bøe and Færevik, 
2003). Primiparous cows were more affected by group change than 
multiparous cows. They were seen feeding less and spent more time 
standing in the passageways. There may be two reasons for this: novelty 
of  the situation and hierarchy; heifers are usually at the bottom of  the 
hierarchy chain and are particularly vulnerable to excessive competition 
(Grant and Albright, 2001). This means ease of  access to feeding and a 
resting area should be ensured, as cows are known to synchronize their 
behaviour (Bak Jensen and Proudfoot, 2017; Boyland et al., 2016; Curtis 
and Houpt, 1983).

Many authors have suggested grouping postparturient cows separately, 
or housing primiparous cows separately, so that (especially primiparous 
cows) would adapt more easily to their early postpartum environment (Bak 
Jensen and Proudfoot, 2017; Cook and Nordlund, 2004; Shaver, 1993; 
Grant and Albright, 1995). With abrupt environmental and social change 
there is more of  a risk of  aberrant feeding behaviour, which may lead to 
metabolic diseases (Bazeley and Pinsent, 1984; Sniffen, 1991). Recently 
calved cows are fatigued with weakened hind legs (Sanders, 1990) and 
when forced to compete can easily injure themselves and have lower dry 
matter intakes (Grant and Albright, 1995). Previous inexperience with 
grouping with unfamiliar cows has been shown to reduce milk yield and 
had a negative effect on animals’ behaviour (Sowerby and Polan, 1978), 
which could last more than two weeks after regrouping (Hasegawa et 
al., 1997). Phelps (1992) advised grouping smaller primiparous cows 
separately from larger mature cows. This way the primiparous cows 
produced more milk and had higher dry matter intakes. For intensively 
kept dairy cattle this could be one of  the best solutions. It has been 
reported that cows can become accustomed to being regrouped with 
unfamiliar animals, fighting less and establishing social relationships 
faster (Bouissou, 1975, Mench et al., 1990). 
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6.5. Feeding behaviour (II)

In study II two groups of  cows were observed. One group received 
extra concentrate feed in their ration and the other group did not. The 
group of  cows that received extra concentrate had a mean feeding time 
of  5 h 58 minutes and drank for 11 minutes. The other group that did 
not receive extra concentrate, had a mean feeding time of  4 h 40 minutes 
and drank for 14 minutes. No differences were found between both 
groups regarding behavioural observations, but cows who received 
extra concentrate stood (not feeding) more in the feeding area than the 
cows who did not receive extra concentrates. Neither the feeding time, 
walking time, standing nor drinking times were affected by additional 
concentrate fed.

Intensively kept cattle have several factors influencing their feeding 
behaviour: grouping, stocking density, herd composition, social 
hierarchy, physical characteristics of  consumed feed, feeding system and 
apparatus, competition for feed and water and distribution of  feed and 
water (Grant and Albright, 1995; 2000). Furthermore, it is known that 
cows can adapt their feeding behaviour to both physiological (Grant et 
al., 1990) and environmental conditions (Erdman et al., 1989). Having 
access to feed whenever cows would like to may improve their feed 
intakes and consequently their milk yields (Shultz, 1992). With ad libitum 
feeding cows can feed for 8 hours per day with no adverse effect on dry 
matter intake and milk production (Erdman et al., 1989). For cows, the 
access to feed may be even more important than the nutrients provided 
(Albright, 1993). 

In study I feeding behaviour was not observed, but multiparous and 
primiparous cows who were transferred to the dried off  area did not 
have sufficient feeding area space for all animals to feed at the same 
time. Since cows synchronize their behaviour this might have lead 
to frustration, particularly for submissive cows (Bewley et al., 2010; 
Løvendahl and Munksgaard, 2016). The same problem was witnessed in 
the main herd, where there were 2 to 3 cows per single feeding bin. After 
group change submissive cows, who came to the feeding area from the 
milking parlour and wanted to feed, had to find the location of  the new 
feeding bins to feed from. Some of  them appeared to give up and retired 
to the cubicle (resting) area, a few attempted to get access to their old 
feeding bins or got pushed away by more dominant cows. 
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Competition and position in hierarchy affect feeding behaviour (Grant 
and Albright, 1995), and the most competitive times for feeding are 
right after milking and when fresh feed is delivered (Friend and Polan, 
1974). As primiparous cows are slower feeders than multiparous 
cows (Campling and Morgan, 1981; Beauchemin and Rode, 1994) 
prevention of  easy access to feed may affect primiparous cows more 
than multiparous cows, who can feed more rapidly and leave the area 
of  contention sooner. Therefore, grouping primiparous cows separately 
might help to optimise feed intakes and limit the period of  NEB.
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7. CONCLUSIONS

In conclusion, the following hypotheses tested were supported by these 
findings:

• Changing the feeding bins for dairy cows affects their behaviour

• Regrouping of  animals has less of  an effect on older cows compared 
to heifers

• Cows’ individuality plays a role in acclimatizing to a new group 

The following hypotheses were not supported by these results:

• Cows who receive extra concentrate spend less time feeding on 
forage when both portions of  the ration are offered separately. 

• Observations of  feeding and social behaviour of  dairy cows in a 
herd are useful indicators of  intakes of  dietary rations. 

Issues recuiring further research

For the future it would be interesting to study how group change might 
affect cows when they experience only one, or a maximum of  two 
groupings before calving before returning to the main herd. The role 
each cows’ individuality plays in acclimatizing into a new group would 
be an interesting topic for future research. This way we would be able to 
identify individuals, who adjust better and those who might need a little 
help. 

Because of  the limiting factors of  study II it would be beneficial to 
replicate the study with a larger number of  sample cows in order to 
make more robust the conclusions of  the study. 
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SUMMARY IN ESTONIAN

Grupeerimise mõju piimalehmade käitumisele ning heaolule

Sissejuhatus

Eestis on piimakarjakasvatus olnud üks tähtsamaid loomakasvatusharusid. 
Nõukogude ajal oli Eesti piimakarjad ühed suurema tootlikkusega karjad 
terves regioonis. Alates 1990. aastast vähenes nii lehmade arv kui ka 
piimatoodang märgatavalt (Eesti jõudluskontrolli aastaraamat 1993–
1994; 1995). Euroopa Liiduga ühinemine soodustas farmide ja tööstuste 
moderniseerimist. Möödus veel viis aastat, et võtta vastu määrused, 
mis reguleerivad nõudeid veiste pidamise ja selleks ette nähtud ruumi 
või ehitise kohta (Põllumajandusministri määrus. 2009). Peale selle 
võeti juba 2000. aasta 13. detsembril vastu loomakaitseseadus (Eesti 
loomakaitseseadus, 2000), kus on lisaks põllumajandusloomade heaolule 
sees ka katseloomade heaolu puudutavad paragrahvid ning punktid.

Looma heaolu põhineb inimeste murel loomade elukvaliteedi pärast, 
eriti just põllumajandusloomade elukvaliteedi osas (Duncan, 2005). Palju 
on kritiseeritud loomade pidamist kodustes tingimustes, loomaaedades 
ja -parkides, nende kasutamist erinevatel spordialadel ning näriliste 
elimineerimist kahjuritõrjevahenditega. Vastu on võetud mitmeid seadusi, 
kirja pandud juhiseid, regulatsioone ja hea tava käsiraamatuid looma 
heaolu kaitseks (Dawkins, 2008). Rahvusvaheline Loomatervishoiu 
Organisatsioon (OIE, 2008) on sõnastanud looma heaolu definitsiooni 
järgmiselt: „Looma heaolu tähendab looma füüsilist ja vaimset seisundit, 
mis on seotud tema elutingimustega ja kohaga kus ta sureb“ ning „looma 
heaolu on tagatud, kui ta on terve, tal on mugav, ta on söödetud, tunneb 
end turvaliselt, ei kannata valu, hirmu või stressi all ja tal on võimalik 
liigiomaselt käituda“.

Looma heaolu parandamiseks peavad farmeril olema laialdased 
teadmised veiste käitumisest (Brzozowska jt, 2014). Üks lihtsamini 
jälgitavaid käitumismustreid on aktiivsus. Seda mõjutavad peamiselt 
pidamiviis, grupi suurus, asustustihedus, lüpsilt naasmine ja värske 
sööda etteandmine. Aktiivsust peetakse üheks looma heaolu olulisemaks 
indikaatoriks, sest see näitab lehma füsioloogilist ning tervislikku 
seisundit (Tolkamp jt, 2010).
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Grupeerimine on piimakarjakasvatuses üks tavapärasemaid 
loomapidamist lihtsustavaid praktikaid. Lehmi grupeeritakse 
piimatoodangu, laktatsioonifaasi või loodetava poegimise kuupäeva 
alusel (Grant ja Albright, 2001). Lehmade toomine gruppi võib mõjutada 
nii uute kui ka vanade grupis olijate heaolu ja toodangut (Neisen 
jt, 2009) ning ei mõjuta kõiki osalisi ühtmoodi (Cook ja Nordlund, 
2004). Mullikad ja esmaspoeginud lehmad ei ole grupeerimisega sageli 
harjunud. Vasikaid mitu korda ümber grupeerides on täheldatud vähem 
agressiooni võrreldes mullikate või lehmade grupeerimisega (Veissier 
jt, 2001; Raussi jt, 2005). Tundub, et varasem grupeerimise kogemus 
vasikana valmistab neid lehmana ette edasiseks gruppidesse jaotamiseks, 
kuigi võrreldes vasikatega sageneb suguküpsuse saabudes agressiivne 
käitumine (Bouissou, 1977). Grupeerides lehmi grupis sees, näiteks 
andes ligipääsu uutele söödakünadele või vähendades lisajõusööda 
kogust jõusöödaautomaadist, võib ühest söötmisgrupist teise minek 
mõjuda samamoodi kui lehma viimine uude gruppi. Kui selline vahetus 
mõjub nagu loomade uude gruppi viimine, siis on katse tulemuste põhjal 
võimalik teada saada, kui kiiresti leiavad loomad uued söödakünad ja kui 
kiiresti normaliseerub aktiivsus.

Pärast poegimist viiakse esmaspoeginud lehmad esimest korda põhikarja, 
kus nad peavad kõigepealt leidma oma positsiooni karja hierarhias. Lisaks 
sellele tuleb neil harjuda lüpsmisega. On kindlaks tehtud, et grupeerimine 
mõjutab rohkem hierarhias keskmisel ja madalamal positsioonil olevate 
lehmade piimatoodangut (Hasegawa jt, 1997). Vähem on aga uuritud, 
kuidas muutub mitme grupeerimise tõttu lehmade positsioon karjas, ja 
vaadeldud lehmade omavahelisi sotsiaalseid suhteid. 

Lehmad on kohastunud kiurikaste rohusöötade seedimisele (Ivemeyer 
jt, 2014). Olenevalt lauda söötmiskorraldusest võib loomade söömuse 
hindamine osutuda keeruliseks. Söötes kore- ja jõusööta eraldi, võib 
nende vaheline tasakaal paigast nihkuda, mille tagajärjel võivad lehmadel 
välja kujuneda ainevahetushaigused. Pärast poegimist on lehmal tähtis 
jõuda nii kiiresti kui võimalik energiabilansi tasakaaluni (st 0-bilansini). 
Negatiivset energiabilanssi aitab leevendada piisav kogus jõusööta 
ratsioonis. 

Enamasti kasutatakse söömuse ja piimatoodangu suurendamiseks 
jõusööta. Sellega parandatakse ka kogu ratsiooni seeduvust, 
energiasisaldust ning tasakaalustatakse energia ja proteiini vahekorda 
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(Bargo jt, 2003; Kuoppala jt, 2004). Liiga suure tärkliseallikate koguse 
söötmine laktatsiooni lõpus võib põhjustada lehmade rasvumist, 
vähendada söömust pärast poegimist ning tekitada ainevahetushaigusi 
ja tiinestumisprobleeme (Coppock jt, 1974; Rukkwamsuk jt, 1999). 
Söömiskäitumise jälgimine võib anda teavet väikse- ja suuretoodanguliste 
lehmade söömiskäitumise erinevustest ning võimalust vajaduse korral 
seda süsteemi parandada.

Uurimistöö eesmärgid

Piimakarja täppispidamine on muutumas populaarsemaks ja 
söötmistehnoloogiad muutuvad koos sellega. Nende mõju loomade 
käitumisele ja heaolule pole veel täpselt teada.

Uurimuse hüpoteesid olid järgmised.

• Söödakünade juurdepääsu muutus, millega kaasneb ka lehmade 
söödaratsiooni muutus, mõjutab piimalehma käitumist.

• Lehm, kellele antakse lisajõusööta jõusöödaautomaadist, kulutab 
vähem aega osaratsioonilise segasööda söömisele kui lehm, kellele 
lisajõusööta jõusöödaautomaadist ei pakuta.

• Piimalehma söömis- ja sotsiaalse käitumise uurimine võib osutuda 
kasulikuks indikaatoriks, mis võimaldab hinnata ratsiooni söömust.

• Grupeerimise mõju vanematele lehmadele on väiksem kui lõpp-
tiinetele mullikatele ja esmaspoeginud lehmadele.

• Uue grupiga harjumisel mängib oma osa iga looma individuaalsus.

Hüpoteeside kontrollimiseks püstitati järgmised eesmärgid.

• Hinnata loomade heaolu enne ja pärast söödakünade 
juurdepääsu, sealhulgas söödaratsiooni muutust, kasutades selleks 
aktiivsusmonitoridest kogutud andmeid (I).

• Võrrelda suure- ja väiksetoodanguliste lehmade söömiskäitumist, 
kes saavad erinevas koguses lisajõusööta (II).



63

• Hinnata ümbergrupeerimise mõju piimalehmade käitumisele 
üleminekuperioodil (III).

Materjal ja metoodika

Esimeses katses (I) söödeti lehmi ad libitum kolmekümnest söödakünast. 
Täisratsiooniline segasööt koosnes põldheinasilost ning jõusöödana 
kasutati odrajahu ja rapsikooki. Jõusööda kogussöödaratsioonis sõltus 
lehma piimatoodangust. Igal lehmal oli kaelas saatja, mis võimaldas ligi 
pääseda talle ette nähtud kümnele söödakünale. Värske vesi oli pidevalt 
saadaval kahest jooturist. Lehmad olid grupeeritud piimatoodangu alusel 
(kõrge 30–35 kg, keskmine 30–25 kg, madal < 25 kg). Igale grupile oli 
ette nähtud kümme küna. Kui lehm liikus teise gruppi, siis eelmise grupi 
kümme küna olid talle suletud ja tal oli juurdepääs teise grupi künadele. 
Grupeerimine antud katses tähendas grupisisest loomade liikumise 
ühest söötmisgrupist teise. Füüsilist eraldamist loomade vahel ei olnud.

Katses osales seitse korduvalt ja kolm esmaspoeginud lehma, kes 
lähtuvalt laktatsioonifaasist pidid varsti liikuma kas kõrgetoodanguliste 
lehmade grupist keskmisetoodanguliste lehmade gruppi või 
keskmisetoodanguliste lehmade grupist madalatoodanguliste lehamde 
gruppi Aktiivsusmonitor (IceTags, IceRobotics Ltd., Ühendkuningriik) 
paigaldati iga lehma parema tagajala ümber. Fikseeriti järgmised andmed 
– aktiivsusindeks, seismisele ja lamamisele kulutatud aeg, sammude ja 
lamamiskordade arv.

Lehmade aktiivsust jälgiti 14 päeva enne ja 14 päeva pärast söödaratsiooni 
muutust. Peale muutust ei pääsenud lehmad sööma oma tavapärastest 
künadest.Viite lehma jälgiti kinnislehmade aedikus 5-14 päeva. 
Registreeritud andmete alusel arvutati igale lehmale keskmised väärtused 
ööpäeva kohta. Võrdlemaks keskmiselt päevas ühes minutis tehtavate 
sammude arvu, aktiivsusindeksit ning lamamisele ja seismisele kulutatud 
aega enne ja pärast söödakoha muutust ning kinnislehmade aedikus, 
kasutati üldist lineaarset mudelit. Lamamiskordade arvu analüüsimiseks 
kasutati üldistatud lineaarset mudelit logaritmilise seose-funktsiooniga. 
Kõik mudelid sisaldasid fikseeritud faktoritena ajaperioodi ja 
laktatsiooninumbrit ning juhusliku faktorina lehma. Vabadusastmete arv 
statistilistes testides arvutati Welch-Satterthwaite’i valemist. Tulemused 
esitati vähimruutkeskmistena koos standardvigadega ja erinevused loeti 
statistiliselt oluliseks p<0,05 korral.
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Iga tunnuse kohta tehti kaks eraldi analüüsi kasutades 1) üheksa lehma 
andmeid enne ja pärast söödaküna muutust ja 2) viie lehma andmeid 
peale kinnislehmade gruppi minekut (sammude arvu korral nelja lehma 
andmeid).

Andmete statistiliseks analüüsiks kasutati tarkvara SAS 9.4 protseduure 
MIXED ja GLIMMIX. Üksikute lehmade käitumist erinevatel 
ajaperioodidel kirjeldati tarkvara R 3.2.3 abil.

Teise katsesse (II) valiti kaheksa eesti holsteini tõugu lehma nende 
ratsioonis sisalduva jõusöödakoguse põhjal. Katse viidi läbi kahes grupis: 
nelja lehma lisajõusööda kogus ratsioonis oli 2–4 kg päevas (olenevalt 
piimatoodangust) ja teised neli (kontroll) ei saanud lisajõusööta. Kõiki 
lehmi söödeti osaratsioonilise segasöödaga, mis sisaldas põldheinasilo 
(63%), odrajahu (31%), rapsikooki (5%) ja mineraale (1%). Sööt 
toodi söödalavale kolm korda päevas. Vesi oli pidevalt saadaval neljas 
kausikujulises jooturis. Lehmad said lisajõusööta lüpsirobotis ja/või 
kahest jõusöödaautomaadist, mis asusid puhkealal. 

Kolme lehma jälgiti suvel ning viit lehma sügisel ja talvel. Lehmade 
käitumine söömisalal salvestati videokaameraga 24 tunni jooksul (Joonis 
1 lk 17). Üks vaatlusperiood kestis enamasti kaks tundi. Videod filmiti 
söödalava kohal olevalt galeriilt. Videoid vaatas ja analüüsis üks vaatleja.

Kogutud andmed olid järgmised: söömisele (esimesest viimase suutäieni), 
joomisele ja kõndimisele kulutatud aeg, hoolitsuskäitumine (sügamine 
mehaanilise harja abil ja teise lehma lakkumine) ning agressioon. 
Agressiivset käitumist hinnati uurimaks, kuidas karja sotsiaalne käitumine 
võib mõjutada lehma söömiskäitumist. Agressiivne käitumine hõlmas 
tõukamist (dominantsem lehm lükkas teise lehma eest ära), togimist 
(dominantne lehm lükkas teise lehma eest ära, kuid teine lehm jäi samale 
kohale) ja ähvardamist (dominantne lehm võttis ähvardava poosi ja 
suunas pea teise lehma suunas). Analüüsis ühendati lükkamine, togimine 
ja ähvardamine ühtseks agressiivseks käitumiseks.

Andmete statistiliseks analüüsiks kasutati tabelarvutusprogrammi 
Microsoft Excel ja statistikapaketti R 3.2.3. Kahe grupi erinevust 
analüüsiti t-testiga. Kui andmete jaotus ei vastanud normaaljaotusele 
ei algselt ega ka peale logaritmimist, kasutati gruppide võrdlemiseks 
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parameetrilist Wilcoxoni testi. Tunnuste vahelisi seoseid uuriti Spearmani 
korrelatsioonanalüüsiga.

Kolmas katse viidi läbi Šotimaal kahekümne üheksa holsteini tõugu 
kinnislehmaga, kellest kolmteist olid varem vähemalt ühe korra 
poeginud ja kuusteist olid tiined mullikad. Lehmad valiti välja läheneva 
poegimiskuupäeva järgi. Karja struktuur oli dünaamiline, see tähendab 
lehmad toodi gruppi ja viidi grupist oodatava poegimisaja alusel. 
Esimene grupi muutus toimus 7–10 päeva enne arvatavat poegimist, 
kus lehmad ja tiined mullikad viidi asemetega grupist põhuallapanuga 
gruppi. Teine grupivahetus toimus kui lehmad läksid peale poegimist 
põhikarja. Kahekümne üheksast lehmast ja mullikast seitseteist jälgiti 
asemetega kinnislehmade aedikus, kahtkümmet seitset põhuallapanul 
ja kahtkümmet kolme põhikarjas. Igas grupis jälgiti lehmi kolmel 
järjestikusel päeval. Vaatlused jagati viide perioodi: kaks asemetega alal 
ja kolm põhuallapanul (Joonis 2 A ja B lk 20). 

Kinnisloomad olid paigutatud kahte eraldi gruppi. Asemetega aediku 
mõõtmed sõltusid seal olevate lehmade arvust (aedikut oli võimalik 
teha suuremaks ja väiksemaks). Asemeid oli alati rohkem kui loomi. 
Asemed olid kaetud madratsiga, mille peale laotati saepuru. Katse ajal 
oli söödalava pikkus 15 meetrit ja jalutusala laius 2,5 meetrit.

Nädal enne planeeritavat poegimist viidi lehmad asemetega aedikust 
põhuallapanuga aedikusse ja nad jäid sinna poegimiseni. Aediku 
mõõtmed olid 11 × 19 meetrit ja söödalava pikkus 12 meetrit. Kui lehma 
ei jõutud enne poegimist viia poegimisaedikusse, siis viidi ta sinna pärast 
poegimist koos vasikaga ja hoiti seal 24–48 tundi. Peale seda viidi lehm 
põhikarja.

Põhikarja lehmad olid grupeeritud laktatsioonifaasi alusel. Laktatsiooni 
esimese poole lehmad olid jaotatud kolme aediku vahel ja said vabalt 
liikuda ühest aedikust teise. Laktatsiooni lõppfaasis olevad loomad olid 
eraldatud kinnisesse aedikusse (toodi gruppi, kui tiinus oli kinnitatud ja 
piimatoodang alla 40 kg). Laktatsiooni esimese poole lehmade ühe aediku 
mõõtmed olid 24 × 84 meetrit. Asemed (240) olid kaetud madratsiga, 
saepuru laotati kolm korda nädalas ja puhastati kaks korda päevas lüpsi 
ajal. Lehmi lüpsti 28kohalisel paralleelsel DeLavali lüpsiplatsil kell 05.00 
ja 15.00.
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Põhikarja loomadele söödeti täisratsioonilist segasööta, mis koosnes 
esimese niite rohusilost ja täisteranisujahust, maisi- soja-, odra- ja 
nisujahust, sojagraanulitest, suhkrupeedilõikudest, melassist. Asemete 
grupis olevatele kinnislehmadele söödeti teise niite rohusilo ja nisupõhku. 
Põhuallapanuga aedikus aga esimese niite rohusilo, täisteranisujahust ja 
proteiinisöödasegu. Vesi oli kõigile loomadele vabalt saadaval. Lüpsiplatsil 
anti veidi jõusööta vaid lehmade lüpsma meelitamiseks.

Lehmade aktiivsusandmeid koguti IceTagi ja IceQube’i 
aktiivsusmonitoridega (IceRobotics, Ltd., Ühendkuningriik). 
Neljateistkümnel lehmal oli parema tagajala ümber IceTagi ja 
neljateistkümnel vastavalt IceQube’i aktiivsusmonitorid. Mõlemas 
seadmes kasutatakse aktiivsusandmete arvutamisel samasugust algoritmi, 
nii et seadmed on samaväärsed. 

Videovaatluste abil uuriti kinnislehmade agressiivse käitumise 
järjepidevust pärast uude gruppi viimist. Asemetega aedikusse paigaldati 
kolm ja põhuallapanuga aedikusse üks kaamera. Vaatlus algas hommikuse 
sööda etteandmise ajal ja kestis ühe tunni.

Salvestati järgmised agressori käitumismustrid: lükkamine (agressor 
kasutas teise lehma ründamiseks keha, mitte pead), puksimine (agressor 
kasutas ründamiseks pead), läbipressimine (agressor tuli jõuga söödalava 
juurde ja lükkas kõrval oleva lehma eest ära), läbitungimine (agressor 
pressis end kahe lehma vahelt läbi), blokeerimine (agressor tuli 
söödalava ja teise lehma vahele), ähvardamine (agressor võttis ründava 
poosi ja suunas oma pea teise lehma suunas). Salvestati rünnatava poole 
käitumismustrid: vastuseta, vältimine, astus tagasi, astus küljele, vastas 
samaga (rünnatav ründas agressorit), võitlus (rünnatav ründas agressorit 
ja jätkas agressiivset käitumist).

Lehmade ümbergrupeerimise mõju sotsiaalsele lävimisele mõõdeti 
lähima naabri vaatlusega. Distantsi esimese lähima naabrini hinnati 
visuaalselt 0,5-meetriste vahedega kuni 2,5 meetrini (< 0,5 m; 0,5 m; 
1,0 m; 1,5 m; 2,0 m; 2,5 m ja > 2,5 m). Vaatlus viidi läbi pool tundi 
pärast sööda etteandmist. Loomade käitumine salvestati iga 20 minuti 
järel nelja tunni jooksul ühetunnise pausiga vaatlusperioodi keskel. 
Salvestatud käitumismutrid olid asend (seisab/lamab), tegevuseta 
lamamine/seismine, mäletsemine, söömine ja magamine. Kõik vaatlused 
viis läbi üks inimene.
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Teise ümbergrupeerimise mõju jälgimine toimus põhikarjas. Katseloomi 
vaadeldi pärast lüpsilt tulekut ühe tunni jooksul. Iga lehma asukoht 
salvestati 10-minutiliste intervallidega. Salvestatud asukohad olid 
söödalava, vahekäik või mujal (lamamine asemetel või seistes/kõndides 
kahe aediku vahelisel alal). Vaatlus algas hommikuse sööda ettetoomise 
ajal või kui lehm saabus lüpsiplatsilt. Kui sööda etteandmise ja lehma 
lüpsiplatsilt saabumise vahe oli üle 30 minuti, siis vaadeldi looma 
järgmisel päeval.

Kuna lehmad veetsid asemete ja põhuallapanu grupis erineva arvu päevi 
ja uuritud tunnuseid registreeriti erineva ajaintervalliga, siis moodustati 
tunnuste analüüsimiseks eraldiseisvad andmetabelid.

Aktiivsusmonitori andmete puhul eristati kolm ajaperioodi: enne 
poegimist, poegimise ajal ja peale poegimist. Looma iga ajaperioodi jaoks 
arvutati aktiivsusmonitori poolt registreeritud andmete põhjal keskmine 
väärtust. Neid väärtusi analüüsiti kahefaktorise dispersioonanalüüsiga, 
testimaks ajaperioodi ja looma vanuse (tiine mullikas/lehm) ning nende 
koosmõju statistilist olulisust. Aktiivsusindeksi, sammude arvu ja 
lamamiskordade arvu väärtused logaritmiti enne analüüsi lähendamaks 
nende jaotust normaaljaotusele.

Võrdlemaks lehmade ja mullikate omavaheliste agressiivsusaktide arvu 
leiti, kui mitu korda tunnis ründasid keskmiselt lehmad mullikaid, lehmad 
üksteist, mullikad üksteist ja mullikad lehmi. Saadud keskmisi võrreldi 
t-testiga ja tulemusi korrigeeriti mitmese testimise suhtes Bonferroni 
meetodil. 

Loomade visuaalsetest vaatlustest moodustati andmestik, kus iga looma 
igale vaatlusperioodile vastas üks rida, milles toodi välja seismise, 
lamamise, söömise, mäletsemise ja tegevusetult seismise/lamamise 
ajalised osakaalud. Leiti ka keskmine kaugus lähimast ja läheduselt teisest 
naabrist ning keskmine ründajaks ja rünnatavaks olemiste arv. Kõiki 
andmeid analüüsiti kahefaktorilise dispersioonanalüüsiga testimaks 
looma vanuse (mullikas/lehm), grupi (asemed/põhuallapanu) ning 
vanuse ja grupi koosmõju statistilist olulisust. Mudelipõhiseid keskmisi 
ehk vähimruutkeskmisi võrreldi Tukey post-hoc testiga. 

Hindamaks loomade käitumise sarnasust asemete ja põhuallapanu grupis, 
arvutati iga looma tarvis mõlemas grupis seismise, lamamise, söömise, 
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mäletsemise ja tegevusetult seismise/lamamise ajalised osakaalud, 
keskmised kaugused lähimast ja läheduselt teisest naabrist ning keskmised 
ründajaks ja rünnatavaks olemiste arvud. Lehmade käitumise sarnasust 
kahes grupis hinnati Pearsoni korrelatsioonanalüüsiga.

Lähima naabri skoor iseloomustab loomapaari omavahelist seotus ja 
see arvutati vaid samal ajaperioodil samas grupis olnud loomade kohta. 
Selle skoori arvutamisel võeti arvesse, kui mitmel korral olid kaks looma 
märgitud üksteise lähimateks või läheduselt teisteks naabriteks ning kui 
suur oli nendevaheline distants. Kuna erinevatel ajaperioodidel olid koos 
erinevad loomad, mis võis mõjutada ka mitu korda koos olnud loomade 
omavahelist lähedust, arvutati lähima naabri skoori väärtused iga perioodi 
jaoks eraldi. Saadud väärtused jäid nulli (loomad ei olnud kordagi üksteise 
lähimad naabrid) ja ühe vahele (maksimaalne lähedus üle kõigi paaride). 
Skoor puudus kui kaks looma ei olnud samal ajal ühes grupis. Loomade 
omavahelise läheduse püsivust hinnati Pearsoni korrelatsioonanalüüsiga, 
baseeruvana nende loomade omavahelistel läheduse skooridel, kes olid 
koos enam kui ühes grupis(ajaperioodil).

Esmas- ja korduvalt poeginud lehmade paiknemise ja käitumise osakaale 
põhikarjas peale poegimist võrreldi Wilcoxoni testiga.

Andmete statistiliseks analüüsiks kasutati statistikapakette R 3.3.3 ja SAS 
9.4.

Tulemused ja arutelu

Grupeerimise mõju lehmade aktiivsusele

Söötmiskoha muutus suurendas liikumisindeksit, sammude ja 
lamamiskordade arvu minutis (P < 0,001). Esmaspoegijatel oli reaktsioon 
söötmisgrupi muutusele tugevam. Korduvalt poeginud lehmade 
aktiivsusindeks suurenes 0,36 ja sammude arv minutis 0,08 korda ning 
esmaspoegijatel vastavalt 1,44 ja 0,43 korda. Lamamisele ja seismisele 
kulutatud ajas erinevust ei leitud (vastavalt P = 0,650; P = 0,650). 
Lehmade aktiivsus stabiliseerus 3–5 päeva pärast grupi muutust, mida 
täheldasid oma uurimuses ka Pavlenko jt (2017). (I)

Pärast uute lehmade kinnislehmade aedikusse viimist oli näha nii 
aktiivsusindeksi kui ka sammude arvu suurenemist. Keskmine 
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aktiivsusindeks ja minutis tehtud sammude arv oli kinnislehmade 
aedikus olevatel lehmadel väiksem kui söötmisgruppi vahetanud 
lehmadel. Kinnislehmade söödalava äärde mahtus korraga sööma vähem 
loomi kui neid oli grupis. Kuna lehmad sünkroniseerivad omavahelist 
käitumist, võis see madalamal hierarhilisel positsioonil olevatel lehmadel 
põhjustada frustratsiooni (Bewley jt, 2010; Løvendahl ja Munksgaard, 
2016) ja nad viibisid seetõttu rohkem aega asemetel. Sama võis juhtuda 
ka söötmisgruppi vahetanud lüpsvate lehmadega. Põhikarjas oli ühe 
küna kohta grupis kaks-kolm lehma. Madalamal hierarhilisel positsioonil 
olevad lehmad, kes pärast lüpsmist ei leidnud endale „õiget“ küna ja/või 
ajasid dominantsemad lehmad nad minema, loobusid ja võisid minna 
puhkealale. (I)

Võrreldes loomade käitumist asemete ja põhuallapanuga aedikus, 
selgus, et nii lehmad kui ka mullikad lamasid rohkem põhuallapanuga 
(50,5%) kui asemetega aedikus. Põhuallapanul ja asemetel kulutatud 
lamamisaegade vahel oli mõõdukas positiivne korrelatsioon, ehk need 
lehmad, kes lamasid asemetel pikemalt, tegid seda ka põhuallapanul. 
Seismisele kulutatud aeg oli asemetega aedikus märgatavalt pikem kui 
põhuallapanul (P = 0,002). (III)

Varasemad uurimused kinnitavad meie tulemusi, tõdedes, et lamamise 
aeg pehmemal asemel pikeneb (Fregonesi ja Leaver, 2001; Tucker ja 
Weary, 2004). Lehmad eelistavad põhuallapanuga aedikut asemetega 
aedikutele (Fregonesi ja Leaver, 2001) või põhu- ja liivaallapanuga 
asemeid kummist mattidele ja madratsitele (Calamari jt, 2009).

Mäletsemisele (Joonis 3 B, lk 23), söömisele ja tegevuseta lamamisele/
seismisele kulutatud ajas asemete ja põhuallapanuga grupi vahel erinevusi 
ei leitud [vastavalt r = 0,24 (P = 0,366), r = 0,29 (P = 0,276) ja r = 0,14 
(P = 0,605)]. Samuti puudus erinevus mullikate ja lehmade vahel. (III)

Pärast poegimist oli lehmade keskmine aktiivsusindeks suurem ning 
samme ja lamamiskordi (Joonis 3 A, lk 23) oli minutis märksa enam 
võrreldes nädalaga enne poegimist. Antud muutus oli esmaspoegijatel 
suurem kui korduvalt poeginud lehmadel (P < 0,001), mis võib tuleneda 
neile uudsest elukorraldusest (Grandin, 1997). Enne poegimist oli 
lehmade ja mullikate keskmine lamamisele kulutatud aeg päevas viis 
korda pikem (P < 0,001). Teistes uurimustes on poegimise lähenedes 
leitud märgatavalt pikenenud seismisele (Huzzey jt, 2005) ja kõndimisele 
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kulutatud aeg, suurenenud aktiivsusindeks ja lamamiskordade arv 
(Miedema jt, 2011; Bak Jensen, 2012; Hendriks jt, 2019). Varem on 
täheldatud, et lõpptiinete lehmade käitumine hakkab muutuma kuus 
tundi ja lamamiskordade arv hakkab kasvama umbes 4 tundi 13 minutit 
enne poegimist (Miedema jt, 2011; Bak Jensen, 2012). (III)

Grupeerimise mõju agressiivsele käitumisele

Lehma dominantsus on seotud tema vanuse, kehakaalu, rinnaku 
ümbermõõdu ja karjas viibitud ajaga (Schein ja Fohrman, 1955; Beilharz 
ja Mylrea, 1963; Dickson jt, 1970; Arave ja Albright, 1976; Mench 
jt, 1990). See mängib tähtsat osa loomade omavahelises sotsiaalses 
käitumises nii praeguses grupis kui ka uude gruppi viimisel.

Keskmine agressiivsete tegevuste arv tunnis oli asemetega aediku grupis 
veidi suurem kui põhuallapanul peetavatel loomadel (vastavalt 6,58 
±1,19 ja 4,13 ±0,94). Tulemus ei olnud statistiliselt oluline (P = 0,129).

Tiined mullikad olid võrreldes lehmadega vähem agressiivsed ja 
agressioon oli pigem suunatud nende suunas. Keskmiselt olid mullikad 
agressorid 3,66 (+1,05) korda ja rünnatavad 6,94 (+0,73) korda tunnis. 
Keskmiselt olid lehmad agressorid 7,04 (+1,19) korda ja rünnatavad 2,38 
(+0,77) korda tunnis. Lehmade ja mullikate vaheline erinevus agressiivses 
käitumises oli statistiliselt oluline (vastavalt P = 0,035 ja P < 0,001) 
(Joonis 4 ja 5, lk 24). (III)

Tugev positiivne seos oli looma tasandil agressiivsel käitumisel 
asemetega ja põhuallapanuga aediku grupis. Lehmad, kes olid ühes 
grupis agressiivsemad olid seda ka teises grupis: r = 0,68 (P = 0,004) ja 
r = 0,53 (P = 0,033). Vaatlustest tulid välja ka kindlad ründaja-rünnatava 
paarid. (III)

Teises katses leiti tugev seos rünnatavaks olemise kordade arvu ja 
seismisele kulutatud aja vahel (r = 0,889, P = 0,004). Hierarhias allpool 
olevad loomad kulutasid söömisele vähem aega, mis näitab, et sotsiaalne 
positsioon karjas võib mõjutada söödalava juurde pääsemist.

Gibbons jt (2009b) leidsid, et söödalaval rünnatakse ja aetakse rohkem 
minema esmaspoeginud kui korduvalt poeginud lehmi. Grupi suurus 
mängib selles oma osa, sest kui lehmadele anda söödalaval rohkem 
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ruumi, siis agressioon väheneb (Kondo jt, 1989). Agressiivne käitumine 
on suuresti tingitud ka farmis väljakujunenud töörutiinidest. Näiteks 
söötmise ja lüpsile minekuga kaasneb tavapäraselt rohkem agressiooni.

Grupeerimise mõju suhetele lähima naabriga 

Samas grupis olevad lehmad ei paikne üksteise suhtes enamasti juhuslikult 
(Lindberg, 2001). Keskmine distants vaatluse all oleva lehma ja ta lähima 
naabri vahel oli mõlemas grupis üks meeter. Mullikate ja lehmade 
distantsis erinevust ei leitud. Põhuallapanu grupiga võrreldes oli asemete 
grupis teise lähima naabri distants 0,15 meetrit pikem (vastavalt 1,66 m 
ja 1,51 m, P = 0,055). (III)

Igal perioodil täheldati mitut paari lehmi, kes hoidsid rohkem üksteise 
lähedusse, aga need ei olnud alati ühed ja samad lehmad (Joonis 6, lk 
26-27). Samade paaride püsimajäämise korrelatsioon perioodide vahel 
oli nõrk (r=0,18), varieerudes –0,16 kuni 0,95-ni.

Cooper jt (2010) ning Boyland jt (2016) leidsid sarnaselt antud 
uurimusega, et lehmad eelistavad teatud lehmade seltsi teistele. Põhjus 
võib peituda omavahelises sarnasuses. Näiteks on nad sarnase kehamassi 
ja piimatoodanguga, sama tõugu või samade vajaduste ja eelistustega 
(Boyland jt, 2016; Gygax jt, 2009). Lehma vajadus viibida teatud ajal 
teatud kohas võib ära määrata tema eelistused kaaslaste suhtes (Neisen jt, 
2009). Käesoleva uuringu tulemustest ei nähtu, et erinevatel perioodidel 
olid vaatluse all olevatel lehmadel ainult samad lähimad naabrid, kuid 
tendents selles suunas oli olemas. Neisen jt (2009) tõid välja, et lähima 
naabri analüüsil võiks tähelepanu pöörata mitte ainult kõige lähemal 
asuvatele loomadele, vaid veel paarile kolmele loomale. Nende katsest 
järeldus, et sel viisil oli lähimate naabrite võrgustik stabiilsem.

Grupeerimise mõju põhikarja naastes

Pärast poegimist põhikarja jõudes kulutasid esmaspoeginud lehmad 
söömisele vähem aega. Esmaspoeginud lehmad viibisid söödaküna 
juures keskmiselt 9,0% ning korduvalt poeginud lehmad vastavalt 
31,7% kogu vaadeldud ajast (P = 0,042) (Joonis 7 A, lk 28). Erinevus 
tuli rohkem esile esimesel päeval pärast lehma põhikarja toomist. Kõige 
vanemat katses olnud lehma vaadeldi esimesel põhikarja toomise päeval 
söömas viiel korra. Enamasti käisid esmaspoeginud lehmad esimesel 
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põhikarja toomise päeval söömas vähem võrreldes korduvalt poeginud 
lehmadega (P = 0,042). Korduvalt poeginud lehmadega võrreldes veetsid 
esmaspoeginud poole rohkem aega vahekäigus, aga statistiliselt polnud 
erinevus oluline (kolm päeva P = 0,11–0,14) (Joonis 7 B, lk 28).

Sõltumata poegimiste arvust on lehmade jõudmisel põhikarja väga tähtis, 
et neil oleks tagatud kerge ligipääs söödale. Uurimused näitavad, et 5–7 
päeva enne poegimist väheneb lehmade kuivaine söömus kuni 30% 
(Bertics jt, 1992; Coppock jt, 1972; Lodge jt, 1975; Journet ja Remond, 
1976) ja peaks kiiresti suurenema kuni 21 päevani pärast poegimist 
(Grant ja Albright, 1995). Kui pärast poegimist pole lehmadele tagatud 
kerge ligipääs söödale, on neil suurem risk pikaajalisemaks negatiivseks 
energiabilansiks, mida on seostatud tervise- ja sigimisprobleemide ning 
üldise heaolu halvenemisega. Mitmed autorid on soovitanud põhikarja 
toodud äsja poeginud, eriti esmaspoeginud lehmi eraldi grupeerida, et 
nad harjuksid uue keskkonnaga (Shaver, 1993; Grant ja Albright, 1995; 
Cook ja Nordlund, 2004; Bak Jensen ja Proudfoot, 2017; Soonberg and 
Arney, 2021).

Söömiskäitumine

Piimalehma söömiskäitumist mõjutavad mitmed tegurid, nagu 
asustustihedus, karja koosseis, hierarhia, sööda väljanägemine, 
söötmissüsteem ja seadmed, võitlus sööda ja vee pärast ning 
söömiskohtade ja jooturite arv (Grant ja Albright, 1995, 2000). Lehmad 
kohandavad oma söömiskäitumist vastavalt füsioloogilistele (Grant jt., 
1990) ja keskkonnast tulenevatele teguritele (Erdman jt., 1989).

Teise katse tulemustest nähtus, et lisajõusööta saavad lehmad sõid 
keskmiselt 5 tundi 58 minutit ja jõid keskmiselt 11 minutit, ning 
lisajõusööta mittesaanud lehmad vastavalt 4 tundi 40 minutit ja 14 
minutit ööpäevas. Gruppide vahel statistilist erinevust ei leitud, kuid 
lehmad, kes said lisajõusööta, seisid pikemalt söödavahekäigus. Lisaks 
antav jõusöödakogus ei mõjutanud söömisele (P=0,200), kõndimisele 
(P=0,343), seismisele (P=0,686) ega joomisele (P=0,686) kulutatud aega.

Nielsen jt (2010) leidsid oma uuringus, et rohkem jõusööta saavad 
lehmad sõid ratsiooni kuivainet keskmisel rohkem, aga kulutasid selleks 
vähem aega kui vähem jõusööta saavad lehmad. Käesolevas uuringus 
seda otseselt ei tuvastanud. Samas meie katsesse olid valitud laktatsiooni 
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alguse ja lõpu lehmad. Seepärast võiski esimeste söömus olla laktatsiooni 
lõpus olevatest ja jõusööta mitte saavatest lehmadest suurem. See vastab 
ka käesoleva uuringu tulemustele, sest lüpsipäevade arv ja söömisele 
kulutatud aeg oli negatiivses korrelatsioonis (r=-0,60).

Esimeses katses söömiskäitumist ei hinnatud, aga kinnislehmade aedikus 
ei olnud piisavalt ruumi, et kõik lehmad oleksid mahtunud koos sööma. 
Kuna teadaolevalt sünkroniseerivad lehmad oma käitumist, siis võis see 
põhjustada frustratsiooni just hierarhias madalamal positsioonil olevatel 
lehmadel (Bewley jt., 2010; Løvendahl ja Munksgaard, 2016), sest 
juurdepääs söödale võib olla isegi tähtsam kui sööt ise (Albright, 1993). 
Samuti oli konkurents söödale ka põhikarjas kus toimus söödakünade 
vahetus. Iga küna kohta oli grupis kaks kuni kolm lehma. Lehmad, kes 
tulid lüpsilt ning olles harjunud sööma teatud künadest, ei saanud neile 
enam ligi ja pidid leidma uued künad. Kuna suurim konkurents söödale 
on selle etteandmisel ja peale lüpsilt tulekut (Friend and Polan, 1974), siis 
leidus lehmi, kes peale lüpsilt tulekut ei leidnud esimese korraga uusi neile 
avanevaid künasid, mistõttu läksid asemetele puhkama. Siinjuures tasuks 
ka arvestada esmaspoeginud lehmadega, kes on aeglasemad sööjad kui 
korduvalt poeginud lehmad (Campling ja Morgan, 1981; Beauchemin ja 
Rode, 1994). Sellepärast tasuks neid grupeerida eraldi korduvalt poeginud 
lehmadest, et neil oleks vaba ligipääs söödale ja seetõttu ka võimalikult 
lühike negatiivse energiabilansi periood. 

Kokkuvõte

Töö eesmärgiks seati selgitada lehmade käitumise ja heaolu muutumist 
söötmiskoha vahetuse, ümbergrupeerimise ja erineva söömisrežiimi 
korral. Piimalehmade heaolu uuringud on alates selle töö esimestest 
katsetest muutunud väga populaarseks. Piimakarjapidajad on loomade 
heaolu parandades suurendanud ka lehmade tootlikkust. See on kindlasti 
üheks ajendiks pidamistingimuste edasiseks parandamiseks. Üks 
murekohti piimakarjakasvatuses on lehmade sage grupeerimine ja selle 
negatiivse mõju kestus toodangule.

Esimese katse tulemustest järeldus, et söötmiskoha ja -ratsiooni 
muutumine grupi sees mõjutab lehmade käitumist. Korduvalt poeginud 
lehmadega võrreldes oli suurem mõju esmaspoeginud lehmadele. Seda 
näitasid ka kolmanda katse tulemused. Söötmisgrupi muutus mõjutas 
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tugevamalt mullikaid/esmaspoeginud lehmi, ent muutust käitumises 
täheldati ka lehmadel.

Lehma uude gruppi viimine mõjutas tema söömust, piimatoodangut ja 
heaolu. Arvesse tuleks võtta iga lehma iseloomu. Kolmandast katsest 
järeldus, et lehmad, kes olid ühes söötmisgrupis agressiivsemad/
rünnatavamad olid seda ka teises. Sama suundumust täheldati ka 
lamamise kohta, lehmad, kes lamasid asemetega grupis rohkem, tegid 
seda ka põhuallapanuga grupis. Lehmade sotsiaalset suhtlust hindava 
lähima naabri vaatluse tulemusel leiti, et paarid ei olnud püsivad, kuid 
igal vaatlusperioodil täheldati teatud lehmi, keda nähti rohkem viibimas 
üksteise läheduses.

Teise katse tulemustest järeldus, et lisajõusööta saavate ja mittesaavate 
lehmade osaratsioonilise segasööda söömisele kuluva aja vahel 
statistiliselt oluline erinevus puudus. Jõusööta lisaks saavad lehmad seisid 
rohkem söötmise ala vahekäigus kui lehmad, kellele seda ei antud. Tugev 
korrelatsioon oli seismisele kulutatud aja ja rünnatavaks olemise vahel. 
Selle põhjal võib arvata, et hierarhias madalamal positsioonil olevatel 
lehmadel pole võimalik valida endale sobivat kohta söödalava ääres ning 
süüa nii palju ja kaua kui nad sooviksid.

Edasist uurimist vajavad teemad

Tulevikus tasub kindlasti uurida lehmade käitumist grupeerimisel kui 
neid grupeeritakse kinnijätmisel ja uuesti põhikarja toomisel ning kui 
palju mängib rolli iga lehma iseloom tema kohanemisel uue grupiga. Selle 
teadmise abil saame ära tunda lehmi, kellel läheb gruppi sulandumine 
kergemini ja kellel tuleks rohkem silm peal hoida. 

Kuna teise katse limiteerivaks faktoriks oli väike katseloomade arv, siis 
oleks kasulik seda katset korrata rohkemate loomadega, et toetada katse 
esialgseid tulemusi.
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How does changing the feeding bin affect cows’
behaviour?

Maria Soonberg, Tanel Kaart and David Richard Arney

Estonian University of Life Sciences, Kreutzwaldi 46, Tartu, 51006, Estonia

Abstract

In a system in which cows are grouped and given differential access to feeding bins with dif-
ferent rations, and where these groups change over time, it is important to find out how a
change in the ration (and hence feeding bin) affects the cow’s feeding behaviour.
Monitoring the locomotion of cows can be used to predict oestrus and improve health (lame-
ness diagnosis), but activity monitors can also be used to estimate both activity and numbers
of feeding visits by cows. Ice tag activity monitors were attached to the right hind legs of ten
cows. Walking, standing, lying data and health records were used to record changes before and
after a change in each cow’s feeding bin. Results comparing activity before and after feeding
bin change revealed significant increases in motion index, number of steps taken per minute
and number of lying bouts per minute (all P < 0.001). Comparing the behaviours of cows sub-
sequently followed during the dry period showed significant differences in motion indices and
number of steps taken per minute (P < 0.001) in the dry period. The results indicate that cows
are affected by feeding bin change and group change, which can lead to an increase in behav-
iour associated with the stress response, especially in heifers.

Assessing farm animal welfare has become a well-researched field of study (Blokhuis et al.,
2013; Miele et al., 2013). Consumers have become more conscious about what is happening
on farms, and most of them show concern about this, even if they do not act as if this
were so when they are behaving as consumers (Grunert, 2006; Verbeke et al., 2010). Efforts
to reduce poor welfare are of interest to the general public as well as producers and academics.
Solutions to welfare problems on-farm are, therefore, important for farmers.

Welfare assessment is one way for a farmer to understand the bottlenecks preventing high
quality husbandry in his/her farm and how to overcome them. Assessing welfare effectively is
not achieved by the consideration of one single measure, but by looking at different aspects
that affect animals’ wellbeing in their environment (Fraser, 1995). Much research considers
a single measure and how this affects the animals’ welfare. In the current trial it was decided
to focus on cows’ activity, because this reflects cows’ health and, therefore, production and can
be considered to be related to welfare (Ladewig and Smidt, 1989; Müller et al., 1989; O’Driscoll
et al., 2008).

Monitoring dairy cow behaviour has become increasingly important and it is relatively
common to monitor health and welfare on an individual basis (Nielsen, 2013). Available tech-
niques include the Rumiwatch system to monitor feeding, ruminating and activity, Ice Tag
Sensors to monitor cows activity, SCR Heatime, Cow Scout and Smartbow for heat detection
and health monitoring and Pro Calve that gives pre and post calving distress alerts.

One of the bases for the improvement of the quality of animal husbandry is a complete
knowledge of behavioural activity (Brzozowska et al., 2014). The level of daily activity of
cows has proven to be indicative of physiological and health status and gives indirect feedback
about their comfort and welfare (Tolkamp et al., 2010). Their locomotive behaviour may be
affected by fresh feed delivery, return from milking, group size, stocking density and housing
system. Steensels et al. (2012) state: ‘Changes in behaviours such as activity and resting, can
reflect disturbance in a herd, and be related to decreased productivity of the livestock’. A com-
plication in analysing dairy cow activity is that cows are social animals and often synchronize
their behaviour (Færevik, et al., 2008; Stoye et al., 2012) though cows at a lower stocking dens-
ity, or in smaller groups, display more behavioural synchrony than cows in a larger groups
(King et al., 2016).

When cows have the possibility to graze, they walk for about 4 km per day and lie down
about 9–12 h (Broom and Fraser, 2007), and these behavioural preferences should be borne
in mind when considering the daily activities of housed cows. When indoors, the opportunity
for these activities is likely to be restricted. Changing the feed, and feed source, or changing
feeding groups can compromise the cows’ preferred spectrum of daily activity. It has recently
been reported that when cows change groups, usually for feeding reasons, their welfare can be
compromised (Pavlenko et al., 2017). Therefore, we investigated the hypothesis that changing
the feeding bin for dairy cows affects their behaviour.
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Materials and methods

Study farm and its management

The study was carried out on the experimental dairy farm of the
Estonian University of Life Sciences farm in South- Estonia. The
farm houses around 250 cows, including dry cows and youngstock,
under a zero grazed system. Lactating cows are housed in a single
building and youngstock and dried cows are housed in an adjacent
building. The farm includes both a milking parlour and a DeLaval
milking robot; half of the lactating cows are milked in the milking
parlour and the other half are milked by the milking robot. This
study was carried out with cows in the first group of parlour-milked
cows. The cows were loose housed with cubicles covered with rub-
ber mattress bedding. A mixture of peat and sawdust was laid on
the mattresses every day. Cows were fed, from 30 feeding bins, a
total mixed ration ad libitum that consisted of a grass and clover
silage and a concentrate feed of barley and rapeseed cake, which
was fed in proportions according to milk yield. The feeding bins
were accessible by cows through automatic recognition of transpon-
ders around their necks. The bin automatically recorded the weight
of feed removed per visit, and the time and duration of each feeding
act by each cow. Access to water was available all of the time. There
were three feeding groups based on milk yield, and each group’s
feed was delivered from 10 bins. Each cow had access to any of
the appropriate 10 feed bins with the same ration. The groups
were not physically separated, but groups fed different diets within
the singly-housed herd. The feeding groups were: high (first
group), medium (second group) and low (third group). The last
group consisted of cows who were in preparation for drying off.

Study plan

The experiment was designed to investigate if changing feeding
source affects dairy cows’ activity, which might indicate risk to

cows’ welfare. Ten lactating cows, three primiparous and seven
multiparous, were selected based on those that were planned to
imminently change their diet, either from first to the second
group or from the second to the third group. Ice Tag activity
monitors (IceRobotics, EH30 9TF, UK) were attached to each of
the cows’ right hind legs, and motion index, standing, lying,
steps and lying bouts data were downloaded to a laptop by Ice
Manager every week. Health data were collected, but the sample
cows did not have any health problems identified during the
time they were monitored.

Cows were monitored for 14 d before and 14 d after diet and
group change. Feeding group change meant that the cows had
to find new bins to feed from to access their feed. One cow was
moved after 14 d of monitoring straight to the dried off area.
This cow, and four others that had been monitored previously,
were also monitored in the dried off housing area for 5–14 d.
Due to technical problems, the number of steps for one cow
who went straight to the dried off area were not registered. For
statistical analyses it was decided to use her data only for analyses
of the dried off area effect.

Statistical analyses

The statistics selected and the style of presentation of the results
were chosen to take account of the possibility of behavioural syn-
chronicity between sample cows. From the collected data the
mean daily values from minute-based observations were calcu-
lated. The lying and standing times registered in seconds were
converted to proportions per minute. Daily mean motion index,
number of steps (per minute) and proportion of lying and stand-
ing before and after ration change and in the dry period were
compared with a general linear mixed model. The right skewed
distributed number of lying bouts per minute were analysed
with a generalized linear mixed model with logarithm link

Table 1. Least square means with standard errors (SE) of different behavioural characteristics before and after ration change and in the dry period

Before After Dry SE P-value*

Motion index

9 cows 3.32 4.04 – 0.687 <0.001

5 cows 4.20 5.55 3.36 0.436 <0.001

Number of steps per minute

9 cows 1.26 1.45 – 0.190 <0.001

4 cows 1.40 1.80 0.99 0.126 <0.001

Number of lying bouts per minute**

9 cows 0.013 0.016 – 0.007 <0.001

5 cows 0.025 0.029 0.026 0.003 0.309

Proportion of standing

9 cows 0.473 0.470 – 0.063 0.650

5 cows 0.452 0.462 0.424 0.032 0.053

Proportion of lying

9 cows 0.527 0.530 – 0.063 0.650

5 cows 0.548 0.538 0.576 0.032 0.053

*according to the general linear mixed model considering fixed effects of time and parity, random effect of cow, and using the Satterthwaite approximation for the denominator degrees of
freedom.
**generalized linear mixed model with logarithm link function, least square means are back transformed using the link option in SAS procedure GLIMMIX.
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function. Both models took into account fixed effects of time per-
iod and parity and random effect of cows. The Satterthwaite
approximation for the denominator degrees of freedom was
applied. The results are expressed as least square means with
standard errors and the differences are considered statistically sig-
nificant at P≤ 0.05.

For each variable two separate analyses were made: (1) consid-
eration of nine cows with data before and after ration change, and
(2) considering five cows (four cows in number of steps analysis)
with data also from the dry period.

For modelling MIXED and GLIMMIX with SAS 9.4 were used.
The figures to describe the behaviour of single cow at different
time periods were constructed with R 3.2.3.

Results

Comparing the behaviour of nine cows 14 d before and 14 d after
ration change revealed significant increases in motion indices,
number of steps taken per minute and number of lying bouts
per minute (all P < 0.001, Table 1). Primiparous cows reacted
more strongly to feeding bin change, which was characterized
by significantly higher changes in motion indices and steps
taken per minute compared with multiparous cows (both

P < 0.001). If among multiparous cows the motion index value
increased by 0.36 (standard error SE = 0.181) and the number of
steps taken per minute increased by 0.08 (SE = 0.054), then
among primiparous cows motion index and steps taken per
minute increased four-five times higher, being 1.44 (SE = 0.256)
and 0.43 (SE = 0.076) respectively. There was no single observed
change in lying and standing – some cows tended to lay more
and stand less after ration change, while some cows behaved the
opposite and some cows did not change their lying and standing
behaviour (Fig. 2). There was no mean change in standing and
lying times after feed bin change (P = 0.650, Table 1).

Comparing the behaviour of five cows followed during the dry
period showed significant differences in motion indices and num-
bers of steps taken per minute (P < 0.001). The direction of
change after cows went to the dried off area remained the
same – the motion indices and numbers of steps increased. The
mean values of motion indices and numbers of steps taken per
minute were lower in the dry period compared to those before
and after feeding bin change (Table 1, Fig. 1). No statistically sig-
nificant differences in mean numbers of lying bouts were found.
In the dry cow pen, cows stood less and lay more, but these
changes varied between cows (Fig. 2), and the overall time effect
was not statistically significant.

Fig. 1. Daily mean motion index values of cows 14 d before and 14 d after ration change and at the beginning of the dry period.
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Steps

The results show that the greatest difference between the two
groups was the number of steps cows made before and after feeding
bin change, 1.26 and 1.45 steps per minute respectively, although
this was not significant. Overall, the frequency of the number of
steps per minute was significantly higher after feeding bin change
(Table 1). All five cows who had activity monitors attached when
they were transferred to the area where the dried off cows were
kept, walked less when dried off (before drying off 1.40%, after
1.80 steps per minute; P < 0.001). The step count data of one
cow was not included because the ice tag did not monitor the num-
ber of steps correctly. All first lactation cows had an increase in step
count following change of feeding bins. The greatest individual dif-
ferences between the day before and the day after feeding bin
change were 2982 and 1402 steps (both differences P < 0.001).

Motion index

Overall motion index increased on changing feed bins (before
3.32% and after 4.04%; P < 0.001). Five cows who were observed
in dried cows pen increased motion index from 4.20 before to
5.55 after transition to the dried off housing (P < 0.001).

Standing time

Overall standing time did not significantly change after feeding bin
change (before 0.473% and after 0.470%; P = 0.650). The standing
durations before and after feeding bin change were not significantly
different. Overall the time spent for standing after feeding bin
change decreased for four cows and increased for five cows.

Lying time and bouts

Overall lying time increased (before 0.527% and after 0.530%; P <
0.001) after feeding bin change. There were no significant differ-
ence for lying time by days and ration. Number of lying bouts per
minute increased from 0.013 to 0.016 (P < 0.001) after feeding bin
change. Cows who went to the dry cows pen did not have a sig-
nificantly changed number of recorded lying bouts. There was no
significant difference for lying bouts for days by ration.

Discussion

Grouping of cows is a normal practise in the dairy industry for
feed management reasons. After feeding bin change, and after
moving to the dried off pen, it took 3–5 d for the cows’ behaviour

Fig. 2. Daily mean lying time proportions of cows 14 d before and 14 d after ration change and at the beginning of the dry period.
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to return to the pre-change values. This is in line with work
reported by Kondo et al. (1984) and Hasegawa et al. (1997),
who found that it took 5–15 d for social behaviour and locomotion
activity to return to normal after regrouping, or after the introduc-
tion of a new animal into a group. It was interesting to see that
although data values normalized it was evident that the motion
indices, number of steps taken per minute and lying bouts per
minute were higher than previous values at the 7th, 8th or even
at the 17th day after feeding bin change; this from Ice-tag data
that was collected after the end of the trial at 14 d post change.
It would have been interesting to have video recorded the sample
cows to explore the reasons behind these increases. Primiparous
cows who had never experienced feeding bin change reacted
more strongly than multiparous cows. This could be the reason
of novelty, which is a strong stressor (Grandin, 1997).

Von Keyserlingk et al. (2008) monitored cows in mid-lactation
before and after they were placed into a new social group. They
found that after the change cows reduced their time spent feeding,
time spent lying down, and time spent allo-grooming. In this
study lying bouts data from activity monitors were not statistical
different in response to the feed bin changes. When changing
feeding bins, the behaviour of the sample cows differed within
groups. While this might possibly have been the result of the
small sample size, it may have been related to different motivation
to feed between the cows in the different yield groups.

Cows are diurnal and synchronize their behaviour with their
close neighbours (Boyland et al., 2016). After the automatic feeder
has delivered feed, or when they return from milking, most cows
feed. Cows whose ration has just been changed may experience
more frustration, because they are not able to get access to their
feed from the same bins as previously (the bin that they expect
to be able to access). Those cows who are not so determined to
push other cows away or find another bin may return to the
lying area, with their motivation to feed unsatisfied. Others,
who are more determined to get access to their ‘old’ feeding bin
may try to push other cows away (Soonberg and Arney, 2014)
or by trial and error find the right bin to which they have access.

In the dried off area there was not enough room for all cows in
the pen to feed at the same time. This can be expected to have
been a cause of frustration, particularly for submissive cows.
Bewley et al. (2010) and Løvendahl and Munksgaard (2016)
have found that at the end of lactation lying times increase.
Lying bouts (but not times) decreased in the Løvendahl and
Munksgaard (2016) study and also in ours, but an increase in
lying time was observed only for two cows out of the five who
were removed to the dried off pen.

Although the sample size was small this study suggests that
changing the feeding site in a group has an effect on the activity
of cows with possible consequences on their welfare. There is evi-
dence, therefore, to support the underlying hypothesis that chan-
ging the feeding bin for dairy cows affects their behaviour.
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Abstract. In robotic milking dairy systems lack of control over intakes can be problematic for 
balancing the forage and concentrate portions of diets. This can lead to problems associated with 
high concentrate intakes and concomitant low forage intakes. To check this as a problem, the 
feeding behaviour of cows was observed: the number of daily visits to the feed barrier, the 
duration of these visits and actual feeding, of high and low yielding cows. The cows were robot-
milked and fed a ration comprising, separately, concentrate feed from a robot and a feeder, and a 
grass/clover silage mix forage at the feed barrier. Individual variation in visiting times and times 
spent at the feed barrier were greater than the effect of level of production. There was no evidence 
that cows with higher milk yields are differentially motivated to feed from forage. But more 
dominant cows spent more time feeding than submissive cows. 
 
Key words: behaviour, concentrate feeding, robotic milking, dairy cow. 
 

INTRODUCTION 
 

On dairy farms concentrates are given to cows to increase feed intakes and milk 
production (Ivemeyer et al., 2014). Concentrate feeding is particularly important in the 
first weeks immediately after calving when cows go through a period of negative energy 

are increasing, bu
efficiently by producers (Finneran et al., 2012). 

There are a wide range of concentrate feeding methods that can be used on farms. 
Farmers can mix together concentrate with the forage components into a single feed, 
offer the concentrate portion separately from the forage or combine these two 
approaches. Whenever the farmer decides to feed concentrates separately from forage 
there are at least two strategies for this. One option takes account of 
milk yields, and includes the concentrate portion as amounts appropriate to the yield. 
The second option is to feed the concentrate at a flat rate, which does not take into 
account the needs of each individual cow (Purcell et al., 2016). 

High yielding cows require high levels of concentrate feeds to achieve their 
maximum potential milk production. Grouping cows based on lactation stage can reduce 
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the problem of differential concentrate feeding requirements in the herd, but farmers 
must be c
farmers are not able to group cows by keeping them in different pens, and offering 
different feed rations in the different pens, one option could be the use of feeding bins, 
where it is possible to group cows by allowing them to feed from different bins, with 
different proportions of concentrates to forage, depending on their milk yield. Access to 
each bin is permitted through cow recognition by a transponder. This means that cows 
with higher milk yields should receive more concentrates to support their higher 
production. A second option is to have a feeding barrier and separate concentrate feeding 
bins where cows receive the concentrate portion of their ration which, as in the previous 
option, depends on their milk yield and days in milk. Both options require cows to have 
ID collars fitted with transponders around their necks. 

The use of feed bins and individual access by cows is not a perfect solution, as cows 
can still access the 
but lower yielding cows accessing the higher value ration, leading to overcondition in 
those cows. In addition, where cows are offered concentrates separately from forage, the 
cows offered higher amounts of concentrates may have a reduced appetite for, and 
therefore reduced intakes of, forage. This imbalance between concentrate and fibre 
intakes could have negative effects on degradability, digestion, volatile fatty acid 
absorption and consequent milk composition and quality. This experiment was designed 
primarily to investigate whether there is evidence in practice of reduced intakes of forage 
in the cows which receive the forage and concentrate portions of their diet separately. 

If cows are frustrated from satisfying their nutritional needs, or in their motivation 
to feed, it might be expected that this would be a cause of distress and affect their 
behaviour. This might affect, in particular, their feeding behaviours and social 
behaviours (both social and antagonistic behaviours). If therefore cows are identified as 
having different feeding and social behaviours at different production levels this would 
suggest an impairment in their level of well-being, and possibly indicate the need for a 
change in their feeding regime. Feeding behaviour could also be used to estimate the 
actual intakes and motivation to feed of individual cows. 

Our hypothesis for this study was that cows who receive extra concentrate would 
spend less time feeding on forage when both portions of the ration are offered separately. 
It was further hypothesised that observation of feeding and social behaviour of dairy 
cows in a herd could be useful indicators of intakes of dietary rations. 
 

MATERIALS AND METHODS 
 

The study was ca

in Northern-Europe where dairy cows are mostly kept indoors, either overwinter or all 
year round. 

The university farm houses around 250 cows, including dry cows and youngstock, 
under a zero grazed system. There are approximately 120 lactating cows at any one time. 
The lactating cows are divided into two groups. Cows in the first group are milked in a 
milking parlour and fed a total mixed ration (TMR) from individual feeding bins. Cows 
in the second group are milked with a forced traffic robotic milking system (DeLaval, 
2007). Sample cows were selected from the second group. 
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The study was run in accordance with the Animal Protection Act of the Republic 
of Estonia. 

 
Animals and diets 
Eight multiparous Estonian Holstein cows (194 + 143.8 days in milk, 30 kg average 

milk yield, SD 13.1 kg) were selected for the sample group based on the amount of 
concentrates they received in their diets. Individuals were chosen at random from each 
of the selected concentrate level dietary groups. The trial was carried out in two groups, 
each group receiving different amounts of additional concentrate. Four of the sample 
cows received two or four kg of concentrate feed per day (supplemental concentrate 
values which were according to the extant practice on the farm and which were according 
to milk yields ), and four cows (control) received no additional concentrate feed from 
the concentrate feeder. All of the cows were fed a partially mixed ration ad libitum and 
water was freely available at all times from self-filling bowls. The partially mixed ration 
consisted of a grass and clover silage (63%), and the compound feed was comprised of 
barley (31%) and rapeseed cake (5%) plus minerals (1%). Additional concentrate was 
offered at the milking robot, and also from two separate concentrate feed bins, delivered 

daily portion per visit. 
Forage was provided at a post-and-rail feed barrier three times a day, sufficient to 

ensure availability of forage was ad libitum. Cows were loose housed in an uninsulated 
building in cubicles (Fig. 1) covered with rubber mattresses. Every day a mixture of peat 
and sawdust was laid in thin layers on each of the mattresses for additional comfort and 
to help keep them dry and clean. A mechanical brush (DeLaval, Sweden) was attached 
to a post in the feeding area where cows could brush themselves. The cows were milked 
with a milking robot (DeLaval, Sweden), to which the cows had access 24-hours per 
day. 

 

 
 
Figure 1. ---
one-way gate). 

 
Data collection 
Behaviours at the forage feeding area were recorded for three cows in the summer 

and five in the autumn and winter. Individuals from both groups were presented in both 
seasons. There were no seasonal differences, average temperature was 9.4 
standard deviation of 8.3 
HDR-PJ580VE, Japan) from an overhead gantry, which was situated directly above the 
feeding area. Cows were observed such that each cow was observed over 24 hours. 
Video recordings were analysed by one trained observer playing them back with a 
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PowerDVD 12. Recordings were made of the starting and ending times of each bout of 
behaviour. The behavioural parameters recorded were: the time taken by the cows to 
feed (from the moment of the first apprehension of feed to the moment of the last bite), 
periods of time spent standing, walking, drinking, grooming (this included the sum of 
the periods of the time spent allogrooming, being groomed by another and selfgrooming 
with a mechanical brush). Antagonistic behaviours were also recorded, these included 
pushing, nudging and intimidating another cow. Pushing was recorded when one cow 
displaced another cow away from its original position. Nudging meant the aggressor 
pushed, but did not displace the other cow. Intimidating was recorded when an aggressor 
cow went close to another cow as if she would start pushing her away but there was no 
physical contact. When analysing agonistic behaviour, nudging and intimidating data 
were summed together with the pushing data to form a single antagonistic group of 
behaviours. 

 
Statistical analyses  
Statistical analyses were performed with Microsoft Excel (t-test and F-test) and 

with R 3.2.3. Differences between the two groups, were analysed with the t-test. Where 
data were not normally distributed, and could not be normalised by logarithmic 
transformation, the non-parametric Wilcoxon test was used to identify group differences. 
A correlation matrix was prepared using the Spearman Correlation coefficients to study 
the relationships between study variables. 
 

RESULTS AND DISCUSSION 
 

From video recordings, cows receiving no extra concentrate feed had a mean time 
of feeding of 4 h 40 minutes, walking 17 minutes, standing 1 h 18 minutes and drinking 
14 minutes per day. Cows receiving extra concentrate feed fed for 5 h 58 minutes, 
walked for 24 minutes, stood for 1 h 39 minutes and drank for 11 minutes. 

There were no significant differences when comparing the two groups regarding 
the behaviours observed. However, the cows who received extra concentrate spent more 
time standing (but not feeding) in the feeding area. Unlike the findings of Nielsen et al., 
(2010), who reported that cows receiving high concentrate feed fed for a longer period, 
there was no significant effect of this. More time spent standing in the feeding area might 
suggest this was so, but it is not evidence for a greater intake of feed, or even a greater 
time spent feeding itself (Soonberg & Arney, 2014). 

From the correlation analyses (Fig. 2), there was a strong correlation between the 
agonistic behaviour of being pushed away by another cow and standing (r = 0.889, 
P = 0.004). Those cows that were pushed away by other cows, spent more of their time 
standing. It is assumed that the dominant cows were more likely to actively move and 
find better spots to feed, and push away submissive cows from the feeding barrier.
Aggression in dairy cows has been found to be correlated with levels of androgens, and 
these are both higher in more socially dominant individuals (Bouissou, 1983), a finding 
confirmed by Phillips & Rind (2001) who identified higher rates of both aggression and 
allogrooming in socially dominant cows. Submissive cows had less time available for 
feeding than more dominant cows which indicates that social position may be a factor 
affecting the feeding times of cows. Such activities can be dependent on time of day and 
the daily programme of events. DeVries et al. (2004) found that there are more incidents 
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of antagonistic behaviour between cows after milking, while Val-Laillet et al. (2008) 
showed the greatest displacement of one cow by another at the feed barrier when fresh 
feed was delivered. So the observation of, and conclusions about, these behaviours 
should be considered with regard to the time of day of observations. 

 

 
 
Figure 2. Spearman correlation coefficients of observed behavioural parameters in cows. 
In diagonal: distribution of days in milk (DIM), duration of feeding, standing, walking and drinking (hours), 
and number of pushes and getting pushed per cow in 24 hours; below diagonal: pairwise scatterplots with 
white and black dots marking the single cows from experiment and control group, respectively, and 
smoothed red line showing the potential relationship; above diagonal: Spearman correlation coefficients 
(bigger font corresponds to stronger relationship; only r = 0.88 was statistically significant, p = 0.004*). 

 
There were no significant differences between those cows who received and those 

cows who did not receive concentrate feed from the concentrate feeder regarding the 
times spent on each of the behaviours recorded (Table 1). 
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Table 1. Behavioural observations of cows in the two experimental groups in a 24- hour period. 
Average (standard deviation), duration of feeding, standing, walking and drinking (hours), and 
number of pushes and getting pushed per cow in 24 hours in experiment and control group; p-values 
shows the statistical significance of difference between groups according to Wilcoxon test 

Parameters Group Standard deviation P-value Control Experimental Control Experimental 
Feeding time, h 5.98 4.68 1.23 0.90 0.200 
Standing 1.65 1.31 1.00 0.76 0.686 
Walking 0.41 0.28 0.21 0.13 0.343 
Drinking 1.18 0.23 0.04 0.10 0.686 
Pushes1 56.8 81.0 17.2 54.4 0.772 
Gets pushed1  52.3 39.3 39.4 16.9 0.886 
1 no of incidences. 
 

Neither the feeding time, walking time, nor standing and drinking were affected by 
additional concentrate feeding between the two groups. Times spent feeding were not 
different between the groups. There is therefore no evidence that offering additional 
concentrates separately from the forage had any effect on reducing, or indeed increasing, 
feeding times of cows. 

The individual cow variation was greater than the variation between groups. This 
may well have been an artefact related to the lactation numbers of the selected cows, 
which varied from the second to the fourth lactation. In this study, the cows who received 
concentrate feed were in early to mid-lactation, which would be expected to have a feed 
consumption higher than those cows in late lactation (Chaplin & Munksgaard, 2001; 
Nielsen et al., 2010). This agrees with our findings, as the days in milk and time spent 
feeding were negatively correlated. 

Lawrence et al. (2015) investigated total dry matter intakes on high and low 
concentrate level and found high concentrate cows to have higher total dry matter intake 
than cows who received less concentrate, but base feed mix intake was not affected by 
the concentrate amount. The same result could be hypothesised in this study although in 
a previous study the time that cows feed over a 24- hour period was recorded, which was 
used to estimate the amounts of feed removed from feed bins over the same period, and 
no correlation between these two factors was observed (Soonberg & Arney, 2014). 
Therefore, it was assumed that estimating intakes from time spent feeding is an 
unreliable measure. 

For a cow it is essential to be able to sleep for four hours a day and drowse for 
around eight hours (Ternman et al., 2012). Submissive cows can remain longer in the 
feeding area waiting for an opportunity to feed and looking for a free place at the feed 
barrier where they can feed without disturbance. This may mean that they either consume 
feed more rapidly while at the feed barrier or feed at times that are not determined by 
their own motivation to feed but only when they can secure access to feed. This time 
spent waiting to feed furthermore leaves them less time to rest, which is needed for 
adequate metabolic system and immune function (Ternman et al., 2012), and lying down 
is an activity which it is known that dairy cows are highly motivated to do (Munksgaard 
& Simonsen 1996; Cooper et al., 2007). This deprivation of lying time can leave the 
cows at a higher risk of poor welfare, associated distress and can lead to problems with 
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For the successful farmer, it is important and profitable to consider the accessibility 
of feed to all of the cows in his herd, including those cows that are submissive. Therefore, 
more attention should be paid to optimizing the accessibility of feed to submissive cows 
as well as the herd average cow. 

There was no evidence from this study that cows that are given extra concentrate 
feed separately from forage in their diet spend less time feeding on forage than cows that 
are not given concentrate. This does not necessarily imply or indicate that they have the 
same intakes of forage. Additionally, there may have been an effect if the concentrate 
offered had been of a larger amount than the maximum offered here. 

Antagonistic behaviours between cows increased when feed was delivered. 
Submissive cows spent a longer time in the feeding area than more dominant cows, and 
received more antagonistic behaviour (pushing, nudging) towards themselves than more 
dominant cows. 

 
CONCLUSION 

 
This study provides no evidence that cows receiving extra concentrate spend less 

time feeding on forage when both portions of the ration are offered separately. There 
was a strong correlation between the agonistic behaviour of being pushed away by 
another cow and standing, suggesting that submissive cows are prevented from feeding 
when and for how long as they wish. 

The main limiting factors of the study were the relatively small number and large 
variability of cows. This could have been the reason why almost no differences were 
discovered between groups. However, several behaviour patterns are clear enough to 
make general conclusions. 
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Abstract

Regrouping dairy cows is a common feature of dairy farm management. Cows are grouped
based on lactation stage, age, milk yield and other factors. Regrouping cows during the dry
period (from far-off area to close up area and from close up area to the main herd) brings
new challenges. This is especially true for heifers who, after being confirmed gravid, may
be grouped into a new pen with dried off cows. The aims of this study were to determine
how grouping affects activity, nearest neighbour relationships and aggression, and how heifers’
acclimatization to a new group differs from cows. Therefore, the hypotheses were that
regrouping cows has less of an effect on older cows compared to heifers, and cows’ individu-
ality affects acclimatization to a new group. Aggression data were recorded using a video cam-
era that was directed at the feed bunk, and activity was recorded with activity monitors that
were attached around the right hind leg. Synchrony and distance to nearest neighbour were
recorded, as was the cows’ location on the first 3 d from the day they returned to the main
herd. Motion index, mean number of steps and number of lying bouts were significantly
higher after calving compared to the week before calving and the difference was higher
amongst heifers compared to cows (P < 0.001). Both cows and heifers lay down more in
the strawyard compared to cubicle housing (P < 0.01) and cows were more aggressive than
heifers in both housing systems (P < 0.001 and P < 0.05, respectively). As hypothesized, heifers
were more affected by regrouping and cows with more experience settled quicker to their new
environment.

It is common practice on dairy farms to group cows according to lactation, milk yield, dietary
requirements or reproductive status. On larger farms that practice year-round calving, cows
may move from group to group as their status changes. With each regrouping, cows are
exposed to new individuals or groups of individuals (Schirmann et al., 2011), and cows
may experience aggressive encounters at regrouping, as they attempt to establish their position
in the hierarchy.

Dairy cow social structure has been described as a series of dominance relationships and
social bonds characterized by aggressive and positive social interactions. Social interactions
between cows depends on the space provided for them (Gibbons et al., 2009) and, therefore,
different housing systems may be expected to have an effect on the social behaviour and dis-
ruption of that behaviour. Calves and heifers are more vulnerable to group changes than older
cows (Bøe and Færevik, 2003). Those heifers and calves who have had previous regrouping
experience are known to fight less and establish dominance relationship faster than those
with less experience (Raussi et al., 2005).

Cows are often grouped during the dry period as well (Cook and Nordlund, 2004), which
includes the transition period. The transition period is arguably the most critical time of a
dairy cows’ life cycle and is typically defined as three weeks before to three weeks after partur-
ition (Huzzey et al., 2005). During this vulnerable period cows experience physiological, nutri-
tional and social changes which make them vulnerable to metabolic and infectious diseases
(Huzzey et al., 2005). Regrouping is inevitable in this period as typically the cow moves from
a dry (non-lactating) group, through a calving group and then into the main lactating herd.

After calving, it is socially challenging for cows to be separated from their calf and intro-
duced into a new pen with the main lactating herd, which is known to result in higher frequen-
cies of antagonistic behaviour (Bak Jensen and Proudfoot, 2017). Much of this antagonistic
behaviour occurs at the feed bunk and can affect feeding times and intakes (von
Keyserlingk et al., 2008; Bak Jensen and Proudfoot, 2017; Soonberg et al., 2019). The most
aggressive acts occur immediately after regrouping (Schirmann et al., 2011). Heifers are
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most affected by this situation, because of their lower hierarchy
status than cows (Phillips and Rind, 2001).

Previous studies (McGilliard et al., 1983; Schucker et al., 1988;
von Keyserlingk et al., 2008) have investigated how group change
affects lactating cows and how it affects dry cows’ lying behaviour.
The aim of this study was to determine how the movement from
‘far-off’ group (temporally further from calving and housed in
cubicles) to a ‘close-up’ pre-calving group (7–10 d from expected
calving and housed in a strawyard) affects the antagonistic behav-
iour initiated and experienced by dairy cows. The social integration
of each cow was also assessed using nearest neighbour distance
assessments and activity data. The effect of parity was also consid-
ered. It was hypothesized that regrouping of animals has less of an
effect on older cows compared to heifers, and that cows’ individu-
ality plays a role in acclimatizing to a new group.

Materials and methods

Experimental farm

The study was conducted on Edinburgh University’s Langhill
Farm in early spring before turnout. The herd comprised 228
milking cows, and all were kept indoors through the winter.
Management practice is for youngstock and low yielding cows
to be turned out in May and return in October. High yielding
cows stay indoors all year round.

Dry cows and heifers were housed in two separate groups. Cow
that were between three weeks and 7–10 d of their expected calv-
ing date (referred to here as ‘far-off’ dry cows), were housed in a
cubicle shed, with more than one cubicle/cow. Cubicles were bed-
ded with mattresses and sawdust. The length of the feed bunk
during the study was 15 m and the passageway width was 2.5
m. Between 7 and 10 d before calving, the cows and heifers (n
= 10–18) were moved to a ‘close-up’ group in a strawyard,
where they remained until calving. The strawyard dimensions
were 11 m × 19 m and feed bunk length was 12 m. After calving,

cow and calf were moved to an individual pen. After around 24
h the calf was removed and the cow entered the main milking
herd after the next morning milking.

In the main herd cows were grouped into two groups: high
yielding and low yielding cows. There were four pens, three of
which were open, so cows could walk freely between them (the
high yielding group), and one closed pen (the low yielding
group). The dimensions of this house are 24 m × 84 m. They
had cubicles bedded with mattresses cubicles (240) and sawdust
bedding was laid down three times a week and raked twice a
day during milking. A DeLaval milking system was used in a par-
allel milking parlour with 28 places and cows were milked twice a
day at 05 : 00 and 15 : 00. Concentrate was given to each cow in
the milking parlour according to their milk yield. Cows in the
main herd were fed a total mixed ration, which consisted of
maize, soya, barley, wheat, beet pulp, molasses, 1st cut silage
and whole crop wheat. Cubicle housed cows (far-off dry) received
straw and 2nd cut silage. Strawyard (close up) cows received straw,
1st cut silage, wholecrop and drycake. Water was available ad libi-
tum from self-filling water troughs.

Experimental design

The study was carried out according to the animal care guidelines
of the Animal Scientific Procedures Act of 1986 and was approved
by the Animal Ethics Committee of SRUC.

Twenty-nine dry Holstein cows (n = 13) and heifers (n = 16)
were selected for this trial based on their proximity to expected
calving date at the time of the study (days to calving 24 ± 21).
Seventeen of these animals were observed in the far-off cubicle
pen, 27 of them in the strawyard and 23 while in the main
herd. Not all cows moved together from one group to another.
To assess the effect of group change, data were compared across
five periods of 3 d duration (Fig. 1), two periods in the cubicle
housing and three in the strawyard. One cow was eliminated
from the study because she was found to be not gravid, and

Fig. 1. (a) The distribution and co-presence of animals by study periods, heifers are presented in red and cows in black. (b) Time schedule at pre-calving periods,
both two hours observational periods per day contained six 10-minutes observational sub-periods with 10-min gaps between them.
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three cows were diagnosed with milk fever after calving and were
not included in the main herd observation period.

Regrouping

First regrouping took place a week before expected calving date
from far-off cubicle area to close-up area. Second regrouping
took place after calving from close-up or maternity pen to main
herd.

Measurements

Aggressive behaviour was recorded to investigate changes in
aggression and the consistency of individual cows’ dominance
behaviour after group change. Video cameras (Canon Legria)
were attached on a metal pole with Manfrotto ‘Magic Arms’
above the far-off cubicle pen and the strawyard close-up pen
directed at the feed bunk to record aggressive behaviour.
Recording started in the morning when fresh feed was delivered,
around 10 : 00, and lasted for one hour.

Observations of behaviour and of nearest neighbour distances
were carried out for two two-hour periods with a one-hour break
in the middle starting 30 min after feed delivery. All observations
were made by one observer throughout the study period by noting
down the position of an animal and that of its two closest neigh-
bours after every 20 min. Nearest neighbour visual observations
were recorded to see how group change affected animals’ interac-
tions with each other and to see if pairs stayed together through-
out the study period, and if they changed when new cows/heifers
were added to the group. The distance to the first two nearest
neighbouring cows were scored in 0.5 m categories up to 2.5 m
(i.e. <0.5, 0.5, 1, 1.5, 2, 2.5 and >2.5 m). Behaviours recorded
were: posture (lying or standing), idling (doing nothing), rumin-
ating, feeding and sleeping.

Observations of the main herd were made to assess the effect
of the second group change on cows’ behaviours. Visual observa-
tions started on the first day that the cow entered the main herd
(on average 1–2 d after calving). In cases in which the cow joined
the main herd 30 min after feed was delivered, the observations
started on the following day. Cows were observed for one hour
at 10-minute intervals and the area they were in was recorded
every 10 min. Data recorded were animals’ location classified as
either at the feed bunk, in the passageway or elsewhere.

Fourteen cows had IceTags and 14 cows had IceQube
(IceRobotics Ltd., UK) activity monitors attached around their
right hind legs to record changes in activity parameters when
the cow/heifer was introduced to a new group. Throughout the
study period, activity monitors registered standing and lying
times, numbers of steps and lying bouts and calculated motion
index values (https://www.icerobotics.com/products/) for each
cow (Kok et al., 2015). Ice Tags were removed after the cow
had spent two weeks in the main herd.

Statistical analysis

The mean numbers of aggressive actions performed by heifers
against heifers, by heifers against cows, by cows against heifers
and by cows against cows were calculated and these means were
compared with t-tests followed by Bonferroni correction for
multiple testing.

The two-way repeated measures analysis of variance was
applied to test the statistical significance of the animals’ age

(heifers vs. cows), housing system (loose housed system with
cubicle bedding vs. strawyard) and the age by system interaction
effects on the percentages of times lying, standing, ruminating,
feeding and idling, on the average distances to the first and to
the second nearest neighbour, as well as on the average number
of aggressive actions performed and received per hour. Model
based means (alias least square means) were calculated and com-
pared with the Tukey post-hoc test.

To assess the concordance between two housing systems, the
correlation coefficients between the same variables (percentages
of posture and behaviour, the average distances to the first and
to the second nearest neighbour, and the number of aggressive
actions performed and received per hour) registered on the
same animals in the different systems were calculated.

To study the proximity network of animals, the nearest neigh-
bour score between each pair of animals was calculated separately
for each study period. The score with values in the interval from
zero (two animals were not observed being neighbours of each
other at all) to one (the closeness of two animals was maximum
over all pairs of animals) was visually examined by constructing
the circle network diagrams (chord diagrams). To study the con-
cordance of the nearest neighbours at different periods, Pearson
correlation coefficients between the nearest neighbour scores for
animal pairs common to the compared periods were calculated.

In the post-calving period the percentages of posture and
behaviour of heifers and cows were compared with Wilcoxon test.

The activity monitor measurements were divided into three
time periods: measurements before calving, measurements on
calving day and measurements after calving. A two-way repeated
measures analysis of variance was applied to test the effect of time
period, animals’ age (heifers vs. cows) and their interaction.

The data were analysed using statistical software R 3.3.3
(R Foundation for Statistical Computing, Vienna, Austria), except
the repeated measures analyse of variance, which was performed
using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). More detailed
descriptions of the statistical analyses can be found in the online
Supplementary File.

Results

Aggressive behaviour

The mean number of aggressive actions per hour in cubicles was
almost twice as high as in the strawyard, both among heifers and
cows (Table 1). Overall, animals performed a mean of 6.58 (stand-
ard error ±1.19) aggressive acts per hour in cubicles and 4.13 ±
0.94 aggressive acts per hour in the strawyard, however, this dif-
ference was not significant (P = 0.129). The heifers performed
3.66 ± 1.05 and received 6.94 ± 0.73 mean aggressive acts per
hour compared with cows, which initiated a mean of 7.04 ± 1.19
and received a mean of 2.38 ± 0.77 aggressive acts per hour.
The differences between heifers and cows were significant (P <
0.05 and P < 0.001, respectively). Figure 2, which presents aggres-
sion by cows and housing type shows that animals kept in the
strawyard were less aggressive. However, there was strong con-
cordance between aggression in cubicles and the strawyard at
the animal level; animals performing/receiving more aggression
in cubicles also performed/received more aggression in the straw-
yard: r = 0.68 (P < 0.01) and r = 0.53 (P < 0.05). There were several
individuals who were more frequently aggressors (cows) and
several individuals who were more frequently recipients (heifers).
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The aggression matrix (online Supplementary Fig. S2) shows
that there were stable pairs of aggressors-recipients, and the
absence of the target may have decreased the number of aggres-
sive actions expressed by the aggressor of the pair. There was a
high variation between animals. The mean number of aggressive
actions by heifer against heifer was 1.22, cow against cow was
1.50 and by cow against heifer was 2.02. However, one heifer
had a mean of 0.28 aggressive actions/hour against a single cow.

There was no statistical difference between these means
(P > 0.05, t-tests followed by Bonferroni correction for multiple
testing).

Posture and behaviour comparisons in cubicle and strawyard
areas

The animals lay down significantly more in the strawyard com-
pared to in the cubicle pen (50.5% and 35.0%, respectively, P <
0.01). There was no difference between cows and heifers
(Table 1). Correlation analysis of animals observed in both sys-
tems showed a weak and non-significant positive relationship
between lying in the strawyard and lying in cubicles (r = 0.34,
P = 0.192) at the individual level. Standing times were signifi-
cantly higher in cubicles than in the strawyards (P < 0.01).

There were no differences between the two systems, nor
between heifers and cows, for times spent ruminating, feeding
or in idling behaviour (Table 1). These behaviours were also
not correlated with the number of days before calving (online
Supplementary Fig. S1B) and there was no significant tendency
for animals ruminating, feeding or idling times to correlate across
the two housing systems (r = 0.24, r = 0.29 and r = 0.14, respect-
ively, all P > 0.05).

Nearest neighbour

The mean distance to the closest neighbour was about one metre
in both loose housing systems, and there was no difference
between heifers and cows (Table 1). The mean distance to the
second nearest neighbour was 0.15 m longer in the cubicle
house compared to the strawyard (1.66 and 1.51 m, respectively,
P = 0.05).

The periods-by-period analyses of the nearest neighbour
scores indicated that in each period there were several pairs of

Table 1. Summary of observed variables at pre-calving periods on heifers and cows separately in loose house system with cubicle bedding and in straw yard

Variable

Heifer Cow P-value#

Cubicle (n = 9) Straw (n = 14) Cubicle (n = 8) Straw (n = 13) Parity Place

Posture

Lying, % 38.6 ± 4.4ab 49.7 ± 3.5b 31.4 ± 4.7a 51.2 ± 3.7b 0.489 0.002

Standing, % 61.4 ± 4.4ab 50.3 ± 3.5b 68.7 ± 4.7a 48.6 ± 3.7b 0.504 0.002

Behaviour

Ruminating, % 31.2 ± 2.8 29.8 ± 2.2 31.3 ± 3.0 30.7 ± 2.3 0.849 0.708

Feeding, % 23.0 ± 2.6 21.2 ± 2.1 22.0 ± 2.7 21.9 ± 2.1 0.949 0.701

Idling, % 36.3 ± 3.2 39.2 ± 2.5 38.6 ± 3.3 36.7 ± 2.6 0.979 0.859

Neighbourhood*

DistNN1, m 1.14 ± 0.06 1.00 ± 0.05 1.00 ± 0.06 1.04 ± 0.05 0.356 0.399

DistNN2, m 1.71 ± 0.08 1.51 ± 0.06 1.61 ± 0.08 1.51 ± 0.07 0.478 0.055

Aggression

Aggressions per hour 4.91 ± 1.63ab 2.42 ± 1.31a 8.25 ± 1.73b 5.83 ± 1.36ab 0.035 0.129

Aggr. received per hour 7.69 ± 1.14a 6.20 ± 0.92a 3.21 ± 1.21ab 1.55 ± 0.95b <0.001 0.161

The least square means (with standard errors) and factors’ P-values according to the two-way repeated measures analysis of variance are presented, the least square means without common
superscript letter are significantly different (P < 0.05, Tukey post-hoc test).
*DistNN1 and DistNN2 denote distances to the first and second nearest neighbours.
#Parity by place interaction effect was not significant for any variables (all P > 0.05).

Fig. 2. The average number of times per hour the animal performed and received an
aggression act. Animals present in both loose house system with cubicle bedding and
straw yard have two points in the figure joined with line, animals present only in one
system are notated with single dot. The most aggressive animals in right down corner
of the figure as well as the animals receiving the highest number of aggressions in left
upper corner of the figure are identified; heifers are in red and cows in black.
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animals that were observed more frequently close to each other
(online Supplementary Fig. S3). However, these neighbours
were not consistent. The weighted average of correlation coeffi-
cients measuring the concordance of the nearest neighbour scores
between periods was only 0.18 (varying between −0.16 and 0.95).
The highest correlation was estimated between periods 3 (straw)
and 5 (straw) with common animals 1, 10 and 11. However, the
concordance between these two periods does not indicate the
closeness of these three animals to each other.

Observation in the main herd

After calving, the heifers were observed feeding less frequently
compared to cows, especially on the first day after calving. The
mean percentage of time spent located at the feed bunk for the
heifers was 9.0%, compared with 31.7% for cows (P < 0.05,
Wilcoxon test; Fig. 3a). For example the eldest cow (5th lactation)
was observed feeding five times on the day she was sent to rejoin
the main herd and feeding time decreased with each day. On
average, heifers had one feeding time on the first day, except
one heifer, who fed twice. Heifers were also twice as likely to be
observed in the passageway compared with the cows, but this dif-
ference was not significant (Fig. 3b).

Activity before and after calving

The mean motion index values, as well the mean number of steps
and number of lying bouts, were significantly higher after calving
compared with the week before calving, and among heifers
compared with older cows (all P < 0.001, Fig. 4a, c and d, online
Supplementary Table S1). A week before calving animals lay
for a mean of 5.0 h more per day than the week after calving
(P < 0.001, Fig. 4b). However, there was no difference between
the mean lying times of heifers and cows. After omitting two
cows suffering from milk fever, all differences between time periods
and age groups remained the same. Significant time period (pre/
post calving) by age interactions had effects on the motion index,
lying time and number of lying bouts (P = 0.01, P < 0.05 and
P < 0.05, respectively). These results show that over time the heifers’
motion index values and number of lying bouts increased more,
and lying time decreased more, compared to cows.

Discussion

The results supported the hypothesis that it would be more prob-
lematic for a heifer to join a new group than for a cow, who has
previously experienced the cycle. The study also showed that an
animal’s individuality plays a role in adjusting to a new group.

All cows spent more time lying in the strawyard compared to
cubicles, as was previously observed by Fregonesi and Leaver
(2001). No differences were observed between heifers and cows
for comparative lying times in the strawyard or cubicle pen.
Campler et al. (2018) found no difference in times spent lying
in cubicles and a strawyard, although they observed more lying
bouts in the strawyard. This is supported by Huzzey et al.
(2005), who pointed out that when calving approaches, cows
spend more time lying, and decrease the time spent in the feeding
area. The proximity to calving may have also affected lying times
in this study.

After calving heifers walked more and lay more frequently
than cows. The same finding for walking was found in a study
by Gonzalez et al. (2003). The increase in motion index and the
decrease in lying bouts was greater for heifers than for cows.
The process of calving and entering the main herd is a bigger
challenge for heifers, as they have not experienced it before and
it will take more time for their activity to stabilize. The animals
all walked more and lay more frequently after calving than during
the week before calving. Longer walking time is at least in part
explained by the time spent walking to the milking parlour and
back to their home pen twice a day post-calving. Cows were sig-
nificantly more aggressive than heifers and received significantly
fewer incidents of aggression. The same cows that were more
aggressive in the strawyard were also more aggressive in the cubi-
cles and likewise for the animals that were recipients of aggressive
acts. Consistency of individual expression and the higher likeli-
hood that heifers are the recipients of aggression has also been
shown by Gibbons et al. (2009). Regrouping may increase cows’
aggression towards heifers and heifers’ aggression between each
other (Campler et al., 2018).

Heifers made fewer visits to the feed bunk than cows. The first
few days of lactation are very important, and less time at the feed
bunk means less food eaten and possibly a higher risk of negative
energy balance and associated health, fertility and welfare pro-
blems. Even when they came to feed it was only for one or two

Fig. 3. The percentage of (a) feeding and (b) time spent in alleyway on the first 3 d after calving on primiparous and multiparous cows. The only significant dif-
ference in feeding behaviour on the first day in the main herd between primiparous and multiparous cows is denoted with P-value (Wilcoxon test).
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occasions during the first hour after the morning milking. Not
being able to get access to feed may have contributed to the
high percentage of heifers who do not survive into the second lac-
tation (e.g. Sherwin et al., 2016). In contrast, one multiparous cow
was seen feeding five times on the first day of relocation into the
main herd. This could be explained by this cow being in her fifth
lactation with many previous regrouping experiences in the same
shed. Farm management should ensure that cows who have
recently calved are given access to sufficient rest and feed by redu-
cing social competition (Bak Jensen and Proudfoot, 2017).
Postparturient cows’ social environment may be improved by
housing them in separate pens and smaller groups to reduce the
level of competition (Cook and Nordlund, 2004; Bak Jensen
and Proudfoot, 2017), or housing heifers separately from cows,
although this may be impracticable on many farms.

When animals live together in one territory they very rarely
space themselves randomly (Lindberg, 2001). Animals in this
study were observed closer together in the strawyard than in the
cubicles. There was some evidence that cows had individuals
that they were preferentially closer to, although this was not con-
sistent. This confirms work by Cooper et al. (2010) and Boyland
et al. (2016), who also found evidence for preferential proximity
to particular individual other cows. Boyland et al. (2016) and
Gygax, et al. (2009) pointed out that cows might position them-
selves closer to other cows who are similar to them, for example,
the same breed, weight or milk yield or share similar requirements
and preferences.

In conclusion, we were able to support the main hypothesis
that regrouping has a greater effect on heifers than on older

cows. The results showed that regrouping affects heifers more
than cows, and may have major impacts on cow nutritional status,
productivity and welfare. Individual animal characteristics should
be taken into account because, as shown from nearest neighbour
and aggression data, cows changed their nearest neighbours when
new animals arrived. Furthermore, individuals who fed and rested
more in one housing system did the same in the other. Similar
results for aggression observations were found: the more aggres-
sive/subordinate cows in one housing system were also more
aggressive/subordinate in the other housing system.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0022029921000066.
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