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ABSTRACT

Calf behaviour in rearing systems is an important indicator of calf welfare and influences efficient dairy production.
In this study, the behavioural patterns of dairy calves in outdoor individual pen-and-shelter units were investigated. The
study was done over 12 months with 683 Simmental-Fleckvieh calves, kept for two months (pre-weaning) in outdoor
individual pen-and-shelter units, and observed at monthly intervals. During the study the calves' lying and moving
behaviourin the shelters were separately observed and evaluated. The ambient temperature outdoors was also recorded.
Statistically significant relationships between the calf’s season of birth, as well as the age of the calf and the evaluated
forms of behaviour, were found. Outdoor ambient temperature was found to have a statistically significant effect on calf
preference for standing or lying down. More standing calves than lying calves were recorded outdoors at higher outdoor
ambient temperatures. Calves showed a clear preference for lying down, especially in the sheltered parts of the units
(64.86%). Only 4.98% of the calves lay outside; 19.18% were standing outside, while 10.98% preferred standing inside
the shelter. The calves lying down outside were significantly younger while older calves were lying inside the shelter.

Keywords: dairy, Fleckvieh, standing, lying, temperature

ABSTRAKT

Chovani telat pfi odchovu je dlleZitym indikatorem welfare telat a ovliviiuje naslednou mlécnou uzitkovost zvirat v
dospélosti. V této studii bylo hodnoceno chovani telat dojeného skotu ve venkovnim individualnim boxu. Pozorovani bylo
provedeno béhem 12 mésicli u 683 telat ceského strakatého skotu, kterd byla odchovavana po dobu dvou mésicli ve
venkovnich individudlnich boxech. Sledovani probihalo v mési¢nich intervalech. Béhem této studie bylo sledovano lezeni
a stani telat a také, zda se vyskytuji vné, a nebo uvnitf box(. Rovnéz byla zaznamenavana venkovni teplota. Byl nalezen
statisticky prikazny vliv sezény narozeni telat a véku telat na tyto Zivotni projevy. V pripadé venkovni teploty byl nalezen
statisticky prikazny vliv pouze na ulehdvani a vstavani telat. Pfi vyssi venkovni teploté vice telat stalo, nez lezelo pred
boxem. U telat byla prokdzana preference leZeni, zejména uvnitf boxu (64.86%). Pouze 4.98% telat leZelo venku; 19.18%
stalo venku, zatimco 10.98% preferovalo stani v boxu. Telata leZici venku pred boxem byly prikazné mladsi, zatimco
starsi telata leZela uvnitf boxa.

Klicova slova: dojeny skot, Fleckvieh, stani, lezeni, teplota
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INTRODUCTION

Food animal production systems are economically
of great significance, making farm animal welfare
an important aspect to ensure sustainability. Animal
welfare is also considered an important ethical social
concern and needs to be integrated into the practice of
sustainable agriculture. In this context, it is not conducive
to ‘compete’ with environmental goals (Hotzel 2014)
cited by Von Keyserlingk et al. (2015). For the purposes
of this publication, we have adopted the definition of
animal welfare that acknowledges that there are three
pillars of sustainability: economic, environmental and
social (Von Keyserlingk et al., 2015). Historically farmers
and most scientists have placed great emphasis on the
environmental and economic pillars (Boogaard et al.
2011b) cited by Von Keyserlingk et al. (2015).

Rearing newly born dairy calves in outdoor pen-and-
shelter systems is the preferred and common practice in
Czech dairy farms and also worldwide (Buchli et al., 2017).
Although this separation of calves from dams within 24
hours of birth is common in dairy production, there is no
consensus on the prevailing positive or negative effects
on calf behaviour, social well-being, and overall welfare.
Among the more important advantages of raising a calf
separate from the dam are larger quantities of saleable
milk, easier handling of the cow and calf and easier control
of the calf milk intake (Buchli, et.al., 2017). In addition,
Edwards, and Broom (2020) and Flower, and Weary
(2001) site a possible prevention of disease transmission
from cow to a calf as a further benefit.

Although research suggests that there are many dairy
farmers who satisfactorily adapted the conventional
system of calf isolation with a more “dam/foster rearing”
approach, there is still no conclusive evidence that
calf welfare is objectively improved compared to the
traditional artificial rearing under on-farm conditions
(Buchli et al., 2017).

Regarding the effects of cow contact on stress
reactivity (as opposed to isolated rearing), there are
several results that are somewhat contradictory. Calves
reared with cow-contact (on the one hand), were found

to be more active and tended to show a reduced cortisol
response to an isolation test. With regard to cardiac
response, however, no difference was found compared
with calves reared without cow contact (Wagner et al.,
2013). Regarding social reactions and adaptability, no
conclusive and uniform results could be formulated
to suggest that calves reared in isolation systems were
significantly disadvantaged (Von Keyserlingk et al., 2017)
although findings reported by Waiblinger et al. (2013)
suggest that there are situations in which calves raised
in isolation systems showed strong attentive responses
to some social situations when encountering other cows.

It is clear, therefore, that animal behaviour can be a
particularly useful disciplinary approach to addressing
animal welfare issues from a research point of view.
Another advantage of behavioural studies is that they
also address more fundamental questions (e.g., the nature
of social relationships) and practical issues (e.g. heat
detection, stress behaviour) unrelated to animal welfare
(Von Keyserlingk et al., 2017). The integration of biological
functioning, natural behaviour, and affective states in the
study of welfare can also be undertaken, supporting the
argument that welfare problems can emerge in any of
these 3 areas and that the best practices will address all
3 areas of concern.

Standing and lying, as well as shelter-seeking
behaviour, are considered normal and typical activities of
dairy animals. This approach was introduced in completing
this study with dairy calves. Distinct differences in
energy utilization occur during direct exposure to
sunlight as opposed to sheltering (Hill et al., 2013). This
is an indication of either susceptibility or resistance to
excessive sunlight exposure. Von Keyserlingk and Weary
(2017), goes further to argue that allowing cows to seek
shade on a hot day, prevents them from experiencing
uncomfortable heat (affective state) while reducing the
health and production risks associated with heat stress
(biological functioning). This behaviour is analyzed in
this study, using variables that describe the differential
reactions of Simmenthal-Fleckvieh calves in isolation-
type rearing conditions (in this case the outdoor pen-and-

shelter system) to outdoor heat conditions.
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The differences in the behaviour and growth of dairy-
type calves reared in individual as opposed to combined
housing were studied, and discussed by Tapki (2007). In
this study, calves were kept separate in individual pen-
and-shelter units throughout the weaning period (or for
the first 30 days) and then placed in groups. A significant
increase in feed intake and growth rate of calves was

reported.

The behaviour of dairy-type calves has also been
studied by authors like Pempek et al. (2017), Ugwu
et al. (2021) and Swartz et al. (2020). Conneely et al.
(2014) analyzed the effect of the amount of milk feed
and the frequency of feeding on the behaviour, health,
and body weight of the calves. Although no significant
relationship between probiotic intake and calf weight
gain in early life could be statistically verified (Zabransky
et al., 2021; Zabransky et al., 2022), it is still important
for ensuring healthy conditions during this very sensitive
growth period of the calf. Similarly, Borderas et al. (2009)
addressed the standing and lying down behaviour, as well
as the setting preferences of calves and dairy cows. The
feeding behaviour of calves, in particular the amount of
milk compound and the frequency of feed intake, was
carefully analysed. Edwards et al. (1982) investigated the
choice of setting before birth in heifers and cows. Lying
laterality in dairy cows has been addressed by Gibbons
et al. (2012) and Forsberg et al. (2008). The relationship
between movement activity and the lying frequency of
grazing cows was also discussed by Hendriks et al. (2020).

The lying or standing behaviour of calves can
suggest many problems, especially health problems.
The relationship between lying behaviour and diarrheal
disease in calves was reported by Swartz et al. (2020),
who describe a statistically significant lesser period spent
lying down in calves with diarrheal disease. The behaviour
of calves housed in individual pen-and-shelter systems,
the development of an etogram for these purposes and
the influence of various effects of this housing method,
are addressed in the work of Ugwu et al. (2021). They
report extensively on the relationship between calf sex

and some behavioural manifestations, such as tongue
movement inside the mouth, tail wagging, and duration of
walking around. The frequency of lying down, in relation
to the feeding of calves during rearing practices, was also
analyzed by Todd et al. (2018). The latter analyzed the
effect of the ad libitum feeding of acidified milk feed on

the behaviour of calves.

It is becoming increasingly clear that the study of farm
animal welfare is focusing on improving the lives of farm
animals, but the meaning of this has changed overtime. The
traditional concept of “a good life” used to be associated
with good health and appropriate levels of production.
In more recent times, with a greater focus on sustainable
agriculture and more environmentally friendly production
practices, scientists begin to recognize the importance
and role of animal health or on-farm production research
as being the equivalent of studying animal welfare issues
(Von Keyserlingk et al., 2017).

The outdoor pen-and-sheltersystem consists of several
individual pen-and-shelter units and is also the most
common way of rearing dairy calves in the intensive dairy
production systems in Europe. Usually, calves are placed
in these individual pen-and-shelter units immediately
after birth and remain individually housed until weaning
(in 40-60 days) (Hoshiba, 1986). The outdoor pen-and-
shelter system as a calf rearing practice became popular
in the 1970s, when dairy farmers in the United States
began using the system to rear replacement heifers and
obtained very good results, especially in reducing calf
mortality rates (Hoshiba, 1986). Figure 1 is an illustration
of the measurements and layout of an individual pen-
and-shelter unit used for rearing dairy-type calves. The
construction of one individual pen-and-shelter unit
consists of two equally sized enclosed sections. One
section is an open enclosure of approximately 1.44 m?
allowing the calf access to open outside conditions. The
other section is an enclosed, shelter-type construction of
similar size (1.44 m?) simultaneously giving the calf access
to shelter.
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Figure 1. lllustration of individual pen-and-shelter unit measurements used for calves in the study

The use of this type of outdoor individual pen-and-
shelter unit proved to be similarly effective in colder
climates. This observation is supported by Hepola et al.
(2006), who studied the influence of temperature and
type of housing on the behaviour of dairy-type calves. In
a study conducted in Finland, Hepola et al. (2006) studies
the effect of different calf-rearing housing types using
classic outdoor housing or heated housing over a period of
seven weeks. A general observation confirmed that calves
spent less time at lower temperatures ingesting feed.
This could have a negative impact on the development
of rumen during this important period. This implies that,
during a very cold period, it is more efficient, especially
in pen-and-shelter units arranged in groups, to place the
feed in the sheltered section (Hepola et al., 2006).

An important challenge when using outdoor individual
pen-and-shelter units is the stringent limitation on direct
social contact between calves, as opposed to free social
contact, such as in the case of group calf housing. Pempek
et al. (2017) reported individual housing of calves limits
their freedom to fully express their natural behaviour.
This limitation is, however, still in compliance with the
European guidelines for housing dairy calves. Costa et
al. (2016) studied the effect of group housing on the
behaviour, health and performance of dairy calves. The

issue of individual and group housing regarding behaviour
and ethological and physiological responses in dairy-type
calves was also studied and described by Hanninen et.
al. (2005). Their study on 36 calves in India identifies
differences in behaviour between different types of
housing. For example, in group-housed calves, more time
was spent on feed intake compared to individually housed
calves, but individually-housed calves spent more time
lying down and resting activities. The possibility of using
an individual pen-and-shelter system to house a pair of
calves was also studied by Wormsbecher et al. (2017). In
this study the authors report that the use of these pen-
and-shelter units for the paired housing of calves is a
suitable alternative to individual pen-and-shelter units,
allowing better social contact than individual housing.
No differences in daily gain between calves housed in
individual or paired pen-and-shelter units were, however,
observed. The issue of individual and paired housing of
calves was also addressed by Chua et al. (2002) and Liu et
al. (2020), reporting similar findings.

MATERIALS AND METHODS

A total of 683 Simmental-Fleckvieh calves were
housed in conventional pen-and-shelter units commonly
used for rearing young dairy calves on dairy farms in the
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Czech Republic. The study took place on a specifically
selected farm in the Czech Republic, that met all the
requirements for this study. The study was conducted
over a 12-month period, with calves continuously
included in the study and removed at the end of the two-
month observation period. This means that, at any given
time, there were calves of different ages between birth
and two months old and born in any of the seasons of the
year, in the study. The Simmental-Fleckvieh is a typical
dual-purpose breed kept for its very good milk and beef
production performance. On the farm where the study
was conducted, 840 Simmental-Fleckvieh cows are kept.
They produce an average milk yield of 8,000 kg of milk
per 305-day lactation.

As previously mentioned, the farm where this study
was conducted, is a functionally efficient commercial
dairy farm and the study was conducted as part of the
normal activities of the dairy farm. Since management
factors like housing conditions, feeding management, and
human-animal relationships strongly affect the behaviour
of farm animals, including on-farm studies into research
on calf rearing is necessary. The study was conducted
on a functioning, operationally active, and efficient
commercial dairy farm, so that calves were reared under
real conditions. The selected pens and animals were
managed specifically according to the requirements of the
study determined by scientific experimental procedures.

Calves were born in the conventional single calving
pen and fed on colostrum immediately after birth.
Approximately 4-8 hours after birth, calves were separated
from cows and moved to individual pens where they
remained until weaning (maximum 56 days). The calves
were then fed regular colostrum three times a day for 5
days each. Then the calves were fed a milk feed mixture
(2 x 3 litres), with the addition of a starter grain mixture.
The milk feed mixture consists of 73% whey protein, 6%
coconut fat, 11% palm oil, 4% wheat protein concentrate
and 6% soy protein concentrate. The powder mixture is
diluted in the ratio of 1 part powder: 8 parts water.

The starter mixture consists of a mix of barley flakes,
whole barley grain, sunflower meal, whole grain wheat,
pea flakes, rapeseed meal, corn flakes, dried alfalfa hay,

molasses, whole oats, black oats, mineral supplements,
corn distiller’'s dried grains, wheat bran, soybean meal,
vegetable oil.

The calves had ad libitum access to water. Calves were
observed for one year (15t November 2015 to 315t October
2016), once a month (the fifteenth day of the month
provided it does not rain, in which case observations were
made on the first following clear day) at 12:00 (midday).

Straw was used as bedding and was added every day
to each individual pen-and-shelter unit. After weaning
the calves were moved to the group housing complex
and the individual pen-and-shelter units were cleaned
and disinfected. Feeding of the calves took place twice
a day. During the experimental period, the outdoor
air temperature close to the outdoor individual pen-
In addition to
temperature, the effect of calf age, season of birth, calf

and-shelter units was also measured.

sex and calf sire on calf behaviour was also statistically
analyzed.

Two types of behaviour were observed:

1. the lying or standing behaviour of the calf (trait:
standing/lying),

2. the positioning of the calf in relation to the shelter
outside (inside or outside the shelter; trait: inside/
outside).

Calves were not directly handled before, during, or
after the experiment and no invasive methods were used.

Statistical analysis

Statistical analyses of the effects of housing in
individual pen-and-shelter units on the standing/lying
and inside/outside behaviour of dairy-type calves were
performed using the GENMOD procedure and the FREQ
procedure in the SAS statistical program. The main
statistical test employed was the Chi-square test. The
graphs were processed using the statistical programme
Statistica 12. The statistical relationships between the
selected variables were analysed separately, first for the
standing/lying trait and then for the inside/outside trait
using the following linear model (binomial distribution):

= H *
Y, = temp, + seas, + sex, + sire, + b*age + e,
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where y is a dependent variable (standing/lying or inside/
outside), temp is the fixed effect of ambient temperature
forleveli(i=1-5:upto4.9°C;5°Cto 9.9°C;10°Cto
14.9 °C, 15 °C to 19.9 °C and above 20 °C). The effect of
the calving season (seas) is divided into 4 levels: winter,
spring, summer, and autumn (j = 1 - 4: December to
February; March to May, June to August and September
to November). The effect of sex (sex), where k has two
levels: heifer and bull. Symbol b expresses a regression
coefficient expressing the relationship of the dependent
variable y to the age of the calf in days (age). Symbol e is
the residual error.

RESULTS AND DISCUSSION

Table 1 shows the frequency of behaviour for each
combination of the two observed traits: standing/lying
and inside/outside. In this table and in Figures 1 and 2, the
two observed behaviours are evaluated in their mutual
interactions. The subsequent analysis of the influence of
chosen effects on this behaviour is performed separately
for both behavioural traits.

Table 1. Frequency of calf behaviour recorded during obser-
vation periods

Behaviour N2 (x) %
Standing inside shelter 75 10.98
Lying inside shelter 443 64.86
Standing outside shelter 131 19.18
Lying outside shelter 34 4.98
Total 683 100

The values in Table 1 show that the calves were most
often inside the shelter at the time of observation (64.86%
of observations). Almost one-fifth of the calves (19.18%)
were standing outside the shelter and 10.98% of the
calves were standing in the shelter during this period. The
least number of calves observed (4.98%) were lying down
in front of the shelter. Thus, in general, it could be stated
that calves preferred to lie down in a shelter, this being

the most common observed behavioural expression.

When calves were encountered outdoors, they were
standing 80% of the time. Comparing the two observed
behaviours separately, most calves were lying down and
resting at the time of observation. Calves mostly spent
their time inside the shelter. These results were expected,
given the timing of observation, i.e., the period of relative
rest between feedings, and the time when animals should

be resting.

Hoshiba (1986) monitored and studied the behavioural
activity of 3 calves for 81 days in winter (average
temperature -4.6 °C). These calves spent 85.6 - 89.8%
of the observation period inside the shelter, compared
to the 75.84% observed in this study. It is important to
note that Hoshiba (1986) collected observations only
during the winter while this study was conducted over
a 12-month period. It is therefore possible that better
weather conditions during the non-winter seasonal
periods could explain why calves spent less time inside
the shelter.

Figure 2 shows histograms of observed behaviours
as a function of calf age. The graphs show that younger
calves are more likely to lie down in the individual stalls,
while the histogram for standing outdoors is skewed
in favour of older calves. It can also be noted that lying
outside the shelter does not occur at all in older calves,
and standing in the shelter is also observed minimally in
older calves. This is consistent with the results previously
reported by Hill et al. (2013). Despite the considerable
variability and deviation of the observed values of the
whole group in favour of lying in the shelter, it is observed
that older calves show more activity, especially outdoors.
However, during rest period, they often remain inside the
shelter. Few of the younger calves were observed to lay
outside.

Figure 3 shows the frequency distributions of the
observed behaviours as a function of ambient outdoor
temperature near each pen-and-shelter unit. In the
case of the histogram showing standing outside the
shelter, the preference for standing outside the shelter
is evident in warmer weather. On the other hand, at very
high temperatures (above 20 °C) a significant increase
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Figure 2. Frequency distributions of observed behaviour relative to the age of the calves

in the proportion of calves lying in shelters is observed.
This can be explained as the calves' effort to protect
themselves from the intense sunlight during the summer
months (normal behaviour). No significant change in
behaviour was observed at lower temperatures. This is
due to the fact that, despite the measurements during
winter, no extremely low temperatures were measured
and temperatures as low as -5 °C can be considered
acceptable, and not extreme for Simmental-Fleckvieh
dairy cows. The above confirms that in temperate
climates, the protection of dairy cows, not only calves, is
essential, especially from higher temperatures, i.e., during
the summer months.

Table 2 shows the statistically significant differences
in the effects recorded between the tested behavioural

traits based on a linear model with binomial distribution.
and the
behaviour were analysed separately using a chi-squared

Standing/lying  behaviour inside/outside

analysis of the different groups of traits.

The influence of the calves' sire and, at the same
time, the influence of sex, i.e., whether the calf was a
bull or a heifer, proved to be statistically insignificant in
both cases. On the contrary, the season of birth of a calf
shows a statistically significant relationship with both
observed behavioural traits. In the case of standing/lying,
the statistical relationship is highly significant (at the P
< 0.01 level). The effect of ambient temperature on calf
behaviour was observed only in the case of standing/
lying traits and showed a highly statistically significant
relationship (at the P < 0.01 level).
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Figure 3. Frequency distribution of observed behaviour relative to the ambient temperature

A statistically non-significant effect of ambient
temperature on the inside/outside selective behaviour
was found. Hoshiba (1986), studying the relationship
between ambient temperature and calf abundance of
being inside shelters, reported a weak correlation (r =
-0.071 to 0.192) between ambient temperature and calf
abundance of being inside shelters.

Calf age as a continuous explanatory variable was
evaluated and found to be statistically significantly
related to calf behavioural characteristics in both cases.
In the case of inside/outside, this relationship is highly
statistically significant (P < 0.01). Average calf ages for the
different behaviour types are shown in Table 3. Standing
calves had an average age of 27.77 days compared to
lying calves, which had an average age of 25.15 days.

Table 2. Influence of the selected effects on the behavioural
traits of calves

Inside/outside Standing/lying

Effect

ChiSq ChiSq
Temperature N.S. 0.01
Season of birth 0.05 0.01
Sex N.S. N.S.
Sire N.S. N.S.
Age 0.01 0.05

N.S., not significant (P values > ChiSq); 0.05, 0.01, a values (level of sig-
nificance)
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Table 3. The average age of calves at different behavioural traits

Standing/lying Mean age (days) N2 Inside/outside Mean age (days) N2
Standing 27.77* 206 Inside 29.66* 165
Lying 25.15 477 Outside 24.76* 518

*statistically different means at P < 0.05 in the columns

Hanninen et al. (2005), in their study of calf behaviour
on different flooring surfaces, confirm the results that
age has a statistically significant effect on the interaction
between lying and standing behaviour in pre-weaning
dairy caves. Their findings suggest that standing
behaviour becomes more prevalent as calves grow older.
When observing standing inside or outside the shelter
component, the average age of calves that stood in the
shelter component was 29.66 days, while calves outside
had an average age of 24.76 days. Liu, et al. (2020)
evaluated the frequency of standing and lying in calves in
both individual and pair housing. A group of 30 Holstein
calves was used to determine the average duration
of calf lying and standing during the day for different
age groups of calves. Until the age of nine weeks, the
proportion of lying down decreased and the proportion
of standing increased. However, after nine weeks of age,
the frequency of standing decreased and the frequency

of lying increased for these calves.

The increasing frequency of standing up to nine weeks
of age corresponds with the higher age value found with
standing calves in this study. However, in the case of this
study, all calves were housed in individual pen-and-shelter
units no later than 8 weeks of age. Overvest et al. (2018)
in their study of 20 Holstein calves also described the
frequency of calves lying down with respect to their ages,
reporting a continuous decrease of lying on the timeline

between the 40t and 56" day of age of the calves.

Tables 4 and 5 provide a detailed Chi-square analysis
of calf behaviour relative to levels of each trait for
Both tables show
the absolute and relative (%) frequencies of calves,

both observed behavioural traits.

divided on the one hand on the basis of each behaviour

trait and on the other hand according to the levels of
individual relationships that entered the model. Using
superscripts for each level of each effect, a statistically
significant difference between the individual levels of
each relationship is indicated (the difference between
the frequencies of each behavioural trait for each level of
relationship, the values of these relative frequencies are
highlighted in the tables by bold and italics).

Results in Table 4 reflect the analyses of the standing/
lying behaviour of the calves. For the sex variable, there
is no statistically significant difference in the frequency
of lying/standing behaviour between the sexes, which
is also evident from Table 2, where the effect of sex on
this behaviour was not statistically significant in the
observed group of calves. Heifer calves were observed to
be standing in 33.13% of cases compared to 27.55% in
the case of bull calves. As for the influence of the calves'
time of birth, there were significant differences between
seasons 1 (winter) and 2 (spring) and between 1 (winter)
and 4 (autumn). In winter, 36.14% of calves preferred
standing, while in spring it was 26.40% and in autumn
24.44% of calves.

The relationship between the ambient temperature
and the frequency of lying and standing was especially
evident at the highest temperatures, where significant
differences between group 5 (temperatures above 20
°C) and the others, with the exception of the 3™ group
(statistically non-significant difference compared to
group 5) were found. In the group with temperatures
above 20 °C, 21.76% of the animals were standing, while
in the other temperature groups, which were significantly
different, in that more than 30% of the calves were
standing.
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Table 4. Chi-square Analysis - Standings/lying

Standing/lying

Temperature Season of birth Sex
Units Level 12 22 32b 42 5b 12 2b 3ab 4v male? female? Total
Frequency Standing 47 57 20 45 37 60 52 61 33 100 106 206
Percent 31.54 31.84 29.85 38.14 21.76 36.14 26.40 32.97 24.44 27.55 33.13 30.16
Frequency Lying 102 122 47 73 133 106 145 124 102 263 214 477
Percent 68.46 68.16 70.15 61.86 78.24 63.86 73.60 67.03 75.56 72.45 66.88 69.84
Frequency Total 149 179 67 118 170 166 197 185 135 363 320 683
Percent 21.82 26.21 9.81 17.28 24.89 24.3 28.84 27.09 19.77 53.15 46.85 100

In italics - frequencies in %; other - absolute frequencies. Different superscripts denoted statistically different behaviour on each level of effect (frequencies in bold italics)

Table 5. Chi-square Analysis - Inside/outside

Inside/outside

Temperature Season of birth Sex
Units Level 12 23 3ab 42 5b 12 2b 3ab 4° male? female? Total
Frequency Inside 118 136 51 79 134 120 152 133 113 275 243 518
Percent 79.19 75.98 76.12 66.95 78.82 72.29 77.16 71.89 83.70 75.76 75.94 75.84
Frequency Outside 31 43 16 39 36 46 45 52 22 88 77 165
Percent 20.81 24.02 23.88 33.05 21.18 27.71 22.84 28.11 16.30 24.24 24.06 24.16
Frequency Total 149 179 67 118 170 166 197 185 135 363 320 683
Percent 21.82 26.21 9.81 17.28 24.89 24.3 28.84 27.09 19.77 53.15 46.85 100

| ch level of effect (frequencies in bold italics)
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Overall, regardless of the above conditions, 30.16%
of calves were standing at the time of observation and
69.84% of calves were lying down. The time spent by
calves lying during the day is described in the study of
Swartz et al. (2020), reporting that healthy calves spent
on average 1093 minutes during the day lying down.
This equates to 76% of the length of the day. Ugwu et
al. (2021) evaluated the lying time of calves at different
times of the day between 10:00 and 17:00. The calves
were most active in the morning at 10.00 and then at
13:00 but exhibited resting behaviour around 12.00.

These results correspond with the findings of this
study. Similar results were also reported by Todd et al.
(2018), suggesting that calves lay down 70-83% of the
day. Similarly, Chua et al. (2002) reported a lying down
frequency of 72%.

In contrast, Tapki (2007) reported lying behaviour
with calves up to 33 days of age in 26.61% of cases and
in older calves in 39.53%. Sutherland et al. (2014) state
that calves spend 69.7-73.1% of the time lying down and
30.3-26.9% standing, which is in line with the findings of
this study. The mentioned authors used different types of
bedding (stones, sawdust) in their work, while in this study
all calves were housed in individual pen-and-shelter units
with a standard straw bedding cover in all the shelters.
Faerevik et al. (2008) report from a study completed
with 30 calves in Norway, that lying-down behaviour
was observed in 64.65% of the calves. These calves
were group-housed, with 5 calves per pen. Despite the
different types of housing evaluated, this study reports a
very similar trend in the frequency of calves laying down.

Table 5 reflects the results of the analysis of the
inside/outside behaviour. The frequencies are different
though non-significant relationships were reported
between the sexes, similar to the findings reported in
Table 3. With heifer calves, the abundance of presence
inside the shelter was 75.94%, while in the case of bull
calves almost identically at 75.76%. Regarding calf birth
season, season 2 (spring) did not show a statistically
significant difference from any other calf birth season. Of

this group, 77.16% of calves preferred shelter. Seasons

1 (winter) and 3 (summer) did not differ significantly in
their observations regarding shelter presence. During the
winter months, the abundance of the presence of calves
in the shelters was 72.29% and in the summer 71.89%.
Compared to the winter and summer groups, the autumn
group differed statistically significantly. The highest
abundance of the presence of calves in shelters (83.70%)
was recorded in autumn. The statistical relationship
between the ambient temperature and preference for
the shelter, is not as conclusive as in the case of the
lying/standing trait, because the group experiencing
the highest temperatures above 20 °C reaches almost
the same occupancy frequencies (78.82%) as the group
experiencing lower ambient temperatures. Temperature
groups 1 (79.19%), 2 (75.98%) and 3 (76.12%) are
therefore not statistically significantly different from
group 5. As reflected in Table 5, only temperature group 4
shows a statistically significant difference (66.95% calves
in the shelters) compared to groups 1 and 5.

In summary, 75.84% of calves were inside the shelter
at the time of observation and only 24.16% of animals
were outside. The findings of Chua et al. (2002) and Ugwu
et al. (2021) correspond with the findings of this study.

According to Wormsbecher et al. (2017), 75.7% of
animals were recorded as being outside the shelter in
the summer months. Of these, 36.2% were standing and
47.4% were lying down. The ratio of animals recorded
inside and outside the shelters was almost similar in
the winter months (48.7% outside and 51.3% inside the
shelter). These results, especially in the summer, are in
conflict with the results found in this study. Wormsbecher
et al. (2017) also report a higher ratio of animals standing
in the summer months. This differs from the findings
reported in this study.

In line with the reasoning forwarded by (Von
Keyserlingk et al.,2017), the authors share the perspective
and orientation that it would be improper to address one
type of welfare concern (e.g., high rates of disease in dairy
calves - a biological functioning concern) by imposing a
solution that introduces new welfare concerns around
natural living and affective state (e.g., the use of individual
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housing that prevents natural interactions and play).
Further research is necessary to assess the possibilities
of interchangeably using different calf-rearing systems
to avoid animal welfare challenges. The findings of
Zabransky et al. (2021) and Zabransky et al. (2022) clearly
highlight the importance of healthy feed in this sensitive
period of growth of the calf and the authors found this
very important practice during the assessment of the
wellness of calves during the experimental period. The
authors also view this completed study as a contribution
to this process, thus also confirming the truth that welfare
relies on scientific evidence, to support the building of
consensus between the various stakeholders. This work

can, however, not continue in isolation, void from context.

CONCLUSION

The findings of this study are in accordance with
and support earlier findings that rearing pre-weaned
dairy-type calves in outdoor individual pen-and-shelter
systems is an acceptable practice and in alignment with
the compliance measures set for animal welfare criteria
in dairy production. Calves in such systems were not
disadvantaged during the process. Results of this study
suggest that the behaviour of calves in individual pen-and-
shelter units shows considerable variability. Identifying
and describing specific patterns of behaviour of calves in
outdoor individual pen-and-shelter systems will require
far more extensive research. The findings of this study
contribute strongly to suggesting the acceptability of this
practice.

A clear general preference for sheltering is evident,
especially during the summer months. This is most
probably related to the calves' natural biological need and
effort to protect themselves from higher temperatures
and intense sunlight outside the shelter. The age of calves
has a significant effect on the sheltering preference and
lying/standing behaviour of calves. Calves recorded lying
outside the shelter were significantly younger than the
calves remaining inside the shelter. At the same time,
older calves preferred to stand. This corresponds to a
higher degree of development of the individual and better
physical condition of the calf. Similarly, no statistically

significant heritability influence of the calf's father was
observed in this study. Based on the findings of this
study, an increased share of additive genetic variability in
the behaviour of offspring at the beginning of life is not
expected. The sex of the calf is also found to not play a
significant role in the preference of shelter or standing/
lying behaviour.

The significant influence of ambient temperature and
the age of the calves (and thus the quality of weaning,
which is significantly influenced by the breeder) and
at the same time the non-significant influence of the
father and sex of the calf suggest that the behaviour of
calves is mainly influenced by environmental, especially
animal production practices, and climatic influences.
This suggests a considerable influence of the farmer
management and decision-making system on the quality
of calf rearing, not only by feeding but also by the suitable
use and placement of outdoor individual pen-and-shelter
systems.

The selected behavioural traits used in this study are
considered important in analysing calve behaviour during
their post-weaning rearing phase. The behaviour of calves
is significantly affected by ambient temperature and the
age of the calves. It can also be stated that no significant
difference in lying/standing or inside/outside behaviour
based on the sex of calves or the influence of the sire
was observed. In conclusion, the authors recommend
continued studies on the influence of environmental and
livestock management practices on the rearing of pre-
weaned dairy-type calves in outdoor individual pen-and-
shelter systems.
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