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Abstract

Heat stress in livestock is a function of macro- and microclimatic factors, their duration and in-
tensity, the environments where they occur and the biological characteristics of the animal. Due
to intense metabolic processes, high-producing dairy cows are highly vulnerable to the effects of
heat stress. Disturbances in their thermoregulatory capability are reflected by behavioural, physi-
ological and production changes. Expression of thermoregulatory behaviour such as reduction of
activity and feed intake, searching for cooler places or disturbances in reproductive behaviours
may be very important indicators of animal welfare. Especially maintenance of standing or lying
position in dairy cattle may be a valuable marker of the negative environmental impact. Highly
mechanized farms with large numbers of animals have the informatic system that can detect al-
terations automatically, while small family farms cannot afford this type of equipment. Therefore,
observing and analysing behavioural changes to achieve a greater understanding of heat stress is-
sue may be a key factor for developing the effective strategies to minimize the effects of heat stress
in cattle. The aim of this review is to present the state of knowledge, over the last years, regarding
behavioural changes in dairy cows (Bos taurus) exposed to heat stress conditions and discuss some
herd management strategies providing mitigation of the overheat consequences.
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The interaction between the thermal environment and the body of an animal in-
fluences behaviour, physiology, reproduction and productivity (Hempel et al., 2019).
When the optimal air temperature conditions are exceeded, a cow will attempt to
cope with the new environmental situation. The degree of stimulation of the body
systems is determined by the intensity of the heat stress (HS) response as well as the
consequences that it brings to the organism. The HS response of dairy cow may vary
depending on the genotype of individual breeds, stage of lactation, milk production,
housing system, climate zone, altitude, bedding type, diet and cooling management
strategies, and most of all on the duration and intensity of suboptimal environmental
conditions (Fournel et al., 2017; Galan et al., 2018; Broucek et al., 2020; Saizi et al.,
2019; Theusme et al., 2021).

Cows have physiological and behavioural mechanisms to adapt to challenges
presented by the environment in which they live. High heat load in animal surround-
ings may induce changes in behaviour, including motor activity, frequency of lying
down and time spent resting and standing, reproductive behaviour, feed and water
intake, aggression, fearfulness and increased or altered vocalisation (Polsky and von
Keyserlingk, 2017).

Study about the behavioural needs of cows to ensure their welfare during HS is
a challenge for scientists and a practical requirement for farmers. Highly mecha-
nized farms with large numbers of animals have individual records for each cow and
the informatic system can detect alterations automatically. Small family farms
cannot afford this type of equipment, but as they have less animals, farmers can
be trained to observe individual changes of behaviour in order to detect heat stress
and apply mitigation options. Various studies have outlined much on the coping
strategies but there is still a need to relate the behavioural changes and thermal
adaptability of cattle. Expanded knowledge on these topics has been increasingly
commonly used in the development of remote herd monitoring devices, but also
it gives a broader view of cognitive, emotional and social characteristics of farm
animals, which in terms of animal welfare assumptions is essential for better under-
standing of their motivations and needs (Marino and Allen, 2017; Benaissa et al.,
2019).

The aim of this paper is to review and systematize the current state of know-
ledge on the topic of behavioural changes caused by HS in dairy cows (Bos
taurus). For the analysis of issues related to climate change and scientific research
on the behaviour of cattle conducted in this context, the latest scientific publications
in English were selected mainly from the last fifteen years. The snowball method
was used to search for references, and the relevant information that had to be com-
pleted was searched by using keywords used in this article based on the Scopus
browser.

Environmental factors influencing heat stress

The risk of high temperatures in relation to animal welfare is well known (Schau-
berger et al., 2020). Generally, for the most cow breeds fluctuations of air tem-
perature within a range of —0.5 to 20.0°C and relative humidity between 60 to
80% are identified as thermo neutral values. In these ranges air parameters do
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not much induce physiological or behavioural changes among cows. However, oth-
er relevant microclimate elements, such as air movement and sunlight, also play
a significant role in evoking HS responses in animals (West, 2003; Da Silva et al.,
2010).

Heat from incoming solar radiation that reaches an animal in a shaded location
also includes radiation from the ground, which is both emitted by heated soil and
reflected (Berman, 2019). The ability of animals to deal with HS resulting from solar
radiation depends on the physical characteristics of their skin and coats (Da Silva et
al., 2010).

The sense of heat from solar radiation could be partly reduced by changes in air
velocity, which influence the convection cooling of cattle. The effective air veloc-
ity recommended for dairy cows in the United States during periods of high ambi-
ent temperatures is from 1.8 to 2.8 m/s (Bailey et al., 2016). However, the airflow
velocities in naturally ventilated barns are very heterogeneously distributed, and
turbulence occurs (Wu et al., 2012; Herbut et al., 2013). In addition, the body of
a cow may disturb or scatter the stream of the airflow, e.g. a standing cow may affect
the cooling airflow to any other cows standing or reclining downstream (Berman,
2019).

Over the years, attempts have been made to create an optimal method for de-
termining the risk of heat stress, based on environment measurements of basic air
parameters. Many environmental indices have been proposed, such as the tempera-
ture-humidity index (THI) (National Research Council, 1971), black globe-humid-
ity index (BGHI) (Buffington et al., 1981) and comprehensive climate index (CCI)
(Mader et al., 2010). Behavioural indicators of thermal stress can be directly meas-
ured from animals; the environmental parameters that can be considered risk factors
can also be directly measured. Indicators based only on environmental parameters
can be used to set thresholds, i.e., the limits beyond which the risk of animals under-
going thermal stress increases. However, animals do not necessarily react negatively
when these limits are exceeded.

Thermal acclimatization of cattle

The resistance of cows to thermal environmental stress consists of their adapta-
tion and responses to short-term environmental challenges to maintain thermal bal-
ance and general homeostasis (Vasconcelos et al., 2020 a). There are also a number
of factors that determine the conditions in which the critical temperature for an indi-
vidual animal can be exceeded. These factors include body surface area, heat produc-
tion by the animal and losses due to evaporation. The amount of subcutaneous fat,
coat thickness, density and length of the hair coat, and the precipitation and mud in
an animal’s hair coat are important (Chase, 2011).

Dairy cows, as homeothermic animals, are able to adapt to changing tempera-
ture and relative humidity conditions within a certain range (Kadzere et al., 2002).
Depending on the growing stage, different ranges of thermoneutral temperatures are
given (Figure 1).
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Figure 1. Thermal zones for dairy cow depend on air temperature (own study based on Manzoor et al.,
2019)

During periods of excess heat in the environment of an animal, the homeostatic
mechanisms of the body are activated to re-establish the thermal status of the internal
environment or to regulate it to within acceptable physiological limits (Vasconcelos
et al., 2020 b). Homeostatic mechanisms induce a shift in the energy metabolism to
decrease metabolic heat production (Baumgard and Rhoads, 2012). Reduced feed
intake is one of the reasons of negative energy balance, but instead of mobilization
of fat storage, the animal body uses primarily glucose- and muscle-derived proteins
as fuel (Rhoads et al., 2013). The biological oxidation of sugars and amino acids
produces less heat than the oxidation of fatty acids. Generally it may be stated that
HS directly (not mediated by feed intake) affects fuel selection and overall energetics
(Rhoads et al., 2013). Moreover, currently the development of DNA-based methods,
a high throughput approach and bioinformatics analysis may bring a better under-
standing of underlying biological pathways of HS and the productive performance
in livestock (Srikanth et al., 2017; Liu et al., 2020). Using of these new approaches
in livestock studies may lead to identification of the genes and thus to elaborating
the breeding strategies of dairy cow with superior thermotolerance (Srikanth et al.,
2017).

Unfavourable ambient conditions cause physiological or behavioural responses;
however, it is most often a combination of both (Ratnakaran et al., 2017). The be-
havioural changes constitute a response to HS and aim to assist the already trig-
gered physiological changes in maintaining homeostasis. Physiological changes are
induced by increasing respiratory and heart rates, followed by milk efficiency and
finally reproduction. The duration of the HS and individual ability of each cow to
acclimatize influences the magnitude and intensity of this reaction (Heinicke et al.,
2018; Saizi et al., 2019). Due to the positive relationship between milk yield and heat
production, higher-yielding cows are more affected by thermal stress than lower-
yielding animals. It is an effect that higher yielding cows have higher metabolic
energy and therefore higher risks of suffering from heat stress at lower thresholds.
However, the extent to which milk production is affected also depends on traits and
parities, e.g., multiparous cows are more susceptible to HS than primiparous cows
(Kadzere et al., 2002; Bernabucci et al., 2014).
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Behavioural differences between housing systems

The quality of cow living environments depends on the farm management.
Therefore, it is important for farmers to be able to implement appropriate measures
to limit and abate harmful stressors. Pasture access has benefits for dairy cow beha-
viour, in terms of grazing, improved lying/resting times and lower levels of aggres-
sion (Arnott et al., 2017). In a freestall barn, a cow spends 12—-14 h/d lying down,
3-5 h/d feeding, 2.5-3.5 h/d outside the pen, 2—3 h/d socializing, and 30 min/d drink-
ing (Gomez and Cook, 2010). However, a cow’s time budget can vary depending on
the environment and management system (Smid et al., 2020). Cows on pasture will
lie down (also ruminate) for between 8.3 and 9.8 h/d and graze for between 8.3 and
9.0 h/d (Tucker et al., 2008). Furthermore, in tie stalls, the lying time ranges from 9.7
to 11.3 h/d, and cows spend 3.8 to 4.6 h/d eating (Norring et al., 2008). Dairy cows
sleep 3—4 h in short 3—5 min bouts throughout the day, which is only a quarter of the
time spent lying down (Ternman et al., 2012). Thus, all factors that reduce the cows’
optimal lying time could result in negative welfare implications.

Depending on the level of heat stress, behavioural coping strategies in cows usu-
ally involve changes in motor activity, preferential occupation of the barn or shaded
pasture areas, feeding or social behaviours (Schutz et al., 2010; Charlton and Rutter,
2017). Based on the results of research and observations published in the references
collected for this article, a Table 1 of behavioural changes in cattle occurring with
HS was created. In legend of the table associations with each behavioural changes
were classified at three levels: slight, moderate or strong. Also, level “dependent on
milk yield of cows” was created, which means changing in association with cow’s
lactation cycle.

Table 1. Behavioural changes in cattle occurring with heat stress (own elaboration based on Kadzere et

al., 2002; Munksgaard et al., 2005; Cardot et al., 2008; Schutz et al., 2010; Coimbra et al., 2012; Falk

et al., 2012; Karimi et al., 2015; Arnott et al., 2017; Charlton and Rutter, 2017; Ratnakaran et al., 2017;
Galan et al., 2018; Kamal et al., 2018)

Behaviour parameters - Association
increase | decrease

Feed intake +++
Dry matter intake +++
Feeding time 4% +%
Time spent drinking +++
Drinking events +*
Lying time +++
Lying bouts +
Time spent standing 4+
Locomotion ++
Aggressive interactions +
Vocalisation +
Shade seeking +++
Seeking areas with optimal ventilation ++

slight [+], moderate [++], or strong [+++] association;
+* — Dependent on milk yield of cows.
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Feeding behaviour and water intake

Studies on feeding and drinking behaviour in cattle during HS have been conduct-
ed in different climate regions (Cardot et al., 2008; Pereyra et al., 2010; HanuSovsky
et al., 2017). The reduction in feed intake among heat-stressed animals is well docu-
mented by Kadzere et al. (2002), Rhoads et al. (2013), and Hill and Wall (2017).
According to Baumgard and Rhoads (2012), reduced feed intake is a response that
induces a decrease in the metabolic rate and is usually reported to occur within two
days of the onset of HS (West et al., 2003). Changes in dry matter intake (DMI), eat-
ing and ruminating time were noted most frequently in scientific research. West et al.
(2003) found a decrease in daily DMI at a level of 0.51 kg for every 1 unit increase
in THI between the THI values of 73 and 82. Diminished feed intake is usually ac-
companied by reduced meal duration (Eslamizad et al., 2015). Kadzere et al. (2002)
stated that high-producing cows, which are more vulnerable to heat stress, showed
a greater reduction in feed intake. However, the eight-year experiment of Hill and
Wall (2017) on two groups of Holstein Friesian cows, which were divided into indi-
viduals for milk traits and average individuals, did not confirm that. Moreover, the
frequency of feed intake per 24 h increased in high-producing cows and decreased in
low-yielding cows (Karimi et al., 2015). Hill and Wall (2017) observed a decline in
DMI at the level of 3.8% in cows and 4.4% for average individuals when the ambi-
ent conditions changed from a mean daily THI of 68.8—73.5. However, these authors
confirmed that especially the efficiency of converting DMI to milk increased. Feed
efficiency increases with mild HS but rapidly decreases when HS becomes more
severe (Baumgard and Rhoads, 2012; Hill and Wall, 2017). The DMI reduction was
usually smaller after three weeks of hot weather, which suggests that the cows were
able to acclimatize.

The latest studies indicated that thermal conditions during a dry period were also
of high significance (Fabris et al., 2019). HS decreased DMI (by 0.7 kg/d), but this
factor did not differ among treatments during the late dry period. Cows that are ex-
posed to HS at any time during the dry period had reduced milk, protein and lactose
yields in the subsequent lactation (Fabris et al., 2019). Cooling at the beginning of
the dry period can increase milk efficiency, while cooling during the entire dry period
resulted in an increase in milk production of 7.5 kg/d in the subsequent lactation rela-
tive to cows that were not cooled (Dahl et al., 2017).

Based on behavioural monitoring data, it may also be stated that during the hot
periods, in addition to changes in feed intake water uptake also increases (Kadzere
et al., 2002; Schutz et al., 2010). Generally, it may be stated that the need for fresh
water for animals kept under high ambient temperatures is extreme, as these con-
ditions induce evaporative heat loss processes (National Research Council, 2001).
Cutaneous and respiratory evaporation, faeces, and urine are key routes of water
loss. In heat-stressed cattle, behavioural observations showed an increase in panting,
salivation and excessive sweating rate; however, the frequency of defecation and
urination was often reduced (Ratnakaran et al., 2017).

For cows producing 41.5 kg of milk daily in thermo-neutral conditions, the water
intake is approximately 135 kg/day (Kadzere et al., 2002). As shown in Figure 2,
variations in water intake are closely related to DMI, milk yield and air temperature
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(Cardot et al., 2008). Water for dairy cow must be provided in the right quantity
because a 10% decrease in the water in a cow’s body may adversely affect milk
production (Pereyra et al., 2010). According to West (2003), water intake increased
by a 1.2 kg/°C increase in minimum ambient temperature. During heat stress, the
cows drank water more often but in smaller amounts; thus, the total time of water
intake increased (Cook et al., 2007). The proximity of the water source was more

significant if no shade or sprinklers were available to alleviate the heat load (Vizzotto
etal., 2013).
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Figure 2. Changes in water intake and dry matter intake [DMI] with increasing air temperature (own
elaboration based on Cardot et al., 2008)

Pereyra et al. (2010) found that the highest mean percentage of drinking bouts
in Holando-Argentino cows occurred when the THI values were within the range
of 74.91 to 83.95. Hanusovsky et al. (2017) used continuous ruminal monitoring
boluses in Holstein cows to evaluate, among other factors, the drinking regime dur-
ing 24 weeks of lactation in relation to the outside temperature. During this study,
the average daily air temperature was 19.03 + 5.19°C, and the average number of
drinking events was 9.25 + 1.85. The authors established a weak linear relationship
between the average daily outside temperature and the number of drinking events.
During lactation weeks with higher outside temperatures, the number of drinking
events among the cows also increased.

Lying and standing as main examples of changes in physical activity

Another behavioural answer of cows on HS that can be used as an indicator of the
physiological state and general health is the degree of physical activity (Gaworski
and Rocha, 2016; Pilatti and Vieira, 2017). During episodes of heat stress, cows are
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lethargic; they limit the amount of time spent lying down, and freestall-housed cows
lie more often in manure alleys than in cubicles (Herbut and Angrecka, 2018). Daily
lying time of cows in cubicles was shorter in high levels of HS but in the manure
alleys this relation was reverse. Cows wanting to cool down prefer lying down on
concrete and wet floors than in straw cubicles (Figure 3).
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Figure 3. Daily lying time of cows in cubicles and manure alleys in relation to different levels of heat
stress (Herbut and Angrecka, 2018)

As has been shown in studies, the lying position is one of the main welfare in-
dicators (Vasseur et al., 2012). The lying position helps to control hoof disease and
lameness and increases the intake of feed and rumination (Munksgaard et al., 2005).
As reported by Allen et al. (2015), the duration of one resting bout under thermo-
neutral conditions averaged approx. 70 min. Generally, cows lay down mostly dur-
ing the night due to lower air temperature values (or THI < 72), which alleviate the
effects of HS experienced during the daytime.

It is worth mentioning that regardless of the climatic conditions, the comfort of
lying cows, including getting up and lying down, depends on, inter alia, the size and
the type of the cubicles, the type of partitions between the cubicles and the number of
cubicles in relation to the number of animals (Fregonesi et al., 2007). Time spent by
cows in a lying position may also be affected by the social relationships in the flock,
the use of resting space and their nutrition (Camiloti et al., 2012).

Key factors influencing resting behaviour, especially during heat waves, also
include bedding quality, which determines the comfort of lying, including thermal
comfort. Cows prefer soft bedding lined with dry material of sufficient quality that
it is safe when they get up (Borshch et al., 2019), and they will adapt their lying
behaviour based on previous experience (Norring et al., 2008). Research conducted
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by Fregonesi et al. (2007) showed that cow lying down time after a change from wet
to dry bedding material, could increase by up to 5 hrs. Equally important was the
temperature of the bedding material, which is dependent on the air temperature, the
type of the material itself and its depth (Meng et al., 2015).

Cook et al. (2007) showed that different types of physical activity changed with
increasing THI and that the lying time was most affected, being reduced by 3 hrs
(Figure 4). According to de Palo et al. (2006), cattle react to an increase in heat stress,
represented in THI levels, by spending more time standing, which is negative for
cows because it hinders proper blood circulation in their udders. This behaviour has
also been explained by the fact that while standing, the cow has a larger body sur-
face area available for heat exchange by convection and may lose more heat in this
position than during lying (Herbut and Angrecka, 2018). Moreover, the study results
showed that the time spent standing did not increase linearly with THI but peaked in
the THI range from 80-89. It might be caused by fatigue resulting from cumulative
standing time and animal weariness, which can be independent of HS increase (Allen
etal., 2015).
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Figure 4. Change in average time of cows’ activities at different levels of heat stress (own elaboration
based on Cook et al., 2007)

On hot days, cows reduce contact with other individuals and alter their individual
behavioural patterns. As it was mentioned before, they lie more often in a manure
corridors, and this situation may lead to increase (Herbut and Angrecka, 2018). How-
ever, if the concrete of corridor is wet, this behaviour can be explained by the ani-
mal’s urge to cool its body (heat exchange via conduction), which may be the case
particularly when dominant cows exhibit such behaviour. Nevertheless, it should be
stressed that this ambiguous behaviour observation should be studied more due to the
potential heat stress mitigator (Ortiz et al., 2015).
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Vocalisation

Generally cow’s vocalisations are forms of short- and long-distance communi-
cation between the herd members (Green et al., 2018). Vocalisation assessments in
behavioural studies are a source of important information about the physiology and
welfare state as there is a clear relationship between vocalisation and specific types
of behaviour. The frequency of sounds uttered by cows significantly differs depend-
ing on whether the cow is resting, lying or exposed to a stress-inducing situation
(Meen et al., 2015). Individual calls can be provoked by painful management or
therapeutic procedures, weaning, nutritional needs or physiological conditions, e.g.,
reproductive behaviours or socialization. Currently there have been developed new
technologies for automatic detection of animal sounds (Bishop et al., 2019). This
kind of equipment was used to analyse cow’s vocalisation regarding oestrus detec-
tion (Rottgen et al., 2020). In laying hens thermal comfort was evaluated using a real
time sound-based monitoring method (Du et al., 2020). In piglets Ferrari et al. (2013)
showed that an increase in air temperature increased the number of vocalisations and
elevated the frequency and length of sounds. It was also found that HS significantly
augmented sound intensity (dB) and pitch (Hz) in pigs compared with moderate tem-
peratures or cold stress (Cordeiro et al., 2018). Moreover, turkeys responded to HS
within 30 min by producing more (43%) vocalisations (Liu et al., 2018).

In cattle, heat stress-specific vocalisation has not been studied yet. However Pol-
sky and von Keyserlingk (2017) claimed that cows exposed to thermal stress are
characterised with DMI reduction and increased ghrelin secretion, which may lead
to discomfort and feeling of hunger. This may influence the vocal response (Tucker
et al., 2009).

Access to pasture and paddocks and the behaviour of cows

It is well known that the access of dairy cows to pastures is important, and cows
prefer to use these areas, especially at night, thereby avoiding higher THI values
occurring during the daytime (Falk et al., 2012). However especially in temperate
climates the THI value will often be lower at pasture than indoors. And in addition,
often also TMR provision indoors causes the daytime preference for housing (Charl-
ton and Rutter, 2017).

Cows can use shade structures or barns for protection from harsh atmospheric
conditions, such as high air temperatures, rain or direct solar radiation (Van laer et al.,
2014). This was confirmed by Oliveira et al. (2014), who showed that the heat solar
radiation intensity that induced lactating Holstein (producing 12 kg/d) cows to stop
grazing and seek shade was in the 500 to 700 W/m range at a mean air temperature
of 33.3°C. In a New Zealand study, Fischer et al. (2008) noted that the animals be-
gan to use shade when the air temperature rose to 25°C. Karki and Goodman (2010)
also observed that cows kept in a silvopastoral system spent more time grazing due
to comfortable conditions, chiefly during the afternoon period. It is also important
that a low cow density in the shaded area reduces the thermal radiation emitted
from the bodies of the neighbouring cows, and the heat exchange of resting cows
is improved by increasing air velocity in a shaded resting area (Calegari et al.,
2012).
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As demonstrated in a study by Smid et al. (2019) in which cows were allowed
a free choice between the barn and paddock during the summer, cows spent more
time in the paddock at night (between 20 and 06 hrs) than during the daytime (be-
tween 06 and 20 hrs). This finding was also confirmed by the studies of Legrand et
al. (2009), who found that on rainy days in the summer, cows spent more time in
paddocks or pastures due to the cooling effect of precipitation and to reduced solar
radiation. Similar behaviour was observed in sunlit cubicles, which cows were re-
luctant to occupy during the daytime (Angrecka and Herbut, 2017). Other important
reasons why lying times differ between pasture and indoors include, e.g. disease
prevalence, competition for cubicles indoors, and more comfortable surface outside.
Hence, some studies have found longer lying times at pasture (Charlton et al., 2011).

It is obvious that the activity of cows on pasture differs from their behaviour in
barns. Access to water and feed on pasture may require longer walks, so they may
spend less time lying than cows in barns (de Palo et al., 2006). Coimbra et al. (2012)
observed that cows with access to a water trough inside a paddock spent more time
drinking and drank a larger amount of water. In addition, they observed that when the
water trough was located more distantly, the time spent drinking was greater for the
dominant cows. Kamal et al. (2016), studying different roof materials for shading,
reported that cows under asbestos with canvas roofing and trees spent more time near
water troughs. These results suggest that the roof material modified the microclimate
of the shaded area and that the animals compensated for the high temperatures by
spending more time on water intake. The groups of trees in the pasture gave similar
results (Deniz et al., 2019; Vieira et al., 2020).

Green fodder consumption is also different in grazing animals. In addition, the
grass on pasture facilitates the transition from lying to standing, so the time spent
standing may be prolonged. The shorter lying time is a reaction to high temperatures
but carries a greater risk of lameness, especially at the subclinical stage (Allen et al.,
2015). Lameness changes natural behaviour and a preference for standing and influ-
ences the choice of the place for lying down. Navarro et al. (2013), through research
involving dairy cows that were housed inside and on pasture, found that there were
1.4 more lying bouts per day for housed cows than for cows on pasture, but lame
cattle in both systems had similar numbers of lying bouts per day.

Management strategies for heat stress reduction in dairy cows

In nature, many animal species can look for a more favourable environment when
ambient temperatures exceed their preferred thresholds. However, farmed animals
have a limited opportunity to moving in search of optimal environmental conditions,
especially in tie stall systems. Due to rise of global air temperatures, cows are more
often exposed to temperatures to which the species is not adapted. Long heat waves
impact on the well-being deterioration and decrease of productivity of dairy cows
strongly. This phenomenon is really visible in reports from the European Union or
the Food and Agriculture Organization (FAO) of the United Nations, which give data
about large milk production losses in recent years. Management strategies for cows
(in different breeds and ages) and protection against HS can be summed up by the
following components: physically modifying the environment, genetic development
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of heat-tolerant breeds, and better nutritional management practices (Johnson, 2018).
However, these strategies require individual assessment of animal vulnerability to
HS and appropriate modification of the abovementioned components.

A number of feeding strategies are known that may provide an appropriate means
of mitigating heat stress. The most important include appropriate supplementation
of dietary fat, minerals, trace elements and vitamins, fibre, microbial ingredients
(mostly yeast), plant extracts and other additives which have a potential to improve
antioxidant and immune function (Min et al., 2019; Shan et al., 2020). In the future,
probiotic supplements for feed rations should be developed. In addition, during heat
stress, it is necessary to increase the supply of bicarbonate, potassium, vitamins C
and B, in the feed rations (Kadzere et al., 2002).

To enable cows to raise their water intake, the size and location of the water
troughs should be taken into account as well as the temperature of the water which is
related to the capacity of water to decrease inner cow temperature. The water intake
points largely affect the behaviour associated with drinking during periods of HS
(Saizi et al., 2019).

As mentioned previously, behavioural strategies of HS reduction involve looking
for cooler places, including shade (Schutz et al., 2010). Increasingly, various meth-
ods of increasing shade coverage have been mentioned, including tree cover, roofs,
eave extensions and the installation of sunlight-reducing mesh. Moreover, the use of
shading could reduce the thermal load of cattle by 30%. The impact of clouds oc-
curring during the observations, included in the studies, contributed to the reduction
in temperature of the surfaces of the stalls. During hot weather, short, ten-minute ap-
pearances of clouds caused decreases in the temperature of the stall surface of approx.
2.5°C. On this basis, it can be concluded that the use of shading in the barn environ-
ment in the afternoon could limit the heating of cubicles (Angrecka et al., 2017).

Other methods used in barn systems include fans, tube ventilation systems, mist-
ing and air-mixing devices, as well as water droplets from low-pressure sprinkler
systems in combination with fans (Kamal et al., 2018; Pinto et al., 2019) or cooling
the inlet air, e.g. cooling pads, earth-air-heat exchanger (Schauberger et al., 2020).
However, it should be noted that although cows under HS prefer to spend more time
under sprinklers, they avoid exposing their heads to water (Chen et al., 2016). Sprin-
klers are most often installed in feeding alleys and resting zones so that the cows feel
comfortable and do not reduce feed intake (Kadzere et al., 2002; West, 2003; Pilatti
etal., 2019). This creates milder microclimates for cows due to the reduction in solar
radiation exposure and a decrease in the ambient temperature (Van laer et al., 2014;
Herbut et al., 2013; Angrecka et al., 2017). Domingos et al. (2013) showed that cows
that submitted to water sprinkling and were protected against shortwave radiation
in an equatorial semi-arid region had reduced values in physiological variables,
i.e. rectal temperature, hair coat surface temperature and respiratory rate. In hold-
ing pens for housed cows in a tropical region, Silva and Passini (2018) compared
the following: holding pen environments, the external environment, polypropylene
shading, water sprinkling and combinations thereof. The same authors observed that
the combination of shading, water sprinkling, and ventilation reduced values in air
temperature as well as increased milk production.
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Proper management of the flock during HS conditions also includes the estima-
tion of the range of solar radiation inside the barn. This evaluation may contribute to
better protection of high-producing cows by placing them under the most beneficial
thermal conditions inside the barn (Angrecka and Herbut, 2017; Angrecka et al.,
2017).

Conclusions

Given the progress of global warming and constantly increasing milk yield of
dairy cows, the problem of HS is currently one of the most important in livestock
farming. It is also a challenge for the future in relation to concerns about sustainable
development and food safety.

The most often used behavioural parameters of HS include the choice of a place
for lying, time spent lying and standing, intensity of motor activity, ruminating and
drinking rate. A greater preference for the standing position is one of more important
— and at the same time easiest to grasp — behavioural changes related to HS. Such
parameters have the advantage that they can be used for assessment of the welfare
of both the whole herd and an individual animal. In addition, duration and intensity
of stress should also be taken into account to estimate the potential time for cow
acclimation. More research is required to identify improved comprehensive meas-
urements of cow’s welfare that can indicate real-time responses to elevated ambient
temperatures and that could be incorporated into heat abatement management deci-
sions. This can be achieved in the future by using information about cow behaviour
in herd data and information about environmental conditions.

Further studies are also required to explain the relationship between cows reac-
tions to HS and vocalization. Linking specific vocalisations with behaviour can sug-
gest solutions for both individual animals and the herd when the welfare of the cows
deteriorates.
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