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abstract
Despite the various concepts of human-animal relationship, the welfarist approach to this problem 
is one of the most often considered in theory and used in practice. when dealing with issues related 
to dairy cattle welfare (Dcw), it is necessary to take into account both the reality characteristic 
for animals used to obtain milk (e.g. the problem of automatic milking of cows) and for slaughter 
cattle (e.g. slaughter of culled animals). it is not surprising, therefore, that issues related to Dcw 
are the focus of the attention of the public, researchers, breeders as well as the dairy and meat in-
dustries. the aim of this article was to possibly most comprehensively cover the above-mentioned 
issues, although due to its huge scope it was obviously necessary to limit the article to what i think 
are currently most important issues. that is why in the review i (1) characterized the issues related 
to the division of human responsibility for Dcw; (2) discussed the importance of technology to 
human-animal relationship; (3) elaborated the matter of stress, emotionality of animals and their 
cognitive abilities in the aspect of “negative” and “positive” Dcw; (4) considered the possibili-
ties of non-invasive assessment of animal welfare in the future and (5) discussed topics related to 
improving the conditions of the slaughter of animals. in summary, it was proposed paying more 
attention than has been paid until now, to the assessment of positive DCW in scientific research 
and breeding practice. I also drew attention to the necessity of reliable information flow on the line 
of the breeder/milk producer – industry – consumer, as negligence in this area is one of the reasons 
for public disinformation regarding the level of animal welfare.
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Human-animal relations have a multi-level and interdisciplinary dimension. De-
spite a huge variety of ways to understand them, these relations have always been 
a consequence of answering the question “who/what is a human being?” and “who/
what is an animal?”. While the second question was usually not the most important 
in the history of mankind, most often in an almost intuitive way a human-animal 
relationship (HAR) was and is a consequence of human self-reflection. That is why 
in every historical (and even prehistoric) period we have cultural and civilizational 
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testimonies with a wide spectrum of human attitudes towards animals – from sur-
rounding them with aura of mystery (original beliefs), through agricultural devel-
opment, religious and philosophical concepts, to particularly complex problems of 
contemporary reality (Thomas, 1983; Aleorta and Sosis, 2005; Gepts et al., 2012). 

Undoubtedly, for the present state of human-animal relation, the experiences of 
humanity from the last eighty years have been crucial. The unprecedented tragedy 
that the Second World War was, has affected all aspects of human life. This was also 
true for agriculture, including livestock husbandry. For example, as a result of mili-
tary actions in Central Eastern Europe between the years of 1939–1945, pig popula-
tion decreased by over 50% and cattle by over 15% (FAO, 1955).

On the other hand, a continuously growing need for products of animal origin, 
which grew after the year 1945, began to stimulate the growth of livestock popula-
tion and the intensity of their use. It was possible due to the introduction of new 
production and reproduction methods/techniques (e.g. artificial insemination) in 
animals on a massive scale (especially in dairy cattle breeding) as well as selection 
conducted for quantitative improvement of production traits (Norman and Powell, 
1999; Foote, 2002; Thornton, 2010).

Progressive intensification and mass-breeding of animals required providing 
them with environmental conditions at an incomparably greater level than before. 
Furthermore, treating animals more often in terms of “production units” led to  
a deterioration of the HAR at the farm level, which was reflected in social percep-
tion (Harrison, 1964). This state of affairs caused a reaction from some philosophers 
and ethicists who began to propagate the idea of “animal liberation” under utilitar-
ian welfarism (Singer, 1975) and “animal abolitionism” based on the idea of animal 
rights (Regan, 1983). These proposals – especially in the societies of then capitalist 
countries – were widely disseminated, which was manifested, among others, by the 
formation of numerous non-governmental organizations, which since then postulat-
ed more or less radical solutions limiting “human animal’s interests” to “non-human 
animal’s interests” (Herzog and Golden, 2009; Carson et al., 2012).

In the meantime, also in research in the field of animal sciences, more and more 
attention was being paid to the concept of farm animal welfare (Fraser, 1999). It 
should also be noted that this concept was by no means the discovery of the last 
century, but – according to Thomas (1983) – in European culture it was present in 
various areas at least from the 16th and 17th centuries.

Dairy cattle welfare as the expression of human responsibility for animals
Problem of the human-animal relationships vision
Human attitude towards the well-being of farm animals including the well-being 

of dairy cattle is usually understood in two ways. On one hand there is so-called wel-
farist approach that allows people to use at least some products of animal origin, and 
on the other hand, abolitionist views of a more or less radical nature are promoted, 
which result in propagating the idea of a vegan lifestyle (Croney and Anthony, 2010; 
Cole, 2011; Weitzenfeld and Joy, 2014). Welfarist approach, implemented mainly in 
the framework of animal sciences, usually assumes a priori that one should maxi-
mize the well-being of livestock, but it cannot be equivalent to the well-being of 
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human (Saja, 2013). Such attitude is called species chauvinism by the supporters of 
animal abolitionism, because – according to them – it is the effect of a completely 
anthropocentric vision of a HAR in which there is no so-called equality of rights 
(Weitzenfeld and Joy, 2014). It somewhat relates to the specifics of understanding 
of the animals protection, which, e.g. in ecological meaning, happens between spe-
cies, while abolitionists focus mainly on the relations between individuals (Callicott, 
1980; Regan and Singer, 1989; Aigner et al., 2016). As a result of such approach to 
problems related to breeding practices it is possible, for example, not to notice the 
difference between the effects of separating a calf from a dairy cow and the removal 
of an infant from his mother. Such an extreme approach to the problem does not 
mean, of course, that there should be no discussion about the early separation of 
calves from dairy cows, which is done both within the framework of animal sciences 
(Marcé et al., 2010; Ventura et al., 2013; Johnsen et al., 2016; Nordquist et al., 2017) 
as well as within animal studies (Stuart et al., 2013; Hooley and Nobis, 2016). How-
ever, certainly an interdisciplinary approach to the problem in this and many other 
cases would serve both the well-being of human and the well-being of animals.

In my opinion, due to too profound differences in the understanding of HAR, 
it is not possible to form a dialogue between proponents of welfarist approach and 
representatives of extreme animal abolitionism. However, it is worth knowing that 
there are practical solutions (e.g. Ethical Matrix), which in problematic issues can 
help find a consensus between the interests of breeders/producers, animals, consum-
ers and the environment (Mepham et al., 2006; Webster, 2014). In this spirit, The 
Universal Declaration on Animal Welfare (Gibson, 2011) was initially developed, 
and whose proposals – in my opinion – are worthy of public attention in the world.

An important area of the HAR dialogue is also the anthrozoology. Specific to this 
science is its high interdisciplinarity, which provides a possibility of having a de-
bate between the representatives of biological, agricultural and humanistic sciences. 
Unfortunately, while in this research area many studies refer to wild and companion 
animals, relatively rarely they concern HAR in livestock, and even less often in cat-
tle. For instance, in years 2013–2017, during conferences organized by The Interna-
tional Society for Anthrozoology, out of more than five hundred presentations, only 
nine directly or indirectly concerned cattle welfare (ISAZ, 2013, 2014, 2015, 2016, 
2017). In the future, it would be advisable to use the research possibilities provided 
by anthrozoology on a much larger scale than before.

Taking into account the above, it is possible for the well-being of animals to be 
the subject of a dialogue within supporters of animal protection in a welfarist ap-
proach, or between welfarists and abolitionists – under the condition of rejecting 
extreme stances, which more often appeal to emotions and feelings (the post-truth) 
rather than to the actual state of affairs (the truth).

Human division of responsibility for animals
The welfarist concept of the well-being of animals in historical terms stands for 

an extension of understanding of human well-being as a systematic improvement of 
the quality of his life (Veissier and Miele, 2014). We can say that regardless of the 
definition and criteria for assessing the welfare of dairy cattle, in practice it is the 
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effect of interaction between the moral attitude of humans towards animals and the 
possibility of controlling the environmental conditions. At the same time, the back-
ground for these relations is the implementation of the principles of sustainable food 
production into the practice (Driessen, 2012). Welfare rules refers to all “stages” of 
HAR – starting from “planning” its genotype as part of a breeding work (e.g. shap-
ing the relationship between economic weights for production and functional traits 
in selection indexes, and the choice of parental genotypes), and ending on animal 
culling/death (Scholten et al., 2013; Egger-Danner et al., 2015).

The level of human responsibility for animals depends on the species of animals, 
their psycho-biological characteristics, environmental conditions, or on the degree of 
antropogenization of their living conditions (system and intensity of farming) and on 
cultural conditions (Thornton, 2010; Fraser et al., 2013). Also it must not be forgot-
ten that the current status quo in terms of use and breeding value of animals is the 
result of their domestication – a process that in the case of Bos taurus has for about 
12,000 years been shaping the interactions in the animal-human-environment rela-
tionship, while in time changing each of these “components” (Herrero et al., 2013; 
Larson and Fuller, 2014).

One of the most important and at the same time very practical groups of quality 
indicators of the above mentioned relations are lifetime performance (LP) charac-
teristics of animals (Rushen and de Passillé, 2013; Adamczyk et al., 2017 a). It is 
estimated that dairy cows can live up to over 25 years, whereas high-yielding cows 
are mostly used for only 2–3 lactations (Phillips, 2015). At the same time, although 
the problem of the threat to the welfare of dairy cattle is usually considered mainly 
in relation to intensively farmed animals, it would be a mistake to omit cattle of 
lower productivity (e.g. cows of local breeds), which, in a way, is considered to be 
long-lived in principle. Meanwhile, in practice also cows of local breeds, as a result 
of non-breeding factors (e.g. inability to maintain a larger number of animals due to 
limited resources, especially farmland), are culled far too soon, which has a negative 
impact on their lifetime performance as well as – so important especially for small 
populations – on the number of calves born during the cow’s life (Adamczyk et al., 
2017 a, b). For example, while culling cows due to metabolic diseases is considered 
by many to be typical primarily in herds of highly productive cows, this cause is in 
many cases the reason for slaughtering cows also with a much lower productivity 
(Mulligan and Doherty, 2008; Sundrum, 2015). Generally, regardless of dairy cat-
tle genotype, the key issue in the aspect of animal welfare is usually associations 
between characteristics of cows’ lifespan/survival and lifetime production. So it can 
indicate both the level of intensity of dairy cows’ use and the quality of animals’ life. 
Therefore LP allows for concurrently considering breeders’ and animals’ needs in 
dairy production process. Unfortunately, the main disadvantage in this case is that 
the assessment of animal welfare can be made only after the cows are culled so the 
final results of the LP analysis basically concern rather the future of other animals 
in the herd.

In the considerations regarding the HAR, it is impossible not to draw attention 
to what can be referred as the division of responsibility. It has been often assumed 
that the problem of animal welfare assessment concerns mainly the relations oc-
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curring at the level of the farm/herd, where so-called “cowshed culture” is consti-
tuted. Meanwhile, decisions made by the breeders, and the farm workers, are in fact  
a specific lens that focuses not only on their knowledge, skills and moral attitude, but 
also on the local and global social, economic and/or political situation (Veissier et al., 
2011; Burton et al., 2012; Atkins and Bowler, 2016). Therefore, the responsibility for 
animals is also in the hands of persons/companies/organizations that provide com-
mercial, organizational and breeding support to cattle owners/breeders.

Going even further, the responsibility for livestock also rests with consumers 
and public opinion (de la Fuente et al., 2017). Therefore, society’s knowledge re-
garding current conditions of dairy cattle breeding and farming should be at a level 
facilitating and making it possible to form a reliable opinion on animal welfare. Un-
fortunately, it seems that in this case we often deal with pseudo-knowledge, which 
is based on post-truths and stereotypes, not on the actual description of the state of 
affairs (Miele et al., 2011; Capper, 2017; de la Fuente et al., 2017). This is mainly 
due to, among others, insufficient communication between the food industry and the 
public opinion in the field of food safety at the level of animal welfare (Grandin, 
2014; Cardoso et al., 2017).

Progress of dairy technologies – helpful or problematic in terms of human-ani-
mal relationship?

Thanks to introducing on a large scale more and more advanced data collec-
tion and processing techniques into the practice, milk producer “contacts” cows to 
a large extent through the information obtained from the herd management systems 
(Tscharke and Banhazi, 2016). Direct character of HAR on the farm is further im-
poverished by the progressing automation and robotization of dairy cattle handling. 
Based mainly on these sources of information about the animal, a man acquires only 
a specific digitized breeding and use image of it (Hostiou et al., 2017). In such cir-
cumstances, it is relatively easy for a milk producer to be tempted to look at his 
activity only in a utilitarian category.

Admittedly, compared to industrial poultry or pig farming, milk production at 
the farm level is much less anthropogenic (Thornton, 2010), but still – especially in 
large herds of highly productive cows – there is a risk of objectification of animals. 
It is more difficult for a human to see the responsibility for individual animals when 
he is not in direct contact with them, or it is in a very limited way. Meanwhile,  
a positive direct relationship between humans and animals is not only an expression 
of the humanity, but also improves the quality of human and animal life (Kellert and 
Wilson, 1993).

Certainly in the future one has to reckon with the further development of breed-
ing and farming technology for dairy cattle (Edan et al., 2009), which however does 
not have to have a completely negative effect in relation to the HAR. For it should be 
remembered that it is, among other things, thanks to the use of modern techniques in 
practice, that the breeder can manage animal welfare (see chapter “The future of the 
non-invasive method for dairy cattle welfare assessment in practice”). One should 
also realize that limiting labour intensity of activities related to dairy cattle farming 
at the level of the herd, which is the main purpose of the automation of human activ-
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ity, may constitute an attractive argument for future generations to undertake/take 
over agricultural activity. This particularly applies to family farms, which are more 
and more often being negatively affected by the migration of people from rural areas 
to cities (Jentsch and Shucksmith, 2017).

As can be deduced from the above considerations, one of the key problems re-
garding the relationship between a human and animal, is the system in which we 
comprehend milk production technologies used in practice: do we mean human-ani-
mal-technology relationship (HAT) or rather human-technology-animal relationship 
(HTA)? While in the first case technology results from the HAR, in the second case 
the human-technology relationship determines the human-animal relation. Thus, 
technology may (although it does not have to) create conditions in which animal 
welfare will be optimal from the point of view of animal’s nature (in HAT) or it can 
practically make an animal dependent on utilitarian human benefits and his techni-
cal capabilities (from HTA point of view). This problem was noticed by Holloway 
et al. (2014), suggesting that in many cases robotization does not represent another, 
higher level of improvement in the welfare of dairy cows, although it may certainly 
look like it.

To summarize, the more a human realizes the conditioning of his relationship 
with animals, the more his sense of responsibility for them should increase. While in 
this matter there are objective limitations resulting from the functioning of a farmer 
in a given environment (resources, culture, economics, politics), he should make 
the most of those opportunities that he can influence. So as far as the activity of 
milk producers in Europe depends to a large extent on external factors (e.g. on the 
demand-supply of milk ratio between China and New Zealand), rapid development 
of technology and its application into agricultural practice does not necessarily have 
to lead to objectification of animals.

stress, emotions and animal cognition as indicators of dairy cattle welfare
Negative and positive stress
In assessing the welfare of cattle, the reference to animal stress and the interpreta-

tion of symptoms of its occurrence play a key role, which is usually expressed in the 
form of physiological, behavioural and production indicators (von Keyserlingk et al., 
2009). According to NRC (2008), generally speaking, stress can be called an inferred 
internal state of the organism caused by stressors affecting it. The animal may try to 
avoid stressors and/or seek to terminate them, and in other case, show willingness 
to obtain the stressor. Hence, apart from using the term “distress” to describe nega-
tive stress, Selye (1976) proposed the term “eustress”, which the animal associates 
positively as a pleasant feeling.

Stress response in cattle has so far been usually perceived negatively, as a sign of 
lack of animal welfare or its significant decline or deterioration (e.g. Rushen et al., 
1999; Forkman et al., 2007; Grandin and Shivley, 2015; Hulbert and Moisá, 2016; 
Meagher et al., 2016). This is due to the fact that stress was most often defined as 
a biological response of the organism to the threat to its homeostasis (e.g. Moberg 
and Mench, 2000; Koolhaas et al., 2011). As a result, the focus was placed mainly 
on “minimizing harm” and not on “maximizing the benefit” of animals. This thesis 
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is confirmed by the summary of the Welfare Quality® project, in which Miele et al. 
(2011) stated that while social opinion pays special attention to maximizing positive 
experiences in animals, scientists tend to minimize their discomfort/pain/suffering. 
Fortunately, in recent years there have been more and more mentions of the value 
of positive animal welfare in scientific research and breeding practice, although it is 
still relatively small in relation to cattle (Ohl and van der Staay, 2012; Nordquist et 
al., 2017).

An example of the consequence of understanding stress mainly in negative terms, 
is the widely disseminated idea of Five Freedoms, whose subsequent postulates be-
gin with the phrase “freedom from...” (FAWC, 2009), placing the emphasis on not 
exceeding certain minimum animal welfare requirements. As a kind of complement 
to the current idea of the Five Freedoms, I would like to propose its “positive” ver-
sion, aimed at the maximum well-being of animals, which should be the goal (Ta- 
ble 1).

Table 1. The idea of Five Freedoms in the “negative” (freedom from...) and “positive” (freedom to...) 
version

Items
Five Freedoms

in the “negative” version 
(according to FAWC, 2009)

in the “positive” version 
(own proposition)

1. Freedom from hunger and thirst, by ready 
access to water and a diet to maintain health 
and vigour.

Freedom to fully meet nutritional needs, by  
optimizing quantity and maximizing quality of 
food and water.

2. Freedom from discomfort, by providing an 
appropriate environment.

Freedom to fully meet comfort needs, by  
optimizing housing and management conditions.

3. Freedom from pain, injury and disease, by 
prevention or rapid diagnosis and treatment.

Freedom to be healthy, by prevention or/and 
rapid diagnosis and treatment.

4. Freedom to express normal behaviour, by 
providing sufficient space, proper facilities 
and appropriate company of the animal’s 
own kind.

Freedom to fully meet behavioural needs, by 
optimizing housing and management conditions, 
and social relationships including human-animal 
relation.

5. Freedom from fear and distress, by ensur-
ing conditions and treatment, which avoid 
mental suffering.

Freedom to fully meet emotional needs, by 
 maximizing positive emotionality in animals.

It seems that in the context of the Five Freedoms implied in this way, the un-
derstanding of cattle welfare may refer to what Rollin (2007) calls animal telos. In 
this approach, the maximization of their well-being would be to strive for the fullest 
possible expression of their nature as a species, which in the case of cattle could be 
called cattleness. The term would refer to the nature of modern domestic cattle (with 
the distinction of Bos taurus and Bos indicus and basic purpose types), and thus 
would take into account the genetic changes of animals that have occurred during 
domestication and breeding practice up until now. Of course, this does not diminish 
the importance of comparative research between domestic cattle and its close/distant 
relatives within Bovidae. However, in this case it is necessary to remember about the 
key differences in terms of physiology (e.g. metabolism intensity), morphology (e.g. 
conformation), behaviour (e.g. in relation to temperament, docility) and performance 
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traits of the animals (e.g. the level of milk yield) (Diamond, 2002; Phillips, 2002; 
Mignon-Grasteau et al., 2005; Adamczyk et al., 2013).

Emotional behaviours in dairy cattle
Emotions of an animal, so the level of its arousal, are expressed through emotion-

al behaviours (Hurnik et al., 1995). Panksepp (2005) listed seven emotional action-
oriented systems in animals. In a form adapted specially to cattle, they include sen-
sations related to exploration, anxiety/fear, assertiveness/dominance, emotional ties 
in the animal-animal and human-animal relations, play behaviour and pleasures/lust 
(Mellor, 2012). In all cases, as a result of deprivation of the animal’s needs, one can 
speak about the disruption of its welfare. On the other hand, however, except for anx-
iety/fear, remaining animal’s states usually indicate it is experiencing more or less 
pleasurable emotions and are/may be in this approach successfully used to assess the 
positive welfare of cattle (Weary et al., 2017). Therefore, in Table 2 I have included 
behavioural traits that in my opinion could be its indicators, taking into account the 
age group of the animals. In this context, the validity of some of these features seems 
obvious (e.g. the small significance of exploration needs for the youngest calves), 
but there are also features that require a somewhat deeper analysis. For example, 
HAR in the case of newborn dairy calves, most often subjected to early separation 
from mothers, is mainly a substitute for unrealized and unfulfilled need for bonding 
with a cow (Johnsen et al., 2016). Even the most optimal human behaviour towards 
a calf is rather an attempt to minimize damage and not to maximize the well-being 
of the animal. Therefore, while the importance of positive bonds to the cow-mother 
(described as needs of bonds between conspecifics) has been described as very im-
portant, in terms of positive welfare of the calves, HAR plays a relatively small role.

Certainly, in the future, adjustments will be necessary regarding both individual 
features as well as their significance. Therefore, my proposal should be considered 
as an introduction to the future discussion.

It seems that among the methods of assessing the welfare of dairy cows, Quali-
tative Behavioural Assessment (QBA) – as part of the Welfare Quality assessment 
protocol – is the most directed towards positive welfare (EFSA, 2012). Although 
Ebinghaus et al. (2016) also mentioned other methods helpful in this case (in rela-
tion to the avoidance distance, tolerance to tactile interaction or release behaviour), 
the QBA method is still the most comprehensive. For according to Kirchner et al. 
(2016) it is not only suitable and useful for adult cattle, but also for assessing posi-
tive welfare in calves. From the twenty terms that may be considered in this case, 
the authors pointed out, amongst others: active, calm, content, enjoying, friendly, 
inquisitive, positively occupied, relaxed, sociable, happy. In this context, however, 
a big risk of animal anthropomorphisation may be a serious problem (Keeley, 2004; 
Phillips, 2015). Therefore, it is necessary to most clearly define individual character-
istics. While there should be no major problems when interpreting animal behaviour 
at the level of sensory experience (e.g. pleasure of fodder eating), in the case of the 
term “happy” it can be problematic, although probably not impossible. For example 
Boissy et al. (2007) proposed that – as opposed to a sense of pleasure – a sense of 
happiness shall be understood as a longer, more stable but less intense state of satis-
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faction of the animal testifying to the positive quality of its life, expressed in the form 
of positive emotional behaviours.

Table 2. The importance of positive behavioural indicators in assessing the welfare of dairy cattle

Positive behaviours in 
relation to:

Meaning of the indicator1

Referencesfor newborn 
calves2

for older 
calves3

for young 
stock4

for 
cows

Exploration needs 
(exploratory behaviour)

+ +++ +++ ++ Murphey et al., 1981; Jensen et al., 
1998; Bouissou et al., 2001; 
Phillips, 2002; Waiblinger et al., 
2002; Waiblinger et al., 2003; 
Boissy et al., 2007; Coulon et  
al., 2007; Bertenshaw and Row-
linson, 2008; Schmied et al.,  
2008  a, b; Abramowicz et al., 2013; 
Favreau-Peigné et al., 2013; Mac-
Kay, 2013; Ellingsen et al., 2014; 
Lombardi et al., 2015; Ebinghaus 
et al., 2016; Johnsen et al., 2016.

Sensory pleasure needs 
(e.g. brushing, nutritional 
pleasure)

+++ +++ +++ +++

Needs to play (play 
behaviour)

+ +++ ++ +

Needs of bonds between 
conspecifics 
(e.g. allogrooming)

+++ +++ +++ +++

Human-animal 
relationship

+ +++ +++ +++

1The ability of an animal to express positive behaviours is described as low (+), average (++), high (+++).
2Calves during the first month after being born; 3young animals between the second month after birth and 

reaching sexual maturity; 4heifers from the period of reaching breeding maturity up until the first calving.

Cognitive ability in dairy cattle
We are probably gradually approaching the point at which, in addition to simple 

sensory experiences, we will be able to determine more complex emotional states 
and consciousness in cattle quite accurately. However, if we assume that perceptual 
abilities of these animals seem to be relatively well known (Adamczyk et al., 2015), 
then a much bigger challenge is the research into more complex cognitive abilities, 
which so far has been conducted on a relatively small scale in terms of positive cattle 
welfare, not to mention the need for a more careful inference (Hagen and Broom, 
2003, 2004). This may be due to the fact that we are entering the research area more 
and more difficult for us, as people, to reach (Mery, 2013). Because in the stimu-
lus-organism-reaction relation, it goes far beyond current analyses focused more on 
the stimulus-reaction relationship, which in many cases could have been enough. 
Meanwhile, when we shift the research focus to the animal organism, it is somewhat 
necessary to introduce and precisely define additional, complicated in their essence, 
terms (e.g. cognitive, awareness, emotions, feelings, suffering), which concern not 
only biological, but also psychical processes of the animal (Allen and Bekoff, 2007; 
Broom, 2010). Research in this area is all the more important because cognitive bias 
can potentially be a very valuable indicator of cattle welfare (Broom, 2010).

In this case, it is proposed to use current achievements in the field of cogni-
tive abilities of primates (Griffin, 1984; Raby and Clayton, 2009). They can be  
a reference point to lower organized animals, provided that biological, psychological 
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and philosophical sciences cooperate in this field. Due to the nature of the research 
problem, a multidimensional approach in this case is indispensable, although I am 
aware that it may sometimes require conflicting visions of HARs and various con-
cepts of understanding cognitive abilities to clash. For example, on one hand, numer-
ous mathematical cognitive models are created within cognitive sciences, which are 
supposed to consider animal abilities such as perception, categorization, memory, 
learning and decision making (is this not a mechanistic point of view?), while be-
haviourist approach to the problem (e.g. Morgan’s cannon) up until this day arouses 
discussions and lack of unanimity among researchers (Morgan, 1894; Pisula, 2009; 
D’Mello and Franklin, 2011; Allen, 2014). On the other hand, more and more often 
research concerns cattle personality (MacKay, 2013; Hedlund and Løvlie, 2015), 
while there may still be doubt, which I share, whether or not it is an abuse. In my 
opinion, instead of personalizing animals, it would be sufficient in this case to simply 
refer to biological and psychological aspects related to the temperament and char-
acter of animals. All the more, it seems to be justified that the psychological defini-
tion of a human personality – in relation to which an animal personality is defined 
– includes very complex, multidimensional aspects of human thinking, feeling and 
behaving, such as: behavioural style, intellectual and mental ability, special talents, 
motives acquired in the process of development and maturing, emotional reactivity, 
attitudes, beliefs and moral values (Coaley, 2014). Meanwhile, according to the pro-
ponents of animal personalization, a personality of both “human animals” and “non-
human animals” is treated practically in the same categories in terms of patterns of 
affect, cognition, and behaviour (Gosling, 2008). Along with the tendency to person-
alize animals, including cattle, the understanding of the HAR changes. It is therefore  
a very important contemporary research problem of an interdisciplinary nature, 
which should be clearly explained.

Fortunately, with all the controversies arising from the perception of reality from 
different points of view, paraphrasing the statement of Shettleworth (2001), one can 
say that “intellectual flexibility should be facilitated by more widespread interdisci-
plinary training” in the investigation aiming at getting to know the objective reality.

Cognitive ability is closely related to the learning ability of animals (Broom, 
2010). In 2003–2004, Kristin Hagen and Donald M. Broom published two papers 
on the learning ability of cattle in the aspect of positive welfare of heifers. Using the 
Y-maze test, they found out, amongst other things, that the discrimination learning 
of these animals towards conspecifics – key in social relations – was easier when 
additional cues such as breed differences were provided in the experiment (Hagen 
and Broom, 2003). Furthermore, they conducted a preliminary analysis of emotional 
reactions to operant learning in dairy heifers (Hagen and Broom, 2004). According 
to them, “cattle might be more agitated when they are just about to acquire a task, 
i.e. understand, and thus that they may have an emotional perspective on their own 
agency”. 

The above studies seem to be pioneering. Unfortunately, although more than  
a dozen years have passed since then, it is difficult to identify any later publications 
closely related to the subject of positive cattle emotionality in the aspect of its cogni-
tive/learning ability, and thus the positive welfare of this group of animals.



Dairy cattle welfare and human-animal relationship 611

the future of the non-invasive method for dairy cattle welfare assessment 
in practice

Contemporary, comprehensive assessment of dairy cattle welfare requires meth-
ods that not only work well in experimental conditions, but above all, in breeding 
and production practice (Fraser et al., 2013). These methods must not only be effec-
tive but also non-invasive in these conditions, which is an ethical requirement for 
human-animal relations, but also has a utilitarian dimension – distress causes, for 
example, a decrease in milk yield of cows and negatively affects their fertility (Phil-
lips, 2002; Crowe and Williams, 2012).

Currently, thanks to systematic acquisition of data from the herd management 
systems, we can quite accurately control the health status of dairy cows, mainly based 
on production and, partly, behavioural and physiological indicators (von Keyserlingk 
et al., 2009). Automatic measurements and interpretation of milk yield changes dur-
ing the day (milk flow sensors), the number of somatic cells in milk (measurement 
of electrical resistance of milk) and its warmth (temperature sensors in the collector 
of milk apparatus), physical activity of animals (pedometers, activity meters, ac-
celerometers), regurgitation/rumination (sound analysis technique), or the condition 
of cows (automatic animal weighing and 3D image analysis of their back and rump) 
are now practically a standard in high-yielding cow herds (Schirmann et al., 2009; 
de Vries et al. 2011; Jacobs and Siegford, 2012; Barkema et al., 2015). However, the 
possibility to apply basic physiological indicators in the breeding practice, such as 
the level of stress hormones or the peripheral and autonomic nervous system reac-
tions in cattle, is still a major problem. Although they are often used in scientific 
research (e.g. Stewart et al., 2010; Burdick et al., 2011; Chen et al., 2015; Frondelius 
et al., 2015; Kovács et al., 2015, 2016), they are usually invasive (e.g. measuring  
the level of stress hormones in the blood), or can be troublesome to use in produc- 
tion conditions (e.g. the need for relatively permanent placement of sensors in  
a specific area of the animal’s body with the possibility of frequent wireless data 
transfer).

Current research shows that in the area of non-invasive methods of determining 
dairy cattle welfare indicators, positive effects can be expected in the future, based 
on the following solutions:

– non-invasive testing of stress hormone levels in secretions such as saliva, milk, 
urine, faeces and animal hair (del Rosario González-de-la-Vara et al., 2011; Palme, 
2012; Moya et al., 2013),

– infrared thermography of skin – refers especially to the hairless or almost hair-
less areas of the body, e.g. muzzle, udder (Stewart et al., 2005; Polat et al., 2010; 
Alsaaod et al., 2014; Rekant et al., 2016),

– digital audiometry techniques and analysis of vocalisation of animals, espe-
cially in the cow-calf relationship and during slaughter of cattle (Manteuffel et al., 
2004; Grandin, 2013),

– digital video techniques and image analysis in order to interpret cattle behav-
iour and perform comparison of behavioural patterns with abnormal behaviours 
(Poursaberi et al., 2010; Viazzi et al., 2014; Porto et al., 2015),

– wireless techniques of identification and localization of animals on the pasture 
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and in the barn, and cow health evaluation (Huircán et al., 2010; Gutiérrez et al., 
2013; Ariff et al., 2014; Andrew et al., 2017; Kumar et al., 2017).

Moreover, there are studies, focused on the positive social relations in the herd/
group of cattle and positive HARs (Yayou et al., 2015; Herbeck et al., 2017). They 
show that, in addition to emotional behaviour, an indicator of positive cattle welfare 
may, for example, be the content of oxytocin in body fluids. In this light, for example 
when examining the welfare of dairy cows during milking, we should take into ac-
count not only the level of stress hormones (e.g. adrenaline, cortisol), but also oxy-
tocin (although the negative correlation between the level of oxytocin and adrenaline 
in cow blood is commonly known). Even though the invasiveness of the oxytocin 
level assessment method based on measuring its content in animal blood may be  
a problem, there are some studies suggesting that cow milk may also be tested for 
it (Prakash et al., 2009; Mishra et al., 2013). Anyway, in this context, cow milking 
might be perceived as an activity causing positive sensations in cows. Thus, one can 
assume that, for example, cows approach the milking robot not only to collect the 
concentrate, but also because of the sensation of pleasure during milking.

In addition to studies on a practical application of physiological indicators, other 
methods of assessing positive welfare of cattle are being researched. For example, 
Proctor and Carder (2015) decided to use for this purpose the percentage of visible 
eye of cows, which was justified because of promising earlier studies on the effec-
tiveness of this method in the assessment of negative emotionality in cattle (Sandem 
et al., 2002). The effectiveness of this method, as demonstrated by Proctor and Card-
er (2015), also in terms of the analysis of positive cattle emotionality, is optimistic 
for its potential future use to assess animal welfare. 

Using the above-mentioned methods, we usually focus on the analysis of an in-
dividual animal. However, one must keep in mind that with a simultaneous effec-
tive application of these methods in practice, they can provide additional quality of 
knowledge, whether referring to the relationship between individuals within a given 
technique, or – after combining different sources of information – creating a system 
more or less comprehensively analysing a wider reality. For example, thanks to the 
automatic x-, y-, z-positioning, it will be much more possible than before, to objec-
tify the interpretation of not only the behaviours of individual animals, but probably 
also their reactions to conspecifics and in a HAR. Then, by comparing this informa-
tion with the production data from the herd management system and/or, for example, 
thermal evaluation of animals, we gain an even more objective picture of welfare of 
both individual animals and their groups.

Generally speaking, in my opinion, research in the field of a non-invasive method 
of dairy cattle welfare assessment, should aim at creating a coherent animal wel-
fare management system in real time, which in practice would take the reactivity 
of animals to stressors into account, but also monitor and control the microclimate 
in the barn, using data related to the Temperature Humidity Index, measurement of 
the concentration of carbon dioxide, methane and nitrogen compounds (Owen and 
Silver, 2015; Herbut and Angrecka, 2018). Due to an enormous amount of data, this 
system should be of an expert nature, so that the breeder has precise but also clear 
information, on the basis of which he will be able to make breeding and production 
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decisions. Such a system would also meet the requirements of sustainable food pro-
duction at a farm level.

improvement of cattle slaughtering conditions
There is no doubt that the problem of animal slaughter is one of the key and 

most controversial issues of ethics regarding the HAR. This problem is also related 
to ensuring proper transport conditions and handling of animals prior to slaughter 
(Chardon et al., 2016). At the same time, the answer to the question “whether a man 
can kill animals for consumption purposes?” is not only the most important problem 
disuniting representatives of the welfarist and abolitionist vision of animal protec-
tion, but even in the group of welfarism supporters there is no unanimity in this case. 
If, for example, Peter Singer quite unambiguously negatively responds to this ques-
tion, then Temple Grandin definitely allows such a possibility (Singer, 2003; Grandin 
and Johnson, 2011).

If we take into consideration the cases of sudden, unintentional death of animals 
in farming conditions (e.g. sudden death), basically the problem of slaughter is gen-
erally related to cattle regardless of its purpose types (MCD, 2015; Boetel, 2017). 

It should be noted that depending on historical and/or economic factors in a given 
region of the world, the amount of meat obtained from dairy cattle may range from 
50% (e.g. in Canada) up to almost 100% (e.g. in Poland) (CMC, 2013; GUS, 2016; 
PZHiPBM, 2016).

Considering such sensitive nature of the problem of slaughtering animals, works 
on minimizing distress in slaughter cattle have been carried out for years. They main-
ly concern such construction solutions, handling procedures and slaughtering meth-
ods, which are a response to natural animal behaviour with a simultaneous minimal 
direct human participation (Grandin, 2015).

Although this may seem like a controversial thesis, according to Grandin (2013), 
during humanitarian slaughter of cattle, there is no difference in animal behaviour 
compared to other, less stressful situations in their lives (e.g. comparing animals 
staying in a squeeze chute in a slaughterhouse and in a barn). Perhaps this is also  
a result of avoiding showing distress at the behavioural level by these animals, be-
cause such behaviour in natural conditions exposes them to a predator attack (Bom-
zon, 2011). On the other hand, there are studies that found that the level of cortisol 
in cattle blood during farm-handling was at a similar level (Grandin, 1997), or even 
lower (Mitchell et al., 1988) than during slaughter-handling.

Taking into account the maximum adaptation of human behaviour/procedures to 
the natural abilities of animals, the basic principles of humanitarian treatment of cat-
tle in a slaughterhouse would be (based on Grandin, 2010 a, b; Velarde and Dalmau, 
2012):

– correct construction solutions and equipment (e.g. non-slippery floors, races 
with solid sides) and microclimate conditions (e.g. optimal Temperature Humidity 
Index, avoiding bright lighting) in accordance with applicable legal norms, not limit-
ing to the minimum requirements in this regard,

– ensuring proper feeding before slaughter (absence of prolonged hunger and 
thirst),
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– proper handling, including:
• the use of cognitive abilities characteristic for cattle (including the perception 

of the environment), the animal perception of its individual safe space (point of bal-
ance and flight zone), the will of the cattle to go forward and avoid going backwards,

• quiet handling of animals; not using electric prods or high-frequency sounds 
and restricting the visual field of the animal only to the direction it should follow 
(e.g. lighting of the restrainer entrance); using false floor to reduce balking; optimiz-
ing pressure of neck restraint,

• providing animals with the facilitation of movement (cattle ramps adapted to 
the natural abilities of cattle, smoothness of driving of the vehicles transporting ani-
mals, an optimal number of animals in relation to the place of staying),

• eliminating the fear of novelty (walls with homogeneous, non-vivid colours,
– best resembling conditions in the barn) and stress of isolation of the animals 

(performing activities on a group of animals and preventing the separation of them),
• efficient stunning of the animal,
– regular auditing/video auditing of animal welfare in a slaughterhouses, includ-

ing: 
• assessment of the condition and behaviour of animals (body and coat condi-

tion scoring, abnormal behaviour, lameness, cleanliness/soiling of animals, injuries, 
sores, swellings, cancer eye, ammonia levels in the indoor facilities),

• occurrence of adverse events (beating animals, noise, screaming, docking dairy 
cow tails),

• evaluation of the input-based engineering variables (space requirements for 
housing and transportation of animals, stunning equipment specifications).

Due to the scope of this article, I have limited myself only to the key issues 
related to the transport and slaughter of cattle. Nevertheless, even at this level of 
generality, it is visible that to a great extent, ensuring the welfare of slaughter animals 
depends on anthropogenic factors. If I wanted to summarize the general and specific 
requirements in this area, it seems to me that they could be understood as the pursuit 
of situations in which the animal voluntarily acts in accordance with the intent of the 
man, without the need of mutual negative relations (e.g. using electric prods, or any 
other type of human violence).

Whereas current theoretical and practical knowledge allows indicating to a large 
extent the principles of optimal (humane) treatment of animals during transportation 
and slaughter, it seems that the main problems associated with it may result from the 
negligence in implementing individual recommendations in the slaughterhouses and 
a lack of reliable information between beef producers and the public opinion.

conclusions
Human-animal relations shape our understanding of animal welfare. So far, nega-

tive criteria have predominated in the assessment of cattle welfare, which were usu-
ally the result of treating the terms “stress” and “distress” as synonyms. Meanwhile, 
more attention should be paid to the positive welfare of animals, in which the view-
point would change from “minimizing harm” done to the animal, to “maximizing its 
benefit”. This is an enormous and difficult field of research, including experiencing 
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“positive stress” by animals, which is manifested as positive emotions and positive 
actions of the animal.

In the future, when assessing the welfare of cattle, one should take into account 
that human-animal relationships will probably go beyond current “species limita-
tions”. On one hand, this will probably result in continuously increasing human bio-
technological capabilities (transgenic animals), and on the other, increasing diversity 
and stratification of public opinion in the field of human-animal relations. Unfor-
tunately, this situation further complicates, already difficult, ethical deliberation in 
this field. However, I believe that the essence of the problem is accessing people on 
a large scale with reliable knowledge and conducting dialogue at all levels of social 
life, while maintaining the basic condition of mutual respect.

references

A b r a m o w i c z  P., G o ł ę b i e w s k i  M., G ó r e c k a - B r u z d a  A., B r z o z o w s k i  P. (2013). Ef-
fectiveness of “natural stockmanship” training in cattle. Arch. Tierzucht, 56: 109–126.

A d a m c z y k  K., P o k o r s k a  J., M a k u l s k a  J., E a r l e y  B., M a z u r e k  M. (2013). Genetic 
analysis and evaluation of behavioural traits in cattle. Livest. Sci., 154: 1–12.

A d a m c z y k  K., G ó r e c k a - B r u z d a  A., N o w i c k i  J., G u m u ł k a  M., M o l i k  E., S c h w a r z 
T., E a r l e y  B., K l o c e k  C. (2015). Perception of environment in farm animals – A review. Ann. 
Anim. Sci., 15: 565–589.

A d a m c z y k  K., M a k u l s k a  J., J a g u s i a k  W., W ę g l a r z  A. (2017 a). Associations between 
strain, herd size, age at first calving, culling reason and lifetime performance characteristics in Hol-
stein-Friesian cows. Animal, 11: 327–334.

A d a m c z y k  K., S z a r e k  J., M a j e w s k a  A., J a g u s i a k  W., G i l  Z. (2017 b). Factors affecting 
longevity of cows with high share of Polish local breeds’ genes. Anim. Sci. Pap. Rep., 35: 35–46.

A i g n e r  A., P i e p e r  K., G r i m m  H. (2016). “Post-anthropocentrism” in animal philosophy and 
ethics: the disparity of the prefix “post”. Humanimalia, 7, (source: https://www.depauw.edu/huma-
nimalia).

A l e o r t a  C.S., S o s i s  R. (2005). Ritual, emotion, and sacred symbols. The evolution of religion as an 
adaptive complex. Hum. Nat., 16: 323–359.

A l l e n  C. (2014). Models, mechanisms, and animal minds. South. J. Philos., 52 (Spindel Suppl.): 
75–97.

A l l e n  C., B e k o f f  M. (2007). Animal minds, cognitive ethology, and ethics. J. Ethics, 11: 299–317.
A l s a a o d  M., S y r i n g  C., D i e t r i c h  J., D o h e r r  M.G., G u j a n c  T., S t e i n e r  A. (2014).  

A field trial of infrared thermography as a non-invasive diagnostic tool for early detection of digital 
dermatitis in dairy cows. Vet. J., 199: 281–285.

A n d r e w  W., G r e a t w o o d  C., B u r g h a r d t  T. (2017). Visual localisation and individual identifi-
cation of Holstein Friesian cattle via deep learning. Proc. IEEE International Conference on Com-
puter Vision (ICCV), 22–29.10.2017, Venice, Italy, pp. 2850–2859.

A r i f f  M.H., I s m a r a n i  I., S h a m s u d d i n  N. (2014). RFID based systematic livestock health man-
agement system. Process and Control (ICSPC 2014): 111–116.

A t k i n s  P., B o w l e r  I. (2016). Editors. Food in society. Economy, culture, geography. London, New 
York, Routledge Taylor & Francis Group, 344 pp.

B a r k e m a  H.W., v o n  K e y s e r l i n g k  M.A.G., K a s t e l i c  J.P., L a m  T.J.G.M., L u b y  C., R o y 
J.P., L e B l a n c  S.J., K e e f e  G.P., K e l t o n  D.F. (2015). Invited review: changes in the dairy 
industry affecting dairy cattle health and welfare. J. Dairy Sci., 98: 7426–7445.

B e r t e n s h a w  C.E., R o w l i n s o n  P. (2008). Exploring heifers’ perception of ‘positive’ treatment 
through their motivation to pursue a retreated human. Anim. Welf., 17: 313–319.

B o e t e l  B. (2017). In the cattle markets: dairy cattle impact on beef supplies. Dairy Herd Management, 
(source: https://www.dairyherd.com).



K. Adamczyk616

B o i s s y  A., M a n t e u f f e l  G., J e n s e n  M.B., M o e  R.O., S p r u i j t  B., K e e l i n g  L.J., W i n c k -
l e r  C., F o r k m a n  B., D i m i t r o v  I., L a n g b e i n  J., B a k k e n  M., Ve i s s i e r  I., A u b e r t 
A. (2007). Assessment of positive emotions in animals to improve their welfare. Physiol. Behav., 
92: 375–397.

B o m z o n  A. (2011). Pain and stress in cattle: a personal perspective. Isr. J. Vet. Med., 66: 12–20.
B o u i s s o u  M.F., B o i s s y  A., L e  N e i n d r e  P., Ve i s s i e r  I. (2001). The social behaviour of 

cattle. In: Social behaviour in farm animals, Keeling L.J., Gonyou H.W. (eds). CAB International, 
Cambridge, MA, USA, pp. 113–145.

B r o o m  D.M. (2010). Cognitive ability and awareness in domestic animals and decisions about obliga-
tions to animals. Appl. Anim. Behav. Sci., 126: 1–11.

B u r d i c k  N.C., R a n d e l  R.D., C a r r o l l  J.A., We l s h  T.H. Jr. (2011). Interactions between tem-
perament, stress, and immune function in cattle. Int. J. Zool., Article ID 373197: 9 pp.

B u r t o n  R.J.F., P e o p l e s  S., C o o p e r  M.H. (2012). Building ‘cowshed cultures’: a cultural per-
spective on the promotion of stockmanship and animal welfare on dairy farms. J. Rural Stud., 28: 
174–187.

C a l l i c o t t  B.J. (1980). Animal liberation: a triangular affair. Environ. Ethics, 2: 311–338.
Canadian Meat Council (CMC). (2013). Fact sheet on dairy cows in Canada. CMC Fact Sheet on Dairy 

Cows in Canada, Ottawa, Canada, (source: http://www.cmc-cvc.com).
C a p p e r  J.L. (2017). Looking forward to a sustainable future – how do livestock productivity, health, 

efficiency and consumer perceptions interact? Cattle Pract., 25: 179–193.
C a r d o s o  C.S., v o n  K e y s e r l i n g k  M.A.G., H ö t z e l  M.J. (2017). Brazilian citizens: expecta-

tions regarding dairy cattle welfare and awareness of contentious practices. Animals, 7: 1–15.
C a r s o n  J.V., L a F r e e  G., D u g a n  L. (2012). Terrorist and non-terrorist criminal attacks by radical 

environmental and animal rights groups in the United States, 1970–2007. Terror. Political Violence, 
24: 295–319.

C h a r d o n  H., B r u g e r e  H., R o s n e r  P.-M. (2016). Animal welfare from farm to slaughterhouse: 
basic principles and regulatory compliance. CIV, 64 pp.

C h e n  Y., A r s e n a u l t  R., N a p p e r  S., G r i e b e l  P. (2015). Models and methods to investigate 
acute stress responses in cattle. Animals, 5: 1268–1295.

C o a l e y  K. (2014). An introduction to psychological assessment and psychometrics. London, UK, 
SAGE Publications Ltd, 2nd ed., 400 pp.

C o l e  M. (2011). From “animal machines” to “happy meat”? Foucault’s ideas of disciplinary and pas-
toral power applied to ‘animal-centred’ welfare discourse. Animals, 1: 83–101.

C o u l o n  M., B a u d o i n  C., D e p a u l i s - C a r r e  M., H e y m a n  Y., R e n a r d  J.P., R i c h a r d  C., 
D e p u t t e  B.L. (2007). Dairy cattle exploratory and social behaviors: is there an effect of cloning? 
Theriogenology, 68: 1097–1103.

C r o n e y  C.C., A n t h o n y  R. (2010). Engaging science in a climate of values: tools for animal scien-
tists tasked with addressing ethical problems. J. Anim. Sci., 88 (E. Suppl.): E75–E81.

C r o w e  M.A., W i l l i a m s  E.J. (2012). Triennial lactation symposium: effects of stress on postpartum 
reproduction in dairy cows. J. Anim. Sci., 90: 1722–1727.

D i a m o n d  J. (2002). Evolution, consequences and future of plant and animal domestication. Nature, 
418: 700–707.

D ’ M e l l o  S., F r a n k l i n  S. (2011). A cognitive model’s view of animal cognition. Curr. Zool., 57: 
499–513.

D r i e s s e n  C. (2012). Farmers engaged in deliberative practices; an ethnographic exploration of the 
mosaic of concerns in livestock agriculture. J. Agric. Environ. Ethics, 25: 163–179.

E b i n g h a u s  A., I v e m e y e r  S., R u p p  J., K n i e r i m  U. (2016). Identification and development 
of measures suitable as potential breeding traits regarding dairy cows’ reactivity towards humans. 
Appl. Anim. Behav. Sci., 185: 30–38.

E d a n  Y., H a n  S., K o n d o  N. (2009). Automation in agriculture. In: Springer Handbook of Automa-
tion, Nof S.Y. (ed). Springer-Verlag, Berlin, Heidelberg, Germany, pp. 1095–1128.

E g g e r - D a n n e r  C., C o l e  J.B., P r y c e  J.E., G e n g l e r  N., H e r i n g s t a d  B., B r a d l e y  A., 
S t o c k  K.F. (2015). Invited review: overview of new traits and phenotyping strategies in dairy 
cattle with a focus on functional traits. Animal, 9: 191–207.

E l l i n g s e n  K., C o l e m a n  G.J., L u n d  V., M e j d e l l  C.M. (2014). Using qualitative behaviour 



Dairy cattle welfare and human-animal relationship 617

assessment to explore the link between stock person behavior and dairy calf behavior. Appl. Anim. 
Behav. Sci., 153: 10–17.

European Food Safety Authority (EFSA) (2012). Scientific opinion on the use of animal-based measures 
to assess welfare of dairy cows. EFSA J., 10, 2554: 1–81.

Farm Animal Welfare Council (FAWC) (2009). Farm animal welfare in Great Britain: past, present and 
future. London (source: http://www.fawc.org.uk).

F a v r e a u - P e i g n é  A., B a u m o n t  R., G i n a n e  C. (2013). Food sensory characteristics: their un-
considered roles in the feeding behaviour of domestic ruminants. Animal, 7: 806–813.

Food and Agriculture Organization of The United Nations (FAO) (1955). The state of food and agricul-
ture 1955. Review of a decade and outlook. Rome, Italy.

F o o t e  R.H. (2002). The history of artificial insemination: Selected notes and notables. J. Anim. Sci., 
80: 1–10.

F o r k m a n  B., B o i s s y  A., M e u n i e r - S a l a ü n  M.-C., C a n a l i  E., J o n e s  R.B. (2007). A criti-
cal review of fear tests used on cattle, pigs, sheep, poultry and horses. Physiol. Behav., 92: 340–374.

F r a s e r  D. (1999). Animal ethics and animal welfare science: bridging the two cultures. Appl. Anim. 
Behav. Sci., 65: 171–189.

F r a s e r  D., D u n c a n  I.J.H., E d w a r d s  S.A., G r a n d i n  T., G r e g o r y  N.G., G u y o n n e t  V., 
H e m s w o r t h  P.H., H u e r t a s  S.M., H u z z e y  J.M., M e l l o r  D.J., M e n c h  J.A., Š p i n k a 
M., W h a y  H.R. (2013). General principles for the welfare of animals in production systems: the 
underlying science and its application. Vet. J., 198: 19–27.

F r o n d e l i u s  L., J ä r v e n r a n t a  K., K o p o n e n  T., M o n o n e n a  J. (2015). The effects of body 
posture and temperament on heart rate variability in dairy cows. Physiol. Behav., 139: 437–441.

F u e n t e  M.F.C. de la, S o u t o  A., C a s e l l i  C.B., S c h i e l  N. (2017). People’s perception on animal 
welfare: why does it matter? Ethnobio. Conserv., 6: 18.

G e p t s  P., F a m u l a  T.R., B e t t i n g e r  R.L., B r u s h  S.B., D a m a n i a  A.B., M c G u i r e  P.E., 
Q u a l s e t  C.O. (2012). Editors. Biodiversity in agriculture: domestication, evolution, and sustain-
ability. Cambridge, UK, Cambridge University Press, 1st ed., 606 pp.

G i b s o n  M. (2011). The Universal Declaration of Animal Welfare. Deakin L.R., 16: 539–567.
Główny Urząd Statystyczny (GUS) (2016). Population of cattle and sheep in Poland in December 2015 

(in Polish). Signal information, Department of Agriculture, Poland, (source: https://stat.gov.pl).
G o s l i n g  S.D. (2008). Personality in non-human animals. Soc. Personal. Psychol. Compass, 2: 985–

1001.
G r a n d i n  T. (1997). Assessment of stress during handling and transport. J. Anim. Sci., 75: 249–257.
G r a n d i n  T. (2010 a). Auditing animal welfare at slaughter plants. Meat Sci., 86: 56–65.
G r a n d i n  T. (2010 b). Improving animal welfare: a practical approach. Wisconsin Dairy & Beef Indus-

try Animal Husbandry Conference, 19.05.2010, (source: https://fyi.uwex.edu).
G r a n d i n  T. (2013). Making slaughterhouses more humane for cattle, pigs, and sheep. Annu. Rev. 

Anim. Biosci., 1: 491–512.
G r a n d i n  T. (2014). Animal welfare and society concerns finding the missing link. Meat Sci., 98: 

461–469.
G r a n d i n  T. (2015). Improving animal welfare: a practical approach. London, UK, CAB International, 

2nd ed., 376 pp.
G r a n d i n  T., J o h n s o n  C. (2011). Editors. Animals make us human (in Polish). Poznań, Poland, 

Media Rodzina, 1st ed., 349 pp.
G r a n d i n  T., S h i v l e y  C. (2015). How farm animals react and perceive stressful situations such as 

handling, restraint, and transport. Animals, 5: 1233–1251.
G r i f f i n  D.R. (1984). Animal thinking. Cambridge, USA, Harvard University Press, 1st ed., 237 pp.
G u t i e r r e z  A., D o p i c o  N., G o n z a l e z  C., Z a z o  S., J i m é n e z - L e u b e  J., R a o s  I. (2013). 

Cattle-powered node experience in a heterogeneous network for localization of herds. IEEE Trans. 
Ind. Electron., 60: 3176–3184.

H a g e n  K., B r o o m  D.M. (2003). Cattle discriminate between individual familiar herd members in  
a learning experiment. Appl. Anim. Behav. Sci., 82: 13–28.

H a g e n  K., B r o o m  D.M. (2004). Emotional reactions to learning in cattle. Appl. Anim. Behav. Sci., 
85: 203–213.

H a r r i s o n  R. (1964). Animal Machines. London, UK, Vincent Stuart, 1st ed., 186 pp.



K. Adamczyk618

H e d l u n d  L., L ø v l i e  H. (2015). Personality and production: nervous cows produce less milk.  
J. Dairy Sci., 98: 5819–5828.

H e r b e c k  Y.E., G u l e v i c h  R.G., S h e p e l e v a  D.V., G r i n e v i c h  V.V. (2017). Oxytocin: coevo-
lution of human and domesticated animals. Russ. J. Genet., 7: 235–242.

H e r b u t  P., A n g r e c k a  S. (2018). Relationship between THI level and dairy cow’s behaviour during 
summer period. Ital. J. Anim. Sci., 17, 226–233.

H e r r e r o  M., H a v l í k  P., Va l i n  H., N o t e n b a e r t  A., R u f i n o  M.C., T h o r n t o n  P.K., 
B l ü m m e l  M., We i s s  F., G r a c e  D., O b e r s t e i n e r  M. (2013). Biomass use, production, 
feed efficiencies, and greenhouse gas emissions from global livestock systems. Proc. Natl. Acad. 
Sci. U.S.A., 110: 20888–20893.

H e r z o g  H.A., G o l d e n  L.L. (2009). Moral emotions and social activism: the case of animal rights. 
J. Soc. Issues, 65: 485–498.

H o l l o w a y  L., B e a r  C., W i l k i n s o n  K. (2014). Re-capturing bovine life: Robot-cow relation-
ships, freedom and control in dairy farming. J. Rural Stud., 33: 131–140.

H o o l e y  D., N o b i s  N. (2016). A moral argument for veganism. Animal Agriculture, Food Choice, 
and Human Health, 6: 1–29.

H o s t i o u  N., F a g o n  J., C h a u v a t  S., T u r l o t  A., K l i n g - E v e i l l a r d  F., B o i v i n  X., A l -
l a i n  C. (2017). Impact of precision livestock farming on work and human-animal interactions on 
dairy farms. A review. Biotechnol. Agron. Soc. Environ., 21: 268–275.

H u i r c á n  J.I., M u ñ o z  C., Yo u n g  H., Vo n  D o s s o w  L., B u s t o s  J., V i v a l l o  G., T o n e a t -
t i  M. (2010). ZigBee-based wireless sensor network localization for cattle monitoring in grazing 
fields. Comput. Electron. Agric., 74: 258–264.

H u l b e r t  L.E., M o i s á  S.J. (2016). Stress, immunity, and the management of calves. J. Dairy Sci., 
99: 3199–3216.

H u r n i k  J.F., We b s t e r  A.B., S i e g e l  P.B. (1995). Editors. Dictionary of farm animal behavior. 
Ames, USA, Iowa State University Press, 2nd ed., 200 pp.

J a c o b s  J.A., S i e g f o r d  J.M. (2012). The impact of automatic milking systems on dairy cow man-
agement, behavior, health, and welfare. J. Dairy Sci., 95: 2227–2247.

J e n s e n  M.B., Ve s t e r g a a r d  K.S., K r o h n  C.C. (1998). Play behaviour in dairy calves kept in 
pens: the effect of social contact and space allowance. Appl. Anim. Behav. Sci., 56: 7–108.

J e n t s c h  B., S h u c k s m i t h  M. (2017). Editors. Young people in rural areas of Europe. New York, 
USA, Routledge, 346 pp.

J o h n s e n  J.F., Z i p p  K.A., K ä l b e r  T., d e  P a s s i l l é  A.M., K n i e r i m  U., B a r t h  K., M e -
j d e l l  C.M. (2016). Is rearing calves with the dam a feasible option for dairy farms? – Current and 
future research. Appl. Anim. Behav. Sci., 181: 1–11.

K e e l e y  B.L. (2004). Anthropomorphism, primatomorphism, mammalomorphism: understanding 
cross-species comparisons. Biol. Philos., 19: 521–540.

K e l l e r t  S., W i l s o n  E. (1993). Editors. The biophilia hypothesis. Washington, D.C. USA, Island 
Press, 496 pp.

K e y s e r l i n g k  M.A.G. von, R u s h e n  J., d e  P a s s i l l é  A.M., We a r y  D.M. (2009) Invited re-
view: The welfare of dairy cattle – key concepts and the role of science. J. Dairy Sci., 92: 4101–4111.

K i r c h n e r  M.K., O t t e n  N.D., B r s c i c  M. (2016). Assessing the emotional state of dairy calves and 
young stock. ECAWBM Annual Symposium, Cascais, Portugal (PowerPoint Presentation).

K o o l h a a s  J.M., B a r t o l o m u c c i  A., B u w a l d a  B., d e  B o e r  S.F., F l ü g g e  G., K o r t e  S.M., 
M e e r l o  P., M u r i s o n  R., O l i v i e r  B., P a l a n z a  P., R i c h t e r - L e v i n  G., S g o i f o  A., 
S t e i m e r  T., S t i e d l  O., v a n  D i j k  G., W ö h r  M., F u c h s  E. (2011). Stress revisited: A criti-
cal evaluation of the stress concept. Neurosci. Biobehav. Rev., 35: 1291–1301.

K o v á c s  L., K é z é r  F.L., J u r k o v i c h  V., K u l c s á r - H u s z e n i c z a  M., T ő z s é r  J. (2015). 
Correction: heart rate variability as an indicator of chronic stress caused by lameness in dairy cows. 
PLoS One, 11: e0146625.

K o v á c s  L., K é z é r  F.L., R u f f  F., S z e n c i  O. (2016). Cardiac autonomic activity has a circadian 
rhythm in summer but not in winter in non-lactating pregnant dairy cows. Physiol. Behav., 155: 
56–65.

K u m a r  S., S i n g h  S.K., S i n g h  R.S., S i n g h  A.K., T i w a r i  S. (2017). Real-time recognition of 
cattle using animal biometrics. J. Real-Time Image Proc., 13: 505–526.



Dairy cattle welfare and human-animal relationship 619

L a r s o n  G., F u l l e r  D.Q. (2014). The evolution of animal domestication. Annu. Rev. Ecol. Evol. 
Syst., 45: 115–136.

L o m b a r d i  D., Va s s e u r  E., B e r t h i a u m e  R., D e V r i e s  T.J., B e r g e r o n  R. (2015). Feed-
ing preferences and voluntary feed intake of dairy cows: Effect of conservation and harvest time of 
birdsfoot trefoil and chicory. J. Dairy Sci., 98: 7238–7247.

M a c K a y  J.R.D. (2013). Characterising personality traits in cattle using biotelemetry systems. PhD 
thesis, Edinburgh, UK, The University of Edinburgh, 253 pp.

M a n t e u f f e l  G., P u p p e  B., S c h ö n  P.C. (2004). Vocalization of farm animals as a measure of 
welfare. Appl. Anim. Behav. Sci., 88: 163–182.

M a r c é  C., G u a t t e o  R., B a r e i l l e  N., F o u r i c h o n  C. (2010). Dairy calf housing systems across 
Europe and risk for calf infectious diseases. Animal, 4: 1588–1596.

McDonald’s Deutschland (MCD). (2015). Sustainability: your questions, our answers. McDonald’s Ger-
many Corporate responsibility report: 2014 Update. (source: http://database.globalreporting.org/).

M e a g h e r  R.K., v o n  K e y s e r l i n g k  M.A.G., A t k i n s o n  D., We a r y  D.M. (2016). Inconsis-
tency in dairy calves’ responses to tests of fearfulness. Appl. Anim. Behav. Sci., 185: 15–22.

M e l l o r  D.J. (2012). Animal emotions, behaviour and the promotion of positive welfare states. N. Z. 
Vet. J., 60: 1–8.

M e p h a m  B., K a i s e r  M., T h o r s t e n s e n  E., T o m k i n s  S., M i l l a r  K. (2006). Ethical Matrix 
manual. LEI, The Hague, Wageningen UR, the Netherlands, 45 pp.

M e r y  F. (2013). Natural variation in learning and memory. Curr. Opin. Neurobiol., 23: 52–56.
M i e l e  M., Ve i s s i e r  I., E v a n s  A., B o t r e a u  R. (2011). Animal welfare: establishing a dialogue 

between science and society. Anim. Welf., 20: 103–117.
M i g n o n - G r a s t e a u  S., B o i s s y  A., B o u i x  J., F a u r e  J.-M., F i s h e r  A.D., H i n c h  G.N., 

J e n s e n  P., L e  N e i n d r e  P., M o r m è d e  P., P r u n e t  P., Va n d e p u t t e  M., B e a u m o n t  C. 
(2005). Genetics of adaptation and domestication in livestock. Livest. Prod. Sci., 93: 3–14.

M i s h r a  M., A l i  S., D a s  M. (2013). A new extraction method for the determination of oxytocin in 
milk by enzyme immune assay or high-performance liquid chromatography: validation by liquid 
chromatography-mass spectrometry. Food Anal. Methods, 6: 1308–1319.

M i t c h e l l  G., H a t t i n g h  J., G a h o e  M. (1988). Stress in cattle assessed after handling, after trans-
port and after slaughter. Vet. Rec., 123: 201–205.

M o b e r g  G.P., M e n c h  J.A. (2000). The biology of animal stress. Basic principles and implications 
for animal welfare. Wallingford, UK, CAB International, 1st ed., 377 pp.

M o r g a n  C.L. (1894). An introduction to comparative psychology. London, UK, W. Scott Co, Ltd., 
1st ed., 386 pp.

M o y a  D., S c h w a r t z k o p f - G e n s w e i n  K.S., Ve i r a  D.M. (2013). Standardization of a non-
invasive methodology to measure cortisol in hair of beef cattle. Livest. Sci., 158: 138–144.

M u l l i g a n  F.J., D o h e r t y  M.L. (2008). Production diseases of the transition cow. Vet. J., 176: 3–9.
M u r p h e y  R.M., M o u r a - D u a r t e  F.A., C o e l h o - N o v o e s  W., T o r r e s  M.C. (1981). Age 

group differences in bovine investigatory behaviour. Dev. Psychobiol., 14: 117–125.
National Research Council (NRC) (2008). Recognition and alleviation of distress in laboratory animals. 

Washington, D.C., USA, National Academies Press, 122 pp.
N o r d q u i s t  R.E., v a n  d e r  S t a a y  F.J., v a n  E e r d e n b u r g  F.J.C.M., Ve l k e r s  F.C., F i j n  L., 

A r n d t  S.S. (2017). Mutilating procedures, management practices, and housing conditions that 
may affect the welfare of farm animals: implications for welfare research. Animals, 7: 1–22.

N o r m a n  H.D., P o w e l l  R.L. (1999). Dairy cows of high genetic merit for yields of milk, fat and 
protein – Review. Asian-Australas. J. Anim. Sci., 12: 1316–1323.

O h l  F., v a n  d e r  S t a a y  F.J. (2012). Animal welfare: At the interface between science and society. 
Vet. J., 192: 13–19.

O w e n  J.J., S i l v e r  W.L. (2015). Greenhouse gas emissions from dairy manure management: a review 
of field-based studies. Glob. Chang. Biol., 21: 550–565.

P a l m e  R. (2012). Monitoring stress hormone metabolites as a useful, non-invasive tool for welfare 
assessment in farm animals. Anim. Welf., 21: 331–337.

P a n k s e p p  J. (2005). Affective consciousness: Core emotional feelings in animals and humans. Con-
scious. Cogn., 14: 30–80.

P h i l l i p s  C. (2002). Cattle behaviour and welfare. Oxford, UK, Blackwell Science Ltd, 2nd ed., 264 pp.



K. Adamczyk620

P h i l l i p s  C. (2015). Welfare and cattle behaviour. In: Bovine Medicine, Cockcroft P.D. (ed.). John 
Wiley & Sons, Ltd., Oxford, UK, pp. 291–296.

P i s u l a  W. (2009). Curiosity and information seeking in animal and human behavior. Boca Raton, 
Florida, USA, BrownWalker Press, 148 pp.

P o l a t  B., C o l a k  A., C e n g i z  M., Ya n m a z  L.E., O r a l  H., B a s t a n  A., K a y a  S., H a y i r l i  A. 
(2010). Sensitivity and specificity of infrared thermography in detection of subclinical mastitis in 
dairy cows. J. Dairy Sci., 93: 3525–3532.

Polski Związek Hodowców i Producentów Bydła Mięsnego (PZHiPBM) (2016). Productive value of 
beef cattle in Poland – the report on evaluation for 2015 (in Polish). (source: http://bydlo.com.pl/).

P o r t o  S.M.C., A r c i d i a c o n o  C., A n g u z z a  U., C a s c o n e  G. (2015). The automatic detection 
of dairy cow feeding and standing behaviours in free-stall barns by a computer vision-based system. 
Biosyst. Eng., 133: 46–55.

P o u r s a b e r i  A., B a h r  C., P l u k  A., Va n  N u f f e l  A., B e r c k m a n s  D. (2010). Real-time au-
tomatic lameness detection based on back posture extraction in dairy cattle: shape analysis of cow 
with image processing techniques. Comput. Electron. Agric., 74: 110–119.

P r a k a s h  B.S., P a u l  V., K l i e m  H., K u l o z i k  U., M e y e r  H.H.D. (2009). Determination of 
oxytocin in milk of cows administered oxytocin. Anal. Chim. Acta, 636: 111–115.

P r o c t o r  H.S., C a r d e r  G. (2015). Measuring positive emotions in cows: do visible eye whites tell 
us anything? Physiol. Behav., 147: 1–6.

R a b y  C.R., C l a y t o n  N.S. (2009). Prospective cognition in animals. Behav. Processes, 80:  
314–324.

R e g a n  T. (1983). The case for animal rights. Berkeley, USA, University of California Press, 425 pp.
R e g a n  T., S i n g e r  P. (1989). Editors. Animal rights and human obligations. Prentice Hall, New York, 

USA, 2nd ed., 280 pp.
R e k a n t  S.I., L y o n s  M.A., P a c h e c o  J.M., A r z t  J., R o d r i g u e s  L.L. (2016). Veterinary ap-

plications of infrared thermography. Am. J. Vet. Res., 77: 98–107.
R o l l i n  B.E. (2007). Cultural variation, animal welfare and telos. Anim. Welf., 16 (Suppl. 1): 129–133.
R o s a r i o  G o n z á l e z - d e - l a - Va r a  M. del, Va l d e z  R.A., L e m u s - R a m i r e z  V., V á z q u e z - 

- C h a g o y á n  J.C., V i l l a - G o d o y  A., R o m a n o  M.C. (2011). Effects of adrenocorticotropic 
hormone challenge and age on hair cortisol concentrations in dairy cattle. Can. J. Vet. Res., 75: 
216–221.

R u s h e n  J., d e  P a s s i l l é  A.M. (2013). The importance of improving cow longevity. Proc. Cow 
Longevity Conference, Tumba, Sweden, 28–29.08.2013, pp. 3–21.

R u s h e n  J., T a y l o r  A.A., d e  P a s s i l l e  A.M. (1999). Domestic animals’ fear of humans and its 
effect on their welfare. Appl. Anim. Behav. Sci., 65: 285–303.

S a j a  K. (2013). Minimisation of animal suffering and vegetarianism (in Polish). Analiza i Egzystencja, 
22: 67–83.

S a n d e m  A., B r a a s t a d  B., B ø e  K. (2002). Eye white may indicate emotional state on a frustra-
tion–contentedness axis in dairy cows. Appl. Anim. Behav. Sci., 79: 1–10.

S c h i r m a n n  K., v o n  K e y s e r l i n g k  M.A.G., We a r y  D.M., Ve i r a  D.M., H e u w i e s e r  W. 
(2009). Technical note: validation of a system for monitoring rumination in dairy cows. J. Dairy 
Sci., 92: 6052–6055.

S c h m i e d  C., B o i v i n  X., Wa i b l i n g e r  S. (2008 a). Stroking different body regions of dairy 
cows: effects on avoidance and approach behaviour toward humans. J. Dairy Sci., 91: 596–605.

S c h m i e d  C., Wa i b l i n g e r  S., S c h a r l  T., L e i s c h  F., B o i v i n  X. (2008 b). Stroking of differ-
ent body regions by a human: effects on behaviour and heart rate of dairy cows. Appl. Anim. Behav. 
Sci., 109: 25–38.

S c h o l t e n  M.C.Th., d e  B o e r  I.J.M., G r e m m e n  B., L o k h o r s t  C. (2013). Livestock farming 
with care: towards sustainable production of animal-source food. NJAS – Wageningen Journal of 
Life Sciences, 66: 3–5.

S e l y e  H. (1976). Stress in health and disease. Boston, USA, Butterworth-Heinemann, 1st ed., 1300 pp.
S h e t t l e w o r t h  S.J. (2001). Animal cognitive and animal behaviour. Anim. Behav., 61: 277–286.
S i n g e r  P. (1975). Animal liberation: a new ethics for our treatment of animals. New York, USA, New 

York review/Random House, 301 pp.
S i n g e r  P. (2003). Practical ethics (in Polish). Warszawa, Poland, Książka i Wiedza, 351 pp.



Dairy cattle welfare and human-animal relationship 621

S t e w a r t  M., We b s t e r  J.R., S c h a e f e r  A.L., C o o k  N.J., S c o t t  S.L. (2005). Infrared thermog-
raphy as a non-invasive tool to study animal welfare. Anim. Welf., 14: 319–325.

S t e w a r t  M., Ve r k e r k  G.A., S t a f f o r d  K.J., S c h a e f e r  A.L., We b s t e r  J.R. (2010). Nonin-
vasive assessment of autonomic activity for evaluation of pain in calves, using surgical castration as 
a model. J. Dairy Sci., 93: 3602–3609.

S t u a r t  D., S c h e w e  R.L., G u n d e r s o n  R. (2013). Extending social theory to farm animals: ad-
dressing alienation in the dairy sector. Sociol. Ruralis, 53: 201–222.

S u n d r u m  A. (2015). Metabolic disorders in the transition period indicate that the dairy cows’ ability 
to adapt is overstressed. Animals, 5: 978–1020.

The International Society for Anthrozoology (ISAZ) (2013). Conference Abstract Book 22nd Annual 
Meeting of the International Society for Anthrozoology (ISAZ), 18–19.07.2013, Chicago, USA, 102 
pp. (source: http://www.isaz.net/isaz/conferences).

The International Society for Anthrozoology (ISAZ) (2014). Abstract Book 23rd Annual Meeting of the 
International Society for Anthrozoology (ISAZ), 18–23.07.2014, Vienna, Austria, 119 pp. (source: 
http://www.isaz.net/isaz/conferences).

The International Society for Anthrozoology (ISAZ) (2015). Abstract Book 24th Annual Meeting of 
the International Society for Anthrozoology (ISAZ), 7–9.07.2015, Saratoga Springs, USA, 132 pp. 
(source: http://www.isaz.net/isaz/conferences).

The International Society for Anthrozoology (ISAZ) (2016). Proc. 25th Annual Meeting of the Interna-
tional Society for Anthrozoology (ISAZ), 7–10.07.2016, Barcelona, Spain, 153 pp. (source: http://
www.isaz.net/isaz/conferences).

The International Society for Anthrozoology (ISAZ) (2017). Proc. 26th Annual Meeting of the Interna-
tional Society for Anthrozoology (ISAZ), 23–27.06.2017, Davis, USA, 196 pp. (source: http://www.
isaz.net/isaz/conferences).

T h o m a s  K. (1983). Man and the natural world. Changing attitudes in England 1500–1800. London, 
UK, Allen Lane, 1st ed., 425 pp.

T h o r n t o n  P.K. (2010). Livestock production: recent trends, future prospects. Phil. Trans. R. Soc. B, 
365: 2853–2867.

T s c h a r k e  M., B a n h a z i  T.M. (2016). A brief review of the application of machine vision in live-
stock behaviour analysis. J. Agric. Inform., 7: 23–42.

Ve i s s i e r  I., M i e l e  M. (2014). Animal welfare: towards transdisciplinarity – the European experi-
ence. Anim. Prod. Sci., 54: 1119–1129.

Ve i s s i e r  I., J e n s e n  K.K., B o t r e a u  R., S a n d ø e  P. (2011). Highlighting ethical decisions un-
derlying the scoring of animal welfare in the Welfare Quality® scheme. Anim. Welf., 20: 89–101.

Ve l a r d e  A., D a l m a u  A. (2012). Animal welfare assessment at slaughter in Europe: Moving from 
inputs to outputs. Meat Sci., 92: 244–251.

Ve n t u r a  B.A., v o n  K e y s e r l i n g k  M.A.G., S c h u p p l i  C.A., We a r y  D.M. (2013). Views 
on contentious practices in dairy farming: The case of early cow-calf separation. J. Dairy Sci., 96: 
6105–6116.

V i a z z i  S., B a h r  C., Va n  H e r t e m  T., S c h l a g e t e r - T e l l o  A., R o m a n i n i  C.E.B., H a l -
a c h m i  I., L o k h o r s t  C., B e r c k m a n s  D. (2014). Comparison of a three-dimensional and 
two-dimensional camera system for automated measurement of back posture in dairy cows. Com-
put. Electron. Agric., 100: 139–147.

V r i e s  M. de, B o k k e r s  E.A.M., D i j k s t r a  T., v a n  S c h a i k  G., d e  B o e r  I.J.M. (2011). In-
vited review: associations between variables of routine herd data and dairy cattle welfare indicators. 
J. Dairy Sci., 94: 3213–3228.

Wa i b l i n g e r  S., F r e s d o r f  A., S p i t z e r  G. (2002). The role of social licking in cattle for con-
flict resolution. Proc. The First European Conference of Behavioural Biology, Münster, Germany, 
1–4.08.2002, p. 122.

Wa i b l i n g e r  S., M e n k e  C., F ö l s c h  D.W. (2003). Influences on the avoidance and approach be-
haviour of dairy cows towards humans on 35 farms. Appl. Anim. Behav. Sci., 84: 23–39.

We a r y  D.M., D r o e g e  P., B r a i t h w a i t e  V.A. (2017). Behavioural evidence of felt emotions: ap-
proaches, inferences and refinements. Adv. Stud. Behav., 49: 27–48.

We b s t e r  J. (2014). Ethical and animal welfare considerations in relation to species selection for ani-
mal experimentation. Animals, 4: 729–741.



K. Adamczyk622

We i t z e n f e l d  A., J o y  M. (2014). An overview of anthropocentrism, humanism, and speciesism in 
critical animal theory. In: Defining critical animal studies: an intersectional social justice approach 
for liberation, Nocella A.J., Sorenson J., Socha K., Matsuoka A. (eds). Peter Lang Publishing, New 
York, USA, pp. 3–27.

Ya y o u  K., I t o  S., Ya m a m o t o  N. (2015). Relationships between postnatal plasma oxytocin con-
centrations and social behaviors in cattle. Anim. Sci. J., 86: 806–813.

Received: 15 XII 2017
Accepted: 12 II 2018


