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Preface to ”Positive Aspects of Animal Welfare”

During recent decades, the interest in animal welfare has been greatly increasing among

scientists, veterinarians, farmers, consumers, the general public, and pet owners. As a consequence,

several indicators have been developed and used under experimental conditions, at farm level or

in the home environment, to assess animal welfare, and specific protocols have been proposed for

welfare evaluation of various species in different contexts. Most of the indicators developed so far

have focused on negative aspects of animal welfare (e.g., lameness, lesions, diseases, presence of

abnormal behaviours, high levels of stress hormones, and many more), and only a few indicators

are presently available that highlight the positive aspects of animal welfare. However, the lack

of negative welfare conditions represents just a minimum standard that should be guaranteed to

animals, and does not necessarily mean that animals are experiencing good welfare conditions nor

have a good quality of life. To guarantee high welfare standards, animals should experience positive

conditions that allow them to live a life that is really worth living. For these reasons, the new frontiers

of animal welfare should aim to reach this high quality of life, and research should now focus on the

development and validation of behavioural, physiological, immunological, and productive indicators

of positive welfare. Special attention is being paid to animal emotions that can be interpret from

facial expressions, body postures, or vocalisations. This Special Issue focuses on the development

and validation of indicators of positive welfare or on the refinement of the existing ones, as well

as on the identification of suitable living conditions for providing positive welfare to farmed and

companion animals.

Silvana Mattiello

Special Issue Editor
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What Are the Positives? Exploring Positive Welfare
Indicators in a Qualitative Interview Study with
Livestock Farmers

Belinda Vigors 1,* and Alistair Lawrence 1,2
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Simple Summary: Positive animal welfare is a relatively new concept which promotes the welfare
benefits of providing animals with greater opportunities for positive experiences, in addition to
minimising negative experiences. However, little is known about farmers’ attitudes towards this, and
their knowledge of positive welfare. This presents a significant hurdle for the promotion of positive
welfare indicators on-farm, where their effective implementation may depend on their acceptance
by farmers. In response, this study uses qualitative interviews to explore farmers’ positive welfare
perspectives. It finds that several aspects, reflective of the literature on positive welfare indicators,
are evident in farmers’ positive welfare-related discussions. These include animal autonomy, play,
positive affect, positive human–animal relationships, social interaction and appropriate genetic
selection. Such findings provide insights into what farmers consider are relevant to, and indicative
of, positive welfare. In addition, this paper explores how farmers see their role in the provision of
positive welfare. It finds that farmers largely consider their inputs should be focused on making sure
their animals’ needs (e.g., resources) are met and negative experiences are reduced, and that positive
welfare will arise naturally, or indirectly, out of this. The implications of these findings and their
overlaps with the positive welfare literature are discussed.

Abstract: To support the furtherance of positive animal welfare, there is a need to develop meaningful
and practical positive welfare indicators for on-farm welfare assessment. Considering the perspectives
of farmers is arguably critical in this regard. Doing so helps ensure positive welfare indicators reflect
farmers’ existing welfare norms and attitudes and, are thus, of practical relevance to them. However,
a key issue for such development is the dearth of knowledge on farmers’ perspectives of positive
welfare. To address this, this study uses qualitative interviews to directly examine livestock farmers’
perspectives of positive welfare. Findings reveal that farmers describe elements of positive welfare
which are broadly in line with indicators suggested in the positive welfare literature. These elements
include animal autonomy, play, positive affect, positive human-animal relationships, social interaction,
and appropriate genetic selection. Additionally, this study finds that farmers construct the reduction
of negative aspects of welfare as their primary management concern and mostly construct positive
welfare as arising indirectly from this. Insights into the importance that farmers of different sectors
and systems give to different aspects of positive welfare indicators are also explored. The implications
of these findings and the similitudes between farmers’ perspectives and the positive welfare literature
are discussed.

Keywords: positive animal welfare; positive animal welfare indicators; farmer attitudes; farmer
knowledge; qualitative research; free elicitation narrative interviewing
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1. Introduction

There is no singular definition of positive animal welfare. However, one broad conception is that it
emphasises the welfare relevance of providing animals with opportunities to have positive experiences,
in addition to minimising negative experiences [1,2]. As positive animal welfare continues to develop,
its furtherance requires suitable indicators for on-farm positive welfare assessment. Here, the primary
concern of welfare science will be ensuring such indicators are reliable, valid and feasible [3]. However,
research has found that farmers may mistrust the reliability of animal-based welfare indicators [4]. As
a result, they may resist changing to systems which increase opportunities for animals to engage in
natural behaviours because of economic viability concerns (e.g., cost of investment) [5,6]. This has
implications for positive animal welfare, which predominantly focuses on animal-based indicators
such as the presence or quality of play behaviours [3,7], social interaction [8] and curiosity driven
exploration [9,10]. Engaging with farmers to understand their perspectives on positive welfare and
considering this in the development of positive welfare indicators may be critical for their acceptance
and implementation at farm level.

Research finds that farmers acceptance and/or implementation of welfare indicators can be
influenced by how useful they perceive particular welfare indicators to be, based on their current
welfare attitudes and values [4]. In addition, the ability of welfare indicators to function as a
decision support tool and be adaptable to local farm conditions can further influence their perceived
usefulness [11,12]. Thus, to develop positive welfare indicators which farmers perceive as useful and
are therefore willing to accept and implement, it is arguably important to understand their current
norms, values, and attitudes surrounding positive animal welfare [11,12]. However, a critical issue
in this regard is the dearth of research directly examining farmers’ perspectives of positive animal
welfare, rather than animal welfare more generally.

In response, this study uses qualitative interviews, informed by the free elicitation narrative
interviewing approach [13], to explore farmers’ perspectives on positive animal welfare. This paper
has three main aims. Firstly, it seeks to uncover whether farmers already engage in practices which
(evidence suggests) may generate positive welfare, by exploring how indicators of positive welfare are
constructed by farmers within their welfare-related discussions. Secondly, it aims to better understand
what farmers consider is relevant to or indicative of positive welfare, by exploring the meaning
farmers attach to positive welfare indicators. Thirdly, it seeks to understand whether positive welfare
may arise from direct or indirect management practices, by exploring how farmers construct their
role in the provision of positive welfare opportunities. Uncovering such insights contributes to the
development of positive welfare indicators because it enables an understanding of what farmers think
about in relation to positive welfare, and highlights what current practices, attitudes, and norms
can be harnessed to effectively introduce positive welfare indicators at the farm level. As Hubbard
and Scott [5] note, it is beneficial to involve farmers in the development of scientific techniques, as
co-operation between scientists and farmers may support the promotion of higher welfare standards.
As positive animal welfare is a newly emerging (and thus not necessarily well known) concept, there is
a unique opportunity to explore farmers’ related perspectives and behaviours and co-construct positive
welfare indicators, from the outset, in line with farmers’ language, constructs, values, and norms.

2. Positive Welfare Indicators

Currently, there is no clear or agreed consensus within the literature on what positive welfare
should entail or what makes a valid or reliable indicator of positive animal welfare. However, in line
with the continued development and growing interest in this concept, several potential indicators for
assessing positive welfare in farm animals have been proposed [2,3,14].

One of the most prominent indicators of positive welfare mentioned in the literature is positive
affect (see [14–16]). Mellor [10] describes how providing animals with opportunities to engage in
goal-directed behaviours which are rewarding can enhance positive welfare, and that such positive
affective engagement can, in turn, be used as an indicator of an animal’s welfare state. Arguably,
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other positive welfare indicators suggested within the literature are often those which are believed
to contribute to or promote the experience of positive affect, such as social interaction, play and
environmental enrichment [14].

Play, for example, is presented in the literature as both an indicator of positive affect [7,14,16] and
as a potential indicator of an overall good welfare state [17,18]. Similarly, the nature or quality of social
interaction is presented as a potential indicator of positive welfare [3] and linked with positive affect [19].
Here, particular pro-social behaviours such as affiliation (e.g., synchronisation, group bonds) [20], care
giving (e.g., maternal behaviour) [21] and social play [17] are thought to be relevant to generating
positive animal welfare [19]. Environmental enrichment may also indicate positive welfare [2] as they
can stimulate animals to engage in desired goal-directed behaviours [22]. Enrichments can include, for
example, mechanical brushes which stimulate self-grooming in dairy cows [23] or the provision of
straw which encourage pigs to play or engage in exploratory behaviours [24]. A positive human-animal
relationship may also be relevant for positive welfare. For example, Edgar et al. [2] suggest that
having positive interactions with stock keepers can support animal confidence. Enabling animals to
exert some control over their environment (e.g., have autonomy or agency) has also been linked to
positive affect [25] and proposed as a relevant aspect of positive welfare [26]. Closely related to agency,
studies have proposed that further indicators of positive welfare could include providing animals with
opportunities to exert individual preferences for thermal and physical comfort [2,27]. In addition,
Edgar et al. [2] propose the importance of promoting health by “breeding for positive welfare”, as
indicated by breeding decisions which support the long-term health and welfare of animals, along
with a lack of mutilations and effective day-to-day management of health concerns.

Notably, some of this research has involved farmers in the development of positive welfare
indicators and frameworks. For example, Edgar et al. [2] first drafted a resource-tier framework of
‘good life’ opportunities for laying hens through consultation with experts (e.g., welfare scientists and
welfare assurance schemes) before interviewing farmers to ascertain their opinions on the framework.
More specific to positive welfare, Stokes et al. [28] described using focus groups and consultation
interviews to collaborate with dairy and sheep farmers in the development of a framework for assessing
positive animal welfare. This included several of the indicators mentioned above, such as positive social
interactions and providing animals with some degree of choice within the system (e.g., autonomy). This
research interest in working with and considering the farmers’ point of view exemplifies the increasing
recognition amongst animal scientists that welfare improvement can often hinge on farmer acceptance
or buy-in. Nevertheless, to continue the effective development of positive welfare indicators, further
research on the perspectives of different farmers is needed, along with a clearer understanding of how
they construct and give meaning to specific positive welfare indicators and the underlying factors of
influence (e.g., farmers’ values, beliefs, attitudes, and social norms).

3. Materials and Methods

This article is based on qualitative interview data collected as part of wider research exploring
the perspective of livestock farmers and members of the public on positive animal welfare. This
research explored several factors pertaining to societal understanding of positive welfare, including
how citizens and farmers framed positive welfare, the aspects of positive welfare evident in their
discussions, and the factors underlying and influencing farmers’ approach to welfare provision. This
present article specifically focuses on the latter two aspects of this interview study.

3.1. Method

The free association narrative interviewing method, designed by Hollway and Jefferson [13],
informed the design of the interview protocol. This interview method combines narrative interviewing
techniques with the psychoanalytical principle of free association [13]. This means it encourages
participants to tell stories and recount personal experiences, within which they have the opportunity
to freely elicit factors which they attach meaning to. This ensures participants are unrestricted by any a
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priori research assumptions which can manifest in narrow or closed questions [13]. This allows the
researcher to gain an insight of the participants’ perceptions, their representations of the self and the
influence of wider social or cultural factors on their opinions [29].

The interview protocol of this study was centred around three focused narrative questions: (i)
“Can you tell me about what, in your experience, is a good life for a farm animal?” (ii) “Positive animal
welfare—can you tell me about what comes to mind when you hear that?” and; (iii) “Can you describe
what motivates you to farm the way you do?” Although the purpose of this research was explained to
farmers at the outset, no explanation of what is meant by positive welfare was provided here. The aim
was to encourage participants to tell stories (in their words and from their point of view) related to
their subjective perceptions of a ‘good life’ for farm animals and ‘positive animal welfare’ along with
the motivations underlying or driving these perspectives.

Although there is no singular way to conduct a narrative interview [30], the generally recommended
approach is to first pose a singular narrative-inducing question (e.g., tell me your experiences of . . . ) in
order to encourage the participant to holistically recount their perspectives on a phenomenon. During
this discussion, the researcher does not interrupt the participant or provide any additional prompts
but passively takes notes on points of interest freely elicited within the participant’s narrative. Once it
is clear this main narration has come to a natural end, the researcher can use these notes to ask more
probing and detailed questions to gain a deeper understanding of the participant’s perspective and
experiences [31].

Each of the three focused narrative questions were treated as a separate narrative opportunity
and this approach was thus applied to each of the three main questions. Table A1, in the Appendix A,
provides an overview of this structure along with some examples of follow-up probing questions,
based on the topics mentioned by the participant in response to the initial narrative-inducing question.
However, in most interviews the first question resulted in a lengthy response narrative by participants
with numerous points raised which required further probing questions. The second question was
similar in this regard, while the third question resulted in a shorter, more precise response from
participants. This present article is primarily interested in responses to question one and three, as
findings from question two have already been analysed in detail in a separate paper (see [32]). However,
in instances where responses to question two are relevant to the aims of this paper, they are included
in the findings.

3.2. Sample

The population of interest was livestock farmers, from different sectors and with different farming
systems (e.g., free-range poultry, zero-grazing dairy etc.). For this reason, the study used a purposive
heterogeneous sampling approach to select a diverse range of participants [33,34]. In other words,
farmers were not selected on the basis of being a representative sample but one that provided variety
in type (e.g., different values, farming systems, etc.), so that as many different insights on positive
welfare as possible could be gained.

A variety of means were used to recruit farmers, including advertising on social media, referral
from farm advisers and other industry groups, by directly contacting farmers via email or telephone,
and attending farmer events (e.g., monitor farm meetings/discussion groups). This resulted in the
recruitment of 28 farmers—13 dairy, 10 beef and sheep, two free range egg produces, two mixed
farmers (i.e., had pig, poultry, beef and sheep) and one large pig farmer.

The interviews were completed in-person, at the home or farm office of each individual between
March and September 2018, in Scotland, UK. On average, interviews lasted 55 min. The majority of
participants were male (86%), with a smaller number of female participants (11%) and one participant
who preferred not to have their gender recorded. In line with the heterogeneous sampling approach,
participants demonstrated a wide variety of different systems within each sector (e.g., organic or
non-organic free-range poultry farmers, zero-grazed or pasture-based dairy systems, and indoor or
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outdoor-wintered beef and sheep). Further demographic information for each participant can be found
in Table A2 in Appendix A.

Before the commencement of the interviews, the research was approved by the Scotland’s Rural
College (SRUC) social science research ethics committee. Participants were given a consent form,
detailing the purposes of the research and how their inputs would be used, which they signed.
Interviews were also audio-recorded, except for one participant who asked not to be, so detailed notes
were taken instead. Interviews were continued until a saturation point, meaning no additional (i.e.,
‘new’) data which had not already been encountered in prior interviews, emerged [35].

3.3. Data Analysis

All of the recorded interviews were transcribed in full (over half by the researcher who conducted
the interviews and a smaller number by a professional transcribing service, which were then checked for
accuracy by the interviewer) and entered into Max QDA; a software program for assisting qualitative
data analysis. The constant comparison method, first described by Glaser and Strauss [36], was
used to analyse the data. This involves reading each interview and categorising or ‘coding’ relevant
sections according to the theme of the points raised. For example, codes which emerged in response
to the question regarding a ‘good life’ for farm animals included physical comfort, health, social
interaction, and positive affect (amongst several others). Once this initial coding was completed for
each interview, they were compared between interviews and related codes and themes were grouped
to form overarching superordinate themes. This ensured that the data generated was not influenced by
any a priori definitions of positive welfare but were grounded in, or emergent from, the narratives of
the participating farmers. These key, overarching themes provided insights into farmers’ perspectives
on positive welfare and their current practices, as detailed in the subsequent section.

4. Findings

Although farmers were not familiar with the term positive animal welfare, it was evident that
several aspects of their current management practices and attitudes towards animal welfare may
provide positive welfare opportunities, and a base for their furtherance on-farm. In particular, the
positive welfare opportunities of autonomy, play, positive affect, a positive human-animal relationship,
social interaction, genetic selection and enrichment emerged as important and recurrent themes within
farmers’ narratives. These concepts, and the meaning farmers attach to them, are presented in detail in
the following sections. The final section describes the perceived role farmers’ consider they have in the
provision of such welfare factors.

4.1. Autonomy

Autonomy primarily arose within farmers’ narratives as providing animals with some degree of
choice over being in (i.e., housed) or out (i.e., on pasture).

4.1.1. Choice to Be in or Out

Pasture-based dairy farmers were the most common group to mention providing opportunities
for their animals to choose to be in or out. However, the degree to which such autonomy can be
provided is influenced by practical constraints, such as the design of the farm, the weather and the
land type. The greatest level of free choice was noted by farmers operating a pasture-based robotic
system (i.e., Dairy 6 and Dairy 12). Here, the milking herd have constant and complete choice over
being inside or out:

“Our cows have got free choice. If our cows want to go out, they’ll go out, if our cows want to stay in,
they stay in”.

(Dairy 12)

5
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Such robotic systems also provide milking cows with free choice over when and how often to
be milked.

Those using a more traditional pasture-based system (i.e., grazed during summer, housed during
winter, twice-a-day non-robotic milking) note they give their cows choice to be in or out some of the
time, often due to the design of the farm:

“The way we can graze one of our fields of paddocks, they can walk into the shed . . . Some, if it is a
heavy night, they’ll go out, they’ll eat as much as they can, and then they’ll turn around and walk
straight back in to the shed and lie down”,

(Dairy 3)

or if the weather is bad:

“Maybe it was raining one night, and the cows are not out but we didn’t chase them out. We just left
them. We said we’ll tell you what, if the rain goes off and you want to go out, go out. If you don’t
want to go out, don’t go out. And you see in the morning, all the cows were out. And that was no
interference from humans, that was the cow’s decision”.

(Dairy 5)

In addition, several pasture-based dairy farmers (and most beef and sheep farmers) noted that
they looked to their animal’s behaviour to decide when to bring them in for the winter, allowing the
animals to make that decision:

“And quite often with the Autumn calvers, what we do is we let them out during the day, and once
we’re finished milking, we’ll go and open the gates and they can come back in when they want to, and
it is the day they are all standing at the gate waiting for you to open it, that is the day that you know
they are not going to be coming out tomorrow. They kind of make that decision for themselves”.

(Dairy 1)

Furthermore, most beef and sheep farmers argued that cattle and sheep are best raised outdoors
in their ‘natural’ environment, with several of them arguing for the health and welfare benefits of
out-wintering animals. To justify this, they drew heavily from stories of their animals preferring to be
outdoors when given the choice, thus highlighting the value they place on animal choice and preference:

“My experience is we have animals that have access to sheds but also have access to woods and even
on the stormiest, horrible-ist night . . . . you’ll find the animals lying in the woods”.

(Beef and Sheep 6)

The two interviewed egg producers both farmed free range, thus giving their animals full choice
over being inside or out. However, both poultry farmers noted that many birds choose not to be outside:

“Chicken by name, chicken by nature. They don’t go very far from their shed. They don’t, they cannot,
they are too frightened to, even if you give them a lot of cover. Remember, all their feed, all their water,
everything the hen needs is inside the shed”.

(Poultry 2)

The two farmers who kept pigs (Pig 1 and Mixed 2), kept them fully indoors so there was no
opportunity for animal autonomy in terms of choosing to be in or out.

4.1.2. Interconnection Between Farmer Values, Farming System and Autonomy

A further interesting finding was an interconnectedness between farmers’ personal values, the
way in which they farmed, and consequently, how they enabled autonomy. Farmers could be broadly
grouped as strongly valuing either a highly structured or a loosely structured farming system. A
highly structured system was evident in farmers who emphasised that better welfare was provided by
closely controlling, managing and monitoring their animals:
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“We’ve got a lot more control over their diet, over their health and welfare when they’re inside”

(Dairy 8)

Farmers with a loosely structured system emphasised that better welfare was provided by limited
management intervention and essentially leaving the animal to ‘get on with its job’:

“If that cow has 14, 15 calves on her own [over her lifetime]; that I never actually have to touch it,
apart from tagging the calf, running the bulls and moving the calf from where she calves to the group
. . . no intervention at all is ideal . . . she’s happy, I’m happy”.

(Beef and Sheep 4)

Critically, differences in the way in which autonomy was perceived and enabled were evident
between these different structures. Farmers who valued a loosely structured system often argued that
limited interference on their behalf meant their animals had greater opportunities to exercise choice
and autonomy:

“They spend more time in the field. So they are 20 hours in the field out of 24. And then she is not
interacting with anything but her herd mates, because there is no human interaction once you are in
the field . . . .they can eat when they want to eat. Walk about when they want to walk about. Drink
when they want to drink. Sleep when they want to sleep”.

(Dairy 10)

Conversely, animal autonomy in a highly structured system—where farmers valued the welfare
benefits gained from having greater control of the animal’s environment—was more often discussed in
the context of what could be provided within the boundaries of that system. For instance, providing
plenty of space in housing so that animals could exert choice on where to lie or move around:

“The bit they’re in are 14ft passages. So they’ve got enough space to run around and do whatever they
want. They’re not having to barge by each other”,

(Dairy 9)

or who to be near:

“So the calves have got a nice big pen to themselves that only they can get in, so it gives them choice so
there is not sort of any stress due to there being any forced interactions”.

(Beef and Sheep 5)

Critically, issues may arise when the type of farming system does not correspond with the farmer’s
personal values. This was notable in the narratives of the two poultry farmers. Both noted they farmed
free range primarily because this is a publicly desired product. However, both appeared to value
more structured and controlled farming systems. Consequently, they often highlighted the welfare
issues that could arise within a free range system, due to the lack of close control and monitoring they
would prefer:

“There is a big misconception of what free range really is . . . .in the middle of winter when it is terrible
weather and they are plodding about in the muck and mud, there is a question of whether it is really
higher welfare letting them outside or would it be better sitting them inside”.

(Poultry 1)

Indeed, there were evident differences, across all farmers, in how loosely structured and highly
structured farmers valued autonomy. The following narrative of a dairy farmer, with a loosely
structured system, highlights how highly he values autonomy over other welfare considerations:
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“You get things like interaction between cows and dominance . . . .there is all these questions around
how that affects happiness and welfare, but I think . . . . having their own choice about what they do
overcomes any concern about interaction”.

(Dairy 10)

Conversely, the following dairy farmer who values a more structured system demonstrates a
cautious approach to autonomy and gives greater importance to close management control:

“I suppose you’ve got to watch with choice, because cows are like little children, if you give them access
to sweeties they’ll get a very sore stomach, because they don’t stop, they keep going to get more. Aye, I
suppose choice to an extent. Just let them go their own way but they still need management”.

(Dairy 3)

Overall, autonomy and opportunities for choice was a frequent feature within farmers’ discussions
of their animal husbandry practices. It was evident from the context of these discussions that farmers
are cognisant of their animal’s preferences and will often look to ‘what would the animals choose to
do themselves’ when making management decisions. However, there are differences in the extent to
which farmers can provide opportunities for autonomy and indeed, individual differences between
farmers in the value or relevance placed on providing such opportunities.

4.2. Play

References to play were evident within farmers’ narratives. However, the majority of farmers
construct play as a non-essential—a behaviour that did not require their direct input—as they perceived
animals would engage in it anyway, regardless of what they do:

“So, they [turkeys] like things going on . . . .. just seeing things out and about. They don’t physically
need to be playing with anything”,

(Mixed 2)

and as something which is mostly reserved to young animals:

“Well actually it wears off, you’ll see the hogs will skip and jump. The ewes will skip and jump, but
you don’t see it very often . . . .So it wears off with age. I mean there is no question it is much more
obvious in young animals”.

(Beef and Sheep 8)

The ‘non-essential’ status given to play leads to differences in terms of the role farmers perceive
they have in promoting play and the relevance given to play as a welfare indicator.

4.2.1. Indirect Promotion of Play

When it comes to promoting play, the majority of farmers perceive their role is minimal as they
construct play as an indirect outcome of other factors. Namely: (i) the innate natural behaviours of
animals, particularly young animals, as presented above; (ii) good welfare provision (e.g., resource
needs are met):

“I would say that [play] is probably only necessary when all of the other needs are met . . . .it is like us
with leisure activities, if you have got everything else sorted and then you’ve got two hours where you
have nothing else to do”,

(Beef and Sheep 10)

and; (iii) social interaction:
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“And that goes again with social interaction, not being on their own. They should be allowed to play,
to play with each other”.

(Pig 1)

As such, most farmers do not perceive they have to actively promote or directly cause play as it is
something which naturally arises from other management-based inputs.

4.2.2. Direct Promotion of Play

However, it was evident that a small number of farmers provide inputs directed towards play:

“We supply toys for the pigs to play with and the pigs will go over and they’ll root around the toys . . .
so they’ll have a bit of plastic pipe or something they can chew. Then you’ll see them just chewing
away with that. Just flicking it around as well”.

(Pig 1)

“We sometimes just leave things for them [calves] in the pen to look at, like a tyre . . . .and they are all
over looking at this tyre thinking what the bloody hell is that. And you take the tyre away and then
you maybe leave a bucket . . . .and they are playing with this bucket and they think ‘oh this is great’.
We do that with horses. We buy your dog a toy. Why are calves any different”.

(Dairy 5)

Importantly, as noted above, the provision of play objects was almost exclusive to some dairy
farmers and the pig farmer. Beef and sheep farmers did not generally provide things for their animals
to play with as animals were often noted to naturally make use of objects in their outdoor environment
(e.g., branches of trees) or play with one another in their social groups. Interestingly, one farmer noted
differences in the play behaviour of lambs when brought indoors to a less ‘enriched’ environment:

“So when we’ve ended up with lambs in the shed, finishing lambs in the shed around Christmas time,
so they’ll probably be seven months old . . . and you’d see them playing out in the field but when
you’ve brought them in to the shed, you’ve got less. They want to play with stuff, they do, and we
don’t [provide anything]. There is not a lot of interest for them”.

(Beef and Sheep 9)

Thus, the direct promotion of play is a management input only a small number of farmers perceive
is necessary or worthwhile to engage in.

4.2.3. Play as a Welfare Indicator

Regardless of whether farmers directly promote play or whether it is an indirect outcome of other
welfare provisions, it was notable that many farmers use play as a welfare indicator. Specifically, play
is seen to indicate that welfare provisions such as social interaction are adequate:

“If social interaction is right, physical comfort is right, you will get play”,

(Beef and Sheep 1)

and that overall animal well-being and welfare provision is good:

“I would say that play is the outcome of welfare. I mean can I say, I think it is a correlate, at least, I
think it is a strong correlate but I can’t say it is the most important thing . . . the best I think you
could say of play is that it is a correlate of well-being, because I think it is an expression”.

(Beef and Sheep 8)
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Overall, actively promoting or causing play is not something farmers perceive they are required
to do (as animals do it anyway). Rather, the majority of farmers construct play as something which
will occur once other welfare needs (e.g., resource provision, social interaction) are met. However, the
value farmers give play is more complex than simply saying they do not value it because they do not
directly seek to cause it. Instead, they value it as something which is ‘nice-to-see’ and as a welfare
indicator to signal that other welfare requirements of the animal have been met.

4.3. Positive Affect

Positive affect emerged as a strong theme within the findings, with farmers freely eliciting
numerous stories of how, when and why their animals experience positive affect. However, farmers’
construction of positive affect is complex with several different types being discussed and often
used interchangeably.

4.3.1. Contentment

Contentment is, by far, the most frequently mentioned affective state and the one farmers gave the
most importance to. To participating farmers, contentment means that an animal is at ease with their
environment and that their resource needs are appropriately met. Findings reveal that farmers assigned
‘contentment’ the role of something they sought to induce or achieve through their management-based
inputs and the role of an animal-based output they looked to, to gauge the welfare state of their animals
and thus, assess the efficacy of their own management practices:

“If I feed my cows before I go for my tea at night, come back out from my tea and they have eaten as
much as they possibly can, they are all lying down. So basically if I go back out from my tea and I
push the silage in and very few of them would get out of their cubicle and come and eat silage and they
are all quite happy and lying down. That is what I am aiming for”.

(Dairy 3)

‘Chewing their cud’ was, far and wide, the most frequently used phrase amongst farmers of
ruminant animals in this context. To say their animals were ‘chewing their cud’, was to holistically
capture and convey all the elements of what contentment meant to them and its role as a welfare
indicator. Namely, that their animals ‘want for nothing’ and are at ease as a result, thus indicating to
the farmer they have effectively fulfilled their duty of care to their animals.

However, farmers often used contentment interchangeably with happiness. On numerous
occasions, even when directly asked to clarify their meaning, farmers presented ‘happy’ to mean the
same as ‘content’ and vice versa:

“You know cattle and sheep are happy [when] you go into a shed and they are all quiet and they are
lying down and sitting chewing their cud, and content. Content is what I would say rather than
happy”.

(Beef and Sheep 10)

Overall, farmers highly value ‘contentment’ as the primary and most important affective state
for animals to experience and the affective state they most desire to induce. They rarely distinguish
between happiness and contentment. Instead, they appear to assign the same characteristics of animals
being at ease, animals’ resource requirements being met, and farmer satisfaction (on seeing such
contentment) to the context of contentment and happiness. Consequently, it is perhaps more relevant
to refer to this desired affective state as happy-content, where the primary indicator of such a positive
state to farmers was animals eating, lying down or demonstrating a general state of ease or relaxation:

“If it is comfortable and happy and chewing it’s cud. Eating plenty and lying down plenty. If it is
chilled out and relaxed and healthy, then I’d say it is a happy cow”.

(Dairy 9)
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4.3.2. Happy-Energised

Nevertheless, there were some exceptions to farmers construct of ‘happy-content’ in the
presentation of a further positive affective state of ‘happy-energised’. Rather than the calm, at
ease or passive behaviours of happy-content animals, farmers characterised happy-energised as
animals demonstrating much more expressive behaviours such as play, skipping or high-kicking:

“What is a happy cow, well one that does that, runs off down the field with its tail in the air and jumps
about. Like it is quite, there are physical behaviours”.

(Beef and Sheep 6)

As the above narrative alludes to, discussion of happy-energised indicators were primarily
within the context of animals being turned out to pasture (either a new field or being released from
winter-housing), interacting with one another or engaging in play behaviours (particularly in young
animals). However, unlike happy-content, which farmers actively sought to create, happy-energised
was a behaviour which farmers did not perceive required an active role on their part. Rather,
they enjoyed seeing it and evidently recognised the enjoyment their animals derived from such
experiences but it was not something necessitating managerial input; animals would freely elicit such
behaviours themselves.

4.3.3. Pleasure

More broadly, there were numerous instances within farmers’ narratives where they described
experiences which they considered were pleasurable for their animals. For the most part, this included
the apparent pleasure gained from their environment and food and, to a lesser extent, play and
autonomy. Pleasure from environmental factors included engaging with environmental enrichments,
such as automatic brushes in dairy cows or litter for dust-bathing in poultry:

“That then is them just having a bath and enjoying themselves . . . it is good when you do see the birds
enjoying the sun and scratching about”,

(Poultry 1)

enjoying natural features of their environment, such as good weather and dry pasture:

“So a lot of the time it is just them lying down and enjoying being outside in the sunshine”,

(Dairy 6)

or exploring novel environments:

“And we have to laugh at times . . . we’ve got double gates going into an area, and it’s only about the
size of this kitchen and we’ve got two pallets of sawdust . . . and honest to Christ, see if you leave that
gate open for two seconds, the cows are straight in there . . . they are really clever”.

(Dairy 5)

Farmers also noted the apparent enjoyment their animals experienced from eating particular foods,
with some even noting the potential pleasure-related benefits of offering food choices and variety:

“The fact that they clearly do like to eat a lot of things apart from rye grass and clover suggests that
they see something in it and I don’t know whether it is just simply variety or looking for some mineral
nutrient, but it might be nice for them”.

(Beef and Sheep 8)

Closely connected to the previous two sections on autonomy and play, it was evident within
several farmers’ narratives that they perceive their animals gain pleasure from such experiences. Play,
from a farmers’ point of view, is an evidently pleasurable experience because of the energised and
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expressive behaviours animals display. Similarly, autonomy is constructed by some farmers to enable
positive affect because it allows animals to engage in behaviours they value, such as exploration and
social interaction:

“Well happy is just having the freedom to know you’ve got everything that you need and you know
you can go and have a wander around and see your surroundings; there’s other animals and other
fields to see. We turned out 85 calves yesterday and you’d see them skipping and jumping and they
stood and grazed for half an hour and then they were skipping and jumping again”.

(Beef and Sheep 3)

Thus, overall, a multifaceted range of affective states are evident within farmers narratives with
‘happy-content’ emerging as the most highly valued and actively promoted form of positive affect.
However, a discussion of affect in this context would not be complete without detailing its strong
connection with productivity and animal performance.

4.3.4. Positive Affect and Productivity

From a farmers’ point of view, an animal’s productiveness is a reflection of its happiness:

“I suppose a happy cow has got to be producing milk. If there’s something wrong with it, if it’s off its
milk [yield has reduced], from our dairy point of view we have that as an indicator. If it’s lying down,
chewing its cud, happy with life, walking evenly on four feet [she is well]”.

(Dairy 9)

As such, for farmers, the productivity output of their animals is objective evidence that their
animals are experiencing positive affect. Indeed, the relative value farmers place on ‘happy-content’
as a welfare indicator appears to arise from its interconnection with animals being stress-free and
healthy, both of which are constructed by farmers as primary drivers of productivity. In other words,
the promotion of positive ‘happy-content’ states is partly motivated by a desire to negate negative
stresses or health-issues:

“For the cow to be contented, it’s much better because it’s less stressful, therefore she’s more content,
therefore it’s not going to cause any issues with the calf that’s inside her, etc.”.

(Beef and Sheep 7)

Nevertheless, regardless of the direct or indirect role of farmers in promoting positive affect, it
is evident within farmers’ narratives that they are cognisant of animal emotion and that they look
to their animal’s behavioural and affective expressions as an indicator of how it is experiencing its
environment and their management inputs.

4.4. Human-Animal Relationship

The nature and quality of the human-animal relationship—how the farmer interacts with their
animals and how animals interact with the farmer—appears to be intrinsically personal to each farmer,
with their individual values and life experiences influencing how they navigate this. Nevertheless, the
findings reveal some key themes in this regard, consistent across individual farmers and farming sectors.

4.4.1. Calm, Respectful Handling

First and foremost, farmers emphasise the importance of calm, respectful handling and developing
familiarity with handlers as a critical husbandry skill; one which positively affects the quality of the
human-animal relationship:

“Quietly, in a friendly sort of way and for almost all of the year I am able to be respectful and
appreciative of them; your patience wears a bit thin over lambing”.

(Beef and Sheep 8)

12



Animals 2019, 9, 694

“Our cows are very quiet, and I would base that on the fact they they’ve been brought up quietly . . .
we just work quietly with them and I think we feel that that is just the best way”.

(Dairy 11)

This construct was often illustrated further in farmers’ discussions of their handling preferences.
For instances, some sheep farmers felt limiting or not using dogs to herd sheep enabled more positive
human-animal interactions:

“And I think that if you round up sheep with dogs and bring them into the yards and have dogs in the
yards keeping them going . . . all you’re doing is winding them up”.

(Beef and Sheep 9)

Interestingly, several beef farmers detailed the use of squeeze crates and curved races, based on
the work of Temple Grandin, as a means to reduce stress during handling:

“It’s a pneumatic crush so it puts pressure on them. I suppose it’s Temple Grandin’s theory that if we
put a little bit of pressure on them they feel contained . . . so they seem to be more comfortable”.

(Beef and sheep 3)

“I have the curved race . . . stress levels reduce on human and animal hugely”.

(Beef and sheep 7)

In addition, dairy farmers who have transitioned to robotic milking detail their experiences of
improvements in the quality of the human-animal relationship as a result. Mainly, because they are no
longer having to herd or actively move cows (e.g., to collect and bring in for milking), the cows appear
more relaxed during human interactions:

“You realise when you move to a robotic system . . . how much time you spend chasing cows to the
milking parlour . . . they get moved a lot. Whereas these ones, the idea is to move them as little as you
can, and there is definitely some individuals who have settled on to the robot system . . . we had one
with a sore foot about a month ago, and you were able to lift it like a horse in the shed, walk up to her,
run your hand down the side of her leg and she lifted her foot for you. They are just not expecting you
to try and move them somewhere”.

(Dairy 6)

Overall, farmers highly value the importance of minimising stress on their animals and this, in
part, underlies their motivation to handle their animals in a calm and respectful way.

4.4.2. Knowledge of Animal Characteristics

Knowing the characteristics of individual (if not all) animals within the herd, is emphasised by
several farmers as important for the quality of the human-animal relationship, particularly amongst
dairy farmers:

“I know every cow out there. If something walks in . . . you know straight away if there’s something
not [right], it sounds silly; there’s 300 cows and you can’t possibly know them but you do, you spend
every day with them”.

(Dairy 9)

Indeed, many farmers demonstrate a strong sense of pride in being able to distinguish individual
animals within their herd and their unique characteristics. They often see this ability as a critical
hallmark of a good stock-person and one which can determine how they specifically interact with
individual animals (e.g., more quietly). Thus, possessing knowledge of the habits and personalities
of individual animals, where possible, is something several farmers emphasise and give weight to.
However, others do note that this becomes more challenging with larger stock numbers and highlight
the benefits of technology (e.g., mobility trackers) in this regard.
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4.4.3. The Animal-Human Relationship

A further noteworthy facet of the human-animal relationship is the effect of animals on their
human carers. There are numerous instances within the narratives of participating farmers detailing
how their animals have influenced their human experience on the farm. This was particularly evident
in the context of farmers discussing their animals’ affective experiences. Namely, when farmers
recounted stories about their animals engaging in apparently pleasurable activities and displaying
their enjoyment, they nearly always accompanied it with a discussion of the personal enjoyment they
experienced from seeing this. In other words, positive affect in animals appears to engender positive
affect in farmers, as illustrated in the following narratives:

“I like the summer because I move my cattle everyday . . . .I like the physical interaction of the cattle
. . . where you go to a group of 120 cattle and those cattle see you arriving and they all get up and
wander over to the corner and wait for you to arrive to roll back that reel, and them to walk through
. . . .all you are listening to is the rip of that grass . . . and those cattle just as content as they could
possibly be . . . .it does make me feel good”.

(Beef and Sheep 6)

“There is nothing better than seeing the calves interacting and playing outside. And lambs, you know,
when they are a week or two, maybe at the two week old stage, you can’t beat watching lambs racing
about the field and just being in their natural environment”.

(Dairy 11)

Thus, overall, it is evident that farmers and their animals have an influence on one another, with
farmers recognising the impact they have on their animals’ daily lives through their handling and
management practices, whilst also, often unconsciously, highlighting the impact the behaviour and
affective states of their animals has on them.

4.5. Social Interaction

Social interaction is important to farmers. All ubiquitously stressed that farm animals are
gregarious and therefore should not be kept alone or prevented from interacting socially. For many
farmers, preventing animals from socialising or keeping them alone was a welfare issue:

“They get most stressed when they are on their own. That is the thing they dislike more than anything
in my view”.

(Beef and sheep 10)

“Isolating an animal, . . . if you isolate anybody, human or animal, . . . it’s not the best environment
for their mental well-being. And pigs are very sociable. I think if you put a pig in a pen on its own it
would just, it wouldn’t be happy. We would only put them on their own if they are sick”.

(Pig 1)

As such, keeping animals in social groups is considered a basic welfare requirement by all farmers.

4.5.1. Minimising Negative Social Interaction

Farmers primarily consider social interaction as an animal-based output which, similar to play,
animals will naturally engage in. Nevertheless, farmers present themselves as having some influence
on social interaction, where their management-based inputs can impact the nature of interaction.
Here, the majority of farmers construct and confine their management role to the reduction and
prevention of negative interactions such as dominance or bullying, usually by separating animals into
different groups:
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“You would probably separate the older more dominant animals and put them together and let them
fight it out and take away the smaller, younger ones, and put them together. But they will still come
up with a hierarchy but it might not be quite as dominant and subordinate as it would be if they were
all mixed in together”,

(Beef and Sheep 10)

designing living spaces so subordinate animals can get away from dominant animals:

“This is one of the benefits of these multi-tier type sheds [as opposed to flat-deck poultry housing] . . .
the dominant birds tend to take up residence in the top, they will have, you know, their pecking order”,

(Poultry 2)

or not unnecessarily mixing animals between groups or herds:

“We have multiple herds, so it is possible for us to change the herds, to mix up the cows in the herd.
We try as far as possible not to do that, as you definitely get dominance”.

(Dairy 10)

“You don’t want to potentially mix pigs, which will create stress”.

(Pig 1)

One dairy farmer even noted measuring the impact of such negative social interactions on
their cows:

“Some weeks when you put the six or seven new cows in . . . .the cell count you’ll see will have a little
spike and it takes two or three days to come back down again, and that is them just sorting themselves
out in the dominance line, or those cows have just come in and are maybe just worked up a little bit”.

(Dairy 6)

Thus, it is clearly evident that farmers are cognisant of negative social interactions between animals,
are aware that their actions can result in negative social interactions and thus seek to minimise both.

4.5.2. Supporting Social and Maternal Bonds

Beyond the focus on negative social interactions and their preventions, there was some evidence
of enabling positive social interactions. Mainly, this centred on the support and maintenance of social
bonds. Several dairy farmers, for example, aimed to raise their replacement young-stock (e.g., calves
and heifers) in small-groups, enabling them to transition these animals together into the main herd so
they could maintain their existing social groups:

“Some of the cows now will stay in batches and you’ll see that all the 100s kind of hang about together
and the 200s, and they were heifers that were all reared together and they know each other”,

(Dairy 12)

or by splitting larger herds into smaller herds:

“I think we will end up with a young cows group . . . we will have this as a heifers group and the next
shed as our high performing group”.

(Dairy 6)

Supporting positive maternal bonds was also particularly important to beef and sheep farmers:

“The parent-offspring bond in animals is pretty strong . . . when we have sucklers . . . we don’t tend to
wean until the new calf comes along, so it is sort of natural weaning”.

(Mixed 1)
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“What sheep want is food and they want their lambs and the lambs want their mothers . . . I’ve
observed that they want to hang around the animals that they are familiar with and grew up with . . .
they stick together in the groups that they’ve known from when they were born or kept together”.

(Beef and Sheep 8)

In particular, they often told stories of specific ewes or specific cows whose high performance
they attested to their excellent mothering abilities, such as in the following narrative:

“So the ewe that started taking the flock higher [i.e., improved performance] because we used a lot of
sons of hers . . . .when we shed her lambs to drench them . . . ..she is waiting at the end of the race.
She’s not gone back to the field. She is waiting at the end of the race and she gets one and she waits
and gets the other one . . . .and we’re claiming that she’s milkier or has better growth potential . . . .but
it’s her behaviour that has driven that I think. So, I think there is a lot more in the ewes’ behaviour
than what we’re giving credit to”.

(Beef and Sheep 9)

Overall, farmers highly value social interaction and see it as a basic requirement and need of their
animals. As such, farmers predominantly view social interaction as a natural behaviour which does
not require much management or input from them, beyond intervening to minimise negative social
interactions. Nevertheless, they are cognisant of the benefits of positive social interactions to their
animals and some seek to support this through the maintenance of social bonds and limited mixing of
animals between groups.

4.6. Genetics

The farmers in this study presented genetic selection as a critically important aspect of their
management decisions, one which they felt could impact the longer-term welfare and health of their
animals. Although the importance placed on genetics was shared across all farmers, it was evident
that different farming sectors were motivated by different genetics-related goals.

4.6.1. Welfare Aims Amongst Beef and Sheep Farmers

Beef and sheep farmers, in particular, saw thinking long-term about the type of animals they
wanted to breed as a central part of welfare. Three main genetics-related goals emerged within this
farming group. First, they emphasised the importance of: (i) selecting for calmness:

“So the long term goal of that is to have a flock of ewes here that are happy in their surroundings, in
their environment, they’re not stressed . . . .and an important aspect of that I think is that the ewe’s
calm enough . . . that is a state of mind thing I think for the sheep . . . .there is a breeding in the sheep”.

(Beef and Sheep 9)

This genetics-related goal was motivated by wanting to reduce the overall stress their animals
experienced while being handled or interacted with. This often led to very specific preventative
breeding decisions, such as using polled genetics to avoid the stress caused by de-horning calves:

“We’ve not been a fan of dehorning calves, purely because it’s an extra stress on the cow . . . so we’ve
been Angus breeders for 20 years, 25 years, so now they’re polled, even the Limousine genetics are all
polled. So, just one less stress for the cows and the staff as well”,

(Beef and Sheep 3)

and removing ‘difficult’ animals from the herd to improve its overall ‘calmness’:

“I’ve got a very active policy here that anything that annoys me at all for any reason is just gone
. . . .anything that is very flighty, anything that causes me hassle . . . which means, and I can see it,
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the herd is getting easier and easier to manage, they’re getting quieter . . . everything is calming on its
own . . . .I’m not having to go and pull out big calves . . . .so surely, that’s what welfare is”.

(Beef and sheep 4)

Closely related to this, was beef and sheep farmers’ second genetics-related goal of (ii) selecting
for ease of management and health. Here, the aim was to produce animals which needed limited
intervention (e.g., could calve unassisted):

“We try and use easy-calving strains”,

(Beef and Sheep 3)

and had the behavioural and health traits required for the farm’s longer-term performance and
sustainability.

“Welfare is also an issue if you find that you’ve got to be intervening all the time using antibiotics,
fixing things, bad feet. Surely you should be able to breed all that out so the cow looks after itself,
which means that’s the best welfare”.

(Beef and Sheep 4)

An additional goal of beef and sheep farmers was to (iii) breed to suit the farm system and
environment, as opposed to performance-based factors alone. Here, farmers felt that animals would
perform better if their breeding suitably equipped them to thrive within the specific topography of the
farm or within the farm’s management system:

“So the reason we’ve done well I think is because our Luing cows spend their life here thinking, ‘Life’s
a breeze! We go out in the summer and there is abundant grass and we get pregnant straight away
and job’s a good’un’. Whereas our Simmental cows, you put them out and they sort of stand at the
gate wishing they lived on a better farm, so that is the difference . . . at the moment we’ve got a drive
on to try and change the type of Simmental we have. I think the Simmental has a good role to play [so]
we are trying to head for and get a low input Simmental”.

(Beef and Sheep 9)

In sum, beef and sheep farmers thought long-term about the type of animal they wanted to
breed. They emphasised the importance of selecting for calmness to produce animals that experienced
less stress, needed less management intervention and were genetically equipped with the mental or
behavioural traits needed to perform well within the specific conditions of their farm.

4.6.2. Welfare Aims Amongst Dairy Farmers

Amongst participating dairy farmers, using genetics to overcome welfare or health issues
experienced in the past or to prevent potential future health issues, appeared to be the main goal of their
genetics-related decisions. For instance, they used genetics to address lameness and mobility issues:

“We have dealt with lameness by cross-breeding and making sure cows have got black feet”,

(Dairy 10)

to support health:

“Even before they are born . . . you are selecting bulls for management traits which are going to lead to
cows which are going to last longer, which are going to have fewer problems, . . . keeping that focus on
health and welfare right throughout their lives”,

(Dairy 1)

and to overcome the ‘bull-calf issue’ (i.e., lack of a market for bull calves and negative public
perception of their culling) by using sexed semen:
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“We’ve gone down the route in the last, just kind of nine months now, of just using sexed semen . . . it
is nice knowing that in nine months’ time, I’m going to get a heifer calf rather than at the end of it you
get a bull calf that is, to us, no use really”.

(Dairy 9)

Similar to beef and sheep farmers, breeding animals which suit the system of the farm is also an
important genetic consideration for dairy farmers:

“The ultimate, this is a question I guess, could the ultimate driver of positive welfare be having the
right genetics for your phenotype? And in actual fact I would suspect that is the case, because I need
cows that can handle all the rubbish and poor management that I throw at them”.

(Dairy 10)

The longevity of their cows also emerged as important. Many farmers noted concerns that
productivity-based selection of the past (e.g., higher milk yield) had produced cows which could only
do a small number of lactation cycles before health problems occurred (e.g., lameness or mastitis):

“A long life. There are too many animals that go away too early now. That is probably the way we
have bred animals though isn’t it”.

(Dairy 4)

Consequently, several farmers emphasised the importance of milk yield over the animal’s life-time
(rather than per lactation) and thus selected on factors needed for cows to have a long life (e.g., mobility
and health).

“We’d rather reduce the litres and have a cow that lasts longer and gets in calf, rather than have a
big showy cow that will only last two or three lactations . . . [and that comes] partly from breeding,
certainly for more ligament strength . . . ..a lot of cows coming on that don’t make it that long because
udders are hanging off them, dragging on the ground is no use, so there is definitely a bit of breeding
in it”.

(Dairy 3)

Interestingly, dairy farmers stressed genetics as being a key driver of improved health and welfare
in farming in the future, with several commenting on the potential of gene editing in this regard and
two farmers noting they genetically test some of their young-stock to inform their breeding decisions.
The ubiquitous use of artificial insemination amongst participating dairy farmers may play a role
here; having such detail on the genetic characteristics of particular bulls appears to make them more
cognisant of the health and welfare implications of genetic selection, when often, trade-offs have to be
made and particular genetic traits have to be prioritised:

“We quite often find that we don’t end up using the bull with the highest [scores] for milk yield or the
highest fat and protein yield because there is one that has got very good feet and legs or one that has
got very good udder confirmation or something like that”.

(Dairy 1)

Overall, dairy farmers emphasised the importance of using breeding decisions to improve health,
minimise previously experienced welfare issues and ensure animals suit the farm environment and can
lead a long life. Such detailed discussion demonstrates the value farmers place on genetics, primarily
as a means to overcome negative health issues, and in doing so, improve welfare.

18



Animals 2019, 9, 694

4.6.3. Welfare Aims Amongst Pig and Poultry Farmers

The discussion of genetics in terms of health and welfare factors was less notable amongst pig and
poultry farmers, potentially as breeding in this sector is generally carried out by specialist breeding
companies. However, one poultry farmer, similar to dairy farmers, highlighted the potential for
genetics to overcome welfare issues, in this case feather-pecking, but rooted the challenges of this in
terms of its effect on productivity:

“We would like to see a genetic change to the hens so eventually they would, we would like to breed
this beak [tip] off . . . the problem is, you could breed that beak off and lose 50 eggs, no use to me. We’re
wanting the unachievable perhaps . . . unless, you as a consumer are willing to give me £3 a dozen for
the eggs. But you’re not”.

(Poultry 2)

Overall, genetics-related decisions are a central aspect of farmers’ management practices and one
which they place considerable importance on. Indeed, as presented here, genetics are often used to
reduce welfare or health concerns, where the overarching end-goal is to negate issues and improve
performance. However, it is notable that many farmers recognise that selecting on productivity-based
factors only (e.g., growth or yield) can have adverse health and welfare consequences. Thus, they
engage in genetics practices which can indirectly benefit performance and productivity by producing
animals which are calmer, are tailored to the specifics of the farm environment, require less intervention,
have a longer life, and are, above all, healthy.

4.7. Environmental Enrichment

Overall, farmers place little emphasis or importance on environmental enrichment. This is
because, for the most part, farmers perceive that their animals are adequately enriched by the typical
environments on a farm. For instance, beef and sheep farmers believe that access to the outdoors
provides them with appropriate enrichment, mainly as this enables their animals to interact socially,
engage in play behaviours, graze on various plants in hedgerows or in fields, scratch or rub themselves
on fence posts or tree branches and explore their fields and surroundings. Consequently, beef and
sheep farmers see little requirement for or additional benefits from providing enrichment objects to
their animals:

“The animal is much happier outside and we manage our animals in such a way, they get moved
every single day 365 days of the year, my cattle are behind an electric fence and that electric fence gets
moved every single day . . . it is moved every single day, so every single day they are on to a fresh piece
of pasture”.

(Beef and Sheep 6)

“Sometimes bulls and things will have a bit of a rub on and things like that, so I think it is important
that they do have stimuli of some description, even if it is just a branch of a tree . . . .I wouldn’t say it
is cruel to not give them rubs, I would say that is an extra add on rather than an absolute necessity”.

(Beef and Sheep 10)

“I think that certainly cattle, as long as they’ve got interaction with their own, on a day to day basis,
they’ll not be bored as such, or well ours have got plenty of chance to go and rub and have a scratch
and stuff like that. They’re quite, my take on cattle is that they are quite routined”.

(Beef and Sheep 5)

Nevertheless, dairy farmers, particularly those who have a zero-grazing system, discuss the use of
automatic brushes as an enrichment tool for their animals. In most cases, they value the importance of
such enrichment objects because they observe and recognise the pleasure and enjoyment their animals
get from using them:
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“We’ve got brushes as well, the automatic brushes . . . and they absolutely love them. And you can
tell if they’ve been dry [i.e., not milking] and they come in to the parlour again that is probably one of
the first things they go and do . . . so it must be quite enjoyable for them”.

(Dairy 11)

One farmer even noted how observation of cows’ use of automatic brushes could highlight
other issues:

“The other thing though with brushes, I have a friend who sorted the ventilation in the shed, and after
that he said the cows weren’t bothering to use the brush and he reckons that because the air is cleaner
the cows are staying cleaner, and they are not needing to go and brush themselves as much”.

(Dairy 3)

Enrichment, as a management-based input which farmers provide, is most evident in the narratives
of pig and poultry farmers. Free range egg producers emphasised the importance of providing litter to
hens as an enrichment tool to enable them to dust-bathe:

“The ultimate enrichment for hens is litter . . . . my hens display all the traits of being perfect, with
their feather cover, and they have tremendous litter on the floor. And litter is what it is all about, for a
hen, litter is what it is all about, it is like giving that dog a bone. It is just what they want and they
display it immediately . . . there will not be an inch left where there is not a hen in it. So they must like
it”.

(Poultry 2)

In addition, enrichment objects were often seen as a way to prevent negative interactions, such
as feather-pecking:

“I have big square bales . . . ..and they’ll jump up and down on that and run around that . . . .if they do
get bits of feather pecking, I’ll go in with maybe cabbages or something. Throw some cabbages down
and they can peck away at those so I do have to make sure their environments are rich. I think a bored
turkey can be quite a dangerous thing. To each other”.

(Mixed 2)

The large commercial pig farmer also discussed the provision of toys to pigs in slatted housing
and noted the benefits of such enrichment objects for the pigs:

“I think when toys were first brought in, everyone thought that they were stupid, because they thought
what the hell are we doing this for. But you do see them playing with them. And I think that is maybe
not a bad thing”.

(Pig 1)

Overall, enrichment objects primarily appear within farmers’ narratives as something which
only animals kept indoors require, those which live most of their life outdoors are perceived as
being adequately enriched by being in their ‘natural’ environment. Consequently, although farmers
often discuss and tell stories of the enjoyment and pleasure their animals get when interacting with
environmental enrichments, they do not generally place as much importance on this as other factors
such as social interaction or autonomy (which are often presented as means of enrichment in and
of themselves).

4.8. Positive Animal Welfare from Direct or Indirect Management Practices

A noteworthy finding is how positive welfare opportunities arose from both the direct and indirect
management practices of farmers. The context of farmers’ animal welfare discussions reveal that there
were some welfare indicators they actively seek to provide and there are others which they consider
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are ‘nice-to-see’ (i.e., are not essential or high priority). Resource needs, health-related factors and
stress reduction often fall into the category of intentional management provision, but animal-based
inputs and outputs often fall into a category of ‘nice to see’. This is potentially due to the importance
farmers place on reducing stress and fulfilling their duty of care by providing an environment which
appropriately meets the resource need requirements of their animals (e.g., nutrition, physical comfort,
space) and supports their health. Nevertheless, it was evident in farmers’ narratives that positive
welfare indicators arose from both direct and indirect management practices.

For example, autonomy was directly enabled by farmers who provided their animals with the
choice to be in or out, whilst also being indirectly supported by the provision of space and housing
design and indirectly affected by the farming system the farmer developed based on their personal
values (e.g., loosely structured or highly structured). Similarly, positive social interactions were directly
supported by farmers’ actions to minimise negative social interactions (e.g., dominance) and support
social bonds (e.g., not mixing groups), whilst also indirectly supported by space allocation and housing
design. Furthermore, there can be differences in farmers’ direct or indirect management practices
within a specific welfare indicator, with positive affect being the primary example. Here, all farmers
directly sought to induce contentment in their animals, through the provision of desired resource
needs. However, more high-arousal emotions, such as pleasure and happy-energised, were indirectly
enabled by other management practices such as the provision of enrichment objects or following a
change in environment (e.g., turned out to pasture in spring time).

Such insight and knowledge is important because factors which arise from direct inputs are
arguably those which farmers consider the most relevant and critical for their animal’s welfare. This is
pertinent for the development of positive welfare indicators as they reveal what farmers are currently
doing, the welfare indicators they are interested in measuring, and what welfare outcomes they
particularly value. Farmers may be more likely to accept positive welfare indicators if they are in line
with direct practices they already focus on or can arise indirectly from the other management inputs
they value.

However, these findings also reveal that farmers do not look at these factors and welfare indicators
as singular unrelated entities but see them as an interconnected whole which support and influence
one another to impact their animals’ well-being. For instance, farmers wrap social interactions up with
other factors such as autonomy and play, perceiving that if animals have the freedom to move around
and choose who they want to be with, then they can experience positive social interaction, and if they
experience social interactions then they are more likely to play. Similarly, if animals are free to socially
interact and have all their resource needs appropriately met then they are more likely to experience
positive affect. As the below narrative illustrates, farmers’ construction of welfare indicators is highly
interconnected and are seen as mutually inclusive:

“I think social interaction is very important. I think play comes as part of social interaction, so I don’t
think play is critical, so you will see that as play being; if social interaction is right, physical comfort is
right, you will get play. Which is a good indicator that they are good”.

(Beef and Sheep 1)

Thus, the findings of this study reveal that farmers construct such positive welfare indicators to
be indirectly supported and enhanced by each other.

A final, noteworthy finding in this regard, is the context-dependency of welfare indicators to
farmers. When discussing different aspects and indicators of welfare, many farmers commented on
how their specific importance would change depending on the context of the situation. For example,
as the farmer below describes, social interaction as a welfare indicator would increase in importance if
an animal was kept alone:

“If you are looking at it in the fact that there’s an animal on its own, then that becomes number one
above anything else; it needs to be with someone else. But if it’s looking between a group of ten or a
group of 30, it probably doesn’t mean a lot. You should never leave an animal on its own”.
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(Beef and Sheep 9)

Furthermore, as the farmer below explains, the context of perspective, whether it is the animals’
or the farmers’ perspective, also influences the value placed on particular welfare indicators:

“Well if you give them choice, they wouldn’t exercise [but] . . . .I think that’s crucial for their fitness.
But that’s me. If the context is what the cow thinks, the cow couldn’t give a toss about their fitness”.

(Dairy 10)

Such findings reveal the temporality of welfare indicators to farmers. In other words, farmers
will often gauge the importance of one welfare indicator against another or against the specifics of
the context in which they are in; often, trade-offs have to be made. In addition, farmers continuously
stressed the importance of adapting and tailoring their welfare approach and husbandry practices
to the specifics of their farm, the type of animals they have (e.g., personality characteristics and
breed) and their own personal vision and ethos. Considering all of these factors, it is arguably best
to construct farmers’ focus on particular welfare indicators as fluid; altering and responding to the
needs of different seasons, the specifics of different management systems, adapting to external forces
(e.g., market changes) and tailored to the typography and characteristics of their particular farm. In
sum, farmers engage in both direct and indirect management practices which may support positive
welfare but the nature of that engagement is influenced by the unique characteristics of their personal
situation, values and farm.

5. Discussion

To support the development of positive welfare indicators, this paper set out to explore whether
and how farmers describe positive welfare indicators within their current practices, the meaning they
attach to them and how they construct their role in the provision of positive welfare opportunities.
Notably, findings indicate overlaps between the positive welfare literature and farmers’ current practices.
For example, farmers appear to: value and, to some extent, support positive social relationships [3];
enable a positive human-animal relationship through respectful handling [37]; look to play to assess an
animal’s welfare state [7]; provide animals with some choice within their environment [25,26,38] and
link high-arousal positive affective states (e.g., high-kicking) with situations of contrast (e.g., moving
to a new field) [39,40]. However, when looked at as a whole, it is critical to note that the welfare
related decisions which farmers gave most importance to are those focused on reducing negative
aspects of welfare (e.g., dominance, stress, health issues). Indeed, the central role farmers give to health
and stress minimisation in their constructs of good animal welfare and what it entails, may in part
explain their focus on health-related genetics decisions and their desire to support contentment in
their animals. To see animals content was to indicate the absence of stress and, consequently, signal
to farmers the presence of ‘good welfare’ (i.e., animals resource needs are met, and potential issues
have been negated) and ‘good health’. Indeed, this ubiquitous desire amongst this study’s participants
to encourage contentment is perhaps representative of a wider attitude amongst farmers; Spooner
et al. [41] also find that pig farmers referred to ‘happy’ animals when describing a desired condition
they sought for their pigs; namely, looking healthy and alert. Thus, it could be argued that there are
parallels between farmers’ animal welfare-related perspectives and the wider animal welfare literature.
Namely, farmers demonstrate a somewhat intuitive awareness of factors relevant for positive welfare,
but consider their primary role is to minimise the negative experiences in their animals’ lives. Indeed,
most farmers appear to hold the view that if they deal with the negative factors impacting their animals,
then positive factors will arise naturally, or indirectly, as a result. Therefore, it could be argued that
farmers’ current practices somewhat overlap with recommendations in the positive welfare literature,
but their conscious management decisions are largely based on a belief that welfare is primarily about
the reduction of negative issues.

Farmers’ perspectives thus appear to possess some similitudes to the traditional animal welfare
literature, which focuses more on the reduction of negatives, and the positive welfare literature which

22



Animals 2019, 9, 694

promotes the experiences of positives [42]. Determining why such overlaps between science and
farmers exist is beyond the scope of this paper, however, it is worthwhile to theorise what may underlie
it. One reason for the overlaps between farmers’ perspectives and the positive welfare literature may
be the animal-based nature of positive welfare indicators. Hubbard and Scott [5], for example, found
that when farmers and scientists independently produced welfare assessment measures which focused
on using the animal as the source of welfare information, they produced very similar criteria. Thus, it
could be theorised that due to their regular interactions with and observations of farm animals, both
farmers and scientists form a common understanding of their needs and behaviours and thus consider
similar factors as indicators of an animal’s welfare state.

Nonetheless, it is important to recognise the limitations of this study and consider the potential
for variance or misconceptions in farmers’ interpretations of some welfare indicators. For example,
behavioural indicators of contentment can easily be confused with apathy and boredom [43]. In
addition, the participant sample, although rich in insights and demonstrating a variety of different
farming systems (e.g., zero-grazing dairy, out-wintering beef etc.), was mostly made up of dairy and
beef and sheep farmers, with a small sample of pig and poultry farmers. Consequently, the sample is
primarily composed of participants with an extensive system and a smaller number with an intensive
system. As such, further interpretation of and reference to the findings of this study must be cognisant
of the context in which they arise and how this affects, and potentially predisposes, positive welfare.
For example, beef and sheep farmers, and some dairy farmers (e.g., pasture-based), may have greater
opportunities to witness their animals engaging in happy-energised behaviours (e.g., play) because
factors which trigger this (e.g., contrast from moving field) are an intrinsic part of their farming system.
Similarly, pig and poultry producers may be more likely to use enrichment objects because there are
legislative guidelines regarding their provision in these sectors (e.g., [44]). As such, it is important to
be cautious when applying the findings of this data; a distinction must be made between farms with
extensive and intensive systems, as they may not provide equivalent opportunities for positive welfare.
Arguably, a more intensive system may require more direct management interventions to promote
positive welfare than an extensive system; further research is needed to better understand the potential
distinctions and overlaps between the two in this regard. Nevertheless, beyond these limitations,
the insights of this study do highlight several areas which may help support the furtherance and
acceptance of positive welfare indicators in livestock farming.

6. Implications for the Development of Positive Welfare Indicators

Findings highlight several key points which may be beneficial to consider when developing
positive welfare indicators.

6.1. Farmers’ Value System

Previous research has shown that farmers’ values can influence their motivation to work with
different aspects of animal welfare [45]. This was certainly evident in this study, as farmers who
valued a more loosely structured farming system appeared to value animal autonomy more highly,
and therefore were more motivated to provide this than those who valued a more highly structured
farming system. This has implications for developing and communicating positive welfare indicators,
as getting farmer buy-in for their implementation arguably requires indicators to fit with their value
orientations. Indeed, the low uptake (10% of holdings in 2011) of the Scottish Government’s Animal
Welfare Management Programme was thought to be caused, in part, by a lack of fit between individual
variations in farming practice and aspects of the scheme [46]. Therefore, developing indicators which
can flexibly translate to different farming systems, and thus be communicated in a manner which
matches farmers’ values and fits with their preferred farming system, may enhance their motivation to
employ them and the quality of their implementation.
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6.2. The Human-Animal Relationship

An interesting aspect of the human-animal relationship was how farmers’ discussions of
experiencing personal positive affect (e.g., pride, joy, happiness, pleasure) occurred in the context of
their animals experiencing positive affect (e.g., playing, looking content). This indicates the potential
for animals experiencing greater opportunities for positive welfare to positively impact the human
caretakers. The human-animal relationship literature tends to focus on the impact (often negative) that
human caretakers have on farm animals [47,48]. However, there is growing acknowledgment that the
human-animal relationship can also affect the on-farm experiences and job satisfaction of the human
caretakers [49]. Set within a wider societal context of growing concerns over farmer mental health and
well-being in the UK [50,51] and its impact on animal welfare [52], a potentially interesting way to
develop and encourage acceptance of positive welfare indicators may be to strengthen awareness of the
benefits for the whole farm; the human and the non-human animals. This has previously been noted
by Yeates and Main [53], who argued that “where there is a sympathetic human-animal bond, when
the human values the good things in an animal’s life, enriching the animal’s welfare can also enrich the
carer’s welfare” (p. 294). Thus, emphasising this connection in the development and communication
of positive welfare indicators may prove beneficial.

6.3. Indicators Which Signal Farmers are Doing a ‘Good Job’

Farmers’ discussions of animal welfare, as illustrated in this study, often centre on what they
provide and do for their animals, rather than what their animals are experiencing. Consequently, they
seek indicators which signal to them that they are doing a good job (i.e., that they are providing what
their animals need to thrive and be content). Indeed, although farmers provide a variety of resource,
management and animal-based welfare inputs, ‘the doing’ or provision of good welfare to their animals
is what indicates positive welfare to them. Thus, farmers value indicators which inform them of
the efficacy of their management practices and inputs. Many of the positive welfare opportunities
mentioned throughout could potentially have this role. For instance, play indicates to farmers that
their animals’ resource or social interaction needs are supported, while contentment indicates they
have fulfilled their duty of care. When developing welfare indicators, it is thus worth keeping such
findings in mind, as they reveal what farmers want from a welfare indicator and how they wish to use
them. To encourage farmer buy-in, it would arguably be of benefit to communicate what information
positive welfare indicators could provide to farmers on an animal’s welfare state. One particularly
important means to do this is to highlight potential links with productivity, as discussed further below.

6.4. Positive Welfare’s Connection with Productivity

It is well recognised that farmers almost ubiquitously use the productivity or performance of
their animals as an indicator of their welfare state [41,54]. The primary perception of farmers, as
discussed in this study, is that animals will not produce if they are not well cared for or not ‘happy’.
Thus, the motivation of farmers to pursue welfare provisions which support animal productivity could
potentially be harnessed to enhance the development and implementation of positive welfare indicators.
Research is developing in this regard and studies have found that positive welfare opportunities, such
as providing self-grooming brushes to dairy cattle [23] and positive social interactions in pigs [55], can
contribute to animal productivity, along with the potential health benefits of positive welfare [42]. Thus,
it may be relevant that such links are highlighted in the development of positive welfare indicators
and particularly when communicating potential indicators to farmers.

7. Conclusions

This study explored the perspectives of livestock farmers on positive animal welfare to reveal
insights relevant to the ongoing development of positive welfare indicators. It finds several positive
welfare opportunities are freely elicited by farmers during their discussions of their management
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practices and their approaches to animal welfare. Namely, some provision for animal autonomy, an
awareness of positive affect and a direct desire to promote contentment, a positive human-animal
relationship, some support of positive social interactions, the use of genetics to improve health and, in
some cases, the provision of environmental enrichments. Such factors fit well with current research
on how to provide animals with greater opportunities for positive experiences. However, farmers
possess a much more fluid and holistic approach to animal welfare—one that considers the specifics
of their animals’ current situation, the characteristics of their individual farm, the wider economic
environment and one that is underpinned by their personal values and preferences. This presents
significant challenges for the development of positive welfare indicators, as there is a need for these to
be flexible enough to adapt to the individual characteristics of different farmers and farms. Indeed, as
this paper has argued throughout, encouraging the acceptance and implementation of positive welfare
at the farm level requires the development of indicators which connect and resonate with farmers’
current norms, values and practices. As this study has revealed, there is potential for this by building
on existing positive welfare indicators and communicating them in a manner which connects with
farmers’ value systems, emphasises the whole farm (i.e., human and animal) benefits of a positive
human-animal relationship, makes use of indicators which farmers can use to assess the efficacy of
their management inputs and highlights connections between positive welfare and productivity.
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Simple Summary: It is globally recognized that emotions are important elements of farm animals’
life. However, scientific understanding regarding how to measure and interpret positive emotional
states is currently lacking. This study investigated whether eye white and ear posture can reliably
help in the interpretation of mood and level of excitement in dairy cows. We found that eye white
and ear posture are strongly correlated, and that can be used as complementary measures to interpret
emotions. Daily access to pasture has beneficial effects on cows’ emotions. Animals are more
relaxed than in any other context, with most of the animals exhibiting half-closed eyes and ears
hung down or backwards. The cows were found to be particularly excited during the execution
of a human-animal relationship test, showing eye white clearly visible and ears directed forwards,
towards the assessor. Housing has an important effect on cows’ emotions: the lower the competition
for resources (i.e., in case of more feeding places or cubicles than the number of animals), the lower
the level of excitement. This research is a further step towards the use of indicators able to measure
emotions in dairy cows and can contribute to enhance animals’ quality of life on farm.

Abstract: Understanding the emotions of dairy cows is primarily important in enhancing the level of
welfare and provide a better life on farm. This study explored whether eye white and ear posture
can reliably contribute to interpret valence and arousal of emotions in dairy cows. The research was
conducted in five Italian dairy farms. Four hundred and thirty-six photographs of cows’ heads were
scored (four-level), according to the eye white and ear posture during feeding, resting, pasture, and an
avoidance distance test at the feeding rack (ADF test). Eye white and ear posture were significantly
correlated and influenced by the context (P = 0.001). Pasture was the most relaxing context for cows
(67.8% of half-closed eyes; 77.3% ears hung down or backwards). The excitement during ADF test
was high, with 44.8% of eye white being clearly visible and ears directed forwards to the approaching
assessor (95.5%). Housing and management mostly influenced emotions during feeding and resting
(P = 0.002 and P = 0.001, respectively): where competition for feeding places and cubicles was low,
the cows showed the highest percentages of half-closed eyes and ears backwards or hung down. This
research supports the use of eye white and ear posture as reliable indicators of emotions in dairy cows.

Keywords: positive indicators; emotions; valence; arousal; dairy cows; eye white; ear posture

1. Introduction

The use of animal-based indicators to assess the welfare of farm animals is broadly accepted,
as they are more indicative than resource-based measures of the actual animal experience [1]. So far,
the protocols used to assess the welfare of dairy cows mostly include animal-based indicators that
evaluate physical conditions (e.g., body condition score, presence of injuries, lameness) or behaviors
(e.g., agonistic interactions, social behavior). Only one indicator, namely the Qualitative Behavior
Assessment (QBA), is commonly adopted to evaluate the “Positive emotional state”. QBA relies on the

Animals 2019, 9, 477; doi:10.3390/ani9080477 www.mdpi.com/journal/animals31
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ability of observers to judge and integrate perceived details of animals’ body language and posture into
descriptors of low/high arousal and positive/negative valence. Studies that were conducted in different
species and contexts (e.g., [2–4]) showed that this method is valid and reliable. However, the need for
extensive training of the observers and the difficulties in validating QBA in on-farm conditions may
impair its use [5,6].

It is now globally recognized by researchers that emotions are part of the complex life of dairy
cows [7], and understanding how animals communicate their emotional state or cope with the
environment is important in ensuring a better quality of life and high levels of welfare on farm [8].
Consequently, the most recent trends in animal welfare research are now focusing on the investigation
of valid and feasible indicators that are able to measure valence and arousal of emotions in dairy
cows [5]. According to dimensional theories [9], emotions can be described as moving in a continuum
along two axes: valence, which expresses the mood (positive or negative), and arousal, which defines
the level of excitement (low or high). Obviously, valence and arousal are strictly linked, and possible
interactions need to be considered [10]. Negative emotions often coincide with high arousal (e.g.,
separation from a group [10]), but high arousal can also be found during positive situations (e.g.,
receiving highly palatable food [11]), and positive emotions are often characterized by low arousal
(e.g., grooming [7]).

To date, many studies have focused on eye white and ear posture as potential promising indicators
for interpreting emotions in dairy cows. The majority of research that has been performed to explore the
reliability of eye white as an indicator of emotional state was performed on cows (e.g., [7,11–16]), but few
studies have also been conducted on sheep [10,17–19]. Research conducted so far confirms the ability
of this indicator to capture the variations of arousal of animals that were subjected to different stimuli:
eye white percentage or eye aperture significantly decrease when cows and sheep experience a low
arousal event, usually with a positive valence, such as gentle stroking [7,10]; conversely, they increase
during high arousal situations with either negative (suddenly opened umbrella [13], denied access
to visible food [14], calf-cow separation [15], separation from the group [10], being fed with inedible
woodchip [11,20]) or positive valence (highly desirable concentrate feed [11]). Only one study does
not report differences in the percentage of visible eye white depending on the context (feeding versus
claw trimming in dairy cows) [21]. However, the authors found a possible confounding breed effect
that may have masked the potential treatment effect: this might be due to differences in eye coloration
patterns, with Red Holstein cows having more contrast between eye white and iris and Brown Swiss
having less contrast due to their darker eye white [21].

Animals use a complex set of body postures and facial expressions to communicate their emotions.
In particular, ear postures are largely adopted by a wide range of farm animals in social communication
and to express internal states [22]. Ear postures can reveal different emotions, depending on the
species; hence, specific studies are needed to gather species-specific information from this indicator [23].
Ruminants have highly developed muscles around their ears, which enables them to independently
move ears in many different ways [17]. Therefore, the study of ear posture as an indicator of emotions
seems particularly promising. Studies on ear posture have been conducted in dairy cows, as well as in
other ruminants (sheep [17,24–26], goats [27]). Backwards or hanging ears in dairy cows and sheep
are associated with the positive emotional states of low arousal, as might be induced by stroking or
grooming [23,28,29]; consistently, goats spend more time with ears in a forward position when they
observe pictures of other goats’ faces that were taken in negative situations [27].

This work aimed to investigate whether the visible eye white and ear posture can reliably
contribute to interpret the valence and the arousal of emotions in dairy cows. First, we investigated the
relationship between eye white and ear posture. Secondly, each indicator was evaluated in different
contexts (feeding, resting, pasture, and avoidance distance test at the feeding rack) that are supposed
to elicit different emotions. Finally, within the same context, we investigated the effect of different
housing and management conditions on the emotional state of dairy cows.
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2. Materials and Methods

The study was conducted from March to June 2018 in five dairy farms that were located in
Northern Italy. Table 1 presents the main farm characteristics.

Table 1. Main characteristics of dairy farms involved in the study.

Farm ID
Number of
Lactating

Cows
Breeds

Husbandry
System

Cubicle:
Cow Ratio

Feeding
Place:

Cow Ratio
Feeding

Access to
Pasture

1 112 Holstein Loose house,
cubicles 0.89 0.69 Total mixed ration No

2 120 Holstein Loose house,
cubicles 1.08 0.68 Total mixed ration No

3 49 Holstein Tie stall 1.00 1.00 Total mixed ration No

4 52 Holstein Loose house,
cubicles 1.15 1.00 Total mixed ration No

5 50
80% Pezzata

Rossa Italiana,
20% Holstein

Loose house,
cubicles 1.12 1.72 Ventilated hay

and fresh grass Yes

More than 500 photographs of cow’s heads were taken by the same assessor from one random
side of each cow in four different contexts: (1) feeding (head in the feeding rack), (2) resting (cows
lying down, either sleeping or ruminating), (3) pasture (cows engaged in different activities while at
pasture, such as grazing or lying; this context could be observed only in farm 5, where pasture was
available), and (4) an avoidance distance test at the feeding rack (ADF test). The test was performed
by a person that was unknown to the animals, who stood still at 200 cm distance in front of each
cow at the feeding rack (not restrained) and slowly approached the animal with the arm lifted (45◦)
and the hand palm directed downwards after having established a reciprocal visual contact, until the
first avoidance reaction of cows [30]. ADF test could be performed only in farm 1, thanks to the
simultaneous presence of two assessors: one performing the test, the other one taking photographs.
Resting was never observed in Farm 2, due to the limited observation time.

The photographs were taken from a distance while using a Canon 650d, mounting a Canon EF
70–300 mm f/4-5.6 IS USM II telephoto lens in order to minimize the assessor’s effect on the animals.
The photographs were scored from 1 to 4 according to eye white and ear posture, as described in
Figure 1; Figure 2. For eye white, we proposed this four-level classification based on eye aperture
and if the white was visible or not, instead of the computerized measurement that was proposed by
Sandem et al., 2002 [7], in order to improve the feasibility of this indicator. The classification adopted
for ear posture is the same as described by [23]. For both of indicators, the lower scores correspond to
the highest level of arousal/excitement, and vice versa.

A non-parametric Spearman rank correlation test was used to measure the degree of association
between the eye white and ear posture scores. A Chi Square test was used for testing the differences in
the proportion of eye white and ear posture classes among contexts, and among farms within each
context (only feeding and resting contexts were considered for this last analysis, as the pasture and
ADF test could only be recorded in farms 5 and 1, respectively).

33



Animals 2019, 9, 477

Figure 1. Eye white classification.

Figure 2. Ear posture classification (previously defined by Proctor and Carder, 2014 [23]).
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3. Results

Some of the photographs of cows’ heads had to be discarded due to the incomplete visibility
of eyes or ears. A total of 436 photographs were retained for eye white classification (feeding = 129;
resting = 181; pasture = 59; ADF test = 67) and 489 photographs were used for ear posture classification
(feeding = 137; resting = 219; pasture = 66; ADF = 67). Only 429 photographs allowed for the analysis
of correlation between eye white and ear posture, as both the eye and ear were clearly visible.

Eye white and ear posture were clearly associated: a high portion of visible white corresponded
to ears held upright or directed forwards, whereas half-closed eyes corresponded to ears that were
held backwards or loosely hung down (Figure 3); the correlation between eye white and ear posture
scores was statistically significant (Spearman rank correlation test: ρ = 0.570; P = 0.001).

 

Figure 3. Association between eye white and ear posture: the highest percentage of eye white clearly
visible corresponds to the highest percentage of ear in upright position, and to the lowest percentage of
ear hung down loosely.

The visible eye white and ear posture were both significantly influenced by context (P = 0.001;
Figures 4 and 5).

Figure 4. Percentage distribution of the four eye white classes in each context (feeding, resting, pasture,
ADF–avoidance distance test at the feeding rack).
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Figure 5. Percentage distribution of the four ear posture classes in each context (feeding, resting,
pasture, ADF–avoidance distance test at the feeding rack).

In particular, the highest percentage of half-closed eye (EW4) was associated to the low arousal and
positive experience of pasture (67.8%), followed by resting (45.3%) and feeding (41.9%). Half-closed
eye was never observed during the ADF test. During the ADF test, the highest percentage of eye white
clearly visible (EW1 = 44.8%) was recorded; the highest percentage of cows with normally open eye
(EW3) was recorded during the ADF test (29.8%).

During pasture, most of the cows loosely held the ears down (EP4 = 39.4%) or backwards (EP3 =
37.9%); most of the cows held the ears backwards (EP3 = 41.6%) or with the ear pinna directed forwards
(EP2 = 38.7%) during feeding. During ADF, nearly the totality of cows directed the ear pinna forwards
(EP2 = 95.5%). The cows only showed ear upright (EP1) during feeding (5.8%) and resting (8.2%).

The more common contexts, i.e., feeding and resting, were further analyzed in order to highlight
the differences among farms. For eye white, statistical differences among the farms were observed for
both feeding (P = 0.002) and resting (P = 0.001).

Most of the cows in farm 4 showed half-closed eye during feeding (EW4 = 81.8%); the cows in
farm 5 showed eye from half-closed to normally open (EW4 = 50%; EW3 = 31.2%). The cows in farm 3
showed eye white ranging from barely to clearly visible (37.5% for both EW2 and EW1) (Figure 6a).

 
(a) 

Figure 6. Cont.
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(b) 

Figure 6. Results of the eye white in the farms included in the study. (a) during feeding; and,
(b) during resting.

During resting, nearly the totality of cows showed half-closed eye during resting in farm 5
(EW4 = 96.3%), whereas the highest percentages of eye white clearly visible (EW1) was recorded in
Farm 1 (37.9%) and 3 (29.8%) (Figure 6b).

As to ear posture, no statistical difference was found among farms during feeding, as in all
the farms most of the cows generally held the ear backwards (EP3) and forwards (EP2) (Figure 7a).
However, it is worth noticing that the highest percentage of cows with ears held backwards was
recorded in farm 3 (EP3 = 50%) and the highest percentage of cows with ears held forwards was found
in farm 4 (EP2 = 54.5%). The cows rarely held the ear in upright position during feeding, except in
farm 3 (12.5%; Figure 7a).

 
(a) 

Figure 7. Cont.

37



Animals 2019, 9, 477

 
(b) 

Figure 7. Results of the ear posture in the farms included in the study. (a) during feeding;
(b) during resting.

Ear posture statistically differed among farms during resting (P = 0.001). Farm 5 showed the
highest percentage of cows with ears loosely hung down (EP4= 55.5%), and no cow held the ears upright
(EP1 = 0%); farm 4 had the highest percentage of cows with ears held backwards (EP3 = 56.9%); in farm
1, the highest percentage of cows held the ears forwards (EP2 = 65.9%) and upright (EP1 = 13.2%)
(Figure 7b).

4. Discussion

Our results show that taking photographs from a distance directly on the farm can be an easy way
to collect reliable information regarding eye white and ear posture. This method is quicker and more
feasible than video recording. On the other hand, this method does not allow for collecting changes in
ear posture that resulted as relevant in some studies in sheep and lambs (e.g., [10,17,24,25]), but whose
interpretation provided contradictory results in dairy cows (e.g., [22,23]). We also excluded the
collection of asymmetric ear posture, which was frequently found during social isolation in sheep [17].
The decision to take photographs from one random side was due to our aim to find possible associations
between eye white and ear posture taken together on the same animal in different contexts. To the best
of our knowledge, this is the first attempt to find this association. Regarding on-farm feasibility of eye
white, it also has to be remarked that the use of the four-level classification proposed in the present
study, with the aid of a telephoto lens (70–300 mm), made this indicator more feasible than using the
computerized approach that was proposed by Sandem et al., 2002 [7]. Therefore, this simplified scale
proved to be both valid and practical for on-farm assessment.

Our results confirm that cows simultaneously and consistently use different parts of their head to
communicate their emotions. Half-closed eyes are mostly associated to ears hanging down, whereas
when the eye white is visible, the ears are often held forwards or upright.

Our study was conducted in commercial farms, hence the situations to which cows were exposed
were part of their daily life, with the only exception of the ADF. Pasture was the context in which
cows showed the lowest arousal (eyes were half-closed in 67.8% of cows) and probably with positive
valence (ears hanging down or backwards in 77.3% of cows). Access to pasture has many beneficial
effects on the welfare of dairy cows [31], such as a reduction of mortality rate, mastitis, reproductive
problems and lameness, and an increased possibility to move, to rest in comfort, to eat preferable food,
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and to express species-specific behaviors. For these reasons, cows highly prefer outdoor to indoor
housing (for review [32]). It is also supposed that sunlight exposure is rewarding and that cows can
derive welfare benefits when they are outdoors [32]. However, we also found 37.9% of cows with ear
held forwards. This result suggests that pasture may be both a low arousal situation and a stimulating
context where cows actively direct their attention to the surrounding.

It is partly surprising that the level of arousal during pasture is even lower than during the sole
resting, although the positive effect of the access to pasture is well recognized (half-closed eyes 67.8%
versus 45.3%); in addition, we found 8.2% of cows with ear upright during resting, which confirmed
that the level of excitement was high in this context for some animals. We can also hypothesize a
negative emotional valence expressed by cows that show this ear posture. Resting can be affected by
several factors, such as the cubicle: cow ratio, cubicle design (e.g., length, width), housing system
(tethered vs loose housing), etc. In farms where the competition for the resting area was high (as in
farm 1, cubicle: cow ratio = 0.89), most of the cows had the eye white clearly visible and the ears held
forwards and upright (e.g., the highest percentage of ear in upright position was recorded in farm
1: EP1 = 13.2%). We can suppose that the cows were alerted (high arousal) and nervous (negative
valence) during social interactions in highly competitive contexts. In farm 3, where cows were in tie
stalls, 44.7% of cows showed eye white from barely to clearly visible, 46% of ear held forwards, and 6%
of ears in upright position. This husbandry system is likely to be less comfortable than loose housing,
as confirmed by several authors [33–36], which was mainly due to the increased risk for lesions and
lameness, and to the restriction of voluntary movements and social behavior. We might hypothesize
that being tethered in a tie stall is not relaxing for cows: in fact, [36] observed that lying down position
was frequently incorrect in tie-stalls, where almost 35% of cows laid partly or completely outside the
stall, or showed evident signs of compression or discomfort of the hind part of the body. Hence, we can
suppose that the underlying emotional valence expressed by cows was negative, which was possibly
due to discomfort rather than to competition. In farm 5, where the cubicle: cow ratio was positive
(1.12), and the cows also had access to additional outdoor space, we found the more relaxed cows
(low arousal, positive valence), as shown by the highest percentage of half-closed eyes (96.3%) and
hanging ears (55.5%). We hypothesize that, when cows live in environments where the competition for
resources is limited, the arousal is low and is probably associated to a positive valence. An additional
hypothesis is that pasture may have a long-lasting effect on cows’ emotional state, which goes beyond
the bare time spent outdoors, and leads to a general more positive state even when animals are indoors.

In our research, during feeding cows were particularly excited (34.9% of cows with eyes from
barely to clearly visible; 5.8% with ears in upright position), which is in agreement with other studies
showing that feeding produces greater arousal than other activities (e.g., rumination [10]). As already
discussed for resting, feeding can be a competitive context and emotions can be influenced by several
factors, such as feed quality and space at the rack. Cows seem to be more at ease (positive valence)
in farms where the feeding space: cow ratio is at least 1, as in farm 4, or 1.72 as in farm 5, that is
where the competition is low. This is supported by the highest percentage of eyes from half-closed to
normally open (81.8% in farm 4; 81.2% in farm 5) and, in farm 5, also by the high percentage of cows
with ears that were held backwards or hung down loosely, which indicate a positive state that was
also probably due to the type of feed (ventilated hay and fresh grass, instead of total mixed ration).
This result is in line with a study conducted in sheep fed fresh hay that revealed a high proportion of
animals with ears in the backward position [17]. Even for feeding, as for resting, we cannot exclude
that this positive emotional state is also partly due to the long-lasting positive effect of the access to
pasture. In farm 3 (tie stalls), the feeding place: cow ratio was obviously 1. However, 75% of the cows
showed eye white from barely to clearly visible, and the highest percentage of cows with ear upright
(12.5%) was recorded. We can suppose that the limited possibility to move during feeding and the
frustration due to the reduced possibility to solve social conflicts with neighboring cows may represent
a stressful situation (negative valence) even when cows have sufficient space to access the feed rack.
Differently, in farm 4, where the feeding place: cow ratio is also 1, the ears are frequently held forwards
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(54.5%). Studies on goats [37] revealed that ears forwards can be a sign of vigilance: hence, the arousal
is high, but valence may be either positive or negative, and expresses attention to the surrounding
rather than stress.

ADF elicited the strongest reaction in cows: eye white clearly visible was mostly recorded during
the execution of this test (44.8%). As a high percentage of eye white may be a valid indicator of fear in
dairy cows [13], we may suppose that, during the execution of the test, cows are experiencing emotions
with a negative valence (i.e., fear) and probably a high arousal. Unsurprisingly, during ADF test, most
of the cows directed the ear pinna forwards towards the assessor (95.5%), which confirmed that an
approaching person could cause a vigilance reaction in cows. Further studies would be interesting in
order to match eye white and ear posture scores to the results of the ADF test for each cow, to gather
more information regarding the perception of danger and the quality of the human-animal relationship.

Some of the studies reported that eye white can better express the arousal of emotions [23],
whereas the valence can also affect ear posture [22]. Even if both indicators can help interpreting
emotions in dairy cows in the same direction, the two measures seem complementary, as eye aperture
and ear movements can have different meanings for a cow.

5. Conclusions

This research confirms that eye white and ear posture can be promising indicators to be included in
the assessment of emotions of dairy cows on farm. However, even though cows show a rather consistent
use of eyes and ears to communicate their emotions, the correlation between these two indicators is
not completely linear, and a combined use of eye white and ear posture would probably give a more
complete and reliable picture of the valence and arousal that were experienced by the animals.

The collection of these indicators in contexts that are routinely experienced by cows during their
daily life can contribute to adding information regarding the perception of the environment and the
valence and the arousal of emotions in different situations, but the reliability of these indicators should
be further investigated, and their feasibility may be improved by collecting data by direct observations.
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Simple Summary: Although welfare states of dairy calves are of public and scientific concern, no
standardized protocol exists to assess the emotionality of these animals. Therefore, this study aimed
at investigating and establishing a calf-specific term list for Qualitative Behavior Assessment (QBA),
a technique that is already validated for assessing emotional states in many animal species. The
statistically supported results showed that agreement can be reached among observers, terms showed
varied results across farms, and evaluated emotional states could be linked to some explaining farm
factors. Overall, results showed that calves have a neutral emotional state and profit from certain
farm factors. However, we conclude that the assessment should be more widely used to gain more
insight into calves’ welfare states and how their emotional state can be improved to a positive one.

Abstract: Assessing emotional states of dairy calves is an essential part of welfare assessment, but
standardized protocols are absent. The present study aims at assessing the emotional states of dairy
calves and establishing a reliable standard procedure with Qualitative Behavioral Assessment (QBA)
and 20 defined terms. Video material was used to compare multiple observer results. Further,
live observations were performed on 49 dairy herds in Denmark and Italy. Principal Component
Analysis (PCA) identified observer agreement and QBA dimensions (PC). For achieving overall
welfare judgment, PC1-scores were turned into the Welfare Quality (WQ) criterion ‘Positive Emotional
State’. Finally, farm factors’ influence on the WQ criterion was evaluated by mixed linear models.
PCA summarized QBA descriptors as PC1 ‘Valence’ and PC2 ‘Arousal’ (explained variation 40.3% and
13.3%). The highest positive descriptor loadings on PC1 was Happy (0.92) and Nervous (0.72) on PC2.
The WQ-criterion score (WQ-C12) was on average 51.1 ± 9.0 points (0: worst to 100: excellent state)
and ‘Number of calves’, ‘Farming style’, and ‘Breed’ explained 18% of the variability of it. We conclude
that the 20 terms achieved a high portion of explained variation providing a differentiated view on the
emotional state of calves. The defined term list proved to need good training for observer agreement.

Keywords: calves; emotional state; organic; farm size; term list

1. Introduction

Positive indicators in animal welfare assessment schemes are still limited although, nowadays,
essential in many ways. Qualitative Behavioral Assessment (QBA) focuses on animals’ demeanor and
body language to identify the underlying emotional state. QBA is one possibility which is frequently
used to assess animals’ emotional states on-farm and in experiments, using either a free choice profiling
(FCP) [1] or term lists as behavioral descriptors [2]. Validity aspects of QBA were investigated in
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various animal species and situations such as the ability to picture anxiety in pigs [3], in relation to
farm factors in veal calves [4], or stress levels during transport in sheep [5]. Additionally, reliability
was proven in some studies and species, such as intra-day variation of QBA in dairy cows [6]. After
investigations on observer reliability in dairy cows, fattening cattle, and veal calves [2], QBA was
implemented as a measure for the criteria ‘positive emotional state’ (WQ-C12) in the Welfare Quality
(WQ) assessment protocols for cattle, pigs, and chicken. QBA was used to address the criteria ‘positive
emotional state’ (WQ-C12) [2] with specified terms for the respective livestock species, category, or types.
In parallel to the development of these standardized lists in WQ, mathematical procedures were set in
place to summarize a Principal Component Score (PC1). The potential range of this PC1 underwent
an expert-based evaluation leading subsequently to a welfare interpretation of the QBA result into
the WQ-C12, achieving points on a welfare state scale from 0 (worst) to 100 (excellent). Whenever
establishing a QBA for new species, studies on reliability between observers and association with other
factors, such as housing conditions or health state, were part of the preliminary studies. These studies
aimed at validating the assessment method by looking at variation in the sample and at the potential
of QBA to discriminate between each husbandry system. Several studies assessing and investigating
reliability and associated factors of QBA with term lists, and additionally evaluating welfare in
terms of the emotional state, were published for donkeys [7], cattle [8,9], pigs [10], and sheep [11],
in particular. The advantages of QBA procedures with standardized term lists and calculations are
the easier application and a straightforward interpretation of results by experienced assessors and
experts, in particular when expressed within the welfare evaluation of the WQ-C12. The latter is given
by the integrative handling of the collected QBA data, summing 20 terms in WQ-C12, allowing an
easy calculation of a representative score at herd level and enabling an easier comparison between
farms, systems, observers, and, furthermore, the identification of influencing factors for good and
poor results. Consecutively, this might help to relate different management and farming practices to
QBA results and add distinct information to a holistic welfare assessment [12] in dairy calves made
by clinical examination and quantitative behavior observations as shown earlier for beef cattle [13].
Recently, such a QBA criterion score (WQ-C12) provided information transferrable to consumers, as
well as valuable feedback to the farmer wishing to implement improvements [8,14].

In the past years, the welfare assessment in dairy cow systems focused only on lactating cows,
neglecting the fact that also young calves and heifers are kept in large numbers on-farm and excluding
them from welfare assessments, with a minor exception by Gratzer et al. [15]. Not only is the female
offspring of particular high value for the farmer and the production systems’ economy, but at the same
time the number of affected animals itself implies that they should be included in a welfare assessment,
being representative of the farm and production system as a whole. Furthermore, in common dairy
farming practice calves and cows are still forcedly separated after a few hours or days, both in organic
and conventional systems. It could therefore be interesting to investigate the welfare state of the
calves from a holistic point and emotional state, particularly seeing today’s need for alternatives to the
early cow–calf separation [16]. In Norway, [17] the human–animal relationship in dairy calves was
investigated using 31 QBA terms due to a missing standard procedure for dairy cows, fattening cattle,
and veal calves [12] to describe dairy calves’ body language in handling situations by stockpeople.

Calf husbandry practices in dairy farming follow some basic characteristics across Europe, such
as the early (0–48 h) separation from the cow, the initial single or double penning followed by group
housing at a later age, and very similar feeding strategies. However, at farm level the two included
countries, Italy and Denmark, show great variation in structure and management regarding the outdoor
or indoor housing of the calves, the access to pasture, lying comfort, health surveillance, the size of
the farm both in number of animals and revenue, the kept breeds, or the available manpower. Some
of these farm factors could potentially influence the emotional state of the calves and could be used
in an analysis together with QBA results. Herd size is one of the interesting factors as this shows
the greatest variation both within and between the two countries. The intensification of the dairy
production over the past decades has left the Danish herds with an average herd size of 167 cows in
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2015 compared to an average of 65.9 cows in 2000, rendering the larger herds with increased challenges
regarding mortality [18] similar to their Nordic neighbors [19,20]. Additionally, herd size has also been
associated with other management practices such as the choice of grazing or organic production status
in smaller farms [21], an issue also evident in the Italian dairy production [22]. Larger production sites
require a larger number of employees. In some farms, however, this only implies a greater number of
animals per stockperson, which could negatively affect the welfare of the entire herd as discussed by
Simon et al. [23]. Within the last decades, a vast number of non-natives being employed on Danish
farms for varying time periods has led to a high turnover in manpower, challenging management in
terms of language and cultural barriers and possibly different attitudes towards calf handling and
rearing. To our knowledge, no previous studies have investigated the potential influence of these farm
factors on the emotional state of calves. Likewise, studies evaluating observer agreement on QBA
video material for the evaluation of a prespecified term list in dairy calves has not been published
so far. Furthermore, information on emotional states on calves in dairy herds, especially in terms of
aggregated scores (WQ-C12) at farm level, was desirable for future purposes.

Therefore, this study aimed at investigating a QBA procedure, including 20 terms, by extrapolating
the main dimensions of the calves’ emotional states achieved by Principal Component Analysis (PCA)
and testing reliability by means of comparing observer agreement on video material. Further, we
performed the QBA aggregation procedure and integrated score calculation to achieve Welfare Quality
criterion scores (WQ-C12) at farm level. Finally, we were investigating certain farm factors potentially
related to the emotional state of dairy calves for identifying explanatory variables on WQ-C12.

2. Materials and Methods

2.1. QBA Procedure

The WQ protocol for calves and heifers developed earlier [16] and the proposed QBA description
was used for the on-farm assessments of emotional state. The proposed QBA was a term list with
20 descriptors, ’Active, Relaxed, Uncomfortable, Calm, Content, Tense, Enjoying, Indifferent, Frustrated,
Friendly, Bored, Positively occupied, Inquisitive, Irritable, Nervous, Boisterous, Uneasy, Sociable,
Happy, Distressed’, which was used to score behavior after an observation period of 20 min. Each
term was scored on a 125 mm continuous scale (Visual Analogue Scale), where left represented
the ‘minimum’ and right the ‘maximum’ point, by crossing each scale at a certain point fitting the
observation. A very left position on the scale or a zero indicated that the expressed quality of the
specific behavior/term was “entirely absent in any of the animals seen”, whereas the ‘Maximum’
at 125 mm stood for “the expressed quality of the specific behavior/term was constantly obvious
across all animals seen during the observation” as was relevant in the case of herd observations [2].
Additionally, further considerations had to be integrated in the scoring by the observer, as the aim
was also to imagine the respective endpoints of the scale as what was possible as an expression of a
behavioral quality for the respective species for the given age and sex. Hence, the term “Inquisitive”
would be at a different expected level in adult cows compared to calves. Training and testing of
observers was performed to ensure calibration and the correct use of the scale for QBA. Initially,
this included exchange of experiences amongst observers on different impressions from different
husbandry systems or circumstances leading to minimum or maximum points on certain behavioral
expressions, illustrating for their colleagues’ potential magnitudes and enhancing understanding of
the potential dimensions.

2.2. Video Sessions and Observers

Reliability testing of the chosen QBA term list was done by including eleven trained observers
(7 females, 4 male) to a test panel which was asked to score QBA in 20 videos showing calves, in one
go, with a length of 1–2 min each. All observers had a higher education at a university level in the field
of Animal Science or Veterinary Medicine from across Europe, with both males and females being
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represented. All participants had a minimum experience of a week-long course on QBA in cattle (cows
and calves), including on-farm and video practice, and score calculations with the WQ-QBA lists for
dairy cattle and dairy calves. Prior to the video session, all the terms were discussed and calibrated
again amongst all observers according to the definitions that can be found in Table 1. All observers
scored the videos on QBA paper sheets with the above-mentioned term lists and transferred their
scores (in mm) to a provided electronic data sheet.

Table 1. QBA fixed-term list (20 terms) with definition of terms, loadings of Principal Component 1 and
2 (PC1 and PC2) and extracted weights for the simplified score aggregation.

Terms (Factors) Definition of Term PC1 PC2
Weights

(Estimate)

(Intercept) = ‘constant’ −2.031

Active Engage in an activity in a conscious manner, regardless of
motor activity; can be resting, while attentive 0.39 0.63 0.001792

Relaxed Body language is at ease, animals seem not stressed 0.74 0.03 0.003648

Uncomfortable Animals display physical or mental discomfort in the given
situation, may show attempts to avoid source of discomfort −0.67 0.30 −0.006389

Calm Even-tempered, still and quiet in the performance of activities 0.62 −0.19 0.003380

Content Animals express overall contentment with their life situation
and seem mentally balanced, in control of their constitution 0.91 −0.08 0.004339

Tense Rigid postural or /and facial expression, muscle strains visible,
stiff body posture or movements −0.56 0.68 −0.009337

Enjoying Express satisfaction in the given situation and occupation 0.76 0.21 0.003411

Indifferent Animals are aware of their environment and stimuli, but do
not engage in activities or react −0.61 −0.36 −0.003649

Frustrated Motivation cannot be satisfied, may lead to compulsive or
replacement behavior −0.74 0.48 −0.009898

Friendly Animals display friendliness towards other animals and
humans 0.65 0.31 0.003293

Bored
animals are idling or active without any purpose, no
motivation detectable to engage in any kind of activity
(Results of prolonged lack of stimuli)

−0.55 0.18 −0.003098

Positively
occupied

Animals actions express that they “like to do what they do”in
a given situation 0.80 0.09 0.003530

Inquisitive Desire to perform active investigation of surroundings or
conspecifics on the hunt for new experiences and stimuli 0.54 0.35 0.002364

Irritable animals are easily upset and irritated or agitated −0.38 0.45 −0.006465

Nervous Elevated level of arousal and vigilance, might be combined
with restlessness and body movements −0.18 0.72 −0.002303

Boisterous Heedless, reckless behavior without any sign of aggression 0.24 0.17 0.001505

Uneasy Physically or mentally troubled, long-term state of discomfort −0.72 0.00 −0.006855

Sociable Actively seeking for social engagement 0.50 0.30 0.002185

Happy Displaying excitement, joy and pleasure in a given situation 0.92 −0.02 0.004075

Distressed Comprised adaptability resulting in incapability of action;
animals resign, withdraw completely; close to death −0.60 −0.41 −0.009291

Highest loading for each term is typed in bold.

2.3. QBA Application On-Farm, Observers, and Farms

Before the on-farm assessments started, four observers familiarized themselves with the terms
of the above-mentioned list and their descriptions (Table 1), ensuring they understood the terms
and used them in a similar context. Furthermore, the four observers, all female and veterinarians,
applying the QBA were all previously trained for WQ in dairy cattle and welfare assessment of dairy
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calves including the new QBA system, respectively. They achieved sufficient agreement with a silver
standard (previously trained and certified person) and each other (r > 0.7). For logistical reasons and
limited resources of the study, each farm was visited by one observer only, observers assessed in their
respective affiliated country. For the same reasons, farms were recruited by the observers themselves
in their own countries, firstly dependent on farmers’ willingness to join voluntarily, and secondly
observers tried to involve a high variation of farm sizes, breed, farming styles, and locations in order
to potentially achieve a large variation of emotional states in calves. Therefore, the sample of farms
ended up being a conveniently chosen one, an expected situation in on-farm studies, as nothing else
was feasible. Nonetheless, it covered a wide range of different husbandry conditions for the calves,
and therefore expectedly also a variety of potentially possible QBA results.

The on-farm assessments were carried out in dairy cow farms in Denmark (40) and in Italy (9),
31 conventional and 18 organic farms size varying from 106–608 lactating cows with an average of
48.2 calves per farm. Calves were mainly housed single or pairwise in the first month and later on
moved to group housing. Breeds present on farms were either Holstein (25), other milk types such
as Jersey or Brown Swiss (13), or mixed, meaning mixed breeds and/or mixed herds (11). In 13 of
the farms, weaned calves grazed on pasture, farms keeping males had on average 12 bulls, and the
number of full-time equivalent workers ranged from 1 to 3.5. The assessment was carried out in
the early morning (around milking time for the cows, before morning feeding for the calves), as the
first evaluation upon arrival at the farm. The calves at herd level were observed for 20 min in total,
including all animals (male and female) aged 0–180 days present at the time of inspection. If animals
were housed in several groups, the observation time between groups was split with a maximum of
8 observation points. In principle, animals were observed at group level even if housed individually or
pairwise, in as large observational segments as possible and visible. After finishing the observations,
the observers turned away from the animals, i.e., walked away from the animals to not observe any
further, and made their scoring on a paper version of QBA.

2.4. Statistics

The data collected on-farm were analyzed using a Principal Component Analysis (PCA).
The analysis was based on a correlation matrix, without rotation, and two components were extracted
(after pre-exploration of an unlimited number of components and selection of eigenvalues >1 adjusted
by the explained variances to avoid under/over factoring). Analyses were performed in R [24] using
the libraries rcmdr, psych, Deducer, DeducerExtra. The dataset was sent to an external researcher,
experienced with QBA and PCA, revealing the same PCA results and Graph of terms with a different
statistical program (Minitab) to reassure correct methodology.

Accordingly, scores attributed to the calves by the 11 observers during the video’s administration
were submitted to PCA analysis using a correlation matrix with no rotation. The PCA scores attributed
to the 20 videos on the first two main Principal Components were tested for interobserver reliability
using Kendall Correlation Coefficient W. Kendall W values can vary from 0 (no agreement at all) to
1 (complete agreement), with values higher than 0.6 showing substantial agreement. Subsequently,
the interobserver reliability for each descriptor separately was calculated using the intraclass correlation
coefficient (ICC).

2.5. Procedures with the On-Farm QBA Scores

The PC1-score, obtained from the PCA for each farm, was analyzed as a dependent variable in a
linear regression model using the 20 terms as predictors to estimate the weights (reported as “estimates”
in Table 1) according to the approach by Budaev [25]. The WQ criterion score (WQ-C12), defined in the
WQ cattle protocol [12], was calculated using the following formula:

WQ−C12 = constant +
20∑

k=1

wk Nk (1)
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where Nk is the value (in mm) obtained by a farm for a given term k, wk and the weight (= estimate,
given in Table 1) attributed to a given term k ‘constant’, a fixed value for each farm (= intercept, given
in Table 1)

The WQ-C12 was used for the interpretation of the calves’ welfare state. This index of the
‘Emotional state’ was analyzed applying a linear model and considering given farm characteristics
and managerial choices as predictors (factors). The factors that were constant for every farm with
no variation (e.g., age at separation from cow, if born in a calving box) or with too much missing
information (>80%, e.g., bedding type of calves) were dropped out. The following factors could be
considered for the analysis: housing outdoors or indoors of young calves (HOUSING_Y) and older
calves (HOUSING_O) respectively, if weaned calves were on pasture or not (WEANED_PASTURE),
the number of calves (CALVES_NO), cows (COWS_NO), young heifers (NO_YOUNGSTOCK) and
bulls (NO-BULLS) on the farm, the prevalent cattle breed (BREED), the farming style as ‘organic’
or ‘conventional’ (FARMSTYLE), and how much manpower was available (MANPOWER). After
pre-elimination of correlated factors, a back/forward procedure based on AIC revealed the best fitting
model. Residuals were graphically checked using the function qqplot in R.

3. Results

3.1. PCA for Video and On-Farm Data

Analysis of the video data looking into the agreement of 11 different observers, revealed good
overall agreement (Cronbach’s Alpha 0.83) between observers on the QBA for dairy calves and an
ICC of 0.83. Overall explained variance of the PCA was 29.15% for PC1 and 16.34% for PC2, with an
eigenvalue of 5.83 and 3.39, respectively. Agreements between observers for each descriptor were good
for 14 terms (Cronbach’s Alpha 0.74–0.97) and moderate for five terms (Cronbach’s Alpha 0.46–0.64),
the term ‘distressed’ couldn’t’ be analyzed (further details in Table 2).

Table 2. Cronbach’s Alpha, intraclass correlation coefficient (ICC), and number of agreements between
observers for each descriptor used by the observers to assess the 20 videos.

Descriptor Cronbach’s Alpha ICC No. Observers Significance

active 0.89 0.84 11 <0.001
relaxed 0.74 0.59 11 <0.001

uncomfortable 0.77 0.74 11 <0.001
calm 0.84 0.75 11 <0.001

content 0.82 0.75 11 <0.001
tense 0.83 0.78 11 <0.001

enjoying 0.90 0.88 11 <0.001
indifferent 0.46 0.29 11 0.021
frustrated 0.49 0.44 11 0.011
friendly 0.88 0.86 11 <0.001
bored 0.87 0.80 11 <0.001

positively occupied 0.93 0.90 11 <0.001
inquisitive 0.64 0.54 10 <0.001

irritable 0.58 0.54 10 0.002
nervous 0.80 0.76 11 <0.001

boisterous 0.97 0.97 11 <0.001
uneasy 0.52 0.50 11 0.007
sociable 0.91 0.90 11 <0.001
happy 0.86 0.75 11 <0.001

distressed - - 11 - 1

1 couldn’t be analyzed as eight observers scored 0mm for the term. ICC values ≥0.60 are bold typed.
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PCA for the on-farm data summarized QBA descriptors on two main components, PC1 and
PC2, with eigenvalues of 8.065 and 2.662, explaining 40.3% and 13.3% of the variation, respectively.
Farm PC1 scores ranged between −2.67 and 1.49 and PC2 scores from –2.17 to a maximum of 2.42.
The PC1 and PC2 loadings for the terms can be seen in detail in Table 1, and their distribution in the
four quadrants in Figure 1.
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Figure 1. Two-dimensional loading plot of the Principal Component Analysis (PCA) results showing
the distribution of all 20 terms describing the quality of calf behavior on PC1 (Valence) and PC2
(Arousal) as vectors.

Descriptors’ loadings with the highest positive values on PC1, summarized as ‘Valence’, were:
‘Relaxed’, ‘Calm’, ‘Content’, ‘Enjoying’, ‘Friendly’, ‘Positively occupied’, ‘Inquisitive’, ‘Sociable’, and
‘Happy’, loaded with a value greater or equal to 0.5. Furthermore, descriptors ‘Uncomfortable’, ‘Tense’,
‘Indifferent’, ‘Frustrated’, ‘Bored’, ‘Uneasy’, and ‘Distressed’, with a value smaller or equal to −0.56,
represented the opposite direction. PC2, described as ‘Activity’, revealed ‘Active’, ‘Tense’, ‘Frustrated’,
and ‘Nervous’ with values greater or equal to 0.48 as the most positive terms, and ‘Calm’, ‘Indifferent’,
and ‘Distressed’ with values smaller or equal to −0.36 on the negative dimension (Table 1). On an
individual level, farm results showed great dispersion across the two dimensions, as can be seen in
the PCA graph ‘farm results’ in Figure 2, thus indicating that a discrimination of farms with two
dimensions is satisfactory and sensitive enough to picture different emotional states of calf herds.
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Figure 2. Two-dimensional loading plot of the PCA showing the distribution of the individual farm
results of all 49 farms for PC1 and PC2.

3.2. Welfare Quality Scores for the Emotional State of Calves and Associated Factors

The PC1 for each farm, translated to the WQ-criterion score (WQ-C12) gave a mean of 51.1 ± 9.0
points (0 points = worst to 100 points = excellent situation), indicating neutral states (on average)
in the involved farms. However, as farm scores ranged from 28.84 to 66.19 points, the average
was not representing the actual emotional state for all calf herds included in the study. Results
of investigating between-farm variance by modeling WQ-C12 results with certain farm factors
revealed that CALVES_NO, FARMSTYLE, and BREED stayed in the model, explaining WQ-C12
best (p-value < 0.05; r2

adjusted: 0.18). Farms following the organic style achieved significantly higher
estimates (+6.77; p < 0.01). In terms of farm size, every additional calf was revealing a significant,
but small, positive effect (+0.05; p < 0.05). For ‘BREED’, effects were not significant and in our study.
Holsteins had the highest (+3.75; p = 0.21) and Jersey the lowest estimates (−1.75; p = 0.61).

4. Discussion

4.1. PCA and Achieved Dimensions

Firstly, this study aimed at investigating the dimensions created by Principal Component Analysis
(PCA) using 20 terms describing different quality of behavior in dairy calves. Like other studies
applying this procedure, PC1 was found to summarize terms describing ‘Valence’ and PC2 ‘Activity’,
comparable to PC1 ‘Mood’ and PC2 ‘Activity’ for donkeys [7], cows [6], or pigs [10]. The distribution
of certain terms across the four quadrants, and their meaningful loadings (>0.5) on PC1 and PC2 [25],
also fitted the expressed behavior. Amongst others, the term ‘Frustrated’, loading very negatively
on ‘Valence’ but positively on ‘Activity’, was well aligned with the expectations when picturing the
behavioral modulation in young calves using this set of terms. Furthermore, the defined components
can be seen as a good summary of the overall emotional state, as terms that are close in their
expressed quality also go well together in groups across the quadrants, such as ‘Happy’ and ‘Content’,
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or ‘Indifferent’ and ‘Distressed’. There was only one term, ‘Boisterous’, not loading substantially on one
of the two axes, indicating that it is not substantially needed to describe the emotional states of calves.
Therefore, it could be argued to exchange it with another term or leave it out and redo the analysis.
On the other hand, there might be farms in the future where this term will show a greater response,
as it should be seen in the light of our case-to-variable ratio being 2.25, lower than reported from
other studies by Budaev [25]. Besides that, breed differences in temperament might be causing this
vaguer response. Coming from different countries and with different linguistic backgrounds, the team
was communicating and scoring QBAs in English, giving room for slightly different interpretations
of the term ‘Boisterous’, especially in young animals. This might be mitigated in the future by the
intensive use of written QBA descriptors and definitions, such as those published for donkeys by
Minero et al. [7] also seen in Table 1 in this paper. This approach would probably be helpful but cannot
replace training and live agreement between observers. However, as shown by the weights that were
assigned to ‘Boisterous’, it did not have a major impact on WQ-C12 and should be kept in the term list
until further studies and more data are available. A similar argument could be done for the negative
term ‘Distress’, which is a severe condition and thus was not recorded for the majority of observers in
this study but would be very useful in case QBA is applied in extremely poor welfare conditions or
discriminating ones.

4.2. Agreement of Observers in Video Study

For most of the terms, it seems that the current training regime and previous knowledge of QBA
amongst the observers was sufficient for a good agreement. However, when looking at the terms with
low agreement, which to a large extent described negative states such as ‘Indifferent’, ‘Frustrated’,
’Irritable’, or ’Uneasy’, it seems that observers had recognized different valences. Disagreement can
have two reasons—different perceptions or different scorings. With regard to video sessions, well
known limitations are the quality of the footage and the restricted viewing angle and overall impression
towards the animal an observer has. In short clips, it might be difficult for some observers to focus
immediately on the animals’ demeanor. However, short clips are preferred to avoid observers suffering
from fatigue throughout a long video session, since a minimum number of videos is necessary for
the analysis.

A further source of disagreement is a very low or disguised level or absence of a certain term
throughout videos, or unclear demarcation of terms. When confronting the observers with the
inter-observer reliability of the video session, there were some remarks that some video footage
was not good enough to see a lot of the body language of the animals. This might have caused the
disagreement and highlights the importance of the footage quality. At the same time, it underlines
the importance of training the second source of errors occurring when the scoring is not performed
properly—what cannot be seen in the animals should also not be scored (or estimated instead).
A general point in scoring QBA is the reference for the line from min to max that some observers build
up with experience, to classify the present animals with respect to a certain term. In this video session
this was maybe difficult for some observers, in particular if there was limited experience with a huge
variety of emotional states in animals, and it might be that this aspect needed more attention in the
training material.

For proper scoring, observers also needed to be trained for the occasion that there might be
different animals showing different graded valences. To what extent observers were able to implement
this cannot be analyzed, and it therefore remains a potential source of the extent of disagreement in the
above-mentioned terms. However, as the main amount of terms was scored with good agreement,
it has been shown that agreement in principle can be trained and is possible. Future training sessions
should therefore focus on terms with so far lower agreement and provide excellent video footage.
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4.3. Emotional State of Dairy Calves on the Farms

As stated earlier, this was the first study for dairy calves aggregating the PC1 score to a WQ-C12,
and therefore scaling QBA results from 0 (poor) to 100 (excellent) points on a welfare scale. Therefore,
we lack direct comparison. In any case we can say the farms in this study reached an average neutral
to slightly positive welfare state, based on the expert opinions of Welfare Quality [12]. Comparing
PC1 scores of our study with veal calves from 24 Italian farms [4] showed a larger range for the PC1
(−5.08 to 3.88). Translated to WQ-C12, this would correspond to 13.6 to 86.9 points and an average
of 52.5, pointing towards a neutral to positive emotional state. Another QBA in 63 beef bull farms
with three assessments per farm, using almost the same terms as for the dairy calves, was revealed
average PC1 scores ranging from −4.8 to 4.8. This corresponds to 15.2 to 93.2 points for WQ-C12, with
an average of 48 points, stating a neutral emotional state in beef bulls [8]. Despite having a larger
sample size in the present study than the compared veal studies, but lower sample size than the beef
studies, a lower range in WQ-C12 was found. This might be explained by the fact that Danish dairy calf
husbandry, which was finally dominant in this study, was more uniform and scorings were therefore
more homogenous than in Italian veal calves and beef bulls from Austria, Germany, and Italy [4,8].
However, QBA was still able to discriminate between farms amongst the dairy calf herds of this study,
furthermore corresponding to certain farm factors, which is arguing for a large enough variation and
sensitivity of the defined terms list.

4.4. Associated Factors on the Welfare Quality Scores for Emotional State of Calves

Finally, as mentioned before, we were investigating certain explanatory farm factors and their
potential association with the emotional state of dairy calves at farm level. Positive effects on the
emotional state of dairy calves were found by herd size (i.e., number of calves), organic production
style, and breed. However, breed had no significant effect in the univariable analyses. Nonetheless,
breed can be seen in relation to herd size, as the larger Danish herds most commonly are Holstein
herds, which was also reflected by the included study herds. Additionally, a large number of Jersey
bull calves are culled shortly after birth, leaving only heifer calves on the dairy farms for assessment.
The associations found in the present study are well aligned with other findings, due to the effects of
organic production setup. Pairwise housing and group housing of calves are mandatory in organic
farms, which lead to decreased fear levels [26,27]. Furthermore, enhancement in social interactions is
aiding calves during the feed uptake in the transition period at weaning [28,29].

Studies investigating potential risk factors for an aggregated emotional state in cattle farms
are rare to our knowledge. Brscic et al. [4] found differences in the descriptive terms ‘Active’ and
‘Lively’ according to the housing form of veal calves at the age of 3 weeks (single vs. group housed).
In contrast to that, the present study could not find an influence of the type of housing in our study,
neither in very young calves nor older ones. Ellingsen et al. [17] analyzed effects of four different
handling styles of stockperson (‘Calm/Patient’, ‘Dominating/Aggressive’, ‘Positive interactions’, and
‘Insecure/Nervous’) and succeeded in proving an influence on positive and negative moods of dairy
calves. Although stockpersons’ handling in our study was not observed due to study limitations,
it would be valuable to include this in future studies on risk factors of emotional state and would
probably lead to a higher explained variance in the model. The aspect of including stockmanship
was also supported by the study from Norwegian colleagues [30], who investigated effects of farm
factors and stockpersons’ handling style on QBA in goats. Findings included that the positive attitude
towards petting goats significantly related negatively to the QBA term ‘Aggressive’ and positively to
the term ‘Inquisitive/Interested’. In this study, we have also made farmer questionnaires with some of
the farmers regarding their attitudes towards Animal Welfare, which is currently under investigation
and will be part of our next study.
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5. Conclusions

We conclude that with the 20 terms used, it is possible to achieve good overall observer agreement
with trained persons. However, analysis pointed out that some terms would profit from improved video
training of observers for a common understanding. We observed a relatively high portion of explained
variation (54.0%) on PC1 (‘Valence’) and PC2 (‘Activity’) providing a differentiated view on the
emotional state of calves. WQ-C12-scores were pointing at a neutral to positive emotional state,
of which 18% of the variance could be related to number of calves on a farm, farming style,
and prevalent breed, leaving enough potential for further investigations into which factors on
farm might influence the emotional state.
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Simple Summary: The focus of animal welfare science has shifted over the last decades from efforts to
avoid negative states to ways of allowing animals the experience of positive emotions. The emotional
state of an animal interacts with its immune system. Secretory immunoglobulin A, a class of antibodies
present on mucosal surfaces and acting as the first line of defense against infections, is influenced
by positive and negative emotions in humans; the few studies of its association with emotions in
animals focused almost exclusively on the impact of negative emotions and yielded conflicting
results. We present the first study that focuses on salivary immunoglobulin A to investigate a possible
relationship between positive emotions and immune functioning in calves. We detected a circadian
rhythm of immunoglobulin A concentrations, with lowest levels at 14:00 h. Immunoglobulin A
concentrations were decreased directly after feeding, possibly due to increased saliva flow rates,
and we did not find higher immunoglobulin A concentrations after play. The results are important
for the design of future studies of positive emotions, although they do not support immunoglobulin
A as an indicator of positive emotional states.

Abstract: The focus of animal welfare science has shifted over the last decades from efforts to
avoid negative states to ways of allowing animals the experience of positive emotions. They may
influence physiological processes in farmed animals, potentially providing health benefits; in addition,
the physiological changes might be used as indicators of emotional states. We investigated calves’
salivary secretory immunoglobulin A (sIgA) concentrations with regard to a possible circadian
rhythm and two situations that elicit positive emotions. Ten saliva samples of 14 calves were taken
on two consecutive days; within the course of a day we observed a significant decline in salivary
sIgA concentrations at 14:00 h. Further, we probed the animals before and after milk feeding and,
contrarily to our prediction, detected lower sIgA concentrations 5 min after feeding than 15 min
before. A probable explanation might be an increase in salivary flow rate caused by milk ingestion.
We also took samples before and after we stimulated play behavior in calves. There was no significant
difference in sIgA concentrations between samples taken before and after play. Although there was a
significant correlation between the change in sIgA concentrations and the amount of play behavior
shown, the correlation depended on an unexpected decrease of sIgA in animals that played little,
and thus, does not support our hypothesis. In general, the data showed a large variability that might
arise from different factors that are difficult to standardize in animals. Thus, the use of salivary
sIgA concentrations as a marker of positive emotions in calves is not supported conclusively by the
present data.

Keywords: immunoglobulin A; saliva; cattle; emotions; circadian rhythm

Animals 2019, 9, 657; doi:10.3390/ani9090657 www.mdpi.com/journal/animals55



Animals 2019, 9, 657

1. Introduction

Although the focus of animal welfare science has traditionally been mainly on negative aspects, it
recently has shifted to include the assessment of positive welfare and thus, positive emotions [1]. In
animal emotion research, the actual interest lies in the conscious subjective experience, characterized
by arousal and valence [1,2]. Although this subjective component is not directly accessible to science,
the corresponding behavioral, physiological, and cognitive components can be measured, making it
possible to assess affective states in animals (e.g., [3]).

The influence of stress and affective states on immune functioning is well known, mostly in
humans [4,5] but also in animals [6,7]. Measures of immune functioning have been proposed for
assessment of affective states in animals [1]. One of the numerous indicators of immune functioning is
immunoglobulin A (IgA) [8]. Secretory immunoglobulin A (sIgA) is present on most mucosal surfaces,
providing the first line of defense of the organism against infective agents like bacteria and viruses [8].
In animal welfare studies, it has mainly been measured in saliva (e.g., [9]) and feces (e.g., [10]), but
also in milk [11]. Salivary sIgA concentrations were shown to react within 10–15 min after eliciting an
emotional state in animals [9,12].

In general, data on sIgA concentrations after the experience of either positive or negative emotions
in animals are limited (for a review, see [8]). The few published studies focused mostly on negative
emotions, with conflicting results. In dogs, decreased sIgA concentrations were reported after stressful
situations [9,13]; the effect appears to be age-dependent, since sIgA concentrations were increased in
puppies after stress [14]. In male rats, social housing conditions with different levels of competition
and mating opportunities influenced salivary sIgA concentrations, with conditions deemed more
favorable (presence of a female and bedding) leading to a steep decrease and subsequently to a gradual
increase and less favorable conditions (group-housing with other males) to a decrease [15]. In pigs, an
increase in salivary sIgA was detected after restraint stress [12]. Regarding cattle, there is one study
that examined the effect of removal of conspecifics on sIgA [11], which is a stressful event according
to behavioral observations. After the removal, they found no difference in milk sIgA concentrations
between cows that were associated with the removed animals or not; there was an increase in serum
IgA concentrations in calves and young bulls after removal of their pen mates, but sample sizes were
very small and there were no control groups [11].

Although there are strong indications for an increase of salivary sIgA in response to positive
emotions in humans (e.g., [16,17]), there are few studies in animals. Regarding a potential effect of
positive emotions, sIgA concentrations in the feces of sheltered cats that had been stroked or whose
behaviors were classified as positive were elevated [10,18]. To be able to interpret results on sIgA
correctly, the circadian rhythm should be considered. The circadian rhythm may vary strongly between
species [8] and although there are studies in dogs [9] and pigs [12], no data are available for cattle to
date. The first aim of our study was therefore to investigate a potential circadian rhythm of salivary
sIgA dynamics in calves. The second and main aim was to elucidate the effect of positively valenced
emotions on salivary sIgA in calves. We hypothesized an increase of sIgA during milk feeding as well
as during experimentally induced play behavior, which are both situations that are associated with
positive emotions [1].

2. Materials and Methods

2.1. Subjects, Housing and Management

Twelve Austrian Simmental (eight females, four males) and two Holstein calves (both female)
were tested for changes in salivary sIgA concentrations during play at an average age of 61 ± 9 days
(mean ± SD). From 14 days of age, the calves were housed together in a deep litter barn at the Teaching
and Research Estate Kremesberg of the Vetmeduni Vienna (Pottenstein, Austria). They were kept
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in three groups of six to eight animals together with calves that were not involved in the study. We
tested two animals out of six in group A, eight animals out of eight in group B and four out of seven in
group C. Each group was housed in a 7 × 5 m deep litter pen, including a 12.5 m2 area of 1.3 m height
that was separated by a transparent strip curtain, and eight individual feeding stalls (0.5 × 1.7 m2)
with wooden walls and concrete floor. The calves were fed with pasteurized milk twice a day, around
07:30 h and 18:00 h, with 3–5 L of milk per feeding, depending on age. During milk feeding until
approximately 30 min after feeding, the calves were confined in the feeding stalls by gates to reduce
allosucking; during the rest of the day, they could enter and leave the stalls freely. Water, calf feed
(Kälber Start Vital; Garant, Pöchlarn, Austria) and hay were provided ad libitum. All calves were
disbudded with a hot iron by a veterinarian at an age of 4–5 weeks. They were sedated (Sedaxylan,
20 mg Xylazin/mL: 0.1 mg Xylazin/kg body weight) and received local anesthesia (Procamidor 2%
Procain: each side ca. 5 mL) and analgesia (Rifen, 100 mg Ketoprofen/mL: 3 mg Ketoprofen/kg body
weight). Disbudding was performed at least 14 days before the habituation period started. The study
was discussed and approved by the institutional ethics committee in accordance with Good Scientific
Practice (GSP) guidelines [19] and national legislation (project number 01/03/97/2014).

2.2. Experimental Procedures

The experiment took place between March and May 2014 (Figure 1). After the habituation period,
the salivary sIgA concentrations of the subjects were determined over the course of the day on two
consecutive days per calf in order to determine the circadian sIgA rhythm and the possible influence of
milk feeding. Between 4 and 14 days later (depending on temporal constraints due to farm procedures),
saliva samples were taken before and after induced play and behavior was directly observed as well as
video-recorded for later, detailed analysis.

Figure 1. Schematic view of experimental phases. After the first days of habituation, saliva was
sampled for detecting a circadian rhythm (Scircadian) on two consecutive days for each calf (between
day 7 and day 11). Saliva sampling before and after play (Splay) took place on days 15 to 25. During the
first 11 days, the habituation procedures were performed daily (dark green). To maintain familiarity
of the calves with the experimenters, habituation was continued after Scircadian on every second day
(light green).

Calves were habituated to human contact and the procedure of saliva sampling by one of two
female experimenters (170 cm, blonde, and 176 cm, brown hair and glasses, both dressed in dark green
overalls) for 1–2 h twice a day for 11 consecutive days (Figure 1). First, the experimenter entered
the box and initially waited for the calves to seek contact. As soon as the animals approached the
experimenter voluntarily and did not show overt avoidance reactions, she also initiated body contact,
stroked them, and allowed them to suck her fingers. If the calf pulled away after initial contact, the
experimenter waited for the calf to approach again. Furthermore, the procedure of saliva sampling
was simulated by placing the sampling device shortly into the calves’ mouths. The experimenters
did not encourage the subjects to play nor actively played with them during the habituation period.
Calves were considered as sufficiently habituated when they approached the experimenter readily
and/or let themselves be touched. After taking the samples for the analysis of the circadian rhythm,
the procedure of habituation was continued every second day for 14 more days (day 11 to day 25) until
all the samples in the context of the play situation were taken (Figure 1).

On two consecutive days, saliva samples were taken to gain general information about each calf’s
salivary sIgA concentration during the course of a day and the influence of feeding. Depending on the

57



Animals 2019, 9, 657

calves’ state of habituation, they were sampled after 7–11 days of habituation, and on any given day,
two to four calves were sampled. Six samples were taken over the course of each day (Figure 2), at 07:15
h (before morning milk feeding), 10:00 h, 12:00 h, 14:00 h, 16:00 h, and 17:45 h (before evening milk
feeding). The samples at 07:15 h and 17:45 h were also used as a baseline in the analysis of a possible
effect of feeding on sIgA concentrations. Additional samples were taken 5 and 30 min after the end of
milk feeding in the morning and in the evening, resulting in a total of 280 saliva samples. The removal
of the feeding bucket as soon as it was empty marked the end of milk feeding, which varied among the
tested calves, depending on the amount of milk fed and each calf’s drinking behavior. As a circadian
rhythm with a significant change within 35 min is highly improbable, we refrained from including a
control condition for feeding; a “no feeding” condition would not have been not valid control, as the
animals would have anticipated to be fed at this time of day, and thus, there might have been effects of
emotional state (frustration), saliva flow and possibly other factors on sIgA concentrations.

Figure 2. Schedule for saliva sampling in calves. F, morning and evening milk feeding (07:30 h and
18:00 h); A, saliva sampling to determine circadian rhythm at fixed times of day; B, saliva sampling
to determine effect of feeding, 5 and 30 min after the end of milk feeding; X, saliva sampling serving
both purposes.

Play tests were performed 4 to 14 days later, twice a day, around 10:15 h as well as 12:30 h, i.e.,
late enough to exclude a possible influence of feeding. Every calf was tested maximally two times
per day and in up to four tests in total. Play behavior cannot be triggered reliably: Sometimes some
calves are not motivated to play, whereas at other times, several calves will play at the same time. In
addition, play behavior is often contagious [20], i.e., if one calf starts playing, others will join in [21,22].
Thus, we aimed to exploit the effects of emotional contagion or social facilitation and tested several
calves in the same pen at the same time. Usually two to four calves were tested per play session
depending on the number of experimental animals kept in the pen. For the test, an experimenter
entered the box and immediately took a baseline saliva sample of the subjects to be tested. Then
locomotor play behavior was encouraged by the experimenter moving between the calves. The way
of moving included running and jumping with relatively slow, exaggerated movements, sometimes
but not always including eye contact with the calves. Further, the experimenter initiated physical
contact with the calves to induce play fighting behavior: She touched or rubbed a calf’s forehead and
progressed to pushing if the animal started to perform head pushing or rubbing. In the meanwhile,
the other experimenter manually recorded the frequency of play behavior shown by the subjects to
be tested. Depending on whether and when such behavior was shown—according to the second
experimenter’s observations—a second saliva sample was taken 15–45 min after the baseline sample;
the experimenter aimed to take it within 8 min after play behavior was shown [23].
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Saliva was sampled using Salivettes® (Sarstedt; Nürnbrecht, Germany). A rubber teat from a
bucket was put over dressing forceps so that approximately 2 cm of the forceps were visible outside
of the rubber teat. A cotton swab was then gripped with the forceps. For taking a saliva sample, the
experimenter approached a calf in its home pen and carefully placed the forceps into its mouth for at
least 30 s, if possible without restraining the subject. Most often, simultaneous stroking of the calf was
sufficient to make it tolerate the sampling procedure; only for 29 out of 334 samples, the subject had to
be restrained by the experimenter. If restraint was necessary, the calf was either confined in a feeding
stall or held by the experimenter by putting one arm around its neck. All samples that were used to
analyze the effect of feeding on IgA were taken while the animals were in the feeding stalls. Samples
were immediately put on ice and frozen at −20 ◦C within a maximum of 15 min.

2.3. Analysis of sIgA Concentrations

Saliva samples were thawed and centrifuged for 5 min (1000× g, 4 ◦C). Supernatant was taken
and samples were diluted in Tween-TRIS buffer (50 mM Tris, 0.14 M NaCl, 0.05% Tween 20, pH 8) at
ratios of 1:1000, 1:2500, 1:5000, and 1:10,000. Salivary sIgA concentrations were determined using the
Bovine IgA ELISA Quantitation Set according to the manufacturer’s protocol (Bethyl Laboratories;
Montgomery, AL, USA). Standard and sample dilutions were analyzed in duplicates. Optical densities
(OD) at 450 nm were measured using an ELISA reader (Epoch Microplate Spectrophotometer, Biotek;
Bad Friedrichshall, Germany). The OD values and log IgA concentrations were plotted using a
four-parameter logistic regression model analysis.

2.4. Observation of Play Behavior

Behavior was observed directly and coded from video recordings after training by one of the
experimenters, using an ethogram (Table 1) based on previous descriptions [21,22,24]. It included
social and locomotor play behavior patterns as well as avoidance, because the occurrence of repeated
avoidance may indicate a certain level of fear that could influence salivary sIgA concentrations. Head
rubbing towards objects in the environment has been described in the context of play behavior [24]. As
we did not expect the experimenter to induce object play in the calves, we focused on social play and
included social head rubbing because it is often shown in the context of play behavior and there are
gradual transitions between head rubbing and head pushing. In addition to this playful component,
it is also an affiliative behavior [22] and thus highly likely to contribute to or indicate a positive
affective state [1], which we intended to induce. Direct observations were necessary to determine when
the second salivary sample should be taken, whereas video observations allowed coding play and
avoidance behavior in detail. Behavior was observed directly by an experimenter sitting in front of the
tested calves’ pen at about 2 m height in the feeding alley. For video recordings, two cameras (EcoLine
TV7204, Abus; Wiener Neudorf, Austria) were placed at 3 m height, one at the left and one at the right
corner of the front side of the pens. The observation started as soon as the experimenter entered the
pen and ended when she left it. Only the behavior that was shown between the two saliva samples
was analyzed. Behavior was coded using the Interact® software (V14.0, Mangold; Arnstorf, Germany),
recording frequencies and durations of behavioral patterns (Table 1). The observer also recorded when
saliva samples were taken. Both types of behavioral observations were done using behavior sampling
and continuous recording [25].
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Table 1. Ethogram of observed behaviors. For running, head pushing and head rubbing, durations
were recorded; all other behaviors were recorded as frequencies. Head shaking is a supplemental
definition (to distinguish avoidance from playful running that is directed away from the experimenter)
and was not recorded on its own, as it usually occurs together with running or jumping. All behaviors
except for avoidance were considered play behaviors (described in [21,22,24]).

Behavior Definition

Running A calf moves forward faster than walking (trot or gallop).

Jumping

During running: All four legs leave the ground, accompanied by a clear upward
movement of the calf. On the highest point of movement, the animal can kick
with one or both hind limbs. During standing/walking: In an upward movement,
both forelimbs leave the ground and the calf lands with both forelimbs
simultaneously. The hind limbs can also move.

Kicking While standing or walking, the calf kicks with one hind limb.

Mounting

A calf jumps with both forelimbs and lays the front part of its body on the body of
another animal or the experimenter. Mounting is also recorded if the attempt is
not successful, i.e., the upper body part does not come to rest on the other animal
or the experimenter.

Head pushing
A calf puts its forehead against the forehead or head/neck region of another calf
or against a body part of the experimenter and pushes. This behavior can also be
started with another part of the head than the forehead.

Head rubbing A calf puts any part of its head, usually the side of the face, against a body part of
another calf and rubs it in an up-and-down movement.

Head shaking Up-and-down or rotational head movements, often in combination and around
more than one axis; the movements have no clear direction, e.g., towards flies.

Avoidance

A calf moves away from the experimenter after the experimenter moved towards
the calf. This behavior is only recorded if the movement is obviously triggered by
the experimenter’s approach. If this experimenter-triggered, averted movement
leads to a clearly playful behavior (jumping, kicking, head shaking), it is not
recorded as avoidance but as the according play behavior (in case of a quick
movement in combination with head shaking, the behavior is recorded
as running).

2.5. Statistical Analysis

All statistical analyses were performed and graphs were created using the R statistical environment,
versions 3.2.3 and 3.4.3 [26]. In all boxplots, the length of the box refers to the interquartile range
(IQR) and the horizontal line represents the median value. The end of the lower whisker represents
the lowest data point still within 1.5 × IQR from the lower quartile and the end of the higher whisker
represents the highest data point still within the 1.5 × IQR from the upper quartile. Values outside this
range are considered outliers and depicted as open dots.

The experimental unit was the individual calf. To analyze the data gained from saliva samples
taken over the course of the day (2 × 10 samples per calf), linear mixed models (LMM) were calculated.
In all models, the animal nested in the group was included as a random effect. For the analysis of
changes in circadian sIgA concentrations, time of sampling, sex, day of sampling and their interactions
were included as fixed effects in the full model. After model selection using the Akaike Information
Criterion (AIC), only time was included as a fixed effect. For the analysis of a possible influence of
feeding on IgA concentrations, sample number (SB, baseline sample taken before feeding; S5, taken
5 min after feeding; S30, taken 30 min after feeding), time of day (AM; PM), sex, day of sampling
and their interactions were included as fixed effects in the full model. After model selection using
the AIC, only sample number was included as a fixed effect. Normal distribution of residuals was
checked by means of a Q-Q plot, the homogeneity of variance of the residuals by plotting the residuals
against the predicted values resulting from the model. sIgA values were log-transformed to fulfill the
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model assumptions. If there were outliers in the residuals (>3 SD), the model was calculated again
without the corresponding observations in order to determine whether they have a strong influence
on the results. This was never the case and the models calculated before the exclusion of outliers are
presented. Post-hoc comparisons were calculated with Tukey adjustment.

One calf was excluded from analysis of play behavior and its effect on sIgA due to loss of video
data. To summarize play behavior, a duration of 1 s was assigned to each occurrence of behaviors
recorded as events, because their duration would usually be around 1 s as observed during the
habituation phase. A play score was then calculated for each play test of each calf by adding the
durations of all play behaviors, divided by the time (in min) between the two saliva samples to account
for different durations of observation. If several play tests were conducted with a calf, only the test with
the highest play score was chosen for the analysis of salivary sIgA concentrations. If a calf was tested
only once, the samples were included in the analysis regardless of the calf’s play score. A one-sample
sign test was performed to compare salivary sIgA concentrations before and after playing. Since the
average duration of a play test was relatively short (mean 24.9 ± SD 7.5 min), sIgA concentrations were
not expected to be influenced by the circadian rhythm, and we refrained from controlling for an effect
of time. Delta sIgA was calculated (ΔsIgA = sIgA concentrations determined after the play test minus
baseline sIgA concentrations determined before the play test) and a possible correlation of the play
score and ΔsIgA was investigated using Spearman’s rank correlation test, as it is insensitive against
outliers and we did not expect a strictly linear correlation. The same test was used for calculating the
correlation between play score and avoidance behavior.

3. Results

3.1. Effect of Time of Day

The mean salivary sIgA concentration was 689 ± 1115 μg/mL (mean ± SD) on the first day and
636 ± 803 μg/mL on the second day. Three outliers with sIgA concentrations exceeding 3000 μg/mL
were observed on the first day and one outlier on the second day (Table S1). There was a significant
effect of time (Figure 3, LMM, F5149 = 5.4, p < 0.001), with lower sIgA concentrations at 14:00 h than at
all other points in time (p = 0.001–0.022).

Figure 3. Calves’ salivary sIgA concentrations at different points in time. Fourteen calves were tested
on two consecutive days; values were averaged per calf and point in time. There was a main effect of
time (LMM, p < 0.001); the values at 14:00 were significantly lower than the values at all other points in
time according to Tukey contrasts (p = 0.001–0.022).
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3.2. Effect of Feeding

The mean sIgA concentration was 533 ± 504 μg/mL on the first day and 555 ± 531 μg/mL on the
second day. There was a main effect of sample number on salivary sIgA concentrations (Figure 4,
LMM, F2152 = 5.2, p = 0.007): salivary sIgA concentrations were lowest 5 min after milk feeding (Table
S2; p = 0.007) and increased afterwards (p = 0.049).

Figure 4. Calves’ salivary sIgA concentrations around feeding time. Fourteen calves were sampled
15 min before (SB), 5 min (S5), as well as 30 min after the milk feeding (S30), which took place twice a
day on two consecutive days; values were averaged per calf and point in time. There was a main effect
of sample number (LMM, p = 0.007); values decreased from SB to S5 (p = 0.007) and increased from S5
to S30 (p = 0.049) according to Tukey contrasts.

3.3. Play Behavior and Its Effect on sIgA Concentration

Within the play test, it took the experimenter on average 3.0 ± 2.5 min to take the baseline saliva
sample after she entered the pen. Out of 13 calves, two showed short occurrences (<30 s) of play
behavior in the time from entering the pen until the experimenter took the sample. On average, the
calves showed their first play behavior 5.8 ± 2.9 min after the baseline saliva sample was taken. The
second saliva sample was taken 24.9 ± 7.5 min after the baseline sample. Between the two samplings,
the experimenter induced play behavior (Figure 5; Table S3). On average, 18.9 ± 7.9 min elapsed
between the calves’ first play behavior and the collection of the second saliva sample and 3.1 ± 3.3 min
between the last play behavior and the second sample.

The play score ranged from 0.5 to 5.6, with a mean score of 2.6 ± 1.7. In total, avoidance behavior
was recorded 37 times (0.14 ± 0.18 times/min), but it was mostly shown by only two calves (play scores:
1.6 and 3.8). The calves that played most (play scores of 5.6 and 5.1) never avoided the experimenter
in the play test. However, there was no significant correlation between avoidance behavior and play
score (Spearman’s rank correlation, r = −0.28, p = 0.35). The salivary sIgA concentrations of the calves
probed before the play test ranged from 13 to 1030 μg/mL (mean: 283 ± 265 μg/mL). After the play
test, sIgA concentrations were between 22 and 512 μg/mL (mean: 258 ± 143 μg/mL). There was no
significant difference between sIgA concentrations before and after the play test (Figure 6, one-sample
sign test, s = 7, p = 0.39) but we found a strong, significant correlation between the play score and
ΔsIgA (Figure 7, Spearman’s rank correlation, r = 0.69, p = 0.012).
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Figure 5. Play behavior. Average duration in s/min (A) and number of occurrences/min (B) of different
patterns of play behavior displayed by 13 calves in the play test selected for evaluation of the effect of
play behavior on sIgA.

Figure 6. Salivary sIgA concentrations before and after the play test situation. One-sample sign test,
n = 13, s = 7, p = 0.39.
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Figure 7. ΔsIgA and play score. ΔsIgA = (sIgA concentration after play test) minus (sIgA concentration
before play test); Spearman’s rank correlation, n = 13, r = 0.69, p = 0.012.

4. Discussion

4.1. Effect of Time of Day

There was an effect of time on calves’ salivary sIgA concentrations, with the lowest concentrations
detected at 14:00 h, compared to all other times; sIgA seems thus to undergo circadian changes. In
humans, salivary sIgA was shown to decline steadily during the course of the day [27], but little
is known about animals’ circadian changes of sIgA concentrations [8]. Contrary to our findings,
studies in pigs and dogs demonstrated lower salivary sIgA in the morning and elevated salivary
IgA concentrations over the midday hours, which declined again in the late afternoon [9,12]; rats
housed in metabolic cages excreted the highest amounts of fecal sIgA between 20:00 h and 02:00 h,
which corresponds to a major part of their active phase [28]. The different results might be due to
general differences between species or their different diurnal rhythms of activity or arousal. In calves,
rumination might also influence salivary sIgA concentrations, since it may result in enhanced saliva
flow rates that lead to a decline in sIgA concentration [29], and additionally in mixing of rumen content
with saliva.

In general, the data showed a high variability between and within the calves as well as large
outliers. From a technical point of view, the large variability of our data could be influenced by the
restricted possibilities of standardization of the sampling procedures in animals. In humans, saliva
sampling is a well-established procedure that includes a standardized behavioral protocol, resulting in
saliva collected over a defined time span and under comparable conditions [30]. Saliva sampling is
far more difficult to standardize in animals because they cannot be instructed to behave in the way
a human can be. Consequently, the time span of sampling differs, as some animals interrupt the
sampling. Also, oral behavior before the sampling procedure could not be controlled in the present
study, which is important since salivary sIgA is dependent on the saliva flow rate, which is influenced
by mechanical, gustatory and olfactory factors [31].

Salivary sIgA concentrations can change in response to positive or negative emotional events
and salivary IgA concentrations react to emotional stimulation already several minutes after the onset
of stimulation [9,32]. Since we cannot exclude that tested calves experienced positive or negative
emotions before samples were taken, emotional experiences constitute a potential confounder. In
future studies, behavior should be observed for several hours before sampling to detect such situations
and consider them in data analysis. However, it is unlikely that calves experience strong emotions at
consistent times across days, outside of the context of milk feeding.

64



Animals 2019, 9, 657

4.2. Effect of Feeding

The examination of salivary sIgA concentrations revealed decreased concentrations directly after
feeding, regardless of the tested day, time of feeding or sex of calves. There was no significant difference
between the samples taken before and 30 min after the milk feeding. As we rated feeding as a positively
valenced event, we would have expected an increase in salivary sIgA concentrations directly after
feeding, which was clearly not the case. Food intake stimulates saliva production [31], and with
increasing saliva flow rates, salivary sIgA concentration decreased in humans [29]. Thus we suppose
that the observed decline in sIgA concentrations resulted from an increase of saliva flow rate during
feeding. As it was not possible to determine saliva flow rate in our experiment, there are no data to
support this explanation at the moment. Emotional arousal is a component of emotional states that
can act as a confounder. As we had no possibility to control for potential differences in arousal in the
present experiment, the observed sIgA decline might theoretically also be explained by a state of low
arousal caused by post-consummatory satisfaction [2].

Another factor that could have influenced the obtained results is the temporal dynamics of sIgA
in saliva. Little information is available about temporal aspects of salivary sIgA, but concentrations
were significantly different to baseline at 10 and 15 min after the onset of an emotional stimulus in dogs
and pigs, respectively [9,12]. These samples were, however, the first samples taken after the onset of
the stimulus, which means that sIgA might react even faster. Pre-stimulus levels were reached 10 min
(pigs) and 30 min (dogs) after the end of the stimulus, although still being significantly different from
controls in dogs. Again, this was the first recovery sample, so pre-stimulus levels might be attained
even faster. As we took the first post-stimulus saliva sample approximately 10 min after the onset of
feeding and 5 min after the bucket had been removed, it seems reasonable to assume that we indeed
detected the sIgA response to feeding. Nevertheless, there might be differences between species, thus
further research is necessary to determine the time course of the salivary sIgA reaction in cattle.

In a follow-up study, a possible sampling effect on our data should be considered; without having
a non-feeding control it is not possible to distinguish the feeding effect from a potential sampling
effect. Although the calves were habituated to all experimenters and the sampling procedure, we
cannot exclude that sampling could have caused a negative affective state or stress in some animals
that influenced the results, as discussed in detail in Section 4.3.

4.3. Effect of Play Behavior

We did not find any significant differences in calves’ salivary sIgA concentrations between the
samples taken before and after the play test. We had assumed that every playing calf experienced
positive emotions with a moderate to high level of arousal and predicted an increase in sIgA
concentrations, but sIgA concentrations were not generally increased after play behavior was performed,
as it increased numerically only in seven of the thirteen tested calves. There was a correlation between
play score and change in salivary sIgA concentrations, but the result should be interpreted with caution:
the majority of the calves that had played a lot showed numerically higher sIgA concentrations, but the
calves that played most showed no or weak elevation of sIgA concentrations. In addition, some of the
calves that had shown only little play behavior actually had numerically lower sIgA concentrations at
the second sample point, especially the ones with very high starting values. The correlation depends
thus strongly on the unexpected decreases, and therefore does not support our hypothesis of increased
sIgA values after a positive emotional state.

A possible explanation for the numerical decrease might be that the sampling of saliva caused a
negative affective state or stress, which might have decreased sIgA concentrations directly or influenced
it via an effect on saliva production. Conversely, this potential negative affective state might have
masked the effect of play behavior on sIgA concentrations: in animals that showed little play behavior,
the effect of play behavior might not have been strong enough to make up for the initial decrease. It is
also possible that the animals that played a lot did not experience negative affect or stress during the
sampling, which in turn might have facilitated the stimulation of play behavior. As we did not expect
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negative effects of the saliva sampling because the animals were usually not restrained during the
procedure, there was no situation without play that could have been used to control for the effect of
sampling itself. These possible explanations remain thus speculative until a follow-up study will be
conducted, including a control for the effect of sampling.

In addition, the relationship between sIgA concentrations and play behavior might be complex.
For instance, physical activity could have an influence on salivary sIgA: increased [33] as well as
decreased [34] salivary IgA concentrations in humans were found during a period of intense exercise,
but to our knowledge, no data on the influence of physical activity on sIgA in animals are available.
In the present study, it was not possible to separate the influence of emotions from the influence of
physical activity, as play behavior is inextricably linked with physical activity, and most physical activity
occurred in the context of play behavior. Another confounding effect might have been anticipation,
which might have increased basal sIgA concentration. An indication for anticipation was the behavior
of the two calves that started to play when the experimenter entered the pen, even before she started to
induce play behavior in the calves. However, it speaks against a confounding effect of anticipation that
the calves with the highest basal sIgA concentrations played relatively little (play scores 1.16 and 1.07);
if their sIgA concentrations were that high because of a premature rise due to anticipation, we would
have expected them to show high levels of play behavior in the test.

Play behavior is not easy to define and quantify in many animal species, as it combines behaviors
from different behavioral categories. One might thus argue that the behaviors we recorded in this
study were possibly caused by fear of the calves towards humans. However, play behavior in calves
encompasses quite specific behaviors, which have been described in detail [21,22,24]. The animals did
not show defense behavior, which would have been expressed as aggressive behavior towards the
experimenter and might have led to injury. Regarding fear, it is more difficult to distinguish, as running
may be caused by fear or occur in the context of play behavior. We took a conservative approach
and recorded every movement away from the experimenter that did not include specific behavioral
elements clearly indicating play (such as kicking, head shaking) as “avoidance”, if it occurred as a
direct reaction to her approach. We can thus be quite sure that we recorded all avoidance events as
such and rather under- than overestimated the occurrence of play behavior. Another aspect of this
issue is that humans are very adept at picking up subtle, qualitative cues in an animal’s behavior that
allow them to draw conclusions about the animal’s emotional state [35,36]; we are confident that we
would have recognized fearful behavior.

Experiments involving human contact are always influenced by the animal–human relationship
(AHR) [37,38]. A positive AHR was essential for conducting this study, as the experimenters depended
on the calves’ cooperation during saliva sampling and play behavior occurs usually only in a relaxed
situation [20]. The play experiments were performed by two female experimenters, who were
familiar to the animals. Nevertheless the experimenters’ behaviors, which triggered play behavior
in some calves, might have induced fear in others. Negative feelings towards the experimenter or
the play situation should have been reflected by increased avoidance behavior and the absence of
play behavior [20,38]. Although we cannot completely rule out that play behavior might have served
as a coping mechanism [39,40], in this case to cope with potential fear towards the experimenter, we
consider it highly unlikely in the present study: Although Ahloy-Dallaire et al. [39] present several
counter-examples to the wide-spread view that play is associated with positive affect, the type of play
behavior shown in the described situations seems to be suitable to actually improve the situation and
provide a welfare or fitness benefit, such as social play in socially stressed primates or object-play
in nutritionally deprived kittens. In contrast, calves’ primary response towards a truly threatening
stimulus should be flight and not play, if we think in terms of evolutionary adaptiveness. Avoidance
behavior occurred several times; it was mostly shown by only two calves with low and intermediate
play scores. On the other hand, some calves were apparently waiting for the experimenter to enter
the pen, immediately seeking body contact and sometimes initiating play behavior, showing no or
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minimal avoidance behavior. The AHR may have differed in our experimental animals, affecting their
emotional state during the interactions and thus possibly their sIgA concentrations.

When it comes to emotions and sIgA, the available literature presents rather conflicting findings.
Most of the experiments published on the connection between salivary sIgA and emotions were
conducted in humans. There are several studies that indicate that positive emotions lead to increased
salivary sIgA concentrations, e.g., [16,17], whereas stress as experienced during a period of academic
exams down-regulated sIgA secretion [41]. However, Benham et al. [23] showed increased sIgA
concentrations after stress-inducing as well as stress-reducing tasks; it is likely that the intensity and
duration of the stressor play a role. Studies in animals neither agree on whether sIgA increases or
decreases after positively experienced emotions. Authors reported decreased sIgA concentrations
after stress-related situations in adult dogs and rats [9,13–15]. In contrast, increased salivary IgA
concentrations after stressful situations were obtained in pigs and puppies [12,14]. The influence of
positive emotions on salivary sIgA was only described in a small study of cattle: A trend towards
increased salivary sIgA concentrations was observed after cows were moved to pasture after a long
period of loose housing [42]. As in our study, a high variability in sIgA concentrations was reported,
suggested to arise from environmental factors, and an unexpected, slight decrease was found mainly
in animals with higher starting values.

The reported diversity between and within the species in salivary sIgA responses to differentially
valenced emotions raises the question of the role of arousal in sIgA secretion. According to Mendl
et al. [2], situations described as acute stress can be considered as experiences associated with high
arousal whereas chronic stress, due to a habitation effect, might be connected to low arousal. To our
knowledge, only Guhad and Hau [15] specifically investigated chronic stress in rats and observed
decreased sIgA concentrations. All other studies dealt with experimental situations causing acute
stress and described salivary IgA increases as well as decreases in highly aroused animals [9,12,14].

5. Conclusions

In this study, we detected a circadian rhythm of salivary sIgA concentrations in calves, with lowest
concentrations at 14:00 h as well as reduced sIgA concentrations directly after feeding. There was no
consistent response in sIgA after play, with both increasing and decreasing concentrations. The large
variability of the data and the conflicting results in other mammalian species suggest additional
influencing factors such as the sampling procedure, salivary flow rates, affective arousal or the AHR,
as well as the current infectious pressure. Our results thus do not support the use of salivary sIgA
concentrations as a marker of positive emotions in calves.
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Simple Summary: Qualitative behaviour assessment (QBA) is a whole-animal approach to measuring
animal welfare, based on observing the animal’s body language and behaviour. The method is used
in different animal welfare protocols such as the Welfare Quality® (WQ®) protocols developed for
poultry, cattle and swine and the AWIN protocols for sheep and goats. In Norway, farmed sheep are
typically housed during the winter period for approximately six months and this presents specific
risks for animal welfare, as well as specific opportunities for improvement. A welfare protocol for
sheep managed under Norwegian housing conditions was developed for the Norwegian Sheep
House (FåreBygg) project. In this study, we tested the reliability of QBA as developed for this
protocol, when used by six trained observers with different professional background and experience,
using video recordings. Intra-observer reliability was assessed by viewing the videos twice with a
one-week interval between viewings. The statistical analyses revealed high agreement between all
observers, and between scorings of the same observers at different time points. The results suggest
that the tested protocol is reliable for assessing video recordings of sheep behaviour when applied by
trained observers, regardless of their occupation with differing experiences of sheep health, welfare
and production.

Abstract: This study tested the reliability of a Qualitative Behavioural Assessment (QBA) protocol
developed for the Norwegian Sheep House (FåreBygg) project. The aim was to verify whether
QBA scores were consistent between different observers, i.e., inter-observer reliability, and between
scorings of the same observers on different time points, i.e., intra-observer reliability. Six trained
observers, including two veterinary students, two animal welfare inspectors and two sheep farmers
observed sheep in 16 videos, and independently scored 14 pre-defined behavioural descriptors on
visual analogue scales (VAS). The procedure was repeated one week after the first scoring session.
QBA scores were analysed using Principal Component Analysis. Inter- and intra-observer agreement
was assessed using Kendall’s coefficient of concordance (W). Principal component 1 (PC 1) and 2
(PC 2) combined explained >60% of the total variation in the QBA scores in both scoring sessions.
PC 1 (44.5% in sessions 1 and 2) ranged from the positive descriptors calm, content, relaxed and
friendly to the negative descriptors uneasy, vigilant and fearful, and was therefore labelled mood.
PC 2 (18% in session 1, 16.6% in session 2) ranged from bright to dejected and apathetic, and was
therefore labelled arousal. Kendall’s coefficient of concordance of PC 1 for all observers was high in
the two scoring sessions (W = 0.87 and 0.85, respectively), indicating good inter-observer reliability.
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For PC 2, the agreement for all observers was moderate in both video sessions (W = 0.45 and 0.65).
The intra-observer agreement was very high for all observers for PC 1 (W > 0.9) except for one, where
the agreement was considered to be high (W = 0.89). For PC 2, Kendall’s coefficient was very high for
the veterinary students and interpreted as moderate for the two farmers and welfare inspectors. This
study indicates that the QBA approach and the terms included in the Fårebygg protocol were reliable
for assessing video recordings of sheep behaviour when applied by trained observers, regardless
of whether they were a veterinary student, animal welfare inspector or sheep farmer. Further work
is needed to examine the reliability of the QBA protocol when tested on-farms for sheep managed
under Norwegian housing systems.

Keywords: sheep; qualitative behaviour assessment (QBA); welfare assessment protocol; observer
reliability; housing; animal welfare

1. Introduction

In many developed countries, consumers of meat, milk, eggs and other products from animals
are paying increasing attention to animal welfare, thus creating a demand for animal welfare-friendly
products [1–3]. Consequently, there is an increasing need for the assessment. Standardized animal
welfare assessment protocols incorporating valid, reliable and feasible welfare indicators provide a
means of comparing the welfare of animals managed across different farms in a transparent, fair and
consistent manner [4].

The more recently developed protocols typically consist of a mixture of animal-based and
resource-based measurements [5]. Resource-based measurements focus on what is provided to
the animal, including the environment, e.g., feed quality, spacing, hygiene and relative humidity.
Animal-based indicators, on the other hand, reflect the response of an animal to a specific situation
or environment [6,7]. Animal-based welfare outcomes provide a better insight into how different
production and management systems influence and impact animal welfare compared to measures of
resource and management inputs. Traditionally, measures of good animal health have been interpreted
as a reflection of good animal welfare. For example, body condition score (BCS) has been identified as
a valid, reliable and feasible animal-based indicator of sheep health and welfare [8–10]. However, a
sheep in an ideal body condition is not necessarily experiencing a state of emotional well-being. Hence
when measured alone, BCS and other measures of the animals’ physical condition do not provide
sufficient information to draw conclusions about the actual welfare state of the animal. By comparison,
qualitative behaviour assessment (QBA) is a whole-animal approach, based on observing the animal’s
behaviour and body language [11]. One of the advantages of QBA is that the expression of positive
emotions are taken into consideration, as opposed to only focusing on the presence or absence of signs
of disease, pain or suffering [11,12].

QBA involves the use of behavioural descriptors, such as fearful, social, uneasy and content, to
describe the welfare of an individual animal or a group of animals [13]. Originally, QBA was based on
free choice profiling (FCP), whereby observers generated their own terms to describe the behaviour of
animals, and then scored the intensity of each term along a visual analogue scale (VAS) [14,15]. This
approach requires that the data are analysed using generalised Procrustes analysis (GPA). Other users
of QBA have developed a fixed-list (FL) of predefined terms for the species of interest. Observers then
score each of the terms on a visual analogue scale (VAS) (e.g., Welfare Quality Protocol for cattle). To
date, principal components analysis (PCA) has been the most common approach to analyse data from
fixed-list QBA, as it reveals the underlying structure of the data and reduces the number of variables to
a few main dimensions, which can be interpreted in terms of animal welfare [12,16–18].

In recent years, QBA has been included in several welfare protocols such as the Welfare Quality®

(WQ®) protocols developed for poultry, cattle and swine [19] and in the AWIN protocols for sheep [20]
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and goats [21]. Various studies have investigated the validity of QBA, based on both FCP [22,23]
and the FL approach [24]. For example, Stockman and colleagues [22] found that cattle that were
assessed as agitated, restless and stressed during transport also had increased heart rate, core body
temperature and plasma glucose compared to before transport. Whilst in a study of sheep, Wickham
and colleagues [23] found that sheep described as more active and alert compared to the control when
subjected to different stressors, showed increases in core body temperature, leptin concentration and
haematocrit. The described changes in physiological parameters in both studies are consistent with
a stress response, and supports the validity of the method in detecting complexities of behavioural
expressions of animals.

Previous studies have found varying levels of reliability when QBA was performed on cattle using
FCP [24,25], on pigs using FCP [26], and FL [12]. Methods of assessment used to test observer reliability
vary from video-scoring [12] to direct observations of animals on-farm [24,25] or in experimental
conditions [26]

Several reliability studies have been conducted on QBA for small ruminants [16,17,27]. In 2013, the
first reliability study of QBA on sheep, based on observation of video clips found high inter-observer
reliability [27].

QBA is based on the ability to interpret an animal’s body language, and has been suggested to
be a supplementary welfare screening tool [15]. Studies on sheep [18] and goats [16], suggest that
QBA is sensitive to detecting between-farm differences in animal health and welfare outcomes. To
assess whether QBA is reliable and is externally valid for application by different stakeholders with
different backgrounds in sheep health and welfare, it is important that the method is tested by the
range of potential on-farm users, such as farmers, veterinarians and farm animal welfare inspectors.
The method also needs to be tested under the range of management and farming types found in the
region of interest.

In Norway, farmed sheep are typically housed for approximately six months during the cold
season (October to April) and this presents opportunities for close inspection of sheep behaviour and
stockperson attention. However, there may also be specific welfare risks associated with a long period
of indoor housing. To date, the reliability of QBA when applied by a range of stakeholders for assessing
sheep managed under Norwegian housing conditions has not been explored.

The background to this study was that QBA was one of a number of animal-based indicators that
were included in an on-farm welfare assessment protocol used in the SheepHouse (FåreBygg) project.
The project had a broader aim of examining the on-farm welfare of sheep managed in the different
housing systems found in Norway using a combination of valid, reliable and feasible animal- resource-
and management-based indicators (Norwegian Research Council Project nr. 225353/E40).

The objective of the present study was to examine the inter- and intra-observer reliability of the QBA
protocol for housed sheep managed under Norwegian housing conditions, when a group of farmers,
veterinary students and farm animal welfare inspectors applied the method to video recordings.

2. Materials and Methods

2.1. Experimental Design

2.1.1. Behavioural Descriptors

The behavioural descriptors used in this study were modified from a previous QBA protocol for
housed sheep, that included 12 descriptors created and used by Muri and Stubsjøen [17]. A focus group
including five veterinarians with practical experience in sheep behaviour and welfare assessments,
and two final year veterinary students discussed the descriptors in various steps; after watching
both videos of sheep and sheep on-farm. This involved the inclusion and testing of new descriptors.
Proposed changes were based on consensus about the definition, judgement and feasibility, as well as
the term’s meaning for sheep welfare. All terms were tested on-farm followed by new discussions and
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revision of the list of terms. For each descriptor, the final protocol contained a written definition that
the group had agreed upon.

Fourteen behavioural descriptors were finally included in this study (Table 1), of which half were
negative terms, and the other half were positive terms. One behavioural descriptor, trustful, was
excluded from the reliability study because there were no stockpeople present in most videos, making
the assessment of trustfulness impossible. However, the term was kept in the FåreBygg protocol used
on-farm [28]. For the remainder of this paper we only refer to the 13 descriptors included in the
reliability study.

Table 1. The definitions used for the behavioural descriptors in this study.

Behavioural Descriptor Definition from Protocol

Calm
• Not nervous
• No noticeable reaction to the presence of humans or other animals
• Does not apply to animals that are sick (lethargic)

Vigilant
• Tense, nervous, shy or timid
• Stops ruminating

Friendly

• Sociable
• Involved in positive social interactions; Social grooming, sniffing other

animals, rubbing against one another, lying side by side and/or
• More subtle social interactions, harmonic, positive interest in each other,

positive synchronous behaviour
• Absence of negative social interactions

Fearful
• Animals that are showing obvious signs of fear
• Trying to flee, panting or withdrawing to the far corner/end of the pen

Apathetic
• Indifferent, lack of interest in surroundings and/or discouraged
• Not very responsive
• The term has a more negative meaning than «dejected»

Aggressive • Actively engaged in physical conflict with other animals

Content
• Satisfied and relaxed or engaged in positive activities
• For example: Playful, social grooming, eating (if there is no competition

for feed or displacements) or resting

Irritable • Frustrated, ruthless, grumpy, threatening

Curious

• Showing positive interest and anticipation (not vigilant or watchful), and
appearing explorative

• Animals standing still and showing interest have not stopped
ruminatingDoes not include the animals that are observing you neutrally

Uneasy • Stressed, apprehensive, restless or impatient

Bright
• Awake and alert, showing positive interest in surroundings
• Animals that are lethargic or have laboured breathing due to gestation will

influence this score negatively

Dejected

• Animals that are obviously ill or depressed
• Lack of interest in surroundings
• Not very responsive
• Lethargic
• In pain

Trustful
• Showing positive interest in the observer, relaxed, not trying to flee
• Are not disturbed by the presence of the observer

Relaxed
• Resting, either while standing up or lying down
• Ruminating with a relaxed eye expression (heavy eyelids), not paying

much attention to the observer (not curious or vigilant).
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2.1.2. Observers

Six observers with different backgrounds participated in the study. Two were final year veterinary
students (authors S.D-L. and S.H.) of the Norwegian University of Life Sciences (NMBU), two
were experienced full-time sheep farmers and two were experienced animal welfare inspectors and
veterinarians from the Norwegian Food Safety Authority (NFSA). The students had received more
training in using QBA than the other observers, as they had participated in group discussions and
on-farm testing for development of the QBA protocol used in this study. The veterinarians from the
NFSA were familiar with the method from a former study the previous year [17]. The farmers had not
received any training in the use of QBA prior to the introductory presentation given at the first video
scoring session.

2.1.3. Videos

All, except for four, video recordings used in this study included recordings of adult sheep in
the mid-east of Norway during the winter indoor-housing period. Videos of groups of sheep were
recorded on 11 farms in connection with an earlier study [10] during a two-week period in April and
May 2007. Average flock size on these farms was 111 (range 35–240), and the Norwegian White Sheep
breed was kept on all but one farm that also had the old Norwegian breed Spælsau. The videos were
selected by two of the scientists (S.M.S. and K.M.), and fourteen two-minute clips were chosen from
this material, aiming to cover a variety of behavioural expressions observed in Norwegian sheep
housing systems. To supplement the videos from Norwegian farms, four additional videos belonging
to Professor Françoise Wemelsfelder from Scotland’s Rural College (SRUC) were used (videos number
2, 6, 14 and 16). The sheep on these videos were Scottish Blackface (clips 2, 6 and 16) or mule sheep
(clip 16). In total, 16 videos were included in the reliability study. A brief description of each video is
presented in Table 2.

Table 2. Description of the videos used in this study. The order of presentation was different in the two
scoring sessions.

Video Number Video Description
Order of Presentation in Trial

1st Session 2nd Session

1
A group of ewes and lambs in an indoor pen. Most
of the animals are lying down and ruminating, a few
are walking about.

1 5

2 Sheep walking/running in an outdoor pen. A
stockperson is moving the animals using a long stick. 2 14

3 A small pen in a sheep house where the ewes are
eating and the lambs are in the background. 3 2

4
A small pen in a sheep house where a stockperson is
giving concentrate to the ewes in a pen, and lambs
are running behind the ewes.

4 17

5 Three adult pregnant ewes in a small indoor pen. 5 4
6 A sheep in a small indoor pen. 6 16

7
The same herd and section in the sheep house as in
video 1. A stockperson is distributing hay on the
floor.

7 9

8 Ewes and lambs in an indoor pen. Most of them are
standing up, a few are lying down. 9 12

9
Same farm and same position as in video 1 and 7. All
the ewes are eating concentrate, while the lambs are
running around.

10 3

10 Ewes and lambs in an indoor pen. Most are sleeping,
some are resting. 11 8

11 Ewes in an indoor pen. Most are lying down and
ruminating with their eyes closed. 12 10
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Table 2. Cont.

Video Number Video Description
Order of Presentation in Trial

1st Session 2nd Session

12
Ewes in a large indoor pen eating hay. A couple of
animals are moving around behind the others, trying
to get a place by the feeding trough.

13 6

13
Ewes and lambs in a small indoor pen. The ewes are
either lying down or standing still, while some of the
lambs are walking/ jumping about.

14 13

14
One adult ewe and two lambs in a field. The ewe is
lying down, and the lambs are holding their heads
against hers.

15 7

15
Same farm as in videos 1, 7 and 10. The animals are
either walking around, eating or interacting with
each other.

16 11

16
Adult sheep walking in a shed with straw bedding.
They suddenly stop walking and some of them lower
their heads quickly.

17 15

2.1.4. Study Procedure

The video sessions took place at NMBU Sandnes, section for small ruminant research, in February
2015. Before scoring started, an introductory presentation was provided by the test leader and the first
authors. The behavioural terms and definitions (Table 1) were presented to the group of observers
and discussed for 15 min to provide clarity. The written definitions were available to the observers
throughout the period of the test. Each observer received 16 scoring sheets (one for each video) with a
125 mm visual analogue scale (VAS) from minimum to maximum below each descriptor. Minimum
was defined as the level where an expression is not present among the observed animals at all, whereas
maximum is the level at which the expression is dominant across the entire group being observed.
The observers marked along the scale for each term, answering the question “How dominant is this
behavioural term among the observed animals during the observational period?”

In 15 of the 16 videos, the observers were asked to observe all of the sheep that were visible during
the video clip. In one video, they were asked to focus their observations on a group of three adult
sheep (clip number 16). After each video, the observers had a few minutes to score each behavioural
descriptor on the separate VAS provided for each clip. The same procedure was repeated one week
later in order to assess intra-observer reliability, but the order of the video clips was changed using
random number allocation.

2.2. Data Management and Statistical Analysis

VAS data were transferred to a spreadsheet (Microsoft Office Excel® 2010) by recording the
distance in millimetres from the minimum mark to the point where the scale was ticked.

Data were analysed in STATA SE/12.1 (StataCorp, College Station, TX, USA).
PCA based on a correlation matrix (no rotation) was conducted on the data from the two scoring

sessions. The results from PCA are presented as component scores, which describe the total variation
of data in the main dimensions. The first two principal components from the analyses (PC 1, PC 2)
were retained for further analysis in both sessions, based on a combination of the elbow plot criterion
and Kaiser’s criterion [29].

Subsequently, the component scores for the two principle components were used to assess the
agreement between observers (inter-observer reliability) in the two scoring sessions, and for each
observer on different days (intra-observer reliability). Agreement was assessed using Kendall’s
coefficient of concordance (W). The results were interpreted according to Martin and Bateson [30],
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where W = 0.0–0.2 indicates a slight correlation, W = 0.2–0.4 a low correlation, W = 0.4–0.7 a moderate
correlation, W = 0.7–0.9 a high correlation, and W = 0.9–1.0 indicates a very high correlation.

As different observers had different backgrounds and experience with the method, the
inter-observer reliability was also investigated within the following pairs or groups: (1) veterinary
students, (2) animal welfare inspectors from NFSA, (3) sheep farmers, (4) veterinary students and
animal welfare inspectors from NFSA combined, and (5) all observers combined.

3. Results

Principal component 1 and 2 combined explained >60% of the total variation in the QBA scores in
both scoring sessions (62.5% in session one and 61.1% in session two). In the first scoring session, PC 1
(eigenvalue 5.8) explained 44.5% of the variation while PC 2 (eigenvalue 2.3) explained 18.0% of the
variation. In the second scoring session, the variation explained was 44.5% for PC 1 (eigenvalue 5.8)
and 16.6% for PC 2 (eigenvalue 2.2).

The loadings of each behavioural descriptor along the PC 1 and PC 2 from the first and second
scoring session are shown in Figures 1 and 2, respectively. In the loading plot for all of the observers,
PC 1 ranges from the positive descriptors calm, content, relaxed and friendly to the negative descriptors
uneasy, vigilant and fearful, and was therefore labelled mood. PC 2 ranged from bright to dejected and
apathetic (Figure 1), and was therefore labelled arousal.

Figure 1. Loading plots generated by the first scoring session for all observers. The x-axis represents
principal component 1 and the y-axis represents principal component 2.
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Figure 2. Loading plots generated by the second scoring session for all observers. The x-axis represents
principal component 1 and the y-axis represents principal component 2.

3.1. Inter-Observer Reliability

Table 3 presents W values and p-values from the analyses of the inter-observer reliability within
the different observer groups and overall. For PC 1, W values were >0.75 for all observer groups, in
both video scoring sessions. For PC 2, the agreement ranged from W = 0.45 (all observers, session 1) to
W = 0.91 (veterinary students, session 1).

Table 3. Inter-observer agreement given as Kendall’s coefficient of concordance (W) for five groups of
observers in two different scoring sessions. The groups were constructed according to background and
the level of experience with QBA. PC = principal component.

Session Group
PC 1 PC 2

W p W p

1

Veterinary students 0.96 0.0175 0.91 0.0270
NFSA inspectors 0.91 0.0270 0.55 0.3468

Veterinary Students and NFSA inspector 0.86 0.0000 0.64 0.0008
Sheep farmers 0.95 0.0191 0.82 0.0540
All observers 0.87 0.0000 0.45 0.0004

2

Veterinary students 0.97 0.0155 0.93 0.0229
NFSA inspectors 0.76 0.0883 0.73 0.1109

Veterinary Students and NFSA inspector 0.82 0.0000 0.69 0.0003
Sheep farmers 0.96 0.0170 0.81 0.0600
All observes 0.85 0.0000 0.65 0.0000

3.2. Intra-Observer Reliability

Table 4 illustrates that for PC 1, the intra-observer agreement was very high for all observers
(W > 0.9) except for one, where the agreement was high (W = 0.89). For PC 2, Kendall’s coefficient
was very high (>0.9) for the vet students and interpreted as moderate for the two farmers and NFSA
inspectors (ranging from 0.45 to 0.67) (Table 4).

78



Animals 2019, 9, 569

Table 4. Intra-observer agreement for individual observers given as Kendall’s coefficient of concordance
(W). p-values are considered significant at 0.05 level. PC = principal component, NFSA =Norwegian
Food Safety Authority.

Observer
PC 1 PC 2

W p W p

Veterinary student 1 0.98 0.0136 0.93 0.0223
Veterinary student 2 0.97 0.0157 0.93 0.0229

NFSA inspector 1 0.91 0.0273 0.67 0.1708
NFSA inspector 2 0.89 0.0306 0.45 0.5603

Sheep farmer 1 0.97 0.0162 0.61 0.2468
Sheep farmer 2 0.92 0.0241 0.58 0.2940

4. Discussion

This study assessed both inter- and intra-observer reliability of a fixed list QBA protocol for sheep
under Norwegian housing conditions, based on video recordings. It has been suggested earlier that
sheep hide signs of distress and pain and that human observers might have difficulties interpreting
their behavioural expressions [10], thus underlining the need for reliable behavioural methods for
inclusion in animal welfare assessment protocols.

4.1. Dimensionality of Qualitative Behavioural Assessments

PC 1 ranged from the positive descriptors calm, content, relaxed and friendly to the negative
descriptors uneasy, vigilant and fearful. This summarizes the moods expressed by the sheep in the
video clips and is consistent with the general tendencies in comparable studies of sheep [17,27]. The
anchoring points for PC 2 are also somewhat comparable to the anchoring points identified earlier by
Phythian and co-workers [27] and Muri and Stubsjøen [17], describing the arousal (bright to dejected,
and apathetic). QBA studies of other species (donkeys [31], goats [16] and cattle [24] using fixed-list
approach also suggests that the two main components describes mood (PC 1) and arousal (PC 2).

4.2. Inter- and Intra-Observer Reliability

All pairs of (1) veterinary students, (2) animal welfare inspectors, (3) sheep farmers, and grouping
of (4) veterinary students and animal welfare inspectors combined, and (5) all observers combined
obtained acceptable inter-observer reliability for PC 1. The observer pairs 1) vet students and 3) farmers
reached a very high level of agreement. Comparing all observers combined, showed a high level of
correlation for PC 1. Previous reliability studies have shown excellent (W > 0.9) and high (W > 0.7)
inter-observer reliability for sheep [27] and [17], respectivly. There is divergence in the findings for
cattle ranging from high levels of between observer agreement [24] to poor [25]. In the present study,
agreement between the two welfare inspectors decreased from very high in session 1 to moderate in
session 2, while correlation remained very high in the two other groups in both sessions. If one or both
of the welfare inspectors did not calibrate with the pre-agreed fixed definition, this could also have
caused the disagreement.

The inter-observer reliability of PC 2 was interpreted as acceptable (W > 0.7) for the veterinary
students and sheep farmers in both sessions, and for NFSA inspectors in the second session. For the
all-observers group, the inter-observer reliability of PC 2 was interpreted as not acceptable (W < 0.7) in
both sessions, suggesting that the second component may not be sufficiently reliable using the current
protocol. PC 2 was interpreted as moderate (W = 0.69) in a study of sheep using a previous version of
the same QBA-protocol [17]. This differs slightly from the earlier work of Phythian and colleagues [27],
who found higher reliability for PC 2 between all assessor groups using pre-fixed terms.

The intra-observer correlation of PC 1 was >0.7 for all observers, thus considered as acceptable
reliability. However, there was variation amongst the observers. Agreement for one of the animal
welfare inspectors was lower than that of the other observers. The second dimension on PC 2 showed
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the same tendencies as in the inter-observer study, with some groups showing a non-acceptable level
of reliability.

4.3. Observer Effects: Profession, Experience and Previous Training

The current study did not identify any significant differences in the reliability of QBA when
applied by different groups of observers. The groups differed in their level of training or time elapsed
since training, but they also represented different professions i.e., sheep farmers, veterinary students
and qualified vets working as animal welfare inspectors, with a variety of different experiences and
perspectives on sheep health, welfare and behaviour.

The intra-observer reliability was equally high for all individuals independent of category (“student,
farmer, welfare inspector”), suggesting that QBA could be applied by these different stakeholders
to score videos of sheep behaviour with a high level of individual consistency. In this study, all
observers had professions or education related to animal health or welfare. However, Duijvesteijn and
colleagues [12], found that even more diverse groups (pig farmers, animal scientists and urban citizens)
applying QBA to assess video clips of pigs achieved equally high level of intra-observer reliability
(correlations of 0.6–0.7, using a correlation circle), regardless of their prior experience with pigs.

The inter-observer reliability for PC 1 in our study was not only high within the observer groups,
but also when all-observers results were combined, suggesting that the observers, independent of
their professional background with farm animal health, welfare and production, had a similar way of
scoring the videos. Our results are in agreement with the sheep QBA video study of Phythian and
colleagues, who also found high levels of inter-observer reliability between the groups of veterinary
students/veterinarians and farm assurance assessors [27].

However, groups with other professional backgrounds may put emphasis on different aspects of
animal behaviour and welfare. Duijvesteijn and colleagues [12] found significant differences in the
scorings of the first dimension between farmers, researchers and urban citizens, thus indicating that
there was poor between-observer agreement between these stakeholders. In that study, the varied
observer groups were thought to represent different views of animal welfare: farmers seemed to have
a more positive interpretation of the pigs’ behaviour than the two other groups in general. The current
study did not indicate the same tendencies on inter-observer reliability. However, due to logistical
and time resources, only two observers were represented per professional group, which limited the
statistical meaningfulness and generalisability of this result.

The level of QBA training did not seem to have an effect on the reliability of PC 1. All groups
received an introductory presentation of QBA and the use of VAS scales. The veterinary students
had received more training in QBA than the full-time sheep farmers, but the farmers had a much
broader and longer practical experience with working with sheep managed in Norway. Others have
found that experience with the species of interest and training of assessors has a considerable effect
on reliability. Bokkers and colleagues [25] identified lower levels of reliability in the less experienced
group performing QBA of dairy cattle, whereas Andreasen and colleagues [24] found that observers
with only one day of training in the method had a very high inter-observer reliability when applying
the same QBA protocol as Bokkers et al. Similarly, for sheep, Phythian and colleagues [27], found high
inter-observer agreement for assessors with one day of training. Whilst the present study population
was too small to separate the effect of professional background from the effect of QBA training, the
results might suggest that QBA is intuitive for those experienced with sheep management as well as
those less experienced observer groups that receive sufficient training in the specific species of interest.

There was more variation found in between-observer reliability for the second dimension (PC 2).
Veterinary students reached a very high agreement for both intra- and inter-observer reliability,
while the other observer groups provided moderate to high agreement for PC 2. Flemming and
colleagues [14] found similar results for sheep, and suggested that sufficient observer calibration and
training, including practice in the use of VAS scales prior to video scoring, was an important factor for
achieving good intra-observer reliability.
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4.4. Study Limitations

Assessment of intra-observer reliability may have been limited due to the relatively short interval
(one week) between the two scoring sessions. It is possible that observers replicated the last scoring
rather than assessing the videos intuitively. However, guidance on studies of diagnostic reliability [32]
was followed and the order of the videos was changed in the second session to reduce this effect.

Whilst a longer interval between videos may be useful, increasing the time between the sessions
would also increase the risk of observer drift, i.e., the observers altering their personal understandings
of the definitions unconsciously [30].

Some scientists have considered QBA to being anthropomorphic and unscientific due to
the apparent subjectivity in this approach [11]. QBA uses qualitative descriptors, but that does
not necessarily mean that the method is more subjective than other methods based on observer
judgement [33]. In QBA, there is a qualitative element not only in the interpretation of the results, but
also when making the measurements. However, this is also true for other animal-based indicators
that rely on subjective assessments such as scoring the severity of skin lesions. The expression animal
welfare and our judgement of it, has its derivation in the human ability to perceive and interpret
complex body language and behavioral signs [11]. Due to this, the integrative nature of QBA might be
a good and even essential thing. If scientists only use quantitative measures when assessing animal
welfare, they might risk overlooking important information [34], since some aspects of the concept are
difficult to quantify.

Tuyttens and colleagues [35] identified that presenting observers with positive or negative
information prior to QBA of cattle, pigs and laying hens resulted in significant expectation bias. From
studies of sheep transported in Australia, Fleming and colleagues [14] concluded that QBA was
influenced by observer bias, but the comparative ranking of animals (the pattern of interpretation),
using multivariate techniques like PCA was not influenced. These results suggest that observer bias
does not completely change the judgement of behaviour, and that it can be reduced by ensuring that as
little additional information as possible is presented to observers prior to QBA of video recordings.

In observer ratings, expectation bias may occur for other reasons, such as a change of environmental
setting. Wemelsfelder and colleagues [36] found that the observers’ interpretation of pig behaviour
using FCP was slightly affected by digitally altering the background environment. However, the
pattern of interpretation of pig behaviour was stable. Hence, it was concluded that the contextual
sensitivity of the method, is unlikely to weaken the reliability of QBA in general. Expectation bias
was probably reduced in this study, because the observers were not presented to other conditions on
the farm such as the condition of the barn in general and surrounding environment, or the attitude of
the farmer.

The current study suggests that the QBA approach employed within the FåreBygg protocol is
reliable for video scoring of sheep under Norwegian sheep farming conditions. Previous QBA studies
of sheep have reported that higher levels of observer reliability were achieved through video recording
compared to on-farm QBA. Video scoring presents controlled conditions for reliability testing but
cannot fully represent an on-farm situation, and creates a challenge in comparing reliability of the
two approaches. However, this issue that remains for all reliability studies based on video scoring.
The next step would be to test the reliability of the same QBA protocol on-farm. This might require
some alterations of the method due to several reasons. For example, in our study the videos lasted for
about two minutes. In the on-farm protocol of the project to which this study belongs (FåreBygg), QBA
was assessed for 20 min. It is possible that a longer period of observation is needed during on-farm
assessments in order to capture the variety of behavioural expressions in large groups of animals,
sometimes divided in different pens, rooms or buildings. This also requires that the observers changes
their physical position a few times, and the presence of the observer might therefore be a disturbing
factor for the animals. The videos were chosen to cover a range of different dominant aspects of sheep
behaviour but it is not known whether a similar level of behavioural variation would be observed
during on-farm assessments.
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5. Conclusions

Overall, we identified a high level of intra-observer reliability and a very high level of inter-observer
reliability for PC 1, but more varying reliability for PC 2. This study concludes that the QBA approach
and the terms included in the FåreBygg protocol were reliable for assessing video recordings of sheep
behaviour when applied by trained observers, regardless of whether they were a veterinary student,
animal welfare inspector or sheep farmer and their previous experience with the methodology. Further
work is needed to examine whether similar levels of assessor reliability are achieved when the same
terms are applied to assess sheep welfare on-farm, as part of the Fårebygg welfare assessment protocol,
and whether the method is sufficiently sensitive to detect differences in the behavioural expression
between different housing types, management practices and stockperson handling.
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Simple Summary: The mother–offspring interaction is important for the young’s development, yet it
is rarely taken into account in farm animals for whom restricted contact and early separation from
the mother are common. Nose-to-nose contact is a poorly understood form of social interaction
between pigs. We investigated the occurrence and type of nose-to-nose contacts and whether and
why it could differ between sows and piglets. Twenty-two sows and their 249 piglets were observed
in free-farrowing pens for the first three weeks of the piglets’ life. Sows and their piglets made nose
contact with each other every 10 min, on average. Heavier piglets made more nose contact with the
sow than lighter piglets in their first week of life. Unexperienced mothers nosed their piglets more
in the second week of the piglets’ life. Allowing sows and piglets to freely make nose contact may
improve mother–young relationships and piglets’ development, possibly benefiting animal welfare
and productivity.

Abstract: Nose contact is a frequent form of social behaviour in pigs, but the motivational reasons
underlying this behaviour remain unclear. We investigated the frequency, direction and type
of sow–piglet nosing behaviour and its association with sow and piglet traits. Social nosing
behaviour was recorded by live observations and video recordings in 22 sows and their 249 piglets
in free-farrowing pens once weekly during the first three weeks after farrowing (3 times 30 min
of observations per litter). Piglet-to-sow nosing occurred on average 32.8 ± 2.35 times per 30 min
per litter. Heavier piglets at one week of age nosed the sow more than lighter piglets (p = 0.01).
Piglet-to-sow nosing was unrelated to the piglet’s sex or teat order. Sow-to-piglet nosing occurred on
average 3.6 ± 0.53 times per 30 min, and this was unrelated to litter size. Primiparous sows nosed their
piglets more in the second week after farrowing. Litters in which piglet-to-sow nosing occurred more
showed less variation in the expression of this behaviour across the weeks. Social nosing between
sow and piglets deserves further research to understand the positive implications of this behaviour
for sow and piglet welfare.

Keywords: sow; piglet; behaviour; mother–offspring; nosing; free-farrowing; positive welfare;
contact; maternal care; recognition

1. Introduction

Mother–offspring contact has crucial effects on offspring development. Studies in rodents have
shown that grooming and licking of the pups by the mother have a major impact on social and
neurological development and the stress-coping abilities of the offspring [1–3]. In farm animal
husbandry, mother–offspring contact is often greatly restricted or even absent. Separation from the
young enables an increase in the commercial output of the dam, whether this is the quantity of milk for
human consumption or the number of offspring weaned per year. As a consequence, farm animals are
often separated from the mother far earlier than common in nature. Moreover, the use of constraining
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housing systems, such as farrowing crates for sows, restrict the dam’s movements and thereby her
ability to initiate interactions with her offspring.

Possibly as a consequence, the mother–offspring relationship has received only little research
attention in farm animals (calves [4]; sheep [5]; pigs [6]), with the main focus on the negative
effects of separation from the dam [7]. This has left a knowledge gap regarding naturally occurring
mother–offspring interactions and the importance of allowing the expression of maternal care in
farm animals.

In wild boar, sow–piglet interactions are mainly in the form of suckling and nose contact [8].
Nose contact in pigs has been suggested to be essential in facilitating mother–offspring bonding [8–10].
Social nosing may also aid in communicating needs, e.g., nutritional needs, as suggested by the positive
association between nosing and milk intake [11]. The frequency of piglet-to-sow nosing has been
shown to increase during the first five days of life and then progressively decline over the first four
weeks of life [10,12]. This decline coincides with the time piglets in nature would start to follow their
mother outside the nest [13].

Mothers can also adjust their care to their offsprings’ needs. For example, ewes are more attentive
when their lambs experience pain [14]. However, in pig husbandry, the majority of sows are currently
housed in farrowing crates [15], which restrict the sow’s movement to standing, sitting and lying
without being able to turn around or freely interact with their piglets. Sows in farrowing crates have
indeed fewer interactions with their piglets than sows that can move freely [16–18]. The inability
of sows to properly interact with the piglets might also be, in part, a reason for savaging of piglets
by the sow [19], a serious welfare concern that is mostly seen in primiparous sows, i.e., gilts [20]. A
greater understanding of the role of maternal care and mother–offspring communication is, therefore,
important to animal welfare.

The aim of the current study was to examine sow–piglet nosing behaviour in free-farrowing pens
and its associations to sow and piglet traits such as litter size, sow parity, and piglets’ weight, teat order
and sex.

2. Materials and Methods

All methods and animal use within this study were approved by the institutional ethics committee
of the University of Veterinary Medicine, Vienna (protocol number 05/09/2018) in accordance with
Good Scientific Practice guidelines and national legislation.

2.1. Animals and Housing

Observations took place at the pig research and teaching farm of the University of Veterinary
Medicine, Vienna, Austria. Twenty-two sows (Large-White × Landrace) and their litters (249 piglets)
were observed over two farrowing batches five weeks apart. Batch 1 consisted of 14 sows and 160 piglets
while Batch 2 consisted of eight sows and 89 piglets. Sows were mainly in their first parity (45%) or
second parity (18%), and the remaining sows were in their third (9%), fifth (14%), sixth (9%) or seventh
(5%) parity. Batch 1 and 2 had five primiparous sows each. Sows were moved from their group housing
into one room (same room for both batches) and housed in BeFree farrowing pens (Schauer Agrotronic
GmbH, Prambachkirchen, Austria) one week before expected parturition. Sows had previously also
farrowed in free-farrowing pens. The BeFree pen had a floor space of 2.22 × 2.86 m in total (6.35 m2,
with 4.2 m2 for the sow) with plastic slatted floor and a concrete lying area. Sows had a feeder with
drinker and a hay rack and a bar on one side of the wall to facilitate lying down. They had ad libitum
access to water and were fed dry commercial sow feed (pellets) at 7:00, 11:30 and 15:30 and received
hay daily in a rack. Sows were not crated before, during or after farrowing, except when required for
short-term handling of the sow or piglets. The piglets had a creep area of 1.25 × 0.61 m (0.76 m2), one
drinker (ad libitum water) and received a commercial piglet feed (pre-starter meal) from seven days of
age. Lights were on between 07:00 and 16:00 and the temperature was set at 20 ◦C. Average litter size
was 11.3 ± 0.2 (SE) piglets (range 8–13). Cross-fostering was applied if the number of piglets exceeded
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the number of functional teats of the sow. In the first week of life, piglets’ teeth were grinded to reduce
facial injuries in the piglets, but tails were kept intact. Males were castrated at 10–14 days post-partum
under general anaesthesia. The piglets were ear-tagged at approximately 19 days of age.

2.2. Data Collection

Animals were observed at the end of weeks 1, 2 and 3 of lactation. Sows farrowed at most four
days apart from each other, and sows were on average (means ± SE), 8.3 ± 2.1 days, 13.4 ± 1.3 days
and 21.0 ± 1.5 days in lactation. In Batch 1, 12 sows were observed by live observations and two sows
from the same room were observed by video recordings due to the lack of an observer owing to health
reasons at those dates. To assess the potential effect of the observation method, eight sows from a
previous batch (here referred to as Batch 2) were observed from video recordings. As these sows had
already been weaned, it was not possible to mark, sex or weigh the piglets. Differences between the
batches are shown in Table 1.

Table 1. Overview of data collection across farrowing groups (i.e., batch).

Methodology Batch 1 Batch 2

Live observations 12 sows -
Video observations 2 sows 8 sows

Data recording

Piglet-to-sow behaviour

Piglet-to-sow behaviour by litter
Sow-to-piglet behaviour

Sow-to-piglet behaviour
Nosing during/after suckling

Piglet teat order (2 to 3 time points)
Litter size

Piglet body weight, weekly
Piglet sex

Data set

160 piglets 8 litters (89 piglets)
3 time points (total 480 data points) 3 time points (total 24 data points)

1534 piglet-to-sow occurrences 555 piglet-to-sow occurrences
153 sow-to-piglet occurrences 83 sow-to-piglet occurrences

Analyses by litter by litter
by piglet

We recorded the frequency of four piglet behaviours directed toward the sow (nose-to-nose,
nosing snout, nosing ear, and nosing head, Figure 1) and one sow behaviour directed toward the piglets
(sow-to-piglet nosing) (Table 2). Nosing was counted if physical contact occurred. Multiple contacts
performed by the same individual <5 sec apart were counted as one occurrence. We also recorded
whether the nosing behaviour occurred during a suckling bout or within one minute after a suckling
bout, for Batch 1 only (Table 2). Each litter was continuously observed for three blocks of 10 min each
(total 30 min) in weeks 1, 2 and 3 of lactation, resulting in a total of 90 min of behavioural observations
per litter. Sampling only took place when more than 50% of the piglets in a litter were active and the
sow was not feeding at the beginning of observation. Otherwise, the litter was observed at the next
observation time that day when the litter was active and the sow was not feeding. This resulted in
2089 occurrences of piglet-to-sow behaviour and 236 occurrences of sow-to-piglet behaviour (Table 1).
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Figure 1. Target areas of the four types of piglet-to-sow nosing behaviours: nose-to-nose (top left),
nosing snout, with snout area indicated between dotted lines (top right), nosing ear (bottom left), and
nosing head (bottom right).

Table 2. Ethogram.

Behaviour Description

Nose-to-nose Piglet touches the nose disc of the sow with its nose disc

Nosing snout Piglet touches or gently rubs the snout of the sow with its nose disc

Nosing ear Piglet touches or gently rubs the ear of the sow with its nose disc without
taking the ear into its mouth

Nosing head
Piglet touches or gently rubs the head of the sow (excluding nose disc, snout

and ear) with its nose disc.
Can include licking and nibbling hairs or eyelashes.

Sow-to-piglet nosing Sow initiates contact and gently touches the piglet on any body part with
her nose disc

Nosing during suckling 1
During nursing, the piglet stops massaging the udder,

or removes itself from the udder,
and touches the sow’s nose disc, snout, head or ear with its nose disc

Nosing after suckling 1 Within 1 min after nursing, the piglet touches the sow’s nose disc, snout,
head or ear with its nose disc

1 Behaviour only recorded for Batch 1.

Behaviours during live and video observations were recorded using the ‘Ad libitum’ sampling
option in the app Animal Behaviour Pro version 1.2 (University of Kent, Canterbury, UK), installed on
iPad or iPhone (iOS devices).

Live behavioural observations were carried out between 13:00 to 16:00 h. Piglets were marked
with a marker pen for individual identification in the morning before observations, leaving at least
a 30 min break before the start of the live and video observations. As piglets had no ear tag, the
identification with the back number applied only to that observation day (i.e., piglets could not be
re-identified across observation weeks).
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Videos were recorded using overhead cameras (GV-BX 1300-KV, Geovision, Taipei, Taiwan) in
a waterproof case (HEB32K1, Videotec, Schio, Italy) placed with a top-down view ~5 m above the
pen. The images were recorded with 1280 × 720 pixel resolution at 30 frames per second. Recordings
at the end of weeks 1, 2 and 3 of lactation, between 13:00 to 16:00 h, were selected and watched
using Windows Media Player. Video observations were conducted using the same protocol as for live
observations. However, piglets of Batch 2 were not marked and thus not individually identifiable.
Therefore, data from Batch 2 consist of frequencies of behaviour for the litter rather than individual
level. Behaviour recorded from video recordings can sometimes differ from behaviour recorded
through live observations due to human presence during live observations. The sows at the research
unit are selected for docile behaviour towards humans as students work with them frequently while
the sows are unrestrained in a free-farrowing pen. Comparisons of the behaviour recorded through
videos compared to live observations showed that there was no significant difference between the
two recording methods in the frequency of sow-to-piglet contact (t-test: t64 = 0.64; p = 0.52) and
piglet-to-sow contact (t-test: t64 = 1.59; p = 0.12).

The live observations were conducted by three observers simultaneously while each rotated
between four litters, whereas video observations were conducted by a single observer. Inter-observer
reliability was calculated for all four observers from a 10-min live observation block with the package
“irr” [21] in R version 3.5.1 [22] using a two-way mixed, agreement, single-measures Intraclass
Correlation Coefficient (ICC). The results showed excellent agreement for overall nosing (98.6%), as
well as for the five behaviours separately (nose-to-nose: 89.6%, nosing snout: 93.4%, nosing ear: 94.1%,
nosing head: 100%, sow-to-piglet nosing: 100%).

Piglets of Batch 1 (n = 160) were sexed and weighed in weeks 1, 2 and 3 of lactation. There were
84 males (52%) and 76 females (48%). Piglet teat order was recorded opportunistically across the
observation days in Batch 1, resulting in two to three occurrences per piglet in total. As weight would
be similar for piglets across the weeks, while piglet identity was unknown, only the weight at week 1
was analysed (when the piglet was the experimental unit) to avoid pseudoreplication. Average litter
weight (by week) was included in the analysis of sow-to-piglet behaviour.

The data have been made available online (see Supplementary Materials statement).

2.3. Data Analysis

The coefficient of variation (CV) was calculated for the total amount of piglet-to-sow nosing of the
litter and for sow-to-piglet nosing across the lactation weeks.

Statistical analyses were performed using SAS version 9.4 (Statistical Analysis Software, SAS
Institute, USA). The experimental unit for the frequency of piglet-to-sow nosing and sow-to-piglet
nosing was the litter.

Differences in piglet-to-sow nosing between the lactation weeks (i.e., observation weeks) were
analysed at litter level using a linear mixed model (MIXED Procedure) with piglet-to-sow nosing
behaviour as a response variable and, as fixed variables, the litter size and lactation week. The lactation
week was included as a repeated variable with the litter nested within the batch specified as a subject
to account for the repeated observations across the lactation weeks per litter.

Frequency of sow-to-piglet nosing was analysed using a linear mixed model (MIXED Procedure)
with the fixed effects of sow parity (primiparous or multiparous), week of lactation (1–3), litter size,
average litter weight and the interaction sow parity × week of lactation. The lactation week was
included as a repeated variable with the sow nested within the batch specified as subject to account for
the repeated observations across the lactation weeks per sow.

The relationships between piglet-to-sow nosing (nose-to-nose, nosing snout, nosing ear, nosing
head, and total frequency) and the piglets’ body weight, sex and teat order were analysed with the
piglet as the experimental unit (data of Batch 1 only, n = 160) using linear mixed models. The fixed
effects were sex (male or female), body weight week 1, average teat order, and the interaction of sex ×
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body weight week 1. The litter was included as a random effect to account for the lack of independence
between the piglets in the same litter.

Variables were omitted from the models if they had a p-value >0.10 and only if their removal
improved the model fit as assessed through the Akaike information criterion (AIC) and Bayesian
Information Criterion (BIC). For each model, residuals of the response variables were assessed for
the normality of their distribution (Shapiro–Wilk test statistics), homogeneity and outliers. Across
all variables, ten data points with frequencies greater than three standard deviations from the mean
were identified as outliers. They were checked against the original data and were determined as
unlikely to be recording errors and, therefore, were retained. Pearson correlations were conducted in
order to assess relationships between the average frequency of piglet-to-sow nosing and sow-to-piglet
nosing, and between CV and average frequency of nosing. Data are presented as Least Square means
(LS-means) with standard errors (SE). p-values <0.05 were considered statistically significant, whereas
p-values between 0.05 and 0.10 are stated with their actual values as tendencies.

3. Results

3.1. Piglet-To-Sow Nosing Behaviour

The frequency of piglet-to-sow nosing was, on average, 32.8 ± 2.35 occurrences per 30 min per
litter, or the equivalent of 2.9 ± 0.21 times per 30 min per piglet. Piglet-to-sow nosing averaged
34.0 ± 4.05 occurrences in week one, 35.8 ± 4.05 occurrences in week two, and 27.5 ± 4.05 occurrences
in week three, with no significant differences between weeks (F2,42 = 1.18; p = 0.32). For all weeks, the
frequency with which individual piglets directed nosing to the sow was not reciprocated by the sow
towards the individual piglets in the same frequency (correlation between nosing given and nosing
received: r = 0.03; p = 0.56). Nosing the ear occurred least in week three (F2,42 = 4.20; p = 0.02), whereas
nose-to-nose contact and nosing of the snout and head did not significantly differ across the lactation
weeks (Figure 2). Across the three weeks, 12.45% of piglet-to-sow nosing occurred during a suckling
bout, 8.15% within one minute after a suckling bout and 79.40% between suckling bouts, with no
statistically significant differences between weeks.

Figure 2. Average frequency of the four types of piglet-to-sow nosing behaviour (n = 22 litters) by
observation week (30 min per week). Values are LS-means with SE. * significant difference indicated by
p < 0.05.

In the first week of life, piglets weighed on average 3.18± 0.054 kg (means± SE; range 1.32–4.68 kg),
whereby heavier piglets performed more nosing toward the sow (b = 0.78 ± 0.641; F1,111 = 6.18; p = 0.01;
Figure 3). The frequency of piglet-to-sow nosing did not differ between males (4.07 ± 0.566 occurrences)
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and females (3.44 ± 0.573 occurrences) (F1,111 = 1.23; p = 0.27) or according to the interaction of sex
× body weight wk 1 (F1,111 = 0.79; p = 0.38). Piglet-to-sow nosing was not related to the piglet’s teat
order (F7,111 = 0.76; p = 0.62). Moreover, there was no significant relationship between piglet weight
and their average teat order (r = −0.02; p = 0.67).

Figure 3. Relationship between piglet body weight and the frequency of piglet-to-sow nosing behaviour
in the first week of life (n = 160 piglets).

3.2. Sow-To-Piglet Nosing Behaviour

Sows nosed their piglets on average 3.6 ± 0.53 times (range: 0–24) per 30 min. The frequency with
which the sow nosed her litter did not correlate with the frequency of nosing that the piglets in the
litter directed towards the sow (r = −0.19; p = 0.40). Sow-to-piglet nosing did not differ according
to the number of piglets in the litter (F1,11 = 0.48; p = 0.50), the average litter weight (F1,23 = 0.16;
p = 0.69) or the lactation week (week 1: 4.04 ± 0.91 occurrences, week 2: 3.30 ± 0.91 occurrences, week
3: 3.59 ± 0.91 occurrences; F2,23 = 0.08; p = 0.92). The frequency of sow-to-piglet nosing did not differ
according to sow parity (primiparous: 4.62 ± 1.03; multiparous: 3.10 ± 0.73; F1,11 = 1.26; p = 0.29),
but tended to differ according to the interaction of parity and lactation week (F2,23 = 2.90; p = 0.07;
Figure 4), with primiparous sows showing significantly more sow-to-piglet nosing in the second week
of lactation compared to multiparous sows (p = 0.02), and a trend for primiparous sows to perform
more sow-to-piglet nosing in week two compared to week one (p = 0.06).

Figure 4. Frequency of sow-to-piglet nosing behaviour (per 30 min) for primiparous sows (i.e., gilts;
n = 10) and multiparous sows (n = 12) throughout lactation. Values are LS-means with SE. * p < 0.05.
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3.3. Variation in Social Nosing Behaviour Across the Lactation Period

The variation in piglet-to-sow nosing within the litter across the lactation weeks, as determined
by the coefficient of variation (CV), was, on average, 40.7% ± 4.06% (Figure 5a), and ranged from 8.5%
to 75.2% between litters. The CV of piglet-to-sow nosing and its average frequency were significantly
negatively correlated across the lactation period (r=−0.46; p= 0.03; Figure 5a). The CV for sow-to-piglet
nosing across the lactation weeks was on average 89.1% ± 10.89% (Figure 5b), and ranged from 0% to
173.2% between sows; two sows did not nose their piglets at all during observations (frequency and CV
of 0; these were a primiparous and a multiparous sow from video and live observations, respectively).
One primiparous sow in the live observations (most right data point) consistently nosed her piglets
frequently, on average, once every 2.5 min. The CV for sow-to-piglet nosing was not correlated with its
average frequency (r = −0.13; p = 0.57; Figure 5b).

Figure 5. Coefficient of variation (CV; %) for the average frequency (per 30 min of observation)
of piglet-to-sow nosing (a) and sow-to-piglet nosing (b) behaviours across the lactation period
(n = 22 litters).

4. Discussion

Social nosing was frequently observed between the sow and her piglets, and for piglet-to-sow
nosing behaviour each of the four subtypes were observed. Heavier piglets nosed the sow more than
lighter piglets in the first week of life. Primiparous sows showed more nosing behaviour toward
their piglets in the second week of lactation. These findings altogether suggest a role for social nosing
between the sow and her piglets in social recognition, communication and maternal care.

4.1. Piglet-To-Sow Nosing Behaviour

Piglets frequently initiated nose contact with the sow. On average a piglet made a nose contact
with the sow 2.9 times in the 30 min of observations. This is slightly higher than in the study of Stangel
and Jensen [10], who recorded between one and two piglet-to-sow nose contacts per 2 h in piglets up
to 10 days of age housed in a large outdoor enclosure (7–13 ha), and Blackshaw and Hagelsø [23] who
recorded around 2.4 piglet-to-sow nose contacts per hour in free-farrowing pens (2.6 × 2.3 m). The
higher occurrence of piglet-to-sow nosing in the current study may be due to different factors such
as, amongst others, a larger litter size as compared to the aforementioned studies or the inclusion of
nosing the ear and head rather than solely nose–nose contacts, as was the case in previous studies.
Indeed, the four subtypes of piglet-to-sow nosing behaviours that we recorded were observed to be
similarly prevalent, and constant over the first three weeks of life apart from piglets nosing the sow’s
ear, which reduced in week three. A reduction in contact was expected as piglets may divert to other
activities as they get more active, and the finding that snout contacts remain stable across the weeks
may be related to its wider function in communication [8].
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We initially predicted that lighter-weight piglets, who may suffer from lack of milk, would
initiate more social nosing with the sow to give an honest signal of their need, as they do with
vocalizations [24,25]. In contrast, we found that in the first week of life, heavier piglets performed more
nosing toward the sow. Heavier piglets may be healthier and stronger and have more energy left for
activity, including for interacting with the sow. The causality of the relationship between body weight
and nosing is, however, not necessarily unidirectional as previous work found that weaned pigs that
received more nosing from others had a better growth performance [26], although in the present study,
piglet-to-sow nosing did not appear to be necessarily reciprocated by the sow. Piglet-to-sow nosing has
also been related to suckling and milk ejection [11,16,23]. For example, Blackshaw and Hagelsø [23]
reported that 36% of the piglet-to-sow nosing was associated with lactation. Nevertheless, we did not
find a difference in the frequency of nosing during or within one minute after a suckling bout in the
current study.

4.2. Sow-To-Piglet Nosing Behaviour

Sows nosed their piglets on average 3.6 times per 30 min. This is again higher than reported
by Stangel and Jensen [10], which may be due to the fact that in our study, nose contact toward any
body part of the piglet was counted, not only nose-to-nose contact. Earlier studies in semi-natural
enclosures and free-farrowing pens reported a decrease in sow-to-piglet nosing in the first ten days
post-partum [10,23], and between the first and fourth week of lactation [12].

Primiparous sows delivered more nosing toward their piglets in the second week after farrowing
as compared to multiparous sows, and this also tended to be higher than during their first week after
farrowing. Primiparous sows can be more restless [27,28] and insecure during and after their first
farrowing [29], which can increase sow-to-piglet nosing behaviour [19]. Restlessness is also associated
with savaging behaviour in primiparous sows [28], which is a considerable welfare concern as it may
lead to substantial piglet mortality (up to 25% mortality [19]). However, Ocepek and Andersen [30]
found that sows who communicated more with their piglets, including sniffing, grunting and nudging,
had a lower mortality rate in their litter, partly due to less piglet crushing. It might be that the
investigation and recognition of the young [31], or other forms of maternal behaviour that sow-to-piglet
nosing underlies, takes some time to establish during their first maternal experience [32]. When
identification is established, the need of the sow to nose her piglets might be less. These results suggest
that sow-to-piglet nosing behaviour is a form of maternal care, possibly facilitating the formation of
the mother–offspring bond, which sows learn from experience with their first litter and they retain and
retrieve this skill more quickly in subsequent farrowing episodes.

The amount of nosing behaviour that the piglets directed towards the sow was unrelated to the
amount of nosing the sow directed to her piglets, and did not show reciprocity between individual
piglets and the sow within a given week. Sow-to-piglet nosing did, however, occur infrequently and
more observation hours per sow would be needed to draw conclusions upon the reciprocity of nosing
behaviour between the sow and her piglets. Similarly, more data on sow-to-piglet nosing would be
needed to meaningfully analyse whether the sow directs more nosing towards the weaker piglets in the
litter. Based on the current frequency of sow-to-piglet nosing in relation to the litter size, at least 3 h of
behavioural observations per sow would be required to assess these two above-mentioned questions.

4.3. Variation in Nosing Behaviour

Considerable within- and between-litter variation was seen in the frequency of social nosing,
based on the calculated CVs and a relatively large range. Litters that displayed a greater frequency of
piglet-to-sow nosing showed less variation across the weeks, suggesting that piglet-to-sow behaviour
is consistent during lactation at litter level. Sow-to-piglet nosing behaviour would benefit from more
observation time per sow, as this behaviour occurred infrequently, and it was not observed at all for 2
out of the 22 sows, which is a similar result to those reported from Blackshaw and Hagelsø [23]. The

93



Animals 2019, 9, 513

naturally occurring variation in sow-to-piglet behaviour, which is related to mothering abilities [30],
could be used to breed good mothers for instance.

5. Conclusions

Sow–piglet nose contact is a commonly occurring behaviour when sows and piglets are able to
freely interact. As pointed out in several studies, sow–piglet nose contacts may be of considerable
importance to the development of piglets and to allow for the expression of maternal care by the sow.
We would like to emphasize the importance of this “most perplexing behaviour” [16] and the need to
study social nosing in pigs in its own right as a key social communication behaviour. With the increase
in implementation of free-farrowing pens, we encourage further research in the direction of positive
sow–piglet interactions and, subsequently, its translation into practice to enhance the potential positive
implications of this behaviour for piglet and sow welfare.

Supplementary Materials: Data are available online at Mendeley: Camerlink, I. (2019), “Social nosing between
sows and piglets in free farrowing pens”, Mendeley Data, v1 http://dx.doi.org/10.17632/3z97hv2y4x.1
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Simple Summary: Among carnivore animals, domestic cats are those with the most extensive vocal
repertoire. This is due to their social organization, nocturnal activity and long period of contact
between the mother and the offspring. In order to identify vocalizations other than meowing in two
different situations, a study was performed with 74 cats divided into two groups, one associated with
a pleasant situation and another with an aversive situation. Only the group exposed to the positive
stimulus of being offered a favorite snack produced specific vocalizations other than meowing:
recognition or trill, squeak, purring and chatter. During the aversive situation of car transport, no
vocalization other than meowing was observed. The present study indicates the relevance of applying
the study of vocalizations to determine the state of emotional valence in cats.

Abstract: Our objective was to identify and characterize the types of vocalization other than meowing
(VOM) in two contexts, a pleasant and an aversive situation, and to study the effect of the sex of the
animal. A total of 74 cats (32 tom cats and 42 queens) living in the city of Curitiba, Brazil, participated
in the study; in total, 68 (29 tom cats and 39 queens) were divided into two groups according to the
stimulus they were exposed to: either a pleasant situation (PS), when they were offered a snack, or an
aversive situation (AS), with the simulation of a car transport event. The other six animals (three tom
cats and three queens) participated in both situations. Only the PS group presented VOM; of the
40 PS animals, 14 presented VOM, mostly acknowledgment or trill and squeak. No correlation was
observed between vocalization and cat sex (p = 0.08; Pearson’s Chi-Square). Results show that VOM
is exclusively associated with positive situations, suggesting that these vocalizations may be relevant
for understanding the valence of cat emotional state. Further studies are warranted to advance
knowledge on other VOMs and on the generalization of our findings to other situations.

Keywords: cat behavior; Felis catus; phonetics; welfare

1. Introduction

Communication plays a central role in various aspects of animal life, such as during breeding
interactions, territorial defense, parental care and anti-predator behavior in many species. Vocalization
is the active generation of sounds with the use of specific organs, which propagate through acoustic
signals that transmit a wide range of information about the communicator, including his or her
emotional, motivational and physiological states [1,2]. A number of studies used vocalization as an
analytical tool to assess animal welfare [3–9], using non-invasive monitoring systems. The vocalization
events captured may then be studied with the aid of programs that perform a detailed acoustic analysis
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of sound waves, employing parameters such as frequency and amplitude of the signals [2], in order to
classify the different types of vocalization.

A better understanding of how animals communicate their feelings is fundamental for all aspects of
animal welfare, which is an ever increasing societal demand. As an essential mode for communicating
feelings and emotions in the human species, we are particularly prone to understanding oral expressions,
provided they occur in a manner that we have decodified. In the context of vocalizations as indicators
of animal welfare, cats (Felis catus) are of special interest. They have lived with humans for over
10,000 years and have become one of the most popular pet species in the world, with over 600 million
individuals [10,11]. Their repertoire of vocalization is more extensive as compared to other members of
the Order Carnivorae [12,13], which may be explained by their social organization, nocturnal activity
and long period of contact between the mother and her offspring [12]. There are studies that report
up to 17 distinct cat vocal signals and there is ongoing research to understand the meaning of these
sounds especially when they are aimed at humans [14].

Vocal responses may prove to be useful tools for motor, perceptual, motivational and social
development investigations in the cat [15]. Cats can express affiliative feelings during human–animal
or mother–kitten interactions, as well as fear and aggression in hostile situations through vocalization
and body posture [16]. Cat vocalizations are generally divided into three main categories [14,17,18]:
murmur patterns, vowel patterns and forced intensity patterns. The murmur vocalization corresponds
to the emission of sounds produced with the mouth closed. Examples of these sounds are purring,
acknowledgment or trill, calling and grunting [19]. The vowel patterns are formed with the initially
open mouth that closes gradually [19]; examples of this pattern are meowing, which occurs in a variety
of situations during friendly cat–human interactions [12], more often than in cat–cat interactions [13].
The squeak, which is a loud nasal hoarse sound [20,21], is also classified as a vowel pattern of cat
vocalization. Patterns of forced intensity are sounds that express aggressive emotional states and are
produced with an open mouth in a relatively constant position [19,20]. Grunting, howling, growling,
hissing and spitting are sounds related to aggression of various kinds [22]. Another type of forced
intensity sound is the chatter, which is believed to be emitted when cats visualize prey in an attempt to
mimic their sound [21]. Even though there is clear importance of vocalization in cats, there are few
phonetic studies on this species and these report results of critically limited numbers of individuals,
types of vocalization and methods [21].

The objective of this study was to identify and characterize the types of vocalization other than
meowing (VOM) in two different contexts, a pleasant and an aversive situation, and to study the effect
of the sex of the animal, in order to improve human understanding of cat communication, especially
regarding emotional valence. Our hypotheses are that specific types of VOM are coherently and
consistently related to either negative or positive emotional valence, since the prevalence of VOM in
cats suggests they present relevant functions to the animals, and that female cats are more frequent
VOM emitters than male cats, due to the important role mothers play in raising kittens and the many
vocalizations involved in mother–kitten interactions.

2. Material and Methods

2.1. Animals

The project was conducted with the collaboration of cat guardians, residents in the city of Curitiba,
Paraná, Southern Brazil, from 30 November 2017 to 22 March 2018. We first tested 223 mixed-bred
domestic cats, exposing each cat to both an aversive (AS) and a pleasant (PS) situation. Cats were
then selected using the criterion of a vocalization rate equal to or greater than five events during
the recording time in each situation. This criterion resulted in the selection of 74 cats (29 males and
45 females). Among them, 68 (26 males and 42 females) reached the selection criterion only in one
situation, either the AS or the PS. The other six animals (three males and three females) presented the
required vocalization rate when exposed to both scenarios. This allowed for the inclusion of 40 cats
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per group; cats in the AS group were from four months to 14 years old, and 24 were spayed females
and 16 were neutered males; the 40 cats in the PS group were between one and 14 years old, and 24
were spayed females and 16 were neutered males.

Individual recordings were made with a digital camera (Sony Cyber Shot DSC-W610 14.1
megapixels, Sony do Brasil Ltda, Rua Werner Von Siemens, 111, Lapa, CEP: 05069-010, São Paulo, SP),
following the instructions proposed by Yeon et al. [16], adapted to the use of a single camera. AS was
produced by placing the cat in a carrying case, which was placed in the back seat of a car, where the cat
was taken for a short trip in the absence of its guardian. The recording was initiated after the car started
moving, but the evaluation started after the first vocal signal of the meow. The camera was attached to
the carrying case with dimensions of 55 cm in height, 52 cm in width and 71 cm in length. The PS was
produced by guardians offering each cat a portion of approximately 85 g of their favorite snack in their
home environment. The snack was delivered to the cat only after the vocalization of the animal. In this
case, the camera was placed on a tripod, facing the animal, at a distance of approximately 1.5 m from
the guardian and cat pair, set and turned on prior to the start of the test session to allow the animal to
adapt to the presence of the camera. Recording began shortly before the snack was offered and the
evaluation was performed from the first meow vocal signal.

2.2. Vocal Measures

The audio were analyzed continuously for a period of 3 min starting from the first vocal sound
emitted by the animal—for this, we considered any vocal sound, including meowing. To perform
detailed vocalization analyses, audio were separated from videos using the Audacity software
(version 2.1.3). The vocalization acoustic signals, which were captured at a sampling rate of 44.1 kHz
and quantized at 16 bits, were stored in.wav format files on a computer Dell Inspiron 5458, with
which the acoustic analyses were performed. Audio were carefully analyzed and categorized by
one author—aided by interactions with other two authors for the first analyses, and the website
Meowsic [23]. For the confirmation of purr detection, two authors were directly involved, since this
type of vocalization is out of Praat software frequency range of detection and was very subtle in
the audio recordings. Additionally, acoustic analysis of VOM events was performed with the Praat
software, version 5.3.55, developed by Paul Boersma and David Weenink, at the Institute of Phonetic
Sciences at the University of Amsterdam. Other authors such as Yeon et al. [16] have previously used
Praat to analyze animal vocalizations.

The vocalization variables were calculated separately for each individual. Measurements taken
were identification, duration, fundamental frequency (f0) and intensity of VOM.

2.3. Statistical Analysis

The comparison between treatment groups, AS and PS, was obtained through descriptive statistics,
since VOM values for AS were zero. To verify the relationship between the specific VOM emissions
and the sex of the cat, Pearson’s Chi-Square statistical test in Microsoft Excel was used, considering a
significance level of p < 0.05.

2.4. Ethical Note

This experiment was approved by the Ethics Committee on Animal Use (Comissão de Ética no
Uso de Animais - CEUA) of the Sector of Agrarian Sciences of the Federal University of Paraná—Brazil,
during the session of 2 June 2017, registered under protocol number 055/2017.

3. Results and Discussion

Vocalizations other than meowing were completely absent when cats were exposed to AS, which
was a major finding of this work: when facing the specific AS studied, the only type of vocalization
cats emitted was meowing. Thus, the types of VOM emitted by cats when exposed to the specific PS
studied seem to be exclusively related to feelings of positive valence. Of the 40 animals (24 females and
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16 males) exposed to the PS, 14 animals presented VOM (35.0%), which were recognition or trilling,
purr, squeak and chatter types of vocalization. Of the 14 animals, 11 were female and three were
male cats; no correlation was observed between vocalization and cat sex (p = 0.08). The literature
provides reasons for hypothesizing a difference between sex for cat vocalization, since females play
an important role in raising kittens, an activity highly related to vocal communication [12]. Thus,
considering available knowledge and the statistical result observed for sex comparison (p = 0.08),
further studies involving more animals in PS seem warranted to better understand the relationship
between cat vocalization and sex. The group of cats that did present VOM did not include kittens
or juveniles.

The duration, fundamental frequency and intensity of the different types of vocalization identified
in this study, as well as the number and sex of cats who emitted them, are shown in Table 1.

Table 1. Average and standard deviation for duration, fundamental frequency (f0) and intensity of the
different types of vocalizations other than meowing (VOM) observed during the pleasant situation (PS)
by sex of the animal, according to the analyses of 74 cats facing positive and aversive situations; only
cats in the positive situations expressed VOM.

Types of Vocalization Number of Cats Sex
Duration
(Seconds)

Fundamental
Frequency (Hertz)

Intensity
(Decibel)

Trill
1 Male 0.34 - 52.0
6 Female 0.32 ± 0.19 454.92 ± 89.44 56.58 ± 5.46

Squeak
1 Male 0.81 509.38 61.06
4 Female 0.36 ± 0.28 440.47 ± 80.29 56.24 ± 7.70

Purr
2 Male 2.51 ± 2.12 - 45.78 ± 1.47
1 Female 1.10 - 47.77

Chatter
0 Male - - -
1 Female 1.05 - 50.49

The acknowledgment/trill was emitted by six females and had an average duration of 0.32 s, an f0
of 454.92 Hz and intensity of 56.58 dB. The male feline emitted this sound, which lasted 0.34 s, had no
f0 captured by the Praat program and an intensity of 52.0 dB. In the study by Schötz [21], the trill was
the most common sound after the meow, presented with a duration of 0.51 if f0 of 533 Hz, and the
wave image also presented the same characteristics. The trill has already been reported in the context
of the friendly approach of cats to familiar people, an expression of strong bonding to their guardians,
meaning a form of recognition [12,19].

The squeak sound was emitted by four females with an average duration of 0.36 s, f0 of 440.47 Hz
and intensity of 56.24 dB. A male feline produced this sound, with a duration of 0.81 s, the f0 of
509.38 Hz and intensity of 61.06 dB. There are no publications of the waveform of this sound and,
because it is part of the category of vocal patterns, it has been compared to the sound of meowing.
No f0 was detected for this vocalization, possibly due to the distance between the camera and animal.
Schötz [21] described that the meowing f0 ranges from 221 to 1185 Hz, with a mean duration of 0.42 s.
According to Schötz [14], a squeak is a raspy, nasal, high-pitched and often short meow-like call,
sometimes not ending with a closing mouth and indicates a friendly request, coinciding with the
context of our PS.

The purr was emitted by two males with an average duration of 2.51 s and intensity of 45.78 dB.
This sound was also emitted by a female with a duration of 1.10 s and an intensity of 47.77 dB. The purr
f0 was not detected by the Praat program, probably because it is likely to be below 50 Hz and may
be also due to the presence of background noise. According to Bradshaw et al. [13], the purr can
last 2–700 s with f0 of 25–30 Hz, there is no intensity information, and it is usually associated with
contact situations. Humans often interpret purring as if the cat were happy, but some cats also purr
at feeding time, requesting their food [24]. The acoustic qualities of this vocalization are difficult to
ignore and are a sign of care and attention solicitude, which is usually reinforced by the guardians [13];
Thus, it seems coherent that cats in the PS emitted those sounds. However, purring requires further
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research, especially designed for this vocalization. It is extremely subtle and our experimental design
and equipment composed a setting where the possibility of undetected purring may not be excluded.

The chatter was produced by a cat in this study with a duration of 1.05 s and an intensity of
50.49 dB; no f0 was detected for this vocalization, possibly due to the distance between the camera
and the animal. Schötz [21] reported a chatter average duration of 0.74 s, f0 of 400–600 Hz, with no
description of its intensity. This type of vocalization may be considered an imitation of the sounds
emitted by prey in order to deceive them, as for example when cats observe birds through a window [13].
In this study, a cat produced this vocalization trying to reach the snack, which for the animal may
mean the search for food, with putative hunting components.

4. Conclusions

For the first time, specific vocalizations other than meowing were identified as exclusively emitted
in a situation of positive emotional valence: acknowledgement or thrill, squeaking, purring and chatter,
emitted by cats when exposed to a pleasant situation of receiving their favorite snack. No difference
was reported between sex; however, this issue warrants further studies with a higher number of
individuals. As no vocalization other than meowing was observed during the aversive situation of car
transport, the vocalization types studied seem highly relevant for understanding the valence of cat
emotional state. Overall, this research indicates the relevance of applying the study of sounds other
than meowing for the comprehension of the responses of cats when facing different situations and
emotional states, additionally advancing knowledge regarding their characterization. Further studies
are warranted to advance knowledge regarding the generalization of our findings to other pleasant
and aversive situations.
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Simple Summary: Positive animal welfare (PAW) is thought to have come about as a response to
there being too much of a focus on avoiding negatives in animal welfare science. However, despite
its development over the last 10 years, it is not clear what it adds to the study of animal welfare.
To clarify this, we conduct a review of the literature on PAW. We aim to identify the characteristic
features of PAW and to show how PAW connects to the wider literature on animal welfare. We find
that the PAW literature is characterised by four features: (1) positive emotions which highlights the
capacity of animals to experience positive emotions; (2) positive affective engagement which seeks to
create a link between positive emotions and behaviours animals are motivated to engage in; (3) quality
of life which acts to give PAW a role in defining an appropriate balance of positives over negatives and;
(4) happiness which brings a full life perspective to PAW. While the first two are already well situated
in animal welfare studies the two last points open research agendas about aggregation of different
aspects of PAW and how earlier experiences affect animals’ ability to have well-rounded lives.

Abstract: It is claimed that positive animal welfare (PAW) developed over the last decade in reaction
to animal welfare focusing too much on avoiding negatives. However, it remains unclear what PAW
adds to the animal welfare literature and to what extent its ideas are new. Through a critical review
of the PAW literature, we aim to separate different aspects of PAW and situate it in relation to the
traditional animal welfare literature. We find that the core PAW literature is small (n = 10 papers) but
links to wider areas of current research interest. The PAW literature is defined by four features: (1)
positive emotions which is arguably the most widely acknowledged; (2) positive affective engagement
which serves to functionally link positive emotions to goal-directed behavior; (3) quality of life which
serves to situate PAW within the context of finding the right balance of positives over negatives; (4)
happiness which brings a full life perspective to PAW. While the two first points are already part of
welfare research going back decades, the two latter points could be linked to more recent research
agendas concerning aggregation and how specific events may affect the ability of animals to make the
best of their lives.

Keywords: positive animal welfare; critical review; positive emotions; positive affective engagement;
quality of life; happiness

1. Introduction

Positive animal welfare (PAW) is often described as a recent idea or concept. The first formal
reference to PAW appears to be in Boissy et al. [1] which was followed a year later by the first conceptual
development of the concept [2]. PAW has been described as a reaction against an undue focus on
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negative aspects of welfare and reduction of harms (e.g., [2–4]). PAW has also been linked to criticism
of the Five Freedoms as being too focused on negatives and harms [3,5,6]. However, it is also clear that
PAW emerged from wider animal-welfare thinking which was becoming increasingly interested in
positive aspects of welfare including positive emotions [1] and providing animals with resources to
facilitate positive welfare [7] (see also [2]).

Given that approximately a decade has passed since the PAW concept emerged this seems an
appropriate time to better understand exactly what is being added by PAW and to what extent and
how the PAW concept links to the wider animal welfare literature. In this paper we will analyse the
existing PAW literature to define the key features of PAW coming out of this, and their relationship
with the wider animal-welfare literature. For this we have critically reviewed the literature identifying
both core PAW writings that clearly contribute to development of the PAW concept, and also work in
the wider literature representing relevant areas of research that are clearly linked to PAW. We have
reviewed and analysed the core PAW literature to distill four features that currently define how the
PAW concept is understood. We have also reviewed how these features of PAW relate to the wider
literature drawing out the extent to which PAW is continuous or distinct from the wider animal welfare
literature. Thus we aim to make clearer what research areas have contributed to the development
of PAW and what PAW uniquely contributes both scientifically and more widely to the debate over
animal welfare.

2. Materials and Methods

To review the literature on PAW we carried out a search using Scopus including published
work up to 1 March 2019, with the terms “positive welfare” and “animal” in the authors’ keywords.
This resulted in a total of 12 papers including book chapters. We then repeated the search using
the same terms but now including the works’ title, abstract and author’s keywords. This added an
additional 59 works. We then reviewed these 71 works for relevance ending with a total of 38. Of these
38 we found that a number of works made only passing reference to PAW sometimes with vague or no
definitions of what was meant by the term. Therefore, we excluded these works thus leaving what we
refer to as the core PAW literature which came to 10 papers and book chapters (Table 1a). Our search
and selection strategy results in 5 of these 10 core PAW papers being the work of Mellor and colleagues.

We have also included in Table 1b a list of what we refer to as key linking papers. To be included
in this list, a paper had to provide a substantial link between one of the 4 features of PAW that we
identified from the core PAW literature and the wider scientific literature. Work in this list did not need
to refer to PAW or to develop the PAW concept. We did not seek to provide a comprehensive list of
such linking papers and in that sense we accept that our choice can be seen as subjective. However, we
would argue that it is beyond the purpose of this paper to provide comprehensive literature reviews
for the wider literature that relates to the 4 PAW elements we have identified.
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Table 1. (a) A chronologically organized list of the core positive animal welfare (PAW) literature; (b) a
list of literature that links to PAW organized chronologically under the 4 features: positive emotions;
positive affective engagement; quality of Life; happiness. Explanations for the inclusion criteria for
these lists are contained in the Table. The lettering for this table is used in Figure 1 and cross-referenced
against the main reference list in Section 3.5.

(a). Core PAW literature: Work that specifically refers to positive animal welfare and clearly contributes to the development of
the concept (in chronological order):

A. Yeates, J.W.; Main, D.C. Assessment of positive welfare: A review. Vet. J. 2008, 175, 293–300.
B. Mellor, D.J. Animal emotions, behaviour and the promotion of positive welfare states. N. Z. Vet. J. 2012, 60, 1–8.
C. Edgar, J.; Mullan, S.; Pritchard, J.; Mcfarlane, U.; Main, D. Towards a ‘good life’ for farm animals: Development of a

resource tier framework to achieve positive welfare for laying hens. Animals 2013, 3, 584–605.
D. Boissy, A.; Erhard, H.W. How studying interactions between animal emotions, cognition, and personality can contribute

to improve farm animal welfare. In Genetics and the Behavior of Domestic Animal; Academic Press: London, UK, 2014;
pp. 81–113.

E. Mellor, D.J. Enhancing animal welfare by creating opportunities for positive affective engagement. N. Z. Vet. J. 2015,
63, 3–8.

F. Mellor, D.J. Positive animal welfare states and encouraging environment-focused and animal-to-animal interactive
behaviours. N. Z. Vet. J. 2015, 63, 9–16.

G. Mellor, D.J. Positive animal welfare states and reference standards for welfare assessment. N. Z. Vet. J. 2015, 63, 17–23.
H. Mellor, D.J.; Beausoleil, N.J. Extending the ‘Five Domains’ model for animal welfare assessment to incorporate positive

welfare states. Anim. Welf. 2015, 24, 241–253.
I. Krebs, B.; Marrin, D.; Phelps, A.; Krol, L.; Watters, J. Managing aged animals in zoos to promote positive welfare: A

review and future directions. Animals 2018, 8, 116.
J. Lawrence, A.B.; Newberry, R.C.; Špinka, M. Positive welfare: What does it add to the debate over pig welfare? In

Advances in Pig Welfare; Woodhead Publishing: Duxford, UK, 2018; pp. 415–444.

(b). Literature that clearly links PAW to the general animal welfare literature and also to wider science. To be included here
papers or reports were required to link substantially and clearly to one of the 4 elements of PAW which we have identified.
Work was not required to refer to PAW or to contribute to the PAW concept. We did not seek to provide a comprehensive list of
relevant work but to reference what in our judgement were up to five key linking papers for each of the elements (in
chronological order):

1. Positive emotions:

(a) Boissy, A.; Manteuffel, G.; Jensen, M.B.; Moe, R.O.; Spruijt, B.; Keeling, L.J.; Winckler, C.; Forkman, B.; Dimitrov, I.;
Langbein, J.; et al. Assessment of positive emotions in animals to improve their welfare. Physiol. Behav. 2007,
92, 375–397.

(b) Mendl, M.; Burman, O.H.; Paul, E.S. An integrative and functional framework for the study of animal emotion
and mood. Proc. R. Soc. B Biol. Sci. 2010, 277, 2895–2904.

(c) Burgdorf, J.; Panksepp, J. The neurobiology of positive emotions. Neurosci. Biobehav. Rev. 2006, 30, 173–187.
(d) Berridge, K.C.; Kringelbach, M.L. Pleasure systems in the brain. Neuron 2015, 86, 646–664.

2. Positive affective engagement:

(e) Fraser, D.; Duncan, I.J. ‘Pleasures’, ‘pains’ and animal welfare: Toward a natural history of affect. Anim. Welf. 1998,
7, 383–396.

(f) Panksepp, J. Affective consciousness: Core emotional feelings in animals and humans. Conscious. Cognit. 2005,
14, 30–80.

(g) Bracke, M.B.; Hopster, H. Assessing the importance of natural behavior for animal welfare. J. Agric. Environ. Ethics
2006, 19, 77–89.

(h) Franks, B.; Higgins, E.T. Effectiveness in humans and other animals: A common basis for well-being and welfare.
In Advances in Experimental Social Psychology; Academic Press: San Diego, CA, USA, 2012; pp. 285–346.

(i) Špinka, M.; Wemelsfelder, F. Environmental challenge and animal agency. In Animal Welfare; Appleby, M., Mench,
J., Olsson, A., Hughes, B.O., Eds.; CABI: Wallingford, UK, 2011, 27–43.

3. Quality of life:

(j) Farm Animal Welfare Council. Farm Animal Welfare in Great Britain: Past, Present and Future; FAWC: London, UK,
2009; pp. 1–70.

(k) McMillan, F.D. Quality of life in animals. Views: Forum. JAVMA 2000, 216, 1904–1910.
(l) Yeates, J. Quality of life and animal behaviour. Appl. Anim. Behav. Sci. 2016, 181, 19–26.
(m) Vøls, K.K.; Heden, M.A.; Kristensen, A.T.; Sandøe, P. Quality of life assessment in dogs and cats receiving

chemotherapy—A review of current methods. Vet. Comp. Oncol. 2017, 15, 684–691.

4. Happiness:

(n) King, J.E.; Landau, V.I. Can chimpanzee (Pan troglodytes) happiness be estimated by human raters? J. Res. Personal.
2003, 37, 1–15.

(o) Seligman, M.E.; Steen, T.A.; Park, N.; Peterson, C. Positive psychology progress: Empirical validation of
interventions. Am. Psychol. 2005, 60, 410.

(p) Webb, L.E.; Veenhoven, R.R.; Harfeld, J.L.J.; Jensen, M.B. What is animal happiness? Ann. N. Y. Acad. Sci. 2018,
doi:10.1111/nyas.13983.
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3. The Defining Features of Positive Animal Welfare (PAW)

Our search for papers that reference “positive welfare” and “animal” which also clearly contribute
to the development of the concept reveals a small core PAW literature of 10 papers and book chapters
(Table 1a). Our subsequent content analysis of this work revealed 4 key defining features—positive
emotions, positive affective engagement, quality of life and happiness—that we argue define PAW as
currently discussed in the literature. In the following sections we review each of these in turn and how
they relate to the wider animal welfare literature.

3.1. Positive Emotions

In line with Boissy et al. and de Vere and Kuczaj [1,8], we will use the term emotion as an
overarching term to cover subjective experiences in animals, mainly because we believe that in
animals the distinctions between terms such as emotions, affect, feelings and subjective experiences are
somewhat arbitrary and not currently open to empirical testing.

The core literature is clear that one of the defining features of the PAW concept is that animals
have the capacity for experiencing positive emotions: e.g.,

“However, preventing negative welfare in animals is not the same as providing them with opportunities
to experience positive emotions and positive welfare” ([4] p. 81).

“As with negative aspects of welfare, the opportunity for animals to have positive experiences, which
we describe as positive welfare” ([9], p. 586).

“The increasing importance assigned to the affective (i.e., emotional) states that animals may experience
and the associated greater emphasis given to the promotion of positive affective states” ([10], p. 1).

The centrality of positive emotions to PAW seems to be linked to the accumulating evidence that
animals can experience positive emotions, coming from different scientific areas including animal
behaviour, psychology, neuroscience and animal welfare science.

“This paper presents a rationale that may significantly boost the drive to promote positive welfare states
in animals . . . .based largely, but not exclusively, on an experimentally supported neuropsychological
understanding of relationships between emotions and behaviour, an understanding that has not yet
been incorporated into animal welfare science thinking” ([10], p. 1).

“There has been a growing interest in the study of emotions in animals over the last few decades,
resulting in the emergence of a discipline referred to as Affective Neuroscience (Panksepp, 1998).
Scientists have made huge progress in understanding how animals perceive their environment and the
feelings prompted by this perception” ([4], p. 83).

The idea that animals can experience emotions is also linked to a growing interest in animal
welfare science over how we conceptualise and assess animal emotions; for example the merits of
discrete emotions versus dimensional approaches consisting of core affective characteristics (e.g.,
valence and arousal) [11]. Given the significant drive to use animal-based measures in on-farm welfare
assessment there is also considerable interest in the development of reliable and valid approaches to
assess positive emotions under practical conditions (e.g., [12]).

The PAW literature has finally seen the use of terms to describe emotions that might be thought to
have previously been largely applied to humans only such as pleasure, enjoyment, fun, excitement.
As examples:

“Indeed, what use is there in satisfying an animal’s vital needs, if the life the animal then lives is
devoid of any enjoyment? ([1], p. 298).

“Negative affects are therefore incompatible with the having fun affect” ([13], p. 12).
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“By analogy with human beings, emotional experiences of environmentally engaged aliveness, positive
excitement, even euphoria, are considered likely to attend the operation of the ‘Seeking’ system” ([10],
p. 4).

In summary, reference to positive emotions is a key defining feature of the PAW literature; both in
terms of emphasising the capacity of animals to experience positive emotions and through the use of
terms associated with positive emotion. Potentially, the use of more positive emotion terms in the PAW
literature may be reflective of PAW being a reaction to an over-focus on negative aspects of welfare in
the wider animal welfare literature. However, as we will describe in the following section, positive
emotion in the context of animal welfare is not unique to the PAW litearature.

Positive Emotions: PAW Contrasted to the Wider Literature

Animal emotions have long been seen as a key aspect of animal welfare (e.g., [14]) and the focus
on emotions as an element of PAW is consistent with the wider animal welfare literature. However,
the emphasis on and the call for positive emotions, seen in the PAW literature, disguises the fact that
there has been recognition of positive emotions in animals from the earliest origins of animal welfare
concerns; for example in the Brambell Report:

“We accept that animals can experience emotions such as rage, fear, apprehension, frustration and
pleasure, though they do display different degrees and types of intelligence which may affect the
reaction to particular stress-causing circumstances.” ([15], p. 10).

The recognition of positive emotions can also be found in scientific writing that predates PAW
(e.g., [16]) and indeed many of the approaches that are proposed to assess positive emotions are the
same as the methods previously proposed to measure negative emotions. For example in preference
testing, whilst avoidance of a stimulus can be taken as an indication of a negative emotional response,
approach behaviour can be taken to indicate a positive emotional response (e.g., [17]). In judgement
or cognitive bias testing the animals’ response to ambiguous stimuli can be taken to indicate either
negative or positive emotional states (e.g., [18]). Similarly in qualitative behavioural assessment (QBA)
the method derives assessments of animals’ emotional (subjective) state based on human observer
assessments that range from negative to positive (e.g., [19]). Play behaviour which is often proposed
as a measure of positive emotional state [1] can, in some instances, be argued to result in part from
negative states [20]. Perhaps the least ambiguous of all proposed measures of positive emotional
state are the so-called ‘50 kHz’ ultrasonic vocalisations (USVs) produced by rats, but even here the
form of these USVs may reflect the balance of positive and negative emotions being experienced [21].
In summary, all current approaches proposed to assess positive emotions in animals emphasise the
continuity between PAW and the wider welfare literature.

In addition to the idea of positive emotions predating PAW, any claims of a seminal breakthrough in
understanding the nature of positive emotions in animals seem to us to be exaggerated. There remains
considerable scientific uncertainty about emotions in animals and, perhaps, particularly positive
emotions given the relative lack of research on these [4]. For example we lack a ‘gold standard’ against
which to assess and validate emotional state (negative or positive) in animals. It has been suggested
that neuroscience provides the validatory evidence for positive emotional states in animals [10,22].
However, this is to ignore that there remains considerable debate within neuroscience itself over the
nature of animal emotions including whether animals consciously experience emotions (e.g., [23])
and the typology best used in emotional theory [24]. For us, neuroscience provides interesting and
corroborating evidence for positive emotional states in animals but it falls short of being the gold
standard validating evidence. Finally, as with the assessment of emotions in general there is a risk
of circularity in the assessment of positive emotions, for example where animals are exposed to a
putatively positive context and the animals’ responses are then labelled as indicators of a positive state
without independent validation (e.g., [25]).
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As noted above, the PAW literature has seen the use of terms such as pleasure, fun and enjoyment
to describe emotional states in animals that might be thought to have been largely restricted to humans.
Our analysis of the use of these terms in the PAW literature is that they appear sporadically and are
largely undefined. It is also not the case that terms such as pleasure and fun are only to be found in the
PAW literature suggesting that PAW is not the essential trigger to the use of these terms. Darwin’s
famous early account of the emotional expressions of man and animals [26] makes several references
to joy and pleasure in animals:

“Under a transport of joy or of vivid pleasure we see this in the bounding and barking of a dog when
going out to walk with his master; and in the frisking of a horse when turned out into an open field”
([26], p. 76).

Much later, and following the development of animal behaviour science, scientific work on play
in animals has often referred to the ‘enjoyment’ associated with the behaviour. For example:

“It is difficult, and probably unnecessary, to avoid applying anthropomorphic terms such as
‘spontaneous’, ‘rewarding’ and ‘enjoyable’ to the behaviour of these young animals” ([27], p. 508).

Pleasure has also been used widely to describe a positive emotional state in animals, for example
in affective neuroscience:

“In a sense, pleasure can be thought of as evolution’s boldest trick, serving to motivate an individual
to pursue rewards necessary for fitness” ([28], p. 646).

The term fun, to describe animals’ emotions, is also found in the wider literature:

“’Playing’ and ‘having fun’ are almost synonymous” ([29], p. 463).

A recent special issue of the journal Current Biology contained a curated set of papers on fun in
humans and animals including a covering editorial:

“As usual with an evolutionary question it is helpful to take a broad look at what appear to be similar
behaviours in other species—in particular, to consider fun in other animals, and what functions it
might have that could contribute to their evolutionary fitness” ([30], R1).

Hence, perhaps contrary to expectations, the PAW literature does not represent a substantial
core of writing on positive states such as joy and fun applied to animals. It would seem that PAW
is essentially similar to other areas of science where recently it has become more acceptable to apply
positive terms such as fun to describe animals’ state and an example of convergent evolution across
science areas rather than PAW research leading the way.

Whilst we would argue that the centrality of positive emotions with respect to PAW is more of an
evolution than a revolution from previous research on negative emotions, we do think it reasonable to
suggest that PAW has helped bring greater attention and interest to the study of positive emotions in
animals [3]. Arguably, the contribution of the PAW literature here has been to make a more explicit
connection between the capacity for animals to experience positive emotions and the implications of
this for their welfare.

We think it is interesting to reflect on why positive emotions are seen by some as core to the PAW
concept. For example when discussing how to promote PAW, Yeates and Main [2] base their argument
almost entirely on the relationships between negative and positive emotions (see p. 297), appearing to
suggest that PAW and positive emotional state are more or less synonymous. This suggests that it is
the growing focus, scientific and otherwise, on positive emotions that provides the justification for
PAW in order to more fully recognise this capacity in animals; in effect the converse of arguing that
there has been too much emphasis on negative emotional states. There may also be an influence here of
the continuing interest in animal welfare science for assessing emotional states under practical (farm)
conditions which is now extending to positive emotional states. It may also be that scientists are drawn
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to the study of positive emotions either because they themselves find reciprocal pleasure in studying
animals in positive welfare states (e.g., [27]) or because they recognise the advantage of working on a
subject (‘happy animals’) that the public finds engaging (e.g., [31]); for example the findings of a recent
paper on the ability of goats to distinguish between positively and negatively valenced calls [32] were
‘tweeted’ 118 times and mentioned in 128 news stories [33].

Whatever the reason for the focus on positive emotions in the context of PAW we would point out
the obvious, that our acceptance that animals can experience positive emotions does beg the question
of how these emotions emerge in the first place and what their role is. As we present in the following
section, a further element of the PAW literature—positive affective engagement—seeks to make such a
functional link between goal-directed behaviours and positive emotions.

3.2. Positive Affective Engagement (PAE)

The need to explain how positive emotions emerge has also been a major defining feature of
the PAW literature. One interpretation for the function of emotions is that they are closely linked to
goal-directed behaviours. Mellor has written extensively about this in the context of PAW and coined
the term positive affective engagement (PAE) which he defines as:

“ . . . the experience animals may have when they actively respond to motivations to engage in
rewarding behaviours, and it incorporates all associated affects that are positive” ([22] p. 3).

PAE, as defined by Mellor [22], proposes that animal emotions are closely, if not intrinsically,
linked to the guiding of goal-directed behaviours in what he refers to as the ‘emotion-motivation
nexus’. In Mellor’s proposal, stimuli which are perceived as positive, produce a state of pleasure
that acts as a reward and as such reinforces subsequent behaviour. The relevance of PAE for PAW is
that it provides a functional link between behaviours such as foraging, maternal care and play and
positive subjective experiences. In other words, it anchors positive emotions to functionally important
behaviours (see also other related papers by Mellor [13,31]).

PAE, as developed by Mellor, links closely to affective neuroscience which studies how the brain
generates subjective sensations including those of reward and pleasure. For example Mellor [10] uses the
writings of Panksepp (e.g., [23]) who suggests that the brain has a number of discrete ‘action-orientated
systems’ (including SEEKING and PLAY) that integrate emotions and motivation to organise specific
behavioural responses. Mellor (e.g., [22]) also refers to the work of Berridge and co-workers (e.g., [28,34])
who have researched the neural substrates for ‘wanting’ (motivations) and ‘liking’ (sensations of
pleasure) that are integral to reward systems (see also Yeates and Main [2] who discuss wanting and
liking at length). Again, whilst this neuroscience research provides some corroboration for PAE we
consider that there is still a considerable gap between neuroscience experimental models and the
complex spontaneous behaviours (e.g., foraging, exploration, play) which are the focus of PAE.

PAE also links to other ideas on behavioural expression that have relevance to PAW. For example,
Mellor makes reference to the importance of animals being able to “exercise of voluntary, self-generated
behavioural expression” ([22] quoting [35]). Edgar et al. [9] base their resource-tier approach on
providing animals with what they refer to as ‘good life opportunities’ specifically to allow animals
the choice to engage in behaviours that will elicit positive emotions. The good life opportunities they
list (comfort, pleasure, interest, confidence and health) are mainly taken from the UK’s FAWC report
on a future vision for farm animal welfare [5]. In sum, PAE highlights the interconnection between
behavioural expression and positive emotions and arguably situates this within PAW to draw attention
to the welfare-relevance of behaviours which promote positive experiences in animals. However, as
we present in the following section, the wider animal welfare literature also considers the functional
link between behaviours and emotion.
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Positive Affective Engagement: PAW Contrasted to the Wider Literature

We again see considerable continuity and overlap between PAE, with its emphasis on the
intrinsic links between positive emotions, motivations and goal-directed behaviours, and the wider
animal welfare literature. For example Fraser and Duncan [16] proposed the very similar concept of
motivational affective states (MAS) as adaptations where subjective states are involved in motivating
specific behaviours. Interestingly, Fraser and Duncan [16] make a case for negative and positive MAS
serving different functions. Negative MAS (e.g., hunger; thirst) have the function of resolving needs,
whereas positive MAS (e.g., play or exploration) occur to exploit opportunities when other more
pressing needs are not present. The idea that negative and positive MAS might serve different functions
in animals, is interestingly similar to the more recent human-based ‘broaden and build’ theory [36]
which proposes that positive emotions may facilitate broadening of the mindset through play and
exploration (once basic needs are met).

Other writings also propose a close link between motivation, emotions and welfare. Franks and
Higgins [37] propose that in animals, like humans, well-being will be highest when animals are able to
be effective in their pursuit of motivations. The importance of animals being able to express voluntary
behavior [35] has been developed into the concept of animal agency [38–40] defined as ‘inner-motivated
behavioural engagement with the environment’ which can be argued to be a key aspect of positive
welfare (e.g., [39]).

In fact the continuity between PAW and the more general animal welfare literature with respect to
the proposed close relationship between behavioural expression and welfare can be argued to go as far
back as the Brambell Report: e.g.,

“In principle we disapprove of a degree of confinement of an animal which necessarily frustrates most
of the major activities’ which make up its natural behaviour” ([15], p. 13).

The emphasis on behavioural expression in the Brambell Report (including in T.H. Thorpe’s
Appendix [15], p. 71) seems to have directly led to FAWC distilling the ‘Freedom to express normal
behaviour’; the use of normal here placing emphasis on the animals’ current state rather than its
previous (natural) state [41]. As a number of authors have pointed out (e.g., [2]) this freedom is not
explicitly about positive welfare and more about preventing a negative (absence of frustration); yet it
could equally be argued that this freedom also allows behavioural expression and associated positive
emotions [42].

This early emphasis on behavioural expression and welfare was to prove an enduring focus for
animal welfare research. The research that followed reasoned that normal behaviour (i.e., behaviour
observed under unconstrained conditions) could be regarded as a ‘behavioural need’ which, therefore,
required that housing provide the necessary ‘obligatory’ features to ‘trigger’ and satisfy the underlying
motivation [43]. Following this early research, behavioural needs entered a phase dominated by
analysis of the strength of underlying motivations in order to base housing requirements on the animals
own priorities (e.g., the application of ‘consumer demand’ theory: [44,45]). Here the focus was on
identifying the animals’ ‘necessities’ or ‘wants’ in order to minimise suffering caused by preventing
strongly motivated behaviours. As pointed out by Hughes and Duncan [46], one risk of this approach
is that the list of necessities as defined by motivational analysis may be insufficient to protect welfare
and we would argue that this may be particularly so in the context of promoting PAW. A particular
concern with respect to PAW on basing housing design and other management decisions on approaches
such as consumer demand is that behaviours often regarded as potential indicators of PAW (e.g.,
play, exploration, positive social behaviours) may not be resilient in the presence of other stronger
motivations such as hunger [47]; in the terminology of consumer demand, behaviours such as play
and exploration may come to be defined as ‘luxuries’.

We would again argue that PAE, developed in the context of PAW, is a clear continuation of past
conceptual work. However, it is also the case that this approach appears to have changed thinking
with respect to the relationship between behavioural expression and welfare. This is particularly
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noticeable in the context of the debate over behavioural needs, where PAE appears to have reversed the
argument back towards the original conception of behavioural needs; i.e., housing and management
should facilitate normal behaviour with even an emphasis on what might have been regarded as
luxury behaviours. A good example of this is the resource-tier approach [9] that aims to provide for
behaviours such as curiosity driven exploration and play; behaviours that would likely not have been
prioritised using a motivational analysis approach. Such explicit reference to positive experiences and
their welfare relevance may be a further outcome of the PAW literature’s desire to overcome what has
been seen as a narrow focus on negative aspects in animal welfare.

We would also argue that concepts such as PAE and MAS occupy a central space in PAW as
they offer a link between positive emotions and the expression of evolutionary adaptive goal-directed
behaviours which in turn links through to other relevant ideas and concepts. One of these is quality
of life, which attempts to say something about the animals’ overall state of welfare, and where the
opportunity to perform positively motivated behaviours has been highlighted as a key element of a
‘good life’ [5,9]. As we discuss in the following section, while positive emotions and PAE have focused
on what contributes to the positive aspects of an animal’s life, quality of Life brings a perspective on
how PAW can be used to characterise the overall welfare state of an animal.

3.3. Quality of Life

The quality of life (QoL) concept was effectively introduced to PAW by Yeates and Main [2]
concluding that it is possible to conceive of PAW as a continuum from negative to positive:

“ . . . the idea of a welfare continuum may be a valid model for overall welfare assessment” ([2], p. 297).

As noted already, the basis of their argument is entirely based on scientific understanding of
emotions and specifically the relationships between negative and positive emotions:

“Consequently, it does appear possible to describe positive and negative affect in a model that accepts
the negative correlation between them, even if this is not perfect” ([2], p. 297).

The FAWC (2009) report [5] followed this by conceiving of animal welfare in terms of a QoL scale,
although without specifically referring to PAW:

“Our proposal, therefore, is that an animal’s quality of life can be classified as a life not worth living, a
life worth living and a good life. Other classification schemes use four or more levels; three have the
merit of simplicity and the basic notions are familiar in the human context” ([5], p. 17).

This has proved an influential idea; currently the FAWC report [5] has been cited over 120 times,
considerably more than the average for FAWC reports (Google Scholar). It has been partly responsible
for triggering re-thinking over the completeness of the 5 freedoms as a welfare framework (e.g., [48])
and led to scientific-based studies based on FAWC’s QoL approach such as the resource-tier study [9].
The three-level QoL approach is now mirrored in a number of commercial farm assurance schemes
(e.g., [49]).

In summary, the minimal development of QoL within the PAW literature conceives of QoL as a
continuum from negative to positive with positive welfare situated at the higher end of the continuum
based on either the animals’ overall emotional state [2] or the available opportunities for the animal to
have a good life [5].

Quality of Life: PAW Contrasted to the Wider Literature

QoL is again not unique to PAW. It was originally developed in human medicine before being
translated to veterinary medicine by McMillan [50]. For McMillan [50] animal QoL is defined by
emotional experiences:

“Affect (subjective feelings) plays a preeminent and, I propose, exclusive role in all interpretations of
QoL in animals.” ([50], p. 1905).
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McMillan’s conception of animal QoL, as defined by emotion, is of a continuum ranging from
unpleasant to pleasant experiences, a good QoL being where pleasant experiences outweigh the
unpleasant over the lifetime (just exactly what the ratio should be is not defined). Subsequent
developments of QoL applied to animal welfare [51] have also emphasised the key relationship
between QoL and the animal’s subjective experiences. However QoL in humans is seen as a
multi-dimensional concept (e.g., [52]) consisting of different domains, suggesting that QoL approaches
in animals which are unduly focused on any single aspect or domain may not be inclusive enough to
capture accurate assessments of QoL. For example, a recent analysis of QoL studies in dogs and cats
receiving chemotherapy [53] found that these studies were mainly focused on assessing the animals’
physical state. Based on QoL approaches for infants, Vols et al. [53] suggest that it is possible to assess
animal QoL on a wider range of domains including social and role functioning (see also [54,55]).

As we discussed earlier, there has also been debate over the dimensionality of the
motivation–emotion nexus; for example Fraser and Duncan [16] suggested that negative and positive
MAS may serve different functions and in that sense be orthogonal to each other. Yeates and Main [2]
similarly discuss the relationships between negative and positive emotions and conclude in favour of a
single continuum, partly on the basis that positive and negative emotions can mutually inhibit each
other (e.g., [54]).

This third feature of PAW leads directly into a discussion about aggregation, i.e., about how to add
up different aspects of welfare to a total value. The discussion about this has emerged in connection
with attempts to define comprehensive measures of animal welfare at farm or flock level and is also
mirrored in Mellor and colleagues’ development of the 5 domains approach to welfare assessment [55].

Traditionally, animal welfare research has focused on applying single welfare indicators, often
in an experimental setting, and the question of how to provide a more comprehensive assessment
of an animals’ welfare was largely avoided. Since the 1990’s this has changed gradually with the
development of systems for assessing overall welfare impact in laboratory animals [56,57] and, since
around 2000, initiatives developed to assess farm animal welfare at group level. These initiatives have
given rise to more systematic discussions about how to integrate different aspects of what matters
to animals (e.g., [58,59]). These efforts have so far culminated in the Welfare Quality® project, that
developed protocols to measure the welfare of cattle, pigs and hens at farm level (see [60]).

In these initiatives, a growing understanding has developed of the variety of measures which can
be considered to give a comprehensive account of the welfare of animals in a given setting. However,
there have only been few attempts to explain and justify, firstly, how to add up these measures to give
an account of the net welfare of the affected animals and, secondly, how to draw lines between positive,
neutral and negative welfare states. So far the most developed attempt to do this in the Welfare
Quality® project has attracted severe criticisms of both a conceptual and an ethical nature [61–64].

In sum, QoL arguably serves to further convey the importance of considering more than the
negative aspects of an animal’s life, highlighting the relevance of assessing the animal’s overall welfare
state (inclusive of both negative and positive aspects). However, while the two previously discussed
features of PAW—positive emotions and PAE—are both linked to a wider and well established literature,
the development of QoL as a key feature of PAW will require more development of the link between
PAW and the emerging research agenda on QoL. We see this as particularly concerning: how to derive
a comprehensive set of measures covering all aspects of animal welfare; how to add up these measures
to give a representation of the net welfare; and, how to draw the lines between positive, neutral and
negative net welfare. We will now move onto the final defining feature of PAW, happiness in animals,
which is distinct from QoL as being a conception of the animals’ welfare over its lifetime.

3.4. Happiness in Animals

Happiness was introduced to PAW by Yeates and Main [2]; indeed they open their paper with
reference to a poem by Alexander Pope on human happiness. However they went further when they
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suggested that there might be animal equivalents to categories of human happiness proposed by
positive psychology:

“Human psychologists have advocated dividing the human happiness into (1) ‘the pleasant life’, (2)
‘the engaged life’ and (3) ‘the meaningful life’ [55]. Tentative analogues for animals might be (A)
everyday sensational pleasures, (B) engaging with their environment, their conspecifics and their
handlers and (C) realising their own goals” ([2], p. 296).

Yeates and Main [2] presented these happiness categories as separate entities, and there is no
direct linkage made here between sensations of pleasure and the other categories (e.g., engagement
with the environment). However, it is possible to see this idea of happiness as a call for looking at the
full life of an animal as a basis for saying that the animal has achieved positive welfare. This contrasts
with the literature described in connection with QoL where the set of measures applied to animals
typically only aim to look at the state of the animals at a specific point in time. This seems a logical
extension of the PAW concept.

Happiness in Animals: PAW Contrasted to the Wider Literature

We found that happiness in animals has been discussed and researched in the wider literature, and
that the term is used in different ways. For example, one line of work has developed from the study of
subjective well-being (SWB) in humans which is also referred to as happiness (e.g., [65]). In a series of
papers starting with King and Landau [66], a SWB rating scale developed for humans was modified
for zoo keepers to assess happiness in captive primates; this approach has subsequently been applied
to captive primates to study the genetics of happiness [67], lifetime changes in happiness [68], and the
relationship between happiness and longevity [69]. More recent work has studied the relationship
between SWB (happiness) and welfare, again in primates using zoo keepers to assess these attributes on
the same animals using different scales [70]. Other experimental work has defined animal happiness as
more optimistic performance in a judgement bias test [71]. More recently Webb et al. [72] have reviewed
animal happiness integrating human and animal research and concluded that animal happiness can
be conceived of as a long-term relatively stable trait that reflects the balance of negative and positive
emotions summarised as ‘how an animal feels most of the time’.

The notion of happiness could bring the lived life of each individual animal back into focus when
it comes to discussions about PAW, including so far undiscussed aspects such as how experiences
across an animal’s life (including during early life) may affect PAW by affecting the ability of animals
to make the most of the available opportunities (referred to as live-ability by Webb et al. [64]).

In summary, as with QoL the study of animal happiness is much less established than the study
of positive emotions and PAE. Here the idea of PAW may help to inspire an emerging research agenda
where the focus is on how events across an animals’ different life phases must interact for animals to
be genuinely happy (i.e., to achieve a well-rounded life).

As we have discussed in the preceding sections, PAW can be characterised by four key features;
positive emotions, positive affective engagement, Quality of Life and happiness, which vary in their
overlap with the wider animal welfare literature. As such, although we would argue that the core
elements of PAW are not distinct from the wider animal welfare literature, what the PAW literature
has perhaps done is create a space where these elements are more clearly exemplified and, by doing
so, made more manifest the importance of looking at the positive end of the scale in the context of
animal welfare.

In the following section, we focus more closely on the interconnections between the core elements
of PAW and the wider animal welfare literature.
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3.5. Interconnections between Features of PAW and the Wider Literature

Our review of the PAW literature has revealed that, despite consisting of only 10 pieces of work, it
is complex with a number of features and links to the wider literature. In order to better understand
this complexity we have developed a qualitative interpretation of how the different elements of PAW
interrelate and link to the wider literature (Figure 1). The following points explain how we arrived
at this interpretation: (see Figure 1 legend for explanation of the notation used): (here in the text we
cross-refer to papers from the main reference list as [1–76] with the notation used in Table 1 (A, B, C, D,
E, F, G, H, I, J) and (a, b, c, d, e, f, g, h, i, j, k, l, m, n, o, p) (Note: Figure 1 only uses the notation from
Table 1):

I. Motivation–emotion: we have placed the motivation–emotion nexus as central to PAW (in effect
combining the features of positive emotions and positive affective engagement) because this resulted
in the most optimal arrangement of links between PAW elements and with the wider literature.
We also agree with the proposal that animals have evolved a close and intricate relationship
between goal-directed behaviour and emotion to better adapt and fulfil their evolutionary goals
(e.g., [22] (B)). We would also further propose in a natural state such is the close relationship
between motivation and emotion that they can in effect be regarded as a single complex or entity
(as proposed by Fraser and Duncan [16] (e)); this approach also avoids debate over the primacy of
motivation or emotion ([3] (J)). Note: as indicated in the right hand corner box we have assumed
an overlap between the motivation-emotion nexus and the concepts of ‘effectiveness in animals’
([37] (h)) and ‘animal agency’ ([39] (i)).

Moving clockwise around the Figure starting at the bottom with:

II. Adaptations: Mellor (e.g., [22] (B)) and Fraser and Duncan ([16] (e)) both see the neural components
underlying motivation and associated emotions as ‘genetic pre-adaptations’; this links with both
affective neuroscience (e.g., Panksepp ([23] (f)), Berridge and colleagues (e.g., [28] (d)), and also
the wider animal welfare literature that has long had an interest in animals living ‘natural lives’
and being able to ‘perform most normal behaviour’ (e.g., [42] (g)). Note: both Fraser and Duncan
([16] (e)) and Bracke and Hopster ([42] (g)) make specific reference to the pleasure associated with
performance of specific natural (or normal) behaviours.

III. Choice: choice has been another major theme of the wider animal welfare literature (e.g., as a
means of assessing ‘behavioural needs’ [17]) and clearly links to the motivation–emotion nexus.
Choice also features in the core PAW literature ([9] (C)) and is part of the rationale for the concept
of giving animals ‘good life opportunities’ (e.g., [5] (j)). As we indicated earlier, one of the features
of good life opportunities is that they are aimed at facilitating both necessities (e.g., foraging
when hungry) and luxuries (e.g., play behavior) ([9] (C)).

IV. Reward: reward is an important aspect of the core PAW literature with both Yeates and Main ([2]
(A) and Mellor (e.g., [22] (B) discussing the implications of the work of Berridge and colleagues
(e.g., [28] (d)), which suggests a distinction between the psychological components of reward
in terms of their underlying neural substrates. ‘Wanting’ (or the motivational drive involving
incentive salience) is generated by a substantial and distributed brain system. ‘Liking’ (or the
pleasure component of reward) is generated by a small number of ‘hedonic hot spots’. Even across
very small distances within the same brain centre, different behavioural responses indicative
of wanting and liking can be generated (e.g., [28] (d)). This work draws a potential distinction
between motivation and emotional responses to stimuli in terms of how the brain generates
these sensations; however, as pointed out by Yeates and Main ([2] (A)), this distinction may
rarely be relevant under ‘normal’ conditions. Note: there seems to be a clear link between
the neuropsychology literature on wanting and the motivationally based use of choice and
opportunities in PAW.

V. Happiness: happiness is one of the defining features of PAW and was introduced by Yeates
and Main ([2] (A)) in referring to the work of human based positive psychologists such as
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Seligman ([55] (o)). Happiness in animals has also been reviewed recently by Webb et al. ([72]
(p)) somewhat separately to PAW. Human happiness is often distinguished into the categories of
pleasure (hedonic happiness) and meaning or purpose (eudaimonic happiness); Yeates and Main
([2] (A)) consider what might be animal equivalents to these separate human-based happiness
categories. Note: We have introduced the term ‘doing’ as a more relevant animal-based term
to cover eudaimonic happiness. We propose that the pleasure aspects of happiness, the liking
component of reward and the pleasure associated with performing normal behavior are all
strongly overlapping. Webb et al. ([72] (p)) introduce the concept of affective happiness which
can be thought of as how an animal feels most of the time and this we propose overlaps with
this conception of happiness and the application of the QoL concept to PAW. We propose that
happiness is distinct from QoL, by drawing attention to the whole of the lived life of the animal
and how experiences at different life stages can influence how much the animal is able to have a
rounded and positive life.

VI. Quality of life: QoL is another defining PAW feature largely because of the FAWC (2009) report
([5] (j)) that introduces the idea of a ‘good life’ (as the upper band of a QoL scale for farm animals).
QoL is also discussed in the context of PAW by Yeates and Main ([2] (A)) and Mellor ([73] (H)).
However we found QoL in the context of PAW to be the most confusing element. FAWC ([5] (j))
do not specifically refer to PAW although it is reasonable to assume that a good life refers to a
PAW state. QoL applied to PAW appears to be largely based on the animal’s emotional state
(see both ([2] (A)) and ([73] (H)) whereas QoL is more usually seen as consisting of domains
(one of which relates to emotional state) (e.g., [53] (m)). Furthermore within PAW there is the
development of the Five Domains model of welfare assessment ([73](H)) which for us could
also be described as a QoL assessment approach. Therefore, we see a need to develop QoL in
the context of PAW by developing approaches to allow different welfare aspects (negative and
positive) to be integrated and to place an animals’ welfare on a scale from bad to excellent.

VII. The study of affect (emotions) in animals: this is a substantial field of work that we only refer
to through key linking references. We distinguish between research on theories and concepts
of affect/ emotions in animals (e.g., [11] (b)) and the assessment of affect/ emotions in animals
(e.g., [1] (a)). Interestingly the most direct referencing to PAW can be found in the assessment
literature and especially ([1] (a)) which makes several references to the motivation–emotion nexus.

VIII. Cognition: This is the first time we have specifically referred to cognition as we found it not to be
a substantial defining feature of PAW. It is referred to in passing by Mellor (e.g., [22] (E)) and by
([74] (D)) and ([75] (I)) in the context of environmental enrichment strategies.
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Figure 1. An interpretation of the inter-relationships between the defining elements of PAW and the wider
literature. Reference lettering is taken from Table 1 and distinguishes between the core PAW and wider
literature. Top right box: provides references to the motivation–emotion nexus; Bottom right box: lists
the 4 defining elements. Solid lines between terms indicates a definable link has been made in the
literature; dotted lines propose potential links/overlaps. We have not included the dotted line linking
the pleasure from performing natural behavior to liking and happiness pleasure as this interferes with
the readability of the figure.

4. Discussion

We undertook this review of PAW to better understand how the PAW concept has developed
since it was first introduced and also to critically assess how PAW interrelates with and adds to the
wider animal welfare literature. Our review shows clearly how small the specific PAW literature is
(defined as those papers and book chapters that refer to PAW and clearly develop the concept); it is
also the case that of the 10 papers that we identified as core PAW papers, 5 of these are the work of
Mellor and colleagues. At the same time, our review illustrates how relatively complex PAW is, being
constituted of a number of concepts and ideas emerging from different fields. We found the 4 features
of positive emotions, positive affective engagement (PAE), quality of life (QoL) and happiness to define
the current PAW literature. We found little evidence to suggest that PAW represents a ‘step-change’
in thinking but is better seen as an evolution from the wider animal welfare literature. Indeed the
distinction between the PAW literature and wider animal welfare literature is somewhat arbitrary; in
our case being dependent on our search methodology and whether the paper specifically referred to
PAW in the title, abstract or author’s keywords. As a result we distinguish between the core PAW
literature and papers that best linked the PAW literature to wider, relevant areas of research that did
not specifically refer to positive welfare (Table 1).

Among the defining features, we noted the centrality of positive emotions to the development of
PAW and discussed various possibilities for why this is, including that for some the growing evidence
for positive emotions in animals provides the necessary justification for PAW (e.g., [1,2]). Despite the
logic of this position we also see risks in too closely defining PAW through positive emotions including
that such a focus reduces attention to other important inputs to overall welfare; indeed it begs the
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question of how positive emotions emerge in the first place. In our synthesis of the interrelationships
between PAW and related concepts (see Figure 1), we propose the emotion–motivation nexus (PAE, in
brief) as central because it provides both a link between goal-directed behaviours and the emergence of
positive emotions, and also provides links between PAW and the wider literature. As examples, PAE
clearly overlaps with the happiness components of doing and the resulting experiencing of pleasure;
PAE also links to QoL through the FAWC proposal to provide animals with good life opportunities,
which effectively is about providing animals with opportunities for PAE [5,9]. We acknowledge that
there may be other ways of visualising these interconnections.

Our review has clearly identified the significant overlap between the concepts and ideas that have
variously contributed to PAW (see also Figure 1). PAE, for example, overlaps with existing writings
on performing natural (or normal) behaviours (e.g., [42]), motivational affective states (MAS) [16],
effectiveness [37] and animal agency (e.g., [38]), all of which point to the close relationships between
initiating and completing goal-directed behaviours and positive emotions. PAE also overlaps with
ideas of giving animals choices and providing good life opportunities with which to express ‘positive’
goal-directed behaviours [9], and with the study of reward in animals which attempts to disaggregate
the motivational and positive emotional aspects of reward seeking behavior (e.g., [28]). As we propose
above there are overlaps between the motivation–emotion nexus and happiness, given that happiness
in animals can be seen as involving the achieving of goals (doing) and the resulting pleasure (feeling
good) [2].

In our view the overlaps between various ideas about how PAW relates to longer-term welfare are
less clear because here PAW interacts with only recently emerging research agendas in the study of
animal welfare focusing on how to aggregate welfare both at a specific moment of time and across and
individual animal’s life (e.g., [61]). In this context the idea of animal happiness adds the important
time dimension to PAW but otherwise seems closely overlapping with QoL. Indeed happiness and
QoL could be combined if we accept that for the individual animal, it is what is experienced over the
longer-term which sums up the negatives and positives of life (see also [55]). Integrating happiness
with QoL in this way would bring the lived life of each individual animal into focus when it comes to
discussions about PAW. As we discussed earlier, an important discussion here is about how animals’
experiences during different life phases may affect their future PAW or animals’ ability to make the
best out of the opportunities they are given (see also [72]).

We have argued that the 4 defining features of the PAW literature are to varying degrees extensions
of the wider animal welfare literature and in that sense PAW seems to be a natural development of
animal welfare rather than a ‘step-change’. However, it also seems reasonable to us to propose that
PAW could be an effective route to changing attitudes to animals and to farming [3], particularly if
clear consideration is first given to how key stakeholders in society interpret PAW and how this can
affect their response to it [76].

5. Conclusions

Our analysis of the PAW literature suggests that it can be defined by 4 features (positive emotions,
positive affective engagement (PAE), Quality of Life (QoL) and happiness). The first two features
(positive emotions and PAE (or the reward from completing complex motivated behaviours)) are
already part of welfare research going back decades. However, the two latter features (QoL and
happiness) link to more recent research agendas concerning how we integrate or add up a wide range
of welfare measures, and how specific life events may affect the ability of animals to make the most
of their life opportunities. Overall, similar to the arguments that are made over positive human
psychology, PAW emphasises the capacity for animals to live good lives which in turn could inspire
higher aspirations for animal welfare standards.
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Simple Summary: The concern for better farm animal welfare has been greatly increasing among
scientists, veterinarians, farmers, consumers, and the general public over many years. As a
consequence, several indicators have been developed to assess animal welfare, and several specific
protocols have been proposed for welfare evaluation. Most of the indicators developed so far focus
on the negative aspects of animal welfare (e.g., lameness, lesions, diseases, presence of abnormal
behaviours, high levels of stress hormones, and many more). However, the lack of negative welfare
conditions does not necessarily mean that animals are in good welfare and have a good quality of
life. To guarantee high welfare standards, animals should experience positive conditions that allow
them to live a life that is really worth living. We reviewed the existing indicators of positive welfare
for farmed ruminants and identified some gaps that still require work, especially in the domains of
Nutrition and Health, and the need for further refinement of some of the existing indicators.

Abstract: Until now, most research has focused on the development of indicators of negative welfare,
and relatively few studies provide information on valid, reliable, and feasible indicators addressing
positive aspects of animal welfare. However, a lack of suffering does not guarantee that animals are
experiencing a positive welfare state. The aim of the present review is to identify promising valid
and reliable animal-based indicators for the assessment of positive welfare that might be included
in welfare assessment protocols for ruminants, and to discuss them in the light of the five domains
model, highlighting possible gaps to be filled by future research. Based on the existing literature in the
main databases, each indicator was evaluated in terms of its validity, reliability, and on-farm feasibility.
Some valid indicators were identified, but a lot of the validity evidence is based on their absence when
a negative situation is present; furthermore, only a few indicators are available in the domains of
Nutrition and Health. Reliability has been seldom addressed. On-farm feasibility could be increased
by developing specific sampling strategies and/or relying on the use of video- or automatic-recording
devices. In conclusion, several indicators are potentially available (e.g., synchronisation of lying and
feeding, coat or fleece condition, qualitative behaviour assessment), but further research is required.

Keywords: ruminants; cattle; sheep; goats; buffaloes; animal welfare; positive indicators; five domains

1. Introduction

Animal welfare research has led to a better understanding of animal welfare needs and the
development of scientific welfare indicators, which have been merged into welfare assessment
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protocols for various species, including cattle [1], goats [2,3], and sheep [4,5]. These protocols,
developed in Europe for the evaluation of animal welfare on farms, include a selection of valid and
reliable indicators whose on-farm evaluation is feasible and, whenever possible, follows European
Food Safety Authority’s recommendations [6] that indicators are animal-based, whereas resource– and
management–based indicators are considered as “risk factors”.

On-farm welfare assessment schemes focus almost exclusively on the evaluation of negative welfare
indicators (e.g., lameness, overgrown claws, lesions, abnormal behaviour, excessive aggressiveness,
fear) and provide an output on welfare levels based on the quantification of such negative aspects: if
the presence of negative indicators is frequent, the level of welfare is low, and vice versa. In this view,
the lack of suffering and the satisfaction of animals’ basic requirements is indicative of a good welfare
level. This follows the earlier concepts of animal welfare, based on the respect of the Five Freedoms
deriving from the Brambell Report [7], formalised by the Farm Animal Welfare Council (FAWC) in
1979, and later revised and translated into the Four Principles and Twelve Criteria during the Welfare
Quality® EC Project [1]. These concepts are the drivers of most of the current legislation and codes of
practice on animal welfare, essentially based on the avoidance of unnecessary suffering.

However, a lack of suffering does not guarantee that animals are experiencing a positive welfare
state. Several studies have argued for the inclusion of positive welfare indicators or consideration of
the positive aspects of animal welfare as well as the negative in achieving a more comprehensive view
of animal welfare [8]. Animals are motivated to gain a resource or achieve a particular interaction, and
the affective state of achieving these goals or the reward is pleasure. Thus, what animals want, in terms
of seeking positive or attractive stimuli, are associated with animals “wanting” these rewards [8]. The
FAWC [9] suggests that the minimum welfare level should be defined in terms of an animal’s Quality
of Life (QoL) over its whole lifetime, and that QoL can range from a very poor level (a life not worth
living), to a medium level (a life worth living), up to a high level (a good life).

Given that animal welfare is not only an absence of negative states (e.g., pain, disease, fear), and
something positive should be provided to farm animals to make their lives worth living, positive animal
welfare remains difficult to define. Previous constructs of animal welfare suggest that welfare can be
defined by concerns falling into one of three domains: biological functioning, naturalness, and the
feelings of affective experiences of the animal [10]. Following the functional approach, positive welfare
may just be something that goes beyond the provision of farming conditions allowing the animals
to be in good health. Grazing may be an example: ruminants can survive and be healthy without
expressing this behaviour; hence, access to pasture may be considered a benefit and an indicator of
positive welfare [11]. However, according to the natural approach, ruminants should be free to express
any species-specific behaviour; thus no grazing would be a sign of a negative state, whereas access to
pasture would be just the normal condition. The focus could then be on animal feelings, although
short-term preferences may not match animal long-term interests. However, according to [12], good
welfare can be achieved when animals are able to have a certain degree of control over the surrounding
environment while tackling and meeting the challenges. In other words, a good life is not a life without
challenges with both too high and too low levels of stimulation possibly perceived as aversive. Animals
have expectations about the environment where they live and [13] stated that a positive experience
occurs when an animal “actively responds to motivations to engage in rewarding behaviours, including
all associated appetitive and consummatory effects that are positive”. For example, if an animal is
‘fully engaged in exploring and food gathering in a stimulus-rich environment and interacts pleasantly
with other animals in the social group’, then that animal may be considered to be in a positive welfare
state. Both views highlight the active role played by the animals while positively interacting with the
surrounding environment.

Therefore, good animal welfare should also be considered in the light of the presence of positive
experiences or sensations, and not only as the result of the absence of negative experiences [14], and
the balance between positive and negative effects should be in favour of the former [15]. This implies
moving from the concept of “Freedoms” towards the concept of “Provisions”, as animals should be
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managed in order to provide them with a range of opportunities to experience comfort, pleasure,
interest, confidence, and a sense of control [15].

In line with these considerations, the OIE Terrestrial Animal Health Code [16] recently stated that
“Animal welfare means how an animal is coping with the conditions in which it lives. An animal is in
a good state of welfare if (as indicated by scientific evidence) it is healthy, comfortable, well-nourished,
safe, able to express innate behaviour, and if it is not suffering from unpleasant states such as pain, fear,
and distress”. This definition clearly emphasises the need for positive experiences (health, comfort,
good nutrition, and freedom to express natural behaviour) in the first place and mentions the freedom
from suffering only at the end.

However, most research has focused on the development of indicators of negative welfare, and
relatively few studies provide information on valid, reliable, and feasible indicators addressing positive
aspects of animal welfare. The identification of animal-based indicators with these characteristics
would allow their inclusion in welfare assessment schemes. This would be beneficial not only for
improving the level of animal welfare, leading to a high QoL of farmed animals but also for reinforcing
the communication about animal welfare to the stakeholders, who are strongly interested in positive
indicators [17].

Mellor [17–19] proposes a five domains model to draw attention to important areas deserving
consideration when talking about animal welfare. The model takes into consideration four domains
related to internal states and external circumstances (i.e., Nutrition, Environment, Health, and
Behaviour), and a fifth domain, i.e., Mental State, which is a final component showing positive or
negative affective engagement resulting from the sum of internal states and external circumstances.

The aim of the present review is to identify existing valid and reliable animal-based indicators
for the assessment of positive welfare that might be included in welfare assessment protocols for
ruminants, and to discuss them in the light of the five domains model, highlighting possible gaps to be
filled by future research.

2. Materials and Methods

As a starting point, an extensive review of scientific literature was carried out in the main
databases (Web of Science, CAB Abstracts, PubMed, and Scopus), using keywords such as “positive
welfare”, “measure”, “indicator”, “comfort”, “human-animal relationship”, “emotions”, “natural
behaviour”, “pleasure”, “liveliness”, “synchronization”, “play” combined with “ruminant”, “cattle”,
“cow”, “sheep”, “goat”, and “buffalo”. A total of 45 records, including 12 reviews, were obtained from
this initial search. On the basis of the references cited in these records, and of the suggestions from
the reviewers of the initial version of this manuscript, we enlarged our search, to obtain the final list
included in this review. Only English language studies published in international journals, international
book chapters or international protocols were retained. We focused exclusively on animal-based
indicators that could be collected on-farm. Animal-based indicators requiring subsequent laboratory
analysis were discarded. Publications dealing with resource- and management-based indicators were
also excluded.

Based on the existing literature, each indicator was evaluated in terms of its validity, reliability
(test–retest reliability, intra- and inter-observer reliability), and on-farm feasibility (Table 1).

Resource- and management-based measures were excluded, and only animal-based measures
were considered, as this approach seems more appropriate for measuring the actual welfare state of
the animals and the way in which they respond to the farming environment [6].

The results are presented in the light of the five domains considering: Nutrition, Environment,
Health, Behaviour, and the overall affective Mental State [17].

Some indicators can provide useful information related to more than one domain; when this was
the case, it was specifically mentioned in relation to each domain.
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Table 1. Definitions of terms proposed by Battini et al. [20] and used in the present review to describe
the characteristics of the considered indicators.

Term Definition

Validity

The relation between a variable and what it is supposed to measure or
predict. It can be shown by the ability of an indicator to predict some
later criterion, such as a state of pleasure, comfort, vitality, etc.
(predictive validity), or by the correlation between an indicator and
other measures to which it is theoretically related (i.e., gold standard)
(concurrent validity)

Reliability The extent to which a measurement is repeatable and consistent

Test–retest reliability The extent to which a measurement is repeatable and consistent
throughout time

Intra-observer reliability

The agreement between successive observations of the same individual
or group by a single observer, based on statistical significance of
correlations (p < 0.05) or to Kendall’s coefficient of concordance (>0.7).
According to time between measurements, reliability may be classified
in short- (1–7 days), medium- (1 week to 1 month), or long-term
reliability (>1 month)

Inter-observer reliability
The agreement between different observers during a simultaneous
observation, based on statistical significance of correlations (p < 0.05) or
to Kendall’s coefficient of concordance (>0.7)

On-farm feasibility
The practical chance of using the indicators during on-farm inspection.
It may consider different constraints, e.g., time, cost, accessibility,
equipment requirements, no laboratory analysis

3. Promising Indicators in the Five Domains

A list of potential indicators of positive welfare indicators in Mellor’s four domains [17–19] related
to internal states and external circumstances (i.e., Nutrition, Environment, Health, and Behaviour) is
summarised in Table 2.
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3.1. Nutrition

Positive aspects of welfare associated with the nutrition domain go beyond the bare satisfaction
of physiological nutritional requirements, and imply, for example, aspects of choice and variety of food
with pleasant smell, taste, and texture, pleasures associated with active engagement and exploration of
the environment during foraging, oral pleasures of chewing/sucking, or hedonic properties of food,
that eventually lead to a positive mental state [18]. The positive welfare aspects of nutrition would
include measures indicative of the hedonic pleasures associated with consuming preferred foods,
sensory aspects of pleasurable tastes [57] and the quenching aspects of drinking, as well as the feelings
of satiation and the anticipatory pleasures of seeking and consuming food. According to [58], the
possibility of food choice provides animals with the freedom to express their normal behaviour, to
meet specific individual needs, and also to reduce the incidence of illness by better coping with toxins
and parasite loads. Ruminants express feeding preferences if they are allowed to select their diet
without any constraints, whereas the diet they actually select represents their preferences as modified
by any environmental factors (e.g., accessibility, competition with conspecifics) [59]. Ruminants show
feeding preferences based on forage taste, odour, and texture characteristics because these animals can
associate such characteristics with the post-ingestion effects of feeds at the gastro-intestinal level [60].
In particular, they are able to avoid unpalatable feeds with low nutrient content or high toxin levels
while actively selecting palatable and nutritious feeds with the aim to maximize their nutritional
well-being [61]. Catanese et al. [62] confirmed that limiting diet choice induces a stress response in
lambs. At least in humans, a close relationship has been found between affect and food consumption
(e.g., [63]). Therefore, it has been postulated that also in non-human animals, the ingestion of pleasant
feeds, based on their hedonic values, may induce a more positive affective state as compared to
receiving less palatable feeds. In fact, [21] observed that after the consumption of a pleasant pellet,
ewes show an optimistic judgment bias by approaching non-reinforced ambiguous locations more
quickly (i.e., the ewes received no training about the possible presence of palatable or unpalatable feeds
in those locations) than ewes receiving disliked wood pellets. These results indicate the expression of
feeding preferences as a potentially valid indicator, although no evidence is available on its reliability,
and preference tests may not be easily performed on-farm.

In rodents, behavioural indicators of the pleasure of eating or drinking have been quantified as
tongue protrusions, lip smacking, and lick patterns (e.g., [64]), but similar animal-based indicators have
not been developed for ruminants. Both sheep and cattle consistently show a preference of legumes
over grasses (1.5 times higher intake) and also a particular diurnal pattern, with legumes preferred
in the morning and preference for grasses increasing at the end of the day [59]. These data suggest
that ruminants have specific goals when selecting their diet, which cannot be accomplished when
they are fed a total mixed ration, with no possible alternative. However, it should be considered that
feed choice may be driven by individual differences [65], as some animals are more prone to consume
a regular and constant diet, whereas others are willing to explore new feeds, as recorded in heifers
by Meagher et al. [66]. It may be argued that, if animals are given the possibility of choosing their
diets, they may not necessarily eat what is best for them, and they may not consume a diet adequate
to meet their nutritional requirements. Although we cannot exclude that this may happen in some
cases, research by [67] showed that calves offered with a varied diet reached the same nutritional level
provided by a standard balanced mixed ration, yet each animal ate a diet different from the other
animals. Data supporting the evidence that ruminants are able to select a diet close to their needs and
minimise the ingestion of anti-nutritional compounds when they are given the possibility to choose
among different feeds are reviewed by [58].

An additional benefit in terms of welfare can be given to ruminant animals by allowing the
expression of their dietary preferences while performing their species-specific grazing behaviours
(i.e., exploration, selection, and ingestion of plants [22]), as also envisaged by the Welfare Quality
protocol [1,12].
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Domestic ruminants are gregarious animals and their feeding behaviour, as well as other
maintenance behaviours [68–70], is synchronised [71]. Feeding behaviour synchronisation in social
animals is an adaptive behaviour, evolved to provide a series of benefits, such as opportunities for
acquiring information about the location of food and allowing more time to graze, due to reduced
exposure to predation risk [72]. In this sense, feeding synchronisation may indicate a positive welfare
condition for all group members (see also “Behaviour”), and it was actually observed more frequently
in finishing bulls kept on pasture than in a more restricted housing environment [23]. Furthermore,
feeding synchronisation may indicate reduced competitiveness, thus representing an additional
benefit for subordinate animals, as they would be able to access the feeding resources along with
conspecifics. The assessment of the synchrony of feeding is feasible on-farm and it could be achieved by
instantaneous scan sampling [68], taking into account that synchronisation is maximal in the morning
and in the evening [73]. No information is available about the reliability of feeding synchronisation,
but behavioural synchronisation is generally considered reliable [39], whereas the articles mentioned
previously [23,39,70–73] support the validity of the measure.

3.2. Environment

The environment can have marked effects on animal welfare, and some literature suggests the
positive effects of housing enrichments, which should be beyond the simple housing supplementation
(i.e., just capable of reducing the negative effects of a poor environment). Examples of housing
enrichment are reviewed by [74–76]. Positive aspects of housing or the environment involve providing
the animal with the space and requirements for comfort and pleasure associated with resting and ease
of movement, as well as offering choice and opportunity to express agency in use of the environment.

Comfort and appropriate rest are important components of positive welfare induced by the
environment. For example, reduced lying time and abnormal lying postures or transition movements
are shown when housing conditions are suboptimal (e.g., [77,78]). We can, therefore, argue that an
increase of lying time, the possibility to perform appropriate lying postures, and the ease to get up and
lie down may be indicative of a positive welfare state.

In ruminants (e.g.,: cattle: [34,79]; sheep: [34]), resting is a high priority and an inelastic behavioural
need. The total amount of time spent lying was used to assess cow comfort in response to the type of
housing (large pens vs tie-stalls) and the depth and shape of sand bedding, respectively [27,28]. In
both studies, a higher lying time occurred in the more favourable conditions (large pens and deeper
bedding), thus confirming the validity of this positive indicator to assess cow comfort during resting.
The time spent lying was also observed to increase in cows, sheep, and in dairy calves provided with a
more insulating substrate (e.g., sand bed vs concrete floor in cows [30]; straw bed rather than concrete
or slatted flooring in shorn ewes [35]; sawdust rather than river stones in calves [29]), demonstrating
lying time to be a good positive indicator for the evaluation of bedding quality and of thermal comfort.
Another example that supports the validity of lying time for the evaluation of cows’ comfort in relation
to the environment is provided by [31], who observed an increase of the time spent lying on more
comfortable lying substrates (i.e., rubber mats vs concrete or sand).

In goats, the total time spent lying was positively affected by increased indoor space allowance [80],
but did not statistically vary in response to the inclusion in the pens of additional walls that had been
introduced in order to increase goats’ comfort and to provide a higher sense of protection not only
from virtual predators, but also from higher-ranking goats. However, goats spent significantly more
time resting in the resting area with wall support, suggesting that this indicator (resting by a wall) may
be used as an indicator of comfort in this species [32]. In an analogous experiment in sheep, similar
results were obtained on lying time, but not on time spent resting by a wall [34]. However, lying time
may be increased when animals are unwell (sickness behaviour) or when lame (e.g., [81]); thus, alone,
this indicator is not specific for positive welfare.

In cattle, [27] used the frequency of lying bouts as an indicator of the ease of transition movement,
and validated this indicator by showing that the number of transition movements was significantly
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higher in large pens than in tie-stalls. As the mean duration of single lying bouts did not differ between
treatments, the higher number of lying bouts resulted in a longer total lying time, which was also
considered as a positive indicator of animal welfare. However, [28] could not confirm the validity of
the number of lying bouts to assess cows’ comfort, whereas they found significant differences in the
duration of lying bouts in relation to bedding depth and shape. In contrast, [33] did not record any
significant difference either in total lying time or in the number of lying bouts, in response to different
space allowances.

None of the studies mentioned have investigated these indicators in terms of reliability (test-retest,
inter-observer, or intra-observer reliability) and the on-farm feasibility of these indicators still has
to be discussed. In fact, all the studies were based on either direct- [33] or video-recorded [27,32,34]
observations lasting 24 h, which is impractical for on-farm assessment. Alternatively, electronic devices
were used in the study by [28], but their use for a practical on-farm assessment is also questionable.
Sampling observation rules would be required in order to increase the feasibility of these indicators.
However, circadian rhythms of resting periods may show a pronounced variation, especially in
extensively managed animals [81], and this may have a marked impact on the selection of sampling
periods for the assessment of lying time.

Napolitano et al. [68] suggested that lying postures can also be used to highlight the level of
thermal comfort and/or vigilance comfort, and state that cows prefer to rest in sternal recumbency
with the head tucked against the flank, and in lateral recumbency, possibly with outstretched legs. A
positive correlation was found in dairy cows between cubicle features (i.e., stall width, stall length,
amount of straw, area, and type of divider) and some lying postures: stretched forelegs, stretched
hindlegs, lying fully stretched [38]. van Erp-van der Kooij et al. [40] confirmed the preference of dairy
cows for lying in long and wide postures when at pasture, in a comfortable situation. These authors
also carried out a reliability analysis on lying postures at the start of their study, finding an initial
moderate agreement (kappa values 0.49 and 0.50) between a trainer and the observers, whereas [39]
found good inter-observer reliability and consistency over time for head resting and hind legs stretched.
Also, for the observation of lying postures, the development of a representative sampling strategy may
be required for practical on-farm observations.

Another important aspect of lying behaviour is the level of synchronisation (see also “Behaviour”),
that may be considered as indicative of a positive welfare state. For example, Holstein heifers with
larger space allowance exhibited a higher synchronisation of lying behaviour, which was interpreted as
a higher welfare level, thus confirming the predictive validity of this indicator [33]. The validity of the
synchronisation of resting behaviour could not be confirmed as an indicator of comfort in sheep [34]
and goats [32], which did not increase their synchrony after the inclusion of additional walls. However,
the presence of additional walls is only one of the factors that can potentially affect lying behaviour:
the space available in these studies (1.5 m2/head, which corresponds to the minimum recommended
value for small ruminants; [69]) may have contributed to the inability of all animals lying down at the
same time, independently from the presence of partitions. In fact, [81] observed that sheep are more
synchronised when they have more space to lie in an indoor environment. Based on the concept of
synchronised lying, [26] proposed the use of a Comfort index, calculated as the number of cows lying in
free stalls out of the total number of cows touching a stall. According to these authors, a value greater
than 85% is considered a good threshold. The validity of lying synchrony as a positive welfare indicator
is confirmed by [38], who found a positive correlation between the maximum synchronous lying and
cubicle features (i.e., stall width, stall length, amount of straw, area, and type of divider) providing
more space and a more comfortable and insulated lying surface. The same author also found a positive
correlation of these features with the percentage of cows ruminating while lying: this indicator can also
be considered as indicative of a positive welfare state, as rumination is usually performed by healthy,
relaxed, and unstressed cows while lying down [82]. The inter-observer reliability and consistency over
time of lying synchrony have been confirmed by [39] both for direct and video-recorded observations.
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As for feeding synchrony, also lying synchrony can be assessed using instantaneous scan sampling:
this indicator can be collected in a quicker way than lying time, and it is less likely affected by circadian
behavioural changes [81].

Another behaviour that may indicate that animals are living in a good environment is exploration,
which usually increases in novel and complex environments, as discussed in the paragraph “Behaviour”
(e.g., [54]).

3.3. Health

Traditionally, assessment of health aspects of welfare has focused on categorising and auditing
the most common health issues of the species (number of lame animals, parasitised, showing visible
injuries, and so on). However, the absence of clinical disease or injury is not the same as the positive
aspects of good health, such as feeling well, active, and vigorous. Suitable positive welfare indicators
in this domain would include measures that suggest animals are enjoying vitality and good health.

The longevity of breeding animals can be defined as the time-span animals remain in the herd,
whereas productive longevity is the period between first parturition and culling. In intensively farmed
dairy cow herds, longevity and productive longevity are usually well below five and three years,
respectively [43], whereas cows kept in extensive conditions or in small family farms show a mean
longevity of 15 years [83] and cases are reported where animals reach over 22 years [84]. Most of the
factors that lead to the culling of dairy cows concern health (e.g., mastitis, lameness, low fertility)
and unsatisfactory production. In farm animals, a long life may be considered as the result of good
welfare [85], and longevity as its “summary indicator” (i.e., summarising all the potential noxious
factors leading to a reduced life expectancy). However, it may be speculated that the validity of this
indicator relies on the reliability of the information about culling reasons, as only those concerning
involuntary culling should be considered. In addition, there may also be concerns about Quality of
Life, as just being on the farm for a long time may not mean positive welfare: a longer time spent
in pain but not reaching the point of needing to be culled may have obvious negative effects on the
welfare of the animals, and may result in a life that is not “a good life”, and possibly not even “a life
worth living” [85].

Vigour is another indicator of positive health, which expresses positive and active engagement
with the environment. In lambs, a vigour score has been proposed, based on the latency to first perform
specific behaviours, such as an attempt to stand, seeking the udder, and successful sucking [44,45].
This score has been shown to be valid, in that it is reflective of the behaviour of neonatal lambs [45],
and has been applied on commercial farms [45] suggesting data can be collected feasibly, at least on
farms with indoor lambing systems. The reliability of scoring has not been formally tested.

A positive health condition can also be identified by coat or fleece conditions. For example, the
percentage of goats with coat described as “a complete fur cover, even coat, presenting shiny, glossy
and sheen hair, homogeneous and well adherent to the body” [42] has been included in the AWIN
welfare assessment protocol for goats [3], and a good fleece quality (sufficient fleece, no trailing or
over long patches of fleece, no scurf nor lumpiness, nor evidence of ectoparasites) was included in the
AWIN welfare assessment protocol for sheep [5]. For hair coat condition in goats, [42] demonstrated
high inter-observer reliability, but [86] showed a low consistency over time. For sheep, assessments of
fleece quality have good intra-observer, but poor inter-observer reliability, when assessed at a group
level [87], but good inter-observer reliability when assessed individually (AWIN 2015, unpublished).

3.4. Behaviour

Positive welfare may be evident when animals are able to express active and positive engagement
with the environment and in their interactions with other animals, resulting in exploration, foraging,
hunting, bonding, affiliative social contacts (such as play, social grooming, and other pleasurable
contacts,) and positive parent-offspring interactions [13,88].
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Numerous authors report that human and non-human mammals play when they are not exposed
to harmful events and threats to fitness, such as abrupt weaning, insufficient nutrient intake [89],
disbudding [53], and castration [90]. This may be explained by the fact that this behaviour is not
needed for survival; thus, it is not expressed in unfavourable conditions. According to [91], play is
self-rewarding, may be included in the behavioural repertoire of the adults albeit at a lower frequency
than juveniles of the same species, and it is repetitive, although not stereotypical in form. In addition,
play has been associated with positive emotions [92]. Valnickova et al. [93] observed that deprivation
of play induced reduced growth in dairy calves, thus suggesting the validity of the absence of this
behaviour as an indicator of negative welfare. However, a rebound effect in play is often observed when
conditions improve. For example, the play expressed by dairy cows when, during winter housing, they
are released into exercise areas, may not be an indication of positive welfare, rather, it may represent a
sign of relief from a previous poorer condition [94]. In general, it can be stated that reductions in play
are associated with negative affect, whereas there is evidence for an increase in play with positive affect.
Anticipatory behaviours can provide information about emotional states and the anticipation of play,
being a rewarding event, can be a positive state as shown by an increased frequency of behavioural
transitions and duration of walking [95]. However, inferences on anticipatory behaviours should be
considered, as long waiting periods may induce frustration [96]. The registration of spontaneous play
in young ruminants may not be feasible due to the low level of expression [93]. Three main categories
of play have been described: social, locomotor, and object play [97]. Mintline et al. [53] suggested
using an arena test to elicit locomotor play and reduce the time needed to record this behavioural
expression. These authors noted that the amount of time devoted to locomotor play in the home pen
was positively correlated with the time spent playing in the arena test, thus suggesting the validity of
the test. However, some open questions remain concerning the feasibility of including this in on-farm
assessments, as well as the size and shape of the arena, both affecting the expression of this behaviour,
the time elapsing between tests, with more time devoted to play at increasing elapsed times, and the
high day–to–day expression variability. No studies on the reliability of this test are currently available.

In young mammals, the possibility of sucking from their dams may also be related to a positive
welfare state, as this is a natural and highly motivated behaviour (in the wild, it is essential for
survival) [98]. The need for sucking from a teat seems to be confirmed by the fact that, if this
natural behaviour is limited or prevented, calves may redirect it towards other targets in the form of
abnormal oral behaviour [99], while lambs show a number of behavioural, endocrine, and immune
disturbances [100]. Conversely, when young mammals have the opportunity of sucking from their
mothers, they perform this rewarding and appeasing behaviour, particularly following behavioural
disturbances, suggesting that it has a rewarding and comforting component as well as nutritional.
Although valid [22,68,69], to our knowledge, no information is currently available about the reliability
of this indicator, and feasibility may be limited due to the time required for the observation of
sucking behaviour.

A high level of synchronisation has been mentioned as an indicator of positive welfare in cattle [68],
goats [69], and sheep [70]. In fact, this is an allelomimetic behaviour indicative of social cohesion [70].
According to [101], in socially stable groups, 90% of the individuals exhibit the same behaviour at the
same time, whereas [73] established a 70% synchrony threshold in cattle at pasture.

The use of the level of behavioural synchronisation (standing, lying, and feeding) in cattle as a
measure of positive welfare is supported by earlier research showing that dairy cows’ behaviour is
more synchronised on pasture than in tie stalls [41], and later confirmed by [23] in fattening bulls,
where the synchronisation was higher in bulls at pasture than in bulls kept in pens in an uninsulated
barn. In fact, as recently reviewed by [102], a loss of synchrony may be interpreted as an index of
reduced welfare in housed vs pasture-based systems (and vice versa), probably due to the reduction of
space allowance, the increased level of disturbance, and the higher competition for lying places.

Stoye et al. [73] observed that the level of synchrony was minimal in the middle of the day and
peaked in the morning and in the evening, and suggest that the time of day should, therefore, be taken
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into account when this variable is used to measure animal welfare. This consideration can be important
to set up appropriate sampling rules for behavioural observations and may contribute to increasing
the on-farm feasibility of this indicator.

Allogrooming is defined as a licking or grooming behaviour performed between pairs, most
commonly on the head, neck, and shoulder [71]. Allogrooming has been widely documented in
adult [103]) and juvenile cattle [104], whereas in sheep and goats, it is mainly expressed by mothers to
new-born animals [105]. In cattle, this behaviour tends to occur most around the arrival of fresh feed,
and in longer bouts at night, with 5 min per day total time spent in allogrooming [46]. Allogrooming
is not thought to be related to dominance hierarchies but is thought to be an expression of a close
relationship [46,47], relevant for the formation and maintenance of social bonds. Affiliative behaviours
have been proposed as indicators of positive welfare [92]. Receipt of allogrooming induces reduced
heart rates and half-closed eyes [106]. In addition, it has been observed that the animals which
receive more grooming have increased milk production and weight gain [107,108]. However, some
issues still need to be resolved with respect to whether higher levels of social licking may be a
mechanism to reduce tension [104]. In particular, allogrooming-dependent tension reduction was not
seen experimentally [92,109], and higher licking was observed in tethered cattle vs loose cattle [110],
perhaps related to the familiarity of neighbours or boredom, and in indoor vs outdoor cows, probably
due to proximity [109]. On-farm feasibility of allogrooming seems low as it occurs for a relatively
short period per animal, but at higher rates during feeding [46]. However, the feasibility on-farm has
not been tested, so methods would need to be developed. Consequently, no studies on test–retest
reliability and intra- and inter-observer reliability have been conducted.

Self-grooming is related to a broad behavioural category encompassing licking the coat with
the tongue (generally restricted to cattle), rubbing or scratching with teeth (sheep), hind hoof, horns,
or against environmental objects (trees, fencing, pen fixtures, etc.), including the use of brushes by
dairy cows [111]. Self-grooming has also been documented in goats [112,113]. Studies on innate
‘programmed grooming’ suggest that this behaviour is influenced by age (greater self-grooming in
young small ruminant animals; [114]). In wild sheep, this behaviour is related to hygiene as a means of
removing dirtiness, ticks, and other ectoparasites, so it may be a motivated behaviour [115]. In general,
self-grooming is deemed a comfort activity [116]. Platz et al. [37] found that comfort behaviours
of individual hygiene in dairy cattle, such as licking while standing on three legs (licking herself
with one leg raised from the floor surface) and caudal licking (licking of caudal parts of the body by
concave flexion of the lumbar spine), are only performed on non-slippery flooring. The replacement of
concrete slatted flooring by rubber mats may increase self-grooming up to 4-fold. According to [117],
self-grooming tends to be performed more often when calves are motivated to express this behaviour,
but the environment does not allow to exhibit it. However, whether self-grooming is positive or solely
an expression of positive affect is questionable, since self-licking occurs at a higher rate in tie stalls than
in loose housed cattle [110], and [118] reports that excessive self-licking can be observed in calves in
response to deprivation situations.

In natural environments, cattle scratch and groom themselves on trees or other abrasive
surfaces [119]. Therefore, the provision of brushes can be considered as an environmental
enrichment [55] that stimulates the animals’ natural behaviour, and brush usage seems to be a
‘luxury’ behaviour with low resilience [120], which therefore may indicate positive affect. According
to [121], the voluntary use of cow brushes might be a useful indicator of positive welfare. Using a
motivation test, [119] demonstrated that the motivation of cows to access a grooming substrate is as
high as their motivation to access fresh food. In calves, choice tests suggest that brushing is perceived
as a positive event, but heart rate variability is not affected [56]. Ninomiya [55] showed that beef cattle
increase their self-grooming and scratching behaviour when their pen is enriched with a brush, and
hypothesises that it is possible that the increased expression of this behaviour could be beneficial in
terms of animal health, based on the lower occurrence of liver and intestinal diseases in enriched
environments. In addition, brushing facilitates milk let-down and acceptance of milking in heifers,
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although this result may also be related to habituation to humans rather than to brushing, per se [122].
A complete validation of an indicator is still lacking as well as studies on reliability, but its observation
seems feasible on-farm.

Exploration can be distinguished as specific and general, the former directed towards a specific
object or event, the latter related to the collection of a broader range of information about the
surrounding environment. Exploration has an adaptive value as it is information-gathering about
feeding resources, and checking for potential hazards, thus making individuals more prepared for
avoiding dangers and finding rapid escapes (e.g., in case of attacks by predators). Exploration seems
to be self-rewarding, thus indicating a positive welfare state [52]. General exploration increases when
animals are exposed to a novel environment, but it is also performed in known complex environments
where this kind of exploration is performed to check for changes. In intensive conditions (i.e., no
access to pasture), ruminants tend to extend their periods of inactivity while reducing their exploratory
behaviours, thus suggesting a low degree of adaptation to an insufficiently stimulating environment
(e.g., [54]). However, the recording of daily exploration is not feasible; thus, [52] proposed a novel
object test at the feeding rack as a proxy to estimate the animals’ explorative responses. These authors
observed higher levels of specific exploration expressed by bulls kept in a barren environment, but
they obtained weak results when this environment was enriched and concluded that the test was not
promising. In an arena test, buffalo heifers kept indoors expressed higher levels of specific exploration
towards a novel object as compared with animals kept on pasture [123]. The authors hypothesised
that animals kept indoors due to the paucity of stimuli were more motivated to perform explorative
activities. Therefore, although the arena test is reasonably feasible, its validity as a positive indicator is
questionable, and data on reliability are lacking.

Ruminants can be exposed to human contacts, and this happens frequently, especially in dairy
animals kept in intensive systems. The quantity and the quality of the human–animal relationship
may have a prominent impact on the behaviour, welfare, and productivity of farm animals (e.g., [124]).
For example, the use of negative interactions (e.g., shouting, forceful sticking, and slapping) may
depress milk production [125], growth rate [126], as well as increase the fear of animals towards
humans [127]. On the contrary, positive interactions (e.g., talking quietly, petting, and touching) may
have beneficial effects on fertility of dairy cows [128] and growth rate of veal calves [129], provide social
comfort [130], induce changes in heart rate and heart rate variability and oxytocin release [131,132],
and elicit positive affective states [133]. For cattle, many measures have been proposed to assess the
quality of the human–animal relationship, ranging from the observation of both stock people and
animal behaviour during routine activity (milking, handling, etc.) [128] to assessing attitudes of stock
people towards animals through questionnaires [51,128]. For sheep the AWIN protocol reported a
human avoidance test with a familiar person at flock level [5], whereas in cattle the most used indicator
has been the avoidance distance of animals to humans, defined as the distance at which an unfamiliar
observer is allowed to approach an individual animal before it moves to the side or away [51]. It can
be measured either at the feeding place or in the home pen [134], the first being more feasible than the
latter. However, all the tests involving a human moving towards the animals may be the results of
tolerance and fear, whereas, in the tests where the animals voluntarily approach unfamiliar humans,
they actively elicit a contact, which can be interpreted as positive. Examples of tests where the animals
approach humans are available in cattle [135] and in goats [3,136], and in responses to separation and
reunion in lambs bonded to humans [131]. However, it has been postulated that these tests may be
the result of conflicting motivations, such as motivation to explore and fear [135], thus affecting the
validity of this indicator. Although feasible, no studies on reliability are available.

In addition to the above-mentioned behaviours that are common to farmed ruminant species,
there are some species-specific behaviours whose expression can be considered as an indication of
positive welfare. For example, buffaloes are the only domestic ruminants expressing the behaviour of
wallowing, which consists of covering the body surface with mud. Therefore, this can be considered
a species-specific natural behaviour. Although this behaviour has received little attention, when
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appropriate facilities are available, buffaloes lie in potholes, ponds, or pools. In particular, previous
studies report that from February to July, on average, 31% of the animals were wallowing in the
mud [137], whereas this increased to 48% in mid-summer (i.e., from June to August) [54]. Buffaloes
have a sparse hair coat and, consequently, a reduced number of sweat glands [138]. Therefore, they
use wallowing as a means to efficiently dissipate heat, as also suggested by the higher milk production
of buffaloes provided with wallowing facilities [54]. Conversely, when wallowing is denied, buffaloes
tend to spend more time idling [137] and lying in the slurry (possibly trying to compensate for the
lack of water) and less on exploration [54]. In addition, wallowing proved to be more efficient in
heat dissipation than showers [139]. However, all these findings just suggest that buffaloes may
suffer if wallowing is denied, whereas to be positive, such behaviour should be self-rewarding. One
aspect suggesting this effect is that, albeit less frequently, buffaloes wallow also in winter, when a
thermoregulatory motivation is lacking [137]. In addition, at least in pigs, wallowing may induce
relaxation [140]. This indicator may be considered both feasible and reliable if assessed as a resource
(i.e., access to pools/potholes), whereas no information is available if assessed as an expression of
wallowing behaviour.

Goats are known to climb and prefer elevated places [141]. Aschwanden et al. [142] found
that the provision of platforms to loose-housed goats positively affects the behaviour of animals
during feeding and resting and reduces aggressions. The authors found an increase in feeding and
resting bouts, while the possibility to move both in horizontal and vertical space helped to minimise
agonistic interactions [142]. When given the possibility, goats actively used enriched environments
(e.g., niches, platforms, brushes) and were frequently observed climbing, walking, and lying in elevated
places [25]. Observations of behaviours influenced by the presence of platforms or elevated places are
time-consuming; hence, feasibility is presently low. No information is given about the reliability of
this indicator.

One of the most important social interactions animals engage in are the contacts between mothers
and offspring. In sheep and beef cattle, where offspring remain with the mother for prolonged periods,
affiliative social contacts (licking, nosing, actively and preferentially seeking one another, and lying in
contact) are frequent (e.g., [143,144]), and associated with elevated oxytocin in the mother (Muir &
Dwyer [145]). Maternal care can be assessed by measuring grooming, mother-offspring contact and
proximity, and suckling frequency. At present, these are time-consuming and impractical in the field,
but with technological developments, such as proximity sensors, these may become more feasible
measures in the future.

3.5. Mental State

According to Mellor [20], this domain is the result of internal states and external circumstances
that may affect welfare-relevant mental experiences. However, the aim of this review is to consider
indicators that can measure the positive mental experience, as generated by other factors. The indicators
included in this section are not necessarily linked to a specific provision to the animals but can serve as
a general overview of the affective state of ruminants. Positive emotional states of relevance to animal
welfare may include, for example, calmness, relaxation, curiosity, excitement, positive engagement,
and anticipation of reward or pleasurable events. Panksepp [146] postulated that affective states are
functional for the fitness of the animals as positive states inform the animals about the fact that they
are coping well, whereas negative states may alert subjects to potential threats to survival.

Based on previous studies of humans, [147] postulated that animals experiencing negative
emotions, such as those deriving from fear, stress, and adverse environmental conditions, will
interpret ambiguous stimuli in a more pessimistic way [148,149]. Conversely, albeit less studied,
more optimistic judgments are given as a consequence of positive experiences such as gentle
handling [150], environmental enrichment [151], and release after an aversive treatment [152]. In
particular, Doyle et al. [152] noted that ten Merino sheep exhibited a positive bias when released after a
period of restraint and isolation. Similar results were obtained by Sanger et al. [153]. These authors

136



Animals 2019, 9, 758

observed that shorn sheep had a more positive judgment of ambiguous stimuli after release. These
studies showed a more positive response when animals were released from a negative experience,
which is assumed to generate a positive affective state, although whether this is also true when there
is no prior negative stimulus is yet to be tested. Although a number of physiological measures
demonstrate the validity of positive judgement bias as positive welfare indicator, which directly reflects
the emotional state of the animal (core affect), on-farm feasibility of this indicator seems low due to
the fact that animals have to be trained and specific and articulated tests requiring a specific set-up,
rather than the observation of spontaneous behaviour in an undisturbed environment, have to be
put in place. Attention bias, another class of cognitive bias, has been developed in order to improve
the feasibility of measuring these cognitive effects on-farm. Attention bias describes the differential
allocation of attentional resources towards one stimulus compared to others [154]. Recently, [155]
proposed the attention bias test where the animals do not need to be trained as the attention towards a
novel, potentially noxious stimulus is recorded the first time they encounter it. These authors noted
reduced attention towards a dog in more relaxed sheep (i.e., treated with diazepam). However, in
cattle, this effect was not replicated [156]. No studies on intra- and inter-observer reliability have
been conducted.

Behavioural laterality has also been linked to either positive or negative animals’ emotions, as the
two brain hemispheres control contrasting emotions: in fact, the left hemisphere is believed to control
positive emotions, whereas the right hemisphere controls negative ones, and behavioural responses
are contralateral to the dominating hemisphere [157]. In ruminants, behavioural lateralisation in
response to different emotion-eliciting situations has been observed in sheep that showed a higher
proportion of left-lateralised ears after the exposure to a non-palatable food (wooden pellet), and a
lower proportion of left-lateralised ears after the exposure to a standard feed that was considered as
a positive stimulus [158]. A higher proportion of right-lateralised ears can, therefore, be supposed
to indicate a positive emotional state. However, the results of this experiment were not consistent
with other trials carried out by the same authors, and the validity of ear lateralisation as an indicator
of sheep’s emotions still has to be confirmed. This indicator seems to be feasible on-farm, but no
information is available on its reliability.

Some indicators may be used to interpret emotions according to a dimensional theory [159] where
emotions are described as moving in a continuum along two axes: valence that expresses positive or
negative moods, and arousal that defines the low or high level of excitement. Negative emotions often
go along with high arousal and positive emotions with low arousal, but high arousal can sometimes
also be found in positive situations. The qualitative assessment of animal behaviour (QBA) has been
widely used to describe how animals interact with the environment. It is based on an integrative
approach where the ‘whole-animal’ is assessed, according to the above-mentioned dimensional theory.
This methodology relies on the use of behavioural descriptors ranging from low (e.g., calm, relaxed) to
high levels of arousal (e.g., active, restless) and from a positive (e.g., curious, excited) to a negative
valence/mood (e.g., indifferent, bored). These descriptors, in the original version, were generated by
the observers using the free choice profile technique [160]. The approach based on free choice profile
showed that QBA had high intra-observer reliability, inter-observer reliability (e.g., [160]) and validity
(e.g., [161]). However, in order to make the methodology suitable for on-farm welfare assessment,
fixed lists of terms have also been used and show good inter-observer reliability in cattle [162] and
sheep [163]; test-retest and intra-observer reliability, as well as on-farm feasibility, have also been
confirmed in sheep [164]. The validity of QBA to highlight positive emotional states has been confirmed
in cattle [165], goats [166], and sheep [164].

Farm animals may also express emotions using a complex set of facial expressions, body postures,
and vocalisations. Most studies focused on the assessment of these indicators in relation to pain or fear,
but they are rarely adopted to assess positive emotions, such as relaxation or pleasure. Behavioural
studies and the physiological basis of changes in visible eye white (or eye aperture) suggest that
this indicator may reflect emotional experience in cows [167–171] and sheep [172–175]. In particular,
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changes in eye aperture can be a dynamic indicator of emotional states, with a low percentage of
visible white indicating satisfaction and low arousal [168]. The percentage of eye white decreases
when cow and calf are reunited after separation [170], sheep brushed by a familiar human show a high
proportion of closed and half-closed eyes during and post brushing, indicating that this procedure
might have elicited a relaxed state [172,173], and groomed sheep show low relative eye aperture [175].
However, the percentage of eye white in dairy cows may also increase in response to a positive
stimulus presumed to be particularly exciting [171], including exposure to concentrate [169]. Hence,
the visible eye white may indicate arousal perhaps more than valence. Validity is uncertain in several
studies [169,171,174], whereas inter-observer reliability has been only tested and checked in two
studies [169,171]. Reefmann et al. [175] comment on feasibility, and state that determining the eye
aperture and, consequently, visible eye white, is a labour-intensive task, made of a digital calculation
of the white area in comparison with the whole eye. At present, feasibility is very low for on-farm
assessment; however, it could be improved by performing direct observations or developing an
automatic computerised calculation. A recent work [176] checked the possibility of assessing the eye
white in dairy cows as classes of eye aperture, ranging from eye white clearly visible to half-closed eye:
this method appears to be promising and more feasible than any computerised calculation.

Ruminants have highly developed muscles around their ears, enabling them to independently
move forward and backwards very readily to express internal states and communicate [158]. Some
studies support the idea that facial expressions can communicate specific emotional states, by showing
that goats and sheep avoid images of conspecific faces demonstrating fear or discomfort, and are
attracted to relaxed or positive facial expressions [177]. Ear postures are highly species-depending
and require specific study in order to gather accurate information [178]. Hanging ears in dairy
cows and sheep are associated with positive emotional states of low arousal (e.g., stroking or
grooming [131,172,173,178,179]) and related to the relaxed/calm dimension of QBA [130,178]; however,
whether hanging ears would be associated with a low arousal negative state (such as boredom) has not
been rigorously tested. Both backwards and forwards ears may be associated either with positive or
negative situations [158,178,180,181]; hence, it is not possible to accurately relate these to underlying
emotional states. Frequent ear changes are associated with negative stimuli in sheep [158], but with
positive stimuli in cows [178]. Further studies are needed to clarify the meaning of ear-posture changes
for each species, and to check for the reliability of this indicator.

Recent research focusing on body posture as an indicator of emotion in farm animals shows
that there is considerable variation among species in the meaning of the same posture [182]. Hence,
body postures cannot be generalised to different species and, furthermore, it is suggested that specific
postures may have a different meaning when assessed alone or combined to a whole body posture
evaluation [182]. Stretching the neck, or a horizontal neck position are associated with positive
emotions in cows [167,179,182], as well as tail wagging in cattle [182] and sheep [173] and tail up in
goats [181]. These postures are usually associated with ears hanging down and can be easily recorded
on-farm, but no specific study is available on their reliability.

Vocalisations could be considered as a direct expression of emotion in animals [92]. Little work
is available to reliably identify types of calls or acoustic parameters when ruminants are exposed to
positive situations; thus, general conclusions are difficult to draw. The source–filter theory of voice
production suggests that vocalisations in mammals are generated by vibrations of the vocal folds
(“source”) that determines the frequency (or pitch; “F0”), subsequently filtered by the vocal tract
(“filter”). Hence, changes in vocal production are associated with emotion-related changes in the
pharynx and glottis which alter the characteristics of the sound produced [183]. Low-frequency calls
have been recorded in cows, sheep, and goats in situations that elicit positive emotions [181,183,184].
Cows and sheep produce these calls with the mouth closed or partially open [183]. It has also been
found that in goats, the vocal fold vibrates at a more stable rate during positive than negative emotions,
resulting in more stable F0 over time [181]. However, the use of vocalisations as an indicator to measure
positive emotions has some limitations. First, it relies on animals providing enough vocalisations
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for assessment, and then, on the ability of human assessors to evaluate sounds. The development of
automatic tools for the recognition of sound would be particularly appealing to improve the feasibility
and reliability of this indicator.

A list of indicators of affective engagement resulting from the sum of internal states and external
circumstances (i.e., Mental State) is presented in Table 3.

Table 3. List of the reviewed potential positive welfare indicators of affective engagement resulting
from the sum of internal states and external circumstances (i.e., Mental State). The animal category and
method used for data collection are also specified for each indicator.

Welfare Indicator Animal Category Data Collection Method References

Asymmetric ear posture Sheep Video recording [173]

Axial/plane ears Sheep Video recording [175]

Body posture changes Sheep Video recording [173]

Closed eyes Sheep Video recording [173]

Duration in each ear
posture Sheep Video recording [172]

Ear-posture changes Sheep Video recording [172]

Ears back down Dairy cow Video recording [182]

Ears back up Dairy cow Video recording [182]

Ears backwards
Dairy cow Video recording [178]

Dairy cow Photos [176]

Sheep Video recording [172]

Ears hanging

Dairy cow Video recording [178]

Dairy cow Video recording [179]

Dairy cow Photos [176]

Lamb Video recording [131]

Sheep Video recording [158]

Half-closed eyes
Dairy cow Photos [176]

Sheep Video recording [172]

Sheep Video recording [173]

Head orientation
changes Sheep Video recording [173]

Infrequent ear-changes Sheep Video recording [174]

Leaning into stroker Dairy cow Video recording [167]

Licking stroker Dairy cow Video recording [167]

Low percentage of
visible eye white

Dairy cow Video recording [167]

Dairy cow Video recording [169]

Dairy cow Video recording [170]

Dairy cow Video recording [168]

Dairy cow Video recording [171]

Dairy cow Photos [176]

Sheep Video recording [174]

Low relative eye
aperture

Sheep Video recording [175]

Dairy cow Photos [176]
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Table 3. Cont.

Welfare Indicator Animal Category Data Collection Method References

Low-frequency calls Dairy cow Electronic device [183]

Goat Video recording [181]

Neck horizontal Dairy cow Video recording [182]

Neck stretching Dairy cow Video recording [167]

Dairy cow Video recording [179]

Positive bias Sheep Direct observations [152]

Proportion of
right-lateralised ears Sheep Direct observations [158]

Qualitative Behaviour
Assessment

Beef cattle Direct observations [162]

Beef cattle Direct observations [165]

Dairy cow Direct observations [162]

Goat Direct observations [166]

Sheep Video recording [163]

Sheep Direct observations [164]

Veal calf Direct observations [162]

Rubbing stroker Dairy cow Video recording [167]

Ruminating Sheep Video recording [173]

Sniffing stroker Dairy cow Video recording [167]

Tail up Goat Video recording [181]

Tail wagging Sheep Video recording [173]

Total duration of tail
wagging Sheep Video recording [172]

Vigorous tail wagging Dairy cow Video recording [182]

4. Conclusions

The present review allowed the identification of a list of promising indicators that might be
included in welfare assessment protocols for ruminants. Most of them cover several aspects of positive
welfare related to three domains: Environment, Behaviour, and Mental State. Few positive welfare
indicators are available for the evaluation of Nutrition and Health. Thus, further research is needed for
these last domains.

Many indicators can be considered valid to highlight positive welfare conditions. However, much
of the validity evidence is based on their absence when a negative situation is present; in order to
affirm their validity as indicators of positive welfare, it would, therefore, be important to validate
them also in the opposite direction, demonstrating their increase in pleasurable situations. This should
be a relevant topic for future research. Reliability also needs to be further investigated, as very few
studies focus on this aspect; however, in the very few cases where it has been tested, the results seem
to be good.

Some indicators are apparently feasible on-farm, but most of them require the development of
specific sampling strategies and/or rely on the use of video- or automatic-recording devices. Automation
and the use of machine learning systems would help to increase feasibility.

In conclusion, several indicators are potentially already available (e.g., synchronisation of lying
and feeding, coat or fleece condition, QBA), but further indicators are required for some domains,
and some further testing and refinement is needed for those that are already available. Filling these
gaps would be extremely useful in order to set up new welfare assessment protocols able to focus on
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indicators of positive welfare, in order to assure a higher quality of animal products to consumers,
with the guarantee that animals are really experiencing a life that is worth living.
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Simple Summary: The legislation regarding pig housing systems states that environmental
enrichment needs to be provided for group-housed pigs. Moreover, the materials used for improving
animal housing are categorised as optimal, suboptimal, and of marginal interest. Straw has been
considered as the optimal solution for pig housing, however there are some limitations in using
it in a large amount. Therefore, other materials, objects, and toys have been used as enrichment
in pig maintenance. Understanding how various enrichments influence animal welfare seems to
be an important key to elaborating the best methods of improvement. This review presents new
literature references regarding environmental enrichment for suckling piglets, weaning piglets, and
fattening pigs.

Abstract: Good husbandry conditions on farms is of key importance for assuring animal welfare.
One of the most important legal documents regulating the rules of maintaining pigs is the Directive
2008/120/EC, which states that group-housed pigs should have access to litter or other materials
that provide exploration and occupation. Released in 2016, the Commission Recommendation (EU)
2016/336 on the application of the Council Directive 2008/120/EC characterizes the various categories
of materials that may be used to improve animal welfare. According to the document, straw is
considered as an optimal material for pig housing, however, materials categorized as suboptimal
(e.g., wood bark) and materials of marginal interest (e.g., plastic toys) are often used in practice and
scientific research. As such, the aim of this paper is to review and systematize the current state
of knowledge on the topic of the impact of environmental enrichment on pig welfare. This article
raises mainly issues, such as the effectiveness of the use of various enrichment on the reduction of
undesirable behavior—tail biting; aggression; and stereotypies at the pre-weaning, post-weaning,
and fattening stage of pig production.

Keywords: enrichment; pigs; welfare

1. Introduction

In recent years, there has been a growing interest from consumers into food production. Taking into
consideration products of animal origin, it may be stated that the public debate is focused not only on
the good quality of such products. Currently, a great deal of attention has also been paid to maintaining
good husbandry conditions on farms. Animal welfare qualities have been known for many years [1,2].
This term has been connected to many issues that are mainly related to the provision of a proper animal
physical and mental state. Nowadays, there is a great deal of controversy over performing invasive
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procedures on farm animals, such as castration, teeth clipping, and tail-docking—especially when
performed without anesthesia [3,4]. The pressure from consumers and animal welfare organizations
regarding these and others aspects of animal rights is often reflected in legislation changes. At the
same time, even the knowledge of professionals, official inspectors, and advisers in identifying the
causes of tail biting and methods to reduce this behavior, as well as the understanding of legislation, is
often insufficient [5].

One of the most important legal documents providing the minimum standards for pigs is the
Directive 2008/120/EC [6]. This legislation states, among others, that pigs kept in groups should have
access to litter or other materials that provide the possibility for exploration and occupation. Enrichment
of the pigs’ environment is a way to reduce aggression and other pathological behavior [7]. One of
the greatest problems in the intensive production of pigs is tail biting. Taylor et al. [8] described the
different motivations for performing this behavior. The factors that may influence the expression of tail
biting are as follows: improper diet, an absence or delay of food provision, gastrointestinal discomfort,
poor health, genotype, too large density, and unfavorable microclimate conditions. An important
factor that may lead to a higher frequency of this behavior is also the lack of a substrate or object to
manipulate in the pigs’ surroundings [7,8].

In 2016, the Commission Recommendation (EU) 2016/336 on the application of the Council
Directive 2008/120/EC laying down the minimum standards for the protection of pigs regarding
the measures needed to reduce the need for tail-docking was released [9]. As the document states,
this procedure should never be performed routinely. The Commission Recommendation provides
useful information on estimating the risk of tail biting, and stipulates improving the conditions on
the farm first, before invasive procedures become necessary. Taking into consideration the aspect of
enriching the pigs’ environment, this document—more precisely than the directive [6]—describes
and characterizes the various categories of materials that may be used to improve animal welfare.
The four-point evaluation of the enrichment materials contained in the Commission Recommendation
states that they should be edible, chewable, investigable, and manipulable. Moreover, as the document
states that enrichment materials should be provided in such a way that they are of sustainable attraction
for pigs (e.g., regularly replenished), they should be accessible for oral manipulation and should
be provided in sufficient quantity. They should also be clean. Only if the materials meet all of the
above-mentioned criteria, may they be considered as an optimal. Suboptimal materials possess most of
the above-mentioned characteristics, and they should be combined with other materials in pig housing.
The last group of enrichments are materials of marginal interest. They cannot fulfill all of the animal’s
needs, therefore they should be used together with optimal and suboptimal materials.

In spite of the fact that straw is considered as the optimal material for pig housing improvement
(according to the characteristics of different enrichment materials included in the recommendation), in
slatted floor systems, it is not easy to introduce it, as it may lead to blocking the manure system [10].
However, enrichment devices commonly used in conventional farming, made of metal and plastic,
may be assigned only as materials of marginal interest. Therefore, there is a great need to create and
implement new materials and forms of environmental enrichment in pig housing. It also seems very
important to analyze the results of the studies concerning the effect of various enrichment devices,
and to check whether the materials used in the experiments meet the requirements contained in the
Commission Recommendation.

The aim of this paper is to review and systematize the current state of knowledge on the topic of
the impact of environmental enrichment on pig welfare. This review covers the issues of using the
various materials to improve the housing of different pig groups, piglets pre- and post-weaning, and
fattening pigs. In this review, the latest scientific literature has been included, mainly concerning the
effect of enrichment materials on the reduction of undesirable behavior, such as tail biting, aggression,
and stereotypies.
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2. Welfare Problems in Pigs Resulting from Intensive Production Systems and the Methods of
Welfare Assessment

2.1. The Concept of Animal Welfare and Assessment Methods

Animal welfare has been a scientific concept for many years [11]. It can be evaluated by scientific
methods, and it may range from very poor to very good [12]. The term animal welfare covers,
among others, the importance of the animal’s ability to keep control of mental and body stability
in different environmental conditions [13]. Broom [1] has established the definition of welfare as a
state of an individual with regards to its attempts to cope with its environment. Animal welfare is
poor when behavioral, physiological, immunological, and other brain coordinated component coping
strategies fail. Indicators of welfare based on an animal’s physiology and behavioral changes have been
commonly used in recent years [12]. Among others, the presence of disease, injury, social interaction in
the herd, housing conditions, and human handling are factors affecting animal welfare [12]. Improper
social, hygienic, and microclimatic conditions may cause difficulties in maintaining the animal’s mental
and physical stability. Although an individual may adapt to unfavorable conditions, it may still
suffer—feeling pain or frustration. Thus, adaptation does not always mean good welfare [12]. Currently,
positive welfare indicators have been increasing in popularity [12,14,15]. Three of these behavioral
indicators, as a tool for welfare assessment, were proposed by McCormick [15], as follows: the indicator
of contentment/pleasure, the indicator of luxury behaviours, and the indicator of behaviours that
support the ability to cope with challenge. Moreover, positive emotions in pigs may be indicated by
play, barks, and tail movement assessment, while negative emotions are indicated by ear movements,
tail low, freezing, defecating, urinating, escape attempts, and high-pitched vocalisation [16].

The occurrence of undesirable behavior may be considered as an indicator of poor welfare [13,17].
In assessing animal welfare, the scoring of injuries and skin damage is a very important tool [18,19].
Skin lesions noticed on the front body part of pigs reflect the high frequency of fighting among
individuals in the pen. In turn, skin damage found on the middle region of the pig body does not show
a significant relationship with the occurrence of this behavior. Skin damage on the rear part (including
the tail) indicates that the individual has spent a large proportion of time being bullied.

Besides behavioral indicators, physiological measures are very commonly used to assess animal
welfare. Physiological indicators of animal welfare, which are often used in animal studies, are
measurements of stress hormones [20]. Improper environmental conditions evoke an animal
body response, such as alterations in the hypothalamo–pituitary–adrenocortical (HPA) axis, whose
consequence is, among others, the release of glucocorticoids [21]. When discussing animal welfare, it
may be stated that a more important issue is the situation of chronic rather than acute stress. Chronic
stress is a situation when the animal is unable to cope with its environment. It is worth adding
that according to Munsterhjelm et al. [22], a barren environment compared with an enriched one is
associated with signs of chronic stress. The long-term elevation of cortisol levels leads to impairment
deterioration of the physical and emotional state [23,24]. The measurement of cortisol in blood (serum)
has been a popular tool for the assessment of animal welfare, but currently, the search is on for methods
that are less invasive than blood sampling [25,26]. Animal handling and immobilization may prove
a threat, and can themselves constitute a source of anxiety for an animal and, therefore, induce the
secretion of stress hormones [25]. Glucocorticoids measured in saliva, faecal, or hair samples are
also reliable methods for the activation of the hypothalamic-pituitary-adrenal (HPA) axis, and the
sampling procedure of these materials is less invasive [27,28]. However, taking into consideration that
stress responses consist of different systems within the organism, the cortisol level is just one of the
physiological parameters that should be evaluated [29]. The review of Mkwanazi et al. [30] raises
many issues linked with various enrichments in pig housing. Among others, the performance and
blood metabolites in pigs kept in enriched and barren pens were discussed by the above-mentioned
authors. There has been some evidence that environmental enrichment may have a positive effect on
growth rate and lower creatine kinase [31,32].
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A wide range of behavioural methods used together with, preferably, non-invasive biomarkers, is
of key importance for the reliable assessment of animal welfare.

2.2. The Natural Behavior and Needs of Pigs

When discussing animal well-being concepts, it must also be stated that animals have strong
motivational systems to meet their essential needs. These include basic needs for eating and drinking,
but also for exploring the surroundings and expressing their natural behavior [12,33]. Rooting is one of
the most important activities for pigs; it is performed to forage, sows root to build a nest, and rooting
may also have some thermoregulatory functions [34,35]. It seems that the absence of materials for
rooting, foraging, or manipulating causes the direction of the pig’s attention to be directed to other
individuals in the pen [36,37]. According to some authors, the majority of pigs in Europe are reared in
conditions of intensive production, in a barren environment with slatted floors [38,39]. This type of
housing does not favor the expression of species-specific behavior. It has been shown that a lack of
possibilities for being able to explore the surroundings in intensive production may lead to increased
incidents of aggression, cannibalism, tail biting, and stereotypies [40–42].

Play may be considered as a luxury behavior, and thus as a positive indicator of welfare [15,16]. It
is very important, especially for young pigs. Providing objects to play with in the piglets’ environment
may improve their social skills. It has been suggested that animals reared in an environment that
enables expression of play behavior are better prepared to cope with unfavorable situations at a later
stage of life [43].

2.3. Risk Factors for Undesirable Behaviours under Intensive Conditions

Tail biting is a huge problem for both the economic and welfare aspects of pig production. Taylor et
al. [8] identified three different forms of tail biting, namely: two-stage, sudden-forceful, and obsessive.
Two-stage tail biting is a situation when pigs gently manipulate another individual’s tail, and at
some point in this “routine”, the skin damage occurs. Fresh blood may attract other pigs to bite,
and it consequently, may lead to increased aggression within the herd, and even cannibalism in
some cases [44]. This form of tail biting may be prevented by providing some materials to develop
a manipulatory interest. Another form of this behavior may be characterized as an acute and rapid
attack performed without any previously gentle manipulation of the tail. It is often seen when pigs
have to compete for access to water or food [45]. The obsessive tail biting is mainly represented by
one or a few individuals. Tail biters seem to be focused on this body part, and continuously look for
another one to grab or bite. The occurrence of this pathology may be linked with unsuitable feed and
genetic lines, and obsessive tail biting may be seen as some form of stereotypies.

An increase in aggressive behavior is often observed during mixing, as this is generally considered
a stressful procedure, when the individuals of different herds are placed together in one pen. The social
hierarchy must be established, so it is often linked with fighting and aggression [46]. Only after the
herd hierarchy is established, the fights among the individuals of the pen gradually decline [47,48].

Another form of behavior observed mainly in weaned piglets, especially in those weaned earlier,
is the belly nosing phenomenon characterized by the rhythmical rubbing of a piglet’s snout on the
other individual’s belly [49]. Widowski et al. [50] described in detail the various aspects related to
the occurrence of this stereotypic behavior. One of the reasons for belly nosing or belly suckling is
early separation from the sow. The performing of this behavior among piglets for a longer period of
time often leads to lesions, and also may negatively impact the pigs’ performance [50]. These authors
presented some evidence about the complex conjunction of belly nosing, drinking, feeding, and
suckling in weaned piglets. Briefly, the strong motivation to suckle, together with an insufficiently
developed ability to independently feed in early weaned piglets may be a reason for oral behavioral
problems. As Breuer et al. [51] claimed, belly nosing may also have a genetic basis or may be a general
behavioral reaction to stressful situations [52]. An environment with poor stimuli may also contribute
to the development of this behavior [53,54].
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There has been some evidence of how stereotypic behavior is induced in farm, laboratory, and
wild animals kept in a barren environment [55–57]. Stereotypies are defined as a simple ritualized,
non-functional, repetitive behaviors [58]. Situations in which the animal has a strong motivation to
meet its needs, but cannot reach them, are frustrating. The results of this frustration may be reflected in
substitute behavior or stereotypies [59]. Moreover, some stereotypies may be an attempt to reduce the
physiological symptoms of stress. This behavior may lead to reduced anxiety and the ability to react
to external harmful stimuli, as the animal’s attention is diverted from the source of the conflict [59].
Stereotypies is mainly linked with the functioning of the basal ganglia. Briefly, it may be assumed that
the behaviors associated with the continuous repetition of activities have their source, among others,
in the disturbed balance between the activation of the two main basal ganglia regulatory loops [60].

2.4. Environmental Enrichment as an Effective Prevention/Mitigation Strategy for Tail Biting

In animal models, it has also been shown that environmental enrichment for the prevention of
stereotypies is linked with a higher level of neuronal metabolic activity and dendritic morphology
(more dendritic spines) in the motor areas of the brain [61]. Taking into account the multi-factorial
nature of tail-biting risk, the provision of good enrichment is an important starting point, but it may
not be enough to prevent an outbreak of tail biting [62]. When assessing the level of well-being, it
should be observed how pigs are involved in interacting with their environment. It is necessary to
check whether pigs are able to express appropriate exploration/manipulation behaviors; whether
the enrichment material is edible, chewable, and destructible; and whether pigs deal with playpen
elements instead of enrichment objects/materials. According to the directive, it is also important to
find out whether all pigs have permanent access to a sufficient amount of enrichment materials that is
safe and clean (EUWelNet training tool). This evaluation may constitute the basis for the selection of
the best environmental enrichment solutions.

3. Different Types of Enrichment

The first idea for enriching the environment was proposed for laboratory animals in the 1940s [63].
Since that time, many studies have been carried out regarding the positive effect of an improvement in
the animal environment on its brain structure and biochemical changes [64]. Environmental enrichment
should stimulate animals’ visual, somatosensory, and olfactory systems, and the key idea is that these
objects should provide an aspect of novelty [65].

Taking into consideration the fact that pigs may lose attention towards the object within a few
days [66], it is of key importance to sustain the animals’ interest by the frequent replacement or
renewal of enrichments. Moreover, the pigs should have enough materials to play with at the same
time. These explanatory notes were included in the aforementioned Commission Recommendation
(EU) 2016/336 [9]. Based on different categories of enrichment, straw, but also other materials such
as green fodder, miscanthus pressed or chopped, and root vegetables, when used as bedding, may
be considered as optimal for animal welfare [9]. As van de Weerd et al. [67] claimed, fragrance,
chewability, and deformability are features of objects that, at the beginning attract the pigs, however,
the destructibility and edibility of the enrichment may attract them for a longer time. In the Commission
Recommendation, peanut shells, fresh wood, corn cobs, natural ropes, compressed straw cylinders,
shredded paper, pellets, and so on are considered as suboptimal. Moreover, straw provided in racks or
in dispensers is treated as a suboptimal material as well [9]. The marginal materials include, among
others, chains, rubber, soft plastic, pipes, hard woods, and balls. For the best results when bedding
cannot be provided, the combination of different kinds of enrichment materials should be used [9].

It seems that in spite of the fact that many years have passed since the Council Directive
2008/120/EU was introduced, there are still some experiments carried out using objects and materials
not admitted by this legal EU Act, showing some positive effect on pigs’ behavior. However, the
earlier results obtained by Scott et al. [68] and Zwicker [69] indicate that straw bedding much more
effectively ensures a high interest in this type of enrichment, compared with hanging toy(s), even when
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the number of hanging objects is increased. Moreover, straw provided in racks increases exploratory
behaviour, especially when more enrichment of this type is provided. Hanging elements do not
provide as much interest for pigs as straw, because they are not rootable, and most of them are not
edible, so they do not fulfil the requirements from the recommendation. It is worth adding that the
Recommendation, in comparison to the directive, contains many more valuable details.

The review of the literature included in the report of Ernst et al. [66] covers the majority of
different solutions used for environmental enrichment in pigs’ conventional production. Some authors
confirm the benefits of using different kinds of enrichments at the same time [66,70]. Before the
Commission Recommendation 336/2016 was introduced into practice, the objects most often used
were metal chains or commercially available plastic or rubber toys [71]. There is some evidence
that this may still be the case. For example, the final report of an audit carried out in Germany
from 12 February 2018 to 21 February 2018 in order to evaluate member state activities to prevent
tail-biting and avoid routine tail-docking of pigs [72] showed that the German authorities can impose
administrative fines for non-compliances with directives. But it was noted that some requirements
of the provisions of the Council Directive 2008/120/EC are not directly sanctionable through this
system, in the case of the characteristics and sufficient quantities of the enrichment material. Moreover,
although central and land authorities have spent considerable sums on research and communicating
its results, their strategies to reduce tail biting and avoid the routine tail-docking of pigs have not
produced tangible results, and tail-docking is still routinely carried out in Germany. The central
competent authority estimates the incidence of tail-docking in Germany is over 95%. In addition,
the French Agency for Food, Environmental, and Occupational Health and Safety consider chains
“acceptable” as an enrichment [73]. In addition to the optimal materials and objects listed in the
Commission Recommendation, environmental enrichment may also be a larger space, fragrance, or
even music [57,74,75]. Nutrition can be a special enrichment, especially the way it is provided to
animals (e.g., hidden in the substrate) may have some key benefits for improving the pigs’ activity [16].
Nowadays, various forms of cognitive enrichment, linked mainly with a reward gained by an animal,
may bring many advantages regarding pig welfare [76]. Reimert et al. [16] found that rewarding events
both during training and testing in pigs are often linked with an increase in play behavior. The authors
observed also that barking and tail wagging occurrence is more common in pigs during rewarding
events. Thus, it may generally be considered that a reward gained by an animal is associated with
eliciting positive emotions. However, it should always be remembered that the legislation requirements
should be fulfilled.

4. Environmental Enrichment for Sucker and Weaned Piglets

The effects of environmental improvement have been studied in pre- and post-weaning piglets. It
seems that providing the enrichment in early, neonatal housing conditions may lead to better social
behavior at later stages of the pig’s life [75,77,78]. As has been shown, access to straw, wood shavings,
wood bark, or even pieces of newspaper may have a positive effect on a piglets’ behavior at the
pre-weaning stage [79–81].

The effect of straw provision at an early stage may be effective in the reduction of nosing and
tail biting [77]. Access to straw at the pre-weaning period may also lead to a reduction in mounting
and oral manipulation directed at other individuals, as well as positively affect piglets’ growth [80,82].
Moreover, Brajon et al. [82] observed more time spent lying in piglets that had access to straw in the
pre-weaning period, which may be considered as a positive indicator of animal comfort.

Positive indicators of animal welfare may also be observed when materials other than straw
are provided. As mentioned previously, belly nosing has a multifactor origin, and generally may be
considered as an indicator of poor welfare in weaned piglets [82]. Previously, it was documented that
straw provision may not be effective in the total elimination of this phenomenon [50,82,83]. However,
some positive aspects of belly nosing reduction were found when black foam rubber matting was
used [84]. Similarly, in other studies, the most effective influence on some of the behavioral and
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physiological indicators were materials classified according to the recommendation as suboptimal or of
marginal interest [79,81]. Yang et al. [79] found that play behavior was performed more often by piglets
of the two groups that had access to enrichment (hanging objects or wood bark) than individuals kept
in farrowing pens without any improvement. In turn, in the study of Telkänranta et al. [81], all of the
experimental animals were housed in pens with environmental enrichment. However, the individuals
of the control group only had access to balls and wood shavings, and the piglets of the experimental
group had access to sisal ropes, plastic balls, pieces of newspaper, and wood shavings. The sisal ropes
and newspaper pieces in particular induced the pigs’ activity, as well as influenced a reduction of
oral–nasal manipulation directed towards pen mates.

Further effects of environmental enrichment provided in the neonatal period were shown in some
studies [75,80–83].

It is well known that chronic stress has an immunosuppressive effect [85]. Taking this aspect into
consideration, it worth referring to the studies of Yang et al. [79] and Van Dixhoorn et al. [80]. The first
mentioned authors found that piglets that had access to wood bark at the neonatal stage had a lower
level of cortisol after weaning. In turn, the latter authors found that piglets kept in a pen with straw,
moist peat, and wood shavings at the pre-weaning stage were characterized by a less severe onset of
the reproductive and respiratory virus and Actinobacilllus pleuropneumoniae co-infection at a later stage
of their lives.

In turn, Telkänranta et al. [81] reported that richer environmental enrichment provided in the
neonatal period caused reduced severe tail damage (wounds with swelling and infection or partial/total
loss of the tail). This effect was not seen in the Yang et al. [79] study. No significant impact on aggressive
behavior was found; however, the aggression level was evaluated through the skin lesion pre-weaning,
and two days after mixing. However, perhaps more days of observation were needed. Martin et al. [75]
compared the behavior of piglets kept in standard neonatal housing conditions and in improved (larger
and with straw provision) pens. These authors claimed that three days post-weaning, the aggression
was similar, regardless of whether the enrichment had been provided or not, but after seven days, a
significant drop in this behavior was observed in the enriched group.

Brajon et al. [82] found that the individuals that were stimulated during the neonatal period
performed less nosing and chewing behavior towards pen mates than the piglets of the control group,
six days after weaning. The situation changed after six days; belly nosing became significantly higher
in this group and activity levels decreased. This was probably the effect of stress, linked with weaning
and enrichment removal.

As has been well documented in previous studies, the sudden limitation of enrichments may
cause an increase in harmful social behavior [86,87]. This effect was noted in the Statham et al. [83]
study. The authors carried out a longitudinal experiment, whose aim was to evaluate the impact of
straw provided through the entire production cycle. The behavior of the animals assigned to four
groups was observed. The first group was housed with straw through the entire production cycle (from
farrowing to finishing pens); in the second group, straw was provided from weaning; and the third
group was kept on straw only in the finishing pen. The fourth group had no straw provided; however,
prior to weaning, the pens of the third and fourth groups had a small amount of wood shavings added.
Taking into consideration the proportion of the diverse behavior categories performed by piglets at
the pre-weaning stage, there was no significant difference between the treatments. Moreover, the
authors claimed that access to straw throughout the animal’s life did not affect the level of aggression,
belly nosing, or tail biting. This lack of differences between treatments may result from the pens’
construction, which enabled the adding of a greater amount of straw in the early stages than at the
finishing stage. This could induce the aforementioned negative effect of enrichment removal in animals.
Moreover, the lack of significant differences between treatments in this study could also be related to
the insufficient frequency of straw provision (twice a week); novelty in the pigs’ surroundings may be
ensured when straw is added more often [78]. In addition, it is worth mentioning that all of the piglets
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had access to enrichment (straw or wood shavings) at weaning, so possibly, the effect of both of these
substrates was comparable.

Aromas in pigs’ surroundings may be a factor causing positive stimulation, which has been
proven in some studies [84,88,89]. In the Bench and Gonyou [84] experiment, a soil-filled tray was
very effective in the improvement of the weaned pigs’ manipulating behavior. The pigs were probably
attracted by the smell of this enrichment. Nowicki et al. [88] found that among the synthetic and
natural aromas, the weaned pigs preferred the most natural fragrances, for example moist soil, fresh
grass, and dried mushrooms. Moreover, at the second stage of their experiment, the authors compared
the behavior of pigs kept in three different pens. The first pen was without enrichment, the second had
an aromatized object (firstly with moist soil, then with fresh grass), and in the third pen was placed a
container without any aromas. The aromatized containers had the greatest impact on reducing the
time spent on agonistic behavior during the first nine days of observation. After this time, there was no
significant difference between the treatments. It was also stated that the possibility of aroma exchange
after several days of use provides the required novelty, and makes the enrichment attractive again. In
turn, Sartor et al. [89], in addition to different fragrances, used Vivaldi’s music and blue light emitting
diode—LED lightening as enrichments in their study. The experiment was performed over 10 days
on sucker piglets. Of the fragrances of chamomile, lavender, lemon, and thyme used in the heated
creeps, the piglets preferred the latter aroma the most. Blue lightening was also an important factor
that caused longer time spent in the creep by the piglets. The classical music stimuli, however, affected
higher activity among the piglets.

Other environmental enrichment than that mentioned previously was tested by Winfield et al. [90].
The authors evaluated different shapes of nutritional lick blocks on sucker and weaned piglets’ behavior.
Taking into consideration the wedge-, brick-, and cube-shaped blocks, the authors found that the brick
shape attracted the piglets the most. Multiple piglets would stand together to chew the block. This
behavior was similar to co-operatively massaging a sow udder, thus the authors suggest that this shape
of enrichment may be a factor evoking natural co-operative behavior.

Weaned piglets experience multiple stressors while they are subjected to nutritional and social
changes [91]. The literature references presented in this section show some evidence that the
environmental stimuli may alleviate the negative effects of this treatment. Even the presence of
suboptimal materials in the pen after weaning was shown to be effective at reducing harmful behaviour
during the first period after mixing [88]. A key aspect also seems to be to provide the enrichment at
the neonatal stage.

Table 1 shows some current literature references regarding enrichment for sucker and weaned
piglets, and includes the main effects of each type of enrichment on pig behavior. It also shows the
categories of environmental enrichment in reference to the Commission Recommendation.
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5. Environmental Enrichment for Fattening Pigs

Taking into consideration the environmental enrichment of growing and finishing pigs, a larger
space seems to be a key factor for providing animal comfort. In the study of Cornale et al. [39], the
faecal corticosteroids level was found to be higher in the pigs kept in pens with a greater number
of individuals, even when access to enrichment (cylindrical pieces of hard wood suspended on a
chain) was provided. In turn, the experiment of Di Martino et al. [92] showed that at high stocking
density conditions, the cases of tail lesions were high, even when the animals had access to straw racks.
These results may suggest that a larger space is a very important factor that may reduce this pathology.

It is worth adding that the fattening heavy pigs used for specific productions require the provision
of more space than the minimum legal requirements. These situations may be seen when pigs reach
180–190 kg of body weight, and when the fattening process is long [92]. The Council Directive
2008/120/EC states that pigs should benefit from an environment corresponding to their needs for
exercise and investigatory behavior. The welfare of pigs appears to be compromised by severe
restrictions of space. The 1 m2 space for pigs heavier than 150 kg seems to be insufficient. Moreover,
the directive states that before carrying out tail docking, other measures should be taken in order to
prevent tail-biting and other vices, taking into account environment and stocking densities. For this
reason, inadequate environmental conditions or management systems must be changed.

The genetic background is also a significant factor of tail biting occurrence [7]. This was confirmed
in the study of Bulens et al. [93]. The authors compared the effect of two methods of enrichment—straw
block and chain versus only chain provision—for finishing pigs of two genetic backgrounds. The boar
type was the factor for determining the frequencies of tail biting, regardless of the enrichment provided.

Some positive aspects of the prevalence of mild damage to the tail and ear biting reduction were
found in the Telkänranta et al. [70] study, by providing pieces of freshly cut birch trees. This enrichment
was the most effective in the mentioned aspects, but the authors also tested different materials. The pens
of the control group were provided with a straw dispenser, wood shavings, and metal chain; the four
other groups had the same enrichments and some other materials such as a horizontally suspended
piece of fresh birch wood, polythene pipes, and metal chains suspended vertically. The last group was
housed in the pens equipped with all of the enrichment objects mentioned above. The other result of
this study was the finding that freshly cut birch wood and polythene pipe, among other enrichment
devices, significantly affected the frequency of object manipulation.

Continued high interest in straw investigation was found in the study of Scott et al. [68], when
this substrate was used as a bedding. However, the study of Nannoni et al. [94] confirmed that even
when bedding is not provided, finishing pigs in all production cycles were interested in exploring the
environmental enrichment inside the racks. These authors tested wooden logs and a vegetal edible
block placed inside the metal racks compared to hanging chains. Taking into consideration the effect of
enrichment materials on tail biting cases, the statistical analysis showed significant differences only
between the moderate tail lesion noticed in the group with access to the wooden logs, compared to
the group with the chain. Despite the authors’ suggestion that the vegetal edible block helped to
reduce the exploratory behavior directed towards the pen floor, it seems it could not fully reduce
the pigs’ attention directed towards other pigs. The group that had access to this enrichment was
characterized with some moderate and severe tail lesions. This could be a result of competition for
access to enrichment, as was also shown in the study of Bulens et al. [93]. In this experiment, mounting
and fighting was higher at the beginning of the finishing phase in the pigs that had access to the
straw dispenser.

The effect of the enrichment on stress response in finishing pigs was tested in Casal et al.’s [28]
and Nannoni et al.’s [94] research. In the Casal et al. [28] study, the pens of the experimental groups
contained sawdust, natural hemp ropes, and rubber balls, whereas the control group was kept in a
barren environment. The authors also tested herbal supplementation. After two months of treatments,
the hair cortisol levels and salivary chromogranin A (CgA) were the highest in the control group.
Consequently, the authors suggest that both enrichment and herbal compounds may lead to stress
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reduction in pigs. However, the enrichment devices used in Nannoni et al.’s [94] research had no
impact on the hair cortisol levels.

The above-mentioned findings [28,93,94] were obtained through a long-term study. This way of
performing an experiment seems to be very important for the reliable assessment of the impact of
different categories of enrichment, especially when the markers of stress are used. However, the impact
on the behavior of the environmental improvement was found during only six days of observation in
the Machado et al. [95] study. One of the trials performed in this research was to evaluate the effect
of the availability of hanging toys (made from a polyvinyl chloride—PCV pipes and plastic tubing).
The pigs of the control group had no access to the enrichment, the individuals of the first group had
the enrichment for the experimental period, the pigs of the second group had the objects in their pens
but provided on alternate days, and the pigs of the last group were provided with the objects in the
morning and then had them removed in the afternoon. The results showed that the individuals in
the pen without enrichment and those that had access to the objects for the entire time spent more
time eating and drinking. However, as suggested by the authors, the individuals of the pen without
objects might have wasted the food during play. The higher percentage of sexual behavior (mounting)
was found among the pigs with access to the enrichment provided on alternate days. It could be
the same effect as seen in previously presented studies [93,94]; when access to enrichment is limited,
competition rises, and consequently, a negative form of behaviour may occur. In the Machado et al. [95]
study, resting behavior was performed the most frequently in the group with no object, compared with
individuals that had access to enrichment constantly or on alternate days. There were no differences,
however, between the treatments regarding the time spent on interacting with other pigs, nuzzling, or
exploring the environment. Moreover, the objects had no impact on agnostic behavior, which generally
was quite low during the experimental period.

One of the main findings of this study was the increase of animal activity, even when only the
material classified by the EU Recommendation as being of marginal interest is provided. The animals
of the control group which had no access to a “toy” remained for the majority of time inactive. Based on
this and other results presented in this section, regardless of fact that harmful behavior still occurred
in the pigs kept with access to enrichment, it may be stated that the increase of animal activity and
interest in an enrichment object is very valuable from an animal welfare perspective. Moreover, Scott
et al. [68] pointed out the greater benefits of using straw as an environmental improvement to hanging
toys; however, in the Telkänranta et al. [70] study, it was proven that fresh wood attracted pigs the
most, even when, at the same time, they had access to straw. These kinds of results are promising
for pigs housing, where the technological system of maintenance makes straw provision limited or
simply impossible. On the other hand, it should be stated here that in practice within EU countries,
enrichment materials classified as being of marginal interest cannot be used alone (without provision
of optimal enrichment).

Similarly, as in Table 1, Table 2 shows some literature references regarding enrichment, but for
fatteners, including the main effects of each type of enrichment on the behavior of pigs. It also shows
the categories of environmental enrichments in reference to the Commission Recommendation.
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6. Conclusions

Based on the various research results presented in the review, it may be stated that the enrichments
provided for young and fattening pigs have many benefits with regard to animal welfare. Generally,
it may be concluded that access to even a small amount of substrate and objects increases targeted
activity. As it has currently been proven, enrichment given at the neonatal stage (farrowing pen)
improves manipulating skills, and may also lead to better social behavior performed at later stages of
the animal’s life. The main effects of enrichment may be seen through a reduction of attention paid to
other individuals in the pen. This also includes the pigs’ interest in performing tail chewing, biting, or
belly nosing. However, the results of a reduction in these harmful behaviors through the provision
of enrichments is inconclusive. Despite the fact that studies have confirmed the advantages of using
different kinds of enrichments at the same time, some results have also shown that only the use of
materials that are considered to be of marginal interest (according to Commission Recommendation
(EU) 2016/336) brought about the desired effect on the pigs’ behavior. It can be misleading for farmers,
because it is strongly highlighted in the recommendation that “materials of marginal interest—materials
providing a distraction for pigs, which should not be considered as fulfilling their essential needs,
and therefore optimal or suboptimal materials should also be provided”. Moreover, some authors
found a positive impact of materials, such as newspaper or PCV pipes, with protruding tubes. As such,
it remains an open question whether these enrichments could be considered as completely safe for
animal health; similarly for hard wood, whose chewing may also result in injury.

It is not possible and it makes no sense to change the European legislation regulating the types
of environmental enrichment materials and their features. The current EU regulations are based on
research results and represent the results of the European Union scientific projects. It should always be
taken into account that tail biting and ear biting have a multifactorial origin, which is often difficult to
determine. Tail-docking should be an absolute last resort (in some of the EU countries it is forbidden),
so looking for alternative possible ways in terms of scientific and practical activities to stop and prevent
tail biting should be essential (but always in agreement with the legal regulations). Making changes
in the pigs’ environment, such as reducing stocking density and introducing optimal environmental
enrichment solutions based on the scientific evaluation of their efficiency, should lead to the situation
in which the procedure of tail-docking would be performed as little as possible, or not at all.
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