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Abstract

The scientific study of animal emotion has recently become an important focus for
animal behaviour and welfare researchers. For horses used by humans for work,
recreation or sport, the question of the significance of their life experiences in
terms of their emotional response, is an important one if we are to provide for
their welfare needs. Horses have received relatively less scientific attention than
many livestock species when it comes to investigating emotional state or affective
experience, although their behavioural responses during sporting or recreational
performance are often described anecdotally using terminology indicating an
underlying presumption of equine emotions. Indeed, the international governing
body for equestrian sport, the Fédération Equestre Internationale (FEI), include
the concept of ‘the Happy Equine Athlete’ into their rules, as a key objective during

training and competition.

This review presents available evidence to date of the physiological, behavioural
and cognitive components of equine emotion and evaluates the extent to which
the question concerning ‘how horses feel’ can be answered. The characterization
of equine emotion in terms of level of arousal and valence, based on physiological,
behavioural and cognitive indicators, offers a way forward to determine the impact
of different situations and experiences on horses during their working lives. There
is @ need to develop robust validated methods for accessing equine emotions, to
underpin a universally agreed method for/approach to providing an accurate

assessment of equine welfare that can be utilized in a variety of contexts. This will
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provide a means of monitoring and improving the horse’s experience, ensuring

that the horse enjoys a good life, rather than one that is just worth living.
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1. Introduction

The study of animal behaviour has increasingly included consideration of the
emotional component of behavioural responses, with the ultimate goal of being
able to assess subjective experience, that is, how the animal feels. For horses
used by humans for work, recreation or sport, this is important if we are to provide
for their welfare needs. A framework for objectively assessing equine emotional
states has yet to be developed. There is a need for validated indicators of negative
and positive emotions that can be applied during work, training and performance,

both at any one point in time and for the duration of their lives.

There has been much debate surrounding the ethical use of the horse in sport,
and when this use may become abuse (Campbell, 2013). The impact of training,
competitive demands and management practices have been evaluated to differing
extents (for example, Schmidt et al., 2010; Peeters et al., 2013; Yarnell et al.,
2015), with the focus of many studies being on technological advances to measure
the physical impact of specific pieces of equipment, the rider’s actions and training
methods (see Derksen and Clayton, 2007; Randle et al., 2017). There has been
less focus on the development of methods for assessing the subjective experience
of the horse. However, anecdotally there is an underlying presumption of equine
emotions. For example, the Fédération Equestre Internationale (FEI) have recently
incorporated the concept of ‘the Happy Athlete’ into their rules, as a key objective
during dressage training, in competition and to be rewarded by judges (FEI,
2009). In addition, many animal welfare advocates promote positive welfare
suggesting that animals should not only be free from negative emotions, but also
experience positive ones (for example, World Society of Aquariums and Zoos,
2015).



In this review we consider the evidence for equine emotion and evaluate the
potential offered by a range of research tools for assessing the subjective

experience of the horse.
2. Animal emotion, natural selection and the horse-human relationship

As a means of characterizing the subjective emotional experiences of animals, a
two-dimensional ‘core affect’ approach has been proposed (see Mendl et al,,
2010). Animals’ subjective emotional experiences can be characterized according
to valence (e.g. positive or negative, rewarding or punishing, pleasant or
unpleasant) and arousal/intensity level (e.g. contentment versus excitement)
(Mendl| et al., 2010; Paul et al., 2005). In humans, the reported subjective
experiences of core affect are accompanied by neural, behavioural, physiological
and cognitive changes that can be measured objectively (Mendl et al., 2010).
Whilst we cannot be sure if animals experience the conscious, subjective
component of emotions (Mendl et al., 2010; Paul et al., 2005), the behavioural,
physiological and neural changes associated with emotion-inducing occurrences
are adaptive (Paul et al., 2005).

The survival advantage of emotional responses relates to the effect that they have
on subsequent behavioural motivation (motivational intensity), determining
whether the animal approaches or avoids a stimulus or situation. This distinction
is central to understanding both the function and the behavioural consequences
of emotion and is clearly demonstrable (Elliot et al., 2013). It also provides a
means of assessing the valence of an emotion (Colombetti, 2005). Approach
behaviours are generally indicative of expectations of positive outcomes, linked to
appetitive behaviour, reward seeking and positive appraisal of stimuli; whilst
avoidance behaviours orient the animal away from aversive stimuli and the threat
of negative consequences (Elliot et al., 2013). The motivation to either approach
or avoid has also been used to differentiate between two potentially negatively
valenced emotions, those of fear (avoidance) and aggression (approach) (Mauss
and Robinson, 2009). In addition, in terms of contributing to the assessment of
mental state in animals, an absence of motivation, as demonstrated in depressed

/ withdrawn animals, must also be considered (McBride et al., 2017).



2.1 Natural Selection of equine emotion

The horse’s behavioural repertoire evolved in response to challenges faced in its
evolutionary niche (Cooper and Albentosa, 2005) as a naturally free-ranging,
social, grazing herbivore (Cooper and Mason, 1998). Under natural conditions,
horses live in stable social groups (Boyd and Keiper, 2005), an important survival
strategy (Goodwin, 1999). Group cohesion is enhanced by affiliative behavioural
interactions such as mutual grooming, the latter having been shown to reduce
heart rate, a sign of relaxation and positive affect (Feh and De Mazieres, 1993).
In contrast, social instability can result in increased inter-individual aggression
(potentially resulting in negative valence, high arousal states), as demonstrated
in young domestic horses that were repeatedly re-grouped (Christensen et al.,
2011). When assessing equine husbandry, the relationship between social
grouping and equine emotional state is an important factor (Van Dierendonck and
Spruijt, 2012) and offers an additional perspective on ways to improve equine
welfare (Spinka, 2012).

As a survival strategy, the within-group transfer of positive emotion contributes
to group stability (Feh, 2005), and reduces unnecessary energy expenditure and
risk of injury. For a prey species such as the horse, the rapid transfer of fear and
the resultant group avoidance behaviour (flight response) is also important for
survival (Cooper and Albentosa, 2005). It has been demonstrated (in mice) that
observing other individuals suffering from aversive stimuli can result in fear and
associated behavioural responses (Jeon et al., 2010). This empathetic-type
response would facilitate survival and is likely to occur in other species, including
the horse. However, in terms of survival (in prey species in particular) there are
advantages in hiding emotions that are suggestive of vulnerability (to predation
or social rejection) (McFarland, 1999). This potential lack of expression poses an

additional challenge in recognising signs of emotion in the horse.

Natural selection has resulted in three underlying features of equine emotion.
Firstly, group composition and behaviour is intrinsically linked to individual
emotional well-being. Secondly, the transfer of emotion between individuals has
both rapid, short term consequences as well as longer term impact on emotional

state. Finally, and potentially the most pertinent in terms of assessing equine



emotion, survival is enhanced by masking underlying emotion. The challenge is to

identify signs that cannot be hidden by the horse.
2.2 Emotion, welfare and the horse-human relationship

As with the field of animal welfare, human research suggests that there are many
different views on what is meant by well-being or welfare, and in human literature,
this is described as an abstract concept referring to the state of a person’s life
(Clark and McGillivray, 2007). In the animal field there seems to be agreement
that welfare or well-being is considered to be a multidimensional phenomenon
based upon life experiences and circumstances, characterized by how an individual
feels and functions. Since animals share the same central and peripheral neural
mechanisms involved in experiencing emotion in humans, and will actively seek
resources and situations assumed to provide them with a pleasurable experience
and explicitly avoid situations that might be assumed to be negative, it seems
likely that they experience similar emotional states. As such, there is some value

to the subjective assessment of how animals ‘feel’.

Subjective judgements about an animal’s emotional state based on animal body
language were used in the free choice profiling methodology developed by
Wemelsfelder et al. (2001). This methodology has evolved and includes the
development of lists of species-specific descriptors that can be used to assess
emotional state, now termed Qualitative Behavioural Assessment (QBA)
(see Wemesfelder et al., 2000; Wemelsfelder et al., 2001; Wemelsfelder and
Mullan, 2014). A number of studies have sought to validate this QBA approach,
with inter-observer agreement being tested as well as comparisons with other
behavioural assessments (for example, Minero et al., 2009; Napolitano et al.,
2008; Fleming et al., 2013; Minero et al., 2016). However, as both the subjective
assessment and comparative measures are frequently based primarily on the
behavioural expression of the animal, this approach requires further validation
before it can be applied as a stand alone method of assessing emotional state.
Comparisons with appropriate physiological measures provide more convincing
support in some cases (for example, Stockman et al., 2011). The future
development of a fixed list of descriptors, backed up with objective (physiological)
evidence would be valuable in terms of providing an accessible means of assessing

equine emotional state.



Horse-human interactions undoubtedly influence both the subjective emotional
experience and the behavioural expression of the horse. The influence may be due
to the intensive management, handling and focused interaction associated with
the process of training, and the physical and emotional demands placed on the
animal in relation to performance. Methods of training and handling which
provoke negative emotions and states such as fear, or where the individual
experiences pain, may lead to short term success in relation to behavioural
change, but will also produce fearful horses which are not desirable for the horse
or human safety, nor successful for performance in the longer term. When
frightened or anxious, horses will show escape responses ranging from agitation
involving a raised head and neck to extreme reactions including bolting. A report
looking at horse related injuries, found that 70% of the self-reported accidents in
the UK involving horses, were due to the horse’s behaviour (Silver et al., 1991).
There is a need to understand how to avoid provoking negative emotions in horses

during handling and training to reduce fear and improve human safety.

Domestic horses are generally protected from predation, provided with sufficient
food and sheltered from climatic extremes, but the psychological need to respond
to these factors still exists and can lead to behavioural responses that are not seen
in the horse’s natural environment, for example apathy and unresponsiveness
(Cooper and Albentosa, 2005). Horses may experience withdrawn, depressive-like
states, which include reduced reactivity to environmental stimuli (Fureix et al.,
2015; Rochais et al., 2016). These maladaptive behaviours indicate that some
aspects of the domestic environment pose challenges to which the horse may not
be able to adapt (Cooper and Albentosa, 2005). For a review of management and
training factors that can result in depression (and signs indicative of ‘learned

helplessness’) see Hall et al. (2008).
3. Components of emotion

In human literature, emotion is broadly defined as an innate, intense but short-
lived response to an event (internal or external) that has behavioural,
physiological (autonomic), subjective and cognitive (appraisal) components
(Panksepp, 2005; Paul et al., 2005; Boissy et al., 2007; Garland et al., 2010; de
Waal, 2011). Also in humans, emotional state is thought to relate to the total of

positive vs negative emotional experiences during the medium to long term, and



mood state can be intentionally manipulated through cognitive or chemical means
to improve a person’s quality of life (Garland et al., 2010). Research into reliable
indicators of emotion in horses is an important first stage towards understanding

their longer term emotional state and consequently welfare.

In addition to the lack of validated methodologies, there is the complication of
previous experience affecting individual emotional responses, both in terms of how
situations are appraised and the subsequent response. Indeed the behavioural
and physiological responses of horses may not reflect a specific emotion since
changes as a result of learned associations can cause high behavioural arousal
and associated changes in physiology (Innes and McBride, 2008), all of which
could relate to a negative or positive emotional state. A further concern is that
changes related to positive emotional responses are generally considered more
subtle and somewhat variable (Boissy et al., 2007). This explains why up until
now, only a very few studies have explicitly focused on trying to assess positive
emotions in horses (for example, Stratton et al., 2010). To address the challenges
associated with interpreting equine behaviour in relation to emotional state a
combination of physiological measures with behavioural observations (for
example, Hall et al., 2014; Yarnell et al., 2013) is recommended in order to gain

more conclusive information.
3.1 Physiological components of emotion

Emotional responses in animals relate to changes in physiological arousal mainly
mediated via the autonomic nervous system (ANS) and hypothalamic-pituitary-
adrenal (HPA) axis (Weiten, 1992). Adaptive physiological responses may result
in changes in: heart rate (HR), blood pressure, respiratory rate, pupil size,
perspiration, corticosteroid levels and neuro-chemicals (Fraser, 2008). These are
similar to changes seen in humans (Ekman et al., 1983; Levenson, 1992) and
evidence of the relationship between physiological profiles and subjective human
emotional experience offers one means of getting closer to identifying emotion in

animals.

In humans, a meta-analysis of 22 ANS measures of emotion found some evidence
that cardiovascular parameters could differentiate between positive and negative
emotions (Cacioppo et al., 2000). More recently, 11 concurrent cardiovascular,

electrodermal and respiratory measures were found to differentiate (with an



accuracy of 85%) between fear, sadness and neutral emotional responses to
watching films, matched for arousal and valence (Kreibig et al., 2007). Although
in general ANS activity reflects arousal, but not necessarily valence in emotional
responses (Mauss and Robinson, 2009), some variation has been found in relation
to specific emotional states in humans. For example activation of the sympathetic
branch results in adrenaline and noradrenaline release from the adrenal medulla;
and although both hormones increase arousal, adrenaline is more closely
associated with negative emotions such as anxiety and fear (Abelson et al., 1996;
Fell et al., 1985).

Heart rate variability (HRV) appears to be a good indicator of short term
psychophysiological stress, anxiety, calmness and other emotional responses of
both positive and negative valence in people (Beauchaine, 2001; Catipovic-
Veselica et al., 1999; Cerutti and Mainardi, 1995; Figueroa, 2007; McCraty et al.,
1995; McCraty et al., 1998; Porges et al., 1996; Sleigh and Henderson, 1995). In
one study evaluating pre surgical anxiety of human patients with hepatic cancer,
HRV analysis indicated increased anxiety levels immediately before anaesthesia
induction, but also highlighted that patients with a depressed mood had a much
weaker response, probably the result of a heightened baseline (Kim et al., 2016).
Again in humans, Rainville et al. (2006) showed that distinct patterns of HRV
parameters can be used to differentiate between the emotions of fear, anger,

happiness and sadness.
3.1.1 Physiological components of equine emotion

In animals the existence of such a variety of discrete emotions has yet to be
determined and the distinction between positive and negative emotions (valence),
together with a measure of intensity (arousal) is the current aim. As yet, no
distinct physiological profiles in relation to specific emotional responses have been
identified in the horse. As in most animal species, the generic ‘stress’ response
has formed the basis of measuring how they ‘feel’ about management and training
procedures (see Yarnell et al, 2013; Kdnig von Borstel et al., 2017). Indeed the
terms acute / short-term stress and emotion are used inter-changeably. For
example, visual startle tests (for example, using the sudden opening of an
umbrella close to the horse) are considered as acute stressors, resulting in

surprise, short term fear and avoidance responses, together with significant



increases in HR and decreases in HRV (Villas-Boas et al., 2016). A positive
correlation was found between behavioural signs of anxiety in isolated horses and
increases in HR (Momozawa et al., 2007) and a task that was assessed as causing
‘mental stress’ to horses (walking backwards for three minutes) resulted in
increased HR and decreased HRV (Rietmann et al., 2004). In all of the above
examples changes in cardiovascular parameters will be associated with changes
in physical activity. Startle responses include physical avoidance (Villas-Boas et
al., 2016), isolation was associated with anxious behaviour (Momozawa et al.,
2007) and walking backwards would have involved considerable physical effort
(Rietmann et al., 2004). If any conclusions about equine emotion are to be drawn
from measures of HR / HRV, the effect of physical activity must be taken into
account. Jansen et al. (2009) used a mathematical model to differentiate between
the physical and emotional components of changes in HR in response to sudden
exposure to a novel object (the opening of an umbrella). Once the physical
component had been extracted, the increases associated with the emotional
component varied with individual horses and across the different trials within
individuals (Jansen et al., 2009). From these findings it can be concluded that

changes in HR provide information relating to the arousal component of emotion.

The increased arousal associated with positive anticipation resulted in a different
cardiovascular response in horses than that recorded for sudden ‘surprise’ events.
Peters et al. (2012) found significant increases in HR in horses when anticipating
food, but no change in HRV. In humans, the anticipation of a potentially aversive
scenario (anaesthesia preceding surgery) resulted in lowered HRV (Kim et al.,
2016). In horses, a change in HRV during anticipatory behaviour could be
indicative of the valence of that anticipation, decreasing when negative (or
uncertain) outcomes were expected, unchanged when expectations were positive.
Increases in HR were recorded in young race horses prior to entering an
automated horse walker for the first time, a potentially anxiety-inducing
anticipatory experience, but HRV was not recorded (Janczarek and Kedzierski,
2011). Smiet et al. (2014) included HRV in their evaluation of the effect of head
and neck position during a set exercise test. They reported behavioural signs of
negative anticipation in relation to specific head / neck positions and also
differences in HRV (frequency domain). Significantly increased low frequency

peaks and decreases in very low frequency were recorded with the head / neck



positions that also resulted in behavioural signs of negative anticipation. Although
the overall findings in relation to positive and negative anticipation are not wholly
conclusive, there is some evidence that the changes in HRV could be linked to the

valence of the anticipation. Further studies are now needed to test this hypothesis.

The surface temperature of the skin is influenced by the volume of blood
distributed to it at any point in time which is under the control of the ANS. Infra-
red thermography (IRT) cameras can be used to measure this temperature as
radiated heat (Stewart et al., 2007). Temperature changes of specific regions of
the face have been used to measure emotional states in human infants (Mizukami
et al.,1987), human adults (Engert et al., 2014; Khan et al., 2009), Rhesus
monkeys (Nakayama et al., 2005) and Macaque monkeys (Kuraoka and
Nakamura, 2011). Khan et al. (2009) demonstrated that whilst they could
differentiate between intentional happy, sad and neutral faces, their accuracy
reduced (from 83.3% to 67.2%) when participants pretended to have happy,
disgusted, surprised and angry expressions. This would suggest that the changes
in facial temperature result from actual emotional experiences (causing changes
in peripheral blood flow), as well as facial muscle activity associated with facial

expression (see Ioannou et al., 2014).

In horses, as hair insulates the skin, the hairless periorbital region adjacent to the
medial canthus has been used to detect thermal changes, with increases in
temperature correlating with increases in arousal in several studies (Hall et al.,
2011; Hall et al., 2014; McGreevy et al., 2012; Valera et al., 2012; Yarnell et
al.,2013). To date these increases have generally been associated with negative
valence, including correlation with behavioural signs of anxiety (Hall et al., 2014),
response to sham clipping procedure (Yarnell et al., 2013) and discomfort (pain)
associated with tight nosebands (McGreevy et al., 2012). In future it may be
possible to identify more complex thermal facial patterns in the horse indicative
of specific emotions. However, factors that affect surface temperature such as
coat hair, colour, and moisture, as well the lateral positioning of the eyes in horses
(making full facial patterns more difficult to capture) need addressing before this
approach can be used reliably to detect underlying circulatory changes (Konig von
Borstel et al., 2017; Pierard et al., 2015).

10



Cortisol and its metabolites are the most widely used measures of the HPA axis
response to aversive and arousing stimuli in horses (Mdstl and Palme, 2002;
Palme, 2012). Cortisol was initially thought to measure arousal levels regardless
of valence, as cortisol increased with sexual stimulation of stallions, as well as
with exposure to stressors or physical exertion (Colborn et al., 1991). However
Pasing et al. (2013) failed to demonstrate a significant difference from baseline
when semen was collected from experienced stallions. This may be explained in a
number of different ways, including the possibility that the experienced stallions
were habituated to the procedure and that it was no longer anxiety-provoking
(more negatively valenced in less experienced animals); or that physical exertion
was required to a greater extent in the study by Colborn et al. (1991) and this

was the main cause of the increase in cortisol.

The sensitivity of cortisol to emotional changes remains unclear, and
demonstration of a behavioural response to a stressor can occur without
significant changes in cortisol levels (Honess and Marin, 2006; Rivera et al., 2002)
questioning its sensitivity. In contrast when clipping horses, a potentially aversive
procedure, salivary cortisol increased in all horses studied (n=10) regardless of
whether they demonstrated any behavioural signs of stress or not (Yarnell et al.,
2013). This again highlights the challenges of assessing a horse’s emotional state
and the need for multiple measures. Behaviour that is influenced / controlled by
past training and in some cases restraint, will not always reflect affective state. It
has been suggested that reduced baseline cortisol levels are associated with long-
term negative mental state and may be indicative of animals in a state of
depression (Fureix et al., 2012). Changes in the natural circadian rhythm of
cortisol also occur in response to long term negative mood states (Przkop et al.,
1985) and such changes in baseline cortisol may be a useful indicator of the long

term well-being of an animal.

Although cortisol measures may vyield useful information regarding the affective
state of an equine there are a number of limitations with this approach. These
include the generally significant costs associated with the processing of biological
samples, the many additional factors that contribute to both baseline measures
and response rate, and the fact that the distinction between physical and mental
stress (and subsequent emotional responses / mood states) has not been clarified

with respect to HPA activity. It is likely however that HPA activity will provide at
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least a contribution to identifying emotional state, but as part of a series of
measures rather than in isolation. For further discussion of physiological measures
of stress in horses see Konig von Borstel et al. (2017) and Pierard et al. (2015).

3.1.2 Physiological components warranting further investigation in

relation to equine emotion

Although HR, HRV and HPA activity are the most commonly used physiological
measures of emotion in the horse to date, other parameters may yield further
information regarding valence and the additional dimension of the associated
motivation to approach or avoid (that relates to the emotion of anger/aggression
or fear respectively: Mauss and Robinson, 2009). In humans cardiac activity has
been linked to behavioural approach, whereas electrodermal responses were
linked to behavioural inhibition (Gendolla and Krsken, 2001). Electrodermal
responses have also been used in non-human primates (Amiez et al., 2003;
Kuraoka and Nakamura, 2011; Laine et al., 2009) and rats (where underlying
mood was found to influence this response: Guinjoan et al., 2004). Increases in
core temperature have been associated with anxiety and stress responses in
humans and other species (Oka et al., 2001) and preliminary findings suggest this
measure may be of value in the horse (Hall et al., 2011). In humans,
electroencephalography (EEG) is used to measure neuronal activity across the
brain, with studies showing that asymmetry of EEG readings across the frontal
lobe reflect the balance of approach motivation (left hemisphere) versus
avoidance motivation (right hemisphere) (Mauss and Robinson, 2009). Although
an ambulatory EEG for conscious horses has been developed (Cousillias, 2016), it
still requires significant technological advances before similar studies could be

undertaken in horses.

Other biomarkers that may provide additional information on equine emotion but
are as yet largely untested/unvalidated in horses include oxytocin (urinary
oxytocin has been suggested as a biomarker of positive emotion in dogs: Mitsui
et al., 2011), serotonin (aggressive behaviours found to be associated with low
serotonin levels within the brain: Koolhaas et al., 2010; inhibition of serotonin was
found to induce pessimistic-like judgement bias in sheep: Doyle et al., 2011) and
prolactin (which has been measured in horses and increases in response to

exercise: Digiovanni et al., 2015; in response to stall confinement and
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transportation: King et al., 2009; and more recently in response to a surprise
stimulus and social isolation: Bachman et al., 2017). McBride et al. (2017)
reviewed the use of spontaneous blink rate (SBR) as a marker of dopamine
transmission in rodents, with increased dopamine associated with an elevated
SBR. There is evidence that SBR is also a behavioural marker of dopamine
transmission in the horse (McBride et al., 2017). In humans the amplitude of eye
blink, as measured by an electromyogram (EMG), is considered a good measure
of emotional valence but less so of arousal (Mauss and Robinson, 2009). EMG has
also been used to measure the activity of different muscles associated with facial
behaviours indicative of emotions in people, for example those associated with
furrowing of the eyebrows or raising the corners of the lips. Again these appear to
be a better measure of valence than arousal (Mauss and Robinson, 2009). The
identification of facial movements in terms of underlying muscle movements
formed the basis of a system developed to enable an objective link to be made
between facial expression and emotion in humans (Ekman and Friesen, 1980). A
similar system has been developed to record the facial movements of the horse
(EquiFACS: Wathan et al., 2015) and the use of EMG would provide an automated
means of measuring subtle changes in equine facial expression and subsequently

equine emotion.
3.2 Behavioural components of emotion

Emotions are often inferred through the changes in behaviours associated with
them. These involve changes in motor action patterns such as those associated
with fight, flight and avoidance responses, or approach and investigative
behaviour or more subtle signs such as changes in body posture and facial
expression, which may be accompanied by vocalisations. Behaviour is an
outwardly visible sign of how an individual is experiencing stimuli, with
spontaneous behavioural responses providing an indication of how they are being
appraised (Paul et al., 2005). Behaviour as an indicator of emotion can be
considered on two levels: while spontaneous behaviour represents the emotional
response of an animal in the short term, longer term mental state can be assessed
by evaluating patterns of behaviour and comparing these to the animal’s natural

behavioural repertoire (Benhajali et al., 2007).
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3.2.1 Patterns of Behaviour, Behavioural Resilience and Emotional State

Young (1999) described Behavioural Resilience as the degree to which a behaviour
can resist being compressed in the time budget of an animal that has been forced
to spend more of its time on another behaviour. Low resilience behaviours are
less immediately important to the animal (for example, sleep, social interaction
and exploratory behaviour) but compression can have long-term effects on health
and well-being. High resilience behaviours typically have critical short term
consequences for the animal (for example, feeding and drinking) and are
maintained for as long as possible. Changes in patterns of behaviour may be
manifest in a range of measurable ways, including change in relative frequencies
of behaviours, decreased transitions between behaviours and increased durations
of behaviours (Rutherford et al., 2006). The impact of external stimuli such as
health issues and environmental conditions on the emotional state and resulting
quality of life of an individual can be assessed through careful monitoring of
behavioural changes (for example Mackintosh et al., 2011) and particularly
behavioural resilience exhibited by individual animals (Young 1999). This has
been done successfully in other species such as laying hens (Nicol et al., 2009).

Identifying and subsequently monitoring low resilience behaviours in the horse as
a means of assessing general health and emotional well-being poses a number of
challenges. The management of domestic horses frequently limits the extent to
which they can participate in social behaviour (see Christensen et al., 2002;
Hartmann et al., 2012) making this measure of emotional well-being problematic.
Participation in social interaction is deemed rewarding to the horse (Van
Dierendonck and Spruijt, 2012), as is mutual grooming behaviour that occurs
between preferred associates (Feh and De Mazieres, 1993; Kimura, 1998).
Interactive behaviours could be classed as low resilience behaviours and in
appropriate management conditions, could be a means of assessing emotional
well-being in horses, although seasonal variation and other factors must be taken
into consideration. It should be noted that the need for company or to be within
view of other horses was prioritized over shelter and food (Schatzmann., 1998).
Remaining within the ‘herd’ is a high resilience behaviour and important survival

strategy in free-ranging horses.
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Patterns of sleep, in particular sleep deprivation, have been shown to relate to
mental well-being in humans, with changes such as insomnia being associated
with negative emotional states including stress, anxiety and depression (Waters
et al., 1993). Sleep patterns in the horse were originally assessed by observation
of body position and movement (or lack of movement) from which sleep type was
implied (Pedersen et al., 2004). Accelerometers have been used to automatically
detect lying behaviour in domestic horses (DuBois et al., 2015), but this still relies
on implications based on body position. To enable more detailed analyses of the
different phases of sleep in the horse, electroencephalography (EEG) has been
used (Williams et al. 2008). Recent technological developments have resulted in
more mobile EEG equipment that will facilitate the identification of ‘normal’ sleep
patterns in the horse (Wéhr et al., 2016), enabling discrimination between
neurologically based sleep disorders and those resulting from sleep deprivation or
underlying health and/or emotional issues (Fuchs et al., 2016). Once it has been
established what normal sleep patterns in a healthy, content horse should be, this
will provide an additional means of assessing emotional well-being, mood state
and subsequently quality of life. It should also be noted that environmental
conditions and other factors that may cause sleep disturbances will likely affect
emotional state and mood, making the evaluation of such aspects of management
as housing and social grouping a priority (see Hartmann et al., 2012; Yarnell et
al., 2015).

Environmental exploration has been used as a measure of how an animal feels.
Such behaviour has been used to assess the impact of diet and weaning practice
on the mental well-being of young horses (Nicol et al., 2005). Environmental
exploration has been assessed using novel object or arena / open field tests (Wolff
et al., 1997) and the positive relationship between interest in novel objects and
housing / social contact found by Bulens et al. (2015) further emphasizes the need
to consider more appropriate housing and social access for domestic horses. The
level of emotional responsiveness has been used as a means of assessing
temperament in horses, with responses to novel objects being found to correlate
well with other measures (reactivity testing: McCall et al., 2006). Equine
temperament is generally described in terms of the degree to which underlying
emotion is displayed behaviourally (see Visser et al., 2001; Visser et al., 2003),

with individual within-species differences forming the basis of the evaluation. Ijichi
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et al. (2014) found individual differences in the expression of pain, which was

greatest in those classed as ‘extrovert’, regardless of the severity of damage.

Although the behavioural expression of emotion in the horse has value in terms
of enabling an assessment of how they feel, the more expressive the animal is,
the greater the risk to human safety. The selection of unexpressive individuals for
roles involving inexperienced human handlers and riders may be advantageous
for human safety, but is likely to compromise the well-being of the horses
concerned. There is a need for measures that take into account individual
differences in emotional reactivity (temperament), as well as those associated
with age and gender (Janczarek and Kedzierski, 2011). With this proviso, general
environmental interest is a valuable measure of underlying mood state (see Hall
et al., 2008).

Play behaviour has been described as an activity that has no immediate specific
function to the animal but one that is associated with pleasure (McFarland, 1999).
The occurrence of play behaviour in young horses is well documented (including
Crowell-Davis, 1983; Fagen and George, 1977; Feist, 1971; Tyler, 1972) and the
developmental value of this behaviour is comparable with other species (Fagen,
1981). In free-ranging situations play behaviour occurs predominantly in sub-
adult and non-breeding bachelor groups, and it is these animals that are generally
the focus of studies of play behaviour in the horse (McDonnell and Poulin, 2002).
The extent to which play behaviour may occur in adult domestic horses is an area
for further investigation. In managed animals, less energy will be required to
access food and water resources, the access to social interactions will vary but be
controlled and generally there will be little environmental variation to motivate
exploratory behaviour. The assumption that play behaviour signifies a positive
mood state (McFarland, 1999), rather than an activity occurring through lack of

other stimulation, requires confirmation in the domestic horse.
3.2.2 Rebound behaviour

Husbandry conditions have been demonstrated to have an effect on a horse’s
emotional state. This may result in modified behaviour and behaviour patterns,
whereby behaviours whose expression has been limited (for whatever reason)
occur more frequently when conditions change and arguably return to those that

are more acceptable and better aligned with the equid’s ethological requirements.
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This phenomenon of Post Inhibitory Rebound behaviour has been reported in
horses post-confinement by both Freire et al. (2009) and Chaplin and Gretgrix
(2010). The occurrence of Rebound behaviour has been shown to be subject to
moderation through management activities such as the provision of social contact
and stable size (Raabmagle and Ladewig 2006), but worryingly has also been
shown to have serious impacts on horse welfare and human safety (e.g. Pessoa
et al., 2016).

The emotional mediation in rebound behaviour was highlighted by McGreevy and
Nicol (1998) in their investigation of the motivational consequences of short-term
prevention of crib-biting. While the application of a cribbing collar for 24h
prevented crib biting in the majority of subjects (6/8), removal of the collar
resulted in a higher rate of cribbing due to post inhibitory rebound. It was
proposed that rebound occurred due to an increase in internal motivation to crib-
bite when wearing the preventative collar. The inhibition of desired coping
behaviour will have an emotional impact and compromise the horse’s welfare
(Freire et al., 2009; Nagy et al., 2009).

Post Inhibitory Rebound Effects are not limited to maintenance behaviours;
Christensen et al. (2002) reported a rebound effect in social grooming and play
behaviours in stallions after an extended period (9 months) of release post-
deprivation. Rebound affects are also seen within the equitation context. Fenner
et al. (2016) attributed significant increases compared to baseline, in yawning,
swallowing and licking behaviours following removal of horse’s nosebands to post-
inhibitory rebound. The occurrence of a ‘dry mouth’ during activation of the
sympathetic nervous system (inhibiting salivation) and the subsequent return of
salivation during sympathetic attenuation, is reflected in this behaviour. Similar
occurrences are associated with performance anxiety in humans (Bourgeois,
1991).

In a social context, post-conflict affiliative behaviour has been shown to occur in
horses living in a permanent social group, important for group stability and
individual security (Cozzi et al., 2010). The occurrence of rebound behaviour is
evidence of restrictive practice compromising equine behavioural needs.
Emotional well-being is undoubtedly negatively impacted by such restrictions with

the rebound behaviour probably associated with a rebound of positive emotion.
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Such scenarios offer a means of monitoring physiological and behavioural signs of

positive emotion in the horse.
3.2.3 Behavioural signs of spontaneous emotional response

To assess the emotional impact of more short-term occurrences, immediate, often
spontaneous, responses are recorded in situations where the emotional
experience can be predicted. For example, isolating horses in novel environments
and/or exposing them to unfamiliar objects or procedures, can be predicted to
cause anxiety and fear responses (Forkman et al., 2007). Typical behavioural
responses include increased vigilance behaviour, high head and tail position,
snorting and locomotory responses (Forkman et al., 2007). As noted by Weeks
(1996), the horse’s ears are one indicator of emotional state. Horses’ response to
ear position in con-specifics has been demonstrated using 2-D images, with
significantly more approach behaviour / interest shown to a picture of a horse’s
head with ears forwards than to one with ears back (Hall et al., 2012).

Facial expression has long been seen as the main way that emotion is
communicated in humans and many animals (Darwin, 1998). Identification of
features of facial expression in the horse as a means of determining emotional
state has been the aim of a number of recent studies (e.g. Wathan et al., 2015),
in particular as a means of recognising signs of pain (Dalla Costa et al., 2014;
Gleerup et al., 2015; van Loon and van Dierendonck, 2015; Mullard et al., 2017).
While features of facial expression associated with (induced) acute pain (flattened
/ asymmetrical ear position, withdrawn tense stare, dilated nostrils and muscle
tension around the lips and chin) were suggested to be consistent signs of acute
pain (Gleerup et al., 2015), in those studies involving less severe pain the need
for further validation was identified. Both Van Loon and Van Dierendonck (2015)
and Mullard et al. (2017) reported the need for further trials to test whether facial
expression could be used to differentiate reliably those animals that were in pain.
Alongside a veterinary composite pain scale and behavioural observations (of level
of alertness and exploratory behaviour) the horse grimace scale, that combines
different aspects of facial expression, did differentiate those individuals that had
undergone a painful procedure (Dalla Costa et al., 2014). Some detailed analyses
of more individual features of facial expression, such as wrinkles around the eye,

have been proposed as being a potential means of evaluating the valence of

18



emotional responses to procedures and possibly longer term mental state (Hintze
et al., 2016). However, further research and validation of what such signs actually
mean in terms of how horses feel is required before any reliable conclusions can

be drawn.

Equine vocalisation also signifies emotional state and acts as a means of
communicating this to others (Yeon, 2012). In free-ranging horses differences in
squeal duration and frequency have been shown to differ in relation to dominance
in stallions, communicating status and fighting ability and potentially arousal
(Rubenstein and Hack, 1992). Differences between nickers and squeals in
Przewalski’s horses were attributed to differing motivational states and again,
communicate affiliative or agonistic intention (Alberghina et al., 2016). In
domestic horses, spectral differences in vocalisation in response to positive (feed
expectation) and negative (mare-foal separation) occurrences were found (Pond
et al., 2010). The evaluation of acoustic signals in situations where emotional
experience can be predicted will provide further evidence of how horses feel.
Yawning behaviour could also convey information regarding mental state as it is
generally considered to be triggered by stress and emotional contexts (Fureix et

al., 2011; Gérecka-Bruzda et al., 2016), but findings to date are inconclusive.

Behaviour in preferred situations provides some evidence of signs of positive
emotional state (e.g. lying behaviour with preferred bedding type; Pederson et
al., 2004). Affiliative behaviour such as mutual grooming can be considered
representative of positive emotional state (Feh and De Mazieres, 1993) and
consequently as evidence of emotional well-being. Ear position is undoubtedly a
clear, if often transitory sign of affective state (Weeks, 1996), but other facial
expressions indicative of positive emotion have yet to be conclusively identified in
the horse. Vocalization offers a means of distinguishing between positive and
negative emotions, but in the horse tends to relate to specific situations and may
not be of generic use. Underlying mental state may be more clearly demonstrated
in the way the horse appraises and responds to different situations; testing these
cognitive aspects of emotion has revealed further evidence on which to assess

how horses feel.
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3.3 Cognitive components of emotion

The impact of emotion on the acquisition of information and the resultant response
has been studied in a humber of species as discussed by Paul et al. (2005). Such
studies in the horse have mainly focused on the impact of emotion on training,
including the effect of fearfulness on learning (Christensen et al., 2012) and an
evaluation of training methods aimed at reducing the response to frightening
stimuli (Christensen et al., 2006). As identified by Paul et al. (2005) the cognitive
components of emotion that should be considered in animals include how stimuli
and situations are appraised (as positive, negative or neutral; fear invoking or
pleasure inducing) and how emotional state may affect attention, memory and
judgement.

3.3.1 Appraisal of stimuli and situations

A simple way of assessing whether stimuli are appraised as positive, negative or
neutral is by monitoring whether their presentation results in approach or
avoidance behaviour (Corr, 2013). Avoidance of a potentially threatening stimulus
by the horse can involve active behaviours such as bolting or shying, or a passive
refusal to approach. Both types of avoidance behaviours pose a risk to human
handlers (McGreevy et al., 2014) and are often labelled as behavioural ‘problems’
(Hothersall and Casey, 2012), as well as signifying negative emotion in the horse.
As a prey species, the horse is vigilant for signs of threat, responding with rapid
avoidance behaviour potentiated by their relatively large amygdala (Takeuchi and
Sugita, 2007) and extensive visual field (Murphy et al., 2009). This behaviour can
be used to assess the impact of different environmental conditions on the mental
well-beng of the horse. For example, a tracks system within horse pasture has
been trialled in horses (Jackson, 2006). Although found to increase movement
and positive social interactions in horses, this system also resulted in an increase
in the occurrence of vigilance behaviour (standing alert), and a decrease in the
time spent grazing (Winwright et al., 2015). Further assessment of preferred
environments using choice tests is needed to establish the association between
behavioural signs and underlying mood state. In terms of improving human safety,
an important part of horse training involves changing the appraisal of stimuli and

situations from negative to neutral, often by habituation or de-sensitization
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(Christensen et al., 2006). In addition, environments that are appraised positively

will reduce potentially dangerous, fear-related responses.

The cerebral lateralization of emotion has been demonstrated in a number of
species, including the horse, and may be used to assess the emotional valence
attributed to stimuli. In general it has been shown that there is a right hemisphere
cerebral dominance for negatively valenced stimuli (resulting in fear and
aggression) and a left hemisphere dominance for positively valenced stimuli such
as food or preferred associates (Leliveld et al., 2013). In the horse, asymmetry of
visual exploration of negatively, positively or neutrally valenced stimuli was found,
with a tendency for left eye exploration (right hemisphere) of negative and right
eye exploration for neutral stimuli (De Boyer Des Roches et al., 2008). The
tendency to handle horses predominantly from the left side undoubtedly increases
the attention paid to stimuli on this side and would contribute to this finding.
However, this would not account for the correlation found between a preference
for investigating novel stimuli with the left eye and ‘emotionality’ scores in horses
(Larose et al., 2006). The association between cerebral lateralisation of emotion
and resultant behaviour offers some insight into how stimuli are appraised by
horses but the impact of past experience on this must be considered before

conclusions can be drawn.

The way in which humans are experienced by horses will determine their response
to handling and training. Past experience has been demonstrated to influence the
way in which humans are appraised by horses (Fureix et al., 2009) and positive
(reward associated) interactions were found to result in lasting positive memories
of humans (Sankey et al., 2010a). In the latter study, positive reward based
training also enhanced learning and memorisation of the task concerned (Sankey
et al., 2010a). Providing the horse with emotionally positive experiences will

enhance the horse-human relationship and facilitate effective training.
3.3.2 The impact of emotion on attention, memory and judgement

Vigilance behaviour in animals occurs when they are paying attention to their
surroundings and is associated with high levels of arousal (Paul et al., 2005).
Although commonly linked to fear and anxiety in horses (Forkman et al., 2007),
vigilance behaviour also occurs in positively valenced situations, when pleasurable

outcomes are expected (such as food or preferred associates) (Paul et al., 2005).
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In humans, underlying mood state has been shown to affect what is paid attention
to, with negative mood state resulting in more attention being paid to threatening
/ negatively valenced stimuli (Ioannou et al., 2004). In a prey species such as the
horse, this propensity is likely to be accentuated. Such attention bias has been
demonstrated in sheep, where chemically induced anxiety increased the attention
paid to a potential threat (dog) (Lee at al., 2016). Selective attention is also
affected by potential reward value. When training horses to remain immobile,
Rochais et al. (2014) found that greater attention was paid to the trainer and
learning performance was enhanced if the reinforcement used was food as
opposed to wither scratching. Attention bias offers a means of assessing

underlying positive and negative emotion in horses.

In the horse, the potential effect of fear and anxiety on cognition is particularly
pertinent in relation to effective training (Christensen et al., 2006; Christensen et
al., 2012). At least in novel environments fear appears to relate to lower learning
ability in the horse (Christensen et al., 2012). Although events that are associated
with emotional arousal, regardless of the valence of that arousal, tend to be
remembered, memory consolidation is negatively affected by excessively high or
low levels of arousal (Paul et al., 2005). In a review of the impact of ‘stress’ on
cognition Mendl (1999) notes that performance may be enhanced by low-medium
levels of ‘stress’ hormones and that memory can be state-dependent, i.e.
memories formed when an animal is in a highly aroused state will be better
recalled in the same state of arousal. This may in part explain one (anecdotal)
feature of the horse’s memory. Negative experiences resulting in pain or distress
(physical or mental), appear to be remembered by the horse and affect future
behavioural responses in similar scenarios. This is an adaptive cognitive feature
for all animals, particularly prey species such as the horse, but may be problematic

in their management and training.

Underlying mood / mental state has been found to affect judgements made about
ambiguous stimuli by humans and other animals (Paul et al., 2005). Cognitive
bias testing has been used to determine whether animals are in a positive
(optimistic) or negative (pessimistic) frame of mind (Mendl et al., 2009), with
environmental conditions being found to affect judgement bias in some species,
including the rat (Brydges et al., 2011; Burman et al., 2009). A similar effect has

been found in the horse, with increased optimism shown when pastured in herds
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following a period of being housed singly (Lockener et al., 2016). Judgement bias
appears to become more positive when things have changed for the better. In a
study by Freymond et al. (2014) this was demonstrated when the optimism of
horses that had previously been trained using positive or negative reinforcement
were compared. Positive reinforcement was used in the cognitive bias trials and
those horses that had undergone negatively reinforced training prior to these trials
showed more optimism (positive cognitive bias) than those that had been trained
using positive reinforcement (Freymond et al., 2014). However, no conclusion can
be drawn from these findings without further trials (incorporating negatively
reinforced judgement bias trials) to ensure that it was a ‘change for the better’ in
reinforcement that induced the positive cognitive bieas, as opposed to a change
per se.

It has been suggested that the inclusion of positive reinforcement within training
schedules may result in lower levels of emotional arousal and improved learning
when compared with solely using negative reinforcement (Sankey at al., 2010b).
When re-training rescued equids (during a rehabilitation programme), a positive
reinforcement schedule was found to result in increased motivation to participate
and increased exploratory behaviour than when a negative reinforcement schedule
was used (Innes and McBride, 2008). The results of previous studies suggest that
it is the change from a less preferred to a more preferred situation that lifts mood
and improves optimism and initial findings suggest that moving towards a training
system that includes positive reinforcement would improve the emotional well-
being of at least some horses. However, the interaction between emotion, learning
and performance in this species requires further investigation (McBride and Mills,
2012). Regardless, to improve the emotional well-being of all equines, the balance
between positive and negative experiences needs to be tipped further towards the

positive.

4. Conclusion

Despite the associated challenges, the need to devise a means of assessing the
emotional component of equine behaviour is clear. In the short term, the
identification of fear-inducing situations wil help to lessen human risk and enhance
equine learning. In the longer term, the identification of emotional state will inform
improvements in equine management and training, and consequently equine well-

being. Based on the characterization of emotion in terms of arousal and valence,
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physiological measures such as HR provide a means of assessing arousal. Evidence
of emotional valence is less conclusive, although HRV has been found to be
affected by negatively valenced situations, but not by positive ones. Differentiation
in terms of valence has also been found to be associated with specific types of
vocalization. Changes in baseline cortisol level and the circadian rhythms thereof
provide information about long term mood state, but as with all parameters, only
as part of the overall profile of physiological and behavioural responses.
Confounded by the fact that physiological and behavioural measures have yielded
conflicting evidence and that behavioural expression is frequently subtle and
potentially missed or misinterpreted, compiling such profiles is not
straightforward. However, by combining evidence from cognitive tests,
physiological profiles and identifying more subtle behavioural signs, as well as
monitoring patterns of behaviour, we are getting closer to being able to determine,
at least in part, the emotional state of the horse.
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