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Abstract

Objective equine personality tests enable the selection of horses for roles based on their
typical behavioural responses to challenges. In humans and rodents, non-behavioural
correlates of personality such as physiological reactivity to stressors and cognitive style have
been identified. These traits are relevant to equine welfare and performance, yet little is
known about their relationship with equine personality. Therefore, it is currently unclear
what impact selection for personality has on these factors. This thesis aimed to address this
gap by investigating potential neurophysiological correlates of equine personality. First, the
Equine Personality Test (EPT) was evaluated for internal consistency, inter-rater reliability
and test-retest reliability. This demonstrated that the EPT produces valid and reliable
evaluations of the equine personality factors Agreeableness, Neuroticism, Extraversion and
Gregariousness towards People. Following this, autonomic and HPA axis reactivity to
stressors, chronic HPA axis activity and tonicstriatal dopamine were investigated as potential
neurophysiological correlates of equine personality measured by the EPT. They were
measured through cardiac and salivary cortisol responses to experimental stressors, hair
cortisol concentration and spontaneous blink rate, respectively. Although these physiological
parameters have been established as correlates of personality in human and rodent models,
no similar associations were identified in the horse. The EPT did not have predictive validity
for physiological reactivity to stressors, suggesting that horses identified as non-reactive to
stressors on a behavioural basis did not have equally low physiological stress sensitivity. Hair
cortisol concentration was positively associated with Agreeableness, suggesting that
compliant horses may experience greater HPA axis activity. These results raise concernson
the welfare of compliant, non-behaviourally reactive horses. Should they be confirmed by
future research, these findings should inform the choice of methods used to select horses

for roles, with a view to safeguard not only human safety but also equine welfare.
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Chapter 1  Literature review

1.1 INTRODUCTION

The importance of personality is increasingly being recognised for both performance and
leisure horses, both in the context of research (Konig von Borstel, 2013) and within the
industry (Graf, Konig von Borstel and Gauly, 2013). Research suggests that the majority
equestrians at all levels favour a horse that is compliant with training and has limited
behavioural reactivity to stressors (Wipper, 2000; Gorecka-Bruzda et al., 2011; Graf, Kénig
von Borstel and Gauly, 2013; Suwata et al., 2016). Evidence suggests that this personality
type might indeed contribute to performance in horses selected for challenging roles such
as police horses (Pierard, McGreevy and Geers, 2017) or competition horses (Visser et al.,
2003a). Accordingly, objective field tests have been developed and are now well established
to supportthe selection of horses forthese traits on the basis of behaviour (Graf, Kénig von
Borstel and Gauly, 2014; Lansade et al., 2016). This is advantageous from the human
perspective as this is expected to enhance handler safety, equine performance, and the
horse-human relationship (ljichietal., 2013; Munsters etal., 2013b; Graf, Konig von Borstel

and Gauly, 2013).

A tentative model of equine personality structure has also been established (Morris, Gale
and Howe, 2002; McGrogan, Hutchison and King, 2008; ljichi et al., 2013), in line with the
conserved structure of personality described in other species (Gosling and John, 1999). In

both human and non-human animals, the personality factors identified within this conserved



structure have beenshownto be drivenby neurophysiological differences(Depue and Collins,
1999; Ormel et al., 2013; de Boer, Buwalda and Koolhaas, 2017). These give rise to
differences in cognitive style (Coppens, de Boer and Koolhaas, 2010), physiological stress
sensitivity (Koolhaas et al., 2010) or susceptibility to stress related diseases (Koolhaas, 2008)
that co-vary with individual differences in behaviour. Although these covariates are highly
relevant to the performance and sustainability of equines, they have not been explored in
detail in the horse to date (Rankins and Wickens, 2020). In particular, little is known about
the neurophysiological characteristics of different personality types in horses (Rankins and
Wickens, 2020). As aresult, the impact of selection based on personality on outcomes such
as sensitivity to physiological stress and cognitive style is not yet wellunderstoodin the horse.
This thesis aimed to start addressing this gap by exploring links between personality and
potential neurophysiological correlates in the horse, with a view to establish a
neurophysiological profile of the different personality types. This approach aimed to explore
whether selection on the basis of personality has a positive impact on welfare, to

complementits existing benefits in terms of equine performance and human safety.

1.2 FUNDAMENTAL PRINCIPLES OF PERSONALITY

1.2.1 DEFINITION

The concept of personality has originated in human psychology in order to categorise
“characteristics of individuals that describe and account for consistent patterns in feeling,
thinking and behaving” (Pervin and John, 1997). Personality therefore describes interrelated
patterns of behaviour, affect and cognition, as well their physiological correlates (Finkemeier,
Langbein and Puppe, 2018). However, subsequent research on animal models has generated
ample evidence that a wide range of non-human taxa, including horses, present individual

differences in behaviour and physiology that are stable over time and across contexts,



consistent with the concept of personality (reviewed in e.g. Gosling, 2001; Finkemeier,
Langbein and Puppe, 2018). Multiple terms are used in the animal literature to describe this
phenomenon, including “behavioural syndrome” (Sih and Del Giudice, 2012), “coping style”
(Koolhaas et al., 1999), or “temperament”(Réale et al., 2007). Within the context of this
thesis, unless specified otherwise the terms “temperament” and “personality” will be
defined in continuity with humanresearch. Temperamentis defined as “the inherited, early
appearingtendencies that continue throughoutlife and serve as foundation to personality”
(Gosling, 2001), driven by endogenous factors such as genetics and physiological processes
(Scandell, 2000; Rothbart, 2007). Meanwhile, personality is defined as “A correlated set of
individual behavioural and physiological traits that are consistent over time and contexts”
(Finkemeier, Langbein and Puppe, 2018). Personality is generally thought to represent the
result of interactions between the endogenous characteristics driving temperament, and

individual experience (McCrae etal., 2000).

1.2.2 PERSONALITY MODELS IN HUMAN AND NON-HUMAN ANIMALS

Personality models can be used to describe the broad behavioural tendencies of a given
individual. A characteristic stable across time and contexts is defined as a trait. Related traits
are grouped into facets, which are themselves grouped into broader factors or dimensions
(Gosling and John, 1999). In humans, traits may reflect behavioural, but also cognitive and
affective, processes (Zillig, Hemenover and Dienstbier, 2002). Although describing the
structure of personality has been the main concern of early personality science (Réale et al.,
2007), a wide range of personality models are available, with little consensus over the true
structure of personality (De Raad, 2009). Human personality models generally comprise
three to seven broad factors (De Raad, 2009). Notable models include Cloninger’s 7 factor

model (Cloninger, Svrakic and Przybeck, 1993), Eysenck’s 3 factor model (Eysenck and



Eysenck, 1975), andin particular the Five Factor Model (FFM: Mccrae and Costa, 1987). Five
factor models have been extensively replicated and appear to capture a robust and
comprehensive taxonomy of personality (Mccrae and Costa, 1987). Both Eysenck’s and the
Five Factor Model comprise the factors Neuroticism-Emotional Stability and Extraversion-
Introversion (Mccrae and Costa, 1987; Eysenck and Eysenck, 1975). Neuroticism reflects an
individual’s sensitivity to negative affect (Mccrae and Costa, 1987) and measures facets such
as anxiety, depression or vulnerability to stress (Gosling and John, 1999). By contrast,
Extraversion reflects an individual’s tendency for positive affect (Mccrae and Costa, 1987)
and comprises facets linked with sociability but also with assertiveness, activity and positive
emotions (Goslingand John, 1999). In addition, the Five Factor Model also measures another
three factors. Agreeableness-Antagonism, comprising facets such as trust,
tendermindedness, cooperation, and lack of aggression (Gosling and John, 1999), refers to
the tendency to express pro-social attitudes and behaviour (Mccrae and Costa, 1987).
Openness-Closeness to Experience, comprising facets such as intellect, imagination,
creativity, and curiosity (Goslingand John, 1999), refers to an individual’s curiosity, breadth
of interests and daring (Mccrae and Costa, 1987). Finally, Conscientiousness vs Impulsiveness,
comprising facets such as deliberation, self-discipline, dutifulness and order (Gosling and

John, 1999), refersto anindividual’s self-control and will to achieve (Mccrae and Costa, 1987).

Individual differences in behaviour consistent with personality have been documented in a
wide range of non-human animal species, ranging from non-human primates (e.g
chimpanzees: Kingand Figueredo, 1997; rhesus monkeys: Stevenson-Hinde and Zunz, 1978)
to fish (e.g. rainbow trout: Sneddon, 2003) and invertebrates(e.g. honey bees: Walton and
Toth, 2016): reviewed in Gosling (2001). Behavioural, ratherthan cognitive or affective traits
are most often evaluated in animal models (Gosling and John, 1999). While some studies
apply human personality models directly to the specie(s) of interest (e.g. Morris, Gale and

Howe, 2002), the majority develop species-specific models on the basis of behavioural
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observations in the target species (Gosling, 2001; Kralj-FiSer and Schuett, 2014; Groothuis
and Carere, 2005). Unfortunately, large variations in methodology and terminology limit the
potential to generalise species-specific findings into a unified model of animal personality
(Réale et al., 2007). Nonetheless, some models have been shown to be applicable in a wide
range of species, highlighting their conserved character. The use of a comparative approach
and a unified language across animal studies is advocated as this would facilitate cross-
species and cross-discipline comparisons of findings (Gosling and John, 1999; Réale et al.,

2007; Gosling, 2008).

One such highly conserved model is the coping style framework, which is concerned
specifically with the different ways in which individuals react to environmental challenges
(Koolhaas et al., 1999). This framework proposes that individuals vary not only in the
intensity, but also in the nature of their behavioural responses to stressors. It therefore
classifies individuals using a two-factor model, with orthogonal axes representing emotional
reactivity and coping strategy (Koolhaas et al., 1999). The coping strategy axis describes the
guality of the behavioural response to challenges and classifies individuals as proactive or
reactive copers according to their tendency to respond actively, or passively, to an
environmental challenge (Koolhaas et al., 1999). This framework was first developed in
rodents (Henry and Stephens, 1977) but has beenfoundto be applicable to a large range of
species (Koolhaas etal., 1999), including domesticanimals such as cattle or pigs (Finkemeier,
Langbein and Puppe, 2018). This modelhas been shown to be closely linked with personality
(Finkemeier, Langbein and Puppe, 2018) and provides a strong base for cross-species
comparison of related traits, although it does not constitute an exhaustive model of

personality traits.

Comparative studies have also suggested that some personality dimensions identified in

human personality models may be conserved across a wide range of species (Gosling and



John, 1999). In reviews comparing animal personality models to the Five Factor Model|,
factors consistent at the trait levelwith some or all facets of Neuroticism, Extraversion and
Agreeableness were consistently identified (Gosling and John, 1999; Gosling, 2001). In
addition, factors consistent with Openness were also identified in a large proportion of
species (Gosling and John, 1999), although they appear to largely represent the curiosity
facet of human Openness, rather than its intellectual dimension. However, a
Conscientiousness factor rarely emerges from animal studies, and was only reliably
discovered in studies of chimpanzees (Gosling and John, 1999; King and Figueredo, 1997),
suggesting that this dimension may be specific to humans and closely related non-human
primates. The Five Factor Model therefore appears to provide a suitable base for a unified

structure and language to describe animal personality (Gosling and John, 1999).

1.2.3 ASSESSMENT OF PERSONALITY

In humans, personality is most often assessed through the use of psychometric
qguestionnaires (Boyle and Helmes, 2009). Self-report is the most common method used to
obtain personality data, wherein the target individual fills in the questionnaire to describe
their own patterns of affect, cognition and be haviour (Paulhus and Vazire, 2007). However,
scoring by a familiar third party is also sometimes employed (McCrae et al., 2004). Examples
of available psychometric instruments include Cloninger’'s Temperament-Character
Inventory (Cloninger, Svrakicand Przybeck, 1993; Garcia et al., 2017), the Eysenck Personality
Questionnaire (Eysenck and Eysenck, 1975), and the NEO Five Factor Inventory (Costa and

Mccrae, 1992).

Human personality assessment tools are developedusing well established guidelines for the
construction of psychometric scales and must meet a number of criteria in order to be

considered to produce valid and reliable measures of personality (Simms and Watson, 2007).
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First, the pattern of interrelation of items making up a personality assessment tool should
reflect the internal structures of personality factors, which are generally considered to be
unidimensional and internally coherent constructs (Simms and Watson, 2007). All items on
the scale should therefore measure the same underlying construct (termed “homogeneity”)
and produce sufficiently consistent scores (termed “internal consistency”). In addition,
scores produced using personality assessment tools should be valid, i.e. provide an accurate
reflection of the behavioural tendencies of the individual assessed and be linked with real-
world behaviour or outcomes (Gosling and Vazire, 2002). Questionnaires should be
evaluated for concurrent validity, i.e. how well trait ratings in the questionnaire reflect the
expression of conceptually related behaviours by the target individual in real-life situations
(Gosling and Vazire, 2002). They can also be evaluated for predictive validity, i.e. for how
traits correlate with wider real-world outcomes (Gosling and Vazire, 2002). Finally, the
personality assessment tool should satisfy several aspects of reliability. Ratings should reflect
the individual’s inherent behavioural tendencies rather than the rater’s biases or implicit
theories of personality (Gosling and Vazire, 2002). Therefore, independent raters should
agree in their ratings of a familiar target individual; this can be ascertained by evaluating
inter-rater reliability (Gosling, 2001). In addition, due to the definition of personality as
“temporally stable patterns of affect, cognition, and behaviour” (Gosling, 2008), repeated
testing of the same adult individual by the same rater using a personality assessment tool
should yield consistent scores (Dingemanse and Wright, 2020). This is termed test-retest
reliability. Therefore, a personality assessmenttoolcan be considered to produce valid and
reliable personality data if its internal consistency, concurrentvalidity, inter-rater reliability

and test-retestreliability have been established.

Due to the non-verbal nature of animals, self-report using psychometric questionnaires
cannot be used to gather animal personality data. The two main methods used to explore

personality in animal models rely on either behavioural coding or trait ratings by familiar
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human raters (Gosling, 2001). Behavioural coding is generally undertakenwhile exposing the
target animals to standardised experimental tests linked to the trait(s) of interest (Gosling,
2001). Some tests may be used across a wide range of species; for instance, exposure to a
novelstimulus is widely used to measure boldness or exploration (Réale et al., 2007; Gosling,
2001). Others may take into account species-specific behaviour, such as the home-cage
intrudertest (Henry and Stephens, 1977) and tonic immobility back test (Hessing et al., 1994)
used to assess coping style in rodents and piglets, respectively. Behavioural coding is
considered advantageous by some authors as it results in the collection of objective data,
although this view is disputed (Gosling, 2001). Indeed, standardised tests may be used to
record purely objective parameters, such as latency to respond to the test stimulus or
distance travelled (Réale et al., 2007). However, the frequency or duration of behaviour may
also be recorded instead (Vazire et al., 2007). In this case, the precision of the definition of
the traits or behaviour coded highly impacts on the objectivity of the data, as most
definitions may require adegree of interpretationby the observer that may introduce alevel
of inter-rater variability (Gosling, 2001). In addition, this method is also limited as the
standardised tests constitute only a point in time measure. This is problematic, as behaviour
is influenced by a number of parameters such as circadian or circannual rhythms, or
environmental disruptions, which may confound the response to a point-in-time tests (Vazire
etal., 2007). Therefore,in orderto truly represent personality, testing must be repeatedover
time and across situations (Gosling, 2001). Furthermore, the number of traits that can be
evaluated using a single test is limited, meaning that full personality profiles can only be
obtained by using a battery of tests (e.g. Lansade et al., 2016). Finally, in orderto be accurate,
behaviour coding must be conducted by trained research professionals (Vazire et al., 2007).
Behavioural coding is therefore limited by logistical considerations and access to an expert
workforce, and may not capture the expression of the target animal’s full behavioural

repertoire.



In contrast to behaviour rating, subjective trait rating relies on gathering the impressions of
a human familiar with the animal, usually a caregiver, using a rating system (Gosling, 2001).
Unlike the behaviour coding method, this allows access to an aggregate view of the animal’s
behavioural tendencies over time and across situations (Gosling, 2001), with the observer
providing a rating on the basis of the sum of their interactions with a familiar animal (e.g.
Stevenson-Hinde, Stillwell-Barnes and Zunz, 1980). In addition, this method is not
constrained by the same workforce limitations as behaviour codings, as non-trained raters
can be used as long as they are familiar with the target individual and a variety of other
individuals of the same species (Vazire et al., 2007). Finally, the subjective element of this
method does not detract from its reliability (Vazire et al., 2007). Indeed, Gosling’s review
identified that trait-rating studies showed equal, if not better reliability as behavioural coding,
as wellas concurrentvalidity (Gosling, 2001). Therefore, subjective trait rating appears to be
most appropriate way of obtaining personality data from a large sample of animals, where
logistical constraints such as time and availability of research personnel apply. In order to
produce meaningful measures of personality, the questionnaire instruments used to record
subjective ratings should fulfil the same criteria of validity and reliability as human
personality questionnaires (Gosling and Vazire, 2002; Taylor and Mills, 2006). Therefore,
animal personality questionnaires should be constructed using the same psychometric
approach as outlined above for human personality questionnaires (Simms and Watson,
2007), rather than relying on an ad hoc selection of traits. In addition, prior to its use for
research or applied purposes, the internal consistency, concurrent validity, inter-rater
reliability and test-retest reliability of an animal personality questionnaire should be

established (Goslingand Vazire, 2002).



1.3 NEUROPHYSIOLOGICAL CORRELATES OF PERSONALITY

1.3.1 NEUROPHYSIOLOGICAL CORRELATES OF THE FIVE FACTOR MODEL

The main focus of early personality research was to establish a structure of human
personality, ratherthan explore its driving mechanisms (Réale et al., 2007). Nevertheless,
early works formulated theoretical frameworks of the neurobiology underlying personality
factors of particular interest, such as Neuroticism and Extraversion (Eysenck, 1983; Depue
and Collins, 1999). These theoretical models were used as a basis to explore links between
personality factors and putative drivers of personality, traditionally through the use of
physiological (reviewed in e.g. Ormel et al., 2013) or genetic parameters (reviewed in e.g.
Munafo, 2009). While some of the systems targeted by those studies have since been
identified as correlates, rather than drivers, of personality (Ormel et al., 2013; de Boer,
Buwalda and Koolhaas, 2017), these studies nevertheless constitute a valuable information
base to describe the physiological profile of personality types. In more recent years, the
development of brain imaging techniques has enabled researchers to directly explore links
between personality factors and brain anatomy and functioning (DeYoungand Gray, 2009).
This new discipline, termed personality neuroscience, is leading to the development of a

clearer model of the neuralbasis of personality factors (DeYoungetal., 2010).

Early theoreticalframeworks of the biological basis of Neuroticism linked this factor with the
biological systems associated with sensitivity to threats and punishment (Eysenck, 1983) and
lower thresholds of activation in the sympathetic nervous system and limbic system
(reviewed in e.g. Ormel et al., 2013). In particular, Neuroticism appears mediated by an
increased sensitivity of the amygdala to negative stimuli (Ormelet al., 2013; DeYoungetal.,
2010). Due to the regulatory effect of the amygdala on the autonomic nervous system and

hypothalamic—pituitary—adrenal (HPA) axis, this increased sensitivity of the amygdala was
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hypothesised to translate to increased autonomic and HPA responses to negative stimuli
(Ormeletal., 2013). Neuralimagery studies appearto confirm the link between Neuroticism
and increased activity in the amygdala (Ormel et al., 2013). However, empirical studies
exploring links between Neuroticism and peripheral measures of autonomic and HPA axis
reactivity only partially reflectthe subsequentlinks hypothesised with these systems (Ormel

et al., 2013).

A meta-analysis of studies carried out over 30 years investigating links between Neuroticism
and responses to laboratory induced stress in healthy populations supports links between
Neuroticism and cardiac parameters (Chida and Hamer, 2008). In contradiction with
theoretical models (Eysenck, 1983), high Neuroticism is significantly associated with a
decrease in heart rate and blood pressure reactivity to stressors (Chida and Hamer,
2008).Neuroticism is also associated with poorer cardiovascular recovery after exposure to
the stressors had ceased (Chida and Hamer, 2008). However, Neuroticism was not
significantly associated with sympathetic nervous system reactivity, and only tended to be
associated with decreased parasympathetic nervous system reactivity (Chida and Hamer,
2008). Similarly, although theoretical frameworks suggest a positive link between
Neuroticism and HPA axis reactivity, this is not supported by the majority of empirical studies
available. Some studies link Neuroticism with decreased HPA axis reactivity (e.g. Phillips et
al., 2005; Oswald et al., 2006); this surprising finding may be explained as a potential
downregulation of the HPA axis in Neuroticism to protect against the negative impact of
repeated activation (Ormel et al., 2013). However, meta-analyses and synthetic reviews
show that most studies do not find a significant relationship between Neuroticism and HPA
axis activity (Chida and Steptoe, 2009) or reactivity (Chida and Hamer, 2008; Ormel et al.,
2013). Nonetheless, this finding is still the subject of investigation. Indeed, it has been
suggested that null findings in multiple studies may be due to methodological issues, in

particular around sampling times and failure to take into account potential confounding
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factors, ratherthan atrue independence of Neuroticism and HPA axis reactivity (Ormeletal,
2013). Therefore, although the link between Neuroticism and amygdala reactivity has been
confirmed (Ormeletal., 2013), the subsequent links between Neuroticism and the reactivity
of systems involved in the physiological stress response are only partially supported in
humans (Chida and Hamer, 2008). The main correlate of Neuroticism at the peripherallevel
appears to be decreased cardiovascular reactivity to stressors, as measured by heart rate
and blood pressure (Chida and Hamer, 2008). There is also partial support for links with
decreased reactivity of the parasympathetic nervous system, as measured by heart rate
variability, and decreased HPA axis reactivity, as measured through cortisol levels (Chida and

Hamer, 2008).

Extraversion is associated with positive affect (Depue and Collins, 1999). Early theoretical
frameworks have therefore linked this personality factor with the biological systems
underlying reward sensitivity and positive incentive motivation (Depue and Collins, 1999).
Given the centrality of dopaminergic networks in incentive motivation, dopaminergic
networks were also hypothesised as underlying drivers of Extraversion, with a particular
emphasis on the ventral tegmental area and its dopaminergic projections onto the nucleus
accumbens, the amygdala and the orbitofrontal cortex (Depue and Collins, 1999). Although
a firm conclusion has not yet been reached regarding the exact neural basis of Extraversion,
a number of strands of empirical studies confirm the link between Extraversion and
dopaminergic systems. For instance, associations have been found between Extraversion
and genesinvolved inthe dopaminergicsystem (e.g.reviewed in Munafo, 2009). In addition,
functional brainimaging has revealed positive associations between Extraversion and activity
in the brain circuitry linked with reward processingin response to positive stimuli (DeYoung
and Gray, 2009). The regions highlighted include the medial orbito-frontal cortex, nucleus
accumbens, amygdala and striatum (DeYoungand Gray, 2009), all structures that form part

of the mesocorticolimbic dopaminergic system and receive projection of dopaminergic
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neurons from the ventral tegmental area (Cabib, 2006). Therefore, empirical evidence
appears to support a positive link between Extraversion and dopaminergic activity in the
brain circuits linked with reward processing. However, it should be noted that the
dopaminergicmodel may not drive allfacets of Extraversion (Depue and Morrone-Strupinsky,
2005). Indeed, it has been argued that while dopamine may underlie facets related to
motivational drive, such as Assertiveness and Activity (Depue and Collins, 1999), facets
related to affiliation such as sociability may instead be driven by the endogenous opioid
system, with oxytocin and vasopressin as the main mediators (Depue and Morrone-

Strupinsky, 2005).

Agreeableness, Openness and Conscientiousness, the remaining three dimensionsin the Five
Factor Model, cannot be mapped as clearly onto biological systems; therefore, to date,
theoretical frameworks of their biological bases are lacking (DeYoung et al., 2010).
Nonetheless, neurotransmitters (DeYoung and Gray, 2009) and brain regions (DeYoungetal,,
2010) of interest have been identified. Deyoung (2006) presents evidence that the Five
Factor model factors can be grouped onto two meta-traits, referred to as “Stability” and
“Plasticity”. In a factorial analysis, Emotional Stability (the opposite pole of Neuroticism),
Agreeableness and Conscientiousness load onto the meta-trait Stability , while Extraversion
and Openness load onto the meta-trait Plasticity (Deyoung, 2006). These two traits are
uncorrelated and hypothesised to be driven by separate biological substrates (Deyoung,
2006): Stability is related to differencesin serotonergic functioning (DeYoung and Gray,
2009), while Plasticity is dopamine driven (DeYoung and Gray, 2009; DeYoung, 2013).
Therefore, it has been hypothesised that differences in Agreeableness and
Conscientiousness are linked with differences in serotonin network functioning, while
Openness is linked to differences in dopamine function (DeYoung and Gray, 2009). In
addition, brain imaging studies suggest that Agreeableness may be linked with anatomical

differences in brain regions associated with empathy and the interpretation of other
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people’s actions and beliefs (DeYoung et al., 2010). By contrast, emerging evidence suggests
Conscientiousness may belinked with brain regions associated with self -regulation (DeYoung

et al., 2010).

In summary, while the exact biological basis of personality remains to be established,
theoretical frameworks of the underlying drivers of personality have now received ample
supportfrom empirical studies. The neurophysiological basis of the Five Factor Modeltraits
is becoming better established; in particular, clear positive links have been confirmed
between Extraversion and dopaminergic activity. In addition, physiological correlates of
personality have also been identified at the peripheral level. In particular, Neuroticism has

been linked with decreased cardiovascular and parasympatheticreactivity to stressors.

1.3.2 NEUROPHYSIOLOGICAL CORRELATES OF PERSONALITY IN ANIMAL MODELS

In contrast to the relatively well-established model of neurophysiological bases and
correlates of personality in humans reviewed in Section 1.3.1, animal models of personality
tend to focus on behavioural expressions of personality (Gosling, 2001) and often do not
comprise detailed information on physiological correlates (Rankins and Wickens, 2020). An
exception to this is the coping style framework, in which physiological correlates of coping
style have been extensively described, along with potential neurophysiological drivers of
differencesin behaviour (reviewed in e.g. Koolhaas et al., 1999, 2010; de Boer, Buwaldaand

Koolhaas, 2017).

At the peripheral level, the two coping styles are associated with differential patterns of
baseline function and reactivity of the autonomic nervous system, as wellas neuroendocrine
systems such as the hypothalamic-pituitary-adrenocortical (HPA) axis (reviewed in e.g.
Koolhaas et al., 2010; de Boer, Buwalda and Koolhaas, 2017). Proactive and reactive

individuals show comparable baseline levels of plasma catecholamine (adrenaline,
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noradrenaline), suggesting comparable baseline activity of the sympatheticnervous system
(Koolhaas et al., 2010). By contrast, studies using high and low aggressive rodent strains in
laboratory settings have demonstrated an increased adrenal medulla and sympathetic
reactivity to stressorsin proactive individuals (de Boer, Buwalda and Koolhaas, 2017). This is
evidenced by anincreased plasma catecholamine response (Fokkema, Koolhaas and van der
Gugten, 1995; Carnevali et al., 2013), increased incidence of tachyarrhythmia (fast heart
rate) (Carnevalietal., 2013), increased blood pressure reactivity (Fokkema, Koolhaas and van
der Gugten, 1995), and increased respiratory rate (Carnevali, Nalivaiko and Sgoifo, 2014)
during exposure to a stressor. By contrast, reactive individuals show increased
parasympatheticreactivity to stressors, marked by a higher heart rate variability response to
stressors (Sgoifo, Carnevaliand Grippo, 2014). This finding has been replicated in a number
of species, such as pigs (Hessing et al., 1994) and laying hens (Korte et al., 1997; Korte,
Ruesink and Blokhuis, 1998). Therefore, proactive individuals show increased sympathetic

reactivity to stressors, while reactive individuals show increased parasympatheticreactivity.

The two coping styles are also associated with differential patterns of baseline function and
reactivity of neuroendocrine systems such as the hypothalamic-pituitary-adrenocortical
(HPA) axis in some species (reviewed in e.g. Koolhaas et al., 2010; de Boer, Buwalda and
Koolhaas, 2017). Results in rodents suggest that reactive individuals may show both higher
baseline activity and higher reactivity of the HPA axis to stressors (Korte et al., 1992;
Veenema et al., 2003; Koolhaas et al., 2010). Similar findings have been documentedin a
range of mammalian and avian species such as pigs (Hessing et al., 1994), eastern chipmunks
(Martin and Réale, 2008), laying hens (Korte et al., 1997) and great tits (Carere et al., 2003).
However, there appears to be some variations between species in the strength of the
association between activity of the HPA axis and coping style (briefly reviewed in Koolhaas
et al., 2010). Therefore, reactive individuals present higher HPA axis reactivity to stressors,

although this finding may not be generalisable across species.
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Koolhaas and collaborators (Koolhaas et al., 2010; de Boer, Buwalda and Koolhaas, 2017)
argue that that these differences in nervous and neuroendocrine reactivity might be
correlates, rather than causes, of the individual differencesin behaviour patterns observed
in coping style. Behavioural and physiological manifestations of coping styles are thoughtto
share common underlying neurophysiological drivers (de Boer,Buwalda and Koolhaas, 2017).
A causal model of coping styles has been proposed, identifying neurophysiological drivers of
coping style at the centre level (de Boer, Buwalda and Koolhaas, 2017). This modelis based
on a subsequent refinement of the coping style framework using three axes to explain
differences in coping style: reward sensitivity, executive control, and emotional arousal,
which represents physiological stress sensitivity (de Boer, Buwalda and Koolhaas, 2017).
These three axes are proposed to map onto separate brain networks, with neurochemical
differencesinthose networks explaining differences in behaviour and peripheral physiology

(de Boer, Buwalda and Koolhaas, 2017).

Similar to Extraversion in the Five Factor Model, the reward sensitivity axis is thought to map
onto the dopamine pathway linking the ventral tegmentalarea to the nucleusaccumbens
(de Boer, Buwalda and Koolhaas, 2017), with proactive individuals showing higher striatal
dopamine levels (Benus etal., 1991). In addition, in line with the hypothesis that the human
meta-trait “Stability” may be driven by serotoninergic systems (DeYoung and Gray, 2009),
the executive control axis of the coping style modelis thoughtto be driven by differencesin
serotonin levelsin the prefrontal cortex (de Boer, Buwalda and Koolhaas, 2017). Inline with
their high levels of aggression and reduced behavioural flexibility, proactive individuals show
reduced serotonin levelsin the prefrontal cortex compared to reactive individuals (Korte et
al., 1996; De Boer and Koolhaas, 2005; Caramaschi, de Boer and Koolhaas, 2007). Finally,
emotional arousal has been mapped onto the amygdala-hypothalamus-periaquaductal
pathway (de Boer, Buwalda and Koolhaas, 2017). Precise causal neurochemical mechanisms

have notyetbeen identified to explain individual differencesin emotional arousal. However,
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differencesinvasopressin/oxytocin balance within this pathway, and specifically at the level
of the amygdala, are hypothesised as an underlying driver of differencesin emotional arousal

(Evertsand Koolhaas, 1999; Calcagnoli et al., 2014).

In summary, a causal model is available for the coping style framework based on brain
networks and neurotransmitters common to those identifiedas putative biological drivers of
the human Five Factors (de Boer, Buwalda and Koolhaas, 2017). This is consistent with
findings in comparative personality psychology suggesting that basic personality dimensions
are highly conserved across species (Gosling, 2001; Gosling and John, 1999). In addition,
physiological correlates of coping style have also been identified (Koolhaas et al., 2010).
These physiological correlates are largely in line with those proposed as part of the
theoreticalframework of Neuroticism (Ormel etal., 2013). However, relationships between
physiology and coping styles seem to emerge more clearly from animal studies, perhaps due
to the use of artificially selected strains rather than a continuous population (Réale et al.,
2007). These findings appear largely conserved across species and may therefore be used as
a reasonable base to propose hypotheses when exploring neurophysiological correlates of

personality in a new species.

1.4 EQUINE PERSONALITY

1.4.1 APPLIED RELEVANCE OF EQUINE PERSONALITY MEASUREMENT

Equine personality is assessed in the context of research (e.g. Morris, Gale and Howe, 2002;
Roberts et al., 2016), but is also considered a highly relevant characteristic of a horse at all
levels of the industry (e.g. Graf, Konig von Borstel and Gauly, 2013; Kénig von Borstel et al.,
2013). Personality is the most universally valued attribute of a horse for relatively novice

horse owners with a Pony Club membership, and is the most important purchase criterion
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ahead of health characteristics such as soundness (Buckley, Dunn and More, 2004). The two
personality traits “character” and “temperament” are identified as the mostimportant traits
to selectonin alist of breeding goals, ahead of rideability and sporting attributes such as the
quality of gaits, by a large scale international sample of professional, competition and leisure
riders and breeders (Graf, Konig von Borsteland Gauly, 2013). In addition, 100% of German
breed judges and professional test riders who answered a survey on personality testing in
the horse deemed personality an important or very important factor in rideability, quality of
horse-human relationship and performance (Konig von Borstel et al., 2013). Finally, an
economic evaluation of objective personality assessment has revealed equestrians would be
willing to pay for an objective evaluation of equine personality, in particular for breeding
stock, and that favourably assessed horses would increase in value (Graf etal., 2013). These
studies therefore highlight the importance of equine personality to a wide range of

equestrians, ranging from professionals to amateurs.

In line with the perceived importance of personality, equestrians express clear preferences
for some equine personality types. A quiet, calm and tolerant personality is considered
desirable in horses used to teach novice riders such as riding school horses (Odberg and
Bouissou, 1999), horses used in the Pony Club (Buckley, Dunn and More, 2004) or therapy
horses (Andersonetal., 1999; Grandin, Fine and Bowers, 2010). In this context, compliance
is seen as an indicator of good performance (Buckley, Dunn and More, 2004). In addition,
although it has been hypothesised that increased emotional reactivity may be beneficial in
some disciplines (e.g. racing: McBride and Mills, 2012),this preference appearsto extend to
competitive riders. Most respondents in a large-scale survey, including professional and
competitionriders, place large amounts of importance on traits such as even-temperedness,
attention sensitivity to riders’ aids, sociability towards humans, ease of habitutation to new
surroundings, and behaviour while grooming and tacking up (Graf, Kénig von Borstel and

Gauly, 2013). Similarly, studies explicitly exploring desired traits in both leisure and sport
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horses consistently highlight the importance of compliance, ease of training, predictability,
sociability towards humans and horses and low fearfulness, irrespective of the background
and equitation skill level of respondents (Gérecka-Bruzda et al., 2011; Suwata et al., 2016).
The majority of equestrians, including competitive riders, disagree that sports horses need a
difficult personality (Graf, Kbnig von Borsteland Gauly, 2013) and do not desire achallenging
horse (Gdrecka-Bruzda et al., 2011). In accordance with this, eventers at the highest levels
of the sport highlight traits such as emotional stability, boldness and compliance with rider
demands as key traits of a successfuleventing horse (Wipper, 2000). Therefore, equestrians
at all levels of the industry appearto place value on horses who show predictable, compliant

responses and limited behavioural reactivity.

Informal personality assessment is used widely in the industry to select horses for roles,
according to their perceived compatibility with the personality profile thought to be required
for the role. For instance, the traditional recruitment process for police horses includes
a subjective assessment by experienced police riders or trainers to assesstheir suitability (e.g.
Munsters etal., 2013; Pierard, McGreevy and Geers, 2017; Norton etal., 2018). Selection on
the basis of informal personality assessments is also documented or recommended in the
literature for therapy horses (Grandin, Fine and Bowers, 2010; Anderson et al., 1999), riding
school (Kénig von Borstel, 2013; Odbergand Bouissou, 1999) and Pony Club horses (Buckley,
Dunn and More, 2004), vaulting horses (Hausberger, Muller and Lunel, 2011), and
competition horses such as eventers (Wipper, 2000). However, these judgementsare usually
not evidenced-basedand may lack objectivity (Konig von Borstel et al., 2013). This may result
in behavioural problems due to a mismatch between the horseand itsassigned rideror role,

leading to wastage (Wolframm, Gerardus and Meulenbroek, 2012; Munsters etal., 2013b).

Although personality is recognised as a clear driver of performance (McBride and Mills, 2012;

Roberts et al., 2016) on par with physical abilities and conformation (Visser et al., 20033;
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Suwataetal., 2016), relatively few studies have been conducted to support this view to date.
Nonetheless, where associations are investigated, personality traits are often significantly
linked with aspects of performance. Forinstance, emotionality traits can be used to predict
show-jumping performance (Visser et al., 2003a; Lansade et al., 2016). In addition, equine
emotionality may also negatively influence the quality of the horse-human relationship
(Visseretal., 2008), which is considered a key component of optimal performance (Wipper,
2000). Finally, an impact of personality on cognitive style has also tentatively been
documented, with a particular impact of the trait “fearfulness”. More “fearful” horses may
be more prone to habit formation, as they have been found to be less sensitive to a
contingency degradation protocol when learning an instrumental task (Lansade etal., 2017),
and to be more resistant to extinction in an extinction paradigm (Valenchon et al., 2013).
Therefore, while research remains ongoing, current evidence suggests that personality has
an impact on a number of components of equine performance, and that selection on the

basis of personality may be reflected by an impact on these correlates.

Emerging findings on the personality characteristics of successful performance horses
highlight the importance of systematically investigating popular assumptions of the
characteristics required for a particular role. For instance, in line with the popular idea that
a horse with a more active flight response might possess more speed, it has been
hypothesised that increased “flightiness”, or emotional reactivity, might be desirable in a
racehorse (McBride and Mills, 2012). This is supported to a degree by the finding that
Thoroughbreds as a breed score higher on personality components “Anxiousness” and
“Excitability” than cold-blooded horse and pony breeds such as Irish draughts or Highland
and Shetland ponies (Lloyd et al., 2008). However, whenflightiness is investigated within the
breed standard of Thoroughbreds, empirical data suggests that higher extremes of flightiness
might be a hindrance, rather than a competitive advantage. Indeed, highly reactive

behaviour ahead of the race has been significantly linked with poor performance (Hutson
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and Haskell, 1997). In addition, Thoroughbreds ratedas “temperamental” rather than “calm”,
using a scale combining the “anxiousness” and “excitability” factors from (Lloyd et al., 2007),
show no increase in speed but have significantly higher physiological stress responses to
training and take longerto return to baseline physiological state, suggesting they may be
more fatigued and need longer to recover from an exercise bout (Bohak et al., 2017).
Therefore, there appears to bean optimum level of flightinessrequired for use as aracehorse,
under or above which performance is hindered. This example illustrates the importance of

considering not only behavioural, but also cognitive and physiological correlates of

personality when drawing an evidence-based profile of desirable personality traits fora role.

1.4.2 MEASUREMENT TOOLS

As in other animals, personality has been assessed in the horse using either objective
behavioural coding during standardised tests, or subjective trait-rating by familiar observers
(recently reviewed in Rankins and Wickens, 2020). Standardised tests used for behavioural
coding echo those used in other species (Rankins and Wickens, 2020), although some are
adapted to account for the domestic horses’ specific behavioural repertoire and

management (e.g. Wolff, Hausbergerand Le Scolan, 1997).

The majority of tests measure fear or reactivity responses in a variety of contexts (Rankins
and Wickens, 2020). Novelty tests aim to document trait-neophobia and exploration by
presenting the horse with a previously unknown stimulus (generally an object), with free
choice to explore (e.g. Lansade, Bouissou and Erhard, 2008; ljichi et al., 2013). By contrast,
bridge testsincorporate a handling dimension and require the horse to be led overa novel
surface (e.g. Wolff, Hausberger and Le Scolan, 1997; ljichi et al., 2013). Startle or reactivity
tests measure reactivity by exposing the horse to a sudden, usually visual, stimulus (e.g.

Lansade, Bouissou and Erhard, 2008; ljichi et al., 2013).
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Additionally, other tests may be used to measure other dimensions of personality. For
instance, sensitivity to touch may be investigated using von Frey filaments (Lansade, Pichard
and Leconte, 2008), reactivity to humans may be measured using passive or active human
tests (Lansade and Bouissou, 2008), and sensitivity to social isolation may be measured using
an open arena test in a familiar arena (Wolff, Hausberger and Le Scolan, 1997). Due to its
perceived objectivity, behavioural coding during standardised tests has so far been the
preferred method used to implement formal personality assessmentin the field, and in
particular in breed shows or breeding selections (Lansadeetal., 2016; Graf, Konig von Borstel
and Gauly, 2014). Batteries of tests investigating different dimensions of personality have
beendevelopedforusein the field (Graf, Konigvon Borsteland Gauly, 2014; Lansade et al.,
2016). In both cases, the main dimensions assessed are related to behavioural reactivity to
frightening stimulus and tactile sensitivity. The use of behavioural tests is preferred in an
applied context such as breeding selection as they are perceived to be more objective and
are notas easily manipulated for commercial gain as subjective trait-ratings (Graf, Kénig von
Borstel and Gauly, 2014). However, these tests do not typically result in an exhaustive
overview of equine personality and do not clearly give rise to a model of personality

compatible with comparative findings in other species.

A number of subjective trait-based assessment tools have also been used to investigate
equine personality in a research context (reviewed in Rankins and Wickens, 2020). While
some studies simply assessed personality at the behaviour or trait level and did not
investigate factor structure (e.g. Mills, 1998; Anderson et al., 1999; Seaman, Davidson and
Waran, 2002), most used factorial analysis in orderto propose a mode |l of equine personality.
Early questionnaires appear to have been developed using an ad hoc approach to item
selection, with little justification offered behind the selection of traits used (Andersonetall,
1999; Seaman, Davidson and Waran, 2002; Visser et al., 2003b; Momozawa et al., 2005a).

Perhaps as a result of these limitations in development, most early questionnaires were
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shown to have limited concurrent validity (Anderson et al., 1999; Seaman, Davidson and
Waran, 2002; Visseret al., 2003b) and inter-raterreliability (Andersonetal., 1999; Visseret
al., 2003b). However, subsequent questionnaires (McGrogan, Hutchison and King, 2008;
ljichi et al., 2013; Lloyd et al., 2007) were developed using a psychometric approach in line
with recommendationsin the psychology literature (Simms and Watson, 2007; Gosling and
Vazire, 2002). For these questionnaires, a pool of prospective items of interest thought to
describe equine personality was selected, either on the basis of existing lists of traits usedin
otherspecies (e.g. Stevenson-Hinde and Zunz, 1978; used as a basis for Lloyd et al., 2007), or
in consultation with experts recruited from the equine industry (McGrogan, Hutchison and
King, 2008; Creighton, personal communication), with the intention to produce an
exhaustive list of personality descriptors for the species. The reliability of items was then
evaluated on the basis of agreement between multiple raters for each target horse, and only
reliable items were included in a factorial analysis (Lloyd et al., 2007; McGrogan, Hutchison

and King, 2008; Creighton, personalcommunication).

Psychometrically developed equine personality questionnaires generally perform well when
tested against the criteria for a valid and reliable personality assessment tool laid out by
Gosling and Vazire (2002) and Dingemanse and Wright (2020). For instance, McGrogan,
Hutchison and King (2008) report high values of internal consistency and inter-rater reliability,
on par with benchmarks set by human personality inventories (e.g. Mccrae and Costa, 1987),
for the three factors extracted from their questionnaire. In addition, both Lloyd et al. (2007)
and ljichi et al. (2013) have evaluated the concurrent validity of their questionnaire and
found correlations between personality scores and either naturally occurring behaviour
(Lloyd etal., 2007) orresponses to behaviouraltests designed to measure similar traits (ljichi
et al., 2013). Further, predictive validity was also demonstrated for the Equine Personality
Test (ljichi etal., 2013), as it was shown to predict pain expressionin the horse (ljichi, Collins

and Elwood, 2014). The use of a psychometric approach in developing equine personality
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guestionnaires therefore appears to give rise to more robust assessmenttools. However, it
should be noted that to date, none of these three questionnaires have been validated against
all four criteria setout by Gosling and Vazire (2002) and Dingemanse and Wright (2020). In
particular, no equine personality questionnaire has yet been assessed for test-retest

reliability.

1.4.3 EMERGING MODEL OF EQUINE PERSONALITY

Severalfactor structures of equine personality have been proposed, comprising of between
two (Visseretal., 2003) and nine (Roberts etal., 2016) personality dimensions. A fourto six
factor solution appears most common (ljichi et al., 2013; McGrogan, Hutchison and King,
2008; Lloyd etal., 2007; Momozawa et al., 2005a; Morris, Gale and Howe, 2002). However,
there is little consensus to date on a model of equine personality, with varied dimensions
emerging from the structure analyses in the studies above. This is most likely due in part to
differences in methodologies used to develop the questionnaires, as well as a lack of
continuity in language between studies when naming factors emerging from the factorial
analysis. In addition, the factor structure emerging from any trait-based personality
assessment tool is in part dependent on the range of traits included in the questionnaire:
dimensions that contain traits not included in the questionnaire cannotemerge from factor
analysis evenif theyare presentin the species (Goslingand John, 1999). Nonetheless, when
factors are examined at the trait level, some elements of common structure compatible with

findings in otherspeciesemerge.

To the best of the author’s knowledge, all equine personality questionnaires developed to
date yield a factor consistent with sensitivity or reactivity to stressors, comparable to FFM
Neuroticism. These factors have been termed Response to the environment (Visser et al,,

2003), Anxiety (Momozawa et al., 2005a; Roberts et al., 2016), Anxiousness (Lloyd et al.,
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2007), or Neuroticism (Morris, Gale and Howe, 2002; McGrogan, Hutchison and King, 2008;
ljichi etal., 2013; Olsen and Klemetsdal, 2017). This factor comprises traits such as “spooky”,
“nervous”, “fearful”, or “tense” (Visser et al., 2003b; Momozawa et al., 2005a; Lloyd et al.,
2007; ljichi et al., 2013) and is predictive of the intensity of the startle response to a sudden
stimulus for the only questionnaire validated against behavioural tests (ljichi et al., 2013).
Perhaps because Neuroticism predicts responses that may be dangerous to human handlers
(ljichi et al., 2013), this factor is extracted consistently by personality questionnaires
(Momozawaetal., 2005a), comprises a large number of traits, and is generally rated reliably

by observers (Morris, Gale and Howe, 2002).

In addition to Neuroticism-like factors, a majority of questionnaires extract a factor
comparable to FFM Agreeableness. This factor relates to traits such as compliance,
cooperation, friendliness, and non-aggressiveness, and is labelled affability (Momozawa et
al., 2005a) or Agreeableness (Morris, Gale and Howe, 2002; ljichi et al., 2013; McGrogan,
Hutchison and King, 2008; Olsen and Klemetsdal, 2017). In accordance with the high relative
importance given to a compliant personality by equestrians, this factor generally comprises
a large number of items in questionnaires based on traits suggested byindustry experts (ljichi
et al., 2013; McGrogan, Hutchison and King, 2008). Interestingly, Lloyd et al. (2007), whose
Horse Personality Questionnaire is based in majority on an adjective list designed for use in
primates (Stevenson-Hinde and Zunz, 1978; Stevenson-Hinde, Stillwell-Barnes and Zunz,
1980), did not extract a specific Agreeableness-like component. However, in a subsequent
revision of the Horse Personality Questionnaire including an additional 13 traits suggested
by a focus group of equine professionals, a separate Agreeableness factor emerged (Olsen
and Klemetsdal, 2017). Two questionnaires yield a factor likened to the Five Factor Model
Conscientiousness (Morris, Gale and Howe, 2002; Olsen and Klemetsdal, 2017). This is
surprising as Conscientiousness s rarely identified in non-human species (Goslingand John,

1999), when understood as a measure of impulse control (Mccrae and Costa, 1987). However,
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closer inspection at the trait levelsuggests that these two factors reflect willingness to work
and compliance rather than impulse control. These factors may therefore arguably
represent facets of Agreeableness instead. Indeed, several of the traits included in the
Conscientiousness factorsuggested by Olsen and Klemetsdal (2017) load on Agreeableness
factorsin other models: cooperative (McGrogan, Hutchison and King, 2008), (non-)stubbom

(ljichi etal., 2013; McGrogan, Hutchison and King, 2008), and willing (ljichi et al., 2013).

In addition to Neuroticism and Agreeableness, equine personality models often yield a factor
consistent with FFM Extraversion, or several factors reflecting separate facets of Extraversion,
such as Assertiveness, Activity or Sociability. Two questionnaires use the term Extraversion
directly (ljichi et al., 2013; McGrogan, Hutchison and King, 2008). However, one factor
appears to reflect in majority Assertiveness, with traits such as “bold”, “competitive” and
“not timid” (McGrogan, Hutchison and King, 2008), while the other seems to reflect in
majority Activity, with traits such as “excitable”, “spirited” and “active” (ljichiet al., 2013). In
addition, three studies describe an “Excitability” factor that appears consistent with the
Activity facet of Extraversion (Lloyd et al., 2007; Olsen and Klemetsdal, 2017; Robertset al.,
2016), including traits such as “active”, “excitable” and “impulsive” (Olsen and Klemetsdal,
2017). Interestingly, most studies thatinclude items relating specifically to relationships with
conspedcifics yield separate factors related to sociability or gregariousness (ljichi et al., 2013;
Roberts et al., 2016; Lloyd et al., 2007). Sociability is generally considered a key feature of
human Extraversion (Mccrae and Costa, 1987). However, some authors have suggested that
sociability and surgency (i.e. assertiveness and activity) may constitute two separate factors,
rather than two factors of Extraversion (Mccrae and Costa, 1987). In line with this, the
definition of the conserved Extraversion factor evidenced across multiple species does not
include asocial dimension, and is closerto the definition of boldness (Gosling and John, 1999).

Accordingly, in horses, sociability or gregariousness appearsto emerge as a separate factor

from Extraversion (ljichiet al., 2013; Robertsetal., 2016; Lloyd et al., 2007).
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Finally, other factors emerge more occasionally. These include Inquisitiveness (Lloyd et al.,
2007; Roberts et al., 2016), a factor that includes traits such as “curious”, “opportunistic”

|II

and “playful”. This factor may reflect the conserved Openness factor described by Gosling
and John (1999), which is centred around curiosity towards novelty and playfulness. As
argued by Gosling and John (1999), the inconsistent evidence for this factor may be due to
the fact that some questionnaires do notinclude items relating to this factor (Momozawa et
al., 2005a). Indeed, thesetraits may be of lessimportance to equestrians than those relating
to Neuroticism and Agreeableness and may therefore not be suggested by panels of experts.
However, it should be noted that when present, items that appear conceptually close to
Opennessdo notalways form a separate factor. Forinstance, “Adventurous/habitual” loads
onto Extraversion in the Equine Personality Test (ljichi et al., 2013). Dominance, another
factor identified across species by Gosling and John (1999), also emergesin the two studies

based on Stevenson-Hinde and Zunz's (1978) adjective list (Lloyd et al., 2007; Olsen and

Klemetsdal, 2017).

When considering the available equine personality questionnaires, it appears that the
conclusions drawn by Gosling and John (1999) also apply to horses, with empirical evidence
supporting the existence of three main personality factors consistent with FFM Neuroticism,
FFM Agreeableness, and the facets of FFM Extraversion linked with activity. In addition,
gregariousness or sociability, as well as dominance, frequently emerge as separate factors.
By contrast, there is inconsistent support for an additional Openness factor. Given the calls
for a unified language in animal personality studies (Gosling, 2001; Réale et al., 2007), it
appears advantageous to base future research on equine personality questionnaires that
explicitly align with this conserved structure of animal personality (Goslingand John, 1999),
such as the Equine Personality Test (EPT) developed by Creighton (Creighton, personal
communication; fulltext of the questionnaire published in ljichietal., 2013). From an applied

point of view, the desired personality profile of an emotionally stable, compliant horse (Graf,
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Konig von Borstel and Gauly, 2013; Suwataetal., 2016; Gérecka-Bruzdaetal., 2011) has yet
to be formally mapped onto this emerging model. However, trait levelanalysis suggests that
the desired characteristics would translate as low Neuroticism and high Agreeableness. On
those questionnaires measuring primarily the Assertiveness facet of Extraversion, it is likely
that moderate Extraversion would also be desired. It therefore appears likely that, where
selection on the basis of personality is applied, it occurs on the basis of those highly

conserved traits.

Although a model of equine personality is now emerging from fundamental research into
equine personality structure, relatively little remains known about non-behavioural
correlates of personality in the horse (Rankins and Wickens, 2020). In particular, links
between personality and physiological correlates have only been explored very sporadically
(Rankins and Wickens, 2020), and the biological substrates of personality have not yetbeen

determinedinthe horse.

1.4.4 LINKS BETWEEN PHYSIOLOGY AND PERSONALITY DOCUMENTED IN THE
HORSE
To date, no empirical evidence is available to directly link specific brain networks to
personality dimensionsin the horse. While amodel of brain structures and networks relevant
to equine behaviour has been proposed (McBride et al., 2017), much of the evidence is
generalised from rodent studies rather than specific to the horse. However, asmall body of
genetic studies supports links between differences in neurotransmitter metabolism and
equine personality (Momozawa et al., 2005b; Ninomiya et al., 2013; Momozawa et al., 2006;
XiuJuanetal., 2015; Hori etal., 2016). The dopamine receptor D4 gene has been linked with

the temperament traits curiosity and vigilance (Momozawa et al., 2005b), as well as the
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tendency to express behavioural frustration ahead of meal times (Ninomiya et al., 2013).
Those traits appearin line with the notion of positive incentive motivation and drive to obtain
reward that are hypothesised as the biological basis of Extraversion in humans, and with the
“Plasticity” meta-trait (Depue and Collins, 1999; DeYoung, 2013). Studies investigating links
between serotonin and equine personality yield more inconsistent results. Different
haplotypes of the Equine Serotonin Transporter gene are not associated with Anxiety
(Momozawa etal., 2006). However, a mutation in the same gene is associated with the traits
nervousness, panicand timidity (XiuJuan et al., 2015). Different haplotypes of the serotonin
receptor 1A are also associated with differentlevels of “tractability”, as assessed througha
questionnaire (Hori et al., 2016). Although this questionnaire was not developed using a
psychometric approach and lacks validation, it aims to assess traits relating to behavioural
reactivity and compliance (Hori et al., 2016). Therefore, despite some null results, the
available evidence suggests a link between serotonin and equine personality traits linked
with Neuroticism and Agreeableness. Genetic studies using a fully validated,
psychometrically designed questionnaire are currently lacking, which limits the reliability of
results. Nonetheless, current evidence suggests that serotonin and dopamine may be two
highly relevant mediators of personality in the horse, in line with models proposed in humans

(DeYoungand Gray, 2009) androdents (de Boer, Buwalda and Koolhaas, 2017).

At the peripherallevel, preliminary evidence suggests associations between personality and
autonomic reactivity to stressors. Autonomic reactivity has been positively linked with
temperament dimensions assessing sensitivity to stressors derived from subjective
questionnaires (Visseretal., 2003b; Momozawa et al., 2003). Indeed, heart rate reactivity to
an experimental challenge (novel object test) was shown to be positively correlated with
responsiveness to the environment as assessed under saddle by a rider, while it was
negatively correlated with attentiveness to the rider Visser et al. (2003). In addition, it was

also shown to be positively correlated with a temperament factor labelled “anxiety”,
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reflecting traits such as “nervousness”, “stubbornness” and “excitability” (Momozawaetal.,
2003). However, other studies suggest that behavioural reactivity to stressors as measured
using standardised tests may be independent from autonomicreactivity (Lansade, Bouissou
and Erhard, 2008; Squibb etal., 2018) Preliminary evidence also suggests differences in HPA
axis reactivity may exist between more or less behaviourally reactive horses, although the
direction of effect reported varies (Fazio et al., 2013; Bohak et al., 2017). Bohak et al. (2017)
report lower HPA axis responses to a bout of exercise in calm than temperamental
Thoroughbreds. By contrast, Fazio et al. (2013) report higher HPA axis responses to transport
stress in calm than nervous stallions. These inconsistent results echo those documented in
studies investigating a potential link between Neuroticism and physiolocal reactivity to
stressorsin humans (reviewed in Ormel et al., 2013), and do not yet paint a clear picture of
the potential relationship between equine personality and physiological parameters.
Therefore, it is unclear whether tests designed to select horses on the basis of behavioural
reactivity to stressors (Lansade etal., 2016; Pierard, McGreevy and Geers, 2017) also reflect

physiological reactivity to those same stressors.

1.5 RATIONALE, AIMS AND OBJECTIVES

As a result of the last decades of research effort, a tentative model of equine personality
coherent with findings in other species (Gosling and John, 1999) emerges (reviewed in
Section 1.4.3). In addition, batteries of objective tests (Graf, Konig von Borstel and Gauly,
2014; Lansade et al., 2016) as well as subjective questionnaires (e.g. ljichi et al., 2013) are
available to selecthorses on the basis of their behaviouralresponses to challenges. In most
cases, these tests aim to select horses who display compliant behaviour and limited
behaviouralreactivity to challenges (e.g. Lansade etal., 2016; Pierard, McGreevy and Geers,

2017). From an applied point of view, this is advantageous to owners and handlers as this is
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expected to lead to increases in handler safety and reduction in wastage linked with
behavioural issues incompatible with the horse’s role (ljichi et al., 2013; Munsters et al.,
2013a). However, in contrast to models developed in humans (Depue and Collins, 1999;
Ormel et al., 2013) and rodents (de Boer, Buwalda and Koolhaas, 2017), very little research
has investigated neurophysiological correlates of personality in the horse (Rankins and
Wickens, 2020).As a consequence, there is currently only a very limited understanding of
what, if any, physiological characteristics are being selected for when selecting for a

compliant and emotionally stable personality type.

Gaining further understanding of this is crucial for a number of reasons. Firstly, behavioural
reactivity to challenges may only give limited insight into the horse’s subjective experience
of the stressors and their ability to cope from a physiological point of view (Munstersetal.,
2013b; Yarnell, Hall and Billett, 2013; Squibb et al., 2018). Therefore, the objective tests
developedtoselecthorsesforroleson the basis of their personality may not be sufficient to
safeguard welfare. Thus, from an applied point of view, itis crucial to establish whether these
tests predict physiological, as wellas behavioural, reactivity to stressors. In addition, striatal
dopamine levels, one of the main neurophysiological correlates of personality identified in
otherspecies, have been linked with cognitive style and susceptibility to stereotypiesinthe
horse (McBride and Hemmings, 2005; Hemmings, McBride and Hale, 2007; Roberts et al.,
2015). Therefore, clarifying the relationship between personality and dopamine in the horse
may provide insight into potential impacts of the selection of the basis of personality onto

these related characteristics.

The overarching aim of this thesis was therefore to explore physiological correlates of equine
personality, in orderto determine whether a physiological profile of the different personality
types could be established in line with findings in other species. Potential neurophysiological

correlates chosen for this preliminary investigation were those that: had been identified as
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correlates of personality in human and/or animal models (reviewedin 1.3); were of applied
relevance to equine welfare or performance as discussed above; and could be studied using
strictly non-invasive methods. Therefore, at the peripheral level, cardiac, parasympathetic
and HPA axis reactivity to stressors were evaluated, as well as chronic HPA axis activity. At
the central level, striatal dopamine was considered. Details and justifications of assessment

methods are provided in each data chapter.

The Equine Personality Test (EPT: ljichi et al., 2013) was chosen as the equine personality
assessment tool to use throughout this thesis. This questionnaire was developed by
Creighton (Creighton, personal communatication) and published in full by (ljichi et al., 2013)
This choice was motivated by the psychometric methods used in developing the
guestionnaire (Creighton, personal communication; ljichi et al., 2013) and the pre-existing
integration of the EPT in a comparative model of personality (reviewed in 1.4.3). Indeed,
three of the five personality factors assessed by the EPT are aligned with human personality
factors from the Five Factor Model (Mccrae and Costa, 1987), which have also been
identified in a wide range of non-humananimal species (Goslingand John, 1999). In addition,
previous work has also drawn parallels between personality as measured by the EPT and the
coping style framework as developed by Koolhaas et al. (1999), with Neuroticism and
Extraversion thoughtto representstress reactivity and coping style (ljichi, 2014; ljichi et al.,
2013; ljichi, Collins and Elwood, 2014). This was considered advantageous as it facilitated the

generation of hypotheses based on resultsin otherhuman and non-human animalspecies.

While the validity of the EPThad previously been established (ljichietal., 2013), its reliability
had notyet been confirmedina peer-reviewedpublication at the time of starting this work.
The first aim of this thesis, addressed in Chapter 3, was therefore to determine whether the
use of the EPT leads to the collection of reliable personality data. To this end, the EPT was

used to obtain two personality assessments of a sample of horses from a range of familiar
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raters, taken at a six months interval. This dataset was then used to evaluate the internal
consistency, inter-rater reliability and test-retest reliability of the five subscales of the EPT
(Goslingand Vazire, 2002; Dingemanse and Wright, 2020). This was done in order to inform
subsequent chapters of this workand ensure physiological correlates were compared against

valid and reliable personality scores.

The second aim of this thesis, addressed in Chapter4, wasto investigate autonomicand HPA
axis reactivity to stressors as a potential correlate of personality. To this end, heart rate,
heart rate variability and salivary cortisol responses were recorded in the same sample of
horses during experimental exposure to mild stressors, in order to evaluate individual
autonomic and HPA axis reactivity. Physiological reactivity to the stressors was then
compared to EQP scores on the Agreeableness, Neuroticism and Extraversion scales. In
addition to its contribution towards the overarching aim of the thesis, this chapterwas also
expectedto determine whetherthe EPT has predictive validity for physiological reactivity to
stressors, in addition to its predictive validity for behavioural reactivity (ljichi et al., 2013).
This is an important outcome in terms of welfare if the EPT is used as a selection tool to

match horsesto roles.

Chronic HPA axis activity was identified as a potentially relevant correlate as basal cortisol
levels have been linked with personality traits in humans (Ormel et al., 2013; Honk et al.,
2003), while the coping style framework describes differences in baseline HPA axis activity
between proactive and reactive copers (Koolhaas et al., 2010). Therefore, the third aim of
this thesis, addressed in Chapter5, was to explore whether baseline activity of the HPA axis
system was a correlate of personality as measured by the EPT. Hair cortisol concentration
was assayed from mane hair as an indicator of baseline HPA activity. A modelwas then used
to explore potential links between basal cortisol levels and personality, while accounting for

potential confounding factors known to affect hair cortisol.
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Finally, dopamine levels have been identified as a neurochemical driver of human personality
(DeYoungand Gray, 2009) and of coping stylesin rodents (de Boer, Buwalda and Koolhaas,
2017). In addition, genetic studies have documented links between genes related to
dopamine functioning and equine personality (Momozawa et al., 2005b; Ninomiya et al.,
2013). Therefore, the final aim of this thesis, addressed in Chapter 6, was to investigate
whether dopaminefunction could also be identified as a correlate of personality in the horse.
To do this, spontaneous eye blink rate was measured at rest in the stable as an indicator of
tonic striatal dopamine activity. A model was then used to explore potential links between
spontaneous blink rate and personality as measured by the EPT, while accounting for

potential confounding factors affecting blink rate.
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Chapter 2 Study Population

The sample used throughout this thesis consisted of horses recruited from the Nottingham
Trent University research and teaching herd. The choice of usinga sample selected from the
University’s herd, rather than a privately recruited sample, was guided by a number of

practical and scientific considerations outlined below.

Using University owned horses made it possible to use the same sample of horses forall the
studies presented in this thesis, due to the very low turnover rate of Brackenhurst Equestrian
Centre compared to most private yards. Using a consistent sample was considered important
toensure the different studies presented in this thesis were fully comparable. Using the same
sample of horses throughout also made it possible to bring together the results of the
different studiesintoacoherentwhole, aimingto draw a preliminary physiological profile of

different personality types.

All horses at Brackenhurst Equestrian Centre are kept on the same premises and under
similar management (see 2.2 Horse management below). Comparedto a private yard, horses
are also exposed to very few sources of variation in their day-to-day management (e.g. no
travel to competitions). This was considered important as e nvironmental factors such as
management regimes are known to influence some personality traits (Hausberger et al.,
2004; Lesimple et al., 2011), as well as some of the physiological parameters examined in
this thesis (e.g. hair cortisol: Gardela et al., 2020)). Therefore, using a sample of horses all
kept under similar management enabled us to control this potential confounding factor.
Using horses from the University’s herd, rather than another large-scale private yard, also
presented the additional advantage that all details of management were available in a fully

transparent manner and could therefore be used tointerpretresults.
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Brackenhurst Equestrian Centre uses an evidence-based approach to equine management;
the results of welfare studies conducted on site are incorporated in practice in order to
ensure high level of welfare. For instance, indoor housing is designed to allow visual,
olfactory and tactile contact with conspecifics forall horses keptin individual stables, as well
as paired housing where appropriate, to avoid the negative impact of single housing with no
contact (Yarnell et al., 2015). High levels of welfare were considered important for the
sample as changes in physiological reactivity to stressors and baseline activity of the HPA axis
are documented in response to poor welfare conditions and exposure to chronic stress
(Pawluski et al., 2017; Morméde et al., 2007). While the interaction of personality, welfare
conditions and physiology is a valid and important research question, it was considered to
be beyond the scope of this preliminary investigation into the relationship between
personality and physiological characteristics. Therefore, the known high welfare standard of
the Brackenhurst Equestrian Centre herd was considered advantageous for this investigation

in order to control forthe potential confoundingimpact of welfare status.

The Brackenhurst Equestrian Centre herd is managed day to day by an experienced group of
technical staff with equine management qualifications and is used for teaching purposes by
academics who specialise in Equine Science. Therefore, using the Brackenhurst Equestrian
Centre herd gave us access to a comparatively large number of horses whose personality
could be assessed by the same, large group of highly qualified caregivers. This was deemed
importantin orderto obtain areliable measure of the horses’ personality. Indeed, the quality
of subjective personality assessment is known to depend on the rater’s familiarity not only

with the target animal, butalso withthe targetspecies (Funder, 1995).

Sample size calculations were carried out in SPSSv.27 (SPSS Inc, Chicago, IL) to contextualise

sample selection and inform interpretation of results in terms of statistical power. Papers

targeted for inclusion in this analysis were those that investigated correlations between
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equine personality factors as measured through trait-rating and potential physiological
correlates included in this thesis. Momozawa et al. (2003) report a correlation of 0.318
between the heart rate response to the presentation of a novel stimulus and personality
factor “Anxiety”, extracted from their own trait-based equine personality questionnaire. In
addition, Sauveroche et al. (2020) reported correlations of -0.31, -0.34 and -0.46 between
hair cortisol concentration in the mane and three personality factors as measured by Lloyd
et al.’s Horse Personality Questionnaire (2008). Finally, Roberts et al. (2016) reported
correlations of 0.202 and 0.215 between spontaneous eye blink rate and two personality
factors extracted from their own trait-based equine personality questionnaire. Overall, the
strength of correlation between physiological parameters and personality factors therefore
ranged between 0.2 and 0.46, with most correlations being weak to moderate (r=0.3).
Sample size calculations revealed that an approximate sample size of n=35 (r=0.46) to n=190
(r=0.2) would be needed to detect these effects with a power of 80% and a significance level
of 0.05. A weakto moderate correlation with r=0.3 could be detected with a power of 80%
and a significance level of 0.05 using an approximate sample size of n=80. This sample size
analysis therefore suggests that the current study is likely underpowered to detect the
effectsinvestigated. However, it should be noted that none of the papersreferenced in this
analysis used the EPT, and that the equine personality questionnaires used instead all lacked
elements of validation (reviewed in section 1.4.2). It is therefore unclear whether their

conclusions are dicrectly comparable to the current study.

2.1 SAMPLE DEMOGRAPHICS

The sample used throughout this thesis consisted of 25 horses. Although this was a
convenience sample that may not be generalizable to all sectors of the equine industry,

demographiccharacteristics were comparable with those of the leisure/riding school horse
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populationin the UK (Hockenhulland Creighton, 2013; Hotchkiss, Reid and Christley, 2007).
It consisted of 15 geldings and 8 mares, with no stallions. All horses were adults, aged 4 to
21 years old at the time of inclusion in the sample (mean age in June 2018: 12.0 £ 4.1 years).
Fourteen breeds were represented(Table 2.1), including Irish Sports Horse (n=5), Connemara
(n=4), Cob (n=3), British Warmblood (n=2) and Warmblood cross (n=1), Thoroughbred (n=2)

and Thoroughbred cross (n=1). Allhorses were fully trained for handling and riding.

All horses were part of Nottingham Trent University’s research and teaching herd and were
kept at Brackenhurst Equestrian Centre. At the time of first inclusion in the sample in June
2018, the horses had been housed at Brackenhurst Equestrian Centre for 3.0 £ 2.0 yearson
average (Table 2.1). At that time, the most recent arrivals had been at Brackenhurst
Equestrian Centre fora minimum of 2 months and were deemed fully settled in the facilities
and yard routine by the yard manager. Measures that may be affected by relocation stress
(hair cortisol: Gardela et al., 2020) or the familiarity of staff with horses in the sample
(personality: Funder, 1995) were collected aftera longerdelay, in September 2019 and April
2020 respectively (Table 2.1; Table 2.2). The horses’ full history prior to arrival at
Brackenhurst Equestrian Centre was known for some but not all horses in the sample. The
majority of the horses in the sample had previously been privately owned and used for
leisure riding or amateur competition. Most horses (n=22) had been started under saddle
prior to their arrival at Brackenhurst Equestrian Centre and details of the methods used for

their initial training were not known.

There were minimal variations in the sub-samples used for the different phases of data
collection (Table 2.2). For some studies, some horses had to be excluded for ethical reasons.
For instance, horses known to be highly reactive to clipping were removed from the sample
forthe sham clipping study to avoid distressing them. In ad dition, 2horses were used to pilot

the protocols used for some studies and were therefore removed from the final analysed
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sample for these studies. Finally, horses were removed from the sample if they left the care
of Brackenhurst Equestrian Centre, even in cases when they subsequently returned or
remained locally available. This was to ensure all horses in the sample were kept under
consistent management. One horse was therefore removed from the sample aftera period
out at stud (n=1, Table 2.1). Two additional horses were removed from the sample after

beingsold on (n=1) and euthanised following an injury (n=1).

2.2 HORSE MANAGEMENT

2.2.1 HOUSING AND NUTRITION

Horses were kept in a mixture of indoor and outdoor housing, in different proportions at

different stages of the academicyear (see 2.2.2 Routines below).

2.2.1.1 Indoor housing and nutrition

When kept indoors, most horses in the sample (n=20) were kept in individual stables
(3.5%4.1m:n =15; 3.6*3.7m: n=5) in American barns. All stables allowed visualand auditory
contact with conspecifics, as well as tactile contact through barred windows or half-walls.
One horse was keptindividually in a crew yard (7.3*9.2m) in an American barn, allowing the
same level of contact with conspecifics. Finally, 4 horses were keptin pairs in “combi barns”,
consisting of a small outdoor paddock with an all-weather surface and a field shelter
(3.6%7.2m). All stables, crew yards and field shelters were bedded with dust extracted wood
shavings and were cleaned of urine and droppings twice a day. Horses were allocated to a
particular stable or type of housing based on their individual needs and informally assessed
preferences and were moved if Brackenhurst Equestrian Centre staff felt they were

negatively affected by their surroundings.
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Ad lib water was available at all times and horses were fed a forage-based diet following
National Research Council guidelines (2007). The main source of forage was hay or haylage,
fed at 2% of horses’ body weight (National Research Council, 2007). The daily forage ration
was split into 2 to 3 meals a day and fed in haynets (n=24) ora slow feeder (Haygain forager,
n=1). All horsesreceived forage at 7am and 4pm. When horses were keptindoors overnight,

a third forage meal was given at 9pm.

Horses also received ahard feed used to balance theforage diet.In the academicyears 2017-
2018 and 2018-2019 horses were fed twice daily. The morning feed was delivered at 7am
and consisted of pasture cubes, while the eveningfeed was delivered at 5pm and consisted
of Ovi chaff, pasture cubes and sugar beets, toindividual requirements. The feeding regime
was changed for all horses ahead of the academic year 2019-2020. This was because the
previous model exceededthe horses’ energy requirements, leading to weight gain. From
2019-2020 onward, hard feed was delivered once daily in the morning, and consisted of chaff
and a balancer (TopSpec Lite Feed Balancer) for all horses, supplemented with pasture cubes

only forthose horses with higherenergy requirements.

2.2.1.2 Outdoor housing and nutrition

When keptoutdoors, horses were turned out on grass pastures. All horses were turned out
in stable single-sex groups of 2 (n = 11), 3 (n = 6) or 4 (n = 8). Group composition was
determined based on individual compatibility, as assessed informally by the Brackenhurst
Equestrian Centre staff. The pasture for one group of 4 horses was managed as an
Equicentral set up. This management system provides horses with free choice access to a
grass paddock aswell as a dry lot on which shelter, hay and ad lib water are available (Myers
and Myers, 2021). All other groups were kept on traditionally managed grass pastures, with
field sheltersand ad lib water troughs. The main source of forage was pasture grass. If grass
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ran low, horses were supplemented with ad lib hay. Hay was presented in a Monster Hay
Feeder to keep the bale dry and wrapped in a slow feeder haynet (Trickle Net) to regulate

ingestion and minimise wastage.

2.2.2 ROUTINES

Horse management at Brakenhurst Equestrian Centre wassplitinto 3 distinct routines during
different stages of the academic year, with the horses experiencing different levels of work
and turnout. Details of all 3 routines are provided below. In subsequent chapters, the routine
applicable during data collection will be identified so the reader can referback to this section

for more detail.

2.2.2.1 Academicyear

Horses were kept in the routine referred to as the academic year routine from late
September to the end of May, coinciding with the start and end of classes for Further
Education students. During the academic year, horses were kept indoors during the day
(7am-5pm), in the indoor facilities described in Section 2.2.1.1. Whenever the weather
permitted, they were turned out on the grass pastures at night 7 days a week; outdoortum
out was as describedin Section 2.2.1.2. Overnightturnout was restricted in periods of very
wet weather to preserve pasture ground. During these periods, horses were kept in their
indoor housing overnight. Horses were fed a forage-based diet supplemented with a

balancer a described in Section 2.2.1.1.

During the academicyear period horses were in work as riding school horses. Their main role
was to be used in equine management and riding lessons for both Further Education and
Undergraduate degree students. Horses were exercisedon average 2 hours per day on week
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days, with a maximum workload of 3 hours perday perhorse. Exercise included ridden work
such as flatwork and jumping, as well as ground work (e.g. lunging, long lining, natural
horsemanship exercises). Records were kept to ensure horses were assigned a balanced
workload, taking into account individual differences in fitness and ability. On days when
horses were notneeded forlessons, they were exercised on a horse walker or turned out in

a paddockinstead.

2.2.2.2 Summer break

From the end of May to 1°* August horses were kept in the summer break routine. During
this period horses were given time off work, to coincide with the student’s summer break.
Horses were kept outdoors on the grass pastures described in Section 2.2.1.2 at all times,
and only broughton to the yard on an ad hoc basis. During the summerbreak, horses were

not exercised. However, free movement could be expressed at all times on the pastures.

2.2.2.3 Summer conditioning programme

The summer conditioning programme took place from 1%t August to the end of September.
During this period, horses were brought back into work by the Brackenhurst Equestrian
Centre staff, ahead of the start of the academic year. Horses were kept in their indoor
housing during the day (7am-5pm) on weekdays (Monday - Friday). They were turned out on
their grass pastures in their stable groups at night and at the weekend. When stabled on
weekdays, the nutrition regime used during the academic year was followed. When horses
were out at the weekend, they werefed on pasture grass and supplemented with ad lib hay

if grass ran low.
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During the summer conditioning programme, horses followed a programme of daily work
designedto build their fitness back up ahead of the start of the academic year. All exercise
was given by staff members of Brackenhurst Equestrian Centre. The programme started with
40 minutes work sessions and progressively built up to 1-hoursessions. Exercise type was a
mixed rota of horse walker, lunge sessions and ridden work, with minor adjustments to
account for individual limitations (e.g. some horses could not be lunged due to previous
injuries and were ridden instead). Exercise intensity was built up gradually, with the full
sessions conducted in walk at the start of the program and aiming to have horses ready to

canter by the end of September.
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Table 2.1 - Demographicdetails of the horses in the sample. Sex is indicated as M fora mare

and G fora gelding; there were no stallions in the sample. Horses were kept at Brackenhurst

Equestrian Centre continuously from their date of arrival. * identifies horses who left

Brackenhurst Equestrian Centre during the period of data collection; those horses were

excluded from further data collection phases following their departure, even if they

subsequently re-joined the Centre.

Breed

Sex Yearof birth Arrived at Brackenhurst

Princess
Jubilee
Greta
Ruby
Bannagh

Henry

Gunner
Jordan
Tom
Louie
Penny
Barbie
Monty
Jessie
Jasmine
Hercules
Joel

Woody

Welsh partbred
Cob

Haflinger
Sufolk Punch

Irish Sports Horse

Thoroughbred x Irish Sport

Horse

Irish Sports Horse
Appaloosa
Connemara
Sports pony
Thoroughbred
Trakehnerx Warmblood
Irish Sports Horse
Hanoverian

Cob

Irish Sports Horse
Cob

British Warmblood

< £ £ £

o < £Z

< £

2010

2010

2006

2014

2008

2004

2004

2000

2005

2010

1997

2008

2001

2013

2008

2007

2010

2005

2017

2017

2013

2016*

2015

2017

2016*

2017

2015

2018

2013

2011

2016

2015

2013

2016

2018*

2017
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Bracken
Rocky
Bobby
Daniel
Zazou
Lily

Misty

Connemara

Connemara

Thoroughbred x Warmblood
Irish Sports Horse

British Warmblood
Thoroughbred

Connemara

2004

2006

2007

2005

2004

2000

2003

2014

2015

2013

2013

2013

2012

2016
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Table 2.2 — List of data collection phases for the thesis. In the top section, the date of data collection took place is indicated, as well as the the sample size

used. Inthe bottom section, horses who were included in the sample are marked by a tick. Horses who are not marked by a tick were excluded from the sample

forthe corresponding phase of data collection; the reason for exclusion is listed instead.

Personality Questionnaire Novel Objecttest Startle test Sham Clipping Hair cortisol Spontaneous blink rate

(Chapters 3-6) (Chapter4) (Chapter4) (Chapter4) (Chapter5) (Chapter6)
Date 04-10/2020 06/2018 06/2018 10-12/2018 09/2019 08/2019
Sample size n=25 n=23 n=23 n=21 n=24 n=20
Princess v v v v v v
Jubilee v v v v v v
Greta v v v v v v
Ruby v v v v Pregnant Pregnant
Bannagh 4 4 v Ethics: overly reactive to clipping 4 4
Henry v v v v v v
Gunner v v v Injury v Deceased
Jordan v v v v v v
Tom v v v v v v
Louie v v v v v v
Penny 4 4 4 Ethics: overly reactive to clipping 4 4
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Barbie
Monty
Jessie
Jasmine
Hercules
Joel
Woody
Bracken
Rocky
Bobby
Daniel
Zazou
Lily
Misty

NN N N T N N N N N A

SN N N N N N N

Usedin pilot
Used in pilot

NN N N N S N N N SN

<

Used in pilot
Used in pilot

D N NN U N N N N N

<

Usedin pilot
Used in pilot

DN N N N N N VD N N N N N NN

D N N NN

Sold on
v

v
v
v
v

v

Used in pilot
Used in pilot
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Chapter 3 Internal consistency
and reliability of the Equine

Personality Test

3.1 INTRODUCTION

Identifying correlates of personality is only meaningful and of applied importance if the
personality assessment tool provides a truly valid and reliable measure of target animals’
underlying behavioural tendencies. Therefore, before correlates of personality can be
investigated, it is crucial to establish whetherthe personality assessment tool used satisfies
the four validity and reliability criteria emerging from psychometric research (Gosling and
Vazire, 2002; Dingemanse and Wright, 2020). When using a trait-based subjective
assessment, these criteriaare: (1) each subscale measuring a personality factor should have
internal consistency, i.e. measure a single underlying construct (Simms and Watson, 2007);
(2) each subscale should have concurrent validity, i.e. scores on the scale should reflect the
expression of conceptually related behaviour (Gosling and Vazire, 2002); (3) reliable items
should be used, so that independent raters agree in their evaluation of a familiar target
animal (Gosling and Vazire, 2002); and (4) scores for a target animal should be consistent
over time (Dingemanse and Wright, 2020) (see Section 1.2.3 for more detail). To date, no
published equine personality questionnaire has been evaluated on all four criteria of validity
and reliability outlined here. In particular, the equine personality assessment tool chosen for
use in this work, the Equine Personality Test (EPT; ljichi etal., 2013) hasonly been evaluated

against one of these criterain a peerreviewed publication.
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The concurrentand predictive validity of the Neuroticism and Extraversion scales of the EPT
has been demonstrated (ljichi et al., 2013; ljichi, Collins and Elwood, 2014). This is the
criterion equine personality questionnaires are most checked against, with personality
scores compared with behaviourin standardised tests (Anderson etal., 1999; Seaman et al.,
2002; Momozawa etal., 2003; Visser etal., 2003) or naturally occurring behaviour (Morris et
al., 2002; Lloyd et al., 2007). In the case of the EPT, Neuroticism and Extraversion scores
predict conceptually-related behaviourin standardised tests including a novel objecttest, a
startle test and a novel handling test (ljichi et al., 2013). Neuroticism predicts the intensity
of the startle response and tends to predict the time to complete the novel handling test
(ljichi et al., 2013). By contrast, Extraversion predicts whether an active or passive strategy
is adopted when expressing refusalin a handling test, and is hypothesised to reflect coping
style in the horse (ljichi et al., 2013). These two scales also predict the expression of horses’
pain responsesin a veterinary context (ljichiet al., 2014). These scales of the EPT therefore
satisfy the second criterion set by Gosling & Vazire (2002) for the validity of psychometric
tools used to measure animal personality, and compare favourably with other equine

personality questionnaire available in the range of behaviours they have beenrelated to.

The internal consistency, inter-rater reliability and test-retest reliability of the EPT have not
yet been evaluated. Despite the importance of demonstrating that the traits measured by
personality assessments are stable over time (Dingemanse and Wright, 2020), to date no
equine personality questionnaires has been checked for test-retest reliability. However,
internal consistency on par with thate of human Five Factor Model questionnaires (e.g.
Mccrae and Costa, 1987; Scandell, 2000) is reported for two equine personality
guestionnaires (Momozawa et al., 2005a; McGrogan, Hutchison and King, 2008). The wide
range of statistical indices used to assess the inter-rater reliability of equine personality
guestionnaires makes comparisons between questionnaires challenging (e.g. Anderson et

al., 1999; Morris et al., 2002; Lloyd et al., 2007). However, Lloyd et al. (2007) and Morris et
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al. (2002) both report good levels of inter-rater agreement, with 72.1% of horses being
agreed on by the raters and between-subjects correlation coefficients higher than 0.37,
respectively. In addition, Anderson etal. (1999) report poor inter-rateragreementfortheir
guestionnaire adapted from the Donkey Temperament Survey (French, 1993). However,
they use amuch more stringent threshold foracceptable agreement (Anderson etal., 1999).
Overall, this suggests that good inter-rater reliability can be achieved when using equine
personality questionnaires. This is coherent with resultsin other species that suggest animal
personality assessment tools can achieve comparable inter-rater reliability to human
qguestionnaires (Gosling, 2001). In line with findings in other species (Gosling, 2001), the
degree of familiarity of the rater with the target horse, as well as the variety of contexts in
which the individual could be observed, may also impact on the inter-rater reliability of
scoring (Lloyd et al., 2007). Therefore, althoughthe EPT has not yet been evaluated against
the criteria of internal consistency, inter-rater reliability and test-retest reliability,
benchmarks are available in the literature to compare its performance on these criteria

against that of other published equine personality questionnaires.

While the EPThas been shown to produce valid measures of personality, little is known about
its internal consistency and reliability. The aim of this chapter was therefore to investigate
how well the EPT meetsthe criteria for internal consistency and reliability for a personality
assessmenttool. Personality data of 25 horses was collected from 6 raters using the EPT and
used to compute indices of internal consistency, inter-rater reliability and test-retest. The
EPT has been developed using a psychometric approach (ljichi et al., 2013; Creighton,
personalcommunication); therefore, it was hypothesised that all subscales would show good
internal consistency, inter-rater reliability and test-retest reliability, on par with those
documented for other animal personality assessment tools. The findings of this chapter
aimed to inform the rest of the current study by ensuring the personality assessment tool

chosenforuse in this project could generate valid and reliable personality data.
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3.2 METHODS

3.2.1 SUBIJECTS

Personality data were collected forall horses used in this project (n=25). There were 9 mares
and 16 geldings; mean age was 14.0 + 4.1 years. 10 breeds were represented, including Irish
Sports Horse (n=5), Connemara (n=4), Cob (n=3), British Warmblood (n=2) and Thoroughbred
(n=2).This represents agood cross-section of the British equine population (Hockenhulland
Creighton, 2013; Hotchkiss, Reid and Christley, 2007). All horses were recruited from
Brackenhurst Equestrian Centre. During the academic yearthese horses are used forequine
management and equitation teaching in a riding school-like setting. All horses lived on the
same premises and were kept underthe same managementregime. For more demographic
and management details about the horses please refer to section 2.1; the rationale behind
the choice of the study population for the thesis is explained in further detail in the

introduction of Chapter 2.

3.2.2 RATERS

Six raters were recruited via email from a pool of Nottingham Trent University staff meeting
twoinclusion criteria aimed at maximising the accuracy of the personality assessment. First,
raters had to be familiar with the horsesin the sample. All had known the horses for a
minimum of two years and interacted with them on a daily to weekly basis. In addition, raters
recruited had to possess a strong knowledge of the species as a whole (Gosling, 2001). All
raters had 10+ years of professional experience in the equine industry in a wide variety of
roles (instruction/coaching, competition, training, and day-to-day management). Three
raters, ES, CH and JBF, were recruited from the Equine Technicalteam; ES later indicated that
she had completed some of the questionnaires with input from a 6™ rater, AH, also from the

Equine Technical team. The Equine Technical team s responsible for the day-to-day care of
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the horses; ES, CH and JBF were therefore primary caregivers for all horses in the sample.
The 3 otherraters were members of the academicstaff in Further Education (LT) and Higher
Education (TC and SH). All three regularly used the horses in the sample to teach
management and riding lessons. It should be noted that the recruitment process differed
from the one described in ljichi et al. (2013, 2014) as the current study aimed to gather
personality assessments of each horse in the sample from a range of raters, rather than a

single rater.

Raters were contacted via email to invite them to take part in the study and all accepted.
They were then sent a link to a OneDrive folder containing a digital version of the
questionnaire ready for each horse. They were provided with technical guidance to access
and edit the online files and could obtain further explanations on how to fill in the
questionnaire from the experimenter upon request. Raters were instructed to only fill in the
guestionnaire for horses they felt confident they were familiar with. As a result, 3 of the
raters elected notto carry out the personality assessmentfor some of the horses. They were
also invited to leave informal feedback either via email or within the questionnaire forms if
they felt unsure of any of their ratings for some horses or questions. While this feedback was
not used in calculating individual horse’s personality scores, it was referred to when
interpreting results. All raters completed the questionnaire independently from each other
and did not discuss their assessments of the horses between themselves. While available to
answer technical questions, the experimenter did not provide any input into the personality

assessment.
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3.2.3 DATA COLLECTION CALENDAR FOR INTER-RATER AND TEST-RETEST
RELIABILITY STUDIES
ES (with AH’s help) completed the questionnaires forthe 25 horsesin the sample in August
2019. CH, JBF, TC, LT and SH all completed the questionnaires afirst time for the inter-rater
reliability study in April 2020. Subsequently, CHand JBF completed the questionnaires again
6 months later, in October 2020, forthe test-retest reliability study. ES was not asked to take
part in the test-retest study as the extent of AH’s help in filling the first batch of
guestionnaires was unknownand could not be reproduced. The threeinstructors (LT, TCand
SH) were not asked to take part in the test-retest reliability study either. This was because
they had not beenin regular contact with the horses in the sample between April and
October 2020, due to the impact of the COVID19 lockdown (March to June) followed by the

University summer break (June to October).

3.2.4 QUESTIONNAIRE STRUCTURE AND DATA PROCESSING

The questionnaire comprised of 22 items, divided into two sections. In the first section, raters
described the target individual on a visual analogue scale between pairs of opposite
adjectives (e.g. Spirited/Steady). In the second section, 5-point Likert scales were used to
answer 7 questions. Precautionsin accordance with psychometrics research guidelines were
taken in designing the questionnaire in order to reduce potential biases from superficial
scoring (ljichi et al., 2013). Traits were presented in randomised order to avoid grouping
them by factor (ljichietal., 2013). In addition, the polarity of pairs of adjectives was randomly
reversedinorderto avoid systematicscoring down the positive or negative end of the scale

(ljichi etal., 2013).
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Once they had been filled in by the raters, online questionnaires were downloaded by the
experimenter. Personality scores were calculated for each horse using the scoring protocol
described in ljichi et al., (2013) (Table 3.1). The visual analogue scales in the first section of
the questionnaire were divided into 5 sections of equallength, numberedfrom 1to 5 leftto
right. For each item, the number of the section containing the tick the rater had placed on
the original visual analogue scale was recorded. For the items marked ‘Reversed’ in Table 3.1,
the finalscore forthe item was obtained by subtracting this numberfrom 6. The scores given
for the 7 questions in the second section of the questionnaire were also recorded. ljichi et
al., (2013) recommends that scores for each personality factor should be calculated by
adding the scores of all questionnaire items associated with that factor. However, in some
guestionnaires (n=10) raters had overlooked one or more questions, resulting in artificially
reduced factorscores for the horses concerned. Because the EPThasyetnotbeen shownto
produce consistent responses over time (test-retestreliability), it was deemed inappropriate
to collect this missing data in a second sitting. In addition, discarding the questionnaires
altogetherwould have led to an important reduction in sample size for inter-raterand test-
retest reliability studies (N=11 horses) as the statistic used does not tolerate missing data.
Therefore, the decision was made to obtain factor scores by averaging all item scores
available forthe factor, rather than adding them as recommended by ljichietal. (2013). This
seemed justified as visual examination of the data suggested factors showed good
homogeneity; it was therefore considered unlikely that the missing item score would be very
different from those that had been provided. This was subsequently confirmed formally by
the data analysis. Due to the change in scoring method implemented, continuous scores

between 1and 5 were therefore obtained forall 5 personality factors.
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Table 3.1. Scoring grid forthe Equine Personality Test: items associated with each personality factor. Items marked as ‘Reversed’ are scored by subtracting the

score given to the horses from 6. Adapted from ljichietal. (2013).

Personality dimension Item Adjectives / Question Reversed
Al Easy-going/ Intolerant v
A2 Argumentative / Well-mannered
Agreeableness A4 Obedient/Wayward v
A6 Willing / Stubborn v
A8 Gentle /Rough v
A3 Anxious / Confident v
A1l Nervous/Calm v
Neuroticism Al13 Relaxed /Tense
Al4 Quiet / Restless
Q5 In generalhow fearfulis this horse around otherhorses?
A5 Sluggish / Forward-going
A7 Placid / Active
_ A9 Adventurous / Habitual v
Extraversion A10 Excitable / Laid-back v
Al2 Spirited / Steady v
Q6 Generally how energeticwould you say this horse is?
A15 Friendly / Standoffish v
Gregariousness—People Q1 When it has the opportunity, how often does this horse initiate interaction with you?
Q2 Whenit hasthe opportunity, how often does this horse initiate interaction with other people?
Q3 Whenit hasthe opportunity, how often does this horse initiate interaction with otherhorses?
Gregariousness — Horses Q4 Does this horse ever show affection towards other horses?
Q7 Generally how dependable would you say this horse is?
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3.2.5 STATISTICAL ANALYSIS

3.2.5.1 Internal consistency and homogeneity of each personality factor subscale

This analysis was performed in SPSS v.26 (SPSS Inc, Chicago, IL). Internal consistency was
assessed using Cronbach’s a (Cronbach, 1951). If a questionnaire has subscales, Cronbach’s
o must be applied to each subscale rather than the questionnaire as a whole (Simms and
Watson, 2007). Therefore, foreachrater a value of Cronbach’s a was calculated for each of
the 5 subscales of the EPT. For each subscale, the mean + standard deviation of the
Cronbach’s a’sforthe 6raters were also calculated. Cronbach’s a is sensitive to the direction
of coding used for Likert-like data (Field, 2009). This analysis was therefore run using the
coded data, with the relevant questions reversed, rather than the raw data from the
guestionnaires. Resulting Cronbach’s a’s were compared to published thresholds for
acceptable internal consistency: a coefficient a higher than 0.7 is generally regarded as

indicating acceptable internal consistency in a scale (Field, 2009).

The homogeneity of each subscale was also evaluated by calculating the mean and
distribution of inter-item Spearman’s correlation coefficients (Simms and Watson, 2007).
Values obtained forthe subscales of the EPT were comparedto published standardsfor s cale
homogeneity: a mean inter-item correlation between 0.15 and 0.5, with a distribution of
coefficients closely clustered around the mean, indicates a homogenous scale (Simms and
Watson, 2007). Conversely, significant variability in the correlation coefficientscould indicate

multidimensionality in the scale (Simms and Watson, 2007).

3.2.5.2 Inter-rater agreement

This analysis was carried out in SPSS v.26 (SPSS Inc, Chicago, IL). Intra-class correlation (ICC)

analysis was used to evaluate inter-rater reliability. ICC is the recommended method to
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investigate inter-rater agreement in trait rating-based animal personality studies (Vazire et
al., 2007). The overall inter-raterreliability of the set of raters was evaluated through a first
ICC using pooled data from both primary caregivers and instructors. Rater ES was e xcluded
fromthis analysis as they had filled in some questionnaires in consultation with a third party
and their scores could not be attributed with certainty to a single rater. A total of 5 raters
were therefore entered into this initial analysis (CH, JBF, TC, SH, LT: ko=5). In addition, the
inter-rater reliability of primary caregivers and instructors was also compared. To this end,
separate ICC analyses were carried out using the scores given by the primary caregivers on
the one hand (ES, CH and JBF: kpc=3), and those given by the riding instructors on the other
(TC, SH and LT: k;=3). Mean-rating (ko=5; kpc=3; k=3), absolute agreement, two-way random
effect models wereused throughout (McGrawand Wong, 1996). Model selection was based
on decision trees and guidance in Hallgren (2012) and Koo and Li (2016). A two-way model
was selected because allhorses had been assessed by the same raters. Random effects were
chosen because the raters recruited to this study were a random set of raters selected from
a wider population. The type of model was set to mean-rating rather than single-rating
because analysis using personality data in subsequent chapters willbe carried out using the
mean value of assessments obtainedfrom allraters. Finally, the definition used was absolute

agreement ratherthan consistency.

Inter-rater reliability was assessed for each of the 5 subscales measuring the 5 personality
dimensions, as these werethe outcomes used in subsequent analysis. In addition, inter-rater
reliability was also assessed for each questionnaire item separately, in order to identify if
some items yielded particularly high levels of disagreement between raters. For each
personality factor and questionnaire item ICC estimates and their 95% confidence interval
were calculated. Interpretation in terms of inter-rater reliability forthe subscale or item was
carried out using the thresholds for poor (ICC<0.5), moderate (0.5<ICC<0.75), good

(0.75<1CC<0.9) and excellent (ICC>0.9) agreement proposed by Koo and Li (2016).
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3.2.5.3 Test-retest reliability

This analysis was carried out in R version 3.6.1 (R Core Team, 2019) using the irr package
(Gamer, Lemon and Fellows Puspendra Singh, 2019). Intra-class correlation (ICC) analysis was
used to evaluate the level of test-retest reliability of the questionnaire (Koo and Li, 2016).
Test-retest reliability was assessed for each of the 5 subscales measuring the 5 personality
dimensions, as these werethe outcomes used in subsequent analysis. In addition, test-retest
reliability was also assessed for each questionnaire item separately, in order to identify if

some items showed higherinconsistency overtime.

Two sets of scores, for test and retest, were obtained by averaging the scores given by CH
and JBF on the questionnaires they completedin April and October, respectively. The scores
fortestand retest were then compared using a single-ratings, absolute agreement, two-way
mixed effects model (McGraw and Wong, 1996). Model selection was guided by Koo and Li
(2016)’s decision tree, after Shrout & Fleiss' (1979) recommendations: for intra-rater
reliability studies a two-way modelis selected because all subjects are rated by the same
raters, with mixed effects as rater selectionis not random. In addition, absolute agreement
rather than consistency should be evaluated when investigating intra-rater reliability. Here,
single ratings ratherthan meanratings were used, to account for the fact thatin subsequent
studies the personality scores used will only result from a single administration of the EPT

rather than be averaged across a number of retests.
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3.3 RESULTS

3.3.1 DESCRIPTIVE STATISTICS

Figure 3.1 shows the distribution of scores given to the 25 horses, averaged across the 6
raters, for each of the 5 personality factors assessed by the Equine Personality Test. Scores
were evenly distributed along the scale for Neuroticism (mean score: 2.4 + 0.7) and
Extraversion (mean score: 3.1 + 0.7). However, most horses in the samples scored on the
highest half of the scale for Agreeableness (meanscore: 3.7 = 0.8), Gregariousness towards
People (meanscore: 3.6 + 0.8) and Gregariousnesstowards Horses (meanscore: 3.4 + 0.4).
There was reasonable variation in the scores for Agreeableness, Neuroticism, Extraversion
and Gregariousness towards People, with most of the range of the scalesrepresented in the

sample. However, there was much less variation in the scores for Gregariousness towards

Horses.
51 . .'
41 . . o T
CI_) . .. * ° ..l L] .l
o o .
%)3 . * o F .
2 ... ° .. e o

Agreeableness Neuroticism Extroversion Greg. People Greg. Horses

Figure 3.1 — Boxplots showing the distribution of scores for the 25 horses, averaged across

the 6 raters, forthe 5 personality factors assessed by the Equine Personality Test.
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The three instructors (raters TC, LT and SH), who were familiar with the horses mostly in a
ridden context, all expressed that they had found it challenging to score the horses on
guestionnaire items relating to their behaviourtowards other horses (items Q3, Q4 and Q5).

This concern was not shared by the primary caregivers (raters ES, CH and JBF).

3.3.2 INTERNAL CONSISTENCY AND HOMOGENEITY OF EACH PERSONALITY
FACTOR SUBSCALE

Cronbach’s a’sforeach subscale and eachrater are presented in Table 3.2, along with mean
and standard deviation a across the 5 raters foreach subscale. Cronbach’s a were relatively
consistent across raters for all personality factors. The highest variation was for

Gregariousness towards Horses.

Cronbach’s a’s were high (>0.7) for all raters for the subscales measuring Agreeableness,
Neuroticism, Extraversion and Gregariousness towards People. The meana for each of those
subscales were all higher than the threshold of 0.7. However, analysis revealed that the
internal consistency of some of those subscales could be improved by removing some items.
Values of Cronbach’s a were higher if the items “In generalhow fearfulis this horse around
other horses?” (Q5), “Adventurous/Habitual” (A9) and “Friendly/Standoffish” (A15) were
removed from the Neuroticism, Extraversion and Gregariousness towards People scales,

respectively.

Conversely, Cronbach’s as were very low for the scale measuring Gregariousness towards
Horses, ranging from 0.12 to 0.54 with a mean of 0.39 £0.15 across the 6 raters. For all 6
raters, removing the item Q7: “Generally how dependable would you say this horse is?”
resulted in an increase of Cronbach’s a above the threshold for acceptable internal

consistency. Mean a across the 6 raters with Q7 removed was 0.77 £ 0.38.
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Table 3.2 = Cronbach’s a for each personality factor and each rater. For each factor, the
lowest a between the 6 raters is presented in italics and the highest in bold. For each factor

the mean and standard deviation of Cronbach’s a for the 6 raters are also presented.

Raters
ES CH TC LT SH JBF Mean  StDev
Agreeableness 076 080 093 078 086 0.96 0.85 0.08
Neuroticism 08 089 08 079 078 081 0.83 0.04
Extraversion 081 08 08 092 090 0.83 0.86 0.04
Greg. People 084 092 08 092 096 0.79 0.89 0.06
Greg.Horses 042 039 049 054 012 041 0.39 0.15

Mean inter-item correlation coefficient (£ SD) was 0.64 £ 0.14 for Agreeableness, 0.61+ 0.26
for Neuroticism, 0.56 + 0.24 for Extraversion, 0.87 + 0.06 for Gregariousness towardsPeople,
and 0.18 * 0.39 for Gregariousness towards Horses. Figure 3.2 shows the mean and
distribution of individual inter-item correlation coefficients for each subscale. Inter-item
correlation coefficients cluster relatively closely around the mean for Agreeableness,
Neuroticism, Extraversion and Gregariousness towards People. However, there is much

more variability for Gregariousness towards Horses.
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Figure 3.2 — Mean and distribution of inter-item correlation coefficients for the 5 subscales of
the questionnaire. Foreach subscale, means are represented in black and pairwise inter-item

correlation coefficients are represented in colour.

3.3.3 INTER-RATER AGREEMENT

3.3.3.1 |Inter-rater agreement across the whole sample of 6 raters

ICC estimates for Agreeableness, Neuroticism, Extraversion and Gregariousness towards
People were all higher than 0.75 (Table 3.3), indicating good inter-rater reliability forthose
four factors (Koo and Li, 2016). On the basis of the 95% confidence intervals for the ICC
estimates forthose 4 factors, the true level of reliability is moderate to excellent. However,
the ICC estimate for Gregariousness towards Horses is lower than 0.5 (Table 3.3), and the
95% confidence interval indicates that inter-rater reliability for this factor is poor to

moderate at best.

ICC estimates and their 95% confidence interval for each of the 22 questionnaire items are
also presentedin Table 3.3. The average ICC across all questionnaire items was 0.66 £ 0.22,
ranging from 0 to 0.869. Inter-rater agreement was good for 13 items, with ICC estimates
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ranging from 0.754 to 0.869, and moderate for another 5, with ICC estimates ranging
between 0.613 and 0.737. However, it was poor (ICC<0.5) for 4 items: one from the
Neuroticism subscale (ICCqs=-0.011), one from the Extraversion subscale (1CC,y=0.487), and
two from the Gregariousness towards Horses subscale (ICCq3=0.346 and ICC4=0.182). Three

of these fouritemsrelated to the horse’s behaviourtowards otherhorses.

3.3.3.2 Caregivers vs. instructors comparison

Comparisons between the two groups revealed that overall primary caregivers showed
better inter-rater reliability than instructors (Table 3.4). At the subscale level, primary
caregivers had good inter-rateragreementfor 3 of the 5 personality factors (Agree ableness,
Neuroticism and Gregariousness towards People), and moderate agreement for the
remaining two (Extraversion and Gregariousness towards Horses). By contrast, instructors
only had good agreement for two factors (Neuroticism and Extraversion), while agreement
was moderate for another two (Agreeableness and Gregariousness towards People) and
poor for a third (Gregariousness towards Horses). ICC coefficients were higher for primary
caregivers than for instructors for all factors except Extraversion, indicating higher levels of
inter-rater agreement within that group. The most obvious difference between groups was
for Gregariousness towards Horses. For this factor the ICC coefficient was 0.562 for primary

caregivers (moderate agreement) but only 0.391 for instructors (poor agreement).

Similarly, at the item level, good levels of inter-rater agreement were observed more often
for primary caregivers than for the instructors. For primary caregivers, reliability was good
for 8 questionnaire items, moderate for 12 and poor for only 2. By contrast, for instructors,
reliability was good for only 2 items, while it was moderate for 15 and poor for 5. For all but
5items, ICC coefficients were higher for primary caregivers than instructors, indicating better
levels of inter-rateragreement.

63



Table 3.3 - Results of intra-class correlation analyses for all subscales and individual items in the questionnaire. A mean-rating (k=5), absolute-agreement,

two-way random-effects model was used. For each subscale or item, the ICC estimate, 95% confidence interval, and interpretation in terms of inter-rater

reliability forthe item are presented. The subscript” highlights subscales or items for which the ICC estimate indicates poor inter-rater reliability.

95% confidence interval

n ICC Lower Upper Reliability
Agreeableness 21 0.848 0.715 0.930 Moderate to excellent
Easy-going/Intolerant 21 0.869 0.754 0.94 Goodto excellent
Argumentative/Well-mannered 21 0.774 0.578 0.869 Moderate to good
Obedient/Wayward 21 0.788 0.607 0.902 Moderate to excellent
Willing/Stubborn 21 0.764 0.559 0.892 Moderate to good
Gentle/Rough 21 0.613 0.29 0.82 Poorto good
Neuroticism 21 0.848 0.715 0.930 Moderate to excellent
Anxious/Confident 21 0.831 0.679 0.923 Moderate to excellent
Nervous/Calm 21 0.782 0.593 0.9 Moderate to good
Relaxed/Tense 20 0.765 0.553 0.895 Moderate to good
Quiet/Restless 19 0.771 0.552 0.9 Moderate to good
How fearful is this horse around otherhorses? 20 -0.01717 -0.47 0.443 Poor
Extraversion 21 0.806 0.640 0.911 Moderate to excellent

64



Sluggish/Forward-going 21 0.663 0.388 0.842 Poorto good
Placid/Active 20 0.798 0.618 0.909 Moderate to excellent
Adventurous/Habitual 21 0.487° 0.036 0.736 Poorto moderate
Excitable/Laid-back 17 0.705 0.415 0.878 Poorto good
Spirited/Steady 20 0.757 0.544 0.89 Moderate to good
How energeticwould you say this horse is? 20 0.696 0.423 0.863 Poorto good
Gregariousness towards people 21 0.829 0.681 0.921 Moderate to excellent
Friendly/Standoffish 20 0.797 0.611 0.909 Moderate to excellent
How often does this horse initiate interaction with you 21 0.754 0.539 0.887 Moderate to good
How often does this horse initiate interaction with other people 21 0.770 0.562 0.895 Moderate to good
Gregariousness towards horses 21 0.498° 0.140 0.752 Poorto moderate
How often does this horse initiate interaction with other horses? 21 0.346’ 0.015 0.643 Poorto moderate
Does this horse evershow affection towards other horses? 21 0.182° -0.095 0.499 Poor
How dependable would you say this horse is? 20 0.737 0.501 0.884 Moderate to good
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Table 3.4 — Comparison of the inter-rater reliability of primary caregivers vs. instructorsforall subscales and individual items in the questionnaire. Mean-rating

(k=3), absolute-agreement, two-way random-effects models were used to carry out separate intra-class correlation analyses for the two groups. For each

subscale or item the sample size, ICC estimate, and interpretation in terms of inter-rater reliability for the item are presented. Italics highlight subscales or

items forwhich instructors had better inter-rater reliability than primary caregivers.

Primary caregivers Instructors
n ICC Reliability n ICC Reliability
Agreeableness 25 0.849 Good 21 0.724  Moderate
Easy-going/intolerant 25 0.787 Good 21 0.795 Good
Argumentative/Well-mannered 25 0.807 Good 21 0.584  Moderate
Obedient/Wayward 25 0.824 Good 21 0.594 Moderate
Willing/Stubborn 25 0.520 Moderate 21 0571 Moderate
Gentle/Rough 25 0.733 Moderate 21 0.341 Poor
Neuroticism 25 0.792 Good 21 0.777 Good
Anxious/Confident 25 0.791 Good 21  0.694 Moderate
Nervous/Calm 25 0.736 Moderate 21 0.618 Moderate
Relaxed/Tense 25 0.786 Good 20 0.665 Moderate
Quiet/Restless 24  0.762 Good 19 0.72 Moderate
How fearful is this horse around otherhorses? 25 0.265 Poor 20 -0.032 Poor
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Extraversion 25 0720  Moderate 21 0.766 Good
Sluggish/Forward-going 24 0.614 Moderate 21  0.576 Moderate
Placid/Active 25 0.591 Moderate 20 0778 Good
Adventurous/Habitual 25 0.541 Moderate 21  0.435 Poor
Excitable/Laid-back 21  0.731 Moderate 21 0.63 Moderate
Spirited/Steady 24 0.718 Moderate 21 0.638 Moderate
How energetic would you say this horse is? 25 0518 Moderate 20 0.653 Moderate

Gregariousness towards people 25 0.827 Good 21 0.708 Moderate
Friendly/Standoffish 25 0831 Good 20 0.604 Moderate
How often does this horse initiate interaction with you 25 0.687 Moderate 21  0.675 Moderate
How often does this horse initiate interaction with other people 25 0.754 Good 21  0.628 Moderate

Gregariousness towards horses 25 0.562  Moderate 21 0391 Poor
How often does this horse initiate interaction with other horses? 25 0,511 Moderate 21 0.293 Poor
Does this horse evershow affection towards other horses? 25 0.494 Poor 21 0.147 Poor
Howdependable would you say this horse is? 24 0571 Moderate 20 0.665 Moderate
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3.3.4 TEST-RETEST RELIABILITY

ICC estimates and 95% confidence intervals for the test-retest reliability of the 5 subscales
and 22 questionnaire items are presented in Table 3.5. The ICC estimates the subscales
measuring Neuroticism, Extraversion and Gregariousness towards People were all greater
than 0.9 (Table 3.5), and the 95% confidence intervalsindicated that test-retest reliability for
these subscales was good to excellent. However, the ICC estimates for the subscales
measuring Agreeableness and Gregariousness towards Horses were greater than 0.75 but
lower than 0.9. The 95% confidence intervals for these subscales indicated moderate to
excellent test-retest reliability for Agreeableness but only moderate to good reliability for

Gregariousness towards Horses.

At the items level, 14 items showed good or excellent test-retest reliability (ICC>0.75). A
further 8 performed more poorly, with 7 showing moderate reliability (0.5<ICC<0.75) and
one showing poor reliability (ICCys<0.5). The Agreeableness, Neuroticism and Extraversion
subscales all had a minority of poorly performingitems (up to 2 per subscale). However, all
items on the Gregariousness towards Horses subscale performed poorly, with ICC estimates
lower than 0.75 (moderate reliability) and 95% confidence intervals indicating poor to good

reliability.
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Table 3.5 - Results of test-retest reliability analyses forall subscales and individual items in the questionnaire. A single-rating, absolute agreement, two-way

mixed effects model was used to carry out intra-class correlations analyses. For each subscale or item the ICC estimate, 95% confidence interval, and

interpretation in terms of test-retest reliability for the subscale oritem are presented. The subscript ? highlights subscales or items for which the ICC estimate

indicates poor test-retest reliability.

95% confidence interval

n ICC Lower Upper Reliability
Agreeableness 25 0.868 0.699 0.942 Good
Easy-going/intolerant 25 0.821 0.639 0.917 Good
Argumentative/Well-mannered 25 0.717 0.283 0.884 Moderate
Obedient/Wayward 25 0.777 0.525 0.899 Good
Willing/Stubborn 25 0.700 0.430 0.855 Moderate
Gentle/Rough 25 0.759 0.526 0.886 Good
Neuroticism 25 0.903 0.792 0.956 Excellent
Anxious/Confident 25 0.915 0.816 0.962 Excellent
Nervous/Calm 25 0.846 0.682 0.929 Good
Relaxed/Tense 25 0.786 0.574 0.900 Good
Quiet/Restless 25 0.647 0.342 0.828 Moderate
How fearful is this horse around otherhorses? 25 0.352° -0.047 0.653 Poor
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Extraversion 25 0.910 0.808 0.959 Excellent
Sluggish/Forward-going 25 0.870 0.731 0.940 Good
Placid/Active 25 0.815 0.626 0.914 Good
Adventurous/Habitual 25 0.858 0.704 0.935 Good
Excitable/Laid-back 25 0.844 0.677 0.928 Good
Spirited/Steady 25 0.840 0.659 0.927 Good
How energeticwould you say this horse is? 25 0.724 0.469 0.868 Moderate

Gregariousness towards people 25 0.922 0.818 0.966 Excellent
Friendly/Standoffish 25 0.890 0.766 0.950 Good
How often does this horse initiate interaction with you 25 0.777 0.549 0.896 Good
How often does this horse initiate interaction with other people 25 0.820 0.575 0.923 Good

Gregariousness towards horses 25 0.784 0.572 0.898 Good
How often does this horse initiate interaction with other horses? 25 0.592 0.217 0.806 Moderate
Does this horse evershow affection towards other horses? 25 0.703 0.440 0.856 Moderate
How dependable would you say this horse is? 25 0.722 0.469 0.866 Moderate
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3.4 DISCUSSION

The Equine Personality Test has previously been shown to have good predictive reliability
(ljichiet al., 2013). However, further checks onitsinternal consistency, inter-rater reliability,
and test-retest reliability had notyet been carried out. The aim of this study was to evaluate
the EPT’s performance on thesethree criteria for the sample of horses and raters usedin this
thesis. To this end, 6 raters were asked to use the EPT to assess 25 horses, with 2 raters
carrying out the assessment twice over a period of 6 months. Cronbach’s a and intra-class
correlations analyses were used to analyse scale internal consistency and inter-rater and
test-retest reliability, respectively. While the Agreeableness, Neuroticism, Extraversion and
Gregariousness towards People subscales performed well on all three criteria, the

Gregariousnesstowards Horses subscale failed to meet the criteria.

The Agreeableness, Neuroticism, Extraversion and Gregariousness towards People subscales
had Cronbach’s a’s greater than 0.7, indicating good internal consistency. In addition, the
mean and distribution of their inter-item correlation coefficients indicated homogeneity.
Taken together, these results suggest that these subscales are likely to measure a single
underlying construct (Field, 2009). In contrast, the Gregariousness towards Horses subscale
had a Cronbach’s a well below the threshold for acceptable internal consistency. This may
be due to the fact that this subscale only comprises of three items, as Cronbach’s a is
negatively affected by the number of scale items (Cortina, 1993). However, the low mean
and wide distribution of inter-item correlation coefficients also indicate potential
multidimensionality in the scale (Simms and Watson, 2007). It therefore appears likely that
there is heterogeneity in the underlying constructs measured by the scale. Indeed, for all 6
raters removing the item Q7: “Generally how dependable would you say this horse is?”
resulted in an increase of Cronbach’s a above the threshold for acceptable internal

consistency. This might point to an issue with item selection for this scale. Therefore, the
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Agreeableness, Neuroticism, Extraversion and Gregariousness towards People subscales
show good internal consistency and homogeneity, reflecting the fact that all items on the
subscales reflect the intended underlying personality construct. However, the
Gregariousness towardsHorses subscale may not be unidimensionaland some items on that

subscale may not accurately reflect this personality factor.

The inter-rater reliability analysis resulted in high ICC coefficients (ICC > 0.8) for the
Agreeableness, Neuroticism, Extraversion and Gregariousness towards People subscales.
This demonstrates good levels of agreement between raters compared to published
thresholds forinter-raterreliability (Koo and Li, 2016). By comparison, intra-class coefficients
ranging from 0.28 (4 raters, Agreeableness) to 0.53 (2 raters, Neuroticism) are reported for
the human NEO Personality Inventory (McCrae and Costa, 1987) . While intra-class
coefficients have not previously been used to assess the inter-rater reliability of equine
personality questionnaires, preventing direct comparisons with the EPT, average intra-class
coefficients of 0.62and 0.79 have been reportedfor canine personality asse ssments (Gosling
etal., 2003; Leyetal., 2009). Therefore, thefirst 4subscales of the EPTshow good inter-rater
reliability compared to the published standards in human and domestic animal personality
assessment. For three of those four subscales, and for most of the individual scale items
making them up, primary caregivers achieved better inter-rater reliability than instructors.
This was expected, as differential exposure to the target individual is known to affectinter-
rater reliability: consistently being exposed to an animalin a particular context may limit the
range of behaviours a judge has the opportunity to observe, and can therefore influence
their perception of its personality (Funder etal., 1995; Gosling, 2001). Instructors were most
familiar with the horses while they were being ridden, a relatively narrow context in which
behavioural expression is reduced and largely placed under the control of the rider (Hall et
al., 2008). However, differencesin reliability between the twogroups were relatively minimal.

In addition, the ICC coefficients obtained by instructors remained well above published
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thresholds for acceptable agreement (Koo and Li, 2016), especially for the subscale level.
Therefore, it appears that the restricted context in which they knew the horses, as well as
the behavioural restrictions placed on ridden horses, did not significantly impede riding
instructors’ ability to reliably judge Agreeableness, Neuroticism and Extraversion. Overall,
the Equine Personality Test therefore provides a highly reliable assessment of Agreeableness,
Neuroticism, Extraversion, and Gregariousness towards People. Ratings are reliable even
when provided with riding instructors who are familiar with the horsesin a relatively narrow
context. However, reliability is further improved when the ratings are provided by primary

caregivers.

However, the ICC coefficient was low (ICC=0.498) for the Gregariousnesstowards Horses
subscale, indicating poorinter-raterreliability (Koo and Li, 2016). This may be due to the fact
that there was less variation in the scores forthis factor, as ICCis sensitive to the amount of
variation not only in the ratings but also in the sample (Hallgren, 2012). However, it seems
more likely that this result reflects difficulty on the part of the raters to assess Gregariousness
towards Horses traits reliably. Indeed, at the item level, items related to social behaviour
towards other horses (Q3-5) also showed poor reliability. This might be due to the fact that
the instructors, who made up the majority of the set of raters (k=3 out of 5), only knew the
horsesinacontext where social behaviouris difficult to observe (Funderetal., 1995; Gosling,
2001). Indeed, in their informal email feedback, riding instructors self-reported difficulty in
scoring items relating to behaviourtowards other horses. This was not the case for primary
caregivers, who observe the horses in a much wider set of circumstances, including when
turned outin groups. However, rater familiarity was likely not the only factor driving the poor
inter-rater reliability of the Gregariousness towards Horses subscale. While primary
caregivers showed better agreement than instructors on this subscale, their ICC coefficients
remained relatively low (ICC=0.562) and indicative of only moderate inter-rater reliability.

This implies that even raters who had the opportunity to observe horses perform the
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relevant behaviours had difficulty in scoring those traits accurately. Funder(1995) suggests
that some traits are inherently less observable, and therefore more difficult to rate than
others. This could be the case here. It might also be that individual behavioural patternson
those traits show only limited stability across time and situations. Dominance rank has been
shown to be linear in stable social groups, while affiliative relationships are developed with
a network of preferred partners (Sigurjonsddttir et al., 2003; Briard et al., 2015). Therefore,
horses’ tendencies to initiate aversive or affiliative social contacts might depend on the
identity of the social partner present, making it difficult even forfamiliar raters to generalise
their behaviour across situations. Gregariousness towards Horses was therefore assessed
with only limited reliability by the panelof ratersin this study, due to limited familiarity with
the target horses but also to apparent difficulty in rating those traits. For studies concerned
specifically with Gregariousness towards Horses, it may be preferable to use only primary

caregivers as raters; howevereveninthis case scores must be interpreted with caution.

ICC coefficients were generally high for both subscales and individual items in the test-retest
reliability study, indicating that the scores given by raters usingthe EPT were consistent over
time. Test-retest reliability was excellent for personality factors Neuroticism, Extraversion
and Gregariousness towards People, and good for Agreeableness. While afewitems on those
scales had more limited test-retest reliability, the majority of items were rated consistently
across time, suggesting that rater’s perception of individual horse’s level of expression of
those traits remained constant across time. This is consistent with the idea that in adult
animals, personality should reflect “temporally stable patterns of affect, cognition, and
behaviour” (Gosling, 2008). However, while the ICC coefficient for the Gregariousness
towards Horses subscale was also relatively high and showed acceptable consistency across
time, all three items on the scale only had moderate test-retest reliability when taken
individually. This suggests that, unlike the previous four, ratings on this subscale might show

acceptable but limited temporal stability. As discussed above, this might be due to rater’s
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difficulty to rate even familiar horses on those traits. Therefore, this chapter’sresults suggest
that personality ratings on Agreeableness, Neuroticism, Extraversion and Gregariousness
towards People collected using the EPT can be generalised beyond the time of collection.
However, ratings on Gregariousness towards Horses only showed acceptable test-retest
reliability and should be interpreted with caution when generalisedovertime. To the best of
the author’s knowledge, to date no other equine personality questionnaire has been
assessed for test-retest reliability. This result therefore provides a benchmark for other

questionnaires to be evaluated against.

It is interesting to note that the EPT seems to produce a particularly robust measure of
Agreeableness. Given its links to behavioural compliance, this factor appears particularly
relevant from an applied point of view in the equine industry (e.g. Graf, Kdnig von Borstel
and Gauly, 2013). However, Agreeableness is generally the least internally consistent factor
in human questionnaires evaluating the Five Factor Model (e.g. Scandell, 2000). Similarly,
Momozawa et al. (2005) report their lowestinternal consistency for their equine personality
factor “Affability” (Cronbach a= 0.673), which appears to be conceptually close to
Agreeableness. In addition, Agreeableness is generally rated with limited reliability. In
humans, this factor, along with Neuroticism, is identified as the least reliably rated of the 5
domains (John and Robins, 1993). While Neuroticism is assessed more reliably in animals,
agreement on Agreeableness generally remains low (Gosling, 2001). By contrast, here
comparable internal consistency and inter-rater reliability for Agreeableness, Neuroticism
and Extraversion is reported. Agreeableness therefore seems to be measured in a
comparatively robust way by the EPT. This could be due to high level of salience of these
traits to horse handlers, given the use of the horse. Indeed, Gosling (2001) suggests that in
animals, a given trait may be more easily observable in particular species or situations. As
working or performance animals, horses are trained to perform locomotor responses to

human cues, and are routinely exposed to and expected to tolerate aversive stimuli (Hall et
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al., 2008). This context might shine a particular light on Agreeableness traits while they may
not be as easily observable in free ranging animals. In addition, handler safety depends
largely on the handler’s ability to predict a horse’s level of compliance in those settings
(Starling, McLean and McGreevy, 2016). As a result, Agreeableness traits may be particularly
salientto handlers when formingtheirimpression of ahorse. Indeed, the mostreliably rated
EQP item (“Easy-going/Intolerant”, ICC=0.875) belongs on the Agreeablenesssubscale.Other
adjectives on the subscale relating to compliance with human cues (“Argumentative/Well-
mannered”, “Willing/Stubborn” and “Obedient/Wayward”) all show high inter-rater
reliability (ICC>0.728). Agreeableness may therefore be more clearly and reliably measured
in the horse than in other species. This could contribute making the horse a useful model

species to study the biological bases of Agreeableness.
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3.5 CONCLUSION

This study shows that in addition to predictive validity, four out of the five subscales of the
EPT have satisfyinginternal consistency, inter-rater reliability and test-retest reliability. The
guestionnaire offers valid and reliable measures of the personality factors Agreeableness,
Neuroticism, Extraversion, and Gregariousness towards People in equines. In particular, the
EPT appearsto produce avery robust measure of Agreeableness, afactor that is traditionally
difficult to rate reliably in the human and animal personality literature but is highly relevant
to equestrians. These subscales of the EPT therefore satisfy all four criteria of validity and
reliability laid outin the psychometricliterature. Thus, assessmentsof equine Agreeableness,
Neuroticism and Extraversion carried out using the EPT can be used as a strong base from
which to explore neurophysiological correlates of these personality factors. However, the
Gregariousness towards Horses subscale proved to be problematicboth in terms of internal
consistency and reliability. Only primary caregivers showed acceptable if modest levels of
agreementin their assessments of horses on this factor, and their assessment showed only
limited consistency overtime. Assessments on the Gregariousness towards Horses subscale

should therefore be considered with caution.

Given the robustness of the first 4 factors of the EPT demonstrated here, in addition to its
structural advantages, this questionnaire can be considered to resultin the collection of valid
and reliable personality data. It can therefore justifiably be used as a basis to investigate
neurophysiological correlates of personality in the horse. In subsequent chapters, only
personality scores provided by the three primary caregivers will be retained, owing to their
improved reliability. They will be used to investigate the relationship between personality
scores and (1) autonomicand HPA axis reactivity to challenges; (2) baseline HPA axis activity;

and (3) striatal dopamine.

77



Chapter 4  Autonomic and HPA
axis reactivity as a potential

correlate of equine personality.

4.1 INTRODUCTION

Determining whether links exist between the reactivity of physiological stress systems and
personality in the horse is of crucial applied importance. Personality assessmentin the horse
is generally seen as a means to safeguard human safety and equine welfare by selecting
appropriate horses for demanding roles (Koénig von Borstel, 2013). However, applied
personality tests generally aim to select horses with limited behavioural reactivity to
challenging situations (police horses: Pierard, McGreevy and Geers, 2017; sports horses:
Lansade etal., 2016), with the unwritten assumption that their limited behavioural reactivity
reflects a lack of stress. Accordingly, the majority of trait-based equine personality
guestionnaires are assessed for concurrent validity against behavioural outcomes (Anderson
etal., 1999; Morris, Gale and Howe, 2002; Seaman, Davidson and Waran, 2002; Visseretal.,
2003; Momozawa et al., 2003; Lloyd et al., 2007). This is also the case for the Equine

Personality Test (EPT; ljichi et al., 2013).

However, the literature on coping styles highlights that behaviouralresponses to challenging
situations may not always accurately reflect the animal’s internal states (Koolhaas et al., 1999,
2010). In the horse, emerging evidence suggests that overt behavioural responses to test
situations or management procedures may not accurately reflect the intensity of the

physiological stress response (Yarnell, Halland Billett, 2013; Squibb etal., 2018; Munsters et
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al., 2013b). In particular, individuals who show little overt behavioural responses, and are
therefore likely to score low for Neuroticism and Extraversion on the EPT (ljichi et al., 2013),
may nevertheless experience important physiological responses when exposed to a
challenging situation (Yarnell, Hall and Billett, 2013; Munsters et al., 2013b). Therefore,
questionnaires or test procedures that successfully identify individuals with limited
behavioural reactivity (Pierard, McGreevy and Geers, 2017; Lansade et al., 2016) may not
automatically result in the selection of individuals with equally low physiological stress
sensitivity. Given the strong negative impact on welfare and performance of intense or
prolonged physiological stress responses (Bartoloméand Cockram, 2016), it therefore seems
crucial to ensure that personality assessment tools used to select horses fora role also have

predictive validity for physiological responses to stressors.

The reactivity of the physiological systems involved in the adaptive stress response may be
studied using non-invasive methods in the horse. Exposure to a stressor triggers an
immediate, short-term response by the autonomic nervous system designed to sustain the
fight, flight or freeze response (Bartolomé and Cockram, 2016). This response leads to
physiological arousal and a shift in the balance of activity between the two branches of the
autonomic nervous system, the sympatheticand parasympathetic (or vagal) nervous system
(Von Borell et al., 2007). In order to prepare the body for acute, high intensity effort, the
sympathovagal balance shifts towards sympathetic dominance (Von Borell et al., 2007). As
both sympathetic and parasympathetic branches contribute to the regulation of cardiac
function through the sinus node of the heart (Von Borell et al., 2007), this shift is reflected
by cardiac parameters, such as heartrate and heart rate variability (Von Borell et al., 2007,
Pierard et al., 2015; Stucke et al., 2015). During physiological arousal, the shift in
sympathovagal balance towards sympatheticdominance resultsin an increase in heartrate
and a decrease in heart rate variability (Von Borell etal., 2007). While they may be mediated

by increased activity of the sympathetic nervous system, decreased activity of the
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parasympathetic nervous system, or a combination of both, increases in heart rate are
thought to reflect in majority the influence of the sympathetic nervous system (Von Borell
et al., 2007). By contrast, short term measures of heart rate variability such as RMSSD (the
square root of the mean of the sum of the squares of differences between successive inter-
beatintervals) are thoughttoreflectin majority the activity of the parasympathetic nervous
system (Von Borell et al., 2007). In the horse, cardiac function is most frequently recorded
using heart rate monitors (Stucke etal., 2015); this is generally due to practical and economic
advantages, as they are affordable, portable, and fully non-invasive (Stucke et al., 2015).
Heart rate and heart rate variability are well-established measures of physiological stress or
arousal in the horse (Pierard et al., 2015). They are often used in equine studiesto evaluate
the physiological impact of husbandry procedures (e.g. Schmidt et al., 2010; Yarnell et al.,
2013) or standardised test situations (e.g. Squibb et al., 2018; Safryghin, Hebesberger and

Wascher, 2019).

Exposure to a stressor also triggers a response from the HPA axis, aiming to sustain the
fight,flight or freeze response (Bartoloméand Cockram, 2016; Sapolsky, Romero and Munck,
2000). HPA axis activation triggers the release of cortisol, a circulating glucocorticoid which
mediates responses aiming to maximise energy release towards the adaptive response
(Bartolomé and Cockram, 2016). Accordingly, cortisol concentration may be used as a marker
of HPA axis activity and physiological arousal in the horse (Pierard et al., 2015). Salivary
cortisol offers a non-invasive measure of cortisol concentration in the horse (Peetersetal.,
2011; Pierard et al., 2015). Inthe horse, exposureto stressfulhusbandry proceduressuch as
road transport, clipping or training (Schmidt et al., 2010; Fazio et al., 2013; Yarnell, Hall and
Billett, 2013) has been shown to lead to an increase in salivary cortisol. Therefore, the
reactivity of the autonomic nervous system and HPA axis to stressors may be documented
fully non-invasively in the horse, through the use of indicators of physiological arousal such

as heartrate, RMSSD and salivary cortisol.
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While routine husbandry procedures have been shown to induce autonomic and HPA axis
responsesinthe horse (e.g. Schmidt, Mostl, et al., 2010; Fazio et al., 2013; Yarnell, Hall and
Billett, 2013), these physiological systems may also be triggered using species-specific stress
tests (Forkman et al., 2007). Compared to the use of naturally occurring stressors, reactivity
tests can be standardised and therefore increase comparability within and across studies;
they are also more easily quantifiable. Tests used to elicit physiological stress responsesina
laboratory or controlled setting include the Trier Social Stress Test in humans (Kirschbaum,
Pirke and Hellhammer, 1993), and the probe burying, raised maze or intruder paradigms in
rodents (Koolhaas et al., 1999). By contrast, the most commonly used reactivity tests in
horses are based on the horse’s nature as a social, neophobic prey species (Wolff,
Hausberger and Le Scolan, 1997). These include novel object tests, in which an unfamiliar
object, either static or moving, is introduced in close proximity to the tested horse (Wolff,
Hausbergerand Le Scolan, 1997). Startle testsare also used, in which horses are exposed to
a suddenvisual and/or auditory stimulus at close range to trigger a startle response (usually
an umbrella opening: Lansade, Bouissou and Erhard, 2008; ljichi et al., 2013). Horses are
generally tested alone and loose in the test arena, meaning that these tests generally do not
include a handling component. However, handling tests may also be used, generally
requiring the horse to be led over an unfamiliar surface (Wolff, Hausberger and Le Scolan,
1997; ljichi et al., 2013; Visser et al., 2002) or past a novel object (Kénig von Borstel et al.,
2011), or to be exposed to a standardised version of a potentially stressful husbandry

procedure (e.g. sham clipping: Yarnell, Hall and Billett, 2013).

Behaviour tests can be used to induce a mild fear response in the horse (Forkman et al.,
2007). As such, they result in physiological arousal, including an autonomic and HPA axis
response. Exposure to a novel object and startle tests have consistently been shown to
induce an increase in heart rate (e.g. Visser et al., 2002; Christensen, Keeling and Nielsen,

2005; Mccall et al., 2006; Safryghin, Hebesberger and Wascher, 2019) and decrease in
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RMSSD (Visser et al., 2002) in the horse. Likewise, handling tests such as a sham clipping
procedure are associated with an increase in heartrate (Yarnell, Hall and Billett, 2013). The
ability of standardised stress test to trigger HPA axis activation detectable through cortisol
has not been demonstrated as consistently in the horse. Some studies do report a significant
increase in plasma (Hada et al., 2001) or salivary (Yarnell, Hall and Billett, 2013) cortisol in
response to exposure to a novel stimulus and a standardised sham clipping procedure,
respectively. However other studies report null findings following exposure to comparable
standardised tests (e.g.Noble etal., 2013; Villas-Boas et al., 2016; ljichietal., 2020). It should
be noted that exposure to long-term stressors including musculoskeletal pain or inadequate
management conditions impact both basal cortisol levels (Pawluski et al., 2017) and HPA axis
reactivity (Sauer et al., 2019), thus potentially confounding the responses observed in
standardised behavioural tests. Therefore, autonomic responses can reliably be induced in
the horse using standardised fear tests such as a novel object test, a startle test, or a sham
clipping procedure. HPA axis responses can also be induced using the same procedures,
although a detectable activation may only be achieved with a higherintensity procedure and

may be confounded by exposureto longertermstressors.

Sympatho-adrenalreactivity has been identifiedas a correlate of personality and coping style
in human (Ormel et al., 2013) and rodent (Koolhaas et al., 2010) models, respectively
(reviewed in Section 1.3). Preliminary evidence suggests these links may be presentin the
horse as well (e.g. Visseretal., 2003; Momozawa et al., 2003; Fazio etal., 2013; Bohaketal.,
2017; reviewed in Section 1.4.4). However, a disconnect between behavioural and
physiological reactivity to challenges may confound this relationship (Yarnell, Hall and Billett,
2013; Squibb et al., 2018; Munsters et al., 2013b). The predictive validity of equine
personality assessment tools for physiological reactivity is an important outcome in terms of
welfare and has notyet been established forthe EPT. The aim of this study was therefore to

investigate whetherautonomicand HPA axis reactivity is a correlate of equine personality as
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measured by the EPT. To this end, horses were exposed to three test situations e xpected to
induce short-term mild stress responsesand commonly used in behaviour-based personality
assessment:anovelobject test,astartle testand a handling test (sham clipping). Mean heart
rate, heart rate variability and salivary cortisol responses to the tests were recorded and
compared with Equine Personality Test scores. Due to the links between Neuroticism and
sensitivity to threat, it was hypothesised that a positive relationship would be observed
between Neuroticism and SNS/HPA axis reactivity. In addition, due to the links proposed
between Extraversion scores and coping style, it was hypothesised that Extraversion would
be negatively linked with HPA axis reactivity. Agreeablenesswas also included in the analysis
because it is likely that working horses are selected on this factor; however, it was

hypothesised that this factor would not be linked with autonomic or HPA axis reactivity.
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4.2 METHODS

4.2.1 HORSES AND MANAGEMENT

Data was collected from 23 horses (15geldings, 8 mares; mean age 11.7+4.0 years) recruited
from Brackenhurst Equestrian Centre. Horses remained in their normalmanagement forthe
duration of the study. More details on horse demographics and management are available

in Chapter2.

4.2.2 REACTIVITYTESTS

4.22.1 Facilities

For the novel object and startle tests, baseline and recovery measurements were takenin
the horse’shome environment. Thesewere a3.5*4.1m stable in an American barn (n=20) or
a paddock with field shelter shared with a companion horse (n=4). The test arena was a
7.3*9.2m crew yard within an American barn, surfaced with rubber matting and wood
shavings (Figure 4.1a). It had three half board half railing walls and a full board wall with a
window to the outside. The window was closed during the novel object test but open during
the startle test. The test arena was familiar to all horses. In order to avoid social isolation
during the behavioural tests, two companion horses were placed in stables across the aisle
fromthe crew testarena. While within sight and hearing of the tested horse, they were ata

distance deemed sufficient to minimize any risk of emotional contagion (Figure 4.1d).

The sham clipping test was carried outin the horse’s home stables as described above (n=16)
or in a familiar 2.5*3.7m cross-tie stall in an American barn (n=4), depending on the usual
procedure followed to clip each horse. In both cases, companion horses were placed in

adjacent stables within sight and hearing of the tested horse to avoid social isolation.
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Test arena
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Assistant and hand-held
phone camera
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Figure 4.1 —The facilities used in the Novel Object and Startle tests: pictures of (a) the test arena, (b) the Novel Object, and(c) the umbrella used as the startling

stimulus; (d) schematic of the layout of the test arena and adjacent stables, including those used to house companion horses for the duration of the tests.
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4.2.2.2 Testprocedures

Ahead of all tests, horses were caught and loosely tethered in their home stables with a headcollar
and lead-rope. A saliva sample was taken to assess baseline salivary cortisol concentration; details and
justifications of sampling methods are available below in Section 4.2.2.4.1. Horses were then fitted
with a Polar RS800CX heart rate monitor (HRM) set to record continuous RRinterval data (Christensen
et al., 2014; Bohak et al., 2018). Similarly, further detail and justification on HRM use are available

below in Section 4.2.2.3. Test specific procedures then started.

42.2.2.1 Novelobjecttest procedure

Horses were led to the testarenaina headcollarand leadrope, thenreleased into the testarena.They
were then given 5 minutes to habituate to the arena with no interference from handlers (Lansade,
Bouissou and Erhard, 2008); this phase is referred to thereafteras the “Habituation phase”. 5 minutes
were considered sufficient to allow the horses to acclimate to their new surroundings, as releasing
horsesinto a familiar arena is not considered to be a stressorif there is no element of social isolation
(Le Scolan, Hausberger and Wolff, 1997). After habituation was complete, the handler entered the
test arena again. Horses was caught again and stood facing the arena door, away from the window.

Test proceduresthen started.

The procedure for the novel object test was adapted from Lansade, Bouissou and Erhard (2008) and
ljichi etal. (2013). While the horse was facing away from the window, anovelobject (yellow and green
inflatable garden toy: Figure 4.1b) was introduced through it into the test arena. Once the window
was closed again, the horse was released and the handler exited the testarena. The horse was then
left free to interact with the novel object for 5 minutes, with no interference from experimenters
(Lansade, Bouissou and Erhard, 2008; ljichi et al., 2013). This phase is referred to thereafter as the
“Test phase”. Afterthe end of the test phase, horses were caught, led back to their home stable and
loosely tethered while recovery monitoring was carried out.
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4.2.2.2.2 Startle test procedure

Horses were led to the test arenain a headcollar and leadrope, thenreleasedinto the testarena. As
in the Novel Object test, they were given 5 minutes with no interference from handlers to habituate
to their surroundings, including a closed black automatic umbrella (Figure 4.1c) held by the
experimenterthrough the open window (Lansade, Bouissou and Erhard, 2008). This phase is referred
to thereafteras the “Habituation phase”. After habituation was complete, a handlerentered the test

arena to catch the horse again and the test procedure started.

The procedure forthe startle test was adapted from Lansade, Bouissou and Erhard (2008) and ljichi et
al. (2013). Horses were led to a start line 1m away from the window (Lansade, Bouissou and Erhard,
2008). Handlers could not remain in the test arena during the startle for health & safety reasons. A
feed bucket containing a handful of concentrate pellets was therefore placed on the ground on the
start line to ensure horsesremained in a standardised position ahead of the startle. The handlerthen
exited the test arena. While the horses were feeding from the bucket, the umbrella was opened,
exposing the horses to a sudden visual and auditory stimulus. The distance from the window to the
start line was such that the umbrellawould open close to the horse’shead butcould not make contact.
The umbrella was closed again after 10 seconds and removed from the window opening. Horses
remained in the arena with no further interference for 5 minutes, with the opportunity to return to
the feed bucket (Lansade, Bouissou and Erhard, 2008). This phase is referred to thereafteras the “Test
phase”. Afterthe end of the 5 minutes test period, horses were caught, led back to theirhome stable

and loosely tethered while recovery monitoring was carried out.
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4.2.2.2.3 Shamclipping test procedure

The sham clipping procedure was adapted from Yarnell, Hall and Billett (2013). Horses were left
loosely tethered and undisturbed for a minimum of 5 minutes in the familiar environment in which
the test was carried out (home stable or cross ties) to record baseline state. This phase is referred to
thereafter as “Baseline”. After baseline measurements had been completed, a familiar handler
enteredthe testareaholdingelectric clippers with the blades removed. The sham clipping procedure
(thereafter “Test phase”)then began. The clippers were turned on and placed against 6 body sites for
1 minute each, in the following sequence: left shoulder, left flank, left hindquarter, right hindquarter,

right flank, and right shoulder. The clippers were then turned off and the handler exited the test area.

4.2.2.2.4 Recovery measures

Following all tests, the heart rate monitor was turned off and removed. Saliva samples for salivary
cortisol concentration analysis were taken 10, 15, 30 and 45 minutes after exposure to the stressor
(Hall, Kay and Yarnell, 2014). These timings were chosen to reflectthe 10 to 20-minute delay needed
for plasma cortisol increases to be reflected in salivary cortisol (Peetersetal., 2011; Yarnell, Hall and
Billett, 2013), as well as individual variations in the time needed to reach peak cortisol concentration

following exposure to a stressor (Hall, Kay and Yarnell, 2014; Yarnell, Hall and Billett, 2013).

4.2.2.3 Autonomic responses to the test situations

RR intervals were recorded continuously using a Polar RS800CX heart rate monitor (Christensen etal,
2014; Bohak et al., 2018). This consisted of an elasticated electrode belt with a transmitter attached,
and a receiver watch on which recordings were stored. The electrode belt with its transmitter was
fastened around the thorax so that electrodes were on the left-hand side of the rib cage, with the

lowest point of the electrode band aligned with the point of the elbow (Figure 4.2: Yarnell, Hall and
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Billett, 2013; ljichi et al., 2020). The horses’ coat was soaked with warm water at the site of the
electrodes (Squibb et al., 2018) and Spectra 360 electrode gel (Parker Laboratories) was applied to the
electrode belt to improve conduction (Stucke et al., 2015). The watch receiver was fastened to the
horse’s headcollar so that it remained within close range of the transmitter to ensure continuous

transmission (Figure 4.2: Squibb et al., 2018; ljichi et al., 2020).

Figure 4.2 — Pictures showing the typical placement of the Polar RS800CX heart rate monitor on
subjects. The elasticated sensor belt was placed around the thorax so that the lowest point of the
electrode band aligned with the point of the elbow. The watch receiver was attached to the headcollar

to ensure continuous transmission from the sensor.

Following completion of the tests, RR interval recordings were saved onto a PC through the Polar
interface software. They were then processed using Kubios HRV Standard 3.1.0 (Department of
Applied Physics, University of Kuopio, Finland). In accordance with the procedure used in previous
equine studies, artefactsinthe RR interval data were corrected using the Artifact Correction function

with a custom threshold of 0.3 (Squibb et al., 2018; ljichi et al., 2020; llle etal., 2014).

Autonomicresponsesto the testsituations were assessed using cardiac parameters (Von Borelletal.,
2007). Mean heart rate (mean HR) was used as an indicator of sympathetic responses to the test
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situations (Von Borell et al., 2007). In addition, the root mean square of successive differencesin RR
intervals (RMSSD) was used as an indicator of rapid changes in cardiac activity, reflecting
parasympathetic responses (Von Borell et al., 2007). Heart rate variability parameters vary with
recording length (Task Force, 1996); mean HR and RMSSD were therefore analysed from a
standardised recording duration forallhorses, phases and tests to ensure comparability. Five minutes
is the recommended duration to observe short term autonomicresponses (Task Force, 1996) and this
corresponded wellwith the timings of the habituation and test procedures used here. Therefore, for
the NovelObject and Startle tests, mean HR and RMSSD were taken from the two 5-minute sections
of RR recording correspondingto the Habituation phase and the Test phase (Table 4.1). For the Sham
Clipping test, mean HR and RMSSD were taken from the two 5-minute sections of RR recording
correspondingtothe Baseline phase and the first 5 minutes of the Test phase (Table 4.1). For all three
tests, the mean HR response to the test situation (AHR) was defined as the difference between mean
HR during the test and mean HR during Habituation/at baseline (Table 4.1). Similarly, the RMSSD
response to the test situation (ARMSSD) was defined as the difference between RMSSD during the

testand RMSSD during Habituation/at baseline (Table 4.1).

4.2.2.4 HPA axis responses to the test situations

4.2.2.4.1 Sampling and assay materials

Salivettes (Sarstedt, UK) were adapted for usein horses by sewing a cotton thread through them which
could be held by the handler to prevent swallowing (Yarnell, Hall and Billett, 2013). Saliva samples
were taken by placing the Salivettes in the oral cavity for a minimum of 30 seconds (Yarnell, Hall and
Billett, 2013). Aftersampling, Salivettes were keptonice in a cool box fora maximum of 4 hours, then
frozen at -20°C until the time of analysis (Yarnell, Hall and Billett, 2013; Pierard et al., 2015). Once
defrosted, they were centrifuged at 3500RCF for 30 minutes to retrieve saliva. Centrifugation speed

and duration was adapted to ensure an adequate sample was retrieved from all Salivettes. Salivary
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cortisol concentration was assayed using a commercial high-sensitivity enzyme immunoassay (EIA) kit
(Expanded Range High Sensitivity Salivary Cortisol Enzyme Immunoassay Kit, Salimetrics, USA).
Although it is designed for use in humans, this assay kit has been validated for use in horses and is
frequently used in equine studies (e.g. Shanahan, 2003; Ellis et al., 2014; Sauer et al., 2019; Mott,
Hawthorne and McBride, 2020). A total of nine kits were used to process the samples. In accordance
with the manufacturer’s instructions, the kits were placed in a fridge at 2-8°C immediately upon

reception and stored there until 2 hours before the assays were carried out (Salimetrics, 2019).

4.2.2.4.2 Generalprinciples of EIA assays

Cortisol present in the sample and cortisol conjugated with horseradish peroxidase (HRP) competes
to bind onto a coating of anti-cortisol antibodies at the bottom of the microtitre wells. HRP is an
enzyme that catalyses an oxidative reaction between hydrogen peroxide and 3,3',5,5'-
Tetramethylbenzidine (TMB), a chromogenic substrate. After addition of a solution of TMB and
hydrogen peroxide to the wells, this reaction produces a blue compound, TMB diimine. The reaction
can be halted with the addition of methasulfonic acid, which turns TMB diimine yellow. The
absorbance of the resulting solution can be read at 450nm using a spectrophotometer,andis inversely

proportional to the concentration of cortisol in the sample beingassayed (Volpe etal., 1998).

Six Standards (cortisol solutions of known concentrations supplied by the manufacturer) are used to
convertabsorbance values for each well into cortisol concentrations (pug/dL). In addition, three types
of wells are used for quality control. High and Low Controls are cortisol solutions of unknown
concentrations supplied by the manufacturers; for the assay to be valid their computed
concentrations must fall within a range supplied by the assay documentation. Blank and Non-Specific
binding wells are used to ensure the specificity of the assay. Blanks are wells coated with antibodies

in which no sample containing cortisol is added, aiming to ensure that none of the assay reagents
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binds to the anti-cortisol antibodies. Non-specific Binding wells are wells that are not coated with

antibodies, aiming to ensure that none of the assay reagents bind to wells themselves.

4.2.2.4.3 EIA protocol

A protocol supplied by the manufacturer was followed to carry out the EIA assay (Salimetrics, 2019).
All procedures below are as described by Salimetrics (2019). In preparation for the assay, the
microtitre plate and reagents were broughtto roomtemperature for 1.5hours. 500mL of assay buffer
were prepared by diluting 5mL of Wash Buffer Concentrate tenfold in deionized water. A plate layout
was drawn, including Standards, Controls, Blanks, Non-Specific Binding wells and samples; all were

run in duplicate to account forassay variability and allow calculation of assay precision ( Figure 4.3).

25uL of each Standard, Control and sample were pipetted into the appropriate wells, following the
pre-determined plate layout (Figure 4.3). 25uL of pure assay diluent was added to the Zero and Non-
Selective Binding wells. 15uL of enzyme conjugate (a solution containing cortisol conjugated with
horseradish peroxidase)was then diluted into 24mL of assay diluentand 200pL of the diluted enzyme
conjugate solution pipetted into each well. The plate was shakenfor 5 minutes at 500rpm on an EIA
plate rotator (PMS-1000i, Grant Instruments, UK), then left to incubate at room temperature for 1
hour. During the incubation period, the cortisol present in the samples and HRP-conjugated cortisol

compete to bind onto the anti-cortisol antibodies coating the microtitre wells.

The contents of the plate were then emptied overa sink and the plate was washed 4 times with the
diluted wash buffer, thenblotted dry. 200uL of TMB Substrate solution, containing TMB and hydrogen
peroxide, was pipettedinto each well. Contact with HRP catalyses an oxidative reaction between those

two substrates that produces ablue compound, TMB diimine.

The plate was mixed for 5 minutes at 500rpm on the plate rotator, then left to incubate for a further

25 minutes at room temperature inits foil pouch. 50uL of Stop Solution, containing methanesulfonic
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acid, were pipetted into each well. The plate was mixed for 3 minutes at 500rpm on the plate rotator,
thenread at an absorbance of 450nm in a plate reader (Multiskan FC, Thermo Scientific, US) within 10
minutes of adding the Stop Solution. For each plate, raw absorbance data and calculated

concentration data were exported from the plate reader onto a PC forfurtheranalysis.

A | Std1l Stdl | CtrlH | CtrlH S7 S7 S15 | S15 | S23 | S23 | S31 | S31

B | Std2 Std 2 CtrlL | CtrlL S8 S8 | S16 | S16 | S24 | S24 | S32 | S32

C Std 3 Std 3 S1 S1 S9 S9 S17 | S17 | S25 | S25 | S33 | S33
D | Std4 | Std4 S2 S2 S10 | S10 | S18 | S18 | S26 | S26 | S34 | S34
E Std 5 Std 5 S3 S3 S11 | S11 | S19 | S19 | S27 | S27 | S35 | S35
F Stdé | Std6 S4 S4 S12 | S12 | S20 | S20 | S28 | S28 | S36 | S36
G | Blank | Blank S5 S5 S13 | S13 | S21 | S21 | S29 | S29 | S37 | S37
H NSB NSB S6 S6 S14 | S14 | S22 | S22 | S30 | S30 | S38 | S38

Figure 4.3 — Layout of the 96 wells microtitre plates used for cortisol EIA assays, with (blue) the six
Standards, (light green) Blanks, (dark green) Non-specific Binding wells, (light yellow) High Control,

(darkyellow) Low Controland (grey) the 38 samples all assayed in duplicate.

4.2.2.4.4 Precision of assay

Atotal of 9 ELISA plates were used to assay the samples from the three behaviouraltests, with 3 plates
usedforeach test. Intra- and inter-assay coefficients of variation (CV) were calculated to evaluate the
repeatability of the EIA assay results. The EIA kit supplier recommends considering intra-assay CV
lower than 10% and inter-assay CVs lower than 15% as acceptable (Salimetrics, 2020). In the equine
literature, a similar range of intra- and inter-assay CVs are considered acceptable when assaying
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salivary cortisol concentration (Ellis et al., 2014). For the Novel Object test, the intra-assay CV across
all samples was 9.59% while the inter-assay CV between the three EIA plates was 6.31%. For the Startle
testtheintra-assay CV across all samples was 11.08%, while the inter-assay CV between the three EIA
plates was 14.99%. For the Sham Clipping test, the intra-assay CV across all samples was 10.27%, while
the inter-assay CV betweenthe three EIA plates was 6.41%. Therefore, inter-assay CVsindicate good

reliability, eventhoughintra-assay CVs are close to the upperacceptable limit.

For each test, baseline and peak salivary cortisol concentrations were determined, defined as the
concentration immediately before the test, and the maximum concentration between 10 and 45
minutes post-test respectively (Khoury et al., 2015) (Table 4.1). The salivary cortisol response to the
test (ACORT) was then defined as the difference between peak salivary cortisol concentration post-

testand salivary cortisol concentration at baseline (Khoury etal., 2015) (Table 4.1).

94



Table 4.1 —Summary table of all physiological measures taken to describe autonomic and HPA axis responses to the three reactivity tests.

Test situation Physiological variable  Notation Timing and context of measure
Novel Objecttest MeanHR HRNo Hab Mean HR measured duringthe 5 minutes Habituation phase in the testarena, pre-test
HRNo Test Mean HR measured during the 5 minutes exposure tothe NovelObjectinthe testarena
AHRyo Mean HRresponse to the Novel Object test: AHRyo = HRyo 1est - HRno Hab
RMSSD RMSSDyouas  RMSSD measured duringthe 5 minutes Habituation phase in the testarena, pre-test
RMSSDyotess RMSSDmeasured duringthe 5 minutes exposure to the Novel Objectinthe testarena
ARMSSD, o RMSSD response to the Novel Object test: ARMSSDyo = RMSSDyg 7est - RMSSDyo nan
Salivary cortisol CORTyo Bas Salivary cortisol at restin the home environment, before the start of all procedures
CORTyo,peak Maximum salivary cortisol from samples taken 10, 15, 30 and 45 minutes post-test
ACORTyo Salivary cortisol response to the Novel Object test: ACORTyo = CORTyo 1est - CORTno Hab
Startle test Mean HR HRs7 hab Mean HR measured duringthe 5 minutes Habituation phase in the testarena, pre-test
HRs7 Test Mean HR measured duringthe 5 minutes immediately post-startle in the testarena
AHRg Mean HRresponse to the Startle test: AHRs;= HRsrrest - HRsrpab
RMSSD RMSSDesr b RMSSD measured duringthe 5 minutes Habituation phase in the testarena, pre-test
RMSSDsrrest  RMSSD measured duringthe 5 minutesimmediately post-startle inthe testarena
ARMSSDg; RMSSD response to the Startle test: ARMSSDs; = RMSSDs; es: . RMSSDsr
Salivary cortisol CORTs1gas Salivary cortisol at restin the home environment, before the start of all procedures
CORTsrpeak Maximum salivary cortisol from samplestaken 10, 15, 30, and 45 minutes post-test
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ACORT;

Salivary cortisol response to the Startle test: ACORTs; = CORTsrrest - CORTsrpan

Sham Clipping

Mean HR

RMSSD

Salivary cortisol

HRc1 pas

HRcp Test
AHR(,
RMSSD¢, gas
RMSSDc¢/ test
ARMSSD¢,
CORTLpas
CORTeL peak
ACORT,

Mean HR at restduring the 5 minutes baseline, before sham clipping

Mean HR during the first 5 minutes of the sham clipping procedure

Mean HRresponse to Sham Clipping: AHR, = HR¢ test- HRcygas

RMSSD at rest during the 5 minutes baseline, before sham clipping

RMSSD during the first 5 minutes of the sham clipping procedure

RMSSD response to Sham Clipping: ARMSSD¢, = RMSSD, rest - RMSSD¢ gas

Salivary cortisol at restin the home environment, before the start of all procedures
Maximum salivary cortisol from samplestaken 10, 15, 30 and 45 minutes post-test

Salivary cortisol response to Sham Clipping: ACORT, = CORT¢ test - CORTcp b

96



4.2.3 PERSONALITY DATA

Personality scores were obtained for all horses in the sample using the Equine Personality
Test (EPT: previously used and validated in ljichi et al., 2013). This questionnaire uses
subjective trait ratings by a familiar handler to assign a horse with a continuous score
between 1 and 5 on five equine personality factors: Agreeableness, Neuroticism,
Extraversion, Gregariousness towards People, and Gregariousness towards Horses. Here,
ratings were provided forallhorses by the same 3 primary caregivers, who had been familiar
with the horses for a minimum of a year at the time of assessment. Questionnaires were
scored for each rater individually, and for each horse the scores given by the 3 raters were
then averaged to obtain the final set of personality scores used in the analysis. Further details
on questionnaire items, scoring methods, and validity and reliability of the Equine
Personality Test are available in Chapter 3 - Internal consistency and reliability of the Equine

Personality Test.

4.2.4 STATISTICAL ANALYSIS

All statistical analysis was carried out using R (version 3.6.1; R Core Team, 2019). Figures

were generated using the R package ggpubr(Alboukadel, 2020).

4.2.4.1 Relationship between physiological stress sensitivity and personality

Neitherautonomic nor HPA responses were consistent across test situations (see Appendix
A: Consistency of autonomic and HPA axis responses across test situations). Therefore, the
responsestoeachtestwere considered separately, ratherthan as an average across the test
situations. A correlation analysis was used to explore whether autonomic and HPA axis

reactivity to challenges could be identified as a correlate of personality. The main
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physiological variables of interest for this chapter were the mean HR, RMSSD and salivary
cortisol responses to each test (AHR, ARMSSD and ACORT), rather than the absolute value of
those physiological parameters during the tests. This is because responses to species-specific
challenges, rather than absolute values, are generally used in human and rodent studies
documenting links between autonomic and HPA axis reactivity to challenges and personality
in those species (reviewed in e.g. Chida and Hamer, 2008; Koolhaas et al., 2010; Ormeletal.,

2013).

Personality scores, as well as the responses for each variable and test were tested for
normality using Shapiro-Wilk tests (Field, 2009); most variables proved to vary significantly
from the normaldistribution. Spearman correlations were therefore used throughout to test
the hypotheses linking physiological stress sensitivity to Neuroticism, Extraversion and
Agreeableness. The Benjamini-Hochberg procedure was used to minimize the number of
Type | errors associated with multiple testing, with the false discovery rate fixed at 10%
(Benjaminiand Hochberg, 1995). For each correlation, both uncorrected (p) and Benjamini-

Hochbergadjusted (adj. p) p values are reported.

Correlation analyses are limited, as potential confounding factors cannot be accounted for
in the analysis. For this reason, prior to settling for this approach, attempts were made to
analyse the data using a modelling approach. For each physiological variable, a linear mixed
modelwas to be used to explain values of the variables in the test as a function of test type,
value of the variable at baseline and personality scores, with horse included as a random
term. However, data exploration (Zuur, leno and Elphick, 2010) revealed that the data failed
to meet some model assumptions and/or unsatisfactory distribution of the residuals
indicating inadequate model fit were observed. This modelling approach was therefore

abandoned, and simple correlations were used instead.
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4.2.4.2 Physiological responses to the test situations

It has previously been hypothesised that relationships between physiological responses to
stressors and personality traits such as fearfulness may only be apparent when the stressors
induce a sufficiently strong physiological response (Christensen, Keeling and Nielsen, 2005).
Therefore, the impact of the test situations on physiological variables was assessed, in order
to inform the interpretation of the results of the correlation analysis between physiological
responses and personality. This was done by comparing mean heart rate, RMSSD and salivary
cortisol at baseline and after exposure to the stressors. For each pair of variables, Shapiro-
Wilk tests were used to test the normality of the residuals, defined as the difference between
the two paired variables (Field, 2009). Wilcoxon signed rank tests were used to compare
baseline and post-test readings when residuals were not normal (Field, 2009). When they

were, paired T Tests were used instead (Field, 2009).

4.2.5 ETHICALAPPROVAL

The protocol used for this study was reviewed by Nottingham Trent University’s School of
ARES Ethical Review Board. It received ethical approval on 21/05/2018 (project reference
number ARE785). In accordance with the protocol, the yard manager confirmed the horses
used were suitable to be exposed to the behavioural tests. An independent observer with
investment in the study monitored the horses during both behavioural tests and had the
authority to halt proceedings at any point should they feel it was necessary to safeguard

welfare.
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4.3 RESULTS

4.3.1 RELATIONSHIP BETWEEN PHYSIOLOGICAL STRESS SENSITIVITY AND

PERSONALITY

43.1.1 Neuroticism
Neuroticism scores were not significantly correlated with either HPA axis or autonomic

reactivity in any of the three test situations (Table 4.2).

43.1.1.1 Mean heartrate

The mean heart rate response to the test situation was not significantly correlated with
Neuroticismin the Novel Objecttest (n=23, r= -0.071, adj. p= 0.747), the Startle test (n=23,

r=0.192, adj. p= 0.578) or the Sham Clipping test (n=20, r=-0.094, adj. p=0.868).

4.3.1.1.2 Heart rate variability

The RMSSD response to the test situation was not significantly correlated with Neuroticism
in the Novel Object test (n=23, r=-0.074, adj. p= 0.747), the Startle test (n=23, r=-0.190, adj.

p=0.578) or the Sham Clipping test(n=20, r= -0.103, adj. p= 0.868).

4.3.1.1.3 Salivary cortisol concentration

The salivary cortisol response to the test situation was not significantly correlated with
Neuroticismin the Novel Object test (n=23, r= 0.076, adj. p=0.747), the Startle test (n=23, r=

-0.058, adj. p= 0.792) or the Sham Clipping test (n=20, r= -0.037, adj. p= 0.868).
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Table 4.2 - Summary of Spearman rank correlations between Neuroticism scores and
physiological changes in response to each of the three test situations. Both original and

Benjamini-Hochberg adjusted (false discovery rate = 10%) p values are presented.

Test Physiologicalresponse N Rho pvalue Adjustedp value
Novel Object AHR 23 -0.071 0.747 0.747
ARMSSD 23 -0.074 0.738 0.747
ACORT 23 0.076  0.729 0.747
Startle test AHR 23 0192 0381 0.578
ARMSSD 23 -0.190 0.386 0.578
ACORT 23  -0.058 0.792 0.792
Sham Clipping AHR 20 -0.094 0.669 0.868
ARMSSD 20 -0.103 0.641 0.868
ACORT 20 -0.037 0.868 0.868

43.1.2 Extraversion
Extraversion scores were not significantly correlated with either HPA axis or autonomic

reactivity in any of the three test situations (Table 4.3).

43.1.2.1 Mean heartrate

The mean heart rate response to the test situation was not significantly correlated with
Extraversion in the Novel Object test (n=23, r= 0.061, adj. p= 0.782), the Startle test (n=23,

r=-0.111, adj. p=0.861) or the Sham Clipping test (n=20, r= -0.176, adj. p= 0.421).
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4.3.1.2.2 Heart rate variability

The RMSSDresponse to the test situation was not significantly correlated with Extraversion
in the Novel Object test (n=23, r= 0.084, adj. p= 0.782), the Startle test (n=23, r= 0.039, adj.

p=0.861) or the Sham Clipping test (n=20, r=-0.195, adj. p= 0.421).

4.3.1.2.3 Salivary cortisol concentration

The salivary cortisol response to the test situation was not significantly correlated with
Extraversionin the Novel Objecttest (n=23, r=-0.153, adj. p= 0.782), the Startle test (n=23,

r=0.133, adj. p= 0.861) or the Sham Clipping test (n=20, r=-0.264, adj. p=0.421).

Table 4.3 — Summary of Spearman rank correlations between Extraversion scores and
physiological changes in response to each of the three test situations. Both original and

Benjamini-Hochberg adjusted (false discovery rate = 10%) p values are presented.

Test Physiological response N Rho pvalue Adjustedp value
Novel Object AHR 23 0.061 0.782 0.782
ARMSSD 23 0.084 0.703 0.782
ACORT 23 -0.153 0.486 0.782
Startle test AHR 23 -0.111 0.613 0.861
ARMSSD 23 0.039 0.861 0.861
ACORT 23 0.133 0545 0.861
Sham Clipping  AHR 20 -0.176 0.421 0.421
ARMSSD 20 -0.195 0.373 0.421
ACORT 20 -0.264 0.224 0.421
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43.1.3 Agreeableness

Agreeableness scores were not significantly correlated with either HPA axis or autonomic

reactivity in any of the three testsituations (Table 4.4).

4.3.1.3.1 Mean heartrate

The mean heart rate response to the test situation was not significantly correlated with
Agreeablenessin the Novel Object test (n=23, r=-0.272, adj. p= 0.314), the Startle test (n=23,

r=-0.143, adj. p=0.789) or the Sham Clipping test (n=20, r= 0.030, adj. p=0.893).

4.3.1.3.2 Heart rate variability

The RMSSD response to the test situation was not significantly correlated with
Agreeablenessin the Novel Objecttest (n=23, r= 0.377, adj. p=0.229), the Startle test (n=23,

r=0.121, adj. p= 0.789) or the Sham Clipping test (n=20, r= 0.316, adj. p= 0.425).

4.3.1.3.3 Salivary cortisol concentration

The salivary cortisol response to the test situation was not significantly correlated with
Agreeablenessin the Novel Object test (n=23, r=-0.202, adj. p= 0.356), the Startle test (n=23,

r=0.059, adj. p= 0.789) or the Sham Clipping test (n=20, r= -0.068, adj. p=0.893).

Table 4.4 - Summary of Spearman rank correlations between Agreeableness scores and
physiological changes in response to each of the three test situations. Both original and

Benjamini-Hochberg adjusted (false discovery rate = 10%) p values are presented.
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Test Physiological response N r pvalue Adjustedp value
Novel Object AHR 23 -0.272 0.210 0.314
ARMSSD 23 0.377 0.076 0.229
ACORT 23 -0.202 0.356 0.356
Startle AHR 23 -0.143 0.516 0.789
ARMSSD 23 0121  0.582 0.789
ACORT 23 0.059 0.789 0.789
Sham Clipping  AHR 20 0.030 0.893 0.893
ARMSSD 20 0.316 0.142 0.425
ACORT 20 -0.068 0.758 0.893

4.3.2 PHYSIOLOGICAL RESPONSES TO THE TEST SITUATIONS

43.2.1 NovelObject test

The Novel Object test did not have a significant effect on any of the physiological variables

measured when compared to the Habituation period in the test arena (Figure 4.4).

The mean heartrate during the Novel Objecttest (mean* SD: 50.46 *+ 11.99 bpm) was not

significantly different from the mean heart rate during habituation (mean+SD: 47.82+12.53

bpm) (Paired T test: t,,=0.97, p=0.342). In addition, RMSSD during the Novel Object test

(mean£SD:72.23 £ 17.23 ms) was not significantly different from RMSSD during habituation

(mean+SD: 75.39 * 26.75 ms) (Paired T test: t,,=-0.66, p=0.517).

Peak salivary cortisol concentration after exposure to the Novel Object test (mean * SD:

0.144 + 0.045 pg/dL) was not significantly different from salivary cortisol concentration at

baseline immediately before the test (mean + SD: 0.119 + 0.032 pg/dL) (Wilcoxon test:

W=159, p=0.135).
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4.3.2.2 Sham clipping test

The Sham Clipping test did not have a significant effect on any of the physiological variables

measured when compared to a baseline when loosely tethered in the stable (Figure 4.4).

The mean heartrate during the Sham Clipping test (mean  SD: 36.97 + 10.05 bpm) was not
significantly differentfrom mean heart rate at baseline immediately before the test (meant
SD: 37.04 +7.83 bpm) (Wilcoxon test: W=97, p=0.722). In addition, RMSSD during the Sham
Clipping test (mean % SD: 87.23 + 35.91 ms?) was not significantly different from RMSSD at
baseline immediately beforethe test (mean+ SD: 83.61 + 40.18 ms?) (Wilcoxon test: W=107,

p=0.955).

Peak salivary cortisol concentration after exposure to the Sham Clipping test (mean * SD:
0.099 + 0.033 pg/dL) was not significantly different from salivary cortisol concentration at

baseline before thetest (mean+SD:0.088+ 0.026 ug/dL) (Paired Ttest: t,4=-1.542, p=0.139).

432.3 Startletest
The Startle test did not have a significant effect on any of the physiological variables

measured when compared to the Habituation period in the test arena (Figure 4.4).

The mean heart rate during the Startle test (mean + SD: 53.01 + 7.26 bpm) was significantly
higherthan the mean heartrate during habituation (mean +SD: 47.82 +4.62 bpm) (Paired T
test:t,,=2.87, p=0.009). In addition, RMSSD during the Startle test (mean £ SD: 65.19 + 17.79
ms?) was significantly lowerthan RMSSD during habituation (mean * SD: 77.95 + 22.82 ms?)

(Wilcoxon test: W=34, p=0.002).
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Peak salivary cortisol concentration after exposure to the Novel Object test (mean £ SD:

0.078 + 0.026 pg/dL) was not significantly different from salivary cortisol concentration at

baseline before the test (mean +SD: 0.067 + 0.023 pg/dL) (Paired T test: t,,=1.51, p=0.144).
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three test situations used.
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4.4 DISCUSSION

Autonomicand HPA axis reactivity to stressors has been associated with personality in both
human and rodent models (Ormel et al., 2013; Koolhaas et al., 2010). However, in horses,
only tentative evidence is currently available to support a link between personality
dimensions such as Neuroticism and Extraversion, and the sensitivity of physiological
systemstothreat (Visseretal., 2003; Momozawa et al., 2003; Fazio etal., 2013; Bohaketal.,
2017). This is an important outcome from an applied point of view as evidence suggests that
the overt behavioural signs of stress predicted by those personality factors (ljichietal., 2013)
may be a poor reflection of physiological states (Squibb et al., 2018). Therefore, clarifying the
link between autonomic and HPA axis reactivity and personality is crucial to better
understand whether horses selected for their desirable personality also have low
physiological stress sensitivity, rather than a more passive behavioural expression of
negative states. Therefore, this study aimed to explore whether the Neuroticism,
Extraversion and Agreeableness as measured by the EPT were linked with physiological stress
sensitivity. To this end, riding school horses (n=23) were exposed to mildly aversive
behavioural test situations and their autonomic and HPA axis reactivity were monitored,
through changesin heart rate variability and salivary cortisol respectively. The data did not
support any of the hypothesised links between personality and autonomic and HPA axis
reactivity. This suggests that personality dimensions that have been shown to reflect overt
stress-related behaviour in the horse may nevertheless not give a clear insight into

physiological stress reactivity.

The correlation analysis revealed no links between personality factors and autonomic or HPA
axis reactivity in any of the test situations. The lack of relationship between Agreeableness
and physiological stress reactivity is in line with the hypothesis poroposed for this factor. It

is also coherent with previous results that evidenced no links between Agreeableness as
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measured by the EPT and behavioural responses to similar behavioural tests (ljichi et al.,
2013). Although the lack of relationship between physiological reactivity and Extraversion
contradicts the hypothesis proposed for this factor, there are currently no comparable
results in the equine literature that could be used to evaluate its reliability. The lack of
relationship between physiological stress reactivity and Neuroticism contradicts theoretical
frameworks of Neuroticism in other species (Ormel et al., 2013). However, in light of pre-
existing evidence in the domestichorse, it is not wholly unexpected. While some studies do
documentalink between autonomic reactivity and Neuroticism-like equine personality traits
(Visseretal., 2003; Momozawa etal., 2003; Koénigvon Borsteletal., 2011), it should be noted
that none used the EPT to obtain their measure of trait-stress sensitivity. The discrepancies
between the nullfinding presented here and those by Momozawa et al. (2003), Visser et al.
(2003) and Konig von Borstel et al. (2011) could therefore be due to differences in the
underlying construct measured by EPT-Neuroticism, as opposed to the anxiety/fearfulness
constructs measured in those studies. Other studies suggest there may not be a consistent
link between behaviouraland physiological reactivity to stressors in the horse (Munsters et
al., 2013b; Yarnell, Hall and Billett, 2013; Squibb et al., 2018). EPT-Neuroticism is assessed on
the basis of behavioural reactivity to stressors (ljichi et al., 2013); therefore, the lack of
relationship between physiological stress reactivity and Neuroticism documented here is

coherentwith these findings.

From an applied point of view, the lack of correlation between physiological responses to
the test situations and personality scores suggests thatthe EPT cannot be used to predict the
intensity of physiological responses to challenges, even though it has predictive validity for
behavioural responses to similar challenges (ljichi et al., 2013). If the EPT does not have
predictive validity for physiological stress responses, then selecting horses for specific roles
or lifestyles on the basis of the EPT may not be enough to reduce the risk of negative welfare

consequences linked with prolonged or repeated activation of the physiological stress
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response (Khansari, Murgo and Faith, 1990; Sapolsky, Romero and Munck, 2000). Therefore,
furtherresearchis needed to confirm the absence of a link between personality as assessed
by the EPT and physiological stress reactivity, as it hasimportantimplications in terms of the

practical applicability of the EPT.

It should be noted that this study presents a number of limitations. First, the test situations
used elicited only a very mild aversive response from the horses in the sample. Salivary
cortisol concentration was not significantly affected by any of the test situations, indicating
that there was no detectable HPA axis response to the behavioural tests. This is in line with
emerging findings suggesting that short-term exposure to mild stressors such as a novel or
startling stimulus may not be sufficient to elicit measurable plasma cortisol responses (Noble
et al., 2013; Villas-Boas et al., 2016; Minero, Zucca and Canali, 2006) or on salivary cortisol
responses (ljichietal., 2020) in the domestic horse. Limited autonomic responses were also
observed. As hypothesised andin line with previous findings in the horse (Kénigvon Borstel
et al., 2011; Safryghin, Hebesberger and Wascher, 2019), the Startle test did prompt a
significantincrease in mean HR and decrease in RMSSD, consistent with physiological arousal
(Von Borell et al., 2007). However, in contradiction with hypotheses, the Novel Object test
and Sham Clipping procedure failed to induce changes in autonomic activity. This is
unexpectedas significant autonomicresponses indicative of an arousal/stress response have
beenreported whenhorsesare exposed to novel stimuli (e.g. Visser et al., 2002; Christensen,
Keelingand Nielsen, 2005; Mccall et al., 2006; Safryghin, Hebesbergerand Wascher, 2019),
or a sham clipping procedure (Yarnell, Hall and Billett, 2013). Therefore, the test situations
triggered an unexpectedly low physiological stress response in the sample recruited for this
project. It has been suggested that relationships between heart rate reactivity and

behavioural responses indicative of fearfulness may only be apparent when the test
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situations induce a sufficiently strong heartrate response (Christensen, Keeling and Nielsen,
2005). Therefore, the limited aversiveness of the test situations may contribute to explain
the unexpected lack of relationship observed between physiological responses and

Neuroticism.

The limited physiological responses to the test situations observed may be linked in part with
ethical considerations thatimpacted the experimental design and sample used in this study.
For ethicalreasons, only very mild stressors could be used, with controlmeasuresin place to
limit the impact of the procedures. In particular, companion horses were placed in
neighbouring stables to limit any impact of social isolation in all test situations. However, the
presence of a calm individual has been shown to reduce fear responses toa novel objectin
a naive horse (Christensen et al., 2008). Although companions were not placed in the test
arenaalongside the tested horse, nearby social support might have helped bufferresponses
to the testsituation regardless. Interestingly, recent evidence suggests that social buffering
decreases the fear response to a novel, but not sudden stimulus (Ricci-Bonot et al., 2021).
This might contribute to explain why autonomicresponses were observed in the Startle test,
but not the Novel Object test. In addition, the selection of horses used for these studies did
not include any deemed likely to be distressed by the situation. In particular, horses known
to be non-compliant with clipping were excluded, unlike in the study conducted by Yarnell
et al. (2013) which included both compliant and non-compliant horses. When these groups
were considered separately, compliant horses showed a mild decrease, rather than an
increase in mean HR during the procedure (Yarnell, Hall and Billett, 2013), in line with the
findings of this chapter. Standardised tests were chosen here over opportunistic data
collection as they allow for better standardisation of measurements. However, this result
suggests that the impact of ethical restrictions on the aversivenessof the test situations may
limit their relevance in the context of this study. Therefore, future research may instead

consider the use of opportunistic data collection during routine husbandry procedures
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known to trigger strong physiological responses (e.g.trailer loading: Shanahan, 2003;
travelling: Fazio et al., 2013) in order to ethically document physiological reactivity to more

highly aversive situations.

Sample characteristics may also have contributed to explain the limited physiological
responses observed. The sample recruited for this project consisted of mature riding school
horses belonging to a university teaching and research herd. As such, these horses were
routinely exposed to a wide range of novelstimulias part of their normal working lives. They
also regularly took part in novelty testing for research purposes. By contrast, the samples
used in most studies documenting much clearer physiological responses to similar test
situations (e.g. Visser etal., 2002; Christensen, Keelingand Nielsen, 2005) consisted of young
horses up to 2 years of age, that had received little or no previous handling. This difference
in sample demographic and life experience may contribute to explain the difference in
responses observed. Indeed, older horses in some samples have been shown to display less
pronounced behavioural responses when exposed to a novel stimulus, although their
physiological responses were not tested (Bulens et al., 2015). In addition, horses may be
capable of a degree of generalisation after habituation to a novel object, which dampens
behavioural and physiological responses to further novelty (Christensen, Zharkikh and
Chovaux, 2011). While the horses were naive to the specific object used in this study, it
cannot be ruled out that some, or all, had previously been exposed to an object similar
enough to enable generalisation. Therefore, sample characteristics might in part contribute
to explain the unexpectedlack of physiological response to the Sham Clipping and Novel

Object test, and the comparatively mild response to the Startle test.

In addition to the limiting factors linked with ethical considerations and sample
demographics, this study is limited by the reliability of the methods used to assess

physiological responses to the test situations. Firstly, electrocardiogram (ECG), rather than
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HRM, is considered the gold standard measure for inter-beat intervals (Von Borell et al.,
2007; Parkeretal., 2009). However, due to their affordability HRMs are most frequently used
to monitor cardiac responses in equine welfare studies (Stucke et al., 2015). Similarly,
affordability and availability guided the choice of using HRMs in the present study.
Nevertheless, only limited evidence is available to support the validity of HRM data against
the gold standard of ECG in equines (llle et al., 2014; Lenoir et al., 2017; Parker et al., 2009).
Accordingly, the RR traces obtained in the present study appeared very artefact-rich,
although the absence of an ECG trace made it impossible to identify artefactual measures
with certainty (Von Borell et al., 2007). Good agreement has been found between HRM and
ECG data when the horse is stationary (Parker et al., 2009; llle et al., 2014). However,
agreement is more limited when the horses is in movement, and decreases as movement
increases (Parker et al., 2009; Lenoir et al., 2017). Here, the horses were restrained during
the Sham Clipping test but were free to move around a small test arena (7.3*9.2m) in the
Novel Object and Startle test. Therefore, although movement was limited to a walk due to
the confined space (Stucke etal., 2015), it may have contributed to the high density of data

points likely to be artefacts.

Inaddition to movement,anumber of otherfactors outside of theauthor’s control may have
contributed to the limited quality of the HRM traces. Parker et al. (2009) recommends that
the coat should be freshly clipped before use of an HRM in order to maximise conductivity
between the skin and the electrodes. However, this could not be done here for ethical
reasons. In addition, recent evidence in humans suggests that a higher percentage of body
fat negatively influences the reliability of a HRM when compared to ECG data (Hernandez-
Vicente etal., 2021). Although no body condition score data was formally collected, the body
condition of the horses in the sample was generally above optimal, which may have affected
the quality of the HRM traces obtained. Although the data was corrected using the correction

protocol most often described in equine studies (“Artefact correction” in Kubios software,
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setto “Custom:0.3”, used in e.g. Schmidt et al., 2010c; ljichi et al., 2020; Squibb et al., 2018;
llle et al., 2014), visual inspection suggested some errors may have been retained in the
corrected traces used for HR/HRV analysis. This was especially the case for type 4/5 errors,
where artefactual measurements concerned a section of the recording rather than a single
beat (Parkeretal., 2009). Errors retained in the corrected trace may limit the degree to which
the values of HRV parameters reflect actual autonomicactivity in the sample, and therefore
may have confounded potential relationships between HRV parameters and personality. As
portable ECG devices become more readily available, this study should be replicated using

this more reliable measure of inter-beatinterval.

Recent evidence also calls into question the reliability of the salivary cortisol analysis
performed in this study. The Salimetrics ELISA assay kit used in this chapter has frequently
been used to assess salivary cortisol concentrationsin equine studies (e.g. Shanahan, 2003;
Ellis etal., 2014; Saueretal., 2019; Mott, Hawthorne and McBride, 2020). However, arecent
publication has questioned its reliability for salivary cortisol concentrations below 18ng/mL
in the horse (=1.8 ug/dL) (Saueret al., 2020), in accordance with findings in human research
(Bae et al., 2016). Although the salivary cortisol concentrations found in the present study
were within the assay range as described by the manufacturer (0.012-3.000 pg/dL:
Salimetrics, 2019), they were below this newly identified threshold by 2 to 3 orders of
magnitude. In particular, Sauer et al. (2020) suggest that for concentrations below the
18ng/mL threshold, there is no correlation between the concentration obtained via ELISA
assay and that obtained through the use of liquid chromatography-tandem-mass
spectrometry (LC-MS/MS), which is considered the gold standard in human salivary research
(Bae et al., 2016; Miller et al., 2013). This suggests that the rank order of concentrations
observed here may not reliably reflect the rank order of actual HPA axis reactivity in the
sample, thus making it difficult to accurately identify a correlation between personality and

HPA axis reactivity. The results of this chapter should therefore be treated with caution. Due
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to the low cortisol concentrations observed both at baseline and in response to the tests,
any studies aiming to replicate these findings should consider assaying salivary cortisol

concentration by LC-MS/MS instead.
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4.5 CONCLUSION

This chapter aimed to establish whether autonomic and HPA axis reactivity could be
identified as a physiological correlate of personality in the horse, in accordance with human
and rodent models. Mean HR, heart rate variability and salivary cortisol were used to
evaluate autonomic and HPA axis reactivity in three standardised test situations commonly
used to trigger physiological arousal: a novel object test, a startle test and a handling test
(sham clipping procedure). Contrary to hypotheses, a correlation analysis failed to reveal any
link between physiological stress reactivity and the conserved personality dimensions
Agreeableness, Neuroticism and Extraversion. From an applied point of view, this suggests
that the EPT may not have suitable predictive validity for physiological stress responses to
challenges. However, the present study is limited by the low aversiveness of the test
procedures used and the reliability of the methods used to monitor physiological stress
reactivity. Therefore, further research is needed in order to confirm the findings of the
present study. Crucially, future studies should be conducted on a more diverse and
representative sample in which previous experience could be quantified and included as a
factor in the analysis. In addition, the use of test situations eliciting a stronger response
should be considered. Given the strong physiological responses documented during routine
management practices (e.g. loading or travelling), opportunistic data collection, ratherthan
the use of behaviouraltests forthe purpose of research, may enable researchers to ethically
document responses to more aversive situations. While this chapter focussed on the
reactivity to stressors of the autonomic nervous system and HPA axis, the baseline activity
of those systems, and in particular of the HPA axis, has also been linked with aspects of
personality. The following chapter will therefore focus on establishing whether the chronic
activity of the HPA axis, rather than its reactivity, can be identified as a correlate of

personality in the horse.
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Chapter 5  Chronic HPA axis
activity as a potential correlate of

equine personality

5.1 INTRODUCTION

Chapter 4 suggests that point-in-time measures of cortisol reactivity to stressors may not be
suitable to investigate links between hypothalamic—pituitary—adrenal (HPA) axis function
and equine personality. By contrast, in humans, basal cortisol levels are positively associated
with fearfulness and the tendency to experience psychological stress (Zilioli et al., 2015;
Montoya et al., 2012). Basal cortisol levels are also associated with the balance between
reward and punishment sensitivity, with lower basal cortisol levels associated with reduced
punishment sensitivity and increased reward dependency (Honk et al., 2003). Due to this,
basal cortisol levelsin humans are also associated with traits such as social dominance, social
aggression and empathy (Montoyaet al., 2012; Honk et al., 2003; Zilioli et al., 2015; Mehta
etal., 2015). Similar patterns reminiscent have also been described in animalsin the context
of the coping style framework. Indeed, reactive copers, who are characterised by passive
responses to stressors and low rates of social aggression (Koolhaas et al., 1999), have
elevated baseline cortisol concentration compared to active copers (Koolhaas et al., 2010).
Therefore, basal or chronic cortisol levels may prove more relevant than point-in-time

measures when exploring links between HPA axis function and equine personality.
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Measuring chronic HPA axis activity has been problematic until recentyears. Cortisol levels
are commonly assayed from a number of matrices including blood, saliva, urine and faeces
(Mormeéde etal., 2007). However, these only offer short- to mid-term information on cortisol
levels. Plasma and saliva offer point-in-time measures of HPA axis activity, reflecting
circulating cortisol concentration at orimmediately before the time of sampling (Mormede
et al., 2007; Peeters et al., 2011b; Yarnell, Hall and Billett, 2013). While these measures
accurately capture responses to acute stressors, they are subject to fluctuations due to
circadian rhythms (Morméde et al., 2007; Bohak et al., 2013), environmental disturbances
(Schmidt et al., 2010b; Becker-Birck et al., 2013; Peeters et al., 2013) and sampling stress
(Mormede etal., 2007). Urine and faeces, on the other hand, offeracumulative overview of
cortisol excretion overup to 48 hoursfor faecesin the horse (Palme, 2012). However, both
remain sensitive to fluctuations linked with exposure to short-term stressors (Merl et al.,
2000; Berghold, Mostland Aurich, 2007). While repeated sampling using these matrices can
provide a cumulative estimate of HPA axis activity over a longer period, this measure does
not represent a true index of chronic HPA axis activity (Meyer and Novak, 2012) and has
disadvantages such as repeated exposure to sampling stress and high analytical costs.
Therefore, blood, saliva, urine and faeces provide limited value in measuring chronic HPA

activity.

In the last two decades, numerous studies have shown that cortisol can also be extracted
and assayed from hair (Raul et al., 2004; Gow et al., 2010; Davenportet al., 2006). Cortisol is
incorporated passively from the bloodstream into the hair matrix during hair growth and
remains stable in the hair shaft, thus providing an overview of chronic HPA axis activity during
the period of hair growth (Henderson, 1993; Gow et al., 2010). Hair cortisol offers an
overview of chronic HPA axis activity overthe period of hair growth from a single measure,
with noimpact of short-term fluctuations due to circadian rhythms or acute stressors (Meyer

and Novak, 2012; Russelletal., 2012). In addition, hair samplingis fully non-invasive, and the
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kinetics of cortisol incorporation into the hair matrix ensure that sampling stress cannot
confound the cortisol concentration assayed (Russell et al., 2012). Cortisol concentration
remains stable in hair samples stored for months oryears at room temperature, allowing for
long-term storage before analysis (Wennig, 2000; Davenport et al., 2006). Due to these
numerous advantages, hair cortisol is increasingly used as an index of chronic HPA axis
activity, with a large body of literature now associated with this biomarker in both human
and non-human animals (e.g. reviewed in Meyer and Novak, 2012; Russell et al., 2012;

Heimbirge etal., 2019).

The most common use of hair cortisol is as a biomarker of chronic stress (Russelletal., 2012).
Hair cortisol has beenusedin a wide array of wild, captive, and domesticanimal speciesto
assess the impact of stressors as varied as anthropogenicdisturbances (Ewacha et al., 2017,
Jacobsonetal., 2017; Martin and Réale, 2008), social conflict (Yamanashiet al., 2013, 2018),
or husbandry practices (Stradaioli et al., 2017; Schubach et al.,, 2017). However, in the
absence of differences in exposure to environmental stressors, hair cortisol has also
successfully been used to explore the relationship between basal cortisol levels and
personality traits. Hair cortisol concentration is negatively associated with novelty-seeking
phenotype in Vervet monkeys (Laudenslager et al., 2011). It is also positively related with
behavioural reactivity to standardised tests such as an auditory startle in dogs (Siniscalchi et
al., 2013) or a Human Intruder Testin Rhesus macaques (Hamelet al., 2017). Hair cortisol is
also linked with the tendency to initiate aggression in chimpanzees, although the direction
of the relationship differs by sex (Yamanashi et al., 2016), and positively associated with
Sociability in the common Marmoset (Inoue-Murayama et al., 2018). Finally, hair cortisol is
positively associated with a Docility index in Eastern Chipmunks (Martin and Réale, 2008).
Therefore, in continuity with findings in humans linking basal cortisol levels with the balance

of sensitivity to punishement and reward (Honk et al., 2003), hair cortisol has been linked
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with a range of personality traits associated with behaviouralreactivity to stressors and the

tendency for compliant or agonistic social behaviour.

To date, nolinks betweenequine personality and HPA axis function estimated through point-
in-time measures of cortisol levels have been established. Indeed, baseline cortisollevels as
measured through asingle plasmasample takenat were found to be unrelatedto personality
(Andersonetal., 1999). In addition, HPA axis reactivity to stressors, as measuredthrough the
salivary cortisol response, was not correlated with personality (Chapter 4). By contrast,
recent evidence suggests that hair cortisol concentration is significantly negatively correlated
with personality factors Dominance, Anxiousness, and Excitability (Sauveroche et al., 2020).
At the trait level, the later two factors appear conceptually close to EPT-Neuroticism and
EPT-Extraversion, respectively (reviewed in Section 1.4.3). These factors also appear
consistent with the traits linked with baseline HPA axis activity in other species, including
behavioural reactivity to stressors (Anxiousness: Ormel et al., 2013), coping style (Excitability:
Koolhaas etal., 2010) and the tendency foragonistic social behaviour (Dominance : Montoya
etal., 2012). Therefore, these emerging results suggest that hair cortisol may be a useful tool
to probe relationships between HPA axis activity and equine personality (Sauveroche etal.,

2020).

In addition to allostatic load and underlying differences in neurophysiology, other factors
including age, sex, sampling location and hair pigmentation have been shown toimpact hair
cortisol concentration in mammals (reviewed in e.g. Heimbiirge et al., 2019). Age has a
consistent pattern of impact on hair cortisol across species, with elevated hair cortisol
concentrations at birth that decrease in early life, but no relationship between age and hair
cortisol concentration in adult samples (e.g. cows: Gonzalez-de-la-Vara et al., 2011; pigs:
Heimbirge etal., 2020; pig-tailed macaques: Grantetal., 2017; baboons: Fourie et al., 2015;

polar bears: Neuman-Lee etal., 2017). Emerging findings in young foals (Comin et al., 2012;
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Montillo etal., 2014) and adult samples (Sauverocheetal., 2020; Gardelaetal., 2020) appear
to confirm this patternin the horse.Sampling location has also been shown to consistently
impact hair cortisol concentration in a wide range of species (e.g. pigs and cattle: Heimblirge
et al., 2020; brown bear: Macbeth et al., 2010; chimpanzees: Carlitz et al., 2015; baboons:
Fourie et al., 2016; kangaroos: Sotohiraet al., 2017). In horses, studies report differencesin
hair cortisol concentrations between permanent and coat hair samples (Sauveroche et al,,
2020), betweenpermanent hairsamples from the mane and the tail (Duran et al., 2017), and
among coat hair samples from different anatomical locations (Banse et al., 2020). Therefore,
emerging evidence in the horse suggests that age may not confound hair cortisol
concentration in adult samples, but that sampling location should be taken into account in

analyses.

The impact of sex and coat colour on hair cortisol concentration is not as well established
(Heimblirge, Kanitz and Otten, 2019). In some species no impact of sex is reported (e.g.
Asiatic black bear: Malcolm etal., 2013; brown bear: Macbeth et al., 2010; dog: Bennettand
Hayssen, 2010; Roth et al., 2016; Packeretal., 2019; orang-utan: Carlitzet al., 2014; pigs and
cattle: Heimbiirge et al., 2020). However, in otherspecies elevated hair cortisol is reported
in males (e.g. American black bear: Lafferty etal., 2015; chimpanzee: Yamanashiet al., 2016;
Jacobson et al., 2017; coyote:Schell etal., 2017) orin females (e.g. polar bear: Bechshgft et
al., 2011; Neuman-Lee et al., 2017; baboon: Fourie et al., 2016; Rocky mountain goat:
Dulude-de Broin etal., 2019). In horses, most studies report no impact of sex on hair cortisol
(Comin et al., 2012; Montillo et al., 2014; Duran et al., 2017, Sauveroche et al., 2020),
although one reports lower hair cortisol concentrations in mares (Prinsloo et al., 2019).
However, most equine studies reporting on mixed-sexsamples use young animals that have
notyetreached sexual maturity (Comin etal., 2012; Montillo etal., 2014; Duran etal., 2017).
Finally, very little data is available in the horse on the impact of hair colour on hair cortisol

concentration. In otherspecies, lower hair cortisol concentrations are generally reportedin
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black compared to non-black hair (e.g. cattle: Gonzalez-de-la-Varaetal., 2011; Burnettetal.,
2014; chimpanzees: Yamanashietal., 2013; dogs: Bennett and Hayssen, 2010), although the
opposite has also been reported (Heimbiirge et al., 2020). Gardela et al. (2020) report no
differences in hair cortisol concentration between the coat hair of grey and bay horses.
However, it should be noted that this study comprises a very small sample size, and that the
pigmentations compared are differentfromthose used in other species. Therefore, further
research is neededto consolidate current knowledge of the impact of sex and coat colour on

hair cortisol concentrationin the horse.

Chronic HPA axis activity has been linked with personality traits relating to stress-sensitivity
and levels of social aggression in human and non-human animals. However, the links
between basal cortisol levels and personality remain unclear in the horse. Hair cortisol is
emerging as a reliable measure of chronic HPA axis activity, and has been linked with
personality in a number of non-human species. Therefore, the aim of this study was to
investigate the relationship between subjectively rated personality and basal cortisol
concentrationinthe horse, measured through hair cortisol concentration. Sex, age, sampling
location and hair colour were included in the analysis to account for their potential
confoundingimpact on hair cortisol. Based on resultsin the horse (Sauveroche et al., 2020)
and other species (Honk et al., 2003; Koolhaas et al., 2010), it was hypothesised that hair
cortisol concentration would be negatively related with Neuroticism and Extraversion, but
would not be significantly related with the other personality factors. In line with emerging
findingsin the adult horse (Duran et al., 2017; Banse et al., 2020; Sauveroche et al., 2020), it
was hypothesised that sex, age and coat colour would not have a significant impact on hair

cortisol, while sampling location would significantly impact hair cortisol concentration.
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5.2 METHODS

5.2.1 HORSES

Hair samples were collected from 24 horses housed at the Brackenhurst Equestrian Centre
(8 mares, 16 geldings; mean age: 13.4 + 3.8 years). At the time of hair sample collection
(September 2019) horses were coming towards the end of their summer conditioning
program. During this period the horses are brought back into work by the Brackenhurst
Equestrian Centre staff after the summer break, using a standardised exercise program. All
horses were kept under similar management with minor tailoring to individual requirements
(e.g.feed supplements provided whererelevant). Theywere keptin groups on grass pasture
at night and during weekends and were brought in to theirhome stables on week days. The
horses had not been used forteachingin the 3 months preceding data collection. None had
been exposed to significant stressors or experienced disease or medication in the months
preceding hair sampling. Further details about samples demographics, management and

exercise regime during the summer conditioning program are available in Chapter 2.

5.2.2 PERSONALITY ASSESSMENT

Personality was assessed using the Equine Personality Test (EPT: ljichi et al., 2013). This
guestionnaire uses subjective trait ratings by a familiar handler to assign a horse with a
continuous score betweenl and 5 on five equine personality factors: Agreeableness,
Neuroticism, Extraversion, Gregariousness towards People, and Gregariousness towards
Horses. Here, ratings were provided forall horses by the same 3 primary caregivers. All raters
had been familiar with the horses for a minimum of a year at the time of assessment.

Questionnaires were scored for each rater individually, and for each horse the scores given
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by the 3 raters were averaged to obtain the final personality score used in the analysis.
Further details on questionnaire items, scoring methods, and validity and reliability of the

Equine Personality Test are available in Chapter3.

5.2.3 HAIR CORTISOL CONCENTRATIONS

5.2.3.1 Hairsamples collection

Most hair cortisol studies in animals, including horses, sample from coat hair using a shaving-
reshaving technique (Meyer and Novak, 2012). However, here mane hairwas deemed more
appropriate. Thisis because mane hairis not seasonally shed and could therefore be used to
reflect HPA axis activity overa longer period than coat hair. In addition, rate of growth may
be more accurately determined in permanent hair, allowing for a more precise estimate of
the time period being assessed. Finally, equestrians are generally reluctant to carry out
procedures that alter the visual characteristics of their horses. The aestheticimpact of a
shaving-reshaving collection technique would likely prove to be an obstacle to the uptake of
the methodinanindustry setting. In orderto ensure the industry relevance of the technigue
developed here, permanent mane hair sampling was therefore preferred. While cutting
manes is not well regarded, mane pulling is commonly undertaken under traditional
management. Mane hairs were therefore pulled rather than shaved and hair samples

including hair roots obtained.

Horses were caught in their home stables and loosely tethered using a headcollar and
leadrope. Maneswere pulled following the procedure routinely used as part of horse care at
Brackenhurst Equestrian Centre. The handler held on to a strand of mane hair, combed the
remaining hair up towards the neck using a mane comb, then wrapped the strand around

the comb and pulled sharply downwards. Samples were collected from three locations along
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the mane: near the withers, halfway up the neck and near the poll. Once collected, samples
were placed in sealed paper envelopes labelled with the horse’s name and sample location
and stored at room temperature until processingand analysis. One horse had a hogged mane.
For this subject, hair samples could only be collected near the withers and pole but not at

the midpoint of the neck.

5.2.3.2 Sample preparation

Previously published studies investigating hair cortisol concentrations in equines based their
cortisol extraction and assay procedures on protocols developed by Koren et al. (2002) and
Macbeth etal. (2010) for hair cortisol analysis in rock hyraxes and grizzly bears, respectively
(Comin et al., 2012; Duran et al., 2017). In contrast, the laboratory procedures described
thereafter werebased on apublished protocolfor hair cortisol extraction and assay in human
and monkey hair by Meyeretal. (2014). This protocol was chosen for its level of detail and
because itis widely referenced in the wider hair cortisol literature. Minoramendments were
made to the published protocolto account for differences in laboratory equipment available;
they are highlighted and justified below. Several experimenters were involved in the
laboratory analysis. The majority of procedures were carried out by the author (AJ), with
assistance from JB and KG (see Table 5.2 for details of the work undertaken by each

experimenter).

5.2.3.2.1 Sample fragmentation

Hair roots were removed to avoid potential contamination by circulating cortisol (Duran et
al., 2017). Only the top 3cm of hair from the root were conserved for analysis because
cortisol concentration has been shown to decrease along the length of the hair shaft in

equine mane hair (Duran et al., 2017). Where hairs of different colours were present within
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a sample, they were separated into distinct samples, with only the largest one processed.
Once fragmented, hair samples were placed into labelled 15mL screw-cap polypropylene

centrifuge tubes.

5.2.3.2.2 Samplewashing and drying

Sweat or sebum from the hair surface are potential sources of external cortisol
contamination and must be removed prior to hair cortisol extraction (Davenport et al., 2006).
Methanol and isopropanol are the two most commonly used wash solvents in hair cortisol
analyses (Davenport et al., 2006; Kroshko et al.,, 2017). Methanol removes surface
contaminants more efficiently (P6tsch and Moeller, 1996); however it is also more likely to
penetrate the hair shaft and affect the hair cortisol concentration detected (Eser etal., 1997).
Therefore, samples were gently washed using high performance liquid chromatography

grade isopropanol.

5mL of isopropanol were pipetted into each tube. Samples were then rotated at 30rpm for
3 minutes before the isopropanol was decanted into a waste container, taking care not to
lose any of the sample. Samples were washed 3 times instead of the 2 recommended in
Meyer et al. (2014) as the hair was heavily coated with sebum and dirt, and visible
contamination was still present after the second wash (Macbeth et al., 2010). This was
deemed appropriate as washes only have limited impact on the retention of cortisol in the
hair matrix (Davenportetal., 2006; Macbeth etal., 2010). The sampleswere thenlefttodry

in a fume cabinetfor 3 days, until the isopropanolwas fully evaporated.
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5.2.3.2.3 Sample grinding

Samples were finely ground using a bead mill (Bead Mill 24, Fisher Scientific, USA). A bead
mill was used in orderto maximise the chances of the samplesyielding enough cortisol to be
detected by the EIA assay. More finely ground samples yield higher hair cortisol
concentrations due to increased surface area (Yamanashi et al., 2016b); in particular,
processing the hair with a bead mill rather than surgical scissors yields higher cortisol
concentrations (Burnett et al., 2014). Using a precision balance and tweezers, 60mg of hair
from each sample were transferred into labelled reinforced 2mL tubes with screw caps
(Fisher Scientific, US). The weight of each sample was recorded in grams down to 4 decimal
points. Three 2.4mm metal beads were added to each tube in order to grind the samplesin
the bead mill. Tubes were then loaded onto the finger plate of the bead mill. In accordance
with health and safety procedures, they were secured by screwing on the tube holder,
engagingthe ‘locked’ position and closing the glass window. After processing in the bead mill,
the glass window was opened, the tube holder unlocked and unscrewed, and the tubes
unloaded. The reinforced tubes containingthe powdered hairwere then setaside ready for

cortisol extraction; the metalbeads used for grinding remained in the tubes.

Grinding time and speed had to be adjusted up from Meyer et al. (2014) to account for
differencesin bead mill performance. Samples from the poll were processed first and ground
in 4 successive bursts atincreasing speeds with results checkedin between each burst ( Table
5.1). This showed that samples needed to be processed for 10 minutes at 6m/s to obtain
satisfactory powdering. The rest of the samples were subsequently processed in a single
burst for 9 minutes and 59 seconds at 6m/s. Because the end result was similar, it was
assumed that the differences in grinding protocols between samples would not affect the
amount of cortisol eventually detected. The grinding process pushed some of the powdered

hair into the tube caps. This methodological difficulty, which could not be solved, made it
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difficult nottolose any of the sample when openingthe tube, therefore potentially affecting

the samples weight.

Table 5.1 — Grinding speeds and times tested on the 24 samples taken from the poll in order
to obtain satisfactory grinding, accounting for differences in bead mill performance from the

reference protocol (Meyeretal., 2014).

Grindingtime Grindingspeed Result

2 minutes 3m/s No visible effect on hair samples.

+ 2 minutes 6m/s Some hair powdered; majority of the sample
unaffected.

+ 2 minutes 6m/s Approximately half of the sample powdered; some hair

strands remain completely unaffected.
+ 6 minutes 6m/s Most of the sample powdered; a few longer strands

remain.

5.2.3.3 Cortisol extraction

5.2.3.3.1 Methanolextraction

The solvent used to extract cortisol from the hair matrix was methanol, a lower alcohol in
which steroids such as cortisol are highly soluble (P6tsch and Moeller, 1996). Methanol
penetrates deeply within the hair matrix, ensuring maximum cortisol yield (Eser et al., 1997;
Davenport et al., 2006). Samples were processed in 3 batches on 3 consecutive days, using
identical methodology (Table 5.2). For health and safety reasons, all procedures that could
result in exposure to methanolfumes were carried out undera fume hood. Underthe fume
hood, 1.5mL of high-performance liquid chromatography grade methanol was pipetted into
each tube. Samples were then placed on a rotator to incubate at room temperature for 22

hours with constant rotation at 30rpm. The tubes were then centrifuged at 10 000rpm for

127



10 minutes in a Flowgen bioscience mini centrifuge. Under the fume hood, 1.0mL of
supernatant was then pipetted into labelled 2mLEppendorf tubes, taking care not to disturb

the pelleted hair at the bottom of the tubes.

5.2.3.3.2 Solventevaporation

The methanolsolvent was then evaporated underthe fume hood, using a block heaterand
sample concentrator (Stuart SBH130D/3 and SBHCONC/1, Cole-Palmer, USA) to accelerate
the evaporation process. The Eppendorf tubes were uncapped and placed on the block
heater set at 40°C. The sample concentrator was used to blow a flow of nitrogen gas over
the open Eppendorf tubes in order to help displace the methanol vapour and accelerate
evaporation. [t was set so that the needles directing the nitrogen flow were just through the
necks of the Eppendorf tubes but did not dip into the methanoland cortisol solution. Samples
were left in the device for approximately an hour, until the tubes were fully dry. Regular

visual checks were performed to evaluate the progress of evaporation.

5.2.3.3.3 Sample reconstitution

Samples were immediately reconstituted by pipetting 0.2mL of EIA assay diluent into each
Eppendorftube (Meyeretal., 2014). The lowest dilution recommended in this protocol was
used because hair cortisol concentration is generally low and cortisol concentrationsin the
reconstituted samples were unlikely to exceed the EIA kit’s upper sensitivity limit. After
addition of the assay buffer, samples were homogenized for approximately 5 seconds using

a vortex mixer (Lab Dancer, IKA), then frozen at -20°C awaiting EIA assay.
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5.2.3.4 Enzymeimmunoassay

A commercial high-sensitivity enzyme immunoassay (EIA) kit (Expanded Range High
Sensitivity Salivary Cortisol Enzyme Immunoassay Kit, Salimetrics, USA) was used to assay the
cortisol concentration in the reconstituted samples. This kit was the same as used in Chapter
4 and has originally been developed to assay salivary cortisol concentration. However, it has
been validated for hair cortisol assays (Davenport et al., 2006) and is one of the more
frequently used commercial EIA kits in hair cortisol studies (Albaretal., 2013; Kroshkoetal.,
2017). Two kits were used to process the samples (Table 5.2). In accordance with the
manufacturer’s instructions, the kits were placed in a fridge at 2-8°C immediately upon
reception and stored there until 2 hours before the assays were carried out. The protocol
followed to assay cortisol concentrationsin the reconstituted samples was the one supplied
by the manufacturer (Salimetrics, 2019). Full details of this protocol, as well as a summary of

the generalprincipals of EIAs, are available in Sections4.2.2.4.2 and 4.2.2.4.3.

Intra- and inter-assay coefficients of variation (CV) were calculated to evaluate the reliability
of the EIA assay results. The EIA kit supplier recommends consideringintra-assay CV lower
than 10% and inter-assay CVs lowerthan 15% as acceptable (Salimetrics, 2020). Inthe equine
literature, a similar range of intra- and inter-assay CVs are considered acceptable when
assaying salivary cortisol concentration (Ellis et al., 2014). Here, the intra-assay CV across all
reconstituted samples was 8.54%. The inter-assay CV between the two EIA plates was 6.4%.

Results can therefore be considered as reliable.
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5.2.3.5 Conversion of cortisol concentration in reconstituted samples to hair cortisol

concentration
Concentrations in the reconstituted samples (pg/dL) and weights of hair samples (mg) were
usedto calculate hair cortisol concentrationsin the original hair samples (pg/mg) using the

following formula:

Concentration inreconstituted sample

Hair Cortisol Concentration =3000 * - -
Weight of hair sample

This formula was adapted from Meyer et al. (2014) by plugging in to their equation the
volumes of methanol added to the powdered hair, supernatant recovered after methanol

extraction and assay diluent added to reconstitute the samples used in the present study.
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Table 5.2 — Experimental procedures carried out as part of the hair cortisol laboratory analysis.

The table shows instances where samples were processed in separate batches and details the

role of all experimenters in carrying out the analysis. Separate batches are including on

separate lines. Samples from different horses were numbered consecutively from 1to 26 and

sample location is identified by the letters T (pole), B (withers) and M (midpoint of the neck).

Procedure Batches Experimenter
Hair cutting 1M to 24M, 1T to 3T, 1B to 3B Al

5T to 24T, 5B to 24B JB

25T, 25M, 25B, 26T, 26M, 26B KG
Sample washing 1T to 22T Al

23T to 26T, 1M to 19M AJ,KG

20M to 26M, 1B to 15B AJ,KG

16B to 26B AJ,KG
Sample weighing Al
Sample grinding 1T to 26T Al

1M to 26M Al

1B to 26B Al
Methanol addition 1T to 26T, 1M to 17M Al

18 M to 26 M, 1B to 22B, 25B, 26B KG

23B, 24B Al
Supernatant recovery 1T to 26T, 1M to 17M Al

18 M to 26 M, 1B to 22B, 25B, 26B Al

23B, 24B Al
Solvent evaporation 1T to 26T, 1M to 17M Al

18 M to 26 M, 1B to 22B, 25B, 26B Al

23B, 24B Al
Sample reconstitution 1T to 26T, 1M to 17M AJ, KG

18 M to 26 M, 1B to 22B, 25B, 26B AJ,KG

23B, 24B Al
EIA assay Plate 1: 1B to 26B, 1M to 15M Al

Plate 2: 17M to 26M, 1B to 26B Al

131



5.2.4 STATISTICAL ANALYSIS

All statistical analysis was carried out in R (version 3.6.1: R Core Team, 2019). Briefly, a
generalized linear mixed model (GLMM) was used to model hair cortisol concentration as a
function of the 5 personality factors and 4 potential confounding factors. Model selection
was used to determine which variables to retain in order to obtain the best fitting model.
Figures were generated using the R package ggplot2 from the tidyverse collection of

packages (Wickham et al., 2019)

5.2.4.1 Dataexploration

Prior to fitting a model, the datawas explored (Zuur, leno and Elphick, 2010). There were no
zeros or missing valuesin the response or explanatory variables. One statistically significant
outlier was removed from the response variable (HCC=15.28pg/mg; Grubb’s test: G = 6.261,
U = 0.432, p < 0.000); there were no outliers in the explanatory variables. The response
variable was continuous, strictly positive, homogenous, but not normally distributed
(Shapiro-Wilk test: W = 0.902, p < 0.000). There was no collinearity (all r < 0.6) or
multicollinearity (all VIF < 3.5) between explanatory variables. Interactions between
explanatory variables were explored graphically; no clear evidence of interaction was found

and therefore nointeraction terms were included in the model.

Group sizes were balanced for all categorical variables except hair colour (Black: n=36;
Chestnut: n=7; White: n=27). In orderto balance the group sizes for this variable, hair colours
were regrouped as ‘Black’ and ‘Non-black’. This groupingis coherent with previous findings
in dogs, in which hair cortisol concentration was shown to differin black comparedto non-

black coat colours (Bennettand Hayssen, 2010).
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5.2.4.2 Model formulation

The response variable was continuous, strictly positive, homogenous and non-normal. There
wasdependencyinthe modeldue to the repeated measures taken from the same individual
at the different sample locations. Therefore, a Gamma generalized linear mixed model
(GLMM) with log link was used to model hair cortisol concentration as a function of the

III

ovariates. The fitted model (referred to thereafteras “the full model”) took the form:

HCCU"" Gamma (‘uij, ¢)

2
Hij

log(u;;) = ny

N = B+ B, X agree;; + Bs X neur;; + B, X extr;; + Bs X gregP;; + Be X gregH,;

+ B; Xage;j + By X sex;; + iy X location;; + B;; X colour;; + horse;
horse; ~ N (0, 0orse)

Where HCC; is hair cortisol concentration in sample i collected from horse j, assuming a
gamma distribution with mean u and precision @. The variables agree;, neur;, extr;, gregP;
gregH; and age; were continuous covariates representing Agreeableness, Neuroticism,
Extraversion, Gregariousnesstowards People, Gregariousnesstowards Horsesand age of the
horse, respectively. The variables sex;, location;and colour; were categorical covariates and
represented sex of the horse, sampling location and hair colour of the sample, respectively.
Horse; was included as a random intercept in the model to account for the repeated
measures taken at different sampling locations within each individual. The modelwas fitted

using the gimer() function from the Ime4 package (Batesetal., 2019).
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5.2.4.3 Modelselection

Manual backward selection was used in order to identify the best fitting plausible model.
Manual iterations of the base R function drop1() (R Core Team, 2019) were used to identify
the covariates that could be removed from the modelin ordertoimprove the fit. For a given
modelspecification, drop1() fits all possible models with one single covariate removed to the
data and returns the Akaike information criterion (AIC). The AIC estimates the quality of fit
of each model: a lower AlCindicates a better fitting model. For each iteration of drop1(), the
covariate whose deletion resulted in the lowest AIC (the best fitting model) was removed.
Iterations were repeated until removing further variables resulted in a higher AIC, i.e.aworse
fitting model. The model obtained through manual backward selection is referred to

thereafteras “the final model”.

5.2.4.4 Modelvalidation

The fit of the final model was assessed through graphical means by plotting the residuals
against both the fitted values and the retained covariates. There were no patterns within the

residuals and the fit of the modelwas therefore considered satisfactory.

5.2.5 ETHICALAPPROVAL

This study received ethical approval from the ARES Ethical Review Board (project reference
ARE795). Care was taken to protect welfare during data collection. There wasno interruption
of normal managementforthe horsesin the sample. The procedure used for pulling manes
is part of standard management at Brackenhurst Equestrian Centre. In addition, personality

data was collected fully non-invasively and involved no direct interaction with the horses.
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5.3 RESULTS

5.3.1 MODEL SELECTION
Iterations of drop1() resulted in the successive removal of covariates age;, colour;, extr;, sex;
neur;, gregP;, and gregH;. However, covariates location;and agree;were retainedin the best

fitting model. The final modeltherefore took the form:

HCCij~ Gamma (u;;, p)

2
E(HCCU) = p;; and var(HCCi].) :%

lOg(Mij) = Ny

Ny = B1+ B2 X agree;; + B3 X location;; + horse;

horse; ~ N (0, 0yorse)

This modelhad an AIC of 187.99, improved down from 195.00 for the initial full model.

5.3.2 IMPACT OF COVARIATES ON HAIR CORTISOL CONCENTRATION

Both covariates retained in the final model had a significant impact on hair cortisol
concentration (Figure 5.1). There was a significant positive association between
Agreeableness score and hair cortisol concentration (Table 5.3: p=0.01). In addition, there
was a weak but significant effect of sampling location on hair cortisol concentration. Hair
cortisol concentration was significantly higher at the poll than at the mid-point of the neck
(Table 5.3: p=0.03). It also showed a non-significant tendency to be higher at the withers

than at the mid-point of the neck (Table 5.3: p=0.07).
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Table 5.3 - Summary of a Gamma GLMM to model hair cortisol concentration as a function

of sampling location and Agreeableness. Samples from different horses were fitted as random

intercepts. N,ps = 71.

Estimate Std. Error t p
(Intercept) 0.602 0.255 2.360 0.0183*
Agreeableness 0.172 0.067 2.569 0.0102*
Locationpon 0.123 0.058 2.112 0.0347*
Locationwithers) 0.106 0.059 1.805 0.0711

Withers

(s3]
L

Hair cortisol (pg/mg)

i
L

Midpoint of the neck

Poll
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Agreeableness score
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Figure 5.1 - Fitted values for hair cortisol concentration against Agreeableness scores for the

three sampling locations along the mane, modelled using a Gamma GLMM. Grey bands

indicate 95% confidence intervals around thefitted line. Black circles are observed values for

hair cortisol concentration.

136



5.4 DISCUSSION

Basal cortisol levels have been linked with aspects of personality such as fearfulness and
social aggression in a number of human and non-human species. However, in horses the link
between subjectively rated personality and chronic HPA axis activity has not yet been well
documented. To this end, personality and chronic HPA axis activity were assessed in 24 riding
school horses kept under similar management, through subjective trait rating and hair
cortisol concentration respectively. A GLMM was used to model hair cortisol concentration
as a function of personality factors and four potential confounding factors identified in the
horse and other species. A single confounding factor was found to affect hair cortisol; in
addition, a significant negative association between Agreeableness and hair cortisol

concentration was found.

5.4.7 IMPACT OF CONFOUNDING FACTORS

Age, sex and hair colour were not retained as explanatory variables of hair cortisol
concentration during model selection. The absence of relationship between age and hair
cortisol was expected and is consistent with previous results reported in adult individuals, in
the horse (Gardelaet al., 2020; Sauveroche etal., 2020) and in other species (Heimblirge et
al., 2019). Similarly, the absence of impact of sex on hair cortisol concentration is as
hypothesised and consolidates the findings of Sauveroche et al. (2020) in a second mixed-
sex samples of adult horses. While sex differences in hair cortisol are reported in other
species (e.g. American black bear: Lafferty et al., 2015; chimpanzee: Yamanashi et al., 2016;
Jacobson etal., 2017; coyote: Schellet al., 2017; polar bear: Bechshgftetal., 2011; Neuman-
Lee et al., 2017; baboon: Fourie et al., 2016; Rocky mountain goat: Dulude-de Broin et al.,
2019), this suggests these differences may not be found in the horse and that sex may not

need to be controlled for when assessing correlates of hair cortisol. It should be noted,
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however, that the male horsesin the mixed-sex sample usedin this study were all geldings.
Therefore, this result may not be applicable in a sample thatincludes stallions. Overall, these
results suggestthat age and sex do not needto be controlled for when assessing correlates

of hair cortisol in samples of adult mares and geldings.

The absence of impact of hair colour on hair cortisol concentration is coherent with the only
result available in the horse to date (Gardelaet al., 2020), although it contradicts findings in
other species (bovine: Gonzalez-de-la-Vara et al., 2011; Burnett et al., 2014; chimpanzee:
Yamanashiet al., 2013; dog: Bennettand Hayssen, 2010). It should be noted that this finding
suffers from limitations: group sizes for the three colours were relatively small, and the
regrouping performed prior to applying the model in order to balance group sizes may not
have been biologically relevant for the species. In addition, the analysis was carried out
across individuals, while most studies reporting an impact of hair colour on hair cortisol focus
on within-individual differences (Gonzdlez-de-la-Vara et al.,, 2011; Burnett et al., 2014;
Yamanashi et al., 2013). Further research is therefore needed to confirm that hair colour
does not significantly impact hair cortisol in the horse, as this result is inconsistent with

findingsin otherspecies.

In accordance with hypotheses, sampling location was retained in the model as a covariate
with a significant impact on hair cortisol concentration. Compared to levels at the midpoint
of the neck, hair cortisol was significantly higher at the poll and tended to be higher at the
withers. While Banse et al. (2019) have shown that hair cortisol concentration differs
between close anatomical locations, to the best of the author’s knowledge this is the first
evidence that hair cortisol may vary between locations along the mane. The reasons behind
those variations are unclear. They may be due to differential levels of vascularisation in
surrounding tissues at the different sampling sites. In addition, exposure to mechanical

irritation and repeated washing have also been shown to affect hair cortisol concentration
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(Hamel et al., 2011; Salaberger et al., 2016), and mane hair at the different sampling sites
may be differentially exposed to those. Unfortunately, because samples from the poll and
the withers and those from the midpoint of the neck were prepared by different
experimenters (see Table 5.2), this result could also be due to differences in sample
preparation techniques or precision. Despite this limitation, this result underlines the
importance of rigorously standardising hair sampling location even within an anatomical
structure in future protocols, to ensure that hair cortisol concentrations are comparable

across individuals.

5.4.7 IMPACT OF PERSONALITY FACTORS

Contrary to hypotheses, Neuroticism was not retained as an explanatory factor of hair
cortisol concentration in the final model. The absence of link betweenNeuroticism and basal
cortisol levels suggests that trait stress-sensitivity may not be reflected in chronic HPA axis
activity in the horse. This finding is unexpected and may contradict previous results in the
horse that link hair cortisol with the equine personality factor Anxiousness (Sauveroche et
al., 2020). However, it should be noted that the personality assessment tool used by
Sauveroche et al. (2020) is different from the one used in the present study, which could
explain the discrepancy in findings. Despite similarities at the trait level, Anxiousness (Lloyd
et al., 2007) and EPT-Neuroticism (ljichi et al., 2013) have not formally been established to
measure the same underlying construct. In addition, the use of a simple correlation analysis
in Sauveroche et al. (2020) may not have enabled researchers to account for the impact of
potential confounding factors such as breed and management practices, that may affect
both personality and hair cortisol concentration (Lloyd etal., 2008; Sauveroche etal., 2020).
Together with the results from Chapter 4, this finding suggests that Neuroticism scores were

not associated with HPA axis function in the sample used in this project. This finding differs
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fromthose documentedin humans (reviewed in Ormel et al., 2013), and furtherresearch is
needed to clarify the link between Neuroticism and the baseline activity and reactivity of the

HPA axisin the horse.

Extraversion was not retained as an explanatory factor of hair cortisol in final model. This
contradicts the hypothesis formulated here on the basis of emerging findings in the horse
(Sauveroche et al.,, 2020). As discussed above, the discrepancies between the findings
reported in this chapter and in Sauveroche et al. (2020) may be due methodological
differences. Nonetheless, the results of this chapterappear more closely aligned with reports
in otherspecies. Forinstance, to date nolinks have been reported between Extraversion and
hair cortisol levels in humans (Steptoe, Easterlin and Kirschbaum, 2017; Rietschel et al., 2017).
In addition, two studies in bovines failed to identify a link between hair cortisol and
excitability, a facet of Extraversion (Lockwood et al., 2017; Cooke et al., 2017). Therefore,
more research is needed to clarify those emerging results on a potential link between

Extraversion and basal cortisol levelsin the horse.

Gregariousness towards People and Gregariousness towards Horses were not retained as
explanatory variables of hair cortisol concentration during model selection. The absence of
link between basal cortisol levels and the two Gregariousness factorsis consistent with the
hypotheses formulated. Indeed, while basal cortisol levels have been linked with the
tendency to expresssocial aggressionin humans and animals (Montoya et al., 2012; Koolhaas
et al., 2010), links with intra- or inter-specific affiliative behaviour have not been described
to the best of the author’s knowledge. In addition, the low reliability of the Gregariousness
towards Horses subscale (Chapter 3) would likely obscure any potential relationship of this

factor with hair cortisol concentration.

Despite the lack of relationship between hair cortisol concentration and the other four
personality factors, the model revealed a positive association between hair cortisol
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concentration and Agreeableness. This positive association was not expected on the basis of
emerging results in the horse (Sauveroche et al., 2020), as Agreeableness and Dominance
are generally considered two separate factors in animal personality structures (Goslingand
John, 1999). However, the positive association between hair cortisol and Agreeableness
described here is reminiscent of results in common Marmosets, in which hair cortisol is
positively associated with the personality factor Sociability (Inoue-Murayama et al., 2018).
Inkeeping with the terminology used in the EPT, Inoue-Murayama et al. (2018) note that this
factor is conceptually close to two factors named “Agreeableness” and “Excitability” in a
different Marmoset personality assessment (Iwanickiand Lehmann, 2015; Koski et al., 2017).
A similar result is also reported in eastern chipmunks, with hair cortisol positively associated
with “Docility”, a trait describing the ease of manipulation of an individual by human
experimenters (Martin and Réale, 2008). The findings of this chaptertherefore suggest that
more agreeable horses, who are rated by caregivers as more obedient, willing, and well-

mannered (ljichietal., 2013), experience higherlevels of chronic HPA axis activity.

The positive association between Agreeableness and chronic HPA axis activity may be due to
the fact that higher basal cortisol levels drive more agreeable behaviour in horses. Indeed,
basal cortisol levels have been associated with the balance between punishment sensitivity
and reward dependency in humans (Honk et al., 2003). Because horses are trained using
negative reinforcement, the cues used in the context of equitation and daily management
are associated with pressure or aversive stimuli (McGreevy and MclLean, 2007). In addition,
failure on the part of the horse to comply with human cues tends to be followed by an
escalation of pressure intensity untilthe desired behaviour is offered (McGreevyand McLean,
2007); in the context of equestrian sports, it may also be followed by punishment (MclLean
and McGreevy, 2010). If horses with higher basal cortisol levels are more sensitive to

punishment and to the pressures associated with negative reinforcement, this could result
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in more compliant behaviourand potentially better trainability. Indeed, higher cortisol levels

have been associated with better performance in sports horses (Peeters etal., 2013).

However, it should be noted that the experimental design in this chapter made it possible to
identify relationships between personality factors and hair cortisol concentration, but not
causal links or their direction. It cannot be excluded that Agreeableness may instead drive
higher cortisol levels, which can also reflect higher chronic stress levels (Russellet al., 2012).
Passive or compliant behaviourinthe horse is often thought to reflect the absence of a stress
response, both within the industry and in the literature (ljichi et al., 2013; Pearson et al.,
2021). It is often assumed that horses that do not actively resist a potentially stressful
procedure are not stressed by it and can carry on being exposed to it. However, a growing
body of evidence shows that behavioural reactivity may not accurately reflect the intensity
of stress responses, with compliant horses experiencing equivalent if not higher physiological
stress responses than more behaviourally reactive horses (Yarnell, Hall and Billett, 2013;
Squibb et al., 2018; Munsters et al., 2013b). Therefore, agreeable behaviour may result in
more frequent and more prolonged exposure to stressors in the horse, leading to higher
levels of chronic stress reflected by elevated hair cortisol. This result has important
implications in terms of welfare, and furtherresearchis warranted to clarify the direction of

causality between Agreeableness and elevated chronic HPA axis activity.
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5.5 CONCLUSION

This chapter aimed to investigate chronic HPA axis activity, measured through hair cortisol
concentration, as a potential physiological correlated of equine personality. Potential
confounding factors of hair cortisol concentration were taken into account. In line with
emerging results in the horse, sex, age, and hair cortisol were not found to impact on hair
cortisol concentration. However, sampling location had an impact even within the mane,
highlighting the importance of precisely standardising sampling location in future research.
Neuroticism, Extraversion, Gregariousness towards People and Gregariousness towards
Horses were not found to be related to hair cortisol concentration. The absence of link
between Neuroticism and chronic HPA axis activity as measured through hair cortisol did not
align with the a priori hypothesis. Taken together with results from the previous chapter, this
suggeststhat Neuroticism may be independentof HPA axis function in the horse; this finding
should be investigated further. However, a positive association was found between
Agreeableness and hair cortisol concentration. This may be consistent with results linking
basal cortisol levels with sensitivity to threatand punishmentin humans. However, it is also
possible that agreeable behaviour leads to higher chronic stress levels through increased
exposure to stressors. This result has important implications in terms of welfare and further
researchis needed to explore the direction of causality between Agreeablenessand elevated

chronic HPA axis activity.
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Chapter 6  Striatal dopamine as a
potential correlate of equine

personality

6.1 INTRODUCTION

Striatal dopamine levels have been identified as a driver of trait reward sensitivity in human
(Depue and Collins, 1999) and rodent (de Boer, Buwalda and Koolhaas, 2017) models
(reviewed in more detail in Section 1.3). More generally, dopamine functioning influences
differencesinincentive motivation and modalities of reinforcement learning (Maia and Frank,
2011; DeYoung, 2013). Therefore, traits such as susceptibility to stereotyies and cognitive
style are correlates of personality in rodents (Coppens, de Boerand Koolhaas, 2010; de Boer,
Buwaldaand Koolhaas, 2017). Due to their highly conserved nature (O’Connelland Hofmann,
2012), dopaminergic networks are hypothesised to underlie the same traits in the horse
(McBride et al., 2017). Empirically, differencesin striatal dopamine levels have been shown
to be associated with susceptibility to stereotypies in the horse (McBride and Hemmings,
2005). In addition, they are thought to underlie differences in learning style such as the
tendency for habit formation and resistance to extinction (Hemmings, McBride and Hale,
2007; Robertsetal., 2015). These traits are highly relevantfrom an applied point of view, as
they may impact on the trainability and sustainability of equines. However, at present, only
sporadic genetic studies have explored a potentiallink between dopaminergicfunctionand

equine temperament (Momozawa et al., 2005b; Ninomiya et al., 2013). Dopaminergic
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function has therefore not yet clearly been established as a correlate of equine personality.
Thus, at present little empirical evidence is available to evaluate the potential impact of
selection on the basis of personality on otherknown outcomes of dopamine function, such

as sensitivity to stereotypies or cognitive style.

Dopamine function can be monitored directly in vivo through the use of imaging techniques
such as positron emission tomography (PET) scanning (Dang et al., 2017). Dopamine receptor
densities can also be investigated post-mortem using homogenate-binding techniques
(McBride and Hemmings, 2005). However, these techniques are invasive, labour intensive
and costly, making them unsuitable for field studies of live subjects. As a result, dopamine
function is routinely assessed through indirect markers (Dang et al., 2017). Converging
evidence from pharmacological, epidemiological and cognitive studies suggeststhat baseline,
or tonic, spontaneous blink rate (SBR) is positively related to tonic striatal dopaminergic
activity (reviewed in: Jongkees and Colzato, 2016). Indeed, in rodents and non-human
primates, tonic SBR increases following the administration of dopamine agonists, while it
decreases following the administration of dopamine antagonists (Lawrence and Redmond,
1991; Kamineretal., 2011; Elsworth etal., 1991). In addition, altered tonic SBRs are observed
in atypical human populations with compromised striatal dopamine function: patients with
Parkinson’s disease experience a loss of dopaminergic neurons in the striatum and have
reduced SBR (Karson, 1983; Fitzpatrick et al., 2012), while patients with schizophrenia
experience increased dopaminergicactivity in the striatum and have increased SBR (Karson,
1983; Chen et al.,, 1996). Finally, SBR is related to dopamine-mediated modalities of
reinforcementlearning related with tonic levels of striatal dopamine, such as reward-driven
behaviour (Slagter, Georgopoulou and Frank, 2015) and punishment aversion (Cavanagh et
al., 2014). Some contradictory evidence is available; in particular, while tonic SBR has been
clearly linked with striatal dopamine levels in atypical human populations, this link has not

beenreplicated in healthy human subjects (Dangetal., 2017). Nevertheless, awide body of

145



evidence suggests baseline SBR can be used as a non-invasive indirect marker of tonicstriatal

dopamine levelsin rodents, non-humanprimates and humans (Jongkees and Colzato, 2016).

Atpresent, SBR has notbeen formally validated as an indicator of striatal dopamine function
in horses through direct measurement or experimental manipulation of striatal dopamine.
However, the brain networks involved are highly conserved across vertebrates (O’Connell
and Hofmann, 2012; de Boer, Buwalda and Koolhaas, 2017) and findings relating to the
dopaminergic influence on SBR have been shown to be generalisable between mammal
species (Kamineret al., 2011). Therefore, in recentyears equine studies have used SBR as a
proxy for dopamine function (Roberts etal., 2016, 2015), with findings that appearto mirror
observationsin humans (Roberts et al., 2015; Roebeland MacLean, 2007). This suggests that
SBR may be a suitable indirect markerto non-invasively probe striatal dopamine functionin

the species.

Although the majority of research linking Extraversion to dopamine functionin humans has
been carried out using genetic or neural imaging techniques (for review see: DeYoung and
Gray, 2009; Munafo, 2009), results coherent with this body of evidence have also been
obtained using SBR as non-invasive indicator of dopamine function. To the author’s
knowledge, little evidence is available on the associations between SBRand the personality
factors of the Five Factor Model. However, in keeping with theoretical frameworks (Depue
and Collins, 1999), the only study available reports aweak but significant positive correlation
between SBR and Extraversion (Unsworth, Robison and Miller, 2019). Links between SBR and
factorsin Eysenck’s tridimensional personality model have beeninvestigated in more depth,
although the results available do not fully align with theoretical frameworks. A positive
correlation betweenSBR and Extraversion was reportedonly in female subjects (Berenbaum
and Williams, 1994). However, SBR was also found to be positively correlated with

Neuroticism (Barbato et al., 2012) or with Psychoticism (Colzato et al., 2009), while Tharp
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and Pickering (2011) only report null results. These conflicting results have been attributed
in part to differences in the psychometric tools used (Barbato et al., 2012; Jongkees and
Colzato, 2016), as the Psychoticism scale used by Colzato et al. (2009) overlaps with facets of
Extraversion (Barbato et al., 2012). In addition, differences in the methods used to record
SBR may also contribute to the conflicting results observed (Jongkees and Colzato, 2016).
Indeed, the only study to evidence alink between SBR and Extraversion measuredblink rate
while subjects viewed videos designed to elicit positive and negative affect rather than in
primary gaze (Berenbaum and Williams, 1994, 1995). Interestingly, changes in SBR in
response to affective stimuli have also been associated with scores on the Behavioural
Activation System in Gray’s BIS/BAS system (Berkovsky et al., 2019; Gros, 2011), which is
thoughtto be closely related to Extraversion (DeYoung and Gray, 2009). Therefore, although
methodological refinements are still necessary, SBR can successfully be used to probe the

link between personality and dopamine levels in humans.

In continuity with the links reported in humans between SBR and personality, an emerging
body of evidence suggests that SBR is also linked to equine personality. In horses, SBR has
been shown to be positively correlated with “Anxiety” as measured in a 9-factor personality
model (Roberts et al., 2016), and with EPT-Neuroticism (Loasby, 2018). SBR was also found
to be negatively correlated with temperament trait “Docility” (Roberts et al., 2016), although
the effect size was small (r =-0.21). Roberts etal. (2016) hypothesise that the links between
SBR and Anxiety and Docility may be mediated by stress and reflect the differential impact
of chronic, insurmountable stress on dopamine function in individuals with active (high
Anxious) and passive (high Docile) coping styles. Therefore, itis not yet clear from emerging
results whether SBRis linked to Extraversion-like equine personality factors, asis the case in
humans. Nevertheless, these results do suggest that SBR could be used to explore the

relationship between dopamine function and personality dimensions in the horse.

147



Phasic dopamine release in response to external stimuli may cause short-termvariations in
SBR and act as confounding factors when measuring tonic SBR (Jongkeesand Colzato, 2016).
Inaddition, factorssuch as eye dryness also results in phasicvariations in SBR in humans (Al-
Abdulmunem, 1999) and horses (Best et al., 2018; Cherry et al., 2020). In humans, SBR
increases during social interactions such as conversation (Doughty, 2001), while it decreases
with increasing mentalworkload (Lean and Shan, 2012) or in conditions requiring visual focus
such asreading (Doughty, 2001) or attending to a moving stimulus (Bacherand Allen, 2009).
In horses, phasic SBR responses have been documented during attentional processes and
stress responses (Mott, Hawthorne and McBride, 2020; Merkies et al., 2019). Emerging
results indicate that SBR decreases following exposure to an auditory startle (Mott,
Hawthorne and McBride, 2018) and during focussed attention (Merkies et al., 2019), but may
increase when exposure toastressoris prolonged beyond the initial startle response (Mott,
Hawthorne and McBride, 2020). Human blink characteristics, including SBR, are strongly
affected by wakefulnessstate and fatigue: strongincreasesin SBRare observed during sleep
deprivation, sleepiness or drowsiness (Cori et al., 2019). To date, little information is
available on the impact of wakefulness state or fatigue on SBR in animals. SBR is therefore a
highly sensitive measure and measures of tonic SBR are easily confounded by phasic

responses to external stimuli.

To account forthe impact of phasic variations on SBR, tonic SBR is assessed in primary gaze
in humans, i.e. with subjects looking straight ahead to a neutral stimulus and not
accomplishing any other mental or physical task concurrently (Doughty, 2001; Jongkees and
Colzato, 2016). However, these conditions may be difficult to achieve when assessing SBRin
animals. In particular, while the impact of attentional processes may be minimised by
collecting blink rate data in a quiet, familiar environment and with the animal loosely
restrained (Best etal., 2018; Roberts et al., 2016), any potential impact of wakefulness state

would be much more difficult to control without interfering with the animals. Therefore,
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phasic changes in SBR relating to attentional processes or dozing behaviour should be
controlled for or taken into account when assessing the relationship between tonicSBRand

personality in animals.

Individual differences in dopamine function have therefore been linked with personality
dimensions linked with reward sensitivity in humans (DeYoung and Gray, 2009) and rodent
models (de Boer, Buwalda and Koolhaas, 2017). In the horse, while preliminary data is
available to link reward sensitivity and striatal dopamine (Hemmings, McBride and Hale,
2007; Roberts et al., 2015), no links are currently documented between personality and
dopamine function. The aim of this chapter was therefore to investigate whether striatal
dopamine levels could be identified as a correlate of equine personality. To thisend, SBR was
measured atrestin asample of 20horses and compared with personality scoresas measured
using the EPT. The percentage of time spent dozing during the SBR observation period was
included in the analysis to account for confounding variations in SBR linked with wakefulness
state. In line with biological models of personality linking Extraversion with dopamine
function (Depue and Collins, 1999), it was hypothesised that Extraversionand SBRwould be
positively related. In addition, on the basis of existing data in equines (Roberts et al., 2016;
Loasby, 2018), it was hypothesised that Neuroticism and SBR would also be positively
correlated. Finally, given that SBR increases with fatigue and drowsiness in human subjects
(Corietal., 2019), it was hypothesised that SBR would increase with the percentage of time

spentdozing.
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6.2 METHODS

6.2.1 HORSES AND MANAGEMENT

A total of N=20 horses were recruited from the Brackenhurst Equestrian Centreforinclusion
in this study. This group of horses are a subsample of the population that has been used
throughout this thesis. The sample comprised 13 geldings and 7 mares, with a mean age of
13.1 +3.75 years. 13 breeds were represented, with the most common being Irish sports
horse (n=4), Connemara (n=3), Cob (n=2) and Thoroughbred (n=2). All horses had lived at
Brackenhurst Equestrian Centre fora minimum of a year at the time of data collection. Data
collection took place on 3 consecutive days in August 2019, during the early stages of the
horses’ summer conditioning program. During their summer conditioning program horses
were kept on grass pasture in groups at night but brought in to the yard during the day.
Housing was in individual stables (n=16) or combi barn in pairs (field shelter with small
outdoor paddock within the yard: n=4). Allhorses were housed in their familiar home stables
or barns. While on the yard they were fed hay or haylage, as well as supplementary feed
according to individual requirements, in orderto meet N ational Research Council nutritional
guidelines (National Research Council, 2007). Water was available ad lib both at pasture and
in stables. Members of the Brackenhurst Equestrian Centre staff gave the horses light
exercise once daily, following a program aiming at progressively building fitness back up after
the summer break. More details of sample demographics as well as management and

exercise regimes during the summer conditioning program are available in Chapter2.
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6.2.2 BASELINE SPONTANEOUS BLINK RATE MEASUREMENTS

6.2.2.1 Video recordings

Thirty minuteslongvideo recordings of undisturbed horses’ face and eyeswere obtainedon
three consecutive days. The impact of potential confounding factors such as time of day,
exercise or feeding on spontaneous blink rate has not yet been established. Therefore, in
order to minimise any impact of these potential confounding factors, horses were divided
into 3 groups and the orderin which the groups were filmed was rotated overthe three days
of data collection, so that a variety of conditions was representedforall horses. Footage was
obtained using tripod-mounted GoPro Hero 7s (GoPro, San Mateo, California, US) set to

record continuously at 1440 pixels/60frames per second in the Wide FOV mode.

Horses were caught and loosely tethered in their stables using a headcollar and leadrope.
The tripod-mounted GoPro was positioned inside the stable to obtain a clear view of the
horse’s face from the side and set to record. The horses were then left undisturbed for 30
minutes. The experimenters exited the stables but remained within sight to ensure horses
remained in the shot and did not make contact with the equipment. Horses were only
disturbed if it became necessary to move them back in the shotor to avoid a risk of damage
to themselves or the equipment. After 30 minutes, the recording was stopped, the tripod
taken out of the stable and the horse untethered. Videofiles were thentransferredtoa PC

for analysis.

Videos were filmed from the side, with only one eye was visible in the footage for the
majority of the time. Therefore, unilateral observations were carried out throughout. Due to
the lateral position of the horse’s eyes, this is the most frequently used methodto determine
blink rate in equine studies (Roberts et al., 2015; Merkies et al., 2019; Robertsetal., 2016).

However, unlike in other equine studies (Roberts et al., 2015; Merkies et al., 2019; Roberts
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et al., 2016), the side of the eye observed was not standardised between horses. This was
because light conditions differed between the horse’s home stables and the decision was
made to adapt camera placement to optimize exposure and footage quality. While unilateral
blinks do occur in horses, their frequency does not differ significantly for the left and right
eye (Best et al., 2018). In addition, Cherry et al. (2020) found that the blink rate measured
unilaterally from the left and the right eye in the same horses did not significantly differ.
Therefore, the side observed should not significantly impact the blink count and footage

quality was prioritized.

6.2.2.2 Video processing and footage selection

Footage was deemed unsuitable for analysis if (1) the horse’s eye was not visible in the shot,
(2) the eye was visible but difficult to observe due to the horse’s position, or (3) the horse
was currently being disturbed by the experimenter in order to reposition them in the shot.
All other footage, including sections featuring responses to normal yard activities, were
considered suitable for analysis. Ahead of blink counts, the videos were processed using
OpenShot Video Editor (OpenShot Studios, Rockwall, US). Where necessary, brightness and
contrast were adjusted so that the eye was easily visible. In addition, all sections of footage
selected forblink countwere zoomed in and cropped to centre onthe eye. Thisensuredthat
the eye was of a sufficient size to allow for reliable blink counts. The videos were not

modified in any otherway prior to blink count.

Blink counts were carried outin 5-minute segments of footage suitable for analysis (Best et
al., 2018; Cherry et al., 2020), beginning at minute 10 of the original videos as it has been
suggested a habituation period to recording conditions may be necessary for SBR to stabilise
(Jongkeesand Colzato, 2016). If all footage between minute 10 and minute 15 was suitable
foranalysis, then this was used as the 5-minute segment. However, if unsuitable footagewas

152



present between minutes 10and 15, the segment retained for analysis was extended beyond
the 15 minute mark for a duration equivalent to that of the unsuitable section, so that the

resulting video contained a total of 5 minutes of footage suitable foranalysis.

6.2.2.3 Blinkcount

A variety of eyelid movements associated with blinking have been reported in the horse
(Wathan etal., 2015). Full blinks, defined in humans as “bilateral paroxysmal brief repetitive
eye closures occurring continuously” (Karson, 1983), have beenreported in horses (Roberts
et al., 2016; Bestet al., 2018; Merkiesetal., 2019). However, partial blinks in which the full
surface of the corneais not covered by the upper eyelid have also been reported (Wathan
etal.,, 2015; Bestetal., 2018), as wellas eyelid twitches (Merkies et al., 2019). To account for
this variety in blinking behaviour, here a blink was defined as “any appreciable downward
movement of either upper eyelid to cover some or all of the corneal surface, immediately

followed by eye reopening”.

The blink counts were carried outin BORIS Video Analysis Software (Friard and Gamba, 2016).
Pilot studies showed that repeated blink counts were highly consistent when carried by the
same experimenter, indicating that a single count could produce a reliable number of total
blinks in the video (see Appendix B, Section A). Therefore, the total number of blinks was
only counted once in each video; all videos were analysed by the author. To reproduce the
conditions used for the intra-rater analysis as closely as possible, footage was viewed at
speed 0.50x and blinks were recorded using the Behaviour Coding Pad placed in the same

corner of the screen as the online tally counter.

In addition, pilot studies revealed that wakefulness state significantly impacts SBR (see

Appendix A, Section B). Wakefulnessstate was therefore recorded throughout the videos so
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it could be controlled forin the analysis. Wakefulness state was coded as “Active”, “Dozing”
or “Eyes closed”. “Eyes closed” was defined as a state in which the corneal surface was fully
covered by the eyelids for more than a second (Best et al., 2018). This state was later
excluded from the SBR analysis. Dozing was identified based on previously published
ethograms as a behaviouralstate in which the horse stands inactive with the head lowered,
the lower lip relaxed, and eyes partially closed; muscle twitches and leaning behaviour may
be observed or weight may be borne onthree legs (McDonnell, 2003). States were mutually
exclusive and any behaviour that was not “Eye closed” or “Dozing” was recorded as “Active”.

Blinks and wakefulness states were recorded during separate viewings.

For each video, SBR was calculated in blinks/minute by dividing the total number of blinks
recorded by the duration of thevideo, excludingany “Eyes closed” segments. The percentage
of observation time spent dozing was also calculated. It was defined as the total duration
spent in the Dozing state divided by the duration of the video (excluding any “Eyes closed”

segments), multiplied by 100.

6.2.3 PERSONALITY SCORES

Personality scores were obtained for all horses in the sample using the Equine Personality
Test (ljichiet al., 2013). This questionnaire uses subjective trait ratings by a familiar handler
to assign a horse with acontinuous score between 1and 5 on five equine personality factors:
Agreeableness, Neuroticism, Extraversion, Gregariousness towards People, and
Gregariousness towards Horses. Here, ratings were provided for all horses by the same 3
primary caregivers, who had been familiar with the horses for a minimum of a year at the
time of assessment. Questionnaires were scored for each rater individually, and for each

horse the scores given by the 3 raters were then averaged to obtain the final set of
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personality scores used in the analysis. Further details on questionnaire items, scoring

methods and validity and reliability of the Equine Personality Test are available in Chapter3.

6.2.4 STATISTICAL ANALYSIS

All statistical analysis in this chapter was performed using R (version 3.6.1: R Core Team,
2019). To accommodate the significantimpact of wakefulness state identified in pilot studies
(see Appendix B, Section B), the percentage of time spent dozingin each video was included
as a covariate in the final analysis to investigate links between SBR and personality factors.
Giventhe verylow consistency of SBR over the three days of data collection (see Appendix
B, Section C), an average of the three repeated blink counts was not considered a meaningful
measure. Instead, allcounts were entered separately into the model. A Gaussian Generalized
Additive Mixed Model (GAMM) was used to model SBR as a function of the 5 personality
factors and the percentage of time spent dozing in each video, taking into account the
dependency introduced by the repeated measures. Backward model selection was used to
identify which variables to retain in order to obtain the best-fitting model. Figures were
generated usingthe R package ggplot2 from the tidyverse collection of packages (Wickham

etal., 2019)

6.2.4.1 Data exploration

Data exploration was undertaken priorto modelfitting, following the protocol suggested by
Zuur, leno and Elphick (2010). There were no zeros, missing values or significant outliers in
the response or explanatory variables. The response variable was continuous, strictly
positive, homogenous, and normally distributed (Shapiro-Wilk test: W = 0.971, p = 0.171).

There was no collinearity (all r < 0.6) or multicollinearity (all VIF < 2.5) among explanatory
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variables. There was no graphical evidence of interactions between explanatory variables
and, therefore, no interaction terms were included in the fitted model. Exploratory

Spearman’s correlations between SBR and personality factors were also conducted.

6.2.4.2 Model formulation

Giventhat the response variable was continuous, strictly positive, homogenous and normal,
data were modelled with a Gaussian distribution with identity link function. There was
dependencyinthe modeldue to the repeated measurestaken from the same individual on
different days. Consequently, horse identity was included in the modelas a randomterm. In
addition, the percentage of time spent dozing was found to be non-linearly related to SBR
and this variable was fitted with a smoothingterm. As a consequence, SBRwas modelled as

a function of the covariates usinga Gaussian GAMM, which took the following form:

SBRij ~ N(ij 02 ij)

E(SBRy) = iy

wij= Po + f(Dozing;;) + agree;; + neurij + extry; + gregP; + gregHy; + Horse;

HOI'Sé‘j ~ N(O, o Harse)

Where SBR;; was the spontaneous blink rate in observation ifor horse j. The variables agree;
neur; extr; gregP; and gregH; were continuous covariates representing Agreeableness,
Neuroticism, Extraversion, Gregariousness towards People, and Gregariousness towards
Horses, respectively. f(Dozing;) was a smooth function to model changes in SBR as a non-
linear function of the percentage of time spent dozing during the observation period. Horse
wasincluded asa random interceptinthe modelto account forthe repeated measures taken

on different days for each individual and was assumed to be normally distributed, with a
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mean of zero and variance o?. The model was fitted using the gamm4() function from the

gammd package (Wood and Scheipl, 2017).

6.2.4.3 Modelselection

Manual backward selection was used in order to identify the best-fitting plausible model.
This procedure was performed through an iterative process using the Akaike Information
Criterion (AIC) as measure of quality of fit of each model, with a lower AlCindicating a better
fit. For each iteration, AIC was calculated for the full model and for all possible models
obtained by removing a single covariate. For each iteration, the covariate whose removal
resultedin the biggestimprovementin the quality of fit was removed. The resulting model
was then entered as the full model in the next iteration. Iterations were repeated until
removing furthervariables resulted in a markedly higherAIC, i.e. a worse fitting model. The

model obtained through manual backward selection is referred to thereafter as “the final

model”.

6.2.4.4 Modelvalidation

The fit of the final model was assessed through graphical means by plotting the residuals
against both the fitted values and the retained covariates. There were no obvious pattems

in the residuals and the fit of the modelwas considered satisfactory.
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6.3 RESULTS

6.3.1 CORRELATIONS BETWEEN SBR AND PERSONALITY FACTORS HYPOTHESISED
AS DOPAMINE-DRIVEN

There was asignificant, positive correlation between SBR and Neuroticism (r=0.33, p=0.011).

There was no significant correlation between SBR and Extraversion (r=-0.19, p=0.141).

6.3.2 MODEL SELECTION

Manual backward selection resulted in the successive removal of covariates gregP;, neur;
extr;and agree;. However, covariate gregH; (Gregariousness towards Horses) as well as the

smoothed term f(Dozing;) (percentage of the observation period spent dozing) were
retained in the best fitting model. The final modeltherefore took the form:
SBRij ~ N(uij 07 i)
E(SBRy) = pij
wij= Bo + f(Dozingy;) + gregH;; + Horse;

Horse; ~ N(U, 62 Horse)

6.3.3 IMPACT OF COVARIATES ON SBR

There was asignificant negative association between Gregariousness toward Horses and SBR
(Table 6.1a: p = 0.002); more gregarious horses had lowerSBR (Figure 6.1a). In addition, the
smoothed term showed that the percentage of time spent dozing had a highly significant

(Table 6.1b: p < 0.0001), non-lineareffecton SBR. For low values of time spentdozing, SBR
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increased with the time spent dozing, up to a peakvalue for 25% of time spent dozing. SBR
then decreased as time spentdozing increased, with a second smaller inflection around 80-

85% of time spentdozing (Figure 6.1b).

Table 6.1 - Summary of a Gaussian GAMM to examine SBR as a function of a. linear term
Gregariousness towards Horses and b. smoothed term Percentage of time spent dozing.

Samples from different horses were fitted as random intercepts. N ,,; = 60.

a. Estimate  Std. Error t P value
(Intercept) 23.39 3.97 5.89 <0.001
Gregariousness towards Horses -3.79 1.13 -3.34 0.002

b. Est. degrees of freedom F P value
Percentage of time spentdozing 4.88 8.72 <0.001

20 207

Spontaneous Blink Rate

0 25 50 75 100 28 32 38 4.0
Percentage of time spent dozing Gregariousness towards Horses

Figure 6.1 - Fitted values of SBR against a. Percentage of time spent dozing, and b.
Gregariousness towards Horses, modelled using a Gaussian GAMM. Coloured bandsindicate

95% confidence intervals around the fitted line. Black circles are observed values for SBR.
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6.4 DISCUSSION

Individual differences in tonic striatal dopamine levels have been proposed as a driver of
personality factors such as Extraversion in humans. In horses, although similar links have
been suggested, little is known about the relationship between the personality factors
measured by the Equine Personality Test and dopamine. The present study investigated the
relationship between personality scores in the EPT and baseline SBR, an indirect marker of
striatal dopamine function, in a sample of riding school horses (n=20). The impact of dozing
behaviouron SBR was also taken into account. The percentage of time spent dozing during
the observation period was found to strongly and non-linearly impact SBR. Contrary to
hypotheses, neither Neuroticism nor Extraversion contributed to explaining SBR. However,
an unexpected negative association between SBR and personality factor Gregariousness

towards Horses was found.

Dozing wasincluded as a covariate in the analysis following pilot observations suggesting SBR
was strongly reduced while dozing compared to an active state. Subsequently, the
percentage of time spentdozing during the observation period was found to have a strong,
non-linearimpact on SBR. SBRincreased with dozing up to a peak at 25% of time spent dozing,
thendecreased asdozingincreased further, with asecond, smaller peak around 85% of time
spent dozing. This strong impact of dozing behaviour on SBR was unexpected as it has not
yet been described in the equine literature. It is possible that the positive relationship
observed between SBR and low values of percentage of time spent dozing reflected the
impact of focussed attention. Horses who remained alert during the entire observation
period may have expressed more focussed visual attention, which is associated with a
reduction of SBR in horses (Mott, Hawthorne and McBride, 2020; Merkies et al., 2019).
However, the reduction in SBR associated with high levels of dozing was unexpected as

findingsin humans repeatedly showthat fatigue and drowsiness resultin anincrease in blink
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rate (Cori et al., 2019; Jongkees and Colzato, 2016). However, it should be noted that these
states may not be comparable to dozing behaviourin horses. In human subjects, fatigue and
drowsiness are characterised by efforts to remain in a wakefulstate, which is promoted by
dopamine (Monti and Jantos, 2008; Oishi and Lazarus, 2017). By contrast, dozing in horses
corresponds to an early stage of sleep. In addition, while the increase in SBR during
drowsiness in humans appears dopamine-mediated, it should be noted that factors other
than dopamine levels contribute to regulating blink rate (Kamineret al., 2011). In particular,
blink behaviour has been linked with tear film replacementin humans (Al-Abdulmunem,
1999), rodents (Kaminer et al., 2011) and horses (Best et al., 2018; Cherry et al., 2020). Air
flow over the ocular surface may contribute to tear film break up and is associated with
increased blink rate (Wu et al., 2014). In horses, it has been suggested that increased
movement may result in increases in air flow over the ocular surface, and therefore in
increases in SBR (Cherry et al.,, 2020). Dozing behaviour in horses is characterised by
relaxation, a lack of movement and partially closed eyes (McDonnell, 2003); these factors
may contribute to minimise tear film break-up and the need to blink, resultingin a decrease
in SBR. To the author’s knowledge, this study is the first to demonstrate an impact of dozing
behaviouron SBR in horses. More researchis neededto fully characterise the dual impact of
short-term attentional processes and dozing behaviour on SBR in the horse, in order to
inform protocols used to measure tonic SBR. Given the large proportion of time horsesin the
sample spentdozing, itappears likely that the values of SBR obtainedin other equine studies,
in which horseswere observed while tethered foras long as 30 minutes (e.g. Robertsetal.,

2015, 2016), would have been affected by dozing.

The absence of link between SBR and Extraversion is in line with previous findings in the
horse (Loasby, 2018; Roberts et al., 2016), although it is unexpected from a comparative
point of view (Depue and Collins, 1999). In line with the results presented here, no links

between SBRand EPT-Extraversion has beenreported in a previous study in a sub-sample of

161



the horses used in this thesis (Loasby, 2018). In addition, Roberts et al. (2016) did not report
a correlation between SBR and Excitability, the factorin their equine personality model most
similar to Extraversion at the trait level. Therefore, this result appears to strengthen existing
evidence that does not link Extraversion with SBR in the horse, thus implying that equine
Extraversion may not be linked with dopamine levels. Nevertheless, this is highly unexpected
from a comparative point of view, given the strong evidence linking trait reward sensitivity
to dopamine levels (Depue and Collins, 1999; Munafo, 2009; DeYoung and Gray, 2009; de
Boer, Buwalda and Koolhaas, 2017) and the highly conserved character of the neural

networksinvolved (O’Connelland Hofmann, 2012).

A possible explanation for this contradictory finding in the horse may be that EPT-
Extraversionis conceptually differentfrom FFM-Extraversion and trait sensitivity in rodents,
and may therefore have different underlying neurophysiological drivers. However, in
addition to similarities to FFM-Extraversion at the trait level (see Section 1.4.3), EPT-
Extraversion has been shown to reflect differences in coping styles (ljichi et al., 2013).
Another potential explanation for this finding may be that tonic SBR is not the most salient
indicator of dopamine levels to use when exploring links with Extraversion. Despite the
strong evidence linking Extraversion with dopaminergic function in humans (DeYoung and
Gray, 2009), the studies investigating links between tonicSBR and human personality report
contradictory results (Barbato et al., 2012; Colzato et al., 2009). By contrast, phasic SBR
responses to standardised affective stimuliare correlated with Extraversionand similar traits
linked with reward sensitivity (Berenbaum and Williams, 1994; Berkovsky et al., 2019). A
future avenue for research may be to explore the relationship between personality and
phasic SBR responses to emotive situations in horses. In addition, despite time and logistic
constraints, cognitive studies may provide a clearer insight into the relationship between

Extraversion and dopaminergicfunction.
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There was a significant positive correlation between SBR and Neuroticism, in accordance
with previous findings in humans and equines showing a positive correlation between SBR
and Eysenck’s Neuroticism (Barbato etal., 2012), EPT-Neuroticism (Loasby, 2018) or “Anxiety”
(Roberts etal., 2016). However, Neuroticism was not retained as an explanatory variable of
SBR in the modelling analysis. This contradictory finding might in part be explained by the
inclusion of the covariate “percentage of time spent dozing” inthe analysis, as this covariate
appears to have captured phasic changes in SBR in response to wakefulness state and
possibly attentional focus on the environment. It could be hypothesised that the observed
impact of Neuroticism on SBR is in fact mediated by short-term behaviour or responses
during the observation period. For instance, more stress sensitive horses may have spent
less time dozing during the observation period, resultingina higher recorded SBR. However,
it should be noted that the percentage of time spent dozing did not significantly correlate
with any of the personality factors, weakening this hypothesis. In addition, exposure to an
environmental stressor has been shown to result in an increase in blink rate in the horse
following the initial startle response (Mott, Hawthorne and McBride, 2020) and blink rate
appears sensitive to even very mild stressors. More stress sensitive horses may have shown
short term stress responses to environmental stressors more often during the observation
period, resulting in higher SBR. This suggests that more research is needed to clarify the
relationship between trait stress-sensitivity, short-term stress responses and SBR in the
horse, in ordertoinform hypotheseslinking Neuroticism to centraldopamine levels (Roberts

et al., 2016).

Finally, there was a significant negative impact of Gregariousness towards Horses on SBR,
with this covariate being the only personality factor retained as an explanatory variable of
SBR in the modelling analysis. This finding implies that more gregarious horses may have
lower levels of tonic striatal dopamine. This result was unexpected as such an association

between SBR and sociability towards conspecifics has not previously been reported in the
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horse (Loasby, 2018; Roberts et al., 2016). In addition, while dopamine has been identified
as a potential driver of sociability through the rewarding effect of social contact (Depue and
Morrone-Strupinsky, 2005), the direction of the effect reported here is in contradiction with
both theoretical models of underlying drivers of affiliation (Depue and Collins, 1999; Depue
and Morrone-Strupinsky, 2005), and empirical results that suggest a positive link between
sociability and dopamine levels (Adamczyk et al., 2012; Shimohata et al., 2017; Bariselli et al.,

2018).

A potential explanation for this unexpected finding is that horses were observed while
individually stabled and were thereforein a situation of relative social isolation. In the horse,
short term social isolation has been shown to result in at least a transient decrease in blink
rate (Merkies et al., 2019). Although horses were not removed from their normal
management for the purpose of the study and are assumed to be habituated to those
conditions, it could be hypothesised that more gregarious horses were more affected by the
relative social isolation resulting from single-housing conditions, leading to the observed
reduction in SBR. However, the important limitations associated with the Gregariousness
towards Horses scale of the EPT (Chapter 3) may affect the reliability of this result. While the
predictive validity of otherscales of EPT has been explored(ljichietal., 2013), the predictive
validity of the Gregariousness towards Horses for social behaviour has not yet been
established. In addition, this scale has been shown to have limited inter-rater and test-retest
reliability (Chapter 3). Therefore, more work is needed to confirm the above finding and
assess its applied relevance, using a valid and reliable measure of social behaviour and trait-

affiliation/sociability.

164



6.5 CONCLUSION

The aim of this chapter was to explore the relationship between the five equine personality
factors measured by the EPT and individual variations in striatal dopamine levels, measured
indirectly through SBR. This chapter’s findings reveal important methodological issues
relating to the collection of SBR data in the horse. Wakefulness state was shown to exert a
very strong, non-linear phasic impact on SBR. This impact had not yet been described in the
horse. It is hypothesised that the non-linear pattern observed here may represent the dual
impact of attentional processes and dozing behaviour on SBR. This chapter’s results suggest
that SBR measured in tethered horses in familiar environments may be strongly influenced
by phasic responses rather than representing a true measure of tonic SBR, and therefore
tonic striatal dopamine. More research is needed to clarify the impact of attentional
processes and wakefulness state on SBR, and to establish a protocol enabling repeatable
measurements of true tonic SBR in the horse. This chapter’s findings on the relationship
between equine personality factors and SBR contradict the hypotheses proposed. No
relationship between SBR and Extraversion or Neuroticism was observed, suggesting that
there may be no relationship between individual variations in striatal dopamine levels and
those personality factors as measured by the EPT. By contrast, an unexpected negative
association between SBR and Gregariousness towards Horses, a personality factor that was
not thought to be underpinned by the dopaminergic function, was reported. Future work
should focus on replicating this unexpected finding and further probing the relationship
between equine personality factors and individual variations in striatal dopamine levels.
Given the methodological issues raised here around SBR, this second aim may be more
reliably achieved by using SBR in combination with other indirect markers of striatal

dopamine, such as cognitive characteristics.
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Chapter 7 General Discussion

Personality is identified by equestrians as one of the most relevant characteristics of a horse
with regardsto its performance and suitability for a role (Graf, Kbnigvon Borsteland Gauly,
2013). A consistent profile of desired personality emerges from surveys of equestrians at all
levels, highlighting a desire for a compliant horse with limited behavioural reactivity to
novelty or environmental challenges (Suwataetal., 2016; Gérecka-Bruzdaetal., 2011; Graf,
Konig von Borstel and Gauly, 2013). Equine personality research in the last few decades has
focussed on the development of assessment tools that may be used either in the field orin
research (Rankins and Wickens, 2020). As a result, objective tests now enable selection on
the basis of personality for breeding (Graf, Konig von Borstel and Gauly, 2014) or for more
demanding roles such as a mounted police horse (Pierard, McGreevy and Geers, 2017) or
sports horse (Lansade et al., 2016). From a fundamental research point of view, the
development of multiple subjective trait-rating assessment tools (e.g. Momozawa et al.,
2005a; Lloyd etal., 2007, McGrogan, Hutchison and King, 2008; ljichi et al., 2013) has given
rise to a tentative model of equine personality (reviewed in Section 1.4.3). This emerging
modelis coherent with comparative personality studies that indicate some personality traits
are conserved across multiple taxa (Goslingand John, 1999; Gosling, 2001). However, to date,
research on correlates of equine personality remains relatively limited beyond the
behaviourallevel (Rankins and Wickens, 2020). In particular, little research has systematically
addressed the question of the biological basis and physiological correlates of personality in

the horse (Rankins and Wickens, 2020).

In other species (including humans), physiological correlates of personality have been
identified at both the central (DeYoung and Gray, 2009) and peripheral level (Ormeletal.,
2013; Chida and Hamer, 2008). At the central level, differences in serotonin and dopamine
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function have been identified as drivers of personality factors such as Neuroticism and
Extraversion (DeYoungand Gray, 2009), and of coping style in animals (de Boer, Buwalda and
Koolhaas, 2017). In addition, at the peripheral level, the reactivity of physiological systems
linked with the adaptive stress response has been associated with Neuroticism (Chida and
Hamer, 2008; Ormel et al., 2013) and coping styles (Koolhaas et al., 2010). This is crucial as
these physiological correlates then go on to mediate links between personality and
outcomes such as cognitive style (Coppens, de Boer and Koolhaas, 2010) and susceptibility
to stress related diseases (Koolhaas, 2008). Similar links between neurophysiological
parameters and personality have only very tentatively been identified in the horse to date
(Rankins and Wickens, 2020). Therefore, at present, it is unknown whether a particular
physiological profile is being selected alongside the desired equine personality profile, and if
it is, whetherthis physiological profile is advantageous. This thesis aimed to address this gap
by exploring the relationship between equine personality dimensions measured using a
species-specific trait-based questionnaire (ljichi et al., 2013) and neurophysiological

correlates of personality identified in other species.

7.1 SIGNIFICANCE AND LIMITATIONS OF FINDINGS

7.1.1 VALIDITY AND RELIABILITY OF THE EPT

The Equine Personality Test (EPT; ljichi et al., 2013) was chosen as the equine personality
assessment tool for this research. This choice was motivated by the use of a psychometric
approach in developingthe questionnaire (Creighton, personal communication; ljichi et al.,
2013), as well as its integration within comparative models of personality such as the

conserved Five Factor Model (Gosling and John, 1999) and the coping style framework
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(Koolhaas et al., 1999; ljichi, 2014). The concurrent and predictive validity of the EPT has
previously been demonstrated: Neuroticism and Extraversion scores predict behavioural
responsesrelated to those traits in standardised tests (ljichietal., 2013), and the expression
of pain-related behaviour (ljichi, Collins and Elwood, 2014). However, some elements of
validation of the EPT had yet to be carried out to ensure the EPT yielded valid and reliable
personality measures. In particular, the EPT had yet to be tested forinternal consistency of
the factors (Simms and Watson, 2007), inter-rater reliability (Goslingand Vazire, 2002), and
test-retestreliability (Dingemanse and Wright, 2020). Chapter 3therefore sought to evaluate
whetherthe EPTmetthesecriteria. Due to the factor structure of the EPT, each subscale was

considered separately.

This investigation showed that the subscales measuring Agreeableness, Neuroticism,
Extraversion and Gregariousness towards People showed very good internal consistency,
inter-rater reliability and test-retest reliability. These findings are not surprising as the EPT
was developed using psychometric techniques recommended for the construction of
personality assessment scales (ljichi et al., 2013; Creighton, personnal communication).
Taken together with the results from ljichi et al. (2013, 2014) demonstrating predictive
validity for two of the subscales, this work contributes to making the EPT the only subjective
equine personality questionnaireto have been checked against all four criteria of a valid and
reliable personality assessmenttoollaid out by Gosling & Vazire (2002) and Dingemanse and
Wright (2020). Currently, the questionnaires developed by Momozawa et al. (2005) and
Lloyd et al. (2007) are most commonly used by equine researchers (reviewed in Rankins &
Wickens, 2020). However, the EPT now benefits from a more thorough validation than both
these questionnaires. In particular, neither has been evaluated for test-retest reliability, a
crucial aspect of personality assessment (Dingemanse and Wright, 2020). In addition, the
results from Chapter 3 show that the EPT provides a particularly robust measure of the three

factors Agreeableness, Neuroticism and Extraversion. This is relevant from an applied point
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of view, as these are the main factors of interest when selecting horses to fit the profile of
personality desirable to equestrians. Itis also relevant from aresearch point of view, as these
are the three main factors identified as conserved across species (Gosling and John, 1999)
and consistently identified by in equine personality models (reviewed in Section 1.4.3).
Therefore, the results presentedin Chapter 3are noveland contribute to position the EPT as
a highly relevant equine personality assessment tool, both for applied and research contexts.
They also strengthen the credibility of the personality assessment used in subsequent

chapters of this work.

One limitation of the findings in this chapter is that the high levels of inter-rater reliability
observed for the Agreeableness, Neuroticism, Extraversion and Gregariousness towards
People scales may not be generalisable to any sample of raters. Indeed, all raters used in this
study were recruited from the same workplace and were knowledgeable not only about
horse management but also equine science. This likely had a positive influence on their
ability to accurately interpret everyday behaviour they observed in the horses (Bell et al.,
2019), leading to increased agreement between raters on the usual responses of a given
horse (Funder, 1995). For this reason, it is unclear from the results of this work whether the
high inter-rater reliability observed here can be generalised to less specialised raters, such
as amateur horse owners, who are more likely to misinterpret behavioural responses (Bell
et al., 2019). In addition, traits in the EPT are presented as pairs of adjectives or descriptors
without further definition, leaving them open to interpretation by the raters. It has
previously been shown that equestrians vary in their definitions of terms commonly used to
describe horse personality (Mills, 1998). Although the raters used in this study did not discuss
their assessments of the target horses’ personality when filling in the questionnaires, it is
likely that they would have developed a shared vocabulary over the course of their daily
professionalinteractions. This may have made them more likely to interpret the traits in the

EPT similarly. Therefore, while the findings of this work can be used to support the reliability
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of the EPT when the assessmentis carried out by equine professionals, additional work may
be neededto ensure that the high level of inter-rater reliability described here is conserved

whenthe assessmentis carried out by a more varied group of raters.

Chapter 3 also revealed that not all subscales of the EPT satisfied the criteria laid out by
Gosling & Vazire (2002) and Dingemanse and Wright (2020). Indeed, the Gregariousness
towards Horses scale yielded poor internal consistency, poorinter-rater reliability and poor
test-retest reliability. In addition, the concurrent validity of the Gregariousness towards
Horses scale was notinvestigated by ljichietal. (2013). Therefore, in addition to the reliability
issues highlighted by the present work, the Gregariousness toward Horses scale has not yet
been shown to successfully predict social behaviour and trait-affiliation/sociability.
Therefore, at present this scale does not provide an acceptable measure of the target
personality factor. While this scale wasincludedin the prospective studies carried outin the
last two chapters of this work (Chapter 5, Chapter 6), this was strictly in order to inform
potential avenues of future research, and results involving this scale should be interpreted

with much caution.

A clear avenue forfuture research emerging from Chapter 3is to revise the EPT with a focus
on the Gregariousness towards Horses scale, in order to ensure all personality dimensions
captured by the questionnaire are measured in a valid and reliable way. Such revisions are
commonin human (e.g. Eysenck etal., 1985; Mccrae & Costa, 2004) and animal (Ley, Bennett
and Coleman, 2009; Olsen and Klemetsdal, 2017) personality questionnaires when
problematic elements are identified. They are usually carried out by either replacing or
adding additional items to the problematicscale, using psychometric methods as outlined by
e.g. Simms & Watson (2007) to identify items of interest. Due to the numerous issues
associated with the scale, one potential solution might be to disregard it altogether. However,

trait-sociability emerges as a separate factor in most equine personality models (e.g.
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Momozawa et al., 2005; Lloyd et al., 2007; Roberts et al., 2016), and simply removing this
scale risks failing to capture a relevant dimension of equine personality. Revisions to the
Gregariousnesstowards Horses scale, following psychometric guidelines (Simms and Watson,
2007), would therefore be more advisable. All items on the scale showed limited reliability;
therefore, substituting those items for more reliable alternatives may prove fruitful. The
traits “playful”, “sociable”, “popular”, “friendliness — horses”, and “competitiveness” have
been shown to be rated reliably and to contribute to personality factors that appear
conceptually close to Gregariousness towards Horses: “Sociability” (Lloyd et al., 2007) and
“Horse-horse interaction” (Roberts et al., 2016). Therefore, these traits may constitute a

relevant item pool for a revised Gregariousness towards Horses scale, subject to

confirmation through factoranalysis.

Once designed, the revised Gregariousness towards Horses scale should be tested for
concurrentvalidity. One difficulty in achievingthis is the lack of well-established method to
evaluate gregariousness or sociability in the horse. While objective behavioural tests have
been developedto evaluate the reactivity to isolation from conspecifics (Lansade, Bouissou
and Erhard, 2007), it appears likely that behavioural expression in those tests may be
influenced not only by sociability but also by Neuroticism and Extraversion, given the
stressful nature of the challenge. Other tests of sociability trialled that lacked this stressful
element, such as a social attraction test, did not yield consistent results overtime and may
therefore not be appropriate to evaluate a personality trait (Lansade, Bouissou and Erhard,

2007).

Once a revised version of the EPT satisfying Gosling & Vazire's (2002) criteria for all its scales
is available, it should be used to confirm and investigate in more depth the findings of the
presentwork. In particular, future work should aim to investigate the findings from Chapter

6 in more depth. Although this chapter failed to evidence hypothesised links between
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spontaneous blink rate (SBR) and Extraversion and Neuroticism, it revealed an unexpected
negative association between SBR and Gregariousness towards Horses. The biological
significance of this finding is not immediately obvious, as sociability is typically positively,
rather than negatively, associated with dopamine levels in other species (Depue and
Morrone-Strupinsky, 2005). While a reduction in SBR due to the impact of social isolation
(Merkies etal., 2019) has beenvery tentatively proposed to explain the findingsin Chapter
6, it seems highly likely that the reliability of this findingis limited, due to the shortcomings
of the Gregariousness towards Horses identified in Chapter3. Therefore, before more work
is undertaken to better understand the significance of this result, it should be confirmed

using a valid and reliable measure of trait-sociability in the domestichorse.

7.1.2 PHYSIOLOGICAL PROFILE OF PERSONALITY TYPES

The overarching aim of this thesis was to determine whether a physiological profile of
personality types could be established in the horse, in line with findingsin human (Ormelet
al., 2013; DeYoung and Gray, 2009; Depue and Collins, 1999) and non-human (de Boer,
Buwalda and Koolhaas, 2017) animals. Potential neurophysiological correlates chosen for
this preliminary investigation were those that had beenidentified as correlates of personality
in human and/or animal models, were of applied relevance to equine welfare or
performance, and could be studied using strictly non-invasive methods. Therefore, at the
peripheral level, cardiac, parasympathetic and HPA axis reactivity to stressors were
evaluated (Chapter 4), as well as chronic HPA axis activity (Chapter 5). At the central level,

striatal dopamine was considered (Chapter6).

Based on findings in humans (reviewedin Ormeletal., 2013), links were suggested between
Neuroticism and cardiac, parasympathetic and HPA axis reactivity to stressors, as well as

baseline HPA axis activity. However, these physiological parameters have also been linked
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with coping style in the coping style framework (Koolhaas et al., 2010). Given that EPT-
Extraversion is hypothesised to represent coping style in the horse (ljichi et al., 2013), links
with Extraversion were also tentatively proposed. Finally, given the strong evidence for a
dopamine basis to Extraversion-like factors in human and non-human models (Depue and
Collins, 1999; DeYoungand Gray, 2009; de Boer, Buwalda and Koolhaas, 2017), a positive link
was hypothesised between Extraversion and striatal dopamine levels. Given the importance
of compliant behaviour to equestrians (Gérecka-Bruzda et al., 2011; Suwata et al., 2016),
Agreeableness was also included in all analyses. However, it was not hypothesised to be
linked with any of the potential physiological correlates considered here, as Agreeableness-
like factors are thought to be underpinned by serotoninergic networks and largely
independent of stress reactivity (de Boer, Buwalda and Koolhaas, 2017; DeYoungand Gray,

2009).

None of the hypothesised links between equine personality and physiological parameters
were supported by the data collected in this project. Contrary to hypotheses, Chapter 4
revealed that the heart rate, heart rate variability and salivary cortisol responses to three
experimentalstressors were unrelated to Neuroticism and Extraversion. In addition, Chapter
5 showed that hair cortisol, a non-invasive indicator of chronic HPA axis activity, was not
linked to either Neuroticism or Extraversion. Finally, Chapter 6 showed that spontaneous eye
blink rate, a non-invasive proxy measure of tonic striatal dopamine activity, was not related
with EPT measures of Extraversion. Therefore, no evidence was foundin the datato support
any of the proposed relationships between personality as measured by the EPT and potential
neurophysiological correlates, either at the central or peripheral level. No physiological
profile of equine personality types in continuity with those established in humansand non-
human models can therefore be proposed on the basis of this work. Given the highly
conserved character of the biological systems and personality traits considered (Gosling and

John, 1999; Gosling, 2001), this is a very unexpected finding.
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Methodological limitations may have contributed to the lack of findings in line with
hypotheses. First, it could be suggested that the personality scores used in those analyses
did not accurately reflect the personality dimensions they aim to measure. However, the
work carried out in Chapter 3, in conjunction with the validation work carried out by ljichi et
al. (2013), strongly suggests that the personality scores used in Chapter 4, Chapter5 and
Chapter6 were valid and reliable. Therefore, this criticismis unlikely to apply here. However,
limitations of the non-invasive techniques used to measure autonomic and HPA axis
reactivity and tonic striatal dopamine activity may have contributed to the null findings
reported in these chapters (identified and discussed in depth in Chapter 4 and Chapter 6).
Limitations were linked with the impact of potential confounding factors, such as attentional
processes and short-term stress responses for spontaneous blink rate (Cherry et al., 2020;
Merkies et al., 2019: discussed in more detail in Section 6.4). While the equipment used in
this work, such as Polar heart rate monitors and ELISA assays, is standard for equine studies
(e.g.Stucke et al., 2015; Saueretal., 2019), their reliability is beingincreasingly questioned
(e.g. Parker et al., 2009; Sauer et al., 2020: discussed in more detail in Section 4.4). Taken
together, these methodological limitations could have impacted the reliability with which
rank order or subtle individual variations were captured within the cohort. By contrast,
studies in rodents and other laboratory animal models frequently employ invasive
techniquesthat provide a much more direct measure of the physiological variable of interest
and are less susceptible to the impact of confounding factors (e.g. plasma cortisol and
adrenaline/noradrenaline concentrations: e.g. Koolhaas et al., 2010; experimental
administration of dopamine agonists/antagonists: e.g. Benus et al., 1991). This may increase
their ability to detect subtle individual differences. While the use of invasive techniques
cannot be proposedin the domestichorse for ethical reasons, refinements to the protocols
and equipment used here may help determine the extent of the impact of methodological

limitations on the results presented in this work.
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Characteristics of the sample used in the current study may also contribute to explain why
the findings of this work do not align with modelsin otherspecies. First, sample size must be
takeninto account as a potential limitation of this study. A sample size calculation basedon
the strength of previously published correlations between physiological parameters and
personality factorsin the horse (Momozawa et al., 2003; Roberts et al., 2016; Sauveroche et
al., 2020) revealed that a larger sample size may be needed to detect those effects with
acceptable statistical power (see Chapter 2). The study may therefore have been
underpowered, which may have limited its ability to document effects in line with those

describedin otherspecies.

To ensure applied relevance, the work presented in this thesis was conducted on a diverse
sample of horses chosen to be representative of the UK’s leisure horse population in as far
as thatis possible (Hotchkiss, Reid and Christley, 2007; Hockenhulland Creighton, 2013) and
keptunderanindustry-standard management system. This is in contrast to studies in rodent
models, in which selected strains representing extremes of the personality trait of interest
tend to be used (e.g. Koolhaas et al., 1999). These studies often yield much more clear-cut
results when compared to studies using normal populations, in which the full range of the
trait can be observed (Réale et al., 2007; Ferrari et al., 2013). Variations in previous life
experience and training in the sample of horses likely acted as an additional source of
individual differences that is usually not present in samples of laboratory or farm animals,
whose life experience and management is generally standardised. Despite the use of a
broadly standardised management regime at Brackenhurst Equestrian Centre, management
is often tailored to horses’ individual needs to ensure optimal welfare for each individual.
Additional safeguards are often putin place for horses that are identified as having extreme
personalities, especially highly neurotic horses, to avoid causing them distress. It is possible
that this individual tailoring of management and use might have contributed to mask

individual differencesin physiology, as highly stress sensitive individuals may experience less
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stressfulsituations than the rest of the group. Although the use of a continuous population
keptunderindustry standard management may contribute to explain the lack of continuity
between the findings of this work and those reported in otherspecies, it is considered to be
a strength ratherthan alimitation of the current work, as it guarantees the applied relevance

of the findings.

The very limited links between physiology and personality documented in this work
contradict emerging findings in the horse published by other groups overthe course of this
project. For instance, Roberts et al. (2016) report correlations between spontaneous eye
blink rate and personality factors “Anxiety” and “Docility”, as measured by the subjective
personality questionnaire developed in the same study. In addition, Sauveroche et al. (2020)
document correlations between hair cortisol and personality factors “Dominance”,
“Anxiousness”, and “Excitability” as measured by Lloyd et al.'s Horse Personality
Questionnaire (2007). It should be noted that both these studies used simple correlationsin
their analyses, meaning that they might have failed to account for confounding factors that
were accounted forin the GLMMs used in this work. In addition, the personality assessment
tools used in these studies have not been fully checked against the criteria of validity and
reliability laid out by Gosling and Vazire (2002) and Dingemanse and Wright (2020)
Nonetheless, their results appear better aligned with the literature in other species than
those reported in the present work. Contradictory results on the links between personality
and physiological variables have also been published in the human literature (e.g
Neuroticism and cortisol levels: reviewed in Ormel et al.,, 2013; Extraversion and
spontaneous blink rate: Barbato et al., 2012). These discrepanciesin findings are commonly
attributed to differencesin methodology, including personality assessment tool (Barbato et
al., 2012), and method or endpoints used to collect physiological data (Ormel et al., 2013;

Jongkeesand Colzato, 2016). Differencesin methodology may also help explain differences
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between the findings of the present thesis and those of Roberts et al (2016) and Sauveroche

et al. (2020), and should be addressed by future research.

To ensure results from different studies carried out in the horse are comparable, future
research should aim to document what links, if any, exist between the different equine
personality questionnaires frequently used by researchers (Momozawa et al., 2005a; Lloyd
et al., 2007; ljichietal., 2013). In addition, existing evidence should be carefully reviewed to
develop standardised methodologies to measure physiological correlates, taking into
accountany confounding factors. This is particularly true foremerging measures such as hair
cortisol concentration (Chapter5) or spontaneous blink rate (Chapter 6). Chapter5 revealed
that sampling location acted as a confounding factor of hair cortisol concentration,
consistent with previous findings in the horse (Banse et al., 2020). Both the current work and
that by Sauveroche et al. (2020) document relationships between personality and hair
cortisol concentration sampled from the mane. It is therefore recommended that future
works use the same sampling site. In addition, Chapter 6 showed that wakefulness state
exertsa very strong phasic influence on spontaneous blink rate, therefore confounding the
putative relationship between this parameter and tonic dopamine function (Roberts et al,
2016). This findingadds to the current understanding of factors known to affect spontaneous
blink rate in the horse, including attentional focus (Cherry et al., 2020) and acute stress
responses (Mott, Hawthorne and McBride, 2020; Merkies etal., 2019). At present, it seems
likely that the methods used to measure tonic spontaneous blink rate in the horse (e.g.
Roberts et al., 2016, 2017) could be affected by some or all of these sources of phasic
variations. Therefore, it is crucial that standardised measurement methods for tonic
spontaneous blink rate is developed in the horse, if this parameter is to be used as a proxy
measure of tonic dopamine. Resolving these methodological issues should help strengthen

the conclusions drawn by future works, and ensure comparability between studies.
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7.1.3 PERSONALITY AND WELFARE

Although the hypothesised neurophysiological profile of personality types did not emerge
from this thesis, some correlations between personality and physiological parameters were
discovered. In particular, results from Chapter 4 and Chapter 5 are relevant from a welfare
point of view and merit further discussion. When taken together, the results of these two
chapters echo other works which have expressed concern about the welfare of compliant,
less behaviourally expressive horses (Yarnell, Hall and Billett, 2013; Squibb et al., 2018;

Munsters et al., 2013b).

Chapter 4 identified no correlations between personality factors scored using the EPT and
physiological reactivity to stressors. As discussed previously (see Section4.4), this null finding
may be due to the limited aversiveness of the stressors used for this sample of horses, and
to limitations in the reliability of the methods used to monitor physiological responses.
However, at present this result suggests that the EPT does not have predictive validity for
physiological responses to stressors. This is a highly relevant finding from an applied point of
view as the main application of equine personality assessment is to pair horses with
appropriate homes, owners, or roles based on their individual characteristics (Kénig von
Borstel, 2013). While behavioural reactivity and compliance are important selection criteria
in terms of safety, horse-human relationship and performance (e.g. Graf, Kénigvon Borstel
and Gauly, 2013), the null findingsin Chapter4 suggest personality assessments may not be
predictive of the horses’ physiological ability to cope with the demands of their situation.
This result is coherent with an increasing pool of evidence suggesting that behavioural and
physiological reactivity to stressors may not be correlated in the horse (Yarnell, Hall and
Billett, 2013; Squibbet al., 2018; Munstersetal., 2013b). This raises concern for individuals

who are behaviourally compliant but physiologically stress sensitive, as they may be
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perceived to be suitable for higher-pressure roles from a behavioural point of view but
nevertheless experience repeated activations of the adaptive stress response. This can lead
to negative consequences in terms of health (Khansari, Murgo and Faith, 1990) and
performance (Bartolomé and Cockram, 2016), thus compromising welfare. This is a
concerning finding from a welfare point of view. If confirmed in future studiesin which the
methodological limitations outlined above are addressed, this finding would greatly limit the

relevance of the EPT as an applied selection tool to protect welfare.

In continuity with the suggestion that behavioural indicators of stress do not align with
underlying stress physiology, Chapter 5 revealed that more agreeable horses had higher
baseline cortisol levels, as measured through hair cortisol concentration. The study design
used here did not enable us to establish direct causal links between these two outcomes.
Evidence in humans suggests that basal cortisol levels may act as a biological driver of
sensitivity to punishment (Honk et al., 2003). Therefore, the findings of this chapter may
reflecta potential role of basal cortisol levels as a driver of Agreeableness. Equally, however,
the causal link might be reversed. The findings of Chapter 5 suggest that behaviourally
compliant individuals do not actually experience reduced physiological responses to
stressors. Therefore, it may be hypothesised that increased hair cortisol concentrations in
more agreeable horses are instead due to repeated HPA axis activation, as their stress
responses are not as easily identified. This hypothesis is supported by recent findings
showing that lay equestrians often fail to identify subtle behavioural indicators of stress,
especially in contexts in which a stress response is not expected (Bell et al., 2019). Even
trained specialists (Equitation scientists and equine veterinarians) differin their assessment
of stresslevels based on subtle behaviouralindicators and rely preferentially on overt non-
compliance to identify a stress response (Pearson et al., 2021). This finding linking

Agreeableness with higher chronic HPA axis activity is novel, but in line with the result of
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previous work showing that personality may confound the expression of negative states in

the horse (ljichi, 2014).

Furtherresearchinto this line of evidence is warranted due to its applied relevance. Future
work should first focus on addressing the limitations of Chapter 4 to confirm whether the
EPT has predictive validity for physiological reactivity to stressors. As discussed in Chapter4,
opportunisticdata collection during routine husbandry procedures known to be aversive (e.g.
trailer loading: Shanahan, 2003; travelling: Fazio et al., 2013) could be used to ethically
gather data on physiological responses to highly aversive situations. In addition, the use of
gold standard equipment (e.g. portable ECG to record inter-beat intervals) and analytic
techniques (e.g. LC-MS for cortisol concentration assay) could help avoid the methodological
limitations that affected the results presented in this thesis. In addition, although Chapter 3
has shown Agreeablenessto be measured with very high levels of inter-rater and test-retest
reliability, ljichietal.(2013) could not confirm the predictive validity of this scale. In this study,
the behaviours hypothesised to be linked to Agreeableness, such as the time takento comply
with a novel handling task, were instead predicted by Extraversion. Therefore, future work
should also focus on establishing whether Agreeableness does reflect the tendency for
compliant behaviourin the horse, as thisis a crucial element of interpretation of the findings
of Chapter5. To ensure the validity and applied relevance of the construct measured by the
Agreeableness factor, it should be validated against behaviouralresponses to husbandry or

equitation procedures.

If future studies confirm the findings of Chapter 4 and Chapter 5, this would raise ethical
concerns around selecting horses for roles on the basis of low behavioural reactivity alone.
While selection on the basis of behavioural compliance may benefit human safety and the
quality of the horse-human relationship, it should be accompanied by increased education

to identify subtle signs of stress. This is especially crucial for novice riders or owners who
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value compliance but likely lack the tools to appropriately assess stress levelsin their horses

(e.g. Pony Club members: Buckley, Dunnand More, 2004).

7.1.4 PERSONALITYAS A CONFOUNDING FACTOR OF EMERGING MEASURES OF
STRESS

Although this was not the primary aim of this work, it should be noted that this thesis has
identified personality as a confounding factor of two emerging measures of stress and
welfare in the horse. Hair cortisol concentration is emerging as a useful measure of the
impact of longer-term challenges such as surgical procedures (Duran et al.,, 2017) or
relocation (Gardela et al., 2020), while spontaneous eye blink rate has been identified as a
reliable indicator of subtle, short-term stress responses (Mott, Hawthorne and McBride,
2020; Merkieset al., 2019). This work demonstrates that personality dimensions of the EPT
are linked with both hair cortisol (Chapter 5) and spontaneous eye blink rate (Chapter 6).
This is in accordance with results from other groups, evidencing links between subjectively
assessed personality factors and hair cortisol (Sauveroche et al., 2020) or spontaneous eye
blink rate (Roberts etal., 2016). These results are emerging and more workis needed to fully
clarify the relationship between personality and hair cortisol concentration or spontaneous
blink rate. However, the results of the present work, taken together with the body of work
produced by other groups over the duration of this project, strongly suggeststhat personality
can act as a confounding factor of these two emerging measures of stress. Therefore, where
these measures are used to monitor or compare welfare across, rather than within,

individuals, it is crucial that personality is taken into account in the analysis.
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7.2 GENERAL CONCLUSION

The last decades of research in equine personality have given rise to a tentative model of
equine personality structure, and have led to the developmentof objective tests that enable
the selection of horses on the basis of personality. Models in other species suggests that
differences in personality are driven by underlying neurochemical differences. They
therefore co-vary with other traits relevant to equine welfare and performance, such as
physiological stress sensitivity and cognitive style. However, little remains known about non-
behavioural correlates of equine personality. Thus, itis unclear whatimpact selection onthe
basis of personality has on those traitsin the horse. In order to start addressing this question,
this thesis therefore aimed to explore potential neurophysiological correlates of equine
personality. Autonomic and HPA axis reactivity to stressors, chronic HPA axis activity and
tonic striatal dopamine levels were chosen as parameters of interest for this preliminary
work as they have been identified as correlates of personality in other species, are relevant
to equine welfare and performance, and can be investigated fully non-invasively. This thesis
resulted in a number of novel findings. Firstly, four out of the five sub-scales of the Equine
Personality Test were shown to satisfy all four criteria of validity and reliability expectedofa
personality assessment tool. No other equine personality questionnaire available in the
literature has yet been checked against all four criteria, and this work therefore contributes
to position the Equine Personality Test as a highly relevant questionnaire for both research
and applied purposes. Secondly, none of the relationships described in other species
between personality factors and the physiological parameters of interest could be replicated
in the sample of horses used in this work. This may be due in part to limitations in the non-
invasive methods used to monitor the physiological parameters of interest; refinements to
these methods have been proposed on the basis of the findings of this work. Nonetheless,
this finding raises crucial questions regarding the impact of selection on the basis of

personality. In particular, the lack of relationship between personality factors and

182



physiological reactivity to stressors suggests that the Equine Personality Assessment does
not have predictive validity for physiological stress sensitivity. Alongside this, a positive
association between Agreeableness and chronic HPA axis activity was documented. This
suggests that more compliant horses may experience more physiological stress responses.
From an applied point of view, this suggests that selecting horses on the basis of compliance
and limited behavioural reactivity may not be enough to protect their welfare. This is an
important finding from an applied point of view. If confirmed by future research, these
findings should be used to inform the choice of methods used to select horses for roles on
the basis of personality, with a view to maximise not only performance and handler safety

but also equine welfare.
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Appendix A. Consistency of
autonomic and HPA axis

responses across test situations

A. METHODS

i. Summary of physiological variables and test procedures

Horses (n = 23; 15 geldings, 8 mares; mean age 11.7+4.0 years) were exposed to three test
situations expected to induce short-term mild stress responses and commonly used in
behaviour-based personality assessment: a Novel Object test, a Startle test and a handling
test (Sham Clipping). The test procedures followed a 5 minute period of habituation to the
testarena (Novel Object and Startle tests) or baseline physiological monitoringin the home
stable (Sham Clipping). More details of the test procedures are available in Section 4.2.2.2 -

Test procedures.

For each test situation, mean heart rate (HR), RMSSD and salivary cortisol responsestothe
tests were recorded. More details and justifications of the methods used to collect and
process physiological data are available in Section 4.2.2.3 for mean heart rate and RMSSD,

and in Section 4.2.2.4 forsalivary cortisol responses.

For all three tests, mean HR and RMSSD were recorded during the 5 minute habituation or
baseline phase and during the 5 minute test phase. The mean HR response to the test
situation (AHR) was then defined as the difference between mean HR during the test and
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mean HR during habituation/baseline. Similarly, the RMSSD response to the test situation
(ARMSSD) was defined as the difference between RMSSD during the testand RMSSD during
habituation/baseline. For all three tests, baseline and peak salivary cortisol concentrations
were also determined, definedrespectively as the concentration immediately before the test
and the maximum concentration post-test. The salivary cortisol response to the test (ACORT)
was then defined as the difference between peak salivary cortisol concentration post-test

and salivary cortisol concentration at baseline.

ii. Statistical analysis

All statistical analysis was carried out using R (version 3.6.1; R Core Team, 2019). The
consistency of physiological responses (AHR, ARMSSD and ACORT) across test situations was
tested using Spearman rank correlations. The Benjamini-Hochberg procedure was used to
minimize the number of Type | errors associated with multiple testing, with the false
discovery rate fixed at 10% (Benjamini and Hochberg, 1995). For each correlation, both

uncorrected (p) and adjusted (adj. p) p values are reported.

B. RESULTS

There were nossignificant correlations between any of the HR responses to the different test
situations, either before or aftera Benjamini-Hochberg correction for multiple testing (false

discovery rate: 10%) was applied (Table A).

There were no significant correlations between any of the RMSSD responses to the different
test situations, either before or after a Benjamini-Hochberg correction for multiple testing

(false discovery rate: 10%) was applied (Table A).
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There were no significant correlations between any of the HRresponses to the different test
situations, either before or aftera Benjamini-Hochberg correction for multiple testing (false

discovery rate: 10%) was applied (Table A).

Table A—Summary of Spearman rank correlations between physiological changes in response
to each of the three test situations. Both original and Benjamini-Hochberg adjusted (false

discovery rate = 10%) p values are presented.

Test1 Test 2 N r pvalue Adjustedp value
AHR NovelObject Startle 23 -0.005 0.982 0.982
NovelObject Sham Clipping 20 -0.128  0.601 0.902
Startle Sham Clipping 20 0.237  0.327 0.902
ARMSSD NovelObject Startle 23 0314 0.177 0.266
NovelObject Sham Clipping 20 0.184 0.422 0.422
Startle Sham Clipping 20 0.344 0.163 0.266
ACORT NovelObject Startle 23 -0.274  0.229 0.292
NovelObject Sham Clipping 20 -0.248  0.292 0.292
Startle Sham Clipping 20 0.388 0.112 0.292

C. DISCUSSION

Spearman correlation analyses suggest that the three physiological responses considered
here were not consistentacross test situations. Therefore, HPAaxis and autonomic reactivity
differed as afunction of the test situation horses were exposedto, and rank order within the
cohort was not conserved across situations. This is unexpected, as both HPA axis and
autonomic reactivity are generally considered a trait (Koolhaas et al., 2010) linked with
individual differences in underlying neuroendocrine systems (de Boer, Buwalda and Koolhaas,

2017). In horses, mean HR during behavioural tests has previously been found to be
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consistent across time (Visser et al., 2002; Safryghin, Hebesberger and Wascher, 2019) and
across situations (Kénig von Borstel et al., 2011; Safryghin, Hebesbergerand Wascher, 2019;
Mccall et al., 2006; Christensen, Keeling and Nielsen, 2005), although some contradictory
evidence is available (Lansade, Bouissou and Erhard, 2008). In addition, RMSSD during
behavioural tests has also been found to be consistent across time (Visser et al., 2002). To
the best of the author’s knowledge, the consistency of cortisol responses across time and
situations has not been studied in the horse. However, cortisol responses to an ACTH
challenge are consistent across time in the horse (Scheidegger et al., 2016). The results of
this work therefore contradict existing literature and do not align with the hypothesis that

physiological responses to stressors constitute a trait in domestichorses.

It is possible that HPA axis and autonomic responses of the horses in the sample differed
across situation due to the impact of previous experiences. Indeed, habituation has been
shown todampen heart rate responses towardsthe target object or procedure, but does not
affect responses towards sufficiently different stimuli (Leinerand Fendt, 2011; Christensen,
Zharkikh and Ladewig, 2008). Because all three test situations differed significantly, it is likely
that horses in the sample may have had differing levels of previous experience with each
situation, and that they would be unlikely to generalise any habituation to a given situation
to the others. However, it should also be noted that all studies cited above compared the
values of the physiological variable itself in the test, rather than the change observed. This
may also contribute to explain the contradictory findings reported here. Indeed, in humans,
evidence suggests that peak salivary cortisol and peak salivary cortisol reactivity are two
independent measures, with the first reflecting the total unbound cortisol production of an
individual, while the second describes the change in cortisol levels in response to the
experimentalsituation (Khouryetal., 2015). Therefore, while the literature suggests that the
absolute values of physiological variables may be consistent across tests, more work might

be neededto establish whetherthose measures truly represent reactivity.
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Appendix B.  Preliminary studies

for blink rate analysis

The aim of this pilot study was to inform the methods used foranalysis in Chapter 6: Striatal
dopamine as a potential correlate of equine personality. All pilot analyses were carried out
on sections of footage collected for Chapter 6. Full details of data collection and justification
of methodological choices are available in Section 6.2.2.1. Briefly, thirty minuteslong video
recordings of undisturbed, loosely tethered horses’ face and eyes were obtained on three
consecutive days, using tripod-mounted GoPro Hero 7s set to record continuously at 1440
pixels/60frames persecond inthe Wide FOV mode. Ahead of blink counts, 5-minute sections
of footage suitable for analysis (see Section 6.2.2.2) were selected. All sections of footage

selected forblink count were zoomedin and croppedto centre on the eye.

For the purpose of both this pilot study and the final analysis carried out in 144Chapter 6,
blinks were defined as “any appreciable downward movementofthe uppereyelidto cover
some or all of the corneal surface, immediately followed by eye reopening”. A justification
of this definition is available in 6.2.2.3: Blink count. The total number of blinks recorded
therefore included full blinks (Roberts et al., 2016; Best et al., 2018; Merkies etal., 2019), but
also partial blinks (Wathan et al., 2015; Bestetal., 2018) and eyelid twitches (Merkies etal.,

2019).

A. INTRA-RATER RELIABILITY OF BLINKCOUNTS
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Equine studies assessing SBR retrospectively from video footage typically use a single blink
count (Best et al., 2018; Cherry et al., 2020; Merkies et al., 2019; Mott, Hawthorne and
McBride, 2020). However, counting errors on the experimenter’s part have been identified
as a potential source of unreliability in blink counts (Zaman and Doughty, 1997). Therefore,
to ensure reliable blink rate data was produced, the consistency of repeated counts by the

same experimenter was evaluated.

A. METHODS

i. Footage selection

5-minutes segments of footage suitable for analysis (n=11) taken from 2 horses were

selected atrandom forinclusion in the intra-rater reliability analysis of blink counts.

ii. Blinkcount
Videos were played at speed 0.50x on VLC Media Player and blinks were counted as they
occurred using an . The total number of blinks in each video was
recounted three times by the same experimenters, in three separate viewings. In order to
limit any bias for the intra-rateranalysis, the experimenter was kept blind to the count being
accrued by masking the display window of the online tally counter until the end of the video

had beenreached.

iii.  Statistical analysis

Statistical analyses for this pilot study were performed using R version 3.6.1 (R Core Team,

2019). The consistency with which the experimenter counted blinks in videos was evaluated
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usingintra-rater reliability analysis. This was done in orderto determine whether an accurate
assessment of the number of blinks in avideo could be obtained in asingle count, orwhether
repeated counts would be necessary to account for discrepancies in blink identification. The
total number of blinks obtained on each of three recounts of 5-minute videos (n=11) were
compared using intra-class correlation (ICC) analysis. Model selection for this intra-rater
reliability analysis was based on Koo and Li (2016)’s decision tree and a single-ratings (k=3),
absolute agreement, two-way mixed effects model (McGraw and Wong, 1996) was used.
Analysis was carried out in R using the icc function from the irr package (Gamer, Lemon and
Fellows PuspendraSingh, 2019), generatingan ICC coefficientand 95% confidence interval.
Interpretation in terms of reliability of the blink counts was carried out using the thresholds
for poor (ICC<0.5), moderate (0.5<1CC<0.75), good (0.75<1CC<0.9) and excellent (1CC>0.9)

agreement proposed by Koo and Li (2016).

B. RESULTS

ICC analysis of the three repeated blink counts resulted in an intra-class correlation

coefficient of ICC=0.99. The 95% confidence intervalwas 0.974 < ICC< 0.997.

C. CONCLUSIONS
According to the threshold proposed by Koo and Li (2016), the ICC coefficient and confidence
interval indicated excellent consistency between the three counts (ICC>0.9). Therefore,
although counting errors on the experimenter’s part have been identified as a potential
source of unreliability in blink counts (Zaman and Doughty, 1997), here intra-rater reliability

was high. For this reason, a single count rather than 3 recounts may be used for data
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processing in Chapter 6: Striatal dopamine as a potential correlate of equine personality,

with minimal impact of the reliability of blink counts.

B. IMPACT OF WAKEFULNESS STATE ON SBR

Informal observations during footage selection suggested that wakefulness state may have
an important impact on SBR. To the author’s knowledge, this effect has not yet been
described in the equine literature; however, fatigue and drowsiness are known to impact
blink characteristics in humans (Cori et al.,, 2019; Jongkees and Colzato, 2016). Thus,
wakefulness state might act as a confounding factor of SBR in the horse and may need to be
taken into consideration on analyses of SBR. A pilot study was therefore carried out to
formally investigate whether wakefulness state impacted blink rate in the sample of horses

used in this project.

A. METHODS

i. Footage selection

To investigate the impact of wakefulness state on SBR, 30-minute videos containing footage
of the horse in both an active and a dozing state were used (n=11). “Dozing” was identified
based on previously published ethograms as a behavioural state in which the horse stands
inactive with the head lowered, the lower lip relaxed and eyes partially closed; muscle
twitches and leaning behaviour may be observed or weight may be borne on three legs
(McDonnell, 2003). “Asleep with eyes closed” was also identified, as a state sharing the

characteristics of Dozing but in which the corneal surface was fully covered by the eyelids for
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more than a second. Any state in which the horse was not “Dozing” and “Asleep with eyes
closed” wasrecorded as “Active”. SBR in an active state was evaluated by counting blinks in
a randomly selected 5-minutes segment of the video in which the horse was active, while
SBR while dozing was evaluated by counting blinks in a randomly selected 5-minutes
segment of the same video in which the horse was dozing. This resulted in a dataset of 11

paired observations.

i. Blinkcount
Videos were played at speed 0.50x on VLC Media Player and blinks were counted as they
occurred using an . Given the high intra-rater reliability of blink counts
evidenced in Appendix B, section A, the total number of blinks was only counted once for

each pairedvideo.

iii.  Statistical analysis

Statistical analyses for this pilot study were performed using R version 3.6.1 (R Core Team,
2019). The impact of dozing behaviour on SBR was evaluated by comparing mean SBR in
paired videos from horses (n=7) while active and dozing. Residuals from the paired
observations were tested for normality using a Shapiro-Wilk test, appropriate for small
sample sizes (n<50). Following confirmation of normality, observations from the two groups
were tested forhomogeneity of variance using Levene’s Test. A paired T-test was then used

to compare mean Spontaneous Eye Blink Rate in the two states.
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B. RESULTS
Wakefulness state had a highly significant impact on SBR (paired T-test: n=11; t,,=5.94;
p=0.00014; Cohen’s d=1.88). SEBR was significantly higher (mean + SD: 17.59 + 4.07

blinks/min) when horses wereactive than when they were drowsing (mean+SD:9.29 + 3.36

blinks/min) (Figure A).

C. CONCLUSIONS
SBR was significantly lowerin videos showing horsesin a dozing state comparedtoan active
state. This demonstrates a clear impact of wakefulness state on SBR, in accordance with
informal observations and findings in humans (Corietal., 2019; Jongkees and Colzato, 2016).
Wakefulness state therefore acts as a confounding factor of SBR and should be controlled

for in studies utilising SBR as an outcome variable.
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Figure A — Boxplots comparing the spontaneous eye blink rate (blinks/minute) of horses

during periods of activity compared to periods of drowsing.
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C. CONSISTENCY OF SBR OVER THREE DAYS

This pilot analysis was carried out on the final blink counts obtained from the footage
selected for blink counts in Chapter 6 (see Sections 6.2.2.2 and 6.2.2.3). Briefly, SBR was
determined from 5-minute sections of footage collected on 3 consecutive days in horses
(n=20) loosely tied in their home stables. This pilot analysis aimed to evaluate whetherSBR
was consistent overthe three days, in orderto determine whether repeated measures could

meaningfully be averaged ahead of the final analysis

A. METHODS

The repeatability of SBR overthe three days was evaluated using ICC. A single-ratings (k=3),
absolute agreement, two-way mixed effects modelwas used (Koo and Li, 2016) and analysis
was carried out in R using the icc function fromthe irr package (Gamer, Lemon and Fellows

PuspendraSingh, 2019), generating an ICC coefficientand 95% confidence interval.

B. RESULTS
ICC analysis of SBR on the 3 consecutive days of data collection resulted in an intra-class
correlation coefficient of ICC=0.157. The 95% confidence interval was -0.101 < ICC < 0.472.

According to the threshold proposed by Koo and Li (2016), this indicated very poor

repeatability of SBR overthe three days (ICC< 0.5).

235



C. DISCUSSION AND CONCLUSION

This pilot analysis revealed that the repeated measures of SBR had very low repeatability
overthe three days of data collection. One potential source of unreliability in blink counts is
counting errors on the experimenter’s part (Zaman and Doughty, 1997). However, this is
unlikely to have driven unreliability here: footage where the eye was difficult to observe was
excluded from analysis, and intra-rater reliability analysis of the blink counts showed that
counts were highly consistent (see Appendix B, Section A). However, in humans SBR has also
beenshownto be very susceptible to phasic changes in response to distractions (Brezinova
and Kendell, 1977; Bacher and Allen, 2009; Doughty, 2001) or changes in experimental
conditions (Doughty, 2016). Here, it is likely that a number of confounding factors of SBR
may have affected consistency. In particular, SBR has been shown to change rapidly in
response to attentional processes in the horse (Mott, Hawthorne and McBride, 2020;
Merkies et al., 2019). In addition, the present work demonstrated a strong phasic influence
of wakefulness state on SBR (see Appendix B, Section B). Therefore, itis possible that the low
repeatability observed was driven in part by attentional processes asthe horses responded
to environmental distractions. To the author’s knowledge this is the first study investigating
the repeatability of SBR measured at rest in the horse. This result suggests that more

researchis neededto helpinform protocol designs used to measure tonic SBR.

In the context of the analysis carried out in Chapter6, the very low consistency of SBR over
the three days of data collection meants that the three repeated measures could not

meaningfully be averaged.
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