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Abstract

Attention bias (AB) describes a tendency to differentially allocate attention towards one of two or
more emotional stimuli. In humans these biases reliably map onto physiological and self-reported
measures of affect. AB tasks have been shown to detect shifts in emotional state and have been
proposed as a novel method of animal welfare assessment. This PhD aimed to determine which
factors might influence AB in rhesus macaques (Macaca mulatta) through triangulation of these
cognitive data with behavioural observations, physiological measures (salivary cortisol) and key
genetic polymorphisms related to oxytocin, serotonin, dopamine, and cortisol. Key factors of
interest were condition (baseline and post-stressor) sex, age, and time of day. AB trials were
conducted with 61 (45 female, 16 male) adult rhesus macaques (Macaca mulatta) using an
automated computer operated apparatus with threat-neutral conspecific face stimuli presented on
screens. Duration of looking at these stimuli was recorded. Two looking time measures were used
throughout the thesis: duration looking at the threat face stimulus (THR), total duration looking at
the threat and neutral face stimuli (TL). AB trials were conducted before and after the macaques’
annual veterinary health check, which is thought to be acutely stressful. A total of 640 AB trials
were conducted. The main findings were the relationship between AB measures and the interaction
between condition and sex. Female macaques became less attentive to social information from
baseline to post-stressor, while male macaques became more attentive. Further, an association
between AB measures and time of day was revealed. This thesis demonstrated that the inclusion
of pedigree (relatedness) data is vital when conducting genetic analysis to avoid type | errors.
Without pedigree data, six genotypes had a significant association with the AB measures; however,
with pedigree data only one statistically significant association was found. The cognitive,
behavioural, and physiological results suggested that the veterinary health check may be too mild
a stressor for use in future AB studies. The use of a more stressful event or procedure may be more
informative while the AB measure is studied and developed. This project has shown AB to be a
promising tool for welfare assessment, highlights some important influencing variables and should

act as a guide for further research.
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Chapter 1 — General introduction
1.1 Introduction
In the UK, the use of animals in scientific research is highly regulated (Home Office, 2019). Their
continued use remains one of the most controversial issues in biomedical research for many people
and the focus of many ethical debates (Festing & Wilkinson, 2007; DeGrazia & Sebo, 2015; Siani,
2019). The use of non-human primates (NHPs; the term NHP is used in experimental settings to
distinguish them from humans) is particularly controversial due to their evolutionary proximity to
humans, high sentience and cognitive sophistication resulting in similarities in their behavioural and
physiological needs and ability to experience pain, distress, and anxiety (Sughrue et al, 2009; APC,
2013; Schonfelder, 2015; Friedman et al, 2017; Walker, 2018). As a result, no great apes have been
used in the European Union (EU) since 1999 and there has been a 25% decrease in the use of all
NHP species (cynomolgus macaques (Macaca fascicularis), rhesus macaques (Macaca mulatta),
tamarins and marmosets) since 2009 (Department of Health, 2014; Home Office, 2019; Figure 1.1).
Despite this decrease, the number of procedures involving NHPs remains significant and NHPs have

been identified as a special priority for welfare (NC3Rs, 2015).

In the EU, biomedical procedures involving NHPs are only permitted in specific circumstances in
areas of research that are deemed to be essential for the benefit of humans, such as toxicology
(Council Directive 2010/63/EU). In 2018, 3,170 procedures involving NHPs were carried out in the
UK (Home Office, 2019). Of these, 2,612 were regulatory procedures that included toxicology

testing for pharmaceuticals (Home Office, 2019).

All marmosets, tamarins and rhesus macaques used in these biomedical procedures were born in
the UK (Home Office, 2019). The rhesus macaques were bred at one of three breeding centres
located at Porton Down, Salisbury, Wiltshire, England (MRC, 2019). The largest of the breeding
colonies is the Medical Research Council Harwell Institute Centre for Macaques (MRC-CFM), which
supplies approximately 30 macaques per year to UK academic institutions for use in biomedical

research.
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Chapter 1 — General introduction
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Figure 1.1. Total number of regulated procedures carried out on non-human primates

(NHPs) between 2001 and 2018 in the UK (Data from Home Office reports 2002-2019).

NHPs in research laboratories and breeding colonies have different welfare challenges (Hau &
Schapiro, 2004; Maple & Perdue, 2013). Breeding colony NHPs are not affected by regulated
procedures, which are the primary cause of pain and suffering for laboratory animals (Weatherall,
2006; Carbone, 2011). However, handling and catching practices, socialisation, transport,
management, husbandry, and routine veterinary procedures, such as health checks, can
compromise welfare and can affect all captive NHPs equally (Hawkins et al, 2001; Reinhardt, 2005;
Maple, 2007; Olsson & Westlund, 2007; Elliot et al, 2018). These welfare challenges may also be
faced by the large number of NHPs housed in zoos. Over half of the 120 zoological collections
accredited by the British and Irish Association of Zoos and Aquariums have at least one primate
species (BIAZA, 2019). Zoo NHP welfare may be impacted by the above factors; however, these
animals must also contend with zoo visitors, which have been shown to have a negative effect on
NHP welfare (Sherwen & Hemsworth, 2019). As a result of these welfare challenges, methods of
assessing welfare that are sensitive to the shared as well as diverse challenges of captivity are

needed.

Research facilities, breeding centres and zoos are required to minimise animal suffering and
promote good welfare (Zoo Licencing Act, 1981; Animals (Scientific Procedures) Act, 1986). In
addition to these government policies, there are societal concerns surrounding the ethics of

keeping captive wild animals in zoos (Kagan et al, 2018) and public support for the use of animals
16



Chapter 1 — General introduction
in biomedical research is dependent on ensuring that suffering is minimised (Ipsos MORI, 2016). In
a UK survey of 987 members of the public, 71% of respondents agreed that they could “accept the
use of animals in scientific research as long as there is no unnecessary suffering to the animals and

there is no alternative” (Ipsos MORI, 2016).

These ethical and legal concerns may be addressed by the Five Freedoms (FAWC, 1979; Maekivi,
2018). In brief, the Five Freedoms are a scientific evidenced based framework that was initially
developed for farm animals but is now applied to all captive animal management (Webster, 1994;

Maekivi, 2018). The Five Freedoms are:

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

2. Freedom from discomfort: by providing an appropriate environment including shelter and
a comfortable resting area.

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

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

5. Freedom from fear and distress: by ensuring conditions and treatment which avoid mental

suffering.

To meet these standards, we must consider an animal’s environment, behaviour, physiology,
health, and psychological well-being. NHPs bred and housed in captivity need to be free from fear
and distress and experience an environment that allows them to display the full range of primate

behaviour (NC3Rs, 2018).

At present, minimising suffering for captive NHPs is challenging; welfare assessment is notoriously
difficult as there is no single measure of well-being (Wolfensohn & Honess, 2008). On their own,
traditional welfare assessment methods such as behavioural, physiological, and physical health
indicators, can be misleading and interpretation can be challenging. In this chapter, | set the scene

for the thesis and discuss the importance of psychological health in captive NHPs, the more
17



Chapter 1 — General introduction
traditional welfare assessment methods, and the benefit of triangulation of cognitive measures

with behaviour, physiology, health, and genetics.

1.2 Psychological health & well-being

Historically, in Western cultures animals were considered unfeeling machines (Harrison,
1964/2013). Descartes (1596-1650) stated “animals are like robots: they cannot reason or feel
pain”. Aristotle (384 BC - 322 BC) developed the philosophy of hierarchy with humans at the top
and all other species below humans and for their benefit (Mclnerny & O'Callaghan, 2018). This
philosophy was adopted by the teachings of St Thomas Aquinas (1225-1274) and Roman Catholic
theology, which contributed to religious and geographical diversity for historic concern for animal
welfare (Mclnerny & O'Callaghan, 2018). The development of moral philosophy (utilitarianism and
rights) in the 18" century resulted in an emphasis on animal sentiency and led to the first legislation
(Bentham, 1780/1982). This change in attitude was encapsulated by Bentham (1748-1832): “the

guestion is not, can they reason? Nor, can they talk? But can they suffer?”

It is now generally accepted that all vertebrate and many invertebrate animals can feel pain, and,
although it is not fully understood, there are similarities in pain behaviour and the mechanisms of
pain detection and processing between humans and mammals (Smith, 1991; Allen, 2011; Marks,
2012). There is evidence of nociceptors (sensory receptors for noxious stimuli) in many invertebrate
species including leeches (Hirudo medicinalis; Nicholls & Baylot, 1968), earthworms (Alumets et al,
1979), marine molluscs (Mytilus edulis; Kavaliers et al, 1985) and mantis shrimps (Squilla mantis;
Maldonado & Miralto, 1982). Rollin (2011) suggested that the emotional component of pain may
be worse for animals than humans as they are unable to rationalize the pain or understand that it

is likely to subside.

Animal welfare science (AWS) has been a “formal discipline” for less than 60 years and is considered
a “young science” by many (Millman et al, 2004; BMJ, 2007; Carenzi & Verga, 2009). AWS focuses
on improving all aspects of captive animal management from conception to slaughter including

transport, husbandry and housing (Mench, 2018) and considers how well an animal is adapted for
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Chapter 1 — General introduction
its environment through evaluation of measurable parameters (physiological, behavioural, health,
cognitive; Brown, 2013). AWS arose as a response to issues of anthropomorphism in the wider study
of animal science (Karlsson, 2012). Early welfare assessment focused primarily on the physical
health and biological functioning of the animal rather than the emotional component of animal
response to stimuli (Mellor, 2012; Proctor et al, 2013) as animal emotions were considered
subjective and not reliably measurable (Rose, 2002; Dawkins, 2012; Rose et al, 2012). This resulted
in a lack of research focusing on collecting strong scientific evidence of animal emotional

experiences (Boissy et al, 2007; Grandin, 2018).

Indeed, there are still those who have suggested that animals may only be acting “as if” they
experience the emotion we would attribute to the observed behavioural response, are not truly
conscious and that fear responses are automatic “survival circuits” (LeDoux, 2014; LeDoux & Brown,
2017). Further, Dawkins (2017) stated that objective animal welfare science should not be based
on assumptions of consciousness and emotional state. She argued that a conscious-free definition
would make animal welfare science more accessible, understandable, and irrefutable by people
with very different opinions on animals. By contrast, others have argued that an animals’ conscious
or emotional response is the only thing that matters for welfare (Duncan, 1996, 2004, 2006). The
modern consensus is that positive emotions and psychological well-being are key for positive

animal welfare (Lawrence et al, 2019).

Psychological and physiological stress contribute to emotional and psychological well-being. Here,
stress is defined as “the nonspecific response of the body to any demand, whether it is caused by,
or results in, pleasant or unpleasant conditions” (Selye, 1956). Psychological and physiological
stress are mediated by different regions of the brain and nervous system (Kogler et al, 2016).
Physiological stress results in cessation of non-essential organ functioning while psychological
stress results in the shift of attention to the cognitive control of emotion (Kogler et al, 2016). These
differences mean that the use of behavioural, physiological or health indicators of welfare alone

are insufficient for appropriate and thorough welfare assessment (Wolfensohn & Honess, 2008).
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Chapter 1 — General introduction
1.3 Current welfare assessment methods

Behaviour

Behavioural analysis is a critical component of animal welfare assessment (Wolfensohn et al, 2018).
A change in behaviour from before to after a treatment or event (e.g., transportation, presence of
tourists, neuroscience procedures) is often used to determine the impact of a potential stressor on
animal welfare (Honess et al, 2003; Maréchal et al, 2016; Descovich et al, 2019). Descovich et al
(2019) used 20 minutes of continuous behavioural observation under four conditions (pre-
operative, post-operative, pre-analgesia, and post-analgesia) to determine potential behavioural
indicators of pain and wellness in rhesus macaques. Key behavioural indicators of wellness included
running and arboreal behaviours while lip tightening, leaning the head and body shaking indicated

compromised welfare.

There are several established behavioural response paradigms that have been used in NHPs, such
as the human intruder test (Raper et al, 2018), novel-object and novel-food tests (Slipogor et al,
2016; Arnaud et al, 2017), open field test (Larke et al, 2017) and novel predator confrontation
models (Barros et al, 2000). In the human intruder test, Raper et al (2018) compared the
behavioural response of juvenile rhesus macaques with or without sevoflurane anaesthesia
exposure during infancy. Following the mild acute social stressor, which included separation from
their social group and nine minutes of each of the following: isolation in an unfamiliar room, the
masked human sat in profile and the masked human sat making direct eye contact, macaques that
had previously received the anaesthesia had larger increase in the occurrence of self-directed

displacement behaviours compared to the control macaques.

However, differences in behaviour can result from personality (Hewson, 2003; Mills, 2010; Konecna
et al, 2012), age, sex, and life history (Wolfensohn et al, 2018; Descovich et al, 2019). Behavioural
assessment must be completed by an observer familiar with the species and the individual, as
individual knowledge will allow subtle differences and difference from normal to be detected

(Wolfensohn et al, 2018). This is particularly important in NHPs as many of the behavioural signs of
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Chapter 1 — General introduction
stress, anxiety and pain are subtle and could easily be missed by an unfamiliar observer (National
Research Council, 2009). Behavioural data collection can be time consuming and noisy (Robinson
et al, 2017). The development of automated approaches such as accelerometers (Hammond et al,
2016) and data-loggers (Bonk et al, 2013) can provide a quick and simple assessment of, for
example, locomotor or resting behaviour; however, accelerometers are unable to assess context-

dependent behaviour (Shuert et al, 2018).

The behavioural indicators of good welfare have not received the same attention as the indicators
of poor welfare (Lawrence et al, 2018). Yet, over the past 15 years interest in this area has gained
momentum (Bracke & Hopster, 2006; Yeates & Main, 2008; Mellor, 2016). Behavioural indicators
of positive welfare in NHPs include resting in contact with conspecifics, foraging and grooming
(NC3Rs, 2015); however, depending on the context, grooming can also be a displacement activity

and a sign of anxiety (Coleman & Pierre, 2014).

Stereotypical behaviours include locomotor behaviours, for example, pacing, bouncing,
somersaulting, and rocking, and self-directed behaviours, for example, hair pulling, eye poking and
digit sucking (Coleman & Maier, 2010; Pomerantz et al, 2013). These behaviours are often
considered an indicator of chronic stress or frustration (Mason & Latham, 2004; Pomerantz et al,
2012a). Stereotypical behaviours may develop in response to early life stress (Lutz et al, 2003,
Novak, 2003, Novak et al, 2006, Latham & Mason, 2008). However, recent work with rhesus
macaques has shown certain stereotypical behaviours, such as pacing, to be unreliable indicators
of stress (Poirier et al, 2019). Following agonistic interaction with conspecifics, the occurrence of
stress-related displacement behaviours and agitated locomotion increased but there was no
increase in pacing. Poirier et al (2019) suggested that pacing may increase in some stressful
situations but not others or that the agitated locomotion had previously been mistaken as pacing.
Stereotypies may not be a direct stress response but rather coping behaviour (Pomerantz et al,
2012a) or behaviour that has been dissociated from the underlying emotion (Pomerantz et al,

2012b).
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Chapter 1 — General introduction

Physiology

Physiology is the study of the internal functioning of the body (Newman, 2017). Physiological
indicators of wellbeing and stress can indicate a disruption to the body’s homeostatic mechanisms
(Modell et al, 2015). Physiological changes in response to stress are controlled by the nervous and
endocrine systems. The autonomic (sympathetic and parasympathetic) nervous system and the
hypothalamic—pituitary—adrenal (HPA) endocrine axis mediate many of the physiological responses
to stress. HPA axis activity is commonly assessed using measures of glucocorticoid (e.g., cortisol)
production, while autonomic nervous system activity is determined using either direct
measurements of catecholamines (adrenaline, noradrenaline, and acetylcholine) or autonomic
changes that occur as a result of changing catecholamine levels (Sneddon et al, 2014). These
autonomic changes include body temperature, heart rate, respiratory rate, body weight and blood
pressure. For species that show few behavioural responses to pain, such as NHPs, these measures
may be useful. However, methods for collecting data on changes in glucocorticoid and

catecholamine production can in themselves be stressful.

Cortisol is a validated and widely used measure of physiological arousal (Heintz et al, 2011), which
includes both distress and eustress (Selye, 1956). Levels may change response to exercise (Ahmadi
et al, 2018), sexual arousal (Hamilton et al, 2008) and because of circadian and ultradian rhythm
(Lefcourt et al, 1993; Trifonova et al, 2013). The cause of stress may affect the duration for which
cortisol is elevated, for example, plasma cortisol rapidly returns to normal in cows experiencing
heat stress despite the maintenance of both rectal temperature and plasma prolactin (Moneva et

al, 2011).

Physiological changes can occur due pregnancy (Soma-Pillay et al, 2016), postpartum (Freitas-de-
Melo et al, 2017) and aging (Boss & Seegmiller, 1981). The physiological response to increased
activity, stress and changes in emotion can be remarkably similar. Ventilation rate, body

temperature, skin conductance and heart rate can all increase following activity (Burton et al, 2004)
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Chapter 1 — General introduction
or a stressor (Skarda & Muir, 2003; Terkelsen, 2005) or change in response to emotions such as

surprise, sadness, happiness, anger, disgust, and fear (Purves et al, 2001).

Health

NHPs show few or subtle indicators of compromised welfare (National Research Council, 2009);
however, some key health indictors of rhesus macaque welfare exist (Tasker, 2012). Body condition
scores (BCS) can be used as a visual aid to evaluate the level of appropriate nutrition (Clingerman
& Summers, 2005; Wolfensohn & Honess, 2008). Two validated scoring systems exist for rhesus
macaques (Clingerman & Summers, 2005; Wolfensohn & Honess, 2008). These systems can be used
to assess sudden weight change (Summers et al, 2012), poor juvenile growth (van Wagenen &
Catchpole, 1956; Turnquist & Kessler, 1989; Schapiro & Kessell, 1993) and the impact of fluid and
food control protocols (Prescott et al, 2010). BCS must consider the animals’ reproductive status
and age as these factors can change body morphology, for example, juvenile macaques tend to be
leaner than adult macaques so may be scored as underweight if the same classifications are used
for both (Clingerman & Summers, 2005). It is recommended that BCS be used in combination with

a measure of actual body weight (NC3Rs, 2014a).

A macaques’ pelage (hair) can also be used as an indicator of health issues (Novak & Meyer, 2009).
Pelage loss (alopecia) is rare in free-ranging NHPs (Honess et al, 2005). In captive macaques,
alopecia is frequently caused by nutritional or hormonal imbalances (Novak & Meyer, 2009). Zinc
deficiency has been suggested as a cause of nutritional alopecia in talapoin monkeys (Miopithecus
talapoin; Juan-Salles et al, 2001), marmosets (Saguinus mysta; Chadwick et al, 1979), rhesus
macaques and bonnet macaques (Macaca radiata; Swenerton & Hurley, 1980). Hormonal alopecia
can result from seasonal variation (Isbell, 1995), pregnancy and lactation (Davis & Suomi, 2006).
Davis & Suomi (2006) reported gestational alopecia in 10 female macaques; hair growth returned
to normal within two months of parturition in all 10 NHPs. In addition to the nutritional and
hormonal causes of alopecia, alopecia can occur due to parasitic infections (Baker et al, 1971),

immunological (Beardi et al, 2007) or genetic conditions (Ratterree & Baskin, 1992) and
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psychological factors, including stress (Honess et al, 2005). Stress related alopecia is associated with
hair pulling behaviour in NHPs (Reimhardt et al, 1986; Tay et al, 2004) and is more prevalent and
severe during periods of poor welfare, for example, barren housing in pigtail macaques (Macaca
nemestrina; Boccia, 1989) or following alcohol intoxication in cynomolgus macaques (Macaca

fascicularis; Shively et al, 2002).

Nasal discharge, excessive or insufficient urination and diarrhoea can also indicate health issues
(Tasker, 2012; NC3Rs, 2014a). Diarrhoea can be indicative of an underlying iliness or stress (NC3Rs,
2014a). In captive populations of NHP, diarrhoea can result in significant levels of mortality and

morbidity (Wilk et al, 2007; Prongay et al, 2013; Kanthaswamy et al, 2014).

Food and water consumption can easily be measured and quantified in singularly housed animals
(Weary et al, 2006); however, to promote positive welfare, most laboratory animals are not
singularly housed (Baker et al, 2012) making distinguishing between group and individual intake
difficult. A combination of health indicators and behavioural observations would be required to
determine the cause of, for example, the diarrhoea or hair loss and aid in estimating fluid and food

intake.

Genetics and behaviour in primates

The genetics of behaviour is complex as so many genes are involved in the hormone and
neurotransmitter pathways that underpin various behaviours (O’Connell & Hofmann, 2011; Saez et
al, 2014). Most traits, including behaviours, are not controlled by the expression of a single gene or
allele. Instead, these polygenic traits are controlled by, or involve, two or more genes (Munafo &
Flink, 2004; Plomin & von Stumm, 2018; Sallis et al, 2018; Bordy, 2019). Identifying the genes that
are involved in polygenic traits is not straight forward and methods require substantial follow-up
work to identify causal genes within the identified regions of DNA (Flint, 2003; Martinez et al, 2016).
NHP genetic studies suffer from some of the same issues as early human genetic studies: small
sample sizes and large effects of reported genetic variants (Staes et al, 2015; Wilson et al, 2017;

von Borell et al, 2019). Authors report sample size concerns with interpretation of NHP behavioural
24



Chapter 1 — General introduction
genetics results (e.g., Adams, 2014; Blomquist & Brent 2014; Brent et al, 2014; Brent & Melin, 2014;
Huchard & Pechouskova 2014) and it has been suggested that between 60 (von Borell et al, 2019)
and 100 (Brent & Melin, 2014) individuals are needed for robust analysis. Nevertheless, it is possible
to dissect the effects of genetic variation on macaque behaviour in some systems (Rogers, 2018;
von Borell et al, 2019). For example, in rhesus macaques, gene expression impacts vigilance
(Dobson & Brent, 2013) and social behaviour (Chang et al, 2013; Madlon-Kay et al, 2018). Low
expression of the serotonin transporter gene (SLC6A4) has been associated with hypervigilant
tendencies compared to individuals who are high expressing homozygotes (Dobson & Brent, 2013).
Without genetic data, primatologists are unable to fully answers some of the key fundamental
guestions such as “What are the physiological and neurobiological mechanisms that underlie the

production of behaviors in primates?” (Brent & Melin, 2013).

In both humans and animals, gene-environment interaction is known to affect behaviour (Grandin
& Dessing, 2014) and personality (Verhulst et al, 2016). For example, genetic variants at certain loci
are strongly linked to an individual’s susceptibility to anxiety, depression, and stress related
disorders (e.g., Hu et al, 2006; Smoller, 2016; Wingo et al, 2018). A monoamine oxidase A gene
(MAOA) variant in humans predisposes individuals to antisocial and violent behaviour; however,
these behaviours are only present in individuals with the variant that were also abused as a child

(Ducci et al, 2008).

Genetics and breeding for welfare have received much attention in farm animal species (Rodenburg
& Turner, 2012) due to the link with productivity and performance (Ellen et al, 2014). More recently,
the genotype of companion animals has been considered (Milne, 2018) as a result of the significant
number of serious inherited disorders (e.g., brachycephalic obstructive airway syndrome: Liu et al,
2017; syringomyelia: Cockburn et al, 2018). In a laboratory setting, references to genetic change
and welfare are more frequently in the context of concerns for the welfare of genetically modified
animals (e.g., Buehr et al, 2003). Human genetic disorders are often studied in animal models

(Simmons, 2008), so information about the response of key genes within these experimental
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animals is translated to humans and not used for the benefit of animal welfare (e.g., Harding, 2013).
Inclusion of genotype with behavioural, physiological, and/or cognitive measures in NHP welfare
assessment allows indication of predisposition to certain conditions and the breeding of more

robust offspring (Rauw & Gomez-Raya, 2015).

Cognition

Cognitive studies in animals provide an accurate assessment of animal emotion (Mendl et al, 2009).
These methods were adapted for use with animals following the idea that cognitive functioning can
be a reliable indicator of emotional state in humans (Mendl et al, 2009). It is known that the way
humans attend to and interpret information is associated with self-reported feelings of wellbeing
and physiological changes (Ardayfio & Kim, 2006; Bar-Haim et al, 2007; Donaldson & Young, 2008).
For example, anxious individuals are more pessimistic and likely to negatively judge ambiguous cues
compared to non-anxious people (Eysenck et al, 1991, 2006; Richards et al, 2002; Blanchette et al,
2007). Cognitive bias methods provide an accurate assessment of animal affect and there is
currently great interest in developing these methods to advance animal welfare science (e.g.,
Harding et al, 2004; Mendl et al, 2009; Bateson et al, 2011; Baciadonna & McElligott, 2015; Bethell,
2015; Roelofs et al, 2016). Cognitive bias has been categorised as emotional states that arise from
interpretation or judgement bias, memory bias and attention bias (Paul et al, 2005; Hertel &

Mathews, 2011).

Judgement bias

Animal cognitive bias studies frequently use judgement bias tasks (e.g., Harding et al, 2004; Mendl|
et al, 2009; Bateson et al, 2011; Baciadonna & McElligott, 2015; Bethell, 2015; Roelofs et al, 2016).
Judgement bias tasks involve training an animal to differentiate between abstract cues for reward
and non-reward (or punishment) and then tested for optimism and pessimism using intermediate
abstract cues. These tasks have demonstrated that animals are more pessimistic about
intermediate abstract cues following negative mood manipulation such as pharmacological

treatment or a barren environment (pigs: Douglas et al, 2012; rodents: Hales et al, 2014; macaques:
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Bethell, 2015; Bethell et al, 2016). Douglas et al (2012) trained pigs to discriminate two auditory
cues in a go/no-go task with the positive cue signalling food and the negative cue signalling a mildly
aversive experience. The effect of enriched and barren environments on pig response to an
intermediate auditory cue was then compared. During the abstract intermediate trials, the enriched
pigs were found to be more optimistic than the barren environment pigs. In primates, a judgment
bias go/no-go task with visual cues was used to demonstrated that rhesus macaques become more
pessimistic following veterinary health checks compared to phases of enrichment (Bethell et al,
2012a). The macaques were trained to touch or ignore lines of different size to receive a reward or
avoid an aversive experience. During testing, macaques were presented with lines of intermediate
size and following the health check macaques made fewer responses to the ambiguous cues

suggesting a negative shift in affective state.

The go/no-go task can result in a false pessimistic interpretation due to a generalised reduction in
response (Brilot et al, 2010). Instead, two distinct responses are trained: one to a positive cue and
one to a negative or less positive cue. When tested with an ambiguous cue the interpretation of
their responses is much clearer (Perdue, 2017). For example, starlings were trained to distinguish
between symbols (S+ and S-) on the lids of petri-dishes (Brilot et al, 2010). In the presence of a dark
background, the starling received a larger reward (three mealworms) when they chose the S+ petri-
dish, while in the presence of a light background they received a smaller reward (one mealworm) if
they chose the S- petri-dish. When intermediate background colours were used the starlings’
choices of S+ or S- were recorded. The active choice between S+ and S- reduces the potential

ambiguity caused by the go/no-go task.

Memory bias

There is extensive evidence for a link between cognition and the storage, consolidation, and
retrieval of memories in humans (e.g., Cahill and McGaugh, 1996, 1998; Um et al, 2012; Tyng et al,
2017). For example, depressed humans recall negative experiences more accurately than non-

depressed humans (Mineka & Nugent, 1995).
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Recent work in neuroscience and psychology has revealed that the emotional and cognitive neural
systems are deeply integrated (Dolcos et al, 2011; Okon-Singer et al, 2015) with emotions having a
long-term impact on memory through influence on the formation of the hippocampal-dependent
memory system (Pessoa, 2008). Depending on the duration and intensity, stress may facilitate
and/or impair memory (Vogel & Schwabe, 2016; Tyng et al, 2017). Zoo visitors who were exposed
to a stressor (Trier Social Stress Test including a job interview, public speaking and mental
arithmetic) were significantly more likely to remember their route though the zoo and events that
occurred within 41-65 minutes of the stressor compared to the non-stressed controls (Vogel &
Schwabe, 2016). This time dependent stress-enhanced memory formation was related to increased
action of the HPA axis and autonomic nervous system (ANS) resulting in stress-induced increases in

cortisol and blood pressure (Vogel & Schwabe, 2016).

Mood-congruent biases in memory were only recently established in non-human animals (mice:
Takatsu-Coleman et al, 2013; rats: Burman & Mendl, 2018). Burman & Mendl (2018) trained rats to
search for specific reward pots containing food in an eight-arm radial maze. Following training, the
rats were placed in the maze with access to only one arm and experienced a positive (12 pellets),
negative (12 quinine-soaked pellets), or neutral event (1 pellet). Results revealed that regardless of
time since the event (rats were tested at 2 hour and 24 hours), they preferred arms where they had
experienced the positive event and avoided arms where they had experienced a negative event
(Burman & Mendl, 2018). Mice that were exposed to 12-hour social isolation were more avoidant
of areas paired with the aversive event in a plus-maze discriminative avoidance task compared to
control mice (Takatsu-Coleman et al, 2013). Isolated mice had elevated corticosterone, which the

authors suggested was essential for mood-congruent memory in mice.

Evidence in the human literature suggests that memory biases are more strongly influenced by
depression rather than by anxiety or acute stress (Mathews & MaclLeod, 1994; Mineka et al, 1998;
Paul et al, 2005) suggesting this type of cognitive bias is not appropriate for welfare assessment

following acute stressors. Both judgment and memory bias tasks are time consuming tools as they
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require extensive prior training (Harding et al, 2004; Bethell et al, 2012a; Bethell, 2015; Burman &
Mendl, 2018). They can be disruptive to management and husbandry routines, costly in terms of
both money and time, and study statistical power may be impacted by participant number attrition
(Harding et al, 2004; Bethell et al, 2012a; Bethell, 2015). Instead, tasks that require less training
(such as those that utilise innate attention biases) may be more appropriate and practical in real
world settings, as many attention bias (AB) tasks require little or no training (Mendl et al, 2004; Paul

et al, 2005; Brilot et al, 2009; Bethell et al, 2012b; Verbeek et al, 2014).

Attention bias

AB describes a tendency to differentially allocate attention towards one of two or more stimuli that
vary in emotional content. Fearful or anxious attention biases in humans relate to vigilance towards
threatening cues in order to avoid danger and protect the body from harm (Mathews & MacLeod,
1994; Mogg and Bradley, 1998; Lang et al, 2000; Paul et al, 2005). The automatic allocation of
attention to treat is an innate mechanism that works to enhance survival (Ohman et al, 1986,

2001a).

In humans, innate AB has been studied in infants (Nelson & Dolgin, 1987; Peltola et al, 2008; LoBue
& Deloache, 2008, 2010). Children aged between eight and 14 months are faster to orientate
towards images of angry faces compared to images of happy faces (LoBue & DelLoache, 2010). In
addition, seven-month-old children were quicker to disengage with images of positive or neutral
facial expression compared to images of fearful faces when presented with a distractor (Peltola et
al, 2008). The response of young children to negative facial expressions suggests that social cues of

threat are innate responses that could be utilised for measuring AB in non-human animals.

Indeed, AB has been proposed as a novel method of animal welfare assessment (Paul et al, 2005;
Bethell et al, 2012b; Crump et al, 2018). AB tasks have previously been shown to be capable of
measuring animal emotion in NHPs (Bethell et al, 2012b; Marzouki et al, 2014; Allritz et al, 2016;

Boggiani et al, 2018; Morin et al, 2019), birds (Brilot et al, 2009; Brilot & Bateson, 2012; Cussen &
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Mench 2014; Campbell et al, 2019a,b), sheep (Verbeek et al, 2014; Vogeli et al, 2014; Lee et al,
2016; McBride & Morton 2018; Monk et al, 2018ab, 2019ab; Raoult & Gygax, 2019), cattle (Lee et

al, 2018), pigs (Luo et al, 2019) and rats (Parker et al, 2014).

The above animal studies compared the animals’ attention to stimuli following a manipulation of
their affective state. In humans, changes in attention can be determined by measuring response
time or response slowing in simple tasks with emotional distractors (Fox et al, 2001; Bishop et al,
2004; Mauer & Brokenau, 2007; Mogg et al, 2008; Holmes et al, 2009). In animals, attention has
been measured by comparison of latency to detect and orientate towards the stimuli (e.g., Lou et
al, 2019), approach an object (e.g., Verbeek et al, 2014) and eat (e.g., Campbell et al, 2019a),
reaction time to complete a task (e.g., Allritz et al, 2016), head position duration (e.g., Monk et al,
2018a) and eye gaze (Bethell et al, 2012b). Stimuli were species-relevant and included alarm calls
(e.g., Brilot & Bateson, 2012), novel objects (e.g., Verbeek et al, 2014), predators (e.g., Lee et al,
2016) and aggressive conspecific (e.g., Vogeli et al, 2014). Affective state was manipulated using
housing conditions (e.g., Parker et al, 2014), veterinary inspection (e.g., Bethell et al, 2012b), food
deprivation (e.g., Verbeek et al, 2014) or removal of objects necessary for species-typical behaviour
(e.g., Brilot & Bateson, 2012). Affective state without manipulation was also determined using
behavioural observation (Marzouki et al, 2014) and personality assessment (Cussen & Mench,

2019).

AB tasks were first developed as a method to assess emotion in humans using paradigms such as
the looking time task (Fantz, 1958), the dot-probe task (MacLeod et al, 1986), the visual search task
(Green & Anderson, 1956) and emotional Stroop task (Stroop, 1935). These paradigms have since
been applied to non-human animals: looking time tasks (e.g., Bethell et al, 2012b), the dot-probe
task (e.g., Verbeek et al, 2014), visual search tasks (e.g., Marzouki et al, 2014) and the emotional
Stroop task (e.g., Allritz et al, 2016; details of the different paradigms for both humans and animals

are included in Chapter 3).
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Triangulation of measures to optimise welfare assessment

A triangulation of behaviour, physiology and health indicators has been suggested as one of the
current best methods for assessing NHP welfare (Webster, 2008; Jennings & Prescott, 2009; Tasker,
2012). For example, both positive (e.g., exciting) and negative (e.g., distress) events can result in
increased heart rate in macaques. The inclusion of simultaneous behavioural observation would
allow the observer to determine if the physiological change had resulted from positive or negative
experience (NC3Rs, 2012; Tasker, 2012). However, this approach would not fully assess mental
state in those instances. Therefore, the development of welfare assessment methods which
triangulate these indicators with the animal’s mental state are important to ensure holistic welfare

assessment.

Welfare assessment frameworks, such as the Five Freedoms (FAWC, 1979), do not fully
acknowledge the influence of mental state (Mellor, 2016). As a result of the current emphasis on
animal emotions, the Five Domains were developed from the Five Freedoms to include mental state
within welfare assessment. The Five Domain Model includes four physical or functional domains
(nutrition, environment, health, and behaviour) and one affective experience domain that aligns
with what the animal experiences in the functional domains (Mellor, 2016). For example,
“constraints on animal-to-animal interactive activity” within the behaviour domain would align with
loneliness/isolation, depression, or sexual frustration vs affectionate sociability, maternally
rewarded, playfulness, or sexual gratification within the affective experience domain (Mellor,

2016).

Direct measures of conscious emotion are not available (Mendl et al, 2009). Therefore, changes in
cognitive functioning measured by new methods including judgement bias (Mendl et al, 2009;
Bethell et al, 2012a), memory bias (Burman & Mendl, 2018), or AB (Bethell et al, 2012b; Crump et
al, 2018) need to be included within welfare assessment to provide a measure of affective or mental

state.
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Some studies with NHPs have used a combination of approaches including cognitive measures (e.g.,
Pomerantz et al, 2012b). Here, emotional state was assessed using a judgement bias task in which
capuchins (Cebus apella) discriminated between the size of a rectangle. The capuchins were trained
to associate the larger shape with a more favourable food reward. During testing the occurrence of
pacing behaviour was not significantly correlated with the probability of responding to the

ambiguous cue i.e., placing behaviour was unrelated to emotional state (Pomerantz et al, 2012b).

Many traditional animal welfare assessment methods focus on preventing poor or negative welfare
rather than promoting positive welfare (Philips, 2008; Yeates & Main, 2008; McCormick, 2012;
Lawrence et al, 2018). Considering an animal’s emotional or affective state will help to move animal
welfare science in a positive direction (Mendl & Paul, 2004). Novel assessment methods, such as
AB, that are capable of detecting shifts in emotional state, are quick and require little training, need
to be the focus of studies now in order to improve environments and husbandry and management

practices to promote positive experiences for captive animals.

1.4 Overview of the thesis

AB tasks have previously been shown to detect shifts in emotional state in humans, with some
recent data suggesting they can be adapted for use with animals, including NHPs. In this thesis, |
aimed to identify the biological and environmental factors (life history, hormonal, genetic and
potentially stress-inducing husbandry procedures) that influence an individual’s AB profile and the
extent to which this can be used to identify state (e.g., response to veterinary intervention) and
trait (e.g., individual differences in personality) affect. These factors should be included in future
AB studies and will also highlight which individuals may be more vulnerable following stressful life
events. Four looking time measures were used in the analysis in Chapter 3: duration looking at the
threat face stimulus (THR), total duration looking at the threat and neutral face stimuli (TL), AB
difference score (ABDIff) and ABDIff/TL. AB difference score was calculated by subtracting the
duration looking at the neutral face stimulus from the duration looking at the threat face stimulus.

In Chapter 4, 5 and 6 only the duration of THR and TL were used.
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This project piggybacked onto the macaques’ routine annual veterinary health check to ensure
further stress was not caused as a result of this research. As part of the annual health screening the
macaques were sedated with an intramuscular injection of ketamine hydrochloride (KHCI: 0.1 —-0.2
ml/kg) for blood draw, weighing, a tuberculosis injection in the right eyelid and a rectal swab. For
the subsequent two days, the macaques experienced additional rectal swabs; however, although
separated from their group and restrained with the crush-back, they were not sedated prior to this

procedure.

The thesis is split into a training chapter (Chapter 2) and four methods chapters, which detail the
cognitive (Chapter 3), behavioural (Chapter 4), physiological (Chapter 5) and genetic (Chapter 6)
components of this project. In Chapter 2, | describe the training required for the rhesus macaques
to participate in the research in Chapters 3-6. | describe methods and equipment development,
macaque training success and pilot study outcomes. Protocols for station training, desensitisation
to the AB apparatus and saliva collection are provided. In Chapter 3, | review the previous AB
literature to explain the steps taken to develop the AB methods used here. This chapter contains
the detailed AB methods used in each of the other chapters. In Chapters 4 and 5, the AB methods
were validated by comparison with traditional welfare assessment methods both before and after
a stressor (the macaques’ annual veterinary health check). In Chapter 4, AB is correlated with
behavioural observations collected using an ethogram of established behavioural indices of stress
and anxiety. In Chapter 5, AB was compared with salivary cortisol concentration, which is known to
increase in response to stress. In Chapter 6, AB was correlated with genetic polymorphisms in nine
key genes relating to serotonin, dopamine, oxytocin, arginine vasopressin and opioids. Finally, in
Chapter 7, | summarise the finding of the thesis and discuss these in terms of what | have learned

over the course of this PhD.

33



Chapter 2 — Training & methods development

Chapter 2 — Training & methods

development

34



Chapter 2 — Training & methods development
2.1 Learning theory
Animal training can be challenging, yet it is essential for the effective and safe management of many
domesticated and captive species (Laule et al, 2003; Reinhardt, 2004). The two main methods for
animal training are classical conditioning (Pavlov, 1927) and operant conditioning (Skinner, 1938).
Classical conditioning involves developing an association between an unconditioned stimulus (a
stimulus that naturally or automatically triggers a response, e.g., the delivery of food) and a
response (e.g., salivation), with a previously neutral new or conditioned stimulus (e.g., the sound

of a bell; Pavlov, 1927; Gottleib & Begej, 2014).

Operant conditioning is the development of an association between a behaviour and a
consequence (Skinner, 1938). Figure 2.1 shows that there are four main approaches: positive
reinforcement, negative reinforcement, positive punishment, and negative punishment (Skinner,

1938; McBride & Montgomery, 2018).

Add to Remove from
environment environment

Increase

behaviour +R -R
Positive Negative

Reinforcement | Reinforcement

+P +P

Positive Negative

Figure 2.1. Operant conditioning reinforcement theory. All training

for this thesis was by positive reinforcement methods only.
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Each of these methods involves a different consequence for a given behaviour. The occurrence of

a behaviour can be increased using reinforcement:

Positive reinforcement (+R) involves the provision of a reward following the correct
behaviour and leads to an increase in the occurrence of that behaviour, for example, using
food rewards to train zoo animals to accept oral medications and injections without
restraint (Heidenreich, 2015).

Negative reinforcement (-R) involves the removal of an aversive stimulus following the
correct behaviour and leads to an increase in the occurrence of that behaviour, for
example, the removal of pressure applied by a rider to the side of a horse when the horse

begins to move forward (Jones, 2017).

The occurrence of a behaviour can be reduced using punishment:

Positive punishment (+P) involves the application of an aversive stimulus following an
incorrect behaviour causing a decrease in the occurrence of that behaviour, for example,
the use of electric shock collars (now illegal in the UK) to reduce the incidence of barking in
dogs (Schilder & Van der Borg, 2004).

Negative punishment (-P) involves the removal of a stimulus following an incorrect
behaviour, for example, the use of timeouts to decrease cocaine-maintained behaviour in

experimental rhesus macaques (Nader & Morgan, 2001).

Positive reinforcement training (PRT)

All animal training was conducted using positive reinforcement training (PRT) only. PRT was first

described by Skinner (1938) and the method has long been used for training companion and zoo

animals (Hagenbeck, 1912; Burch, 2002). PRT is often combined with clicker or whistle training,

where the clicker is used as a bridge between good behaviour and presentation of a reward (Laule

et al, 2003). PRT in combination with clicker training has been shown to make training less

challenging for trainers (Feng et al, 2018), reduce the time required to train complex tasks (Gillis et
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al, 2012) and allow a closer working relationship with potentially aggressive animals (Miller & King,

2013).

Pet dogs trained with PRT show fewer signs of stress, have a more relaxed body posture, increased
owner directed attentiveness (Deldalle & Gaunet, 2013) and have improved performance in novel
training target tasks and response to novel people (Rooney & Cowan, 2011). Parrots trained with
PRT show fewer behavioural problems (Martin, 2007) and reptiles, for example, Aldabra tortoises
(Geochelone gigantea) can be trained to allow venepuncture (Weiss & Wilson, 2003), which can
reduce stress during veterinary visits (Reichard et al, 1993). Further, the use of PRT in zoos has been
shown to improve keeper-animal relationships in a range of species including black rhinoceros
(Diceros bicornis), Sulawesi crested black macaques (Macaca nigra) and Chapman Zebra (Equus
burchellii; Ward & Melfi, 2013). In NHPs, PRT results in a significant increase in prosocial and
affiliative behaviours and a decrease in stress-related behaviours in zoo-housed chimpanzees (Pan
troglodytes; Pomerantz & Terkel, 2009) and gorillas (Gorilla gorilla gorilla; Carrasco et al, 2009). PRT
methods are known to promote improved animal welfare during both the training phase and the
research itself (Laule et al, 2003, 2007; Prescott & Buchanan-Smith, 2003; NC3Rs, 2019). Time spent
training and rewarding promotes a closer relationship between trainers and the NHPs involved

(Buchanan-Smith, 2003; Prescott & Buchanan-Smith, 2003).

PRT has only recently become the standard for training within biomedical facilities, which has since
led to evolved training practices for laboratory NHPs (e.g., Perlman et al, 2012; Whittaker & Laule,
2012; Nightingale et al, 2015; Westlund, 2015). PRT had also successfully been used to collect
biological samples including blood (Coleman et al, 2008), urine (Smith et al, 2004; Magden, 2017)

and saliva (Lutz et al, 2000) from NHPs.

Bloomsmith and colleagues (2015) successfully trained 35 group housed female chimpanzees (Pan
troglodytes) to provide individual urine samples for a research study. The chimps were trained using
PRT, a clicker and the verbal cue “pee” to urinate into PVC pipes used as collection devices. Training

was conducted over a two-year period with between two and five training sessions per week. The
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authors achieved 100% training success with all chimps learning to urinate on request (median time

to urinate was 4.9 minutes) in between eight and 232 training sessions.

McKinley and colleagues (2003) trained 12 pair housed laboratory common marmosets (Callithrix
jacchus; 6 female, 6 male) to allow home cage weighing and to urinate on request. The authors
used the common behaviour of scent marking to train for urine collection. An animal was assessed
as having trained if they scent marked 12 times on request during a 10-minute training session. The
authors had 100% training success with all marmosets training in between two and 13 training
sessions. These trained marmosets were then involved in a further study. Bassett et al (2003)
compared the post-stressor (chasing into a nest box, transportation to veterinary room, removal
from social group and handling by gloved hand for weighing) behaviour of 24 common marmosets.
Twelve of the marmosets had been trained using PRT to provide urine samples on request and the
other 12 had not experienced any training. The authors reported a significant difference in the
occurrence of self-scratching post-stressor. Self-scratching is associated with anxiety and stress in
NHPs (Maestripieri et al, 1992) and the non-trained animals had a significantly higher increase in
this behaviour than the trained animals. This suggests that PRT is effective in reducing stress for

captive NHPs undergoing procedures.

Rhesus macaques have been successfully trained to provide urine samples on request at the
University of Oxford (Rhyanne Dale, PhD Researcher at the University of Oxford, personal
communication, July 2017). Trainers at the University of Oxford used PRT, a whistle as a bridge and
the verbal cue “pee” to train pair housed male macaques. The samples were collected for a larger

researcher project for the analysis of urinary cortisol.

Training aims

The key training requirements for this thesis were:

1. Station train the macaques to the correct location to allow their response to stimuli to be

recorded. To record looking times to stimuli for AB trials, macaques were required to sit
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still and face the AB apparatus. Training them to sit by a coloured stationing tool was the
key first step for AB data collection.

2. Prevent other macaques interfering with the focal macaque’s trial. To ensure macaques
were not distracted by conspecifics during the AB trials, all macaques in a group were
station trained so that they remained stationary during other macaques’ trials.

3. Collect individual, non-contaminated saliva samples from animals without separating them
from their social group. In order to assess the relationship between salivary cortisol and AB,
saliva samples were collected. Macaques needed to be trained to chew on the swabs for
long enough to collect a large enough sample for analysis.

2.2 Methods

Ethics

Ethical approval was granted by Liverpool John Moores University (LIMU) in February 2017 (Ethical
approval ID. EB_EH/2017-5) and by the Medical Research Council Animal Welfare and Ethical
Review Body (AWERB) in November 2017. This project piggybacked onto routine veterinary and
husbandry activities that would have occurred whether or not the animals were involved in this
study. No regulated procedures were carried out for this study; sample collection for hormone
analysis was by non-invasive methods only. Analgesia was not delayed because of any research
relating to this PhD. All training was conducted following centre protocol and using PRT.
Participation in training, AB trials and sample collection was voluntary, insofar as animals were free
to leave the training and testing area (cage room) at any time. Food, water, and social contact with

conspecifics were available ad libitum throughout training and testing.

Animals & housing

Medical Research Council Centre for Macaques

The rhesus macaques involved in this research were socially housed at the Medical Research

Council Harwell Institute Centre for Macaques (MRC-CFM) located at the Defence Science and
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Technology Laboratory (dslt) site at Porton Down, Salisbury, Wiltshire, England
(https://mrc.ukri.org/research/facilities-and-resources-for-researchers/mrc-centre-for-
macaques/). MRC-CFM is home to around 300 macaques and is one of only three rhesus macaque
breeding centres in the UK (MRC, 2019). The other two centres are also located within the Porton
Down site allowing the easy sharing of information and concentrating macaque veterinary care and
welfare expertise. Since its establishment in 2003, it has supplied approximately 30 monkeys per
year for use in biomedical research, including neuroscience, ophthalmology, and immunology, at

four academic institutions in the UK.

MRC-CFM has capacity for 22 groups over two corridors with additional quarantine space for
around 20 adult animals. The 22 groups consisted of 12 breeding groups and 10 weaner groups. To
mimic free-ranging conditions, the breeding groups of macaques were housed in matrilineal social
groupings with adult males rotated between groups every four to five years. The breeding groups
consisted of one adult male, between two and eight adult females and their offspring. Macaques
retained for breeding are weaned between 12 and 30-months-old and moved into one of the single
sex weaner groups of between seven and 17 individuals where they remain until they are moved
on to one of the universities (Dr Claire Witham, Scientific Project Co-ordinator at MRC-CFM,

personal communication, June 2017).

Rhesus macaques

Eighty-six group housed adult rhesus macaques housed in 13 social groups were initially trained for
participation in the studies presented in this thesis. At the start of training in September 2017, the
macaques were 7.69 years old + 3.42 years with an age range of between 2.75 to 15.42 years. The
social groups were 11 breeding groups, one all-female ex-breeding group and one all-male weaner
group. The macaques were housed at the Medical Research Council Harwell Institute Centre for
Macaques (MRC-CFM), a breeding colony that supplies UK academic institutions with macaques for
biomedical research. As a result of their future use in biomedical research, the macaques were bred

and held under the Animals (Scientific Procedures) Act 1986 administered by the UK Home Office.
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All methods for this thesis were designed to minimise the likelihood of distress and were considered
non-regulated procedures by the Home Office inspector, the LIMU ethics committee and the MRC

AWERB.

Following desensitisation and training, 61 macaques (45 female, 16 male) were selected for
inclusion in the final AB study presented in Chapter 3. Details of the macaques including date of
birth, rank, reproductive status, and group composition as well as which animals were involved in
each component of this PhD can be found in Table 2.1. Eighteen macaques had been previously
station trained using positive reinforcement and clicker training for AB testing (Szott, 2015;

Thatcher, 2015; Kemp et al, 2017).
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Table 2.1. The social group, sex, rank, age, reproductive status, training success and study
inclusion for each monkey involved in the research for this thesis. The previous AB study was
conducted by Szott (2015), Thatcher (2015) and Kemp et al (2017). Study 1 included cognitive data
collected as AB trials before and after the macaques’ annual veterinary health check (stressor) to
compare the AB at baseline and following a stressor. Study 2 included cognitive data collected as
one AB trial per week over eight weeks to assess the repeatability (Rep) of the AB signal.

E s -
= ]
%Zg 9 i 2 E s § =
2 £ % T E §z 3 i g
o ] ES g 2 § 5§58 % 3 S
: s § 0§ 5t & s 5 §ig ¥ %
G} n o = < B 3 o & Ao F @ a
Breeding GO1 M High Star 109 Breeding N4 N4 v
male
F High Zsa-Zsa 33 Cycling Vv v
Mid  Valentine 78 Cycling v v Y
Low Zarita 34 Cycling Vv v
Breeding GO3 M Mid  Utah 87 Breeding v
male
F High Saphy 113 Nursing N4 v N4
Spice 110 Nursing N4 v v VY
Yazzoo 49 Nursing N V4 Vv
Mid  Sugar 111 Nursing N4 v v VY
Tea 100 Nursing v v v
Low Rupee 126 Nursing N4 N4 v
Ylang- 50 Nursing N4 N v v
Ylang
Ex-breeding F High Linz 185 Implanted N4 N4 N4
G04 Venus 72 Nursing v v v v
Wine 60 Cycling N4 v v v
Mid  Maj 182 Implanted v v N
Verity 72 Nursing N4 N4 N4 v
Low Mindy 174 Implanted
Umbrella 89 Implanted
Breeding GO6 M High Will.i.am 63 Breeding N4 N4 N4
male
F High Ocelot 144 Nursing v v v N4
Mid  Tass 97 Nursing N4 N4
Tes 96 Cycling N4 N4 v N4
Low Shirley 109 Cycling N4 N4
Sizzle 109 Cycling v v v
Weaner M High Zavier 35 Weaner N4 N4 N4
GO07 male
Zorro 38 Weaner v
male
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Mid  Zachariah 38 Weaner N4 v N4
male
Zebedee 36 Weaner v v v
male
Low Zarson 33 Weaner N4 Vv
male
Zee 36 Weaner N4
male
Zoidberg 37 Weaner N4 Vv N4
male
Zulu 39 Weaner v v N4
male
Breeding GO9 M High Abbott 184 Breeding N4 N4 N4
male
F High  Orinoco 145 Implanted v v N4
Mid  Prune 134 Implanted v
Breeding G13 M High  Plum 133 Breeding N4 v v v
male
F Mid  May 173 Cycling N4
F High Rach 123 Cycling N4 v v N4
F Low Reya 123 Nursing
F Low Rozanne 124 Nursing N4 v v v
F Low Yardley 47 Cycling
F Low Zola 37 Cycling
Breeding G15 M High Thorn 96 Breeding N4 v
male
F High Senga 112 Nursing N4 N4 N4
Venice 68 Nursing N4 v v Y
Mid  Sienna 112 Nursing N4 N4 v v
Low Tia 102 Nursing
Uno 85 Nursing N4 N4 v
Vixon 77 Nursing
Zorilla 38 Cycling
Breeding G16 M High Sequel 106 Breeding v v v v N4
male
F High Yibbi 47 Nursing N4 v v N4
Mid  Omelette 143 Nursing N4 N4
Orlanda 140 Implanted N4 Vv v
Pansy 139 Nursing v v v N
Yeva 46 Nursing N4 v v N4
Low Ruby 127 Nursing N4 N4
Tulip 97 Nursing N4 v N4
Wench 59 Cycling
Breeding G18 M High Nodon 159 Breeding N4 Vv v v N4
male
F High Rene 121 Nursing N4 N4 N4 N4
Shallot 106 Cycling N4 N4 v N4
Yoana 45 Cycling N4 N4 v
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Mid  Razz 122 Cycling N4 N4 V4 N4
Low Rhumba 121 Cycling N4 N4
Robyn 124 Nursing N4 N4
Breeding G55 M High Vincent 73 Breeding N4 N4 N4 N4
male
F High Versa 74 Nursing N4 N4 N4 N4
Mid  Spangle 110 Nursing N4
Tanya 101 Nursing v v v N
Low Umber 87 Cycling v
Varsalla 73 Nursing
Breeding G57 M High Sol 185 Breeding N4 N4 N4 N4
male
F High Tallulah 98 Nursing v v v v
Mid  Wanganui 57 Cycling N4 N4
Zena 36 Cycling N4 N4 v N4
Low Tilly 97 Nursing N4 N4 N4
Y 70 Nursing v v V4 N4
Vanquish 71 Cycling
Zumba 35 Cycling N4 V4 N4
Breeding G60 M High Viktor 74 Breeding N4 N4 N4 N4
male
F High Serena 113 Nursing N4 N4 N4 N4
Thyme 99 Nursing v v v N
Yoyo 51 Nursing v v v N
Mid Tamara 100 Nursing N4
Zelda 36 Cycling N v v N4
Low Sonja 111 Nursing
Teal 98 Cycling
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Housing

Each enclosure consisted of a cage room and a free roaming area (Figures 2.2, 2.3 and 2.4). Training
and data collection occurred within the cage room area (Figure 2.3). This room consisted of
platforms on three levels with access between the levels at either end and four hatches into the
free roaming area. The space was designed to allow low ranking macaques to move out of sight and
escape during fights. Macaques always had free access to the free roaming area during training and
testing. Access between rooms was only restricted outside of data collection phases for husbandry
procedures such as cleaning and veterinary treatment. The free roaming areas were furnished with
various enchantment items, for example, slides, platforms, climbing frames, swings, buckets, and
mirrors. A large proportion of the macaques feed was scattered among the straw on the floor of
the free roaming area to promote foraging behaviour. Additional temporary or destructible
enrichment was provided in the form of ice-lollies and blocks, dried fruit, bubble machines, water

baths, peanut butter, and cardboard boxes.

e _.__._._.L....r__r_. . == | egend:
| . ;
| :
| i

. B | light blue: water source for cleaning
[ | 1 dark red: double door access to free roaming room

1 | | orange: crush back mechanism for veterinary inspection
|_ i oeminsrecm f : window to adjacent group’s free roaming room
/ | dark green: window to outside
ease rw: S Cage room | purple.: staff access Fo enclosure from corridor

Vioa! accoacho : | red: window to corridor
3 opposite group 1 § : mirror and control
! | blue: access between rooms on top level
j : access between rooms on middle level
3 : access between room on bottom level
| : training and testing area

Figure 2.2. Enclosure layout for socially housed rhesus macaques (Macaca mulatta) held at the

Medical Research Council Harwell Institute Centre for Macaques (MRC-CFM), Porton Down,
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Figure 2.3. Social cage room area for breeding groups of rhesus macaques at MRC-CFM. All training
and testing occurred within the cage room area. Doors allowed free movement between the cage

room and the free roaming area. Photograph: Claire Witham.

2l P

'&,1

Figure 2.4. Two views of the free roaming areas for the breeding groups of rhesus macaques at
MRC-CFM. a) Close up view of the free roaming area showing deep bedding and enrichment items.
b) Wide view of the free roaming area showing resting platforms, structures for climbing, and a
large window to allow in natural light. Photographs: Claire Witham.
The free roaming area had dimensions: 8.04m long x 3.35m wide x 2.8m height while the cage room
area had dimensions: 6.12m long x 1.5m wide x 2.8m height. The overall volume was 98.54m? and
the floor area was 35.19m?. The enclosures were kept at a consistent humidity of 55-65% and
temperature of 18-20°C. Artificial light was provided between 07:00 and 19:30 throughout the year,
while large windows in the free roaming area allowed additional natural light into the enclosure.

Pressure sensitive water dispensers were positioned in multiple locations in both the cage room

and the free roaming area ensuring macaques had constant access to water.
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Staff

There were 11 full time staff at MRC-CFM: the Establishment Licence Holder, the Scientific Project
Co-ordinator and nine animal technicians including the Named Animal Care and Welfare Office
(NACWO). Staff were responsible for feeding, cleaning, behavioural observations, training, record
keeping, reporting injury, and administering medications prescribed by the Named Veterinary
Surgeon (NVS). Staff recorded signs of injury, iliness, aggression, or any other welfare consideration,
such as abnormal behaviours, into daybooks that were then entered into a large internal database.
The database kept full records of events relating to an individual while at MRC-CFM including their
date of birth, mother and father ID, date of weaning, group movements, all offspring including their
dates of birth and weaning and dates of all previous health checks, veterinary visits, and
medications. This information proved invaluable for collecting life history information about all the
macaques involved in this study for inclusion in the statistical analysis. Life history data is presented

in Appendix 2b.

Husbandry

Daily feeding occurred between 09:00 — 10:00 within the free roaming area. Feeding occurred later
on health check and cleaning days as staff were either busy with the health check in the morning
or could not access the macaques to feed during cleaning. The schedule shown in Table 2.2 was
designed by the veterinary and management teams to meet all the macaques’ nutritional
requirements. Diet mixed was fed daily and consisted of specially formulated primate diet pellets

mixed with oats, peas, and lentils.

Table 2.2. Feeding schedule for rhesus macaques at MRC-CFM.

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Bread Cucumber Peppers Eggs Greens  Pears Oranges
Diet mix Diet mix Diet mix Diet mix Diet mix Diet mix Diet mix
Apples Tomatoes Carrots Bananas Melons
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Each enclosure was cleaned over two days once a fortnight. Typically, the cage room was cleaned
one day and the free roaming area the next. Macaques were shut into the adjacent room while
cleaning occurred. Cleaning consisted of removing all the old straw and sawdust, washing the
enclosure with disinfectant, allowing it to soak to soften any remaining dried-on faeces, rinsing the
disinfectant and any additional waste away, drying and providing new bedding. The cleaning
process took between four and six hours. Cleaning did not occur at the weekend or on bank
holidays, but two technicians attended the centre to feed and check the macaques for injuries as
well as administer any required medication. Training and behavioural observations did not occur

on these days.

A veterinarian from the practice of the NVS visited MRC-CFM every Wednesday to perform routine
inspection, prescribe medication, perform surgeries, and provide follow up care. Severe injuries or
illnesses, such as fight wounds, were prioritised and ad-hoc visits were performed in emergencies

as required.

Health screening

Each year at MRC-CFM, the macaques have a health check overseen by the NVS. As part of the
annual health screening the macaques were sedated with an intramuscular injection of Ketamine
Hydrochloride (KHCI: 0.1 — 0.2 ml/kg) for blood draw, weighing, a tuberculosis injection in the right
eyelid and a rectal swab. For the subsequent two days, the macaques experienced additional rectal
swabs; however, although separated from their group and restrained with the crush-back, they

were not sedated prior to this procedure.

Research animals must be easily identifiable, therefore, each macaque was tattooed on their chest
with an abbreviated three to four letterform of their name, for example, Valentine is VAL. Tattooing
was done under sedation by a trained animal technician during the macaques' first annual health

check.
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All macaques involved in this study had prior experience of the health check and had received their

identification tattoo during previous health screenings.

Assessing reproductive status

| recorded the reproductive status of each macaque for each trial. The male macaques were classed
as either a breeding male or a weaner male. The breeding males were housed as the only male with
between two and eight adult females and their offspring. The weaner males lived in single sex
groups of between seven and 17 individuals aged between 12 and 30-months old. The female
macaques were classed as cycling, pregnant, nursing or implanted with contraception. Pregnancy
was often determined by the veterinarian following palpation of the abdomen during the annual
health screening. However, this method was not suitable for the very early stages of pregnancy as
the foetus was too small to feel. | determined the likely date of conception by retrospectively
backdating from the date of parturition. The average gestation period for rhesus macaques is 163
days (Wolfensohn & Honess, 2005, p. 97); if any macaque gave birth within 163 days of a trial she

was assessed as pregnant at the time of the trial.

The typical age at which juvenile rhesus macaques stop suckling and are nutritionally weaned is
between 10 and 14 months old (Southwick et al, 1965; Lindburg, 1971; Harvey et al, 1987).
Postpartum amenorrhea is an average of 11 months (Nieuwenhuijsen et al, 1985). A macaque was
classed as nursing if they had nutritionally dependent offspring aged 11 months or less. All other
female macaques who were not pregnant and had no offspring or had offspring older than 11
months were said to be cycling unless fitted with a Nexplanon 68 mg contraceptive implant.
Information about contraceptive implantation was collected from the macaques’ health records.

The reproductive status of each macaque is shown in Table 2.1.
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2.3 Training protocols

Establishing a PRT protocol at MRC-CFM

The training protocol is based on Kemp et al (2017) that had previously been developed and
implemented at MRC-CFM. Briefly, Kemp and colleagues (2017) established a method of PRT for
stationing group housed macaques. The method begins with a period of habituation
(desensitisation) to the trainers; during this period, a clicker was established as a bridge. The next
step involved training the most dominant animals first to sit by and hold their individual-coloured
stationing tools using the verbal cue “hold”. Training the male or high-ranking females first allowed
later training with low-ranking individuals. Once the macaque was trained to hold the stationing
tool for 30 seconds training moved onto the next individual and so on until the whole group was
trained. When a macaque held the stationing tool for >30 seconds while the trainer worked with
other animals in the group, they were deemed to have reached criterion for training success. Kemp
et al (2017) had a success rate of 93.9% with 61 of the 65 individuals initially included successfully

training.

The aims of training in the present study were to build a relationship of trust between the trainer
and the macaques, establish a consistent signal for rewards (whistle as a bridge), ensure macaques
would remain in one location for AB trials (station train) and to be able to collect saliva sample for

hormone analysis.

Between September and December 2017, 86 macaques began training to be desensitised to my
presence and the AB apparatus, sample collection, the apparatus and were familiarised with the
use of a whistle rather than a clicker as a bridge for PRT. To establish the whistle as a bridge during
the desensitisation training sessions, | would whistle before presenting the food reward if any
macaque in the group approached the front of the enclosure. Desensitisation and familiarisation
ensured reduced novelty during testing (Savasta et al, 2003; Samuni et al, 2014) and involved hand

feeding with treats such as peanuts and raisins.
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During the initial familiarisation and training sessions | collected information on each macaques’
cage location (top, middle, or bottom level) and food (nut, raisin, juice, fruit) preference; this
ensured that maximum progress was made in subsequent training sessions. | collected information
on which monkeys could be stationed together and which had to be kept apart due to aggressive
behaviour, for example, chasing. Chasing was particularly a problem with some of the younger
breeding males who would chase the female if they saw them getting food rewards during training.
It was also important to consider the strict matrilineal social hierarchy within rhesus macaque
groups and ensure that lower ranking females were not made to station next to higher ranking,
non-compatible individuals. Issues relating to chasing, aggression and dominance have been
successfully managed in group housed NHPs using PRT (Schapiro et al, 2001; Veeder et al, 2009),
therefore, this knowledge of intra-group relationships allowed the development of appropriate
training plans that reduced food related aggression and allowed lower-ranking animals to

participate.

To further reduce the risk of in-group aggression and increase the likelihood of lower ranking
animals engaging with the training, MRC-CFM provided specially designed boards that could be
inserted into the enclosure to provide a visual barrier between the monkeys without preventing

them from leaving the testing area (Figure 2.5).

Figure 2.5. A visual barrier board, shown of the left side of the image, used to allow lower ranking

macaques at MRC-CFM to engage with training and testing. Photograph: E. Howarth.
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As higher-quality footage could be collected when the macaques were on the middle level of the
cage room area, having these boards meant that more monkeys were willing to work in this area

increasing the amount of high-quality footage and saliva samples that were collected.

Procedure to assess food reward preference

At MRC-CFM, peanuts and raisins were routinely used for training (e.g., Kemp, 2017). Foods with
high sugar contents could not be used during data collection as the sugar interacts with salivary
cortisol (Schwartz et al, 1998). Both raisins and dehydrated fruit contain between 58 and 65 g of
sugar per 100 g of food (USDA, 2019ab). Therefore, cereal such as Kellogg’s Rice Krispies, peanuts
(USDA, 2019cd) and Robinson’s no added sugar black current and apple diluted cordial (Britvic PLC,
2019) were used as rewards during the AB trials and saliva sample collection. Raisins and fruit could
be used during training and a preference assessment was conducted to establish the macaques’

preferred training and testing rewards.

A food preference test was conducted once for each macaque as previous studies have shown that
higher preference food rewards controlled behaviour and improved training success more
effectively than less-preferred food rewards (Clay et al, 2009a; Gaalema et al, 2011; Martin et al,
2018). Macaques were stationed and food items (raisins, black current or orange juice, peanuts,
dehydrated fruit, for example, apples and bananas and cereals, such as Kellogg’s Rice Krispies and
Nestle Cookie Crisp) were presented by hand in pairs. The item chosen first was viewed as the
higher preference item. Side preference was controlled for by repeating presentations with items
being randomly presented on the left or right until the highest preference item was determined.
The highest preference items for each macaque were noted in their training record. Generally, the
macaques preferred black current and apple juice to orange juice, and peanuts, fruit and Cookie

Crisp were found to be the higher preference food rewards.

Initially peanuts were thought to be more premium rewards than raisins and juice but quickly we
realised that peanuts hindered training. The groups worked better with reduced competition and

aggression and increased engagement with training when only raisins and juice were used. After
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the removal of the routine use of high preference food rewards, | noticed a reduction in chasing
behaviour and following of the trainer. As a result, premium food items were only used during

training to reward specific rare behaviours.

Protocol for station training

Following familiarisation and desensitisation to my presence, the macaques were station trained to
allow training for and collection of individual cognitive data and hormone samples from group
housed animals. Station training involved encouraging the monkey to not follow the trainer or food
but instead remain in one location next to their individual-coloured stationing tool (Kemp et al,
2017). The coloured stationing tools, examples shown in Figure 2.6, consisted of robust coloured

objects that could be attached to the outside of the macaques’ enclosure by a carabiner.

Figure 2.6. Example coloured stimuli for station training of rhesus macaques (Macaca
mulatta) for AB testing. Photograph: E. Howarth.

Some of the macaques at MRC-CFM had previously been stationed trained by centre staff following
the methods detailed in Kemp et al (2017). | used this to develop a shaping plan (protocol) to station
train the remaining untrained monkeys that were involved in this study. The shaping plan broke
down the training into smaller achievable steps to prevent the training becoming frustrating for
both the humans and animals involved (Clay et al, 2009b; Kemp et al, 2017). Shaping plans have
also been shown to improve training outcomes for animals with multiple trainers as they ensure
consistency between trainers (Westlund, 2015) and allowed the animal care staff to continue the
training when | returned to Liverpool John Moores University to run genetic analysis in January and

February 2018. The final station training protocol is shown in Figure 2.7.
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Figure 2.7. Station training protocol for rhesus macaques. Protocol was adapted from Kemp et al (2017).
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AB apparatus design

A pilot study using a handheld manual device and stimulus flash cards was unsuccessful (Appendix
2a). Therefore, an automated AB apparatus was developed. Stimuli were digital jpeg files presented
on two Eyoyo 8-inch TFT LCD colour video monitor screens. A Sony HC video camera, mounted on
a T-bar tripod and positioned equidistant between the monitors, was used to record the macaques’
eye movements to the stimuli that appeared simultaneously on the monitor screens (Figure 2.8).
The monitors were connected via an HDMI and a UGREEN USB to HDMI external video card to an
HP ENVY 15-ah150na laptop computer. Each stimulus on the screen measured 10.2cm x 18cm,
thereby taking up 9.72 x 17.06 degrees of visual angle at a 60cm viewing distance. Previous AB trials
by Bethell (2012a), Thatcher (2015) and Szott (2015) had relied on apparatus with a slider, which
was removed to reveal the stimulus pairs introducing the potential for side bias. Simultaneous
presentation of the stimuli on monitor screen should reduce this risk (Bethell et al, 2012b). A
MATLAB program was designed by Dr Claire Witham to display the threat-neutral and filler stimuli.
The display was designed so that the images filled the 8-inch screens and pictures measured
approximately 10.2 cm x 18 cm. Face stimuli were randomly numbered and could be chosen from
a drop-down list at the start of each trial. Random numbering of the face stimuli ensured that the
researcher conducting the trial was blind to the side of aggressive face presentation, thereby
reducing the potential for unintentional cuing effects. The inter-trial interval was kept constant at
three seconds for all trials. The face stimuli would appear for three seconds followed by the inter-
trial interval (three seconds of a black screen) and then three seconds of the filler stimuli.
Filler stimuli included colourimages of fruit and vegetables which the macaques are familiar
with, find interesting to look at, and are presumably pleasant or neutral (Waitt & Buchanan-Smith,
2006). Following presentation of the filler stimuli, left and right fixation footage was collected using
highly coloured attractive stimuli. The stimuli for left and right fixation were presented one of the
other and provided a record of a definite right and left look to aid with later coding. The camera

and macaque were in the same position as during the trial.
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A Bush SP-925 Bluetooth speaker was connected centrally at the top of the apparatus. On
presentation and removal of a stimulus pair an audible beep was produced to allow for easier
coding of trial footage by identifying the start and finish of each trial on the video. The apparatus
included a black screen to prevent macaques seeing the researcher during the trials (Figure 2.9).
The camera display was open so that the researcher could, without making eye contact, observe
the animal’s direction of view and ensure centralised attention prior to commencing the trial. The
apparatus was placed at a consistent distance from the bars by lining the feet of the tripod up with
the edge of the metal drainage grate that ran the length of the cage room. Most macaques were
recorded while on the middle level of the cage room enclosure; however, some lower ranking
individuals preferred to station on the top level. For these macaques, the tripod could be adjusted
so that the monitors and the camera could be moved up to be in line with their eyes. This flexibility

allowed macaques to remain in their preferred location and reduced any stress caused by the trials.

A full AB apparatus desensitisation and training protocol is shown in Figure 2.10. This protocol for

the collection of cognitive data in the form of 640 AB trials from 61 macaques.

Figure 2.8. Order of stimulus pair presentation for attention bias training trials with rhesus
macaques. Top panel (A): filler (fruit or vegetable) stimuli. Middle panel (B): right fixation trial. Lower
panel (C): left fixation trial. Left and right were initially recorded from the coders point of view to
prevent accidental errors when coding. The left and right for each trial were later flipped to be

relative to the monkey’s view. Photograph: E. Howarth.
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~

Figure 2.9. Attention bias apparatus viewed from the macaque’s

(left) and the researcher’s (right) side. Photograph: E. Howarth.
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Figure 2.10. Attention bias apparatus desensitisation training steps for rhesus macaques.

Developing a protocol to collect cortisol samples

Saliva has a rapid response of between 20 and 30 minutes (Kirschbaum & Hellhammer, 1989) and
the collection method allows for individual sample identification. Salivary cortisol content is highly

correlated with serum cortisol levels (Wood, 2009) and saliva has previously been validated as a
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suitable, low-stress, non-invasive alternative to serum for cortisol analysis in both NHPs (Boyce et
al, 1995; Rapp-Santos et al, 2017) and other mammalian species (e.g., VanBruggen et al, 2011).
Saliva was selected as the most appropriate biological substrate for collection of samples to be

analysed for cortisol.

Saliva samples were collected using Salimetrics 8 mm polymer SalivaBio Children’s Swabs
(https://www.salimetrics.com/collection-method/childrens-swab-device/). Swabs are quality
controlled, validated for cortisol recoveries, and verified for consistent performance and sample pH
(Salimetrics, 2015). Following email advice, to ensure that it would not compromise the swabs, each
swab was cut into two pieces of 62.5 mm length (Dr Lindsey Smith, Stratech Scientific Support and

Quality Manager, personal communication, 16 November 2017).

A pilot study was conducted in July 2017 to develop the protocol for collecting saliva using a group
of six female weaners who were not included in the AB study. | trialled three methods: swab held
in hand and presented to the monkey, swab sewn into cotton (e.g., after Higham et al, 2010) and
swab clamped in D-shackle. The monkeys were able to steal the swabs when held in a gloved hand
and when sewn into cotton, so the swabs were clamped into D-shackles (Figure 2.11). Following
the use of the D-shackle, far fewer swabs were stolen. Some determined macaques still managed
but this was further reduced with training. Swabs clamped into D-shackles was the most successful

method with no swabs being stolen during final sample collection.

The pilot group all chewed the D-shackle clamped swabs for at least 30-seconds, suggesting the
macaques involved in the study would quickly familiarise and interact with the swabs. For successful
analysis of salivary cortisol, 100 pl of saliva is required per swab from each monkey (Bertrand et al,
nd). To achieve this a monkey must preferably chew for 60-seconds (Salimetrics, 2015) but ideally
at least 30-seconds. Swabs were introduced to the study animals when sample collection training

began in November 2017.

To start, swabs were soaked in black current and apple juice, as it had previously been found to be

the preferred juice flavour during the preference test. However, to ensure the juice did not affect
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salivary cortisol concentration, after two weeks of desensitisation and familiarisation the swabs
were then soaked in a solution of 71.55% boiled tap water and 28.45% granulated sugar for at least
three hours and then left to dry completely at room temperature. Newman et al (2007) previously

found that a 28.45% granulated sugar solution does not affect salivary cortisol concentration in

rhesus macaques.

Figure 2.11. Salimetrics Children’s Swab clamped into a D-shackle to prevent stealing during saliva
sample collection. Photograph: E. Howarth.
The full training protocol for saliva sample collection is shown in Figure 2.12. This method of using
D-shackle clamped, sugar-soaked swabs and a protocol of PRT allowed the non-invasive collection

of 203 saliva samples from 31 monkeys for cortisol analysis.

\ Place treats at front of
Hold sugar soaked swab === cage and take several
clamped in D-shackle in view steps back.
but outside of enclosure.
Attach stationing tool to bars.
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Do not reward biting or
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Does the monkey approach the session? to steal or destroy the swab
front of the enclosure? ) vEs remove the swab from the
enclosure and have a 30s
l YES “time out”.
Put treats on front of =
Does the caging and stand side End session.
~= monkey take the on next to them; wait 1 ™ Repeat next day. Iljlcreasethe Iength.of
treat and stay? min. Does the monkey time t:e m(mkie\,' w.\l
take the treat? chew for by delaying the e \yhistle and treat, =
NO whistle and reward.
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Figure 2.12. Saliva swab collection training steps for rhesus macaques.
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The training methods described in this chapter allowed the collection of cognitive data from 61
rhesus macaques and saliva sample collection from 31 macaques. These data were crucial for
completing this PhD and therefore the training method learned and developed here were
instrumental in success of the project. The following chapters describe the analysis and context of

the AB and cortisol data.
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Chapter 3 — Validating AB as a measure of
affective state: within-individual repeatability

and between-individual variability
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3.1 Abstract

Attention bias (AB) describes a tendency to differentially allocate attention towards one of two or
more emotional stimuli. AB tasks have been shown to detect shifts in emotional state in humans
and animals, including non-human primates, and have been proposed as a novel method of animal
welfare assessment. Currently, there is little published data on the factors underlying AB in rhesus
macaques (Macaca mulatta) and previous studies have focused only on males or females. For AB
to be a suitable method of welfare assessment we must establish the influence of life-history and
stress. Here, | aimed to determine if AB to threat changes following a stressor (Study 1) and if AB
shows consistent differences between individuals (Study 2). AB trials were conducted with 61 (45
female, 16 male) adult rhesus macaques using a computer operated apparatus with threat-neutral
conspecific face stimuli presented on screens. Duration of looking at these stimuli was recorded.
Four measures were used in the analysis: duration looking at the threat face stimulus (THR), total
duration looking at the threat and neutral face stimuli (TL), AB difference (ABDiff) score, and
ABDIff/TL. ABDiff was calculated by subtracting the duration looking at the neutral face stimulus
from the duration looking at THR. In Study 1, AB trials were conducted before and after the
macaques’ annual veterinary health check to determine whether AB changes with shifts in affective
state caused by the presumably stressful veterinary intervention. In Study 2, AB trials were
conducted once per week for eight weeks to assess the repeatability of the AB signal for each
individual. Factors of interest included condition (baseline and post-stressor), sex, age, and time of
day. In Study 1, there was a significant association between TL and time of day. Duration looking at
social stimuli was greater at midday and dipped in the afternoon as is also seen in humans. In Study
2, repeatability of the AB signal (TL) was found to be 0.093 + 0.243, which is within the range of the
animal social behaviour and human AB literature. Study 2 revealed a relationship between AB and
age in rhesus macaques with younger macaques having a significantly greater THR than older
macaques. This study provides the first evidence for the association between AB measures and time
of day and age in macaques and highlights that affective state, sex, age, and time of the AB trial

should be included in the analysis in future AB studies.
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3.2 Introduction

AB describes a tendency to differentially allocate attention towards one of two or more stimuli that
vary in emotional content. The automatic allocation of attention to treat is an innate mechanism
that works to enhance survival (Ohman et al, 1986, 2001a). For example, in order to avoid danger
and protect the body from harm, humans in a fearful or anxious emotional state tend to be more
vigilant towards threat (Mathews & MaclLeod, 1994; Mogg and Bradley, 1998; Lang et al, 2000; Paul
et al, 2005). The amygdala has been implicated in this automatic vigilance for, or AB to, threat
through the rapid processing of threat-relevant cues (Anderson & Phelps, 2001; Davis & Whalen,
2001; Ohman, 2002, 2005). This neural mechanism has long been associated with emotion and the
processing of aversive information (LeDoux, 1996, 2003). In humans with panic disorder, fMRI
scanning has shown AB towards panic related words is associated with enhanced amygdala activity
(van den Heuvel et al, 2005). Individuals with a damaged amygdala (bilateral amygdala lesions), do
not show AB towards threat (Anderson & Phelps, 2001). The presentation of fearful faces or facial
features results in greater activation of the amygdala compared to when happy or neutral face or
facial features are shown (Whalen et al, 1998, 2004) indicating that the amygdala responds

automatically to fear-relevant information (Cisler & Koster, 2010).

Allocation of attention has been proposed as a form of emotional regulation (Gross, 1998a, 2001,
2007; Koole, 2009). AB to threat may be moderated by emotion regulation strategies (Gross, 1998;
Cisler & Kister, 2010). For example, the use of distraction techniques, such as discussion scenarios
(Andrews & Shaw, 2010), significantly reduces pain-perception during peripheral venous

catheterization compared to local anaesthetic (Balanyuk et al, 2018).

This innate mechanism has been utilised to develop AB tasks to assess emotion in human using
paradigms such as the looking time task (Fantz, 1958), the dot-probe task (MaclLeod et al, 1986),
the visual search task (Green & Anderson, 1956) and emotional Stroop task (Stroop, 1935). Here, |
first discuss the human literature for these paradigms and then the adaptation of these tasks for

animal emotions and assessing animal welfare.
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Looking time task

Looking time tasks are simple tasks that measure participants’ direction of and shifts in eye-gaze to
different stimuli (Fantz, 1958; Winters et al, 2015). The simultaneous presentation of two stimuli

allows comparison of attention to the paired competing images (Desimone & Duncan, 1995).

Due to their simplicity, looking time tasks have been used to assess attention in human infants (e.g.,
DeNicola et al, 2013; Yeng et al, 2016). Studies have shown that infants (< one year old) are able to
recognise the identity (Pascalis et al, 1998) and affect (Cohn & Tronick, 1983; Tronick, 1989) of adult
human faces. Human faces are also significantly better at holding infant attention compared to age-
appropriate toys but not at orienting attention (DeNicola et al, 2013). DeNicola and colleagues
(2013) showed eight pairs of coloured face and toy images to 64 healthy four- to eight-month-old
infants and recorded their looking time to each stimulus. The authors reported that the infants
looked at the face stimuli for a longer duration than at the toy stimuli; however, there was no
association between stimulus type and the direct of first look. This differentiation between
attention orienting and holding was first suggested by Cohen (1972, 1976) who proposed that at
least two attentional processes are involved in an individuals’ attention to visual stimuli. In looking
time tasks, both attentional processes can be studied; however, in other AB paradigms, such as the

dot-probe task, only the attention-orienting component is assessed.

Dot-probe task

In a dot-probe task, two stimuli, for example threat-neutral words (Mogg et al, 1992) or facial
expressions (Bradley et al, 2000; Roberts et al, 2010; Wabnitz et al, 2016), are presented on a screen
(MacLeod et al, 1986; Yiend & Mathews, 2005; Van Rooijen et al, 2017). The stimuli are presented
for a fixed duration and then disappear; one image is replaced with a target or dot-probe. The time
to respond to the dot-probe is measured, with faster reaction times indicating that the participant’s
attention was already at that location while slower reaction times indicate that the participant’s

attention was at the other stimulus location. Dot-probe tasks have revealed a stronger attention to
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threat in anxious and depressed humans (Reicher et al, 1976; MaclLeod et al, 1986; Bradley et al,

1998; Peckham et al, 2010).

A dot-probe task was used by MaclLeod and colleagues (1986) to assess the association between
anxiety and speed of response in 48 human volunteers (24 clinically anxious). The participants were
shown words with social or physical threat connotations or that had no threat connotations. Probes
were detected significantly faster when they replaced a threat word compared to a neutral word in
anxious individuals. The authors suggested an interference effect and performance deficit resulting
from the volunteers’ anxiety. This interference effect was greater for physical threat words than
social threat words indicating that anxious humans may be particularly concerned with physical

dangers and the potential impact on their physical health.

The use of emotional faces as alternatives to emotional words has been suggested as more
biologically, ecological, or real-life relevant (Mansell et al, 1999). Mansell and colleagues
demonstrated that socially anxious humans show an avoidant AB, away from emotional (negative
and positive) faces, compared to non-anxious controls in a dot-probe task. This avoidant bias in
attention was only evident following a social threat induction that included giving a speech for
which participants had no time to prepare. Salum and colleagues (2017) conducted a dot-probe
task with 1,872 irritable and non-irritable children with no known psychiatric or developmental
disorders. The children were scored for their irritability using an established Child Behaviour
Checklist (CBCL) and parental reports of irritable behaviours such as temper tantrums, sulking and
mood swings. Salum et al (2017) reported a significant positive association between irritability and
attention towards angry faces compared to neutral or happy faces. The authors concluded that this
bias towards threatening information might contribute to chronic irritability (Salum et al, 2017),
which has previously been associated with the development of anger and psychiatric disorders in

later life (Krieger et al, 2013; Vidal-Ribas et al, 2016).
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The dot-probe task measures the time taken to respond following the presentation of two stimuli.
The visual search task also measures response time; however, this task involves the presentation

of many distracting stimuli.

Visual search task

Visual search tasks can be used as a measure of AB using the time taken to find a target stimulus
among an array of distracting stimuli (Dodd et al, 2017). Stimuli include different coloured shapes
(Green & Anderson, 1956; Nityananda & Pattrick, 2013), fear relevant stimuli among irrelevant
stimuli (Ohman et al, 2001a), abstract shapes (Marzouki et al, 2014) and faces among non-face
images (Tomonaga & Imura, 2015). Facial expression and perceived threat affect response time in
visual search tasks (Hansen & Hansen, 1988; Ohman et al, 2001b). Humans with specific phobias,
for example, agoraphobia or ophidiophobia (fear of snakes), are quicker to find fear relevant
stimuli, such as spiders or snakes respectively, among neutral or pleasant irrelevant stimuli (Ohman

et al, 2001a).

Lundqvist & Ohman (2005) showed friendly and threatening cartoon face stimuli to humans in a
visual search task. The emotional faces were presented on a screen within a grid matrix of identical
neutral faces. The participants were faster and more accurate at detecting the location of
threatening faces compared to the friendly faces. The authors suggested the emotional expression
of the face stimulus could be used to predict attention and response times in visual search tasks.
Belopolsky et al (2011) used the same cartoon face stimuli to test a delayed disengagement
hypothesis. Participants indicated using eye movements the direction of tilt for each face stimuli.
Indications were slower when a threatening face was shown compared to happy and neutral faces.
The authors proposed that this delayed indication reflected delayed disengagement from the

threatening face.

Some studies have suggested AB may be task specific. Dodd et al (2017) revealed that self-reported
anxiety was only associated with AB for angry faces over happy faces in an emotion-irrelevant task.

In their study, a visual search task was used to compare the reaction time of anxious and non-
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anxious students (n = 42) when identifying the age or emotion of a face stimulus in two tasks: 1)
emotion-irrelevant and 2) emotion-relevant. In both tasks, the students were shown old and young,
happy, angry, and neutral faces. In the emotion-irrelevant task, they were asked to indicate the age
of the target face while in the emotion-relevant task they were asked to indicate if the face was
happy or angry. In the emotion relevant task, all participants (regardless of anxiety) were
significantly faster to identify the happy faces compared to the angry faces. However, in the
emotion-irrelevant task, anxious individuals showed an AB towards angry faces compared to happy
faces and quicker reaction times to identify the age of these faces. The authors suggested that task
relevance should be considered when making conclusions about the presence of anxiety-linked AB.
However, | would also suggest that the order of testing might have influenced the results. The
participants always took part in the emotion irrelevant task before the emotion relevant task, which
may create an order effect and explain the lack of anxiety related AB within the emotion relevant
task. Several human studies have shown there to be no order effect for task or stimuli presentation
(e.g., Charash et al, 2006; de Fockert & Cooper, 2014), while others (e.g., Richards et al, 2013) have
found a possible priming effect and influence of the order of presentation on response. Previous
AB work at LIMU has suggested that the order effect may be an important factor in rhesus macaque
studies (Szott, 2015; Thatcher, 2015). These studies found that individuals presented with filler
stimuli before conspecific stimuli had reduced shifts in AB compared to those presented with the
stimuli in reverse (conspecific then filler). Further, individuals tested post-stressor before baseline

showed a different pattern of AB compared to those tested at baseline first.

Emotional Stroop task

The emotional Stroop task involves participants identifying the ink colour of negative and neutral
words as accurately and quickly as possible (Stroop, 1935; Williams et al, 1996; Frings et al, 2010;
Ben-Haim et al, 2014). It has been suggested that there may be an automatic allocation of attention

to emotional stimuli (Frings et al, 2010). The emotional Stroop effect refers to participants’
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tendency to be slower and more prone to error when naming the colour of negative or emotional

words compared to those of neutral words (Frings et al, 2010).

Several studies have looked at the effect of anxiety on individuals’ response to emotional and
neutral words (e.g., Mathews, 1997; Williams et al, 1997; MaclLeod et al, 1986). MaclLeod et al
(1986) asked participants to name the text colour of words that had either social or physical threat
connotations or had no threat connotations. Clinically anxious individuals were slower to colour
name all the words (threat and non-threat) than the non-anxious controls. While the non-anxious
controls showed no difference in colour-naming speed between the threat and non-threat words,
the anxious individuals were significantly slower to name the threat words compared to the non-

threat words.

However, the extent to which emotional Stroop tasks measure attention deficit is unclear. Algom
et al (2004) suggested that the performance deficit seen in the emotional Stroop task is a threat-
driven generic slowdown. While Zhang et al (2015) reported that the delayed response of anxious
students in tests that included emotional distractors (threat or examination related words) was not
a universal deficit in attention but a situation-related defect in a single component of attention. The
Stroop task has been criticised with some arguing that the fast or non-conscious component has
little or no influence on emotional Stroop and slowing occurs due to interference of previously seen
negative words on a participant’s ability to name colours in the subsequent trial (McKenna &
Sharma, 2004; Phaf & Kan, 2007). The task has been further criticised due to large across study
variability due an inability to assess disengagement or facilitated attention (MacLeod et al, 1986;

Fox, 2004; Ben-Haim et al, 2014).

AB & mood-congruency

Numerous studies that have shown that the allocation of attention to emotional stimuli changes
with affective (emotional) state (Mathews & MaclLeod, 1985; MaclLeod et al, 1986; Fox et al, 2001;
Bar-Haim et al, 2007; Mogg et al, 2008; McNally, 2019). AB to threatening stimuli is proposed to be

a key component of the development and maintenance of anxiety disorders in humans (Rapee and
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Heimberg, 1997; Mogg and Bradley, 1998; Schultz and Heimberg, 2008; Cisler and Koster, 2010;
Hirsch & Mathews, 2012). Duschek et al (2014) reported a marked AB for negative words in patients
suffering from fibromyalgia syndrome compared to healthy controls. The authors suggested that
selective attention for emotional stimuli in patients with painful conditions hinders pain
management through a vicious cycle between pain augmentation and negative affective state.
Duque & Vazquez (2015) compared the orientation and maintenance of attention of 16 unmediated
depressed and 34 never-depressed human participants to emotional faces (happy, angry, and sad).
Depressed individuals had a significantly negative AB for sad faces compared to the never-
depressed controls. The authors noted that this negative AB was only evident for sad and not angry

faces indicating that it was specific to depression-related information.

AB & animal welfare

Non-human animals are used as models of human anxiety, therefore there is a chance they might
‘experience’ such states (e.g., rodents: Harro, 2018; primates: Coleman & Pierre, 2014). AB has been
proposed as a novel method of animal welfare assessment (Paul et al, 2005; Bethell et al, 2012b;
Crump et al, 2018). AB tasks have been shown to be capable of measuring animal emotion in NHPs
(Bethell et al, 2012b; Marzouki et al, 2014; Allritz et al, 2016; Boggiani et al, 2018; Morin et al, 2019),
birds (Brilot et al, 2009; Brilot & Bateson, 2012; Cussen & Mench 2014; Campbell et al, 2019a,b),
sheep (Verbeek et al, 2014; Vogeli et al, 2014; Lee et al, 2016; McBride & Morton 2018; Monk et al,
2018ab, 2019ab; Raoult & Gygax, 2019), cattle (Lee et al, 2018), pigs (Luo et al, 2019) and rats

(Parker et al, 2014).

The above animal studies compared the animals’ attention to stimuli following a manipulation of
their affective state. As discussed, in humans, changes in attention can be determined by measuring
response time or response slowing in simple tasks with emotional distractors (Fox et al, 2001;
Bishop et al, 2004; Mauer & Brokenau, 2007; Mogg et al, 2008; Holmes et al, 2009). In animals,
attention has been measured by comparison of latency to detect and orientate towards the stimuli
(e.g., Lou et al, 2019), approach an object (e.g., Verbeek et al, 2014) and eat (e.g., Campbell et al,
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2019a), reaction time to complete a task (e.g., Allritz et al, 2016), head position duration (e.g., Monk
et al, 2018a) and eye gaze (Bethell et al, 2012b). Stimuli were species-relevant and included alarm
calls (e.g., Brilot & Bateson, 2012), novel objects (e.g., Verbeek et al, 2014), predators (e.g., Lee et
al, 2016) and aggressive conspecific (e.g., Vogeli et al, 2014). Affective state was manipulated using
housing conditions (e.g., Parker et al, 2014), veterinary inspection (e.g., Bethell et al, 2012b), food
deprivation (e.g., Verbeek et al, 2014) or removal of objects necessary for species-typical behaviour
(e.g., Brilot & Bateson, 2012). Affective state without manipulation was also determined using
behavioural observation (Marzouki et al, 2014) and personality assessment (Cussen & Mench,

2019).

As with humans, these tasks can be grouped into four main method categories: looking time tasks
(e.g., Bethell et al, 2012b), the dot-probe task (e.g., Verbeek et al, 2014), visual search tasks (e.g.,
Marzouki et al, 2014) and the emotional Stroop task (e.g., Allritz et al, 2016). Each method is

discussed below with examples from the NHP literature.

Looking time tasks

Bethell et al (2012b) used emotional faces (threat-neutral male conspecific face pairs) and
emotional state manipulation (veterinary inspection and enhanced enrichment) to adapt the
looking task for measuring AB in NHPs. The looking time of rhesus macaques to the threat and
neutral face stimuli were recorded and AB was calculated by subtracting the duration looking at the
neutral face from the duration looking at the threat face. The procedures involved in the veterinary
inspection used by Bethell et al (2012b) had previously been shown to be acutely stressful and
compromise welfare (Ruys et al, 2004; Heistermann et al, 2006; Bethell et al, 2012a). The enhanced
enrichment phase included food enrichment designed to enhance exploratory behaviours. Bethell
et al (2012b) demonstrated that negative affect influences looking patterns as, although during
both conditions the macaques showed initial vigilance for the threat face stimuli, following the
veterinary inspection the initial vigilance was followed by rapid and sustained avoidance. During
the period of enrichment, they maintained their gaze towards the threatening stimulus. Macaques
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were significantly quicker to look at the threat face first than the neural face first during the period
of enrichment but not following the veterinary inspection. The macaques were also quicker to
disengage their gaze from the threat face and had a lower total duration of looking at the threat
face after the veterinary inspection than during the period of enrichment. The authors suggested
that the results indicated a rapid vigilance for threat. Rapid vigilance in humans and non-human
animals is evidence of a threat-detection system that is independent of emotional-state and occurs
automatically at the early stages of detection and processing (Ohman & Mineka, 2001; Ohman,
2002; Green & Philips, 2004; Holmes et al, 2009). Enhanced threat detection has a selective
advantage (Davey, 1995). Following the veterinary inspection, the rapid vigilance was followed by
avoidance of the threat face (Bethell et al, 2012b). In macaques, sustained eye contact is a
threatening display so, by avoiding eye contact with the threat face the already anxious macaques
may have been attempting to deescalate the threatening display and avoid aggression (van Hooff,
1967; Preuschoft, 2000). This avoidance of eye contact led to further study by Thatcher (2015) who

compared the AB of rhesus macaques to threat and neutral stimuli with closed and open eyes.

Thatcher (2015) used a similar methodology to Bethell et al (2012b) with face stimuli presented on
cards with a sliding door apparatus before and after the macaques’ annual veterinary health check.
Attention to three face pairs was compared: eyes open neural & aggressive (EO/Ag), eyes closed
neutral & aggressive (EC/Ag) and eyes closed neutral & eyes open neutral (EC/EO). Macaques had
a significantly greater AB towards EO/Ag than EC/Ag and EC/EQO. Within the EO/Ag and EC/Ag
combinations, macaques were more attentive to the aggressive face. In EO/EC, macaques were
more attentive to the eyes open face than the eyes closed face. The largest differences in AB would
be between the aggressive face and the eyes closed neutral face. Further, Kotani et al (2017)
revealed a particular attention towards eye regions of face stimuli in common marmosets using an
eye-tracking tool. This suggests that the combination of eyes closed neutral and eyes open

aggressive would be the most effective for further AB trials with NHPs.
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The dot-probe task

The dot-probe task has been used with NHP species including bonobos (Pan paniscus; Kret et al,
2016) and macaques (King et al, 2012; Koda et al, 2013; Parr et al, 2013). Kret and colleagues (2016)
presented images of bonobos and control animals to four female bonobos. The bonobo images
were neutral or showed bonobos in distressing, stressful or positive situations. Bonobos were faster
to tap the screen following a picture of an emotional bonobo compared to a neutral bonobo with
bonobos’ reaction time being correlated with the emotional intensity of the image i.e., the bonobos
tapped faster for very emotional images. However, the authors found no significant difference
between positive and negative emotional images. This may reflect the equal importance of pro-
social and threatening social interaction in bonobo society such as sex (Manson et al, 1997) and
grooming (Vervaecke et al, 2000) and highlights the importance of including species-specific

emotional stimuli in AB tasks.

In macaques, the presentation of new-born macaque faces in a dot-probe task resulted in no
significant difference in attentional capture compared to neutral adult face stimuli (Koda et al,
2013). Koda and colleagues (2013) showed 10 conspecific face images (five adult and five new-born)
to two Japanese macaques (Macaca fuscata). However, the authors did find that macaques were
significantly faster to touch the probe when a visual cue (any conspecific face) was shown compared
to when no visual cue (no face) was shown. This suggests that although there is no difference in
adult and juvenile faces in terms of attention capture, conspecific faces have a larger attention-

orienting effect than a blank screen.

King and colleague (2012) presented threat face stimuli to macaques, which were significantly
faster to respond when the dot appeared behind a negative face compared to neutral. This effect
was only seen at baseline. The authors administered testosterone to six male rhesus macaques
expecting an increase in attention to negative social stimuli; yet this effect was not seen. Following
treatment there was no significant difference in reaction time to dots following negative or neutral
stimuli. The authors suggested that this might be a habituation effect as all baseline trials were
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conducted prior to those with the testosterone treatment. They concluded that repeated exposure
during the baseline resulted in habituation to the stimuli mitigating the effects of testosterone. King
et al (2012) used a large stimulus set of 144 images including 24 negative and 24 positive images.
This is much larger than other studies (e.g., Koda et al, 2013; n = 5 adult, 5 new-born) suggesting

that the results presented in King et al (2012) are not the result of a habituation effect.

Visual search tasks

A visual search task has been used in chimpanzees (Pan troglodytes; Tomonaga & Imura, 2015).
Tomonaga & Imura (2015) showed unfamiliar conspecific faces as well as distractor images such as
a house or a car to three adult chimpanzees. The chimps were more accurate and quicker to select
the conspecific face than the distracting images and were significantly quicker to detect the front-
view faces than faces in profile and inverted and scrambled faces when searching for faces among
non-face stimuli. This is congruent with human studies where the perception of emotional facial
expressions is affected by horizontal tilt and head orientation (Hess et al, 2007). Images of forward-

facing angry expressions had higher signal values than images with left or right orientation.

Marzouki et al (2014) reported that baboons (Papio papio) had a slower reaction time in a visual
search task following the occurrence of negatively valenced behaviour compared to neutral or
positively valenced behaviour. The authors observed the behaviour of six male baboons using
instantaneous sampling for three 30-minute observation sessions for eight days (24 sessions, 720
minutes per baboon). The baboons had unrestricted access to the computerised task (touch the T-
shaped target stimulus among seven L-shaped distractors). Response times were correlated with
the occurrence of positive (e.g., play, allogrooming, lip smack) and negative behaviour (e.g., body
shake, fear scream) revealing a significantly slower response time following negative behaviour
than positive and neutral behaviour. These data were unbalanced with many of the negatively
valenced behaviours having no matched reaction time data. The study included 41 reaction times

matched with negative behaviour and 7,335 reaction times matched with neutral or positive
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behaviours. This imbalance suggests a type | error (Columb & Atkinson, 2015) in the results of this

study and highlights the importance of using balanced categories for meaningful statistical analysis.

The emotional Stroop task

The emotional Stroop task may be modified for use in animals, as the method does not rely on self-
report by the participant (Baker & Brandon, 1990; Ben-Haim et al, 2014). A modified emotional
Stroop task was used by Allritz et al (2016) to assess the relationship between cognition and
emotion in chimpanzees. Seven (four female, three male) chimpanzees were trained to select a
target stimulus (image with a yellow frame) next to a distractor stimulus (image with a blue frame).
The chimpanzees were then shown images of caretaker, stranger and veterinarian humans as the
target and distractor stimuli. Response accuracy was lower when veterinarian human stimuli were
shown compared to control images. The presentation of veterinary human images also resulted in
a longer response latency compared to control, caretaker, and stranger stimuli. The authors
reported a strong correlation between response time to veterinary human images and time since
last anaesthetisation compared to control and stranger stimuli. Response time and time since last
anaesthetisation also correlated with the chimps’ behavioural response to the veterinary stimuli.
Animals anesthetised in the last six months showed an emotional reaction (vocalisation, refusal of
food rewards, backing away and hitting/kicking the screen) compared to animals that had been
anesthetised between six and 35 months prior to the study. Allritz et al (2016) concluded that the
emotional Stroop task could easily be adapted for NHPs. However, the conclusions of the study
(issues with individual variation in response and limitation with interpretation of the effect)
highlight the importance of a pre-treatment baseline as animals must be their own controls in these
highly variable cognitive tasks. Further, emotional Stroop tasks require a considerable period of
training prior to cognitive testing, for example, Allritz et al (2016) used a minimum of 40 training
session per chimpanzee indicating that this method may not be suitable for rhesus macaques in the

time frame available for the present study.
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Repeatability

For AB to be included within welfare assessment the measure needs to meet several criteria
including providing high repeatability for multiple readings under identical conditions (Bland &
Altman, 1986; Bartlett & Frost, 2008; Kilkenny et al, 2010). Repeatability refers to the variation in
repeated measurements made on the same individual using the same method. There is an
assumption that the measurements are made under identical conditions by the same researcher
over a short period of time (Bartlett & Frost, 2008). The current lack of repeatability data for AB
measures in the human or animal literature has been highlighted as a threat to understanding the
theory underlying AB (Rodebaugh et al, 2016). An understanding of the extent to which a measure
shows within and between individual variability is vital for adapting methods to improve the utility

of the measure.

The effect of individual variation on behaviour and cognition is important for the interpretation of
study results. A meta-analysis of 759 estimates from 114 studies of animal social behaviour
including 98 species reported that the repeatability of social behaviour is significantly greater than
zero and that 37% of variation in behaviour between individuals could be attributed to individual
differences (Bell et al, 2009). Bell et al (2009) revealed an effect of sex on the repeatability of
behaviour with male behaviour being significantly more repeatable than female behaviour across
their entire data set (759 estimates, M = 0.5, F = 0.41). However, when mate preference behaviour
was excluded, female behaviour was significantly more repeatable than male behaviour (611
estimate, M = 0.40, F = 0.47) suggesting that behavioural domain is important for understanding
sex differences. A further meta-analysis has assessed the repeatability of performance in cognitive
tasks (e.g., mechanical problem solving, recognition, memory) for 44 studies on 25 species
(Cauchoix et al, 2018). The authors reported that there is a consistent repeatability of cognitive

measures (0.15 - 0.28).

Repeated cognitive bias trials have revealed no consistency in performance between trials and may

be affected by learning (Brilot et al, 2010; Doyle et al, 2010; Carreras et al, 2015). Repeated trials
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result in a reduction in latency to respond or rate of response in birds (Brilot et al, 2010) and sheep
(Doyle et al, 2010). This suggests rapid learning of the meaning of the ambiguous cue (Perdue 2017).
Carreras et al (2015) trained 36 piglets on a go/no-go discrimination task. Buckets were positioned
to the left and right of the pen with free access to apples as the rewarded reinforcer and a wire
mesh over a bucket of apples as the unrewarded reinforcer. The piglets were then tested once at
10 weeks and again at 15 weeks with a bucket placed centrally as the ambiguous cue. In both trials
a high number of piglets were classified as having a positive cognitive bias; however, there was no
consistency in performance between trials for which individual piglets had a positive cognitive bias
(Carreras et al, 2015). The authors suggested that the piglets remembered the content of the bucket

from trial 1 to trial 2.

Unlike cognitive bias measures, the repeatability of the AB measures will not be affected by learning
as AB relies on an innate mechanism. In human AB studies, repeatability is between 0.025 and 0.59
(0.45: Bar-Haim et al, 2007; 0.09 — 0.59: Waechter & Stolz, 2015; 0.025 — 0.312: Van Bockstaele et

al, 2018). Therefore, | predict the repeatability of the present study to be within a similar rage.

The present study will use a refined method of Bethell et al (2012b; male only) and Thatcher (2015;
female only) and automated, computer operated apparatus (compared to a manually operated
apparatus used by Bethell et al (2012b) and Thatcher (2015)). Here, male and female macaques

were included to assess the effect of sex on AB. This chapter aims to answer two questions:

1. Does AB to threat change following a stressor?

AB trials will be conducted before and after the macaques’ annual veterinary health check to
de