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Chapter 1: General Introduction

1.1. The concept of personality

Measuring and understanding personality in animals is a rising scientific field.
Much research has been conducted to assess distinctive individual differences in
behaviour in a large number of species in the past few decades, and increasing
numbers of studies include farm animals. The assessment and understanding of
personality in farm animals is of growing scientific and practical interest, because
even the consumer of farm animal products and society itself show higher interest
about the animal’s welfare during a farm animal’s lifetime. In farm animals,
understanding individual differences in personality and its relation to behavioural,
cognitive, and physiological traits has gained increased attention for welfare
purposes. Personality and its relationship to other traits and cognitive abilities may
have an impact on economic factors as farm animals such as pigs, cattle, chicken
and horses must cope with numerous challenging situations, automatic systems
and different husbandry practises during their lifetime (reviewed by Finkemeier et
al., 2018). To date, the five domains model by Mellor et al. (2020) is one of the
most important concepts in animal welfare research. It describes: 1. Nutrition. 2.
Physical Environment. 3. Health. 4. Behavioural interactions. 5. Mental state
(Mellor et al., 2020). The first three domains focus on the physical well-being of
an animal, while the fourth describes the brain processing of each sensory input
(e.g. the environment, interactions with other animals, conspecifics, or humans)
leading to a behavioural reaction. The fifth domain describes the associated

effects elicited by external stimuli (also processed in the brain) leading to an
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individual perception of a situation and leading to a reaction, e.g. fear. Negative or
positive affective experiences in human-animal interactions can be gentle
handling (no responses of fear, positive) or very strong restraint (extreme
responses of fear, negative) (Mellor et al., 2020). These five domains encompass
the mental and physical well-being of animals. To measure the mental and
physical well-being of an animal we need to understand the underlying
mechanisms of personality and the relationships to other traits and cognitive
abilities. This is one of the most important tools to improve farm animal welfare
as the results can help to adjust management and housing conditions, veterinary

interventions, and many other challenges of a farm animal’s lifetime.

1.1.1 Personality

In human personality research, the term personality is used to describe a
distinctive and relatively stable set of mental traits that describe the organism’s
behaviour, which is explained with the “Five-Factor Model of Personality”. The
five factors describing human personality are extraversion, agreeableness,
conscientiousness, neuroticism, and openness (John & Srivastava, 1999).
Goldberg (1993) describes which traits define each factor — extraversion (or
surgency) comprises traits like talkativeness, assertiveness and activity levels on
one end of the spectrum and silence, passivity and reserve on the other end;
agreeableness (or pleasantness) includes traits like kindness, trust and warmth and
the opposite traits of hostility, selfishness and distrust; conscientiousness (or
dependability) comprises traits like organization, thoroughness and reliability
from beginning of the spectrum and carelessness, negligence and unreliability on

the other end; neuroticism (or emotional stability) includes traits like nervousness,
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moodiness and temperamentality; and openness to experience (or intellect)
describes traits like imagination, curiosity and creativity on one end of the
spectrum and shallowness and imperceptiveness to the end of the spectrum. As
the result of questionnaires, the five factors have been identified in humans, with
extraversion and neuroticism as the first two factors identified (McCrae & John,
1992). Openness was the third factor identified and later agreeableness and
conscientiousness were the last factors included in human personality research
(McCrae & John, 1992). With the help of questionnaires, researchers are able to
assess individual human personalities and generate individual personality profiles.
Personality traits are often assumed to be acquired patterns of thought and
behaviour that might be found in organisms with sophisticated cognitive systems
(McCrae et al., 2000). Furthermore, the environment also has an influence on
personality factors because the adaptations of the organism to the environment are
always involved in their expression, but the results of studies have shown a
consistent pattern of stability of personality over time and contexts (reviewed by
McCrae et al., 2000). Sex seems to have an influence on personality factors as
well. Schmitt et al. (2008) describe in their review that studies have reported
women as having higher levels of neuroticism, extraversion, agreeableness, and
conscientiousness than men. On the other hand, men tend to be more assertive and
risk-taking than women. These sex differences can already be detected in early

childhood and remain constant across adulthood (Schmitt et al., 2008).

1.1.2 Temperament

The term temperament in human psychology research is closely related to

personality. Temperament is defined as the inherited, early appearing tendencies
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that continue throughout life and serve as the foundation for personality (Buss,
1995; Goldsmith et al., 1987; Gosling, 2001) because temperament is observable
in infants and is tied to basic psychological processes (McCrae et al., 2000;
Rothbart et al., 2000). According to Buss (1987), the term temperament is used to
reflect genetic behavioural differences, while the term personality, which is based
on temperament, seems to be used to reflect non-genetic differences. Mason
(1984) defined temperament as “the individual’s basic stance towards
environmental changes and challenges”. Rothbart et al. (2000) suggested that
understanding temperament is central for the understanding of personality because
it influences and is influenced by the experiences of each individual and because
one of its outcomes is the adult personality. However, most theorists assume that
temperament provides the starting place for personality development (reviewed by
McCrae et al., 2000). Rothbart et al. (2000) also noted significant similarities
between temperamental dispositions and several of the “Big Five” factors.
Zentner & Bates (2008) reviewed nine temperamental factors that can be found in
children: (a) activity level, (b) rhythmicity (regularity), (c) approach/withdrawal,
(d) adaptability, (e) sensory threshold, (f) intensity of reaction, (g) quality of
mood, (h) distractibility, and (i) attention span/persistence. What distinguishes
these factors from personality factors seems to be their formal or stylistic nature,
which means that they refer to the “how” of behaviour (e.g., the behavioural
style), whereas personality factors refer to the “what” (abilities) and the “why”
(motivation) of behaviour (Thomas & Chess, 1977). Therefore, temperament
provides process-oriented models by establishing links between individual

differences in behaviour and their psychological and biological substrates in
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humans as well as in non-human animals, while personality provides subject-

oriented models (Rothbart et al., 2000).

1.1.3 Coping Style

Coping is a very broad and a multidimensional concept with a long and complex
history. In human psychological research, coping refers to intentional cognitive or
behavioural attempts by the individual to manage a stressor (Affleck & Tennen,
1996). Lazarus (1993) has emphasized coping as a key concept for research on
adaptation and health. Because coping is a behavioural reaction to aversive
situations that induce several physiological stress reactions (Wechsler, 1995),
individual ways of dealing with stress have an enormous impact on human health
(Henry & Stephens, 1977). Lazarus (1993) suggests to differentiate between two
approaches to coping, one that treats coping as a personality characteristic (style)
and another that refers to the efforts to manage stress (process). Whereas the
process approach primarily addresses the behavioural and physiological
mechanisms involved in the adaptational response to stress, coping style rather
seems to describe a personal or individual consistency in this response. According
to Koolhaas et al. (1999), a coping style can be defined as a coherent set of
behavioural and physiological stress responses that is shaped by evolution, is

consistent over time and is characteristic to a certain group of individuals.

There are some indications that coping and personality are substantially related
(Carver & Connor-Smith, 2010), and that coping can be classified into a variety of
different types or styles. Lazarus and Folkman (1984) address two types of coping
style: the problem-focused style and the emotion-focused style. While the first

refers to the attempt to solve the problem that causes the stressful situation, the
6
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second deals with the way of decreasing the emotional feelings caused by the
problem without concentrating on the problem itself (Lazarus & Folkman, 1984).
The problem-focused style includes subscales such as “accepting responsibility”,
“planful problem solving” and “self-controlling”, whereas the subscales of the
emotion-focused style are “seeking social support”, “confrontive coping” and
“escape-avoidance” (Lazarus & Folkman, 1984). Another possibility is the
classification of coping into an “approach-avoidance” category. This category
classifies behaviour and cognitive abilities that are used by the individual to face
the problem (approach) or to divert the individual’s attention away (avoidance)
from the problem (Moos, 1993). Moreover, further ways to group coping

responses are discussed that focus on different questions about responses to stress

(Carver & Connor-Smith, 2010).

1.1.4 Animal Personality

The five personality factors derived from human psychology (extraversion,
neuroticism, agreeableness, openness, and conscientiousness) have been
investigated also in animals, whereas researchers found equivalent five
personality factors that proved to be more suitable to measure individual
differences in animals: exploration, activity, aggressiveness, sociability, and
boldness (Verbeek et al., 1996; Réale et al., 2007; Guenther et al., 2014Db).
Personality in animals is defined as a correlated set of individual behavioural and
physiological traits that are consistent over time and across contexts (Koolhaas et
al., 1999; Réale et al, 2007). In animal personality research, the term
temperament is closely related to personality and matches the definition found in

human personality research and is also defined as inherited, early-appearing
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tendencies that continue throughout life and that serve as the foundation for
personality (McCrae et al., 2000). Both terms are often used as synonyms (Réale
et al., 2007), while other researchers argue the term temperament is simply used to
avoid the use of the term personality as it might be associated with
anthropomorphism (Jones & Gosling, 2005). Another term often used in animal
personality research is “behavioural syndromes”. Behavioural syndromes are
defined as a suite of correlated behaviours reflecting an individual’s consistency
in behaviour across multiple situations (Sih et al., 2004). While a behavioural
syndrome can be exhibited by a population or a species, individuals have a
behavioural type within a populations’ behavioural syndrome (Sih et al., 2004).
The concept of animal coping is based on the animal’s reaction to its environment
with respect to reducing effects of aversive stimuli (e.g., fight or flight response,
approach or avoidance, boldness or shyness) (Cannon, 1929; Wechsler, 1995;

Koolhaas et al., 1999; Korte et al., 2005).

All these terms, especially personality, temperament and coping are also used in
farm animal personality research. But the terminology and definitions are often
confusing as the different terms and concepts are often used synonymously to
explain individual differences in farm animal species. Therefore, the second
chapter of my thesis specifically deals with the different definitions used in animal
personality research, how these are used in farm animal personality research and
how individual differences in personality in farm animals can be properly

measured in the future.
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1.2. The Relationship between Personality and Cognitive
Performance especially Learning in (Farm) Animals

Cognition is defined as all mental processes on the basis of brain capacity and
functionality such as attention, thinking processes, expectation, problem solving
including perception, decision making, memory and learning (Shettleworth, 2001,
2010; Dukas, 2004; Weinandy, 2006). Learning comprises an individual’s ability
of behavioural adjustment due to changing environmental conditions due to
perception, processing and storing information (Tembrock, 1978; Wat et al.,
2020). For instance, being able to remember food patches and to adjust foraging
behaviour in case of food patch depletion can be crucial in the context of survival
for any animal (Shettleworth, 2010). Individual differences in personality can lead
to individual differences in the ability to adjust individual behaviour explaining
individual differences in learning performance and/or cognitive capacities in
general (Carere & Locurto, 2011). Going further, Sih & Del Guidice (2012)
already postulated that individual differences in personality can be functionally
related to individual differences in cognitive abilities as both are supposed to
share the same risk-reward trade-offs. Numerous studies with different species
were able to find relationships between certain personality traits and cognitive
capacities and/or learning in the last decade (please see Dougherty & Guillette,
2018 for a detailed meta-analysis). For instance, boldness in female guppies was
related to speed accuracy in a spatial associative learning task: bold female
guppies learned the task faster and were more accurate than shy female guppies
(Trompf & Brown, 2014). Shy three spined sticklebacks showed more flexibility
in response speed in a social foraging task (Harcourt et al., 2010). In wild cavies
the personality trait boldness was also correlated to learning speed: bold cavies

9
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learned an associative learning task more quickly than shy cavies (Guenther et al.,
2014a). Personality traits such as boldness and exploration seem to have the
strongest relationship to individual learning success as bold and explorative
animals seem to form routines in stable environmental conditions — shy and less
explorative animals perform better in changing environmental conditions as they
show more flexible individual behaviour (Guillette et al., 2011). Recently, Goulet
et al. (2018) postulated that cognitive capacities should be more incorporated in
the “Pace-of-Life-Syndrom” (POLS) framework as it already comprises
behavioural and physiological traits. The authors also suggest that certain
behavioural types can lead to a certain cognitive style. For instance, a lizard
scoring high on activity, exploration and boldness is categorized as fast
behavioural type, having a high thermal physiological trait (here body
temperature) is predicted to learn a novel task faster at the cost of accuracy, while
a lizard scoring low on activity, exploration and boldness is categorized as slow
behavioural type with a low thermal physiological trait would be more attentive
and flexible to external cues, but being more accurate resulting in a slower

learning rate (Goulet et al., 2018).

In farm animal species, the research about relationships between personality traits
and cognitive abilities has gained more interest in the last decade. These
relationships together with a certain awareness about housing and management
conditions lead to a certain societal discussion about the welfare status of farm
animals. These relationships are also so seen to be related to a certain product
quality and therefore, became even more significant in politics (Nawroth et al.,

2019). Studies investigating the impact of farm animal personality on cognitive

10
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capacities are quite scarce but the few I found show remarkable results across all
farm animal species. For instance, in horses, the personality trait fearfulness
(measured in a novel object test by measuring the number of contacts with the
object) influences extinction and working memory performance according to the
state of stress: fearful horses showed better performance under controlled
conditions (less contacts in comparison to fearless horses) and worse performance
under stressful conditions (decrease of the number of contacts in comparison to
prior measurement) and were more resistant to extinction in a backward task (the
handler teaches the horse to be led with a lunge and to walk forwards or move
backwards) than fearless horses, which were more resistant to extinction in an
active avoidance test (the test horses had to learn to actively avoid compressed
puffs of air by crossing a yellow crossbar during the sound of a door bell
(Valenchon et al., 2013). In calves, personality has been shown to affect learning
as well: calves with a higher activity showed less feeding apparatus visits during
the training of an operant conditioning task (Webb et al., 2015). In goats,
personality traits like exploration and sociability were related to cognitive
performance, learning style and learning flexibility: less explorative goats
performed better on a non-associative cognitive task, and less sociable goats
performed better compared to more sociable goats in a visual discrimination task
(Nawroth et al., 2017). In pigs, fearfulness towards humans and locomotion
activity were linked with learning performance in relation to task complexity
(Brajon et al.,, 2016) and in chicken, learning speed in reversal tasks was
associated with individual variation in exploration: more explorative chicks

learned the reversal task faster than less explorative ones (Zidar et al., 2018).

11
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All these results show a high interest and species- and/or even context-related
differences in the relationship between personality traits and cognitive capacities
in nonhuman animals as well as in farm animal species. Therefore, chapter three
of my thesis deals first with species-related personality traits in farm animals,
especially in dwarf goats, while chapter four addresses the relationship between

the defined personality traits and the cognitive capacities of dwarf goats.

1.3. Small Ruminants — Why using dwarf goats to study
individual differences in behaviour, physiology, and
cognition?

The right choice of the study species is crucial for the planning and the execution
of the experiments and the interpretation of the results. This raises the question,
why using dwarf goats to investigate about the relationship between personality,
especially personality traits and cognitive capacities. The majority of the
worldwide goat population remains under extensive use, but there is a steady
increase in high production and commercial systems, particularly in the dairy
sector (reviewed by Zobel & Nawroth, 2020). According the FAO (2018) the
world goat population surpasses 1 billion. Goats are able to survive in many
regions and under challenging environmental conditions because of their complex
foraging and social skills, as they are highly dynamic in social settings and they
have sophisticated cognitive capacities (reviewed by Zobel & Nawroth, 2020).
Feral goats live in groups with a fission-fusion dynamic in stable dominance
hierarchies with different group sizes from 2 to 100 (reviewed by Zobel &
Nawroth, 2020). Goats are able to identify individuals using acoustic (Poindron et
al., 2003; Briefer & McElligott, 2012) as well as visual (Keil et al., 2012;
Langbein et al., 2023) cues. Goat groups often live in steep, rocky, and often

12
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nutritionally challenging terrain (Zobel et al., 2019) and preferentially browse on
grasses, herbs and shrubbery (reviewed by Zobel & Nawroth, 2020). Although
domestic goats appear to be less selective than feral and wild goats (Aldezabal &
Garin, 2000), they are highly flexible in what they eat and learn where preferential
plant species are located (Provenza et al., 1994). Such capacities in adapting to
harsh foraging and environmental conditions have resulted in the expression of
distinct cognitive capacities shown in numerous experiments conducted under
laboratory settings (reviewed by Zobel & Nawroth, 2020). Using an automated
learning device which presented artificial symbols via a screen, dwarf goats could
show that they have clear categorization capacities (Meyer et al.,, 2012).
Furthermore, goats were able to remember a navigational route for over 3 months
(Langbein, 2012) and vocalisations of offspring for at least one year (Briefer et
al., 2012, 2014), suggesting high capacities in retaining spatial information.
Another skill that goats posses is object permanence: They followed the trajectory
of the non- visible reward, which was hidden in full sight in one of two opaque
containers and then switched in position. After the switch, most goats chose the
correct container with moderate to high success (Nawroth et al., 2015). Individual
differences in behaviour and personality are often neglected as goats in
commercial systems are often treated as herds (reviewed by Zobel & Nawroth,
2020). Therefore, investigating individual differences in personality are of great
importance especially for welfare purposes. Research about personality in goats is
quite scarce. To date, only one study was able to categorize two of the five
accepted personality traits in animal personality research — sociability and
exploration (Nawroth et al., 2017). Another study could show that goats seek

cognitive challenges (Langbein et al., 2009), known as the concept of contra-
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freeloading, where learning has an intrinsic value (Osborne, 1977; Franks, 2019).
According to Hagen & Broom (2004), successfully coping with a cognitive
challenge could have intrinsic reinforcing properties. Another study already
showed that at least structural enrichment appeared to improve the goat’s ability
to solve a visual discrimination task (Oesterwind et al., 2016). In the same study,
goats that performed the cognitive task showed also a bolder response towards
novel items. Regarding the mentioned studies and results, further investigating
individual differences in personality and the relationship to cognitive capacities is
a logical consequence to understand underlying mechanisms in this species and

next, to improve their housing, management conditions and welfare.

1.4. Hypotheses and goal of the thesis

The concept of personality is a broad field in (farm) animal research as well as in
human psychology research. Many studies already have shown remarkable results
about factors, traits, individual behavioural expression, and inter- and/or intra-
related links to other effects affecting individual expression as well. The following
figure (Figure 1) roughly describes the concept of personality as the whole
concept for sure comprises many more components that need further
investigation. Personality comprises individual temperament and individual
coping. Temperament and individual coping are also related as temperament can
explain individual coping and in turn individual coping can explain individual
temperament (reviewed by Finkemeier et al., 2018). Personality is stable over
time and context and is described by different personality traits and/or factors.
The 5-factor-model is one of the more prominent models, but more factors e.g. in

primates, are discussed (reviewed by Finkemeier et al. 2018). Both parts, stability
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over time and contexts and personality traits, describe individuality on a
continuum. This continuum explains individual variation of behavioural
expression. Behavioural expression on the population level can lead to
behavioural syndromes, when different behaviours are correlated and these
correlations are consistent in multiple situations (Sih et al., 2004). Some
personality traits can correlate with and/or can have an effect on physiological and
cognitive traits. Individual experience over life-time and/or environmental
conditions, can also have an effect on individual coping and influence personality,
physiological and cognitive traits, which in turn influence individual variation of
the behavioural expression (reviewed by Finkemeier et al., 2018). The effect of
individual experience over life-time and/or environmental conditions can be seen
as equivalent to the description of Mellor et al. (2020) fifth domain “Mental State”
which considers external circumstances and the individual perception (negative or

positive) of those.
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temperament | =) |coping

environmental

personality / i conditions
! |

stable over time and contexts | | traits / factors | I
P4
behavioural individual variation of behavioural
syndromes expression on a continuum

Figure 1: The concept of personality. The arrows describe relationships between
components and parts of the personality concept. This is a small part of the whole concept
as the whole personality concept comprises surely more components that need further

investigation.

Considering the complexity of the personality concept, one of the main goals of
this thesis is to investigate how personality is expressed, in which form it is
related to physiology and cognition in farm animals on the example of dwarf
goats. Personality traits are often assumed to be acquired patterns of thought and
behaviour that might be found in organisms with sophisticated cognitive systems,
as results of studies with humans have shown a consistent pattern of stability of
personality over time and contexts (reviewed by McCrae et al., 2000). Terms

explaining different aspects of personality, especially “personality”,
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“temperament” and “coping” are also used in farm animal personality research.
Therefore, the second chapter of my thesis specifically deals with the different
definitions used in animal personality research, how these are used in farm animal
personality research as the terminology and definitions are often confusing and
the different terms and concepts are often used synonymously to explain
individual differences in farm animal species, while studies in different mammals,
birds, and other taxa widely use the term personality to describe between-
individual consistency in behavioural variation. In farm animal research the terms
temperament and coping style are predominantly used, probably because
personality might be associated with anthropomorphism. The mentioned chapter
deals also with how individual differences in personality in farm animal can be
properly measured in the future and how these findings can lead to a better
understanding of what farm animal welfare is and how personality can be
considered to improve welfare in farm animals.

Goats are able to survive in many regions and challenging environmental
conditions because of their complex foraging and social skills, and are known to
have sophisticated cognitive capacities (reviewed by Zobel & Nawroth, 2020).
Research about personality in goats is quite scarce. To date, only one study was
able to categorize two of the five accepted personality traits in animal personality
research — sociability and exploration (Nawroth et al., 2017). Therefore, the third
chapter of my thesis deals with the investigation of personality traits in this
species. Specifically, the investigation of other personality traits than sociability
and exploration up to the formation of behavioural syndromes, to correlations

with physiological traits and dominance hierarchy.
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As goats have sophisticated cognitive capacities, already shown in numerous

studies (reviewed by Zobel & Nawroth, 2020), the fourth chapter of this thesis

deals with the relationship of cognitive capacities and personality trait in dwarf

goats. Many research with different species has already been done, but results

were quite divers and somehow species-related as some studies found

relationships, while others did not.

Considering all the mentioned aspects this thesis addresses three main hypotheses:

1.

2.

3.

I expect that goats show different personality traits, based on measuring
behaviours in repeatedly conducted open-field and novel-object tests and
analysing these behaviours with a principal component analysis.

I expect that the personality traits in goats are correlated with
physiological traits and dominance hierarchy, based on heart rate
variability measurement and weight, direct observations of dyadic
agonistic interactions and a limited access test, and behaviour measured in
a social separation test.

I also expect the personality traits of the goats to be related to their
cognitive abilities, especially in learning and reversal learning in a visual
discrimination task. I expect that bold goats will learn a visual
discrimination task faster than shy goats, while shy goats will perform

better in reversal learning.
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Chapter 2 — Personality Research in Mammalian Farm Animals:
Concepts, Measures, and Relationship to Welfare

2.1 Abstract

Measuring and understanding personality in animals is a rising scientific field.
Much research has been conducted to assess distinctive individual differences in
behavior in a large number of species in the past few decades, and increasing
numbers of studies include farm animals. Nevertheless, the terminology and
definitions used in this broad scientific field are often confusing because different
concepts and methods are used to explain often synonymously applied terms, such
as personality, temperament and coping style. In the present review we give a
comprehensive overview of the concepts and terms currently used in animal
personality research and critically reveal how they are defined and what they
measure. First, we shortly introduce concepts describing human personality and
how these concepts are used to explain animal personality. Second, we present
which concepts, methods and measures are applied in farm animal personality
research and show that the terminology used seems to be somehow species-
related. Finally, we discuss some findings on the possible impact of personality on
the welfare of farm animals. The assessment of personality in farm animals is of
growing scientific and practical interest. Differences in theoretical frameworks
and methodological approaches may also entail the diverse use of the different
concepts between basic and applied research approaches. We conclude that more
consistency is needed in using different theoretical concepts, terms and measures,
especially in farm animal personality research. The terms coping style and
temperament, which are used in different ways, should not be examined as
independent concepts, but rather should be considered as different aspects of the

whole personality concept. Farm animal personality should be increasingly
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considered for the improvement of animal housing, management, breeding and

welfare.

Keywords

Personality, temperament, coping style, welfare, farm animals

2.2 Introduction

Measuring animal personality has become quite important in the past few decades,
but many studies use different concepts and terminology to explain individual
differences in behavior and physiology. Nevertheless, studies on farm animals do
measure personality traits with methods that have been used to assess animal
behavior. It must be born in mind that the concepts and terms such as personality,
temperament, coping style used in animal personality research have their origin in

human personality research.

In human personality research, the term personality is used to describe a
distinctive and relatively stable set of mental traits that explain the organism’s
behavior, and the concept of personality is explained with the “Five-Factor Model
of Personality”. The five factors describing human personality are extraversion,
agreeableness, conscientiousness, neuroticism, and openness (1). Goldberg (2)
describes which traits define each factor — extraversion (or surgency) comprises
traits like talkativeness, assertiveness and activity levels on one end of the
spectrum and silence, passivity and reserve on the other end; agreeableness (or
pleasantness) includes traits like kindness, trust and warmth and the opposite traits

of hostility, selfishness and distrust; conscientiousness (or dependability)
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comprises traits like organization, thoroughness and reliability on one end of the
spectrum and carelessness, negligence and unreliability on the other end;
neuroticism (or emotional stability) includes traits like nervousness, moodiness
and temperamentality; and openness to experience (or intellect) describes traits
like imagination, curiosity and creativity on one end of the spectrum and

shallowness and imperceptiveness on the other end.

The term temperament in human psychology research is closely related to
personality. Temperament is defined as the inherited, early appearing tendencies
that continue throughout life and serve as the foundation for personality (3-5)
because temperament is observable in infants and is tied to basic psychological
processes (6, 7). According to Buss (8), the term temperament is used to reflect
genetic behavioral differences, while the term personality, which is based on
temperament, seems to be used to reflect non-genetic differences. Rothbart et al.
(7) suggested that understanding temperament is central to understanding
personality because it influences and is influenced by the experiences of each
individual and because one of its outcomes is the adult personality. However,
most theorists assume that temperament provides the starting place for personality
development [reviewed by McCrae et al. (6)]. Temperament provides process-
oriented models by establishing links between individual differences in behavior
and their psychological and biological substrates in humans as well as in non-

human animals, while personality provides subject-oriented models (7).

Coping is a very broad and a multidimensional concept with a long and complex
history. In human psychology research, coping strategies refer to intentional

cognitive or behavioral attempts by the individual to manage a stressor (9).
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Lazarus (10) has emphasized coping as a key concept for research on adaptation
and health. Because coping is a behavioral reaction to aversive situations that
induce several physiological stress reactions (11), individual ways of dealing with
stress have an enormous impact on human health (12). Lazarus (10) suggests to
differentiating between two approaches to coping, one that treats coping as a
personality characteristic (style) and another that refers to the efforts to manage
stress (process). Whereas the process approach primarily addresses the behavioral
and physiological mechanisms involved in the adaptational response to stress,
coping style rather seems to describe a personal or individual consistency in this
response. The classification of coping into an “approach-avoidance” category can
also be found in animal personality research. This category classifies behavior and
cognitive abilities that are used by the individual to face the problem (approach)

or to divert the individual’s attention away (avoidance) from the problem (13).

Aim of the present review was to give a comprehensive overview how these
concepts and terms, which have their origin in human psychology, are currently
used in animal and especially farm animal personality research and to critically
reveal how they are defined and what they measure. To obtain an overview of
published studies in selected mammalian farm animal species we carried out a
systematic literature search using the Web of Science (state December 2017) with
keywords including the respective animal species (cattle, goat, sheep, horse, pig)
and different synonyms applied in personality research (temperament, personality,
coping). Then we exemplarily assessed the found studies within the context of

terms and methodological approaches in general personality research. Finally, we
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discuss some findings on the possible impact of personality on the welfare of farm

animals to especially highlight a future direction of personality research.

2.3 General Concepts and Terms in Animal Personality

2.3.1 Personality

In animal personality research, many terms are used to explain individual
differences in behaviour, besides personality itself [e.g., behavioural syndromes
(14) and coping style (15, 16)]. Definitions of the different terms used in animal
personality research are shown in Table 1: Personality is defined as a correlated
set of individual behavioural and physiological traits that are consistent over time

and contexts (15, 17).
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Table 1: Different personality-related terms in alphabetical order used to describe

individual differences in animal behaviour and their definitions.

Personality-related term Definition References
Behavioural Response behavioural response to handling (132)
Behavioural Syndrome a suite of correlated behaviours reflecting an (14)
individual’s consistency in behaviour across
multiple situations;
a population or species can exhibit a behavioural
syndrome;
within the syndrome, individuals have a
behavioural type
Coping Personality Type coping strategies that may reflect different (42)
personality types
Coping Style based on the animal’s reaction to its environment | (11, 15, 16,
with respect to reducing effects of aversive 62)
stimuli:
- fight or flight response
- approach or avoidance
- boldness or shyness
Emotional Reactivity social reactivity (i.e., active vs. passive strategy); | (133)
exploratory activity;
reactivity to humans
Identity Profiles describe individuality, personality and their (134)

relationship with certain morphological traits of
the animals;

four groups of similar animals: aggressive,
affiliative, passive, avoiders

Individual Differences in
Behaviour

individual variation;

intra-animal repeatability;

the relationships between different test situations
and the frequency distributions of various
measures of behaviour;

consistency of individual variability

(76, 135-137)

Temperament

inherited, early appearing tendencies that continue
throughout life and serve as the foundation for
personality;

observable in infants and animals and tied to basic
psychological processes

(3, 4-6)

Personality

a correlated set of individual behavioural and
physiological traits that are consistent over time
and contexts

(15, 26, 33,
32)

Personality may explain individual differences in dominance rank, coping,

cognitive abilities and physiology. At least one of the five factors which are used
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to describe human personality (i.e., extraversion, neuroticism, agreeableness,
openness and conscientiousness) has been investigated in many different species.
The most commonly measured personality factors in animal personality research
are exploration, activity, aggressiveness, sociability, and boldness (17-19).
Exploration seems to resemble the human factor openness, aggressiveness seems
to resemble agreeableness, and sociability seems to resemble extraversion, while
boldness and activity seem to be combined in the human factor neuroticism
[reviewed by Gosling and John (20)]. According to Gosling and John (20), the
human factor conscientiousness can only be found in chimpanzees and gorillas.
Figure 1 shows the five personality factors in humans and how they describe the
personality type of two imaginary individuals [adapted from (21)] and the
equivalent personality factors found in animals. While individual A scores highly
in exploration (openness), sociability (extraversion) and aggressiveness
(agreeableness), individual B scores highly on boldness and activity (neuroticism)
and, if this individual is a human, in conscientiousness (Fig. 1). A discussed factor
in animals is the dominance factor that seems to be defined by boldness, physical
aggression and low levels of fearfulness (20). In humans, these traits seem to be
related to extraversion because humans participate in multiple dominance
hierarchies that are less clearly defined and involve widely divergent skills (20).
This means that species not only differ in the type of relevant factors, but also in
the number of such factors (22): While chimpanzees share a common six-factor
structure, including dominance, extraversion, agreeableness, conscientiousness,
neuroticism, and openness (23), mountain gorillas seem to have only four

personality factors: dominance, openness, sociability and proto-agreeableness
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(24). As in human personality research, sex differences can be found in the
expression of animal personality traits. For example, hyena (Crocuta crocuta)
males are more fearful and nervous than females. This effect seems to be
influenced by the social organization. In hyenas, the dominance rank is
transmitted through a matrilineal system, and females are larger than males. Sex
differences in personality seem to be related to the ecological niches occupied by

the two sexes [reviewed by Gosling and John (20)].
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Figure 1: The five personality factors in humans and how they describe the personality
type of two imaginary individuals [adapted from (21)]. The equivalent personality factors
described in animals are written in bold and italics. Scores are given from zero to 100 in

percentages. For example, Individual A (black dashed lines and points) scored high in
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openness, extraversion and agreeableness, while Individual B (grey dashed lines and

points) scored high on neuroticism and conscientiousness.

David and Dall (25) state in their review that most of the confusion about
terminology in animal personality studies is due to two main concepts, which can
also be used complementarily: the intra-individual variability and the life-history
approach. The first concept tries to explain the occurrence of between-individual
differences in the consistency of any behaviour (22), which means that studies
employing this concept focus on the consistency and flexibility of behavioural
expression. The second concept focuses only on boldness-like behaviours, which
means that studies using this concept concentrate on the individual average
behaviour and the between-individual relationships between life history and
behaviour (25). One approach using both concepts is the pace-of-life syndrome
(POLS) [reviewed by Réale et al. (26)]. This concept includes the idea that
between-individual differences in behaviour are associated with individual
variations in life-history traits [e.g., habitat use, predation avoidance, dispersal
and/or social behaviour (14, 27-29)] because both may contribute to evolutionary
trade-offs and may have co-evolved. And physiological traits that differ between
individuals, such as growth, metabolic rate, reproductive value and hormone
levels have also become important for animal personality research (29, 30-32)
because they can be influenced by genetic predispositions and early
environmental effects (33, 34).

Another important aspect of personality research in animals is that despite the
consistency of some factors, others seem to be plastic and help the organism adapt

to changing environments. This aspect is termed behavioural and/or physiological
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plasticity (34). Responsiveness to environmental conditions may span from short-
term (phenotypic flexibility) to long-term effects (35), and the early environment
an individual experiences contributes to between-individual differences in life
histories and personality factors (30, 36). For example, in coral reef fish,
individual scores on activity, boldness and aggressiveness increased from 2.5- to
six-fold when induced by an increase in water temperature, indicating individual
coping abilities and/or behavioural plasticity (37). Moreover, photoperiodic
changes influenced fearlessness, the stress response, the timing of maturation and
resting metabolic rate (RMR) in wild cavies (Cavia aperea) and showed
differences between sexes (38, 39). Behavioural and physiological plasticity is an
important factor for the survival of an organism. Even if most of the personality
factors proved to be consistent over time and contexts, factors like resting
metabolic rate and fearlessness were not consistent in cavies, whereas exploration
and boldness were consistent regardless of the photoperiodic treatment (38). One
might argue that factors such as resting metabolic rate and fearlessness should not
count as personality factors. However, an example in the European mink (Mustela
lutreola) showed that traits that describe factors like boldness and exploration can
change between seasons but that these changes remain consistent over time (40),
which matches the definition of a personality factor. These examples indicate that
the plasticity and consistency of personality factors are not exact opposites and
indicate interesting asymmetries in the adjustments of personality factors that
seem somehow species-related.

In farm animal studies, the term personality is scarcely used, even if the methods

employed (e.g., repeated measurements) and measured variables (e.g., curiosity)
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can be described as personality factors. In those studies, the term temperament is
used as an equivalent to the term personality. This could be due to the fact that
farm animals are used to get meat, milk and other products and that it is easier to
consume farm animal products when scientists do not attribute human-like
characteristics to explain individual differences in farm animal behaviour. Table 2
lists selected studies assessing personality factors using different experimental
designs in mammalian farm animals (Table 2a: cattle; Table 2b: goats; Table 2c:
sheep; Table 2d: horses; Table 2e: pigs) and the behavioural tests used. Some of
these studies only measured and/or analysed a small aspect of personality,
measured just one or two personality traits or are examples of the very beginning
of farm animal personality research, while other studies, shown in this table, show
consistency and/or cross-context correlations between traits. One can see that the
use of a certain personality-related term is dependent on the species studied. In
cattle, the term temperament is mostly used to explain individual differences in
behaviour, while in pigs, the term coping style is mainly used (Table 2a + 2¢). In
horses and more recent farm animal personality studies, one can find the term

personality as well (e.g., (41, 42)) (Table 2d).
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Table 2: Selected studies assessing personality factors using different experimental designs in mammalian farm animals (A): cattle; (B): goats; (C): sheep;

(D): horses; (E): pigs. The column “Personality-related term used” refers to the term the studies used to explain their results. The column “Test” refers to the

behavioural tests used, while the column “Measures” refers to the measured variables.

Table 2 (A): Cattle (Bos taurus)

Personality-related Test Measures Study
term used
Behavioural Response Docility Test aggressiveness against the handler, running time and number of
escapes per minute of test period in presence or absence of the handler (132)
Individual Differences Human Approach Test; behavioural response when a human approaches the cow;
in Behaviour Lateralisation Test; the side the animal uses to avoid an obstacle;
Novel Human Test; behavioural response towards an unknown human;
Novel Object Test; behavioural response towards an unknown object; (135, 136)

Open Field Test;
Surprise Test;

Temperament Score

activity and exploration behaviour in an unknown arena;
latency to start eating again after encountering a blast of air;
chute score, velocity exit, pen score, flight speed

Temperament

Combined Social Isolation
and Open Field Test;
Docility Test;

Handling Test;
Human Approach Test;
Novel Human Test;
Novel Object Test;
Open Field Test;
Social Isolation Test;
Temperament Score

activity and exploration behaviour in an unknown arena and activity
during social isolation;

aggressiveness against the handler, running time and number of
escapes per minute of test period in presence or absence of the handler;
touching the cow from head to tail;

behavioural response when a human approaches the cow;
behavioural response towards an unknown human;

behavioural response towards an unknown object;

activity and exploration behaviour in an unknown arena;

activity and exploration behaviour during social isolation;

chute score, velocity exit, pen score, flight speed

(44, 57,59, 61,79, 92,
122,125, 126, 138-140)
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Table 2 (B): Goats (Capra hircus)

Personality-related term used Test Measures Study
Identity Profiles Behavioural Observation | direct observation during milking and/or over a certain period of time (134)
Temperament Behavioural Observation; | direct observation during milking and/or over a certain period of time;
Novel Human Test behavioural response towards an unknown human (141,142)
Personality Novel Object Test; behavioural response towards an unknown object;
Social Isolation Test call, activity and exploration behaviour during social isolation (143)

Table 2 (C): Sheep (Ovis aries)

Personality-related term used Test Measures Study
Emotional Reactivity Human Approach Test; | behavioural response when a human approaches the sheep;
Open Field Test; activity and exploration behaviour in an unknown arena; (133)
Social Isolation Test | activity and exploration behaviour during social isolation
Temperament Novel Object Test; behavioural response towards an unknown object;

Open Field Test; activity and exploration behaviour in an unknown arena; (48, 128,
Social Isolation Test | activity and exploration behaviour during social isolation 144, 145)

Personality Open Field Test activity and exploration behaviour in an unknown arena (46)
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Table 2 (D): Horses (Equus caballus)

Personality-related term used Test Measures Study
Coping Type Behaviour After Reintroduction | expression of submissive or dominant behaviour towards
in a Group; conspecifics;
Novel Object Test; behavioural response towards an unknown object; (146)
Open Field Test; activity and exploration behaviour in an unknown arena;
Owner Ratings; questionnaire about the expression of certain behaviours;
Water Spray Test scoring of the horse's reaction to a spray of water
Temperament Behaviour After Reintroduction | expression of submissive or dominant behaviour towards
in a Group; conspecifics;
Behavioural Observation; expression of behaviours in the home pen;
Handling Test; latency to allow the human to touch the leg about three times;
Horse Personality Questionnaire | questionnaire about 43 behaviourally defined adjectives;
(HPQ); (93, 124,
Novel Human Test; behavioural response towards an unknown human; 146-149)
Novel Object Test; behavioural response towards an unknown object;
Open Field Test; activity and exploration behaviour in an unknown arena;
Owner Ratings; questionnaire about the expression of certain behaviours;
Social Isolation Test; activity and exploration behaviour during social isolation;
Surprise Test; latency to start eating again after opening an umbrella;
Water Spray Test scoring of the horse's reaction to a spray of water
Personality Handling Test, latency to allow the human to touch the leg about three times of the
horse; (41, 45,
Horse Personality Questionnaire | questionnaire about 43 behaviourally defined adjectives; 88, 150-
(HPQ); 158)

Novel Human Test;
Novel Object Test;
Owner Ratings

behavioural response towards an unknown human;
behavioural response towards an unknown object;
questionnaire about the expression of certain behaviours
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Table 2 (E): Pigs (Sus scrofa)

Personality-related term Test Measures Study
used
Coping Personality Type Backtest number of escape attempts, latency to first escape attempt (42)
Coping Type Backtest; number of escape attempts, latency to first escape attempt;
expression of behaviours in the home pen;
Behavioural Observation; activity and exploration behaviour in an unknown arena with an
Combined Open Field and Novel Object | unknown object;
Test; behavioural response when a human approaches the pig; (78, 81, 82,
Human Approach Test; behavioural response towards an unknown object; 98, 159-163)
Novel Object Test; latency to attack a conspecific, number and duration of fights,
Resident-Intruder Test; lesion score;
socio-positive behaviour towards a conspecific
Social Support Test
Individual differences in Backtest; number of escape attempts, latency to first escape attempt;
behaviour activity and exploration behaviour in an unknown arena with an
Combined Open Field and Novel Object | unknown object;
Test; behavioural response when a human approaches the pig; (77,137)
Human Approach Test; behavioural response towards an unknown object;
Novel Object Test; latency to leave the home pen
Open Door Test
Temperament Human Approach Test; behavioural response when a human approaches the pig;
Novel Object Test; behavioural response towards an unknown object; 1
Open Door Test latency to leave the home pen
Personality Backtest; number of escape attempts, latency to first escape attempt;
activity and exploration behaviour in an unknown arena (164)
Open Field Test
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In most of the farm animal studies investigating temperament, different
personality factors can be found (e.g., curiosity shown in the general response to
unfamiliar humans or the exit from a restraint device (43, 44)). These can be
considered as personality factors when they are measured in at least two different
time periods of an animals’ life. Like in other taxa, some farm animal studies can
show that the personality factor boldness is related to other investigated
behavioural traits. Boldness was found to be related to reactivity to humans in
horses (45), cattle (44) and sheep (46): Individuals that interacted more with a
novel stimulus were more interested in novel humans as well. In sheep, bold
individuals proved to be more explorative and the distance between individuals
while grazing was greater than in shy individuals (46). Moreover, the personality
factor activity proved to be related to boldness and reactivity to humans in sheep:
More active sheep seem to be bolder und more reactive to humans than shy sheep
(47, 48). Calves can be categorized in four different personality types based on a

combination of behavioural and heart rate variability (HRV) data (44).

2.3.2 Temperament

In animal personality research, the term temperament is closely related to
personality. Temperament often matches the definition found in human
personality research and is defined as inherited, early-appearing tendencies that
continue throughout life and that serve as the foundation for personality (6) (Table
1). Since the distinction of both terms by definition is often vague, some animal
researchers simply treat them as synonyms (17), while others argue that the term

temperament is used simply to avoid using the term personality with regard to
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animals, which might be associated with anthropomorphism by some ethologists
(49). While temperament is assumed to be based on early, stable predispositions
in the emotional and behavioural responses of an individual like boldness,
aggressiveness and pleasantness, personality is often reserved for patterns of
reflection and reaction to environmental circumstances acquired during a lifetime
in organisms with sophisticated cognitive capacities. The behavioural factors that
are the focus of research on animal temperament in many different species are
reactivity, fearfulness, sociability, responsiveness, and aggression. Temperament
in non-human animals is often described on a one-dimensional scale using
expressions such as “proactive vs. reactive”, “aggressive vs. nonaggressive”,
“bold vs. shy”, etc. (50, 51). The actual theoretical frameworks on temperament in
non-human animals argue for scoring reactions in more than one dimension to
reflect the entire nature of temperament (17, 52). A multivariate approach has
been used by Meager et al. (53) to investigate whether distinct temperaments are
present in Atlantic cod (Gadus morhua). Their results refer to the
multidimensionality of animal temperament and provide a clear indication that
two distinct behavioural phenotypes are evident in fish. A study in non-human
primates has shown that temperament, based on a factor analysis including
behaviour in different dimensions in yearling rhesus monkeys (Macaca mulatta),
seems to be an important factor in an individual’s ability to select friends and is
related to later variations in the animals’ social networks (54). The subjects
preferred peers that had similar temperament scores to their own even after
accounting for sex, rank and kinship. This example shows that the definition of

temperament from the human domain can be used for nonhuman animals as well.
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Foyer et al. (55) investigated the impact of the level of maternal care in dogs on
the offspring’s behaviour at approximately 18 months of age. The authors
conducted a set of temperament tests to score the behaviour of the dogs in
different factors, such as sociability and fearfulness. The study showed that the
level of maternal care differed consistently and that it has a significant impact on
the adult temperament of the offspring, mainly in terms of sociability and
dominance. The responses of cats across different behavioural factors were
assessed to calculate a feline temperament profile (56). Later, the reactions of the
cats in a 3-min stress test were measured. The authors did not find correlations
between temperament scores and measures of behavioural and adrenocortical
responses in the stress test. However, many studies concerning individual
differences in animal behaviour do not make the distinction between temperament
and personality consistently, which makes it more difficult to understand the
results with regard to temperament and/or personality.

In many farm animal studies, the term temperament is used as an equivalent to the
term personality, which also can be seen in Table 2. General responses to
unfamiliar humans or situations are quite important for handling, management and
selective breeding (48). And traits such as fearfulness, happiness, alertness and
docility (57-59) can be considered to describe temperament when measured
during the juvenile period of an animal and/or once in an animal’s life. Animals
that are more likely to cope with handling procedures are considered to have a
“good” temperament (57) and dairy temperament (generally defined as the
animal’s response to milking) has been included in the breeding objectives of

some countries [reviewed by Gibbons (60)]. Furthermore, high reactive bulls
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(reactivity was measured with a temperament score) had a greater rectal
temperature and a higher cortisol and epinephrine concentration prior to and after
transportation than low reactive bulls (61). As these examples measure
personality, because measured in adult animals, these examples show how
complex it is to describe individual personality in animals and that temperament

reflects a sub-aspect of the whole concept of animal personality.

2.3.3 Coping Style

The concept of coping styles has also been used in the past few decades to better
understand animal personality and is based on the animal’s reaction to its
environment with respect to reducing the effect of aversive stimuli (16, 62) (Table
1). Like in humans, animals show individual differences in coping with different
environmental changes, confirming that personality and coping style are closely
linked (11, 15, 16, 62, 63; but see Zidar et al. (64) for an example of a missing
relationship in the red jungle fowl). According to the boldness-shyness
continuum, animals can be categorized into three sub-groups based on their risk-
taking behaviour: bold, intermediate and shy (63) or proactive, intermediate and
reactive based on the animal’s reaction to its environment with regard to altering
the effect of aversive stimuli (fight/flight response) (11, 15, 16, 62). Proactive
individuals are considered to be more aggressive towards conspecifics, show more
dominant behaviour, and are considered more explorative, bold and active.
Moreover, they respond with a strong sympathetic activation and an increase in
noradrenergic stimulation when confronted with a challenging situation, while

reactive animals are considered the opposite behavioural phenotype, with
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behaviour that is more submissive, less explorative and less active and responding
with a strong hypothalamic-pituitary-adrenocortical reactivity towards challenging

situations (19, 65-68).

Figure 2 shows a possible multidimensional approach to describing the five basic
factors in animal personality research applied to the concept of animal coping
style using an example of two imaginary animals. In addition, there is a potential
sixth factor, dominance. There is an ongoing discussion as to whether dominance
is a factor by itself or just a social outcome, and it also represents other species-
related factors that are often missed in measurements (49, 22). Considering the
description of proactive and reactive individuals above, the animal that scores low
on the aggressiveness, activity and sociability axes would be described as being
more peaceful, inactive and highly social and would represent a reactive coping
style. The animal that scores high on the boldness, exploration and aggressiveness
axes would be described as being more aggressive, explorative and bold and
would be considered as a proactive individual. Intermediate individuals would
express behaviour described by a mixture of the scores on the factors resulting in

individual differences on a continuum.
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Figure 2: The five basic factors in animal personality research (bold lines) that can also
be used to describe coping style. The dominance factor is presented in dashed lines
because there are insufficient data to consider it as a fully accepted sixth factor in animal
personality. The dots represent two imaginary animals with different coping styles. The
animal behaving as described by the black-grey dots would represent a reactive coper,
while the animal behaving as described by the black dots would be considered as a
proactive individual. Intermediate individuals would express behaviour described by a

mixture of scores on the factors resulting in individual differences along a continuum.

Some factors show only low inter-correlations and are relatively independent from

one another, which means that they must not co-occur [reviewed by Uher (69)].
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Each factor summarizes the shared variation of diverse inter-correlating traits. The
rank-orders of the same individuals on the same factor can vary considerably
across different situations. An individual can have different scores on each factor
[reviewed by Uher (69)]. The individual-oriented perspective (like in humans and
shown in Fig. 1) can also be applied to the analyses of multiple individuals such
that individuals sharing a similar profile can be grouped statistically into
configurational types. Such groups represent distinct and discontinuous categories
of prototypes (e.g. proactive, intermediate and reactive) [reviewed by Uher (69)].
According to Koolhaas (70), proactive individuals perform better under highly
predictable conditions, while reactive individuals perform better under variable
and unpredictable environmental conditions. Proactive individuals also grow
faster and have a higher RMR, which they can afford due to their higher rates of
food acquisition. When food is abundant, proactive individuals may perform
better than reactive individuals [reviewed by Careau et al. (71)]. Many studies
have shown that different coping styles correlate with dominance rank, cognitive
abilities and physiological measures [e.g., immunology (70)]. In fish, bold female
guppies (Poecilia reticulate) learned a task more quickly than shy females (72),
and in zebra finches (Taeniopygia guttata), more active birds were faster at
solving a task, while less active individuals needed longer or did not solve the task
at all, which indicates that higher activity may lead to routine-forming behaviour
instead of being attentive to external cues (73). Proactive Senegalese sole (Solea
senegalensis) juveniles exhibited a shorter feeding latency, a higher duration of
escape attempts and a lower cortisol level than reactive individuals (74). An

example in mammals revealed that different coping styles in wild alpine marmots
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(Marmota marmota) are accompanied by different baseline and stress-induced
plasma oxidative statuses (32). In male rainbowfish (Melanotaenia duboulayi),
personality factors like aggression, activity and boldness covaried with the male’s
position in the hierarchy, directly influencing their reproductive success (75).
Moreover, an example of spiders living in colonies showed that individuals with
different coping styles do different tasks. While aggressive spiders perform prey
capture and colony defence, less aggressive spiders perform brood care (76).

Farm animal research on coping styles became more and more important because
the coping style covers the aspect of an animal’s skill in coping with
environmental challenges. Farm animals like pigs (Sus scrofa), cattle (Bos taurus)
and horses (Equus caballus) have to cope with numerous challenging situations
(e.g., regrouping, housing, management) and technical material during their lives.
Therefore, investigating their coping strategies and cognitive abilities appears to
be a very important research topic, because like temperament, it reflects sub-
aspects of the whole concept of animal personality. Aggression, boldness and
exploration seem to be related to results in backtests that determine the specific
coping-type in pigs assessed by the early escape behaviour of piglets: Proactive
pigs proved to be more aggressive, explorative and bolder than reactive pigs (77,
78). Recently, a number of studies were conducted to investigate the impact of
different coping styles on psychophysiological measures and molecular correlates
later in life. Reactive cows can be distinguished by their baseline HRV (79) and
pigs characterized as belonging to different coping styles differed in their general
autonomic reaction (e.g. HR, HRV) and in their affective appraisal in relation to

common husbandry-related situations like feeding or human handling (80),
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indicating personality-depended emotional assessment of environmental
situations. There is also evidence that individual coping styles of pigs are reflected
in their immune responses indicating that proactive pigs might favour molecular
pathways enabling a more effective strategy for defence and recovery than in
reactive pigs (81, 82). Moreover, a recently conducted genome-wide association
study revealed that hypothalamic genes known to be involved in pathways
regarding the immune system, telomere function signalling, neurotransmitter
receptors as well as circadian rhythms were differently expressed in pigs with

different coping styles (83).

2.4 Measures and Methods in Farm Animal Personality

Research

Personality, temperament and/or coping style and how they are interrelated with a
diversity of other external or internal stimuli are investigated using different
experimental setups. The main problem is to know exactly which personality
factor or variable is being investigated using a certain experimental design (e.g.,
tests of exploration in an open field, test of boldness in investigating a novel
object). Murphy et al. (84) identify in their review the most important aspects of
experiments used to investigate farm animal personality. A test should be
ecologically valid and the animal should be able to display its natural emotion-
related behaviours. Since emotions have recently been discussed to be a
personality factor by itself (see below [reviewed by Koolhaas et al. (85)], tests
should be sensitive enough to capture slight differences in levels of emotional

arousal (bodily activation or excitation, the first dimension of emotion) or valence
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(negative or positive, the second dimension of emotion) (86, 87), which is
important for longitudinal studies. Furthermore, the test itself and the variables
measured should be standardized to allow for comparisons between studies (84).
In his review, Gosling (3) describes the variables that can be used to analyse
personality factors: 1) reactivity, emotionality, fearfulness: e.g., measurement of
the defecation rate in an open field; i1) exploration/boldness: e.g., interactions with
a novel object; 1ii) sociability: e.g., frequency of social encounters; iv) aggression:
e.g., latency to attack another individual; v) activity: e.g., amount of enclosures
(e.g., open field or arena test) covered; vi) dominance/assertiveness: e.g., the
individual’s rank in the dominance hierarchy. Of course, these variables can be
used to analyse other personality factors as well, and the mentioned personality

factors can be measured by other variables or even a mixture thereof.

The most important aspect is to find the most appropriate test with the most
appropriate variables to record the behaviours that are desired to analyse the
intended personality factors for each species. Different species have different
environmental requirements because they have different habitats and different
life-histories. Koski (22) indicated that most studies about personality focus on
boldness, aggressiveness, activity, exploration and sociability as the most
prominent personality factors. However, she writes that the focus on these
personality factors derived from human personality research may ignore the
possibility of other factors that are more important for the investigated species and
that such a focus limits our understanding of the full repertoire of personality
factors [also reviewed by Gosling and John (20)]. Therefore, it is possible that
species not only differ in the type of relevant factors, but also in the number of
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such factors (22): A study done on 1223 horses of eight different breeds with a
Horse Personality Questionnaire also identified approximately six personality
factors (88). Carter et al. (89) found boldness to be one of the most commonly
measured personality factors in animal personality research, and it has been
interpreted as the propensity to take risks, especially in novel situations, and as an
individual’s response to a risky situation faced alone. Boldness is often tested by
quantifying behavioural responses to novel objects, responses to a novel
environment, and/or responses to predation risk. However, these three types of
tests are not necessarily comparable and demonstrate a lack of standardization for
quantifying this behaviour. For example, measuring boldness in cavies is slightly
different than measuring boldness in pigs and cattle. For the three species, one can
use the novel object test. While in cavies, the novel object test is conducted in the
home enclosure (18, 38, 39), with pigs and cattle, the test is normally conducted in
an arena outside the home pen after a habituation period or after an open field test
[reviewed by Forkman et al. (90)]. Tests like the novel human test or the open-
door test are conducted with farm animal species and measure the reactivity of an
individual towards unknown persons or places (91-93). This type of test is only
feasible with domesticated species that are used to human manipulation such as
farm animals. In most cases, the measured trait is suggested to mirror fearfulness
when describing an animal having a higher latency in approaching an unknown
person [reviewed by Murphy et al. (84)]. In rodents, tests like the elevated plus
maze [e.g., in mice and rats (94, 95)] or leaving a plastic shelter in an open field
[e.g., in cavies (38)] are used to measure fearfulness or its opposite, fearlessness.

Exploration is measured in most mammal studies and in most farm animal species
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with an open field test [reviewed by Forkman et al. (90), but see recent critiques

by Perals et al. (96)].

To measure different coping strategies in pigs, Hessing et al. (97) suggested
conducting the backtest at an early age to measure defensive reactions like
struggling while the piglet is turned over on its back. Zebunke et al. (98) used
more than 3,000 individuals and repeated the test four times with each individual.
The results showed a moderate consistency of behavioural reactions across
repeated testing, which cannot be attributed to a randomly occurring pattern. The
authors concluded that the backtest does not provide phenotypic evidence for
definitive coping styles that are clearly separable. Instead, they found pronounced
individual dispositions along a continuum from proactive to reactive coping
behaviours. The results of an equivalent to the backtest conducted with juvenile
cavies before weaning (the struggle test) show a similar pattern: the time spent
struggling was not significantly repeatable but showed a trend (99). Therefore, the
backtest may indicate a certain coping style in pigs, which is discussed to be a
personality factor by itself (64, 85). The backtest should not be used as a reference
on its own but rather should be used as an addition to other tests measuring
behaviour and a certain personality type. Moreover, these examples confirm that
one test can simultaneously be influenced by and therefore measure two or more

personality factors (17).

Besides the fear of anthropomorphism in using the term personality, to know what
is measured is one of the biggest lacking points in the field of farm animal
personality research (see Tab. 2). Inspired by the definitions in Table 1, Figure 3

shows how researchers could proceed to know which personality related term they
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should use for their interpretation. Temperament and coping style overlap with
personality, because they are sub-aspects of the whole personality concept. With
all the behavioural tests used in farm animal personality research (e.g., open field
test, novel object test, open door test, backtest etc.) applied ethologist can measure
different aspects of personality: It depends of the approach they use. For instance,
1) using a behavioural test to measure a response to an aversive or stressful
stimulus or situation (e.g., approach or avoidance) means that primarily a specific
coping style is assessed, i1) conducting various behavioural tests in a combination
and/or conducted at least twice during lifetime, measures cross-context
correlations and/or consistency and therefor assesses personality, ii1) conducting
behavioural tests during the juvenile stage and only once during lifetime, would

assess temperament.
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Figure 3: Various behavioural tests that can be used to assess different aspects of
personality. It becomes evident that coping style and temperament are sub-aspects of the

concept of personality.

2.5 Personality and Welfare in Farm Animals

In human psychology, studies show that subjective well-being is associated with
health (100) and is linked to personality [reviewed by Weiss et al. (101)]. Well-
being correlates with the five-factor model of personality, especially with

neuroticism, extraversion and conscientiousness (102). In zoo animals, studies
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indicate that zoo keepers are able to reliably rate animal personality traits and that
those ratings are implemented into zoo management practices to improve the
welfare of captive animals (103). Personality research in farm animals has become
important as well because welfare not only comprises the actual health status of
an animal but also is affected by individual differences in behaviour and
physiology (104). Dawkins (105) already stated that individual behaviour has a
big advantage in welfare studies because it might become an “early warning
system” of trouble yet to come. Changes in behaviour (e.g., aggressiveness
towards the caretaker) can be a hint of pain or other problems (106). Therefore,
investigating and understanding individual differences in behaviour, respective to
personality, in farm animals is a possible means of measuring states of welfare
and can also help to increase welfare. Individuals that are less well adapted to
their environment may have reduced welfare, which in turn can lead to reduced
productivity (107, 108). Figure 4 represents the influence of personality on
individual welfare. Personality directly influences behaviour and physiology and
therefore influences individual welfare, while as in a feedback-loop, welfare can
directly influence behaviour and physiology. Behaviours can influence physiology
and vice versa in a sort of positive feedback system as well. Especially in farm
animals, domestication has an impact on behaviour and physiology and directly

influences breeding.
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Figure 4: Relationship between personality and welfare. Personality directly influences
behaviour and physiology and therefore influences individual welfare, while as in a
feedback-loop, welfare can directly influence behaviour and physiology. Behaviour can
influence physiology and vice versa in a sort of positive feedback system. Especially in
farm animals, domestication has an impact on behaviour and physiology and directly

influences breeding.

During domestication of most farm animal species, behaviour changed to lower
levels of aggression and activity (109). Artificial selection for the improvement of
production traits may have resulted in the selection of animals that would count as

reactive copers (109). Genetic studies of captive animals often rely on the
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selection of specific production traits (110-112), because specific production traits
are emphasized in the individual pedigree of an animal used for breeding [(113,
114); reviewed by Laine and van Oers (115)]. Recently, personality traits have
been considered to a greater extent in the calculation of breeding indices because
some of these traits show moderate to high heritability (112, 116-118).
Aggression is highly heritable in pigs [ranging from h?=0.32 to h?=0.48 (119-
121)]. In pigs as well as in cattle, aggressive behaviour towards stockpersons and
group-members 1s related to increased maternal behaviour, which can be
problematic [reviewed by Haskell et al. (117), (120)]. In beef and dairy cattle,
handling shows moderate to high heritability scores: e.g., chute score (h?=0.24),
flight speed (h?>=0.36), and docility (h?>=0.26) [reviewed by Haskell et al. (117);
(122, 123)]. Especially in dairy cattle, milking temperament shows a moderate
heritability (e.g., on average h’=0.19), but is also related to production traits such
as milk yield [reviewed by Haskell et al. (117), (122)]. In France the docility test
has been used to select for improved temperament in Limousin cattle since 1992,
and dairy temperament (generally defined as the animal’s response to milking)
and milking speed have been included in the breeding objectives of some
countries [e.g., United Kingdom and Norway (reviewed by Gibbons (60))].
Horses, especially stallions considered for breeding purposes, are judged for
performance (e.g., the gaits under the rider, jumping ability, rideability, fitness,
health, stamina) and personality (e.g., behaviour during handling (labelled as
character), attention and reactivity (labelled as temperament) and braveness,

willingness and ability to learn (labelled as willingness to work) (124)).
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Another approach to explain the relationship between personality and welfare has
been reviewed by Koolhaas and van Reenen (85), and it describes a three-
dimensional model with coping style, emotionality and sociability as independent
factors. These factors are defined as being stable over time and across contexts
within the individual. Emotionality seems to be one important aspect to increasing
welfare because it makes the distinction between fearful animals that are highly
emotionally aroused by a challenging situation and non-fearful animals that do not
perceive the same situation as stressful or alarming (85). A highly emotionally
aroused animal would therefore exhibit activation of neuroendocrine systems
while a non-fearful animal do not show any enhanced biological responses (85).

Some studies have shown evidence that emotionality, and therefore personality,
seem to have an impact on production traits, such as meat quality and milk
production. Studies on steers show that individual differences in stress responses
(e.g., increase of cortisol in a stressful situation) or in blood lactate levels have an
impact on meat tenderness (125, 126). In dairy cows, personality has an impact on
behavioural and physiological responses to milking and on the stress associated
with being milked in a novel environment (44, 127). A study on horses shows that
personality has an influence on pain expression. Horses that were highly affected
by vertebral problems showed more aggressive behaviour towards humans than
horses with no vertebral problems (106). Lameness was more expressed by highly
extraverted horses even if the severity level of the injury threshold was lower
when compared to more neurotic individuals (41). A study on female sheep (Ovis
aries) showed that animals typed as “nervous” (measurement of the behavioural

reactivity to the psychosocial stress of social isolation and selected for “calm” or
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“nervous” temperament for 17 generations (128)) seem to show a decrease in
agitation score, the frequency of vocalizations and the plasma concentrations of
cortisol when treated with lavender oil as an alternative treatment to alleviate
anxiety compared to the response of “calm” sheep (128). Moreover, these
“nervous” sheep produced a lower volume of higher viscosity colostrum than
“calm” sheep, and this disparity could be corrected by nutritional supplementation
(with barley), which only had an effect on “nervous” sheep (129). These examples
indicate that personality seems to be an important factor in the efficacy of certain
substances and nutritional supplementations. Personalized medicine in animals
and humans already indicates that personality is a strong indicator for pathology
development, medical treatment and substance efficacy (130). Understanding the
individual personalities of farm animals is not only important for their welfare but
also has an impact on economic factors for farmers [reviewed by Clark et al.
(131)]. Therefore, it is important to think about considering to draw an individual
personality profile like in Figure 1 [adapted from Costa and McCrae (21)] to
picture farm animal personality and in concordance to improve management,
handling, breeding, medical treatment and the design of housing systems that

allow the animal to perform effective coping behaviour [reviewed by Wechsler

(1D)].
2.6 Conclusion

This review gives an impression of how diverse farm animal personality research
is and which aspects have to be considered in investigating personality in different

farm animal species. Terminology in farm animal personality research is
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somewhat confusing and in some cases difficult to compare because the terms
used seem somehow to be species-related. While studies in different mammals,
birds, and other taxa widely use the term personality to describe between-
individual consistency in behavioural variation, in farm animal research the terms
temperament and coping style are predominantly used, probably because
personality might be associated with anthropomorphism. The broad field of
personality research generally needs more consistency in using theoretical
concepts, terms and measures and we recommend that the terms should neither be
regarded as synonyms nor as independent terms for consistent behavioural
responses in animals, but as different aspects of the whole personality concept.
Research on personality of farm animals is currently far from covering all possible
aspects, but focuses in particular on the phenotyping of personality traits and
potential relationships with cognition, emotion and welfare. We conclude that the
assessment of personality in farm animals is of growing scientific, practical and
economic interest, because it has an obvious verifiable impact on the individual
behavioural reaction to different housing systems, management practices and
veterinary interventions and is therefore important for the improvement of animal

welfare.
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Chapter 3 — Assessment of personality types in Nigerian dwarf
goats (Capra hircus) and cross-context correlations to behavioural
and physiological responses

3.1 Abstract

The assessment of personality in farm animals and its relation to other behavioural
and physiological traits is of growing scientific and practical interest. Therefore,
the aims of the present study were first to assess the personality of dwarf goats in
the context of the proactive/reactive dichotomy and second to elucidate cross-
context correlations to other individual patterns in behaviour and physiology. We
measured the behaviour of 108 Nigerian dwarf goats in repeated (two test periods
within two weeks) open-field and novel-object tests to classify the subjects into
proactive, reactive and intermediate personality types. In addition, we investigated
the possible inter-relationships of inter-individual differences in personality with
behaviours in other test situations and physiological measures (heart rate
variability). To identify individual personality types, we selected the 11 most
appropriate behavioural measures, identical in both test periods, from a total of 82
observed behaviours. Using these behaviours, we ran two separate principal
component analyses (PCA1 and PCA2) for the two test periods. We found two
main principal components (PCs), which were interpreted as “boldness” (PCI)
and “activity” (PC2) and were identical in both PCAs. Based on PCA1, 30 goats
could be grouped as the proactive, 25 as the reactive and 53 as the intermediate
personality type. In PCA 2, 66 individuals (61%) showed a consistent personality
type compared to PCA1. Goats that scored highly on PC2 were also more active
in a social separation test, while no correlations were found between PC1 or PC2
and the dominance status. Regarding heart rate variability, the standard deviation

of R-R intervals (SDNN) was positively correlated with PC2, while a negative
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correlation was found between PC1 and SDNN. PC2 was also positively
correlated with weight gain. The present study is the first to quantify temporarily
consistent and cross-context correlations of individual behavioural and
physiological differences in goats. The relatively small number of animals that
showed the same extreme behavioural phenotype in both test periods is in good
agreement with studies on personality types in cattle and pigs and shows that
intermediate and flexible personality types make up the main part of a population.
The results provide new opportunities to investigate the inter-relationships of
inter-individual differences in personality traits with other physiological measures

and cognitive abilities in goats.

Keywords

Personality, personality types, farm animals, ruminants, dwarf goats

3.2 Introduction

In farm animals, understanding individual differences in personality has gained
increased attention for welfare purposes, because personality may have an impact
on economic factors as farm animals such as pigs, cattle, chickens and horses
must cope with numerous challenging situations, automatic systems and different
husbandry practises during their lifetime (reviewed by Finkemeier et al., 2018).
Personality in animals can be assessed by measuring behaviours that are assigned
to the most common personality factors: exploration, activity, aggressiveness,
sociability, and boldness (reviewed by Finkemeier et al., 2018; Réale et al., 2012).

Each factor is defined as a correlated set of individual behavioural and
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physiological traits that are consistent over time and contexts (Ferrari et al., 2014;

Koolhaas et al., 1999; Réale et al., 2007; Sih et al., 2004; Wilson et al., 1994).

Personality is also assumed to correlate with other behavioural and physiological
traits and differences seem to appear more pronounced in socially living species
compared to solitary living species, suggesting that it may be the social
environment that provides a range of different adaptive niches in which different
personality strategies can succeed (Penke et al., 2007). The results of different
species provide examples of a positive relationship between activity,
aggressiveness and boldness with food intake rates and provide an argument that
individual differences in behaviour can include variation in the size of internal
organs related to food, energy metabolism and endocrine systems (reviewed by
Biro and Stamps, 2008). In farm animals, proactive pigs had a higher resting heart
rate and lower heart rate variability than reactive pigs (Krause et al., 2017), and
more social goats had a more stable heart rate, suggesting lower reactivity of the
autonomic nervous system (Briefer et al., 2015). In dairy cows, personality seems
to have an impact on the behavioural and physiological responses to milking and
on the stress associated with being milked in a novel environment (Hedlund and
Lovlie, 2015; Sutherland et al., 2012). Personality traits are now considered to a
greater extent in the calculation of breeding indices because some traits show
moderate to high heritability (Careau et al., 2011, Haskell et al., 2014; van Oers et
al., 2004; Stirling et al., 2002), and personality traits measured early in life can
predict performance later in life (e.g., jumping performance in horses (Visser et

al., 2003)).
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However, finding the variables or behavioural measures that might best explain
personality in farm animals are different for each species. While the backtest
(where a piglet is turned on its back and the struggle intensity for one minute is
measured) is predominantly used to describe personality and/or coping in pigs
(reviewed by Finkemeier et al. 2018), tests such as the open field (OF), novel
object (NO), or human approach test and various other behavioural tests are
predominantly used for cattle and horses to assess individual behavioural
differences (Lansade et al., 2008; reviewed by Murphy et al., 2014). Particularly
in ruminants, personality has been described using repeated measurements of the
open-field and novel-object tests (Graunke et al., 2013; Foris et al., 2018; Neave
et al., 2018). The open-field and novel-object tests have also been used to assess
behavioural differences in dwarf goats (Oesterwind et al., 2016), and specific
personality traits, such as exploration and sociability, were related to cognitive

performance, learning flexibility and learning style (Nawroth et al., 2017).

The aim of the present study was to identify potential variables or behaviours that
assess personality in goats and to reveal consistency and cross-context
correlations of individual differences in behaviour and physiology within this
species. We measured the behaviour of 108 Nigerian dwarf goats in a repeatedly
conducted open-field and novel-object test using the proactive/reactive dichotomy
to classify the subjects into proactive, reactive and intermediate personality types.
To investigate connections between personality and other behavioural and
physiological traits, we measured resting heart rate and weight and conducted a

social separation test (sociality). We also observed agonistic interactions in the
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home pen and when the goats were given limited access to a learning device
(aggressiveness/dominance) to disentangle the potential correlations across
different behavioural contexts. The results of this study will provide a basis for
further possibilities to investigate the connections of personality with other

physiological measures and cognitive abilities in goats.

3.3 Animals, Materials and Methods

3.3.1 Animals and Housing

The experiments were conducted with 108 juvenile female Nigerian dwarf goats
(Capra aegagrus hircus) bred from a line at the Leibniz Institute for Farm Animal
Biology (FBN, Dummerstorf, Germany). The experiments were conducted within
two years with two runs per year. Runs one and three were conducted in spring
and runs two and four were conducted in autumn. Because of the different
numbers of kids available, runs one and two were conducted with 32 kids each,
run three with 14 kids and run four with 30 kids. From birth to weaning (at an age
of seven weeks (Figure 1)), kids were housed in mixed groups consisting of three
to five adult females with their male and female kids. The pens (12 m2) contained
straw as bedding material, a hayrack and a round feeder to deliver pellets (800 g
to 1000 g twice per day per pen, Vollkraft, Mischfutterwerk GmbH, Giistrow,
Germany). Hay and water were fed ad libitum. The kids were equipped with
collars and ear tags for individual recognition. After weaning and during the phase
of repeated testing of the open-field and novel-object tests, animals were housed

in groups of up to 16 animals per group in pens, as described above with a
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climbing rack as an enrichment item (Figure 1). After repeated testing (at 12

weeks of age), kids were housed in groups of up to eight animals per group in

pens (described above) but with free access to a learning device (for further

information about the device, see Langbein et al., 2007) (Figure 1). From then on,

we conducted the social separation test, performed the dominance observation and

the limited access test and measured the resting heart rate.

Open-Field +
Birth Novel-Object Social Separation
1(2|3(4|5|/6|7|8(9(10|11|12|13|14|15|16|17|18(19( 20
T Dominance Limited Resting Heart
Weaning Observation Access Rate Measure-
ment

| | I I
| Mother‘s pen housing | N= 16 per group | N= 8 per group |

condition

Figure 1: Experimental setup, test sequence, housing condition and age of each dwarf

goat (given in weeks).
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3.3.2 Open-Field and Novel-Object Test

All kids were tested in an open-field test (OF-test) and novel-object test (NO-test)
twice within two weeks (two test periods). They were eight weeks of age for the
first test period and ten weeks of age for the second test period (Figure 1). For the
OF-test and the NO-test we used an arena (3 m x 4.8 m) with opaque walls (2 m
high) in a different part of the barn which was separated from the home pens by
two doors. The arena was divided into 12 identical segments (1 x 1.2 m) which
were indicated by white lines on the floor. A fully enclosed start box (1 x 1 x 1 m)
was connected to the arena and was opened by a guillotine door. For the first NO-
test, a traffic cone was used and for the second test, a medicine ball was used as
the object. To ensure that the object could not be displaced by the focal animal,
the object was fixed with a chain hanging from the ceiling. A camera (Panasonic
WV-CP500) and an external microphone (TenluxDM-518) placed above the arena
recorded the animal’s movements and vocalizations. The OF- and NO-tests were
conducted between 7 am and 12 am. Both tests were conducted for five minutes
each. The OF-test was performed on all kids on the first day of the test period and
the NO-test on the next day. The testing order of groups and the animal order
within the group was randomised. For a test, the kid was taken from its home pen,
placed in the start box and the door to the arena was opened after 20 seconds. If
the kid did not enter the arena within 30 seconds voluntarily, it was gently pushed
into the arena, and the guillotine door was closed immediately. At the end of the
test, the kid was allowed to leave the arena by a side door and was taken back to

its home pen. In cases of urination or defecation, the arena was cleaned after each
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test to avoid olfactory distraction of the following subjects. For both tests and both
test periods we recorded 82 behaviours for each subject coded with Observer XT

(Version 12, Noldus Information Technology, the Netherlands).

3.3.3 Social Separation Test

All kids were tested in a social separation test (SST) twice within two weeks.
They were 13 weeks of age for the first test and 15 weeks of age for the second
test (Figure 1). For the SST, we used an arena that was divided into two parts (1.5
m x 3 m each). Both parts were separated by two opposing wire-mesh fences with
a distance of 20 cm (Figure 2). During the test, the test group (eight animals) was
brought in one part of the arena, and one focal animal was taken out of the group
and brought in the opposite part of the arena. This part was divided into three
identical segments, defined by their distance to the fence (1-right by the fence, 2-
middle segment, 3-furthest from the fence), and the animal started the test in
segment 2. For five minutes, we recorded “general duration of activity”, “general
duration of rearing up” and “general duration of time spent at the fence” via
camera (Panasonic WV-CP500). This test was conducted between 7 am and 12
am. The testing order of groups as well as the focal animal order within the group
was randomised. At the end of the test the focal animal was returned to its group

members. In cases of urination or defecation, the arena was cleaned after each test

to avoid olfactory distraction of the following subjects.
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grids (20 cm gap)
3 meters | 3 meters

focal|animal group members

| L1

‘ door

segment 2

segment 3 segment 1

Figure 2: Setup of the social separation test. The focal animal is taken out of its group,

which is in the right part of the arena, and brought to the left part of the arena. The left
part of the arena is subdivided into three segments. The test starts in segment 2, when the

door is closed. Both parts are separated by two grids.

3.3.4 Dominance

The observations of dyadic agonistic interactions were conducted in the home pen
twice a day for 30 min after feeding (8 am and 1 pm) for five days after
regrouping into groups of eight animals (Figure 1). As agonistic interactions, we

considered behaviours such as threatening, chasing, pushing, displacing and
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fighting. We recorded the time of interaction as well as the initiator and recipient,
and in the case of a fight, we recorded who won and generated a winner-looser
matrix. We calculated a dominance index as suggested by Langbein and Puppe
(2004) to obtain a value between -1 (low in the groups’ hierarchy) and 1 (high in
the groups’ hierarchy) for each animal. Due to technical problems, we started the

observations in the second run. Therefore, we only have values for 76 kids.

3.3.5 Limited Access

The limited access test (LA) was conducted twice within two weeks, when kids
were 14 weeks of age for the first test and 16 weeks of age for the second test
(Figure 1). During this test, the learning device in the home pen was closed at 4
pm and reopened after 16 hours at 10 am the following day. We recorded the
order of the animals entering the learning device to obtain water until each animal

of the group (eight in total) was able to enter the learning device.

3.3.6 Resting Heart Rate Variability (RHRYV)

The resting heart rate (RHR) was measured, when kids were 17 weeks of age
(Figure 1). RHR measurements were performed for four hours (7:30 am to 11:30
am) using the Polar heart rate monitor (RS800CX; Polar Pro Trainer 5, Polar
Electro Oy, Finnland). The electrode belt was strapped around the chest with the
electrodes fixed on the left part of the body (for further details see Langbein et al.,
2004). All kids were habituated to the equipment used for measurement for four
hours one day before. During the RHR measurement, each kid was also equipped

with an MSR data logger (MSR145W, Modular Signal Recorder Electronics
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GmbH, Switzerland) affixed to the right hind leg to reliably detect lying periods.
RHR data were analysed using Polar software (Polar Pro Trainer 5, Polar Electro
Oy, Finland). Heart rate intervals (R-R) were corrected for anomalies in five-
minute intervals using standard settings in Polar. We analysed heart rate (heart
beats per minute), the root mean square of the successive differences of
neighbouring R-R intervals (RMSSD in ms) and the standard deviation of the R-R
intervals (SDNN in ms) across one to four consecutive five-minute intervals of

undisturbed lying for each kid.

3.3.7 Weight and Weight Gain

To obtain weight measurements, kids were weighed directly after birth, on the day
of weaning and at the end of the testing period (Figure 1). We calculated the
variance between weight at birth and weight at weaning (weight gain B-W),
between weight at weaning and weight at the end of the testing period (weight
gain W-E) and between weight at birth and weight at the end of the testing period

to obtain measures about weight gain (weight gain B-E).

3.3.8 Data Analysis and Statistics

Statistical analysis was performed with SAS 9.4 (SAS Institute Inc., USA). In a
preliminary analysis, we checked for the influence of weight at weaning and birth
season on all 82 measured behaviours in the OF- and NO-tests using a univariate
mixed model with the random effects of “individual ID” nested within “mother
ID” and the fixed effects of “season” (spring vs. autumn) or “weight” because

seasonal differences and weight differences between individuals are known to
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have an impact on behaviour (Finkemeier et al., 2016; Haage et al., 2013; Pyter

and Nelson, 2006). As a result, we chose 11 measures from both tests that were

not influenced by the mentioned effects and/or that are common for use in animal

personality studies (e.g. Finkemeier et al., 2016; Forkman et al., 2007) for further

analysis (Table 1).

Table 1: Definition and type of recording of 11 measures of 7 behaviours during the

open-field (OF) and novel-object (NO) tests used for both PCAs; D = duration (total time

in s), F = frequency, L = latency (time in s until behaviour was first shown).

Behaviour Type of recording Definition
General activity D Max. 3 legs touching the ground, forward movement
(OF +NO)
Rearing up D Animal stands on both hindlegs on the ground and
touches the walls of the arena with the forelegs
(OF + NO)
Time spent in corner D Time that the animal spends in the corner segments of
segments the arena
Time spent in inner D Time that the animal spends in the inner segments of the
segments arena
Vocalizations F Any kind of bleats the goat makes
Time spent in the D With at least the forelegs in the segments (5 in total)
segments near the object which are near the object
Contacts with object D,F, L Snout contact with the novel object

We performed a principal component analysis (PCA) separately for each test

period (PCA1 + PCA2), which describes the relationship between new principal

components (PCs) and the 11 chosen behaviours measured in both the OF- and

NO-tests of each test period (test period 1 and test period 2). We used PCAs
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instead of a factor analysis because our measured variables were non-normally
distributed (Budaev, 2010; Costello and Osborne, 2005) and because no a-priori
theory or model exists (Gorsuch, 1983). We used a correlation matrix (the CORR
procedure) of all pairwise correlations of the 11 behaviours by applying the non-
parametric Spearman’s rank correlation test, as input data set. Both PCAs were
calculated with the FACTOR procedure in SAS with the following parameter
settings: method=PRIN, prior=ONE, rotation=VARIMAX. Kaiser’s measure of
sampling adequacy (overall MSA/KMO) indicates how credible the calculated
PCA is (e.g., an overall MSA above 0.9 is described as “marvellous”, 0.7 is
described as “middling”, below 0.5 is described as “unacceptable” by Kaiser and
Rice, 1974). For the choice of the final number of PCs, we used Kaiser’s number
of eigenvalues > 1 (Kaiser, 1960) and Cattell’s scree-test (Cattell, 1966), where
we considered behaviours with loadings above 0.7 and below -0.7 (since these are
rated as “excellent” by Comrey and Lee, 1992)). Additionally, we discarded PCs
that consisted only of one behaviour or of two complementary behaviours (e.g.,
“active” vs. “inactive”). Finally, we calculated PC scores for each animal in each
of the two test periods with the SCORE procedure, where each individual score
was calculated from the standardised original data and the respective loadings of
each PC separately for PCA1 and PCA2. The animals were assigned to specific
score classes (SC) according to the level of their scores in the PCs gained from
each PCA (suggested by Mendl et al., 2010). We calculated a Spearman’s rank
correlation between the PCs of the first and the second test period as a measure of
consistency and to determine the personality type (proactive, intermediate,

reactive).
92



Chapter 3 — Assessment of personality types in Nigerian dwarf
goats (Capra hircus) and cross-context correlations to behavioural
and physiological responses

We calculated a Spearman’s rank correlation test between the PCs and the
variables measured in the SST, dominance index, LA, RHRV and weight gain to
assess relationships between personality factors and other behavioural (single and

group situations) and physiological traits.

3.3.9 Ethical Note

All animal care and experimental procedures were performed in accordance with
the German welfare requirements for farm animals and the ASAB/ABS
Guidelines for the Use of Animals in Research (Anonymous, 2019). All
procedures involving animal handling and treatment were approved by the
Committee for Animal Use and Care of the Ministry of Agriculture, Environment

and Consumer Protection of the federal state of Mecklenburg-Vorpommern,

Germany (Ref. 7221.3-2-005/14).

3.4 Results

3.4.1 Principal Component Analysis

From the preliminary analysis of the 82 behaviours (see supplementary material),
we selected 11 behaviours (Table 1) identical for both test periods, which were
not affected by season and weight and/or are commonly used in animal
personality studies. Using these behaviours, we calculated one PCA for each test
period (PCA1 + PCA2). We found five PCs in PCA1 (Overall MSA= 0.7). The
first PC (PC 1a; eigenvalue = 3.5) consists of four behaviours with loadings above
0.7 and below -0.7 describing the interaction with the novel object (Table 2). The

second PC (PC 1b; eigenvalue = 2) consists of two behaviours with loadings
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above 0.7 and below -0.7 describing active-like behaviour. We labelled PCla
“boldness” and PC1b “activity”. The two PCs explained 32% and 18.2% of the
variation in the data, respectively. The third, fourth and fifth PCs were discarded
because one consisted of two complementary behaviours, the next consisted only
of one behaviour and the last had an eigenvalue < 1.

In PCA2 (Overall MSA = 0.71) we found the same five principal components,
with the first describing the interaction with the novel object (PC2a; eigenvalue =
3.7) and the second describing active-like behaviour (PC2b; eigenvalue = 1.3),
explaining 34% and 12% of the variation in the data, respectively. As in PCA1,
we discarded the remaining PCs because one consisted of two complementary
behaviours, the next consisted only of one behaviour, and the last had an
eigenvalue < 1.

As a measure of consistency between both PCAs, we used Spearman’s rank
correlation test. Boldness (rs = 0.43; p < 0.001) and activity (rs = 0.66; p < 0.001)

were highly correlated over both test periods (PCA1 and PCA2).

3.4.2 Determination of the Personality Type

Based on the two PCs, goats were assigned to four different SCs separately for
each PCA (Figure 3 and Figure 4). We labelled SCs Q1 to Q4. Q1 represents the
“highly active but shy”, Q2 the “highly active and bold”, Q3 the “less active but
bold” and Q4 the “less active and shy” personality type. According to the
reactive-proactive approach, Q2 represents a proactive and Q4 represents a
reactive personality type. Corresponding to the results of PCA 1, 30 goats were

assigned to Q1, 30 goats to Q2, 23 goats to Q3 and 25 goats to Q4 (Figure 3).
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Table 2: The table shows the principal component loadings of the selected behaviours
from the OF- and NO-tests on both PCs of the two PCAs in the first (PCla + PC1b) and

second (PC2a + PC2b) test period. Loadings above 0.7 and below -0.7 are shown in bold.

Behaviour PC 1a PC1b PC 2a PC 2b
General activity in OF -0.142 0.742 -0.090 0.916
Rearing up in OF 0.182 0.189 -0.065 0.148
Time spent in corner -0.003 0.055 -0.069 -0.047
segments in OF
Time spent in inner 0.076 0.097 0.074 0.135
segments in OF
General activity in NO 0.075 0.837 0.147 0.818
Rearing up in NO 0.093 0.594 0.112 0.032
Vocalizations in NO 0.259 0.690 0.395 0.288
Time spent in the 0.709 -0.087 0.704 -0.012
segments near the
object in NO
Duration of contacts in 0.951 0.132 0.965 0.043
NO
Number of contacts in 0.956 0.159 0.965 0.047
NO
Latency to touch the -0.893 -0.031 -0.945 0.018
object in NO
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Figure 3: Individual scores of all goats (N = 108) in the first test period based on the

loadings (given in bold in Table 2) of PC la (“boldness”) and PC 1b (“activity”). QI

(crosses) = highly active but shy (intermediate personality type), Q2 (squares) = highly

active and bold (proactive personality type), Q3 (dots) = less active but bold (intermediate

personality type), Q4 (triangles) = less active and shy (reactive personality type).
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According to the score levels gained by PCA 2, 23 of 30 goats (76.6%) were
assigned to Q1 (crosses in Figure 4), 15 of 30 goats (50%) to Q2 (squares in
Figure 4), 11 of 23 goats (47.8%) to Q3 (dots in Figure 4) and 17 of 25 goats
(68%) to Q4 (triangles in Figure 4). In total, 66 of the 108 goats (61%) showed
consistent behaviour over both test periods, whereas 20.4% of the goats displayed
consistent proactive or reactive behaviour. Of the remaining 42 animals, 34

moved to a neighbouring SC and 8 moved to the opposite SC.

PCA Test Period 2
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Figure 4: Individual scores of all goats (N = 108) in the second test period based on the
loadings (given in bold in Table 2) of PC 2a (“boldness”) and PC 2b (“activity”). The
crosses in Q1 represent the goats that showed consistent highly active and shy behaviour

in both test periods, the squares in Q2 represent the goats that showed consistent
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proactive behaviour, the dots in Q3 represent the goats that showed consistent less active
but bold behaviour and the triangles in Q4 represent the goats that showed consistent
reactive behaviour in both test periods. The crosses, squares, dots and triangles located in

other SCs show the individuals with a flexible behavioural phenotype.

3.4.3 Relationship to Behaviour and Physiology

To analyse correlations between personality types and other behavioural and
physiological traits, we only considered those goats that showed consistent

behaviour (N=66) over both test periods for further analysis.

Goats that scored high in the PC1b “activity” of PCA1 were also more active (rs =
0.31; p=0.01) and showed more rearing up behaviour (rs = 0.28; p = 0.03) in the
first SST. We also found correlations between the PC2b “activity” of PCA2 and
activity (rs = 0.34; p = 0.006) and rearing up (rs = 0.34; p = 0.006) of the second
SST. In comparison, goats that scored high in the PCla “boldness” of PCA1 spent
less time at the fence (rs = -0.33; p = 0.009), while this effect was not found
between PCA2 and the second SST. The measured behaviours during the SST did

not correlate between the tests.

The dominance index did not correlate with any of the PCs, but we found a
positive correlation between the PC1b “activity” of PCA1 and the order of the
animals entering the learning device of the first test of LA (rs = 0.29; p = 0.03),

which we did not find between PCA2 and the second test of LA.

While heart rate and RMSSD did not correlate with any of the PCs, the SDNN
correlated with both PCs of both PCAs. We found a negative correlation between
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PCla of PCA1 and the SDNN (rs = -0.28; p = 0.04), while PC1b and PC2b of
PCATI (rs = 0.3; p = 0.02) and PCA2 (rs = 0.4; p = 0.0003) correlated positively

with the SDNN.

Weight only correlated with the PC2b “activity” of PCA2. Goats that scored high
on the active factor weighed more at the end of the whole testing period (rs =
0.25; p = 0.04). This effect could also be found for the weight gain parameters.
However, “weight gain B-W” did not correlate with any of the PCs. PC2b of
PCA2 correlated with “weight gain W-E” (rs = 0.36; p = 0.003) and “weight gain
B-E” (rs = 0.26; p = 0.036), indicating that goats that scored high in “activity” had

a higher increase of weight during the whole testing period.

3.5 Discussion

3.5.1 Consistency in Dwarf Goat Personality

Since the introduction of the evolutionary game theory by Maynard Smith (1982),
it is well known that frequency-dependent fitness payoffs can lead to the stable
coexistence of different behavioural types in populations (reviewed by Dall et al.,
2004). This results in polymorphic populations that are composed of extreme
types on both ends of the spectrum (Maynard Smith, 1982). If personality
differences evolve together with morphological and other traits, they can facilitate
speciation and the conservation of adaptive change, and the presence of different
personality types in populations will determine the species’ ability to persist
(Clune et al. 2013; Dall et al., 2004). This means that a population in the wild can

only persist when there are fixed proportions of individuals who display
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consistent proactive, reactive and intermediate behaviours (Dall et al., 2004;
Maynard Smith, 1982). Our results show that 66 of the 108 (approximately 61%)
dwarf goats exhibited consistent behaviour over both test periods, and 20.4% of
the subjects displayed consistent proactive or reactive behaviour. This matches
previous studies with cattle (approximately 21%; Graunke et al., 2013) and pigs
(approximately 34%; Zebunke et al., 2015) and corresponds to previous findings
in wildlife populations, where proactive and reactive personality types are less
represented in a population because they count as extreme personality types (Dall

etal., 2004).

The results of our PCAs show similarities in the composition of the PCs compared
to a study by Graunke et al. (2013) performed on another ruminant species: they
used 361 calves and they determined two main PCs with behaviours measured in
an NO-test, while our PCs were composed of behaviours measured in OF- and
NO-tests. In both studies, the first PC is composed of behaviours explaining
boldness (e.g., duration of contact with the novel object, number of contacts with
the novel object, latency to touch the novel object), and the second PC is
composed of behaviours explaining activity and/or exploration. These behaviours
have similarly very strong loadings on the two components (e.g., from 0.7/-0.7 to
0.9/-0.9). Another study on 40 lactating Holstein cows conducted by Foris et al.
(2018) also showed behaviours measured in an OF- and NO-test of the loadings
on two different PCs describing personality factors activity and boldness and had

similar high loadings. The measured behaviours in all three studies, seem to be of
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strong importance in describing boldness and activity in ruminants, and therefore,

in goats.

On the other hand, 42 goats changed to the neighbouring score classes (SCs),
indicating a flexible behavioural response. Only eight of them changed to the
opposite SC. The majority reduced bold and active behaviour over the test
repetitions. We can assume that some goats may have habituated to the test
situations as this effect is also critically discussed by Forkman et al. (2007) and
Perals et al. (2017). The other goats may show phenotype-specific developmental
plasticity because some phenotypes seem to be able to change more than others
(Sinn et al., 2008). Even if the concept of animal personality suggests consistency
of behaviours, animal personality and behavioural plasticity coexist (Sih et al.,
2004), and it has been suggested that more extreme personality phenotypes (e.g.,
reactive and proactive) might be less plastic than intermediate/flexible personality

phenotypes (Sih, 2013).

One can criticise that we conducted only one repetition of the OF- and NO-tests
(test period two), and this repetition was conducted two weeks after the first test
period. “Boldness” and “activity” were highly correlated between both test
periods and were consistent over the two test periods. As our test animals had to
encounter learning tasks at a certain age, we chose to measure personality
differences (e.g., analogous to the backtest procedure by Zebunke et al., 2015)
before these tests started to obtain a better view about the relationship of
personality and cognition in goats. When the interval between the observations of
behaviour is short, it is likely that the animals are of a similar state (e.g., hunger,
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size, age, condition, dominance) during both observations and experience similar
environments (Bell et al., 2009). Future directions could be to increase the delay

between the two test periods or even adding a third test period.

3.5.2 Cross-context Correlations in Dwarf Goat Personality

3.5.2.1 Relationship between Personality and Behaviour

during Social Separation

The social separation test (SST), similar to the OF- and the NO-tests, is a test that
is performed with a focal animal and measures the behaviour of the individual
when separated from conspecifics. We found that goats that scored high on the PC
“activity” were also more active and showed more rearing up behaviour in the
SST than goats that scored low on this PC. We found this effect between both
PCAs and both SSTs, which may indicate a behavioural syndrome, as this type of
correlation is discussed to be a behavioural syndrome in animal personality
studies (Huang et al., 2018; Sih et al., 2004). In comparison, goats that scored
high on the PC “boldness” spent less time on the fence, indicating that bold goats
seem to be less social. However, we found this correlation only between PCA1
and the first SST, which can be explained with habituation to that situation.
Nevertheless, the variable “time spent at the fence” did not correlate between both
tests, therefore, we have no indication for a sociability factor in this study. In
contrast, Nawroth et al. (2017) conducted two tests to measure sociability in

goats: the attraction test in a familiar environment and an isolation test in an
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unfamiliar environment. Both tests were conducted twice, and behaviour was

consistent over both test periods, indicating a sociability factor in goats.

3.5.2.2 Relationship between Personality and Dominance

The dominance index did not correlate with any of our measured personality
factors. One reason could be that we only started to observe the group’s hierarchy
up to the second run. From our 66 individuals, which showed a consistent
personality type, we have ten individuals with no value for the dominance index.
The missing correlation between personality factors and dominance status could
be due to these missing values. On the other hand, dominance is a complex
domain in personality and is discussed as an independent personality factor in
some species and seems to be important to consider when studying social species
(reviewed by Finkemeier et al. 2018). However, we found a correlation between
“activity” and behaviour in the limited access test. Goats that scored high on this
factor were also the first to enter the learning device after 16 hours of water
deprivation. Water is an important resource, so this result shows that the more
active goats seem to have a higher rank in the group’s hierarchy because they
could get this resource earlier than the less active goats. Dominance seems to be
defined by boldness and/or aggressiveness (Gosling and John, 1999), and
aggressiveness serves to establish dominance relationships (Desire et al., 2015). In
non-farm animals, a comparative study on domestic guinea pigs (Cavia porcellus)
and wild cavies (Cavia aperea) showed that dominance proved to be stable over
time, which is part of the definition of a personality factor (Zipser et al. 2013). In

female domestic goats, the dominance rank seems to be influenced by
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aggressiveness, showing that more aggressive goats are the most dominant in the
social hierarchy, which can be seen in the present study as well, as we defined
dominance hierarchy by measuring agonistic interactions (Barroso et al., 2000).
Moreover, age, body and horn size seem to have an influence on the dominance
status, which also has an impact on reproductive success in goats: intermediate-
ranked female goats have higher reproductive success than more dominant and
subordinate goats (Barroso et al., 2000). The relationship between personality and
dominance needs further investigation to prove whether dominance should be a
fully accepted personality factor in goats or if it is only a social outcome

(reviewed by Finkemeier et al., 2018).

3.5.23 Relationship between Personality and Physiology

“Boldness” was negatively correlated, and “activity” was positively correlated
with the SDNN. These results indicate that shy and active goats seem to have a
higher sympathetic activation at rest than bold and less active goats with a lower
SDNN (Malik and Camm, 1995). The SDNN is a parameter that shows a
combination of parasympathetic and sympathetic activation, whereas the RMSSD
gives information about parasympathetic activation alone (Houle and Billman,
1999), which did not correlate with any of the personality factors in our study;
thus we can only assume that those animals show a sympathetic shift in their
sympathetic-parasympathetic balance. A sympathetic shift is known to promote an
increased metabolic output to address environmental challenges (Porges, 1995).
This would mean that goats, which are more active and/or shy, are more alert to

environmental changes, even while resting. Regarding activity, this would support
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findings of the proactive/reactive dichotomy, as several studies in different
species have already shown that proactive individuals have a stronger sympathetic
activation in different contexts (Cannon, 1929; Korte et al., 1997; Krause et al.,
2017). However, we measured heart rate at rest which makes it difficult to
compare our results with the aforementioned studies. Interestingly, a study
conducted on humans already found that the personality factor of neuroticism was
significantly associated with HRV under baseline conditions (Cuki¢ and Bates,
2014). As activity and boldness are the equivalent personality factors for
neuroticism in animals (reviewed by Finkemeier et al., 2018), we can assume that
both personality factors and their relationship to SDNN found in the present study

are to some extent related to RHRV in goats.

Weight only correlated with the PC “activity”, indicating that goats that scored
high on the activity factor were heavier at the end of the whole testing period.
This effect could also be found for the weight gain parameters “weight gain W-E”
and “weight gain B-E”, indicating that goats that scored high on the activity factor
had a higher increase of weight during the whole testing period. Many studies
indicate that boldness, activity and/or aggressiveness are positively related to food
intake rates, productivity (e.g., weight and/or weight gain) and other life-history
traits in a wide range of taxa (reviewed by Biro and Stamps, 2008). Individual
differences in weight gain are likely to encourage consistent individual differences
in personality factors that are related to the acquisition of food resources, such as
boldness, exploration, aggression and activity (reviewed by Biro and Stamps,

2008). Therefore, the relationship between personality and weight gain in goats
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perfectly matches the results of other studies in other taxa, measuring the same

effect (Arendt, 1997; Biro et al., 2006, Martins et al., 2005; Stamps, 2007).

3.6 Conclusion

The present study shows that individual differences in personality in goats are
consistent over time and provides insight into cross-context correlations between
the behaviour in different test situations (single vs. group) and physiological
parameters (RHRV and weight gain). Conducting a repeated principal component
analysis, the same behavioural parameters load on the same principal components.
Based on these two personality factors, “boldness” and “activity”, we found a
comparatively small number of extreme personality types in our dwarf goat
population, which is consistent with the results of studies in other wild and
domestic animal species. Personality should be considered to improve farm

animal welfare by adjusting management and housing conditions.
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4.1 Abstract

A wide range of species exhibit time- and context-consistent interindividual
variation in a number of specific behaviours related to an individual's personality.
Several studies have shown that individual differences in personality-associated
behavioural traits have an impact on cognitive abilities. The aim of this study was
to investigate the relationship between personality traits and learning abilities in
dwarf goats. The behaviour of 95 goats during a repeated open field (OF) and
novel object test (NO) was analysed, and two main components were identified
using principal component analysis: boldness and activity. In parallel, the goats
learned a 4-choice visual initial discrimination task (ID) and three subsequent
reversal learning (RL) tasks. The number of animals that reached the learning
criterion and the number of trials needed (TTC) in each task were calculated. Our
results show that goats with the lowest learning performance in ID needed more
TTC in RLI1 and reached the learning criterion less frequently in RL2 and RL3
compared to animals with better learning performance in ID. This suggests a close
relationship between initial learning and flexibility in learning behaviour. To
study the link between personality and learning, we conducted two analyses, one
using only data from the first OF- and NO-test (momentary personality traits),
while the other included both tests integrating only animals that were stable for
their specific trait (stable personality traits). No relationship between personality
and learning was found using data from only the first OF- and NO-test. However,
stability in the trait boldness was found to have an effect on learning. Unbold
goats outperformed bold goats in RLI. This finding supports the general

hypothesis that bold animals tend to develop routines and show less flexibility in
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the context of learning than unbold individuals. Understanding how individual
personality traits can affect cognitive abilities will help us gain insight into
mechanisms that can constrain cognitive processing and adaptive behavioural

responses.

Keywords

Discrimination learning, personality, cognition, open-field test, novel-object test,

serial reversal, goats.

4.2 Introduction

A wide range of species exhibit time- and context-consistent interindividual
variation in behaviours, such as activity, exploration, boldness, aggressiveness
and sociability, which are all traits related to an individual's personality (1-5).
More than 100 years ago, Pavlov was the first to suggest that canine personality
could also be a marker for differential performance in associative learning (6).
Regardless, potential relationships between animal personality and interindividual
differences in cognitive abilities have been relatively understudied in nonhuman
animals (7, 8); however, in the last decade, they have attracted new interest across
a wide range of taxa, while the causes and strengths of this variation are still under

discussion (9).

Proximate factors (attention, selectivity, persistence, and experience) represent
behavioural mechanisms that have a major impact on individual learning and
cognitive performance (10). Current frameworks that determine behavioural

phenotypes that are stable across time and context, such as animal personality (1,
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11), temperament (12), coping style theory (13) and behavioural flexibility (14),
which are all interrelated (15) have been hypothesized to be functionally related to
individual differences in learning and were used to explain consistent within-
species interindividual variation in cognitive abilities such as learning and
memory. In this way, personality may affect performance in cognitive tasks in that
individual variation in attention and encounter rates of environmental stimuli act
to either facilitate or inhibit learning (6). It is assumed that natural selection could
have parallel effects on cognition and animal personality simultaneously, leading
to a correlation between cognition and various personality traits, as both follow a
continuum between fast and slow phenotypes (16). The link between variation in
personality and cognition forms the basis of the cognitive style hypothesis and is
centred on a speed-accuracy trade-off that assumes that individuals may apply
different cognitive styles (fast or accurate) based on personality or coping style (7,
17). Proactive individuals, which tend to be bolder, more active, neophilic and fast
explorers, learn at higher speeds but at the cost of accuracy. They are likely to
become entrenched in a previously learned strategy and thus are less flexible
when confronted with new challenges compared to reactive individuals, who are
characterized as being rather shy, neophobic, and slow explorers (12, 13, 18).
Furthermore, proactive animals are more rigid and fast in decision-making, while
reactive animals are thought to be more attentive to environmental changes and
stimuli. Attention to environmental cues and cognitive ability are positively
related to behavioural flexibility and the ability of an individual to adjust to an
ever-changing environment (6, 19). In contrast to much empirical work

demonstrating a relationship between personality and learning abilities in different
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species (20-22), some recent authors cast doubt on a general parallelism between
behavioural and cognitive dispositions, as some studies failed to show this link (8,
9, 23-25). For instance, while fast-exploring great tit males (Parus mayor) showed
more flexible learning abilities than slow-exploring males, female slow explorers
outperformed fast explorers, showing a sex dependency in the relationship
between personality types and learning (26). Two different zebrafish (Danio
rerio) strains classified as proactive and reactive were able to learn and recall the
fearful association of an associative fear conditioning task. While both coping
style strains showed no differences in memory, reactive zebrafish acquired fear
memory at a significantly faster rate than proactive zebrafish (27). Another study
on narrow-striped mongooses (Mungotictis decemlineata) tested the relationship
between learning performance, social information and individual differences in
boldness: learning performance of seven wild female groups (of two to six
individuals each) was tested with an artificial feeding box using a demonstrator-
observer paradigm. Bold individuals as well as individuals in groups with
demonstrators were faster in learning the task, while individuals without a
demonstrator learned the task more slowly, indicating an interaction between
personality traits, use of social cues and learning performance (28). In male
African striped mice (Rhabdomys pumilio), proactive individuals (measured by
boldness, activity and exploration) performed better than reactive males in two
learning tests: a string-pulling task to obtain food and a door-opening task to reach
the nest (29). On the other hand, in guinea pigs and female guppies (Poecilia

reticulata) exploration, sociability and boldness were not intercorrelated with
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learning performance (30, 31), again indicating that relationships between

personality traits and learning are quite diverse in a number of different species.

In recent years, interest in individual differences in a variety of taxa has increased,
including in livestock research (reviewed by 15). There is mounting evidence that
these differences play an important role in various contexts in pigs (32-34), cows
(35-37), horses (38-40), chickens (41, 42) and goats (43, 44). General knowledge
about the cognitive capabilities of livestock (i.e., their ability to acquire, process,
store and use information) is of great interest, as cognitive capacities have a major
impact on how they are able to interact with their environment (45). Farm animals
see themselves confronted with a multitude of challenges (i.e., automated feeding
regimes, inflexible housing conditions, rigid management practices) during their
lifetimes that have very specific and individual cognitive requirements. To date,
numerous studies have focused on quantifying and understanding species-specific
cognitive abilities and learning skills in farm animals. For instance, in a visual
discrimination task, pigs were able to discriminate between two visual stimuli,
and even 1/3 performed well in the reversal task (46). In an acoustic
discrimination task, pigs were trained to visit the feeding site after discriminating
an individual acoustic signal to obtain a food reward (47). In horses, observers
were allowed to watch demonstrators opening a feeding apparatus: While young
and lower ranking horses learned the task, older and higher ranking horses did
not, showing an age and rank dependency in learning (48). Chickens were able to
complete visual occlusion, have biological motion perception and were able to
discriminate object and spatial representations, to name a few (reviewed by 42).
Meyer and colleagues used an automated learning device that presents artificial
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symbols via a screen and found that goats have clear categorization capacities
(49). They were also successful in object permanence tasks (50) and were seeking
cognitive challenges by choosing to work for a reward even if they have the
possibility of getting it for free, named ‘contrafreeloading’ (51, 52). In playback
experiments, it has been shown that goats were able to recall offspring
vocalizations for at least one year (53, 54). Training a series of visual
discrimination tasks showed that goats were able to improve their performance in
a learning-to-learn process and develop a learning set (55). In summary, a wide
range of cognitive tests has been applied in farm animals to assess a range of
cognitive traits. However, differences in cognitive ability between and within
individuals of the same species across repeated measurements or across different
experimental conditions have also been noted but the causes of these differences
remain largely unexplained (7, 8, 45). To date, there is only limited knowledge
about a phenotypic link between individual personality and learning capacities in

farm animals.

In the current study, we investigated the potential relationship between specific
personality traits and learning performance in female dwarf goats. A 4-choice
visual discrimination task and three subsequent reversal learning tasks were
applied to characterize the learning abilities of the goats. Reversal learning
paradigms are commonly used to test behavioural flexibility, a type of phenotypic
plasticity that can influence how animals cope with environmental changes. To
investigate the relationship between the consistency of certain personality traits

and learning, first only data from the first personality test and then the combined
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data from both personality tests were used separately to test the respective effect

on learning performance.

First of all, we expected a relationship between learning and reversal learning in
that good learners in the visual discrimination task would need more trials to
reach the learning criterion in the reversal learning task and vice versa. This is
based on the findings of other studies showing that fast learners exhibited lower
behavioural flexibility and, therefore, performed worse in a reversal learning

paradigm compared to slow learners (56).

Second, we expected no interrelation between the personality traits deriving only
from the first personality test and discrimination learning or reversal learning. On
the other hand, taking consistent personality traits into account (data from both
personality tests), we expected the more active and bold individuals to
disproportionately achieve the learning criterion in the discrimination task faster
while inactive and unbold individuals would perform better in the reversal
learning tasks, in line with studies regarding behavioural flexibility in the context

of coping style (7, 57).

4.3 Animals, Materials and Methods

4.3.1 Animals and Housing

The experiments were conducted with 108 juvenile female Nigerian dwarf goats
(Capra aegagrus hircus) bred from a line at the Leibniz Institute for Farm Animal
Biology (FBN, Dummerstorf, Germany). Due to our breeding program, two

experimental runs were conducted per year. From birth to weaning (Figure 1),
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goats were housed in mixed groups consisting of three to five adult females and
their male and female kids. The pens (12 m2) were littered with wheat straw as
bedding material and contained a hayrack and a round feeder to deliver
concentrate (800 g to 1000 g twice per pen, Vollkraft, Mischfutterwerk GmbH,
Giistrow, Germany). Hay and water were provided ad libitum. After weaning
(seven weeks of age), female goat kids were kept in groups of up to 16 animals
per group in pens as described above, with an additional climbing rack as an
enrichment activity. All animals were ear tagged and wore a collar with a
responder (Urban, Wuesting, Germany) for individual recognition at the free
accessible automated learning device. The operating principle of the learning
device has been described in detail elsewhere (49). In the following weeks, the
kids were shaped to the learning device. During this time, we conducted repeated
OF- and NO-tests (Figure 1). At 12 weeks of age, kids were kept in groups of up
to eight animals per group in pens as described above. As the number of goat kids
was different in every lambing season, runs one and two of the study were
conducted with 32 kids each, run three with 14 kids and run four with 30 kids.

From here on they will be referred to as goats.
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Birth ‘ Open Field + Novel Object ‘ ‘ Reversal Learning (RL1-3) ‘

(
1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15‘16‘17‘18‘19‘20‘21>
) ()
| Initial Discrimination (ID) |

| Pre-weaning I Shaping I Training I Learning
N= 16 per group N= 8 per group

Figure 1: Timeline of the experimental procedure test sequence, housing condition and

age of the dwarf goats (given in weeks).

4.3.2 Behavioral Testing

To obtain the respective personality traits, we conducted repeated OF- and NO-
tests. Repetitions were performed after 14 days as Takola et al. (58), who
conducted a meta-analysis including 115 studies, found that repeatability of
responses to novel objects was significant an greater in short-term studies than in
long-term studies. In both tests, each goat stayed alone in an arena for 5 minutes.
For both tests, we used an arena (3 mx4.8 m) with opaque walls (2 m high) in a

different part of the barn, which was separated from the home pens by two doors.
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The arena was divided into 12 identical segments (1x1.2 m), which were indicated
by white lines on the floor. A fully enclosed start box (1 x 1 x 1 m) was connected
to the arena and had a guillotine door. For the first NO-test, a traffic cone, and for
the second test, a medicine ball was used as the object. To ensure that the object
could not be displaced by the focal animal, the object was fixed with a chain
hanging from the ceiling. All tests were video recorded (Panasonic WV-CP500).
For both tests and both test repetitions, we recorded 82 behavioural measures for
each subject coded with Observer XT (Version 12, Noldus Information
Technology, The Netherlands). The OF- and NO-tests were conducted on two
consecutive days, the same for the repetitions. Further details concerning the
testing procedure and the recorded behavioural measures were described by

Finkemeier et al. (44).

4.3.3 Visual Discrimination Learning

4.3.3.1 Shaping

Over six weeks, we shaped the goats stepwise to the learning device. The learning
device was integrated into the home pen with free access for all goats 24/7. We
used drinking water as a reward (30 ml for each correct choice), which was only
accessible at the learning device. For detailed information regarding the shaping
procedure, see Langbein et al. (59). In short, we started with a float switch
hanging in a water bowl with a button directly above the switch. By pressing the
button, the goats could add 30 ml of water to the bowl. After one week, the float
switch was removed, and we installed first one, later two buttons 20 cm above the

bowl, one of which had to be pressed to fill water in the bowl. The reward button
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was changed weekly and at the end of the shaping phase, daily. At the end of the
shaping phase, all goats were able to push the buttons and ensure their water
demand independently. According to the veterinary and food control government,
the daily water demand of dairy goats ranges between 1.5 to 4 litres and based on
our experience from previous learning experiments in dwarf goats, we can expect
between 23.7 and 28.5 number of drinking actions (30 ml per action), which

equals daily water consumption between 0.83 and 0.99 litres (51).

4.3.3.2 Training

After completing shaping, goats were regrouped to up to eight animals per group
into identically equipped pens, including the learning device. The learning device
consisted of a 15-inch LCD screen (resolution of 640 x 480 pixels) behind a
transparent acrylic panel. The screen was divided into four virtual sectors. In each
sector, we displayed a different symbol (size ~ 7 cm2). To allow the goats to
choose one of the symbols, four press buttons were mounted on the acrylic panel,
one button beside each sector. Figure 2 gives a schematic overview of the
compartment with the learning device. For a detailed description of the training
procedure, see Langbein et al. (59).

During the first week, the goats were presented with a white screen, and all four
buttons were rewarded. Next, the goats were presented with the first two training
sets (Figure 3 A + B). The symbol to learn was marked by a frame. The position
of the symbols changed randomly after each trial. Each set was presented for 14
days. Similar to the shaping phase, goats were rewarded with 30 ml water for each

correct choice. The device was accessible 24/7 for all goats. Even animals that did
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not learn the task were able to obtain enough water by increasing the number of
trials at the device. At the end of training (60), all goats were able to use the
device properly and reached the defined learning criterion (please see the Data

analysis and statistics section for further details).

Figure 2: Lateral view of a goat inside the compartment with learning device: 1 =
entrance (there is only space for one goat at a time at the device to avoid observational
learning by the pen mates); 2 = collar with responder for individual recognition at the
device; 3 = light beam indicating when a goat leaves the device; 4 = yoke to put only the
head through; 5 = computer screen; 6 = buttons to choose a stimulus; 7 = water bowl for

reward dispense.
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4.3.3.2 Initial Discrimination Learning and Reversal

Learning

To investigate the impact of personality on the learning performance of the goats,
a new 4-choice discrimination task was presented (Figure 3C). This initial
discrimination task (ID) was trained for 14 days. To investigate the effect of
personality on the flexibility of learning behaviour, three reversal-discrimination
tasks were subsequently presented (RL1-3). The same set of symbols was used as
in ID, but in each reversal task, a different one of the three previously unrewarded
stimuli was now the stimulus to be discriminated (Figure 3D-F). All other

conditions were identical to Training.
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Figure 3: Symbol sets for training: training set 1 (A); training set 2 (B). Symbol sets
during learning and reversal learning tasks: Initial discrimination learning task (ID, C)

and the three reversal learning tasks: reversal learning 1 (RL1, D); reversal learning 2
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(RL2, E); reversal learning 3 (RL3, F). The rewarded symbols are marked with a square
(for illustration purposes only). The position of the different stimuli changed after each

individual choice.

4.4 Ethical Note

All animal care and experimental procedures were performed in accordance with
the German welfare requirements for farm animals and the “Guidelines for the
treatment of animals in behavioural research and teaching” (61). All procedures
involving animal handling and treatment were approved by the Committee for
Animal Use and Care of the Ministry of Agriculture, Environment and Consumer
Protection of the federal state of Mecklenburg-Vorpommern, Germany (Ref.

7221.3-2-005/14).

4.5 Data Preparation

From 108 tested goats, we excluded those for whom technical issues concerning
the learning device occurred (e.g. technical failure of the software and hardware
of the learning device and/or loss of transponder for individual identification of
the animal.). Finally, a total of 95 goats were included in all further analyses.

The learning performance of the goats was characterized by two steps: First, we
analysed whether the animals reached the learning criterion in ID and in RL1-3,
respectively and, if so, we analysed how many trials they needed to do so (trials to
criterion, TTC). Given the four-symbol choice task where chance responding to a
given symbol is 25%, the criterion for a statistically significant level ( p < 0.05) of
correct responding was determined according to the Binomial test when n= 20 and

p=0.25, to be 46% of correct choices in at least two consecutive blocks of 20 trials
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(learning criterion). This reflects the same learning success compared to the
learning criterion of 75% in similar studies applying the common two-choice
design (55).

Based on the TTC, we calculated the respective quartiles for the learning
performance in ID (Table 1) to test its impact on learning performance in RL1-3.
Consequently, QI indicated animals with the highest learning performance
(lowest number of TTCs) in ID, and Q4 indicated the animals with the lowest
learning performance (highest number of TTCs) in ID.

The personality traits boldness and activity were calculated by conducting a
principal component analysis (PCA) for the initial OF- and NO-tests and their
respective repetitions (please see 44 for further details). We selected 11
behavioural measures (see supplementary material) out of 82 identical for both
test periods, which were not affected by season and body weight and/or are
commonly used in animal personality studies (44, 62, 63). Using these measures,
we calculated one PCA for each test repetition (PCA1+PCA2). We found two
main PCs in PCA1 (overall MSA=0.7). The first PC (PCla; eigenvalue=3.5)
consists of four measures with loadings above 0.7 and below -0.7 describing the
interaction with the novel object. The second PC (PC1b; eigenvalue=2) consists of
two measures with loadings above 0.7 and below -0.7 describing active-like
behaviour. We labelled PCla “boldness” and PClb “activity”. The two PCs
explained 32% and 18.2% of the variation in the data, respectively. In PCA2
(overall MSA=0.71), we found two similar main principal components, with the
first describing the interaction with the novel object (PC2a; eigenvalue=3.7) and

the second describing active-like behaviour (PC2b; eigenvalue=1.3), explaining
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34% and 12% of the variation in the data, respectively. Finally, we calculated PC
scores (from -3 to +3) for each personality trait for each animal in each of the two
test periods, where each individual score was calculated from the standardized
original data and the respective loadings of each PC separately for PCA1 and
PCAZ2. These scores were used for any further statistical analysis.

We tested the impact of the personality traits on learning performance and
characterized momentary and stable personality traits using either the first or both
OF- and NO-tests as the basis for the calculations. Using the personality scores
resulting from the PCA1 (activity and boldness scores from -3 to +3), the
respective quartiles were calculated to test the impact of a momentary personality
trait on cognitive performance (see Table 1 for activity and boldness quartiles).
Conversely, to investigate whether consistency in these personality traits had an
effect on learning performance, we selected animals that showed stable activity
and boldness scores in the repeated OF- and NO-tests (= stable personality traits).
Stability was met if the scores from the first and second OF- and NO-tests were
similar (both either positive or negative) for each personality trait (including a

protection zone of + 0.5 from the zero line).
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Table 1: Calculation of the respective quartiles concerning A the learning performance
(number of TTC) in the initial discrimination task (ID); B the activity scores based on the
results of the principal component analyses of the first open field/novel object test (44);
and C the boldness scores based on the results of the principal component analyses of the
first open field/novel object test. Respective lower and higher limits as well as the

category description and number of animals per quartile are indicated.

A Quartile limits based on the number of TTCs

Quartile label lower limit  higher limit description n (animals)
Q1 20 20 ,,high performer* 24

Q2 40 80 ,»good performer* 22

Q3 100 200 ,»poor performer* 24

Q4 220 1700 »low performer* 24

B Quartile limits based on activity scores

Quartile label lower limit ~ higher limit description n (animals)
Al -3 -0.5248 ,Very inactive 24

A2 -0.5249 0.0459 »inactive 23

A3 0.046 0.6414 »active® 24

A4 0.6415 3 ,very active* 24

C Quartile limits based on boldness scores

Quartile label lower limit ~ higher limit description n (animals)
B1 -3 -0.9164 ,,very unbold* 24

B2 -0.9165 -0.0655 ,»unbold* 24

B3 -0.0656 0.7794 ,»bold* 23

B4 0.7795 3 ,»very bold* 24

4.6  Statistical Analysis

All statistical analyses were conducted in SAS® 9.4 (SAS Institute Incorporated,
Cary, North Carolina, USA). The data were evaluated by various analyses of
variance (ANOVAs) using the GLIMMIX procedure in SAS (Version 9.4 for

Windows, SAS Institute Inc., Cary, NC, USA).
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4.6.1 Relationship Between Learning Performance and Reversal

Learning

To measure the impact of learning performance in ID, allocated among the four
quartiles, on the overall achievement of the learning criterion during RL1-3, we
used the variance function for the binomial distribution (binary data) and the logit
link function in the statistical model. For more detailed analyses of learning, we
ran a model with TTC in RL1-3 as our response variable and evaluated the effect
of learning performance in ID (allocated to the respective quartiles, see above),
task (RL1, RL2, RL3) and their interaction, which were fitted as fixed effects.
Both models contained motherID, pens and season nested in replicates as random

effects.

4.6.2 Impact of Momentary Personality Traits on Cognitive

Performance

The impact of the quartiles of activity (A1-A4; from very inactive to very active)
and boldness (B1-B4; from very unbold to very bold) in PCAL1 as fixed factors
was tested on the number of animals reaching the learning criterion and on the
TTC in RL1-3. In each model, motherID, pen and season nested in replicates were

included as random effects.

4.6.3 Impact of Stable Personality Traits on Learning

Performance

To investigate whether consistency in specific personality traits had an effect on

learning performance, we selected animals that showed stable activity and
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boldness scores in the repeated OF- and NO-tests. Out of 95 animals, 32 animals
showed a stable value in activity (16 active, 16 inactive), and 42 animals showed a
stable value in boldness (16 bold, 26 unbold) across the repeated OF- and NO-
tests. The selected animals were then assigned to the groups stable in activity
(inactive or active) or stable in boldness (unbold or bold), which were used as
fixed effects on the TTC in ID and RL1-3 in the statistical model. In these models,
motherID, replicates and season were included as random effects.

Least squared means (LSMs) and their standard errors (SEs) were computed for
the fixed effects in all models, and pairwise differences in the LSM were tested
using the Tukey—Kramer correction. All analyses included the animal as a
repeated factor in the random statement, and mean differences with p < 0.05 were

considered significantly different.

4.7 Results

4.7.1 Relationship Between Learning Performance and Reversal

Learning

A significant effect of learning performance in ID (Q1-Q4) was found on the
number of goats that reached the learning criterion in RL2 (F3,41=4.56, p< 0.01)
and RL3 (F3,41=5.05, p< 0.01), while a tendency was found concerning RL1
(F3,41=2.48, p< 0.1). In other words, 46% of the low performers in ID (Q4) were
not able to learn the first reversal task (n=11). This effect was significant for the
second (71%; n=17) and third reversal tasks (79%; n=19). Goats with the lowest
learning performance in ID (Q4) reached the learning criterion in RL2 less

frequently compared to goats with only poor learning performance in ID (Q3)
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(p<0.01) and also tend to reach the learning criterion less frequently compared to
goats with good (Q2, p<0.1) and very good (Q1, p<0.1) learning performance in
ID. Additionally, low performers in ID (Q4) reached the learning criterion in RL3
less frequently compared to all other groups of learning performance in ID (Q1-
Q3), as shown in Figure 4A (Q1 and Q3: p<0.05, Q2: 0.01). Regarding the
animals that successfully reached the learning criterion in RL1, RL2 or RL3, we
found an effect of learning performance in ID on TTC in the reversal tasks
(F3,145=5.21, p< 0.001). Pairwise comparisons indicate that low performers (Q4)
needed significantly more TTC than the other learning groups (Q1-Q3) in RLI
(p<0.01, Figure 4B), while this difference is not apparent in RL2 and RL3 (all
p>0.1). Furthermore, we found a significant effect of task on TTC (F2,145=20.3,
p< 0.001) in that the animals significantly reduced their TTC in RL3 compared to
RL1 and RL2 (p<0.001, respectively) that was mainly apparent in Q4 regarding
the TTC in RL3 compared to RL1 (p<0.05). However, the interaction between

learning performance in the ID and RL tasks revealed no significant effect.
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Figure 4: Performance of different groups of goats in the reversal learning task: A)
proportion of goats that reached the learning criterion during reversal tasks RL1-RL3. B)
Number of trials to reach the learning criterion (TTC) in reversal tasks RL1-RL3. The
groups Q1-Q4 indicate the learning performance during the initial discrimination task
(ID): Q1: TTC in ID=20, Q2: TTC in ID=40-80, Q3: TTC in ID=100-200, Q4: TTC in
ID>220. Data are presented as least squared means and standard errors (LSM + SE);

*p<0.05, **p<0.01, ***p<0.001.

4.7.2 Impact of Momentary Personality Traits on Learning

Performance

The statistical analysis indicated no significant effects of activity (A1-A4) or

boldness (B1-B4), based on only the first conducted OF- and NO-tests, on the
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number of goats that reached the learning criterion during RL1-3. Furthermore,
activity and boldness did not show any significant effects on the TTC either

during ID nor during RL1-3.

4.7.3 Impact of Stable Personality Traits on Learning

Performance

We found no significant effects of stability in activity or boldness on the number
of goats that reached the learning criterion in RL1-3. Regarding TTC, stability in
activity (inactive vs. active) was not found to have a significant effect on TTC in
ID or RL1-3 (Figure 4A). In contrast, stability in boldness (unbold vs. bold)
significantly affected TTC in RL1 (F1,7=11.36, p<0.05). As shown in Figure 5B,
bold animals exhibited a lower learning performance (higher number of TTCs) in

RL1 than unbold animals. This effect was not observed in RL2 and RL3.

B
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Figure 5: Performance of goats with stable personality scores in activity (Panel A) or
boldness (Panel B) in the reversal learning tasks: A) number of trials to reach the learning

criterion in the reversal tasks RL1-RL3 of goats assigned to the inactive (black bars) vs.
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active groups (grey bars). B) Number of trials to reach the learning criterion in the
reversal tasks RL1-RL3 of goats assigned to the groups unbold (black bars) vs. bold (grey
bars). Data are presented as least squared means and standard errors (LSM = SE);

*p<0.05.

4.8 Discussion

Our study investigated the potential relationship between specific personality
traits and individual learning performance by using a visual discrimination
paradigm. Goats learned to associate a visual stimulus with a reward in the initial
4-choice visual discrimination task (ID) presented 24/7 using an automated
learning device and were able to reverse their associations in a serial reversal task
(RL1-3). Their performance in the three consecutive RL’s depended on their
learning success in the ID in that low performers in the ID also performed low in
the RL’s. Taking specific personality traits (measured once) into account, we did
not find any evidence of a relationship between activity and/or boldness and
learning performance, either in the discrimination task or in the reversal tasks.
However, including only the animals that were stable for personality trait activity
and/or boldness (measured twice), no evidence for any link between activity and
learning performance was found, while boldness revealed a significant link to
learning performance in the first reversal task in that unbold individuals
outperformed bold individuals in RL1.

The learning performance of the goats in the three consecutive reversal tasks
depended on their learning success in the initial learning task. A higher proportion
of goats performing low in the initial discrimination task did not achieve the

learning criteria in the reversal tasks compared to the goats that learned the initial
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discrimination task better. This effect is not as obvious in the first reversal task
but reaches significance in the second and third reversal tasks. Additionally, the
low-performing goats that were able to reverse the initially learned association
needed more trials to solve the reversal task, which was significant at least in
RL1. This indicates a relationship between visual discrimination learning and
reversal learning in goats in the sense that the learning speed in the visual
discrimination task would predict the learning performance in a reversal task
regarding low-performing learners. Unexpectedly, goats who performed low in
the initial discrimination task also performed low in the reversal task. This finding
contrasts other learning studies showing that good learners (high learning speed)
seem to be poor reversal learners (low learning speed), which has been
demonstrated in guppies (64) and parrots (65). Discrimination learning underlies
the ability to associate a stimulus with appetitive (or aversive) stimuli, whereas
reversal learning involves the capability of extinguishing a previously learned
association to form a new association. This is thought to be more cognitively
challenging, as previously learned cues must be deleted before a new association
can be formed. Reversal learning tasks are frequently used as a measure of
behavioural flexibility, as they require the subjects to flexibly adjust their
behaviour when the reward-related contingencies that they have previously
learned are reversed (66). The clear difference between low performers and the
other three learning groups in learning performance may indicate less flexibility
and greater perseverance in low performers once they understood the initial
discrimination task. One possible explanation comprises the role of the individual

stress level during learning. A range of studies have demonstrated that elevated
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corticosterone levels affect learning performance across taxa, although the degree
to which learning is affected and whether exposure results in benefits or
decrements depends on the extent and timing of corticosterone exposure (67-69).
The low-performing individuals in our study may be more stressed compared to
the other three groups of learners due to the stress originating from the learning
task itself or from external factors such as dominance or rank within the group.
These factors have already been found to show a relationship to learning
performance and might have impaired learning performance in the initial
discrimination task. To shed light on this issue, and as we did not investigate the
individual stress level in our study, future research should take into account the
stress responses of animals in such learning tests. However, the learning
performance of the other three learning groups in the discrimination task did not
have an effect on reversal learning; thus, we did not find a negative correlation, as
has been shown in red junglefowl (70). The learning groups might differ in
several aspects associated with performance, such as motivation or physical
strength. We also take into account differences in general learning ability, as some
animals might be more cognitively impaired than others, which is likely to explain
the differences observed in discrimination and reversal learning. Furthermore,
goats seem to be able to improve their performance across three reversals by
progressively reducing their TTC, indicating that they are getting better at
switching to the alternative stimulus. Similar serial reversal learning experiments,
in which the alternation of training to criterion and contingency reversal was
repeated several times, have revealed that rats, pigeons, frogs and goats improve

their performance over successive reversals in a learning-to-learn process (71-73).
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In our study, we found that low performers were able to improve their TTC across
the reversal tasks, but we must note that goats that did not achieve the learning
criterion at all in RL1-3 fell out of scope.

Taking specific personality traits into account, we did not find any evidence of a
relationship between the two momentary personality traits activity and boldness
(measured once) and learning performance either in the discrimination task or in
the reversal tasks. We might have expected, based on previous studies concerning
personality measures and learning/cognition, that bold and/or active individuals
learn to associate a cue with a reward faster than unbold and/or inactive
individuals (7, 74) but perform lower in reversal learning (56, 75, 76). A possible
explanation for the lack of a link between personality traits and learning success
in this analysis may be that only a single measurement of personality was
integrated in the analysis. A recent review stated that personality measured just
once cannot provide enough information about all aspects of personality
differences (77). This is easily comprehensible, as animal personality refers per
definition to the repeatable part of an individual’s behaviour (12, 78), and a
behaviour measured only once probably reflects mostly the within-individual
rather than the among-individual component (77, 79). Among studies that have
investigated the relationship between personality and cognition in nonhuman
animals, some conducted a behavioural test only once to characterize specific
personality traits and often failed to show interrelations between personality and
learning, while it is recommended to measure personality traits across time and
contexts by applying several repetitions of different tests to find a connection

between personality and learning capabilities (28, 31, 80). For example,
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Christensen et al. (81) found that behaviour towards a novel object (labelled
exploration) correlated with learning performance in a visual discrimination task
in horses. More exploratory horses were more successful in a two-choice visual
discrimination task (81). Similar to our study, the NO-test was conducted
repeatedly, indicating that relationships between cognitive performance and
personality can be found when personality traits are confirmed to be stable over
time because they are measured at least twice.

In our study, the behaviour of the individuals was observed in two tests that were
independent from each other, and two separate PCA were conducted. In a
following step, we used the data from both personality tests, including only the
animals that were stable for personality trait activity and/or boldness, to test
whether stability in a specific personality trait would have an effect on learning
performance. We found no evidence for any link between activity and learning,
either in ID or in RL, whereas boldness revealed a significant link to learning
performance in RL1. By exhibiting a higher level of activity and exploration,
active personality types sample their environment more rapidly, albeit more
superficially. As a consequence, these animals should learn novel tasks more
quickly but at the cost of accuracy and responsiveness to changes in the meaning
of cues (6, 13, 57). Caused by their superficial sampling and inaccuracy, they
were thought not to perceive the change in cue meaning during reversal learning
and thus would make a greater number of mistakes when associating the symbols
with the reward. In contrast, inactive types were thought to have a reduced
learning speed but reveal more learning flexibility through their greater attention

towards cue relevancy, increasing their accuracy under variable environmental
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conditions. We therefore expected active individuals to successfully reach the
learning criterion in the discrimination task more rapidly and that inactive
individuals would outperform active individuals in the context of reversal learning
tasks. In testing these predictions, we found that activity did not have any
influence on learning success in the goats. Similar results were reported by Chung
et al. (17), where active (“fast”) lizards did perceive a change in cue meaning
(other than expected) and were not less accurate than their inactive (“slow”)
conspecifics when tested in a two-phase associative task. In general, several terms
in the context of animal personality research have referred to partially overlapping
concepts (82), and traits such as exploration, boldness (and sociability) are most
commonly used in the context of animal personality. Only a few studies find a
direct relationship between activity and learning success, and if so, they reveal
different results (17, 74, 83). This may be due to varying definitions and
measurements of activity. While some studies measure activity as the number and
rate of transitions between squares (17; lizard) or swim distance (83; guppies),
others use locomotion behaviour that results in a change in body position in space
as an indicator for activity (74; cavies). This impairs the general comparability
across experimental studies, measurement methods and statistical analyses. There
is some evidence that links between activity and learning abilities are highly task
dependent. For example, fearful and active individuals perform better in an
avoidance task, whereas the authors did not find such a relationship in a
backwardss-forwards task in horses (84). It is therefore possible that activity

might reveal a predisposition to react to specific stimuli involved in learning.
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However, we found a significant impact of the stable (repeatedly measured)
personality trait boldness on learning performance in RL1 (unbold individuals
outperform bold individuals) but not in ID. This partly reflects the general
assumption that bold or proactive individuals are better at learning a
discrimination task, but unbold or reactive individuals are better at adapting to
changes in an already learned task reflecting a higher behavioural flexibility (57,
7, 76, 85-87). This association has been shown in studies with great tits (26) and
red junglefowls (88), while others fail to show this relationship (31). Differences
in the readiness to approach a novel stimulus have been described as risk-taking
behaviour, novelty-seeking, proactivity or boldness in different studies across
different species and have been shown to be a distinguishing factor between
individuals differing in coping patterns or personality traits (13, 89-91). It is
assumed that bold/proactive animals are more successful in forming routines
during learning, which results in being less able to react flexibly in adapting their
behaviour to changing environmental conditions (20, 92, 93). Interestingly, the
difference in learning success only refers to the first reversal task and disappeared
in RL2 and RL3, as bold individuals were able to improve their learning
performance. We assume that they learned to form a new routine of the concept of
reversal, strengthening the hypothesis that bold individuals are fast learners in the
sense that they quickly form routines. This interpretation fits with Cockrem’s (92)
classification of personalities in that proactive individuals may perform better in
environments that are constant or predictable compared to reactive individuals
who perform better in unpredictable conditions. Reactive individuals may tend to

generalize a formerly learned rule (i.e., “one of the symbols is rewarded”) more
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quickly being able to shift the general rule to a new symbol. On the other hand,
fast explorers may learn more about the absolute properties of the stimulus in the
visual discrimination task and thus fail to classify new symbols immediately
‘correctly’. Once the reward reversal was no longer new (RL2 and RL3),
proactive individuals learned that the general concept changes and were able to
form a new routine. Even so, it is unclear why and how learning more or less
flexibly is related to how individuals react to a novel object in the context of a
standardized behavioural test. At least, novelty seems to play an important role in
driving these processes, as differences between individuals refer to both the novel
object and the novel (first) reversal learning task. In most studies, the trait
boldness refers to behavioural reactions to novel stimuli and situations and is
often measured in a NO- or novel human test (reviewed by 8). However, boldness
has also been used in predator-dependent contexts showing a relationship to
learning performance, whereas boldness measured in a NO-test did not, especially
when measured only once (reviewed by 9). Furthermore, boldness concepts may
refer to an individual's reactions to risky situations (12, 94), while exploration is
often used in the context of an individual's reactions to new situations (12). The
differences between a new and/or risky situation are not easily detectable and
depend to a large amount on the type of experimental setup and recorded
parameters (12, 18, 82).

To address our findings, the performance of the goats in the three reversal tasks
depended on their learning success in the initial discrimination task in that low
performers in the initial discrimination task also performed low in the reversal

tasks. We found evidence in the current study that there is a relationship between
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learning and boldness in goats: bold individuals show reduced behavioural
flexibility, as shown in the first reversal task; however, bold animals were able to

adapt in the subsequent reversals once a new routine was formed.

4.9 Conclusion

To conclude, in the present study, one personality trait, boldness, proved to have
substantial consequences on learning performance in a reversal task. Our findings
show that we should take personality bias into account when conducting learning
or cognitive experiments and underline the importance of the repeated
measurement of individual personality traits. However, the explanation for the
observed interrelations between personality traits and learning performance is
currently unclear and requires further empirical and theoretical investigation. To
understand whether intrinsic differences in learning exist across individuals, we
need to investigate the extent to which learning and personality traits covary and
identify the mechanisms that can constrain cognitive processing and adaptive

behavioural responses.
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5.1 Discussion of the results

Personality is a concept which encompasses many aspects of an individual. One
of the main goals of this thesis was to understand this concept and to investigate
how personality is expressed, in which form it is related to physiology, dominance
hierarchy and cognitive capacities (here learning and reversal learning) in farm

animals on the example of dwarf goats.

In a first step, my colleagues and I reviewed (chapter two) about how personality
is defined, which aspects are part of the concept, which terminology is used and
how personality is measured especially in mammal farm animal species. In a
second step, we conducted two studies, which are redrawn in detail in chapter
three and chapter four. In the following chapter, I highlight and discuss the main
results of each study and bring them into relationship to welfare implications.
Further, I give a certain outlook how research in farm animals, especially in dwarf

goats, can improve the understanding of farm animal personality.

5.1.1 Review: Personality Research in Mammalian Farm

Animals: Concepts, Measures, and Relationship to Welfare

The aim of the review was to give a comprehensive overview about how concepts
and personality related terms, which have their origin in human psychology, are
currently used in animal and especially in farm animal personality research and to
critically reveal how they are defined and what they measure. Since publication of

our review, other reviews trying to give an overview of what personality is and
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how it can be measured properly, were published as well. The focus of these
publications was different (e.g. a philosophical perspective (Martin, 2023),
invertebrates (Kaiser & Miiller, 2021), primates (Delval et al., 2024)), but what
they all had in common with our review, is to give an overview about personality
itself and to explain how the understanding of individuality in animals evolved
over the last decades. Delval et al. (2024) gave a deeper overview about how the
concept of personality evolved in human psychology. Interestingly, even in
human psychology research the use of the term personality is not that clear as I
thought. Delval et al. (2024) were able to explain that the use of the term
personality or even temperament and what it means is highly dependent of the
scientific framework adopted (e.g. psychoanalysis, behavioural science,
developmental psychology to name a few). Temperament is broadly used by
developmental psychologists as they are more interested in the beginning and the
development of personality, while in psychiatry personality is seen as individual
differences in adaptive systems which involved in the reception, processing, and
storing of information about the environment (reviewed by Delval et al., 2024). In
animal personality research as well, the use of the personality related terms is
dependent of the scientific framework. Biologists and especially behavioural
ecologists focus on specific personality traits (Kaiser & Miiller, 2021) and their
ecological consequences (proximate versus ultimate) within one species, the
results are then highly dependent of the research question and experimental
method used (reviewed by Delval et al., 2024). In human psychology, personality
is measured as a whole framework, focussing on the big five model (openness,
extraversion, agreeableness, conscientiousness, neuroticism), but a sixth factor is

highly discussed: Honesty, which is defined by morality, sincerity or integrity and
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seems to be related to agreeableness (reviewed by Delval et al.,, 2024). The
equivalent discussion can be found in animal personality research as here as well
a sixth factor, besides of the accepted five (exploration, sociability,
aggressiveness, boldness, activity), is found in primates: dominance which in
parts seems to be related to aggressiveness (reviewed by Finkemeier et al., 2018
and Delval et al, 2024). In the definition of traits, there is still a lack of common
definitions, which to a certain extend makes sense: The trait “boldness”™ is not the
same in every species as each species has different requirements on its habitat;
being bold is not the same for a predator than for a prey species (reviewed by
Delval et al., 2024). Another aspect that my colleagues and I discussed in our
review, was a potential fear to use the term personality in farm animal research
because of anthropomorphism. To obtain an overview of published studies in
selected mammalian farm animal species we carried out a systematic literature
search using the Web of Science in December 2017 with keywords including the
respective animal species (cattle, goat, sheep, horse, pig) and different synonyms
applied in personality research (temperament, personality, coping). Then we
exemplarily assessed the found studies within the context of terms and
methodological approaches in general personality research. Finally, we discussed
some findings on the possible impact of personality on the welfare of farm
animals to especially highlight a future direction of personality research. One of
our results was, that the use of the term personality was quite scarce. I repeated
the search (February 2025) with the same mammalian farm animal species only
including “personality” as keywords. I found over 1,500 publications (from 2018
to now, 2025) addressing the investigation of aspects of personality, but also using

the term personality. Articles are addressing e.g. relationships to physiology
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(Papadaki et al., 2025), productive characteristics (Neave et al., 2022; Papadaki et
al., 2025), feeding behaviour in calves (Setser et al., 2024), social rank and visit
frequency in learning the usage of an automatic milking system (Johansen et al.,
2025) and the usage of precision livestock technology to measure individual
behaviour (Occhiuto et al., 2023; Setser et al., 2024) to name a few examples. In
our review we concluded that more consistency is needed in using different
theoretical concepts, terms and measures, especially in farm animal personality
research. The terms coping style and temperament, which were used in different
ways, should not be examined as independent concepts, but rather should be
considered as different aspects of the whole personality concept. Farm animal
personality should be increasingly considered for the improvement of animal
housing, management, breeding and welfare. I see a remarkable development in
farm animal personality research. We still lack in consistency in using the
theoretical approaches, but the awareness of farm animals having a personality is
on a very good way, leading up to ethical reflections and moral implications
including farm animal welfare, husbandry and management practices (e.g. in “The

moral implications of human and animal vulnerability” by Martin, 2023).

5.1.2 Study 1: Assessment of Personality Types in Nigerian Dwarf
Goats (Capra hircus) and Cross-Context Correlations to

Behavioural and Physiological Responses

Research about personality in goats is quite scarce. To date, only one study was
able to categorize two of the five accepted personality traits in animal personality
research — sociability and exploration (Nawroth et al., 2017). Another more recent

study in male goat kids found repeatable behaviours classified as fearfulness by
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the authors (Vickery et al., 2024). Therefore, the third chapter of my thesis dealed
with the investigation of personality traits in this species. Specifically, the
investigation of other personality traits than sociability and exploration up to the
formation of behavioural syndromes, to correlations with physiological traits and
dominance hierarchy.

For this study, I expected:

1. that goats show different personality traits, based on measuring behaviours
in repeatedly conducted open-field and novel-object tests and analysing
these behaviours with a principal component analysis.

2. that the personality traits in goats are correlated with physiological traits
and dominance hierarchy, based on heart rate variability measurement and
weight, direct observations of dyadic agonistic interactions and a limited
access test, and behaviour measured in a social separation test.

For this study. we measured the behaviour of 108 Nigerian dwarf goats in
repeated (two test periods within two weeks) open-field and novel-object tests. In
addition, we investigated the possible inter-relationships of inter-individual
differences in personality with behaviours in other test situations (social
separation test), dominance hierarchy (direct dyadic interactions) and
physiological measures (heart rate variability and weight gain). To identify
individual personality types and to be able to classify the goats into proactive,
reactive and intermediate, we selected the 11 most appropriate behavioural
measures, identical in both test periods, from a total of 82 observed behaviours.
Using these behaviours, we ran two separate principal component analyses (PCA1
and PCA2) for the two test periods. We found two main principal components

(PCs), which were interpreted as “boldness” (PC1) and “activity” (PC2) and were
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identical in both PCAs. Our results showed that based on PCA1, 30 goats could be
grouped as the proactive, 25 as the reactive and 53 as the intermediate personality
type. In PCA 2, 66 individuals (61%) showed a consistent personality type
compared to PCA1. Goats that scored highly on “activity” were also more active
in a social separation test, while no correlations were found between “boldness”
or “activity” and the dominance status. Regarding heart rate variability, the
standard deviation of R-R intervals (SDNN) was positively correlated with
“activity”, while a negative correlation was found between “boldness” and SDNN.
“Activity” was also positively correlated with weight gain.

The results show that 66 of the 108 (approximately 61%) dwarf goats exhibited
consistent behaviour over both test periods, and 20.4% of the subjects displayed
consistent proactive or reactive behaviour. My coauthors and I already discussed
in chapter three, that our results perfectly match to results of previous studies with
other farm animal species such as cattle (approximately 21%; Graunke et al.,
2013) and pigs (approximately 34%; Zebunke et al., 2015). This corresponds also
to previous findings in wildlife populations, where proactive and reactive
personality types are less represented in a population because they count as

extreme personality types (Dall et al., 2004).

The results of our PCAs show similarities in the composition of the PCs compared
to two studies by Graunke et al. (2013) and Foris et al. (2018) performed on
another ruminant species. Graunke et al. (2013) determined two main PCs with
behaviours measured in a novel-object test, while the PCs in our study and of the
study by Foris et al. (2018) were composed of behaviours measured in open-field
and novel-object tests. In our study and the study conducted by Graunke et al.

(2013), the first PC is composed of behaviours explaining boldness (e.g., duration
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of contact with the novel object, number of contacts with the novel object, latency
to touch the novel object), and the second PC is composed of behaviours
explaining activity and/or exploration. All three studies show similarly very
strong loadings on the two components (e.g., from 0.7/-0.7 to 0.9/-0.9) describing
personality factors activity and boldness. Another more recent study conducted on
dairy cows also identified behaviours recorded in novel-object tests with high
scoring PCs explaining exploration and boldness (Hasenpusch et al., 2024). The
measured behaviours in all the mentioned studies, seem to be of strong
importance in describing boldness, exploration and activity in ruminants, and

therefore, also in goats.

In our study, 42 goats changed to the neighbouring score classes (SCs), indicating
a flexible behavioural response. Only eight of them changed to the opposite SC.
The majority reduced bold and active behaviour over the test repetitions. My co-
authors and I assumed that some goats may have habituated to the test situations
as this effect is also critically discussed by Forkman et al. (2007) and Perals et al.
(2017). The other goats may show phenotype-specific developmental plasticity
because some phenotypes seem to be able to change more than others (Sinn et al.,
2008). Even if the concept of animal personality suggests consistency of
behaviours, animal personality and behavioural plasticity coexist (Sih et al.,
2004), and it has been suggested that more extreme personality phenotypes (e.g.,
reactive and proactive) might be less plastic than intermediate/flexible personality

phenotypes (Sih, 2013).

During the social separation test (SST) my co-authors and I measured the
behaviour of the individual goat when separated from conspecifics by a fence.

Goats that scored high on the PC “activity” were also more active and showed
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more rearing up behaviour in the SST than goats that scored low on this PC. This
effect could be found between both PCAs and both SSTs and we assumed that this
may indicate a behavioural syndrome, as this type of correlation is discussed to be
a behavioural syndrome in animal personality studies (Huang et al., 2018; Sih et
al., 2004). In comparison, goats that scored high on the PC “boldness” spent less
time on the fence, indicating that bold goats seem to be less social. However, we
found this correlation only between the first PCA and the first SST and not
between the second PCA and second SST, which can be explained with
habituation to that situation. Nevertheless, the variable “time spent at the fence”
did not correlate between both SSTs, therefore, we have no indication for a
sociability factor in this study. A recent study conducted on cavies (Cavia aperea)
tested which effect cortisol has on behavioural traits related to stress coping,
novelty seeking and social behaviour (Guenther et al., 2024). Already two hours
after the treatment (each subject got a single dose of cortisol) nervous behaviours
such as jumping, digging and rearing increased. Boldness was not affected, but
aggressive interactions increased as well (Guenther et al., 2024). Jumping, digging
and rearing are behaviours indicating stress in cavies equivalent to rearing up
behaviour in goats. Goats that were more active showed more rearing up
behaviour, those goats were maybe more stressed (in having maybe a higher
cortisol level) because of the isolation of the conspecifics. The missing correlation
between boldness and time spend at the fence in the second SST could confirm
our idea of a habituation effect, as in the cavie study cortisol did not affect
boldness as well. Thus, we did not measure cortisol levels before, during or after

this test situation, but doing so in an improved SST test setting could maybe give
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more insights of goat’s individual behaviour and its relationship to other traits

during social separation.

In our study, the dominance index did not correlate with any of our measured
personality factors. My co-authors and I assumed that the missing correlation
between personality factors and dominance status could be due to these missing
values as we only started to observe the group’s hierarchy up to the second run.
From our 66 individuals, which showed a consistent personality type, we have ten
individuals with no value for the dominance index. On the other hand, dominance
i1s a complex domain in personality research and is discussed as an independent
personality factor in some species (reviewed by Finkemeier et al., 2018), but it
seems to be important to consider when studying social species (reviewed by
Finkemeier et al. 2018). In this study, we found a correlation between “activity”
and behaviour in the limited access test. Goats that scored high on this factor were
also the first to enter the learning device after 16 hours of water deprivation.
Water is an important resource, so this result shows that the more active goats
seem to have a higher rank in the group’s hierarchy because they could get this
resource earlier than the less active goats. Dominance is defined by boldness
and/or aggressiveness (Gosling and John, 1999), and aggressiveness serves to
establish dominance relationships (Desire et al., 2015). Barroso et al. (2000)
showed that the dominance rank in female goats seems to be influenced by
aggressiveness. Specifically, more aggressive goats are the most dominant in the
social hierarchy, which can be seen in our study as well, as we defined dominance
hierarchy by measuring agonistic interactions. A study conducted on cows
measured agonistic interactions on the feeder and found a relationship of the use

of a mechanical brush: Dominant cows used the brush more often than
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subordinate cows showing that even the use of resources that are not essential for
survival can be affected by dominance hierarchy (Foris et al., 2021). A study on
pigs highlighted another aspect of dominance, leadership (Khatiwada et al., 2024).
Leadership was assessed in a repeated group-based Human Approach Test: 6
groups out of 26 had a consistent leader by females having 4.13 times odds than
males to be a leader (Khatiwada et al., 2024). The relationship between
personality and dominance needs further investigation to prove whether
dominance should be a fully accepted personality factor in goats or if it is only a

social outcome (reviewed by Finkemeier et al., 2018).

In our study, “boldness” was negatively correlated, and “activity” was positively
correlated with the SDNN. These results indicate that shy and active goats seem to
have a higher sympathetic activation at rest than bold and less active goats with a
lower SDNN (Malik and Camm, 1995). As the SDNN is a parameter that shows a
combination of parasympathetic and sympathetic activation, whereas the RMSSD
gives information about parasympathetic activation alone (Houle and Billman,
1999), which did not correlate with any of the personality factors in our study, my
co-authors and I can only assume that those animals show a sympathetic shift in
their sympathetic-parasympathetic balance. A sympathetic shift is known to
promote an increased metabolic output to address environmental challenges
(Porges, 1995). Therefore, we can conclude that goats, which are more active
and/or shy, are more alert to environmental changes, even while resting. We
measured heart rate at rest, which make our results difficult to compare with
previous studies regarding “activity” even if several studies in different species
have already shown that proactive individuals have a stronger sympathetic

activation in different contexts (Cannon, 1929; Korte et al., 1997; Krause et al.,

174



Chapter 5: General Discussion

2017). Interestingly, a study conducted on humans already found that the
personality factor of neuroticism was significantly associated with HRV under
baseline conditions (Cuki¢ and Bates, 2014). As activity and boldness are the
equivalent personality factors for neuroticism in animals (reviewed by Finkemeier
et al., 2018), we can assume that both personality factors and their relationship to

SDNN found in the present study are to some extent related to RHRV in goats.

Weight only correlated with the PC “activity”, indicating that goats that scored
high on the activity factor were heavier at the end of the whole testing period.
This effect could also be found for the variance value calculated between weaning
and the end of the testing period (weight gain W-E) and the variance value
calculated between birth and the end of the testing period (weight gain B-E),
indicating that goats that scored high on the activity factor had a higher increase
of weight during the whole testing period. A recent study in male goat kids found
no relationship between weight gain and behaviour in a novel object test (Vickery
et al., 2024). However, many other studies indicate that boldness, activity and/or
aggressiveness are positively related to food intake rates, productivity (e.g.,
weight and/or weight gain) and other life-history traits in a wide range of taxa
(reviewed by Biro and Stamps, 2008). Individual differences in weight gain are
likely to encourage consistent individual differences in personality factors that are
related to the acquisition of food resources, such as boldness, exploration,
aggression, and activity (reviewed by Biro and Stamps, 2008). Therefore, the
relationship between personality and weight gain in goats used in our study
perfectly matches the results of other studies in other taxa, measuring the same

effect (Arendt, 1997; Biro et al., 2006, Martins et al., 2005; Stamps, 2007).
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5.1.3 Study 2: Personality traits affect learning in dwarf goats

(Capra hircus)

As goats have sophisticated cognitive capacities, already shown in numerous
studies (reviewed by Zobel & Nawroth, 2020), the fourth chapter of this thesis
deals with the relationship of cognitive capacities and personality trait in dwarf
goats. In other taxa it is hypothesised that bold animals tend to develop routines
and show less flexibility in the context of learning than shy individuals (Sih & Del
Giudice, 2012; Chung et al., 2017). Even if much research with different species
has already been done, the results were quite divers and somehow species-related
as some studies found relationships, while others did not.

For this study, I expected that goat’s personality traits have a relationship to
cognitive capacities, especially in learning and reversal learning in a visual
discrimination task. I expected that bold goats learn a visual discrimination task
faster, then shy goats, while shy goats perform better in reversal learning.

For this study, my co-authors and I, analyzed the behaviour of 95 goats during a
repeated open-field (OF) and novel object-test (NO). Two main components were
identified using principal component analysis: boldness and activity. In parallel,
the goats learned to associate a visual stimulus with a reward in the initial 4-
choice visual discrimination task (ID) presented 24/7 using an automated learning
device and were able to reverse their associations in a serial reversal task (RL1-3).
The number of animals that reached the learning criterion and the number of trials
needed (TTC) in each task were calculated. Our results showed that the
performance in the three consecutive RL’s depended on their learning success in
the ID in that low performers in the ID also performed low in the RL’s. Taking
specific personality traits (measured once) into account, we did not find any
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evidence of a relationship between activity and/or boldness and learning
performance, either in the discrimination task or in the reversal tasks. However,
including only the animals that were stable for the personality traits activity and/or
boldness (measured twice), no evidence for any link between activity and learning
performance was found, while boldness revealed a significant link to learning
performance in the first reversal task in that unbold individuals outperformed bold
individuals in RL1.

My co-authors and I found that learning performance of the goats in the three
consecutive reversal tasks depended on their learning success in the initial
learning task. A higher proportion of goats performing low in the initial
discrimination task did not achieve the learning criteria in the reversal tasks
compared to the goats that learned the initial discrimination task. This effect is not
as obvious in the first reversal task but reaches significance in the second and
third reversal tasks. Additionally, the low-performing goats that were able to
reverse the initially learned association needed more trials to solve the reversal
task, which was significant at least in RL1. This indicates a relationship between
visual discrimination learning and reversal learning in goats in the sense that the
learning speed in the visual discrimination task would predict the learning
performance in a reversal task regarding low-performing learners. This contrasts
other learning studies showing that good learners (high learning speed) seem to be
poor reversal learners (low learning speed), which has been demonstrated in
guppies (Lucon-Xiccato & Bisazza, 2014) and parrots (van Horik & Emery,
2018). Discrimination learning underlies the ability to associate a stimulus with
appetitive (or aversive) stimuli, whereas reversal learning involves the capability

of extinguishing a previously learned association to form a new association. This
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is thought to be more cognitively challenging, as previously learned cues must be
deleted before a new association can be formed. Reversal learning tasks are
frequently used as a measure of behavioural flexibility, as they require the
individuals to flexibly adjust their behaviour when the reward-related
contingencies that they have previously learned are reversed (Izquierdo et al.,
2017). The clear difference between low performers and the other three learning
groups - “high performer”, “good performer”, “poor performer” - in learning
performance may indicate less flexibility and greater perseverance in low
performers once they understood the initial discrimination task. One possible
explanation comprises the role of the individual stress level during learning. A
range of studies have demonstrated that elevated corticosterone levels affect
learning performance across taxa, although the degree to which learning is
affected and whether exposure results in benefits or decrements depends on the
extent and timing of corticosterone exposure (de Kloet et al., 1999; Pravosudov et
al., 2003; Kitaysky et al., 2003). A recent study on mice showed that individual
stress levels clearly impair learning: as spatial learning and problem-solving tasks
have been repeatable in mice studies before, the mentioned study could show that
stressed mice individually differed strongly in performance, which resulted in
missing repeatability between both cognitive tasks (Delacoux & Guenther, 2023).
The low-performing individuals in our study may be more stressed compared to
the other three groups of learners due to the stress originating from the learning
task itself or from external factors such as dominance or rank within the group
(discussed in Finkemeier et al., 2019). As we did not investigate the individual
stress level in our study, future research should take into account the stress

responses of animals in such learning tests. However, the learning performance of
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the other three learning groups in the discrimination task did not have an effect on
reversal learning; thus, we did not find a negative correlation between learning
and reversal learning, as in a study shown in red junglefowl (Sorato et al., 2018).
The goats of all groups in our study were able to improve their performance
across three reversals by progressively reducing their TTC, indicating that they
are getting better at switching to the alternative stimulus. Similar serial reversal
learning experiments, in which the alternation of training to criterion and
contingency reversal was repeated several times, have revealed that rats, pigeons,
frogs and goats improve their performance over successive reversals in a learning-
to-learn process (Pubols, 1957; Bullock & Bitterman, 1962; Liu et al., 2016). We
found that low performers in our study were less frequently able to improve their
TTC across the reversal tasks in comparison to the other three groups, but we
must note that goats that did not achieve the learning criterion at all in RL1-3 fell
out of scope.

Taking specific personality traits into account, we did not find any evidence of a
relationship between the two momentary personality traits activity and boldness
(the momentary personality traits were measured once) and learning performance
either in the discrimination task or in the reversal tasks. We might have expected,
based on previous studies concerning personality measures and
learning/cognition, that bold and/or active individuals learn to associate a cue with
a reward faster than unbold and/or inactive individuals (Sih & Del Giudice, 2012;
Guenther et al., 2014a) but perform lower in reversal learning, because those
individuals are forming routines and are less behaviourally flexible (Guillette et
al., 2009; Guillette et al., 2011; Bebus et al., 2016). A possible explanation for the

lack of a link between personality traits and learning success in this analysis may
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be that we integrated only a single measurement of personality in the analysis. A
review stated that personality measured just once cannot provide enough
information about all aspects of personality differences (Dingemanse & Wright,
2020). This is easily comprehensible, as animal personality refers per definition to
the repeatable part of an individual’s behaviour (Réale et al., 2007; Dingemanse et
al., 2010), and a behaviour measured only once probably reflects mostly the
within-individual rather than the among-individual component (Dingemanse et al.,
2012; Dingemanse & Wright, 2020). Among studies that have investigated the
relationship between personality and cognition in nonhuman animals, some
conducted a behavioural test only once to characterize specific personality traits
and often failed to show interrelations between personality and learning, while it
is recommended to measure personality traits across time and contexts by
applying several repetitions of different tests to find a connection between
personality and learning capabilities (Dugatkin & Alfieri, 2003; Kniel et al., 2020;
Rasolofoniaina et al., 2021). For example, Christensen et al. (2021) found that
behaviour towards a novel object (labelled exploration) correlated with learning
performance in a visual discrimination task in horses. More exploratory horses
were more successful in a two-choice visual discrimination task (Christensen et
al., 2021). Similar to our study, the novel-object test was conducted repeatedly
(repetition during the foal stage), indicating that relationships between cognitive
performance and personality can be found when personality traits are confirmed
to be stable over time because they are measured at least twice. Goulet et al
(2018) went a step further by stating that cognition or a “cognitive style” should
be integrated in the pace-of-life-syndrome (POLS) framework by Réale et al.

(2010). In the mentioned study, fast learning lizards in a discrimination task,
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scored also high in activity, exploration and boldness, indicating strong
relationships between cognitive and behavioural traits (Goulet et al., 2018).

In a following step, my co-authors and I used the data from both personality tests,
including only the animals that were stable for personality trait activity and/or
boldness, to test whether stability in a specific personality trait would have an
effect on learning performance. We found no evidence for any link between
activity and learning, either in ID or in RL, whereas boldness revealed a
significant link to learning performance in RL1. By exhibiting a higher level of
activity and exploration, active personality types sample their environment more
rapidly, albeit more superficially. As a consequence, these animals should learn
novel tasks more quickly but at the cost of accuracy and responsiveness to
changes in the meaning of cues (Koolhaas et al., 1999; Bolhuis et al., 2004;
Carere & Locurto, 2011). Caused by their superficial sampling and inaccuracy,
they are thought not to perceive the change in cue meaning during reversal
learning and thus would make a greater number of mistakes when associating the
symbols with the reward. In contrast, inactive types are thought to have a reduced
learning speed but reveal more learning flexibility through their greater attention
towards cue relevancy, increasing their accuracy under variable environmental
conditions. We therefore expected active individuals to successfully reach the
learning criterion in the discrimination task more rapidly and that inactive
individuals would outperform active individuals in the context of reversal learning
tasks. In testing these predictions, we found that activity did not have any
influence on learning success in the goats. Similar results were reported by Chung
et al. (2017), where active (“fast”) lizards did perceive a change in cue meaning

(other than expected) and were not less accurate than their inactive (“slow”)
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conspecifics when tested in a two-phase associative task. In mice, time spend
exploring the test set-ups and boldness were able to predict solving success (mice
were tested in a battery of eight different tasks), while activity did not (Mazza &
Guenther, 2021). In general, several terms in the context of animal personality
research have referred to partially overlapping concepts (Carter et al., 2013), and
traits such as exploration, boldness (and sociability) are most commonly used in
the context of animal personality. Only a few studies find a direct relationship
between activity and learning success, and if so, they reveal different results
(Burns & Rodd, 2008; Guenther et al., 2014a; Chung et al., 2017). This may be
due to varying definitions and measurements of activity. While some studies
measure activity as the number and rate of transitions between squares (Chung et
al., 2017; lizard) or swim distance (Burns & Rodd, 2008; guppies), others use
locomotion behaviour that results in a change in body position in space as an
indicator for activity (Guenther et al., 2014a; cavies). This impairs the general
comparability across experimental studies, measurement methods and statistical
analyses. There is some evidence that links between activity and learning abilities
are highly task or even species dependent. For example, fearful and active horses
perform better in an avoidance task, whereas the authors did not find such a
relationship in a backwards-forwards task (Lansade & Simon, 2010). It is
therefore possible that activity might reveal a predisposition to react to specific
stimuli involved in learning.

However, we found a significant impact of the stable (repeatedly measured)
personality trait boldness on learning performance in RL1 (unbold individuals
outperform bold individuals) but not in ID. This partly reflects the general

assumption that bold or proactive individuals are better at learning a
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discrimination task, but unbold or reactive individuals are better at adapting to
changes in an already learned task reflecting a higher behavioural flexibility
(Benus et al., 1987; Benus et al., 1990; Bolhuis et al., 2004; Range et al., 2006;
Guillette et al., 2011; Sih & Del Giudice, 2012). This association has been shown
in studies with great tits (Titulaer et al., 2012), red junglefowls (Zidar et al., 2018)
and marmosets (Slipogor et al., 2022), while others fail to show this relationship
(Kniel et al., 2020). Differences in the readiness to approach a novel stimulus
have been described as risk-taking behaviour, novelty-seeking, proactivity or
boldness in different studies across different species and have been shown to be a
distinguishing factor between individuals differing in coping patterns or
personality traits (Koolhaas et al., 1999; Benus, 2001; de Boer et al., 2003;
Campbell et al., 2003). It is assumed that bold/proactive animals are more
successful in forming routines during learning, which results in being less able to
react flexibly in adapting their behaviour to changing environmental conditions
(Cockrem, 2007; Coppens et al., 2010; Brust et al., 2013). Interestingly, the
difference in learning success only refers to the first reversal task and disappeared
in RL2 and RL3, as bold individuals were able to improve their learning
performance. We assume that they learned to form a new routine of the concept of
reversal, strengthening the hypothesis that bold individuals are fast learners in the
sense that they quickly form routines. This interpretation fits with Cockrem’s
(2007) classification of personalities in that proactive individuals may perform
better in environments that are constant or predictable compared to reactive
individuals who perform better in unpredictable conditions. Reactive individuals
may tend to generalize a formerly learned rule (i.e., “one of the symbols is

rewarded””) more quickly being able to shift the general rule to a new symbol. On
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the other hand, fast explorers may learn more about the absolute properties of the
stimulus in the visual discrimination task and thus fail to classify new symbols
immediately ‘correctly’. Once the reward reversal was no longer new (RL2 and
RL3), proactive individuals learned that the general concept changes and were
able to form a new routine. Even so, it is unclear why and how learning more or
less flexibly is related to how individuals react to a novel object in the context of a
standardized behavioural test. At least, novelty seems to play an important role in
driving these processes, as differences between individuals refer to both the novel
object and the novel (first) reversal learning task. In most studies, the trait
boldness refers to behavioural reactions to novel stimuli and situations and is
often measured in a novel-object or novel human test (reviewed by Griffin et al.,
2015). However, boldness has also been used in predator-dependent contexts
showing a relationship to learning performance, whereas boldness measured in a
novel-object test did not, especially when measured only once (reviewed by
Dougherty & Guillette, 2018). Furthermore, boldness concepts may refer to an
individual's reactions to risky situations (Réale et al., 2007; Thomson et al., 2012),
while exploration is often used in the context of an individual's reactions to new
situations (Réale et al., 2007). The differences between a new and/or risky
situation are not easily detectable and depend to a large amount on the type of
experimental setup and recorded parameters (Sih et al., 2004; Réale et al., 2007;
Carter et al., 2013).

A new idea came into my mind by reading the review by Davidson et al. (2018).
They outlined in their review that the “gut-brain axis” could be another direction
to explore individual differences in cognition as the enteric microbial community

plays a central role in brain function and development. As it is also linked with the
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hypothalamic-pituitary-adrenal axis (HPA) and encompasses neurological,
immunological and hormonal pathways, it could have a direct influence on
cognitive capacities (Davidson et al., 2018). Considering the idea of Goulet et al.
(2018) to include a “cognitive style” to the POLS framework, which already
comprises behavioural and physiological parameters, I would even state, that
relationships between cognitive capacities and individual differences in behaviour
should also consider physiological traits and such pathways such as the “gut-brain

axis” as influencing factors; maybe also in ruminants, especially in dwarf goats.

5.2 Implications for Welfare and Outlook

As already mentioned in the introduction of this thesis, research about animal
personality, especially farm animal personality and its implications for welfare, is
growing of scientific and practical interest. Even the consumer of farm animal
products and society itself show higher interest about the animal’s welfare during
a farm animal’s lifetime and German politics as well as the German ethic council
(Deutscher Ethikrat) discuss how animal welfare can be defined (5 degrees of
freedom) and how it can be approved (Deutscher Ethikrat, 2020). German
supermarkets use the societal interest for commercial purposes, e.g. the initiative
of animal welfare (Initiative Tierwohl - Gesellschaft zur Férderung des Tierwohls
in der Nutztierhaltung mbH, 2024) with four different categories focusing on
housing conditions starting at the legal minimum (Stufe 1) going to a certain
maximum of space and possibilities to enter an external area (Stufe 4) depending
on the farm animal species’ thought requirement. One can criticize the motivation
of this initiative, mainly because of the commercial purposes, but it is a start to go

into a direction to approve farm animal housing conditions in a certain way. This

185



Chapter 5: General Discussion

initiative already exists for 10 years (status: 2024) and it would not, if the
consumer would not accept it and buy the products which are higher priced,
especially in the third and fourth category. The expansion of many different other
animal welfare labels, such as Naturland, Bioland, Deutscher Tierschutzbund, to
name a few, shows that the consumer is seeking to have a possibility to buy farm
animal products with a certain certainty that the animals lived in “good
conditions”. Even the German ethic council stated that research about
behavioural, neurological and cognitive capacities of farm animals show
remarkable results, which to a certain extend were seen as only human capacities
before. These results are a prerequisite to understand farm animal needs to
improve their welfare (Deutscher Ehikrat, 2020). A recent review by Diipjan &
Dawkins (2022) go into the same direction focusing on stress. Chronic stress in
humans is known to result in glucocorticoid receptor resistance that in turn leads
to an inflammatory immune response and that reversely, hedonic wellbeing can
reduce the risk of developing stress-related cardiovascular diseases (reviewed by
Diipjan & Dawkins, 2022). They define the essence of stress as uncertainty, more
precisly: ,,the feeling of uncertainty, when we anticipate that outcomes will turn
out to be something other than expected — and that we are unable to avoid
surprise (Diipjan & Dawkins, 2022). Considering housing and management
conditions that farm animals have to encounter in their everyday life, the point
,uncertainty* or ,,not being able to control its environment* can lead to a decrease
of welfare. Studies done on pigs could show that a discrimination task with signal
feeding stations (every sow had its own signal) could reduce agonistic interactions
and therefore veterinary interventions on grouped-housed sows (Kirchner et al.,

2012; Kirchner et al., 2014). The next step was to bring those controlled lab
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experimental results into practical conditions. The results of the next study
showed that even sows living under limited livestock farming conditions were
able to learn the discrimination task (Manteuffel et al., 2022). Studies on goats,
showed that they seek for cognitive challenges, named as ,,contrafreeloading*
(Langbein et al., 2009; Rosenberger et al., 2020). The study conducted by
Rosenberger et al. (2020) even showed that selection lines do not have an effect
on seeking for cognitive challenges (here dairy goats versus dwarf goats), both
selection lines were similar interested in contrafreeloading. A former study
conducted on dwarf goats showed that environmental cognitive challenges also
have a positive impact on physiological parameters such as heart rate (Langbein et
al., 2004). In the mentioned study the dwarf goats were subjected to a visual
discrimination task similar to the conducted study presented in the fourth chapter
of this thesis. In the study conducted by Langbein et al. (2004) the dwarf goats’
heart rate were recorded during rest. The results showed that heart rate decreased
over trials indicating that the goats relaxed depending on how familiar they were
with the task. Differences in physiological traits can also depend on individual
differences on personality traits, as differences in personality can lead to
differences how situations are perceived (reviewed by Finkemeier et al., 2018).
Another aspect to consider, is the aspect of stability of personality traits. In the
first study of this thesis, we conducted only one repetition of the open-field and
novel-object tests. One can criticize that this repetition was conducted two weeks
after the first test period. “Boldness” and “activity” were highly correlated
between both test periods and were consistent over the two test periods. As our
test animals had to encounter learning tasks at a certain age, we chose to measure

personality differences before these tests started to obtain a better view about the
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relationship of personality and cognition in goats. When the interval between the
observations of behaviour is short, it is likely that the animals are of a similar state
(e.g., hunger, size, age, condition, dominance) during both observations and
experience similar environments (Bell et al., 2009). A study in humans shows that
different stages in human life can have an impact on personality traits: The
examined people scored higher in the trait conscientiousness in their first year of
working life (Asselmann & Specht, 2021). Extraversion and agreeableness got
higher scores after the first year of working life and when the examined people
got retired, the scores for conscientiousness decreased (Asselmann & Specht,
2021). Lifetime observations in male C57B1/6 mice showed that a group of mice,
which had to encounter learning tasks in an IntelliCage-system since young age,
showed higher activity compared to a control group of mice without learning tasks
under young age (Kahnau et al., 2021). A future direction in goat personality
research could be to increase the delay between the two test periods or even
adding a third test period. This could maybe show similar results in the expression
of personality traits as in the study of Asselmann & Specht (2021) as the goats
used in our studies were used for other experimental approaches and breeding
afterwards. And lifetime observations in dwarf goats and other farm animal
species, similar to the study of Kahnau et al. (2021) could also show interesting
results in learning processes and their impact on individual behaviour of goats and
other farm animal species. In pigs, Goursot et al. (2019) could show that the
expression of personality traits is also influenced by brain lateralization: pigs, with
a right-brain-hemispheric dominance were bolder and more explorative in context
of novelty, and more sociable than pigs with a left-brain-hemispheric dominance.

In general, farm animals have to encounter regroupment and other challenging
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situations, which can make the expression of certain personality traits more
important than others. The aspect of brain-hemispheric dominance by Goursot et
al. (2019) could also give interesting insights in cerebral processing of individual
personality in goats. As already mentioned, the “gut-brain-axis” could be another
future direction to consider in understanding expression of personality traits and
cognitive capacities in dwarf goats. Especially in ruminants the whole gut system
is of high scientific interest as they are thought to be the largest methane emission
source (Pethani et al., 2024). Research in the last years on improving methane
emission focussed on by selection of low-methane producing animals, dietary
formulations, the addition of ruminal metabolic modifiers, or vaccinations
(Pethani et al., 2024). Another study on dairy cows showed a relationship between
personality and milk production (Schwanke et al., 2024): more active cows gave
less milk and showed more agonistic behaviours during milking in an automated
milking system then less active cows (Schwanke et al., 2024). Future directions
could be to explore possible relationships between differences in the gut
microbiome, the methane emission and individual differences in personality traits

and cognitive capacities.

5.3 Conclusion

The second chapter of my thesis specifically dealed with the different definitions
used in animal personality research and how these are used in farm animal
personality research. My colleagues and I concluded that the terminology and
definitions are often confusing and somehow species-related. We stated that the
broad field of personality research generally needs more consistency in using

theoretical concepts, terms and measures and we recommended that the terms
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should neither be regarded as synonyms nor as independent terms for consistent
behavioural responses in animals, but as different aspects of the whole personality
concept. Research on personality of farm animals focuses in particular on the
phenotyping of personality traits and potential relationships with cognition,
emotion and welfare.

The study presented in chapter three of this thesis showed that individual
differences in personality in goats are consistent over time and provides insight
into cross-context correlations between the behaviour in different test situations
(single vs. group) and physiological parameters such as resting heart rate
variability and weight gain. Based on two personality factors, “boldness” and
“activity”, we found a comparatively small number of extreme personality types
in our dwarf goat population, which is consistent with the results of studies in
other wild and domestic animal species. The missing relationship to dominance
hierarchy in this setup should be further investigated to prove if it is a personality

trait in dwarf goats or if it is just a social outcome.

The study presented in the fourth chapter showed that the performance of the
goats in the three reversal tasks depended on their learning success in the initial
discrimination task in that low performers in the initial discrimination task also
performed low in the reversal tasks. Only one personality trait, “boldness”, proved
to have substantial consequences on learning performance in a reversal task: bold
individuals show reduced behavioural flexibility, but they were able to adapt in
the subsequent reversals once a new routine was formed. Our findings show that
we should take personality bias into account when conducting learning or
cognitive experiments and underline the importance of the repeated measurement

of individual personality traits.
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Personality in farm animals is of growing scientific, practical and economic
interest, because it has an obvious verifiable impact on the individual behavioural
reaction to different housing systems, management practices and veterinary
interventions and is therefore important for the improvement of animal welfare.
But, there are some other aspects that in turn can have an impact on the expression
of personality for instance age, environmental changes, gut microbiome or other.
The mentioned aspects and examples such as brain-hemispheric dominance or the
gut-brain-axis and how personality influences e.g. milk production presented in
the ,,Implications for Welfare and Outlook* section together with the described
results in this thesis lead to my personal conclusion that if we want to improve
farm animal welfare independently of the species, we as researchers, have to
consider many aspects of farm animal behaviour, physiology, cognition and their

interrelationships within an individual.

5.4 Summarising discussion and conclusion

Personality is a concept which encompasses many aspects of an individual. Figure

1 roughly explained in chapter one of this thesis the concept of personality:
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Figure 1: The concept of personality. The arrows describe relationships between

components and parts of the personality concept.

The concept of personality is a broad field in (farm) animal research as well as in
human psychology research. The whole concept for sure comprises many more
components that need further investigation. Therefore, one of the main goals of
this thesis was to understand this concept and to investigate how personality is
expressed, in which form it is related to physiology, dominance hierarchy and
cognitive capacities (here learning and reversal learning) in farm animals on the

example of dwarf goats.

The aim of the review presented in chapter two was to give a comprehensive
overview about how concepts and personality related terms are currently used in
animal and especially farm animal personality research and to critically reveal

how they are defined and what they measure. The results of my colleagues and me
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were, that the use of the term personality was quite scarce. We concluded that the
terminology and definitions are often confusing and somehow species-related.
While studies in different mammals, birds, and other taxa widely use the term
personality to describe between-individual consistency in behavioural variation, in
farm animal research the terms temperament and coping style are predominantly
used, probably because personality might be associated with anthropomorphism. I
repeated the literature search with the same mammalian farm animal species only
including “personality” as keywords. I found over 1,500 publications addressing
the investigation of aspects of personality, but also using the term personality. The
use of the personality related terms seems to gain more and more clarity in our
field. I conclude, that measuring aspects of personality in farm animals and
naming it “personality” is not that scarce any more and I am eager to the results of

future research.

In the third chapter my colleagues and I investigated personality traits in dwarf
goats up to the formation of behavioural syndromes, to correlations with
physiological traits and dominance hierarchy. The results of our conducted
repeated principal component analysis showed that the same behavioural
parameters load on the same principal components. Based on two personality
factors, “boldness” and ‘“‘activity”, we found a comparatively small number of
extreme personality types in our dwarf goat population, which is consistent with
the results of studies in other wild and domestic animal species. Moreover, the
individual differences in personality in goats are consistent over time and provides
insight into cross-context correlations between the behaviour in different test

situations and physiological parameters. The missing relationship to dominance

193



Chapter 5: General Discussion

hierarchy in this setup should be further investigated to prove if it is a personality

trait in dwarf goats or if it is just a social outcome.

In the fourth chapter my colleagues and I investigated the relationship of cognitive
capacities, in form of a discrimination learning setup including one learning and
three reversal learning tasks, and personality traits in dwarf goats. Many research
with different species has already been done, but results were quite divers and
somehow species-related as some studies found relationships, while others did
not. The results showed that the performance of the goats in the three reversal
learning tasks depended on their learning success in the initial discrimination
learning task in that low performers in the initial discrimination learning task also
performed low in the reversal learning tasks. Only one personality trait,
“boldness”, proved to have substantial consequences on learning performance in a
reversal learning task: bold individuals showed reduced behavioural flexibility,
but they were able to adapt in the subsequent reversals once a new routine was
formed. These findings show that we should take personality bias into account
when conducting learning or cognitive experiments and underline the importance
of the repeated measurement of individual personality traits.

All in all, personality in farm animals is still of growing scientific, practical and
economic interest, because it has an obvious verifiable impact on the individual
behavioural reaction to different housing systems, management practices and
veterinary interventions and is therefore important for the improvement of animal

welfare.
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Summary

Understanding individual differences in personality and its relation to cognitive
abilities in farm animals, has gained increased attention for welfare purposes,
because personality and its relationships to cognitive abilities may have an impact
on economic factors as farm animals must cope with numerous challenging
situations, automatic systems and different husbandry practises during their
lifetime. Research about personality in goats is quite scarce, whereas cognitive
capacities, especially discrimination learning is well studied in this species. In a
former study, goats performing a cognitive task showed also a bolder response
towards novel items indicating a relationship between learning and individual
personality in this species. The aim of this thesis was to further investigate
individual differences in personality and learning in this species. The behaviour of
108 Nigerian dwarf goats was measured in repeated open-field (OF) and novel-
object (NO) tests to classify the subjects into proactive, reactive and intermediate
personality types. Conducted principal component analysis helped to identify two
main components: “boldness” and “activity”; 61% of the goats showed a
consistent personality type. In parallel, the goats learned a 4-choice visual initial
discrimination learning task and three subsequent reversal learning tasks. The
results showed that goats with the lowest learning performance needed more trials
in the first reversal and reached the learning criterion less frequently in the second
and third reversal, suggesting a close relationship between initial learning and
flexibility in learning behaviour. To study the link between personality and
learning, the data from both OF- and NO-tests were integrated in the analysis.

Stability in the trait “boldness” was found to have an effect on learning. Unbold
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goats outperformed bold goats in the first reversal. This finding supports the
general hypothesis that bold animals tend to develop routines and show less

flexibility in the context of learning than unbold individuals.
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Zusammenfassung

Das Verstindnis des Zusammenhangs zwischen individuellen Unterschieden in
der Personlichkeitsstruktur und kognitiven Féhigkeiten von Nutztieren hat aus
Tierschutzgriinden zunehmend an Bedeutung gewonnen, da der Zusammenhang
zwischen Personlichkeit und Kognition Auswirkungen auf wirtschaftliche
Faktoren haben kann. Nutztiere sind im Laufe ihres Lebens zahlreichen
Herausforderungen wie z. B. automatischen (Melk-)systemen und diversen
Haltungsformen ausgesetzt. Personlichkeitsstrukturen von Ziegen sind noch
wenig erforscht, wihrend die kognitiven Féhigkeiten, insbesondere im
Diskriminierungslernen, gut untersucht sind. In einer fritheren Studie zeigten
Ziegen bei einer Lernaufgabe ein furchtloseres Verhalten gegeniiber neuen
Gegenstidnden. Dies deutet auf einen Zusammenhang zwischen Lernen und
Personlichkeitsstrukturen bei Ziegen hin. Ziel dieser Arbeit war es, individuelle
Unterschiede in Personlichkeit und Lernen bei Zwergziegen zu untersuchen. Das
Verhalten von 108 nigerianischen Zwergziegen wurde in einem wiederholten
Open-Field- (OF) und Novel-Object- (NO)-Test aufgenommen, um die Ziegen in
proaktive, reaktive und intermedidre Personlichkeitstypen zu klassifizieren.
Durchgefiihrte Hauptkomponentenanalysen halfen bei der Identifizierung von
zwei Hauptkomponenten: ,,Furchtlosigkeit und ,,Aktivitdt; 61 % der Ziegen
zeigten einen konsistenten Personlichkeitstyp. Parallel dazu lernten die
Zwergziegen vier Symbole in einer visuellen Diskriminierungsaufgabe und in drei
Umkehrlernaufgaben zu unterscheiden. Die Ergebnisse zeigten, dass Zwergziegen
mit der geringsten Lernleistung bei der ersten Umkehrlernaufgabe mehr Versuche

benoétigten um das Lernkriterium zu erreichen und dieses bei der zweiten und
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dritten Umkehrlernaufgabe seltener erreichten. Dies deutet auf eine enge
Beziehung zwischen Lernen und Flexibilitit im Lernverhalten hin. Um den
Zusammenhang zwischen Personlichkeit und Lernen zu untersuchen, wurden die
Daten aus OF- und NO-Tests in die Analyse integriert. Es zeigte sich, dass das
stabile Personlichleitsmerkmal ,,Furchtlosigkeit” einen Einfluss auf das Lernen
hat. Weniger furchtlose Zwergziegen schnitten bei der ersten Umkehrlernaufgabe
besser ab als furchtlose Ziegen. Dieses Ergebnis unterstiitzt die allgemeine
Hypothese, dass furchtlose Tiere dazu neigen, Routinen zu entwickeln und im

Lernkontext weniger Flexibilitdt zeigen als weniger furchtlose Individuen.
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denn
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