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Summary

Inter-individually different but intra-individually consistent behaviour in similar situations
cannot always be explained by physiological states or environmental factors; hence, these
differences may reveal the strategy an individual employs to act with and react to
environmental stimuli. This is described as personality and is thought to be innate and

consistent over time and across situations.

The aim of this thesis was to assess the personality of young cattle (Bos taurus) to gain more
knowledge on the phenotype of this economically important livestock species by combining
ethological observations, physiological measures, and objectively measured applied physical

force. The thesis was divided into three studies.

In Study I, an appliance was to be established that allows to objectively measuring escape
behaviour and reluctance in young cattle restrained by being tethered on a halter,
independently of the impact and rating of a more or less subjective observer or handler.
While restrained, a tractive force-time diagram was recorded and later analysed. To
evaluate, 24 three-month-old calves were restrained by being tethered for 30 min on a halter
connected to a force transducer. Most of the calves showed a similar behaviour pattern with
a slight decrease in effort across the 30 min test. Still, several animals showed clearly higher
values in the parameters. Thus, two clusters of calves were found, which did not differ in

weight of the animals.

To phenotype personality, behaviour and simultaneously measured heart rate variability
(HRV) during a novel-object test, which is a so far unique methodology in personality
research in animals, was analysed in Study Il. We tested 400 calves at 90 days post natum
(dpn). The test was conducted a second time four months later on 39 of these calves to test
for stability over time. Four distinct personality types could be described by combining the
ethological and physiological measurements: “neophobic/fearful — alert”, “interested —

stressed”, “subdued/uninterested — calm”, and “neophilic/outgoing — alert”. In the evaluation
of the stability of the personality types over time, more than 40 % of the calves showed a

similar behaviour pattern.

In Study lll, data of 356 calves tested at 90 and 91 dpn, respectively, from the developed
restraint test of Study | was correlated with the multidimensional depiction of cattle
personality established in Study II. By linking automatically measured data to ethological and
physiological data, we aimed to test whether the automated restraint test is a practicable way
to test large numbers of individuals for their personality with maintained level of measure
reliability. Tractive force was found to be influenced by the activation of the autonomous

nervous system during the novel-object test. Although the character of this connection was
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surprising, this can be seen as a candidate measure that provides a basis for further

developments.

To conclude, it was possible to describe four distinct personality types using a
multidimensional analysis of behaviour recorded during a standard behaviour test and
simultaneous measurements of the HRV. Correlating the types with data of the developed
restraint test revealed one candidate measure, which appeared promising for further

developments of this test.
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Zusammenfassung

Inter-individuell unterschiedliches, jedoch intra-individuell konsistentes Verhalten in
vergleichbaren Situationen kann nicht immer durch physiologische Faktoren oder
Umweltfaktoren erklart werden. Die daraus folgenden Unterschiede lassen die Strategie
erkennen, die ein Individuum anwendet, um mit der Umwelt zu agieren und auf sie zu
reagieren. Diese Strategie wird Personalitédt genannt und als angeboren und konstant tber

Zeit und Situationen angesehen.

Ziel dieser Arbeit war die Erfassung von Personalitat bei Jungrindern (Bos taurus) durch die
Kombination von ethologischen Beobachtungen, physiologischen Messungen und objektiv
gemessener, aufgewandter physikalischer Kraft. Damit sollten mehr Kenntnisse Uber den
Phanotyp dieser 6konomisch wichtigen Nutztierart gewonnen werden. Die Arbeit besteht aus
drei Studien.

In Studie | sollte ein Apparat entwickelt und eingefiihrt werden, der unabhéngig vom Einfluss
und von der Bewertung eines mehr oder weniger subjektiven Beobachters oder Tierpflegers
das Fluchtverhalten und den Widerwillen eines mit einem Halfter angebundenen Jungrindes
misst. Wahrend der Anbindung wurde ein Zugkraft-Diagramm aufgenommen und spater
analysiert. Zur Evaluation wurden 24 Kalber im Alter von 91 Lebenstagen fir 30 min mit
einem Halfter angebunden, der mit einer Kraftmessdose verbunden war. Die meisten Kélber
zeigten ein ahnliches Verhaltensmuster mit einem leichten Rickgang der Zugkraft im Laufe
des 30-mindtigen Tests. Einige erreichten jedoch deutlich h6here Werte in den Parametern,
sodass zwei Cluster gefunden wurden, deren Kalber sich aber nicht in ihrem Gewicht

unterschieden.

Um Personalitat zu phanotypisieren, wurden in Studie Il wahrend eines Novel-Object-Tests
das Verhalten und die gleichzeitig gemessene Herzfrequenzvariabilitat (HRV) ausgewertet.
Mit dieser in der Personalitatsforschung bei Tieren bisher einmaligen Methodik wurden 400
Kalber mit 90 Lebenstagen getestet. Bei 39 dieser Kalber wurde der Test vier Monate spater
ein zweites Mal durchgefuhrt, um die Stabilitat Uber die Zeit zu prifen. Mithilfe der
kombinierten Analyse der ethologischen und physiologischen Daten konnten vier besonders
stark ausgepragte Personalitatstypen beschrieben werden: “neophob/angstlich —
aufmerksam”, “interessiert — gestresst”, “gehemmt/desinteressiert — ruhig” und
“neophil/kontaktfreudig — aufmerksam”. Beim zweiten Testalter zeigten mehr als 40 % der

Kalber ein mit ihnrem ersten Test Ubereinstimmendes Verhaltensmuster.

In Studie Il sollte untersucht werden, ob ein Zusammenhang zwischen den Daten von 356
Kéalbern aus dem in Studie | entwickelten Anbindetest und mit der in Studie Il etablierten,
multidimensionalen Darstellung ihrer Personalitat hergestellt werden kann. So sollte ein
praktikabler Test entstehen, mit dem eine grof3e Zahl von Individuen — bei gleichzeitigem

\%
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Erhalt der Messverlasslichkeit — auf ihre Personalitdt getestet werden kann. Die Zugkraft
hing mit der Aktivitat des autonomen Nervensystems wahrend des Novel-Object-Tests
zusammen. Obwohl die Art dieses Zusammenhangs uberraschend war, kann die Zugkraft
als vielversprechender Parameter fur die Weiterentwicklung des Anbindetests gesehen

werden.

AbschlieRend sei bemerkt, dass es gelungen ist, vier besonders stark ausgepragte
Personalitatstypen mithilfe einer multidimensionalen Analyse eines Standardverhaltenstests
und einer gleichzeitigen HRV-Messung zu beschreiben. Bei der Korrelation der
Personalitatstypen mit Daten aus dem entwickelten Anbindetest zeigte sich ein Parameter

vielversprechend fir die Weiterentwicklung dieses Tests.

Vi
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1 General introduction

For a long time in ethological studies, it was tried to generalise behaviour over a group, a
treatment unit, a population, even a species, etc., often rather desperately as differences
between individuals occurred more often than not and with larger variances than expected
and desired (Hawley 2011). These differences were long called “noise” that were to be
avoided and minimised by choosing the “right” individuals (Hawley 2011), e.g., from inbred
animal strains, and by reducing environmental influences as much as possible. The results of
these studies, though, have in fact been argued to have little external generalisation value as
they might detect effects with little or no external validity, because of the fact that they
‘reduce individual differences within study populations” (Wirbel 2000). However, intra-
individually consistent behaviour in similar situations began to assert itself with time, which
meant that even the inter-individual differences turned out to be consistent in similar
situations. These differences in behaviour between individuals can be caused by a range of
environmental and state-dependent factors such as sex, age, reproductive status, or
environment. However, not all of these differences can be explained by physiological states
or environmental factors; these differences reveal the strategy an individual employs to act
with and react to environmental stimuli (Manteca & Deag 1993, Locurto 2007, Wolf &
Weissing 2010). This strategy is described as temperament and is thought to be innate and
consistent over time and across different situations (Grandin 1993, Grignard et al. 2001,
Range et al. 2006, Réale et al. 2007, Forkman et al. 2007, Dingemanse & Wolf 2010).

1.1 Concepts, definitions, and usage of terms

Besides temperament there are other terms used in this context, e.g., personality,
individuality, or coping style (Forkman et al. 1995, Réale et al. 2007, Bell & Sih 2007,
Boersma et al. 2009). However, there are no generally accepted definitions of these terms
(Mills et al. 2010). Until recently, temperament was defined as mentioned above as relatively
stable behaviour traits, while personality was supposedly a more flexible set of traits;
therefore, there was to be a difference between the two terms (Mills et al. 2010). Gagne
(2013) states that “temperament is an early developing set of characteristics related to later
personality”. However, more recent research shows that both temperament and personality
are influenced by similar factors such as genetics, hormones, etc. in a likewise manner and
amount (Mills et al. 2010).

Due to the lack of a general definition authors have to define what they understand as
temperament or personality and whether there is a difference between the terms. This leads
to almost every publication using its very own definition. Gosling (2001) explains that

personality is a consistent pattern of behaviour, while temperament is a set of early shown
1
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tendencies as foundation of personality. Sullivan et al. (2011) say temperament is a
behavioural response to environment stable across time and situations, while Lowe &
Bradshaw (2001) define the same as personality. Réale et al. (2007) provide a summary of
the different terms and their definitions depending on the author(s), which clearly shows how
arbitrary the distinctions between the different terms are. They conclude that the two most
common terms, temperament and personality, are often artificially distinguished. Therefore,
they understand these two terms as synonyms. | am in accordance with this understanding
and use the terms synonymously throughout this thesis. Although being consistent over time
and situations, personality should not be imagined as a fixed and completely inflexible
construct, but rather as an adjustable tool for adaptation to exterior circumstances during
individual ontogeny (Stamps & Groothuis 2010, Trillmich & Hudson 2011). Very early in life,
personality seems to be rather flexible (Sulloway 2011, Hudson et al. 2011), while later on it
is maintained more and more rigidly (Trillmich & Hudson 2011). However, depending on
genetics and epigenetics, the starting point is different in each individual. Therefore, |
understand personality as the strategy an individual employs to act with and react to
environmental stimuli, which starting point is innate and which is relatively consistent over

time.

Very often the usage of the terms depends on the field of science the author originates from.
Scientists approaching animal personality from a psychological or developmental
psychobiological point of view usually use the term “personality” (Trillmich & Hudson 2011,
Gracceva et al. 2011); those with neurophysiological background use “coping style”
(Koolhaas et al. 1999, Coppens et al. 2010) or “behavioural syndrome” (Sih et al. 2004,
Herczeg & Garamszegi 2012) and others speak of “individuality” (Le Neindre et al. 1995,
Coleman et al. 2005, Kilgour et al. 2006). “Temperament” is mainly used by scientists
working with livestock (e.g., Dickson et al. 1970, Gauly et al. 2001, Benhajali et al. 2010). It
also depends on the examined species which term is used. Interestingly, in fish and birds the
term personality is frequently used (Bell & Sih 2007, Korsten et al. 2010, David et al. 2011,
Meager et al. 2012), while there seemed and to some extend still seems to be a great fear in
scientists working with livestock to grant these species personality (pers. comm.). Only in
horses, the species of livestock many people have emotional relationships with, few authors

speak of personality (Visser et al. 2003).

Although apes are the closest relatives to human kind and although there have been
numerous descriptions of individual differences in their behaviour since the 1950s, partly
pointing directly at the existence of personality in these non-human animals (Nissen 1956,
Goodall 1964, Kutsukake et al. 2012, Rosati & Hare 2013), only about a decade ago
research focussing on personality in apes started to become a subject (Koski 2011, Herrelko
et al. 2012, Weiss et al. 2012, Kramer & Ward 2012). Most studies focussed and still focus

2
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on vertebrate model animal species like mice, rats or sticklebacks (Benus et al. 1989, Bell &
Sih 2007, Boersma et al. 2009), and on species with rather close relationships to humans.
These include dogs, horses, cattle, and sheep (Svartberg & Forkman 2002, Lansade et al.
2008b, Pajor et al. 2010, Hoppe et al. 2010). The continuingly increasing acceptance of
animals as sentient beings with feelings and emotions (Toates 1998, Boissy et al. 2007,
Reefmann et al. 2009, Veissier et al. 2012) and the inclusion of personality with their different
perceptions of the environment and hence differing feelings and emotions into the concept of
gradual evolution after Charles Darwin (Réale et al. 2007, Wolf et al. 2007, Dingemanse et
al. 2009, Buss & Hawley 2011, Klefoth et al. 2012), however, will probably expand the
attention to other species sooner or later. In fact, the European Union makes no difference
between various animal classes, let alone species, and has already included not only
agriculture (working with mammals and birds), but also fisheries (working with fish,
cephalopods, bivalves, and some classes of crustaceans) into the branches of economy
needing to implement animal welfare as they are dealing with sentient beings: “Article 13. In
formulating and implementing the Union's agriculture, fisheries, transport, internal market,
research and technological development and space policies, the Union and the Member
States shall, since animals are sentient beings, pay full regard to the welfare requirements of
animals, while respecting the legislative or administrative provisions and customs of the
Member States relating in particular to religious rites, cultural traditions and regional
heritage.” (Official Journal of the European Union 2008). This also has consequences for
research in, e.g., conservation biology: Any interference with nature or renaturation plans
should take into account what actions favour which personality types. The awareness of
sentience and personality in various animal species and the consequences for research and
action plans in, e.g., ecology and conservation biology raise the relevance of any information
on that topic. The evolutionary benefits of specific personality types and the consequences of
their existence for populations as a whole have to be taken into account within these fields.
Also for animals living under human care, may it be livestock, pets, or zoo, circus, or
laboratory animals, the consequences of the existence of personality for the more or less
artificially mixed groups and the individuals’ perception of their own welfare must become

relevant.
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1.2 Personality in evolution

Researchers in personality of all fields have slowly become aware that the concept of
personality cannot have suddenly popped up in humans when it is such a complex construct
(Gosling & John 1999, Stamps & Groothuis 2010, Trillmich & Hudson 2011); instead, like
physiology, neurology, or genetics personality is consequently to be included into the
concept of gradual evolution after Charles Darwin (Réale et al. 2007, Wolf et al. 2007,
Dingemanse et al. 2009, Buss & Hawley 2011, Klefoth et al. 2012). As a result, there is more
and more research done in developmental psychology, ecology and evolution, and ethology
addressing questions like what the advantage of certain personality types is in an
evolutionary and ecological context (Dingemanse et al. 2009, Hudson et al. 2011, David et
al. 2011, Carter et al. 2012), when and if in the individual ontogeny personality is stable
(Rodel & Meyer 2011, Eccard & Rddel 2011), what role siblings play (Hudson et al. 2011,
Eccard & Rodel 2011), or how genetically fixated personality is (Korsten et al. 2010,
Tschirren & Bensch 2010). E.g., male European rabbits from small litter sizes have been
found to be more likely to show escalated offensive behaviour (= chasing) as juveniles
(Hudson et al. 2011). While this could be related to larger body mass (Hudson et al. 2011),
the same individuals were also more offensive and successful during fights as adults
independent of their current weight (Rddel & von Holst 2009). Rhesus monkeys were found
to be bolder towards humans when they were quickly approaching food in a novel-food test
(Coleman et al. 2005) and zebra finches spent more time feeding when they were more
exploratory, active, and faster to resume feeding after a startle (David et al. 2011). These
results indicate that personality undoubtedly plays an important role in evolution. Bolder,
more exploratory individuals certainly have an advantage over shyer, less exploratory
animals during times of food shortage; however, they also take a higher predation risk. This
risk or cost, respectively, probably explains why it is evolutionary useful to not eradicate the
shy individuals: they might have disadvantages during food shortage, but their more cautious
personality provides great advantages regarding predation risk, which during times of food
prosperity is lifesaving. Still, the above statements, as logically as they may seem, are yet to

be scientifically proven.

It is now no longer challenged whether non-human animals have temperament or personality
or not, but rather how complex their personality is, when in the process of evolution it
occurred and started to become relevant for survival, and in which species there is
personality (Stamps & Groothuis 2010). The study of animal personality has also become
more and more important to understanding the ontogenetic development of personality and
to determine influential factors, because one can do studies that can be more controlled than
studies with humans (Hudson et al. 2011). However, the knowledge about personality in
context of evolution is still very little and the research on this topic has only just begun; an
4
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appeal to researchers of ecology and evolution to take notice of personality in animals and

start researching on it from their perspective has been given by Réale et al. (2007).

Interesting also in context of evolution is the study of personality in domestic animals.
Domestication is the “process by which a population of animals becomes adapted to man
and to the captive environment by some combination of genetic changes occurring over
generations and environmentally induced developmental events reoccurring during each
generation” (Price 1984). This adaptation more than likely includes changes in behaviour and
personality. | consider it probable that extremely shy, aggressive, and fearful personality
types were greatly diminished and that the distribution of the existing personality types
shifted towards more docile, bolder, and curious types. This, however, is yet to be
scientifically investigated. Potentially, personality types have evolved that are not found in the
wild counterparts as domesticated animals have also evolved abilities other than those they
were explicitly bred for. E.g., dogs are able to understand what humans see (Kaminski et al.
2013), even if this is different to what they see (Kaminski et al. 2009) and they are further
able to understand human gaze, pointing direction, and other given physical cues (Marshall-
Pescini et al. 2012), which seems to be innate (Hare et al. 2002). Their wild counterparts,
wolves, on the other hand do not have these abilities, even when kept and raised like dogs
from day 4 (Mikl6si et al. 2003). Still, wolves and dogs are equal to one another in non-social
memory tasks (Hare et al. 2002). There are first hints that domesticated pigs are receptive to
human gaze as well (Nawroth et al. 2013). If wild boars show the same ability is — to the best
of my knowledge — unknown to this day. It is conceivable, if not probable, that other
domesticated animals have developed similar abilities. Still, research needs to go a long way
until these questions and others regarding new personality types in domesticated animals

can be answered sufficiently.
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1.3 Human vs. non-human animal personality

In human psychology, personality is described by the so-called “big five” factors (de Raad
1998). These are the five dimensions extraversion, agreeableness, conscientiousness,
emotional stability (or neuroticism), and openness. Each dimension consists of six underlying

aspects and is explained as follows (taken from Bagby et al. 1996):

— Extraversion describes the “quantity and intensity of interpersonal interaction” and
the “capacity for joy”; includes i. a. activity, excitement-seeking, and assertiveness;

— Agreeableness describes the “interpersonal orientation along a continuum from
compassion to antagonism”; includes i. a. trust, compliance, and tender-
mindedness;

— Conscientiousness describes the “degree of organisation, persistence, and
motivation in goal directed behaviour”; includes i. a. dutifulness, achievement
striving, and self-discipline;

— Neuroticism describes “adjustment vs. emotional stability”; includes i. a. anxiety,
angry hostility, and impulsiveness;

— Openness describes the “appreciation of experience for its own sake” and the
“tolerance for and exploration of the unfamiliar”; includes i. a. curiosity, need for

variety, and non-dogmatic attitudes.

Interestingly, when comparing the descriptions of the big five personality dimensions in
human psychology with the five categories of temperament in animals described in the
context of ecology and evolution by Réale et al. (2007) we find three of the categories
overlapping with three of the big five factors, and a fourth being rather similar in its meaning.
Their five categories are described as follows (Réale et al. 2007):

- Exploration — avoidance: reaction to new situations including new food, habitat, or
novel objects; situations can be perceived as or actually be risky; overlaps with big
five dimension openness;

- Aggressiveness: “agonistic reaction towards conspecifics”; overlaps with big five
dimension neuroticism/emotional stability;

- Sociability: reaction to the presence or absence of conspecifics (excluding
antagonistic behaviour); seeking or avoiding conspecifics; overlaps with big five
dimension agreeableness;

- Shyness — boldness: reaction to a risky, but not new situation; this includes the
reaction towards humans (potential predators) often described as docility, tameness,
or fearfulness; similar to big five dimension extraversion;

— Activity: refers to the “general level of activity of an individual”; “can interfere with the

measurement of exploration or of boldness”.

6
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The personality trait conscientiousness of human psychology does obviously not appear in
the description of Réale et al. (2007) and seems to be a very anthropomorphic trait.
However, professional working, guide, and assistance dog trainers often characterise
successful dogs as persistent, highly motivated to fulfil a given task, and with a strong will to
please (pers. comm.). In other words, they could be described as determined, achievement
striving, and dutiful, which is very close to the conscientiousness personality factor.
Svartberg (2002) concluded that to succeed in known tasks under distraction, prolonged
training but not more repetitions is the key for dogs scoring low in boldness. l.e. they are
more likely to succeed because of advanced maturity and not because of more repetitions of
the tasks, but the author failed to explain why that is. It could be argued that a low boldness
score inhibits the striving to fulfii given tasks, thus inhibits a conscientiousness-like
personality trait. Dogs with a low boldness score might need prolonged training and further
developed maturity to overcome their low boldness score and to be able to develop and
show their actual conscientiousness-like trait, which is described as “trainability” in another
work (Svartberg 2005). These findings might possibly display a conscientiousness-like

personality trait, although this has not yet been described as such.

1.4 Assessing animal personality

According to Manteca & Deag (1993) there are three ways of assessing personality-relevant
behaviours: 1) standard behavioural observation; 2) observers’ rating with the help of
predefined categories; 3) behavioural tests. A non-exclusive list of tests, a short description,
the studied species, and the belonging publications can be found in Table 1. Common in
many of the tests is to confront a test animal with an unknown and/or unpleasant stimulus,

which can, e.g., be an object, food, a human, a conspecific, or an electric shock.
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Table 1: Non-exclusive list of behaviour tests, their short description, species the test is used for, and references

Test Description Species References

Elevated Elevated platform with usually two narrow  Rats, mice (Weiss et al. 1998,

maze arms with or without boundaries at the Leshem 2011)
sides, number of quadrants counted the
animal enters, behaviour recording, is
thought to measure anxiety

Open field Behaviour recording in larger but closed Fish, grey (Fraser 1974, Gallup &
area either known or unknown to the mouse Suarez 1980, Moberg &
animal prior testing, field usually lemurs, cattle, Wood 1982, Boissy &
unfurnished but sometimes furnished rhesus Bouissou 1988, Verbeek
depending on the species, is thought to macaques, et al. 1994, Coleman et
measure boldness pigs, sheep, al. 2005, Yayou et al.

chickens, 2010, Klefoth et al. 2012,
great tits Dammbhahn 2012)

Novel stimuli  Unknown stimulus is presented to an Cattle, sheep, (Goddard & Beilharz
animal, most often stimulus is an object, dogs, fallow 1986, Forkman et al.
other unfamiliar stimuli are a human, food, deer, zebra 1995, Plusquellec et al.
etc., is thought to measure openness finches, 2001, Visser et al. 2003,
towards novelty rhesus Kilgour et al. 2006,

macaques, Sibbald et al. 2009,
pigs, horses, David et al. 2011,
great tits Bergvall et al. 2011)

Back test Test animal laid on its back and held in Pigs (Forkman et al. 1995,
position, struggles against the position Bolhuis et al. 2004)
recorded, is thought to measure coping
strategy

Unknown An unfamiliar conspecific is let into the Fish, mice (Huntingford 1976,

intruder home pen/tank of the test animal, is Sluyter et al. 1995, Bell &
thought to measure aggression Sih 2007)

Defensive Prod giving an electric shock is presented  Rats, mice (Sluyter et al. 1996,

burying to the test animal, animals react either Boersma et al. 2009)
with avoidance or with actively burying the
prod with nesting material, is thought to
measure proactive or reactive coping style

Human Distance when animal steps back or flees  Cattle (Murphey et al. 1980,

approach while a human approaches it, is thought to Boissy & Bouissou 1988,
measure fear of humans Kilgour et al. 2006)

Crush test Temperament scoring while the animal is Cattle, sheep  (Grandin 1993, Kilgour et
confined in a crush or scale, is thought to al. 2006, Behrends et al.
measure ease of handling and docility 2009, Pajor et al. 2010)

Docility test  Animal is kept in a corner by a human Cattle (Boivin et al. 1992,
handler while being separated from its pen Plusquellec et al. 2001)
mates, is thought to measure docility

Flight time Time it takes an animal to leave after Cattle (Muller & von

confinement (e.g., in a crush or scale)
through an alleyway, is thought to
measure ease of handling and docility

Keyserlingk 2006,
Kilgour et al. 2006,
Behrends et al. 2009,
Gibbons et al. 2011)
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In many of these tests, human interaction with the tested animals is inevitable or part of the
tests themselves (for detailed descriptions of common methods of personality trait and
temperament measurements, see, e.g., Manteca & Deag 1993, Burrow 1997, Lanier et al.
2000, Waiblinger et al. 2006, Forkman et al. 2007). Some methods are therefore at least
partly subjective and judgemental, especially when categories are used. According to the
mood-biased judgement hypothesis human judgements will be positive during a good mood
and negative during a bad mood (Mayer 1986). Thus, when measuring personality traits, the
results of judgemental methods are always influenced by the mood of the observer during
the rating and by what the observer thinks is a positive or a negative judgement of the
animals. Therefore, the inter- and even intra-observer reliability are difficult to obtain (Welfare
Quality® 2009b); however, especially for practical purposes, e.g., when animals are selected
for breeding, an objective, reliable, and observer- and mood-independent method of

measuring personality traits is required.

In the literature, original research on non-human animals often describes personality on a

” o«

one-dimensional scale using expressions such as “proactive — reactive”, “aggressive — non-
aggressive”, “bold — shy”, etc. (e.g., Benus et al. 1989, Koolhaas et al. 1999, Boersma et al.
2009). As mentioned above, human psychology and thereon based recent theoretical
framework on personality in non-human animals, however, mostly argue for two or more
dimensions using terms such as “valence”, “arousal’, or “activity” to describe the different
dimensions (Koolhaas et al. 2007, Réale et al. 2007, Koolhaas et al. 2010, Mendl et al.
2010). Following their arguments, different personality types can either be located in a
circumplex model as a linear combination of these dimensions like Mendl et al. (2010) and
Koolhaas et al. (2010) do, and which has first been suggested for humans by Eysenck (e.g.,
Eysenck 1991, Figure 1). As mentioned above, Réale et al. (2007) even defines five
categories of temperament in animals. Therefore, two or more dimensions are more likely to
reflect the entire nature of temperament or personality in non-human animals than one
dimension. Especially, the valence or perception dimension of a situation is highly individual

and very difficult to measure, yet most important to an animal’s welfare (Veissier et al. 2012).
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A Emotionally unstable B Stress reactivity high
egocentric fearful excited
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Reactive coping Proactive coping
Introversion Extraversion Valence - Valence +
layful
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sociable depressed
calm
calm
Emotionally stable Arousal low

Stress reactivity low

Figure 1: Circumplex models of (A) human personality (after Eysenck 1991) and (B) non-human personality
(taken from Koolhaas et al. 2010, grey font) and core affect (taken from Mendl et al. 2010, black font).

1.5 Measuring perception

In psychological research, not only behaviour tests and observation can be conducted but
also questionnaires about the inner emotional world of the test persons can be answered
(Gomez & Gomez 2002). Naturally, questionnaires on the perception of different situations
that are used in personality research in human psychology are impossible in non-human
animals; therefore, one must include measures of physiological or neurophysiological
activation revealing information about the probable perception and processing of a test
situation by an individual. The analysis of cardio-vascular measurements has been found to
be a suitable approach for determining the activity of the autonomous nervous system
(Beauchaine 2001, van Reenen et al. 2005, Santucci et al. 2008). The length between heart
beats differs with each beat as long as the individual is in good health. This is called the
heart rate variability (HRV). Depending on which branch of the autonomous nervous system
— the parasympathetic or the sympathetic branch — is more activated, the beat to beat
changes in heart rate (R-R/N-N interval, R-R in ms) vary differently (Task Force of The
European Society of Cardiology and The North American Society of Pacing and
Electrophysiology 1996, von Borell et al. 2007, Figure 2). Changes in heart rate occur within
5 s after the activation of the parasympathetic branch while after activation of the
sympathetic branch an up to 5 s response delay arises followed by a gradual increase and
maximum response after 30 s (von Borell et al. 2007). Changes in HRV, therefore, depict a

rather clear and immediate image of the individual inner perception of a situation and have
10
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been suggested as a psychophysiological marker of internal regulation and of certain
aspects of psychological adjustment in humans and animals (Calkins & Keane 2004, Boissy
et al. 2007). The parasympathetic branch (vagus nerve) regulates the inner organs and the
blood circuit and induces regeneration of the body, digestion, and rest (Eckert et al. 2000).
An individual with an active parasympathetic branch is therefore likely to perceive the current
situation as calming, not threatening, and in extreme activation as subduing. The
sympathetic branch increases the body’s performance ability by circulating blood to the
muscular blood vessels, increasing blood pressure, and prepares it for stressful events
(Eckert et al. 2000). Individuals with an active sympathetic branch are likely to perceive the
current situation as stressful, exciting, threatening, and in extreme activation as ready for
“fight-or-flight”.

800 -
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R-R-interval in ms
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Time in behaviour testin s

Figure 2: R-R-interval curves of a highly parasympathetically activated individual (solid line) and a highly

sympathetically activated individual (dashed line) during minute 3 to 5 of the behaviour test applied in this thesis.

Common variables of the HRV measures in the time domain are (1) the heart rate in beats
per minute (HR in bpm), (2) the root mean square of successive differences (RMSSD in ms),
(3) the standard deviation of all R-R-intervals (SDNN in ms), and the ratio of RMSSD and
SDNN (RMSSD/SDNN). Table 2 provides a description of the effects of the autonomous

nervous system on these measures.

11
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Table 2: Measures of heart rate variability (HRV), branches of the autonomous nervous system that influence the
HRV measures, and their consequences on the respective measure (after von Borell et al. 2007);

PNS = parasympathetic nervous system, SNS = sympathetic nervous system

HRV measures Influence of the autonomous Consequences on HRV measure
nervous system

HR Additive and non-additive HR decreases, when PNS activity increases
effects of PNS and SNS and/or SNS activity decreases

RMSSD Only influenced by PNS RMSSD increases, when PNS activity increases

SDNN PNS and SNS act SDNN increases mainly, when SNS activity
synergetically increases, but is also influenced by PNS activity

RMSSD/SDNN  PNS and SNS affect measure = RMSSD/SDNN increases, when PNS activity
antagonistically increases and/or SNS activity decreases

1.6 Consequences for animal welfare and animal husbandry

Since the welfare of an animal depends on its perception of and its ability to cope with its
environment (Broom 1988), personality is an important factor in animal welfare and in
breeding. For a long time, animal welfare focussed on avoiding the presence of negative
stimuli. In 1965, the Brambell Report was the first agreement in written form on what welfare
in animals meant (Brambell 1965). The postulations were reformulated in 1979 to the much
referred Five Freedoms of Animal Welfare, which are (taken from Farm Animal Welfare
Council 1979):

— “Freedom from hunger and thirst — by ready access to fresh water and a diet to
maintain full health and vigour”;
— “Freedom from discomfort — by providing an appropriate environment including

shelter and a comfortable resting area”;

12
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— “Freedom from pain, injury or disease — by prevention or rapid diagnosis and
treatment”;

— “Freedom to express normal behaviour — by providing sufficient space, proper
facilities and company of the animal's own kind”;

—  “Freedom from fear and distress — by ensuring conditions and treatment which avoid

mental suffering”.

These freedoms have been developed further to criteria for welfare quality by the EU-
financed project Welfare Quality®, which combine both the Five Freedoms of Animal Welfare
and explicitly the presence of “positive emotions such as security and contentment” (Welfare
Quality® 2009a) to 12 standards for welfare. Although in modern intensive housing systems
at least the freedom to express normal behaviour is still all too seldom reality, the written
agreement on the importance of the presence of positive emotions is a big step towards
providing good animal welfare for livestock. However, the challenge remains how to provide
opportunity for positive emotions and an overall pleasant perception and valence of an
individual’s situation, when these are, especially in comparison to the other criteria, very
individual (Veissier et al. 2012). Veissier et al. (2012) point out that although exterior
conditions like housing system, quality of diet, etc. loose no importance to animal welfare,
one mandatorily needs to take into account the valence of the animals themselves, when
seriously trying to evaluate an animal’s welfare. The valence of a situation differs vastly
between individuals and depends greatly on their personality, former experiences, and to
some extent also to i. a. health and reproductive status. Therefore, research on personality
and their differing valences of identical situations is mandatory to reach the goal of providing
good animal welfare. When choosing the “right” animals for a particular barn not only the
individual valence of, e.g., the housing system is to be taken into account, but also the
personality type when attempting to compose a harmonic group of individually different
animals. After all, a herd of only fearful cows could cause severe problems and time losses in
handling (Burrow 1998) as well as a decrease in productivity (Fordyce et al. 1988b, Voisinet
et al. 1997a, Voisinet et al. 1997b, Fell et al. 1999). There might also be personality types
that are hazardous in domesticated animals due to the danger they might cause for the
handlers. Also, it is conceivable that certain personality types are more adapted to outdoor
housing conditions providing more space but also presence of predators, while others might
be better able to adapt to indoor housing conditions with limited space and crowded

circumstances.

13
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1.7 Cattle and cattle personality in research and practice

The ungulates cattle are ruminants and have been domesticated since approximately 10,000
years by man. They stem from the aurochs and are divided into Bos taurus and Bos indicus,
both of which have their main occurrence at different geographical areas around the world.
Both were domesticated in areas of southeast Europe and southeast Turkey (Sambraus
2006). While Bos taurus has a straight back, is best adapted to colder environments, and is
now mostly distributed over the colder parts of the northern hemisphere, Bos indicus has a
humped back consisting of six muscles, is much smaller and lighter than Bos taurus, has
less coat, more surface compared to its volume, and is therefore better adapted to hotter
climates and survives much higher temperatures (Sambraus 2006). Therefore, it is now
mostly found in hot climates and in the southern hemisphere, where it can also often been
found in crossbreeds of Bos indicus and Bos taurus. Cattle played a crucial role during the
settlement of humans and helped making it possible to survive harsh winters in Europe by
providing milk and lasting milk products. Nowadays, there are three different types of breeds
besides landraces and working breeds: dairy breeds, which are kept solely for milk
production and provide meat only as a by-product through male calves and old cows,
examples are Holstein Friesian, Jersey, Brown Swiss; beef breeds, which are only kept for
beef production, their milk is directly nursed to their own calves, examples are Charolais,
Aberdeen Angus, Limousin; and dual-purpose breeds, which are kept for both milk and beef
production, these breeds produce neither most milk nor most beef in comparison to the
specialised breeds, but are above average in both areas, examples are Fleckvieh,
Vorderwald Cattle, Tyrolese Grey Cattle (Sambraus 1991). In Europe and North America
dairy breeds are kept mostly indoors in same sex groups, same age or same production
status groups, respectively. Most often the females are artificially inseminated, only seldom
and often as a last resort natural insemination is applied (pers. comm.). Calves are taken
from their mothers usually within the first 24 hours and raised apart from their mothers in
calves groups. Average lifespan of a dairy cow in Germany was 5.3 years in 2012 (Vereinigte
Informationssysteme Tierhaltung w.V. VIT 2012). Beef cattle are often kept outdoors at least
during summers. Calves are raised by the mothers and usually weaned at 6-8 months. They
are then assigned to either single sex fattening groups or recruitment. Bulls are kept with the
female herds for about 8 weeks each year to reproduce; artificial insemination is used
seldom and usually only for pure-breeding purposes. Cows are often kept as long as they
birth calves annually without assistance and as long the calves gain good weight until
weaning or slaughter. They can then reach 20 years of age; usually though, they are
slaughtered between 8-10 years of age (pers. comm.). When fattened, beef cattle are
slaughtered at either a certain predefined weight or a predefined age, mostly between 15 and
18 months.

14
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In cattle, personality traits are associated with the ease of handling (Burrow 1998), live
weight gains in feedlots (Voisinet et al. 1997b, Fell et al. 1999) and on pasture (Fordyce et al.
1985, Fordyce et al. 1988a), carcass damage (Fordyce et al. 1988b), and meat quality
(Fordyce et al. 1988b, Voisinet et al. 1997a). Some official beef breeders have already added
certain personality traits to their breeding goals (e.g., Zuchtbetrieb Zachert 2013, Traditional
Herefords 2013). They are usually told to use the flight speed/time test, crush test, or docility
test to determine an individual’s personality (Gaden et al. 2004, International Beef Recording
Scheme 2012). Common for these behavioural tests is the measurement or rating of the
motivation of an animal to elude an unpleasant or frightening situation either while restrained
(flight speed test and crush test) or while moving freely (docility test). The behaviour shown
in these situations is either fear-related escape behaviour or the expression of the animal’s
resentment of the situation which is an important part of personality (Kilgour et al. 2006,
Benhajali et al. 2010). Still, the often used crush-test measures the behaviour indirectly by
having observers judge the strength, frequency, and duration of escape attempts and rating
the animals according to a predefined category scale (Grandin 1993, Kilgour et al. 20086,
Benhajali et al. 2010, Gibbons et al. 2011). The flight speed test simply measures the time it
takes an animal to leave the crush and pass the first few meters after restraint (Muller & von
Keyserlingk 2006, Kilgour et al. 2006, Behrends et al. 2009, Gibbons et al. 2011), while other
developed tests such as the docility test can be time consuming and rather complicated to
execute (Le Neindre et al. 1995, Boivin et al. 2009). Human interaction with the animals
(Boissy & Bouissou 1988) and observer-dependent rating are fundamental parts of the tests
(Grandin 1993). Eventually, all previously named tests measure docility, which is an
important part of animal personality, especially for livestock species, but not even close to a
more complex depiction of it. Docility can further not be found within the theoretical
frameworks of Réale et al. (2007), Mendl et al. (2010), and Koolhaas et al. (2010). Whether it
does exist as a single personality trait or is the result of the combination of the other traits,
remains to be studied. One therefore needs an easy applicable test revealing other parts of
personality than docility, which can be used by anyone anywhere in the world, trained or
untrained, educated or not, in any housing system and will yield objective comparable
results. To know whether such an easy applicable test actually does detect different

personality types it has to be correlated with a more complex depiction of cattle personality.
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2 Aims

The aim of this thesis was the assessment of personality in young cattle (Bos taurus) to gain
more knowledge on the phenotype of this economically important livestock species. By
combining ethological observations, physiological measures, and objectively measured
applied physical force, it was thought to provide a broad phenotypical basis for further

analyses on metabolome, proteome, and transcriptome level.

At first, an appliance was to be established that allows to objectively measuring escape
behaviour and reluctance in young cattle restrained by being tethered on a halter,
independently of the impact and rating of a more or less subjective observer or handler.

(Study | — Pulling test methodology)

By analysing the behaviour and simultaneously measured heart rate variability during a
standard behaviour test in calves a depiction of personality was to be developed and tested
for stability over time. Taking this combined multidimensional approach based on
experimental original data, | intended to provide foundational support for the theoretical
framework suggesting two or more dimensions in animal personality. (Study Il —

Multidimensional personality depiction)

To take a first step in developing an easy applicable test for personality in cattle, data from
an automated restraint test was to be correlated with a multidimensional depiction of cattle
personality resulting from a standard behaviour test. By linking automatically measured data
to ethological and physiological data, | aimed to test whether the automated restraint test is a
practicable way to test large numbers of individuals for their personality with maintained level

of measure reliability. (Study Il — Towards an easy applicable personality test)

| hypothesised that the animals would have different strategies in their reaction to being
tethered (Study 1), that personality could be depicted with at least two dimensions from
conducting a standard behaviour test (Study 1), and that the behaviour patterns during the

restraint would be linked to some parameters of the personality depiction (Study IlI).
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3 Animals, materials, and methods
3.1 Animals and housing

In all studies, animals of the F,-generation of a running breeding project (Holstein Friesian x
Charolais cross breeding) were tested with 90 dpn (= 3 dpn, days post natum). The parental
generation consisted of five Charolais bulls and 26 Holstein Friesian cows. Of each bull one
male offspring was selected to be paired with the female offspring of another bull. Thereof
descending offspring were part of the studies presented in this thesis. For more information
about the breeding scheme and the relations between the F,-generation see Appendix 1. All
calves were bred via embryo transfer into unrelated Holstein Friesian heifers as recipient
mothers and were born and tested between 2004 and 2010. All tests started at noon. The
calves were kept in various small groups of up to nine animals of similar age, apart from their
recipient mothers from day one. Pens had a size of 6 m x 7 m and were covered with deep
litter. Calves were fed colostrum and first milk from the recipient mothers four times per day
until 6 dpn with 1.5-2.0 | per meal. From 7-107 dpn they had access to milk substitute
(SALVANA M-15/SW, concentration 125 g/l) from an automatic calf feeder with up to 8 I/d
until weaning started at 71 dpn when the daily meal size gradually decreased to 1 I/d at
100 dpn. Simultaneously, the concentrate meal size increased from 0.1 kg/d to 2.6 kg/d while
having access to hay ad libitum. Until 90 dpn, the calves were not subject to any other
experiment, and handling did not exceed routine handling by the animal keepers except in

the case of animals requiring treatment for sickness.

After weaning, the animals were weighed at 111 dpn (+ 3 dpn). The weight at the day of the
experiment was calculated with the help of the average daily weight gain from birth to

weaning and the exact age at the experiment.

We further tested each 20 calves (10 male, 10 female) of the founder breeds Holstein
Friesian and Charolais at 91 dpn (£ 3 dpn) and a second time at 197 dpn (£ 12 dpn). The
calves were purchased from breeders and arrived at our facilities two days after birth at the
latest. They were housed in the same barn and received the same amount of feed as the
crossbreeds and male and female calves were housed together until the second test had
been conducted. After weaning, calves were moved to a larger pen covered with deep litter
and received about 15 g/kg liveweight of concentrate on top of ad libitum access to silage
and hay. These calves were born and tested between 2008 and 2012. All tests started at

noon.

All procedures involving animal handling and treatment were approved by the Committee for
Animal Use and Care of the Ministry of Agriculture, the Environment and Consumer

Protection of the federal state Mecklenburg-Vorpommern, Germany.
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3.1.1 Study | — Pulling test methodology

Twenty-four calves (12 male, 12 female) of the F,-generation were tested with 91 dpn
(x3dpn) in a restraint situation (further called pulling test). Sixteen of them (8 male,
8 female) were not subject to any other experiment presented in this thesis. On average the
calves weighed 115 kg (range: 89-144 kg, SD + 13 kg) at the day of the experiment.

3.1.2 Study Il — Multidimensional personality depiction

We tested 361 calves (175 male, 186 female) of the F,-generation with 90 dpn (+ 3 dpn) in a
novel-object test, eight (4 male, 4 female) of which were also subjects in Study I. On
average, the calves weighed 118 kg (range: 74-159 kg, SD + 14 kg) at the day of the
experiment. Each 20 calves (10 male, 10 female) of the founder breeds Holstein Friesian and
Charolais were tested at 91 dpn (x 3 dpn) and a second time at 197 dpn (x 12 dpn) to
evaluate stability of personality over time and to detect possible breed differences. Due to the
early death of one male Charolais calf, there were 19 Charolais calves tested at 91 dpn. At
the second test age, one male Charolais calf became extremely distressed during testing
and risked serious injury. The test was terminated; thus there is data of 18 (8 male,
10 female) Charolais calves at 197 dpn.

3.1.3 Study Ill — Towards an easy applicable personality test

The same individuals as in Study Il were additionally tested in the pulling test with 91 dpn
(x 3 dpn). On average, the calves weighed 119 kg (range: 74-160 kg, SD * 14 kg) at the test
day. Each 20 calves (10 male, 10 female) of the founder breeds Holstein Friesian and
Charolais were additionally tested at 92 dpn (x 3 dpn) and a second time at 198 dpn
(= 12 dpn). Due to the reasons mentioned above, there were 19 Charolais calves tested at
the first test age and there is data of this test of 18 (8 male, 10 female) Charolais calves at
197 dpn.

3.2 Experimental procedures

3.2.1 Study | — Pulling test methodology
Measuring appliance and experimental outlay

To automatically measure escape behaviour and reluctance in calves, we recorded the
animals’ expended power during the pulling test with the force transducer Megatron KT1400
(Megatron Elektronik AG & Co., Putzbrunn, Germany). The force transducer was built onto a

metal bar of the home pen of the animals so that the cable elongated the force direction of
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the transducer, which was essential to avoid resultant force, and was connected with an
analogue/digital interface (NI PCI-6503, National Instruments Germany GmbH, Munich,
Germany) to a PC.

During the pulling test the tested calf stayed in one half of its home pen, while the pen mates
were confined to the other half of the pen using metal bars to avoid falsifying the
measurement. Visual, acoustic, and olfactory contact between the test calf and its pen mates
therefore persisted in the hope of minimising effects and influences of isolation. The test
calves were captured, put on a halter, and tied to the cable leading to the force transducer
(see Fig. 1 in the publication of Study | for pictures of the technical equipment and the
experimental set-up with a test animal). The software recording of the tractive force
developed for this study was then initiated and all human handlers left the barn. After a 30
min recording period, a handler entered the barn, released the test calf, and reunited it with

its pen mates, which were allowed back into the experimental part of the pen.

Recording and parameters of tractive force

To save the tractive force-time diagram and to calculate the parameters from this diagram, a
software program using LabView 6.1 (National Instruments GmbH Germany, Munich,
Germany) was developed.

In this experiment, the 30 min recording period was divided into six 5 min-intervals, and for
each interval, the following parameters were calculated:

— Total force: an integral of the tractive force diagram in kNs consisting of:

e Tractive force: an integral of positive values of the derivation of the tractive
force diagram (meaning only the upward tractive phases) in kNs (force
multiplied by time that a calf pulls on the cable with elevating effort)

¢ Holding force: an integral of zero values of the derivation of the tractive force
diagram (meaning only the holding tractive phases) in kNs (force multiplied
by time that a calf pulls on the cable with stable effort; i.e. “hanging” in the
cable without moving)

¢ Dwindling force: an integral of negative values of the derivation of the tractive
force diagram (meaning only the downward tractive phases) in kNs (force
multiplied by time that a calf pulls on the cable with declining effort; i.e. stop
pulling on the cable)

— Number of pulls: all local maxima of the tractive force diagram above a threshold

level of 60 N (empirical value)
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— Maximal tractive force: the highest amplitude of the tractive force diagram (global

maximum) in N

3.2.2 Study Il — Multidimensional personality depiction
Novel-object test

The behaviour test was performed in an open field of 9.6 m x 4.0 m in size, which was
unknown to the calves prior to testing. Each calf was tested on its own without visual and
olfactory contact to its pen mates. Acoustic contact, however, was possible through the
closed door between the home pen and the open field. The field was divided into four
segments of 2.4 m x 4.0 m each. Two sides (one short and one long side) of the open field
consisted of solid brickwork, while the other two sides consisted of chip boards of 1.4-2.0 m
in height. These sides were consolidated on the outside with metal bars and several wooden
constructions to prevent the chip board walls from tilting. The observer stood on an elevated
desk in the middle of the longer side of the chip board wall with a laptop for live-recording.
The floor of the open field consisted of concrete. After allowing the test animal to acclimatise
to the open field for 10 min, a novel-object test was conducted with an orange traffic pylon of
0.5 m height, a diameter of 0.3 m at the bottom, and two white stripes of 0.1 m width as novel
object. It was let down into the outer segment, which was the farthest from where the calf
stood. We chose this test as it is known to provoke behaviour, which correlates with
behaviour during other tests (Lansade et al. 2008a, David et al. 2011) or with social cues
(David et al. 2011). Most importantly, though, it triggers exploration behaviour, which is an
important parameter in describing personality in non-human animals (Verbeek et al. 1994,
Budaev 1997, Korsten et al. 2010). The novel-object test lasted for 10 min. During the test,
behaviour was live-recorded using the observation software tool The Observer 5.0 (Noldus,
The Netherlands). Of in total 438 behaviour test sessions, 428 were conducted by three
experienced observers whose observation highly correlated during a 90 min-test session
(Pearson’s Rho 0.973, p < 0.001). The remaining 10 sessions were conducted by three other
experienced observers, who did not take part in the test session. Recorded behaviours with
their definitions and type of recording are listed in Table 3. For analysis, the latency of the
behaviours an individual did not show during the 10 min behaviour test was set to the

maximum time of 600 s (10 min).
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Table 3: Definition and type of recording of the behaviours live-recorded during the novel-object test; D = duration

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

Behaviour Type of Definition
recording
Contact with novel object D, F L Physical contact with any part of the body with the
(contact) novel object or sniffing the novel object while being
closer than 0.1 mto it
Inactivity D At least three legs touch the ground, no forward
movement
Exploration D, L Sniffing or licking the wall or floor of the open field
Grooming D Calf licking or scratching itself with one hind leg
Activity D, L Max. 3 legs touch the ground, forward movement
Running D Max. 2 legs touch the ground, fast forward movement
Vocalisation F Any kind of sound the calf makes
Change of segment F Leaving one segment and entering another with at
least the forelegs
Habitation in segment wherethe D, L With at least the forelegs in the segment in which the
novel object is placed (object novel object is placed
segment)
Habitation in segment next to L With at least the forelegs in the segment next to the

segment where the novel object

segment in which the novel object is placed

is placed (object neighbouring
segment)

Heart rate variability (HRV)

To measure the heart beat activity during the test, we applied a heart monitor system (Polar
S810i, Polar Electro, Oy, Finland). Prior to the beginning of the experiment, calves were fitted
with flexible belts with two integrated electrodes and a transmitter for wireless transmission of
the R-R-interval data series to a separate storage device and were then left alone with their
pen mates in their home pen to gain base measurements. After 30 min, they were led into
the open field for acclimatisation and testing. Later on, the R-R data series were transferred
to a computer and corrected when necessary using Polar Precision Performance SW version
4.03 (Polar Electro, Oy, Finland) with the standard set-up. The curves were divided into
5-min intervals and an error correction of up to 10 % per interval was accepted. In further
processing of the data, neither differences between two R-R-intervals larger than 150 ms nor
identical values of five or more consecutive R-R-intervals were accepted. A program
developed with LabView 2009 version 9.0 (National Instruments Germany GmbH, Munich,

Germany) detected complete 1-min intervals in the base measurements (starting 5 min after
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the experimenters left the barn) and the test, and calculated HR, RMSSD, SDNN, and
RMSSD/SDNN for each complete 1-min interval (see General introduction 1.5 equations (1)-
(3) for the exact calculation and Table 2 for an explanation of the variables). When there
were at least seven complete 1-min intervals per base measurement and per test, the
program further determined the mean of the first seven values of HR, RMSSD, SDNN, and
RMSSD/SDNN. This was the case in 272 crossbreed calves (134 male, 138 female),
17 Holstein Friesian calves at 90 dpn (8 male, 9 female), all 20 Holstein Friesian calves at
197 dpn, all 19 Charolais calves at 90 dpn, and 17 Charolais calves at 197 dpn (8 male,
9 female). The differences between test and base measurements of HR, RMSSD, and SDNN
and the ratio of test and base measurement of RMSSD/SDNN were used for further
analyses. In later analysis, it turned out to be completely independent of the personality,
which calves did and which did not have complete HRV measures (Appendix 2). Therefore,

there is no further discussion of this fact.

3.2.3 Study Ill — Towards an easy applicable personality test

In this study, we combined data from the automated pulling test and the more elaborate
novel-object test to take a first step towards an easy applicable personality test for cattle. Of
the pulling test, the parameters total force consisting of tractive force, holding force, and
dwindling force, number of pulls and maximal tractive force were calculated for the complete
test period of 30 min. Of the novel-object test, the results of the behaviour analysis were
used and the ratio of RMSSD/SDNN of test and base measurement as it provides the most
reliable information about the balance of the autonomous nervous system’s activity. Due to
technical problems in the pulling test, data from one male and four female crossbreed calves
was lost. Combined with the losses in the HRV measurements during the novel-object test,
there was therefore complete data of behaviour and HRV measures during the novel-object
test and data from the pulling test in 268 crossbreed calves (133 male, 135 female),
17 Holstein Friesian calves at 90/91 dpn (8 male, 9 female), all 20 Holstein Friesian calves at
197/198 dpn, all 19 Charolais calves at 90/91 dpn, and 17 Charolais calves at 197/198 dpn

(8 male, 9 female).

3.3 Statistical analysis
3.3.1 Study | — Pulling test methodology

The parameters tractive force, maximal tractive force, and number of pulls were used in this
exemplary analysis. For matter of clearness, the other two parameters were left aside and a

parameter vector with a dimension of 18 (each three parameters in six 5 min-intervals) was
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therefore used. Since the measured parameters of the vectors were multivariate, we
conducted multivariate analyses with the statistics program R version 2.12.1 (The R
Foundation for Statistical Computing, Austria). With these analyses, we tried to classify the
different reactions of the tested animals on the basis of the parameter vectors without a priori
knowledge. The k-means-algorithm (“kcca”) was used to perform a k-centroids clustering on
the data matrix (Leisch 2006). Since the number of clusters k is unknown per default, the
algorithm was conducted iteratively from k = 2 to k = 20. The algorithm was conducted 20
times with randomly differing initial conditions for each number of clusters k. By using the
score of the “silhouette” function, the optimal number of clusters was determined. A
hierarchical cluster analysis (Euclidean distance, complete linkage) was performed with the
function “hclust”, which uses a set of dissimilarities for the clustered objects. At first, each
object is allocated to its own cluster and then the algorithm proceeds iteratively by stepwise
combining the two most similar clusters and continuing until there is only one single cluster.
The animals’ weights were tested for differences between the clusters with Welch’s Two

Sample t-test. See Appendix 3 for the R-script used in this analysis.

3.3.2 Study Il — Multidimensional personality depiction

All statistical analyses were performed using SAS 9.3, SAS Institute Inc., USA. In a
preliminary analysis, we checked for the influence of sex and weight on all behaviours and
HRV measures using a one-way analysis of covariance model (ANCOVA, The GLM

Procedure) with the fixed factor sex and the co-variable weight.

As main analysis, we performed a Principal Component Analysis (PCA), which described the
relationship between new (latent) factors and our 15 behaviours. A PCA is used to condense
several correlated measures into a smaller number of principal components (PC). The
loadings of each measure on a PC represent the correlation between the component and this
measure. l.e., the loadings reflect the importance of each measure for the component. A
measure for sampling adequacy (MSA) of the correlation matrix is the Kaiser-Meyer-Olkin
criterion (KMO). We decided to use a PCA instead of a Factor Analysis, because many of
our behaviour measurements were non-normally distributed (Budaev 2010), and because no
a-priori theory or model exists (Gorsuch 1983). The PCA was conducted with The FACTOR
Procedure with the parameter settings: method=PRIN, prior=ONE, rotation=VARIMAX. As
input data set, we used a correlation matrix of all pairwise correlations of our 15 behavioural
measures applying the non-parametric Spearman’s rank correlation test (using The CORR
Procedure), because some of the behaviours were not continuous and/or normally
distributed. One crucial point when using a PCA is the choice of the final number of extracted

principal components (Budaev 2010). Several methods are available for this decision. We
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performed four methods: Kaiser's number of eigenvalues > 1 (Kaiser 1960), Cattell's scree-
test (Cattell 1966), Horn’s Parallel test (Horn 1965), and Velicer's Minimum Average Partial
(MAP) test (Velicer 1976). For the Parallel test and MAP test, we applied the SAS syntaxes
provided by O'Connor (2000). We decided for two PCs in the final PCA calculation, since
three of these methods led to a two PC solution (except number of eigenvalues > 1).
Corresponding PC scores for each calf were finally calculated with The SCORE Procedure.
These scores were further used to determine score classes and to identify the calves with

differing behaviour. See Appendix 4 for the complete SAS-script used for this analysis.

The influence of these score classes and sex on the HRV measures was tested by a two-
way analysis of variance model (ANOVA, The MIXED Procedure) with the fixed factors score
class, sex, and their interaction. Posthoc tests were performed with a Tukey-Kramer

correction for multiple testing (Appendix 5).

The PC scores of the calves of the founder breeds (Holstein Friesian, Charolais) were
calculated with The SCORE Procedure using the resulting loadings from the crossbreeds as
it is no use to perform a PCA on such a low number of animals (Comrey & Lee 1992). The
influence of breed and sex on the score class was calculated with a two-way analysis of
variance model (ANOVA, The MIXED Procedure) with the fixed factors breed, sex, and their
interaction. To analyse the stability of the scores over time, we applied Spearman’s rank

correlation test on scores of the two test ages (The CORR Procedure).

3.3.3 Study Ill — Towards an easy applicable personality test

All statistical analyses were performed using SAS 9.3, SAS Institute Inc., USA. In a
preliminary analysis, we checked for the influence of sex and weight on the parameters of
the pulling test using a one-way analysis of covariance model (ANCOVA, The GLM
Procedure) with the fixed factor sex and the co-variable weight, and further the influence of
breed, sex, and their interaction on the parameters of the pulling test (Appendix 6). To
connect the two tests, the influence of the RMSSD/SDNN-ratio, the PC scores, and the score
class of the novel-object test on parameters measured during the pulling test was tested by
an analysis of variance model (ANOVA, The MIXED Procedure) with the fixed factors
RMSSD/SDNN-ratio, PC 1, PC 2, and score class. For the variables which were influenced
by weight, sex or both, the random effects of weight at day of experiment, sex, or both were
included. Posthoc tests were performed with a Tukey-Kramer correction for multiple testing
(Appendix 7).
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4  Summary of the studies

4.1 Study | —Pulling test methodology

In this study, an appliance was to be established that allows to objectively measuring escape
behaviour and reluctance in young cattle restrained by being tethered on a halter,
independently of the impact and rating of a more or less subjective observer or handler.
While restrained, a tractive force-time diagram describing escape behaviour was recorded
and later analysed with specifically developed software. To evaluate, 24 three-month-old
calves were restrained by being tethered for 30 min on a halter that was connected to a force
transducer. Tractive force, maximal tractive force, and the number of pulls, that the calves
performed during 5 min-intervals, were calculated from the tractive force-time diagram. The
multivariate results were analysed with a k-means-algorithm (function “kcca”) and a
hierarchical clustering (function “hclust”) included in R version 2.12.1. The parameters
tractive force, maximal tractive force, and number of pulls during 5-min intervals described
the escape behaviour and reluctance of the calves. Especially in tractive force and number of
pulls, most of the calves showed a similar behaviour pattern with a slight decrease in effort
across the 30 min test. Still, several animals showed clearly higher values in these
parameters. Both cluster analyses found two clusters, which allocated the same individuals
into the two clusters. The clusters were balanced for sex (cluster 1: 4 male, 5 female calves;
cluster 2: 8 male, 7 female calves) and did not differ significantly in weight of the animals
(t=0.77; p = 0.452). For the three measured parameters the mean values + SD over time
were distinctively different between the two clusters. Cluster 1 showed a clearly higher curve
in all parameters than cluster 2. Both curves had the highest values at the beginning of the
test, decreased over time, and showed a slight increase in the middle of the pulling test
before decreasing even further towards the end. However, cluster 1 showed clearly higher
values than cluster 2. Also, the variability in tractive force and number of pulls was smaller in
cluster 2, although it consisted of more animals. It further displayed a more stable reaction
level throughout the 30-min test period in spite of slight increases and decreases. With this
newly developed method it was possible to detect differences in the animals’ escape

behaviour patterns and reluctance with the measured parameters.

Katharina L Graunke (KG) wrote the following parts of the article: Introduction, Results,
Discussion, and Animals and housing of Material and Methods; KG translated the parts
“Measuring appliance and experimental outlay” and “Recording and parameters of tractive
force” from German to English; KG executed the test on several animals; KG analysed the

results; KG took part in the statistical analysis.
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4.2 Study Il — Multidimensional personality depiction

A depiction of personality was developed by analysing the behaviour and simultaneously
measured heart rate variability during a novel-object test in calves. The test was conducted
at two ages on an additional, small sample size to test for stability over time. Taking this
combined multidimensional approach based on experimental original data, it was intended to
provide foundational support for the theoretical framework suggesting two or more
dimensions in animal personality. We tested 361 calves at 90 days post natum (dpn) in a
novel-object test. We condensed numerous behaviours into fewer variables to describe
temperament using a principal component analysis (PCA), and correlated these variables
with simultaneously measured heart rate variability (HRV) data. The 15 observed behaviours
were combined with the PCA to two principal components (PC), of which PC 1 represented
behaviours in context with the novel object and PC 2 exploration of the open field (but not the
novel object) and general activity. The PCs explained 46.8 % and 11.2 %, respectively, of the
variation of the data. Each individual animal received a score in each PC calculated from
their original behavioural data and the respective PC loading. After classifying the calves
according to their scores into nine score classes (SC), we analysed the influence of SC on
HRV. The variable giving most reliable information on the activity of the autonomous nervous
system, the RMSSD/SDNN-ratio, was significantly different between the SCs and shifted
towards parasympathetic activation compared to the base measurement in one SC and
towards sympathetic activation in two other SCs. We could therefore describe the most
distinct personality types by combining the ethological and physiological measurements:
“neophobic/fearful — alert”, “interested — stressed”, “subdued/uninterested — calm”, and
“neophilic/outgoing — alert”. To evaluate the stability of the scores, one needs to take all
individuals into account as each individual — intermediate or distinct — has its own specific
personality. The additionally tested 19 Charolais and 20 Holstein Friesian calves were evenly
distributed in the scores plot and revealed no breed differences. During the repetition of the
novel-object test 4 months after the first test, 42.1 % of the calves scored within 1 SD around
their first score, 44.7 % scored within 1-2 SD, of which 88.2 % showed the greater change in
only one dimension but not the other, and 13.2 % scored farther than 2 SD away from their
first score. Correlation between the test ages was higher in PC 1 (r = 0.36. p = 0.028) than
PC 2 (r =0.29. p = 0.079). No animal changed from one extreme SC to the opposite SC. To
conclude, distinct temperament types in calves could be described based on behavioural and

physiological measures emphasising the benefits of a multidimensional approach.

Katharina L Graunke (KG) wrote the article with the exception of the part on HRV in the
Introduction and most of the “Statistical analysis” of Material and Methods; KG executed the
test on numerous animals; KG analysed the results; KG initiated the statistical analysis with a
PCA; KG statistically analysed the data.
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4.3 Study lll — Towards an easy applicable personality test

In this study, data from an automated restraint test was correlated with a multidimensional
depiction of cattle personality resulting from a standard behaviour test to take a first step in
developing an easy applicable test for personality in cattle. By linking automatically
measured data to ethological and physiological data, it was aimed to test whether the
automated restraint test is a practicable way to test large numbers of individuals for their
personality with maintained level of measure reliability. Data of 356 crossbreed calves tested
at 90 and 91 dpn, respectively, in the in Study | developed pulling test was correlated with
multidimensional personality types retrieved from a novel-object test (NO) including
physiological measures of heart rate variability (HRV) in Study Il. These and the HRV-
measure RMSSD/SDNN-ratio were correlated with a generalised linear mixed model (The
MIXED Procedure, SAS 9.3, SAS Institute Inc., USA) to measures of the pulling test. Tractive
force, holding force, dwindling force, and total force were not influenced by weight and sex,
whereas number of pulls was influenced by weight (F = 4.27, p = 0.040) and maximal tractive
force was influenced by weight (F = 48.6, p < 0.001) and sex (F = 4.02, p = 0.046) with
heavier calves pulling more often and with more maximal tractive force and with female
calves pulling with greater force. The additionally tested breeds Charolais and Holstein
Friesian did not differ in their pulling behaviour except for the holding force with the 19
Charolais calves holding stronger than the 20 Holstein Friesian calves (F = 12.77, p < 0.001).
Number of pulls and maximal tractive force tended to correlate between the test ages
(r=0.31, p=0.056; r=0.30, p = 0.067). The behaviour parameters were combined to two
PCs with a PCA, which explained 46.8 % and 11.2 %, respectively, of the variation in the
data. We divided the calves into nine score classes, which significantly differed in the
RMSSD/SDNN-ratio (F = 5.04; p < 0.001), hence in the activity of the autonomous nervous
system. Tractive force was significantly influenced by the RMSSD/SDNN-ratio between NO
and base measurement (F = 4.23, p = 0.041) with calves with a lower RMSSD/SDNN-ratio
pulled with less force than calves with a higher ratio. While neither PC 1 nor PC 2 influenced
any parameter, SC tended to influence the parameters of the pulling test except for holding
force and maximal tractive force (tractive force: F = 1.84, p = 0.070; dwindling force:
F =1.81, p=0.075; total force: F = 1.84, p = 0.070; number of pulls: F = 1.74, p = 0.090). We
found the candidate measure tractive force for further investigation in developing an easy

applicable automated test for measuring cattle’s personality on large practice scale.

Katharina L Graunke (KG) wrote the article with the exception of the part “Measuring
appliance and experimental outlay” and most of the “Statistical analysis” of Material and
Methods; KG translated the part “Measuring appliance and experimental outlay” from
German to English; KG executed the tests on numerous animals; KG designed the statistical
analysis apart from the PCA; KG statistically analysed the data; KG analysed the results.
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5 General discussion

Research with original data on animal personality has so far used one dimension to describe
different personalities (Benus et al. 1989, Koolhaas et al. 1999, Boersma et al. 2009)
whereas theoretical framework has suggested two or more dimensions to sufficiently
describe them (Koolhaas et al. 2007, Réale et al. 2007, Koolhaas et al. 2010, Mendl et al.
2010, Coppens et al. 2010). In the past few years, studies have started to display
behavioural data condensed into two to five dimensions, although except for one study in
2012 on fish (Meager et al. 2012), without characterising the individuals’ personality (Muller &
Schrader 2005, Bergvall et al. 2011, Koski 2011, Tanaka et al. 2012). To my knowledge, this
thesis is therefore the first scientific study examining this topic so elaborately and the first to
support the claims of the theoretical framework with original data of mammalian non-
hominidae. As agricultural practice has become aware of the importance of animal
personality for them, the need of an easy applicable more practicable behaviour test to
predict an animal's personality has been addressed by developing an automated restraint
test. The combination of behavioural observations and simultaneously recorded physiological
data with the automated measurement of applied tractive force during restraint made it
possible to take a first step towards a practicable and easy applicable personality test with
the potential for a wide use in breeding stations as well as on farm level.

The methodology of the developed pulling test was established in Study I. This form of
restraint test made it possible to physically measure the exact tractive force an individual
applied over time in an easy applicable way. It can therefore be seen as the advancement of
the widely practiced crush test, where an observer judges the test animal’s reaction to the
restraint using a predefined category scale. Although the crush test is said to work well in
practice (pers. comm.), it is questionable which animals really are selected and which really
are sorted out and what consequences this might entail for the future population as the one-
dimensionality of this test again prohibits a differentiated analysis of an animal’s personality.
Further, the lacking objectivity and comparability between different farms can cause severe
problems for its usage in breeding indices or for the comparison of animals of different
origins. Therefore, a differentiated test excluding human-animal interaction like the
developed pulling test is needed for practical purposes and for research on the topic of cattle

personality.

In Study I, it was possible to retrieve two behavioural dimensions of personality with the
conducted novel-object test; one that consisted of behaviours in context with the novel object
(PC 1) and one that summarised exploration of the open field (but not the novel object) and
activity behaviours (PC 2). These two behaviour dimensions were complemented by a third

physiological dimension that gave additional information on the probable individual
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perception of the test situation from the HRV, especially from the RMSSD/SDNN-ratio. Only
with this third physiological dimension it was possible to describe all distinct personality types
with certainty, since behaviour alone could, e.g., not explain whether calves showing no
interest in either novel object or open field were truly uninterested or possibly petrified. It
further added valuable information on perception and the inner emotional world of the tested
individual that often lacks in animal studies while it is a fundamental part in research on
human personality. The perception dimension, however, is also crucial to animal welfare as it

is indispensable to take into account when trying to provide good animal welfare.

In Study lll, a fourth dimension, the reaction to being restraint, was added and was tried to be
put in relation to the other three already measured dimensions. The perception dimension of
the novel-object test was correlated with tractive force, opening up the possibility to predict
some of an animal’'s more complex personality traits by measurements during a completely
different personality test. The character of this connection might be surprising; however, one
should keep in mind that in the NO the test subjects could move freely. The restraint though
forced them to stay at the spot and tied up. This lack of controllability of the situation might
have triggered a panic reaction in individuals parasympathetically activated during the NO,
while animals sympathetically activated in the NO did clearly not react in the same way to the
restraint. The combined two behavioural dimensions in the form of the score classes gave
hints for some relation between them and the measurements of the pulling test; however, this
was a tendency and not significant. Therefore, more research needs to be done, possibly by
applying more complex statistical analyses like the partial least squares projections to latent
structures on data of the pulling test or by slight changes in its experimental set-up. Possibly
though, the pulling test is not correlated with any other personality traits depicted in the

novel-object test than the perception dimension.

The dimensions measured in the present thesis can be recognised in Réale et al.’s (2007)
five categories “exploration — avoidance” (PC 1), “activity” (PC 2, tractive force, number of
pulls), “shyness — boldness” (PC 2), or “sociability” (PC 2, tractive force, number of pulls) and
in Koolhaas et al.’s (2010) and Mendl et al.’s (2010) arousal/stress reactivity dimension
(RMSSD/SDNN-ratio). Although the descriptive evaluation of the different types of Koolhaas
et al. (2010) and Mendl et al. (2010) fits well with our depiction of the found distinct
temperament types, it cannot be concluded with certainty that their valence (Mendl et al.
2010) and coping strategy (Koolhaas et al. 2010) dimensions were indirectly measured in

this study.

29



KL GRAUNKE PERSONALITY IN CATTLE GENERAL DISCUSSION

5.1 Critical review of the study design

The study design including recorded behaviours, live recording, the age of the test calves, a
genetically limited sample (361 animals descending from 5 bulls and 26 cows), the sample
size of repeatedly tested animals, and the lack of alternating common behaviour tests like the
crush test are owed to this study being included in an already 5-year running breeding
project at more or less no costs. The project demanded a strict protocol of treatment of the
test animals, which naturally could not be altered 5 years into the project. Therefore, the
latest possible time both male and female animals could be tested without the influence of a
changed environment, of different housing systems, and different diets for males and
females was before weaning and separating the sexes at about 100 dpn. Due to the part of
research addressing nutritional and metabolic questions, it was further not possible to start
testing either all individuals or at least one sex repeatedly after the project had been running
for several years. If this project were designed to serve as research study on personality
only, one should certainly have included one or several test repetitions on all individuals,
record a few more detailed behaviours like head, ear, and tail posture, and could have freely
chosen reasonable test ages, e.g., after developmental stages. Including more detailed
behaviours into analysis (also at a later stage) would have only been possible by making
videos of the tests. However, these limitations in design should not be understood as
diminishing the results found in this study. One could rather argue that they were found
despite the limitations which then would in fact strengthen the findings. Indeed, it has been
postulated that external validity of results “will not be affected by standardization® (Wirbel
2000). This means, if the here reported results can be widely generalised, increased
standardisation like testing in a shorter time period, during one season or month only, more

detailed behaviour recording, etc. should have no impact on the overall results.

The comparison of behaviour tests repeatedly conducted at different reproduction states and
therefore differing states of metabolic rates could have been enlightening as it has been
found in coral reef fish that temperature increases, which influence metabolic rates, alter their
personality (Biro et al. 2010). Of course, fish are ectotherms, but the correlation of metabolic
rates and personality traits could have an effect in endotherms like mammals as well. In fact,
it has been found that progress of day and temperature, respectively, (morning vs. afternoon)
changed boldness in marmots (Petelle et al. 2013) and activity in cattle (Graunke et al.
2011). Although not reported, in this study we did not find any influence of season or year on
the occurrence of personality types found in the novel-object test. It is imaginable that in
endotherms the metabolic rate is more influenced by short term changes, but adapts to long
term changes such as seasons rather well and is therefore less influenced by long term
changes. One further has to be aware that temperatures throughout the years at the study
site neither fell below the lower critical temperature (-31 °C for growing cattle, Christopherson
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1984) nor exceeded heat stress temperature (24 °C for heifers, Carroll et al. 2013) for longer
than a few days of the year, if at all when taking the overall higher thermo neutral
temperatures for young into account (Christopherson 1984).

5.2 Plasticity in personality and its role for evolutionary success

Personality traits have been found to correlate with learning abilities in wild cavies and also
their reversal learning skills; these, however, are conversely correlated (Guenther et al.
2013). The bolder and the more aggressive the cavy, the faster it learnt; vice versa the
bolder and the more aggressive the animal, the slower it was in reversal learning (Guenther
et al. 2013). Similar observations have also been reported in great tits, ravens, pigs, and
rhesus macaques (Bolhuis et al. 2004, Coleman et al. 2005, Range et al. 2006, Titulaer et al.
2012). In an evolutionary context, it is advantageous to conserve contrary learning types as
both have their advantages in different environments, especially when the environment the
animals live in is very diverse and offers many changes throughout the years regarding food
and predation density. The bolder and more explorative an individual, the faster it will find
new food resources or mates, which is advantageous in a scarce environment and increases
survival rate. At the same time, it also entails a higher predation risk, which decreases
survival rate. Especially in a rich and prosperous environment, it can be disadvantageous
when the higher risk of predation does not outweigh the increased survival rate by gathering
more food. On population level, it is crucial to conserve contrary personality types to secure
the overall survival despite various differing environmental preconditions. It is yet unknown,
whether personality traits and learning ability are dependent on one another, because they
are influenced by the same genes or genes with nearby location in the genome, or if learning
abilities are the result of personality traits. However, although in pigs this correlation was
found (Bolhuis et al. 2004), in a study on dwarf goats, another domesticated livestock
species, this correlation could not be found (Langbein, unpublished data). The lacking
correlation here, however, could have been lost due to the relaxed selection process during

domestication (Price 1984).

In a very recent study, it was found that different personality traits were stable and plastic,
respectively, during different periods of the ontogenesis (Petelle et al. 2013). While boldness
was only stable during puberty in marmots, docility was stable at all ages and could even be
predicted for adulthood from their juvenile docility (Petelle et al. 2013). It seems logic and
useful for survival that some personality traits are stable during certain periods of the
ontogenesis and plastic during the rest of the time while others become more and more
stable, the older and more experienced an individual becomes. The lack of further knowledge

on this topic should be kept in mind when interpreting the results on stability over time of this
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thesis. Plasticity leaves room for adaptation to differing environments occurring during the life
time of an individual, while stable traits could be very beneficial for social behaviour making
individuals predictable for others in their group. Factors such as high selection pressure may
also favour animals with stable traits like, e.g., rigid maternal behaviour in wild species (Price
1984). This, however, complicates the research on personality in general, while at the same
time it takes the pressure from results being only accepted as relevant for personality when
they show at least moderate stability at different random times of measurement. A lack of
consistency should not automatically be considered a mistake in measurement or lack of
relevance for personality (although this could well be the case), but should be further
investigated whether there could be ontogenetic reasons for its plasticity. In the future, the
varying plasticity of different traits should also be taken into account in definitions of

personality and temperament.

5.3 Domesticating personality

It is highly interesting to try investigating the role of domestication for personality types, the
range of now existing personality types, and their occurrence. Logically, certain personality
types were ought to be favoured during the domestication process as they were better
accustomed to the new environment around humans. In pigs, e.g., it was found that active
coping types occurred less often than reactive coping types (Zebunke et al. 2013). Especially
docility towards humans was the first and foremost trait that was selected for. Whether these
favoured types were actively supported by humans, more successful in the new
surroundings, or both can most probably never be found out; however, this is in my opinion
the less relevant question. Much more important is to find out, how the presumed shift of
personality type occurrence came about, what this means in terms of allele frequency
change, allele loss and acquisition, what mechanisms are behind these changes, and how
they can be induced or avoided. The difficulty remains of how to investigate the past
anagenesis of a species by domestication. It is probably safe to say that of most, if not all
domesticated species, there exists no original, “undomesticated”, unchanged version of
them; meaning the original genetic material of thousands of years back does no longer exist.
For one thing, it is questionable whether one can know what the gene pool of the
undomesticated species looked like and whether the original population that was
domesticated represented the total wild population. But even if the domesticated population
represented the total wild population, it would be ignoring environmental changes, (genetic)
adaptations, and such simple genetics like crossing-overs and mutations occurring over
thousands of years that both domesticated and undomesticated strains underwent.

Additionally, the ancestral undomesticated species of some of our domesticated animals
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(aurochs, Przewalski’'s horse, wild boar, wolf, mouflon; Sambraus 1991) have been (almost)
extinct. The now living individuals originate from very few individuals, which have been
protected from extinction. In Przewalksi’s horses, e.g., the now existing population originates
from about 50 individuals captured in the late 1800s and early 1900s and is therefore
affected by inbreeding, besides the fact that it is unknown whether the captured horses had
not been mixed with domesticated horses (Volf 1996). Hence, their gene pool has hardly
anything to do with the original one several thousand years ago. Also, experiments with
individuals from breeding back or dedomestication (Heck cattle, Tarpans, Mustang horses,
dingoes, etc.) that sometimes are considered the original, undomesticated versions of
domesticated animals will and cannot help shedding light on these questions, because of the

aforementioned genetic changes and limitations.

One possibility to study influences of domestication on personality is to start artificially
domesticating a wild species first and foremost for tameness as has been done since 1959
with silver foxes originally kept for fur production (Trut 1999). Within only 40 generations of
selecting for non-aggressive behaviour towards humans, there have been found not only
behaviour alterations (Kukekova et al. 2008), but also brain gene expression changes
(Lindberg et al. 2005) as has also been reported in the comparison of dogs and wolves
(Saetre et al. 2004). This, however, may carry certain difficulties with it such as a limited and
pre-selected gene pool, especially in the wild individuals, and very atrtificial circumstances for
domestication. Another way could be comparative genetic and behavioural studies of species
that include individuals living within or close to human settlements as well as individuals
living with rare contact to humans. Examples for such species are foxes, wild boars,
sparrows, or badgers. Individuals living within or close to human settlements either chose
themselves or some ancestors of them chose to live in this environment while those without
or rare contact to humans did the opposite. These animals could be seen as an early stage
domesticated subpopulation of which the original wild version without human contact should
still have the original genetic and phenotypic variety. A third thinkable method to investigate
the domestication process could be the comparison of specific traits that individuals of the
same domesticated species were selected for differently. For example, the comparison of
dairy cattle breeds with beef cattle breeds regarding maternal behaviour could offer
tremendous information on the influence of relaxed vs. high selection pressure on certain
traits. Dairy cows are extremely pampered and cared for regarding maternal behaviour
allowing individuals with completely lacking maternal behaviour reproduce successfully many
times as humans take care of their offspring immediately after birth. In fact, individuals with
stronger maternal instincts are more or less consciously sorted out either because they
become dangerous for the handlers when protecting their calf or because they silently suffer

from their loss and produce less milk or become ill. Beef cows on the other hand receive

33



KL GRAUNKE PERSONALITY IN CATTLE GENERAL DISCUSSION

probably almost as high a selection pressure as their wild ancestors regarding maternal
behaviour, because they are rigidly selected for easy, unsupported births and good maternal
characteristics like sufficient milk production and protection of their young. However, as it
was reported in fish that presence of predators influenced the personality trait boldness
(Brown et al. 2005), one needs to be careful when designing such experiments with cattle as
the environment might play a result changing role. Thus, jumping to a conclusion could be

avoided.

Overall, | cannot imagine that any method will enlighten the process of domestication fully
and the role it plays for personality, genetics, or anything else. The mechanisms behind
domestication, however, could be understood, even though different disciplines of nature and
life sciences will have to work together as they did and do for research on evolution. After all,

domestication is nothing else than a small and tiny part of a special evolution.

5.4 Perception and valence

As has been shown in this thesis, including and implementing the physiological dimension of
heart rate variability (HRV) into measurements of personality is crucial for the understanding
of animal personality. It is surprising that HRV can hardly been found in research on animal
personality so far. The simultaneous measurement of HRV and behaviour has not been done
in personality research until now, probably as a lot of studies on animal personality have
been carried out on classic model animal species like mice, rats, fish, or birds. All of them do
not fit for non-invasive HRV measurements simply due to their size. Hence, one needs to
revert to well-studied species, which are large enough for those measurements, used to
handling by humans to accept wearing HRV equipment, and which can be kept on a larger
scale under similar conditions. The larger mammalian livestock species (cattle, sheep, pigs,
goats) seem to be the perfect species that come in mind for those studies. The here
presented study can therefore serve as a model for future studies on multidimensional
animal personality including the perception dimension. The perception or valence of a
situation has not been measured directly in this study, though, which should be kept in mind.
Only humans can formulate their current perception of a situation with words. Correlating
such formulations with simultaneously measured HRV could shed tremendous light on how
HRV data can be interpreted more than, e.g., a high RMSSD showing high activity of the
parasympathetic branch of the autonomous nervous system, which in turn is known to
regulate digestion, sleep, blood pressure, etc. (Eckert et al. 2000) and then drawing
conclusions from that. After all, there could be a vast difference in perception between a
slight increase in RMSSD (comforting, sleepy) compared to an extreme increase (numbing,

unable to move) as between a slight increase in SDNN (exciting, thrilling) vs. an extreme

34



KL GRAUNKE PERSONALITY IN CATTLE GENERAL DISCUSSION

increase (panicking, strong urge to move). This should even be kept in mind when
interpreting the results of this thesis. Calves with slight increases might experience the
situation as positive, while those with high increases might experience them as negative
stress, regardless of the RMSSD or the SDNN increasing. This, however, cannot be
appreciated without humans formulating their perception of such differences in activation and
conclude in analogy of that for other species.

Questionable is also the plasticity of HRV within the same situation over different life stages
and whether it should be included as an own personality trait instead of a helping tool to
understand perception in animals. In humans, HRV has been found to be very stable,
however, measured over 24 hours and not in specific situations (Kleiger et al. 1991). In
another study, most HRV parameters have been found to be stable in specific situations,
except for SDNN, which was in fact very unstable; this, however, on patients with stable
coronary artery disease (Tarkiainen et al. 2005). Respiratory sinus arrhythmia, a component
of HRV, is used in research on infant temperament development (Richards & Cameron 1989,
Beauchaine 2001), mother-infant-bond (Propper & Moore 2006), or behaviour disorders
(Porges et al. 1996). In adult personality research, it is also widely used (Sher 2005, Craig et
al. 2009). Maybe it would be possible to do studies on infants with behaviour tests more
similar to those used in animals to be able to compare the two. That could result in
interesting comparisons between human infant personality and animal personality and could

shed light on how similar or different human and non-human animal personality really is.

5.5 Consequences for animal welfare

The Five Freedoms of Animal Welfare from 1979 include freedom from (1) hunger and thirst,
(2) discomfort, (3) pain, injury, or disease, (4) fear and distress, and (5) freedom to express
normal behaviour (Farm Animal Welfare Council 1979). Additionally, the 12 standards for
welfare explicitly include the presence of “positive emotions such as security and
contentment” (Welfare Quality® 2009a). The latter is only possible to take into consideration
when adding the animals’ perspective, their perception, of their situation to the calculation of
welfare. Still, also the freedom to express normal behaviour “by providing sufficient space,
proper facilities and company of the animal’s own kind” (Farm Animal Welfare Council 1979)
must include the animals’ perspective when taking animal welfare seriously. Otherwise
humans decide what is “proper” and “sufficient” for the animals. The problem with this
approach is obvious as it is very sensitive to mistakes, misinterpretation, abuse,
anthropomorphism, amongst others. Even the “company of the animal’s own kind” is valued
very differently by different individuals (cp. Réale et al. 2007: category (5) sociability). Thus,

the essentiality of the individual perception cannot be emphasised enough.
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Also, when composing a group one should acknowledge personality types to avoid putting
together a group of, e.g., aggressive individuals, which will not stop fighting with each other,
or of very shy animals, which will be stressed by the slightest change in the environment or
handling and reassure each other in their fear. Ultimately, a well composed group should
cause least stress, injury, but also least danger for the handlers; it should create a calm
atmosphere of little stress, which in turn saves individuals from being slaughtered due to
severe injuries from fights, their danger for handlers, etc. | would recommend a balanced mix
of all personality types and try to avoid extreme types of any kind. According to one’s own
taste and needs, the “average” personality type of the group can lean towards the type one
prefers. In other words, if | want to keep my animals in a similar environment or housing
system with regular contact to humans, but want to move them regularly through the
facilities, | would prefer a more active type as average that is more easily scared (cp. paper
of Study II: SC |, II, IV). If | want to keep my animals in varying environments with little
contact to humans and also want to move them once in a while, | would recommend a less
active but curious type that keeps calm but does not stop moving (cp. paper of Study Il: SC
VIII, 1X). The first named suggestion would be for classic dairy cattle herds and the second
for classic beef cattle herds. To successfully handle the two types and herds, one necessarily
needs to alter one’s actions, meaning the distance to the herd while moving them, and

expectations, meaning the expected speed of the herds’ movements.

Anyone who takes animal welfare seriously will have to include the animals’ personality into
his or her calculation of welfare. Individual perception is either part of personality or at least
influenced by personality, depending on future research results and definitions of personality.
Independent of these results, both personality and perception play an equally central role in
animal welfare as nutrition and health. Similar amounts of knowledge as on these topics

need to be available on perception and personality.

5.6 Cattle personality in practice

In agricultural practice, traits influencing productivity were and are most important for
breeding, recruitment, and finishing. So far (with some exceptions, cp. International Beef
Recording Scheme 2012), these traits only included physiological characteristics like milk
yield, average daily weight gain, weaning weight of the young, meat quality, etc. The fact that
these traits are or may be influenced by or correlated with certain personality traits slowly
reaches agricultural practice; further, the awareness of certain personality types being less
dangerous for handlers and being less stressed by handling routines, environmental
changes, etc. than other types slowly arises. However, for the latter it is still feared that the

inclusion or choice of certain preferable personality types might have a negative effect on
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productivity and thus on the economic value of the farm or breed. This is a legitimate
objection that researchers cannot ignore. Therefore, future research on possible limitations in
productivity of certain personality types must be conducted.

As has been mentioned in the General introduction, some personality traits have been
included into breeding goals of official beef cattle breeders (Zuchtbetrieb Zachert 2013,
Traditional Herefords 2013) and the personality characteristic docility has even been
implemented into beef cattle breeding plans in Australia (International Beef Recording
Scheme 2012). Nowadays, the crush test and flight speed test are advised to be used for
selecting beef animals (Gaden et al. 2004, International Beef Recording Scheme 2012) and
could have been implemented in the test design relatively easily. However, although the
crush test has first been reported in 1993 (Grandin 1993), in practice it has been suggested
only in 2004 together with the flight speed test (Gaden et al. 2004) and has not been applied
on a wider scale until the recent years (International Beef Recording Scheme 2012), i.e. until
after most test animals of this study had been tested. The willingness of practice to work and
acknowledge personality traits in cattle now demands tests giving more detailed information
about personality than a crush test or flight speed test can offer. In order to being applicable
in practice, these tests need to be simple to execute, quickly done, and easily integrated into
routine handling. Only in that way, they have a realistic chance to being widely employed.
The here implemented novel-object test is a very widely used behaviour test. While
experimental set-ups are not entirely different, there still are differences in length, recorded
behaviours, open-field size and shape, etc. These differences along with the difficulties of a
behaviour test of that kind (such as the need for a trained observer, intra- and inter-observer-
reliability (Welfare Quality® 2009b), etc.) make this test understandably unpractical and
unrealistic for practice. Therefore, we need to further develop an easy applicable personality

test for practice such as the here developed restraint test.
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6 Conclusion

This thesis was designed to phenotype personality traits in cattle, to develop an easy
applicable automated behaviour test, and to make a first attempt in correlating the
phenotyped personality of the test animals with data of the automated behaviour test that
could be used in practice. After developing a behaviour test, the pulling test, that can be
applied by anyone in the world without further knowledge and training in behaviour
observation and analysis, the test calves were successfully phenotyped in their personality
using a standard behaviour test, the novel-object test, and simultaneous measurements of
their heart rate variability. This so far unigue methodology in personality research in animals
made it possible to effectively describe four distinct personality types using a
multidimensional analysis of the observed behaviours and the activity of the autonomous
nervous system, indirectly measured by heart rate variability. Merging data from the pulling
test with data of the novel-object test, tractive force applied in the pulling test was found to
correlate with the activation of the autonomous nervous system during the novel-object test.
Although the character of this connection was surprising at first, tractive force can be seen as
a candidate measure that appeared promising for further development of the automated
pulling test.

Only broad, profound, and deep knowledge on every aspect of an animal, including
personality and its complexity lets us make correct and knowledgeable choices concerning
the handling and management of animals, whether that would be animals living under human
care, or animals living in the wild. The impact of humans, human settlements, environmental
changes, etc. probably affects different personality types differently. One should at least be
aware of this effect, if not trying to countervail it for animals living in the wild and to select
individuals that are most capable to live in the different conditions under human care. The
consequences of this knowledge are to be included into all aspects of animal husbandry,
research, experiments, welfare, handling, game management, ecological action plans, and

renaturation plans.
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Appendix 2: Distribution of 272 calves with heart rate variability data (black dots) and 89 calves without heart rate
variability data (grey dots) in the scores plot of the novel-object test.
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Appendix 3: R-script of the “kcca” and “hclust” functions used for analysis in Study I.

X <- dat

## Clustering-kmeans and evaluating cluster silhouttes:
FHAARHFAAAAHFAARAFFAAAHFAARHFFAAFHFAAAHFA AR A A FAAAHAAARA
library (flexclust) ## provides clustering with arbitrary distance functions
library(cluster) ## provides the Silhouette function
library(el071) ## provides the corrected Rand index
X.scaled <- scale(X,scale = TRUE, center = TRUE)
distMat <- dist (X.scaled)
set.seed (1)
n.trial <- 20
res <- matrix(nrow=n.trial,ncol=19)
cll <- matrix(nrow=24,ncol=n.trial)
par (mfrow=c(4,5))
for(trial in l:n.trial) {
cl <- sapply(2:20, function (i) kcca(X.scaled, k=i)@cluster)
cll[,trial] <- cl[,1]
res[trial,] <- apply(cl, 2, function(i) summary(silhouette (i,
distMat)) $avg.width)
barplot (res[trial,], ylab = "Average Silhouette width", xlab = "K",
names.arg = 2:20)

}
write.table (cll, file="D:\\Temp\\zugehoerigkeit.dat", sep="\t")

par (mfrow=c(1l,1))
sums <- apply(res, 2, sum)
barplot (sums, names.arg=2:20)
write.table (sums, file="D:\\Temp\\Test.dat", sep="\t")
postscript (file="D:\\Temp\\Clust KMeans.eps",paper="special",horizontal=FAL
SE,
width=5,height=5)
image (abs (barplot (sums,names.arg=2:20)))
dev.off ()

print (paste ("best number of clusters:",which (sums==max (sums))+1))

## Clustering-hclust:

FHREFAEFAAARAA AR AR A AR AR A AR AR AR AR AR AR A A A A

plot (hclust (distMat,method="average"))

plot (hclust (distMat,method="complete"))

dendo <- hclust (distMat,method="complete")

postscript (file="D:\\Temp\\Cluster.eps",paper="special",horizontal=FALSE,
width=5, height=5)

plot (dendo)

dev.off ()

54



KL GRAUNKE PERSONALITY IN CATTLE APPENDIX

Appendix 4: SAS-script used for the principal component analysis in Study I

data test2;
set sasuser.SEGtest2;
run;

title 'Correlations Test2';
proc corr data=test2 outs=CorrOutsTest?2;
var d_kontakt--d segObj segl;
run;

proc iml;
reset noname;

/* Specify the data for the analyses: */
USE work.CorrOutsTest2; read all var num into whole; cr =
whole[4:nrow (whole), ];

/* computes the correlation matrix, if necessary. */
if (nrow(raw) > 1) then do;

ncases = nrow(raw);

nvars = ncol (raw);

ones = j(ncases,1,1);

xil = (1 / ncases) * t(ones);

nml = 1 / (ncases-1);

vev = nml * (t(raw)*raw - ((t(raw[+,])*raw[+,])/ncases));
d = inv(diag(sqgrt (vecdiag(vcv))));

cr = (d * vev * d);

end;

/* MAP test computations */
call eigen (eigval,eigvect,cr);

loadings = eigvect * sqgrt(diag(eigval));

nvars = ncol (cr);

fm = j(nvars,2,-9999);

fm[1,2] = (ssqg(cr) - nvars)/(nvars* (nvars-1));

fmd = fm;

fmd4[1l,2] = (sum(cr##4)-nvars)/ (nvars* (nvars-1));
dom =1 to nvars - 1;

a = loadings([,1l:m];

partcov = cr - (a * t(a)):

d = diag( 1 / (sqrt(vecdiag(partcov))) );

pr = d * partcov * d;

fm[m+1l,2] = (ssqg(pr)-nvars) / (nvars* (nvars-1));
fmd [m+1,2] = (sum(pr##4)-nvars)/ (nvars* (nvars-1));
end;

/* identifying the smallest fm value & its location (= the of factors) */
minfm = fm[1,2];

nfacts = 0;

minfm4 = fm4[1,2];
nfactsd4 = 0;

do s = 1 to nrow(fm);

fm([s,1l] = s - 1;

if ( fm[s,2] < minfm ) then do;
minfm = fm[s,2];

nfacts = s - 1;

end;

if ( fm4[s,2] < minfm4 ) then do;
minfm4 = fmd[s,2];

nfacts4d = s - 1;

end;end;
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print, "Velicer's Minimum Average Partial (MAP) Test:";

print, "Eigenvalues", eigval[format=12.4];

labels = (" "||"squared"| |"powerd");

print,, "Average Partial Correlations", (fm || fm4[,2]) [colname=labels
format=£12.4];

print, "The smallest average squared partial correlation is",
minfm[format=£f12.4];

print, "The smallest average 4rth power partial correlation is",

minfmd [format=£f12.47];

print, "The Number of Components According to the Original (1976) MAP Test
is", nfacts[format=£f12.4];

print, "The Number of Components According to the Revised (2000) MAP Test
is", nfactsd4[format=£f12.47];

quit;

proc factor data= CorrOutsTest2 method=PRIN n=2 priors=one scree score
outstat=scorez
rotate=varimax MSA ;
var d_kontakt--d segObj segl ; /*alle Merkmale (15) */
run;quit;

proc score data= test2 score=score2 out=tierscore?2;

var d _kontakt--d segObj segl ; /*alle Merkmale (15) */
id Kalb Nr;

run;

Appendix 5: SAS-script used for the two-way analysis of variance in Study Il; example with the parameter heart
rate (HR).

data SEGTempTypHRV;
set sasuser.SEGTempTypHRV;
run;

proc mixed data=SEGTempTypHRV method=reml;

class Sex TempTyp9T2;

model T2D HR=Sex TempTyp9T2 TempTyp9T2*Sex /ddfm=kr;

lsmeans Sex TempTyp9T2 TempTyp9T2*Sex / pdiff cl adjust=tukey;

ods output lsmeans=SASUSER.LSM
Diffs=SASUSER.Diffs
fitStatistics=SASUSER.fitstat
Tests3=SASUSER.Type3 Tests;
run;
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Appendix 6: SAS-script used for the analysis of the pulling data in Study Il

data zug;
set sasuser.Zugtest;
run;

title 'Einfluss Gewicht Geschlecht auf ZugTot';

proc glm data=zug;
class sex;
model pFtot--maxFtot= Gewicht Zugtest kg sex/ss3 ;
lsmeans sex / stderr pdiff adjust=Tukey;

ods output ModelANOVA=SASUSER.ANOVA
lsmeans=SASUSER.LSM
Diff=SASUSER.Diff;

run;

Appendix 7: SAS-script used to combine pulling data and ethological and physiological data from the novel-object
test in Study IIl; example tractive force was similarly used for holding force, dwindling force, and total force alike.

title'Tractive force';

proc mixed data=zug method=reml;

class TempTyp9;

model pFtot=Ratio RMSSD SDNN Factorl Factor2 TempTyp9 /ddfm=kr;
lsmeans TempTyp9 / pdiff cl adjust=tukey;

ods output lsmeans=SASUSER.LSM
Diffs=SASUSER.Diffs
fitStatistics=SASUSER.fitstat
Tests3=SASUSER.Type3 Tests;
run; B

title'Number of pulls';

proc mixed data=zug method=reml;

class TempTyp9;

model Nr Pulltot= Ratio RMSSD SDNN Factorl Factor2 TempTyp9 /ddfm=kr;
random Gewicht Zugtest kg / type=AR(1l);

lsmeans TempTyp9 / pdiff cl adjust=tukey;

ods output lsmeans=SASUSER.LSM
Diffs=SASUSER.Diffs
fitStatistics=SASUSER.fitstat
Tests3=SASUSER.Type3 Tests;
run;

title'Maximal tractive force';

proc mixed data=zug method=reml;

class TempTyp9 sex;

model maxFtot=Ratio RMSSD SDNN Factorl Factor2 TempTyp9 /ddfm=kr;
random Gewicht Zugtest kg / type=AR(1l);

random sex / type=CS;

lsmeans TempTyp9 / pdiff cl adjust=tukey;

ods output lsmeans=SASUSER.LSM
Diffs=SASUSER.Diffs
fitStatistics=SASUSER.fitstat
Tests3=SASUSER.Type3 Tests;
run; B
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SUMMARY

The personality of an animal is described by traits that cause consistent actions and reactions to environmental
stimuli. An important part of personality is the reaction to unpleasant or uncontrollable situations. Methods
described in the literature to measure personality in animals are often based on measuring or rating escape
behaviour in these situations. In the methods described, human handlers are frequently part of the experiment or
the animals’ personalities are scored by humans. Thus, these methods are at least partly subjective.

In the currentstudy, an appliance to measure objectively the escape behaviour of ungulates and their reluctance
during an uncontrollable situation (restraint) with a rather simple and comprehensible methodology is presented
using a force transducer with adequate peripheral equipment. While the animals were restrained, a tractive force-
time diagram describing escape behaviour was recorded and later analysed with software developed specifically.

To evaluate this newly developed technical method, 24 three-month-old calves were restrained by being
tethered for 30 min on a halter that was connected to the force transducer. From the tractive force-time diagram,
tractive force, maximal tractive force and the number of pulls that the calves performed during 5-min intervals
were calculated. The multivariate results were analysed with a k-means-algorithm (function ‘kcca’) and a
hierarchical clustering (function ‘hclust’) included in R version 2.12.1.

Both analyses revealed two clearly separated clusters including the same individuals in each analysis. The
animals of cluster 1 showed a continuously higher reaction level than those of cluster 2 with a strong reaction in
the beginning, a short decrease before increasing during the middle of the experiment and a final decrease at the
end of the test. The animals of cluster 2 had a lower and quite steady reaction level throughout the experiment,
although even here a slight increase during the middle of the experiment could be detected before a final decrease
towards the end of the test was shown. There was no significant difference in weight between the two clusters.

The results showed that this newly developed method was able to detect differences in the animals’ escape
behaviour patterns and reluctance with the measured parameters.

INTRODUCTION differences in behaviour between animals can not
only be caused by sex, age, reproductive status and
environment; hence, they reveal the personality of an
individual (Manteca & Deag 1993; Locurto 2007). In
cattle, personality traits influence the ease of handling
(Matthews et al. 1997; Burrow 1998), live weight gains
in feedlots (Voisinet et al. 1997a; Fell et al. 1999) and
* To whom all correspondence should be addressed. on pasture (Fordyce et al. 1985, 1988a), carcass
Email: Schoen@fbn-dummerstorf.de damage (Fordyce et al. 1988b) and meat quality

The general strategy an individual employs to act with
and react to environmental stimuli describes his or her
personality and is thought to be innate and consistent
over time (Grandin 1993; Grignard et al. 2001) and in
different situations (Forkman et al. 2007). Individual
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(Voisinet et al. 1997b; Fordyce et al. 1988b). Since the
welfare of an animal depends on its ability to cope with
its environment (Broom 1988), personality is an
important factor in animal welfare and in breeding.
Some official breeders have already added certain
personality traits to their breeding goals (e.g.
Fleischrind Stolln GmbH 2007; Traditional Herefords
2008).

According to Manteca & Deag (1993) there are three
ways of assessing personality-relevant behaviours:
(i) standard behavioural observation; (ii) observers’
rating with the help of predefined categories; and
(i) behavioural tests. In many of these tests, human
interaction with the tested animals is inevitable or part
of the tests themselves (for descriptions of common
methods of personality traitand temperament measure-
ments, see, e.g. Manteca & Deag 1993; Burrow 1997;
Lanier et al. 2000; Waiblinger et al. 2006; Forkman
et al. 2007). Some methods are therefore at least
partly subjective and judgemental, especially when
categories are used. According to the mood-biased
judgement hypothesis, human judgements will be
positive during a good mood and negative during a
bad mood (Mayer 1986). Thus, when measuring
personality traits, the results of judgemental methods
are always influenced by the mood of the observer
during the rating and by what the observer thinks is a
positive or a negative judgement of the animals. Thus,
inter- and even intra-observer reliability are difficult to
obtain (Welfare Quality® 2009); however, an objec-
tive, reliable and observer- and mood-independent
method of measuring personality traits is required,
especially for practical purposes such as when animals
are selected for breeding.

The measurement or rating of the motivation of
an animal to elude an unpleasant or frightening
situation either while restrained or while moving freely
is common for many behavioural tests, such as the
crush-test or the human-approach-test. The behaviour
shown in these situations is either fear-related
escape behaviour or an expression of the animal’s
dislike of the situation. It describes an important part of
personality (Kilgour et al. 2006; Benhajali et al. 2010)
and with regard to restraint situations, it is character-
ized by three main features: the number of escape
attempts per time unit, the maximal force and the
force per time unit. However, the often-used crush-test
measures the behaviour indirectly by having observers
judge the strength, frequency and duration of escape
attempts and rating the animals according to a
predefined category scale (Grandin 1993; Kilgour

et al. 2006; Benhajali et al. 2010; Gibbons et al.
2011). Other tests developed, such as the docility test,
can be time-consuming and rather complicated to
execute (Le Neindre et al. 1995; Boivin et al. 2009),
and human interaction with the animals (Boissy &
Bouissou 1988) and observer-dependent rating are
fundamental parts of the tests (Grandin 1993).

In the current study, an appliance is introduced that
allows objective measurement of the escape behav-
iour and reluctance in young cattle restrained by being
tethered on a halter, independently of the impact and
rating of a more or less subjective observer or handler.

MATERIALS AND METHODS
Animals and housing

Animals in an existing breeding experiment were used
to test this new measuring appliance. Twenty-four
calves (12 male, 12 female) of the F, generation of a
cross-breeding of Holstein-Friesian and Charolais
were tested at 90 days (3 days) of age. All calves
were bred via embryo transfer into unrelated Holstein
Friesian heifers as recipient mothers and born and
tested between 2004 and 2010.

The calves were kept in various small groups of up
to nine animals of similar age separate from their
recipient mothers from day one. Pens were 6 x 7 m and
were covered with deep litter. Each pen contained two
hay racks, one milk feeder, one concentrate feeder
and one drinking trough for water supply. Until
90 days of age, the calves were not subject to any
other experiment, and handling did not exceed routine
handling by the animal keepers except in the case of
animals requiring treatment for sickness.

After weaning, the animals were weighed at an age
of 111 days (£3 days). The weight at the day of the
experiment was calculated with the help of the average
daily weight gain from birth to weaning and the exact
age at the experiment. On average the calves weighed
115 kg (range: 89-144 kg, s.0. £13 kg) at the day of the
experiment.

Measuring appliance and experimental outlay

To measure escape behaviour and reluctance in
calves, the animals’ expended power was recorded
during a restraint situation (further called pulling-test)
with the force transducer Megatron KT1400 (Megatron
Elektronik AG & Co., Putzbrunn, Germany; Fig. 1). Its
measuring principle is a DMS Wheatstone bridge.
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Fig. 1. (a) Force transducer Megatron KT1400 with the cable leading to the tested animal and the computer-interface
connection; (b) a calf restrained during the pulling-test, put on a halter and tied with the cable to the force transducer

hidden behind the wooden shield to the right.

With a signal of 0-5V, it is calibrated from 0 to 1 kN,
and it is useful for applications with traction force
because of its S-beam shape. An M8 internal screw
thread is used for force application.

The force transducer was connected with an
analogue/digital interface (NI PCI-6503, National
Instruments Germany GmbH, Munich, Germany) to a
PC (Fig. 1a) and was built onto a metal bar of the
home pen of the animals so that the cable elongated
the force direction of the transducer (see pulling calf in
Fig. 1b), which was essential to avoid resultant force.

During the pulling-test the tested calf stayed in one-
half of its home pen, while the pen mates were
confined to the other half of the pen using metal bars to
avoid falsifying the measurement. Visual, acoustic and
olfactory contact between the test calf and its pen
mates therefore persisted, in the hope of minimizing
the effects and influences of isolation. The test calves
were captured, put on a halter and tied to the cable
leading to the force transducer (Fig. 1b). The software
recording the tractive force developed for the current
study was then initiated and all human handlers left the
barn. After a 30 min recording period, a handler
entered the barn, released the test calf and reunited it
with its pen mates, which were allowed back into the
experimental part of the pen.

All" procedures involving animal handling and
treatment were approved by the Committee for
Animal Use and Care of the Ministry of Agriculture,
the Environment and Consumer Protection of the
federal state Mecklenburg-Vorpommern, Germany.

Recording and parameters of tractive force

Data measured by the force transducer were digitized
with a sampling rate of 20 Hz and were transferred to
a computer. A software program using LabView 6.1
(National Instruments GmbH Germany, Munich,
Germany) was developed to save the tractive force-
time diagram and to calculate the parameters from this
diagram. The software included two applications: a
recording program, which saved the force-time dia-
gram with a time stamp during the complete recording
period (Fig. 2), and an analysing program, which
analysed the force-time diagrams in the lab. With the
recording program one could freely choose sampling
rate and the start time and duration of the recording
period. The analysing program made it possible to
choose interval length for analysis.

In the experiment, the 30-min recording period was
divided into six 5-min intervals, and for each interval,
the following parameters were calculated:

— Total force: an integral of the tractive force diagram
in kNs consisting of:

e Tractive force: an integral of positive values of the
derivation of the tractive force diagram (meaning
only the upward tractive phases) in kNs (force
multiplied by time that a calf pulls upwards on the
cable).

e Holding force: an integral of zero values of the
derivation of the tractive force diagram (meaning
only the holding tractive phases) in kNs (force
multiplied by time that a calf pulls on the cable
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Fig. 2. Screenshot of a force-time diagram from the recording program in the barn.

with stable effort; i.e. ‘hanging’ in the cable
without moving).

e Dwindling force: an integral of negative values of
the derivation of the tractive force diagram
(meaning only the downward tractive phases) in
kNs (force multiplied by time that a calf pulls on
the cable with downward effort; i.e. stops pulling
on the cable).

— Number of pulls: a local maxima of the tractive force
diagram above a threshold level of 60 N (empirical
value).

— Maximal tractive force: the highest amplitude of the
tractive force diagram (global maximum) in N.

To eliminate high-frequency perturbations, the re-
corded diagram was smoothed with a moving average
(n=10).

The procedures ‘integral’ and ‘derivation’ used to
calculate the parameters were part of the program
library of LabView. The numerical integration was
performed with the trapezoidal rule, which calculates
the integral with consecutive applications of the basic
formula. The basic formula to calculate the partial sum
with the trapezoidal rule is:

1
partial sum = E(Xi + Xjy1) x dt @)

for i=0, 1, 2, 3, 4, ..., whole-number part of (N-1),
where N is the number of points of the whole plot and x
is the initial array.

The result was the sum of these consecutive partial
calculations:

to

4
result = j f(dt = Z partial sum (2)
J

where j is the range depending on the number of
measuring points.

The discrete differentiation was carried out with a
second-order differentiation method. The differen-
tiation f(t) of the function F(t) is defined as follows:

d
f= O (3)

Y is given as sampled start sequence dX/dt. When
using the second-order method, Y is calculated with
the following equation:

1
Yi= ﬁ(xm — Xi—1) 4

fori=0,1,2,...,n=1, where n is the number of values
in x(t), x_ is the first value in the start constraint and x,,
is the first value of the final constraint.

The local and global maxima of the tractive force-
time diagram were calculated with the subprogram
‘peak detection’ from the program library of LabView,
which works with an algorithm fitting a quadratic
polynomial to moving data blocks. The width of the
quadratic polynomial determines the number of
measuring points; in these analyses, a width of 5 was
convenient (empirical value).

Statistical analysis

The parameters tractive force, maximal tractive force
and number of pulls were used in the current
exemplary analysis. The other two parameters were
left aside to improve clarity in the results; therefore a
parameter vector with a dimension of 18 (three
parameters at six 5-min intervals) was used. Since the
measured parameters of the vectors were multivariate,
multivariate analyses with the statistics program R



version 2.12.1 (R Development Core Team 2008)
were conducted. The aim was to classify the different
reactions of the tested animals on the basis of the
parameter vectors without a priori knowledge. The
k-means-algorithm (‘kcca’) was used to perform a
k-centroids clustering on the data matrix (Leisch
2006). The algorithm forms a predetermined number
of k differing clusters with similar subjects from the
data volume. Since the number of clusters k is
unknown per default, the algorithm was conducted
iterative from k=2 to k=20. The k-means-algorithm is
dependent on the initial conditions and can vyield
different results. Thus, the algorithm was conducted
20 times with randomly differing initial conditions for
each number of clusters k. By using the score of the
‘silhouette’ function, the optimal number of clusters
was determined. For each observation i, the silhouette
score S; is defined as follows:

o b,‘ — aj
"7 max(a; — b;)

(5)

where a; is the average dissimilarity between i and all
other points of the cluster to which i belongs, and b; is
the minimum of all average dissimilarity of i to all
observations and can be seen as the dissimilarity
between i and its neighbouring cluster, i.e. the nearest
one to which it does not belong.

A hierarchical cluster analysis (Euclidean distance,
complete linkage) was performed with the function
‘hclust’, which uses a set of dissimilarities for the
clustered objects. At first, each object is allocated to its
own cluster and then the algorithm proceeds iteratively
by stepwise combining of the two most similar clusters
and continuing until there is only one single cluster.
At each stage, metric Euclidean distances between
clusters are recomputed by the Lance-Williams dis-
similarity. The result of this clustering can be shown
graphically in a dendrogram. The animals’ weights
were tested for differences between the clusters with
Welch'’s two-sample t-test.

RESULTS
Raw data

The escape behaviour and reluctance of the calves
were described by tractive force, maximal tractive
force and the number of pulls during 5-min intervals
(Fig. 3). The majority of the calves showed a very
similar behavioural pattern, especially with regard to
the tractive force and number of pulls. The tractive
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Fig. 3. Tractive force in kNs, maximal tractive force in N
and number of pulls of calves tied to a force transducer for
30 min summarized in 5-min intervals.

force decreased from about 2 kNs at the beginning to
1 kNs at the end of the restraint situation. The number
of pulls ranged from 5 to 10 for most calves and
showed only a slight decrease across the 30 min.
Several animals, however, showed higher values in
both these parameters (Fig. 3).

Clustering

The silhouette function commended a cluster number
of two when clustering with the k-means-algorithm
‘kcca’ without a priori knowledge and also when using
the function ‘hclust’. The latter function enabled the
data structure and clustering to be displayed graphi-
cally via a dendrogram (Fig. 4). Both clustering
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Fig. 4. Graphical display of the data structure of the 24
calves during the pulling-test shown as a cluster dendro-
gram.

methods allocated the same individuals into two
clusters (Table 1). The first sub-structure to be found
was named cluster 1 (four male and five female
calves), and the next was named cluster 2 (eight male
and seven female calves). Table 1 lists each individual
in the clusters, its weight and sex. In cluster 2, two sub-
clusters could be determined. The animal A15 could
clearly be determined as an outlier in all three
parameters and A06 showed a strong increase in
reaction until the 20-min interval in all parameters
(Fig. 3). A20 showed a continuously high tractive force
level and A11 increased its maximal tractive force until
the 20-min interval (Fig. 3). The mean weight of the
animals in the two clusters was 117 kg (s.0. +11 kg,
range: 101-135kg) for cluster 1 and 114kg (s.D.
+14 kg, range: 89-144 kg) for cluster 2, and did not
significantly differ from each other (t=0.77; P=0.452).

The mean values over time (+ s.D.) in each cluster are
shown in Fig. 5 for the three measured parameters
showing a distinct differentiation. In all parameters, the
curve for cluster 1 is clearly above that for cluster
2. The curves of both clusters showed similarities with
the highest values in the beginning of the pulling test, a
decrease over time and a slight increase in the middle
of the test before decreasing even further towards the

Table 1. Animal, sex and weight (kg) of the calves to
cluster 1 and 2 analysed with the functions ‘kcca’
and ‘hclust” in R; the number of an animal indicates
the number in the cluster dendrogram (Fig. 4);
m=male, f=female

Clustering method

Weight
Animal Sex (kg) k-means hclust
AO01 f 106 2 2
A02 m 116 2 2
AO03 f 118 2 2
A04 m 112 2 2
AO5 f 101 2 2
A06 f 103 1 1
A07 m 98 2 2
A08 m 89 2 2
A09 m 135 1 1
A10 m 122 2 2
A1l f 112 2 2
A12 f 108 2 2
Al13 m 108 2 2
Al4 m 125 2 2
A15 f 110 1 1
Al6 f 131 2 2
Al17 m 144 2 2
A18 m 117 1 1
A19 m 124 1 1
A20 m 126 1 1
A21 f 123 1 1
A22 f 114 2 2
A23 f 117 1 1
A24 f 101 1 1

end. However, this pattern was far more distinctive
in cluster 1 than in cluster 2. Furthermore, the vari-
ability in the tractive force and number of pulls was
larger in cluster 1 than in cluster 2, although the latter
consisted of more animals. Despite slight decreases
and increases, the calves in cluster 2 displayed a
relatively stable reaction level throughout the record-
ing period.

DISCUSSION

The current paper presents a technical method to
record objectively the individual escape behaviour
and reluctance in calves during restraint. The appli-
ance can be used by anyone anywhere in the world,
trained or untrained, educated or not, in any housing
system (except for old-fashioned tied-barns) and will
yield objective comparable results. Escape behaviour
in a restraint situation is an important element of
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Fig. 5. Diagrams of the mean values over time (xs.0.) of
the three measured parameters tractive force in kNs,
maximal tractive force in N and number of pulls for cluster
1 and 2.

personality in prey animals (Boissy 1995; Koolhaas
etal. 2010). One can expect that animals with different
personality traits display differing behaviour patterns
that can be classified according to their main features.
Therefore, its standardized measurement has the
potential to become an element of an easily applicable
test in future breeding programme when phenotyping
animals’ personalities (Benhajali et al. 2010). So far,
beef producers willing to include personality to the
breed value of their cattle are instructed to measure
flight time when leaving a crush once and use this
simple measure to describe an animal’s temperament
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(Gaden et al. 2004). To our knowledge, the behaviour
of cattle during a restraint or tethered situation has
either been described with temperament scores (e.g.
Grandin 1993; Lanier et al. 2000) or has been
observed and measured behaviourally (Boissy &
Bouissou 1988), but until now this behaviour has
only rarely been measured physically (Veissier et al.
1989).

With the animals tested in the current experiment,
two different behaviour patterns revealing two inten-
sities in the reaction were found. It is likely that more
behaviour patterns would be found when testing more
animals, e.g. one that shows an increase towards the
end of the recording period or one with a constantly
high reaction level. The first decrease in the reaction of
the calves of cluster 1 could reflect exhaustion but
could also be due to an initial evaluation of other
possibilities for escaping from the restraint, since
pulling has not worked so far. When no possibility
was found and the calves had rested briefly, a new
increase in reaction level could be detected. Calves of
cluster 2 consistently showed a low level of reaction.
Coleman et al. (2005) found that rhesus macaque
monkeys that showed a quick reaction to an unknown
stimulus were faster in learning a task by operant
conditioning than individuals showing a slower or no
reaction to an unknown stimulus; thus the animals of
cluster 1 in the current study might be disadvantaged
in other, different, situations. However, to evaluate this
statement, further research needs to be conducted.

In the current study, data from one single measure-
ment per animal at 90 days of age are presented. The
young age of the calves tested made it possible to
ensure similar housing conditions for both male and
female animals. However, the repeatability and hence
the reliability of the assessed behaviour pattern of
each calf needs to be investigated. Grandin (1993)
suggested three repetitions of temperament-scoring in
her study on slightly older male cattle, to gain reliable
results.

The reaction to the restraint is clearly not the only
parameter defining the personality of cattle. Reactions
toward humans may be similarly important. However,
these reactions depend on the experience an individ-
ual has had with humans and are therefore not
only dependent on personality traits but also highly
influenced by the age of the animals, previous
experience and the human himself (de Passillé et al.
1996). The behavioural reaction towards a restraint
situation where the animals have the possibility to
accept the restraint or not, as in the docility test
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(Le Neindre et al. 1995; Boivin et al. 2009), are
especially important for agricultural practice but are
not entirely objective since humans are a fundamental
partof the test (see intra- and inter-observer reliability in
the introduction of the current paper). Moreover, their
results are also dependent on previous experience of
the test animal with humans (de Passillé et al. 1996).
Reactions to an unknown object, as in the classic novel-
object-test, give further important information on an
animal’s personality, which are not primarily covered
with the method presented in the current paper.
Possible correlations between the pulling-test and
other tests named above need further research.

As a result of the current investigation, it is
concluded that animals with different behaviour
patterns can be successfully detected on the basis of
their pulling behaviour during a 30-min period of
restraint. The newly developed method, including
the suggested statistical procedures, can be applied
easily in research and in practice. It is suitable for
phenotyping in breeding programmes, because it
offers a standardized objective procedure independent
of human observers and handlers. However, more
research on the long-term reliability of the results
needs to be conducted. Other aspects of personality
also need to be accounted for in addition to those
measured with the pulling-test. Therefore, the pulling-
test should be seen as an objective and practicable
basis-test.
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the calves. The first author Katharina L. Graunke was
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Abstract

Studies on animal temperament have often described temperament using a one-dimensional scale, whereas
theoretical framework has recently suggested two or more dimensions using terms like “valence” or “arousal’ to
describe these dimensions. Yet, the valence or assessment of a situation is highly individual. The aim of this study
was to provide support for the multidimensional framework with experimental data originating from an economically
important species (Bos taurus). We tested 361 calves at 90 days post natum (dpn) in a novel-object test. Using a
principal component analysis (PCA), we condensed numerous behaviours into fewer variables to describe
temperament and correlated these variables with simultaneously measured heart rate variability (HRV) data. The
PCA resulted in two behavioural dimensions (principal components, PC): novel-object-related (PC 1) and exploration-
activity-related (PC 2). These PCs explained 58% of the variability in our data. The animals were distributed evenly
within the two behavioural dimensions independent of their sex. Calves with different scores in these PCs differed
significantly in HRV, and thus in the autonomous nervous system’s activity. Based on these combined behavioural
and physiological data we described four distinct temperament types resulting from two behavioural dimensions:
“neophobic/fearful — alert”, “interested — stressed”, “subdued/uninterested — calm”, and “neoophilic/outgoing — alert”.
Additionally, 38 calves were tested at 90 and 197 dpn. Using the same PCA-model, they correlated significantly in
PC 1 and tended to correlate in PC 2 between the two test ages. Of these calves, 42% expressed a similar behaviour
pattern in both dimensions and 47% in one. No differences in temperament scores were found between sexes or
breeds. In conclusion, we described distinct temperament types in calves based on behavioural and physiological
measures emphasising the benefits of a multidimensional approach.
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Introduction

Differences in behaviour between animals can be caused by
a range of environmental and state-dependent factors, e.g.,
sex, age, reproductive status, or environment. However, not all
differences can be explained by physiological states or
environmental factors; the remaining differences may therefore
reveal the strategy an individual employs to act with and react
to environmental stimuli [1-3]. This individual strategy is
described as temperament and is thought to be innate and
consistent over time and in different situations [4—9]. Besides
temperament there are other terms used in this context, e.g.,
personality, individuality or coping style [6,10—12]. Réale et al.
[6] provide a summary of the different terms and their

PLOS ONE | www.plosone.org

definitions depending on the author(s), which clearly shows
how arbitrary the distinctions between the different terms are.
They conclude that the two most common terms, temperament
and personality, are often artificially distinguished. Therefore,
they understand these two terms as synonyms, which we are in
accordance with. Although being consistent over time and
situations, temperament should not be imagined as a fixed and
completely inflexible construct, but rather as an adjustable tool
for adaptation to exterior circumstances during individual
ontogeny [13]. Very early in life, temperament seems to be
rather flexible [14,15], while later on it is maintained more and
more rigidly [13]. However, depending on genetics and
epigenetics, the starting point is different for each individual.
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In the literature, original research on non-human animals
often describes temperament on a one-dimensional scale using
expressions such as “proactive — reactive”, “aggressive — non-
aggressive”, “bold — shy”, etc. (e.g.,, [11,16,17]). Human
psychology and thereon based recent theoretical framework on
temperament in non-human animals, however, mostly argue for
two or more dimensions using terms such as “valence’,
“arousal” or “activity” to describe the different dimensions
[6,18-22]. Following their arguments, different temperament
types can be located in a circumplex model as a linear
combination of these dimensions. Therefore, two or more
dimensions are more likely to reflect the entire nature of
temperament or personality in non-human animals than one
dimension. Especially, the valence or perception of a situation
is highly individual, yet most important to an animal’s welfare
[23]. Veissier et al. [23] point out that while exterior conditions
like housing system, quality of diet, etc. loose no importance to
animal welfare, one mandatorily needs to take into account the
valence of the animals themselves, when seriously trying to
evaluate an animal’s welfare.

Naturally, questionnaires on the perception of different
situations that can be answered in personality research in
human psychology are impossible in non-human animals;
therefore, one must include measures of physiological or
neurophysiological activation revealing information about the
probable perception and processing of a test situation by an
individual. The analysis of cardio-vascular measurements has
been found to be a suitable approach for determining the
activity of the autonomous nervous system in the study of
temperament [24-26]. The cardiac vagal tone represents
parasympathetic nervous activity at the level of the heart and
derives from heart rate variability (HRV). HRV measures can
be calculated from beat to beat changes in heart rate (R-R
interval) in the electrocardiogram. The cardiac vagal tone has
been suggested as a psychophysiological marker of internal
regulation and of certain aspects of psychological adjustment in
humans and animals [27,28]. Changes in the length of
consecutive R-R-intervals reflect differential activation of the
two branches of the autonomous nervous system [29,30] and
can therefore give an understanding of a test subject’s
perception or its valence of a situation. Common variables of
HRV measures in the time domain are the heart rate in beats
per minute (HR in bpm), the root mean square of successive
differences (RMSSD in ms), the standard deviation of all R-R-
intervals (SDNN in ms) and the ratio of RMSSD and SDNN
(RMSSD/SDNN). Table 1 provides a description of the effects
of the autonomous nervous system on these measures.

The aim of this study was to develop a description of
temperament in young cattle (Bos taurus) by analysing their
behaviour and simultaneously measured heart rate variability
during a standard behaviour test. To test for stability over time,
we conducted the test at two ages on an additional, small
sample size. Taking this combined multidimensional approach
based on experimental original data, we intended to provide
foundational support for the theoretical framework suggesting
two or more dimensions in animal temperament.
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Table 1. Influence of the autonomous nervous system on
measures of heart rate variability.

HRV Influence of the autonomous

measures nervous system Consequences on HRV measure

» » HR decreases, when PNS activity
Additive and non-additive i .
HR increases and/or SNS activity
effects of PNS and SNS
decreases

RMSSD increases, when PNS

activity increases

RMSSD Only influenced by PNS

SDNN increases mainly, when SNS
PNS and SNS act L .
SDNN X activity increases, but is also
synergetically i .
influenced by PNS activity

RMSSD/SDNN increases, when PNS
activity increases and/or SNS activity

RMSSD/ PNS and SNS affect

SDNN measure antagonistically
decreases

Measures of heart rate variability (HRV), branches of the autonomous nervous
system that influence the HRV measures, and their consequences on the
respective measure (after [29]); PNS = parasympathetic nervous system, SNS =
sympathetic nervous system

doi: 10.1371/journal.pone.0074579.t001

Animals, Materials and Methods

2.1: Animals and housing

We tested 361 calves (175 male, 186 female) of the F,-
generation of a running breeding project (Holstein Friesian x
Charolais cross breeding) with 90 dpn (+ 3 dpn, days post
natum). All calves were bred via embryo transfer into unrelated
Holstein Friesian heifers as recipient mothers and were born
and tested between 2004 and 2010. The calves were kept in
various small groups of up to nine animals of similar age, apart
from their recipient mothers from day one. Pens had a size of 6
x 7 m and were covered with deep litter. Until 90 dpn, the
calves were not subject to any other experiment, and handling
did not exceed routine handling by the animal keepers except
in the case of animals requiring treatment for sickness.

After weaning, the animals were weighed at 111 dpn (+ 3
dpn). The weight at the day of the experiment was calculated
with the help of the average daily weight gain from birth to
weaning and the exact age at the experiment. On average, the
calves weighed 118 kg (range: 74-159 kg, SD * 14 kg) at the
day of the experiment.

We further tested each 20 calves (10 male, 10 female) of the
founder breeds Holstein Friesian and Charolais at 91 dpn (+ 3
dpn) and a second time at 197 dpn (+ 12 dpn) to evaluate
stability of temperament over time and to detect possible breed
differences. The calves were purchased from breeders and
arrived at our facilities two days after birth at the latest. They
were housed in the same barn as the crossbreeds and male
and female calves were housed together until the second test
had been conducted. These calves were born and tested
between 2008 and 2012. Due to the early death of one male
Charolais calf, there were 19 Charolais calves tested at 91 dpn.
At the second test age, one male Charolais calf became
extremely distressed during testing and risked serious injury.
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The test was terminated; thus there is data of 18 (8 male, 10
female) Charolais calves at 197 dpn.

2.2: Experimental procedure

The behaviour test was performed in an open field of 9.6 x
4.0 m in size, which was unknown to the calves prior to testing.
It was divided into four segments of 2.4 x 4.0 m each. After
allowing the test animal to acclimatise to the open field for 10
min, a novel-object test was conducted with a traffic pylon of
0.5 m height as novel object. It was let down into the outer
segment, which was the farthest from where the calf stood
(Figure S1). We chose this test as it is known to provoke
behaviour, which correlates with behaviour during other tests
[31,32] or with social cues [31]. The novel-object test lasted for
10 min. During the test, behaviour was live-recorded using the
observation software tool The Observer 5.0 (Noldus, The
Netherlands). Of in total 438 behaviour test sessions, 428 were
conducted by three experienced observers whose observation
highly correlated during a 90 min-test session (Pearson’s Rho
0.973, p < 0.001). The residual 10 behaviour test sessions
were conducted by three other experienced observers.
Recorded behaviours with their definitions and type of
recording are listed in Table 2. For further analysis, the latency
of the behaviours an individual did not show during the 10 min
behaviour test was set to the maximum time of 600 s (10 min).

2.3: Heart rate variability (HRV)

To measure the heart beat activity during the test, we applied
a heart monitor system (Polar S810i, Polar Electro, Oy,
Finland). The calves were fitted with flexible belts with two
integrated electrodes and a transmitter for wireless
transmission of the R-R-interval data series to a separate
storage device. The two electrodes were placed on the left side
of the most cranial part of the chest behind the forelegs: one
next to the sternum, and the other behind the scapula. The
coat under the electrodes was shaved and a conductive gel
was used for better electrical conductivity. Prior to the
beginning of the experiment, calves were fitted the belts and
were then left alone with their pen mates in their home pen to
gain base measurements. After 30 min, they were led into the
open field for acclimatisation and testing. Later on, the R-R
data series were transferred to a computer and corrected when
necessary using Polar Precision Performance SW version 4.03
(Polar Electro, Oy, Finland) with the standard set-up. The
curves were divided into 5-min intervals and an error correction
of up to 10% per interval was accepted. In further processing of
the data, neither differences between two R-R-intervals larger
than 150 ms nor identical values of five or more consecutive R-
R-intervals were accepted. A program developed with LabView
2009 version 9.0 (National Instruments Germany GmbH,
Munich, Germany) detected complete 1-min intervals in the
base measurements (starting 5 min after the experimenters left
the barn) and the test, and calculated HR, RMSSD, SDNN, and
RMSSD/SDNN for each complete 1-min interval (see [30] for
the exact calculation of the variables, see Introduction for an
explanation of the variables). When there were at least seven
complete 1-min intervals per base measurement and per test
(134 male, 138 female), the program further determined the
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Table 2. Definition of live-recorded behaviours.

Type of
Behaviour recording Definition
. Physical contact with any part of the body
Contact with novel . i i
i D,F L with the novel object or sniffing the novel
object (contact) X . i i
object while being closer than 0.1 m to it
. At least three legs touch the ground, no
Inactivity D
forward movement
. Sniffing or licking the wall or floor of the
Exploration D, L
open field
. Calf licking or scratching itself with one
Grooming D X
hind leg
. Max. 3 legs touch the ground, forward
Activity D, L
movement
. Max. 2 legs touch the ground, fast forward
Running D
movement
Vocalisation F Any kind of sound the calf makes
Leaving one segment and entering
Change of segment F X
another with at least the forelegs
Habitation in segment
where the novel object D.L With at least the forelegs in the segment
is placed (object ’ in which the novel object is placed
segment)
Habitation in segment
next to segment where With at least the forelegs in the segment
the novel object is L next to the segment in which the novel

placed (object object is placed

neighbouring segment)

Definition and type of recording of the behaviours live-recorded during the novel-
object test; D = duration (total time in s), F = frequency, L = latency (time in s until
behaviour was first shown).

doi: 10.1371/journal.pone.0074579.t002

mean of the first seven values of HR, RMSSD, SDNN and
RMSSD/SDNN. The differences between test and base
measurements of HR, RMSSD and SDNN and the ratio of test
and base measurement of RMSSD/SDNN were used for
further analyses. Later analysis showed that it was completely
coincidental and independent of the animals’ behaviour during
the novel-object test (e.g., running or activity duration), which
calves did and which did not have complete HRV measures.
Therefore, there is no further discussion of this fact.

All procedures involving animal handling and treatment were
approved by the Committee for Animal Use and Care of the
Ministry of Agriculture, the Environment and Consumer
Protection of the federal state Mecklenburg-Vorpommern,
Germany.

2.4: Statistical analysis

All statistical analyses were performed using SAS 9.3, SAS
Institute Inc., USA. In a preliminary analysis, we checked for
the influence of sex and weight on all behaviours and HRV
measures using a one-way analysis of covariance model
(ANCOVA, The GLM Procedure) with the fixed factor sex and
the co-variable weight.
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As main analysis, we performed a Principal Component
Analysis (PCA), which described the relationship between new
(latent) principal components (PC) and our 15 behaviours. A
PCA is used to condense several correlated measures into a
smaller number of principal components. The loadings of each
measure on a principal component represent the correlation
between the component and this measure. i.e., the loadings
reflect the importance of each measure for the component.
One of the main assumptions for using PCA or Factor Analysis
for an analysis of data is a suitable correlation between all
included measurements. A measure for this sampling
adequacy (MSA) of the correlation matrix is the Kaiser-Meyer-
Olkin criterion (KMO). As Budaev [33] mentioned “correlation
matrices with KMO < 0.5 are entirely inappropriate whereas
those with KMO below 0.6-0.7 must be treated with caution”.
We decided to use a PCA instead of a Factor Analysis,
because many of our behaviour measurements were non-
normally distributed [33], and because no a-priori theory or
model exists [34]. The PCA was conducted with The FACTOR
Procedure  with the following parameter settings:
method=PRIN, prior=ONE, rotation=VARIMAX. As input data
set, we used a correlation matrix of all pairwise correlations of
our 15 behavioural measures applying the non-parametric
Spearman’s rank correlation test (using The CORR
Procedure), because some of the behaviours were not
continuous and/or normally distributed (Table S1). One crucial
point when using a PCA is the choice of the final number of
extracted PCs [33]. Several methods are available for this
decision. We performed four methods: Kaiser's number of
eigenvalues > 1 [35], Cattell's scree-test [36], Horn’s Parallel
test [37] and Velicer's Minimum Average Partial (MAP) test
[38]. For the Parallel test and MAP test, we applied the SAS
syntaxes provided by O’Connor [39]. We decided for two PCs
in the final PCA calculation, since three of these methods led to
a two PC solution (except number of eigenvalues > 1).
Corresponding PC scores for each calf were finally calculated
with The SCORE Procedure. These scores were further used
to determine score classes and to identify the calves with
differing behaviour.

The influence of these score classes and sex on the HRV
measures was tested by a two-way analysis of variance model
(ANOVA, The MIXED Procedure) with the fixed factors score
class, sex and their interaction. Post hoc tests were performed
with a Tukey-Kramer correction for multiple testing.

The PC scores of the calves of the founder breeds (Holstein
Friesian, Charolais) were calculated with The SCORE
Procedure using the resulting loadings from the crossbreeds as
it is no use to perform a PCA on such a low number of animals
[40]. The influence of breed and sex on the score class was
calculated with a two-way ANOVA (The MIXED Procedure)
with the fixed factors breed, sex and their interaction. To
analyse the stability of the scores over time, we applied
Spearman'’s rank correlation test on scores of the two test ages
(The CORR Procedure). For all analyses, we defined the
significance level at 0.05 and treated p-values between 0.05
and 0.1 as tendency.
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Results

3.1: Behaviour and heart rate variability

Descriptive statistics of the recorded behaviours of 361
crossbreed calves in the novel-object test are shown in Table
S2. The HRV measures of 272 of these calves during base
measurement and novel-object test are presented in Table S3.
Weight had a significant influence on grooming duration with
lighter calves grooming longer than heavier calves (F = 4.25, p
= 0.040), but had no influence on any other behaviour. Sex had
a significant influence on grooming duration and latency of
activity (F = 11.02, p < 0.001; F = 4.15, p = 0.042) and tended
to have an influence on change of segment (F = 2.73, p =
0.099), where male calves groomed longer, had a lower
latency to show activity and changed segments less often than
female calves. Weight had a significant influence on RMSSD/
SDNN with lighter calves having higher measures than heavier
calves (F = 5.41, p = 0.021), but none on any other HRV
measure. Sex had an influence on HR, SDNN and RMSSD/
SDNN (F = 4.35, p = 0.038; F = 7.30, p = 0.007; F = 8.20, p =
0.005), with male calves having a lower HR, lower SDNN and
higher RMSSD/SDNN than female calves.

During the novel-object test, calves of the two breeds
Charolais and Holstein Friesian did not differ in their behaviour
except for the duration of running (F = 4.25, p = 0.046), with
Charolais calves running longer than Holstein Friesian calves
(least square mean 5.1 s vs. 1.4 s). Accordingly, Charolais
calves had a higher HR and lower RMSSD than Holstein
Friesian calves (F = 12.6, p = 0.001; F = 5.1, p = 0.031). Since
SDNN did not differ between the breeds, the RMSSD/SDNN
differed accordingly (F = 6.4, p = 0.016). None of the HRV
measures differed between the breeds during base
measurement.

3.2: Principal component analysis

The loadings of the behaviours in the two PCs gained from
the PCA of the novel-object test are shown in Table 3. The
loadings rated “excellent” (greater than 0.71 and lower than
-0.71) and “very good” (greater than 0.63 and lower than -0.63)
were accepted as explanatory variables [40]. PC 1 was most
influenced by behaviours occurring in the novel-object context
such as contact duration or the time spent close to the object,
and PC 2 was most influenced by behaviours in context with
the exploration of the open field (but not the novel object) and
the inactivity of the animals. The measure of sampling
adequacy (MSA) with 0.833 was “meritorious” [41] and our data
therefore appropriate for PCA analysis [33]. The two PCs
explained 46.8% and 11.2%, respectively, of the variation in
the data.

For each animal, the scores in PC 1 and PC 2 were
calculated from their standardised original data and the
respective loadings as presented in Table 3. To distinguish
animals from one another by their temperament, we divided the
animals into score classes (SC) according to the level of their
scores in the two PCs (as suggested by MendI et al. [20]). We
defined the intermediate level of the scores at + 0.5 SD around
the zero line to identify calves not showing distinct behaviour in
one or both PCs. Using this procedure, we received nine SCs
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Table 3. Principal component loadings of the behaviours.

Behaviour PC1 PC 2
Contact-D 0.76457 0.05006
Contact-F 0.83250 0.12250
Contact-L -0.89613 -0.13959
Inactivity-D -0.41347 -0.85549
Exploration-D 0.15037 0.82661
Exploration-L -0.19767 -0.63679
Grooming-D -0.08038 0.42876
Activity-D 0.56716 0.61371
Activity-L -0.49598 -0.21244
Running-D 0.47287 0.34835
Vocalisation-F 0.38216 0.07442
Change of segment-F 0.70109 0.51393
Object segment -L -0.87210 -0.15841
Object segment-D 0.83888 0.12061
Object neighbouring segment -L -0.73723 -0.22699

Loadings of the behaviours in principal component (PC) 1 and PC 2 gained from
the principal component analysis of the novel-object test; loadings above 0.71 in
bold type, loadings above 0.63 in italics (cf. [40] loadings above 0.71 rated
“excellent’, loadings above 0.63 rated “very good”); D = duration (total time in s), F
= frequency, L = latency (time in s until behaviour was first shown).

doi: 10.1371/journal.pone.0074579.t003

(Figure 1). A plot with the scores of all 361 crossbreed calves is
shown in Figure 1, where each dot represents one calf. The
distribution of the male and female calves in the SCs is
presented in Table 4.

Calves of SC IX had long contact to the novel object and
hardly explored the open field, while those of SC | explored the
open field a long time, made little or very late contact to the
novel object and were highly active. However, using
information from only behaviour made it difficult or impossible
to describe some of the SCs and to understand the animals’
temperament. We therefore analysed the heart rate variability
measures for differences based on SC, sex and the interaction
of SC and sex.

3.3: Development of temperament types (TT)

The interaction of SC and sex had no significant influence on
the changes in any of the four HRV variables (HR:F = 0.52, p =
0.840; RMSSD: F = 0.34, p = 0.948; SDNN: F = 1.36, p =
0.212; RMSSD/SDNN: F = 0.48, p = 0.871). Sex had no
significant influence (RMSSD: F = 0.04, p = 0.834; SDNN: F =
0.14, p = 0.707; RMSSD/SDNN: F = 0.66, p = 0.417) except for
a tendency for HR change, where the female calves tended to
have a higher increase in HR during the behaviour test
compared to the male calves (t = 1.92; p = 0.056). SC had a
significant influence on the changes in HR, SDNN and
RMSSD/SDNN (HR:F = 5.19; SDNN: F = 6.64; RMSSD/SDNN:
F = 5.04; all p < 0.001), but not on RMSSD (RMSSD: F = 0.73,
p = 0.666). Most reliable information about the balance
between sympathetic and parasympathetic nervous system is
gained from the RMSSD/SDNN. The least square means, their
standard error and the 95% confidence interval of the RMSSD/
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SDNN-ratio between test and base measurement are shown in
Table 5. A value larger than 1.00 indicates a shift towards the
parasympathetic nervous system during the test, while a value
smaller than 1.00 indicates a shift towards the sympathetic
nervous system. Confidence intervals not embracing 1.00
indicate a significant shift of the autonomous nervous system
during the test compared to the base measurement. During the
test, animals of SC lll and VI showed a significant shift towards
the sympathetic nervous system, whereas in those of SC I, I,
IV, V, VI, and IX the balance between the sympathetic and
parasympathetic nervous system did not change (Table 4,
Figure 2). Calves of SC VIl had a 46% higher RMSSD/SDNN-
ratio during the novel-object test compared to the base
measurement (Table 4), i.e. they were on average strongly
parasympathetically activated while calves of SC Il and VI
were sympathetically activated during the novel-object test.
Therefore, we could describe the most distinct TT (SC |, IlI, VII,
and IX) by characteristic terms for the displayed behaviour and
the activated parts of the autonomous nervous system:
“neophobic/fearful — alert” (SC 1), “interested — stressed” (SC
), “subdued/uninterested — calm” (SC VII), and “neoophilic/
outgoing — alert” (SC IX; Figure 2).

3.4: Stability over time

Each individual - intermediate or distinct — has its own
specific temperament. Therefore, to evaluate stability of the
scores, one needs to take all individuals into account.

3.4.1: Stability within the two-dimensional space. The
distribution of the Charolais and Holstein Friesian calves was
even within the scores plot (Figure S2) revealing no breed
differences in the scores (PC 1: F = 0.13, p = 0.724; PC 2: F =
0.03, p = 0.867). During the repetition of the test procedure at
197 dpn (days post natum) 42.1% of the calves scored within 1
SD around their score at 90 dpn, 44.7% scored between 1-2
SD around their first score and 13.2% scored farther than 2 SD
from their first score. Neither sex (F = 0.00, p = 0.973) nor
breed (F = 0.22, p = 0.639) or interaction between sex and
breed (F = 1.51, p = 0.228) influenced the difference in the
score between the first and second test age. The animals
scoring within 1 SD (n = 16) at both test ages showed various
directions in the changes (Figure S2A), while 15 of 17 animals
scoring between 1-2 SD from their first score showed a greater
change in one PC (> 1 SD) and only a small change in the
other (< 1 SD, Figure S2B). Of these 17 calves, 11 showed a
lower score in PC 2 at the second test age, and 9
simultaneously showed a change of less than 1 SD in PC 1. Of
the 17 calves, 5 showed a greater score (> 1 SD) in PC 1 at
197 dpn than at 90 dpn, 3 of which simultaneously showed a
change of less than 1 SD in PC 2. Of the 5 calves scoring
farther than 2 SD from the first score, one showed a small
change (< 1 SD) in PC 1 and two showed a small change (< 1
SD) in PC 2 (Figure S2C).

3.4.2: Stability within each principal component. Figure 3
shows the stability over the two test ages separately for each
PC with the solid black line indicating 100% stability. Scores of
PC 1 significantly correlated between the test ages (r = 0.36, p
= 0.028; Figure 3A) and scores of PC 2 tended to correlate
between 90 and 197 dpn (r = 0.29, p = 0.079; Figure 3B). In the
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Figure 1. Scores plot of the crossbreed calves. Scores plot of 361 crossbreed calves gained from the standardised original data
of the novel-object test and the respective loadings in the two PCs (Table 3), including the classification into nine score classes,
numbered with Roman numerals; a range of £ 0.5 SD from the zero line was defined as threshold for the intermediate level.

doi: 10.1371/journal.pone.0074579.g001

same SC scored 21.1% of the calves, 39.5% stayed within the vice versa, meaning no animal changed from one extreme SC
same score level in PC 1 (e.g., change from SC | to SC IV) and to the opposite SC.

10.5% in PC 2 (e.g., change from SC VII to SC IX). 28.9% of

the calves changed SC on both score levels. However, no

animal changed from SC | to SC IX or from SC Il to SC VIl and
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Table 4. Distribution of the calves on the score classes.

SC Male Female
| 20 13
1l 23 16
1} 12 22
\Y 16 17
\% 22 28
VI 28 32
Vi 20 22
Vil 15 18
IX 19 18

Distribution of crossbreed calves subdivided by sex on the score classes (SC) in
the novel object test.
doi: 10.1371/journal.pone.0074579.t004

Table 5. Least square means of the nine score classes of
the RMSSD/SDNN-ratio.

SC LSM SE 95% CI

| 0.93 0.10 0.73-1.12
Il 0.92 0.08 0.75-1.08
i 0.82 0.09 0.64-1.00
\" 1.05 0.08 0.89-1.22
\% 0.92 0.08 0.76-1.07
\ 0.83 0.06 0.70-0.96
Vi 1.46 0.08 1.31-1.62
Vil 1.04 0.08 0.88-1.21
IX 0.97 0.09 0.80-1.15

Least square means (LSM), standard error (SE), and 95% confidence interval (Cl)
of the nine score classes (SC) of the RMSSD/SDNN-ratio; 1.00 indicates no
change in the ratio during the novel-object test compared to the base
measurement.

doi: 10.1371/journal.pone.0074579.t005

Discussion

Studies on animal temperament have often described
temperament on a one-dimensional scale [11,16,17] while
theoretical framework has suggested the necessity of two or
more dimensions [6,18-20,42]. Only recently have studies
started to present behavioural data condensed into two to four
dimensions; however, except for Meager et al. [43] without
characterising individual animals’ temperament [44—46]. To our
knowledge, the presented study is the first to support the
claims of the above named theoretical framework with original
data based on non-human mammals. Using a multivariate
analysis we could condense numerous behaviours to fewer
variables to display different dimensions of temperament,
support the interpretation of the behaviours with physiological
data and describe individual animals’ temperament types. In
context of cognitive enrichment, the approach of combining
behavioural analyses with physiological data has successfully
been used to test the animals’ validation of the enrichment
[47,48]. The high number of several hundred tested individuals
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in the presented study lets us provide foundational support for
the theory of multidimensional temperament in non-human
animals.

With an MSA of 0.833, the data was suited “meritoriously”
[41] for the conducted PCA, which was therefore absolutely
appropriate [33]. The fact that PC 2 of this analysis explains a
much smaller percentage of variance in our data leads to the
assumption that the high-loading behaviours in PC 2 explain
less variance in the behaviour of the calves than the high-
loading behaviours in PC 1. Therefore, we conclude that most
variance in the data was caused by the animals’ reactions to
the novel object. It is unlikely that the calves would treat the
open field as novel object, because they had time to
acclimatise and to explore the open field prior to their exposure
to the novel object. Réale et al. [6] define the category
“exploration-avoidance” as independent of the category
“boldness-shyness”. Equally in our analysis, the exploration of
the open field (shyness-boldness) loaded high in one PC,
whereas seeking contact to and “exploring” the novel object
(exploration-avoidance) loaded high in the other PC. The
exploration of the open field could, therefore, describe the
activity of the calves. The data from the RMSSD/SDNN ratio
clearly demonstrated that animals with similar scores in PC 1
did not necessarily respond similarly in their physiological
reaction; this result is consistent for similar scores in PC 2.
Hence, the perception or valence of the test situation was most
likely different in different individuals [24], although they might
have had similar scores in one of the PCs.

The multidimensional depiction of temperament or
personality originates from human psychology [21,49] and was
first implemented theoretically for animals by Koolhaas et al.
and Mendl et al. [19,20]. If we compare the two-tier model
suggested by Koolhaas et al. [19] with our plot, place it at a
second level on top of our scores plot and turn it clockwise 45°,
so the arousal dimension is aligned with our RMSSD/SDNN
ratio results, we can see that our descriptions for the different
TT are similar to those suggested by them. Also, if we compare
our scores plot with the core affect model suggested by Mendl
et al. [20] and turn it clockwise 45°, so that the arousal
dimension in Mendl et al.’s [20] plot is aligned to our RMSSD/
SDNN ratio results, and if we assume that the valence
dimension in their plot remains orthogonal to its arousal
dimension, we see that our descriptions for the different TT are
similar to those suggested by them. We must emphasise,
though, that neither of our PCs exactly represents any of the
dimensions suggested by the two reviews [19,20]. Yet, one
might argue that PC 1 might be consistent with the valence or
coping dimension. One could assume that individuals
approaching the novel object perceive the situation rather
positively (hence have a positive valence of the situation) and
are coping proactively; however, this cannot be scientifically
supported with the by us conducted test alone. When
attempting to fit our two dimensions “contact to novel object-
related” and “exploration-activity-related” into the five
categories of temperament traits defined by Réale et al. [6], we
find PC 1 to be congruent to category 2: exploration-avoidance,
reaction to among others novel objects. PC 2, though, cannot
be easily fitted into this model. It could reflect the general
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Figure 2. 3D scores plot including the RMSSD/SDNN-ratio. Smoothed 3D scores plot of 361 crossbreed calves during the
novel-object test (NO) with the ratio of RMSSD/SDNN between NO and base measurement as the third dimension; colour spectrum
from dark blue (strongly sympathetically activated) to red (strongly parasympathetically activated), smoother “running median”,
bandwidth method “nearest neighbours”, and sampling proportion 0.100 (SigmaPlot 10.0, SysStat Software Inc., USA).

doi: 10.1371/journal.pone.0074579.g002

activity level of the test calf (category 3: activity), but the test
situation could also be perceived as risky by the calves
(category 1: shyness-boldness, this measurement can interfere
with exploration-avoidance). The sociability of the animal
(category 5: sociability, seeking presence of or avoiding
conspecifics, by exploring the open field for a way back to the
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home pen) or a combination of the above mentioned categories
are also possible explanations for PC 2.

When we used the loadings generated with data from 361
crossbreed animals on data of the animals from the two
founder breeds at the same age and in a test repetition 4
months later, we received a similarly even distribution of those
animals on the scores as of the scores of the crossbreeds. PC
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Figure 3. Score changes between the test ages separately for each principal component (PC). Changes in behavioural score
between the test ages presented separately for (A) PC 1 and (B) PC 2 of 18 Charolais calves (black dots) and 20 Holstein Friesian
calves (grey dots); solid black line marks 100% stability over time, dashed grey line marks the trend line.

doi: 10.1371/journal.pone.0074579.g003
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1, which explained almost half of the variance in our data,
correlated between the two test ages 90 and 197 dpn. Many
animals were close to the 100% stability line in this PC. This
result confirmed findings of other work, where individual
differences were consistent over time in various species, some
of which were tested at early ages [4,8,32,50-52]. PC 2 did not
show similarly good results in terms of stability. As many
animals with larger differences in that PC showed less
exploration of the open field and more inactivity during the
second test, one could argue for increased habituation to the
open field or the test situation.

Interestingly, we could not find any differences in the scores
between calves of the two breeds Charolais and Holstein
Friesian. With the exception of Charolais calves running longer
than Holstein Friesian calves, there were no differences
between the breeds in the original data or the HRV base
measurement. Breed differences in various behaviour tests
have been reported; occasionally including relatively high
heritability scores [63-56]. However, the conducted tests
measured the reaction of cattle towards humans, which has
been reported to be more influenced by management system
than by breed [57]. We consider it likely, that the temperament
traits measured in the presented study are evolutionary so
profoundly important [6,20], that their expression does not differ
between different breeds of the same species. Still, we cannot
exclude the possibility that the two cattle breeds might develop
differently in the measured temperament traits when they age
past 7 months. Various temperament traits, though, have been
reported to be already stable at the early age of 6-8 months in
cattle and horses [32,50-52].

Conclusion

By using a principal component analysis to condense
behaviours measured in calves in a novel-object test to two
principal components (PC) and by correlating these PCs with
heart rate variability measures, we could successfully describe
four distinct temperament types that differed in behaviour and
activity of the autonomous nervous system: “neophobic/fearful
— alert”, “interested — stressed”, “subdued/uninterested — calm”,
and “neoophilic/outgoing — alert”. During a repetition of the
conducted novel-object test 4 months after the first test, more
than 40% of the calves showed a similar behaviour pattern. In
the remaining calves, the change was owed to a larger change
in only one PC in nearly four-fifth of the animals. The novel
object-related behaviours satisfactorily correlated between the
two test ages. No differences in temperament scores could be
found between sexes or breeds. Finally, we could describe
distinct temperament types in calves based on behavioural and
physiological measures emphasising the benefits of a
multidimensional approach. The temperament-dependent
assessment of a situation by the animals themselves should
further be considered when trying to evaluate the housing and
welfare of animals living under human care.
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Supporting Information

Figure S1. Open field. Diagram of the open field (9.6 x 4.0 m)
where the novel-object test was performed; circles indicate the
alternative standing positions for the novel object, segment size
24x4.0m.

(TIFF)

Figure S2. Score changes between the test ages. Changes
in behavioural scores of 18 Charolais calves (black dots) and
20 Holstein Friesian calves (grey dots); arrow heads indicate
the score of the same individual at the second test age of 197
dpn; for clarity (A) shows arrows for the 16 individuals scoring
within 1 SD around their score at 90 dpn, (B) shows arrows for
the 17 individuals scoring between 1-2 SD around their first
score, and (C) shows arrows for the 5 individuals scoring
farther than 2 SD from their first score.

(TIF)

Table S1. Correlation matrix with Spearman correlation
coefficients of the 15 behaviours of the crossbreed calves
during the novel-object test; D = duration (total time in s), F =
frequency, L = latency (time in s until behaviour was first
shown).
(DOCX)

Table S2. Mean + SD, median, minimum, and maximum of
behaviours of crossbreed calves during the novel-object test;
duration and latency in s; D = duration (total time in s), F =
frequency, L = latency (time in s until behaviour was first
shown).
(DOCX)

Table S3. Mean £ SD, median, minimum and maximum of
heart rate (HR in bpm), RMSSD (ms), SDNN (ms), and
RMSSD/SDNN of crossbreed calves during base measurement
in the home pen and during the novel-object test.

(DOCX)
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Figure S1. Open field. Diagram of the open field (9.6 x 4.0 m) where the novel-object test was performed; circles

indicate the alternative standing positions for the novel object, segment size 2.4 x 4.0 m.
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Figure S2. Score changes between the test ages. Changes in behavioural scores of 18 Charolais calves (black
dots) and 20 Holstein Friesian calves (grey dots); arrow heads indicate the score of the same individual at the
second test age of 197 dpn; for clarity (A) shows arrows for the 16 individuals scoring within 1 SD around their
score at 90 dpn, (B) shows arrows for the 17 individuals scoring between 1-2 SD around their first score, and (C)

shows arrows for the 5 individuals scoring farther than 2 SD from their first score.
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Table S2. Behaviours during the novel-object test.

Behaviour Mean SD Median Min Max
Contact-D 26.3 37.0 18.1 0.0 321.9
Contact-F 3.2 2.7 3.0 0 17

Contact-L 285.5 2159 225.3 6.0 600.0
Inactivity-D 428.1 90.5 4247 130.0 600.0
Exploration-D 69.1 51.1 59.5 0.0 250.6
Exploration-L 142.1 1344 104.9 2.0 600.0
Grooming-D 5.8 12.7 0.0 0.0 1148
Activity-D 80.5 47.9 74.9 0.0 3175
Activity-L 60.8 95.7 245 0.0 600.0
Run-D 8.7 14.3 2.9 0.0 111.0
Vocalisation-F 15.3 14.9 11.0 0 76

Change of segment-F 175 12.7 15.0 0 65

Object segment-L 262.3 2155 196.4 0.0 600.0
Object segment-D 174.6  189.1 123.7 0.0 5914

Object neighbouring segment-L  131.9 1104 103.9 0.0 600.0

Table S2. Mean = SD, median, minimum, and maximum of behaviours of crossbreed calves during the novel-

object test; D = duration (total time in s), F = frequency, L = latency (time in s until behaviour was first shown).

Table S3. Heart rate variability measures during base measurement and novel-object test.

Base measurement Novel-object test
HRYV measures . . . .

Mean SD Median Min Max Mean SD Median Min Max
HR 1139 164 1134 70.2 186.4 125.0 179 1250 68.0 1905
RMSSD 7.86 7.00 564 2.14 68.06 8.71 6.01 6.39 2.93 37.25
SDNN 23.86 9.26 2223 4.92 62.27 31.70 10.34 30.76 10.33 70.67

RMSSD/SDNN 0.35 0.19 0.28 0.12 115 0.31 0.18 0.25 0.13 1.16

Table S3. Mean + SD, median, minimum and maximum of heart rate (HR, bpm), RMSSD (ms), SDNN (ms), and

RMSSD/SDNN of crossbreed calves during base measurement in the home pen and during the novel-object test.
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Abstract

As an animal’s personality becomes more and more integrated into practice of breeding and
selecting livestock, easy applicable behaviour tests to measure it are strongly demanded, yet
very rare. We therefore aimed to develop an easy applicable procedure to measure
personality in cattle (Bos taurus) with a maintained level of measure reliability. Data of 356
crossbreed calves tested at 90 and 91 dpn, respectively, in a newly developed automated
restraint test (pulling test) was correlated with multidimensional personality types retrieved
from a novel-object test (NO) including physiological measures of heart rate variability (HRV).
With a principal component analysis (PCA) of the behaviours recorded in the NO and
correlated with HRV, personality types (SC) were developed. These and the HRV-measure
RMSSD/SDNN-ratio were correlated with a generalised linear mixed model (The MIXED
Procedure, SAS 9.3, SAS Institute Inc., USA) to measures of the pulling test. Weight and sex
had no influence on the pulling-test parameters tractive force, holding force, dwindling force,
and total force, but on number of pulls (weight: F = 4.27, p = 0.040) and maximal tractive
force (weight: F = 48.6, p < 0.001; sex: F = 4.02, p = 0.046). The behaviour parameters from
the NO were combined to two principal components with a PCA. We divided the calves into
nine score classes (SC), which significantly differed in the RMSSD/SDNN-ratio (F = 5.04;

p <0.001), hence in the activity of the autonomous nervous system. Tractive force was
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significantly influenced by the RMSSD/SDNN-ratio between NO and base measurement
(F=4.23, p = 0.041). SC tended to influence the parameters of the pulling test except for
holding force and maximal tractive force (tractive force: F = 1.84, p = 0.070; dwindling force:
F =1.81, p =0.075; total force: F =1.84, p = 0.070; number of pulls: F = 1.74, p = 0.090). We
found the candidate measure tractive force for further investigation in developing an easy

applicable automated test for measuring cattle’s personality on a large practice scale.

Keywords: behaviour; cattle; principal component analysis; heart rate variability; pulling test;

temperament

1 Introduction

When trying to evaluate an animal’'s personality, one needs to rely on one or several
behaviour tests. Probably the most common behaviour test is the open-field test, which has
been used at least since the 1960s on mice to demonstrate behavioural differences between
treatments or strains of mice (Thompson & Olian 1961). It has since been applied to various
animal species, such as chickens, fish, pigs, cattle, etc. (Fraser 1974, Gallup & Suarez 1980,
Yayou et al. 2010, Klefoth et al. 2012) and has been enhanced with novel stimuli to the
classic novel-object test and equivalents with other novel stimuli like food or a human
(Forkman et al. 1995, Kilgour et al. 2006, Sibbald et al. 2009). Several often used behaviour
test have since been developed and used mostly in livestock. Some of these tests are the
human-approach test, which is used in cattle or sheep (Murphey et al. 1981, Goddard et al.
2000), the back test (only pigs, Bolhuis et al. 2004), or the crush test, where observers rate
the animals behaviour after pre-defined score categories (Behrends et al. 2009, Pajor et al.
2010). In cattle, the docility test has been developed to explicitly measure the individual's
tameness towards humans (Boivin et al. 1992, Plusquellec et al. 2001). Together with the
flight-time test, where the time leaving a scale or crush is taken (Miller & von Keyserlingk
2006, Gibbons et al. 2011), they are the two tests that have been included into breeding
values of beef breeds (International Beef Recording Scheme 2012). These two included
tests, however, only depict a very small part of an animal’s personality. When one wants to
select animals on other behaviour traits than docility or flightiness, there is no easy

applicable behaviour test so far, that lets one select, e.g., curious animals for breeding.

Many of the aforementioned behaviour tests are always more or less differently executed

and therefore rarely standardised. The open-field test, e.g., does not have a generally
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accepted duration, a standardised open-field size, or other generally applied set-ups such as
the presence or absence of a start box and a protocol whether the test animal should be
allowed to enter the open-field voluntarily or not (Boissy & Bouissou 1995, van Reenen et al.
2004). Recorded behaviours do often not resemble, let alone inter-observer dependent
differences cannot fully be eliminated (Welfare Quality® 2009). In many tests, human
interaction with the tested animals (Boissy & Bouissou 1988) is inevitable or part of the tests
themselves, and observer-dependent rating are often fundamental parts of the tests (Grandin
1993). Some methods are therefore at least partly subjective and judgemental, especially
when categories are used to classify the animals. Further, an easy applicable test used by
anyone anywhere in the world, trained or untrained, educated or not, in any housing system
(probably except for old-fashioned tied-barns) should yield objective comparable results. As
some official breeders have added personality traits to their breeding goals (e.g.,
Zuchtbetrieb Zachert 2013, Traditional Herefords 2013), there is a strong request for an
observer-independent standardised method of measuring personality traits with an easy

applicable, practicable test with a high level of measure reliability.

We chose a commonly used behaviour test, the novel-object test, to identify different
personality traits and to differentiate animals from one another. This test is known to provoke
a reaction, which correlates with displayed behaviour during other tests (Lansade et al. 2008,
David et al. 2011) or with social behaviour (David et al. 2011). The automated test was an
easy applicable restraint test developed by us. Restraint test situations provoke either fear-
related escape behaviour or the expression of the animal’s reluctance of the situation, which
describes an important part of personality (Kilgour et al. 2006, Benhajali et al. 2010), and are
characterised by three main features: the number of escape attempts per time unit, the
maximal force per attempt, and the force per time unit. The widely accepted crush test uses
these features as well, but measures them indirectly by having observers judge them and
rate the animals according to a predefined category scale (Grandin 1993, Kilgour et al. 20086,
Benhajali et al. 2010, Gibbons et al. 2011).

The aim of this study was to take a first step in developing an easy applicable procedure to
measure personality in cattle (Bos taurus) based on an automated restraint test that was
evaluated with data of a multidimensional description of cattle temperament and
simultaneously measured physiological data during a novel-object test. Taking both
automatically measured data and ethological and physiological data, we meant to reveal a
practicable way to test large numbers of individuals for their personality with maintained level

of measure reliability.



2 Animals, materials, and methods

2.1 Animals and housing

We tested 361 calves (175 male, 186 female) of the F,-generation of a running breeding
project (Holstein Friesian x Charolais) with 90 and 91 dpn (= 3 dpn, days post natum) first in
a novel-object test and then a pulling test. All calves were bred via embryo transfer into
unrelated Holstein Friesian heifers as recipient mothers and were born and tested between
2004 and 2010. The calves were kept in various small groups of up to nine animals of similar
age, apart from their recipient mothers from day one. Pens had a size of 6 m x 7 m and were
covered with deep litter. Until 90 dpn, the calves were not subject to any other experimental
procedures, and handling did not exceed routine handling by the animal keepers except in

the case of animals requiring treatment for sickness.

After weaning, the animals were weighed at 111 dpn (x 3 dpn). The weight at the day of the
restraint test was calculated based on the average daily weight gain from birth to weaning
and the exact age at the experiment. On average, the calves weighed 119 kg (range: 74-
160 kg, SD = 14 kg) revealing no differences between male and female calves (male:
123 + 14 kg, female: 116 + 13 kg).

We further tested each 20 calves (10 male, 10 female) of the founder breeds Holstein
Friesian and Charolais at 91 and 92 dpn (= 3 dpn) and a second time at 197 and 198 dpn
(x 12 dpn). The calves were purchased from breeders and arrived at our facilities two days
after birth at the latest. Male and female calves were housed together until the second test
had been conducted. These calves were born and tested between 2008 and 2012. One male
Charolais calf died, so there were 19 Charolais calves tested at the first test age. At the
second test age, one male Charolais calf became extremely distressed during testing (novel-
object test) and risked serious injury. The test was terminated; thus there is data of this test

of 18 (8 male, 10 female) Charolais calves at 197 dpn.

All procedures involving animal handling and treatment were approved by the Committee for
Animal Use and Care of the Ministry of Agriculture, the Environment and Consumer

Protection of the federal state Mecklenburg-Vorpommern, Germany.

2.2 Restraint test (pulling test)

To measure escape behaviour and reluctance in calves, we recorded the animals’ expended
power during a restraint situation (further called pulling test) applying the force transducer
Megatron KT1400 (Megatron Elektronik AG & Co., Putzbrunn, Germany) when they were

91 dpn. The force transducer, which was connected to a PC, was built onto a metal bar of



the home pen of the animals so that the cable to the calf elongated the force direction of the
transducer. During the pulling test the tested calf was put on a halter, tied to the cable
leading to the force transducer and stayed in one half of its home pen, while the pen mates
were confined to the other half of the pen using metal bars to avoid falsifying the
measurement. Visual, acoustic, and olfactory contact between the test calf and its pen mates
therefore persisted in the hope of minimising effects and influences of isolation. The software
recording the tractive force was then initiated and all human handlers left the barn. After a
30 min-recording period, a handler entered the barn, released the test calf, and reunited it

with its pen mates.

A tractive force-time diagram was recorded and parameters from this diagram calculated

using LabView 6.1 (National Instruments GmbH Germany, Munich, Germany).
The following parameters were calculated:

— Total force: an integral of the total tractive force diagram in kNs consisting of:

e Tractive force: an integral of positive values of the derivation of the tractive
force diagram (meaning only the upward tractive phases) in kNs (force
multiplied by time that a calf pulls on the cable with elevating effort)

¢ Holding force: an integral of zero values of the derivation of the tractive force
diagram (meaning only the holding tractive phases) in kNs (force multiplied
by time that a calf pulls on the cable with stable effort; i.e. “hanging” in the
cable without moving)

¢ Dwindling force: an integral of negative values of the derivation of the tractive
force diagram (meaning only the downward tractive phases) in kNs (force
multiplied by time that a calf pulls on the cable with declining effort; i.e. stop
pulling on the cable)

— Number of pulls: all local maxima of the tractive force diagram above a threshold
level of 60 N (empirical value)
— Maximal tractive force: the highest amplitude of the tractive force diagram (global

maximum) in N

More detailed technical information on the appliance and recording can be found in Graunke
et al. (2013a). Due to technical problems we lost data from one male and four female

crossbreed calves.



2.3 Novel-object test

The behaviour test was performed at 90 dpn in an open field of 9.6 m x 4.0 m in size, which
was unknown to the calves prior to testing. It was divided into four segments of 2.4 m x 4.0 m
each. After allowing the test animal to acclimatise to the open field for 10 min, a novel-object
test (NO) was conducted presenting an orange-white traffic pylon of 0.5 m height as novel
object. It was let down into the outer segment, which was the farthest from where the calf
stood. The NO lasted for 10 min. During the test, behaviour was live-recorded using The
Observer 5.0 (Noldus, The Netherlands). Of in total 438 behaviour test sessions, 428 were
conducted by three experienced observers whose observation highly correlated during a
90 min-test session (Pearson’s Rho 0.973, p < 0.001). Recorded behaviours with their
definitions and type of recording are listed in Table 1. For further analysis, the latency of the
behaviours an individual did not show during the 10 min behaviour test was set to the

maximum time of 600 s (10 min).

Table 1: Definition and type of recording of the behaviours live-recorded during the novel-object test; D = duration

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

Behaviour Type of Definition
recording
Contact with novel object D,F L Physical contact with any part of the body with the
(contact) novel object or sniffing the novel object while being
closer than 0.1 mto it
Inactivity D At least three legs touch the ground, no forward
movement
Exploration D, L Sniffing or licking the wall or floor of the open field
Grooming D Calf licking or scratching itself with one hind leg
Activity D, L Max. 3 legs touch the ground, forward movement
Running D Max. 2 legs touch the ground, fast forward movement
Vocalisation F Any kind of sound the calf makes
Change of segment F Leaving one segment and entering another with at
least the forelegs
Habitation in segment where the D, L With at least the forelegs in the segment in which the
novel object is placed (object novel object is placed
segment)
Habitation in segment next to L With at least the forelegs in the segment next to the
segment where the novel object segment in which the novel object is placed
is placed (object neighbouring
segment)




We applied a heart monitor system (Polar S810i, Polar Electro, Oy, Finland) to measure the
heart beat activity during the test. The calves were fitted with flexible belts integrating two
electrodes and a transmitter for wireless transmission of the R-R-interval data series to a
separate storage device. One electrode was placed next to the sternum and the other behind
the scapula, both on the left side of the most cranial part of the chest behind the forelegs.
The coat under the electrodes was shaved and a conductive gel was used for better
electrical conductivity. After the calves were fitted with the belts, they were then left alone
with their pen mates in their home pen to gain base measurements. After 30 min, they were
led into the open field for acclimatisation and testing. After testing, the R-R data series were
corrected when necessary using Polar Precision Performance SW version 4.03 (Polar
Electro, Oy, Finland) with the standard set-up. We accepted an error correction of up to 10 %
per 5-min interval. In further processing of the data, neither differences between two R-R-
intervals larger than 150 ms nor identical values of five or more consecutive R-R-intervals
were accepted. With a program developed with LabView 2009 version 9.0 (National
Instruments Germany GmbH, Munich, Germany) we detected complete 1-min intervals in the
base measurements (starting 5 min after the experimenters left the barn) and the test, and
calculated i. a. RMSSD/SDNN for each complete 1-min interval (see Task Force of The
European Society of Cardiology and The North American Society of Pacing and
Electrophysiology (1996) for the exact calculation of the variable). The RMSSD/SDNN
increases, when the parasympathetic nervous system’s activity increases and/or when the
sympathetic nervous system’s activity decreases and therefore gives reliable information
about the individual's perception of the situation. When there were at least seven complete
1-min intervals per base measurement and per test, the program further determined the
mean of the first seven values. This was the case in 272 crossbreed calves (134 male,
138 female), 17 Holstein Friesian calves at 90 dpn (8 male, 9 female), all 20 Holstein
Friesian calves at 197 dpn, all 19 Charolais calves at 90 dpn, and 17 Charolais calves at
197 dpn (8 male, 9 female). The ratio of RMSSD/SDNN of test and base measurement was

used for further analyses.

2.4 Statistical analysis

All statistical analyses were performed using SAS 9.3, SAS Institute Inc., USA. In a
preliminary analysis, we checked for the influence of sex and weight on the parameters of
the pulling test using a one-way analysis of covariance model (ANCOVA, The GLM
Procedure) with the fixed factor sex and the co-variable weight, and further the influence of
breed, sex, and their interaction on the parameters of the pulling test. A Principal Component

Analysis (PCA) was performed to condense the 15 behaviours recorded in the NO to new



(latent) Principal Components (PC). It was conducted with The FACTOR Procedure with the
parameter settings: method=PRIN, prior=ONE, rotation=VARIMAX. Since some of the
behaviours were not continuous and/or normally distributed, we used a correlation matrix of
all pairwise correlations of our 15 behavioural measures as input data set applying the
nonparametric Spearman’s rank correlation test (using The CORR procedure). We
performed four methods to choose the appropriate final number of extracted PCs: Kaiser's
number of eigenvalues > 1 (Kaiser 1960), Cattell's scree-test (Cattell 1966), Horn’s Parallel
test (Horn 1965), and Velicer's Minimum Average Partial (MAP) test (Velicer 1976). For the
Parallel test and MAP test, we applied the SAS syntaxes provided by O'Connor (2000). We
decided for two PCs in the final PCA calculation, since three of these methods led to a two
PC solution (except for Kaiser's number of eigenvalues > 1). Corresponding PC scores for
each calf were calculated with The SCORE Procedure. The results of the PCA were used to
classify the calves into score classes (SC). The influence of score class and sex on the HRV
measure was tested by a two-way analysis of variance model (ANOVA, The MIXED
Procedure) with the fixed factors SC, sex, and their interaction. To correlate results from the
NO and the pulling test, the influence of the RMSSD/SDNN-ratio, the PC scores, and the
score class of the NO on parameters measured during the pulling test was tested by a two-
way analysis of variance model (ANOVA, The MIXED Procedure) with the fixed factors
RMSSD/SDNN-ratio, PC 1, PC 2 and SC. For the variables which were influenced by weight,
sex, or both, the random effects of weight at the day of the experiment, sex, or both were

included. Posthoc tests were performed with a Tukey-Kramer correction for multiple testing.

3 Results

3.1 Pulling test

Descriptive statistics of the recorded parameters of 356 crossbreed calves during the pulling
test are shown in Table 2. Weight and sex had no influence on these parameters except for
weight having a significant influence on number of pulls (F = 4.27, p = 0.040) and maximal
tractive force (F = 48.6, p < 0.001) with heavier calves pulling more often and with more
maximal tractive force, and sex having an influence on maximal tractive force with female

calves pulling with greater force (F = 4.02, p = 0.046).



Table 2: Mean + SD, median, minimum, and maximum of pulling parameters behaviours of 356 crossbreed calves

during a 30 min restraint test; tractive, holding, dwindling, and total force in kNs and maximal tractive force in N

Pulling parameters Mean SD Median Min Max
Tractive force 13.24 4.68 12.29 1.96 30.70
Holding force 17.59 7.09 16.32 1.98 44.62
Dwindling force 31.11 11.70 28.76 4.14 72.30
Total force 61.94 23.33 57.24 8.07 144.41
Number of pulls 102.9 70.1 84 0 424

Maximal tractive force  252.0 88.3 240.5 43.3 562.8

The two breeds Charolais and Holstein Friesian did not differ in their pulling behaviour except
for the holding force (F = 12.77, p < 0.001), with Charolais calves holding stronger than
Holstein Friesian calves (LSM 271.1 Ns vs. 154.3 Ns). Between the two test ages, the
number of pulls and maximal tractive force tended to correlate (r = 0.31, p = 0.056; r = 0.30,
p = 0.067).

3.2 Novel-object test

Descriptive statistics of the recorded behaviours of the crossbreed calves in the NO and their

HRV measures during base measurement and NO can be found in Graunke et al. (2013b).

The factor analysis resulted in two factors whose loadings in the behaviours are shown in
Table 3. PC 1 was most influenced by behaviours occurring in the novel-object context and
PC 2 was most influenced by behaviours in context with the exploration of the open field (but
not the novel object) and the inactivity of the animals (Table 3). The measure of sampling
adequacy (MSA) with 0.833 was “meritorious” (Kaiser & Rice 1974) and the two PCs
explained 46.8 % and 11.2 %, respectively, of the variation in the data. We divided the
animals into score classes (SC) defining the intermediate level of the scores at + 0.5 SD
around the zero line and so received nine SC (Table 4). More detailed results of this analysis

are presented in Graunke et al. (2013b).

The most reliable information about the balance between sympathetic and parasympathetic
nervous system is gained from the RMSSD/SDNN. The calves of SC VII were strongly
parasympathetically activated while calves of SC Il and VI were sympathetically activated
during the NO (Figure 1A). The balance between the sympathetic and parasympathetic
nervous system either did not change or change very little in the other SC. Therefore, we
could describe the distinct temperament types (TT; SC |, I, VII, and 1X) by characteristic

terms for the displayed behaviour and the activated parts of the autonomous nervous



system: “neophobic/fearful — alert” (SC 1), ‘“interested - stressed” (SC ),

“subdued/uninterested — calm” (SC VII), and “neophilic/outgoing — alert” (SC IX; Figure 1A).

Table 3: Loadings of the behaviours in principal component (PC) 1 and PC 2 gained from the principal component
analysis of the novel-object test; loadings above 0.71 in bold type, loadings above 0.63 in italics (cp. Comrey &
Lee (1992) loadings above 0.71 rated “excellent”, loadings above 0.63 rated “very good”), D = duration (total time

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

Behaviour PC1 PC 2

Contact-D 0.76457  0.05006
Contact-F 0.83250 0.12250
Contact-L -0.89613 -0.13959
Inactivity-D -0.41347 -0.85549
Exploration-D 0.15037 0.82661
Exploration-L -0.19767 -0.63679
Grooming-D -0.08038  0.42876
Activity-D 0.56716  0.61371
Activity-L -0.49598 -0.21244
Running-D 0.47287  0.34835
Vocalisation-F 0.38216  0.07442
Change of segment-F 0.70109 0.51393
Object segment-L -0.87210 -0.15841
Object segment-D 0.83888 0.12061

Object neighbouring segment-L  -0.73723 -0.22699

Table 4: Level of scores in principal component (PC) 1 and PC 2 and the division into nine score classes

numbered with Roman numerals

PC1
- -+ +
PC2
+ I Il 1
—I+ v VvV VI
- VIl VI IX
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3.3 Connecting the pulling test and the novel-object test

The ratio of RMSSD/SDNN between NO and base measurement significantly influenced
tractive force (F = 4.23, p = 0.041), but no other parameter of the pulling test, where calves
with a higher RMSSD/SDNN-ratio pulling with more force than calves with a lower
RMSSD/SDNN-ratio. Neither did PC 1 and PC 2 influence any measured parameter. SC
tended to influence the parameters of the pulling test with the exception of holding force and
maximal tractive force (tractive force: F = 1.84, p = 0.070; dwindling force: F = 1.81,
p = 0.075; total force: F =1.84, p = 0.070; number of pulls: F =1.74, p = 0.090).

Figure 1 plastically illustrates how the different SCs gained from the NO reacted in the pulling
test (Figure 1A) and how the tractive force of the pulling test correlated with the
RMSSD/SDNN-ratio measured during the NO (Figure 1B).

Figure 1: Smoothed 3D scores plot of crossbreed calves during the NO with (A) the tractive force in kNs of the
pulling test as the third dimension (n = 356) and with (B) the ratio of RMSSD/SDNN between NO and base
measurement as the third dimension (n = 272); colour spectrum from dark blue (low pulling effort/strongly
sympathetically activated) to red (high pulling effort/strongly parasympathetically activated), smoother “running
average”, bandwidth method “nearest neighbours”, and sampling proportion 0.500 (SigmaPlot 10.0, SysStat
Software Inc., USA).
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4  Discussion

The interest in personality or temperament in livestock has increased as its importance to
animal welfare and breeding has gained acknowledgement from people working within these
fields (Veissier et al. 2012, Zuchtbetrieb Zachert 2013). An easy applicable test that at best
can be used by anyone anywhere in the world, trained or untrained, educated or not, in any
housing system, and will yield objective comparable results, is strongly required by
agricultural and breeding practice. In Graunke et al. (2013a) we have presented an
appliance, which has the potential to become a part of such an easy applicable test. In this
study, we have tried to evaluate this objective appliance with ethological and physiological
data of a common behaviour test used to measure personality traits in animals, the novel-

object test.

The stability of the calves’ behaviour during the here presented pulling test could be shown
with tendencies to correlation between the test ages in the two parameters number of pulls
and maximal tractive force, both of which were influenced by weight in the crossbreeds. We
assume it is likely that the heavier calves at 90 dpn continuously weighed more 3 months
later at the second test, which is why weight should influence these parameters equally at

both ages and should not interfere with the tendencies to correlation.

Correlations between parameters of the pulling test and the NO could be found, although not
particularly distinct and appealing. The RMSSD/SDNN-ratio between the NO and base
measurement correlated with the tractive force the animals were executing during the 30-min
pulling test, and SC tended to correlate with tractive force, dwindling force, total force, and
number of pulls. Calves of SC Il pulled with least tractive force and were very active and
stressed/sympathetically activated during the NO. Animals of SC IX pulled with greatest
tractive force being alert/intermediate in their RMSSD/SDNN-ratio and very interested in the
novel object during the NO, whereas animals of SC VIl also pulled with high tractive force but
were clearly parasympathetically activated/subdued in behaviour during the NO. This might
be surprising, if one expected a sympathetically activated individual pulling with more effort
than a parasympathetically activated individual. However, one should keep in mind that in the
NO the test subjects could move freely and could choose freely to approach the novel object,
explore the open field, or do anything in-between. The pulling test on the other hand forced
them to stay at the spot, tied up, which they had not experienced earlier, and although in
visual, acoustic, and olfactory contact with their pen mates not being able to approach them.
This lack of controllability of the situation might have triggered a panic reaction in individuals
parasympathetically activated during the NO resulting in higher tractive force. Animals
sympathetically activated in the NO did obviously not react in the same way to the restraint in

the pulling test; their reaction could be explained as much quicker surrender to the situation.
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Tractive force is therefore a candidate parameter of the pulling test that could become a
predictor of the calves’ behaviour during a NO. So far, however, analyses and possibly even
the experimental set-up of the pulling test need to be sharpened up in order to draw more
conclusions from the presented results. A partial least square projection to latent structures
could find a so far hidden correlation between the pulling test and the novel-object test, and if
not the animals maybe could be tested solitary without any visual, acoustic, and olfactory

contact to their pen mates.

In the literature, correlations between different behaviour tests used to measure personality
traits have often been not very strong, inconsistent between different ages, contradictory
between different studies, or lacking (van Erp-van der Kooij et al. 2002, van Reenen et al.
2004, Brown et al. 2009, Spake et al. 2012). Usually, correlations between different
physiological and ethological parameters are found between behaviour tests confronting the
animals with similar challenges, e.g., between a novel-environment test and a NO (van
Reenen et al. 2005). Correlations have also been found between less obviously connected
tests like a human proximity test or the flight distance and contact-to-novel-object-related
behaviour during a novel-object-startle test, where the object is lifted up every time the
animal gets close (Kilgour et al. 2006). Van Reenen et al. (2004) found a relatively good
correlation (r = 0.48) between locomotion during a NO and a restraint test similar to the here

presented pulling test in 6 months old calves, but not during earlier tests at younger ages.

Higher correlations between different behaviour tests have partly been found in the rare
studies, which tested animals in groups (van Erp-van der Kooij et al. 2002, Brown et al.
2009). Van Erp-van der Kooij et al. (2002) found correlations of up to 0.44 and Zebunke et al.
(unpublished manuscript) of up to 0.51 between NO, open-door test, and novel-human test in
group-tested pigs. Possibly animals naturally living in groups should be tested in their
established group in order to gain more reliable responses. Only recently, it has been shown
that the presence, absence, and encouragement of an attachment figure significantly
influenced the behaviour during a behaviour test in dogs in such way that the attachment
figure served as a secure base from which a task can be fulfiled (Horn et al. 2013). Pen
mates are the only attachment figures for most young livestock. The reaction to isolation from
their pen mates and hence their secure base might overlap the animals’ reactions towards,
e.g., a novel object so much, that the fraction of novel-object-related behaviour one sees is
not very reliable. There has also been reported a difference in behaviour between partial
isolation and complete isolation, where completely isolated dwarf goats were generally less
active than partially isolated individuals (Siebert et al. 2011). This may have influenced the
NO, which did allow acoustic contact to pen mates, but could first and foremost apply to the
pulling test, where the test animals could see, hear, and smell their pen mates. Possibly the

attempt to minimise the stress of isolation by obtaining the maximal possible contact to the
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pen mates was counterproductive for this set-up and should be avoided in a future

experimental set-up.

One also has to realize that animal personalities are most probably too complex,
multidimensional constructs to be determined with one single test alone. Lacking or weak
inter-test correlations do not necessarily diminish the involved tests, but may rather point out
that they measure different aspects of personality. However, depending on the purpose one
needs to select animals for, one or two tests might be enough to find out about the suitability
of the tested animal for one’s purpose. Although not distinct, the correlations between the
pulling test and the NO presented in this study should be worth looking for clearer
connections between the two tests. This could be achieved with more complex statistical
analyses like the partial least squares projections to latent structures or slight changes in the

experimental set-up.

5 Conclusion

By correlating data on personality of young cattle with their behaviour during an automated
restraint test, we meant to take a first step in developing an easy applicable procedure to
measure personality in cattle. We found that animals who were differently activated of their
autonomous nervous system during a novel-object test behaved differently during the
automated restraint test. Additionally, the type of personality retrieved from the novel-object
test tended to correlate with several measures of the restraint test, overall leaving us with at
least one candidate measure, the tractive force, for advanced investigation. This study can
therefore serve as a starting point for further development of an easy applicable automated

test for measuring cattle’s personality on large practice scale.

6 Acknowledgements

We would like to thank Dieter Sehland and Kurt Wendland for their help in constructing the
pulling appliance and Katrin Siebert, Ursula Engel, and Dieter Sehland for their precious help
in executing the experiments with numerous animals. Furthermore, we thank Heinz Deike for
constructing and building the open field and the animal keepers for helping to capture the
calves. The first author Katharina L. Graunke was financed by the German agriculture
network PHENOMICS, grant no. 0315536G, supported by the Federal Ministry of Education

and Research, Germany.

14



7 References

Behrends S, Miller R, Rouquette F, Randel R, Warrington B, Forbes T, Welsh T, Lippke H,
Behrends J, Carstens G, Holloway J, 2009. Relationship of temperament, growth,
carcass characteristics and tenderness in beef steers. Meat Sci 81, 433-438.

Benhajali H, Boivin X, Sapa J, Pellegrini P, Boulesteix P, Lajudie P, Phocas F, 2010.
Assessment of different on-farm measures of beef cattle temperament for use in
genetic evaluation. J Anim Sci 88, 3529-3537.

Boissy A, Bouissou MF, 1988. Effects of Early Handling on Heifers Subsequent Reactivity to
Humans and to Unfamiliar Situations. Appl Anim Behav Sci 20, 259-273.

Boissy A, Bouissou MF, 1995. Assessment of individual differences in behavioural reactions
of heifers exposed to various fear-eliciting situations. Appl Anim Behav Sci 46, 17-31.

Boivin X, Le Neindre P, Chupin JM, Garel JP, Trillat G, 1992. Influence of Breed and Early
Management on Ease of Handling and Open-Field Behavior of Cattle. Appl Anim Behav
Sci 32, 313-323.

Bolhuis JE, Schouten WGP, de Leeuw JA, Schrama JW, Wiegant VA, 2004. Individual
coping characteristics, rearing conditions and behavioural flexibility in pigs. Behav Brain
Res 152, 351-360.

Brown JA, Dewey C, Delange CF, Mandell 1B, Purslow PP, Robinson J, Squires EJ,
Widowski TM, 2009. Reliability of temperament tests on finishing pigs in group-housing
and comparison to social tests. Appl Anim Behav Sci 118, 28-35.

Cattell RB, 1966. The Scree Test For The Number Of Factors. Multivar Behav Res 1, 245-
276.

Comrey AL, Lee HB, 1992. A First Course in Factor Analysis, Second edn. New York, USA:
Psychology Press.

David M, Auclair Y, Cezilly F, 2011. Personality predicts social dominance in female zebra
finches, Taeniopygia guttata, in a feeding context. Anim Behav 81, 219-224.

Forkman B, Furuhaug IL, Jensen P, 1995. Personality, Coping Patterns and Aggression in
Piglets. Appl Anim Behav Sci 45, 31-42.

Fraser D, 1974. The vocalizations and other behaviour of growing pigs in an "open field" test.
Appl Anim Ethol 1, 3-16.

Gallup GG, Suarez SD, 1980. An Ethological Analysis of Open-Field Behaviour in Chickens.
Anim Behav 28, 368-378.

Gibbons JM, Lawrence AB, Haskell MJ, 2011. Consistency of flight speed and response to
restraint in a crush in dairy cattle. Appl Anim Behav Sci 131, 15-20.

Goddard PJ, Fawcett AR, Macdonald AJ, Reid HW, 2000. The behavioural, physiological and
immunological responses of lambs from two rearing systems and two genotypes to
exposure to humans. Appl Anim Behav Sci 66, 305-321.

Grandin T, 1993. Behavioral Agitation During Handling of Cattle Is Persistent Over Time.
Appl Anim Behav Sci 36, 1-9.

15



Graunke KL, Langbein J, Repsilber D, Schoen PC, 2013a. Objectively measuring behaviour
traits in an automated restraint-test for ungulates: towards making temperament
measurable. J Agric Sci 151, 141-149.

Graunke KL, Nirnberg G, Repsilber D, Puppe B, Langbein J, 2013b. Describing
Temperament in an Ungulate: A Multidimensional Approach. Plos One 8, e74579.

Horn JL, 1965. A rationale and test for the number of factors in factor analysis.
Psychometrika 30, 179-185.

Horn L, Huber L, Range F, 2013. The Importance of the Secure Base Effect for Domestic
Dogs - Evidence from a Manipulative Problem-Solving Task. Plos One 8, €65296.

International Beef Recording Scheme, 2012. A Basic Guide to Breedplan EBVs. Armidale,
Australia: BREEDPLAN, University of New England.

Kaiser HF, Rice J, 1974. Little Jiffy, Mark IV. Educ Psychol Meas 34, 111-117.

Kaiser HF, 1960. The Application of Electronic Computers to Factor Analysis. Educ Psychol
Meas 20, 141-151.

Kilgour RJ, Melville GJ, Greenwood PL, 2006. Individual differences in the reaction of beef
cattle to situations involving social isolation, close proximity of humans, restraint and
novelty. Appl Anim Behav Sci 99, 21-40.

Klefoth T, Skov C, Krause J, Arlinghaus R, 2012. The role of ecological context and predation
risk-stimuli in revealing the true picture about the genetic basis of boldness evolution in
fish. Behav Ecol Sociobiol 66, 547-559.

Lansade L, Bouissou MF, Erhard HW, 2008. Fearfulness in horses: A temperament trait
stable across time and situations. Appl Anim Behav Sci 115, 182-200.

Miller R, von Keyserlingk MAG, 2006. Consistency of flight speed and its correlation to
productivity and to personality in Bos taurus beef cattle. Appl Anim Behav Sci 99, 193-
204.

Murphey RM, Duarte FAM, Penedo MCT, 1981. Responses of Cattle to Humans in Open
Spaces - Breed Comparisons and Approach-Avoidance Relationships. Behav Genet
11, 37-48.

O'Connor BP, 2000. SPSS and SAS programs for determining the number of components
using parallel analysis and Velicer's MAP test. Behav Res Methods Instrum Comput 32,
396-402.

Pajor F, Muranyi A, Szentleleki A, Tozser J, Poti P, 2010. Effect of temperament of ewes on
their maternal ability and their lambs' postweaning traits in Tsigai breed. Arch Tierz -
Arch Anim Breed 53, 465-474.

Plusquellec P, Bouissou MF, Le Pape G, 2001. Early predictors of dominance ability in
heifers (Bos taurus, L.) of the Hérens breed. Behaviour 138, 1009-1031.

Sibbald AM, Erhard HW, McLeod JE, Hooper RJ, 2009. Individual personality and the spatial

distribution of groups of grazing animals: An example with sheep. Behav Processes 82,
319-326.

16



Siebert K, Langbein J, Schoen PC, Tuchscherer A, Puppe B, 2011. Degree of social isolation
affects behavioural and vocal response patterns in dwarf goats (Capra hircus). Appl
Anim Behav Sci 131, 53-62.

Spake JR, Gray KA, Cassady JP, 2012. Relationship between backtest and coping styles in
pigs. Appl Anim Behav Sci 140, 146-153.

Task Force of The European Society of Cardiology and The North American Society of
Pacing and Electrophysiology, 1996. Heart rate variability: Standards of measurement,
physiological interpretation, and clinical use. Eur Heart J 17, 354-381.

Thompson W, Olian S, 1961. Some effects on offspring behavior of maternal adrenalin
injection during pregnancy in three inbred mouse strains. Psychol Repts 8, 87-90.

Traditional Herefords, 2013. Traditional Hereford Breeders Club - The original efficient beef
breed. http://www.traditionalherefords.org/#/the-breed/4565836802.

van Erp-van der Kooij E, Kuijpers AH, Schrama JW, van Eerdenburg FJICM, Schouten WGP,
Tielen MJM, 2002. Can we predict behaviour in pigs? Searching for consistency in
behaviour over time and across situations. Appl Anim Behav Sci 75, 293-305.

van Reenen CG, Engel B, Ruis-Heutinck LFM, van der Werf JTN, Buist WG, Jones RB,
Blokhuis HJ, 2004. Behavioural reactivity of heifer calves in potentially alarming test
situations: a multivariate and correlational analysis. Appl Anim Behav Sci 85, 11-30.

van Reenen CG, O'Connell NE, van der Werf JTN, Korte SM, Hopster H, Jones RB, Blokhuis
HJ, 2005. Responses of calves to acute stress: Individual consistency and relations
between behavioral and physiological measures. Physiol Behav 85, 557-570.

Veissier I, Aubert A, Boissy A, 2012. Animal welfare: a result of animal background and
perception of its environment. Anim Front 2, 7-15.

Velicer WF, 1976. Determining Number of Components from Matrix of Partial Correlations.
Psychometrika 41, 321-327.

Welfare Quality®, 2009. Training in the Welfare Quality® assessment protocols, Welfare
Quality® Science and society improving animal welfare.
http://www.welfarequality.net/downloadattachment/43299/20259/2009-
Nov_adapted_leaflet WQ Training Assessment Protocols.pdf.

Yayou K, Ito S, Yamamoto N, Kitagawa S, Okamura H, 2010. Relationships of stress
responses with plasma oxytocin and prolactin in heifer calves. Physiol Behav 99, 362-
369.

Zuchtbetrieb Zachert, 2013. Charolais + Blonde aus dem Havelland. http://www.zachert-
zucht.de/zuchtziel.php?id=3.

17



	Diss E-Pub
	Zwischenblätter Artikel zur Publikation
	Study I
	Study I Lizenz
	Zwischenblätter Artikel zur Publikation
	Study II
	Describing Temperament in an Ungulate: A Multidimensional Approach
	Introduction
	Animals, Materials and Methods
	2.1: Animals and housing
	2.2: Experimental procedure
	2.3: Heart rate variability (HRV)
	2.4: Statistical analysis

	Results
	3.1: Behaviour and heart rate variability
	3.2: Principal component analysis
	3.3: Development of temperament types (TT)
	3.4: Stability over time

	Discussion
	Conclusion
	Supporting Information
	Acknowledgements
	Author Contributions
	References


	Study II Suppl data E-Pub
	Study II 1 Lizenz
	Study II 2 Creative Commons
	Zwischenblätter Artikel zur Publikation
	Study III E-Pub

