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“Courage and timidity are extremely variable quedd in the individuals of the same species,
as is plainly seen in our dogs. Some dogs and baweill-tempered and easily turn sulky;

others are good-tempered; and these qualities ar@amly inherited.”

Charles Darwin (1871) The Descent of Man and Seledh Relation to Sex.
Murray, London.
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CHAPTER 1
1. GENERAL INTRODUCTION

1.1. Individual behaviour differences

Charles Darwin pointed out already in 1871 thahiiddial animals differed in what he called
‘qualities’, such as courage and timidity; nonetisslindividual differences in behaviour and
cognition in non-human animals have largely beayiented by scientists until the 20

century. Today it is well recognized that consistater-individual behavioural differences
exist across the animal kingdom, from mammalsdio, foirds, reptiles and amphibians to
arthropods and molluscs (reviewed Wolf and Weiss2@4.2), and a multitude of studies
have been published on personality (Gosling, 2001)e related concepts of temperament
(Réale et al., 2007), behavioural syndromes (S#l.e2004) or coping styles (Koolhaas et al.,

1999) in non-human animals.

Nevertheless, the terminology is still inconsistarthe field. Some authors (Bell, 2007;
Dingemanse et al., 2010) consider personality, &sarpent and behavioural syndromes as
analogues, meaning “consistent differences betwebwduals in their behaviour across time
and contexts” (Dingemanse et al., 2010). Othens Wmperament as a precursor for
personality (Freeman and Gosling, 2010). In the dwuiiterature, temperament has been
defined as “early appearing, constitutionally baselhtively stable individual differences in
emotional, motor, and attentional reactivity and-ssgulation” (reviewed by Putnam, 2011)
and personality as “those characteristics of irtligls that describe and account for
consistent patterns of feeling, thinking, and bémgi/(Pervin and John, 1996). An alternative
definition for behavioural syndromes is “suitescofrelated behaviours across contexts” (Sih
and Del Giudice, 2012), thus disregarding the taapaspect, while repeatability of
behaviour refers to temporal consistency withouilyimg consistency across contexts (Bell
et al., 2009). Finally, coping styles are relayvelearly defined as “a coherent set of
behavioural and physiological stress responseshwhiconsistent over time” (Koolhaas et al.,
1999).

For the purpose of this thesis, | shall adheréédoroad definition of personality as

“individual differences in behaviour that are c@tent across time and contexts” (Bergmiuiller
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& Taborsky, 2010; Stamps and Groothuis, 2010) amsider temperament as “inherited,
early appearing tendencies that continue througlifeland serve as the foundation for
personality” (Goldsmith et al., 1987). Furthermdrese the term “behavioural consistency”

to refer to temporal (but not necessarily contelxtstability of behaviour.

At a proximate level, consistent behavioural deéfeces in animals have been shown to be
related to distinct brain regions, neurotransmiti@mmd stress physiology, for example via
serotonine and dopamine transmitter-receptor sys{@ravchik and Goldman, 2000),
gonadal reactivity (Kralj-FiSer et al., 2007), thieuitary-adrenal response (Stamps and
Groothuis, 2010) and the functioning of the amygddost et al., 2006). At an ultimate level,
several explanations have been proposed for thegozwhy such consistent inter-
individual behavioural differences evolve and whyglation does not select for a single
optimal phenotype. These include frequency depdrsdaction, differential fithess
consequences of different strategies dependingemdtividual’s ‘state’, and fitness

tradeoffs for different strategies (reviewed inIB2007). Furthermore, if individuals in a
social system consistently adopt alternative beha\strategies, e.g. producing vs scrounging
in resource acquisition, conflicts could be reduimethe benefit of both parties (Bergmduller
and Taborsky, 2010), and there is evidence of iddal niche selection depending on an
individual’'s behavioural tendencies (‘role choidBergmiller and Taborsky, 2010).

Research on rodents and birds suggested two mamative behavioural phenotypes in
challenging situations, labelled reactive—proac{keolhaas et al., 1999), shy-bold (Frost et
al. 2007, Réale et al. 2007), slow—fast (Drent.e803), or passive—active (Martins et al.
2007). These are associated with different phygiold responses and have a genetic basis
(Koolhaas et al., 1999; Drent et al., 2003; Growtland Carere, 2005). Animals with a
proactive coping styles generally show an actigpoase to aversive situations and react with
fighting or, when defeated with flight, whereasatéze individuals tend to behave passively
(Benus et al., 1990; Koolhaas et al., 1999). Moeepproactive animals show boldness in
exploration, form routines quickly and demonstiateer behavioural flexibility than reactive
individuals, which are less explorative, less prtmeoutine formation and display higher
behavioural flexibility (Benus et al., 1990; KooHdsaet al., 1999).
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Factor analytical approaches, an empirical metbodneasuring an unobservable latent
construct that accounts for correlations betweerabkes (Budaev 2010), are another
common method for classifying inter-individual beiwar differences (Forkman et al. 1995),.
Some factors commonly found in different animalcsge are activity/arousal, sociability and
reactivity (Forkman et al. 1995). Also, equivaleatshe traits extraversion, neuroticism,
openness and agreeableness of the widely accepteidEtor model of human personality
have been found to be applicable to nonhuman asi(isling and John 1999; Gosling et al.
2003). However, while links between conflict resmn strategies and personality factors are
well documented in humans (Graziano et al., 1998k Bnd Antonioni, 2007; Wood and Bell,
2008), apart from the coping styles model, relaibatween personality and conflict
behaviour have rarely been studied in nonhumanaesitbut see Miranda de la Lama et al.,
2011).

Although the concept of personality implies coresisly across time and situations,
surprisingly little is known about the developmant stability of individual behavioural
differences in non-human animals and which factatrsyhich time points, influence them
(Stamps and Groothuis, 2010). Often experiencg @atlife is considered of prime
importance in shaping later behaviour (Stamps amdiBuis, 2010). For example, in a line
of great titsParus major later aggressiveness and speed of exploratiold d@umodified by
experimentally limiting food resources availablen&stlings (Carere et al., 2005). There is
furthermore much evidence that early handling derds has positive effects on later stress
responsivity (Anisman et al., 1998; Mirescu et 2004; Plotsky and Meaney, 1993), but also
after weaning, beneficial effects of handling haeen demonstrated in farmed blue fox cubs
(Alopex lagopusiPedersen et al., 2002). Recent studies have sedggéstt salient
experiences (for example a change of physical @akenvironment due to natal or breeding
dispersal, migration, or joining a new social grpapcurring after juveniles have become
independent of their parents can also have profetifiedts on the expression of personality
(Stamps and Groothuis, 2010) and that DNA methyfatan important epigenetic

mechanism) can be altered by environmental stithudiughout life (Szyf et al., 2008).

From a physiological perspective, personality clesngye most likely to occur during stages
of ontogeny when physiological and morphologicaltsgns are undergoing major

reorganisation such as rapid morphogenesis, mefdrosis, or sexual maturation (Stamps
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and Groothuis, 2010). Developmental mechanismsidectenetic as well as epigenetic
effects, and so behaviour at any point in timénésresult of a continuous interaction between
genes and experience (Stamps and Groothuis, 200)idual behaviour traits are
furthermore likely to vary in their stability, depging on the underlying physiological system
(Bell et al., 2009; Fratkin et al., 2013), and nam&r, behavioural consistency may also be
higher for some individuals than for others (Starmpd Groothuis, 2010). For example, in
human children behavioural inhibition was more k&ai individuals with either very high or
very low initial scores compared to those with intediate scores (reviewed in Stamps and
Groothuis, 2010). It has even been suggested dma¢xtual plasticity per se might be
considered a personality trait (Stamps and Grostl@10). There is furthermore evidence
that behavioural consistency changes with age arids/between the sexes (depending on the
trait, Bell et al., 2009). Not surprisingly, behaunrral consistency decreases with increasing

time between test and retest (reviewed by Bell.eR809; Stamps and Groothuis, 2010).

In humans there appears to be moderate stabilpglisonality traits over time, with
increasing stability after 2 years of age (Hendeaod Wachs, 2007). In particular, rank
order of personality features within a cohort (personality relative to that of other
individuals) typically remains stable, while thesea general tendency towards decreases in
neuroticism, extraversion, and openness, and sntadlases in agreeableness and
conscientiousness with age (Costa et al. 2000ho@lyh personality consistency according to
Lewis (2001) is typically low, other studies foutcit personality test-retest correlations in
adults lie in the range of 0.40-0.60 and above tetsal., 2000; Henderson and Wachs,
2007). Generally, it appears that human persoealiiecome increasingly more stable from
infancy up to at least 30 years of age (McCrad.e2@00).

Much less is known about behavioural ontogeny imhauman animals. Carere et al. (2005)
performed repeated testing of exploratory behaviimgreat tits from two lines that were
bidirectionally selected for fast or slow explomgtperformance. At the level of the line,
behavioural differences were stable between jugeamd adult age; however, at the individual
level, consistency across time and situations ess évident, with slow birds becoming faster
with age and exhibiting less behavioural stabilitgn fast birds (Carere et al., 2005). In the
Midas cichlid,Cichlasoma citrinellumtwo of three tested aggression measures werke stab

from the juvenile phase through to adulthood (Firk990)

10
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A study on captive rhesus macaqudsa¢aca mulatthdemonstrated that stability was
dependent on the trait in question (Stevenson-Hatde., 1980a). Confidence was rated to be
stable at all ages, while ratings for excitabityowed no stability until adulthood and those
for sociability became stable after the age ofdhyears. The authors furthermore report some
correlations in social behaviour between the ag&s 6, and 52 weeks (Stevenson-Hinde et
al., 1980a). However, the same authors found neledion in a series of behavioural tests
conducted with rhesus monkeys at one year of ageepeated at 2.5 years (Stevenson-Hinde
et al., 1980Db).

Also in domestic catd~¢lis catus Lowe and Bradshaw, 2001), behavioural consistency
between the age of 4 months, 1 and 2 years waablaifior different traits, with boldness
being one of the most consistent traits (Lowe aratiBhaw, 2001). However, none of the
investigated behaviours was significantly correldtetween all age classes (Lowe and
Bradshaw, 2001). Partial consistency of some thaitsiot others was reported also for young
horses Equus caballusthat were followed up for between 10 and 22 meiftfansade et al.,
2008a, 2008b; Visser et al., 2001). In this speaesial behaviours, fearfulness and reactivity
to humans appear to be among the most stablewrailes behaviour in a novel object test and
responses to handling were stable only over shonberintervals (Lansade and Bouissou,
2008; Lansade et al., 2008a, 2008b).

These diverse studies of behavioural developmeintate that behaviour is frequently
consistent when assessed at shorter time intetmal®ften no relationship is found over long
time periods. Different traits seem to exhibit drént levels of stability, and likewise stability

varies between individuals.

1.2. The concept of impulsivity

An individual characteristic with wide implicatiofgr behaviour and cognition that has
shown high stability over time in humans is impuilsi. A comprehensive definition includes
1) decreased sensitivity to negative conseque¢eapid, unplanned reactions to stimuli
before complete processing of information, anca8k lof regard for long-term consequences
(Moeller et al., 2001); however there is currematliack of agreement on the definition of this
concept. In part, the disagreement in the liteeataflects the fact that many different

psychological processes may underlie impulsive Welia, such as the inability to foresee the
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consequences of one’s actions or the inabilityetain the possible alternatives in memory
(Arce and Santisteban, 2006). Several authors makstinction between motor (or
behavioural) impulsivity, i.e. response inhibiti@md cognitive (or choice) impulsivity, i.e.
the inability to weigh the consequences of immedaatd future events (reviewed in Arce and
Santisteban, 2006).

Impulsivity has been studied in the laboratory athbhumans and nonhuman animals. Motor
impulsivity is typically assessed with go/no-gokisge.g. Horn et al., 2003), reversal learning
tasks (e.g., Pattij et al., 2003), or stop taskalélet al., 2004). Several paradigms have been
developed to measure cognitive impulsivity, or it wait. In delay of gratification
paradigms, the subjects need to wait for a largeure during a delay period while a smaller
reward is constantly available. Thus, they cannsaéheir choice when the delay becomes
too long and so this task measures both cognitidenaotor impulsivity (inhibitory control)
(Reynolds et al., 2002). In tests of delay chadilce,subject has to make a choice at the
beginning that cannot be reversed (Evans and B26A)7,). Inexchange tasks, the subject is
given a food item that it can subsequently exchdoganother food item of higher quality or
quantity (Leonardi et al., 2012). By varying thei delay until the large reinforcer is given,
this task serves to measure cognitive impulsivitgddition to inhibitory control. Similarly,

in accumulation tasks the quantity to gain increasgularly with time, so in order to
maximise its gain, the subject has to refrain fonsuming the available food items (Beran,
2002; Beran et al., 1999). Finally, in reverse melx@ntingency tasks, subjects need to
choose the smaller of two food items in order tenee the larger one (Anderson et al., 2008).

The decrease in the present value of an outcoma igeeceipt is delayed is often referred to
as delay discounting (Odum, 2011). Similar patterasthough at different magnitudes —
emerge in a variety of species: Typically the fumtdescribing this decreasing preference
for a larger but increasingly more delayed rewarhyiperbolic (Odum, 2011), i.e., reward
value increases as a hyperbolic function of itsmitage and decreases as a hyperbolic
function of its delay or likelihood of occurrend&r¢e and Santisteban, 2006). In humans, the
ability to delay gratification appears to be arrextely stable individual characteristic. For
example, preschool children’s ability to refrainrfr eating a marshmallow in order to receive
a second one after a time delay has been showmreldied to attentiveness, measures of 1Q

and academic success later in life (Mischel etl@38). Even 40 years after the initial test,

12
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correlations of impulse control abilities with tleosieasured during childhood were still
significant (Casey et al., 2011). It has also baeygested that levels of impulsivity are stable
from experiment to experiment in raRattus norvegicysZaichenko and Merzhanova, 2011);

however, there is a lack of test-retest data fromhmman animals.

1.3. Individuality in problem solving - Unravelling cognitive processes

While individualbehaviouraldifferences have been met with increased intémdsie last
decades, individual variation aognitiveperformance — although often quite striking
(Thornton and Lukas, 2012) — has received everditenstion. Comparative psychologists
have long tended to ignore individual differencbseryved in cognitive testing by treating the
variation observed as noise around the populatieamiHerrmann and Call, 2012; Thornton
and Lukas, 2012). Furthermore the remarkable adslif a single or a few high-performing
individuals — such as Kanzi the bonobo, Alex thadsin grey parrot and Betty the New
Caledonian crow — are often considered as suffitcedemonstrate cognitive abilities at the
level of the species (Thornton and Lukas, 2012)weéieer, it has been pointed out that using
only success or failure as dependent variable emtire potentially relevant information of
individual differences in problem solving (Thorntand Lukas, 2012), and so Thornton et al.
(2012) suggest that focusing on failures as wetleeesses may shed light on the cognitive

mechanisms employed.

An important point to consider is to what extentfpenance in cognitive tasks really reflects
strategy choice versus cognitive constraint (Beretlgl. 2013). | here use the term ‘strategy’
sensu Hunt et al. (2006) and Tecwyn et al. (20&B)p do not imply planning or foresight but
use the term to denote alternative solutions tivengcognitive problem. Such cognitive
strategies may include the use of heuristic ridesple processes such as chaining, as well as
higher level cognitive processes (Tecwyn et all,2)0Inferring which mental processes
animals are employing as they are solving problentiseir physical or social environment
represents a big challenge in cognitive biology.t@mone hand, relatively simple
mechanisms may underlie complex behaviours (Tharatal., 2012). On the other hand,
animals may fail in cognitive tasks not becausa lafck of causal understanding but because
of constraints such as limitations in working meynand attention (Seed et al., 2012;
Thornton et al., 2012) or a lack of inhibitory cant(Santos et al., 1999).

13
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While some authors suggest that some animals peblzof causal reasoning (Beran et al.,
1999; Heinrich, 1995; Huber and Gajdon, 2006; Tagtal., 2009), others warn against
over-interpreting animals’ apparent understandingpase—effect relationships in
manipulation tasks (Herrmann et al., 2008; Povimelal., 2000; Tomasello and Call, 1997,
Visalberghi and Tomasello, 1998). Often it may taut that animals use simple
configurational or perceptual rules to solve phgtstasks. Some of the best evidence for
causal understanding comes from two bird spedieskeéa Kestor notabilis Huber and

Gajdon, 2006) and the rave@drvus coraxHeinrich and Bugnyar, 2005). Nonetheless, even
New Caledonian crowsCrvus moneduloidgscorvids renowned as proficient tool users in
the wild, seem to rely on operant conditioning pedceptual-motor feedback rather than
causal understanding in a means-end task (Tayklr,&2010). Also, in a series of
experiments on chimpanzeeBah troglodytesunderstanding of physical causal mechanisms,
Povinelli (2000) concluded that the chimpanzeesiged solely on the observable relations
and showed no evidence of an understanding ofrtbbservable causal mechanisms.
Conversely, inferential reasoning tasks have shibvhapes perform better when causal cues
are provided than when they have to form associati@tween arbitrary stimuli and

responses, indicating some understanding of theigdlyproperties of the world (Call, 2006).

In their 2007 review, Penn and Povinelli argue tigther an associationist approach nor a
high-level inferential interpretation may adequatdpict animals’ capabilities in the

physical domain. On the one hand, causal cognitistonhuman animals appears to be more
sophisticated than can be accounted for by traditiassociationist theories (Penn and
Povinelli, 2007). That is, animals appear to hasrtain domain-specific predispositions that
bias their perception and manipulation of objedtheut the need for instrumental learning
(Hauser et al., 2002; reviewed in Penn and Povjr#€lD7). On the other hand, such a
heritable discriminative bias does not imply anyaeemess of the causal mechanisms (Penn
and Povinelli, 2007). Taylor et al. (2010) suggblst animals can develop complex behaviour
through understanding the consequences of theiramtions, without using insight or

planning (‘embodied cognition’, Wilson, 2002). Sdimees, remarkable performances can
result from rule abstraction and the formationegresentations based on observable features
without causal understanding of unobservable fo{Segd et al., 2006); nonetheless under
some conditions animals perform better when theyrely on causal rather than arbitrary

cues (Call, 2006). Thus, to what extent nonhumamals understand causal relationships is
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still being debated, and carefully controlled expents are needed to tease out how animals
solve physical problems and whether different irdiials may follow alternative rules to

solve the tasks.

1.4. The science of the domestic dog — cognitiorgehaviour and relationship with people
Given their evolutionary history intertwined witlumans, their easy accessibility and their
behavioural versatility, domestic dod@sanis familiarig are ideally suited for investigating

not only questions relating to the evolution andaliepment of social cognition (Cooper et al.,
2003; Huber et al., 2009; Miklési et al., 2004)t blso non-social cognition (e.g. Brauer et al.,
2006; Range et al., 2011; reviewed in Mikl6si & 8g2012) and personality (Gosling, 2001;
Gosling et al., 2003). They can be studied in sigfit sample sizes in a standardised way,
enabling testing of hypotheses that would be mdfieult to investigate in wild species
(Bensky et al., 2013). Furthering our understanaingognition and behaviour in domestic
dogs is furthermore of high practical relevancehwiomestic being among the most popular
pets (e.g. 17% of Austrian households, Kotrschal.eR004, 31% of UK households, Murray
et al., 2010, 36.5% of U.S. households, Americateieary Medical Association, 2012, and
39% of Australian households, Richmond, 2013, owatddast one dog). Nonetheless,
although dogs have been living alongside humansdore 15,000 years (Freedman et al.,
2014), it is only relatively recently that they ledyecome a popular subject in scientific

research (Bensky et al., 2013).

Much previous research has addressed dogs’ capeshih the social domain. Over the
course of domestication, dogs appear to have egralu@ue abilities in reading and
interacting with humans (e.g. Hare and Tomasel052. For example, they are better able to
interpret human pointing gestures than great dpesiér et al., 2006) and are sensitive to
humans’ attentional focus (Schwab and Huber, 20@@nyi et al., 2004). They show a
wealth of communicative behaviours directed at msr(@.g. Gacsi et al., 2009), use social
referencing from their owners to interpret stimaltheir environment (Merola et al., 2012),
look to humans for help when faced with an insaytrioblem (Miklési et al., 2003) and even
communicate referentially with humans (Miklési €t 2000). Comparative work has
investigated parallels in social cognition betwbemans and dogs (e.g. Hare and Tomasello,
2005; Miklosi et al., 2004; Range et al., 2009, 200opal et al., 2009; Viranyi et al., 2006),

and parallels between human social groups and dogh mixed groups have been
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suggested for attachment to humans, inequity ancgldow levels of intragroup aggression,
emotional synchronisation, selective imitation,nimig behaviour, initializing eye contact,
utilizing human directional gestures, learning lglasion etc. (reviewed in Topal et al., 2009,
Table 1). Conversely, dogs never show other bebhavisuch as teaching, tool use or tool
construction. An evaluation of such similaritieslahfferences can enhance our
understanding about the evolutionary origins ofawébur in our own species (Topél et al.,
2009). The domestic dog is furthermore utilisednaslel organism for investigating various
diseases (e.g. Russell and Proctor, 2006; Tracyrandles, 2011), human attention deficit
hyperactivity disorder (Lit et al., 2010; Vas et &007), and cognitive ageing (Adams et al.,
2000). For instance, a recent study demonstratedigla in the development of attention and

sensorimotor control over the lifespan in humargdwogs (Wallis et al., 2014).

Domestic dogs play various roles in human sociéneficial effects of dogs on human
health and wellbeing are well documented (Barker\Atolen, 2008; Fawcett et al., 2001;
McNicholas et al., 2005; Serpell, 2003; Wilks, 1299 is suggested that humans and pet
dogs can form an attachment bond not dissimiléinab between parents and children (Topal
et al., 1998), with dogs viewing their human caketa as secure base (Horn et al., 2013;
Palmer and Custance, 2008) and safe haven (Gaalsi 2013). Vice versa, there is evidence
that dogs may serve as secure bases/ safe haverenfulo too (Zilcha-Mano et al., 2012).
Additionally, highly trained dogs serve a variefyfunctions, for example as guide dogs for
the blind, assistance dogs for people with heargpirments or in wheelchairs, therapy
dogs (Prestrude and O’Shea, 1998), military dogm(&t al., 2010), police dogs (Slabbert
and Odendaal, 1999), and search and rescue dogss(dbal., 2004).

Crucial to these functions is the recognition afiuidual behavioural differences between
dogs. The number one reason why working dogs arpidlified is fearfulness, which is
detrimental to performance in any working cont&wérall and Dunham, 2005). However,
requirements for different types of working dogs different. While a very calm, stable
predisposition is needed for optimal performancenififer dogs, heightened reactivity levels
may be considered desirable for dual-purpose dwgsserve as patrol dogs as well (Overall
and Dunham, 2005). Sharpness (“a dog’s abilityetzt in an aggressive way towards a
serious or serious-looking attack”, Ruefenachi.e2802, p. 120) is suggested to be desirable

in military patrol dogs (Haverbeke et al., 2009)andnas guide dogs for the blind should not
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display any aggressive behaviour at all (Holdswdt#67, as cited by Murphy, 1998).
Characteristics such as a calm/ compliant demeahalr sociability, lack of aggressiveness,
and a high energy level are considered as impoalotapeople describing the ‘ideal
companion dog’ (King et al., 2009). If we can tespredict such individual predispositions,
this would be highly valuable for matching puppsesiogs with the right families and
selecting suitable dogs for particular jobs. Norkghks, there is a still a lack of consensus
about the extent to which personality is temporadigsistent in dogs (Fratkin et al., 2013). In
fact, this question seems to be an understudiedgnam@n-human animals in general (Stamps
and Groothuis, 2010).

1.4.1. Individual behaviour differences in dogs

One of the earliest students of canine personakiy lvan Paviov (1935 as cited by Rothbart,
2011), who noted distinctive behavioural differemaehis dog subjects that affected
performance in conditioning experiments. Convinegsdtrong links between animals’ and
humans’ temperament, Pavlov classified these aoaptd the four Hippocratic temperament
types as sanguinic, phlegmatic, choleric and mélalinc(Rothbart, 2011). His work on
conditioning and individual differences was folladvep by his student W. Horsley Gantt,
who had a special interest in dogs’ susceptibibtgxperimental neurosis and associated
individual differences in dogs’ motor, cardiovasauland respiratory responses (Feuerbacher
and Wynne, 2011). In the 1960s and 1970s, resaarfdhmised on the genetic underpinnings
of behaviour. Selective breeding experiments reddh two strains of pointers, a ‘normal’
line that performed well in the field and a ‘nergbline — dogs that showed less exploratory
behaviour, tended to freeze in response to a loiskrand tended to avoid or freeze and
cower in the presence of humans (reviewed in Fexchdr and Wynne, 2011). Scott & Fuller
(1965) raised and tested some 300 dogs of fivedsreeder controlled conditions,
investigating effects of breed and environmentalditions on confidence, trainability,
problem solving ability etc. Despite having set uinvestigate genetic influences on
behaviour, this study also demonstrated the impoea&f the early environment and initiated
a shift away from the belief in genetic controbteiew emphasizing plasticity and flexibility

of behaviour (Dewsbury, 2012).

Since Scott and Fuller’s (1965) seminal studyrgddody of literature assessing dogs’

behaviour from an applied perspective has accuemlil&tonetheless, there is still very little
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standardization in the terms used to describe pah$pin domestic dogs. In an overview of
51 studies on dog personality, the most frequeagfessed traits were reactivity, fearfulness,
responsiveness to training, aggression, and sdityaldones and Gosling, 2005), though
investigated traits vary widely. For instance, Gagkt al. (2003) identified four traits as
equivalent to four of the five human personaligits in the five-factor model used in human
psychology: Energy (c.f. the human personalitydaéixtraversion), Affection (c.f. human
Agreeableness), Emotional Reactivity (c.f. humaniggcism) and Intelligence (c.f. human
Openness/Intellect). Svartberg and Forkman's (2f2@29r analytical study based on a
personality test for working dogs found five trait®layfulness, Chase-proneness,
Curiosity/Fearlessness, Sociability and Aggressgsni- and one higher-order, broader
dimension, interpreted as a shyness—boldness cominUsing an adjective based
questionnaire, Ley et al. (2008) determined fiagtsrlabelled extraversion, neuroticism, self-
assuredness /motivation, training focus and amlicghbwhile the C-BARQ (Canine
Behavioral Assessment and Research Questionnaatds 1 traits, stranger-directed
aggression, owner-directed aggression, strangectéunl fear, nonsocial fear, dog-directed
fear or aggression, separation-related behavittaGtanent or attention-seeking behaviour,
trainability, chasing, excitability and pain sensiy (Hsu and Serpell, 2003). These different
findings reflect the different methodologies ansle@&ch questions, ranging from comparing
canine and human personalities to selecting dagsaiicular functions to getting an

overview over personality traits in dogs and relgtihem to environmental or genetic factors.

A variety of tests are in use for selecting bregditock (van der Borg and Graat, 2009),
assessment of working dogs (Svartberg, 2002), siegesharacteristics of shelter dogs
(Bollen and Horowitz, 2008; Christensen et al., 20Qucidi et al., 2005; Valsecchi et al.,
2011), selecting dogs to be trained as service (Wgsss and Greenberg, 1997), and
predicting puppies’ suitability for work as guidegs, police dogs or military dogs (Asher et
al., 2013; Beaudet et al., 1994; Goddard and Be|H986; Scott and Beilfelt, 1976; Slabbert
and Odendaal, 1999; Svobodova et al., 2008; WilasohSundgren, 1998a). All of these
assessments are valuable only if there is a defr&ability in individual dogs’ behaviour.
However, while a recent review indicated that oll@@nsistency is moderate, there is still a
lack of agreement about the temporal consisten®gebévioural tendencies in dogs (Fratkin
et al., 2013).
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One reason why behavioural assessments of dogé arde interest is assessing individuals’
propensity to react aggressively. Nonetheless,endlgression in dogs has been related to
numerous characteristics such as sex, reprodusitites, breed or breed groups,
environmental variables and characteristics obteers (e.g. Serpell, 2005; Duffy et al.,
2008; Casey et al., 2013), its relationship witheotoehavioural measures and alternative
conflict resolution strategies have been littlelexgd (but see links between impulsivity and

aggression, section 1.4.2).

1.4.2. Impulsivity in dogs

One trait that has been associated with aggrebsivaviour in both dogs (Fatj6 et al., 2005;
Reisner et al., 1996; Wright et al., 2012) anceotmimals (e.g. Winstanley et al., 2006; van
den Bergh et al., 2006; Cervantes and Delville 2@ impulsivity. Although, conceivably,
this trait has wide implications for the dog-huntatationship, only a few studies have
explored this characteristic in dogs. Some comperatudies suggest that dogs can serve
models for investigating the mechanisms underlyiagan attention deficit hyperactivity
disorder (ADHD), such as impulsive behaviours,rdtten and hyperactivity. For instance,
guestionnaires originally designed for evaluatifgHD related problems in children have
been successfully adapted for dogs (Lit et al. 2¥hs et al., 2007).

A different approach was taken by Wright et al.1(20) who designed an impulsivity
questionnaire especially for dogs based on an egperey. The Dog Impulsivity Assessment
Scale (DIAS, a 19-item guestionnaire) yielded aerall questionnaire score ands three
principal components, labelled ‘Behavioural Reguolat ‘Aggression and Response to
Novelty’, and ‘Responsiveness’. The questionnagtected breed and size differences, with
smaller and younger dogs scoring higher on impitsioreover, dogs with behaviour
problems had significantly higher impulsivity scetban those whose owners reported no
behaviour problems (Wright et al., 2011). This tesuin line with previous studies invoking
impulse control deficits in relation to behaviouoplems, in particular aggressive behaviour,
in dogs (Fatjo et al., 2005; Reisner et al., 198@ditionally, a follow-up study demonstrated
that the overall questionnaire score and the ‘Behavegulation’ factor of the DIAS were
significantly correlated with levels of dopaminelaserotonine metabolites in the urine of the
subjects (Wright et al. 2012).
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Impulsivity, or aspects of it, have also been sddiy means of behavioural tests. Bray et al.
(2013) conducted three behavioural tests, which #ssumed to measure inhibitory control.
In the social task, dogs had to bypass a ‘stinggeementer holding a high value reward
who had previously never shared any food with thiastead, they could obtain a reward —
albeit of lower value — by approaching a generogeeementer, who always shared food with
them. In the A-not-B task, the dogs had to reffeam searching for food in a previously
rewarded location after the food had been displacedull view — from this location to a
novel hiding place. In the cylinder task, dogs wiergally given familiarization trials in

which they learned to obtain food out of an opacyleder attached horizontally to a wooden
board. In the test trials the opaque cylinder vegdaced with a transparent one so that the
reward was visible but could not be obtained diyed¢hstead, as in the previous trials, the
dogs had to make a detour to obtain the rewardtarsineeded to control their impulse to
approach the now visible reward directly. The ddgsionstrated inhibitory control in all of
the tasks. There was a ceiling effect in the ABdésk, with only 6 of 33 dogs committing
the A-not-B error in the first trial. Performandaghe social task and the cylinder task were
more varied; however, there was no correlationeiriggmance between tasks, possibly
because neither test was a pure measure of intyil@iémtrol but required quantity
discrimination, reputation-like inferences, leamior physical problem solving abilities,
respectively (Bray et al., 2013).

Two studies to date have experimentally assessgsl dbility to delay gratification, with
surprisingly good results. Leonardi et al. (20E3t¢d five domestic dogs in a cooperative
exchange task with an experimenter. Not only didwbject consistently exchange lower-
value for higher-value rewards, they were also &blgerform two and three exchanges in
succession. When introducing delays until the higladue reward was given, dogs sustained
delays ranging from 10 s up to 10 min for the latgewards. The data of Leonardi et al.
(2012) suggest that the dogs “anticipated delagtchwr and made decisions according to the
relative reward values offered” (p. 107). Moreowhey were willing to sustain longer waits

for smaller value rewards than primates (Leonatrdi.e2012).
A different method for assessing individuals’ aigilio delay gratification was applied by

Wright et al. (2012) in a task they are referriags “delayed reward choice test”. Following

pre-training during which the actions were traim@d contingencies were introduced, dogs
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were given 15 minutes of free access to two pakélen depressed, one panel delivered a
small reward (one piece of food) immediately, theeo delivered a larger reward (three
pieces of food) but after a delay. This delay iasezl when the dogs selected the large
delayed device. The number of times the dogs pddsselarge delayed panel during the
waiting period can be considered as a measure trmmpulsivity. Maximum delays

reached within 15 minutes of testing ranged frota Z7 seconds. The validity of this test was
demonstrated by significant correlations betweegstiperformance and owner-reported
impulsivity according to the DIAS: dogs judged ®fnore impulsive by their owners reached
shorter maximum delays and so demonstrated a gmatference for smaller, more
immediate rewards (Wright et al., 2012). The test the DIAS questionnaire both proved to
be robust over shorter time frames (a few weeksghet al., 2012, 2011), but consistency

over longer time frames has not been investigatetite.

1.4.3. Physical cognition in dogs

While dogs’ outstanding skills related to socidenactions with humans are well documented,
less is known about physical cognition (comprisskils involving space, quantity, and
causality, Herrmann et al., 2010) in dogs. It hesrbdemonstrated that they possess some
understanding of object permanence and so camwfalisible displacement tasks but fail in
invisible displacement tasks (reviewed in Benskalgt2013; Fiset and Plourde, 2013;
Miklosi, 2009). Furthermore, dogs are easily misidtn human-given ostensive cues are
conflicting with observations (Kis et al., 2012;p&d et al., 2009). Thus, in a visible
displacement task, dogs performed better in noncamcative or nonsocial hiding contexts
than during an ostensive-communicative conditis@ng@mmunicativeues from the
experimenter apparently contributed to the emergenthisperseverative search error
(Topal et al., 2009). Also, in a two-way object ™eotask, in which the experimenter showed
either the full or the empty container to the sabjeefore it could make its choice, dogs
initially tended to select the container that hadrmbmanipulated by the human. However,
when both containers were manipulated in the saag the dogs chose the baited box more
frequently than was expected by chance, suggestaighey inferred the location of the
reward (Erdhegyi et al., 2007). The authors conclude that d@y® the ability for simple
inference but that social cues can easily ovethdecausal cues (Eftegyi et al., 2007;
Miklosi, 2009; Topal et al., 2009). Dogs have fertinore demonstrated a gravity bias, i.e.

they expect an object to fall down vertically, bty do not understand that this trajectory

21



STEFANIE RIEMER — PHD THESIS CHAPTER 2

can be diverted by diagonal tubes (Osthaus €2@03).Both a violation of expectation

paradigm (West and Young, 2002) and choice styé&ego-Previde et al., 2008; Ward and
Smuts, 2007) indicated that dogs have some nunheoogpetency and select the larger of
two quantities of food significantly above chaneedl. However, they will be misled if their

owners draw their attention to the smaller quar{fsato-Previde et al., 2008).

Dogs’ strong reliance on human cues can be expldigeselection in the course of
domestication for their ability to communicate axmbperate with humans (Miklési et al.,
2004). In contrast, there is no reason to assuatdhiby were selected for abilities in the
physical domain (Brauer et al., 2006). Ratherag been suggested that under human custody,
selection in this domain may have been relaxed I(ddik2009), or that dogs may even have
been selected for special skills which might ireegfwith physical cognitive abilities
(attentiveness towards human actions; Miklési, 20ugpal et al., 1997). Several studies
demonstrated poor performance of domestic doghysipal cognition tasks compared to
great apes (Brauer et al., 2006), as well as o thasest relatives, wolve€anis lupus,

Frank and Frank, 1985, 1982; Frank, 1980; Hiesta@dl1) whereas others indicated similar
capabilities of dogs and wolves in object permardasks (Fiset and Plourde, 2013) and
means-end tasks (Range et al., 2012).

Brauer et al. (2006) compared great apes and dagsariety of object choice tasks requiring
them to infer the location of hidden food by eitsecial (pointing etc.), behavioural
(manipulation by the experimenter) or causal ceas foise when shaken). Consistent with
the “Social Dog, Causal Ape-Hypothesis”, apes atitpeed dogs in the causal tasks while
dogs outperformed apes in the social ones (Brawsdr,2006). Also, wolf puppies proved to
be more proficient than same aged Malamute puppidstour tests (Frank, 1980) and in
experiments involving puzzle boxes of increasirfgalilty (Frank and Frank, 1982). While
these results are not entirely conclusive as ttierdnces could also be attributed to different
speeds of development in the wolves and the dogsemtly published study on a vertical
string pulling task in adult wolves and German $teegd dogs supports the previous findings
(Hiestand, 2011). In contrast, no detrimental effe@t domestication on physical cognitive
ability were apparent in recent comparative studiesbjet permanence (Fiset and Plourde,

2013) and on a horizontal string pulling task igsland wolves (Range et al., 2012).
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The string pulling task is one of the most commardgd tasks to test individuals’
understanding of means end connections. It invawesut-of-reach object that is desirable to
the subject and can be obtained only by pullin@airing attached to it (Lea et al., 2006).
Combinations of several strings laid out at variangles can introduce varying complexity in
this task (e.g. Osthaus et al., 2005). Previoudiesutshowed that domestic dogs could solve
simple tasks requiring them to pull a single petheuar or diagonal string or to select the
baited one out of a choice of two perpendiculaalp@rstrings. However, they failed in more
complex setups such as when strings were crosseter only one of two rewards was
connected with a string (Osthaus et al., 2005; Ran@l., 2012)Due to their strong

tendency to paw near where they perceived the tewammitting the so-called proximity
error, it was suggested that dogs lack an undetistgof means-end connections (Osthaus et
al., 2005).

Nonetheless, dogs’ performance in a different m&aasparadigm was suggestive of some
means-end understanding: In the support problebjests were given a choice between two
boards, one with a reward resting on top of it,dtieer unbaited but with a second reward
placed to the side of it (Range et al., 2011). fidveards were inaccessible behind a fence and
could thus be obtained only by pulling out the éaiboard. The dogs spontaneously selected
the correct board significantly more often thanestpd by chance, leading to the conclusion
that they possess the ability to consider means@atonships in this task (Range et al.,
2011; but see a new appraisal by Muller et al. 420Thus, studies on dogs’ understanding of

means-end connections remain inconclusive anddhis warrants further investigations.
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1.5. Research questions - Chapter outline

This thesis explores individual differences in dstreedogs at the level of both behaviour and
cognition. It comprises a combination of pure apdli@d research by presenting three studies
related to individual behavioural differences iggd@nd one study on individual problem
solving abilities. Chapters 2-5 represent origstaties, which have been published or
accepted for publication in peer-reviewed scienjurnals. The results are discussed and

conclusions are drawn in Chapter 6.

Chapter 2 (Study 1, accepted for publication in PLoS One)

It is suggested that temperament characteristic®ealistinguished already in newborn dogs
(Trumler, 1986; E. Kersting, pers. comm.). Howewdtile ‘temperament tests’ are
sometimes performed with neonate dog puppies (Estikg, pers. comm.), to my knowledge
no peer-reviewed study exists on the validity afistests. More commonly, tests are
conducted with dog puppies during the socialisgtienod in order to assess their suitability
for a particular function such as guide dog workjge or military work. However, this is a
period of rapid developmental change (Wilsson amid§ren, 1998), and results regarding
the predictive value of such tests have been mweét,some studies finding no
correspondence between behaviour in puppy testbetmalioural ratings at a later date
(Beaudet et al., 1994; Goddard and Beilharz, 1986&son and Sundgren, 1998) and others
suggesting a level of predictability (Asher et 20,13; Scott, Beilfelt, 1976; Slabbert and
Odendaal, 1999; Svobodova et al., 2008). Studparte on longitudinal behavioural data of
a cohort of Border Collies. The dogs were asseissbehavioural tests at three points in time,
a neonate test at 2-10 days of age, a puppy tdst ape of 6-7 weeks and an adult test at the
age of 1.5-2 years. The predictive value of easBeasments is discussed and an explanation

for the diverging results of previous studies ied.

Chapter 3 (Study 2, published in Applied Animal Behaviour &aie)

Few studies have assessed the effect of personalitpnflict behaviour in non-human
animals. A degree of consistency in dogs’ respotwseards a threatening experimenter in
repeated tests suggests a relationship betweepeategnality and conflict behaviour,
although certain responses (friendly or threatehiglgaviour) appear to be more consistent
than others (active or passive avoidance; Vas e2@08a). Study 2 explores links between

puppies’ conflict behaviour and behaviour in otbentexts by relating responses to restraint
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tests (assumed to represent mild conflict situa)iem behaviour in a friendly greeting
situation and towards a novel object.

Chapter 4 (Study 3, published in Animal Cognition)

Impulsivity is a characteristic that has demonsttaemarkable stability through ontogeny
and has numerous implications for everyday lifaumans (de Wit et al. 2007; Casey et al.,
2011; Mischel et al., 1988). It has furthermorerbassociated with behaviour problems in
domestic dogs (Fatjo et al., 2005; Reisner etl@B6; Wright et al., 2011); however, long-
term data on the consistency of impulsivity in dags other non-human animals are lacking.
In Study 4, | examined test-retest correlationsarfvergent measures of impulsivity in pet
dogs, including a behavioural test and owner qoestires, over an interval of over six years,

to assess whether impulsivity exhibits stabilityogs.

Chapter 5 (Study 4, published in Journal of Comparative Psiady)

Previous studies yielded inconsistent results déggrthe question whether dogs can attend to
means-end relationships. While studies on strirfjnguin domestic dogs gave no indication

of means-end understanding (Osthaus et al., 20@ag&et al., 2012), dogs spontaneously
solved a different means-end paradigm, the suggrollem (Range et al., 2011, but see
Muller et al., 2014). Possibly, contextual diffeces account for these differences in cognitive
performance and decision making between studiesefdre the aim of Study 4 was to
investigate how dogs solve such tasks and to wtahethey may possess an understanding
of means-end connections. | tested this by presgpet dogs with several conditions of a
string pulling task and report on various choidesuhat different dogs appear to follow.

Chapter 6
The main findings and implications of the thesis @discussed.
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Abstract

Studies on behavioural development in domestic dog®f relevance for matching puppies
with the right families, identifying predispositistfior behavioural problems at an early stage,
and predicting suitability for service dog work lipe or military service. The literature is,
however, inconsistent regarding the predictive ealtitests performed during the
socialisation period. Additionally, some practitewa use tests with neonates to complement
later assessments for selecting puppies as wodagg, but these have not been validated.
We here present longitudinal data on a cohort atiBocollies, followed up from neonate age
until adulthood. A neonate test was conducted @&lBorder collie puppies aged 2-10 days
to assess activity, vocalisations when isolatedsaro#ting force. At the age of 40-50 days,
134 puppies (including 93 tested as neonates) t@sted in a puppy test at their breeders’
homes. All dogs were adopted as pet dogs and &@eof participated in a behavioural test at
the age of 1.5 to 2 years with their owners. Limaated models found little correspondence
between individuals’ behaviour in the neonate, yugopd adult test. Exploratory activity was
the only behaviour that was significantly corretabetween the puppy and the adult test. We
conclude that the predictive validity of early seg&ir predicting specific behavioural traits in

adult pet dogs is limited.
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Introduction

It is now widely accepted that nonhuman animalpldisconsistent behavioural
differences comparable to human personalities namietover that these differences are
functional and of evolutionary significance [1]. Wever, in contrast to the contention that
personality means “behavioural differences thatstable across time and situations”, such
behaviour differences are often not as fixed asroight expect [2]. Besides influences of
situational factors and salient experiences botly ead later in life, developmental factors
and age can be expected to have major effectstavimeir, and temporal stability over the
short term does not preclude behavioural changestbe long term [2]. It is therefore not
surprising that behavioural consistency generadigrelases as time between test and re-test

increases (reviewed in [2,3]).

Behavioural development in humans and nonhumanasim

In humans, personality traits become increasingtyenstable with age ([4]; reviewed
in [5]). In particular, the rank order of persohalieatures within a cohort (i.e. personality
relative to that of other individuals) typicallymains stable, while there is a general tendency
towards decreases in Neuroticism, Extraversion@oehness, and small increases in
Agreeableness and Conscientiousness with aged6jeStudies have attempted to make
predictions about behavioural predispositions dlyesoon after birth. Although available
measurement tools have some shortcomings (modetateal consistency, low convergent
validity, inconsistent findings on concurrent vilglreviewed in [7]), moderate levels of
predictive validity of neonate assessments fodtimbd behaviour have been reported.
Among the most predictive traits appear to be kwéirritability or distress, which showed
some predictiveness up to the age of 15 month§ [@@ewed in [10]. Neonate activity was
furthermore correlated with activity and opennessdw experiences in 4 to 8-year old
children [11]. However, often behavioural consisteeeems to be limited to relatively short
time intervals. For instance, Worobey & Bladja {®)ind that infants’ responsivity and
activity level were related between 2 weeks andatims and between 2 months and 1 year
of age, respectively, but not between 2 weeks ayeht of age. No study seems to have

followed up the tested infants’ behaviours beydredhildhood years.

Few studies investigated the development of indi@idehavioural differences from

birth in nonhuman animals. In a study on infant agaes and baboons from birth until 5
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months of age, several behaviours were signifigattitrelated between consecutive age
blocks of 50 days, but only three (of a possible@8relations turned out to be significant
across nonconsecutive age blocks [12]. Sussman RLBJaeport considerable behavioural
changes in infant pigtailed macaques between airth10 months of age and no relationship
of determined temperament traits to behaviourmowel context. Also, a study on captive
wolves found no correlations between neonate aed beehaviour [14].

Similarly, assessments of behavioural developntem juvenile to adult age in birds
[15], fish [16], primates [12,13,17,18], horses,Ad and domestic cats [21] yielded mixed
results. Some studies support consistency of at teane behavioural traits, while others
found no consistency across age or consistencytmtlyeen adjacent age groups, but not
over the longer term, implying a pattern of relatstability or gradual change during
development. Furthermore, different traits withiffedent physiological basis may vary in
their ontogeny and consistency [22]. For examplehesus macaquesldcaca mulatty
confidence was rated as stable at all ages, wdillegs for excitability showed no stability
until adulthood and those for sociability emergedignificant only after the age of 3 years
[17].

Behavioural development in dogs and validity ofuests

Behavioural development in domestic dogs has heesstigated for practical reasons
such as matching puppies, juvenile or adult dods thie right families, identifying
predispositions for behavioural problems at anyestdge, and predicting suitability for
service dog work, police or military service. A eat meta-analysis suggested that personality
is moderately consistent in younger dogs (<1 yeaan r=0.30) and older dogs (>1 year,
mean r=0.51; reviewed in [22], but the predictiadue of early tests (prior to 3 months of
age), as frequently performed for the selectiogwfle dogs, police or military dogs, was not

specially addressed.

Some dog trainers test dog puppies as early ad@tdhys of age to complement
behavioural assessments during the socialisatinadofor selecting service or working dogs
(E. Kersting, pers. comm.); however, these neoasdessments have not been scientifically
validated. Moreover, although several studies itigated the predictive value of puppy tests

conducted at 6-12 weeks of age, results are inasive. For the purpose of this paper we use
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the term puppy test to denote a sequences of lmiravi(sub-)tests performed with young
dogs during the socialisation period up to the@g® months. Such tests are typically aimed
at investigating a variety of behavioural predisfiass and often include interactions with

unfamiliar people, play, exploration of novel emviments or objects, and startle stimuli.

Some studies found a level of predictability of pypest results for the success of
guide dogs and police dogs [23-25]; nonethelessstiidies with the largest sample sizes
yielded less promising results. Wilsson & Sundd&8] reported poor correspondence
between puppy test results and adult dogs’ behawiod performance as service dogs in a
sample of 630 German shepherd dogs. Similarly, Ashal. [27] followed up 465 dogs
assessed in a puppy test and subsequently trasnguide dogs and found low predictability
of successful certification. Of the 450 dogs tltatred above the proposed cut-off point in the
behavioural test, 66% reached certification, comgpao 64% in the complete sample. In
contrast to success, failure was more accuratelgigied by the test, as 14 of the 15 dogs that

scored below the cut-off point did not reach cexdiion [27].

Moreover, which combination of subtests is deenrediptive is usually based on an
a posteriori selection, and selected tests oftéardetween studies, although playfulness
(fetching a toy or following a rug) emerges as otk in studies of both guide dogs [23]
and police dogs [24,25]. In contrast to the abdudiss, which used outcomes (i.e. whether
or not the dog became certified) as dependentblasathose studies which investigated
direct correlations of behaviour traits in puppiéslifferent ages or between puppies and
adults generally did not find much evidence of git§26,28,29]. Beaudet et al. [30]
evaluated test-retest performance in 30 puppiésaatd 16 weeks of age and found no
relationship between social behaviour scores withis relatively short time period. Goddard
& Beilharz [29] report a low predictive value ofte conducted with 4 to 10-week-old
puppies. Fearfulness was the only trait which cdx@gbredicted to some degree by the age of
3 months or by a summary score combining subtests 8 weeks to 3 months [28,29].
Nonetheless, recognizing that predictability insesawith age, the authors recommend
waiting until the age of 6 months when selectingsifor breeding based on the fearfulness
trait [28].
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Published studies differ in the importance attrlouto early environment on shaping
later behaviour in dogs. Strandberg et al. [31prelittle maternal influence, but a larger
influence of litter on personality traits in the &hsh Dog Mentality Assessment. In a
behavioural assessment of German shepherd dogsabriths of age, two of four traits,
‘Confidence’ and ‘Physical Engagement’ (during plah a tennis ball), were affected by
factors such as parity, growth rate, litter size@ason of birth whereas no early
environmental effects were found on the other tmmponents, ‘Social Engagement’ and
‘Aggression’ [32]. Goddard & Beilharz [33] founittle effect of variation in the

environment prior to 6 weeks of age on successmagaide dogs for the blind.

In summary, there are some inconsistencies inupeyptest literature, as well as a
lack of longitudinal data on behaviour consisteimcget dogs and on the predictive value of
neonate assessments in particular. Therefore thefahe present study was to perform
behavioural tests in pet dogs at three ages —glthimneonate period (2-10 days of age),
during the socialisation period (40-50 days of ag&) as adults (1.5-2 years of age) — and to

assess the predictability of later behaviour byydaghavioural tests.

In the neonate test, activity and vocalisationsrdua brief isolation period and
sucking force were determined. The puppy test hacgtult test both included subtests for 1)
exploration in a novel environment, 2) interactwith an unfamiliar experimenter, 3) play, 4)
a novel object, and 5) a social conflict situatjthmee restraint tests in the puppy test and a
threatening approach by the experimenter in thé &ekt). As no published study on
assessments of neonate dogs are available, poediatiere based on findings from neonate
assessments in humans, the coping styles modeheaadnal experiences (E. Kersting, pers.

comm.).

In human children, correlations between neonatalaments and high daytime
activity at the age of 4-8 years have been repd84 Furthermore the coping styles
literature indicates that activity, explorationgagssion and boldness are linked, with
proactive individuals scoring higher on all of teeban reactive individuals [35,36].
Therefore a positive correlation between activityhie neonate test and exploratory activity
and boldness in the later assessments was predidede degree of irritability in human

infants is typically assessed by frequencies amdttun of fussing and crying [37], we
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assumed duration and loudness of vocalisationseiméonate dog puppies to be indicative of
irritability. In human infants irritability has badinked to distress to limitations or frustration
and forms a negative affectivity factor togethettviear [10]. Measures of irritability were
found to exhibit relatively high stability over tarj9]. Thus we predicted neonate
vocalisations to be positively correlated with gtgling and flight behaviour during restraint
tests in the puppy test and with barking or growlluring the threatening approach in the
adult test; conversely a negative relationship betwneonate vocalisations and latency to
react to the threatening approach was predicteditiddally, the following prediction made

by practitioners was put to the test: Sucking fancéhe neonate test is positively related to
motivation and thus playfulness in the puppy ardatult test.

We furthermore predicted that corresponding behasiavould be positively
correlated between the puppy and the adult teste3tahis, we selected those five subtests
from the adult test that matched best with subtiesis the puppy test (more subtests were
conducted in the adult test with the aim of invgeting effects of personality on cognitive
performance and age differences in behaviour fibergint studies). Since effects of litter can
be expected due to both genetic and early envirataheffects, we tested for litter effects on
behaviour in the neonate, puppy and adult tests.

Ethics statement

All procedures were performed in compliance wita ustrian Federal Act on the
Protection of Animals (Animal Protection Act — T&BGBI. | Nr.118/2004) and with the
consent by the breeders or owners. According té&tistrian Animal Experiments Act (8 2,
Federal Law Gazette No. 501/1989), such non-ineasehavioural studies are not considered
as animal experiments and no special permissionderof animals in such studies is required.
For the small number of adult tests performed atithiversity of Veterinary Medicine,
approval by the ethics committee (Ethik- und Tiatgzkommission) of the Veterinary
University Vienna was obtained on 19th April 2082 ce the owners were only required to
interact with their dogs in their usual manner dgrihe experiments and their behaviour was

not analyzed, approval for human experimentatios ma@ necessary.
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Methods

To rule out effects of breed differences in theogeny of behaviour [29,38-40],
members of a single breed, the Border collie, virrkided in the study. All tested dogs came
from small-scale breeders (with typically 1-2 ligger year) that raised their puppies
primarily in the house. We tested 99 puppies fr@iitters in the neonate test (age range: 2-
10 days). At the age of 40-50 days, 134 puppieg tested in a puppy test (including 93
puppies tested as neonates). All puppies were gubrdy adopted as pet dogs. Fifty of these
dogs (29 female, 21 male) were also tested assaduBi-2 years of age). Table 1 gives an
overview of the subjects. Only three subjects, tmades and one female, were neutered
during the course of the study (between the adgearfd 12 months) and thus the data for

neutered and intact dogs were pooled.

Table 1. Summary of subjects tested in the neonate tespuppy test and the adult test

Age range Total number of  Dogs tested in the Dogs tested in
tested dogs neonate test the puppy test
Neonate test 2-10 days 99
Puppy test 40-50 days 134 93
Adult test 1.5-2 years 50 40 45
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Neonate test

Each puppy was tested individually at the breedssise following a protocol by Erik
Kersting (Hundezentrum Canis Familiaris, Roetgegrn@any, pers. comm.; Table 2). Prior to
the test, the mother was separated from the fiitest median of 55 min (range 0 — 245 min).
According to E. Kersting (pers. comm.), puppieswtiadeally be separated from the mothers
for two hours; however breeder compliance was béiand therefore separation time was
variable. We tested whether this affected the pegfiehaviour and controlled for this
statistically. The puppy was removed from thellitiex and placed at the centre of a blanket,
which was visually divided into a grid of 16 squa(22.5 x 22.5 cm). All tests were video-
recorded from a set distance (approximately 2 mftioe centre of the blanket), and durations
of puppies’ activity and vocalisations and maximamplitude of vocalisations were assessed
from the videos (Table 2). After two minutes, tx@erimenter picked up the puppy and tried
to elicit the sucking reflex by stimulating the pyfs palate with her finger. Sucking force
was determined subjectively but based on an obgstale (Table 2). Experimenters always

disinfected their hands prior to handling the pegpi
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Table 2.Variables measured in the neonate test.

Variables measured Definition Cronbach’s
alpha
Puppy’s behaviour on
the blanket
Duration of activity Puppy is moving at least deg, includes tumbling and backwards movements. 92 0.
Number of line crossings Frequency of crossingawith the head and both forelegs. 0.82
Number of squares visited Number of different sgaantered with the head and both forelegs. 0.95
Duration of vocalisations Self-explanatory.
Max. vocal amplitude Extracted from the audio stream of a video canmbat a standardised distance of
approximately 2 m from the centre of the blankah@e -50 to -3db) and converted to scores
of 1-5.
Amplitude Score Amplitude
1 <-20 > -50 or no vocalisation
2 <-15>-20
3 <-10 >-15
4 <-5>-10
5 <3>-5
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“Table 2 continued

Test of sucking force Sucking Force
Scoref Description
Max. sucking force 0 Does not take the finger.
2 Takes finger, but no sucking.
4 Sucking, but hardly holds on to finger when reath
6 Sucking, holds on to finger when removed butptop” noise when finger is removed.
8 Strong sucking; produces “plop” noise when fmigaemoved.
Strong sucking; produces “plop” noise when fingerdmoved; additionally head moves
10 along as finger is removed.
12 Very strong sucking; able to support its owmglveby sucking on the experimenter’s finger.

* Intermediate scores (1, 3 etc,) were given inear¢hmbiguous cases.
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Puppy test

As detailed in [41], all tests were carried outooms unfamiliar to the puppies at the
breeders’ homes (only one litter had to be testedfamiliar room because no unfamiliar
room was available, so no data was taken in teegdart of the test — room exploration). All
tests were conducted by the same experimenter {@®)was unfamiliar to the puppies prior
to the test. A cameraman filmed the test for subsetyvideo analysis. The test, which was
originally developed for the selection of serviagsd (E. Kersting, pers. comm.), lasted about
20 minutes per puppy and consisted of eleven sishe@posing the puppy to different social
and non-social stimuli (see Table 3 for descrigiohthe relevant subtests and Table 4 for
details on scoring methods; [41]). These form p&# test routinely used for assessing

puppies’ suitability as service dogs (E. Kerstipgrs. comm.).
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Table 3.Summary of the subtests of the puppy test that wsee for analysis.

Subtest Description Duration
Exploration The puppy was allowed to explore the unfamiliamndor two minutes; experimenter, cameraman anddereemained 60 s
passive.

Greeting test

Play

Back test

Vetcheck test

Staring test

Novel object

test

The experimenter crouched down approximately 2&way from the puppy and encouraged it to make cobgacalling its 60 s
name, chatting in a friendly voice or clicking hengue. When the puppy approached, she pettedifyy@nd talked to it in a
friendly way for 20 seconds. If the puppy did n@nwvto approach within 45 seconds, the subtestavasnated.

The experimenter tried to engage the puppy in plawiggling a soft toy in front of it. When the pmpwas following and/or  2-3 min
trying to grab the toy for at least 10 seconds,tBhaw it two metres away and vocally encouragedpiippy to return to her

with the toy. This was repeated three times.

The experimenter was sitting on the floor and getuitned the puppy on its back, holding it in thasition with both hands 25 s
while casually looking at the puppy, but not stgrat it in a threatening way.

Simulated veterinary examination. The experimersigting on the floor, stroked the puppy’s bodydbed its paws, looked 30 s
into its ears and examined its teeth.

The experimenter lifted the puppy up, holding itigpt under its armpits, so that she could loolkcliy into its eyes. When the30 s
puppy averted its gaze, the experimenter reoriethieguppy and took up eye contact again.

A battery-powered toy looking like a paper bag,ragp20 x 10 x 5 cm, was placed approx. 2 m awasnfthe puppy to asses0 s
its reactions to the novel object’s erratic movetsen
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Table 4.Description of behavioural measurements used iaiadysis of the puppy test. As a measure of ibver reliability, Cohen’s kappa is
indicated for scores and Cronbach’s alpha for damat counts, and absolute estimates.

Variable Type Measure Description Cohen’s Cronbach’s
kappa alpha
Exploration
Locomotion (Leg movement followed by body movemémtrwards or backwards 0.96
movement, coding starts when dog starts to move mes not include moving leg for
other purposes e.g. pawing at objects or if dogendegs but does not change its spatial
Move Duration % time  position.
Sitting, standing or lying without doing anythinige (e.g. exploring). Also includes 0.80
Inactive Duration % time scratching and shaking.
Puppy’s nose is <5¢cm from ground or from objegiparently sniffing, mouthing, 0.98
Explore Duration % time manipulating, or scratching objects with the paw.
Greeting test
Approach Rating 0 Does not approach the experimenter (10 cm fromraxpater's hands) within 45 seconds(.)'71
Approaches the experimenter within 21-45 sesafidr she started calling.
Approaches the experimenter within 11-20 ses@fidr she started calling.
3 Approaches the experimenter within 10 secoftds she started calling.
Tail-wagging Rating 0 Wags tail <30% of interactiome. 0.88
1 Wags tail 30-69% of interaction time.
2 Wags tail 70% or more of interaction time.
Jumping up Absence/ 0 Does not jump up or climb into experimenter’s. lap 0.70
Presence 1 Jumps up or climbs into experimernisgy’s
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Table 4 continued

Variable Type Measure Description Cohen’s  Cronbach’s
kappa alpha

Play

Frequenc 0-3 0.83
Follow toy y Number of times the puppy followed the thrown-akay (total number of trials: 3).

Frequenc 0-3 Number of times the puppy followed and grabthedthrown-away toy (total number of 0.72
Grab toy y trials: 3).

Frequenc 0-3 Number of times (out of 3) the puppy bringstiyeback to experimenter so she can gral0.69
Return with 'y the toy. Puppies that return to within 20cm of ekpenter with the toy and stay there for
toy several seconds but do not bring the toy to exparter directly, receive half a point.
Back test
Struggling Duration % time Quick movements of body, head, lagd. Does not include slow movement of individual 0.95

limbs or the head. Absolute duration in secondsdjpion 0.2 s).
Vocalising Duration % time Duration of vocalisations. Abgelduration in s (precision 0.2 s). 0.84
Vetcheck test
Flight Absence/ 0 No escape attempt (trying to move away with theles body while being held — does not 0.83
include movement with the head to avoid teeth abatr walking away when not held).

Presence 1 Escape attempt.
Interaction Absence/ 0 Mouthing or licking of experimenter’s fingersttafor <20% of the time. 1.0

Presence 1 Mouthing or licking of experimenteirgérs/ face for at least 20% of the time.
Passive Absence/ 0 Shows interaction or flight biete. 1.0

Presence 1

Shows neither interaction nor flighiabeur.
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Table 4 continued

Variable Type Measure Description Cohen’s Cronbach’s
kappa alpha
Staring test
Look away Event FrequencAverting gaze (head turn away from the experiménface). This is followed by the 0.88
y experimenter reorienting the puppy to look intoely®s again.
Novel object test
Novel object Rating 1 Does not approach to within 20 cm of tbeeh object within 30 s. 0.67
- Approach
Approaches to within 20 cm of the novel objter 5 s.
3 Approaches to within 20 cm of the novel objeithin 5 s.
Novel object Rating 1 Tail mostly low. 0.92
- Talil
Tail partly low, partly medium/high.
Tail mostly medium to high.
Novel object Absence/ 0 Puppy does not ‘hunt’ the novel objerhp at the object with the fore paws and/ or bite0.89
- Hunt into it).
Presence 1 Puppy ‘hunts’ the novel object (iengs at the object with their fore paws and/ agdit
into it).
Novel object Estimate continuo Estimated closest distance (cm) of puppy to papgr b 0.88

- Distance

us
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Adult test

The adult test was specifically designed for usgh@tClever Dog Lab with the primary aim
of investigating effects of personality on cogretiperformance and age differences in
behaviour. Partly, the dogs of the current studyevused for these other studies and so the
test was not completely tailored to serve as aWolip of the puppy test. To take account of
this, only the five subtests that matched best suthtests from the puppy test were selected

for the present analysis (Tables 5 and 6).

Tests were conducted in a room (6m x 5m) at theeZlBog Lab, Nussgasse, Vienna, or in a
slightly larger room (6m x 7m) with an identicatige at the new Clever Dog Lab, University
of Veterinary Medicine, Veterinarplatz, Vienna. Tvxefive dogs were tested by SR and 25
dogs were tested by an another female experimehtesimilar age, Claudia Rosam, as SR
had been in contact with many of the tested doigs fw the adult test. The experimenters
were thus unfamiliar to the dogs. An exception were dogs tested by SR (with four dogs
she had had contact at least one year prior teeiteand for one dog the last contact occurred

8 months prior to the test).
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Table 5.Summary of the subtests of the adult test that wseel for analysis.

Subtest Description Duration

Exploration This was the very first test, conducted in an urlianroom. The owner walks in with the dog on tead, stops in the middle 120 s
of the room, takes off the lead, gives a “go” comohd necessary and thereafter ignores the dog;wikifree to explore the

room.

Greeting test  The owner and the dog (on the lead) stand in theeeef the test room. The experimenter enterpssiethin reach of the lead,30 s
stops and waits whether the dog shows initiativapgroach. If it does not, she calls the dog’s nanteencourages it to
approach. If the dog still does not approach, styessowards the dog. If the dog has approachddes not withdraw, she pets

the dog while continually talking to it. If the defjows avoidance behaviour, petting is stopped.

Threatening The owner holds the dog’s leash but takes onelstek so that s/he is behind the dog (giving thetdegpportunity to 30s
approach withdraw behind the owner if it wishes to do sd)eTowner remains passive throughout the test. Xperenenter stands at the
opposite end of the room, calls the dog’s name ancethen starts approaching slowly and haltinghe(step every ~4 s) with
a slightly bent upper body. She is looking steattitg the eyes of the dog. The approach is terrathathen the experimenter
has reached the dog, the dog has approached thgregpter in a friendly way, or the dog shows htdgkd signs of stress
(repeated barking, growling, or withdrawing/ hidinghe experimenter resolves the situation by wilaing eye contact,

crouching down sideways and inviting the dog to eam to her, speaking to the dog in a friendly nesinn

Novel object A battery-driven toy dog, which rolls on the fleand produces a ‘laughing’ noise is placed on therfta. 2 m fromthe dog 60 s
while the dog is facing in the other direction wilie owner. As soon as the toy starts moving anduming sound, the owner
lets go of the dog’s collar/ harness and the dagame minute to investigate the toy while owner exygerimenter remain
passive. The toy is motion sensitive and stops@eétfter about 15 s. If the dog does not approladee@nough to turn the toy

on again within 30 s, the experimenter walks gaestdy once to turn it on a second time.
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Table 5 continued

Subtest Description Duration

Ball play The owner throws a tennis ball for the dog threees. During the first two times, the dog is encgachto bring back the ball. 30 s
After throwing for the third time, the owner stapgeracting with the dog, stands up straight ambigs the dog.
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Table 6.Description of behavioural measurements used iatiadysis of the adult test. As a measure of ibszover reliability, Cohen’s kappa is

indicated for scores and Cronbach’s alpha for damat counts, and absolute estimates.

Variable Type Measu Description Cohen’s Cronbach’s
re kappa alpha

Exploration

Move Duration % time Locomotion, movement of thgdéeading to a forward or backward motion. 0.87

Explore Duration % time The dog’s nose is in clpeximity (max. 10 cm) to the floor or any otherfsice (e.g., wall, 0.80

table, objects) or both front paws placed on avadésl surface (e.g., window sill, table). Does
not include drinking.

Inactive Duration % time  Sitting, standing or lyimithout doing anything else (e.g. exploring). Aleoludes 0.96
scratching and shaking.

Gresting test
Greeting Score 0.67
intensity Dog does not approach or may approach initiallytbein avoid the experimenter so there is
0 no interaction.
1 Dog is passive and shows little interest towdha experimenter, with or without tail wagging
2 Friendly greeting; tail wagging, may cuddle pymp or lick
3 Very excited/ enthusiastic greeting with inteasearching for contact and tail wagging
Tail-wagging 0 0 = no or very little wagging 0.71
1 1 = wagging intermittently
2 2 = wagging most of the time
Jumpingup Absence/ 0 Dog does not jump up in the first gregghase. 0.82
Presence 1 Dog jump ups in the first greeting phase
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Table 6 continued

Variable Type Measu Description Cohen’s Cronbach’s
re kappa alpha
Threatening approach
Latency to Latency Latency to first overt reaction .e. movawgy, hiding, barking, growling. This only reféos 0.77
react aversive reactions, but not to approaching the axater in a friendly/ appeasing way.
Absence/ 0/1 Absence or presence of barking. 0.89
Bark Presence
Absence/ 0/1 Absence or presence of growling. 0.90
Growl Presence
Absence/ 0/1 Absence or presence of retreating. 0.89
Retreat Presence
Approach Absence/ 0/1 Absence or presence of approaching the expeténi a friendly/ appeasing way during the0.84
friendly Presence threatening approach.

Novel object test

Novel object Score 0 The dog does not approach the novel digiedthin 20 cm within 60 s. 0.72
- Approach

1 Upon noticing the novel object, the dog appheacto within 20 cm within 60 s.
Upon noticing the novel object, the dog appheacto within 20 cm within 30 s.
Upon noticing the novel object, the dog appheado within 20 cm within 5 sec.

Novel object Duration Time spent within 1 m from the toy. 0.97
- Proximity
Novel object Duration Time spent looking in the direction of ttoy 0.94
- Orientation
Novel object Absence/ 0 The dog does not grab the novel objgbtits mouth. 0.84
- Grab

Presence 1 The dog grabs the novel object withaisth.
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Table 6 continued

Variable Type Measu Description Cohen’s Cronbach’s
re kappa alpha

Ball play

Return with  Frequenc 0-3 Number of times the dog returns to within 1.8fthe owner within 5 seconds of grabbing 0.74

toy y the ball after it has been thrown.

Encourage Latency to stop encouraging the owherig/ignoring the dog after the third throwing. 0.75

Encouraging is defined as looking at the ownerpiitisg out the ball within 1.5 m from the
owner while facing the owner.
Score 1 before 5 s
before 10 s
before 15 s
after 15 s
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Data processing and statistical analysis

For the neonate test, audio streams were extréctedthe video recordings, and the
maximum amplitude of the vocalisations was deteealim CoolEdit 2000 and subsequently
converted into scores of 1-5 (Table 2). The dogsidviour in the three tests was coded using
Solomon coder (© Andras Péter). The duration ofppesd vocalisations during the neonate
test had to be recorded live during the test bexanghe video recordings, the subject’s
vocalisations could not be reliably distinguisheshi those made by its siblings. The neonate
test and the puppy test were coded by the firstaauT o assess reliability, an additional coder
coded 20 randomly selected puppies of 20 littethéneonate test. Reliability coding for the
puppy test was split between two more coders, etalinom coded a subset of the test for 20
puppies. The adult personality tests of the samdsented here, and of an additional 124
dogs tested for other studies, were coded by otlereé coders (SR, Stephen Jones, Claudia
Rosam). Reliability between coders was assessed lmas38 double coded dogs. Details of

the coding schemes and reliability measures arepted in Tables 2-6.

Statistical analysis was carried out in R 2.12.M@¥elopment Core Team 2010) and
SPSS Statistics 21 (IBM Corp. Armonk, NY, 2012).rNmear principal components
analysis (CATPCA in SPSS [42,43]) was performedelected variables from the neonate,
the puppy and the adult tests, respectively, tacedhe number of variables and obtain
principle components for further analysis. Tableék show the variable loadings on the
principal components, Eigenvalues and explainenee. In the case of the adult test, the
sample used for variable reduction included the&gs from the current study and an
additional 124 dogs that were tested for other epamts (some of these dogs were tested by

a third experimenter).

Initially, linear mixed models were calculated gsass effects of age, weight and time
separated from the mother on the neonate puppadsiviiour, with litter included as a random
factor (R package nime [44], function Ime). In ca$a significant effect of these covariates,
the residuals of the model were used as predistsubsequent analysis. To assess
correlations between earlier and later behavidumsar mixed models (Type 11l Sums of
Squares) were calculated using either principalpanments or individual variables, depending
on the predictions. To test for litter effectsgdk models were then compared against models

with no random factor included (package nime [4diction gls). If there was no significant
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difference according to likelihood ratio tests, thduced models are presented (Tables 10-12).
For variables that were not included as dependamies in any models, litter effects were
calculated in the same way by using likelihoodaréists to compare models with and without
litter as a random factor. Normality of the residusas assessed from quantile-quantile-plots
and was adequate in all cases. To correct for pieliomparisons, sequential Bonferroni
correction [45]) was applied.

Results
Data reduction and covariates

The CATPCA of the neonate test yielded two comptsdabelled Activity and
Vocal/ Sucking force, which accounted for 65.86%hef variance (Table 7). Activity had
high positive loadings for all three variables tethto activity, i.e. duration of being active,
number of line crossings, and number of squaretedisvocal/ Sucking force had high
positive loadings for duration and loudness of \isaéions and a high negative loading for
sucking force, reflecting the fact that heavierpep tended to vocalise more but displayed a
lower sucking force (Table S1). The positive effeicpuppies’ weight on the Vocal/ Sucking
force component was significant, while there waggaificant negative effect of separation
time. To take account of this, the residuals ofrttealel for Vocal/ Sucking force were used
as predictors in the subsequent analysis. Actwayg unaffected by age, weight or separation
time (Table S1).

Table 7.Components and component loadings of the CATPCA theeneonate test

Activity Vocal/ Sucking force  Total
Activity 0.77 -0.05
Line crossings 0.83 -0.36
Squares visited 0.82 -0.39
Duration of
vocalisations 0.49 0.64
Max. amplitude of
vocalisations (score)  0.44 0.66
Max. suckingforce -0.08 -0.67
Eigenvalue 2.38 1.57 3.95
% variance 39.69 26.17 65.86
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Tables 8 and 9 show the results of CATPCA for thyegy and the adult test,
respectively. Principal components for activity idgrroom exploration, greeting of the
experimenter, play with a human and boldness tosvandovel object were extracted for both
the puppy and the adult test. Note, however, tletbmponents relating to room exploration
and boldness had opposite loadings in the puppytanddult test so that a negative
relationship would be expected between them. Aacldlily, three components — labelled
Flight, Struggle and Passive/ Low Interaction —elobsn the puppies’ predominant reactions
to the restraint tests were extracted from the puest (Table 8; see [41]). From the adult test,
two components based on dogs’ reactions to theremeeter’'s threatening approach were
determined. The latter were labelled Threat-Frigaaid Threat-Retreat due to high loadings
of either friendly approach behaviour or withdragvinom the threatening experimenter,

respectively (Table 9). Both components had higlatiee loadings for barking and growling.

Table 8. Components and component loadings of CATPCA ovecs variables from the puppy
test

Explqrgtion - . Play
Inactivity Greeting
Move -0.75 Approach 0.77 Follow toy 0.88
Explore -0.86 Tail-wagging 0.82 Grab toy 0.94
Inactive 0.96 Jumping up 0.68 Return with toy 0.66
Eigenvalue 2.22 Eigenvalue 1.74 Eigenvalue 2.09
% variance 73.83 % variance 57.93 % variance 69.77
Novel object — low Passive/ Low Total
Boldness Restraint tests Interaction Play Struggle
Novel object - Tail -0.81 Struggling -0.46 -0.03 7D.
Novel object - .0.80 Vocalising
Approach -0.45 -0.42 -0.34
Novel object - Hunt -0.72 Flight -0.25 0.88 0.10
vael object - 0.85 Interaction
Distance -0.79 -0.24 -0.37
Passive 0.78 -0.53 0.24
Look away -0.59 -0.43 0.41
Eigenvalue 2.54 Eigenvalue 2.05 1.48 1.08 4.61
% variance 63.48 % variance 34.15 24.59 18.00 76.74
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Table 9.Components and component loadings of CATPCA oVecta variables from the adult test

Exploration - Greeting Play
Activity
Explore - move 0.90 Greeting Encourage
' intensity 0.90 0.82

Explore - explore 0.87 Tail wagging 0.73 Returnhviity 0.82
Explore - inactive -0.85 Jumping up 0.85 Eigenvalue 1.34
Eigenvalue 2.30 Eigenvalue 2.06
% variance 76.50 % variance 68.77 % variance 67.04
Novel Object - Threatening Threat - Threat - Total
Boldness approach friendly retreat
Novel object - grab  0.92 Latency to react 0.84 00.2
Novel Object -
approach 0.88 Bark -0.70 -0.52
Novel Object -
proximity 0.47 Growl -0.71 -0.53
Novel Object -
orientation 0.56 Retreat -0.59 0.61

Approach

friendly 0.63 0.11
Eigenvalue 2.16 Eigenvalue 2.64 1.36 4.01
% variance 54.04 % variance 0.33 0.17 0.50
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Associations between behaviour in the neonatettespuppy test and the adult test
Although struggling in the puppy test was negayivadsociated with the residuals of
the Vocal/ Sucking force component in the neonede (f 74-6.45, p=0.013) this effect
disappeared after correcting for multiple testiNgne of the other tested variables in either
the puppy or the adult test was significantly clated with the predictors from the neonate
test (Tables 10-11), indicating a lack of predietixalue of the neonate test used. Regarding
associations between behaviour in the puppy teést7atveeks and the adult test, only a single
significant correlation emerged: as predicted, Bsation - Inactivity in the puppy test was
negatively correlated with Exploration - Activity the adult test (F3-7.79, p=0.008;
significant after correction for multiple testingyone of the other predicted associations

turned out to be significant (all p>0.1, Table 12).
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Table 10.Summary of linear mixed models testing for predicssociations between neonate test componengugpg test components

Predicted Random

NEONATE test PUPPY test direction effect of

component variable/ component of effect best model Value Std. Error  numDF denDF F P
Exploration — i Litter 0.52

Activity Inactivity (p<0.0001) 0.06 0.08 85 0.47
Novel object — Low Litter 0.02

Activity boldness (p=0.002) 0.01 0.10 85 0.89

Vocall/ Sucking force * Litter 0.51

(residuals) Flight (p=0.005) 0.09 0.12 74 0.48

Vocal/ Sucking force + Litter

(residuals) Struggle (p=0.0004) -0.28 0.11 74 6.45 0.013

Vocal/ Sucking force - Litter

(residuals) Playfulness (p=0.003) -0.15 0.12 74 1.76 0.19
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Table 11.Summary of linear mixed models testing for prediassociations between neonate test componenedaitdest components

Predicted Random

NEONATE test ADULT test direction effect of

component component of effect best model Value Std. Error  numDF denDF F P
Exploration — High  +

Activity Activity None -0.15 0.13 40 141 0.24
Novel object — +

Activity Boldness None -0.16 0.11 40 223 0.14

Vocall/ Sucking force Threat-Retreat (no -

(residuals) barking or growling) None 0.12 0.23 37 0.26 0.61

- None

Threat-Friendly (no (tendency

Vocal/ Sucking force barking, growling, for litter:

(residuals) retreating) p=0.052) -0.03 0.22 24 0.02 0.88

Vocal/ Sucking force Threat reaction -

(residuals) latency None 0.10 3.22 35 0.00D.98

Vocal/ Sucking force -

(residuals) Playfulness None 0.61 0.32 35 3.53 0.07
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Table 12.Summary of linear mixed models testing for predicssociations between puppy test components anidtest components

Predicted Random

PUPPY test ADULT test direction effect of

component component of effect best model Value Std. Error  numDF denDF F P

Exploration — Low Exploration — High -

Activity Activity None -0.29 0.10 1 43 7.79 0.008

Novel object — Low  Novel object — High -

Boldness Boldness None -0.04 0.06 1 43 0.46 0.50

+ Litter

Greeting Greeting (p=0.019) -0.01 0.14 1 29 0.00D.97

Play Play + None -0.16 0.18 1 43 0.84 0.37

Passive/ Low Threat-Retreat (no  +

Interaction barking or growling) None 0.07 0.14 1 41 0.10 0.75

Flight + None -0.17 0.14 1 41 152 0.23

Struggle - None -0.24 0.14 1 41 274 0.11
Threat-Friendly (no -

Passive/ Low barking, growling,

Interaction retreating) None 0.06 0.16 1 24 0.11 0.74

Flight - None -0.01 0.16 1 24 0.00D2.96

Struggle - None -0.07 0.16 1 24 0.18 0.68
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Litter effects

In the neonate test, Activity was unaffected hbigti{p=0.30) whereas Vocal/ Sucking
force was significantly affected by litter (p=0.0lable S1). All tested variables in the puppy
test, Exploration - Inactivity (p<0.0001), Low balkss (p=0.004), Playfulness (p=0.0008;
Table 10), as well as Greeting (p=0.014), Passiwe/ Interaction (p<0.0001), Flight
(p=0.008) and Struggle (p=0.0003), were signifigaatfected by litter. In the adult test, only
Greeting (p=0.02), and Threat-Friendly (p= 0.05)died to be affected by litter, but this was
no longer significant when correcting for multipésting.

Discussion

We investigated behavioural consistency and thdigiree value of early tests in
Border collies. The analysis of the neonate tesiveld that the Vocal/ Sucking force
component was affected by puppies’ weight, as aglby separation time from the mother,
and so these factors would need to be taken imtoust in assessments of neonate puppies.
Nonetheless, although we controlled for these &fféhere was a lack of correspondence
between the behaviour of neonates and the sameddogg the puppy and adult test,
implying a lack of validity of this tool for makingredictions regarding future behaviour. The
results furthermore indicate low predictive valdif the puppy test conducted at 6-7 weeks
of age, as activity during room exploration wasah&/ behaviour that was significantly
related between the puppy test and the adultEesh if some of the results became
significant at larger sample sizes, this would bkttte use to practitioners when assessing
individual dogs.

The lack of the predictability of future behavidaased on our neonate test is in line
with a study on the ontogeny of behaviour in @iitif captive wolves: MacDonald [14]
tested five wolf cubs’ reactions to people and hobgects repeatedly from birth to the age of
6 months. He suggests that some consistency irvizeimarelative to the litter mates, did not
emerge before the age of 44 days when the cubstesssl together with their siblings.
Moreover, in individual tests, individual behavidalifferences did not stabilise until day 86.
Some major changes were observed over time, watimthally most fearful individuals
becoming most friendly to people or vice versa [W¥hile these results are in agreement

with the lack of correspondence between neonatdaaedbehaviour found in our study,
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unfortunately the animals were not followed uprf@rre than 6 months and so we do not
know whether those individual differences whichwhd some stability between 6 weeks and
6 months remained stable until adulthood. Alsodission primates found poor
correspondence between behaviour as neonatestariDinonths later: Heath-Lange et al.
[12] assessed behaviour of infant macaques andbabo blocks of 50 days and while
several traits were correlated between adjacenblag&s, most behaviours were unrelated
over longer time spans [12]. Sussman & Ha [13] repo predictive value of neonate

pigtailed macaques’ behaviour for later behavidwlla

In the current study, correspondence between dmdsiviours at 6-7 weeks and 1.5-2
years was low, with only one out of ten investigatits being significantly correlated
between the puppy and the adult test. This imphiaseither behaviour is not consistent from
the age of 6 weeks or a lack of validity of theegssnents used. Given that tests such as those
used in the present study are routinely used fecgseg working dogs, this is a critical
question. Clearly one downside of behavioural aseests in general is that generalisations
about the dog’s overall behavioural tendenciesrade from a test spanning a very limited
time period and including a limited number of stlnjd6]. Also, all tests were designed to be
appropriate for the respective ages and therefiffereht assessments were used at different
ages. However, it should be considered that thetdéferent measurements will lead to
more diverging results than applying the same umsént twice, confounding the consistency
estimate with method variance [22]. These factoay have contributed to the low

correspondence between earlier and later behatraits in our study.

Another factor that could have contributed to thw tonsistency is the young age of
the puppies in the puppy test. At 6-7 weeks, pupfead to be quite open and will react less
fearfully to stimuli [47] before a heightening @&dr responses occurs at around 9-10 weeks of
age [48]. Thus, by testing the puppy at 6-7 wedlksye, there was a low risk of detrimental
effects on the puppies’ socialisation due to thesentation of potentially fear eliciting stimuli
such as the novel object (table 4, c.f. [27]). At€eks of age, however, the puppies were
only one quarter into their sensitive period whists from 4 to 12 weeks of age (sensu
Friedman et al. [47]; Lord [49] considers this pdrto end already at 8 weeks), and later
events, particularly environmental influences aftansition to their new homes are likely to

have had a major influence on the puppies’ devetpnThus, testing at a later age might
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have resulted in higher consistency between tEstsanstance, when comparing puppies’
scores in “fear of object tests” with adult feane$s, Goddard & Beilharz [29] found no
significant correlations between adult fearfulnasd behaviour in tests conducted at 6 or 7
weeks of age, but scores in one of three testsumbed at 8 weeks and in two of four tests
conducted at 10 weeks were significantly correlatet fearfulness in the adult dogs.
Furthermore, trainers’ subjective ratings of adialjs’ nervousness, assessed during five
different behavioural tests and 3 weeks of trainimgre significantly positively correlated
with “fear on walk” scores at 3, 4, 6 and 12 morahage, respectively, but correlation

coefficients increased more than two-fold betweam® 12 months [28].

While the importance of a sensitive period for afisation in young puppies is often
stressed (e.g. [47,49]), this does not imply tlmairenmental influences occurring at other
developmental stages do not have effects as W@ll #d so experiences throughout
ontogeny can account for the low correspondencedsst behaviour in the puppy and the
adult test. For example, Appleby et al. [51] fouhdt environmental factors (such as being
raised in a nondomestic environment and lack obsype to urban environments) between
the ages of 3 and 6 months were significantly aatet with aggressive and avoidance
behaviour in pet dogs. Moreover a major reorgamsaif the central nervous system occurs
during puberty [52], and there is growing evidetita adolescence can be considered as an
additional sensitive period (beyond the prenatdl early postnatal periods), with profound
effects on future behaviour (reviewed in [53]). efdis evidence that steroid-dependent
adolescent brain and behavioural development canduified by social experience [54].
Thus, experiences after the first sensitive peoiosbcialisation, and in particular during
adolescence, will also play an important role itedmining the adult animal’s behaviour. For
instance, Foyer et al. [55] point out that the eigrees and behaviour of the dogs during
their first year of life are crucial in determinitigeir later behaviour and temperament, and
accordingly, Swedish military dogs are not sele¢tesnrolment within the Swedish Armed

Forces until they are 15-18 months old [55].

A reason for the diverging results of previous ssdegarding the predictive value of
puppy tests may lie in different levels of analyfiased on the existing puppy test literature,
we suggest that the predictive value of a puppydegends on the level at which a prediction

is made: puppy tests may have the potential ofiptiad outcomes (successful qualification
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as guide dogs [23,28] or as police dogs [24,25oime extent (but see [26,27]), but not
individual behaviour traits [30,56,57]. Based ogghsmetric principles, a higher reliability
can be expected for aggregate measures (i.e., saaemge of multiple observed
behaviours) than for single measures due to evenihgf the random, nonsystematic errors
in the different multiple measures [22]. Althougilette is some evidence that aggregate
measures are more predictive of outcomes [58] and higher heritability estimates [57]
than single measures in dog personality assessnaemista-analysis on personality
consistency in dogs did not find a significant elifnce between single trait measures and
aggregate trait measures [22]. At least in the oapeippy tests, however, the current
literature seems to support higher predictabilitydutcomes (i.e. aggregate measures) than
for individual behaviour traits, and accordinglyreesults show that correlations between

puppies’ and adults’ behaviour are mostly lacking.

Litter effects differed between assessments atrifft ages. Vocal/ Sucking force in
the neonate test and all puppy test components sigmdicantly affected by litter whereas in
the adult test no significant litter effects weoerd. This indicates that behaviour in the 6-7-
week-old puppies was influenced more by either tieeffects, maternal effects or the
shared early environment than behaviour in thetathgs. Accordingly, high maternal effects
are often found in puppies’ behaviour but for oldegs, these effects are small or negligible
(reviewed in [29]). Studies on other species alsmn&d that effects of early experiences
became less salient as the animals became oldesfeep [61]; rats [62]). A decline in the
effects of early shared environment with age hatéumore been shown in humans: In more
than 200 pairs of adoptive siblings, correlatian$Q of 0.26 were found when the children
were 8 years old; however, 10 years later these santings showed a correlation near 0.0
[63].

Unlike this study, Strandberg et al. [31] did filitter effects (as well as additive
genetic effects) on adult dogs’ behaviour in bebaral assessments, and also Foyer et al.
[32] identified influences of several early envine@ntal variables on the behaviour of dogs
tested at approximately 17 months of age. A posgkplanation lies in the bigger sample
sizes in these studies (N=5959 and N=503, resgdg}j\so that much smaller effect sizes are
significant. Heritability of behavioural traits hbsen estimated at 0.05-0.56 in domestic dogs

[59,60], although there appears to be breed-spedafiiation [26,60]. In general, heritabilities
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around 0.20 appear to be the norm. This effect neatypo small to turn out as significant with
our sample size and may explain the scarcity t@rlgffects in the adult test. Thus, the
absence of litter effects in our study does notssarily imply that genetics or early
environmental influences are unimportant but indisdhat litter effects were too small to be
detected in our sample. Conversely, the resultstpoithe importance of (later)

environmental influences on canine behaviour.

Furthermore, environmental differences can be degeo have a greater effect on
behavioural variability in our sample of pet dogsnpared to the working dogs of previous
studies, which tend to be kept under more unifoomddations and follow standardised training
regimes. Given that dogs are highly responsivleg social environment [64], the role of
the owner should not be forgotten. For exampleglfEs in personality dimensions in
humans and their dogs have been reported [65)ngamethods employed by the owners
were found to be related to dogs’ openness towamdsfamiliar person and how they
interacted with their owners in play [66], and owpersonality was related to stress coping in

human-dog dyads [67].

Conclusions

Our results suggest that early behavioural testsl yioor predictability regarding
future behaviour in pet dogs. While there are sordiations that puppy tests may have the
potential to identify negative extremes (e.g. [Zaf}l may serve to predict outcomes such as
working dog success, we want to caution against-mverpreting results from these early
assessments and highlight the importance of exgeidactors in the course of ontogeny in
influencing the adult dog’s behaviour. Despite blesssoming of dog research in the last
decades, we are still at the beginning of undedstgndogs’ behavioural development. Future
studies should investigate developmental trajeesdoy repeatedly assessing dogs between
the age of 6 weeks and 1.5 years and by follonwhegitup into old age. This will yield
further insights into the ontogeny of behavioudogs and the question from what age

meaningful predictions about later behaviour camiaele.
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Table S1.Final reduced models of effects of age, separaim@ and weight on the components
Activity and Vigour of the neonate tests (effectshe interaction between predictors and age are

not shown because they were removed in the mobiltga process).

Random
Dependent effect of Std.
variable Predictor best model Value Error numDF numDF F P
Vocal/ Litter
Sucking force  Weight (p=0.003) 6.13 0.02 1 79 0.002 0.0008
Time
separated 6.03 0.02 1 79 -0.005 0.002
Activity Weight None 0.000070.001 1 34 0.003 0.95
Time
separated 0.003 0.003 1 34 0.84 0.36
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Abstract
Measures that are likely to increase sociabilitgag puppies, such as appropriate socialisation,
are considered important in preventing future teaaggression related problems. However, the
interplay between sociability and conflict behavibas rarely been investigated. Moreover,
while many studies have addressed aggression iestantogs, alternative, non-aggressive
conflict resolution strategies have received lessndific attention. Here we tested 134 Border
collie puppies, aged 40-50 days, in a personagywhich included friendly interactions with an
unfamiliar person, exposure to a novel object, thnee brief restraint tests. Considering the
latter to be mild ‘conflict’ situations, we analyse/hether the puppies’ behaviour in the restraint
tests was related to their sociability or to thmtdness towards the novel object. Strategies
employed by the puppies duringstraint tests included trying to interact sogialith the
experimenter, remaining passive, and attemptimgdee away. In line with findings from
humans and goats, puppies scoring high on sodiahiére more likely to adopt an interactive
conflict resolution strategy, while those with Isaciability scores tended to react passively. In
contrast, avoidance behaviours were unrelateddialsidity, possibly reflecting inconsistency in
the flight strategy in dogs. Boldness towards ashobject was not related to sociability or to
puppies’ reactions in restraint tests. This is ohine first studies to demonstrate a link between

sociability and conflict resolution strategies mnrhuman animals.

Keywords:
Conflict resolution, personality, sociability, bolelss, dog puppie€anis familiaris
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1. Introduction

Group-living confers many advantages to animal$ siscincreased foraging or prey-
capture efficiency, defence of kills and territovigilance and defence against predators, and
rearing of young
(Krause & Ruxton, 2002). However, there are cost®eaated with sociality such as increased
competition, incompatible goals, or clashes ofrederegarding the coordination of activities or
travel decisions, which may lead to inter-indiviloanflicts (Aureli & De Waal, 2000;
Preuschoft & van Schaik, 2000; Aureli et al., 20B2rgmdiller & Taborsky, 2010). To maintain
the benefits of group living and avoid the costagdressive interactions, behavioural
conventions such as greeting gestures, reconaitigéffiliative post-conflict behaviours
between former adversaries), and the establishafeldminance relationships are common in
group living animals (de Waal 2000, Preuschoft & &haik 2000, Aureli et al., 2002).

Conflict management strategies such as appeasesodmnjssion, or avoidance serve to
increase tolerance within the group, control aggoesand reduce conflicts (reviewed in Aurel
& de Waal, 2000; Aureli et al., 2002; Miranda-dd_ma et al., 2011). In the behavioural
context, a strategy can be defined as a behavrowoliection of behaviour patterns which an
individual uses to achieve a goal, whereby diffetehavioural solutions to the same problem
may be equally successful (Mendl & Deag, 1993)ak been suggested that personality
represents an important, underlying factor forwidiials’ choices of strategy (Miranda de la
Lama et al., 2011). Work primarily on rodents anthe birds has shown that responses to
challenge — referred to as ‘coping styles’— arerofelated to a suite of other behavioural
tendencies, as well as physiological responsesidive individuals are bolder, more explorative,
and tend to react to stressful events with a faghilight response, whereas reactive individuals
show lower aggressiveness, tend to freeze in axes#iuations, and are more flexible to
environmental changes (Benus et al., 1991; Koolkaat, 1999; Carere et al., 2010).

In humans, personality factors, especially thotsed to social interactions —
extraversion and agreeableness — are suggestedhgpiul predictors of individual preferences
of conflict resolution strategies (Wood & Bell, Z)0Similarly, it has been suggested that
behaviour, such as use of aggression, in hon-hanamals can be predicted and manipulated
based on a knowledge of individual coping strate@Mend| & Deag, 1995). However, there is a

lack of studies on conflict behaviour other thagragsion and post-conflict reconciliation
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(reviewed in de Waal, 2000, Aureli et al., 2002hon-human animals, particularly in non-
primate species (Judge, 2000; Aureli et al., 2002 see Miranda-de la Lama et al., 2011).
Moreover, apart from the coping styles model, whkeepresence or absence of a fight/flight
response or freezing in a challenging situatianhgrent in the definition of two behavioural
extremes (proactive and reactive coping styles,likaas et al., 1999), links between personality
and behaviour in social conflict situations in fwman animals have received little scientific
attention (but see Thierry, 2000; Cote & Clobe®)2, Miranda-de la Lama et al., 2011).

Domestic dogsGanis familiarig constitute a suitable model species to investitjad
proposed link between personality and conflict ketsan for various reasons. Over the course of
domestication, they appear to have evolved spsetaknd flexible social skills for reading
human social and communicative behaviour (Hare &asello, 2005), and the human
environment and social setting has become theirala¢cological niche (Mikldsi et al., 2004).
Thus, it is possible to test dogs’ personality eadflict behaviours outside of the laboratory
environment but in a standardised way by usingradrutest person. Many studies have
described different personality traits in domesdtigs including reactivity, fearfulness,
trainability, aggressiveness and sociability (rexad in Jones & Gosling, 2005). Surprisingly,
not much scientific information is available on @ant resolution strategies in dogs (but see
Cools et al., 2008, for reconciliation followingraspecific conflict). A few papers report dogs’
differential responses in inter-group conflicts (Bani et al., 2010), or to a threatening human
(Vas et al., 2005, 2008; Horvath et al., 2007; Deebter et al., 2008; Gy et al., 2008). Walker
et al. (1997) classified dogs’ strategies in relatio fear behaviour, adapting the model by
Marks (1987a as cited by Walker et al., 1997) ezee(immobility), flight (withdrawal, escape,
avoidance), flirt (deflection of attack and appeaset/ submission), and fight (aggressive
defence). Lindsay (2005) similarly suggested thiedang five behavioural reactions in conflict
situations in dogs: fight, flight, flirt, freeze i for the situation to change), and forbear
(tolerate or accept the situation).

Relating personality and conflict resolution in ddtas been addressed only to the extent
that behavioural assessments have aimed at idegtidpgs’ tendency to react aggressively,
typically by threatening or manipulating the dogbgrremoving resources from the dog (e.qg.
Netto & Planta, 1997; Bollen & Horowitz, 2008; De=kkter et al., 2008; van der Borg et al.,

2010; Bennett et al., 2012). There is currentlgck lof scientific data on dogs’ use of alternative,
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non-aggressive, conflict resolution strategies. &uor was therefore to determine alternative
conflict resolution strategies in dogs and to itigege whether dogs’ reactions to a perceived

conflict situation are related to their personalfgrticularly their sociability and boldness.

We compared the behaviour of 134 Border collie jpegpm a friendly greeting situation
with an unfamiliar person to that in three restréasts (a back test, a simulated veterinary
examination and staring into the puppies’ eyes)ctwhbould be perceived as conflicts by the
dogs. We predicted that the puppies’ sociabilitgasitively correlated with active but
nonaggressive ways of conflict resolution (intei@gtc.f. flirt strategy), and negatively with
aggressive (fight strategy) or avoidant (flightastgy) strategies (c.f. Walker et al., 1997,
Lindsay, 2005). Passivity could either indicatehhiglerance (forbearing) or constitute a freeze
strategy (c.f. Lindsay, 2005). While highly socialpluppies might potentially be more tolerant of
handling, less sociable puppies might be moreyikelfreeze during handling; therefore no a
priori prediction was made. Given a suggested aasoc between boldness and reactions in the
back test (e.g. Hessing et al., 1994 — but seenfranmket al., 1995), we furthermore analysed

whether boldness towards a novel object was retatbéhaviour in the restraint tests.

2. Methods
All procedures were performed in compliance with &ustrian animal protection law
and the University of Vienna’s ethics guidelinesd avith the breeders’ consent. No special

permission for use of animals in such non-invasiveo-cognitive studies is required in Austria.

2.1. Subjects and test setup

We tested 134 Border collie puppies (aged 40-58,d&¥ males and 62 females) from 23
litters of 15 different breeders in a personal@stt All breeders were small-scale breeders (with
typically 1-2 litters per year) and bred accordiodg-Cl| (Féderation Cynologique Internationale)
standards, and the puppies spent most of theiritirttee house. Due to the risk of disease
contraction for the young puppies, all tests weneied out at the breeders’ homes, but in rooms
that were unfamiliar to the puppies (only one flittead to be tested in a familiar room because no

unfamiliar room was available).
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2.2. Behavioural tests

All tests were conducted by the same experimefig),(who was unfamiliar to the
puppies prior to the test. A cameraman filmed &% for subsequent video analysis. Besides the
experimenter and the cameraman, the breeder onikaiaperson was present in 62 of the 134

tests — this was accounted for in the analysis lfsé®mv).

The test lasted about 20 minutes per puppy andstedsof eleven subtests exposing the
puppy to different social and non-social stimuédslable 1 for descriptions of the subtests).
These form part of a test routinely used for assggsuppies’ suitability as service dogs (Erik
Kersting, Hundezentrum Canis Familiaris, pers. con8ocial tests started after an initial
exploration phase of two minutes in which the pupay free to explore the unfamiliar
surroundings. None of the people present interastédthe puppy during this time. The first
social test was the greeting test (subtest 2)desassociability. The three restraint tests (stbtes
6-8), back test, vetcheck test and staring tebbvied after three subtests that were not used for
analysis here (see Table 1). The novel objecttasdtituted the final test in the sequence.

Following the restraint tests, the experimenteoliexi the situation by crouching,
encouraging the puppies to approach, and integpetith the puppies in a friendly way. Despite
constituting potentially stressful situations, tkstraint tests did not appear to affect the pugpie
ensuing behaviour in a negative way. They did hotsstrongly submissive or fearful
behaviours during the restraint tests; only onegpgupat had recently woken up urinated during
the back test. After the test, the puppies usuetlyrned to the experimenter when encouraged to
exchange affiliative interactions.
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Table 1.Summary of the subtests of the puppy personaldty Teests used for the present paper are in bald fo

Subtest Description Aim Durati
on
1. Room The puppy was allowed to explore the unfamiliamndor two minutes; experimenter, cameraman Not used for analysis 60 s
exploration and breeder remained passive. here.
2. Greeting test The experimenter crouched down appximately 2.5 m away from the puppy and encouraged Determining 60 s

3. Play

4, Following test

5. Problem
solving

6. Back test

7. Vetcheck test

8. Staring test

it to make contact by calling its name, chatting ira friendly voice or clicking her tongue. When individual

the puppy approached, she petted the puppy and ta#ld to it in a friendly way for 20 seconds. If sociability.

the puppy did not want to approach within 45 seconsl the subtest was terminated.

The experimenter tried to engage the pupplay by wiggling a soft toy in front of it. Whehe Not used for analysis 2-3
puppy was following and/or trying to grab the toy &t least 10 seconds, she threw it two metres here. min
away and vocally encouraged the puppy to retuhretawnith the toy. This was repeated three times.

The experimenter started wallamgay from the puppy, encouraging the puppy to ¥lty calling  Not used for analysis 60 s

it, clicking her tongue, and clapping her handsngfing direction of movement several times. here.
The experimenter showed some pieces of sausage fuppy and then placed them under a Not used for analysis 2-4
transparent cup, which the pup had to knock ovebtain the food. This was repeated three timeshere. min

The experimenter was sitting on thedbr and gently turned the puppy on its back, holdig it in  Determining conflict 25s
this position with both hands while casually lookiig at the puppy, but not staring at it in a resolution strategies.
threatening way.

Simulated veterinary examinationThe experimenter, sitting on the floor, stroked thepuppy’'s  Determining conflict 30 s
body, touched its paws, looked into its ears and amined its teeth. resolution strategies.

The experimenter lifted the puppy p, holding it upright under its armpits, so that she could Determining conflict 30 s
look directly into its eyes. When the puppy avertedts gaze, the experimenter reoriented the resolution strategies.

puppy and took up eye contact again.
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Table 1 continued

Subtest

9. Startle test

10. Table test

11. Novel object

test

Description Aim

A balloon was burst approximatety @way from the puppy. Thereafter, the experimente Not used for analysis
behaved cheerfully and tried to engage the pupman here.

The puppy was placed at the cehtrdable for one minute. Four different dog togsl lbeen Not used for analysis
placed in the four corners of the table for theuip explore. here.

A battery-powered toy looking like a paper bag, appox. 20 x 10 x 5 cm, was placed approx. 2 Determining boldness.

m away from the puppy to assess its reactions toemovel object’s erratic movements.

Durati

on

60 s

60 s

60 s
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2.3. Data processing

The puppies’ behaviour was scored by the first@ufitom the videos, using Solomon
coder (© Andras Péter), according to the defingionTable 2. A range of socio-positive
behaviours was scored during the greeting testéstiB), using ordinal scores and presence/
absence of behaviours. For the back test (subtedtiations of struggling and vocalising were
coded. In the vetcheck test (subtest 7), attenoptseract with the experimenter by licking or
mouthing of the experimenter’s fingers/ face anthpe behaviour were noted. In the staring test
(subtest 8), the number of times the puppy avetseghze was counted. In the novel object test,
approach latency, tail position and whether orthetpuppies ‘*hunted’ the novel object (i.e.,
jumped at the object with their fore paws and/ibimto it) were scored and minimum distance
to the novel object was estimated (Table 2). Feisteerminated prematurely due to
measurement error (back test: N=12, range 14.6224tring test: N=7, range 14-29.2 s),

durations and frequencies were extrapolated téuthduration.
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Table 2.Scoring of variables derived from video analysi®efaviour in the various subtests. Subtests ardered as in Table 1.

Variable Type Score Description
2 Greeting test
2a. Approach Rating 0 Does not approach the experimenter (10 cm fromraxpater’s hands) within 45 seconds.
latency
Approaches the experimenter within 21-45 sdsaiter she started calling.
Approaches the experimenter within 11-20 sdsatiter she started calling.
Approaches the experimenter within 10 secafigs she started calling.
2b.  Tail-wagging Rating 0 Wags tail <30% of intérac time.
Wags tail 30-69% of interaction time.
2 Wags tail 70% or more of interaction time.
2c.  Jumping up Absence/ 0 Does not jump up orkzlimo experimenter’s lap.
Presence 1 Jumps up or climbs into experimeriegy’s
2d. Pawing/ rolling Absence/ Does not give the paw or attempt to roll over.
over
Presence 1 Gives the paw or rolls over/ perfontesition movements to roll over.
6. Back test
6a. Struggling Duration Quick movements of body, head, and legs. Doeswhide slow movement of individual limbs or
% time the head. Absolute duration in seconds (precisiars))
6b.  Vocalising Duration % time Duration of vasations. Absolute duration in s (precision 0.2 s).
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Table 2 continued

Variable Type Score Description
7. Vetcheck test
7a. Flight Absence/ 0 No escape attempt.
Presence 1 Escape attempt (trying to move awtythe whole body while being held — does not idelu
movement with the head to avoid teeth control dkiwg away when not held).
7b. Interaction Absence/ 0 Mouthing or lickingexfperimenter’s fingers/ face for <20% of the time.
Presence 1 Mouthing or licking of experimentéirigers/ face for at least 20% of the time.
8. Staring test
Look away Event Frequency Averting gaze (head away from experimenter’s face). This is follal\®y the experimenter
reorienting the puppy to look into its eyes again.
10. Novel object
test
10a. Approach Rating 1 Does not approach to within 20 cm of tbeeh object within 30 s.
latency
Approaches to within 20 cm of the novel obpter 5 s.
Approaches to within 20 cm of the novel obj&ithin 5 s/ does not retreat more than 20cm when
approached by the novel object.
10b. Tail position Rating 1 Tail mostly low.
Tail partly low, partly medium/high.
Tail mostly medium to high.
Absence/ 0 Puppy did not ‘hunt’ the novel objg@emp at the object with the fore paws and/ or bite it).
10c. Hunt Presence 1 Puppy ‘hunted’ the novel ol§jex, jumped at the object with their fore paamsl/ or bit into it).
10d. Minimum Estimate continuous  Estimated closest distance ¢Eplippy to paper bag.

distance
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Reliability coding for the above variables was paried by two coders coder not involved in the
study for 20 randomly selected puppies, one froah @ 20 litters, with one coder coding the
greeting test and the restraint tests and the otiiing the novel object test. Reliability was
assessed using Cohen’s weighted kappa for scodeSrambach’s alpha for frequencies,
durations and estimated distance. Correspondenuadefs was good for all coded variables:
Cohen’s weighted kappa was 0.71 for approach lgtsoare, 0.88 for jumping up, 0.70 for tail-
wagging score, and 0.67 for giving the paw/ rollonwger in the greeting test, 1.0 for interacting
with the experimenter during the vetcheck test30d8 fleeing during the vetcheck test, 1.0 for
passive behaviour during the vetcheck test, 0.6afproach latency score in the novel object
test, 0.92 for tail position during the novel olbjezst, and 0.89 for hunting of the novel object.
Cronbach’s alpha was 0.95 for duration of struggtinring the back test, 0.84 for duration of
vocalising during the back test, 0.88 for frequeatgaze avoidance during the staring test, and

0.89 for the estimated minimum distance of the pego the novel object.

Statistical analysis was carried out using R 2.1R.@evelopment Core Team, 2010) and
SPSS Statistics 21. (IBM Corp. Armonk, NY, 20129n%ple size was 134 for all tests. Nonlinear
principal components analyses (called CATPCA oegatical principal components analyses in
SPSS; Linting et al., 2007, Linting & Kooji, 201&kre performed on relevant subsets of
variables to obtain components for sociability, fionhresolution strategies, and boldness.

Linear mixed models (LMM) were calculated to assffascts of sociability and boldness
on behaviour in conflict situations. Componentswe from the restraint tests were dependent
variables, and sociability (assessed in the grgeést), boldness in the novel object test, and
presence or absence of the breeder (to accouatdossible effect of the breeder’s presence on
the puppies’ behaviour during the test) were inetlids fixed effects. Interactions between the
predictors were included in the initial models, banhe of these turned out as significant and so
they are not discussed in the results. Also, pasehthe breeder did not act as a confounding
factor (no effect in any of the models) and is éfiere not discussed further. Therefore, we
present reduced models where only the main pradietsociability and boldness — were
retained. Litter nested within breeder was include@ random effect in the initial models.
Subsequently we computed alternative models witremdom effects or with breeder only or
litter only as a random effect and compared gocglnésit of the different models with

likelihood ratio tests.
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3. Results
3.1. Greeting Test

Latency to approach the stranger, amount of tagjgiray, jumping up and pawing/
rolling over all had high positive loadings on firet component of the CATPCA (Table 3),
accounting for 44.7% of total variance. This comgrarnwas labelled ‘Sociability’ and was used

in the ensuing analysis.

Table 3.Variable loadings on the CATPCA component ‘Socigibibnd accounted variance.

Component 1

Original variable Sociability

Approach latency 0.77
Tail-wagging 0.84
Jumping up 0.62
Pawing/ rolling over 0.34
% of variance 44.72

3.2. Restraint tests

The puppies showed various behavioural reactiorenvidaced with potential conflict
situations in the restraint tests. All but two pigspstruggled during the back test, and 114 of the
134 puppies also vocalised. The median proportidim® spent struggling and vocalising was
71.7% (Interquartile Range IQR=51.7-85.3%) and Zb(B)R=4.7-50.7%) respectively. Only
two puppies displayed aggression (snapping attperanenter’s hand) during the back test.
Due to the 1/0 scoring system, only distinct resesrnwere identified in the vetcheck test: 51
puppies (38.1%) were passively tolerating the pitaoes 37 puppies (27.6%) tried to interact
with the experimenter by mouthing or licking thepermenter’s fingers/ face but did not
attempt to escape; 34 puppies (25.4%) tried to naowesy but did not interact with the tester;
and 12 puppies (9.0%) showed both interaction aodpe attempts. During these handling
procedures, no stiffness or other signs of aggrassere shown by the puppies. During the
staring test, the number of times the puppies addheir gaze ranged from 0 to 20 (median = 8,
IQR=4-11).

The CATPCA of the restraint test variables yiel@stbmponents accounting for 76.8%
of total variance (Table 4). Puppies with high eswn the first component ‘Passive/ Low
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Interaction’ tended to show passivity or low levefsesponses in all three restraint tests.
Puppies with low values on the first componentttie diffuse the situation through social
interaction or social signalling, such as by lickior mouthing of the experimenter’s hands or
face during the vetcheck test, looking away duthmgstaring test, and (to a lesser extent) also
struggling and vocalising during the back test. gtep with high values on the second
component ‘Flight’ tried to escape during the vetdhtest and were less likely to show passive
behaviour, looking away and vocalising. Puppiefiwigh values on the third component
‘Struggle’ showed a lot of struggling in respongéhe back test and also tended to look away

during the staring test.

Table 4.Variable loadings on the three CATPCA componertasifthe restraint tests and accounted

variance.
Component 1 Component2 Component 3
Passive/ Low
Restraint Test  Original variable Interaction Flight Struggle
Back Test Struggling -0.46 -0.03 0.77
Vocalising -0.45 -0.42 -0.34
Vetcheck Test  Flight -0.25 0.88 0.10
Interaction -0.79 -0.24 -0.37
Passive 0.78 -0.53 0.24
Staring Test Look away -0.59 -0.43 0.41
% of variance 34.15 24.59 18.00

3.3. Novel Object test

The first component, labelled ‘Boldness’ accourfteds3.48% of variance. A short
latency to approach the novel object, tail posiaod ‘hunting’ of the novel object loaded highly
negatively on this component, while minimum dis&atz the novel object had a high positive
loading (Table 5). Thus, high values on this congmrindicate a lack of boldness.
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Table 5.Variable loadings on the CATPCA component ‘Boldhessl accounted variance.

Component 1

Original variable Boldness
Approach latency -0.80
Tail position -0.81
Hunt -0.72
Minimum distance 0.85
% of variance 60.55

3.4. Relationship between ‘Sociability’, ‘Boldneasd behaviour in restraint tests

Effects on the ‘Passive/ Low Interaction’ component

A LMM assessing the effect of ‘Sociability’ and ‘Bimess’ on a ‘Passive/ Low
Interaction’ response yielded a highly significasgative effect of ‘Sociability’ (Table 6, Fig.
la). That is, more sociable puppies were morelit@interact with the tester and less likely to
show a passive response in the potential conftigaisons. In contrast, ‘Boldness’ had no
significant effect on the dependent variable (T&)leLikelihood ratio tests showed that
goodness of fit of a model with litter nested witlhireeder as random effect was significantly
better than that of a model including only breesterandom effect (L.Ratio=12.59, p<0.001),
but did not differ from a model including only &ttas random effect (L.Ratio<0.001, p=0.99).
The latter model was therefore retained (Tabl&d Bi)s model was significantly better than a
model without random effects (L.Ratio=22.54, p €0.)) demonstrating an effect of litter on the

tendency to show a passive or interaction responsestraint tests.
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Table 6. Summary of mixed effects models, showing effectSotiabiliy’ and ‘Boldness’ (fixed
effects) on the restraint test components ‘Passie@/ Interaction’, ‘Flight’, and ‘Struggle’. All prsented

models include litter as a random effect.

Dependent variable Modelterm  Value  Std. Error numOF  denDF F P

Passive/ Sociability 1 110

Low Interaction -0.21 0.08 7.97  0.006**
Boldness 0.04 0.08 1 110 526 0.61

Flight Sociability 0.01 0.09 1 110 0.01 0.91
Boldness 0.04 0.09 1 110 ga9 0.66

Struggle Sociability 001 0.08 1 110 0.002 0.97
Boldness 0.08 0.09 1 110 g8 0.35

Effects on theFlight’component

Neither ‘Sociability’ nor ‘Boldness’ had a signiéint effect on the ‘Flight’ component
(Fig. 1b, Table 6). A model with litter nested witloreeder as a random effect was significantly
better than a model without random effects butrditidiffer significantly from models with
either breeder only (L.Ratio<0.001, p=0.99) oelitbnly as a random effect (L.Ratio= 1.03, p=
0.31; Table 6). Both models were significantly bethan a model without random effects
(random effect - breeder: L.Ratio=9.85, p=0.00andom effect - litter: L.Ratio= 8.81,
p=0.003), demonstrating that the tendency to flferdd between puppies from different
breeders or litters, but was not related to pupfseiability’.

Effects on the ‘Struggle’ component

A model testing for effects of ‘Sociability’ and d&iness’ on the ‘Struggle’ component
found no significant effect for either predictora@le 6, Fig. 1c). A model including litter nested
within breeder as a random effect did not diffgngicantly from a model including only litter
(L.Ratio=0.006, p=0.99) but was significantly bettean a model including only breeder
(L.Ratio=15.53 , p=0.001). The model includingditas a random effect was also significantly
better than a model without random effects (L.R&t& 70, p <0.001) and was therefore selected
(Table 6).
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Fig. 1Individuals’ object scores for the ‘Sociability’ mponent plotted against object scores for (a)

‘Passive/ Low Interaction’ (b) 'Flight’ and (c) ‘G&tggle’.

In summary, ‘Sociability’ was positively associatedh interaction during restraint tests
and negatively with passivity. In contrast, themswo relationship of ‘Sociability’ with flight
responses and struggling. ‘Boldness’ was unrelatedactions in the restraint tests. Responses

in restraint tests were, however, affected byrlistebreeder.

4. Discussion

The dog puppies showed much variation in theirimglhess to engage positively with the
unfamiliar experimenter during the greeting testjoh was assumed to measure sociability. The
fourth to eight weeks of life are particularly imrfpant in the socialisation of dog puppies (Lord
2013); thus puppies’ behavioural responses may begr affected by previous experiences
with unfamiliar people and handling procedures. étheless, this does not preclude the notion
of personality, as the expression of personaléidrs influenced by an interaction of genes and
experiential factors (Stamps & Groothuis 2010)tdribr breeder significantly affected
responses in all restraint tests, suggesting tiegptippies’ behaviour was influenced by genetics,
maternal factors, and/ or early environment. Thatire influences of these cannot be

determined from our data.

The CATPCA components of behaviour in the thretagd tests can be considered to
reflect three (or four) different conflict resolomi strategies. Puppies that showed no or few overt
behavioural reactions had high values of the Gisshponent (‘Passive/ Low Interaction’), which
may be comparable to a freeze response (Walkér, 987 and Lindsay 2005), forbearing
(Lindsay 2005), ‘standing still’ during a physiedamination (Akerberg et al., 2011), a passive
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strategy as found by Vas et al. (2008, 2005), lera&ting (Gyri et al., 2010). In contrast, low
values on the ‘Passive/ Low Interaction’ compongate associated with interaction with the
experimenter (licking, mouthing, and gaze aversidh)s might correspond to the flirt strategy
defined by Walker et al. (1997) and Lindsay (20@5)0 dogs’ friendly or contact-seeking
responses towards a human who is threatening tWiamdt al., 2008, 2005; @x et al., 2010)
or performing a physical examination (Akerberglet2011). The second component (‘Flight’)
corresponds to a flight strategy (Walker et al97;9.indsay 2005; De Meester et al., 2008) or
can be compared to dogs’ active avoidance/ movih@/as et al., 2005, 2008; Gy et al.,
2010).

Struggling in the back test, the variable that Emhdchost highly on the third component,
could be interpreted as an attempt to escapetiegisn (thus it could be classified as a flight
strategy, c.f. Forkman et al., 1995) or as a fgjtategy (Walker et al., 1997). Struggling was not
associated with aggressive behaviour (fight stsgtexs only two puppies displayed any
aggression (snapping during the back test) aThit lack of aggressive responses could be
explained by the young age of the puppies andéoalise they did not perceive the tests as
severely threatening. If we interpret strugglingaasidance behaviour, then the puppies with
high values on the third component could be sadidplay both elements of active avoidance
(moving away) and passive avoidance (gaze averaiter)Vas et al. (2008). Notably, struggling
during the back test seemed to be unrelated tpeseaponses during the vetcheck test;
however, the loading of looking away on the ‘Striegfactor would be suggestive of avoidance

behaviour, rather than a fight response.

It is possible that flight responses are a morenststent strategy in dogs than other
forms of conflict resolution: When analysing testest responses to a threatening human, Vas et
al. (2008) found that dogs exhibiting friendly breatening behaviour tended to respond
consistently in a subsequent test, whereas dogsiftéal as active avoidant (moved away behind
the owner from the approaching stranger whilst keepye contact) or passive avoidant
(interrupted the eye contact with the strangeraredted its gaze permanently) altered their
responses (Vas et al., 2008). If dogs’ avoidantaweur in social situations is generally
inconsistent as suggested by Vas et al. (2008) cthuld explain the lack of a relationship
between the ‘Flight’ and the ‘Struggle’ componeats! with ‘Sociability’ in our study.

Moreover, the main variables on the componentgliEliand ‘Struggle’ differ in that the flight
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response was scored as present/ absent, wheredmntireating variable of the ‘Struggle’
component — proportion of time spent strugglingas\a continuous variable. The puppies may
have perceived the back test as more threatenamgttte vetcheck test and so nearly all of them
exhibited some degree of struggling during the liask whereas only 25.4% tried to escape
during the vetcheck test. Such a situational chamgesponse strategy is in line with Vas et al.’s
(2008) interpretation who suggest that the chandeehavioural responses of ‘active avoidant’
or ‘passive avoidant’ dogs with repeated testing oen be regarded as different manifestations

of the same continuum, for example representingagu/ avoidance motivational conflicts.

No correlation between ‘Boldness’ towards a nougéct and the ‘Struggle’ component
(or any of the other components of conflict resohit was found; neither was there an
interaction between ‘Boldness’ and ‘Sociabilityhi$ lack of a relationship between social and
non-social tests indicates that sociability andflacirbehaviour in dog puppies may not reflect a
generalised coping style or behavioural syndronterekng to non-social behaviours. Similarly,
MacDonald (1987) found fear of objects to be uniegldo attraction towards humans in young
wolves, and Forkman et al. (1995) reports the tHck relationship between numbers of escape
attempts during the back test in piglets and theifformance in other behavioural tests including
a novel object test, extinction of a learned resppaggressiveness and social dependence. We
conclude that social behaviour and boldness towaram-social stimulus and are not related in
our sample of well-socialised dog puppies. Clehifjher generalised fearfulness can be
expected in puppies that have received little $@rid non-social stimulation, such as those
raised in non-domestic environments (c.f. Applebgle 2002), which might explain the
reported relationship between the factors ‘Sodigband ‘Curiosity/Fearlessness’ in domestic
dogs (Svartberg, 2002).

We acknowledge that conclusions about persondibylsl be cautious as no measure of
temporal consistency (inherent in the definitiorpefsonality) is available in this study.
However, our findings are in agreement with resinti;m human children: In developmental
psychology, children are often classified into éhggoups according to their styles of emotional
regulation, which seem to be related to both tbeaiability and their conflict resolution
strategies (Blair et al., 2004). Children describedhighly inhibited’ tended to show socially
withdrawn behaviour and passive coping in conliaiations, which corresponds to those

puppies that showed low interest and little affilia behaviour towards the stranger during the
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greeting test and tended to react passively imabtaint tests. Children who are ‘optimally
regulated’ were found to exhibit the most posit@éaptive behaviour in conflict situations and
were judged as more sociable and socially compéBtair et al., 2004). These may correspond
to puppies with high sociability scores. As aggi@ssvas hardly observed in our study, we
found no equivalents to children classified as &nedntrolled’, who score low in prosocial
behaviour and are most likely to employ non-cortiive strategies such as reactive aggression

when in a social conflict situation (Blair et &Q04).

There are furthermore parallels between our studyaastudy on domestic goaGapra
hircus) in a related context, third-party interventionconflicts and use of agonistic or affiliative
strategies. Goats with an ‘affiliative profile’ esged in frequent affiliative interactions during
everyday life and primarily used active, non-agbaistrategies when in a conflict situation,
aiming to reduce social tension (Miranda-de la Latal., 2011). These individuals can be
compared to puppies with low ‘Passive/ Low Inte@ttscores, which showed high sociability
towards the experimenter and reacted to restrasts by trying to interact with the experimenter.
In contrast, goats with a passive profile seemddferent to their social environment, neither
engaging in affiliative interactions nor in contc- similarly as the puppies scoring high on the
‘Passive/ Low Interaction’ component. The ‘avoigeofile’ in goats, characterised by an
avoidance of conflicts, could be compared to puppeoring high on the ‘Flight’ component and
presumably also on the ‘Struggle’ component; howea® discussed above, the flight — or
avoidance — strategy seemed less consistent istody and was not related to sociability.
Finally, goats with an ‘aggressive’ profile usedjgggsion as the main mechanism of social
relationships. At least in the interaction with hama, consistent aggressive strategies may be
unlikely to occur in domestic dogs, which have bselected for low levels of aggression and a
high level of social tolerance towards humans (dage et al., 2012) and developed effective
mechanisms to negotiate interactions and avoi@shkalation of conflicts in interaction with
humans (G§ri et al., 2010).

5. Conclusions

We show that conflict resolution strategies aratesl to sociability in dog puppies. The
most sociable puppies were most likely to empldiva@nd communicative ways of conflict
resolution, while passive responses were negatagdpciated with sociability. These results add

to previous findings that dogs showing aggressiaaioed lower sociability scores in a
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behavioural assessment (Valsecchi et al., 201 By &kre further in agreement with the proposed
importance of measures which are likely to incrgaggpies’ sociability (i.e. appropriate
socialisation) in preventing future problem behavie.g. Freedman et al., 1961, Serpell, 1995,
Duxbury & Anderson, 2003). Even though our socigbiheasure is rather rough and can only
represent a snapshot in time, the observed re#dtipribetween dog puppies’ sociability and
conflict resolution strategies is in line with finds from other species. The relationship of
sociability and conflict behaviour in adult dogs,veell as their stability over time, warrants

further research.
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Abstract
Individual differences in impulsivity occur at agrotive and/or behavioural level and are
associated with differing life outcomes. Howevearthis a lack of empirical evidence to support
the long-term stability of these characteristica@gm-human animals. This study reports on the
stability of convergent measures of impulsivitydimmestic dogs assessed more than six years
apart. Measures were (1) owner assessment by réarestionnaire, the validated ‘Dog
Impulsivity Assessment Scale’ (DIAS) and (2) dogsiformance in a delayed reward choice
test. Dogs had 15 minutes free access to two fmedsers, one dispensing a piece of food
immediately, the other dispensing three pieces aftielay, which increased by one second
every other time the dogs sampled it. Maximum dedmghed in this task reflects decision
making, or cognitive impulsivity, whereas the rateextra presses on the delayed reward device
during the delay can be considered as a measunetof or behavioural impulsivity. DIAS
scores were strongly and significantly correlatess years. The maximum delay reached in
the behaviour test was also highly stable, whepaaspressing rate was uncorrelated between
the years. These results demonstrate that cogtitivaot motor impulsivity is highly consistent

over time in dogs.

Keywords: dog€anis familiaris impulsivity; delayed reward choice; personaltbst-retest

reliability; stability
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Introduction

Many authors report two major facets of impulsiyitye ability to delay gratification (cognitive
impulsivity) and the ability to, inhibit prepotergsponses (motor impulsivity), Dougherty et al.
2003, Arce and Santisteban 2006). A common tefitesfe abilities in humans and non-human
animals is the delayed reward task in which subja® given a choice between an immediate
lower value reward and a higher value reward afteéelay. Humans may be asked questions
such as “Would you rather have (X amount) now oatYount) in (a given delay period)?”, with
hypothetical or real rewards such as money, fotwd,(©@dum 2011). Nonhuman animals may be
given operant choices via lever presses or keygpbekveen an immediate lower value
reinforcer (e.g. one piece of food) and a delayigtdr value reinforcer (e.g. three pieces of food,
Wright et al. 2012). Individuals’ delay choice dagconsidered as a measure of cognitive
impulsivity, while the ability to refrain from respding during the delay can be considered as a
measure of motor impulsivity.

Across species, individuals tend to discount tHaeevaf rewards that are delayed, as reflected by
a decreasing preference for an increasingly delegwdrd. Nonetheless, this phenomenon,
known as delay discounting, exhibits substantidiviclual differences (Kalenscher et al. 2006;
Jimura et al. 2013), which are associated withraetaof life outcomes. High individual levels

of impulsivity (fast discounting) are related ttestion deficit hyperactivity disorder, substance
abuse, pathological gambling, obesity and aggredsahaviour in humans (Cherek et al. 1997,
Winstanley et al. 2006, Reynolds 2006, Odum 2044 )yvell as to aggressiveness in hon-human
animals (rats: van den Bergh et al. 2006; goldendters: Cervantes and Delville 2009) and to
owner-reported ‘behaviour problems’ in domesticslfgyright et al. 2011).

In their pioneering work, Mischel and colleagued88) measured how long preschool children
were able to resist taking an immediate reward @g marshmallow) to obtain a higher value
reward later (e.g. two marshmallows). They fourat #bility to wait in preschoolers was
predictive of attentiveness, academic and sociapstence, and ability to deal with frustration
and stress as adolescents (Mischel et al. 1988edfer, individuals who were less able to
delay gratification in preschool performed more fypthan those more able to delay in a go/no-
go task 40 years later (Casey et al. 2011). Howtese studies remain rare examples, with
behavioural tests of temporal stability of impuigivn humans typically spanning only a few
weeks. In behavioural tests, good long-term tegstaeliability has only been reported in
relation to monetary rewards (Audrain-McGovernle2@09, Kirby 2009, Anokhin et al. 2011).
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Models of impulsivity in animals similarly lack alsust demonstration of test-retest reliability
over long-term time frames, despite suggestionsitjaulsivity is a stable characteristic
persisting across experiments (Zaichenko and Memfe2011). Although there has been
increased interest in ‘animal personality’, defireed‘individual differences in behavior that are
consistent across time and contexts” (Stamps andtfuis 2010), in recent years (Réale et al.
2007), the temporal consistency of traits is ofteglected, especially over long time intervals.
For instance, with one exception (van den Berd. 006 on consistency of aggressive
behaviour in dogs), intervals for assessing refpdataof behaviour in dogs have not exceeded
1.5 years (reviewed in Fratkin et al. 2013).

Here, we aimed to assess the stability of two nreasof impulsivity in domestic dogs over a
six-year period, one using a validated psychom&otbased on owners’ reports (the ‘Dog
Impulsivity Assessment Scale’, DIAS), the otheregsing performance in a delayed reward
choice test. These measures have previously beswndo be related, demonstrating convergent
validity (Wright et al. 2011, 2012).

Methods

This study is a follow-up of the work of Wright &t (2011, 2012), conducted in 2006, with a
repetition of two methods for assessing impulsietythe same dogs. Thirteen dogs of mostly
medium-sized breeds (Belgian Shepherd (Tervuresm) Border Collies, Cocker Spaniel,
German Shepherd Dog, German Spitz, Labradoodleaiie Poodle, Spanish Water Dog, and
four cross-breeds) that had participated in thgiai study were re-tested in 2013. The subjects’
age ranged from 7.5 to 11.5 years (mean 9 years).

Dog owners completed the Dog Impulsivity Assessnsaatie (DIAS), a validated 18-item
questionnaire (Wright et al. 2011). The questiorengields an overall questionnaire score
(OQS) and values for three main factors, labelBehavioural Regulation’ (F1 — reflecting

items relating to excitability and behavioural qofjt ‘Aggression and Response to Novelty’
(F2), and ‘Responsiveness’ (F3 — reflecting iteglating to focus and ease to train). The DIAS
has previously demonstrated convergent validitywibth a delayed reward choice test and
physiological markers of serotonergic and dopangiiceiunctioning (Wright et al. 2012).

Dogs were tested in a delayed reward choice task2(306 (described in detail in Wright et al.
2012). After pre-training on a ‘neutral’ devicertake sure that the dogs remembered the action
of pressing the panel, they were given 10 forcemaghtrials on each of the two test devices.

Pressing of the immediate reward device resulteshmediate delivery of a single piece of dry
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food, while pressing of the delayed reward deviegk®d the start point of a three-second delay,
after which three pieces of food were deliveredlldwing the forced choice trials, dogs were
given continuous free access to the two devicea fis minute period as described in Wright et
al. 2012. Starting at three seconds, the delapemlélayed reward device was increased by one
second every other time the dogs chose the langarde(consistent with the method used by
Wright et al. 2012). When a dog switched to thelsmmanediate device before the delay was
over, this cancelled the choice of the large delagevard and resulted in the dispensing of one
piece of food from the small immediate device. Wttrendogs subsequently selected the delayed
reward device again, the time delay continued ¢oeimse from the delay that had been reached
on the previous press of that panel (i.e. the defay not reset by the alternative choice of the
small immediate device). During testing, the damshers sat in a chair at the back of the test
room, filled in the DIAS and did not interact withe dogs.

The maximum delay reached (MaxD) in the 15 minets®n and number of extra presses (i.e.
presses from first press to delivery of reward}fendelayed reward device during the waiting
period were considered to be measures of cogratidemotor impulsivity respectively, since
delayed choices reflect the ability to weigh theseguences of immediate and future events and
consequently delay gratification (cognitive impuisi), while rate of paw pressing is a form of
response inhibition (motor impulsivity)(Arce & Sateban 2006). Most dogs show an initial
preference for the large delayed device, and afth@electing the large delayed device does not
lead to gain maximization at longer delays, maxindetay (MaxD) in this test has been found
to be inversely correlated with dogs’ impulsiviag assessed in the DIAS (Wright et al. 2012):
The overall questionnaire score and ‘BehaviourgjuRsion’ factor of the DIAS were
significantly negatively correlated with MaxD andrsficantly positively correlated with the

rate of extra presses (Wright et al. 2012).

Intraclass correlation coefficients (two-way rand@isolute agreement, single measures.
Lessells 1987) were calculated to assess repaptalfilogs’ performance in the behaviour test
and questionnaire scores. Potential differences @wealysed with Wilcoxon Signed Rank tests.
To correct for multiple comparisons, False Discgueate control (FDR) was applied. Original
p-values are indicated in the text. They remainguiificant after FDR correction unless
indicated otherwise. Statistics were computed iISRAStatistics 21.0 software (SPSS Inc.
2012) and figures were produced in Statistica 8tat§oft Inc. 1984-2004).
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Results

13 owners completed the DIAS scale on their dogspbthese, one had a dog that never
selected the delayed reward device in 2006 anchawdodogs that did not in 2013. These subjects
were therefore excluded from the analysis of tHealbm®ur test since they did not comply with

the operational requirement of sampling both desvaeilable in the choice test, leaving 10
subjects in the behaviour test dataset.

DIAS scores remained highly stable over time: ON&aestionnaire Score (ICC=0.76, n=13,
p=0.002), Behavioural Regulation ICC=0.90, p<0.d8gure 1) and Aggression and Response
to Novelty (ICC=0.70, p=0.009) were highly correldtoetween 2006 and 2013. Responsiveness
was the only factor that differed significantly ween the years (Wilcoxon Z=2.47, p=0.01),
showing a decrease over time. Although Responssgtamded to correlate positively between
the years (ICC=0.46, p=0.033), this was not sigaiit after FDR correction.

In 2013, the dogs reached maximum delays rangorg ft0 - 25 s (median 19 s) in the delayed
reward choice test, compared to 7 - 23 s (mear) B2006. This slight increase (Wilcoxon,
Z=2.02, p=0.04) was not significant following FDBrrection. Individuals’ delay choices,
reflected by MaxD, were significantly correlatedveeen the years 2006 and 2013 (Intraclass
Correlation Coefficient ICC= 0.80, n=10. p<0.00ige 2). In contrast, paw pressing rate was
uncorrelated across the years (ICC=0.23, p=0.Z28re was no statistically significant
difference in the median rate of paw pressing iD&0@nedian 0.51 presses per second) and 2013

(median 0.89 presses per second, Wilcoxon Z=140.24).
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Discussion

Both the owners’ assessments of their dogs’ impitysaccording to the DIAS and the dogs’
delay choices in the behaviour test indicate tmgilsivity remains highly stable in domestic
dogs over at least six years (or half a dog'sitife). To our knowledge, this is longer than has
been investigated in any previous study using ayeel reward paradigm in either humans or
non-human animals.

The general construct of impulsivity, as assesyedIBS, and cognitive impulsivity (MaxD),

but not motor impulsivity (frequency of paw pregpirwere found to be stable across time.
Previous studies support the suggestion that nastdrcognitive impulsivity may be independent
(Dougherty et al. 2003; van den Bergh et al. 20869, the results of the current study suggest
that motor impulsivity may be more susceptiblehiargges over time than cognitive impulsivity.
Furthermore, in pigeon#e rate of ineffective key pecks made during k@icér delaysn a
delayed reward choice task was affected by foodimon — unlike delay choic@.ogue et al.
1985. These results suggest that motor impulsivity @iap be more subject to influence from
environmental factors (it is worth noting thatbioth 2006 and 2013, owners were asked not to
feed their dogs prior to the test, by way of coljtrb is furthermore possible that paw pressing

rate simply reflects general motor activity.

However, delay choice and DIAS scores appear todre accurate measures of trait impulsivity,
having high temporal stability. These measures shawgnificant correlation with each other,

demonstrating cross-situational consistency (Wraglal. 2012). Thus, cognitive but not motor

13
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impulsivity appears to be a stable individual ch#gastic in domestic dogs and can be regarded
as a personality trait, being stable across timegadlsas across contexts (Stamps & Groothuis
2010). This highlights an important distinctionweé&n measures which simply allow
differentiation between individuals (individual fifences) and those relating to behavioural
style with a biological basis (true personalitytgasensuMills 2010). Individual differences do
not need to be temporally stable, nor necessaolpdically meaningful; they simple need to
allow the reliable discrimination between populati@t a given time. The correlation
coefficients obtained here are considerably higihan temporal correlations reported for other
personality traits in adult domestic dogs, randnogn 0.47 to 0.49 (Fratkin et al. 2013), and this
may reflect the grounding of the trait in a cleaurobiological basis (Wright et al. 2012).

More research is needed to determine at what agelsmity can be considered a stable trait in
domestic dogs and whether this is dependent orilzned or size of the dog. Furthermore,
future studies should address the question to eitant individuals’ impulsivity can be

modified through targeted training. It has beergested for humans that interventions which
increase tolerance to delay of reinforcement inadwm@ain could provide beneficial reductions in
impulsive behaviours in other domains that mayb®as amenable to direct intervention (Odum
2011), and these results indicate that the domdsgganay be a useful experimental model for

testing this question.
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Abstract

String pulling tasks are commonly used to inveséigacognition of means-end connections.
Previous studies suggested that dogs base theaecti proximity rather than connectivity
(Osthaus, Lea, & Slater, 2005), nonetheless, degenmed successfully in the related support
problem (Range, Hentrup, & Viranyi, 2011). To reestigate dogs’ means-end understanding,
we tested 34 Border collies in string pulling tasksvhich the proximity of the reward to the
connected string’s end was varied. First, subjeet® presented with a four-string task (four
parallel perpendicular strings, one baited, withriéward in line with the correct string’s end).
Dogs that performed above chance in this task vested with a curved string task, involving
one straight and one curved string. When the rewaslattached to the curved string, it was
equidistant from both strings’ ends so that chapsin proximity was not possible. While group
level performance was significantly above chanogy three of 20 dogs met criterion
individually, of which one dog subsequently soleeldroken string task upon its first
presentation. However, the dogs seemed to be utableercome their proximity bias in a
parallel diagonal string task where proximity oé tlnconnected string’s end to the reward was
misleading. We conclude that although dogs maydeotonstrate means-end understanding
spontaneously, some can learn to pay attentionrioextivity when proximity is not a
confounding factor. This study supports the notleat animals may apply several alternative

strategies to solve physical problems, which afleenced by the test-setup.

Keywords:string-pulling, means-end connections, proximstyategy selection, dogzanis

familiaris
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Introduction

The ability to gain access to an out of reach dljganeans of pulling a string attached
to it has long been regarded as a valid exampi®ofhuman animals’ apprehension of means-
end relationships. However, mere acquisition ofréveard by pulling at the string does not
necessarily reflect means-end understanding; altieety, it could be due to associative learning
(e.g. Schmidt & Cook 2006) and/ or manipulating ti@nity of the food (Heinrich & Bugnyar
2005; Osthaus, Lea, & Slater, 2005). To distinglistween these possibilities, several strings,
which may be laid out at various angle orientationsrossed, are often provided (Heinrich &
Bugnyar 2005). Animals as diverse as pige@aimba liviag Schmidt & Cook, 2006), corvids
(Heinrich, 1995), psittacids (Werdenich & HuberP80Schuck-Paim, Borsari, & Ottoni, 2009),
several monkey species (Harlow & Settlage, 1934 &IKing, 1969; Halsey, Bezerra, & Souto,
2006; Gagneé, Levesque, Nutile, & Locurto, 2012} great apes (Herrmann, Wobber, & Call,
2008; Povinelli, 2000) have performed successiulitasks requiring them to select a baited
over an unbaited string or paying attention to ja lggtween the string and the reward. Based on
the performance in these tasks, various cognitivegsses have been proposed for different
animals, including associative learning (e.g. sglimonkeysSaimiri sciureusCha & King,
1969; pigeonsColumba liviag Schmidt & Cook 2006), operant conditioning (Newal€tionian
crows,Corvus moneduloide3aylor, Medina, Holzhaider, Hearne, Hunt, & Grag10),
attending to perceptual contact but not necessemiyectivity (great apes, Herrmann, Wobber,
& Call, 2008; Povinelli, 2000) and spontaneousaapptly “insightful” solutions (individual
ravensCorvus coraxHeinrich 1995; grey parrotBsittacus erithacusPepperberg, 2004; and
keas,Nestor notabilisWerdenich & Huber, 2006).

In fact, a combination of ontogenetic developmertt experience may have led to such
apparently insightful behavior. For instance, Bruxc&-month-old kea fledgling, failed to
retrieve food attached to a string initially, bunanth later, he showed the same competence as
those individuals that were several years old whsted for the first time (Huber & Gajdon,
2006; Werdenich & Huber, 2006). A combination afisarimotor development (beak-foot
coordination) and experience might have facilitateshns-end understanding (Werdenich &
Huber, 2006). Indeed, experience is of paramoupbntance in the development of physical
cognition: It is through exploration that humanldten detect and relate affordances between

objects, coordinate spatial frames of reference,iacorporate early-appearing action patterns
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into instrumental behaviors (Lockman, 2000). Gieppropriate experience, young children
quickly learn, transfer and extend their currendwiedge about physical causality (Brown,
1990). Also in animals, cognitive development comlesut through an interaction between the
subject and its environment (Doré & Dumas, 1987Qrédver, specific experiences may be
necessary for a functional understanding of physasks. For instance, in a tool using task,
great apes initially failed to select the correanie tool when it was not in contact with the
reward (Herrmann, Wobber, & Call, 2008). Howevdteraonly a small amount of experience
with the plastic material of the canes (in the eahbf different experiments), they improved
relative to the first experiment (Herrmann, Woblg&Call, 2008). Besides enhancing physical
understanding, certain experiences may furtherraigranimals in overcoming impulsive
responses or in examining the task more carefi@iding to improved performance (Seed, Call,
Emery, & Clayton, 2009).

Domestic dogsGanis familiarig have generally shown an inferior performance in
physical cognition tasks when compared to primatessome birds (e.g. Osthaus, Lea, & Slater,
2005; Brauer, Kaminski, Riedel, Call, & TomaseR006). In the string pulling paradigm, they
were able to select a baited over an un-baitedgstvhen parallel perpendicular strings were
presented (Osthaus, Lea, & Slater, 2005). Howelkiey, failed in more complex two-choice
tasks when the proximity of the unconnected staregid was misleading (Osthaus, Lea, &
Slater, 2005; Range, Moslinger, & Viranyi, 201&3,well as in a task requiring them to select
an entire string connected to a reward over a shorte that was not connected, but close to a
second reward (Range, Méslinger, & Viranyi, 201@}h no sign of learning within 20 trials in
either task (Osthaus, Lea, & Slater, 2005; Rahfjislinger, & Viranyi, 2012). Dogs have a
strong tendency to paw near the reward and acagiydoerform successfully in tasks where the
correct string’s end lies closest to the reward nmi when the unconnected string’s end is closer
to the reward than the connected string’s end @sthLea, & Slater, 2005; Range, Mdslinger,

& Viranyi, 2012). Based on these results, it isuassd that dogs do not possess means-end
understanding but follow a proximity rule instepdwing near where they perceive the reward
(Osthaus, Lea, & Slater, 2005).

In contrast, Range, Hentrup, & Viranyi (2011) dersioated that dogs have the ability to
solve a means-end task in the related support@mhh this task, two identical rewards were

presented behind a fence, one on top of a boaath@none next to a second, parallel board. The

122



STEFANIE RIEMER — PHD THESIS CHAPTER 5

dogs spontaneously chose to pull out the correatdomore often than would be expected by
chance, even when the food reward on the boardwier away than the inaccessible reward.
Possible explanations for the better performandkigtask are that during their daily
experiences dogs have more opportunities to leanmething about objects placed on other
objects than about objects connected to strings ttie contact is easier to perceive in the
support problem than in string pulling tasks, @ttbnly very simple conditions were tested in
Range et al.’s (2011) study. In any case, the stioe® indicate that dogs may possess the

capacity to attend to means-end connections.

This led us to predict that, given the right coialis, dogs are capable of tracing means-
end connections in the string pulling problem amett they can solve a connectivity task if
proximity is not a confounding factor. We also poteld improvement in performance with
increasing experience (number of string pullinglsriperformed), which would reflect learning.
To test these predictions, we tested 34 dogs ariassof string pulling tasks, varying the
proximity of the reward to the correct and the imeot strings’ accessible ends.

Methods
Subjects

All subjects were Border collies (10 males, 24 flasg which participated in a larger
research project on physical cognition, of whiol skring pulling task was the first one tested. In
this project, the subjects were restricted to glsibreed to rule out breed differences. Border
collies were chosen because most individuals eflireed are highly motivated to engage in
such tasks and they are quite common. Border salie neither extremely brachycephalic
("short-nosed") nor dolichocephalic ("long-nosedBharacteristics that may provide advantages
or disadvantages in visual discrimination taskspeetively (McGreevy, Grassi, & Harman,
2004; Gécsi, McGreevy, Kara, & Miklési, 2009), amd have no reason to assume that Border
collies would be selected for performance in meams$tasks. All the dogs were tested at the
same age (12-15 months) and had extensive expeneitit string pulling from a previous
experiment conducted when they were 6-8 monthgugdo 50 trials with single and two strings,

in which they showed no evidence of means-end staleiling, unpublished data).
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Experimental Setup and Procedure

The tests were performed in a room (6m x 5m) aCileser Dog Lab, Vienna (Figure 1).
One corner of the room was fenced off. Experimehtentered this area through a door from the
outside and laid out the strings, which were 1.5migiameter and 60 cm long, with knots at
their distal ends (where the rewards could be la¢tdlc Rewards were strips of sausage
approximately 8 cm long and 0.5 cm wide. A wire-mésnce prevented the dogs from
accessing the baited ends while allowing visuaésscThe proximal 10 cm of the strings were
accessible to the dogs, which could pull out thi@gs$ through a 5 cm gap between the floor and
the fence. As dogs have dichromatic color visiod ean discriminate best between stimuli
whose predominant spectral energies lie around88filler & Murphy 1995), blue strings
were used to ensure that the dogs could distinguehbetween the strings and the dark brown
floor. The baited location and the configuratiorttod strings were pseudo-randomised so that no
location was baited more often than twice in a sega and all locations were baited equally

often.
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Figure 1. Setup of the test room and depiction of conditions

During the baiting, the dog waited with experimer&déehind a wooden partition

preventing it from observing the baiting (Figure Ajter experimenter 1 had laid out the strings

and exited the room, experimenter 2 walked thetddfge starting point one meter away from

the fence. As soon as the dog had looked at thi $et five seconds (i.e., facing towards the

strings and not looking sideways or upwards, rdgasdof whether it was apparently focusing on
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the correct or the incorrect string), she releabedlog by letting go of a 30 cm long leash
attached to its harness.

When a dog had pulled out an unbaited string, éxy@ater 2 pushed the baited string
behind the fence or led the dog away by its harteepsevent a second choice. Only in the last
trial of each session were the dogs allowed taittyl they obtained the reward to keep up
motivation. During testing, switching to a diffetestring was allowed as long as the first string
had not been pulled out more than halfway. Howeadenjng to draw inferences about means-
end understanding and not alterations of respathses$o visual feedback, we considered a
choice as correct only when the dog touched theecostring first (and subsequently pulled it
out completely). Thus, our criterion was more gfeint than that used by Osthaus and colleagues
(2005), who considered a choice as correct whefirgtestring to be completely pulled out was

the one with the food attached.

The dogs were usually given a session of 10 tftdlswed by a break of at least 5
minutes, with a maximum of 3 sessions per test Bayfive dogs, breaks were taken after a
smaller number of trials due to decreased focuhemnask (not looking at the setup). Their
performance was not significantly different fronatlof the dogs that completed all sessions
without additional breaks (Mann Whitney U testsjgides of 0.24 or higher).

If possible, testing was performed without the omn@esent in the room; however,
during the first condition, three dogs would notriwaithout their owners. Their owners
remained in the test room but stayed behind thedewgartition (Figure 1) so that they could
not influence their dogs’ choices. Mann Whitneyadts yielded no significant differences in
performance between dogs working with or withoeirtlowners present in the test room (p-

values of 0.14 or higher).
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Tasks and Conditions

Initially the dogs were given two “warm-up” trials which they had to pull out single
perpendicular strings to obtain an otherwise insside reward behind a fence. These trials
were performed to make sure that the dogs stilerabered the action of string pulling from the
previous experiments several months earlier. Afjlsdeucceeded and were subsequently tested in
tasks requiring them to select a baited stringobat choice of two or four strings. The proximity
of the reward to the correct and the incorrechgsiends was systematically varied: in the four-
string task (task 1, Table 1), the reward was tlirec line with the correct string’s end so that
choosing by proximity would lead to success. Ddgd performed above chance in this task
were subsequently tested in the curved string(task 2, Table 1). Here, the reward was
equidistant from both strings’ ends on half of thals, so that the task could only be solved by
tracing the connection between the reward andtthregsFinally, dogs that mastered the curved
string task were tested in further tasks in whiah proximity of the unconnected string’s end to
the reward was inconclusive (gap task, task 3,8 apbr misleading (parallel diagonal string
task, task 4, Table 1).

Four-string task (Task 1). The four-string task (task 1, Table 1) involvedrfparallel
perpendicular strings, one of which was baitetialt previously been found that dogs are
capable of selecting a baited string out of twaay® when choosing by proximity is possible
(Osthaus, Lea, & Slater, 2005); however, learniray ime less likely to occur when success rate
is high at 50% (see Tebbich, Seed, Emery, & Clay2007). Therefore, we provided a choice of
four, not two strings, one of which was baitediowwer chance probability of success to 25% and
thus increase the pressure on the dogs to payiatteand choose correctly. The criterion to
proceed to task 2 was at least 11 of 20 corredteban two consecutive test sessions with 5 or
more correct choices in each session (binomialaiiiby: p<0.01). For dogs (N=13) that did
not meet criterion within 60 trials, testing wasneated.

Curved string task (Task 2).The majority of subjects (N=21) succeeded in the-fo
string task, and 20 subjects were presented witbval task, the curved string task (task 2, Table
1; one dog did not return for testing). While iryious string pulling studies, dogs’ correct or
incorrect choices were facilitated by the linearqamity of the reward to the connected or the
unconnected string's end, respectively, the custalg task is the first string pulling task tested

in dogs in which proximity is not a confounding tiac(but see e.g. Range, Méslinger, & Viranyi,
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2012 for a task with two rewards). The curved gttask involved one straight and one curved
string (Table 1). When the reward was attachetectirved string, it was an equal distance
away from both strings’ ends so that choosing lmxipnity was not possible. Dogs that initially
committed the proximity error (defined as pawinghegt fence near the reward and not at the
strings; scored as present/ absent in each taalXte chance to rectify their decision and pull
out the correct string. Proximity errors, likelyleeting an inhibitory problem, were not

considered as incorrect choices - only touchingadribe strings was considered as a choice.

Each dog received 20 trials of the curved strirsfg.tén half of the trials, the straight
string was baited and in the other half the cuisteithg was baited. The trials of the two
conditions were presented in a random order touebechssociative learning and to disentangle
use of the proximity strategy (successful only whenstraight string was baited) from attending
to connectivity (successful in both conditions)eTdnalysis was performed separately for each
condition (10 trials each). This was done to tat@ant of the fact that above chance
performance (15/20 correct choices, binomial prdlgbp<0.05) would theoretically have been
possible for dogs that performed at chance leviiencurved string baited condition (5/10
correct) if they achieved 10/10 correct choicethmstraight string baited condition. Thus, our
criterion was at least 8 of 10 correct choicesathlihe straight string baited and the curved
string baited condition (binomial probabilify<0.01).

Gap task (Task 3) and Parallel diagonal string taskTask 4).Most tested dogs
(N=17) showed no evidence of means-understanditigeicurved string task, and therefore
testing was terminated for these individuals. Tire¢ dogs that met criterion in the curved
string task were tested in further task variatidhs,gap task and/ or the parallel diagonal string
task to distinguish the possible use of a taskifipetrategy from the ability to trace means-end

connections.

The gap task (task 3, Table 1) involved two rewarttisched to two parallel
perpendicular strings; one string was entire wttieeother one was broken, leaving a 10 cm gap
between the reward and the inaccessible end. Tialgdaliagonal string task (task 4, Table 1)
involved two strings (one baited), laid in paralélan acute angle to the fence (see Osthaus, Lea,
& Slater, 2005). It was varied randomly whethertitieof the strings was to the left or to the

right and which side was baited. When the extesiong was baited (non-overlapping condition),
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the reward did not lie directly in line with anyiag’s end; however, the string closest to the

reward was the connected one. Thus this task wealde by selecting according to proximity.

In contrast, when the interior string was baitede(tapping condition), the unconnected string’'s

end was directly in line with the reward and wasstpotentially misleading for animals adhering

to a proximity strategy (Table 1).

Table 1: Setup of tasks

Task

Criterion No. of
subjects

1. Four-string task:

Four parallel, perpendicular strings, 20 cm aparg

baited.

11 of 20 correct 34

choices

2. Curved string task:

Two strings (one curved) 40 cm apart. The distdl @n

the curved string at the centre is equidistant fbmti

strings’ proximal ends.
a) Curved string baited
b) Straight string baited

8 of 10 correct 20
choices in both the
straight string

baited and the

curved string baited

condition

3. Gap task:

Two parallel perpendicular strings, 40 cm aparthwivo
food rewards; one entire string connected to thare,

one short string (45 cm) leaving a 10 cm gap tace5

long string connected to the reward.

8 of 10 correct 3
choices in both

sessions

4. Parallel diagonal string task:

Two parallel diagonal strings, 30 cm from each gtlzad

out at an angle of approximately 45° with the ferore

baited.
a) Overlap
b) No overlap

8 of 10 correct 3
choices in both

sessions
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Originally, we intended to counterbalance the oaféhese additional tests across
successful individuals to take order effects irtocaunt. However, it turned out that only three
individuals mastered the curved string task, legtiinan unbalanced distribution: Two dogs
were tested in the gap task first, of which oneterasl the task and proceeded to the parallel
diagonal string task. One dog was tested in thallehdiagonal string task first and was not

tested further upon failure.

Coding and Analysis

The trials were video-recorded and experimenterthérmore noted the dogs’ choices
by pen and paper during testing (based on obsensfrom the video screen outside the testing
room). For analysis, the videos were subsequentlgd by the first author using Solomon coder
(© Andras Péter). No video was made for five tesssns (of different dogs) due to
experimenter error. In these cases, the data ytedperimenter 1 were used for analysis.
Correspondence between notes and coded data walkeak¢Cohen’s weighted kappa, as
determined based on 10 randomly selected tesbssssvas 0.96). Statistical analysis was
carried out using R 2.12.0 (R Core Development T2afr0). One-sample Wilcoxon tests (two-
tailed) were performed to test whether group I@esformance in the first 20 trials and in the
last 20 trials was significantly different from cite. To test for differences between the first and
the last session of 20 trials, Wilcoxon two-santpkds (two-tailed) were applied. To determine
whether the number of proximity errors (definegawing at the fence between the strings, near
the reward) in the curved string task was relaveplerformance in this task, Spearman rank

correlation tests were calculated.

A Wilcoxon signed ranks test was performed (sepérdor the first and the last 20
trials) to test whether the dogs performed bettéheé four-string task when the inner two strings
(which were in closer proximity to them) were bditmmpared to when the outer strings were
baited. We used binomial tests<0.05) to determine whether individual dogs wereariixely
to pull the inner or the outer strings, whethetblose the right half or the left half of the getu

more often than expected by chance, or whetherhibdyspecific location preferences.
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Results

Four-string task (Task 1).At the group level, the dogs selected the correictgs
significantly more often than would be expectecchgnce (25%) within the first 20 trials (one-
sample Wilcoxon tes¥/ = 534,p<0.0001), with 30 of 34 dogs being above the chéewa of 5
correct choices. These results confirm previoudifigs that dogs are able to select the baited
string when parallel perpendicular strings are gméed (Osthaus, Lea, & Slater, 2005). Learning
was also involved: The dogs’ performance improvgdicantly from the first 20 trials to the
last 20 trials (two-sample Wilcoxon te®¥,= 321.5,p <0.01)(Figure 2). At the individual level,
four dogs met the criterion of at least 11 of 2@rect choices within the first 20 trialp<0.01).
Another seventeen dogs met this criterion withir6BQrials. Thirteen dogs did not meet
criterion within 60 trials.

20
18
16 —
14 —r

12

10

No. of correct first choices

o N 5 (o] (o)
|
|

First 20 Last 20

Figure 2. Number of correct choices in the first 20 triatsldhe last 20 trials in the four-
string task (task 1). Median, interquartile rangd eange are given. The dashed line indicates

chance level.

Overall, success rate was significantly higher wtieninner string was baited than when
the outer string was baited, both in the first 28l (Wilcoxon signed ranks te&=2.34,
p=0.019) and in the last 20 triald52.22,p=0.026), indicating that the dogs were more prane t
pulling those strings in closer proximity to theimdividually, 10 dogs significantly preferred to
pull on the inner strings in the first 20 trialshile one dog preferred to pull on the outer strings
(location preference for the outer left string,drmal testp<0.05). In the last 20 trials, nine dogs
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significantly preferred to pull on the inner strip@gnd a different dog from the one in the first 20
trials preferred to pull on the outer strings (lbmal test,p<0.05). In the first 20 trials, eight dogs
developed a significant bias for the left two gggnand four dogs for the right two strings
(binomial testsp<0.05). In the last 20 trials, one dog significarmteferred the left two strings
and five dogs significantly preferred the right tatongs. Biases towards particular locations
were shown by six dogs in the first 20 trials alsbdy six dogs in the last 20 trials (three of
these showed location biases both in the firsttaadast 20 trials, of which one dogs changed its
preferences to a different position). In total, gixhe 13 unsuccessful dogs but none of the 21
successful dogs showed a significant location inidise last 20 trials of the four-string task
(binomial testsp<0.05).

While switching from an incorrect to a correctstywas shown by all but two dogs at
least once in the course of testing (up to fouasmmns per session of 10 trials of the four-string
task), only seven dogs switched from a correchtmeorrect string on one occasion each. Of
these, six dogs made this mistake during the2dtials of the four-string task and one dog
during the last 20 trials. Note that choices inakhilogs switched from a correct to an incorrect

string or vice versa were considered as incoriacamnalysis.

Curved string task (Task 2).Group level performance (N= 20) was significanthpee
chance both when the straight string was baited-&ample Wilcoxon test/, = 171,p<0.001)
and when the curved string was bait€d=(108,p = 0.04)(Figure 3), indicating that at least some
dogs were paying attention to the connection betwee reward and the string. However, an
analysis of the number of dogs meeting the indiziduiterion confirms that the proximity rule
was favored: 13 of 20 subjects achieved at lea$tl® correct choices in the straight string
baited condition, whereas only 3 of 20 dogs reac¢hisdevel also in the curved string baited
condition (when choosing by proximity was not pbg=). One individual had 9 of 10 correct
choices in the curved string baited condition bigsed criterion with 7 of 10 correct choices in
the straight string baited condition. Three dogkrht meet criterion in any condition; of these,
one dog consistently corrected its errors veryyeant switched to the correct string, apparently
following a rule of adjusting the behavior accoglio the visual feedback received (the sausage
moving or not). The difference in number of correlobices between the straight string baited
condition and the curved string baited conditiors \Waghly significant (two-sample Wilcoxon
test,Z=3.4,p<0.001).
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No. of correct first choices
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Figure 3. Number of correct choices in the curved stringg {gask 2) when the curved
string was baited and when the straight string baaked, respectively. Median, interquartile
range and range are given. The dashed line indicatence level.

Proximity errors were shown in at least one trigllB of 20 dogs in the curved string
baited condition (median 0.5; range 0-4). Sucaes$kis condition was independent of the
number of proximity errors a dog committed in ttask (Spearman rank correlatiédtho= 0.24,
p = 0.30). Six of the dogs that failed to meet cittie exhibited a significant side bias (binomial
test, p<0.05); four of them preferring the rightreg and two preferring the left string.

Gap task (Task 3) and Parallel diagonal string taskTask 4).In the gap task, one of
the two dogs tested met criterion with 8 of 10 eotichoices in two consecutive sessions. The
second dog chose at chance level in the first@e$5iof 10 correct), but achieved 8 of 10
correct choices in the second session. No dog ritetion in the parallel diagonal string task.
One dog (tested only in this and not in the gak)tesmmitted the classical proximity error: He
achieved 2 of 10 correct choices in the overlappmdition whereas the success rate was 10 of
10 in the non-overlapping condition. The one da firoceeded to the parallel diagonal string
task after successful performance in the gap telsieeed 5 of 10 correct choices in the

overlapping condition and 9 of 10 in the non-ovapiag condition.
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Discussion

We predicted that dog=an solve a connectivity task when proximity is aot
confounding factor. Our prediction was confirmeddasubset of our sample of Border collies,
those that had already succeeded in the four-dasig(note that Osthaus, Lea, & Slater (2005)
reported that they found no evidence that breedanachpact on the results). In the curved
string task, group level performance was signifiseabove chance even in the curved string
baited condition when choosing by proximity was possible. Nonetheless, individual
performance was relatively poor in this conditioompared to the good performance in the
straight string baited condition and in the fourrgf task. This indicates that the majority of
dogs selected the strings according to the proyimite, confirming previous findings (Osthaus,
Lea, & Slater, 2005). (Note, however, that the dagly had a single chance to master the
curved string task and that our criterion was nsbr@gent than in Osthaus, Lea, & Slater (2005)
— choices were only considered correct if the adaghed the connected string first and

subsequently pulled it out completely).

A few dogs were apparently able to use informatinrconnectivity, at least when there
was no useful information on proximity in the cuh&ring task. To further explore their
abilities, we tested the successful dogs in thetgsioand/ or the parallel diagonal string task.
The performance of two individuals in the gap tasky suggest that they may have gained at
least a vague understanding of connectivity; intiast, the dogs seemed to be unable to choose
correctly when the information on connectivity darted with information about reward
proximity (parallel diagonal string task, see belodthough a sample of two dogs is not
representative, the relatively good performanceusfsubjects in the gap task is notable in the
light of previous evidence that dogs are unableotue this task (Range, Mdslinger, & Viranyi,
2012). Our subjects’ performance was superiorab dfiall 10 dogs in Range et al.’s (2012)
study, where most subjects developed a preferemabd shorter string and none met criterion.
This difference could be explained either by thet fhat we tested only the most proficient
subjects in this difficult task (i.e., only a fewiamals out of a large sample, which had already
proven to be able to solve the curved string tdsk}the greater amount of experience with string
pulling tasks of the successful subjects or by dea®d/ or keeping conditions (in the study by
Range and colleagues only Huskies kept in kennets tested).
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Despite performing comparatively well in the gagkiahe dogs seemed to be unable to
choose correctly when the information on connettigonflicted with information about reward
proximity in the parallel diagonal string task. dgthe performance of our two subjects was
similar to that by the dogs tested by Osthaus, &€ealater (2005) and Range, Moéslinger, &
Viranyi (2012): They tended to choose correctly whige non-overlapping string was baited
(where choosing by proximity led to success), rfgrmance was poor in the overlapping
condition (where the incorrect string was closeshe reward). Thus, although some individual
dogs apparently attended to connectivity when dingdsy proximity was precluded, they were
unable to solve a task where proximity and conmggtinformation conflicted, suggesting that
they may favor proximity rules over connectivityyas. Along similar lines, Herrmann, Wobber,
& Call (2008, p. 229) suggest that great apes npgksess some causal knowledge with respect
to tool use, but that certain task features makarndl to express it consistently, suggesting that
“motor or attentional biases present in the twoiohgituation may have introduced some noise

into the data”.

Note that Range, Hentrup, & Viranyi (2011) repdrtkeat dogs could solve a different
means-end task, the on-off problem, even when pribxiwas misleading. The dogs succeeded
in selecting a baited board over an unbaited orem) ehen the reward placed next to the
unbaited board was closer to the dog than the geplaced on the baited board. Two factors
may explain why the dogs were able to overcome greximity bias in the on-off task unlike in
the string pulling task. Firstly, the misleadindeet of proximity was less pronounced in the on-
off task than in the diagonal baited string taskiree inaccessible reward was not directly in line
with the incorrect board (even though it was cldedhe incorrect board’s end than to the
correct board’s end). Secondly, the contact betvileemoard and the reward was most likely

easier to perceive for the dogs than the contaatdma the thin string and the reward.

While our findings suggest that at least in Borc@lies, some individuals are capable of
attending to connectivity, they also indicate i strategy can easily be overruled by other,
simpler strategies. In a different context (logiesoning), Eréhegyi, Topal, Viranyi, &

Miklosi (2007) suggested that dogs base their d@tsson a set of rules, preferentially choosing
the simplest one and switching to more cognitidedynanding ones only under certain
circumstances. This may also apply to their desisiaking in string-pulling tasks. According

to Osthaus, Lea, & Slater (2005), dogs’ two maiategies when encountering food are first
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pawing close to the food, even when there is nogstttached (thereby committing the
proximity error), and — when unsuccessful — switghio pawing at the string where the
proximal end is closest to the food. Our data sagtigt a third strategy — attending to the
connection between the string and the reward —lmeagctivated in some dogs when the
proximity strategy failed, as in our curved strtagk, or when the dogs have experienced that
the costs of failing are high. A fourth possiblettgy appears to be based on visual feedback
(movement of the reward) received by pulling onrimg. Still, despite the evidence that paying
attention and choosing accordingly is within thgmtive repertoire of the species, there were
large individual differences, and many subjectsrsaketo follow even simpler decision rules,
preferentially pulling on the strings that weresdst to them (the inner strings in the four-string
task), or developing a significant preference foe particular location (c.f. occurrence of side
biases in dogs, e.g. Hare & Tomasello, 1999; GMtsiKara, Belényi, Topal, & Miklosi, 2009).

Despite the occurrence of such alternative proldelving strategies, our results give the
first evidence — to our knowledge — that (some)sdoan attend to means-end connections in the
string-pulling paradigm. There are a number of e®xplanations why some of our subjects
were able to solve means-end tasks independembxihpity unlike dogs in previous studies
(Osthaus, Lea, & Slater, 2005, Range, MoslingeY,i&nyi, 2012).

First, our subjects had considerably more expegevith strings and string pulling than
dogs in either Osthaus, Lea, & Slater (2005) orgeaiMoslinger, & Viranyi (2012). Therefore it
is likely that the greater amount of experiencehsiring pulling in general (potentially leading
to learning about means-end connections) or theifspexperience gained from the four-string
task contributed to our subjects’ better perforneaddere is much evidence that young humans
as well as non-human animals acquire knowledgetadimacts’ affordances, learn perceptual
rules, and build up motor representations througtiogation (Lockman, 2000; Matsuzawa,
Tomonaga, & Tanaka, 2005; Takeshita, Fragaszy, MizMatsuzawa, Tomonaga, & Tanaka,
2005; Sommerville, Hildebrand, & Crane, 2008). Butbl-using species (e.g. chimpanzdeen
troglodytes Seed, Call, Emery, & Clayton, 2009) and non-tegilhg species, including monkeys
and rodents (Spaulding & Hauser, 2005; Santos sBeaBpaepen, Tsao, & Hauser,, 2006;
Okanoya, Tokimoto, Kumazawa, Hihara, & Iriki, 2008¢em to develop some understanding of
the functional aspects of objects/ tools througtieesive) experience with them. Also in

goldfinches Carduelis carduelisand siskins@. spinu$, an individual’'s string-pulling
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competence seemed to be influenced by prior expezief handling branchlets, but also by
trial-and-error learning and social learning (Sé&ibt/inckler, 2006). Even though the four-

string task was solvable by choosing according éximity, latent learning about the properties
of the strings and connectivity may have occurFedthermore, the higher cost-benefit tradeoffs
in the four-string task may have increased the ‘dmgareness that a choice had to be made and
that choosing incorrectly meant obtaining no rewaatentially leading to greater attentional

focus and better inhibitory control.

Second, a relatively small task modification — pwding choosing by proximity in the
curved string task — may have enabled the dogslipeuan alternative strategy to the proximity
rule. Studies on other species have shown how sitathtions in the procedure can lead to
dramatic improvements in animals’ performancesognitive tasks. Similarly to this study, a
recent study on string pulling in marmosetslithrix jacchug showed that the animals were
initially prone to choosing by proximity, but alégions of the setup enabled the subjects to
develop a new strategy, to bypass the spatial prioxrule and to master novel nonlinear tasks
(Gagneé, Levesque, Nutile, & Locurto, 2012). Alsleingpanzees (Mulcahy & Call, 2006, Seed,
Call, Emery, & Clayton, 2009, Girndt, Meier, & Call008) and orangutanBgngopygmaeus
andandPongo abeliiMulcahy, Schubiger, & Suddendorf, 2013) perforraadcessfully in
some physical cognition tasks only after some &distations were introduced (modes of tool

use were altered or tool use was no longer required

Third, while a previous study found no effect oééd on dogs’ performance in string
pulling tasks (Osthaus, Lea, & Slater, 2005), tametheless a possibility that some differences
might be accounted for by the different breeds {Bedder collies in our study, various breeds
in Osthaus, Lea, & Slater, 2005, and Huskies ingeaMdslinger, & Viranyi, 2012). There were
furthermore environmental differences — dogs is #nd Osthauset al.’s (2005) study were pet
dogs while the huskies in Range et al.’s study Wwe in kennels.

Fourth, regarding the direct comparison of perfarogaof our dogs and Range et al.’s
(2012) dogs in the gap task, the superior perfoomani our subjects could be explained by the
fact that we had only tested the most proficietjescts in this difficult task (i.e., only a few
animals out of a large sample, which had alreadyen to be able to solve the curved string
task).

137



STEFANIE RIEMER — PHD THESIS CHAPTER 5

Our study differed from Osthaus, Lea, & Slater @08hd Range, Moslinger, & Viranyi
(2012) in that we found a clear learning effecthia four-string task in the course of 30-60 trials,
whereas there was no effect of trial number on doggormance in Osthaus, Lea, & Slater’s
(2005) parallel diagonal string task or Range &t §2012) gap task. Task differences and
differences in statistical methodology might acddon the diverging results of our study and
those by Osthaus, Lea, & Slater (2005) and RangsJiMyer, & Viranyi (2012). Conceivably,
experience with tasks which appear to be too diffifor dogs to solve at all, such as the parallel

diagonal strings task, resulted in no learning.

Future research could investigate how much expegiennecessary for dogs to develop
an (apparent) understanding of connectivity anoet@able to trace means-end connections in the
curved string task. This could be determined biirtgsexperimentally naive dogs with the
curved string task and assessing learning in theseoof e.g. 60 trials. Further control studies,
systematically altering the costs of choosing inectty, could be performed to disentangle the
effect of general experience with string pullingetentially enabling learning about connectivity

— from the benefits of the four-string task, whinade random choice more costly.

Like dogs and marmosets, several species haveopidyifailed in tasks involving
crossed or parallel diagonal strings, includingwesl Canis lupus Range, Mdéslinger, & Viranyi,
2012), macaws (Schuck-Paim, Borsari, & Ottoni, d088oded crowsGorvus corong
Bagotskaya, Smirnova, & Zorina, 2012), and even Kahkedonian crows3orvus
moneduloidels which are famous for their tool-use competeri@ylor, Medina, Holzhaider,
Hearne, Hunt, & Gray, 2010). Re-testing individualshese species with the curved string task
introduced in this study or with some of the narelir tasks used by Gagné, Levesque, Nutile, &
Locurto (2012) would yield further insights intoiarals’ strategy selection when faced with

physical problems.

To conclude, our study shows that even though dagsnot demonstrate spontaneous
means-end understanding, some can learn to paiattéo connectivity. Our results support
the notion that animals may apply several alteveatules or strategies to solve problems in their
environment (Erdhegyi, Topal, Viranyi, & Mikldsi, 2007). Strategiesed by tool-using species
such as the great apes and New Caledonian crowsrjool using, but dexterous marmosets,

and by carnivores, which are less ecologically areg for object manipulation tasks, may not
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be so different after all. Members of differentdarmic groups appear to devise certain rules to
deal with physical problems, with species-spe@8Banell as considerable individual differences
in associative and perceptual abilities and bemalftexibility. Some individuals may be better
at the formation of concepts or representationsetban observable features of problems (Seed,
Tebbich, Emery, & Clayton, 2006), than others,h@ytmay be better at inhibiting prepotent
responses (e.g. going for the string nearest tharck Lea et al., 2006), leading to the large
inter-individual variability observed in performanim physical problems. In light of our findings,
as well as those of Gagné, Levesque, Nutile, & boc(2012), follow-up studies on other
species with modified string pulling problems migteld novel insights into animals’ selections
of strategies to deal with physical problems.
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CHAPTER 6

6. GENERAL DISCUSSION

This thesis investigated individual differenceb@haviour and cognitive performance of
domestic dogs. Study 1 indicates that behaviowsg¢ssments of neonate and 6-7-week-old
puppies have very limited validity for predictingezific behavioural traits in adult dogs,
possibly because of the young age of the puppiéshteneffects of maturation and
environmental influences between tests. Study Zoeap relationships between puppies’
behaviour in conflict situations and in other coms$e The results show that highly sociable
puppies tend to adopt an interactive conflict nesoh strategy whereas less sociable puppies
tend to behave passively, paralleling findings fiammans (Graziano et al., 1996; Park and
Antonioni, 2007; Wood and Bell, 2008) and goatsr@vida de la Lama et al., 2011). Study 3 is
the first long-term study on impulsivity in non-hamanimals and demonstrates high stability of
impulsivity in dogs, as measured by performanca delayed reward choice test and owner
questionnaires, over six years. Study 4 investgyatev dogs solve a string pulling task and
shows that individual dogs may use different prob#mlving strategies, including attending to
connectivity, but that they preferentially choolse simpler rule in ambiguous cases and do not

appear to demonstrate true means-end understanding.

6.1. Individual behaviour differences

Study 1 showed that puppies’ behaviour in the neotest was not predictive of the behaviour
of the same dogs at the age of 6-7 weeks or assaéukthermore only one of ten investigated
behaviours was significantly related between thgpguest conducted at 6-7 weeks of age and
the adult test. This lack of relations betweenieadnd later behaviours could reflect (1)
significant behaviour change, (2) an artefact eftésting procedure or analysis, or (3) a
combination of both.

While behavioural consistency between young pupgiesadults generally appears to be low
(reviewed in Study 1), studies on older dogs héeve higher temporal consistency (reviewed
in Fratkin et al., 2013; see also results of StBidyNonetheless, even when tested repeatedly in
identical test situations, an individual will ndtvays show identical responses. While

“systematic behavioural variation as a functionimwie or variation in external stimuli” is termed
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“contextual plasticity” (Biro and Adriaenssens, 30p.622), intraindividual variability is

defined as “the variation that remains after actiogrfor systematic changes over time or across
a contextual gradient and any other factors thaldcaffect behavioural variation within
individuals” (Biro and Adriaenssens, 2013, p. 6Z8st-retest reliability of the neonate, puppy
and adult test over short time scales would bermédive to what degree the diverging test
results may reflect age related changes or othecss of variability (clearly, habituation effects
would have to be taken into account). Test-retestssments were not included in the present
studies because of temporal constraints; howevet| @alidation of the adult test is in progress
and will include assessments of test-retest rdiiplaind external validity (correlation with

owner questionnaires). Assessing test-retest rifjabf neonate and puppy tests over short time
intervals would be a worthwhile topic for futureidies.

It is conceivable that reliability of these eamgts may be low even over shorter
timescales (see also Beaudet et al., 1994). WilaedrSundgren (1998), who tested puppies that
were slightly older than in our study (8 weeks)inpout that puppies are maturing rapidly at this
age. If level of maturation affects behaviour ig thst, then this will have a major effect on the
puppy test results (Wilsson and Sundgren, 1998yr&eof maturation might be a factor
common to the litter, and so this may have contetuo the fact that litter effects were
significant in the puppy test, but less so in thelatest (c.f. Wilsson and Sundgren, 1998). A
further, non-exclusive explanation for the lacKitiér effects in the adult dogs is that
experiences of litter mates at the time of testege very similar, whereas their experiences
varied widely after the transition to their new fles, thus emphasising the role of individual

experiences on behavioural development.

While the importance of experience early in lifes leen of interest to researchers for a
very long time (e.g. Beach and Jaynes, 1954; Ki§8), it is now recognised that personality
can be influenced by salient experiences througtimulifetime (Bell and Sih, 2007). As the
period of maturation is a particularly sensitivepé, it is expected that behavioural consistency
assessed before and after maturation would be lth@erwhen test and retest are performed at
the same test interval when the animals are agril§s Bell and Sih, 2007; Herde and Eccard,
2013), which may explain the lack of correspondesfdeehaviour in the puppy and the adult

test in our study.
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Studies on rodents have shown that stressful aridl®xperiences during the adolescent
phase (the gradual transition from childhood tolthdwd) have long-lasting effects on later
levels of anxiety, aggressiveness and stress resppwhich can be measured both
behaviourally and physiologically (reviewed in Ssehet al., 2013). For instance, depending on
the timing of encounters with aggressive malesivenile golden hamstersMésocricetus
auratug, later aggressiveness may be either enhancexdhibited (Delville et al., 2003). In
guinea pigsCavia porcelluy males’ ability to integrate with unfamiliar maldepends on
whether they are housed with other males durinky @diolescence. While males from mixed sex
colonies adapt rapidly to encountering new unfaniinales, males that were housed with a
single female show high levels of aggressive behayirequent escalated fights and strong
physiological stress responses (Sachser and L9, )1 Furthermore it has been demonstrated
in rats that social play in juveniles is crucial tbe adequate development of coping with social
challenges (van den Bergh et al., 1999). In simaryerous factors, including hormonal and
neuronal changes, new habitats and the social@magnt contribute to behavioural changes
through ontogeny (Herde and Eccard, 2013), anof édlese factors apply also to the dogs in our
study. Not only did they attain sexual maturitytwassociated physiological changes, between
the puppy test and the adult test, but the chahgeaal and non-social environment following

rehoming may also account for the diverging redutts) the puppy and the adult test.

This lack of correspondence between puppies’ anttsidbehaviour is also of relevance in
relation to Study 2. The results showed that pugpigh high sociability scores had a higher
tendency to diffuse potential conflicts throughiat social-communicative behaviours while
less sociable puppies reacted passively, indicatiaghighly sociable individuals may be better
equipped to employ interactive yet nonaggressivdlico resolution strategies. However, the
major behavioural changes over time observed idyStundicate that a highly sociable puppy
does not necessarily grow into a highly sociabldta@dhus the question arises which measures
can be taken to create optimally socialised dogsale capable of adopting ‘constructive’
conflict resolution strategies when in a perceigedflict situation. No doubt the sensitive period
for socialisation in young puppies is of great imipoce for shaping later behaviour (e.g.
Freedman et al. 1961; Lord, 2013), with good seaébn at an early age appearing to be
protective of developing fear or aggression relgiedblems as adults. However, as in the rodent
examples above, environmental influences can hawaat effects also during other

developmental stages, particularly the adolescpaded, and possibly even throughout the
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lifetime (reviewed in Sachser et al., 2013). Indeeduestionnaire study has demonstrated the
importance of environmental influences beyond tensitive period” in dogs by showing that
aggressive and avoidance behaviour in pet dogselated to puppies’ experiences between the

ages of three and six months (Appleby et al., 2002)

Moreover, while Study 2 indicates that conflict Beiour is influenced by individual
predispositions, another point to consider is tiwags will learn which strategies ‘work’ for them
(e.g. aggressive behaviour causing a conspecificttaraw; see also Walker et al., 1997) and
which do not. Depending on the owners’ skills inn@&ging situations or environmental
circumstances, the dogs may thus learn eitherat#sior undesirable behaviour. It would
therefore be interesting to assess whether thebltlkeen sociability and conflict resolution
strategies in the puppies is maintained in adutfhoo whether initial tendencies may be

overshadowed by learning effects.

Trillmich and Hudson, 2011 (p. 506) propose 5 mgjeestions about behavioural development
in animals, including
1. How are differences in individual behavioural phigpes established during
development and how do they relate to social antbgical circumstances?
2. Are personality traits stable or instable oveffetiine?
3. If personality changes, at what stage of the liedny or under what circumstances do
such changes occur?
4. What are the (neuro-)physiological substrates uyiterthese differences?
5. How are personality differences related to the ggreand how do genes and

environment interact to establish personality dyontogeny?

In the case of dogs, question 1 has been addrbgsetrospective questionnaire studies on
effects of rearing conditions, early experiencesl lie circumstances on later behaviour
(Appleby et al., 2002; McMillan et al., 2013; Cassal., 2013). Experimental studies on
behavioural consistency in dogs contribute to ansygejuestion 2 (reviewed in Fratkin et al.,
2013). Several studies on the physiological anetiennderpinnings of personality in dogs
have attempted to answer question 4 (e.g. Spad@atrdnder, 2008; Takeuchi et al., 2009; Hall
and Wynne, 2012; Kubinyi et al., 2012; Wan et2013), while question 5 has been addressed

by studies on the inheritance of behavioural traitsternal and other environmental effects in
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dogs (e.g. Goddard and Beilharz, 1982; Ruefenddit,002; Strandberg et al., 2005; Wilsson
and Sundgren, 1998, 1997). Nonetheless, findingswarently not conclusive with regard to

behavioural consistency and the genetic basistudweur in dogs.

Study 1 of this thesis contributes to our undeditagof question 2 by indicating that
assessments of neonates and 6-7 week-old puppi¢scaearly to predict future behaviour traits
in pet dogs. However, we still know very little ab@uestion 3, or from what age or
developmental stage meaningful predictions abdet lzehaviour can be made. In conjunction
with Study 1, | made a starting point by conductngngitudinal questionnaire study on 72
Border collies (Riemer et al in prep.; Riemer et2013a+b). The dogs’ owners filled in
questionnaires on their dogs’ behaviour at thraetpan time (when the dogs were 6, 12 and 18-
24 months old). The results suggested that indatidehaviour differences were quite stable
already at the age of six months, as the ownesg&sssnents for all 15 investigated behaviour
traits at this age were highly correlated with thatier assessments. At the group level some
changes occurred as the dogs matured, such aasesra controllability and decreases in
energy with age, as would be expected. Furthernhbaté, fearful and aggressive behaviour
increased significantly between the ages of 6 @&whdnths and/or 12 and 18-24 months
(Riemer et al., 2013a+b). This is in line with fings that the onset of generalized anxiety/fear,
noise phobia, and aggression towards humans opeoifiss often occurs during the social
maturity period (Overall et al., 2006). To my knedtje, there are currently no studies that have
specially investigated effects of experiences dpadolescence on adult behaviour in dogs, but
the evidence from other species (see above) sigythedtthese are relevant when investigating
causes of ‘problematic’ behaviour, or inappropr@teaflict strategies, in domestic dogs, and this

is a highly relevant topic for future investigatson

Despite the behavioural changes observed at gemgh, the rank order of individuals in our
guestionnaire study remained stable over timecatdig that individual differences in behaviour
are already clearly discernible at 6 months andaremelatively stable until 1.5 to 2 years
(Riemer et al., in prep.; Riemer et al., 2013a#b)ine with these results, Duffy & Serpell
(2009) demonstrated that puppy raisers’ assessr(ausrding to a validated behavioural
survey, the C-BARQ) could discriminate between sgstul and released dogs when the dogs

were six months old, as well as at 12 months. Henesince in both studies the first
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questionnaire was administered when the dogs vwesady six months old, we currently do not
know to what extent behavioural stability existepto that age.

Thus, to follow up the questionnaire study anddtednine when individual behavioural
differences stabilise, questionnaires could be agnered repeatedly between rehoming of the
young puppies and the age of six months, or exatirg when the puppies still live at the
breeders. Additionally, given some shortcomingguestionnaire studies, such as biased
perceptions of the owners, it would be worthwhilgperform behavioural tests repeatedly
between the age of six weeks and 1.5 years (omuByas well as obtaining assessments from
other persons that know the dogs well, such agmagers, as is commonly done with studies on
personality in captive nonhuman species (e.g. @adset al., 1999; Gosling, 1998; Weiss et al.,
2006). This would not only be of high practicalwal but may also enhance our understanding

of behavioural development in general.

Domestic dogs are well suited for investigatingsiioms of behavioural development as we can
follow up their life histories closely, identify &ed-specific behavioural tendencies and have
extensive genetic information from pedigrees (Seatrd Strandberg, 2006). Moreover, given
that (contrary to expectations) repeatability didaour was found to be higher in the field
compared to the laboratory (Bell et al., 2009)dging dogs has the advantage that they are not
kept in sterile laboratory conditions, but livegaqually diverse environments as humans do, and

so findings from dogs can be applied to real lg#isgs.

6.2. Impulsivity
The impulsivity trait in dogs is particularly prosimg for modelling conditions and outcomes in

humans and is highly relevant to dog-human inteyast Study 3 demonstrated high temporal
stability of this trait in adult dogs as both maxim delay reached in the delayed reward choice
test (indicative of cognitive impulsivity) and owneeported impulsivity remained highly stable
over six years. However, in agreement with redaft8ray et al. (2013), motor impulsivity or
inhibitory control, as measured by the number dirglant paw presses, appears to be less
consistent. This is in line with the notion thatageaversion and motor impulsivity are separate
processes, with different underlying mechanisma @en Bergh et al., 2006). For example,
hyperactivity in human children was found to beoassted with tolerance to delay, but not

inhibition, and this is in agreement with our findithat owners’ assessments of dogs’
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impulsivity and maximum delay reached (i.e. del@dgrance) are consistent but paw pressing
rate (i.e. inhibitory control) is not (Kuntsi et,a2001).

Our findings give the first evidence, to my knowgedof long term consistency of impulsivity in
a nonhuman species. Furthermore, the results haMeations from a practical viewpoint, as
impulsivity may be associated with a range of bethag that are of relevance in humans’
interactions with both family pets and working doger instance, the number one factor that
emerged in a survey of what Australians considdetthe ideal family dog was labelled
“calm/compliant”, with high loadings for questiossch as “walks calmly on leash”, “is not
overly excitable” and “behaves calmly most of timet’ (King et al., 2009). An even higher
level of impulse control than for pet dogs may éguired for working dogs, such as guide dogs
that need to walk at a slow pace with their blimehers and bypass distractions by food or prey
items, or police dogs required to remain calm ghhy arousing situations and act only upon

command in very specific contexts.

A significant factor in the dog-human relationshimggressive behaviour, some forms of which
have been linked to impulsivity in dogs (Fatjo ket 2005; Reisner et al., 1996; Wright et al.,
2012) and other species, including humans (Cherak,e1997; Odum, 2011a; Reynolds, 2006;
Solanto et al., 2001; Winstanley et al., 2006k (atn den Bergh et al., 2006) and hamsters
(Cervantes and Delville, 2009). While effects opusivity on trainability have to my
knowledge not yet been directly investigated insd(sge Vas et al., 2007, for an assessment of
the effects of training on impulsivity), it is likethat trainability is linked to impulsivity. The
attribution of reinforcer value is controlled by#e neural systems that are also responsible for
decisions in a delayed reward choice tasks (lirabit paralimbic areas and lateral prefrontal
brain regions; Koffarnus et al., 2013). Accordinghere is evidence from both human children
and rats that sensitivity to reward, extinctionp@sding and tolerance to delayed rewards are
related (van den Bergh et al., 2006; Johansen agdo®len, 2004; Sagvolden et al., 1998), and
these characteristics will likely influence traiiléip also in domestic dogs. Thus, impulsivity is
related to many characteristics that have implecegifor our life with pet and working dogs.
Considering the high stability of impulsivity in g®, compared to most other traits (reviewed in
Fratkin et al., 2013), assessing this charactenmsight be valuable to aid in the selection of

individuals suitable as working dogs or stud dagsfeeding of both pet and working dogs.

150



STEFANIE RIEMER — PHD THESIS CHAPTER 6

There are several explanations why impulsivity indy 3 showed higher consistency compared
to sociability, boldness, playfulness and behavinwonflict situations assessed in Study 1.
Firstly, most dogs were already adults when tefiethe first time in Study 3, and so less
behavioural change can be expected than in thagetdsted for the first time when only 6-7
weeks old. Secondly, despite the longer time gdywdmn tests, environmental circumstances
remained relatively stable for the dogs in Studytigreas dogs in Study 1 were adopted by their
new families after having been tested at the bmsétilemes. There are furthermore major
methodological differences between the two studreStudy 3, exactly the same assessments of
impulsivity were used on both occasions, where&tunly 1 the tests were adapted to the ages
of the subjects and therefore differed. Howevdferknt tests may not measure exactly the same
trait and so there may be less correspondenceathan using the same test twice (see also
Fratkin et al., 2013).

Considering the extremely long term stability oputsivity in humans (Casey et al., 2011,
Mischel et al., 1988), it is conceivable that ingaty is one of the most consistent personality
traits also in domestic dogs. This is also in iwith Taylor and Mills' (2006) suggestion that we
find higher consistency for traits with a strongéysiological basis. In dogs, there is now good
evidence from both genetic and physiological measents that the dopaminergic system
(Hejjas et al., 2007, 2009; Wan et al., 2013; Wirighhal., 2012) and the serotonergic system
(Heijas et al. 2007, 2009; Peremans et al., 20083Wet al., 2012) are involved in impulsivity
or impulsive aggression in dogs. Additionally, palyrphisms in a dopaminergic gene and in
tyrosine hydroxylase genes were found to be assacwith levels of activity, impulsivity and
inattention in German shepherd dogs and huskisgeotively (Kubinyi et al., 2012; Wan et al.,
2013). Furthermore, a glutamate transporter gedeaddOMT gene (involved in the metabolism
of catecholamines) were associated with activiglein Labrador retrievers (Takeuchi et al.,
2009).

Thus, while the physiological and genetic basismgfulsivity, and to some extent activity, are
well established, for other behavioural traits ags, success in the identification of candidate
genes has so far been rather limited (reviewegad$ and Ostrander, 2008, and Hall and
Wynne, 2012). Accordingly, the high stability afpulsivity in Study 3 and of exploratory
activity in Study 1 supports the notion by TaylodaMills' (2006) that traits with a clearer

biological basis are more consistent. Impulsivitkmown to be highly consistent in humans (e.g.
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Casey et al., 2011), and activity and/ or exploratiave demonstrated high consistency across
maturation or even metarmorphosis also in speobes bther taxa (common voladjcrotus
arvalis, Herde and Eccard, 2013; frdgana ridibundaWilson and Krause, 2012).

As activity/ exploration component in Study 1 whs bnly trait that was significantly related
between puppies and adults, these findings sugjgesactivity is one of the more temporally
consistent traits also in dogs. However, previdudies on dogs do not confirm this result:
According to a recent meta-analysis (Fratkin et24113), consistency of activity in young dogs
(less than one year old when tested for the fimrg )t was only moderate (r = 0.26) compared to a
higher consistency of aggression (r = 0.51) andrssdiveness (r = 0.43; but note that only 2-3
studies were included in the two latter estimatesipared to 7 studies for activity, and that the
consistency estimate of submissiveness in dogsddisst above the age of one year was only
0.13). In the older age group, activity showed Enmgonsistency as the other investigated traits

(all in the range of 0.47 to 0.51 with the exceptid submissiveness).

Taylor and Mills (2006) point out that specificity the test and the described behaviour is likely
to increase the predictive validity of the testr Ewample, they suggested that tests for working
dogs may be more valid than those for pet dogsusecthey are clearer in their requirements,
using specific tests for measuring specific trageded in a working context (Taylor and Mills,
2006, but see Fratkin et al., 2013). In contrasttstfor companion dogs (such as the one we used
in our study) will often tend to seek more genardrmation on the dog’s personality and so

may include a range of (very different) subtestsdeer a range of characteristics (Taylor and
Mills, 2006). Following this argument, the highefiability of impulsivity measures in Study 3
compared to the various variables measured in Studgy in part reflect differences in

sensitivity of the tests used.

Although the current study demonstrates high ctersty of individual impulsivity, this does not
mean that it is completely invariant. For examfilbas been demonstrated that a fading
procedure (i.e. gradually increasing the delayjl$et@ increased tolerance to delay in pigeons
(Mazur and Logue, 1978). Also rats could sustanyér delays when they had been exposed to
delayed reinforcers prior to delayed reward tesiting different context, either via long fixed
intervals of reinforcement (Eisenberger et al.,2)38 a fixed ratio schedule of reinforcement

(Eisenberger et al., 1989; but see Eisenbergdr, di982). Similarly, progressive delay
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procedures have been successfully used to enhalfamstrol capabilities in pre-school
children, identified by their teachers as impulgieon and Holcomb, 2000), and in adults
affected with mental disorders and substance gimedgems (Dixon and Holcomb, 2000).

Importantly, there are suggestions that intervestihat decrease delay discounting in one
domain could provide beneficial reductions in ingng behaviours in other domains that may
not be as amenable to direct intervention in hunf@uasim, 2011a), and the same may hold true
for dogs. At a physiological level, there is eviderthat decision making in intertemporal choice
tasks is governed by two interacting neurobiologsgatems (Koffarnus et al., 2013). Parts of
the limbic and paralimbic system (the amygdalajeusaccumbens, ventral pallidum, and
related structures) are responsible for impulsh@&aee, favouring immediate reinforcers. In
contrast, the prefrontal cortex is involved in ex@ee control and thus inhibition of impulsive
behaviour. Accordingly, strengthening of the pratfed cortices would be associated with
improved delay tolerance (Koffarnus et al., 208 spite suggestions in the literature that
interventions to reduce delay discounting may beebeial also in real-life situations (Odum,

2011a), surprisingly few studies have attempteggothis.

As delay discounting shows good cross-species ghtygfOdum 2011a) and domestic dogs
have been suggested as a model species for petgdGalsling et al., 2003), social behaviour
(Topal et al., 2009), and ADHD (Vas et al., 200it dt al., 2010), dogs may represent a suitable
model for investigating to what extent trainingiorpulse control in one domain may have
beneficial effects also in other domains. Futuugligs should furthermore investigate whether
individual impulsivity levels can already be praeéuat in puppies or young dogs. This would not
only help us to elucidate the development of imipitisfrom a general process perspective, but
if such predisposition can be assessed more rgliabh other traits at an early age, this could
aid in the selection of working and pet dogs. Gitleassociations of impulsivity with

behaviour problems and the high stability obsertests of impulsivity may furthermore be

valuable for shelters for predicting potential gesb behaviour and evaluating training needs.

6.3. Individuality in problem solving - unravelling cognitive processes
Impulsivity is not only relevant for various lifaittomes and dog-human interactions, but may
also have major effects on performance in cognitngis and so may have contributed to the

variation observed in our string pulling study. Esample, Range et al. (2012) suggested that
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committing the proximity error in string pullingsies does not necessarily imply the absence of
means-end understanding (Range et al., 2012)natteely, “inherited predispositions to go for
food directly may overshadow the recognition of neeand connections, and in combination
with the inability to inhibit this response, could&hd to the proximity bias of dogs” (Range et al.,
2012, p. 598). The observed performance differemight furthermore reflect differences in
‘general intelligence’, abilities in the physicardain, or task-specific solutions learned
individually by the dogs.

The existence of a ‘general intelligence’ versugesa separate intelligence factors has been
debated for humans as well as for non-human aniretgewed in Detterman, 2002). While
there is some evidence for the existence of atgrfat non-human animals (e.g. Banerjee et al.,
2009; Matzel et al., 2003), proponents of the madapproach argue that much of this evidence
stems from tests that are based on a restricteg r@intasks and point out that inclusion of less
traditional tasks leads to emergence of severtdréifit factors (e.g. Herrmann and Call, 2012;
Herrmann et al., 2010; Vonk and Povinelli, 2011yr Gubjects were not tested in cognitive
domains other than physical cognition; howeveriegted a subset of the dogs from the string
pulling study in a second means-end task, the stuppablem (Mller et al., 2014), and their
performance can shed some light on the questioth@hgood performance in the string pulling
task reflects physical cognitive ability, supetiearning ability in general, or rather a task-

specific solution.

The support problem required the dogs to selecb#ited one of two boards, one with a reward
placed on top of it and the other with a rewara@thnext to it (Muller et al., 2014) and can thus
be considered to be functionally related to thgtpulling task. However, those dogs that
performed best in the string pulling task did nodw superior performance in the support
problem and vice versa (personal observation). Als@a group, dogs with string pulling
experience did not perform better in the suppasbfam than those without (Mller et al., 2014).
Although both tasks gauge abilities in the phystt@hain related to connectivity, these results
imply that dogs’ solutions to these problems as&-specific and have to be learned for each
task separately. Possibly this reflects a low egiohd validity of such tasks for domestic dogs.
As Miklési (2009) pointed out, a genetic preparesdnior understanding of physical rules is
more likely in species that use objects in a complay. Moreover, as suggested by Lea et al.

(2006), canids’ ecological niche as cursorial ptedamay in fact have been associated with
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strong selection for a predisposition to approagy plirectly when it is very close, thus

predisposing the animals to a proximity error.

By scrutinising individual subjects’ behaviour hetfour-string task, the curved string task and
the transfer tasks, we can draw some inferenceas #fv® extent to which dogs possess means-
end understanding or which rules they were follgum solve the tasks. Studies on dogs and
other species have shown that animals may follget@f hierarchical rules to solve physical
problems, preferentially pursuing one strategydwitching to a different one if their preferred
strategy was unavailable. For instance in an olgeananence task (Topal et al., 2009) and in an
object choice task requiring inference by exclugi@rdshegyi et al., 2007), domestic dogs
preferentially seemed to follow human rather thansal cues but showed improved
performance when no human-given cues were avajlabtgesting that they paid more attention
to the causal cues when human cues were absebh@gyl et al., 2007; Topal et al., 2009).
OrangutansHongo pygmaelsippeared to solve a puzzle tube task by usingpaayof three
combinations of strategies (Tecwyn et al., 2012 ll cases, the successful subjects initially
attempted to move the reward towards the open etitedube but if this was not applicable,
they followed any one of three alternative strage@nd subsequently solved the task
successfully (Tecwyn et al., 2012). Also, New Caladn crows Corvus moneduloid¢seemed
to use a two-stage heuristic strategy in a probskguiring them to select or make the correct
tools (Hunt et al., 2006). Initially, the birds seed to pick a tool without much regard to its
properties. When unsuccessful (because the selexibdas to short), they seemed to resort to
either a previously developed associative learnihgsuch as “if a tool fails make a longer one”
or causal inference (Hunt et al., 2006). As theetebirds did not appear to pay much attention
to the tool characteristics required, Hunt et2006) conclude that their performance can be

explained by the simpler heuristic rule combination

Similarly, some dogs in our study appeared to weestage strategies in the string pulling task.
A few individuals would start pulling one stringdar when the reward did not move closer —
they switched to a different string (note that shibhg was not allowed when a string had been
pulled out more than halfway). Others would inlyiglaw near where they perceived the reward
(i.e., in the case of the curved string task, atfémce where there was no string) and
subsequently start pulling on one of the stringse @og committed the proximity error in the

curved string task several times but subsequehtige the correct string significantly above
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chance level, thus apparently resorting to a defahaviour first and scrutinising the problem
more closely only in case of failure — a strategsgnmon to other species as well (humans:
Betsch et al., 2004; New Caledonian crows: Huial.eR006). Such a strategy would not longer
be successful, however, in the gap condition whaseindividual's performance was at chance
level. Conversely, the other two subjects that prrdormed above chance in the curved string
task never committed a proximity error and thuseaped to pay attention to the relevant
properties of the strings and the reward beforeinggtheir choice. These two dogs also
performed well in the gap task (one of them readatrgdrion on the first attempt), indicating that

they traced the connection between the rewardlandtting from the outset.

Nonetheless, when proximity and connectivity cueseaconflicting in the parallel diagonal

string task, proximity appeared to be the more matboice rule even for these dogs. This
implies that their successful performance doegefdct a true understanding of connectivity,
but that the dogs had simply learned a perceptig) as has been found for great apes in similar
setups (Herrmann et al., 2008; Povinelli et alJ@®0Along similar lines, our recent study on the
support problem suggested that dogs rely on parakpties to solve this task (Muller et al.,
2014). The finding by Range et al. (2011) that degentaneously solved this task could not be
replicated by Miiller et al. (2014), which could pitdy be explained by the different shaping
procedures applied in training the dogs to pulltbetboards. In the study by Range et al. (2011),
the dogs were trained to pull out single boardslthd a reward resting visibly on top of them,
and so the dogs might have learned the correctehale already during the shaping trials. In
the study by Muller et al. (2014), shaping to mult the board was performed with a barrier so
that the dogs were not exposed to the sight ofétvard on the board until they received the test
trials. It seems that the dogs in this study needede exposure to this setup to learn the choice
rule appropriate for this particular task (Mulleérak, 2014). Thus, methodological differences
appear to be responsible for the different findihg®kange et al. (2011) and Midiller et al. (2014).

The importance of methodological details is alsmaestrated by our string pulling study, where
relatively small alterations of the experimentalpe(introduction of the curved string task,
which precluded the use of the proximity strateggadlve the task) affected performance: Unlike
in previous studies, some dogs demonstrated aitetdiconnectivity, but only in setups where
no proximity cue was available. Similarly, commoarmmosetsallithrix jacchug, which like

dogs are prone to a proximity bias, were able araecthis bias with novel setups and
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succeeded in the new tasks (Gagné et al., 2012)imjhortance of test setup on cognitive
performance has furthermore been demonstratedhar species. Chimpanzees showed much
improved performance in the trap tube task whep tloelld rake the reward towards them
instead of having to push it away from them (Mulcahd Call, 2006), or in a setup requiring no
tool use at all (Seed et al., 2009). Similarlyaitrap table task, performance was poor when
chimpanzees were required to select one of twgps#ioned rakes, but it improved when they
could position a tool themselves (Girndt et alQ&0 Orangutans were previously found to lack
an understanding of connectivity involving physiathchment but succeeded when ecologically
valid tools were presented (Mulcahy et al., 20185 task where objects were dropped down a
chimney connected by an opaque tube to one of tueiners, cotton-top tamarirfS8aguinus
oedipu$ typically showed a gravity bias, searching in ¢batainer underneath the chimney
where the food was dropped, even though alignedroélys and containers were never
connected (Hood et al., 1999). However, when theesiask was presented in a horizontal way,
eliminating the gravity cue, performance was muwsproved (Hauser et al., 2001). Our study
likewise emphasises the importance of paying attertb details in the test setup when inferring
cognitive capabilities from experiments, and ouv mariant of a means-end test may aid in

assessing animals’ rule choices in such tasks.

To conclude, dogs and other animals seem to adgous choice rules to solve physical
cognition tasks. Some of these may be simple fltlsumb, while others may be more
cognitively demanding. Performance in cognitiveksasan be influenced to a large degree by the
test setup, and small alterations may explain wfigrént labs sometimes fail to replicate
findings or lead to different conclusions regardagpecies’ cognitive abilities. Since individual
performance differences may reflect cognitive défeces, preferences for certain choice rules,
but also motivational effects or personality diffieces, future studies should attempt to

disentangle these possibilities.
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6.4. Implications

Study 1 assessed the validity of early behaviaestk for predicting behavioural tendencies in
domestic dogs. This longitudinal study is — to rmpWwledge — the first peer-reviewed study on
the predictive value of neonate assessments. Baésemply that such early predictions of
behavioural traits are unreliable. By criticallyi@ving the previous literature | offer an
explanation for the diverging results of previotigdges on the predictive value of puppy tests. |
point out that while puppy tests may have the pakaf predicting outcomes (successful
qualification as police dogs, Slabbert and Odend£49; Svobodova et al., 2008, or guide
dogs, Goddard and Beilharz, 1984; Scott & Beilfe®76) to some extent (but see Asher et al.,
2013; Wilsson and Sundgren, 1998b), there is ktielence that specific behaviour traits can be
predicted in young puppies (Beaudet et al., 199Hdard and Beilharz, 1986; Wilsson and
Sundgren, 1997b).

Study 2 investigated links between sociability,dm@ss and conflict resolution strategies in dog
puppies. This study contributes to our understandiranimals’ conflict behaviour by focusing
on non-aggressive conflict resolution strategidsctv have been somewhat neglected in the
animal behaviour literature compared to the moraroonly investigated topic of aggressive
interactions. Our results imply parallels with hure@and add to our understanding of social
behaviour in nonhuman animals by showing relatigpsshetween behaviours in an affiliative
context and conflict situations. While presentimgio research, this study has possible
implications for behavioural problems and theirvergion e.g. via measures to improve

socialisation in dogs.

Study 3 investigated the stability of two measurfesnpulsivity over a six-year period, using
performance in a delayed reward choice test ancemsireports. We found that both of these
measures show high consistency in domestic dogsaotme span of six years. While evidence
from human studies has suggested that impulsisigystable trait (e.g. Casey et al. 2011), to my
knowledge this is the first long-term study on ifgdty in non-human animals. Tests of
individual impulsivity have the potential to be wable tools for assessing puppies’ or adult
dogs’ suitability for pet homes or working enviroants. Based on our findings, further studies
of impulsivity in dogs may help us to elucidate elepment of impulsivity from a general
process perspective, behavioural and physiologimaklates of impulsivity, and effects of

interventions to reduce individual impulsivity.
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In Study 4, we re-investigated dogs’ ability to smier means-end connections in string-pulling
tasks by providing a novel task where proximity wasa confound. We found that some dogs
were able to trace the connection between stridgeward when the option of choosing by
proximity (a preferred strategy) was not availafileis study adds to our knowledge of animals’
strategy preferences in solving physical cognitamks by investigating which features they
attend to. The study also highlights the effectsask design on performance in cognitive tasks
and yields further insights into testing of memedcesses employed by animals when faced with

physical problems.
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SUMMARY

This thesis focuses on individual differences ihdaour and cognition in domestic dogs. Study
1 investigates behavioural development in Borddli€3oand indicates that tests of puppies in
the first days of life or during the socialisatiperiod have low predictive validity for predicting
specific behavioural traits in adult dogs (1.5-2ng. The discrepancy observed in previous
studies regarding the predictive value of pupptstean be attributed to different approaches: at
a coarse level, early test may indicate suitabibtya particular function to some extent;

however, specific individual behaviour traits cadly be predicted from puppy tests.

Study 2 explores relationships between puppiesabielr in apparent conflict situations and
behaviour in other, social and environmental, caistelhe results show that highly sociable
puppies tend to adopt an interactive conflict nesoh strategy whereas less sociable puppies
tend to behave passively. In agreement with studies other species, this indicates that

individual conflict resolution strategies are rethto the personality of the individual.

Study 3 assessed the temporal stability of a fuxtbgnitive/ behavioural characteristic:
different measures of impulsivity in dogs — perfamoe in a delayed reward choice test and
owners’ questionnaire ratings — demonstrated exheirigh stability over a time gap of six

years.

Study 4 investigates how dogs solve a cognitivie. felke dogs were confronted with a reward
that was inaccessible behind a fence and couldibbedtowards them with a string. In a task
with multiple strings, some individuals apparergtiended to the connection between string and
reward. Nonetheless this does not imply an undaigtg of means-end connections. We
conclude that dogs may use alternative problemrspbtrategies and preferentially choose the
simpler rule when cues are ambiguous. The resattsodstrate individual differences in
performance and point out the importance of desaith as the test setup on animals’

performance in cognitive tasks.

These studies add a puzzle piece to the biggetignexd behavioural development and indicate
effects of personality on animals’ behaviour iniabconflict situations. They are furthermore of
practical relevance regarding the predictive validi early puppy tests and the stability of the
impulsivity trait in dogs. The latter is not onkglevant to human-dog interactions but also of
particular interest from a comparative viewpoimigaogs may serve as models for assessing
effectiveness of training to reduce individual irtgiuty. The results of the tests of means-end
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understanding enhance our understanding of howadsiapproach physical cognition problems
and how individuals may follow alternative rulesstve the task.
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ZUSAMMENFASSUNG

Das Thema dieser Dissertation sind individuelleddsthiede in Verhalten und Kognition bei

Haushunden.

Studie 1 befasst sich mit Verhaltensentwicklung Bonder Collies und ergibt, dass friihe Tests
von Welpen in den ersten Lebenstagen oder der I&atiansphase wenig aussagekraftig sind in
Bezug auf spezifische Verhaltenseigenschaftenmeaalhsenen Hunde (1,5-2 Jahre). Die
Diskrepanz bisheriger Studien hinsichtlich der Aagskraft von Welpentests ist méglicherweise
auf unterschiedliche Ansatze zurtickzufihren: Aogeigroberen Ebene kdnnen friihe Tests evtl.
zu einem gewissen Mal3 eine Eignung fur bestimmtgaten vorhersagen; einzelne

individuelle Verhaltenseigenschaften scheinen jadodVelpentests kaum vorhersagbar zu sein.

Studie 2 untersucht, ob das Verhalten von Welpeainer scheinbaren Konfliktsituation mit
sozialem oder umweltbezogenem Verhalten in andéussammenhangen korreliert. Die
Ergebnisse zeigen, dass kontaktfreudige Welpemzu mteraktiven Konfliktlbsungsstrategie
tendieren, wahrend weniger kontaktfreudige Welger au Passivitat neigen. Ubereinstimmend
mit Studien an anderen Arten, deutet dies darayfdass individuelle Konfliktldsungsstrategien

mit der Personlichkeit des Individuums zusammenbéang

Studie 3 untersucht die zeitliche Stabilitat emerteren Verhaltens- bzw. kognitiven
Eigenschaft: verschiedene Mal3e fur Impulsivitathh@nden — Verhalten in einem
Belohnungsaufschub-Test sowie die Bewertung duielBdsitzer mittels Fragebdgen — wiesen

eine auferst hohe Stabilitat Gber einen Zeitraumsaths Jahren auf.

Studie 4 befasst sich mit Losungsstrategien iardingnitiven Aufgabe. Dabei wurden Hunde
mit einer unzuganglichen Belohnung hinter einemrdeanfrontiert, die sie mittels einer Schnur
zu sich heran ziehen konnten. In einer Aufgabégindie Hunde zwischen mehreren Schniren
die mit der Belohnung verbundene auswahlen musgéefolgten einige Individuen offenbar die
Verbindung zwischen der Belohnung und der Schndrwaren so auch in komplexen Aufgaben
erfolgreich. Ein Verstandnis von Zusammenhangem lears den Ergebnissen dennoch nicht
geschlossen werden. Wir schlussfolgern, dass Huntigschiedliche Problemldsungsstrategien
anwenden und bei uneindeutigen Hinweisen die jevegiifachere vorziehen. Die Ergebnisse
zeigen individuelle Leistungsunterschiede und diefisss von Details im Testaufbau auf

Leistungen in kognitiven Experimenten auf.



STEFANIE RIEMER — PHD THESIS ZUSAMMENFASSUNG

Diese Studien leisten einen Beitrag zu unseremt#fedsis von Verhaltensentwicklung und
deuten auf den Einfluss von Personlichkeit auf diemsweisen in sozialen Konfliktsituationen
hin. Sie sind weiters von praktischer Relevanzezau®) auf die Vorhersagekraft friher
Welpentests und die Stabilitdt von Impulsivitat Beinden. Letztere ist nicht nur in der Mensch-
Hund Interaktion relevant, sondern auch aus vesigézider Sicht, und Hunde kdnnten als
Modell fur die Effektivitdt von Mal3hahmen zur Retlok von Impulsivitat dienen. Die
Ergebnisse der Schnur-Zieh-Experimente tragen garem Verstandnis bei, wie Tiere an
physikalische Kognitions-Aufgaben herangehen unigheealternativen Losungswege sie dabei

verfolgen konnen.
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