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HIGHLIGHTS

* The amount of morning maternal care affects thebeur of 8 weeks old puppies.
* A higher mean duration of daily maternal care pig@$ an increase in exploration.

* A higher mean duration of daily maternal care $etda reduced stress response.
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Abstract

In mammals, maternal care represents a major toastiof the early-life environment and its infleeron
individual development has been documented in nsgda@oen-human primates, humans and recently irt adul
dogs. The quality and quantity of mother-offsprintgractions exerts a multilevel regulation upoa th
physiological, cognitive, and behavioural developtra the offspring. For example, in rats variagon
maternal behaviour, such as mother-pup body coatatthe amount of licking towards pups in the nest
during the early days after parturition, influentfes endocrine, emotional, and behavioural respotise
stress in the offspring. This produces long-termseguences, which may remain into adulthood andbean
transmitted to subsequent generations. Literatooeitamaternal care in dogs and its effect on puppy
behaviour is still scarce, although the topic seieing a growing interest. The aim of the presgatly was
to determine the effects of morning maternal carb@&havioural responses of puppies to new envirataethe
and social stimuli. In order to achieve this, ma&ticare (licking, ano-genital licking, nursing amdther-
puppy contact) was assessed in eight litters ofesticdogs living in standard rearing conditionsmy the
first three weeks post-partum. Puppies were subjietct two behavioural tests (arena and isolatists et
58-60 days of age, and their behavioural responses video recorded and analysed. Data was analysed
using multivariate analyses (PCA, PLS).

During the isolation test, a higher level of matdrrare was associated with more exploration anidlzer
latency to emit the first yelp; on the contraryowaer level of maternal care was associated witheased
locomotion, distress vocalisations and destrudiisfeaviours directed at the enclosure.

These results, comparable to those reported imdatmy rat models and to some extent to those thcen
reported in dog literature, highlight the importared maternal care on the behavioural development o
domestic dog puppies.

Keywords: behaviour, dog, licking, maternal care, nurspmgppy.

1. Introduction



88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

115

In all mammalian species, there is an intense garxianother-infant interactions that is necessarntlie
survival of offspring; maternal care, especiallyidg the early stages of postnatal life, is themsaurce of
environmental stimuli for the progeny and a majetedminant of behaviour in adulthood (Bowlby, 1988;
Champagne, 2011).

Experimental evidence about the role of materna aamammals is commonly derived from deprivation
studies. Disruption of mother-infant bonding duraayly lactation is known to have a great effecttan
developing infant, particularly in altricial spesiéMogi et al., 2011). In both primates and rodginfsints
deprived of maternal care for extended periodénud £xhibit dramatically increased fearfulness and
anxiety, inappropriate and often excessively agivespatterns of social behaviour, impaired cogaiti
development (Caldji et al. 2000b; Champagne ande@€u2009; Levy et al., 2003; Liu et al., 2000)dan
enhanced neuroendocrine responses to stressongi~aad Meaney, 1999), accompanied by epigenetic
changes in the central nervous system (Weaver, &014).

In Canisfamiliaris early separation from the mother at the age oééks increases disease susceptibility,
weight loss and mortality in puppies (Slabbert Raga, 1993). Puppies prematurely separated fram the
mother between the ages of 30 and 40 days seeertmie likely to develop undesirable behaviouratesl
to fear or anxiety than puppies that remain witkirtimothers until adoption at 60 days of age (Pienai et
al., 2011). In addition to the presence of the mntthe amount of maternal care shown by the mother
towards her puppies during the early period seerbe tcrucial in many species. Literature from ahima
models emphasizes the importance of the quantityiding, body and ano-genital licking, and mother-
puppy body-contact, because these can shape th@pality, reactivity to stress and social skillstioe
neonates (Caldji et al., 1998; Champagne et ad328tarr-Phillips and Beery, 2013). Variation le t
guantity of maternal care has been the subjectiofenous investigations in several mammalian spegids
has been considered responsible for a range aftefém the brain development and on behaviouref th
offspring (e.g. Caldji et al., 1998; Caldji et &Q00a; Fairbanks, 1996; Foyer et al., 2016; Lialet1997).
For example, in rodents, naturally occurring vdoiag in maternal behaviours during the first wetlkfe,
such as nursing, licking, and contact are assatiatéhe offspring with the development of indivadu
differences in the hypothalamic-pituitary-adrengsgHPA), brain morphology, neurotransmitters et

in several brain regions and gene expressions ji@ldl., 1998; Caldji et al., 2000a; Champagré&,
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Francis et al., 2000; Gudsnuk and Champagne, Z&lsen and Champagne; 2012; Masis-Calvo et al.,
2013; Meaney, 2001; Sequeira-Cordero et al., 2Ah8ng et al., 2005)Jnlike rodents, scientific literature
on maternal care shown by female domestic dogagltinie first weeks post-partum is still scarce ¢aga

et al., 2012; Foyer et al., 2016; Guardini et2015; Pal, 2005; Rheingold, 1963; Scott and Full@65) and
its effects on the behaviour of adult offspring @&een investigated only very recently (Foyer e24l16).

In domestic dogs, several authors have examinedslove characteristics of the mother, of the puppies
of the early environment may affect the personalitg temperament of young and adult dogs. Fornosta
previous studies have focused on the effects oftypaf mother (Foyer et al., 2016; Foyer et a013;
Wilsson and Sundgren, 1998a), litter size (Foyel.eR016; Foyer et al., 2013; van der Waaij etZ408;
Wilsson and Sundgren, 1998a), material used invtiedping box (Wilsson and Sundgren, 1998a), genfler
the puppies (Beerda et al., 1999a; Beerda et391; Courreau and Langlois, 2005; Foyer et all520
Foyer et al., 2013; Svartberg, 2002; van der Wetadjl., 2008; Wilsson and Sundgren, 1998a, 1998b),
weight of the puppies (Foyer et al., 2013; Wilsaod Sundgren, 1998a), and temperature and season of
birth (Foyer et al., 2016; Foyer et al., 2013; dan Waaij et al., 2008; Welker, 1959; Wilsson and®yren,
1998a). In the above-mentioned studies, only th&bger and colleagues (2016) explored the motlgr-p
interactions (mother in the box, lying in contauirsing, licking, sniff/poke) as influential facsofor the dog
adult behaviour. They analysed maternal care attime points during the first three weeks aftettb{1%,

7" 14" 21% day post-partum) and they found that maternal isacerrelated with the behaviour of the adult
offspring, mainly with respect to behaviours cléssli as physical and social engagement, as well as
aggression.

With regard to the effects of the quantity of matdicare received in early life on the behaviout siness
responses of young puppies, literature is stillttich

The aim of the current study was to evaluate thgathof maternal care on the behaviour of pupphés.
hypothesize in our study, as already demonstrateddents’ literature, that Beagle puppies tha¢iner

more maternal care during the first weeks aftebinth, will be able to better cope with stresitlations
and will shown better responses towards new enwigstial and social stimuli.

In order to achieve this, we analysed the behawbeight Beagle mothers towards their puppiesetday

for the first three weeks after birth, differenftgm the methodology used by Foyer and colleag@sq).
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Then, we analysed the behaviour towards new enviemtal and social stimuli of their puppies at eight
weeks of age, in two potentially stressful situasi¢garena and isolation tests).

2. Materialsand Methods

2.1. Subjects

Eight litters of Beagle dogs belonging to a prof@sal canine reproduction centre and living in giandised
rearing conditions were recruited, giving a totb4 puppies.

Each mother was kept with her own litter in an undlial enclosure (3.20 m x 1.80 m), which was
contiguous with other identical enclosures in tteemity area of the establishment.

Details of the eight litters (characteristics of thothers and puppies) included in the study grerted in
table 1.

2.2. Protocol of the analysis of maternal care:hmotitter interactions

Every day, from day 1 to 21 after birth, a 15-menuideo of each mother with her puppies was recbrde
Being an observational study and not an experinhents, it only needed to be approved by the Ethical
Committee of the facility where the study was edrout.

Videos were made in the morning, when the motheirmed to the whelping box after having freely vealk
into the corridor of the maternity area in the preee of a caregiver for approximately ten minufdis.
puppies were identified in two ways; using differealoured satin ribbons and shaving different $@aadas
of fur. This means that every puppy wore a colowatih ribbon and had a small area shaved, thebaiag
different one from the other. This double identtion allowed us to always be able to recognizé gappy
during the recording process, even when the neckhar body areas were not visible. Since all tingpjes
underwent the same treatment, there was no differemthe quantity and quality of handling theyeiged.
To assess maternal care given to each puppy, & lethaviours from Guardini et al. (2015) was used
Behaviours observed included: mother-puppy physicatact (later referred as contact), licking, itickthe
ano-genital area (later referred as licking ankitig-ag, respectively), and nursing. For each bigheav
included in the list, the interaction within a sifiecmother-puppy dyad was analysed.

2.3. Behavioural tests for puppies

At 58-60 days of age, each puppy was subjectegdtadehavioural tests on the same day; first theaatest

(Gazzano et al., 2008), and then, after 1-3 halesisolation test (Gazzano et al., 2008).
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2.3.1. Arena test

The arena test aimed at evaluating the behaviotireopuppies in a novel environment in the presefhea
unknown human being and a variety of objects (gppufond’, a puppy plaited rope of Trixiea plastic
disk of Trixie®, a small ball of Trixié).

The arena was similar to that used by Gazzana €@08): 3.6 m x 2.2 m, and divided into twentyf&5
cm x 60 cm rectangles with a central circle of In60h diameter. The arena itself was located iacar that
was unfamiliar to the puppies.

The arena was enclosed on three sides by the gfale test room and for the remaining short siga 81
cm high metal fence covered externally with a ddokh.

A stranger (a woman unfamiliar to all the puppigs) on a stool at the centre of the circle maiimgia
neutral pose, without making eye contact with ¢erfering with the behaviour of the puppy.

Each puppy was individually placed by a familiaregaver in the same starting square (“the firstasqi),
located in a corner of the arena. The test lastmthbites and was recorded using two videocametaishw
covered the whole arena. The test order of puppittsn each litter was randomised.

Any urine or faeces deposited during the test wemgved before testing the next puppy.

To assess the behaviour of each puppy, five grotipghaviours were analysed: non-social behaviours,
vocalizations, stress behaviours, social behaviandsother behaviours (see table 2).

2.3.2. Isolation test

In the isolation test (modified from Gazzano et 2008) each puppy was individually placed insidexeea
enclosed with a 91cm high metal fence, creatinguase of approximately 1.5%on the floor. The fence
was located in a room that was unfamiliar to thpgaess. Each puppy remained alone in the fencedtisol
area for 3 minutes whilst being videoed. To ast#es®ehaviour of each puppy, a list of four groaps
behaviours was used: stress behaviours, vocalimgtimn-social behaviours, and other behaviouresst
behaviours and other behaviours were the samesasiloled for the arena test. Vocalisations were thkac
the same as for the arena test, with the additidheolatency to the first yelp/whine, defined e time that
passed between the beginning of the test andrgtey&élp/whine emitted by the puppy (Gazzano et al.
2008). The group of non-social behaviours was diffefrom that of the arena test and is reportedbie 3.

3. Dataanalysis
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Every video was analysed multiple times, each tigiag a focal sampling on a specific mother-pupyadd
For each video analysis, the observation was peddrusing a continuous sampling. The analysis stethi
in recording the duration (in seconds) of eachys®al behaviour.

Data was mean-centred and unit-variance scaleaeépfacipal components analysis and projection to
latent structures analysis (SIMCA-P42). The significance of models was calculated™o8 (projection to
latent structures) models using the ANOVA (analydisariance) of the cross-validated residuals (CV-
ANOVA; Eriksson et al., 2008). Individual inter-vable correlations were performed using a Spearman
rank correlation after the D’Agostino-Pearson omginormality test confirmed that data was not ndlgma
distributed (Graphpad Prisnt)6

4. Results

Four measures of maternal care were recorded imdlees (contact, licking, licking-ag and nursinig).
order to reduce these to a single variable reptiggean overall measure of maternal care, principal
components analysis (PCA) was used for dimensidnatéeon. Mean daily duration of each behaviour was
calculated for each mother-pup dyad. Data was itiesin centred and unit variance scaled prior to
multivariate analysis. PCA generated a model wisingle principal component tR0.582, G=0.251).
Scores from this model for each mother-pup intésaavere used as the regression (Y) variable for
subsequent models that investigated the relatipristtiwveen maternal behaviour and puppy performemnce
the arena and isolation tests.

4.1. Amount of maternal care (mother-pup dyad behas) and arena test

A cross-validated projection to latent structufesS) model was created using the PCA score for each
puppy with mother-pup interaction as the regressamable (Y) and the arena test data as the s€t of
variables. No model could be generated, indicatiiag there was no systematic relationship between
maternal care and performance of puppies in theaaest.

4.2. Amount of maternal care (mother-pup dyad behas) and isolation test

A cross validated PLS model was created using @ $tore for each puppy with mother-pup interaction
as the regression variable (Y) and the isolatishdata as the set of X variables. This produacadael with

a single predictive component{r=0.348, 3=0.187, p=0.00512).
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In a plot of loadings for this model (figure 1),gitive loadings (upward pointing bars) indicatdasion test
behaviours which were positively associated withamount of maternal care, and negative loadings
(downward pointing bars) indicate those behaviourah were negatively associated with the amount of
maternal care. Height of bars is an index of theartance of that association.

PLS can be regarded as a method of feature selestidhat bivariate tests can be applied to tfestires
which show strong loadings in the model.

In this case, exploration, latency at the firspy@rientation to the enclosure, locomotion and
whining/yelping had loadings that were of suffidistrength to warrant individual correlation teSthe
D’Agostino-Pearson omnibus normality test was agaptp all data, and all variables were found ndigo
normally distributed. A Spearman rank correlaticasvtherefore used to analyse the correlation betwee
each individual variable and maternal care PCAescbhe results are summarised in table 4. The idarat
maternal care resulted positively correlated tdagpion and latency at the first yelp, and negayiv
correlated with orientation at the enclosure, lootiam and whining/yelping.

5. Discussion

Results from the present study confirm that in detimedogs, the quantity of morning maternal care
provided during the early development of puppiesdraimportant influence on the future behavioural
responses of young puppies, similarly to what rédgdound for adult dogs (Foyer et al., 2016).

In the isolation test, a higher mean duration dffiydaaternal care (in terms of nursing, body ligkimno-
genital licking, and physical contact between mo#rel puppy) was found to be associated with a
systematically different approach by puppies t@@ehenvironment, i.e. a higher level of exploratand
reduced signs of stress. However, this differenas mot found when a stranger was present in the
unfamiliar environment, as in the arena test, andther significant correlation was found betweetemal
care and the behaviour of puppies in this test.

The isolation test used in the present study segmthe puppy from the mother, the littermatestaed
familiar environment in which the puppy was borflifE and Scott, 1961; Fredericson, 1950, 1952;
Pettijhon et al., 1977; Ross et al., 1960). Byhdture, the isolation test therefore evokes a kagal of
emotionality and anxiety in young puppies, and eguently the appearance of the so called “protest

separation behaviours” that have been previousljietl and observed in the offspring of several mamm



255  species after separation from the attachment fighiresworth et al., 1978; Bowlby, 1988; Coe et 4b78;
256 Mineka and Suomi, 1978; Nagasawa et al., 2014; Kama Boivin, 2015; Pettijhon et al., 1977; Prato-
257  Previde et al., 2009; Ritchey and Hennessy, 1987).

258  Thus, in such conditions and because the maximwaligations after separation from the mother are
259  generally elicited in puppies between 6 and 8 weéksye (Elliot and Scott, 1961), it was expectst t
260 puppies would have vocalised, made attempts tgpessaratched the enclosure with their paws or gdanp
261 onit. Indeed puppies did exhibit these behavitutsour results indicate that a high level of maaécare
262  during early life can mitigate the normal and adaptlistress reactions of puppies when isolategh fitoe
263  mother and moved to an unfamiliar room. A systecadlyi different pattern of behaviour was associated
264  with increased maternal care: increased exploratidonger latency to first yelp, reduced oriemtatio the
265  enclosure (that means reduced destructivenessti@mapas to escape), reduced non-exploratory locmmot
266  and reduced whining/yelping. Therefore, puppies éxaerienced greater maternal care showed inaease
267  engagement with the environment and reduced sigdistwess. On the other hand, a low level of nratkr
268 care was associated with the opposite patternggraeation of the emotional distress during sustressful
269  situation. Systematic differences are potentialbamingful, because they indicate a general shifién

270  animal’s coping strategy and emotional respongkesding with the situation that it is faced with.

271 Literature from other animal models shows simitsults. Rat pups that receive more maternal caregiu
272  the first 10 days of life show reduced fearfulnesduced non-exploratory locomotion, and increased
273 exploration in a novel environment (Caldji et aB89Cladji et al., 2000a; Francis et al., 1999 nera and
274  Meaney, 1999; Liu et al., 1997; Masis-Calvo et2013; Meaney, 2001; Sequeira-Cordero et al., 2013)
275 Inthe present study, in order to quantify matenaak, four behaviour of each mother-puppy dyadcewer
276  taken into account. Two of these behaviours wedy ltiocking and ano-genital licking, which have been
277  widely demonstrated to influence the responsetgiups to stressful events (i.e. Caldji et al.,&,99

278  Champagne, 2008; Masis-Calvo et al., 2013). In thetreception by rat pups of high level of tacstimuli
279  from the mother in the form of body licking and agenital licking has been shown to decrease DNA
280  methylation of glucocorticoid receptor genes in tligpocampus, thereby increasing the expressitimosie
281 receptors, leading to an enhanced glucocorticadback sensitivity (Gudsnuk and Champagne, 201L; Li

282 etal, 1997; Weaver et al., 2004). Similar physiatal effects were also observed, to some exiebipars

10
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(Weaver et al., 2000), and it is reasonable to thgmize that they may be present in the domestj¢c do
contributing to an explanation of our findings.

In the arena test, a wider range of interactions maasured, including interactions with toys and an
unfamiliar person. The presence of different olgecakes possible the evaluation of the level opgup
interaction with a complex environment, while thhegence of an unknown person, as a new sociallsgmu
enables the evaluation of the level of the puppiggrspecific socialisation, which is presumedb¢o
maximal at eight weeks old.

In contrast to the isolation test, no significaglationship was found between maternal care duheadirst

21 days after birth and individual puppy performaircthe arena test. This might be explained byadbe
that some of the objects of the arena and the Issigiaulus were not within the puppies’ experiendéth
respect to social stimuli, it has been found tlitadogs that have been socialized with peopletiracted
to a person, even if that person is unfamiliar (Kes and Mills, 2008; Topal et al., 2005), andialization
has an ameliorative effect in alleviating the distr caused by isolation in a novel environment ifMetral.,
2014; Mariti et al., 2013b; Pettijhon et al., 1977his attraction to people increases with thellefe
socialization and with familiarity arising from ptieus social experiences (Mariti et al., 2014).c8ithe
interspecific socialisation of the puppies in thlisdy was restricted to a small number of caregjver
exposure to a different unfamiliar person, paraciyl someone who was dressed differently from the
caregivers with whom the puppies were accustomeg,mot have exerted any attraction for the puppies,
and may instead have alarmed or disoriented théwesd |latest findings are different from those ofdfeet
al. (2016), who found that German shepherd dogsettizerienced higher levels of maternal care duttieg
first three weeks after the birth showed, whentgduhore social and physical engagement during the
standardised temperament test used by the Swedisedd-orces (SAF T-test). Such disagreement in the
results may be explained in the different levetafly experiences and human socialisation recdiyed
German shepherd dogs, compared to our Beagle myppbs made the first group more prone to cooperat
and engage in social interactions with humans Jesglfearful and more confident with the inanimate
objects used in the test. In addition, the agehathvthe subjects underwent to the behaviouras teats
different. In the current study puppies were testieldvo months of age, while Foyer et al. (2016)dd dogs

between 15 and 18 months of age. During the lang from 8 weeks of age until the time of the SASt,

11
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the dog’s experiences in a family and enrichedrenvinent, and all the events occurring during
preadolescence and adolescence can contribute tettaviour expression of the adult animal (Foyeat.e
2014).

In our study therefore, a lack of early experiersigsh as exposure to complex environments, mulisasy
stimuli and diverse human contact, could possiblyehinfluenced the arena test result. In factfuhetion
of early experiences is to promote an organisedsgstmatic response in a complex environmentratiuei
presence of unfamiliar people.

In conclusion, to our knowledge this is the firstdy to show that the amount of maternal care piexyi
during the first three weeks post-partum affecestibhaviour of eight weeks old puppies reared in
standardised conditions. In particular, this stpoyides evidence that maternal care mediatesaf set
responses, which allows an individual to cope sttlessful situations in the absence of specifiaunifar
inanimate and social stimuli. These striking ef$esstem to persist in the behaviour of the adult dsdroyer
et al. (2016) have recently demonstrated that tiariaf the level of maternal care significantlyeafted the
adult behaviour of the offspring, as already shawrodents (see e.g. Caldji et al., 1998; Zharg).e2005).
A good level of maternal care is highly recommendgd has a big influence on the capacity of peppd
deal with stress and it leads to individuals tleat better adapt to new environmental conditions.
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Figure Captions

Figure 1 Loadings bar chart of PLS of isolation test varasbiersus maternal care PCA score.

Upward pointing bars indicate positive loadings dodnward bars indicate negative loadings. Whiskers
indicate 95% confidence intervélegend: explor (Exploration), 1st yelp latency (Latenoythe first
yelp/whine), standing (Standing), other (Other ihas), barking (Barking), yawn (Yawn), contacten
(In contact with the enclosure), urin/defec (Uriaatand/or defecation), sitting (Sitting), howliftdowling),
growling (Growling), paw lift (Paw lifting), bodytek (Body shaking), nose lick (Nose licking), lying
(Lying), whin/yelp (Whining/Yelping), locom (Locontion), orientated encl (Behaviours orientated ® th
enclosure).
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Variable (Isolation test)
Tables
. Age of the mother Parity Number of Number of Total number
Litter . . - . .
(in months) (n. of parturitions) male puppies female puppies of puppies
1 37 1 5 3 8
2 69 2 4 2 6
3 60 2 8 0 8
4 59 1 1 2 3
5 80 2 3 2 5
6 63 2 3 6 9
7 62 2 5 6 11
8 62 2 4 0 4
mean *
standard 61.5+12.01 1.7540.46 4.125+2.031 2.625+2.326 6.25/1
deviation

Table 1. Characteristics of the 8 litters included in thedgtu
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BEHAVIOUR

DEFINITION

NON-SOCIAL BEHAVIOURS

Passive behaviour

(Prato Previde et al., 2003;
Palestrini et al., 2005)

Sitting, standing or lying down without any obviomsentation towards the
physical or social environment.

Saticin the 1% square
(current study)

The puppy is static in the first square when lgfthe familiar handler.

Puppy in the 1% square
(Gazzano et al., 2008)

The puppy has all four paws in the first square.

L ocomotion

(Prato Previde et al., 2003;
Palestrini et al., 2005)

Walking, pacing or running around without explorthg environment or playing.

Exploration

(Modified from: Prato Previde et
al., 2003; Palestrini et al., 2005;

Mariti et al., 2013a, 2013b)

Activity directed towards physical aspects of thena or its walls/metal fence,
including sniffing, close visual inspection, distaisual inspection, and gentle
oral examination such as licking the arena fldwg, walls/metal fence or the
inanimate objects.

Individual play
(current study)

Playful activity such as running, nibbling, bitirggratching the
shoes/shoelace/jeans of the stranger, or the chair.

Individual play-Kong

(Modified from: Prato-Previde et
al., 2003; Palestrini et al., 2010;

Mariti et al., 2013a, 2013b)

Any vigorous or galloping gaited behaviour directedards the toy when clearly
not interacting with the stranger, including chegyihiting, shaking from side to
side, scratching or batting with the paw, chasimg @ssing using the mouth.
Although the pup may take the object into the mautti carry it around the aren
destruction is not included in this category.

Individual play-rope

(Modified from: Prato-Previde et
al., 2003; Palestrini et al., 2010;

Mariti et al., 2013a, 2013b)

Any vigorous or galloping gaited behaviour directediards the toy when clearly
not interacting with the stranger, including chegyihiting, shaking from side to
side, scratching or batting with the paw, chasing @ssing using the mouth.
Although the pup may take the object into the mautti carry it around the aren
destruction is not included in this category.

Individual play-plastic disk

(Modified from: Prato-Previde et
al., 2003; Palestrini et al., 2010;

Mariti et al., 2013a, 2013b)

Any vigorous or galloping gaited behaviour directedards the toy when clearly
not interacting with the stranger, including chegyibiting, shaking from side to
side, scratching or batting with the paw, chasing #®ssing using the mouth.
Although the pup may take the object into the mautti carry it around the aren
destruction is not included in this category.

Individual play-ball

(Modified from: Prato-Previde et
al., 2003; Palestrini et al., 2010;

Mariti et al., 2013a, 2013b)

Any vigorous or galloping gaited behaviour directedards the toy when clearly
not interacting with the stranger, including chegyihiting, shaking from side to
side, scratching or batting with the paw, chasimg @ssing using the mouth.
Although the pup may take the object into the mautti carry it around the aren
destruction is not included in this category.

Near the enclosure
(current study)

The time spent in the half of a perimeter square ttethe walls or the metal
fence, regardless of whether the muzzle was odewateny other aspects of the
arena.

Behavioursoriented to the
enclosure

(Modified from: Mariti et al.,
2013a, 2013b, 2014)

All active behaviours resulting in physical contadth the walls or metal fence,
including scratching the walls or metal fence viite paws, jumping on the walls
or the metal fence, pulling on the walls or theah&tnce with the forelegs or the
mouth (including chewing, biting, shaking).

Attention oriented outdoor the
enclosure

(current study)

Staring fixedly outdoor at the external operatoexternal stimuli, either when
close to the walls or the metal fence or from dadice.

Puppy in the central circle
(Gazzano et al., 2008)

The puppy is in the central circle with his/herfpaws.
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BEHAVIOUR DEFINITION

Number of entrancesin the Number of times the puppy enters in the centralewith his/her four paws.
central circle

(Gazzano et al., 2008)

Number of squares crossed Number of squares crossed with at least two pawsl&ineously.

(Gazzano et al., 2008)

VOCALISATIONS

Barking Bark: sharp explosive vocalisation.
(Mariti et al., 2014)
Growling Growl: deep threatening rumble, with or without eged teeth.

(Modified from: Tod et al., 2005;
Parthasarathy and Crowell-Davis,

2006)

Howling Howl: Low-pitched, long-duration vocalization.
(Parthasarathy and Crowell-Davis,

2006)

Whining/Yelping Whine: High-pitched vocalization.

(Modified from: Parthasarathy andYelp: loud (relative to whining), high-pitched vdizations.
Crowell-Davis, 2006; Mariti et al.,
2013a; 2013b; 2014; Beerda et al.,

1998)

BEHAVIOURS POSSIBLE INDICATORS OF STRESS

Urination and/or defecation Self-explanatory.

(Tod et al., 2005)

Body shaking The puppy shakes his/her body.

(Beerda et al., 1998)

Paw lifting Aforepaw is lifted into a position of approximatel5°.

(Beerda et al., 1998)

Yawn Mouth widely opened for a period of a few secortlden closes.
(Tod et al., 2005)
Nose licking Tongue extends upwards to cover nose, before tielgaato mouth.

(Tod et al., 2005)

SOCIAL BEHAVIOURS

Physical contact with the Being in physical contact with the stranger.
stranger

(Modified from: Prato-Previde et

al., 2003; Mariti et al., 2013a,

2013b)

Approach Approaching while clearly visually oriented to tsteanger and entering in the
(Modified from: Prato-Previde et central circle.

al., 2003; Mariti et al., 2013a,

2013b, 2014)

Attention oriented to the Staring at the stranger, either inside or outdigecentral circle.
stranger

(Modified from: Prato-Previde et

al., 2003; Palestrini et al., 2005;

Mariti et al., 2013a, 2013b, 2014)

Proximity Close to (not in physical contact) the strangehinithe central circle or just

(Modified from Mariti et al., outside the central circle.
2013a, 2013b)
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BEHAVIOUR DEFINITION

Attention seeking Seeking attention from the stranger to play, béepaincluding intentional
(Modified from: Mariti et al., pawing the stranger, inside or outside the centrele.

2013a)

Social exploration Sniffing, close visual inspection, or gentle orghmination (such as licking)
(Modified from: Mariti et al., towards the stranger.

2014)

OTHER BEHAVIOURS
Any activity not included in the behavioural ca@le, such as:

Autogrooming
Behaviours directed towards the subject’s own bikiy,scratching, licking and biting-self.
(Mariti et al., 2012; Beerda et al., 1998; Palestrini e28I05; Parthasarathy and Crowell-Davis, 2006)

Digging

Scratching the floor with the forepaws in a wayt leasimilar to when dogs are digging holes
(Beerdeet al., 1998)

Circling

Continuous walking in short circles

(Beerdaet al., 1998)

Table 2. Behaviours analysed for each puppy in the arena test

BEHAVIOUR DEFINITION
NON-SOCIAL BEHAVIOURS
Lying Ventral/lateral lying on ground with all four legssting and in contact with
(Modified from: Tod et al., 2005). ground.
Sitting Hindquarters on ground with front two legs beingdifor support.
(Tod et al., 2005).
Sanding All four paws on ground and legs upright and exeshdupporting body.
(Tod et al., 2005).
L ocomation Walking, running, pacing around without explorifg tenvironment.

(Modified from: Prato Previde et al.,
2003; Palestrini et al., 2005)

Exploration Activity directed towards physical aspects of theinment, including
(Modified from: Topal et al., 1998; sniffing, close visual inspection and gentle ovadraination such as
Prato Previde et al., 2003; Palestrini etlicking/sniffing the floor or the puppy metal fence

al., 2005, 2010; Mariti et al., 2013a,

2013b).

In contact with the enclosure In contact with the metal fence.
(current study).

Behavioursoriented to theenclosure  All active behaviours resulting in physical contadth the puppy metal

(Modified from: Mariti et al., 2013a,  fence, including scratching the metal enclosuré tie paws, jumping on

2013b, 2014). the puppy metal fence, pulling on the puppy metaté with the forelegs or
the mouth (including chewing, biting, shaking).

Table 3. Non-social behaviours analysed in the isolatioh tes

explor 1% yelp latency  orientated encl locom whin/yelp
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Spearman r

r 0.5505 0.2878 -0.5145 -0.3224 -0.3058
95% confidence 0.3244 to 0.007895 to -0.6918 to -0.5489 to -0.5360 to
interval 0.7171 0.5259 -0.2787 -0.05166 -0.03332

P value

P (two-tailed) < 0.0001 0.0386 < 0.0001 0.0174 0.0245

Table4. Table of individual correlations between individisdlation test variables and maternal caregiviG@\Rcore L egend:

explor (Exploration), ¥ yelp latency (Latency to the first yelp/whine)iemtated encl (Behaviours orientated to the encisur
locom (Locomotion), whin/yelp (Whining/Yelping).
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