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Behavioural outcomes of housing for domestic dog puppies (Canis lupus familiaris)
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Highlights

e Conditions during sensitive periods of domestic dog puppy development can influence temperament
e \We compared two groups of puppies raised under different conditions

e Puppies raised in indoor kennels were more self-confident, but without aggressive tendencies

e Dogs from indoor kennels were better prepared for life among people

Abstract

Domestic dogs experience a sensitive period for learning during early life and conditions during this
time can have important consequences in the adult. We investigated the effects of kennel environment
during early life, comparing the temperaments of puppies reared in indoor kennels, located in the
breeder’s house, with those reared in outdoor kennels, located outside the breeder’s house and with
limited human contact. The study was conducted on 264 puppies from 44 litters belonging to 21
breeds. Of these, 160 puppies were reared in indoor kennels (70 female and 90 male puppies, 27
litters) and 104 in outdoor kennels (52 female and 52 male, 17 litters). We conducted PAT (Puppy
Aptitude Testing) tests to measure puppy temperament at an age of seven or eight weeks. Using a
gamma GLMM fitted using Bayesian inference, we showed a statistically important effect of
kennelling on posterior mean PAT scores. Puppies kennelled outdoors scored higher on PAT testing,
irrespective of sex or age, and after accommodating for dependency in the data due to litter identity.
Puppies raised outdoors showed an elevated tendency for submissive behaviour, a greater risk of
aggression through fear, and a lowered capacity for coping with novel conditions. These findings have
direct implications for dog breeders and illustrates that enrichment of the environment of dam and

puppies can mitigate the risk of behavioural problems in adult dogs.
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1. Introduction

Conditions during sensitive periods of early behavioural development in dogs (Canis lupus
familiaris) can have profound effects in the adult (Miklési, 2012). In addition to genetic effects, dog
behaviour is modified by experience and environmental conditioning (Lindsay, 2000; Robinson et al.,
2016). A sensitive period for learning in domestic dogs starts between 2.5 and 3 weeks and lasts until
12-14 weeks of age (Freedman et al., 1961; Scott and Fuller, 1965). During this period of development
environmental enrichment has the greatest potential benefits for puppies. Wells (2004) divided
enrichment into two types: animate, deriving from social contacts with conspecifics and humans and
inanimate, derived from the provision of toys, cage furniture, and auditory and olfactory stimulation.
The first type of enrichment constitutes the process of socialization.

Miklési (2012) characterized socialization as an epigenetic process whereby an animal learns
how to recognise and interact with its group members. Although parents play a central role in
socialization, contact with other individuals is also important. In the context of the development of
domestic dogs, which are highly sociable, it is an extremely important process. During the
socialization period animals must acquire key life skills and engage confidently with their
environment (Manning and Dawkins, 1997). In domestic dogs the period of socialization is critical,
with experiences at this phase of development having a pronounced influence on the future behaviour
of an individual as an adult dog (Kaleta and Fiszdon, 2002; Uzunova et al., 2007; Mikl6si, 2012).
Because domestic dogs typically occupy environments that are designed primarily for humans, dogs
must develop the ability to socialize both with their own species and humans (Bradshaw, 2011).
During the sensitive period puppies need the opportunity to experience stressful situations, explore
novel environments and engage in problem-solving tasks (Battaglia, 2009; Foyer et al., 2016).

The significance of puppy — human interactions during early life was demonstrated by
Freedman et al. (1961) using an experimental approach. Six litters of puppies were isolated from
human contact, with five litters permitted human contact for a length of one week between the second
and ninth week of life, while the sixth litter received no contact. At the age of 14 weeks, it was

demonstrated that the poorest performance was obtained for puppies completely isolated from humans
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as well those exposed to human contact at 2 weeks of age but after exposure to human contact for 2
weeks. Only the litter that received no human contact showed a low desire for human contact. These
results imply that a lack of socialization of puppies with humans until the fourteenth week of life
cannot be offset at later stages. Given that the socialization process starts from the third week of life,
dog breeders play a vital role in proper socialization of puppies. Thus, by providing daily care,
hygiene and monitoring contact with their dogs, breeders make a critical contribution to the
development of a puppy to their surroundings and the development of a positive relationship with
humans (Hubrecht, 1995; Horwitz, 1999; Boxall et al., 2004; Gazzano et al., 2008; Bradshaw, 2011).

The term socialization is often used to describe habituation to the physical environment, which
is incorrect (Miklosi, 2012). Habituation is a non-associative form of learning characterized by a
reduced response to repeated stimulation, expressed as a selective attention process that allows an
individual to ignore irrelevant stimuli thereby releasing limited cognitive resources (Ardiel et al.,
2017; Schmid et al., 2015). The importance of environmental influences on the outward expression of
behaviour in dogs should not be underestimated. Habituating dogs to a range of stimuli in a positive,
controlled, and gradual way can help minimize the number of dogs that present undesirable behaviour
(Scott and Fuller, 1965; Rooney et al., 2016). Notably the location of a mother and her puppies during
early development can have a key influence on the stimuli and learning that puppies receive
(Goleman, 2010).

According to some authors, assessing welfare of dogs in kennels is difficult, especially in the
context of emotional and psychological wellbeing (Polgar et al., 2019). However, there are a number
of features of the kennel environment that might impact on the welfare of dogs, including the space
provided and opportunities for environmental and social stimulation. Understanding the impact of
these variables is best gained through studies that compare housing systems, though few data are
available for comparison (Taylor and Mills, 2007). Here we investigated if the type of housing
(outdoor or indoor kennelling) influenced the behavioural disposition of puppies using temperament

tests. We predicted that indoor kennelling of puppies, with greater opportunity for socialization, would
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result in better temperament scores in comparison with puppies housed in outdoor kennel facilities,
where they would be exposed to fewer human interactions.

Temperament tests can be used as an objective tool for evaluating a variety of social, emotional,
cognitive, and motivational dimensions in dogs and several behavioural assays for dogs have been
developed (Lindsay, 2001). A commonly used test in 7-8 week-old puppies is Campbell's test. It
consists of 5 sub-tests that determine the response of a puppy to a human (Beaudet et al., 1994;
Hvozdik et al., 2003). Another assay is the PAT test (Puppy Aptitude Testing), consisting of 10 sub-
tests (Volhard, 2007). The PAT test incorporates tasks included in the Campbell test (Pérez-Guisado
etal., 2008) and Puppy Temperament Test (Lindsay, 2001). It also includes an additional three tasks to
test responses to touch, sound and the sudden opening of an umbrella. In the present study we
employed the PAT test.

2. Materials and methods

2.1. Subjects

Tests were performed between 2011 and 2018 in Poland using designated breeders belonging to
the Fédération Cynologique Internationale (FCI). Breeders were classified into two groups depending
on the location of kennelling. Indoor kennels were located in the breeder’s house, with the puppies and
their mother (dam) having unlimited and continuous access to occupants of the house and exposed to
all the stimuli of a typical household. In contrast, outdoor kennels comprised an isolated space for the
puppies and dam, located outside the breeder’s house, and with human contact limited solely to time
when the breeder was engaged in feeding and cleaning. Only small-scale breeders (1-2 breeding
bitches) were selected for the study and only breeders recognised by local branches of the FCI as
exemplars of good practice. Puppies from large-scale breeders and puppy mills were not included in
the study. Puppies from both indoor and outdoor kennels did not leave the household until 7-8 weeks
of age. In all cases, puppies and the breeding bitch received a good standard of routine care.

For this investigation a total of 264 puppies from 44 litters belonging to 21 breeds were used. Of

these, 160 puppies were reared in indoor kennels (70 female and 90 male puppies, 27 litters) and 104
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in outdoor kennels (52 female and 52 male, 17 litters) (Table 1). Average litter size was 6.0 (SE = 0.3)

and every individual puppy in each litter was tested.

2.2. Test procedure

Puppy temperament in response to housing was assessed using the PAT test of Volhard (2007).
Each test comprised 10 subtests. In each subtest, puppies were scored on a scale from 1 to 6 depending
on puppy behavioural response (Table 2). In each subtest a score of 1 indicated an individual with
aggressive tendencies, or that was hyperactive or independent. Puppies in this category may be
difficult to train and would need a competent handler (Bartlett, 1979; Volhard, 2007). A score of 2
suggested self-confidence, but with the possibility that the individual could present aggression.
Puppies consistently scoring 3 were judged as tractable and showing relatively stable behaviour with
the capacity to adapt to new situations with enthusiasm. A score of 4 indicated a puppy that would be
suitable as a pet, but more restrained than these receiving a score of 3. A puppy scoring 4 might need
to be shielded from children. A score of 5 signified that a puppy would express distress in novel
situations, with the potential to express aggression. Puppies that scored 6 were considered to lack
confidence and were expected to show anxiety. These dogs might present aggressive behaviour
through fear and would require a stable environment.

PAT tests were conducted on puppies aged either seven or eight weeks old, while they still
resided with their breeder. Each puppy was tested individually, in an indoor setting, during daylight
(08:00 - 18:00 h), at the breeder’s home but in a location unfamiliar to the puppy. Breeding bitches
were not present during testing. Puppies were tested prior to their normal feeding time when they were
active. All littermates were tested on the same day, with testing for each puppy lasting about 5-6
minutes. All tests were performed by a single tester (one of two female experimenters), who was
unknown to the dog under test. The other experimenter (scorer), also unknown to the puppies, behaved
neutrally, stayed at the side of the area where the test was carried out, made a video recording of the
experiment and noted the results of the subsequent subtests. The final PAT test score assigned to each

puppy was agreed jointly by the two experimenters. To assess internal consistency of PAT scoring, 20
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% of tests, a total of 57 trials, were subsequently scored by a third independent experimenter who
observed video footage of trials but was blind to puppy housing treatments. The average inter-score
correlation was 0.95, indicating high correspondence between experimenter and treatment-blind

observer.

2.3. Data analysis
Data were modelled using R (version 3.5.2; R Development Core Team 2018) with models
fitted in a Bayesian framework using Integrated Nested Laplace Approximation (R-INLA; Rue et al.,
2017). Mean PAT scores were modelled as a gamma distribution, which assumed scores were
continuous and strictly positive. All measured variables were included in the model, which took the
form:
PAT;j~ Gamma(ugji, )

E(PAT;;) = w; and var(PAT;;) = ‘%
lOg(Hij) = nij
nij = P+ P X Sex;j + P3 X Age;; + B4 X Kennel;; + Litter;
Litter; ~ N(0, 0fister)

Where PAT;jj is mean PAT score for puppy i belonging to litter j, with scores assumed to follow
a gamma distribution with mean x and precision ¢. Sexij is a categorical covariate corresponding with
sex; male and female. The variables Ageij and Kennelij are also categorical covariates, each with two
levels, corresponding with age at testing (seven or eight weeks), and kennelling (indoor or outdoor).

The random intercept Litterj was included to introduce a correlation structure between scores for

puppies belonging to the same litter, with variance otiter distributed normally and equal to 0.

2.4. Ethical note
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The study received the approval of The Local Ethics Committee for Animal Experimentation
(permit number 5/£.B732) and was conducted in accordance with rules governing the protection of

animals used for scientific purposes.

3. Results

There was a statistically important effect of kennelling on posterior mean PAT score (Table 3).
Overall, puppies kennelled outdoors scored higher on PAT testing, irrespective of sex or age, and after
accommodating for dependency in the data due to litter identity (Fig. 1). There was no significantly
important effect of puppy sex or age on mean PAT score (Table 3). The mean (SD) PAT score for

puppies kennelled indoors was 3.16 (0.28) and outdoors 3.48 (0.45).

4. Discussion

Our results showed statistically important consequences of kennelling conditions for the
behavioural temperament of puppies across a broad range of dog breeds. In support of our prediction,
puppies raised indoors obtained average scores closer to 3 than puppies from outdoor kennels (Fig. 1).
Puppies that achieve PAT scores of 3 can be characterized as self-confident, but without aggressive
tendencies and with the capacity to adapt to novel conditions. Scores exceeding 3 show an elevated
tendency for submissive behaviour, a greater risk of aggression through fear, and a lowered capacity
for coping with novel conditions (Volhard, 2007). Our model does not necessarily imply direct
causation between kennelling and PAT score, but only an association. This was particularly the case in
the present study since kennelling treatments were self-selected. Notwithstanding this caveat, similar
results were obtained by Goleman (2010) who performed tests on German Shepherd puppies
kennelled in the breeder’s house and in farm kennels. Lenkei et al. (2019) similarly showed
differences in preference, recall and gaze test between puppies from outdoor and indoor kennels.

An explanation for the association between kennelling on PAT scores observed in our study
may be due to quantitative effects, with the ‘quality’ of the rearing environment driving differences in

socialization success. An alternative explanation is that the effects of kennelling arise from qualitative
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differences, with an entirely different habituation process operating in puppies exposed to indoor and
outdoor kennelling. In our study, puppies from indoor kennels lived in the breeder’s household and
from early life were exposed to contact with a larger group of people than those kennelled outdoors.
Thus, although puppies from outdoor kennels were also exposed to a wide range of stimuli, those from
home breeders experienced an environment more typical of a normal household, to which they would
be expected to adapt later in life. The significance of the effects of appropriate stimuli was
demonstrated by Pluijmakers et al. (2010) who played audio and visual recordings typical of a
household and city environment to puppies. After 3 weeks, puppies expressed greater confidence on
contact with novel objects and noises comparing to control groups. This study demonstrates that if
puppies receive more varied stimuli during this critical period, the greater the likelihood they will be
more confident in the future (Vaterlaws-Whiteside and Hartmann, 2017). Whether the effects we
observed resulted from quantitative or qualitative differences will require further research.

Some studies have suggested that human contact is more important than conspecific contact
in dogs (Fox, 1986; Wells, 2004; Pullen et al., 2012). Kiddie and Collins (2015) showed that properly
housed dogs that experienced frequent contact with their carer achieved better behavioural test results
than dogs reared with little psychological and physical stimulation and limited social contact.
Similarly, Pettijohn et al. (1977) investigated the reaction of puppies to new sounds, observing that
subjects were more confident in the presence of humans than other dogs, food or toys. Moreover, 8-
week old puppies tested in the presence of a human expressing positive emotional signals towards a
stimulus were more likely to approach it than puppies tested with a human expressing neutral
emotional signals (Fugazza et al. 2018a). Puppies also showed a greater capacity to learn how to solve
a problem with a human demonstrator than with their mother (Fugazza et al. 2018b). Dogs in rescue
shelters that experience contact with people also tend to be more sociable and emaotionally stable and
less fearful (Hennessy et al., 2002). Limiting a dog's opportunity for human social contact may,
therefore, undermine successful socialization.

A number of previous studies have shown benefits of socialization in puppies, but also in older

dogs. Work by McMillan et al. (2013) showed that dogs bought as puppies from pet stores expressed
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undesirable behaviours as adults, including aggression towards family members, unfamiliar people
and other dogs, fear of other dogs, separation anxiety and incontinence. These outcomes contrasted
with those for dogs raised by non-commercial breeders. A caveat to this study is that in the case of a
well-socialized dog, it is possible that owners may be less likely to relinquish it to a shelter because of
behavioural problems.

Work by Gfrerer et al. (2018) testifies to the strong influence of socialization even in mature
dogs. Adult Swiss military dogs that were kennelled individually were exposed to conspecifics for
three hours each week over an eight-week period. This treatment resulted in a reduction in both
offensive and defensive behaviours towards inanimate objects as well as unfamiliar dogs. In contrast,
intensive socialization at a later age, after the critical social development period, may fail to eliminate
some behavioural problems (Scott and Fuller, 1965). Lack of proper socialization may contribute to
future incidences of aggressive behaviour or excessive excitability, among other traits (Battaglia,
2009; Tiira and Lohi, 2015; Garvey et al., 2016).

Our results failed to demonstrate an effect of sex on temperament, contrasting with findings by
Wilsson and Sundgren (1998), Svartberg (2002), Ruefenacht et al. (2002), Pérez-Guisado et al. (2008),
and Starling et al. (2013), which showed significant differences between male and females. However,
other studies have failed to show sex differences in the effects of socialization; e.g. Fuchs et al. (2005),
Goleman (2010), and the impact of sex on the environmental effects of early socialization warrants
further investigation.

In our study, all breeds were treated as a single species and we did not examine an effect of
breed on socialization, or the interaction of breed or breed type with age, sex or treatment. Our reason
for ignoring this variable was that our data were not adequately balanced to permit an analysis of this
type. In mitigation of this approach, Pullen et al. (2012) showed that dog social responses to strangers
or familiar people depended more on environment and past experience than on breed. Moreover,
investigation of genetically similar breeds proved that only ancient and spitz breeds differed from
others, and only with respect to level of attachment (Tonoike et al. 2015). However, given that

artificial selection for specific breeds includes both morphological, physiological and behavioural
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traits, there is a possibility that the success of socialization may vary with breed, and future studies on
this question are encouraged.

A potential confounding problem of studies focused on puppy temperament is that differences
in behaviour among individuals may arise from a common litter environment as well as from
hereditary factors; i.e. from litter effects, (Wilsson and Sundgren, 1998). In the present study we
controlled for a litter effect by using a mixed modelling approach, with litter identity included as a
random term in our model. Thus, while we identified dependency in our data due to a litter effect, a
kennelling effect was still detectable.

5. Conclusions

Our results lend support to the hypothesis that early socialization plays a critical role in shaping
temperament in dogs, irrespective of age or sex. These findings imply that an environment rich in
stimuli, that is typically experienced by a puppy in the home of a breeder, results in a measurably
enhanced temperament, better preparing a dog for its subsequent life with an owner. Puppies raised in
a home receive exposure to a greater range of physical and social environments, sounds, novel objects
and experiences and are more socialized with humans. These findings, and those of comparable
studies (Howell et al. 2015), have direct implications for dog breeders, especially those operating
outdoor kennels, illustrating that by enriching the environment of dam and puppies, dogs will
experience a reduced the risk of subsequent behavioural problems. Our results highlight the critical
role breeders can make in preparing puppies, as well as informing future owners, of the importance of

socialization and training for companion dogs (Howell et al. 2015).
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Figure Caption
Figure 1. Boxplot showing posterior mean PAT scores of male and female puppies at the age of seven

and eight weeks exposed to either indoor or outdoor kennelling during early life.
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Table 1. Breeds used in the study, kennel location (indoor and outdoor), number of litters and

gender of puppies (female and male).

Breed Indoor Outdoor

litters female male litters female male

American Staffordshire terrier 1 3 2 - - -
Basset hound 5 9 14 1 6 1
Beagle - - - 1 1 5
Berger de Beauce - - - 1 5 4
Border collie 1 2 5 - - -
Boxer 3 7 9 - - -
Bracco Italiano - - - 1 3 2
Canaan dog 1 - 4 - - -
Central Asian shepherd dog - - - 1 5 2
Flat-coated retriever - - - 2 6 4
Golden retriever 2 5 6 2 6 9
Great Dane 1 9 5 - - -
Labrador retriever 2 3 7 1 1 3
Newfoundland 1 5 4 - - -
Nova Scotia duck tolling retriever 4 7 18 - - -
Polish hound 1 3 3 1 6 4
Rhodesian ridgeback 2 9 6 - - -
Samoyed - - - 1 1 4
Tatra shepherd dog 1 2 - 5 12 14
Weimaraner 1 5 4 - - -
Yorkshire terrier 1 1 3 - - -

Total 27 70 90 17 52 52




Table 2. Description of PAT test procedures (modified from Volhard and VVolhard, 2007).

Subtest Procedure Response score
social attraction Puppy is placed in the test area. Examiner kneels Came readily, tail up, jumped, bit at hands. 1
degree of social attraction down and coaxes the puppy to come to them with Came readily, tail up, pawed, licked at hands. 2
to people, confidence or encouragement and gently clapping hands. Came readily, tail up. 3
dependence Came readily, tail down. 4
Came hesitantly, tail down. 5
Did not come at all 6
following Examiner stands up and slowly walks away Followed readily, tail up, got underfoot, bit at feet. 1
willingness to follow a encouraging the puppy to follow. Followed readily, tail up, got underfoot. 2
person Followed readily, tail up. 3
Followed readily, tail down. 4
Followed hesitantly, tail down. 5
Did not follow or went away. 6
restraint Examiner reaches and gently places the puppy oniits  Struggled fiercely, flailed, bit. 1
degree of dominance or back and holds it there for 30 seconds Struggled fiercely, flailed. 2
submission, ease of Settled, struggled, settled with some eye contact 3
handling in difficult Struggled, then settled 4
situations No struggle 5
No struggle, avoided eye contact 6
social dominance Let the puppy stand up or sit and gently stroke it from Jumped, pawed, bit, growled. 1
degree of acceptance of the head to the back while crouching beside it. Jumped, pawed. 2
social dominance by a Cuddled up to tester and tried to lick face. 3
person Squirmed, licked at hands. 4
Rolled over, licked at hands. 5
Went away and stayed away. 6
elevation dominance Examiner covers the puppy with both hands, Struggled fiercely, tried to bite. 1
degree of accepting supporting the puppy under its chest and gently picks  Struggled fiercely. 2
dominance while in a it up and holds for 30 seconds. Struggled, settled, struggled, settled. 3
position of no control, such No struggle, relaxed. 4
as at the veterinarian No struggle, body stiff. 5



Obedience Aptitude

retrieving

degree of willingness to do
something for future owner,
predisposition for training

touch sensitivity

degree of sensitivity to
touch and a key indicator to
the type of training
equipment required

sound sensitivity

degree of sensitivity to
sound, such as loud noises
or thunderstorms

sight sensitivity

degree of response to a
moving object, such as
chasing bicycles, children
or squirrels

stability
degree of startle response to
a strange object

The examiner crouched next to the puppy and attracts
its attention with a crumpled piece of paper. When
the puppy shows interest, the tester rolls the paper a
small distance from the puppy, encouraging it to pick
up the paper.

Examiner presses slightly between the index finger
and the thumb the ear of the puppy. The tester
gradually increases the pressure, counting to ten and
stops when the puppy moves away or shows signs of
discomfort.

The puppy is placed in the center of the testing area
and the tester, stationed at the perimeter, makes a
sharp noise by rattling coins in a glass bottle.

The puppy is placed in the center of the testing area.
Examiner ties a string around a bath towel and jerks it
across the floor.

An umbrella is opened close to the puppy and gently
placed on the ground.

No struggle, froze

Chased object, picked it up and ran away.

Chased object, stood over it and did not return.

Chased object, picked it up and returned with it to tester.
Chased object and returned without it to tester.

Started to chase object, lost interest.

Does not chase object.

8-10 count before response.
6-8 count before response.
5-6 count before response.
3-5 count before response.
2-3 count before response.
1-2 count before response.

Listened, located sound and ran toward it barking.
Listened, located sound and walked slowly toward it.
Listened, located sound and showed curiosity.
Listened and located sound.

Cringed, backed off and hid behind tester.

Ignored sound and showed no curiosity.

Looked, attacked and bite object.
Looked and put feet on object and put mouth on it.

Looked with curiosity and attempted to investigate, tail up.

Looked with curiosity, tail down.
Ran away or hid behind tester.
Hid behind tester.

Looked and ran to umbrella, mouthing or biting it.
Looked and walked to umbrella, smelling it cautiously.
Looked and went to investigate.

Sat and looked but did not move toward the umbrella.
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Showed little or no interest.
Ran away from the umbrella.
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Table 3. Posterior mean PAT score of puppies modelled using a gamma GLMM fitted with
INLA with litter identity included as a random term. Crl is the 95% Bayesian credible interval.

Credible intervals that do not contain zero in bold to indicate statistical importance.

Model parameter ~ Posterior mean  Lower Crl  Upper Crl

Intercept 1.155 1.125 1.185
Age(8 months) 0.002 -0.036 0.039
SeX(male) -0.010 -0.034 0.014

Kenneling(outdoor) 0.094 0.057 0.130




