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Abstract

The study of domestication provides a unique opportunity to analyze the effects of natural selection in the attraction
towards novelty, because selective pressures on domesticated animals are often greatly diminished or different from their
wild counterparts. In this study, we investigated the neophilic levels of three groups of canids differing in their level of
contact with human environments both from an evolutionary and ontogenetic perspective: wolves, pack-living dogs, and
pet dogs. In order to study their neophilic response, we presented the animals with two objects. The first of these objects
was displayed in the animals’ enclosure for several days. After the animals were habituated to this first object, the second
one was introduced together with the first one in a shorter test session meant to explore their preferences for either of
the objects. We predicted that dogs —and pet dogs in particular— to display higher levels of neophilia, because human-
created environments tend to change at a faster pace, and thus, a higher drive to explore these changes would be more
beneficial than in a comparably more stable environment. Our results show no apparent differences between the groups
in terms of latency to approach the new object, nor in the identity of the object they approached first. Nonetheless, all
groups interacted more with the new object during the test phase. Wolves also interacted longer with the object presented
in the first phase of the experiment.
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Introduction

Novel objects in the environment may offer new opportuni-
ties for an animal, but can also pose a potential risk. The
way animals interact with novel objects is mediated by two
independent motivational factors: neophilia and neophobia
(Griffin and Guez 2014; Marshall-Pescini et al. 2017b). Both
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neophilia and neophobia are responses towards the novelty
of an item: neophilia is the drive to approach a novel item to
engage in exploratory behavior with it, while neophobia is a
fear response towards a novel object that drives the animal
to avoid it (Greenberg and Mettke-Hofmann 2001).
Although both factors deal with novelty, neophilia and
neophobia are not necessarily correlated with each other
(Greenberg and Mettke-Hofmann 2001), as the absence
of a fear response towards a novel item does not necessar-
ily imply an attraction toward it. Neophobia can be detri-
mental to the potential exploitation of novel opportunities
(Benson-Amram et al. 2012, Moretti et al. 2015), but can
be advantageous (and thus selected for) in predator-rich or
otherwise “dangerous” environments (Benson-Amram et al.
2012, Greggor et al. 2016b). Neophilia, on the other hand,
allows an animal to easily gather information about changes
in their environment (Tebbich et al. 2016). High levels of
variability and complexity in an animal’s environment may
select for neophilia, as interest towards a potentially new
resource can have greater effects (Griffin and Guez 2014;
Mettke-Hofmann et al. 2002). Therefore, because the envi-
ronmental factors selecting for neophobia and neophilia can
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vary independently from each other, an animal can display
high levels of either neophilia or neophobia, but also high
levels of both or of neither (Greenberg and Mettke-Hof-
mann 2001).

Because neophilia drives animals to engage in explor-
atory behavior, exploration persistence —defined as the
time an animal spends investigating an object— is a key
factor in the study of neophilia (Greenberg and Mettke-
Hofmann 2001; Mettke-Hofmann et al. 2002). Exploration
persistence is higher in species that need to process their
food in order to remove inedible parts than in those that
can access it directly, being thus a function of the amount
of time an animal needs to manipulate their food in order
to consume it (Mettke-Hofmann et al. 2002). This factor is
also often negatively impacted by neophobia (Biondi et al.
2010; Griffin and Guez 2014; Rao et al. 2018) although in
some species the opposite has been shown (see Moretti et
al. 2015). In line with what would be predicted by the evo-
lutionary pressures selecting for neophilia and neophobia, it
has been found that a lower trophic position (hence a higher
number of potential predators) begets higher levels of neo-
phobia (Crane and Ferrari 2017), while habitat variability
and complexity correlates with higher levels of neophilia
(Mettke-Hofmann et al. 2002).

Domestication provides an excellent model to study
the evolution of both neophilic and neophobic traits. The
effect of several natural selection pressures is diminished
or overall different for domesticated animals. Most notable
amongst these pressures is the absence of predation, which
should lead to reduced neophobia. At the same time, human-
created environments are more complex and prone to rapid
change which should select for higher levels of neophilia
(Griffin et al., 2017; Sih et al., 2012; Suzuki et al. 2021; but
see Greggor et al. 2016a; Miranda et al. 2013).

Wolves and dogs may prove to be a particularly inter-
esting model to test the effect of domestication on neo-
phobia and neophilia due to their genetic closeness. They
only started to diverge around 30,000 years ago (Cooper
et al. 2015), but occupy very different ecological niches.
Wolves are cooperative hunters with a rather low success
rate (between 10% and 50%; Freedman and Wayne 2017;
Mech et al. 2015). Conversely, dogs usually live in environ-
ments with an abundance of food either as pet dogs with
humans directly providing food or as free-ranging animals,
where the dogs scavenge on human refuse, with the latter
scenario being likely the evolutionary context in which they
thrived (Brooks 1990; Butler et al. 2018; Butler and Du Toit
2002). The social-ecology hypothesis (Marshall-Pescini et
al. 2017a) postulates that wolves and dogs’ differences in
behavior are adaptations to their respective socio-ecological
environments. Accordingly, dogs should be more neophilic
than wolves, as the anthropogenic niche would promote
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investigating new potential resources. Although neither
wolves nor dogs are seldom predated upon in their natu-
ral environment, wolves underwent severe persecution by
humans (Dufresnes et al. 2018), thus there may have been
a selection for shyer, more neophobic individuals who kept
a distance from human settlements and human-created arti-
facts (Range and Marshall-Pescini 2022).

At the ontogenetic level, experience may influence how
animals react towards novel objects. For example, cap-
tive hyenas are less neophobic and more explorative than
their wild counterparts, implying that their experience with
human-created constructs has had an effect on these moti-
vational factors (Benson-Amram et al. 2013). Additionally,
in dogs, it has been shown that persistence is higher in pet
and pack-living captive dogs than in free-ranging dogs. It
has been suggested that socialized dogs are encouraged by
humans to interact with toys, which may have affected their
overall object-directed motivation (Lazzaroni et al. 2019).

Traditionally, neophobia has been measured by placing
food (or any other potential motivator) in a novel environ-
ment or within the vicinity of a novel item, and analyz-
ing whether this motivator is approached (Greenberg and
Mettke-Hofmann 2001; Greggor et al. 2016a; Miranda et
al. 2013). Neophilia, conversely, is often studied by the
presentation of a novel object in a non-foraging context,
with any potential approaches and interactions towards
it being considered a measure of neophilia (as the animal
would theoretically have no other reason to interact with
it other than its novelty; Greenberg and Mettke-Hofmann
2001; Heinrich 1995; Miranda et al. 2013). Another way of
testing neophilia is to investigate the preference an animal
may have for a novel object over a known one (Kaulful3 and
Mills 2008). This approach has been used with pet dogs,
with results showing that they preferentially interact with
the novel object over the known one. The authors of the
study suggested that neophilia may have been an adaptive
response for ancient dogs, facilitating their approach to
human settlements. However, without a direct comparison
with wolves, this possibility remains untested.

Thus, the current study investigated the potential effects
of domestication on neophilic behavior by comparing simi-
larly raised and kept wolves and dogs. Furthermore, in order
to test the effect of experience, pet dogs were also tested.
Thus, we presented animals first with novel objects in their
home enclosure (exposure phase) and, once habituated to
the object, carried out a test in which, similarly to Kaulfuf3
and Mills, we simultaneously presented a new or the by-
now-familiar object (test phase).

In a previous study by Moretti et al. (2015), pack dogs
approached novel objects faster than wolves did, but wolves
interacted with them for a longer amount of time. Based
on these results and the socio-ecology of the two species,
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we expected pack dogs to approach and need less time to
habituate to the object presented in the exposure phase
than the wolves and to show a stronger preference towards
the new vs. familiar object in the test phase. Conversely,
we predicted that, while wolves would need more time to
habituate to the new objects in both phases, they would also
interact for longer with them than the dogs (see results from
Moretti et al. 2015 and Rao et al. 2018), because they need
to open and process the carcasses of their prey (Mech et al.
2015; Mettke-Hoffman et al. 2002). Additionally, pet dogs,
being more familiar with human-made environments, were
expected to interact more with the objects during the expo-
sure phase than their pack-living counterparts (in line with
Lazzaroni et al. 2019), and to show a preference for the new
over familiar one (similarly to KaulfuB8 and Mills 2008).

Methods
Study area

We conducted the study at the Wolf Science Center (WSC),
located in Ernstbrunn Wildpark in Lower Austria, from
August 2021 to December 2021. We used 10 outdoor enclo-
sures, ranging from 1000 m? to 10,000 m? (see details table
S1 in the Supplementary materials), all of them containing
trees, bushes, and other naturally occurring items (stones,
sticks, etc.). All enclosures were surrounded by a shifting
system; a fenced corridor where the animals can be placed
in order to perform maintenance activities or move the ani-
mals to adjacent enclosures.

To get a full view of the testing area, grass and branches
were periodically removed around two selected trees within
circles of a radius of 2.60 m in wolf enclosures and 1.70 m
in dog enclosures. Additionally, we placed stones on the
ground forming two concentric circles in order to calculate
the latency of the animal’s approach towards the objects
(more details in the ‘exposure phase’ sub-section).

Subjects

In this experiment, we tested 6 pet dogs (1 female and 5
males), 6 pack-living dogs (4 females and 2 males; from 3
genetic lines) and 10 grey wolves (3 females and 7 males;
from 6 genetic lines) at the WSC (which constitute all avail-
able subjects at the WSC at the time of testing; see informa-
tion Table S2 in the Supplementary materials).

The pack dogs and the wolves were raised in a similar
environment. They were all separated from their mothers at
10 days of age to be bottle-fed and hand-raised by humans
for 5 months. During these months, the hand raisers did
not initiate any sort of object-directed play with the pups,

rather, the pups were left to play among themselves. After-
ward, they were integrated into already existing packs or
new packs were formed. The current packs are composed of
two or three individuals that are not always related.

The pet dogs tested were the personal dogs of the trainers
working at the WSC. The owners were informed about the
main aim of the study and gave explicit approval to test their
dogs in it and use the resulting data for scientific purposes.
Despite the dogs belonging to different owners and living in
different households, they had a good relationship with each
other and were used to being kept together in an enclosure
at the WSC without humans being present.

All subjects were familiar with being tested because they
regularly participate in similar experiments. Furthermore,
all three groups had similar ages (average age for wolves
being 10.7+0.77 years, 7.83+0.54 years for pack dogs, and
8.50+0.85 years for pet dogs).

Test items

All the objects were built out of wood and painted with fin-
ger paint as it is non-toxic, and the animals were able to
manipulate the objects with their mouths unrestrictedly. We
used wood to build the objects because the wolves can eas-
ily break other materials, in a way that potentially endanger
them. Moreover, when possible, we used blue and yellow
paint as wolves and dogs only see a limited color spectrum,
but their vision allows for differentiation of hues in the blue
and yellow spectrums (Singletary 2021). We designed and
built objects in pairs, matching the size, shape and color
within the same pair as much as possible in order to reduce
potential innate preferences towards any of these features
(see Fig. 1). We used one of the objects of each pair in the
“exposure phase” of the experiment while both this object
and the other object of the same pair were used for the “test
phase” (see the “Experimental procedure” section for more
details).

We built 4 object pairs in total (see Figure S1 in the sup-
plementary materials for the images of all the objects), and
each animal was exposed to 3 of them during the course of
the experiment. We counterbalanced the number of times
each pair of objects would be used per group, as well as the
order in which it would be presented (1st, 2nd or 3rd), and
the identity of the object used for the exposure phase.

For more details on what objects were used for what sub-
jects, see Table S3.

Cameras

The cameras used for filming the first reactions and the test
sessions were Sony HDR-CX cameras.
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Fig. 1 Example of object pairs used in the experiment. For the pictures of all objects (along with their descriptions, see Figure S1 in the supple-

mentary materials

We used camera traps for all the interactions with the
object during the exposure phase (Browning trail cameras
with night vision (1920 x 1080 resolution with Audio). We
set the program IR smart vision, which allowed us to get
videos at each detected movement regardless of the time of
the day. We programmed them to detect movement up to 80
feet and to record for a minimum of 30 s.

Experimental procedure
Exposure phase
Wolves and pack dogs

We exposed each pack to the respective object in their home
enclosures. Each pack was exposed to one object for one
week, with the object therefore becoming “familiar” for that
pack in the test phase —in which the other object from the
same pair (the “new” object) was presented as well.

We placed the object in the enclosure while the animals
were away and placed it near one of their usual paths so that
it would be more likely that the subjects would encounter
it. The object was attached with a chain to a tree so that it
could not be removed by the animals. The tree was chosen
so that it was 10 m apart from a second tree where the “new”
object would be attached during the test phase. However,
the two selected trees were not equidistant from the animals’
entrance due to the landscape differences between enclo-
sures (see details table S1 in the Supplementary Materials;
this was considered for the statistical analyses).

We determined the body length of each species by calcu-
lating the average of the length from the muzzle to the rear
of our subjects. We used this estimate to draw two perim-
eters on the ground around both trees marked by using a
few stones and bricks to indicate the correct distance and
to maximize visibility while disturbing the animal’s usual
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environment as little as possible. The first circle was drawn
at a distance of one body length (1.30 m for the wolves,
85 cm for the dogs, roughly calculated as the average of the
lengths of the animals participated in the study) around the
object. The second circle was drawn at a distance of two
body lengths (2.60 m for the wolves, 1.70 m for the dogs).

Once the objects were affixed to the trees, the animals
were let back into the enclosure, while we filmed their first
reactions towards the object from the outside. Moreover, all
interactions between animals and objects during the expo-
sure phase were video recorded from the outside of the
enclosure by camera traps mounted on tripods, to observe
the habituation of the animals towards the objects through-
out the whole phase.

At the end of this exposure phase, the object was removed,
and the pack was released for one day in the empty enclo-
sure. We did this because we previously observed that the
animals eventually get habituated over time to the presence
of objects in their home enclosure, which would overly
highlight the novelty of the “new” object. After this day, the
test took place in the same enclosure.

The animals were exposed to 3 different object pairs in
this manner (followed by their respective test sessions), sep-
arated by an interim of 3—4 weeks.

Pet dogs

According to the dogs’ relationships with each other, we
assigned the six pet dogs into two groups. As with the
wolves and pack dogs, the object pairs differed per group
and changed between sessions.

For the exposure phase, we put the group into an unused
enclosure (similar to the home enclosures of the pack ani-
mals) for approximately 2 h per day, for 5 days. Due to
the availability of the owners, the exposure days were not
always consecutive, and the test was not always performed
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directly on the next day after the last exposure session (see
Table S4).

Moreover, due to the different protocol we used for the
pet dogs, we did not use camera-traps with them, and thus
they were not included in the statistical analyses for the
exposure phase.

Test phase

The animals were tested in the same enclosures used for
the habituation. The day after the removal of the object, the
pack was moved out of their home enclosure and put into
the shifting system so that they could not see the enclosure,
and the respective object pair was placed inside while the
animals were away. The familiar object was positioned at
the exact same place as during the exposure phase to avoid
any changes that may disturb the animals’ perception.
Indeed, the same object in a different position or placed in a
different manner could be perceived by the animals as a dif-
ferent object (as noticed in previous experiments). The new
object was attached by a chain to the second tree, located
approximately 10 m from the first one (See Fig. 2). Once
the set-up was ready, the subjects were separated from other
pack members and tested individually (except NU in ses-
sion 1 and 2 due to issues separating the animals; see Table
S1 for more details).

The test started when the subject was led back into the
enclosure and ended when they stopped interacting with

the object for 5 consecutive minutes. If the subject did not
approach any object at all for 10 min, we stopped the ses-
sion and counted it as “no approach” for both objects. If the
subject did not stop interacting with the object at any point,
the session had a maximum duration of 20 min (although
this, in fact, never happened). When the test was over, the
animal was taken back into the shifting system, and another
member of the same pack was shifted in to be tested. Once
all members of a pack were tested, we removed the objects
before releasing the pack back into their home enclosure.
The object pair was cleaned and repainted after each pack
was tested to avoid olfactory effects (knowing that some
animals urinated on them or licked them). This preparation
was done to prevent the objects from being impregnated
with the scents from animals from other packs, which could
act as a confounding effect in the study of neophilia (as it
would prompt territory-defense behaviors).

Two cameras were placed outside the fence of the enclo-
sure facing each of the objects. The entry of the animal in
the enclosure was considered as the starting point for the
testing session (see Fig. 2).

W A

LN

{ /3 1 body length circles

~
C) 2 body length circles

Familiar

Cameras

10 meters

Fig.2 Experimental set-up for the test sessions. The three groups used
in this study were, from left to right, wolves (N=10), pack dogs (N=6)
and pet dogs (N=6). Both objects were chained to trees in the animals’
home enclosure, separated by a distance of approximately 10 m. The
familiar object was chained to the same tree that had been used for
the exposure phase. In order to facilitate the process of calculating the

animals’ distance towards the object, two concentric circles made of
small, loosely distributed stones and bricks were placed at a distance
of 1 body length of the animal (averaged at 1.30 m for wolves and
85 cm for wolves) and 2 body lengths. Each session was filmed by two
cameras —each of them pointing towards one of the objects— for later
analyses. The large rectangle represents the animals’ home enclosure
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Data analyses
Video analysis: exposure phase

For every exposure phase video taken with the camera traps,
we coded whether an individual entered within the 1 or 2
body length circles around the object. We defined an ani-
mal “being within a circle” as them having at least their two
forelegs inside the circle. We only coded the closest zone
towards the object an animal had gotten in each of the vid-
eos: if the animal got within a distance of 2 body lengths
to the object but no further, we coded “2_body lengths”, if
they approached further into a distance of 1 body length, we
coded “1_body length”, and finally, if they went closer and
interacted directly with the object, we coded “touch” (see
Table S5 for more details).

We also measured the latency to the first time they got
within a distance of 2 body lengths to the object. To get this
measure, we kept track of the time of the day (in hours and
minutes) at which the object was presented, and subtracted
this from the time at which the first video with an approach
was filmed (as recorded by the camera trap). This measure-
ment was rounded to the closest minute (i.e., if the animals
approached the object in less than a minute after they were
let into the enclosure, the time to approach would be coded
as 0 h and 0 min).

Finally, using a stopwatch, we calculated the duration of
the interactions with the object for each video.

Table 1 Ethogram used to code the test videos of the experiment,
including the different behaviors, their codes, modifiers, and descrip-
tions as well as the codes and descriptions of the modifiers

Behaviors Event Modifiers  Description
Approach Point event Identity of The subject comes
the object  within 2 body lengths of

an object while orient-
ing their head towards it
Interaction

Point event Identity of The subject touches,

start the object  sniffs, bites, or other-
wise directly interacts
with the object.
Interaction Duration  Identity of The subject is interact-
the object  ing with an object as

described above. Has
to be preceded by
“Interaction start” and
bookended by “Interac-
tion end”.
Interaction end Point event Identity of
the object

The subject stops inter-
acting with the object
(whether they moved
away from it or not).
The subject is in the
object area but does not
come within the circles.

No approach  Point event
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Video analysis: test phase

Latencies and durations of interaction with each object were
coded from the videos using BORIS (Behavioural Observa-
tions Research Interactive Software) developed by Olivier
Friard, according to the Ethogram presented in Table 1. We
also coded the first object touched (new/familiar) and the
first approached (new/familiar) for each subject.

Statistical analyses

To evaluate if there was a significant difference between
dogs’ and wolves’ behaviors, we performed several general-
ized linear mixed models (GLMMs, function glmer from
the Ime4 package) and linear mixed models (LMMs; Imer
from Ime4 (V.0.6.7, Bates et al. 2015) package) using R
4.0.2 (R Core Team 2013). The predictor variable (fixed
effect) was the group (wolf, pack dog, pet dog). In order to
avoid making any direct comparisons between wolves and
pet dogs (as their different upbringings and living condi-
tions may have too big an influence on their behavior) and
to avoid incurring in multiple testing, we chose pack dogs
as the “intercept” in all of our models, and we did not run
any analyses to compare wolves and pet dogs. The control
variables (fixed effects) were the session (1, 2, 3), which
object was closer to the entrance (new or familiar) and the
distance from the entrance to the new object (in order to
account for the different amount of time the animals would
need to reach the object in each enclosure). The subject’s
identity and the identity of each object were used as random
effects in the different models. The degrees of freedom for
the linear mixed models were calculated by using Satterth-
waite’s method through the ImerTest (V.0.8.2, Kuznetsova
et al. 2017) package.

Using the exposure phase data, we ran two LMMSs: one
for the time it took them to get within 2 body lengths of the
object and one for the duration of interaction with the object
(in each video in which the subject was observed interact-
ing with the object). Both of these variables were log-trans-
formed in order to account for the compounding effect of
the passage of time.

Due to technical difficulties with the camera-traps (bat-
tery life, storage space of the SD cards, malfunctioning due
to extreme weather conditions, etc.), we did not always have
a whole week (168 h: 24 h in 7 days) of camera trap func-
tionality per pack and session (a full report on the estimated
time the camera trap was functional per pack and session
can be found on Table S6). For these difficulties, we used the
number of hours the camera was recording as an offset in the
model relating to the duration of interaction with the object.
We did not include this measure for the model regarding the
time the animals needed to reach within two body lengths
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of the object because these malfunctions occurred after the
animals approached the object for the first time in all cases.

For the test phase, we ran GLMMs for each of the
response variables using the test data: a model for the first
object approached (omitting the instances in which no object
was approached) and another one for the first object touched
(omitting the instances in which no object was touched).
Performance of each of the groups in both of these datas-
ets was also analyzed independently through exact binomial
tests.

We also ran a LMM for the latency to approach the new
object (omitting the instances in which the new object was
not approached) and a last one for the durations of interac-
tion with the familiar and new object. Both the latency and
duration of interaction were log-transformed. For the dura-
tion of interaction, we added 1 before the transformation
because we had values equal to 0 in our data set (i.e., when
the animals did not interact with one of the objects).

Random slopes were added whenever appropriate, and
the model assumptions were met for each model. The model
stability was analyzed through a custom function devised
by Roger Mundry and modified by Remco Folkertsma,
and the collinearity by using the “vif” function of the “car”
(Fox and Weisberg 2018) package. We compared all models
with a null model lacking the predictor variables of the full
model (i.e., group) but otherwise containing the same ran-
dom effects and control variables. In all models, we z-trans-
formed all continuous predictors (session) to obtain more
easily interpretable model estimates and prevent model
convergence issues. Then, we used the ANOVA function to
compare the full-null models with the Chi-squared test. All
models, including complete random-effects structure, are
reported in the Table S7 in the Supplementary materials.

A second observer coded 20% of the videos and there
was an agreement higher than 0.8 on all coded behaviors.
The inter-observer reliability analyses showed that the dura-
tion of interaction (for both objects) had an ICC(1) of 0.97,
F(31,32)=74.2, p<.001, the latency to reach the new object
had ICC(1) of 1, F(15, 16)=13,772, p<.001. Regarding the
exposure phase data, the coding for whether or not an ani-
mal had interacted with the object had a Cohen’s k equal to
0.89, z=42.1, p<.001, and the duration of interaction with
the object had a ICC(1) of 0.98, F(119, 120)=80, p<.001.

Ethics

All dogs and wolves live in enclosures with their packs,
have continuous access to water and are fed according to
their individual needs. All procedures were approved by
the “Ethics and Animal Welfare Committee at the Univer-
sity of Veterinary Medicine Vienna” with the ETK number
ETK-079/05/2021.

Results
Exposure phase

All pack dogs and wolves approached to within 2 body
lengths in all three exposure sessions. On average, wolves
got within 2 body lengths of the object 0.162+0.105 h after
they were released into their enclosure, and pack dogs did
so after 0.115+0.052 h. Latency to the first approach within
two body lengths was not significantly different between
wolves and dogs (full-null comparison: ¥*=0.008; p=.931;
see Table S8 for the summary of the individual and group-
wide values).

Most first approaches within two body lengths of the
object (79.2%) led to an immediate interaction with the
object, except for 3 wolves who did not touch the object
directly after approaching it in two sessions (Una, Wam-
blee, and Kenai). Additionally, 2 wolves (Nanuk and Yukon)
and 2 pack dogs (Zuri and Enzi) refrained from touching
the object in only one session. A post-hoc GLMM meant
to analyze any differences between wolves and dogs on the
probability that their first approach matched the first time
they touched the object showed no differences between the
groups (full-null comparison: x>=3.402, p=.183). Based on
these observations, we decided not to conduct further analy-
ses on the first approach within one body length or the first
time the object was touched, as these measurements largely
overlapped with the first approach within two body lengths
in most cases.

Wolves interacted with the object for an average of
10.40+£0.69 s, while pack dogs did so for an average of
5.76+£0.56 s: This difference was significant (full-null
comparison: ¥*=6.37; p=.01); with the wolves interact-
ing for longer with the object than the pack dogs (esti-
mate+SE=0.49+0.18, #27.09)=2.71, p=.01; see Table S9
for more details).

Test phase

All pack dogs always interacted with at least one of the
objects in every session, whereas pet dogs and wolves did
not always do so. More specifically, 4 pet dogs (Pepeo,
Freya, Hakima, and Zazu) failed to approach either object
at least once and 3 wolves failed to approach either object
at least once (Nanuk, Una, and Wamblee). When taking into
account all the test sessions, wolves failed to approach either
object in 13.3+10.1% of the sessions and to touch them in
23.3+£13.6% of the sessions. Similarly, pet dogs failed to
approach either object in 27.8+18.8% of the sessions and
to touch them in 33.3+18.8% of them (Fig. 3). However,
because all pack dogs approached at least one of the objects
in all sessions, we could not run a statistical model that
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Fig. 3 Percentage of sessions in which an animal chose to approach
or touch the familiar or new object during the test. (A) Percentage
of animals that approached the familiar or the new object first. (B)

tested the likelihood to approach (as one of the three levels
of the predictor variable had no variation).

Considering only sessions in which a subject approached
at least one of the objects, we found that the wolves
approached the new object first in 36.5% of the sessions
(binomial test CI: [0.202, 0.594], p=.3269), the packs dogs
in 55.6% (binomial test CI: [0.308, 0.785], p=.815), and the
pet dogs in 53.9% (binomial test CI: [0.251, 0.808], p=1).
This difference between groups was not significant (full-
null comparison: ¥>=1.05; p=.59).

In the sessions in which the animals touched at least one
object, dogs’ preference was not significantly different from
chance (pack dogs: 66.7% of the sessions, binomial test CI:
[0.410, 0.867], p=.238; pet dogs: 66.7% of the sessions,
binomial test CI: [0.348, 0.901], p=.388). Wolves did not
present a preference towards interacting first with the new
object either (52.2%, binomial test CI: [0.306, 0.732], p=1).
Overall, we did not find any differences in the first object
touched between wolves and pack dogs, nor between pack
dogs and pet dogs (full-null comparison: ¥>*=4.61; p=.33).
Thus, taken together, no group effect emerged in the prefer-
ence towards a “new” vs. “familiar” object.

Animals that approached one of the objects almost
always interacted with it as well, with 93.0% of the ses-
sions (53 out of 57) having a “first approach” followed by a
“first touch”. Out of the instances in which both an approach
and an interaction took place, there were only a few cases
in which the first object approached was not the same as
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Percentage of animals that touched the familiar or the new object first.
From left to right in both plots: pet dogs (green), pack dogs (blue), and
wolves (red). Error bars represent the standard error

the first object touched (7 out of 70 —13.2%—, all of them
being first approaches towards the familiar object, but first
interactions with the new one).

On average, latency to interact with the new object
was 77.50+£29.80 s for pet dogs, 23.20+£8.02 s for pack
dogs, and 33.50+8.50 s for wolves. No significant differ-
ences between the groups emerged (full-null comparison:
y>=2.54; p=28, see Fig. 4).

Duration of interaction with the familiar object in the
test sessions was, on average, 1.79+0.82 s for pet dogs,
4.66+1.28 s for pack dogs, and 3.31+0.97 s for wolves. In
the case of the new object, pet dogs interacted with it an aver-
age of 3.74+1.08 s, pack dogs an average of 10.70£1.81 s,
and wolves an average of 12.00+2.80 s (see Fig. 5 and Table
S10). The full model for the duration of interaction with
both objects was significantly different from the null (full-
null comparison: ¥>=25.40; p<.001). Since the interaction
between the object (familiar/new) and group (i.e., whether
each group of subjects interacted for longer with one of the
objects over the other) was not significant (pack dogs vs.
pet dogs: estimate+SE = —0.03+0.48, t(54.00) = —0.07,
p=.94; pack dogs vs. wolves: estimate+SE=0.25+0.43,
t(52.48)=0.59, p=.56), we ran a reduced version of the
model that excluded said interaction. This model was signif-
icantly different from the null model as well (reduced-null
comparison: x>=24.91; p<.001). We found that the animals
of all groups interacted significantly more with the new
item than with the familiar one (estimate+SE=0.99+0.17,
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t(27.40)=5.85, p<.001). However, there were no signifi-
cant differences in duration of interaction with either object
between pack dogs and wolves (estimate+SE=0.29+0.23,
t(10.71)=1.30, p=.22).

Pack dog Wolf

Group

not counting potential outliers. These potential outliers (represented
as dots) are the values above an upper boundary of the 3rd quartile
plus 1.5 times the IQR (there were no potential outliers below the 1st
quartile)

Discussion

In the current study we aimed to test the effects of domes-
tication on neophilia. To do so, we employed two differ-
ent methods: first, the presentation of a novel object in the
animals’ enclosure (exposure phase) and second, present-
ing this now ‘familiar’ object again together with another,
novel one to investigate the animals’ potential preferences
towards one of them (test phase). Our results showed a
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Fig.5 Graph comparing the duration of the interactions between famil-
iar and new items per group. Durations were added a value of 1 and
later log-transformed (in order to avoid issues of trying to log-trans-
form values of 0 whenever there was no interaction with one of the
objects). Bold line indicates the median. Upper and lower boundaries

longer interaction time with the new object over the familiar
one, but no differences between the groups in this measure.

In the exposure phase, wolves needed approximately the
same time as pack dogs to approach the object. Wolves did,
however, interact more with the familiar object during the
exposure phase than the pack dogs. This result is partly in
line with Moretti et al. (2015), who found that wolves took
longer to approach the novel object but then, similarly to
results in this study interacted longer with the object than
dogs.

In the test phase however, we did not find any differences
between pack dogs and wolves nor between pack dogs
and pet dogs in the preference towards the new object and
latency to approach it. It is important to note, however, that
these analyses only took into account the sessions in which
the animals approached one of the objects; something that
was always the case for pack dog sessions, but not so for
the pet dogs and the wolves (which failed to approach either
object in around 30% of the trials; Fig. 3).

The results of the test phase seem to contrast with those
presented by Moretti et al. (2015) both in terms of latency
to approach the novel object and the duration of interaction
with it. Further, in the study by Moretti and colleagues it
was dogs and not wolves that failed to approach the object
in some of the trials, Nevertheless, it is important to take
into consideration that the part of our experiment that is
comparable with the one by Moretti and colleagues’ is the
aforementioned exposure phase and, as such, such discrep-
ancies may have come as a result of the differences in pro-
tocol (most notably, the fact that two objects were presented
at once).
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of the box indicate the interquartile range (IQR). Whiskers indicate the
maximum and minimum values not counting potential outliers. These
potential outliers (represented as dots) are the values above an upper
boundary of the 3rd quartile plus 1.5 times the IQR (there were no
potential outliers below the 1st quartile)

All three groups interacted for a longer amount of time
with the novel item than with the familiar one. This result
could be due to reduced interest in the familiar item or to
heightened interest in the new one. After one week of expo-
sure to the familiar object, the animals would have ample
opportunity to determine that interacting with it would pro-
vide no benefit (e.g., access to food). Conversely, the nov-
elty of the new object could have driven them to interact
with it for longer, in order to gather information about it and
any opportunities that it may have been linked to (which
could be considered a neophilic response). These two poten-
tial explanations are, of course, not mutually exclusive. The
function of neophilia is to drive animals to gather informa-
tion on the environment that they can exploit it later on
(Griffin and Guez 2014; Mettke-Hofmann et al. 2002).

Contrary to Kaulfufl and Mills’ (2008) hypothesis that
neophilia in dogs is an adaptation for exploiting human
environments, our findings showed no significant differ-
ences in neophilia between wolves and dogs. Both species
appeared to favor the novel object over the familiar one,
based on the time spent interacting with it. However, it is
possible that the ancient dogs’ approach to human settle-
ments was driven not by an increase in neophilia, but by
a reduction in neophobia. That is to say, it is possible that
ancient dogs were not more driven to explore novel features
of the environment, but rather had a reduced fear response.

It is important to keep in mind, however, that life in
captivity has been reported as a factor that would reduce
animals’ neophobia and increase their neophilia (Benson-
Aram et al. 2013; Damerius et al. 2017; Lazzaroni et al.
2019; Souganidis et al. 2024), and hand-rearing in particu-
lar has been known to reduce neophobia in some species
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(Feenders and Bateson 2013; Fox and Millam 2004). In
fact, our results fall in line with those described by Sou-
ganidis et al. (2024), in which captive individuals from
several species of primates had a preference towards novel
objects over familiar ones, regardless of the differences in
feeding ecology between the species. Although we did test
pet dogs in our study as a means to analyze the influence
of experience in neophilia, all three of our groups lived in
a human-shaped environment in which abundant food was
provided and there was no risk of predation or persecu-
tion by humans (in the case of wolves). Further than that,
even though the pack animals’ hand raisers did not directly
engage in object-directed play with the pups, these animals
received thorough positive reinforcement from human-cre-
ated objects throughout their lives in the form of the appara-
tuses for different tests. As it was speculated to be the case
with pet dogs, these interactions may have increased the
object-directed motivation of the animals (Lazzaroni et al.
2019). Thus, it is possible that the living conditions of the
pack-living wolves and dogs may have been enough to drive
them towards neophilic behaviors, and therefore our sample
may not be representative of pack-living wolves and dogs in
the wild. That being the case, using this paradigm with the
wild-living counterparts of our subjects —wild wolves and
free-ranging dogs— would provide valuable insight into
not only their potential differences in neophilia, but also on
the effect of captivity in such measurements. In the case of
pet dogs, the representativeness of our sample is harder to
assess. The pet dogs we recruited were the personal dogs of
the trainers at the Wolf Science Center. Their owners were
thus probably more likely to interact with them to a higher
extent than the average pet dog, which could have an impact
in our results if this translated into a higher degree of object-
directed play.

Measurements of neophilia and neophobia have been
deemed as difficult to tease apart in the literature (Green-
berg and Mettke-Hofmann 2001). Although studies mea-
suring neophobia usually rely on the presence of an item
the animal may have an inherent drive to approach (usually
food), measurements of neophilia do not have any particu-
lar constraints, as long as such external motivators are not
involved. In the current study we did find that animals did
interact more with the new item which could be considered
a measurement of neophilia. However, it is ultimately not
possible to determine the role other factors (such as neopho-
bia) may have played in some of our measurements (e.g.,
the latency towards approaching the novel object). Thus,
future studies should test neophilia (potentially through a
paradigm similar to this one) as part of a test battery that
includes other known factors that may have influenced our
results (such as neophobia and general activity levels of
each animal) in order to get a more precise measurement.

Aside from neophobia, other confounding factors can
influence interspecific comparisons.Presenting the animals
with several sets of objects and using the animal’s prefer-
ence towards either the novel object or the familiar one as a
measure of neophilia has the potential to mitigate the effect
of some confounding factors. Some features of an item (size,
shape, color) may be preferred or avoided by a particular
individual or species, so habituating the animals to an item
that has similar properties to the novel item has the potential
to act as a “baseline”, as any preference in approaching and
interacting with the novel object would only be explained
by neophilia.

There were, however, some limitations inherent to the
use of this paradigm. For example, although animals were
tested individually, the first object was presented simultane-
ously to all members of a pack during the exposure phase.
As such, while the test phase was not a social situation, the
exposure phase was, which may have facilitated the ani-
mals’ exploration of the objects (Moretti et al. 2015). This
social situation could have been part of the reason behind
the wolves’ increased interaction during the exposure phase,
but not during the test phase. Wolves, being more neopho-
bic than dogs, may have benefitted to a greater extent from
the presence of their packmates. In contrast, the absence of
their packmates during the test phase could have made them
more reticent to approach and interact with the objects,
which may have also been the reason behind some wolves
failing to approach either object in the test phase while all
pack dogs did. As such, it remains a possibility that wolves
would be more prone to interact with the new object for lon-
ger than the dogs if they were tested under conditions meant
to mitigate their neophobic response such as the aforemen-
tioned presence of their packmates. This, however, further
highlights the difficulties of teasing apart neophilia and neo-
phobia, as it is ultimately unknowable whether the presence
or absence of a packmate serves as a way to reduce neo-
phobia, or to encourage exploration and increase neophilia.
Nevertheless, there were some potential positives to this
potential social-facilitated exploration during the exposure
phase, as it may have increased the animals’ exposure to the
familiar object, thus providing more contrast between the
familiar and new objects during the test phase.

The exposure phase also presented issues in case of the
pet dogs. Unlike it the pack-living dogs and wolves, they
could not freely interact with the objects for an entire week.
This created two issues: it made it impossible to analyze
any potential differences in the way pack and pet dogs inter-
acted with the first object, and it limited pet dogs’ exposure
to this familiar object, which could have reduced the con-
trast in novelty with the new object during the test phase.
Indeed, we found that pet dogs did interact more with the
new object during the test phase, which hints towards a
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perceptible difference in novelty between both objects for
this group. Nevertheless, whether the difference in novelty
between both objects that the pet dogs perceived was equiv-
alent to that experienced by the other groups is ultimately
unknowable.

However, both of these issues in experimental design
were a necessary consequence of the long exposure phase,
as it would be impossible to expose the pet dogs to the
object for longer amounts of time, or to expose both pack
dogs and wolves to the object for an entire week without the
presence of their packmates. As a potential way to deal with
this, the animals’ exposure to the objects could be reduced
in future studies. In our study, the pet dogs’ reduced expo-
sure seemed to be enough to make the novelty of the new
object salient enough to drive them to interact with it for
longer. Therefore, exposing them to the object for just a few
hours over several days could be considered in future stud-
ies as a means to reduce the logistical constrains imposed by
the exposure phase.

One final limitation —tied as well to a practical con-
sideration— is a consequence of the consecutive testing
of all members of the same pack, and the potential odor
cues that may be tied to this. In order to prevent the objects
from becoming impregnated with the scent of the animals
from other packs (and thus, the potential to trigger territo-
rial defense responses towards the objects), we washed and
repainted the objects after each pack was tested. We did,
however, not wash the familiar object between the expo-
sure and test session. This procedure was done to keep the
familiar object as close as possible to the state in which it
was presented to the animals during the exposure phase. The
issue lies in the fact that the new object was not washed in
between sessions from members of the same pack either.
This could have influenced the approach of the animals,
since, if the first member of a pack to be tested interacted
with the object, all their packmates could be encouraged to
interact as well by the scent of the object. However, it was
not possible to wash and repaint the objects in the interim
between testing sessions for the same pack, as that would
mean keeping the animals within the shifting system for
extended periods of time, which could be distressing for
them. Unfortunately, our small sample size did not allow for
the thorough examination of any potential order effects that
may have come as a result of this issue.

In conclusion, although we did not find any significant
differences in neophilia between adult wolves and dogs, our
paradigm could be used to gain further insights in wolves
and dogs’ responses to novelty. Future studies should place
a greater focus in trying to tease apart the individual effects
of neophilia and neophobia, potentially through the use of
neophobia tests as a baseline. Furthermore, testing wild-
living animals should also provide valuable information on
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the ways the different species’ feeding ecology may drive
differences in neophilia and neophobia, as well as the effect
of life in captivity on such measurements.
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