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Abstract: Dogs’ displacement behaviours and some facial expressions have been suggested to
function as appeasement signals, reducing the occurrences of aggressive interactions. The present
study had the objectives of using naturalistic videos, including their auditory stimuli, to expose
a population of dogs to a standardised conflict (threatening dog) and non-conflict (neutral dog)
situation and to measure the occurrence of displacement behaviours and facial expressions under the
two conditions. Video stimuli were recorded in an ecologically valid situation: two different female
pet dogs barking at a stranger dog passing by (threatening behaviour) or panting for thermoregulation
(neutral behaviour). Video stimuli were then paired either with their natural sound or an artificial
one (pink noise) matching the auditory characteristics. Fifty-six dogs were exposed repeatedly to
the threatening and neutral stimuli paired with the natural or artificial sound. Regardless of the
paired auditory stimuli, dogs looked significantly more at the threatening than the neutral videos
(χ2

(56, 1) = 138.867, p < 0.001). They kept their ears forward more in the threatening condition whereas
ears were rotated more in the neutral condition. Contrary to the hypotheses, displacement behaviours
of sniffing, yawning, blinking, lip-wiping (the tongue wipes the lips from the mouth midpoint to the
mouth corner), and nose-licking were expressed more in the neutral than the threatening condition.
The dogs tested showed socially relevant cues, suggesting that the experimental paradigm is a
promising method to study dogs’ intraspecific communication. Results suggest that displacement
behaviours are not used as appeasement signals to interrupt an aggressive encounter but rather in
potentially ambiguous contexts where the behaviour of the social partner is difficult to predict.

Keywords: domestic dog; animal communication; visual cognition; appeasement signals

1. Introduction

In the last twenty years, there has been increasing interest in dog cognition and
behaviour within different disciplines including ethology, comparative cognition, and
animal welfare science [1,2]. While, within these disciplines, dog–human communication
has also received considerable scientific interest [3–6], dogs’ intraspecific communication
has received less systematic attention from researchers [7].

Domestic dogs are highly sensitive to visual communicative signals and their species-
specific repertoire includes postures and movements of the body and tail, facial cues, and
displacement behaviours [8]. Movements of the facial regions, i.e., facial expressions, are
successful indicators of different affective states in dogs [9] and can be successfully recog-
nised by humans [10]. For example, while blinking, nose licking and ear flattening have
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been associated with frustration, the ears adductor action has been associated with positive
anticipation [11,12]. Traditionally, facial expressions such as ear flattening, and lip licking
have been considered submissive/appeasement signals used by both wild canids and
domestic dogs to appease the receiver and reduce the probability of potentially aggressive
behaviours [13]. Recent studies, in which facial expressions have been analysed with the
DogFACS system (an anatomically based system allowing the objective measurement of fa-
cial cues [14]), confirmed that facial expressions such as ear movements and mouth-related
actions (i.e., nose licking and lip wiping) are dependent on the presence of a social audience
and thus possibly used as visual communicative signals (Behavioural Ecology view, [15])
by dogs during dog–human [16,17] and dog–dog interactions. In the dog training literature,
displacement behaviours, including self-directed behaviours such as lip licking, yawning,
scratching, auto-grooming and environment-directed behaviours, for example, sniffing the
environment and drinking, have been suggested to function as de-escalation/appeasement
signals in dog–dog as well as dog–human interactions [18,19] (see [20] for a summary of
the classification of the displacement behaviours in dogs).

One prediction based on the appeasement function of the displacement behaviours
hypothesis is that these behaviours should be exhibited more in conflict-ridden compared
to non-conflict-ridden situations. However, the few scientific studies that have been carried
out have shown mixed results. At the interspecific level, Firnkes and colleagues [21]
investigated whether the display of lip licking was more frequent in dogs when exposed
to a human approaching with a highly threatening, mild threatening or friendly attitude
as well as different environmental stressors. They found that lip licking was associated
with an active submissive attitude in dogs (e.g., ears flattened, tail wagging, crouched
posture, greeting behaviour), but was not displayed in highly threatening situations [21]. In
a previous study conducted by our research team [20], the threatening approach test (TAT)
was adopted to test the dogs’ responsiveness to unfamiliar humans approaching them in
either a threatening (bent posture and staring) or a neutral (relaxed posture, not staring
at the dog) way. In general, the dogs’ attitudes in both conditions could be categorised as
either reactive or non-reactive (i.e., presence or absence of barking and lunging). Results
showed that displacement behaviours were not exhibited more in the threatening compared
to the neutral condition but were rather associated with the attitude of the dog toward the
unfamiliar human. Regardless of condition, “blinking”, “nose licking” and “lip wiping”
were more likely to occur when dogs did not bark or lunge towards the human, whilst
“head turning” was associated with a non-reactive attitude only when the dogs were
approached in a threatening way [20].

At the intraspecific level, Mariti and colleagues [6] showed that dogs never exhibited
putative appeasement signals (including the displacement behaviours of head turning,
nose licking and paw lifting) before aggressive episodes but, if an aggressive interaction
occurred, the probability of re-aggression was decreased if these behaviours were exhibited.
The latter study, however, did not consider instances in which threatening interactions did
not turn into aggression, thus it was not possible to evaluate whether putative appeasement
signals could prevent the escalation from threat to aggressive interaction. Applying a TAT
paradigm for dog–dog interactions would enable the testing, with a standardised procedure,
of whether these behaviours are exhibited more towards a threatening conspecific before
an aggressive interaction occurs. However, it is very difficult to standardise the behaviour
of an “actor/stooge” dog approaching different unfamiliar dogs in such a way as to ensure
the final approach will be either threatening or neutral. Thus, exposing dogs to moving
visual representations (videos) of conspecifics could allow standardised conspecific stimuli
to be used in order to study dogs’ intraspecific visual communication.

The use of videos depicting different conspecific communication signals has al-
ready been adopted in studies with other species with promising results: juvenile bonnet
macaques (Macaca radiata) behave in a socially appropriate manner, acting in a submissive
way and seeking contact with mates when viewing videos of threatening males while
approaching videos of a passive female [22]. Furthermore, they are more attentive to
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videos of conspecifics scratching compared to performing a neutral behaviour suggesting a
signalling function of the behaviour [23].

Several studies have looked at aspects of dogs’ visual and social cognition using
experimental paradigms involving the broadcasting of images or videos. Dogs are skilful
at discriminating pictures of conspecifics from human or other animal faces [24,25] and
can match different dog vocalizations to coherent pictorial representations [26–28]. Video
stimuli have been successfully used in domestic dog cognition research, for example,
showing that dogs performed at above chance level in a classic pointing task when a
projection of an experimenter performing the pointing gestures was used, thus implying
that dogs could perceive the actual content of the videos as a human being [29]. Evidence
suggests that dogs process the videos in a “confusion mode”, exchanging the image and
its referent and thus reacting roughly the same way to an image as to the real object [30].
Finally, in an expectancy violation paradigm in which dogs were presented with videos
of conspecifics and heterospecifics paired with coherent and incoherent auditory stimuli,
dogs seemed to recognise (looking more at the non-matching stimuli) the visual (video)
and auditory stimuli as belonging to a conspecific compared to another species [31].

Given the evidence for dogs being sensitive to video stimuli of conspecifics and
possibly responding in a socially appropriate manner, the current study had two objec-
tives. The primary aim was to investigate whether displacement behaviours may carry
an “appeasing” function. Thus, the use of naturalistic videos, including their auditory
stimuli was adopted to expose dogs to a standardised conflict-ridden (threatening dog) and
non-conflict-ridden (neutral dog) situation and measure the occurrence of displacement
behaviours and facial expressions under the two conditions. Although in our previous
study with human strangers [20], dogs were not observed to exhibit these behaviours more
frequently in a threatening compared to a neutral condition, given the few studies carried
out with conspecifics, the predictions for this study were based on the “appeasement signal
hypothesis”. Hence, it was predicted that dogs would exhibit displacement behaviours
more frequently when exposed to videos of conspecifics showing threatening compared to
neutral behaviour.

Previous results have shown that dogs’ behavioural reactions can be elicited solely
by socially relevant conspecific auditory cues [27]; however, it is not clear to what extent
visual cues may be sufficient. Thus, the secondary aim of this study was to assess whether
the visual component of the stimuli would elicit the appropriate responses in dogs, thereby
providing a tool for future studies. Thus, we included a condition in which the same
videos were presented but paired with artificial non-species-relevant auditory cues (i.e.,
pink noise). If the auditory component was the major eliciting factor, we expected a more
frequent display of signals in the conditions paired with natural sounds, whereas if animals
were responding predominantly to the visual stimuli, we expected no effect from the audio
type (natural vs. artificial).

2. Materials and Methods
2.1. Ethical Statement

All the procedures were approved by the ethical committee of the University of
Parma (approval number PROT.N.6/CESA/2022). The owners were informed about the
experimental procedure and signed a consent form.

2.2. Subjects

Fifty-six dogs, 30 females (6 intact, 24 neutered) and 26 males (7 neutered, 19 intact),
aged between 1 and 12 years old (mean = 3.86) were tested in a within-subject design
study. Medium to large size, purebred as well as mix-breed dogs were recruited (See
Table S1—Supplemental Material for further details). Only mesocephalic dogs were in-
cluded (brachycephalic and dolichocephalic breeds were excluded), in order to control for
the influence of morphology on the facial expressions exhibited. Only dogs whose owners
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reported having no fear of loud noises were included in the test. Subjects were recruited
from the database of our laboratory and adverts on social media.

2.3. Setup

The dogs were tested in a room measuring 3 m × 4 m. The room was divided by a
wooden apparatus to which a white projector screen was attached. A computer and two
speakers (model: Maestro–SPKA 16) were placed behind the wooden apparatus as well as a
chair for the experimenter. To the sides of the white projector screen, two dark green panels
(1.50 m × 1.50 m) were present, covering the walls and creating a corridor to facilitate the
focus of the dog on the video.

The projector (Epson, model: H435B) was placed facing the white screen (3.2 m from
the back wall to the white screen), attached at a height of 1.65 m. The projector was placed
on a support against the wall and the leash to which the dog was attached was fixed to the
wall. Below the projector, a chair was placed for the owner; water was always available in
the room (see Figure 1).
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panels and white dashed line on the floor, visually delimiting the space inaccessible for the dog,
(C) projector screen, (D) speaker, (E) water.

2.4. Video and Audio Stimuli

The video stimuli were recorded (with an iPhone 12, video setting 4 K, 60 fps) from
two female dogs: Dog 1—an 8-year-old Weimaraner (neutered) and Dog 2—a 2-year-old
Rhodesian Ridgeback. The two dogs were comparable in size and morphology. The
recording of the videos was performed in an outdoor fenced yard where the dogs were held
on a leash in front of a black sheet (placed to cover the human handler) and a camera was
placed on a tripod in front of the dog. The use of two spontaneous reactions in a natural
context, together with the choice not to train the tested dogs to look at the screen during
the test were made to maximise the ecological validity of the stimuli presented and the
spontaneity of the subjects’ reactions. Four videos were recorded:

- Threatening videos in which both Dog 1 and Dog 2 (individually) were recorded on a
front-facing camera while standing and barking at another unfamiliar dog walking by
a fence: Dog 1 Threatening (D1T) and Dog 2 Threatening (D2T).

- Neutral videos in which both Dog 1 and Dog 2 (individually) were recorded using
a front-facing camera while standing and panting without showing any threatening
behaviour: Dog 1 Neutral (D1N) and Dog 2 Neutral (D2N).

The two videos recreated a natural context in which dogs either showed threaten-
ing/aggressive behaviours and vocalization (barking) or neutral behaviours and vocal-
ization (panting); the videos were intended to both have auditory cues, and panting for
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thermoregulation on a warm day was chosen as the neutral auditory cue. The dogs panting
during the neutral videos were not previously subjected to physical exercise or any type
of distress.

From the videos, 7 s were extracted (Final Cut Pro 10.6.2 optimised for M1) (See Video
study in the Supplemental Material). The sound of the videos was extracted and filtered to
eliminate background noises (edited with Adobe Audition–version 2022). To reproduce the
barking and the panting realistically during the experiment, we measured the sound level
(with a sound level meter, model SLM-25 SoundLevel: 30–130 dCB) of the same dogs (Dog1
and Dog2) barking and panting inside the testing room. The bark measured ~90–105 dCB
while the panting measured ~70–85 dCB. The volume of the videos was then set at a level
that allowed the sound level meter to measure the same dCB level as the real dog barking
and panting in the room.

The dogs tested may have reacted only to the sounds of panting and barking, inde-
pendently of the visual stimuli [27]. To control for the possible effect of the sound on the
reaction of the dogs tested, the same videos were paired with artificial sounds (pink noise)
with the same characteristics (Hz, amplitude and pattern) as the original sounds (generated
by Adobe Audition–version 2022).

2.5. Experimental Procedure

Upon the arrival of the dog and the owner at the lab, the dog was allowed to roam
freely inside the room for about 5 min to familiarise itself with the new environment. After
that, the owner was asked to sit on a chair placed against the back wall (right under the
video projector), while the experimenter changed the dog’s harness with an H-shaped
one (M/L size, the same for all the subjects) and leashed them to a 2 m leash attached to
the back wall, before exiting the room. The owners were asked to ignore their dogs for
the whole duration of the video projections to avoid any involuntary cues. The whole
procedure was carried out in a single session and lasted about 30 min.

In session 1, the dogs were exposed to a series of 4 videos with natural sounds
(2 threatening and 2 neutral; Figure 2), and to the same series of 4 videos paired with the
artificial sounds, the order of artificial or natural sounds was counterbalanced between
subjects. The first session consisted of a total of 43 s of video-projection. The same procedure
was repeated after a 5 min break in which the dog was kept on the leash and the owner sat
on the chair (session 2). The dog was exposed to 86 s of videos overall. In each session, the
threatening and the neutral stimuli were always alternated to avoid a habituation effect.
The order of: 1. Dogs’ identity (D1/D2); 2. Condition (threatening/neutral); and 3. Audio
stimulus (natural/artificial) was counterbalanced between the subjects with 4 possible
orders (see Figure 3 and Table S1 in Supplementary Material).
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2.6. Behavioural Coding

The video recordings were analysed using the software BORIS (“Behavioral Obser-
vation Research Interactive Software” v. 7.13.9, developed by the University of Torino,
Italy) [32], based on two ethograms: a selection from DogFACS manual facial expressions
and a general ethogram (including time spent looking at the video, posture of the dog
and other displacement activities) (see Tables S2 and S3—Supplemental Material). The
DogFACS ethogram included the action units of blinking (AU145), the action descriptors of
panting (AD126), lip wiping (AD37) and nose licking (AD137) as well as all the ears’ action
descriptors: ears forward (EAD101), ears adductor (EAD102), ears flattener (EAD103),
ears downward (EAD105). Both coders, GP and AR were DogFACS certified coders, and
intercoder reliability was assessed with interclass correlation (ICCs; Rousson, 2011) on
20% of the videos (ICC from 0.73 to 0.97).

2.7. Statistical Analyses

First, to assess whether the condition (threatening/neutral), the stimulus identity
(D1/D2) and the audio (natural/artificial) influenced the amount of ttime the dogs spent
looking at videos, a model with a three-way interaction between the condition (threaten-
ing/neutral), the identity of the stimulus (D1/D2) and the audio (natural/artificial) as test
predictor was run, including also the session (1/2), age and sex of the subjects as fixed effect
control variables. Dog ID was included as a random effect to account for repeated observa-
tion of the same subjects (model = lmer(duration of behaviour~condition*audio*stimuli
ID + sex + age + session + (1|subject), data)). The interaction between the condition
(threatening/neutral), the stimulus identity (D1/D2) and the audio, as well as the inter-
action between the condition (threatening/neutral) and the stimulus identity (D1/D2)
were not significant, revealing no differences based on stimuli identity (D1/D2) in the
time the dogs spent looking at the stimuli under the different experimental conditions
(neutral/threatening). Given the irrelevant influence of the stimulus identity (D1/D2) on
the attention of the dogs towards the videos, it was subsequently included as a control
predictor in the models for the displacement behaviours and facial expressions variables.

For the remaining statistical analyses, only behavioural variables expressed by at least
10% of the dogs during the test were selected. Thus, to test whether the display of the
selected variables was dependent on the experimental condition (threatening/neutral), their
duration or frequency was modelled as a function of the interaction between the condition
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(threatening/neutral) and the audio (natural/artificial). Stimulus identity (D1/D2), session
(1/2), age and sex of the subjects were included as fixed effect control variables. Dog ID was
included as a random effect. Generalised linear mixed models (GLMM) with a Gaussian
error distribution (function “lmer” of the package “lme4”) for duration variables and a
Poisson distribution for frequency variables were run (function “glmmTMB” of the package
“glmmTMB”) (example of model = lmer/glmmTMB(duration/frequency~condition*audio
+ stimuli ID + sex + age + session + (1|subject), data)).

A likelihood ratio test comparing the full model with a null model lacking the main
test predictors and their interaction was performed to keep the type I error rate at 5%.
If the interaction between the predictors was not significant, both test predictors were
included in the model without interaction. The same full null model comparison was
performed to assess the influence of each predictor of interest (condition and audio) on the
response variable. Model stability was assessed on the level of the estimated coefficients
and standard deviations by excluding the levels of the random effects one at a time [33].
This revealed the models to be of good stability (See Supplemental Materials for detailed
results). Parametric bootstrapping was performed to obtain confidence intervals.

Results were considered statistically significant if p ≤ 0.05.

3. Results
3.1. Time Spent Looking at the Videos

The interaction between the condition (threatening/neutral), the stimulus identity
(D1/D2) and the audio (natural/artificial) had no significant influence on the time that the
dogs spent looking at the video (χ2

(56, 1) = 0.500, p = 0.479); neither had the interaction be-
tween the condition (threatening/neutral) and the audio (natural/artificial) (χ2

(56, 1) = 3.021,
p = 0.082) nor the interaction between the condition (threatening/neutral) and the stimulus
identity (D2/D2) (χ2

(56, 1) = 1.058, p = 0.304). The condition had a significant impact on
the time dogs spent looking at the videos (χ2

(56, 1) = 138.867, p < 0.001) with dogs look-
ing more at the threatening videos compared to the neutral videos (Es = 1.716 ± 0.140,
95% CI [2.718, 4.272]). Independent of condition, the audio (natural/artificial) had a signifi-
cant impact on the time dogs spent looking at the video (χ2

(56, 1) = 5.842, p = 0.016), with dogs
looking more when videos had a natural rather than an artificial audio (Es = 0.338 ± 0.140,
95% CI [0.067, 0.616]). Furthermore, dogs looked more at the videos during the first
compared to the second session (Es = −1.034 ± 0.140, p = <0.001, 95% CI [−1.305, −0.759]).

3.2. Facial Expressions

There was no significant interaction between the condition (threatening/neutral) and
the audio (natural/artificial) for any of the facial expressions analysed. Thus, regardless of
audio type, dogs kept “Ears forward” (EAD101) for longer in the threatening compared to
the neutral condition (Es = 0.670 ± 0.131, p < 0.001, 95% CI [0.338, 0.929]) and, in contrast,
maintained the “Ears rotator” (EAD104) position longer in the neutral vs. the threatening
condition (Es = −0.399 ± 0.131, p = 0.002, 95% CI [−0.645, −0.154]). The duration of “Ears
flattener” (EAD103) was greater when the artificial sound was paired with the videos
compared to the natural sound (Es = −0.200 ± 0.072, p = 0.006, 95% CI [−0.341, −0.057]).

3.3. Displacement Behaviours

The displacement behaviours performed by at least 10% of the dogs during the test
were “head-turning”, “blinking” (AU145), “sniffing the environment”, “yawning” (AU27),
“lip-wiping” (AD37) and “nose-licking” (AD137).

The “blinking” (AU145) behaviour was the only one showing a significant interaction
between the condition and the audio: dogs blinked more when neutral videos with natural
sounds were played (Es = −0.497 ± 0.214, p = 0.020, 95% CI [−0.907, −0.085]) but there
was no difference in blink frequency between the threatening videos with natural or
artificial sounds.
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All other displacement behaviours were exhibited for a longer duration or with a
higher frequency in the neutral compared to the threatening condition, independently of
the accompanying audio (natural/artificial) (see Table 1 for statistical results and Figure 4).
Dogs also sniffed the environment for longer durations in the neutral compared to the threat-
ening condition (Es = −0.227 ± 0.072, p = 0.002, 95% CI [−0.370, −0.085]) and “Lip-Wiping”
(AD37), “Nose-Licking” (AD137) and “Yawning” (AU27) occurred with higher frequencies
in the neutral compared to the threatening condition (AD37: Es = −0.987 ± 0.353, p = 0.005,
95% CI [−1.907, −0.324], AD137: Es = −0.949 ± 0.340, p = 0.005, 95% CI [−1.796, −0.306],
AU27: Es = −2.303 ± 1.049, p = 0.003, 95% CI [1.451 −1.989]).

Table 1. Generalised linear mixed model (GLMM) output for the effect of the factor condition
(threatening/neutral) on the exhibition of displacement behaviours. Reference level for the factor
stimuli: threatening.

Behaviour Estimate SE t-Value p Lower CI Upper CI

Head turn −0.170 0.093 −1.831 0.067 −0.348 0.022
Blink −0.497 0.214 −2.320 0.020 −0.907 −0.085

Sniffing env. −0.227 0.072 −3.176 0.002 −0.370 −0.085
Yawning −2.303 1.049 −2.196 0.028 1.451 1.989
Lip wipe −0.987 0.353 −2.800 0.005 −1.907 −0.324
Nose lick −0.949 0.340 −2.792 0.005 −1.796 −0.306
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4. Discussion

The present study aimed to test the reaction of dogs exposed to a video of conspecifics
with either a threatening or neutral attitude; in particular, the analyses focused on the
exhibition of displacement behaviours and facial expressions (putative communicative
appeasement signals). The underlying hypothesis was that facial expressions and dis-
placement behaviours, previously identified as putative appeasement signals in the dog
training literature, would be exhibited more during a conflict-ridden situation (threatening
condition) compared to a non-conflict-ridden situation (neutral condition). Contrary to pre-
dictions, the results showed that dogs exhibited more displacement behaviours, specifically:
sniffing the environment, blinking, lip licking, lip wiping and yawning, when exposed
to the video of dogs exhibiting a neutral behaviour (i.e., standing without staring at the
camera and panting with an open mouth), compared to when exposed to videos of dogs
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with threatening behaviour, (i.e., barking and lunging towards the camera and hence the
observing dog).

There may be several reasons for this. First, it is possible that the threatening condi-
tion was too intense to make a de-escalation/avoidance strategy a possible and efficient
choice. This would be in line with previous studies showing that during dog–human
interactions, dogs exhibit more displacement behaviours (lip licking and head turning)
when a human approaches with a mildly threatening or a friendly attitude compared
to with a highly threatening attitude (vocal and physical threat) which instead elicited a
defensive/aggressive coping strategy [21]. Considering that the presentation of the video
stimuli Iy elicited differential responses (see discussion point below), an avenue for future
studies would be to use this method to present conditions with varying levels of threat,
as well as more overtly friendly conspecific behaviours. This would allow researchers to
assess in greater detail whether putative appeasement signals are negatively correlated
with the gradient of threatening behaviour observed.

A second possibility, closely linked to the first, is that because dogs during the threaten-
ing condition were highly attentive and alert towards the threatening unfamiliar conspecific,
they were not yet engaging in any other behavioural strategy aimed at coping with the po-
tential threat (avoidance, defensive aggressive, etc.). Indeed, in the present study, no dogs
showed aggressive behaviours towards the video stimuli, but dogs were more alert (look-
ing for longer and holding their ears forward more, i.e., showing signs of attention —[17])
in the threatening compared to the neutral condition. This interpretation would suggest
that the exhibition of these signals does not have the function of interrupting an ongoing
threatening–aggressive encounter but may still be used during ambiguous social encoun-
ters when the outcome of the interaction is not easily “predicted” by the dogs. In line
with this, future studies could test whether these behaviours are more likely to be elicited
by an ambiguous situation, for example, when encountering an unfamiliar vs. a familiar
social stimulus (thus, potentially carrying the proposed function of negotiation signals [19];
p. 163). Indeed, this would be in line with Mariti et al. [6] who found that displacement
behaviours (especially head turning, nose licking and paw lifting) were exhibited more
often when dogs encountered unfamiliar compared to familiar conspecifics.

In both our previous studies with actual human experimenters and the present study,
the neutral stimuli (an unfamiliar human approaching with a relaxed posture and a video
of an unfamiliar dog standing and panting) elicited more displacement behaviours than
the “threatening one”. This may support the idea that it is the uncertainty of the situation
which elicits these behaviours, which would hence have the function of conveying a “non-
conflict/peaceful” intent. In this case, these behaviours should be exhibited more in such
ambiguous scenarios, than, for example, when exposed to an overtly friendly approach.
Future studies are required to further investigate the context, by, for example, changing
the identity of the actor (familiar/non-familiar partner) and the social context (threatening,
neutral, friendly and affiliative).

One limitation of this study is the absence of physiological measures to monitor
the stress response in the dogs tested. Previous research has identified displacement
behaviours and facial expressions, putative appeasement signals, as indicators of the
physiological stress response: yawning [34–36], lip licking [34,35], manipulation/sniffing
of the environment [17,37]. The results from the current study do not align with this
interpretation since, in this case, we would have expected them more in the threatening
than in the neutral condition. Nevertheless, to further test this hypothesis, studies should
include a condition presenting a non-socially relevant video/audio which may elicit a stress
response in dogs and include physiological measures of arousal (hypothalamic pituitary
adrenal axis activation) such as heart rate or cortisol to assess their association with the
exhibition of behavioural variables [34].

The secondary aim of the present work was to investigate whether the visual compo-
nent of the stimuli would elicit behavioural responses in dogs, thereby providing a tool
for future studies. To control for the potential effect of the auditory component on the
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reaction of the dogs, the same visual stimuli (threatening and neutral) either paired with its
natural audio (barking and panting) or paired with a socially non-relevant audio with the
same sound features (Hz, amplitude and pattern) was presented. If behavioural responses
were caused predominantly by the social auditory stimulus (see [27]), then a higher fre-
quency/duration of behaviours with the original video (with natural sound pairing) than
the videos with the artificial audio were expected. Dogs looked more at videos paired with
natural sounds suggesting that they were more interested in a socially coherent than a
non-coherent stimulus. However, aside from this, only a very limited effect of the audio
type on the behavioural responses was found. An interaction between the condition and
the audio type was found only for one behaviour, i.e., AU145—blinking: dogs blinked more
when the neutral videos were paired with the natural sound but there was no difference in
blink frequency during the threatening condition between the natural and artificial sounds.
Furthermore, independently of the condition, dogs kept their ears in a flattened position
(EAD103) more when the artificial audio was played compared to when the natural audio
was played. Thus, taken together, the results suggest that although the natural pairing
elicited more attention, dogs were not just responding to the socially relevant auditory
stimuli (barking and panting). This suggests that the use of videos, especially paired with
natural auditory stimuli, may be a promising method to investigate intraspecific visual
communicative behaviour in dogs. However, one limitation of the present experimental
paradigm is the absence of a control condition in which only the visual stimuli was present,
to exclude the potential behavioural reactions elicited by any auditory stimuli per se. In
fact, dogs can be sensitive to artificial stimuli. Thus, even though dogs were selected based
on the fact that they had no noise-sensitivity issues (based on owners’ report), we cannot
exclude this issue entirely.

A further limitation of the current study relates to the potential effect of breed/morphology
on intraspecific communication. Based on a previous study by our group, in which dog
subjects were carefully recruited to have a balanced number of shepherd type (ears erected,
triangular head shape and thin lips) and hunting type (with floppy ears, squared face and
soft lips) dogs, we know that breed morphology may affect the use of specific facial expres-
sions and tail wagging in a communicative interaction with a human [16]. However, none
of the current study’s facial actions (blinking, yawning, lip wiping, nose licking) that were
found to be significant, were previously found to be influenced by shepherd/hunting breed
morphology. Nevertheless, the question of breed-/morphology-type effect on intraspecific
communication is of great interest both from a theoretical and an applied perspective, and
these effects were not directly investigated in the current study. The methodology outlined
here may allow a more thorough investigation of this question in a standardised manner.

From an applied perspective, a better understanding of dogs’ intraspecific communica-
tion in the different contexts may help in the prevention of aggressive encounters between
pet dogs. The dog training literature is progressively developing based on scientific data;
however, the practices in many domains, such as dog intraspecific communication, are
often still guided by subjective interpretation and personal experiences. Such studies can
inform professionals (ethologist, veterinarians, dog trainers) who in turn may transfer
knowledge to the general dog-owning public, thereby promoting pet dogs’ welfare.

In conclusion, the current study outlines a promising methodology for the investi-
gation of intraspecific communication in dogs. It showed that dogs can pay attention to
videos of conspecifics exhibiting neutral and threatening behaviours and showed that such
stimuli can elicit socially relevant cues. Furthermore, in line with previous studies per-
formed using “real” social stimuli (human experimenters and conspecifics), dogs showed
more displacement behaviours, (putative appeasement signals) in a neutral compared to a
conflict-ridden context. These results suggest that displacement behaviours are not used as
appeasement signals to interrupt the occurrence of threatening behaviours but may rather
be exhibited in ambiguous contexts when the behaviour of the dog/person is difficult
to predict.
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