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a b s t r a c t
In the present study we explored whether dogs (Canis familiaris) are able to discriminate between conspeciﬁc barks emitted in different contexts recorded either from the same or different individuals. Playback
experiments were conducted with dogs using barks as stimuli in a habituation–dishabituation paradigm.
Barks were recorded in two contexts (stranger at the fence and when the dog was left alone) from different individuals. We found that dogs distinguished between barks emitted in these two contexts and were
also able to discriminate between different individuals which were barking in the same context. These
ﬁndings suggest that dog bark may carry context- and individual-speciﬁc information for the conspeciﬁcs.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
Animal acoustic calls can convey information about the caller’s
body weight, motivational state, identity, sexual status and communicative context (e.g. Gerhardt, 1992; Hauser, 1996). Several
studies have shown that vocal signals have context-speciﬁc acoustic features and these characteristics could be inﬂuenced by the
motivational state. Bugnyar et al. (2001) showed that ravens emit
different food related calls corresponding to the caller’s actions
and/or motivation, and these calls may provide information about
the quality of the food as well.
Playback studies have shown that conspeciﬁcs can discriminate
between alarm calls recorded in different contexts as in vervet
monkeys–Cercopithecus aethiops (Cheney and Seyfarth, 1982). Individuals of various species and taxa are able to discriminate the
identity of the caller based on individual characteristics of the signals as found in playback experiments: banded wren—Thryothorus
pleurostictus (Molles and Vehrencamp, 2001); tree frogs—Hylidae
spp (Gerhardt, 1992a); cotton-top tamarins—Saguinus oedipus
(Miller and Hauser, 2004); African elephant—Loxodonta africana
(McComb et al., 2000) and Arctic fox—Alopex lagopus (Frommolt
et al., 2003).
In the last few years some studies have demonstrated that the
bark of the dog is also characterized by context-speciﬁc acoustic
parameters (Yin, 2002; Yin and McCowan, 2004). We found previously that humans with different experience levels with dogs can
categorize barks according to their contexts above chance level, and
can provide an adequate description about the possible motivational state of the dog (Pongrácz et al., 2005). By using a machine
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learning approach (Molnár et al., 2008), we found that dog barks
do convey information about the caller’s identity, however the cues
may be too subtle for humans to rely on them.
It has been established that consistent context-speciﬁc acoustic differences were found between barks (Pongrácz et al., 2009).
By analyzing the fundamental frequencies, inter-bark intervals and
harmonic-to-noise ratios (HNR—see also Riede et al., 2001), we
found barks from aggressive situations (like a stranger at the fence)
have the lowest fundamental frequencies, the shortest inter-bark
intervals and the lowest HNR values. Barks which can be characterized with lack of aggression (like a dog left alone) had higher
fundamental frequencies, longer inter-bark intervals and high HNR.
In this paper we hypothesized that dogs are able to discriminate between barks recorded in different situations and between
individual dogs. As far as we are aware, no experimental work has
been done on dog–dog communication where the role of barking was tested. Dogs were tested in a habituation–discrimination
paradigm for their ability to discriminate different types of barks
(for an earlier application of this method on dogs see Maros et al.,
2008). A separate experiment was also run for eliminating possible
owner-given cues during the playbacks.
2. General methods
2.1. Stimuli
Barks from the Mudi breed (a Hungarian sheepdog) were used
for this study. We recorded bark samples from ﬁve adult individuals (male/female: 2/3, age: 4.70 ± 2.38 years). These dogs did not
participate in the playback tests. The two behavioral contexts, in
which the recording took place, were the following: (1) a ‘Stranger’
arrives to the garden; (2) the dog is left ‘alone’ in a park, tied to a
tree. For detailed description see Pongrácz et al., 2005.
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Recordings were made with a Sony TCD-100 DAT Tape Recorder
and a Sony ECM-MS907 microphone on Sony PDP-65C DAT tapes
(Sony Corporation, Minato, Tokyo, Japan). During recording the
experimenter held the microphone within 2–3 m of distance from
the dog. The recorded material was transferred to a computer using
a 16-bit quantization and a 44.10 kHz sampling rate, via a TerraTec
DMX 6ﬁre 24/96 sound card (TerraTec Electronic GmbH, Nettetal,
Germany).
We used four bark sequences from each individual recorded in
both contexts. So in sum we used 40 bark samples. In one context
the four recordings were made with a given dog on different days. It
means that the three stimuli used for habituation in an experiment
were not the repetitions of the same recording, nor three sequences
cut out from a longer recording. The samples were cut from the
point of the ﬁrst bark in each recording. Each sequence was 10 s long.
The barks were saved into single WinPCM wav ﬁles which were
played from an IBM PC. We set the playback sound pressure level
to 60–70 dB. Each subject was tested with a randomly assembled,
unique set of bark samples—one set was played back to one subject
only.
We conducted two playback experiments, which were based
on the habituation–discrimination paradigm. In Experiment 1 we
tested if dogs could recognize the difference between (A) barks
recorded in different contexts; and (B) if they could recognize
the difference between the callers’ identity in the same context.
We used a group of dogs as (C) baseline control with four bark
sequences from the same dog and same context. Experiment 2
served as (D) control for possible owner-given cues. The playback
design for the individual test and control groups was the following
(each dog participated only once):

ﬂoor. The speaker was on the left side of the room for half of the
subjects and on the right side for the other half. We recorded the
experiment with three video cameras.
Before the experiment the dog was allowed to explore the room.
During the experiment the dog sat in front of the owner, facing the
same direction as the owner. Dogs were not leashed. The ﬁrst bark
sequence was played after the dog waited at least 10 s calmly in the
start position. We played back a bark sequence only if the dog was
not orienting toward the speaker (angle between the long axis of the
dog’s head and the speaker was larger than 45◦ ). During playbacks
the dog was allowed to move freely in the room. If the dog moved
away from the start position, the owner had to call him/her back
and place him/her into the start position after the bark sequence
had ended. The next bark was played when the dog was in the
start position again. (Duration of re-positioning of the dog: max.
60 s, mean: 31.11 s, SD: 10.64 s.) If the dog had not moved from its
position while the previous bark was being played, the next bark
followed after a minimum 5 s of silence.

(A) Experiment 1, Context Group (N = 30, sex ratio (male/female):
18/12, age: 2.61 ± 2.09 years): in the habituation phase, three
bark sequences were played back from the same dog and same
context, the fourth sequence (dishabituation stimulus) came
from the same dog but from the other context. Half of the group
was habituated to barks from the ‘Stranger’, the other half to
barks from the ‘Alone’ context.
(B) Experiment 1, Identity Group (N = 30, sex ratio (male/female):
10/20, age: 3.68 ± 2.90 years): in the habituation phase, three
bark sequences were played back from the same dog and same
context, the fourth sequence (dishabituation stimulus) was
played back in the same context, but from another dog. Half
of the group was habituated to barks from the ‘Stranger’, the
other half to barks from the ‘Alone’ context.
(C) Experiment 1, Control Group (N = 30, sex ratio (male/female):
18/12, age: 4.55 ± 2.17 years): four stimuli were played back
from the same context and the same dog. Half of the group was
habituated to barks from the ‘Stranger’, the other half to the
barks from the ‘Alone’ context.
(D) Experiment 2, Control for owner-given cues (N = 20, sex ratio
(male/female): 10/10, age: 4.42 ± 2.38 years): stimulus arrangement was exactly the same as in case (B), but here the owners
had to listen to loud music through headphones. With 2–3 s
after the end of a bark sequence, the experimenter switched
on a small light to indicate for the owner whether the dog had
moved away during the playback, and it was the time to call
back the dog to the start position.

2.4. Statistics

2.2. Procedures
Playback experiments were conducted in a 3 m × 5 m, visually
separated room. The experimenter operated the playback device
from the neighboring room. In the middle of the experimental room
there was a chair for the owner of the dog. At a distance of 1.5 m
from the chair, a speaker was placed on a shelf, 1 m high from the

2.3. Data collection
We measured the duration of orientation toward the speaker(s).
Orientation toward the speaker had to start with a deﬁnite head
movement toward the speaker, resulting in an angle less than 45◦
between the longer axis of the dog’s head and the direction of
the speaker. Orienting toward the speaker was considered to be
ﬁnished if the dog moved his/her head away from the previously
described position. The maximum duration of orientation was set
at 15 s (10 s long bark sequence plus 5 s as the minimum length
between playback intervals).

We performed non-parametric Friedman tests for repeated
measures for each group in both experiments to see whether dishabituation happened after the 4th playback. The possible effect
of habituating context (‘Stranger’ vs. ‘Alone’) was analyzed with
Mann–Whitney U-tests. In Experiment 1, durations of orientation
to the four stimuli were compared between the three groups by
using Kruskal–Wallis tests. Additionally, we performed Bonferroni
post hoc tests for the pair wise comparisons.
3. Results
In Experiment 1 the habituating treatment (context or identity)
did not cause signiﬁcant differences in any of the groups, so these
data were merged within the individual groups. Friedman tests
showed signiﬁcant results in each group for repetition (Table 1).
Bonferroni post hoc tests (Fig. 1) showed that durations of orientation were signiﬁcantly shorter in playback 3 than playback 1 in
each group. However, while in the control group playback 4 had the
shortest duration of orientation, in the two test groups playbacks 1
and 4 did not differ from each other. In the two test groups playback
4 had longer durations of orientation than playback 3.
We also compared the duration of orientation between the three
groups with Kruskal–Wallis tests. There were no signiﬁcant differences between the groups during the three habituation playbacks.
The duration of orientation to the fourth stimulus differed signiﬁcantly between the groups (Table 1). Bonferroni post hoc test
showed that dogs in the control group oriented signiﬁcantly shorter
toward the speaker than in the test groups. There was no difference
between the test groups in playback 4.
In Experiment 2 the Friedman test revealed signiﬁcant effect
of repetition on the durations of orientation, but we did not ﬁnd
a signiﬁcant effect of the habituating treatment (context or identity, Mann–Whitney U-tests) (Table 1). We compared the individual
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Table 1
Details of the statistical results of both experiments. The bold and italic characters show signiﬁcant differences.
Friedmann test

Repetition

Experiment 1

Control
Context
Identity

Experiment 2
Mann–Whitney U-test

Repetitions

1st bark
2nd bark
3rd bark
4th bark

Post hoc test: Bonferroni

 (3)

P

1 vs 2

1 vs 3

1 vs 4

2 vs 3

2 vs 4

3 vs 4

31.654
18.132
13.280

<0.001
<0.001
0.004

0.243
1.000
0.546

0.002
<0.001
0.007

<0.001
0.189
1.000

0.236
0.003
0.704

<0.001
1.000
1.000

0.026
0.032
0.004

17.855

<0.001

1.000

0.003

1.000

0.094

1.000

0.018

2

Experiment 1
U

P

1497
1464
1440.5
1490.5

0.926
0.772
0.665
0.895

Kruskal–Wallis test

Groups
 (2)
2

1st bark
2nd bark
3rd bark
4th bark

0.648
0.698
0.940
12.549

durations of orientation of each playback event with Bonferroni
post hoc tests. We found signiﬁcant differences between the ﬁrst
and third, and the third and fourth playbacks. Duration of orientation was the shortest during playback 3 (Fig. 1).
We can conclude that dogs were able to discriminate between
barks recorded in different contexts from the same individual, and
also from different individuals in the same context. This latter was

Post hoc test: Bonferroni
P
0.723
0.706
0.625
0.002

Control vs context

Control vs identity

Context vs identity

0.03

0.001

0.794

true even if the owners could not hear the playbacks, so the ownergiven cues were not responsible for the dishabituation.
4. General discussion
Maros et al. (2008) showed that dogs’ heart rate dishabituates,
when barks from a different context were used as dishabituating

Fig. 1. Duration of orientation after four auditory playback stimuli (barks) in Experiments 1 and 2 (medians + interquartiles). The fourth bark sample was recorded in a different
context than the ﬁrst three in Experiment 1 Context group, and the fourth bark sample was recorded from a different dog than the ﬁrst three in Experiment 1 Identity test
group and Experiment 2. In Experiment 1 control group all four barks were recorded in the same situation and from the same dog. Different letters mean signiﬁcant difference
within a given experimental group. Asterisks indicate signiﬁcant between-group difference.
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stimuli. This effect is not based merely on the novelty of the dishabituating auditory stimulus, as under identical conditions another
group of dogs did not show dishabituation if mechanic noises were
applied. The present study gives evidence that dogs show reliable
behavioral response during dishabituation to a bark from a different context. Additionally, we found evidence for the ﬁrst time that
dogs can differentiate between individuals on the basis of vocalizations.
The context-speciﬁcity of barks might be partly based on the
different motivational states of the individuals in the different situations. This raises the question how barking became the dominant
vocalization type of dogs, since wolves the wild ancestors of dogs,
bark only during territorial defense and defending their food from
others (Cohen and Fox, 1976; Tembrock, 1976). Several concurrent
theories exist (for a review see Pongrácz et al., 2009) for the diversiﬁcation of dog barking. A series of longitudinal experiments done
on silver foxes (Vulpes vulpes) shed some light on the possible evolution of this trait (for details, see i.e. Belyaev, 1979; Trut, 1999).
Foxes, selected solely for tameness toward an approaching human,
became also more vocal after many generations of selective breeding. These tame foxes vocalize more and in a different manner
than the “wild” type (Gogoleva et al., 2008). This might suggest
that domestication of the dog could have resulted in more frequent barking as a byproduct which later became the medium for
communication with humans and also with other dogs.
Other researchers have shown that dogs can be identiﬁed by
their bark spectrograms independent of the context of the bark (Yin
and McCowan, 2004). Molnár et al. (2008) developed computerbased learning software, which recognized individual dogs by their
barks with high accuracy. We should note that in the present study
we only explored the discriminative ability, which is not equivalent to “recognition”. The presumed ability of dogs to recognize
other dogs by their barks should be conﬁrmed in further studies.
The results of our individual discrimination task suggest a difference between discrimination (and possibly perceptual) abilities of
dogs and humans. We found earlier that humans could not discriminate reliably between barks of different dogs (Molnár et al., 2006).
The explanation for this difference may lie not only in the different sensitivity of the auditory systems, but maybe in the different
communicative function as well. The recognition of individual dogs’
bark might have more importance for dogs than for humans, and
this can explain why dogs were more sensitive in the discrimination
task.
Finally we can conclude that recent and other ﬁndings (Pongrácz
et al., 2005, 2006; Maros et al., 2008; Molnár et al., 2008) strengthen
the idea that barks may have a complex communicative role in both
dog–dog and dog–human communication. Barks may have contextspeciﬁc and individually distinctive acoustic features, which are
recognizable by other dogs and partly by humans. Hence barking
might be an easy to study model of communication systems in the
near future.
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