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a  b  s  t  r  a  c  t

Animal  communication  plays  a crucial  role  in  many  species,  and  it involves  a  sender  producing  a signal
and a receiver  responding  to that  signal.  The  shape  of  a signal  is  determined  by selection  pressures  acting
upon  it.  One  factor that exerts  selection  on acoustic  signals  is the  acoustic  environment  through  which
the  signal  is  transmitted.  Recent  experimental  studies  clearly  show  that  senders  adjust  their signals  in
response  to  increased  levels  of anthropogenic  noise.  However,  to understand  how  noise  affects  the  whole
process  of  communication,  it is  vital  to know  how  noise  affects  the  receiver’s  response  during  vocal  inter-
actions.  Therefore,  we  experimentally  manipulated  ambient  noise  levels  to expose  male European  robins
(Erithacus rubecula)  to  two  playback  treatments  consisting  of  the  same  song:  one with  noise and  another
one  without  noise.  We  found  that  males  responding  to a conspecific  in a noise  polluted  environment
increased  minimum  frequency  and  decreased  song  complexity  and  song  duration.  Thus,  we  show  that
the whole  process  of communication  is affected  by  noise,  not  just  the behaviour  of  the  sender.

Crown Copyright ©  2013 Published by Elsevier B.V. All rights reserved.

1. Introduction

Communication plays a crucial role in many species as it is used
in sexual selection through both female choice and male–male
competition, in parental care among parents and their offspring,
and in predator prey interaction (Bradbury and Vehrencamp, 2011).
Animal communication in its simplest form involves a sender
producing a signal that conveys information, and a receiver mak-
ing a decision on how to respond to that signal (Bradbury and
Vehrencamp, 2011). During such vocal interactions individuals
exchange information about their quality, status or motivation
(Todt and Naguib, 2000; Vehrencamp, 2000). Thus, for the process
of communication to be completed, it is vital that the sender is able
to successfully transmit the signal across the environment to the
receiver.

The shape of a signal is determined by different constraints. Sex-
ually selected traits, such as bird song, are shaped by an interaction
between sexual selection and other natural selection pressures.
Sexual selection favours the elaboration of traits, whereas the
elaboration of a trait might be counteracted by natural selection
processes optimising both transmission and detectability of sig-
nals (e.g. Wiley and Richards, 1982; Patricelli and Blickley, 2006).
One environmental factor that exerts selection pressure on acoustic
signals is ambient noise, which can mask the information in a sig-
nal (Ryan and Brenowitz, 1985). A relatively novel form of ambient
noise is anthropogenic noise.
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A growing number of experimental studies have demonstrated
that senders adjust their signals to anthropogenic noise. In birds,
one strategy to avoid masking of signals by low-frequency anthro-
pogenic noise is through an increase in minimum frequency
(Halfwerk and Slabbekoorn, 2009; Gross et al., 2010; Verzijden
et al., 2010; Bermudez-Cuamatzin et al., 2011; Hanna et al., 2011;
McLaughlin and Kunc, 2013; Montague et al., 2013). A similar
response to increasing noise levels was  reported in anura where
individuals called at higher dominant frequencies when experi-
mentally exposed to anthropogenic noise (Cunnington and Fahrig,
2010). Thus, increasing anthropogenic noise levels have a clear
impact on the signalling behaviour of the sender. These changes
in signal characteristics also affect the response of receivers.
Great tits, for example, respond differently to conspecific songs
recorded in noisy areas than in quiet areas when background
noise was  removed (Mockford and Marshall, 2009). However, to
understand how noise affects the whole process of communi-
cation, it is vital to know how noise affects song during vocal
interactions.

In the European robin, Erithacus rubecula, males produce com-
plex songs, and they use their song to interact with conspecifics
(Hoelzel, 1986; Brindley, 1991). Recent studies showed that robins
also adjust their songs to increasing noise levels. Robins recorded
in noisy locations sang songs at higher minimum frequencies,
which were less complex and shorter in duration as songs recorded
in quiet locations. These observational findings were then con-
firmed by noise exposure experiments (McLaughlin and Kunc,
2013; Montague et al., 2013). Thus, robins provide an ideal model
to test also how individuals during a vocal interaction are affected
by anthropogenic noise.
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Fig. 1. Sonograms of song stimuli used of a European robin played back as (a) song
without anthropogenic noise and (b) song with anthropogenic noise.

The aim of this study was to investigate how noise affects
responses during vocal interactions. We  experimentally manip-
ulated ambient noise levels to expose male European robins (E.
rubecula) to two playback treatments consisting of the same song:
one with noise and another one without noise (Fig. 1). If vocal inter-
actions were affected by changes in noise during the playbacks we
predicted a different response to the two treatments.

2. Materials and methods

2.1. Recording and noise playback protocol

The experiment was conducted on European robins between
February and June 2011 in Northern Ireland. To create play-
back stimuli, we recorded the songs of 18 European robin males
in quiet areas using a solid state recorder (Marantz PMD660,
.wav format, sample frequency 44.1 kHz, resolution 16 bit) con-
nected to a Sennheiser ME  66/K6 microphone. From each of the
18 recordings, songs for playback were selected from sonograms
(sample frequency = 44.1 kHz, FFT = 512, overlap = 93.75%, time res-
olution = 5.8 ms)  generated with Avisoft SASlab Pro (R. Specht,
Berlin). To simulate an average singing male with a song rate of
7 songs/min (Montague et al., 2013), we randomly selected 21
songs of each recording to create playback files of 3 min  duration.
Songs for each playback were arranged in Audacity (1.2.6) and nor-
malised to the peak amplitude. A copy of each playback file was
merged with a standardised traffic noise recording obtained from
motorway bridges during rush hours (for details see Gross et al.,
2010).

The experiment comprised two treatments: playbacks of the
same stimulus songs with and without traffic noise. As subjects
we chose males in quiet areas, different from those recorded to
create the stimuli. Each of the 18 subjects received both treat-
ments, separated by a 3 min  silent interval. Each subject’s singing
behaviour was recorded during the two three minute playback
treatments with the same equipment as described above. Treat-
ment order was randomised, with the constraint that treatments

were balanced (Milinski, 1997). Background noise levels (dB(A))
were measured with a digital sound-level metre SL-100 (Voltcraft,
Hirschau). Background noise levels in territories where experi-
ments were conducted were below 50 dB(A).

Stimuli were played from a Marantz PMD660 connected to a
SME-AFS loudspeaker (Saul Mineroff Electronics, USA) positioned
15–20 m from the subject’s song post, facing the subject, with-
out obstacles in between. The volume of the stimuli was adjusted
before playback to 80 dB(A) at 1 m,  as measured with the sound-
level metre. To analyse singing responses of the 18 subjects, we
randomly selected 10 songs from each recording in both treatments
(McLaughlin and Kunc, 2013). For each song, we  measured (i) min-
imum frequency (kHz), i.e. the lowest frequency of any syllable in
the song; (ii) song complexity, i.e. the number of different elements;
(iii) song length (s); and (iv) song rate, i.e. the number of songs per
minute. For a detailed description of acoustic measurements see
Slabbekoorn and Peet (2003), Hu and Cardoso (2009), Verzijden
et al. (2010), Francis et al. (2011), McLaughlin and Kunc (2013) and
Montague et al. (2013).

It is important to note that the aim of our study was  to test
how noise affects the receiver’s response during a vocal interac-
tion, and not how singing behaviour differs between an individual
singing on its own during low and high levels of noise (c.f., Halfwerk
and Slabbekoorn, 2009; Gross et al., 2010; Verzijden et al., 2010;
Bermudez-Cuamatzin et al., 2011; Hanna et al., 2011; McLaughlin
and Kunc, 2013; Montague et al., 2013).

2.2. Statistical analysis

To test whether the presence of ambient noise affected
receivers’ responses, we used paired t-tests in R (2011) for each
song parameter.

3. Results

Males’ singing behaviour differed between the two  playback
treatments. During the playback of song with noise, males sang
at a higher minimum frequency (t17 = −7.1, p < 0.001, Fig. 2a)
than during the playback of song without noise. Males also sang
less complex songs (t17 = 2.7, p = 0.01, Fig. 2b), and shorter songs
(t17 = 3.3, p = 0.004, Fig. 2c) during the playback of song with noise
than during the playback of song without noise. However, song rate
did not differ significantly between the two  treatments (t17 = 1.5,
p = 0.2, Fig. 2d).

4. Discussion

To our knowledge, this is the first experimental evidence in
the wild that changes in ambient noise levels affects vocal inter-
actions. Thus, the whole process of communication is affected
by noise, not just the behaviour of the sender. Adjustments to
changes in the acoustic environment can affect the outcome of
communication, because even slight signal adjustments decrease
transmission efficiency as well as individual or species recognition
(Wiley and Richards, 1982; Nelson, 1989; Mockford and Marshall,
2009; Mockford et al., 2011).

The adjustments of different song parameters may affect the
outcome of male–male competition and female choice. In some
species, for example, low-frequency song is correlated with fight-
ing ability, and females prefer males singing at lower frequencies
(ten Cate et al., 2002; Cardoso, 2012). Moreover, complex and/or
long songs are advantageous in repelling opponents as well as in
attracting females (Catchpole and Slater, 2008). Therefore, males
responding to a rival in a noisy environment face a human-
generated trade-off between producing a signal that is effective
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