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Ambient noise and the design of begging signals
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The apparent extravagance of begging displays is usually attributed to selection for features, such as loud
calls, that make the signal costly and hence reliable. An alternative explanation, however, is that these
design features are needed for effective signal transmission and reception. Here, we test the latter
hypothesis by examining how the begging calls of tree swallow (Zachycineta bicolor) nestlings and the
response to these calls by parents are affected by ambient noise. In a field study, we found that call length,
amplitude and frequency range all increased with increasing noise levels at nests. In the laboratory,
however, only call amplitude increased in response to the playback of noise to nestlings. In field playbacks
to parents, similar levels of noise abolished parental preferences for higher call rates, but the preference was
restored when call amplitude was increased to the level that nestlings had used in the laboratory study. Our
results show that nestling birds, like other acoustic signallers, consistently increase call amplitude in
response to ambient noise and this response appears to enhance discrimination by receivers. Thus,
selection for signal efficacy may explain some of the seemingly extravagant features of begging displays.
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1. INTRODUCTION

Explanations for the evolution of extravagant animal
signals fall mostly into two categories. The first, based
on handicap theory (Grafen 1990), proposes that selection
by receivers for costly (typically, vigorous and intense),
and therefore honest, signals could produce extravagant
displays. The second, based on signal efficacy (Dawkins &
Guilford 1997), suggests that signals must be intense to
effectively convey information to receivers in the face of
transmission and reception noise.

Young animals produce a vigorous display called
begging when soliciting care from their parents. In altricial
birds, where the behaviour has been most studied, the
display includes visual elements, such as gaping, and vocal
elements, such as loud calling. The display has been
considered extravagant because it appears unnecessarily
vigorous, complex and loud for transmitting information
the few centimetres between parents and young (John-
stone & Godfray 2002). Indeed, because obstacles to
effective signal transmission and reception seem trivial
over such short distances, much of the research on the
design of begging signals has focused on honest signalling
explanations.

The obstacles to transmission and reception of these
signals may have been underestimated, however. For
example, low light levels may obscure visual signals (Heeb
et al. 2003), nest walls may attenuate or distort calls and
competing signals may mask individual calls (Horn &
Leonard 2002); all may hinder reception by parents. The
potential for errors by parents in receiving these signals
could select for more intense begging displays than
predicted on distance alone. If so, then selection for
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effective signal transmission and reception may explain
much of the intensity and complexity of begging signals.

One of the most conspicuous elements of the begging
display is the loud calling that accompanies gaping and
posturing. Calls are typically given at high rates and at
sound intensities that can reach 70-80 dB (Dearborn
1999; Leonard & Horn 2001a), an intensity equivalent to
that of chorusing frogs (Wollerman 1999). The calls
encode information on offspring need (Horn & Leonard
2002) and may account for a potential cost of the display,
attracting predators to the nest (Haskell 2002). Despite the
assumption that begging is more intense than necessary for
transmitting information the short distance between
parents and young, the transmission and reception of this
conspicuous aspect of the display has not been examined.

A main impediment to the reception of vocal signals in
general is interference from ambient noise. Such back-
ground noise comes from biotic sources, such as
conspecifics, and abiotic sources, such as wind and rain
(Klump 1996; Lengagne er al. 1999; Wollerman 1999).
Some species that signal over long distances overcome this
interference by increasing the output of their calls, through
increases in amplitude, duration or rate (Lengagne et al.
1999; Brumm & Todt 2002; Pytte ez al. 2003; Brumm
2004). If nestling birds showed similar responses to
ambient noise, then some of the observed intensity of
the begging calls might be explained by selection for signal
efficacy.

The goal of our study was to determine if nestlings
adjust their begging calls to ambient noise levels in ways
that improve reception, and thus to help explain the
intensity of this widespread signal. Specifically, we
conducted three studies, using tree swallow (Tachycineta
bicolor) nestlings, to determine: (i) if the structure and
delivery of begging calls varies across broods in relation to
ambient noise levels around the nest, (ii) if nestlings adjust
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their calls in response to the playback of noise in the
laboratory and (iii) if the discrimination of calls by parents
is hindered by noise and improved by the adjustments to
noise observed in the laboratory study.

2. METHODS

We conducted these studies in the 2003 (studies a and b) and
2004 (study c) breeding seasons in the Gaspereau Valley
of Nova Scotia, Canada, on a population of box-nesting tree
swallows (see Leonard & Horn 1996 for details).

(a) Begging calls and noise at the nest

To examine the relationship between nestling begging calls
and ambient noise levels around the nest, we suspended a
Genexxa 33-3003 microphone 10 cm over the nest cup at each
of 29 nests of three to seven nestlings when the young were 9 or
10 days old. The microphone was attached to a Sony D6 tape
recorder, set to a recording level that we had calibrated using a
Radio Shack 33-2005 sound level meter. We removed all but
one randomly selected nestling, and placed them in a heated
container for 30 min, during which time parents fed the
nestling in the nestbox, but nestlings in the container were not
fed. After 30 min, the nestlings were returned to the box and
their begging calls recorded for 45 min.

Ambient noise spectra were measured by digitizing one
20 s segment of tape every 2 min during the 45 min recording
period (=20 segments per nest). Segments were omitted
from the analysis if a nestling or parent called within the 20 s.
Sounds were digitized at 44 kHz and 16 bits using CANARY
1.2 software (Charif ez al. 1995) and their source was
identified. For each segment, we calculated the amplitude
(i.e. sound pressure level in dB; ref. 0.02 pPa) of the noise
between 2 and 10 kHz (the frequency range of nestling calls;
unpublished data) from the spectrum produced by CANARY
(Hamming window 699 Hz bandwidth and 50% overlap; for
details see Charif ez al. 1995).

Begging calls were digitized as reported above. From
spectrographs (analysis bandwidth 699 Hz, display resolution
22 Hzx 3 ms), we measured: call length (ms), call ampli-
tude (minus background amplitude, in dB), peak
frequency (the frequency with the highest amplitude, in
kHz) and frequency range (highest minus lowest fre-
quency, in kHz) for individual calls. These call features
were selected for analysis because they contained infor-
mation on nestling hunger or thermal state (Horn &
Leonard 2002) or because they varied with ambient noise
levels in other species (see §4).

Ambient noise levels were related to nestling call features
using linear regressions between the mean amplitude at the
nest, averaged across all 20 s periods, and the mean of each
call feature, averaged across all recorded calls. Thus, each
nest contributed one datum to each analysis. We also
conducted regressions between call features and mean
brood weight, brood size and hatch date, features that could
confound the relationship between calls and noise. For all
regressions, the distributions of residuals were approximately
normal (Shapiro—Wilk W-tests p>0.20), so we did not
transform the variables.

(b) Begging calls and the playback of noise
To determine whether nestlings adjust their calls in response
to playback of white noise, on the day after the field study the
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two nestlings closest in weight from each of 10 broods were
removed, and each one was placed alone in an artificial nest
inside one of two identical nestboxes located in separate
rooms in the laboratory. A 2 W speaker amplifier (Koss hdm
111BK, response +3 dB from 100 to 15 kHz), for playback of
parental calls that stimulate begging, was placed on a platform
at the opening of each nestbox and another, for playback of
white noise and control sounds, at an open side of the nestbox
on the same level as the nestling. Both parental calls and noise
were played from Sony D-E351 compact disc (CD) players.

Before the trial began, nestlings were fed moistened Hartz
egg biscuits for birds until they no longer begged to parental
calls. They were then assigned to one of two treatments:
Noise, computer-synthesized white noise that included the
frequency range of nestling calls (16 bits, 0-22 kHz) played at
an overall amplitude (C weighting; i.e. evenly weighting all
frequencies) of 65 dB, near the high end of the amplitude
range measured in the field; or Quier, a blank CD, which,
combined with ambient noise in the laboratory, yielded an
amplitude of 50 dB. Treatments were balanced across rooms,
began as soon as nestlings were placed in the nestbox and ran
continuously throughout the trial. Twenty minutes after the
feeding and every 10 min thereafter for 1 h (i.e. a total of
seven test periods) without food, we stimulated nestlings to
beg by playing a set of six pairs of parental contact calls. Their
responses were videotaped with a Panasonic PV-900-K VHS
video camera placed at the open side of each box, and calls
were recorded as above, using a Sony DM-100 digital audio
tape recorder.

Call measurements were identical to those measured in the
field, with the addition of call rate (i.e. the total number of
calls given to each set of parental contact calls, converted to
calls per minute), which could be measured over a
standardized period of time in the laboratory. We also
videotaped postural begging intensity in the laboratory to
determine if nestlings increased the intensity of the visual
elements of the display when the transmission of the vocal
elements was hindered in the Noise treatment. We scored
maximum postural begging intensity each time a nestling
begged using a scale from 0 to 5 that represented increasing
intensity (see Leonard ez al. 2003 for details). Scores were
averaged across each set of contact calls to produce a mean
postural intensity for each of the seven test periods.

The effect of noise on calls was tested by performing a
mixed model ANOVA for each call variable, with the noise
treatment as a fixed effect, brood as a random effect, and the
call measurement, averaged across all test periods, as the
dependent variable. In initial analyses, we included test
period as a covariate in the model, but, because no significant
treatment by test period interaction was found, responses
were averaged across test periods. The ANOVA results are
based on the restricted maximum likelihood routine in JMP
5.1 (SAS Institute 1989-2003). All residuals were checked
for normality as above, and no transformations were needed.

(¢) Parental discrimination and noise

To determine how noise, and adjustments of calls to noise, by
nestlings affect parental discrimination of begging calls, the
nestbox at 25 nests was replaced with an experimental box
when young were 6 or 7 days old. Experimental nestboxes had
a 10X 10 cm? opening in the wall opposite the nest opening
and two pairs of Sony 8n8 series earbud speakers midway
along the length of the box, with a speaker from each pair on
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the left and right sides. The speakers were level with the top of
the nesting material and oriented toward the nest opening.

The next day, each pair of speakers was attached toa 1 m
cable that was connected to a Sony D-E351 CD player.
A Canon ES970 video camera was also placed on a tripod
pointed through the opening at the back of the box, covered
with a plastic bag. The resident nestlings were then removed
and placed in a heated container. The two nestlings closest in
weight were fed as described above. These non-begging
nestlings, which served as targets for parental feeding
attempts, were then placed on each side of the box next to
the speakers, with their heads oriented toward the nestbox
opening.

Every time a parent landed on the nestbox, 60 dB of
white noise (synthesized and measured as in the previous
experiment) was played continuously from the speakers
closest to the nest opening and nestling begging calls were
played simultaneously and continuously from the other pair of
speakers. The begging calls were played at a high call rate
(160 calls min ') from one side of the box and at a low rate
(80 calls min™ ') from the other side. Parent tree swallows
discriminate between calls given at these rates and show a
preference for the higher call rate (Leonard & Horn 20015).
The begging calls of twenty-five 7-day-old tree swallow
nestlings were used to create the stimulus tapes. The calls
were digitized at 44 kHz and 16 bits using CANARY 1.2
software and were made into continuous loops of 6 s, with the
inter-call intervals decreased or increased to produce the high
and low call rates described above.

The calls were presented to parents in trials that consisted
of two amplitude treatments: Soft, high and low rate calls
delivered at 55 dB; or Loud, high and low rate calls delivered
at 65 dB. The amplitude of the white noise and the calls was
chosen to create conditions in which the calls would be
masked more (i.e. Soft treatment) or less (i.e. Loud
treatment) by the white noise. The signal-to-noise ratio in
the Loud treatment was also chosen to mimic that of the
results of the Noise treatment in the previous experiment.
The first treatment continued until a parent made a feeding
visit to the nest or 30 min had passed, at which point all
nestlings were returned to the box for an hour before the
second treatment was presented. Across trials, which speaker
played each call rate was alternated and, across every two
trials, which treatment was played first.

An observer blind to the treatments watched the video-
tapes and noted the nestling to which a parent directed its first
feeding attempt, the most reliable indicator of parental
preference (Leonard & Horn 20015). We did not distinguish
between male and female parents because our previous
experiment showed that parents did not vary in their response
to the begging calls (Leonard & Horn 20015).

In 20 of the 25 trials, one of the two playback treatments
failed either because parents did not visit the nest, target
nestlings moved away from the speakers or equipment
malfunctioned. We therefore could not use the planned
paired design to analyse the data. Instead, we used the
successful treatment from the above 20 trials, and for the
remaining five paired trials we separated the treatments and
treated each as an independent point, yielding n= 15 for each
treatment. Omitting or retaining the five paired trials did not
change the results, so we opted to include these trials in our
analyses.

Log-likelihood tests were used to determine whether the
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proportion of first feeds directed to the high call rate
nestling/speaker was greater in the Loud treatment than
in the Soft treatment. Score confidence intervals were also
calculated (SAS Institute 1989-2003) for each treatment
to examine whether the proportion of first feeds directed
toward higher call rates differed significantly from 0.50.

3. RESULTS

(a) Begging calls and noise at the nest
The average ambient noise level at the study sites in the
frequency range overlapping nestling calls was 49+ 1.4 dB
and ranged from 41 to 67 dB across nests. The main
sources of this noise were birds, wind, vehicles and a river,
all of which contributed energy in this frequency range.
Calllength, amplitude and frequency range all increased
significantly with increases in ambient noise level at the nest
(Iength: F; 5;=6.03, p=0.021; amplitude: F; »;=29.86,
»<0.0001; frequency range: F; ,7;=6.63, p=0.016;
figure 1). The other call features did not vary significantly
with noise level (all p>0.50) nor did call features vary
significantly with brood weight, brood size or hatch date
(allp>0.12).

(b) Begging calls and the playback of noise
Nestlings in the Noise treatment called at significantly
higher amplitudes than nestlings in the Quiet treatment
(table 1). Other call features and postural begging
intensity did not differ significantly between the two
treatments (table 1).

(¢) Parental discrimination and noise

The proportion of first feeds directed toward the higher
call rate was greater in the Loud treatment than in the Soft
treatment (x2 = 3.29, p=0.027). Parents directed signifi-
cantly more feedings toward higher call rates in the Loud
treatment than would be expected by chance, but choices
did not differ from chance in the Soft treatment (figure 2).

4. DISCUSSION

Our results are the first to show that ambient noise affects
the production and reception of begging signals. We found
that begging call length, amplitude and frequency range
increased with an increase in ambient noise level around
the nest and that call amplitude increased when nestlings
were presented with playback of noise in the laboratory.
A similar increase in call amplitude also enhanced the
likelihood that, in the presence of noise, parents would
discriminate between calls given at different rates. Below,
each of these results is discussed in turn.

The detection and discrimination of acoustic signals
can be greatly impaired by the masking effects of
background noise (Klump 1996), particularly if the
noise energy is in the spectral region of the signal
(Lohr er al. 2003). Not surprisingly, then, acoustic
signallers show a variety of short-term adaptations to
improve signal transmission in noise. The adjustment that
is most widespread phylogenetically is to increase the
amplitude of the signal relative to the noise. This response
to increased ambient noise has now been reported for four
mammal species, including three primates (Wiggins ez al.
2001; Brumm er al. 2004), four bird species (Pytte ez al.
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Table 1. Mean (=s.e.) call features and postural begging intensity for tree swallows in Noise and Quiet playback treatments.
(Noise treatment was 65 dB white noise; Quiet was 50 dB ambient laboratory noise. F, d.f. and p values for treatment effect from

mixed model ANOVA.)
variable noise quiet F d.f. P
length (ms) 33.0+3.61 32.5+9.94 0.62 1,5 0.62
amplitude (dB) 67.1+1.36 53.2+1.89 26.64 1,5 0.0002
peak frequency (kHz) 5.631+0.66 5.244+0.59 1.39 1,5 0.26
frequency range (kHz) 1.67+0.15 1.81£0.19 0.42 1,5 0.55
rate (calls min ') 112.04+9.80 99.0+22.60 0.41 1,5 0.55
postural intensity 2.06£0.05 2.20+0.35 0.24 1,6 0.64
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Figure 1. Length (ms), amplitude (dB) and frequency range
(kHz) of tree swallow begging calls in relation to the
amplitude of ambient noise (dB) at the nest.
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Slabbekoorn & Peet 2003; Brumm ez al. 2004). It is also
worth noting that the magnitude of the amplitude effect
might have been greater in the field than in the laboratory;
if so, this suggests an interaction between sibling
competition and ambient noise in the former situation.
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Clearly, the differences in the results of the two studies will
require more experimentation to resolve.

The increase in call amplitude in response to ambient
noise shown in both the field and laboratory results raises
the question of why nestlings do not call at these higher
amplitudes all the time. The most obvious explanation is
that calling at high amplitudes increases the energetic and
predation costs of begging. The evidence for an energetic
cost of begging is weak, however (Chappell & Bachman
2002), particularly for tree swallows (Leonard et al. 2003).
More probably, calling at high amplitudes might increase
the risk of nest predation (Leech & Leonard 1997; but
see Haskell 2002), especially if the noise does not interfere
with the reception of begging calls by predators. Certainly,
the fact that calls are not consistently given at the highest
amplitude suggests some sort of cost to sustained, loud
calling.

These studies were conducted over relatively short
periods of time (i.e. field: 45 min; laboratory: 60 min), so
it is not clear whether nestlings would show the same
responses if exposed to high ambient noise levels over
longer periods of time. If increasing call amplitude is
costly, then nestlings exposed to chronic noise may adjust
their calls in ways that reduce those costs, for instance by
shifting the frequency region of peak call energy away from
that of the noise (Lohr et al. 2003). Alternatively, given
that begging has elements in several sensory modalities,
nestlings might put more emphasis on the visual com-
ponent of the display, although this response was not
detected in the current study. Finally, nestlings living in
noisier environments, such as ever-expanding urban areas,
might have no choice but to adjust the amplitude of their
calls over the longer term. As a consequence, however,
they may show decreased fitness compared with nestlings
in quieter environments. We are currently testing whether
longer term exposure to elevated ambient noise might
have any such fitness consequences.

In a previous paired-choice test it was shown that parent
tree swallows preferentially feed nestlings calling at higher
rates (Leonard & Horn 20015), presumably because
higher rates signal a greater need for food (Horn &
Leonard 2002). The results of the current experiment
showed that this preference was lost when the amplitude of
the begging calls was low relative to the ambient noise
levels, but preserved when the signal-to-noise ratio was
increased by a magnitude shown by nestlings in the
laboratory experiment. Further work is needed to test
whether the amplitude increase made it easier for parents
to perceive the difference between the call rates, or whether
they were more motivated to respond in the Loud
treatment. Either way, these results support the interpret-
ation that increases in call amplitude in response to noise
serve to enhance discrimination by parents.

Taken together, the present studies suggest that at least
part of the intensity of the begging display, specifically the
loudness of begging calls, functions in overcoming
interference from ambient noise. In turn, this suggests
that selection for signal efficacy may help to explain some
of the apparent extravagance of this display (Dawkins &
Guilford 1997).

The authors thank Alia Mukhida, Dave Crowell, Anna
Dorey and Danielle Murray for help in the field and the
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