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Hard of hearing: the effect of distance and experimental noise
on mountain chickadee song transmission
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ABSTRACT ARTICLE HISTORY
Urban noise can disrupt avian communication networks, resulting Received 22 February 2022
in reduced communication among individuals. Mountain chicka- Accepted 13 January 2023

dees alter their vocalisations in areas of high ambient noise; how- KEYWORDS

ever, it is unknown how audible their signals are within the nest Birdsong; female perception;
cavity, where the female remains during dawn signalling. To test mountain chickadee; nest
the relative audibility of songs within the nest box of urban and box; signal-to-noise ratio;
rural chickadees, we conducted a playback experiment directed at urbanisation

empty nest boxes using an autonomous recording unit above the

box with external microphones and an internal microphone inside

the nest box. We placed a speaker 25-75 m from the nest box and

played two playback files of mountain chickadee songs — one with

added noise and one without. Songs had a higher signal-to-noise

ratio (SNR) in rural habitats and in ‘Without Added Noise’ treat-

ments, however, SNR decreased with increasing distance from the

nest box. The lower frequency song notes had a lower SNR inside

the nest in both treatment types. As expected, noise and distance

resulted in decreased SNR of chickadee songs within the nest cavity.

These findings suggest a possible constraint in urban birds requir-

ing them to reduce their distance from the nest to ensure audibility

to the female while in noise.

Introduction

Many temperate and tropical species of songbirds engage in intense bouts of singing in
the period prior to, and extending through, sunrise. Known as the dawn chorus, singing
during this period is hypothesised to function for territorial defence, mate attraction, and
facilitating social dynamics (Staicer et al. 1996; Collins 2004; Burt and Vehrencamp
2005). Early research on great tits (Parus major) suggested that one of the primary
intended receivers of these vocal signals are female listeners (Krebs et al. 1981; Mace
1986, 1987; McGregor 1991). In several species of cavity-nesting birds, males end their
dawn singing when their mate leaves the nest (Mace 1986; Part 1991; Otter and Ratcliffe
1993; Gammon 2004; McCallum et al. 2020), and peaks of dawn song output coincide
with female fertility and/or commencement of egg-laying (Welling et al. 1995). In black-
capped chickadees (Poecile atricapillus), male chorus behaviour such as movement
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patterns, distance from the nest, and song rates, were associated with the fertility of their
mate (Foote et al. 2008).

Differences in song output during dawn singing also correlate with male dominance/
rank, extra-pair mating success, and age (Welling et al. 1995; Kempenaers et al. 1997;
Otter et al. 1997; Poesel et al. 2001; Ballentine et al. 2003), suggesting that dawn singing
may be a means of honestly advertising the fitness or quality of a male (Otter and Ratcliffe
1993; Welling et al. 1995; Kempenaers et al. 1997; Otter et al. 1997). Females are thought
to use dawn signalling as a means of assessing suitable mates, whether by eavesdropping
to assess the relative quality of interacting males (Otter et al. 1999; Mennill et al. 2003;
Peake 2005; Mennill and Otter 2007), or by directly evaluating song traits that may
indicate overall fitness, such as age, dominance, or stamina (Otter et al. 1997; Burt and
Vehrencamp 2005). Females can simultaneously sample and assess multiple territorial
males by strategically positioning themselves within a communication network, or by
cautiously sampling males from a distance while remaining undetected (Murphy and
Gerhardt 2002; Otter and Ratcliffe 2005), especially if signal transmission is long-range
(Otter and Ratcliffe 2005).

These vital communication networks can, though, be masked and disrupted by urban
ambient noise (Patricelli and Blickley 2006; Naguib 2013; Slabbekoorn 2013), leading to
a reduction in efficacy of intra- and interspecific signals, delayed responses, reduced
information received, or increased risk of predation (Kern and Radford 2016; Grabarczyk
and Gill 2019b). Anthropogenic noise is predominately low-frequency and can, for
example, extend >300 m from either side of roads (Forman and Deblinger 2000). This
anthropogenic noise can decrease the area and distance that acoustic signals can be
detected by animals (Barber et al. 2010), while differentially disrupting or overlapping
low-frequency bird song or call notes (Halfwerk et al. 2011). Some animals adjust their
behaviours/vocalisations in response to persistent noise pollution by shifting songs
upwards in pitch to avoid overlap with noise (Slabbekoorn and Peet 2003; Wood and
Yezerinac 2006; Nemeth and Brumm 2009; Francis et al. 2011; Nemeth et al. 2013;
Redondo et al. 2013; LaZerte et al. 2016, 2017), increasing song output (Grabarczyk
and Gill 2019a), increasing song amplitude (Nemeth and Brumm 2010), singing atypical
songs which may have higher transmission properties (LaZerte et al. 2019) or altering
temporal patterning of singing to avoid peak periods of anthropogenic noise (Fuller et al.
2007; Nordt and Klenke 2013; Dominoni et al. 2016). However, not all vocal adjustments
have proven successful and may even be less effective if the signal receiver is in an
environment that may impede sound transmission, such as a nest cavity or amidst loud
ambient noise.

Female chickadees typically roost within their nest cavity, and the acoustic properties
of the cavity may determine their ability to discern songs of their mates and prospective
neighbouring males without having to leave the nest (Otter and Ratcliffe 2005). In black-
capped chickadees, females have been shown to excavate nest entrance holes to orient
towards neighbouring males (Mennill and Ratcliffe 2004), and nest cavities themselves
were often chosen in trees located close to territory boundaries, especially if neighbouring
males were higher-ranked than their social partner (Ramsay et al. 1999). These choices
may improve audibility for the roosting female to assess multiple males during the dawn
chorus, but noise pollution could impede female assessment (Huet des Aunay et al. 2014;
Grabarczyk and Gill 2019b). Previous studies showed the signal-to-noise ratio (the level
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of the observed signal compared to the level of the background noise) of great tit and
house wren (Troglodytes aedon) songs were reduced inside the nest box compared to
outside (Blumenrath et al. 2012; Grabarczyk and Gill 2019b), and pied flycatcher
(Ficedula hypoleuca) songs were found to have higher song degradation within the box
than outside (Lampe et al. 2004).

To a female chickadee roosting in the nest, the signal-to-noise-ratio of songs is
expected to decrease with increasing distance of the male from the nest (Lampe et al.
2004; Blumenrath et al. 2012) but this may be exacerbated with increasing noise around
the nest (Halfwerk et al. 2012; Grabarczyk and Gill 2019b). Therefore, information
gained from honest advertising of males during the dawn signalling period may be
reduced for females in noisy environments (Halfwerk et al. 2012; Grabarczyk and Gill
2019b).

The objective of this study was to test the effect of distance and noise on signal-to-
noise ratios of mountain chickadee (Poecile gambeli) songs by broadcasting songs from
25 to 75 m distances to previously used nest boxes in both urban and rural habitats. We
placed a microphone outside and inside the nest box, and at each distance, we broad-
casted mountain chickadee songs with and without added noise. We predicted that noise
and distance would decrease the signal-to-noise ratio of chickadee songs and may
differentially affect the audibility of songs within the nest cavity within the nest cavity,
especially in urban habitats.

Methods
Study species

Mountain chickadees are small, non-migratory songbirds that inhabit high elevation,
montane coniferous forests of western North America (McCallum et al. 2020). This
species has a life history that is somewhat atypical of most urban-adapting birds; rather
than being habitat generalists like most successful urban-adapting species (Blair 1996;
Kozlovsky et al. 2017), they are considered habitat specialists (McCallum et al. 2020).
Mountain chickadees are secondary cavity nesters largely reliant on cavities created by
other species (McCallum et al. 2020), which means they can be attracted to artificial nest
boxes placed in urban landscapes.

Field site and nest box locations

We conducted this study in Kamloops, BC, Canada, during the 2019 breeding season. We
made use of a network of approximately 65 nest boxes in rural and 40 in urban locations
in the South Kamloops region (Marini et al. 2017) which have been part of ongoing
research on urban nesting in mountain chickadees since 2013. Nest boxes were located in
Kenna Cartwright Nature Park and several tracks of urban greenbelts containing native
vegetation (Rural sites), and several neighbourhoods in the upper urban areas of South
Kamloops, including the Thompson Rivers University campus (Figure 1). Kenna
Cartwright Nature Park and isolated greenbelts primarily consist of native ponderosa
pine (Pinus ponderosa) and Douglas fir (Pseudotsuga menziesii) mixed conifer forests,
with grassland and sagebrush (Artemisia sp.) open areas and ground covering, with little
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Google Earth

Figure 1. Mountain chickadee (Poecile gambeli) nest boxes were located throughout the southern area
of Kamloops, BC, Canada. The Rural sites were mostly in Kenna Cartwright Nature Park, while the
Urban sites were at Thompson Rivers University and throughout several high elevation urban
neighbourhoods. Photo credit Google Earth Pro.

anthropogenic disturbance within a 75 m radius of the nest. Urban sites contain sig-
nificant urban structures around the nest locations, including roads, buildings, mown
lawns, and non-native tree species, resulting in a much higher deciduous component and
larger open-canopy space than native forests (Marini 2016). However, despite this
dichotomy in habitat characteristics between rural and urban sites, we have intentionally
selected placement of boxes in both habitat types at varying distances from major
motorways and industrial sites in the region such that nests in either habitat experience
the full spectrum of noise pollution from quiet to loud ambient noise. This has allowed us
to disentangle the effects of noise pollution vs habitat on other aspects of chickadee
nesting success. For the purpose of the current study, we selected nests in both habitat
types to conduct experimental playback of songs/noise; because of the intentional place-
ment noted above, this should not create discrepancies in the relative ambient noise levels
between sites, but include habitat type (rural vs urban) to account for any influence this
might have exerted on outcomes.

Field protocol

Nest boxes consisted of multiple design variants due to the gradual addition of boxes to
the study site over time. This led to five slightly different box types in the population with
similar internal dimensions, but different construction materials, which could potentially
affect acoustics (Swaddle et al. 2012). To account for these differences, we added box type
as a random variable in statistical models.
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We chose nest boxes in the long-term mountain chickadee study population that were
actively occupied during the 2019 field season (when the study was conducted) or had
been occupied at least one time in the previous 5 years (indicating their potential
suitability; N =23) across both urban and rural habitats. Once active nests had fledged
and/or boxes were vacant, we mounted a Wildlife Acoustic SM4 Autonomous Recording
Unit (ARU; Wildlife Acoustics, Inc) above the nest box. The ARU unit recorded in stereo
channels, with one channel having a microphone recording outside the box (external)
and the other channel recording from a microphone attached to a 3 m cord placed inside
the nest box (internal). A small square piece of the nest box (~1.9 cm x 1.9 cm) was
removed from the upper edge of a side wall, where we then affixed the internal micro-
phone, so the microphone was above the entrance hole by ~7.6 cm and facing into the
nest cavity. The ARU was set to record continuously until the speaker trials were
completed (recordings were set at 16-bit digitisation with 44.1kHz sampling rate in
WAV format). We used a retractable measuring tape to mark 25m, 50 m, and 75 m
from the nest box, in the direction directly in front of the box entrance hole, as previous
work has shown sounds from directly in front of the cavity entrance to be most audible
(Mennill and Ratcliffe 2004). By conducting trials directly in front of the nest entrance,
we created optimal conditions for signals without broadcast noise to be detected (best-
case scenario) to compare with a signal that is broadcast with noise from a similar
direction (worst-case scenario).

Using the files created by LaZerte et al. (2019), we used 40 different playback files; this
consisted of 20 files without added noise and 20 matching files with added noise. Each of
the 20 distinct files randomly contained the songs of one of 13 different male mountain
chickadees recorded during the dawn chorus in central British Columbia (LaZerte et al.
2019). Where the same male was used in different files, it was paired with a different noise
file (see below). Each stimulus consisted of two audio signals split to the left and right
audio channels of a stereo output. On one channel were 28 evenly spaced songs (14
songs/min for a total of 28 over 2 min) of a male mountain chickadee, broadcast at
a typical singing volume of 75+ 2dB (Z; mean + standard deviation, measured at
5 m using a Pulsar 30 (Pulsar Instruments plc., Filey, North Yorkshire, UK)).
The second channel contained either a blank signal (without added noise) or
a synthetic noise file simulating typical highway traffic noise broadcast at 68 dB + 2 dB
(Z). This synthetic white noise was derived to imitate an average traffic frequency-
spectrum (LaZerte et al. 2017, 2019), and a different noise file was created for each
playback. The noise spectrum contained enough high-frequency noise to partially mask
chickadee vocalisations and similar synthetic sound clips have been used on other Parid
species (cf. Halfwerk and Slabbekoorn 2009; Halfwerk et al. 2011). These sound files were
created for a previous study (LaZerte et al. 2016) and derived based on spectral analysis of
continuous-traffic highway noise recorded at several locations. Synthetic experimental
noise was used instead of actual traffic noise as traffic recordings could contain other
sounds that may influence chickadee responses, such as biological signals, and add
a confounding factor that could lead to pseudoreplication issues (Slabbekoorn and
Bouton 2008).

We broadcast the playbacks through a 5W Roland Mobile Cube amplifier, which has
two built-in loudspeakers (Roland Corporation, Los Angeles, USA; full range audio
frequency response ~100 Hz-20 kHz). The two speakers are side-by-side, with 10 cm
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between their centres, and each speaker being 8.75 cm in diameter and are independently
controlled by separate left vs right audio channels; this allowed us to simultaneously
broadcast the song files from one speaker, and noise files from an independent speaker
(LaZerte et al. 2017, 2019). At each distance interval, we broadcast two paired playback
stimuli in succession: one stimulus consisted of mountain chickadee songs broadcast
from the left speaker with a blank signal in the right speaker (signal without added noise);
the second stimulus consisted of the same male vocalisations from the same speaker as
above, but with synthetic white noise broadcast from the second speaker. Each ‘With
Added Noise’ stimulus sound file consisted of gradual fading in of the background noise
over 20 s until at full volume, followed by 40 s at full volume for acclimation. We then
initiated the 28 sequential mountain chickadee songs (14 songs/min for a total of 28 over
2 min) and ended with fading out the background noise over 20 s (LaZerte et al. 2019).
The ‘Without Added Noise’ stimulus files were structurally the same but with no added
synthetic background noise (LaZerte et al. 2017, 2019). The speaker system was attached
to a Slik Able 300 DX tripod to raise the speaker (1.6 m above the ground) and to ensure
the playback songs were not impeded by any low shrub vegetation.

We conducted this experiment on 23 nest boxes distributed across the Kamloops, BC,
study sites between June 10 - July 2, 2019. This period falls well past the typical peak in
mountain chickadee chorusing and was chosen to avoid acoustic overlap between our
playbacks and resident males. Experiments were conducted early in the morning between
06:00 and 08:00, scheduled just after standard dawn chorus timing to avoid acoustic
interference with other species that may still be actively chorusing at this point of the
season. Start times were cut off at 08:00 as signal transmission is more consistent in early
morning (Henwood and Fabrick 1979; Brown and Handford 2003). Each box was tested
several days after the nest had fledged. This approach allowed us to retain similar weather
and climate characteristics of when the nests were active, to prevent the previous pair
from being stressed, and to reduce the potential of interference or countersinging from
the resident male during playbacks. We also made note of the status of neighbouring
nests and whether they were still active, or in range of the speaker trial and would adjust
our speaker trial date so that no known nests within audibility range were active during
trials. Two trials were removed from analysis due to incomplete recordings or excess
wind, leaving a total of 21 nest box trials for analysis.

Data analysis

Mountain chickadee songs typically contain two note types, ‘fee’ and ‘bee’ (McCallum
et al. 2020), with a typical song structure in the population of two ‘fee’ notes followed by
two lower frequency ‘bee’ notes. However, songs can often vary in frequency and number
of notes based on the individual, or habitat. Below, the ‘fee’ notes are labelled as note one
(N1) and ‘bee’ notes are note two (N2).

Audio files from each speaker trial were viewed in Audacity v2.4.2 software (Audacity
Team 2020). To visualise and identify the start of the signal, each audio file was viewed in
stereo tracks; one track was the microphone inside the nest box while the other track was
the external microphone. The audio track was then ‘fit to height’ and zoomed into
approximately 10 s frames in the Hann window set at 1024 Hz bandwidth. Audio files
were unaltered; no noise reduction was used. For each distance category (25 m, 50 m, and
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75 m) a blind observer scanned the entire recording and selected the three clearest songs
from each audio file using selection criteria that the time immediately before and during
the stimulus song was not overlapped by other bird vocalisations, noises or heavy wind
that would influence the measure of SNR of the song notes. If it proved difficult to find
three clear songs per distance category, we used a minimum of at least one song. Each
song was then clipped into individual files and labelled, with the start of each note (N1
and N2) labelled (Figure 2; N = 466). In addition, we ensured that each song clipping had
at least 0.5 s of space prior to the start of the first note for background noise analysis
(Figure 2; Figure 3).

Figure 2. An example Audacity software (v2.4.2; Audacity Team 2020) spectrogram representing
a typical mountain chickadee (Poecile gambeli) song clip from a playback trial, with labels at the start
of each note type, N1 and N2. This example song playback clip is from an urban nest box in
Kamloops, BC, Canada, using a without added noise playback file. The speaker was 25 m from the
box and this song clip was recorded by the microphone placed inside the nest box.

With Added Noise Without Added Noise

UR35_NOISY_S1_25_1 UR35_QUIET_S1_25_1

.y
sb88s° §
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Figure 3. Example root-mean-square (RMS) spectrograms of one mountain chickadee (Poecile
gambeli) playback file song. All images are from one song broadcast from 25 m away from the nest
in the same Urban nest box in Kamloops, BC, Canada. The left column spectrograms were during a
With Added Noise playback trial, while the right column spectrograms were from Without Added
Noise trials. The two images on the top row were from the inside microphone and the two on the
bottom row are from the outside microphone.
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All analyses were conducted with R statistical software (v4.0.3, 2020, R Core Team
2021) through RStudio IDE (v1.3.1093, RStudio Team 2022). R packages ‘tuneR’ (Ligges
et al. 2018), ‘glue’ (Hester 2020), ‘kableExtra’ (Zhu et al. 2021), ‘tidyverse’ (Wickham et al.
2019), and ‘assertr’ (Fischetti 2021) were used for general song data manipulation. First,
we filtered by a frequency range of 3000-5000 Hz to approximate the entire song and
ensured no notes were out of this range. Using the R package ‘seewave’ (v2.1.6, Sueur
et al. 2008), we extracted 0.5 s of background noise before the first note (‘noise’) and 0.5
s of each note type (‘note’ - based on the minimum length of N2 being approximately 0.5
s) to use for conducting root-mean-square (RMS) analysis (Figure 3). RMS spectrograms
were created in RStudio using 1024 window length, frequency limits of 0 Hz and 6kHz,
and in Hann window. Any song clips that resulted in an RMS value lower than the
background noise were checked and removed if the noise or overlap was too disruptive
(N'=4). These RMS values were used to calculate signal-to-noise ratios (the level of the
observed signal compared to the level of the background noise; SNR) in decibels using the
following equation:

t
(SNR = RMS——~

noise

Then convert the signal-to-noise ratios to decibels using the following equation:
(SNR(dB) = 10 * log10(SNR))

We then took the mean of the song clips to obtain one mean value per distance category
(25m, 50 m, 75m), nest box, treatment type (With Added Noise or Without Added
Noise), and microphone location (inside or outside). Next, we compared the signal-to-
noise ratio of the songs between the inside and the outside of the nest box using RStudio.

We ran our analysis on each note type as chickadees have been known to adjust their
songs, particularly the last few notes, in urban environments (LaZerte et al. 2017).
A generalised linear mixed effects model was performed using the Ime4’ (Bates et al.
2015) package for R, to assess associations between the signal-to-noise ratio of both note
types and microphone position (inside or outside the nest box), distance from the box,
treatment type (Without Added Noise and With Added Noise), and habitat type (Urban
or Rural) and any interaction between treatment type and distance of the playback from
the nest. Each model incorporated box design type as a random effect to account for the
different box designs used in the trials. Figures were created using ‘ggplot2” (Wickham
2016) and ‘patchwork’ (Pedersen 2020).

Results

Songs were broken into both note types, note 1 (N1) and note 2 (N2) for analysis. The
signal-to-noise ratio (SNR) of N1 declined with increasing distance from the box, was
lower in the With Added Noise treatment than the Without Added Noise treatment, and
was slightly lower in Urban than Rural habitats (Table 1; Figure 4(b)). Microphone
location (outside vs inside) did not significantly affect the SNR of the N1 note (Table 1;
Figure 5(a)). However, there was also an interaction effect between treatment type
(Without Added Noise and With Added Noise) and distance of the playback from the
nest (25 m, 50 m, 75 m; Table 1; Figure 4(a)); this indicated that the decline in SNR with
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Table 1. Results from a general linear mixed effects model, assessing the relationship between the
signal-to-noise ratios of mountain chickadee (Poecile gambeli) playback song note 1 (N1) and treat-
ment type (Without Added Noise, With Added Noise), distance of the playback from the nest (25 m,
50m, 75 m), microphone location (outside, inside), and habitat type (urban or rural), with an
interaction effect between treatment type and distance from the nest.

Estimate Std. Error df t-value Pr>|t))
Treatment Type 8.11 1.50 251.34 5.40 <0.000071***
Distance —0.082 0.020 251.46 —4.05 <0.00007***
Microphone Location —-0.34 0.57 251.40 —-0.59 0.55
Habitat Type 1.77 0.82 167.55 2.15 0.033*
Treatment:Distance —0.090 0.028 251.41 -3.16 0.0018**

increasing distance was greater in the Without Added Noise treatment than the With
Added Noise treatment. This effect was largely due to the SNR already being fairly low at
short distances (25 m) once noise was added, and so had less room to decline much
further with increasing distance. By comparison, SNR was high at short distances in
Without Added Noise treatments and only reach low levels at 75m in these trials
(Figure 4(a)).

The SNR of N2 was lower in With Added Noise vs Without Added Noise treatments,
declined with increasing distance of the playback from the nest, and was lower on the
internal microphone than the external (Table 2; Figure 4(b); Figure 5(b)). There was no
effect of habitat on SNR of the N2 note. There was, though, an interaction effect between
treatment type (Without Added Noise and With Added Noise) and distance of the
playback from the nest (25 m, 50 m, 75 m; Table 2). This interaction between treatment
type and distance of the playback parallels the effect seen on the N1 note: SNR of the N2
note is high at 25 m but declines rapidly to 75 m in the Without Added Noise treatment,
but in the With Added Noise treatment the SNR of the N2 note is already quite low even
at short playback distances (25 m), and only declines marginally with increasing playback
distance (Figure 4(b)).

In contrast to N1 results above, N2 was also affected by microphone location (Table 2);
overall, the SNR ratio of songs was lower from recordings made inside the nest box
compared to songs recorded on the external microphone (Figure 5(b)).

Discussion

Distance was a major factor affecting the audibility of songs within the nest, particularly
when playbacks were conducted without added noise. There was also a slight impact of

Table 2. Results from a general linear mixed effects model, assessing the relationship between the
signal-to-noise ratios of mountain chickadee (Poecile gambeli) playback song note 2 (N2) and treat-
ment type (Without Added Noise, With Added Noise), distance of the playback from the nest (25 m,
50 m, 75m), microphone location (outside, inside), and habitat type (urban or rural), with an
interaction effect between treatment type and distance from the nest.

Estimate Std. Error df t-value Pr>|t)
Treatment Type 7.04 1.41 249.27 4.99 <0.00007%***
Distance —0.080 0.019 249.29 —4.14 0.000047***
Microphone Location 1.89 0.54 249.27 3.48 0.00058***
Habitat Type -1.19 0.79 230.38 —1.50 0.13

Treatment:Distance —-0.065 0.027 249.27 —2.45 0.015*
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Figure 4. Signal-to-noise ratio (dB) of note one (N1; A) and note two (N2; B) of mountain chickadee
(Poecile gambeli) playback songs at each distance interval (25 m, 50 m, 75 m) for both With Added
Noise and Without Added Noise treatments, while comparing the signal-to-noise ratio of notes at each
habitat type (R = rural and U = urban) in Kamloops, BC, Canada. Without Added Noise trials exhibited
a steeper decline in the signal-to-noise ratio of both note types as distance increased from the nest,
regardless of habitat type. Whereas With Added Noise trials exhibited similar signal-to-noise ratios
regardless of distance from the nest, habitat type or note type.

habitat, with rural settings having better signal-to-noise ratios than urban sites but only
notable at the farthest transmission distance. However, once noise was added to the
playbacks, the difference between habitat classes was lost; rather the signal-to-noise ratio
of songs was heavily diminished in both habitats even at short distances and increasing
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Figure 5. Signal-to-noise ratio (dB) of note one (N1; A) and note two (N2; B) of mountain chickadee
(Poecile gambeli) playback songs in Kamloops, BC, Canada at each distance interval (25 m, 50 m, 75 m)
for both With Added Noise and Without Added Noise treatments, while comparing the signal-to-noise
ratio of notes at the two microphone positions (i =inside the nest and o= outside the nest). As
distance from the nest increased, both note types exhibited a steeper decline in signal-to-noise ratio in
without added noise trials compared to with added noise trials, regardless of microphone location.

distance had a lesser effect on further degrading the songs. This finding could negatively
impact the ability of females nesting in noisy habitats to assess males in a network-like
fashion during the dawn chorus.

We also found that the two note-type elements of songs showed differential degrada-
tion, particularly in how the signal was affected by noise and by acoustics of the nest box.
The lower-pitched N2 note of the song had a decreased signal-to-noise ratio inside versus
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outside of the nest in both treatment types, whereas the higher-pitched N1 note of the
start of songs was not affected by the position of the recording microphone. This finding
is consistent with studies on other cavity-nesting species that suggests cavities alter signal
transmission (Lampe et al. 2004; Kight et al. 2012) and vocalisations are marginally
degraded within the nest box (Lampe et al. 2004; Blumenrath et al. 2012; Grabarczyk and
Gill 2019b). There was an interaction between distance and treatment type for the signal-
to-noise ratios of both note types, suggesting that the signal-to-noise ratio decreased as
distance of the speaker increased from the nest box, but that this decline was far more
pronounced in songs broadcast without added noise. At greater distances (75 m), the
lower-pitched N2 notes also showed a sharp drop in signal-to-noise ratio on recordings
inside the box relative to outside, particularly in the With Added Noise treatment. These
effects were evident despite playbacks being conducted in circumstances that would
normally provide optimal sound transmission parameters (i.e. optimal time of day,
directly in line with nest entrance, and using previously successful nest cavities). This
impact of noise and the acoustic dampening of the nest box differentially impacted the
lower-pitched N2 elements of the song, which may explain a previous study (LaZerte
et al. 2016) that found male mountain chickadees singing in noisy environments reduce
their use of this note type. LaZerte et al. (2016) showed individual males would often
repeat the high note (N1) more and reduce the number of low notes (N2) when singing in
areas of high ambient noise. Our results confirm LaZerte et al. (2016) suggestion that
shifting songs to greater repetition of higher-pitched notes in the song would increase
audibility, particular in urban-noise situations.

In this study, the signal-to-noise ratio was used as an indicator of relative audibility of
songs. We assumed that vocalisations picked up by the microphone placed inside the nest
box would mimic how the signals during the chorus may be perceived by a female
roosting within the nest. Our work does indicate that in low-noise conditions, the signals
are still audible within the cavity even at long distances (75 m - the greatest distance
tested). This finding is further supported by field recordings during actual dawn
choruses, in which mountain chickadees have been observed singing from distances
greater than 75m from the nest box, yet these songs have continued to elicit vocal
responses from the female within the nest (Snell 2021). However, the addition of noise
has a high potential to disrupt the ability of females to assess distant males, such as those
counter-singing against the female’s mate from neighbouring territories. Signal-to-noise
ratios during treatments with added noise were so diminished that playbacks at 25 m
mimicked the signal loss of songs at 75 m in treatments without added noise.

Our results confirm that noise and distance interact to decrease signal audibility, so we
would predict that males occupying noisier environments (whether urban or rural) may
be more constrained to chorus close to the cavity than males on quieter territories. Such
a constraint on movement during dawn singing may have two impacts on communica-
tion networking: it may constrain the male’s signal being heard by neighbouring females,
and thus limit his potential for extra-pair mating opportunities (cf. Kempenaers et al.
1997; Otter et al. 2022); and it could impede his ability to signal to neighbouring males in
defence of his territory. By understanding how signal transmission among cavity-nesting
species is affected by noise pollution, we may better understand the broad ecological
impacts of urban noise, so can better prioritise mitigation of these pressures on sur-
rounding biodiversity.
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