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Introduction 7 

 Anthropogenic noise pollution is a threat to birds as human populations have continued to 8 

expand and encroach into previously natural environments. Anthropogenic noise is typically at 9 

the low frequency of 1-3 kHz, causing it to overlap with some avian vocalizations (Wood & 10 

Yezerinac, 2006). Anthropogenic noise pollution affects the communication, survival, and 11 

reproduction of numerous avian species by causing them to adapt their vocalizations to 12 

overcome the overlapping noise range (Fernández-Juricic et al., 2005; Kight & Swaddle, 2015; 13 

Patricelli & Blickley, 2006; Slabbekoorn & Peet, 2003). 14 

Numerous species change the frequency of their songs when anthropogenic noise is 15 

present (great tits (Parus major) (Slabbekoorn & Peet, 2003), house finches (Carpodacus 16 

mexicanus) (Fernández-Juricic et al., 2005), song sparrows (Melospiza melodia) (Wood & 17 

Yezerinac, 2006), eastern bluebirds (Sialia sialis) (Kight & Swaddle, 2015)). In a recent meta-18 

analysis, Roca et al. (2016) found that 60 bird species exposed to anthropogenic noise shifted the 19 

mean frequency of their vocalizations by an average of 451 Hz. The frequency shift was broader 20 

in the low-frequency components of the vocalization, and was only prominent in bird species of 21 

small body mass (Roca, Desrochers, Giacomazzo, & Bertolo, 2016).  22 
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Vocalizations during the breeding season are extensively studied because of the costs of 23 

vocal adjustments on reproduction. Vocalizations during the nonbreeding season are less studied, 24 

but can be important means of identifying group members (Mammen & Nowicki, 1981), 25 

showing aggression (Marler, 1957), spreading flock information about food sources (Brown, 26 

Brown, & Shaffer, 1991), and maintaining pair bonds in the off-season (Oden, Bomberger 27 

Brown, Burbach, Brandle, & Quinn, 2015). Vocal adjustment could negatively affect avian 28 

vocalizations if altered calls make the birds more vulnerable to predators or inhibit receiver 29 

recognition (Patricelli & Blickley, 2006). If birds are unable to adjust for the masking of these 30 

critical vocalizations, communication would become difficult, potentially reducing survival and 31 

reproduction.  32 

As red-backed fairywrens (Malurus melanocephalus) are small passerine birds that live 33 

in areas that may experience traffic noise, they are suitable candidates for the continuing 34 

investigation of the effect of anthropogenic noise on avian vocalization in the non-breeding 35 

season. Red-backed fairywren vocalizations have been extensively studied in the breeding 36 

season, including their effects on paternity assurance (Baldassarre et al., 2016) and mate 37 

guarding (Dowling & Webster, 2013). I hypothesize that the peak frequency of red-backed 38 

fairywren songs will change as the average sound pressure level of the anthropogenic noise 39 

environment increases. Specifically, I predict that the peak frequency will increase as 40 

anthropogenic noise increases.  41 

 42 

Methods 43 

Study site 44 
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We completed the study over nine weeks at a field site in Lake Samsonvale, Queensland, 45 

Australia from 23 June to 2 August 2016. All data were collected between 06:30 and 17:00. The 46 

site was approximately 2.5 kilometers by 1.4 kilometers and bordered to the west by a two-lane 47 

highway.  48 

Sound environment 49 

We mapped a soundscape of the field site using a sound meter (Extech Instrument 50 

407730) on a grid of 47 points each spaced 200 meters apart. Instantaneous sound pressure level 51 

(SPL) measurements were taken at each grid point every 20 seconds for 3 minutes. Each grid 52 

point was visited at least 4 times between the hours of 06:30 and 13:00, twice on a weekday and 53 

twice on a weekend. 54 

Playback experiment 55 

A majority of the red-backed fairywren population was color banded with a unique 3-56 

band identification code. As the field site was well-established, an estimation of fairywren home 57 

ranges were known. For this study, we divided the field site divided into 3 sections with each 58 

section visited once every three days on a rotating basis to limit overexposure to playback.  59 

Red-backed fairywren playback consisted of a 5 second song from an individual outside 60 

of the study population. The unfamiliar individual’s song was repeated 5 times with 10 seconds 61 

of silence between each song. The recording was played using an Altec Solo Jacket Speaker 62 

(Model IMW375-RED-VZN) and an MP3 player (Ruizu Digital MP3 Player X06). The 63 

researcher broadcast the playback from shoulder-height with the speaker volume on maximum 64 

when the target birds were within approximately 30 meters. Playback was repeated at least twice 65 

or until the individual bird no longer responded. Individual fairywrens were targeted with 66 

playback only once per day and then given at least two days before playback was repeated. 67 
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If an individual sang without prompting from the playback, an attempt to record the song 68 

was made, and the song was considered a spontaneous song. A song was also considered 69 

spontaneous if an hour had passed between the last playback to the singing individual and the 70 

start of the non-playback motivated song. 71 

Fairywren vocalizations were recorded with a directional microphone (Sennheiser ME 72 

66) and Marantz Professional Solid State Recorder PMD661. The distance from the bird and the 73 

identity of the singing individual, if known, was recorded for each song. If the singer was not 74 

known, the identity of the singer was recorded and analyzed as “Unknown.” Additionally, we 75 

recorded the wind speed using the Beaufort Wind Scale and ended or did not include playback 76 

recordings if the wind was a 4 or above on the scale. An omnidirectional microphone 77 

(Sennheiser ME 62) recording was taken after each red-backed fairywren vocalization recording. 78 

An instantaneous sound meter reading was taken every 20 seconds for 3 minutes after fairywren 79 

vocalization recordings to gather data on the SPL of the anthropogenic noise environment. The 80 

location of each red-backed fairywren song was recorded as accurately as possible using a GPS 81 

(Garmin GPS 72H).  82 

 The field season yielded 468 songs from 123 playback recordings or playback attempts 83 

from approximately 74 individual red-backed fairywrens. 338 songs were a response to 84 

playback. The remaining 130 songs were spontaneous songs not motivated by playback.  85 

Red-backed fairywren vocalization recordings were analyzed using Raven Pro (v. 1.5 β, 86 

The Cornell Lab of Ornithology, 2014). Peak frequency (Hz) was generated from the power 87 

spectrum for each song sample using the program with DFT size set to 32768 samples and grid 88 

spacing set to 1.35 Hz. Songs were excluded from analysis if they were recorded from greater 89 
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than 30 meters away, if the fairywren song overlapped with the playback, or if background noise 90 

or the direction the bird was facing made the recording one of poor quality. 91 

Statistical analysis 92 

To test if the SPL of background noise was related to the peak frequency of songs, we 93 

performed a regression analysis (Microsoft, Redmond, WA). We analyzed the differences in 94 

change in SPL and peak frequency for birds that were recorded on more than one occasion using 95 

a linear regression.  96 
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Results 97 

 We analyzed 194 songs from 56 recordings that included 39 individuals. There was no 98 

relationship between average anthropogenic noise and peak frequency (Figure 1; n=194, F1,192= 99 

0.0331, p=0.8559, r2=0.0002). There was no association between average anthropogenic noise 100 

and peak frequency for playback motivated songs (Figure 2; n=150, F1,148= 0.0637, p=0.8011, 101 

r2=0.0004) nor spontaneous songs (Figure 3; n=44, F1,42= 0.8846, p=0.3523, r2=0.0206). 102 

 Additionally, there was no relationship between average anthropogenic noise and peak 103 

frequency when peak frequency of birds that sang multiple times was averaged in each recording 104 

(Figure 4; n=55, F1,53=0.3920, p=0.5340, r2=0.0073). There was no association between this 105 

metric of song and amplitude of background noise when we analyzed playback motivated songs 106 

(Figure 5; n=36, F1,34=0.3522, p=0.5568, r2=0.0103) separately to spontaneous songs (Figure 6; 107 

n=19, F1,17=0.0482, p=0.8289, r2=0.0028). There was no relationship between the change in 108 

anthropogenic noise and change in peak frequency when we analyzed birds that sang in multiple 109 

recordings (Figure 7; n=26, F1,24=0.1204, p=0.7316, r2=0.0050). 110 

111 
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112 

Figure 1. Relationship between average sound pressure level and peak frequency of songs 113 

(n=194).   114 
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115 

Figure 2. Relationship between average sound pressure level and peak frequency of playback 116 

motivated songs (n=150). 117 

y = -4.2463x + 7217.7
R² = 0.0004

5000

5500

6000

6500

7000

7500

8000

8500

9000

36 38 40 42 44 46 48 50

P
ea

k 
Fr

eq
u

en
cy

 (
H

z)

Sound Pressure Level (dB)

Peak Frequency of Playback Motivated Songs in 
Various Anthropogenic Noise Environments



 Ransone 9 

 

118 

Figure 3. Relationship between average sound pressure level and peak frequency of spontaneous 119 

songs (n=44).  120 

y = 22.753x + 5932.2
R² = 0.0206
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 121 

Figure 4. Relationship between the average sound pressure level and the average peak frequency 122 

of known individual birds in each recording (n=55).  123 

  124 

y = -11.943x + 7522.7
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125 

Figure 5. Relationship between average sound pressure level and average peak frequency of 126 

playback motivated songs of known individual birds in each recording (n=36).  127 

y = -15.25x + 7664.3
R² = 0.0103
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 128 

Figure 6. Relationship between average sound pressure level and average peak frequency 129 

spontaneous songs of known individual birds in each recording (n=19). 130 

  131 

y = -8.0146x + 7345.1
R² = 0.0028
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 132 

Figure 7. The relationship between change in sound pressure level and change in average peak 133 

frequency over multiple recordings by individual red-backed fairywrens (n=13).  134 
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Discussion 135 

There was no discernible association between peak frequency of red-backed fairywren 136 

songs and the amplitude of background noise at this site. This lack of association existed no 137 

matter if I analyzed playback-motivated songs or songs that occurred more spontaneously. In 138 

contrast to anthropogenic noise literature for other avian species, the frequency of red-backed 139 

fairywren songs was not affected by an increase in background noise at the level recorded in this 140 

study.   141 

 It is likely that the anthropogenic noise environment was not loud enough to produce a 142 

measurable change in peak frequency in the site’s red-backed fairywren population. Low noise 143 

anthropogenic environments had a sound pressure level range from approximately 40 to 44.4 dB 144 

while high noise environments were from 46.21 to 51.16 dB. In all scientific literature of which 145 

the authors are aware, high anthropogenic noise environments are generally an order of 146 

magnitude larger, as the decibel is a logarithmic scale.  147 

In both field and laboratory studies that found a difference in the frequency of avian 148 

songs, the high level of anthropogenic noise was at least an order of magnitude larger than the 149 

highest recorded sound pressure level in this study. In the field, male great tits exhibited a higher 150 

average minimum frequency when exposed to anthropogenic noise from 42 to 63 decibels 151 

(Slabbekoorn & Peet, 2003). In laboratory conditions, male house finches used real-time 152 

minimum frequency shift when anthropogenic noise increased from low noise (44 to 57 dB) to 153 

high noise (56 to 65 dB) and back to low noise while the individual sang (Bermúdez-Cuamatzin, 154 

Ríos-Chelén, Gil, & Garcia, 2011). The highest anthropogenic noise environment recorded in 155 

this experiment would fall into the low noise category in most studies, including both studies 156 

above. 157 
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It is possible that the time between the completion of the playback and measurement of 158 

the surrounding anthropogenic noise level yielded data that were not accurate enough to reflect 159 

the anthropogenic noise environment at the time the bird sang. The temporal nature of the 160 

recordings means that intermittent traffic noise may not have been recorded. Additionally, the 161 

site received aviation and drone anthropogenic noise intermittently which may have skewed 162 

some data points in quiet environments. The environments on the eastern side of the plot that 163 

were considered low noise by the researchers received the aerial noise just as often as the areas 164 

by the road, although the aerial noises were much more obvious when farther away from the 165 

road. 166 

Although the peak frequency of songs was not affected, it is possible that another 167 

unmeasured aspect of the red-backed fairywren’s song, such as amplitude, was affected. Future 168 

analysis will investigate the effect of background noise on the minimum and low-range 169 

frequency of songs. We urge future studies to create a louder anthropogenic noise environment 170 

to test the effect of higher sound pressure levels on the song characteristics of red-backed 171 

fairywrens.  172 
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