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Introduction  
 
Anthropogenic noise is a universal pollutant that has lasting impacts on ecosystems (Francis and 
Barber 2013). The human population is rapidly expanding and we can expect increasing levels of 
urbanization and noise pollution to follow. Considering the vastness of highway systems, much 
of anthropogenic noise can be attributed to road traffic. Birds rely extensively on vocal 
communication (Gaddis 1980), so noise pollution is a pertinent threat for avian populations. In 
order for a vocalization to elicit the correct response, the receiver must detect that the 
vocalization is biologically relevant (i.e. not noise), discriminate whether it is conspecific or 
heterospecific, and identify the sender’s identity (Lohr et al. 2003). If detection (hearing) and 
perception (cognitive processing) of a vocalization are compromised, the receiver may not 
respond appropriately. Anthropogenic noise can mask the frequency of a vocalization (Rheindt 
2003), lowering the signal-to-noise ratio and the active space over which the vocalization can be 
heard (Wood and Yezerinac 2006). Traffic noise is typically low frequency, so birds 
communicating at lower frequencies experience the greatest masking effects (Wood and 
Yezerniac 2006; Rheindt 2003). Some birds compensate by increasing the frequency of their 
vocalizations (Wood and Yezerniac 2006), although there are other ways to adjust. Species 
unable to cope may be excluded from noisy habitats and experience higher rates of nest 
predation (Francis et al. 2009). To date, a majority of studies have addressed the effects of noise 
pollution on the frequency of avian vocalizations, but relatively few have considered the specific 
impact of traffic noise on predation-threat perception.  
  
There are several hypotheses to explain the effects of anthropogenic noise exposure on 
predation-threat perception. The Increased Threat Hypothesis (ITH) stipulates that traffic noise 
increases perceived levels of threat (Owens et al. 2012), potentially due to reduced signal-to-
noise ratios. Specifically, ambient noise can mask alarm calls, making it difficult for birds to 
detect a predation threat (Mahjoub et al. 2015). When birds perceive a predator in the 
environment, they alarm call to alert other individuals (Gaddis 1980). These alarm calls elicit 
antipredator behaviors such as additional alarm calling (Griesser 2007), seeking cover, 
decreasing the distance to neighbors (confusion effect) (Krause and Ruxton 2002), increased 
vigilance (Quinn et al. 2006), and a reduction in risk taking (Owens et al. 2012). However, if 
noise masks alarm calls, antipredator behavior will not occur at the appropriate level (Mahjoub et 
al. 2015). If birds’ detection and perception of alarm calls is degraded in noisy environments, this 
may mean that they will be depredated at increased rates in such environments, potentially 
affecting population persistence. In addition to vocal masking, anthropogenic noise can be 
stressful and thus diminish appropriate responses to perceived predation threats (Wright et al. 
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2007). Finally, noise can be distracting and lessen the attention given to a potentially harmful 
situation (Chan et al. 2010).  
 
Road traffic is a common and widespread source of anthropogenic noise, so understanding its 
specific impacts on ecosystems is particularly important. Chronic exposure to traffic noise has 
been directly linked with decreases in species abundance (McClure et al 2013) and with 
increased perceived levels of predation threat in breeding house sparrows (Passer domesticus) 
(Meillère et al 2014), titmice (Baeolophus bicolor) and chickadees (Poecile carolinensis) 
(Owens et al 2012). Furthermore, recent work has shown that exposure to traffic noise can 
disrupt predation-risk assessment (Kern and Radford 2016). This can result in a shift toward 
vigilant antipredatory tactics in noisy environments and may cause individuals to devote less 
time to other behaviors, such as foraging (Lima et al. 1985; Quinn et al. 2006). This has 
implications for starvation and decreased reproductive success. 
 
To assess the applicability of the Increased Threat hypothesis, we investigated the influence of 
traffic noise on vigilance behaviors and responses to experimental playbacks of conspecific 
alarm calls in both red-backed fairywrens (Malurus melanocephalus) and variegated fairywrens 
(Malurus lamberti). We hypothesized that traffic noise in the environment would influence 
vigilance behaviors of the wrens. Specifically, we predicted that both species would exhibit 
greater vigilance in noisier environments to compensate for a reduced ability to perceive vocal 
cues from neighbors. Additionally, we studied the relationship between traffic noise and intensity 
of response to alarm calls indicating predation threat. We hypothesized that noise would affect 
wren response to alarm calls and predicted that both species would show a less intense response 
to alarm call playback in noisier environments due to a vocal masking effect from traffic noise 
levels.  
 
Methods 
 
Study site and focal species 
This study spanned a nine-week period between June and August 2016 at a site in the Lake 
Samsonvale area of northeast Queensland, Australia (27º 16’ 7” S 152º 51’ 32” E). A two-lane 
road bordered the western edge of the field-site, and a residential road cut across the site from 
West to East (Figure 3). These roads experienced fairly consistent traffic with periods of quiet 
throughout the day. We primarily observed variegated fairywrens (here after referred to as 
VAFW) although we also observed red-backed fairywrens (here after referred to as RBFW) and 
have supplemental data on this latter species from other researchers at the site. Both the VAFWs 
and RBFWs were color-banded and were part of a long-term study at the site. During this non-
breeding period of the year, fairywrens typically live in groups (Webster et al. 2010) and rely 
upon a variety of vocalizations for communication between flock members. These birds are 
common in human-disturbed areas and thus vulnerable to noise pollution, making them an 
applicable study system to address questions concerning the effects of noise pollution. 
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Assessment of ambient noise 
At the beginning of our study, we sampled the ambient sound pressure level (dBA SPL) across 
the entire site. We sampled ambient noise along transect lines that ran directly west to east that 
were spaced 200 m apart from north to south, across the entire study area including habitats next 
to the roads (see Figure 3). At each stopping point, which were 200 m apart on each transect line, 
we used a sound pressure meter (Extech Instruments model 407730, A-weighting on slow 
setting) to record the amplitude of ambient noise. We obtained a reading every 20 s for 3 mins 
for a total of 9 at each point. We sampled from the transect lines on four occasions, including 
two weekdays (June 22 and June 24) and two weekend days (June 26 and July 2). One researcher 
sampled from the transect lines in the southern half of the site while another simultaneously 
sampled transects in the northern half of the site. For each date, we reversed the sampling order 
of points to minimize within-day temporal bias in sound measurements.  
 
Playback trials 
We performed experimental playback trials of conspecific alarm calls to focal individuals within 
groups of VAFW and RBFW, along the noise gradient at the site. In the second half of our study, 
we intentionally repeated observations on VAFW individuals that we had already sampled. 
When possible, the second set of observations was completed under different noise conditions. 
Playback trials typically occurred between 06:30 and 13:00 although a few occurred between 
14:00 and 17:00. Each day, we rotated our observation location between areas close, 
intermediate, and far from the highway in order to sample a wide range of acoustic 
environments. These areas spanned a range of habitats including grasslands, mowed areas, and 
managed groves of trees. 
 
To begin a playback trial we first located and identified a color-banded individual. After 5 mins 
of continuous baseline observation, in which we recorded behavior and location of the focal 
individual (see Tables 1 and 2), we broadcasted a 10 s conspecific alarm call playback and then 
observed and recorded the behaviors and location of the same focal individual for a further 5 
min. We terminated trials in which we lost visual contact with the focal individual for more than 
2 consecutive minutes after the playback finished. After each 10 min trial, we recorded the 
ambient sound pressure level as described above. Additionally, we recorded the maximum dBA 
SPL of the alarm call playback (broadcast from distance at playback). Both readings were taken 
at the initial playback location of the focal individual. We estimated the distance of the speaker 
to the focal individual’s location at playback, making an effort to be somewhat consistent in 
playback distance across trials. Distance to speaker measurements were on average 16 m and 
ranged from 9 to 27 m. We also recorded wind speed (Beaufort Scale) and the GPS locations of 
the focal individual at the start of the trial and when the playback was initiated.  
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The alarm call playbacks were constructed in RavenPro with vocal recordings from the 
Macaulay Library (RBFW) and Xenocanto (VAFW). They were broadcast at shoulder height 
from an Altec Lansing solo jacket speaker. Initially, we used an AUX cable and an Altec 
Lansing mp3 player kept at consistent volume (amplitude). However, due to equipment 
malfunction, later playbacks utilized a Bluetooth connection. When we switched to Bluetooth, 
we kept the volume at the same setting as used with the AUX cable but later realized that 
Bluetooth projects sound at greater amplitude. Due to this, three speaker settings were used 
throughout the course of the study: AUX cable (65.1 dBA SPL), Bluetooth on high volume (77.1 
dBA SPL), and Bluetooth on low volume (61.0 dBA SPL). Out of 62 total Variegated Fairy-
wren observations, only seven utilized the Bluetooth high setting. Differences in playback 
volume were accounted for in analysis and observations on Bluetooth high settings were not 
paired with observations on AUX cable or Bluetooth low settings. 
 
Behaviors Definition Citation  
Preen Clean feathers, bill to feathers  
Allopreen Preen neighbor/reciprocal preening  
Scan Look up, move head from side to side  
Forage Actively consume or collect insects  
Alarm call Actively vocalize/alarm call  
Vocalization Any vocalization other than alarm call  
Fly Active flight  
Puff back Copulatory display to female (Karubian, 2002) 
Petal carry Petal in bill and displaying to female (Karubian, 2002) 
Sit Perched, no other behavior applicable  
Dive-down Fly directly down and out of sight  
Chase Fly/aggress after other bird  
Out of sight Known location, bird not visible  
Unknown Location not known, bird lost  
Table 1: Behaviors, recorded as total time in 10 mins spent performing each behavior  

Habitat Descriptor Definition 
Percent Refuge Percentage of refuge (shrubs and other woody vegetation that under 1 m 

have a diameter of at least 1 m) in a 10 meter radius around focal individual 
Substrate 0.5 m radius around focal individual: open-high (perched above 0.5 m meter 

from the ground), open-low (perched below 0.5 m), in grass (grass at least 
0.1 m), or in refuge  

Distance to Refuge Distance (to nearest 1 m) to closest refuge 
Dominant Grass In a 10 m radius around focal individual and classified as tall (above 0.5 m) 

or short (below 0.5 m) 
Table 2: Habitat descriptors recorded each minute of 10 min observation  

Analysis 
With a paired t-test, I compared the average SPL levels between weekday and weekend days. I 
used transect data from two weekdays and two weekend days, each with 48 sample points. 
Additionally, I ranked transect sampling points based on relative distance from the main road. 
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Points closest to the road were ranked as one and points farthest from the road were ranked as 
nine. In Microsoft Excel, I correlated these rankings with the average SPL (both weekday and 
weekend) at each point. Additionally, to asses the pervasiveness of the road traffic, maps were 
created in ESRI’s ArcMap by inputting data from transect SPL samples and then interpolating 
with a natural neighbor analysis. This method interpolates values by locating the nearest samples 
to a point and weighting them in relation to area (Sibson, 1981). 
 
VAFW 
To address the prediction that wrens would display increased levels of vigilance in high noise 
environments, I used paired t-tests to compare pre-playback (baseline) levels of foraging and 
average distance to refuge between low and high noise environments within the same focal 
individual in two separate trials. For each t-test, I paired the relatively loudest and quietest 
observation for seventeen individuals. Foraging and average distance to refuge were selected 
because, observationally, decreased rates of foraging and decreased distances to refuge were 
indicative of high vigilance. To test the prediction that wrens would show a less intense response 
to alarm call playback in noisy environments, I used the same method as for the baseline levels, 
but instead compared the intensity of response to playback. Intensity of response was defined as 
post-playback minus pre-playback behavior levels.  
 
RBFW 
The majority of RBFW behavioral data comes from other students working at the site. Due to 
this, there are very few repeat observations on the same individual (only five individuals had 
multiple observations and accompanying SPL data). Thus, it is impossible to test my predictions 
in the same manner as for the VAFWs. To test the prediction that wrens would have increased 
baseline vigilance levels in high noise environments, I performed linear regression analyses 
between average SPL and pre-playback behavioral levels of scanning, out of sight, distance to 
refuge, and foraging. To test the prediction that the wrens would show a decreased intensity of 
response to playback in high noise environments, I performed linear regression analyses between 
average SPL and intensity of response to playback for the four above-described behaviors. These 
behaviors were selected because, observationally, they were associated with varying levels of 
vigilance. A total of 54 observations, some on the same individual, were included in the 
regression analyses.  
 
All paired t-tests (VAFWs) and regression analyses (RBFW) were completed in RStudio version 
0.99.491 employing two-tailed tests of probability. 
 
Results 
 
Noise pollution assessment 
The amplitude of ambient noise on weekdays was markedly louder than on weekend days 
(p<0.001, mean of differences is 3.05 dB) (Figure 1). Furthermore, relative distance from the 
road influenced the amplitude of ambient noise across the site, with louder sites located closer to 
the two-lane highway (Figure 2). Preliminary maps of the noise gradient across the field site for 
the weekdays and the weekends demonstrate that traffic noise from the highway was spread 
across the field site (Figure 3).  
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Figure 2: Relative distance from the road influences average SPL 
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Figure 1: Significant difference between Weekday and Weekend 
SPL (p<0.05) 
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Figure 3: Maps for noise gradient across site on weekdays (at left) and weekend days (at right) 
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Vigilance Analysis (VAFW)  
 
There was no difference in baseline (pre-playback) levels of foraging and distance to refuge 
between low and high noise environments (foraging, t=0.419, df=16, p-value=0.681, Figure 4; 
distance to refuge, t=0.348, df=16, p-value=0.733, Figure 5).  
 
In low noise environments, the wrens did not respond strongly to playback (proportion of time 
out of sight, t = 1.0467, df = 23, p-value = 0.3061, Figure 6; proportion of time spent scanning, 
t=0.19494, df = 23, p-value = 0.8472, Figure 7). This indicates that these behaviors are not 
sufficient for quantifying differences in intensity of response to alarm-call playback between 
high and low noise environments. 
 
Observationally, birds that responded strongly to playback decreased their distance to refuge and 
foraging frequency. With this in mind, I paired observations on the same individual in relatively 
low and high noise environments. I then compared the intensity of response to playback between 
environments where intensity of response to playback was a change in proportion of time 
foraging (Figure 8) or in average distance to refuge (Figure 9). In both cases, the change in 
intensity was quantified by subtracting the pre-playback value from the post-playback value. 
Paired t-tests revealed no significant difference in intensity of response to playback between high 
and low noise environments (foraging, t = 1.2676, df = 15, p-value = 0.2243, Figure 8; distance 
to refuge, t = -0.81201, df = 15, p-value = 0.4295, Figure 9). 
 
 
 
 
 
 

 
 
 
 

Figure 4: No significant difference (p>0.05) in baseline (pre-
playback) proportion of time foraging between low and high 
noise environments 

Figure 5: No significant difference (p>0.05) in baseline 
(pre-playback) average distance to refuge between low and 
high noise environments 
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Vigilance Analysis (RBFW) 
 
A series of linear regression tests revealed no statistically significant relationships between the 
amplitude of ambient noise and baseline behavior levels (distance to refuge, R2=0.035, F=2.963, 
df=53, p-value=0.091; scanning, R2=0.034, F=2.904, df=53, p-value=0.0942; foraging, R2=-
0.013, F=0.33, df=53, p-value=0.566; out of sight, R2=-0.017, F=0.11, df=53, p-value=0.747) 
(Figure 10). Additionally, linear regression revealed no relationships between SPL and intensity 
of response to playback quantified with the above listed behaviors  (distance to refuge, R2=-
0.0178, F=0.054, df=53, p-value=0.817; scanning, R2=0.006, F=1.32, df=53, p-value=0.255; 
foraging, R2=-0.0051, F=0.728, df=53, p-value=0.0.397; out of sight, R2=-0.015, F=0.200, 

Figure 8: No significant difference in intensity of response to 
playback in low and high noise environments 

Figure 9: No significant difference in intensity of response to 
playback in low and high noise environments 

Figure 6: No significant difference (p>0.05) in proportion of 
time out of sight between pre-playback and post-playback 
observations for low noise environments 

Figure 7: No difference in proportion of time scanning between 
pre-playback and post-playback observations for low noise 
environments 
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df=53, p-value=0.0.656) (Figure 11). Intensity of response to playback was calculated in the 
same manner as for the VAFW analyses. 

  

Figure 10: No significant relationship between SPL and baseline levels of distance to refuge (p=0.091), scanning (p=0.094), out of sight (p=0.747), 
and foraging (p=0.566) 
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Figure 11: No significant relationship (p>0.05) between SPL and intensity of response to playback (change in average 
distance to refuge, scanning proportion, out of sight proportion, and foraging proportion) 
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Discussion 
 
Despite the pervasiveness of road traffic across the site, both fairywren species observed in this 
study consistently displayed low vigilance. Contrary to prediction, the wrens did not increase 
baseline vigilance levels or decrease the intensity of response to alarm call playback in high 
noise environments. Overall, the wrens did not respond to alarm calls with appropriate levels of 
vigilance. These findings contradict those predicted by the Increased Threat Hypothesis and 
indicate that noise levels did not influence the vigilance levels of VAFWs or RBFWs.  
 
There are several explanations for the observed lack of vigilance. Primarily, the noise levels 
recorded during a playback trial may not have been sufficiently loud to create a difference in 
vigilance between “low” and “high” noise environments. McClure et al. (2013) utilized noise 
levels ranging from 55-60 dB in playback trials replicating the effects of traffic noise. The 55-60 
dB range is considered to be the minimum for producing a response in avian populations. In our 
playback trials, the average analyzed “high” noise level was 45 dB while the “low” noise level 
was 41 dB. These levels are both well below the 55-60 dB range, so it is unsurprising that there 
was no difference in vigilance behavior between what we considered to be relatively low and 
high noise environments. In addition, we considered a limited spectrum of behaviors (Table 1), 
and it is possible that the wrens utilized antipredatory tactics that we did not originally account 
for. Owens et al. (2012) found that titmice (Baeolophus bicolor) and Carolina chickadees 
(Poecile carolinensis) responded to increased perceived levels of threat in traffic noise 
conditions by decreasing the distance to neighbors. Nearest neighbor distance is a factor that we 
did not record, although I am confident that it would be feasible for future fairywren studies to 
consider this metric.  
 
Additionally, post-playback behaviors were only recorded for birds that did not immediately flee 
(become unknown) after playback. In other words, only the boldest birds are recorded in our 
sample. Out of 111 total VAFW observations, there were 6 observations where we broadcasted a 
playback, but the bird fled. Although a very small percentage of the total observations (5.4%), 
these birds were highly vigilant yet were not included in our sample. Future studies should 
consider “fleeing” as a vigilant anti-predatory tactic. Furthermore, it is possible that the wrens 
were not vigilant because they were desensitized to alarm calling. Observationally, the wrens 
frequently reacted to perceived threats such as non-predatory birds and human presence. Based 
on this observation, there is a potential that the wrens only increased vigilance levels when 
exposed to a visual stimulus. Additional studies of this nature should consider utilizing a visual 
predator model (such as in Owens et al. (2012)) to illicit a vigilant response. The wrens’ overall 
lack of vigilance, regardless of the noise environment, is concerning. Antipredatory tactics such 
as staying close to refuge and decreasing foraging in times of stress are important for survival. 
Future studies should quantify the wren predation rate across the site to determine if the observed 
lack of vigilance is consistent with an overall non-threatening environment.  
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