
Exposure to traffic noise weakens territory defence in
the Southern Emu-wren (Stipiturus malachurus)

JULIAN BEHRENS,1 DIANE COLOMBELLI-N�EGREL*1 & SONIA KLEINDORFER1,2,3

1College of Science and Engineering, Flinders University, Adelaide, South Australia, 5042, Australia
2Konrad Lorenz Research Center for Behavior and Cognition, Core Facility of the University of Vienna, Gr€unau im

Almtal, 4645, Austria
3Department of Behavioral and Cognitive Biology, University of Vienna, Vienna, 1030, Austria

Anthropogenic noise has the potential to negatively impact wildlife by disrupting com-
munication and reducing overall fitness. Understanding the effects of traffic noise on sig-
nalling behaviour can be important for managing threatened populations. The Southern
Emu-wren Stipiturus malachurus is a threatened, sedentary and territorial songbird, with
a broad distribution in areas with and without main traffic roads. In this study, we ask if
four subspecies of Southern Emu-wren show a similar territory defence response when
tested with a traffic noise stimulus, and if either defence behaviour, song characteristics
or both change when experimentally tested in relation to distance from the nearest road
(proxy for noise exposure). We exposed territory holders to a simulated intruder using
playback consisting of two treatments: song only and song with an added traffic noise
stimulus. We then measured changes in territory defence behaviour and song characteris-
tics between the two treatments. When exposed to the traffic noise stimulus, Southern
Emu-wrens had a weaker behavioural response to a simulated intruder. Irrespective of
the playback treatment and distance from the nearest road (noise exposure), Southern
Emu-wrens did not change their song characteristics. Response to traffic noise stimulus
differed across subspecies as the Mount Lofty Ranges subspecies S. m. intermedius had a
weaker behavioural response. The Coorong subspecies S. m. polionotum sang truncated
songs compared to all other subspecies. Our results add to a large body of evidence that
the territorial defence behaviour of songbirds can be altered by short-term traffic noise
exposure. Our study highlights threatened subspecies differences in response patterns to
traffic noise that may be important to consider as part of conservation management
approaches. Future studies could aim to better understand component traits that show
plasticity and individual variability across systems in response to noise from traffic.
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As urbanization expands, anthropogenic noise
increasingly reaches areas beyond its sources, rais-
ing concern about impacts on wildlife (Barber
et al. 2010). Most animals use sound for communi-
cation, navigation, or detection of predators and
prey (Abrams 2000, Brumm 2013). Intensifying
traffic noise can disrupt these behaviours through
signal masking, where noise overlaps and interferes
with acoustic signals (Patricelli & Blickley 2006,

Barber et al. 2010, Francis & Barber 2013, Shan-
non et al. 2016). For instance, Great Tits Parus
major experience complete masking of alarm calls
by traffic, increasing predation risk (Templeton
et al. 2016). Traffic noise may also reduce atten-
tion to key stimuli, delaying detection of predators
or a territory takeover attempt by a conspecific
intruder (Chan & Blumstein 2011, Zhou
et al. 2019). Physiologically, traffic noise has been
linked to reduced cognitive performance and sex-
ual trait expression in Zebra Finches Taeniopygia
guttata (Osbrink et al. 2021, Daria et al. 2022),
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with broader implications for selection on behav-
iour and morphology (Slabbekoorn & Ripmee-
ster 2008, Wilson et al. 2020). This last example
highlights the need to better understand selection
pathways on individuals and populations in an
increasingly noisy world, as there is growing evi-
dence that noisy environments can alter traits
under selection (Slabbekoorn & Ripmeester 2008,
McGregor et al. 2013, Wilson et al. 2020). Fur-
thermore, improving our knowledge of the impacts
of traffic noise on species can help guide mitiga-
tion efforts to prevent biodiversity loss (Sutherland
et al. 2004).

To mitigate negative traffic noise effects, birds
may modify movement patterns or vocal behav-
iour. Songbirds, which rely on song for mating and
territory defence, may benefit from moving and
occupying quieter areas (Habib et al. 2007, Zwart
et al. 2016). However, as human populations
increase and there are fewer noise-free refuges,
birds often adapt by altering vocal traits, such as
amplitude, frequency, timing and duration (Patri-
celli & Blickley 2006, To et al. 2021). For exam-
ple, birds may sing at higher frequencies or louder
volumes to overcome the generally low-frequency
traffic noise (Hu & Cardoso 2010, Walters
et al. 2019), lengthen songs to increase detectabil-
ity during quiet intervals (Francis et al. 2011, Gra-
barczyk et al. 2019) or sing earlier in the day to
avoid peak noise periods (Fuller et al. 2007,
Arroyo-Sol�ıs et al. 2013). Species exposed to air-
craft have been shown to adjust the timing of their
songs to avoid masking during takeoff or when
noise is above certain amplitude thresholds (Domi-
noni et al. 2016, Gallardo Cruz et al. 2021). How-
ever, not all birds adjust similarly; some reduce
song frequency or duration, while others show no
change (Dowling et al. 2012, Brumm & Zollin-
ger 2013). Understanding variation in singing
behaviour and the ability of species to adjust their
singing behaviour to traffic noise can help predict
species vulnerability to noise.

Traffic noise not only affects birds’ ability to
communicate for mating, but also influences how
they defend their territories, as changes in detec-
tion and response behaviour can directly affect ter-
ritorial outcomes. For songbirds, the use of song
communication is critical for identifying and repel-
ling potential territorial intruders (Searcy &
Andersson 1986). During territory defence, song-
birds may be affected in several ways by signal
masking or distraction effects during noisy

conditions. First, any intruder into a territory
would be more difficult to hear. Often noise has
been correlated with response times, with territory
holders taking longer to detect the intruder (Kleist
et al. 2016, Lenis & Guillermo-Ferreira 2020, Wal-
dinger 2020, Reed et al. 2021). Second, the vocal
response of the territory owner may not be detect-
able by the intruder, who may miss the ‘keep out’
message encoded in the signal. To compensate for
being inaudible in noisy conditions, territory
owners may change their behaviour once an
intruder is detected. For example, birds may spend
more time searching for the intruder and more
time displaying body plumage and body posture
displays (Uy et al. 2009, Partan 2017, Onsal
et al. 2022). In the presence of noise, resident
birds may also approach the intruder more closely,
spending more time inspecting the source, flying
past more frequently and physically attacking the
source more often (Phillips & Derryberry 2018,
Akc�ay et al. 2020, Diniz & Duca 2021, Hohl et al.
2025). Birds may also increase call or song produc-
tion by extending the length or rate of vocalization
(Barrero et al. 2020, Diniz & Duca 2021,
Chavez-Mendoza et al. 2023, de Kort et al. 2024,
Hohl et al. 2025) to increase the probability of
detection by an intruder in noisy environments.
However, these changes in signalling depend on
the bird’s ability to change flexibly to overcome
the traffic noise (Hu & Cardoso 2010, Aplin 2019,
Onsal et al. 2022). Where birds fail to make such
changes, it could lead to an increase in territory
disputes and territory turnover, and overall energy
expenditure for both birds resulting in a decrease
of reproductive output (Patricelli & Blickley 2006,
Halfwerk et al. 2011, Zwart et al. 2016).

Much urban noise research focuses on species
common in urban areas, comparing behaviour
along an urban–rural gradient (Dowling
et al. 2012, Diniz & Duca 2021, Onsal
et al. 2022). However, there is a lack of research
on how cryptic, non-urbanized species that typi-
cally avoid human development respond behaviou-
rally to increased urban noise whilst also facing
increasing habitat fragmentation and human
encroachment. In this study, we test a vulnerable
non-urbanized species, the Southern Emu-wren
Stipiturus malachurus, whose range is largely sur-
rounded by urbanization (Pickett 2016, Rud-
der 2023) and which is listed as threatened by
human encroachment (Skroblin & Murphy 2013,
Garnett & Baker 2022), making it an ideal
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candidate for measuring how cryptic non-urban
birds respond to traffic noise. As a sedentary bird
with limited dispersal ability that subsists largely in
small, fragmented habitats (Abrams 2000, Pick-
ett 2002, 2016), territoriality may be a critical
component in the persistence of individual South-
ern Emu-wrens. This view is supported by the spe-
cies’ strong territorial responses to playback
(Pickett 2002) which also make it a good species
to study the effects of traffic noise on territorial
behaviour. With multiple threatened subspecies in
South Australia (Garnett & Baker 2022), this also
provides an opportunity to investigate potential
divergence between subspecies in behavioural
response to traffic noise, and adaptive potential.
Behavioural divergence may occur quickly, making
subspecies useful indicators of rapid divergence in
recently separated populations (Lamichhaney
et al. 2018, Yandell et al. 2018). If subspecies dif-
fer in their behavioural traits in response to traffic
noise, this may indicate behavioural divergence
through isolation and provide further justification
for response such as subspecies classification and
conservation management intervention. Finally,
this species is important because the Southern
Emu-wren is under-studied and we lack informa-
tion on its use of song or territory behaviour,
which is relevant to gain insight into the tolerance
thresholds and the persistence of this species.
From a conservation management perspective, it is
important to understand if cryptic species, such as
the Southern Emu-wren, can adapt to rapid envi-
ronmental change and increased anthropogenic
(traffic) noise.

We conducted playback experiments to assess
the impact of traffic noise on the territorial behav-
iour of the Southern Emu-wren, as well as to iden-
tify any potential behavioural differences between
subspecies. Specifically, we (1) tested whether
birds altered their responses to playback of conspe-
cific song with and without traffic noise and (2)
examined whether these responses differed based
on proximity to roads as a proxy for noise expo-
sure. We predicted that playback with traffic noise
would elicit delayed response times, reduced prox-
imity to the speaker, fewer vocalizations and
altered song traits (e.g. higher frequencies, longer
duration; Hu & Cardoso 2010, Roca et al. 2016,
Blackburn et al. 2024). We further predicted that
individuals closer to roads would show compensa-
tory behaviours (approaching faster and vocalizing
more) reflecting adaptation to chronic masking

effects (Zwart et al. 2016, Weaver et al. 2019,
Reed et al. 2021).

METHODS

Subspecies and study sites

We included all four South Australian subspecies
of the Southern Emu-wren in this study. These
include (1) S. m. polionotum in the South-east/
Coorong area, (2) S. m. intermedius in the Mount
Lofty Ranges/Fleurieu Peninsula, (3) S. m. halma-
turinus on Kangaroo Island and (4) S. m. parimeda
in the Eyre Peninsula (Fig. 1). The Southern
Emu-wren is listed as Endangered within South
Australia under the National Parks and Wildlife
Act 1972 (Garnett & Baker 2022). Individually,
three subspecies are listed as Endangered: S. m.
intermedius, S. m. halmaturinus and S. m. parimeda
(Garnett & Baker 2022), with the fourth S. m.
polionotum having a ‘data deficient’ status. The
species is known to be shy and cryptic in its
behaviour, preferring to remain quietly hidden
within dense vegetation, particularly in the pres-
ence of humans (Pickett 2016). Its known pre-
ferred habitat consists predominantly of coastal or
swampy areas dominated by dense shrub and/or
sedge vegetation and dry mallee with dense under-
growth (Wilson & Paton 2004, Pickett 2006). As a
consequence of its small, rounded wings, the spe-
cies is a poor flyer, tends to hop through low
undergrowth, and is therefore thought to be
largely sedentary with limited dispersal ability
(Pickett 2016). As a result, the species is highly
susceptible to extreme weather events, such as fire
or flooding, introduced predators and habitat mod-
ifications (Skroblin & Murphy 2013, Pickett 2016,
Garnett & Baker 2022). To date, very little sys-
tematic research has been carried out on this spe-
cies; most knowledge is derived from personal
observations and, in general, available data are
limited.

Field surveys

During spring (September–November) 2022,
researchers undertook systematic surveys of the
four South Australian subspecies of Southern
Emu-wren. These were carried out in both histori-
cal sighting locations and areas of interest based on
habitat structure to identify where Southern
Emu-wren were present. The surveys consisted of
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standardized 20-min 2-ha area searches and with
the addition of Southern Emu-wren song playback
periodically throughout the search (approx. four
bursts of 1 min duration), as per recommended
methods in the ‘Survey guidelines for Australia’s
threatened birds’ (Magrath et al. 2010). GPS
points were recorded where a ‘family group/group’
of birds, usually a pair, were found (referred to as
Playback location; Table S1), and later used for
the playback experiments subsequently performed
in 2023. GPS points were recorded using the
KoBoCollect application (KoboToolbox, https://
www.kobotoolbox.org/) on a GPS-enabled smart-
phone with a GPS location accuracy in the range
3.8–5.0 m with an average of 4.5 m across all
sites.

Distance from the nearest road

The ‘distance from the nearest road’ measure was
created using the ‘Ruler’ function on Google Earth
Pro (Google Earth Pro v.10.59.0.2; Google LLC).

Measurement (m) was made in a straight line from
the GPS point of playback location (see definition
in Table S1) to the closest point of the
nearest road.

Playback experiments

Playback tracks
Separate playback tracks for each of the four sub-
species in South Australia were created in Audac-
ity software v.3.6.1 (Muse Group). Playbacks for
this study were made using songs that we recorded
opportunistically during the 2022 surveys (see
Fig. S1). All Southern Emu-wren songs were
recorded as wave files at 48-kHz sampling rate,
24-bit depth, using an ME67 directional micro-
phone (Sennheiser electronic GmbH & Co.) con-
nected to an H6 recorder (Zoom). Six unique
‘control’ playback tracks were created for each of
the four subspecies (total 24 tracks; see Fig. S2).
For each control playback track, a unique ‘song
stimulus’ was made using two unique bursts of

Figure 1. Map illustrating the distribution of the four Southern Emu-wren Stipiturus malachurus subspecies in South Australia. Left to
right: Eyre Peninsula S. m. parimeda, Kangaroo Island S. m. halmaturinus, Mount Lofty Ranges S. m. intermedius, and Coorong/
Southeast S. m. polionotum.
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song from one individual (from their respective
subspecies). These two songs from an individual
were alternated and each repeated three times
with even spacing (every 10 s) during the 1 min
of ‘song stimulus’ (e.g. Song 1, Song 2, Song 1,
Song 2, Song 1, Song 2). This created a set of six
unique playbacks per subspecies each with two
songs from a single individual. Each playback track
consisted of 3 min: 1 min song stimulus, 1 min
silence and one repeat of the 1 min song stimulus.
Until this study, Southern Emu-wrens have not
been systematically recorded or tested with play-
back. We therefore based our song rate and
inter-song duration for playback stimuli on a
closely related species, the Superb Fairywren Mal-
urus cyaneus, which is in the same family (Maluri-
dae). Based on the recordings made for this study
(authors 2025, unpublished data) the typical fre-
quency range of the Southern Emu-wren song is
5.6–12.5 kHz (Table S2 and Fig. S3). Background
noise <3 kHz was removed, the tracks were nor-
malized at �15 dB and were saved as 16-bit wave
files (.wav).

Another six playback tracks per subspecies (24
tracks) were created for the ‘noise’ playback study
by using the ‘control’ playback tracks and adding a
‘traffic stimulus’ (see Fig. S2). Thirty minutes of
traffic noise were recorded using the Sennheiser
ME67 directional microphone and Zoom H6
recorder between 3 PM and 4 PM, at a busy inter-
section of a major road (Main South Road:
35°06055.200S, 138°31022.200E) in South Australia.
Three 60-s segments of traffic noise (‘Traffic noise’
stimulus = ‘TNS’) were manually selected from
random points within the original traffic recordings
and were superimposed on the song playback
tracks during the designated minute of song stimu-
lus, using copies of the previously created ‘control’
playback tracks. The TNS consisted mostly of cars
and vans with an average power density of �36.76
(bD Fs/Hz) and an average frequency range of
0–3.3 kHz (Fig. S3). The three TNS recordings
were used on four occasions, with different order
patterns employed across the six playback tracks
for each subspecies (see Fig. S2). The result was a
total number of 48 playback tracks: 24 ‘control’
(‘song stimulus’ only) tracks and 24 ‘noise’ (‘song
stimulus’ and ‘traffic noise’ stimulus) tracks. The
amplitude of the control tracks was ~77–81 dB (at
1 m distance, measured with the ‘Sound Meter –
Decibel Meter’ application), which is equivalent to
the upper limit of naturally singing Southern

Emu-wrens (43–78 dB; ‘Sound Meter – Decibel
Meter’). The amplitude of the ‘noise’ tracks was
~81–84 dB (at 1 m distance), which is consistent
with the noise threshold of high-density/heavy
traffic (70–90 dB; NSW Government 2022).

Playback treatments
We conducted all playback experiments at the start
of the active breeding season from late August to
late November. During this time, birds are likely to
be paired and become active with more frequent
calling/singing (Pickett 2000, Higgins 2001) and
would therefore have a higher detection rate.
Southern Emu-wrens also have been found to be
more responsive to song playback during the early
phases of the breeding season, becoming less
responsive to playback once they have chicks in
the nest or fledglings (Pickett 2002, Magrath
et al. 2010). The playback locations were based on
the GPS records from the researchers’ own surveys
of the species in 2022 in addition to GPS records
obtained from previous survey efforts conducted
by the South Australian Department of Environ-
ment and Water Biological Database of SA (record
no. DEWNRBDBSA220225-1). At each playback
location, we conducted our experiments closest to
suitable habitat and vegetation structure in which
the species commonly occurs (freshwater swamp
and dry heath with dense vegetation up to 1 m
high; Garnett & Baker 2022).

Playback methods
Once at a selected GPS playback location, a loud-
speaker (XB12 Extra Bass Portable Bluetooth
Speaker (Sony Australia Ltd); frequency response
20 Hz–20 kHz) was placed on the branches of a
shrub or tree (at a height of ~1–1.5 m). Territory
occupancy was tested across 3 days using visual
inspection and/or 1 min playback to test for
response. If birds were present or responded
within the 3 days, the territory was considered
active and occupied. After detecting presence on
Day 3, we observed a cool-down period of a mini-
mum of 10–15 min allowing the birds to return to
‘normal activity’ (as determined by pilot trials).
‘Normal activity’ was visually observed by seeing
the birds return to the location or in the direction
from which they arrived (i.e. moving away from
and no longer investigating the speaker) and when
birds had ceased all vocalizations, which usually
occurred within 5 min, as per personal observation
during the pilot trials. Following this, we
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conducted either the ‘noise’ or ‘control’ trial, using
one of the six corresponding local playback tracks
(from the same subspecies). The six playback stim-
uli for each treatment (control & noise) were
rotated through evenly, across all trials. Before
each trial, the playback track was checked to
ensure that it did not contain songs from the same
location (potentially the same individuals) or from
close neighbours, to avoid possible response biases.
However, this never occurred so there was no
overlap between song in playbacks and potential
test subjects. The order in which the two trials
(control or noise) were conducted changed with
every subsequent playback location to evenly use
both trial treatments first and second. Once set
up, the researcher positioned themselves 10–15 m
from the loudspeaker in a position of best visibility
and played the chosen playback track to start the
trial from a smartphone (OppoA53s; Oppo Ltd)
or iPod (Touch 7; Apple Inc.; at ~80 dB at 1 m;
Sound Meter – Decibel Meter) connected to the
loudspeaker via Bluetooth. During the trial, all
observed behaviours were recorded verbally into a
Sennheiser ME67 directional microphone con-
nected to a Zoom H6 recorder following published
methods (Colombelli-N�egrel et al. 2023, Hohl
et al. 2025). Verbal recording of information
allowed for quick in-time observations without
missing potential behaviour, and to gain accurate
latencies within the recording by observing the
timestamps (see Table S3 for detailed definitions
and instructions of behaviour observations). As
there was no way to separate responses from birds
sharing the territory, we tested all birds at that
location simultaneously as a ‘group’. At the end of
the first playback trial, we observed another
cool-down period during which we performed tri-
als on other groups in the area. Depending on
travel time between groups and birds still return-
ing to ‘normal behaviour’, we then performed the
second trial, on average 15 min later. Keeping this
time short ensured that the same group of birds
were observed in the following trial and minimized
the chance of large movements away from the area
where birds would no longer respond. All play-
backs were performed systematically for separate
groups/family groups with unique GPS points
within a short time frame (usually 1–2 days after
determination of territory occupancy) and with a
minimum buffer of 200 m between other GPS
locations. This was to minimize the likelihood of
birds moving between territories and sampling an

individual more than once. This buffer distance
was established as twice the average estimated ter-
ritory size (0.9 ha) based on the only published
study that identifies territory size for this species
(Maguire 2006).

Playback analyses
Audio recordings were assessed visually in Raven
Pro v.2.0.5 (The Cornell Lab of Ornithology)
using the Hann algorithm (DFT = 512 samples;
frequency resolution = 124 Hz; time resolu-
tion = 11.6 ms; frame overlap = 50%). Beha-
vioural variables scored upon listening and
observing visually to the recordings were: (1)
latency (s) to first response (approach or vocaliza-
tion), (2) latency to 1 m of speaker (s), (3) time
within 1 m of speaker (s) and (4) total number of
vocalizations (this included all vocalizations pro-
duced such as songs, trills and contact calls). The
chosen behavioural variables are good indicators of
territory response in songbirds and reflect the
strength of aggression (Reed et al. 2021,
Colombelli-N�egrel et al. 2023, Akc�ay et al. 2024).
In cases where birds did not respond at all during
a trial, they received the ‘maximum time to
respond’ of 360 s for all latency measures. Songs
detected in the sonograms that were fully visible
(without any overlap from background noise or
other songs) also were measured for (i) length (s),
(ii) minimum frequency (Hz), (ii) maximum fre-
quency (Hz) and (iv) bandwidth (frequency range;
Hz). We selected our song variables based on pub-
lished studies showing that these variables were
commonly adjusted in response to noise (Brumm
& Zollinger 2013, Roca et al. 2016, Diniz &
Duca 2021). To standardize our analysis, we used
a pre-set �24 dB threshold below the peak ampli-
tude following the threshold method (Podos 1997,
Zollinger et al. 2012, Brumm et al. 2017). All song
measures were obtained using the ‘Selection
Mode’ function in Raven Pro whereby the song
edges were manually defined by a single
researcher.

Statistical analyses

We used SPSS v.29.0.1.0 for Windows (IBM SPSS
Inc.) for all statistical analysis. We analysed the
four behavioural responses and the four song char-
acteristics separately. As some variables were cor-
related and to reduce the number of variables/
tests, we used two principal components analyses

© 2025 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.
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(PCAs) to create new derived variables. For the
behavioural responses, we obtained one principal
component, PC_Behaviour, with an eigenvalue of
1.93 that explained 48% of the variance. Higher
values correspond to a stronger behavioural
response: shorter latency to respond, more time
within 1 m of the speaker and higher number of
vocalizations produced (Table 1). For the song
characteristics, we extracted one principal compo-
nent, PC_Song, with an eigenvalue of 2.44 that
explained 61% of the variance. Higher values cor-
respond to higher minimum and maximum fre-
quencies, larger bandwidths and longer songs
(Table 1). Bartlett’s test of sphericity confirmed
the suitability of our response variables for PCAs:
behavioural response variables (Bartlett’s test:
v2 = 309.35; P < 0.001) and song characteristic
variables (Bartlett’s test: v2 = 226.45; P < 0.001).
We also confirmed adequate sampling with the
Kaiser–Meyer–Olkin measure: behavioural
response variables (KMO: 0.577) and song charac-
teristic variables (KMO: 0.499).

We analysed playback variables (PC_Behaviour
& PC_Song) using two separate generalized linear
mixed models (GLMMs), with Gaussian distribu-
tion and link function identity. Both models
included ‘subspecies’, ‘playback trial type’ (noise,
control), ‘playback order’ (first, second), ‘sex’

(male, female), ‘Julian Date’ and ‘distance from
the nearest road’ as fixed factors. We checked our
fixed factors for collinearity using variance inflation
factors, and all factors were close to 1, confirming
no issue with multicollinearity. To account for
potential response variation between playback
stimuli or location, ‘playback track ID’ and ‘play-
back location’ were included as random factors in
our model. The name given to the location of a
playback experiment was used for ‘playback loca-
tion’. Pearson’s residuals from the GLMMs were
checked for normal distribution using Q–Q plots
and homogeneity of the residuals were checked in
a scatterplot of residuals and predicted values. All
assumptions were met upon visual inspection of
the graphs.

RESULTS

We conducted trials at 123 playback locations
(n = 121 trials with ‘Noise’ and 122 ‘Control’ tri-
als, 243 trials). At each playback location, we
tested all members of the ‘family group’ (pairs and
sometimes trios) simultaneously and we recorded a
total of 411 individual responses (n = 202 trial
with ‘Noise’ and 209 ‘Control’ trials; n = 249
males, 159 females). See Table S4 for detailed
sample size per subspecies.

Birds showed a weaker behavioural response
when presented with the noise playback compared
to the control playback (Tables 2 and S5; Fig. 2),
which was more pronounced for the Mount Lofty
subspecies as demonstrated by the pairwise com-
parison of the estimated means (Table 3; Fig. S4).
We found an effect of ‘sex’ with males showing a
stronger behavioural response (m = 0.04) com-
pared to females (m = �0.59) in the pairwise
comparison (F1,387 = 72.88, P < 0.001). We also
found an effect of ‘Julian date’ with the beha-
vioural response becoming stronger later in the
study period, going further into spring (R2 lin-
ear = 0.028). We found no difference in beha-
vioural response based on ‘playback order’ or
‘distance from the nearest road’ and there was no
interaction effect of ‘distance from the nearest
road by trial type’ (Table 2). The random effect
‘playback track ID’ did not account for variation in
PC_Behaviour (Wald Z = 0.670; P = 0.50), but
the random effect ‘playback location’ did account
for variance within PC_Behaviour (Wald
Z = 5.124; P < 0.001), which indicates a differ-
ence in response from birds at different sites.

Table 1. Factor loadings from principal component analysis
(PCA) of the Southern Emu-wren responses to playback
(n = 209 individuals).

Response variables Factor loadings

(1) PC_Behaviour
First response latency �0.57
Latency to 1 m �0.88
Time within 1 m 0.82
Number of vocalizations 0.37

(2) PC_Song
Minimum frequency 0.82
Maximum frequency �0.84
Range of frequency �0.96
Length of song �0.36

PC_Behaviour had an eigenvalue of 1.93 and explained 48%
of the variance. High values for PC_Behaviour indicated a
stronger behavioural response: shorter latencies, longer times
spent within 1 m of speaker and many vocalizations produced.
PC_Song had an eigenvalue of 2.44 and explains 61% of the
variance. High values for PC_Song indicated that individuals
produced longer songs at higher frequencies and with broad
bandwidths.

© 2025 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.
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However, because the model accounted for the
variance between individuals’ responses using
‘playback location’, we conclude that there was
still a significant effect of ‘playback type’ and ‘sub-
species’ on behavioural response, but no effect of
‘distance from the nearest road’.

We found a significant effect of ‘subspecies’ on
song characteristics (Table 2) with individuals
from the Coorong subspecies showing a weaker
vocal response compared to all other subspecies
(Table 4; Fig. S5). Although not significant, there
was a weak trend for individuals living closer to a
road to have stronger vocal response during our
playback (irrespective of playback type) compared
to those that lived far from a road (R2 lin-
ear = 0.125; Table 2; Fig. S6). We found no differ-
ence in song characteristics in response to
‘playback trial type’, ‘playback order’, ‘sex’, ‘Julian
date’ or ‘distance from the nearest road’ and there
was no interaction effect of ‘distance from the
nearest road by trial type’ (Table 2). The random
effects ‘playback track ID’ (Wald Z = 1.162;
P = 0.24) and ‘playback location’ (Wald
Z = 0.569; P = 0.56) did not account for variation
in PC_Song.

DISCUSSION

Anthropogenic noise can disrupt communication
systems in wildlife and reduce overall fitness (Patri-
celli & Blickley 2006, Barber et al. 2010,
Ortega 2012, Schroeder 2012). This study aimed to

Table 2. Outputs from the generalized linear mixed model of Southern Emu-wren behaviour and song characteristics.

Response variable Coefficients Estimate se t P

PC_Behaviour Intercept �17.02 4.347 �3.91 <0.001
Playback trial type [Control vs noise] 0.23 0.104 2.27 0.02
Subspecies [Coorong vs Mt Lofty] 1.10 0.241 4.57 <0.001
Subspecies [Eyre Peninsula vs Mt Lofty] 1.08 0.252 4.31 <0.001
Subspecies [Kangaroo Island vs Mt Lofty] 1.02 0.253 4.01 <0.001
Playback order [first vs second] 0.13 0.072 1.81 0.07
Sex [male vs female] 0.63 0.074 8.53 <0.001
Julian Date 0.001 0.0002 3.53 <0.001
Distance to road 0.00 0.0004 0.78 0.43
Distance to road * Playback trial type 0.00 0.0003 0.53 0.59

PC_Song Intercept �5.79 5.951 �0.97 0.33
Playback trial type [Control vs noise] 0.13 0.233 0.57 0.56
Subspecies [Coorong vs Mt Lofty] �1.05 0.336 �3.12 0.002
Subspecies [Eyre Peninsula vs Mt Lofty] 0.35 0.343 1.02 0.30
Subspecies [Kangaroo Island vs Mt Lofty] 0.10 0.354 0.30 0.76
Playback order [first vs second] �0.20 0.147 �1.37 0.17
Sex [male vs female] 0.05 0.148 0.34 0.73
Julian Date 0.00 0.0003 1.06 0.29
Distance to road �0.001 0.0006 �1.71 0.09
Distance to road * Playback trial type �0.001 0.0009 �0.76 0.44

Both models included ‘playback trial type’ (control, noise), ‘subspecies’ comparison (Mount Lofty, Coorong, Kangaroo Island, Eyre
Peninsula), ‘playback order’ (first, second), ‘sex’ (male, female), ‘Julian Date’ and ‘distance nearest to road’ as fixed factors. Random
factors of ‘playback track ID’ and ‘playback location’ were included. Significant P-values are presented in bold.

Figure 2. Behavioural response (PC_Behaviour values shown
as mean � 2 se) of Southern Emu-wrens to playback of ‘song’
(n = 122) vs ‘song + traffic noise’ (n = 121). High values for
PC_Behaviour indicate a fast response (s), long time within
1 m of speaker (s) and many vocalizations.

© 2025 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.
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assess the impact on the behavioural and vocal
response of Southern Emu-wrens to a simulated
intruder with and without a traffic noise stimulus
based on exposure (distance from the nearest road).
Furthermore, we aimed to assess whether the
Southern Emu-wren subspecies vary in behavioural
and vocal response patterns in response to anthro-
pogenic noise (traffic stimulus). We have two main
findings. First, birds had a less aggressive response
toward the simulated territorial intruder song with
traffic noise stimulus regardless of the distance of
the playback location from the nearest road. Sec-
ond, there were differences between the subspecies
for both behaviour and song characteristics in
response to a simulated intruder with and without
noise. Our results support the growing number of
studies showing that traffic noise can affect avian
communication (Dowling et al. 2012, Templeton

et al. 2016, Lenis & Guillermo-Ferreira 2020,
Chavez-Mendoza et al. 2023), which could have
long-term fitness consequences for individuals as
they may need to engage in energy trade-offs
between vigilance and defence (Brumm 2004, Slab-
bekoorn & Ripmeester 2008, Francis &
Barber 2013).

Studies across taxa find various effects of traffic
noise on territorial birds’ response pattern to terri-
tory threats (Kleist et al. 2016, Lenis &
Guillermo-Ferreira 2020). In Galapagos Yellow
Warblers Setophaga petechia aureola, birds were
more aggressive to an intruder in a noisy environ-
ment and when closer to a road (Hohl
et al. 2025). It is possible that strong selection is
shaping this behaviour because the Galapagos Yel-
low Warbler experiences the greatest relative mor-
tality cost of vehicle traffic on Santa Cruz Island,

Table 3. Outputs from the post hoc pairwise contrast analyses for the fixed factor subspecies in relation to PC_Behaviour.

Subspecies Estimate Standard error t df P 95% CI lower 95% CI upper

Coorong – Eyre Penisula 0.01 0.17 0.09 387 0.92 �0.320 0.352
Coorong – Kangaroo Island 0.08 0.18 0.46 387 0.64 �0.271 0.440
Coorong – Mt Lofty Ranges 1.10 0.24 4.57 387 <0.001 0.630 1.580
Eyre Penisula – Coorong �0.01 0.17 �0.09 387 0.92 �0.352 0.320
Eyre Penisula – Kangaroo Island 0.06 0.18 0.37 387 0.70 �0.293 0.431
Eyre Penisula – Mt Lofty Ranges 1.08 0.25 4.31 387 <0.001 0.593 1.585
Kangaroo Island – Coorong �0.08 0.18 �0.46 387 0.64 �0.440 0.271
Kangaroo Island – Eyre Penisula �0.06 0.18 �0.37 387 0.70 �0.431 0.293
Kangaroo Island – Mt Lofty Ranges 1.02 0.25 4.01 387 <0.001 0.521 1.520
Mt Lofty Ranges – Coorong �1.10 0.24 �4.57 387 <0.001 �1.580 �0.630
Mt Lofty Ranges – Eyre Penisula �1.08 0.25 �4.31 387 <0.001 �1.585 �0.593
Mt Lofty Ranges – Kangaroo Island �1.02 0.25 �4.01 387 <0.001 �1.520 �0.521

Significant P values are presented in bold. CI, confidence interval.

Table 4. Outputs from the post hoc pairwise contrast analyses for the fixed factor subspecies in relation to PC_Song.

Subspecies Estimate Standard error t df P 95% CI lower 95% CI upper

Coorong – Eyre Penisula �1.40 0.23 �5.87 82 <0.001 �1.881 �0.930
Coorong – Kangaroo Island �1.16 0.24 �4.77 82 <0.001 �1.642 �0.677
Coorong – Mt Lofty Ranges �1.05 0.33 �3.12 82 0.002 �1.722 �0.382
Eyre Penisula – Coorong 1.40 0.23 5.87 82 <0.001 0.930 1.881
Eyre Penisula – Kangaroo Island 0.24 0.26 0.94 82 0.34 �0.271 0.763
Eyre Penisula – Mt Lofty Ranges 0.35 0.34 1.02 82 0.30 �0.330 1.036
Kangaroo Island – Coorong 1.16 0.24 4.77 82 <0.001 0.677 1.642
Kangaroo Island – Eyre Penisula �0.24 0.26 �0.94 82 0.34 �0.763 0.271
Kangaroo Island – Mt Lofty Ranges 0.10 0.35 0.30 82 0.76 �0.598 0.813
Mt Lofty Ranges – Coorong 1.05 0.33 3.12 82 0.002 0.382 1.722
Mt Lofty Ranges – Eyre Penisula �0.35 0.34 �1.02 82 0.30 �1.036 0.330
Mt Lofty Ranges – Kangaroo Island �0.10 0.35 �0.30 82 0.76 �0.813 0.598

Significant P values are presented in bold. CI, confidence interval.

© 2025 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.
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making up >70% of the roadkill (Garc�ıa-Carrasco
et al. 2020). In this study, Southern Emu-wrens
had a less aggressive response when exposed to an
intruder in a noisy environment, and there was no
effect of distance from the nearest road on the
behavioural response of the birds. In terms of the
behavioural response differences to a stimulus with
and without traffic noise, traffic noise has the
potential to mask other sounds, in this case the
intruder, making it harder for the responders, or
territory owners, to detect and determine the loca-
tion of the intruder (Patricelli & Blickley 2006,
Francis & Barber 2013). However, emu-wren song
was not adjusted as expected if they were com-
pensating for traffic noise, as birds sang similarly
regardless of distance from the nearest road in all
four subspecies. A probable explanation is our
finding that Southern Emu-wrens typically sing at
higher frequencies (5.6–12.5 kHz, see Table S2),
above the thresholds of common traffic noise
(1–3 kHz; Wood et al. 2006, Rochat &
Reiter 2016), from which we would expect that
they should be able to detect an intruder song
even with traffic noise. Conversely, traffic noise
masking is expected to be stronger in birds that
produce low-frequency songs (Rheindt 2003, Hu
& Cardoso 2010, Cardoso et al. 2020). In addition,
as the Southern Emu-wren is a highly territorial
species (owing to lack of habitat and dispersal abil-
ity), they may seek to uphold their signalling of
aggressive intent to intruders by maintaining their
song characteristics. There is evidence from other
studies that birds which alter their song (fre-
quency) characteristics also have a weaker beha-
vioural response (Luther & Magnotti 2014),
potentially increasing the likelihood of territory
contests.

The weaker behavioural response to a conspe-
cific intruder with traffic noise that we found in
this study may be caused by other factors associ-
ated with traffic that we did not measure. Perhaps
local traffic noise masks the sounds of predators or
other competitors in the area, making a defensive
response more costly. If noise is masking predator
presence and increases perceived predation threat
by concealing the sounds of predators and conspe-
cific predator alert calls, this could change
predator–prey dynamics, often with an advantage
to the predator (Chan & Blumstein 2011, Kern &
Radford 2016, Templeton et al. 2016, Zhou
et al. 2019, Chou et al. 2023). Predation may
therefore be a greater concern when traffic noise is

present (‘increased threat’ hypothesis) resulting in
increased time spent in predator vigilance behav-
iour, distracting and taking away time to respond
quickly to territory intruders (Frid & Dill 2002,
Meill�ere et al. 2015, Matyjasiak et al. 2024).
Sound masking of predators and mates may cause
an increase in time spent checking on each other,
including more visual inspection behaviour (Swad-
dle & Page 2007, Halfwerk et al. 2012, Gill
et al. 2015, Chavez-Mendoza et al. 2023, Matyja-
siak et al. 2024). Future research may benefit from
investigating whether birds are performing
increased predator vigilance or surveillance behav-
iours of mates when responding to intruders in the
presence of traffic noise. In addition to masking,
traffic noise may be associated with distraction
effects associated with lower attention in noisy
environments as well as reduced detectability of
territory intruders (Chan & Blumstein 2011, Dool-
ing et al. 2019, Zhou et al. 2019). Traffic noise
also has been linked to increased physiological
stress in some bird species (Campo et al. 2005,
Shannon et al. 2016, Injaian et al. 2018) and
higher stress hormone levels are often associated
with inhibited behaviour (Cockrem 2007). For this
reason, it is possible that Southern Emu-wrens
may be reducing and/or slowing their territorial
behaviour responses when stressed.

Song characteristics were stable with and with-
out experimental traffic noise regardless of the dis-
tance the birds lived from the nearest road. In
Galapagos Yellow Warblers, birds showed
short-term behavioural and acoustic plastic
responses when exposed to traffic noise (Hohl
et al. 2025), whereby the response changed when
close to the road, but the song response changed
irrespective of distance to the road, with decreased
minimum frequency when exposed to traffic noise.
Perhaps selection favoured behavioural plasticity in
these birds to respond to rapidly changing environ-
ments, which are hallmarks of the Galapagos
Islands. Possibly colonist or long-distance migratory
species are selected for plasticity (Price et al. 2003,
Morganti 2015, Fontanari et al. 2023). In contrast
to Galapagos Yellow Warblers, Southern
Emu-wrens did not alter their song characteristics
in response to traffic noise or distance to road. It
could be that Australia’s mainland status and rela-
tively stable predator community promotes consis-
tent behaviour in the Southern Emu-wren,
compounded by the species’ poor ability to dis-
perse and coastally restricted habitat (Maguire &

© 2025 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.
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Mulder 2004). This raises the idea that some spe-
cies may have been previously selected for song
traits to overcome masking, instead of engaging in
habitat–phenotype matching for song characteris-
tics (Francis 2015, Job et al. 2016, Shirani &
Miller 2024), and therefore do not show plasticity
to respond to short-term changes in the noise
treatment. Southern Emu-wrens frequently occur
along noisy shorelines, where they are subjected to
prolonged and frequent low-frequency sounds
from sea turbulence or wind (Copeland 1993, Bar-
rett 2003). Southern Emu-wrens may therefore
have previously adapted their song with higher fre-
quencies to overcome environmental noise, a
hypothesis which remains to be tested (Gomes
et al. 2021). Future work could aim to disentangle
the effect of coastal ambient noise and anthropo-
genic noise, especially from traffic, as birds are
known to change their vocalizations given environ-
mental background noise, from sources including
water, wind and insects (Lengagne et al. 1999,
Pytte et al. 2003, Brumm & Slater 2006, Davidson
et al. 2017, To et al. 2021, Reed et al. 2022).
Lastly, it is important to note that our study
focused solely on song responses and did not
include other common bird vocalizations. Calls
that may be relevant to include in future studies
are contact calls and alarm calls as they are often
produced at a lower frequency, and thus may be
more susceptible to noise masking (Morton 1977).
Contact calls are critical for social recognition,
such as mate cohesion (courtship and movement/
location tracking) and male–male aggression during
territory disputes (Kondo & Watanabe 2009).
Alarm calls are used to warn kin of nearby preda-
tors (Hollen & Radford 2009, McLachlan &
Magrath 2020). Future studies could investigate
whether vocalizations other than songs, which are
also important to fitness, may be disrupted/masked
by anthropogenic noise.

The Mount Lofty Ranges subspecies had the
weakest behavioural response to traffic noise com-
pared to the other three subspecies, which is likely
to be a result of the greater distance of their
home-range from human disturbance, as suggested
in other studies in birds (Mockford & Mar-
shall 2009, Francis et al. 2011, Dowling et al. 2012,
Oden 2013, To et al. 2021, Onsal et al. 2022). Our
finding that the Mount Lofty subspecies was, on
average, located farther from roads than the other
subspecies supports the hypothesis that varying
levels of disturbance exposure may contribute to

behavioural differences between populations, or in
this case subspecies. However, this idea requires
formal empirical testing to be confirmed.

It should be noted that our measure of traffic
noise disturbance may not accurately reflect the
degree of impact of traffic noise on different sub-
species and the extent to which communication is
actually masked. We did not measure environmen-
tal noise in the field but used distance from the
nearest road as a proxy for probable exposure and
experience. The addition of information such as
number of vehicles and ambient sound levels (dB)
in future studies may help to better determine the
effect of exposure and noise levels to which spe-
cific populations or subspecies are subjected (Gill
et al. 2015). The use of sound meters/recorders,
which can be placed at different intervals and over
different areas of a site, could be used to record
noise over time and analysed to provide further
information on noise exposure at the site. It also
should be noted that this secretive species is diffi-
cult to detect or track when not responding to a
playback, as birds otherwise remain concealed and
silent in dense vegetation (JB, pers obs.). Thus, in
the scope of this study, we were unable to deter-
mine territory boundaries or the centre of the ter-
ritory to standardize playback location within a
territory. As a result, our findings could be sub-
jected to biases if playbacks consistently occurred
in different positions between the subspecies; how-
ever, this seems unlikely. Rather, it is more likely
that variance in playback placement relative to ter-
ritory centre was random across trials and subspe-
cies. We suggest that future studies focus on
territory mapping using banding and surveying
(Maguire 2006), or bioacoustics array tracking
techniques to better determine territory bound-
aries (Blumstein et al. 2011). Playback studies
could then benefit from this knowledge on bound-
aries by factoring in territory edge effects.

In summary, we found that traffic noise can
affect territory response in songbirds, as Southern
Emu-wrens had a weaker territorial response
toward a simulated territorial intruder when
exposed to traffic noise. Furthermore, birds did not
adjust their behaviour or song based to an intruder,
regardless of their natural exposure to traffic.
Lastly, there were some differences in behavioural
and song characteristic in response to traffic noise
treatments across subspecies. These results provide
evidence that: (1) territorial birds can suffer from
behavioural disruption when responding to

© 2025 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.
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territory threat owing to traffic noise, even with
species that sing longer and higher frequency songs,
which may be less prone to masking effects of
noise; (2) birds may be selected for song traits to
overcome masking but are not necessarily selected
for plasticity in song behaviour to respond to
changes in noise levels; and (3) behavioural
responses to anthropogenic disturbances can vary at
the subspecies level, which should be considered
for future conservation efforts. In particular, these
results raise questions about which biological mech-
anisms, such as selection for plasticity versus
habitat–phenotype matching, may be selecting sur-
vival traits in human-modified landscapes. Vulnera-
ble species that are unable to avoid or adapt
behaviourally to noise disturbance may suffer fit-
ness losses and reduced population stability. With
growing evidence that noisy environments can alter
traits under selection (Ortega 2012, Shannon
et al. 2016, Wilson et al. 2020), it is increasingly
important to understand the different selection
pathways that may be shaping wild populations
and how they may be adapting or failing to adapt
to a world of increasing urbanization and human
impact.

We thank all of the volunteers for their participation in
the project. We also thank National Parks and Wildlife
Service South Australia and South Australian Depart-
ment for Environment and Water for their support in
site access and granting research permits. Open access
publishing facilitated by Flinders University, as part of
the Wiley - Flinders University agreement via the Coun-
cil of Australian University Librarians.

AUTHOR CONTRIBUTIONS

Julian Behrens: Conceptualization; methodology;
data curation; formal analysis; investigation; visual-
ization; writing – original draft; writing – review
and editing. Diane Colombelli-N�egrel: Conceptu-
alization; formal analysis; funding acquisition;
methodology; project administration; resources;
supervision; writing – review and editing. Sonia
Kleindorfer: Conceptualization; formal analysis;
funding acquisition; methodology; supervision;
writing – review and editing.

CONFLICT OF INTEREST

The authors report there are no competing inter-
ests to declare.

ETHICAL NOTE

Our research protocols have been approved by the
Flinders Animal Ethics Committee (AEC), project
reference no. E480, BIOL5563. Fieldwork was
conducted under permit from the South Austra-
lian Department for Environment and Water
(Z24699).

FUNDING

This research was funded by Southern Launch,
awarded to SK and DCN.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study
are available in the supplementary material of this
article.

REFERENCES

Abrams, P.A. 2000. The evolution of predator-prey
interactions: Theory and evidence. Annu. Rev. Ecol. Syst.
31: 79–105.

Akc�ay, C� ., Porsuk, Y.K., Avs�ar, A., C�abuk, D., Bilgin, C.C.
& Naguib, M. 2020. Song overlapping, noise, and territorial
aggression in great tits. Behav. Ecol. 31: 807–814.

Akc�ay, C� ., Colombelli-N�egrel, D. & Kleindorfer, S. 2024.
Buzzes are used as signals of aggressive intent in Darwin’s
finches. Biol. J. Linn. Soc. 142: 468–480.

Aplin, L.M. 2019. Culture and cultural evolution in birds: A
review of the evidence. Anim. Behav. 147: 179–187.

Arroyo-Sol�ıs, A., Castillo, J.M., Figueroa, E.,
L�opez-S�anchez, J.L. & Slabbekoorn, H. 2013.
Experimental evidence for an impact of anthropogenic noise
on dawn chorus timing in urban birds. J. Avian Biol. 44:
288–296.

Barber, J.R., Crooks, K.R. & Fristrup, K.M. 2010. The costs
of chronic noise exposure for terrestrial organisms. Trends
Ecol. Evol. 25: 180–189.

Barrero, A., Llusia, D., Traba, J., Iglesias-Merchan, C. &
Morales, M.B. 2020. Vocal response to traffic noise in a
non-passerine bird: The little bustard Tetrax tetrax. Ardeola
68: 143–162.

Barrett, G. 2003. New atlas of Australian birds. Melbourne:
Birds Australia.

Blackburn, G., Dutour, M., Ashton, B.J., Thornton, A. &
Ridley, A.R. 2024. Anthropogenic noise affects vocalisation
properties of the territorial song of Western Australian
magpies. bioRxiv, 2024-02.

Blumstein, D.T., Mennill, D.J., Clemins, P., Girod, L., Yao,
K., Patricelli, G., Deppe, J.L., Krakauer, A.H., Clark, C. &
Cortopassi, K.A. 2011. Acoustic monitoring in terrestrial
environments using microphone arrays: Applications,
technological considerations and prospectus. J. Appl. Ecol.
48: 758–767.

© 2025 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.

12 J. Behrens, D. Colombelli-N�egrel and S. Kleindorfer

 1474919x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ibi.13445 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [14/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Brumm, H. 2004. The impact of environmental noise on song
amplitude in a territorial bird. J. Anim. Ecol. 73: 434–440.

Brumm, H. (ed) 2013. Animal Communication and noise, 1st
edn. Berlin: Springer.

Brumm, H. & Slater, P.J. 2006. Ambient noise, motor fatigue,
and serial redundancy in chaffinch song. Behav. Ecol.
Sociobiol. 60: 475–481.

Brumm, H. & Zollinger, S.A. 2013. Avian vocal production in
noise. In Animal communication and noise: 187–227. Berlin:
Springer.

Brumm, H., Zollinger, S.A., Niemel€a, P.T. & Sprau, P. 2017.
Measurement artefacts lead to false positives in the study of
birdsong in noise. Methods Ecol. Evol. 8: 1617–1625.

Campo, J.L., Gil, M.G. & Davila, S.G. 2005. Effects of
specific noise and music stimuli on stress and fear levels of
laying hens of several breeds. Appl. Anim. Behav. Sci. 91:
75–84.

Cardoso, G.C., Klingbeil, B.T., La Sorte, F.A., Lepczyk,
C.A., Fink, D., Flather, C.H., Sheard, C. & Sheard, C.
2020. Exposure to noise pollution across North American
passerines supports the noise filter hypothesis. Glob. Ecol.
Biogeogr. 29: 1430–1434.

Chan, A.A.Y.-H. & Blumstein, D.T. 2011. Attention, noise,
and implications for wildlife conservation and management.
Appl. Anim. Behav. Sci. 131: 1–7.

Chavez-Mendoza, N.E., Jos�e-Ram�ırez, S. & R�ıos-Chel�en,
A.A. 2023. Evidence that traffic noise increases territorial
response in vermilion flycatchers. Front. Ecol. Evol. 11:
1175732.

Chou, T.L., Krishna, A., Fossesca, M., Desai, A., Goldberg,
J., Jones, S., Stephens, M., Basile, B.M., Gall, M.D. &
Nityananda, V. 2023. Interspecific differences in the effects
of masking and distraction on anti-predator behavior in
suburban anthropogenic noise. PLoS One 18: e0290330.

Cockrem, J.F. 2007. Stress, corticosterone responses and
avian personalities. J. Ornithol. 148: 169–178.

Colombelli-N�egrel, D., Akc�ay, C� . & Kleindorfer, S. 2023.
Darwin’s finches in human-altered environments sing
common song types and are more aggressive. Front. Ecol.
Evol. 11: 1034941.

Copeland, G. 1993. Low frequency ambient noise–generalised
spectra. In Natural Physical Sources of Underwater Sound:
Sea Surface Sound (2): 17–30. Heidelberg: Springer.

Daria, C., Slevin, M.C. & Anderson, R.C. 2022. Effects of
anthropogenic noise on cognition, bill color, and growth in the
zebra finch (Taeniopygia guttata). Acta Ethol. 26: 185–199.

Davidson, B.M., Antonova, G., Dlott, H., Barber, J.R. &
Francis, C.D. 2017. Natural and anthropogenic sounds
reduce song performance: Insights from two emberizid
species. Behav. Ecol. 28: 974–982.

Diniz, P. & Duca, C. 2021. Anthropogenic noise, song, and
territorial aggression in southern house wrens. J. Avian Biol.
52: e02846.

Dominoni, D.M., Greif, S., Nemeth, E. & Brumm, H. 2016.
Airport noise predicts song timing of European birds. Ecol.
Evol. 6: 6151–6159.

Dooling, R.J., Buehler, D., Leek, M.R. & Popper, A.N. 2019.
The impact of urban and traffic noise on birds. Acoust.
Today. 15: 19–27.

Dowling, J.L., Luther, D.A. & Marra, P.P. 2012. Comparative
effects of urban development and anthropogenic noise on
bird songs. Behav. Ecol. 23: 201–209.

Fontanari, J.F., Matos, M. & Santos, M. 2023. Local
adaptation, phenotypic plasticity, and species coexistence.
Front. Ecol. Evol. 11: 1077374.

Francis, C.D. 2015. Vocal traits and diet explain avian
sensitivities to anthropogenic noise. Glob. Chang. Biol. 21:
1809–1820.

Francis, C.D. & Barber, J.R. 2013. A framework for
understanding noise impacts on wildlife: An urgent
conservation priority. Front. Ecol. Environ. 11: 305–313.

Francis, C.D., Ortega, C.P. & Cruz, A. 2011. Different
behavioural responses to anthropogenic noise by two
closely related passerine birds. Biol. Lett. 2005: 850–852.

Frid, A. & Dill, L. 2002. Human-caused disturbance stimuli as
a form of predation risk. Conserv. Ecol. 6: 11.

Fuller, R.A., Warren, P.H. & Gaston, K.J. 2007. Daytime
noise predicts nocturnal singing in urban robins. Biol. Lett. 3:
368–370.

Gallardo Cruz, K.V., Paxton, K.L. & Hart, P.J. 2021.
Temporal changes in songbird vocalizations associated with
helicopter noise in Hawai’i’s protected natural areas.
Landsc. Ecol. 36: 829–843.

Garc�ıa-Carrasco, J.-M., Tapia, W. & Mu~noz, A.-R. 2020.
Roadkill of birds in Galapagos Islands: A growing need for
solutions. Avian Conserv. Ecol. 15: 19.

Garnett, S.T. & Baker, G.B. 2022. The Action Plan for
Australian Birds 2020. Collingwood: CSIRO Publishing.

Gill, S.A., Job, J.R., Myers, K., Naghshineh, K. & Vonhof,
M.J. 2015. Toward a broader characterization of
anthropogenic noise and its effects on wildlife. Behav. Ecol.
26: 328–333.

Gomes, D.G.E., Francis, C.D. & Barber, J.R. 2021. Using
the past to understand the present: Coping with natural and
anthropogenic noise. Bioscience 71: 223–234.

Grabarczyk, E.E., Gill, S.A. & Somers, C.M. 2019.
Anthropogenic noise affects male house wren response to
but not detection of territorial intruders. PLoS One 14:
e0220576.

Habib, L., Bayne, E.M. & Boutin, S. 2007. Chronic industrial
noise affects pairing success and age structure of ovenbirds
Seiurus aurocapilla. J. Appl. Ecol. 44: 176–184.

Halfwerk, W., Holleman, L.J., Lessells, C.M. &
Slabbekoorn, H. 2011. Negative impact of traffic noise on
avian reproductive success. J. Appl. Ecol. 48: 210–219.

Halfwerk, W., Bot, S., Slabbekoorn, H. & Williams, T. 2012.
Male great tit song perch selection in response to
noise-dependent female feedback. Funct. Ecol. 26:
1339–1347.

Higgins, P.J. 2001. Handbook of Australian, New Zealand &
Antarctic Birds, Vol. 5, Tyrant-flycatchers to chats. Oxford:
Oxford University Press.

Hohl, L., Yelimlies�, A., Akc�ay, C� . & Kleindorfer, S. 2025.
Gal�apagos yellow warblers differ in behavioural plasticity in
response to traffic noise depending on proximity to road.
Anim. Behav. 222: 123119.

Hollen, L.I. & Radford, A.N. 2009. The development of alarm
call behaviour in mammals and birds. Anim. Behav. 78:
791–800.

Hu, Y. & Cardoso, G.C. 2010. Which birds adjust the
frequency of vocalizations in urban noise? Anim. Behav. 79:
863–867.

Injaian, A.S., Taff, C.C., Pearson, K.L., Gin, M.M., Patricelli,
G.L. & Vitousek, M.N. 2018. Effects of experimental chronic

© 2025 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.

Traffic noise weakens territory defence 13

 1474919x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ibi.13445 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [14/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



traffic noise exposure on adult and nestling corticosterone
levels, and nestling body condition in a free-living bird.
Horm. Behav. 106: 19–27.

Job, J.R., Kohler, S.L. & Gill, S.A. 2016. Song adjustments
by an open habitat bird to anthropogenic noise, urban
structure, and vegetation. Behav. Ecol. 27: 1734–1744.

Kern, J.M. & Radford, A.N. 2016. Anthropogenic noise
disrupts use of vocal information about predation risk.
Environ. Pollut. 218: 988–995.

Kleist, N.J., Guralnick, R.P., Cruz, A., Francis, C.D.,
Warren, P. & Warren, P. 2016. Anthropogenic noise
weakens territorial response to intruder’s songs. Ecosphere
7: e01259.

Kondo, N. & Watanabe, S. 2009. Contact calls: Information
and social function. Jpn. Psychol. Res. 51: 197–208.

de Kort, S.R., Porcedda, G., Slabbekoorn, H., Mossman,
H.L., Sierro, J. & Hartley, I.R. 2024. Noise impairs the
perception of song performance in blue tits and increases
territorial response. Anim. Behav. 215: 131–141.

Lamichhaney, S., Han, F., Webster, M.T., Andersson, L.,
Grant, B.R. & Grant, P.R. 2018. Rapid hybrid speciation in
Darwin’s finches. Science 359: 224–228.

Lengagne, T., Aubin, T., Lauga, J. & Jouventin, P. 1999.
How do king penguins (Aptenodytes patagonicus) apply the
mathematical theory of information to communicate in windy
conditions? Proc. R. Soc. Lond. B Biol. Sci. 266:
1623–1628.

Lenis, P.R. & Guillermo-Ferreira, R. 2020. Effect of noise on
behavioural response to simulated territorial intrusion in the
great Kiskadee (Pitangus sulphuratus) (Aves: Tyrannidae).
Urban Ecosyst. 23: 93–96.

Luther, D. & Magnotti, J. 2014. Can animals detect
differences in vocalizations adjusted for anthropogenic
noise? Anim. Behav. 92: 111–116.

Magrath, M., Weston, M., Olsen, P. & Antos, M. 2010.
Survey Guidelines for Australia’s Threatened Birds.
Australian Government Department of the Environment,
Water, Heritage and the Arts.

Maguire, G.S. 2006. Fine-scale habitat use by the southern
emu-wren (Stipiturus malachurus). Wildlife Res. 33:
137–148.

Maguire, G.S. & Mulder, R.A. 2004. Breeding biology and
demography of the southern emu-wren (Stipiturus
malachurus). Aust. J. Zool. 52: 583–604.

Matyjasiak, P., Chacinska, P., Ksiazka, P. & Møller, A.
2024. Anthropogenic noise interacts with the predation
risk assessment in a free-ranging bird. Curr. Zool. 70:
277–283.

McGregor, P.K., Horn, A.G., Leonard, M.L. & Thomsen, F.
2013. Anthropogenic noise and conservation. In Animal
Communication and Noise: 409–444. Berlin: Springer.

McLachlan, J.R. & Magrath, R.D. 2020. Speedy revelations:
How alarm calls can convey rapid, reliable information about
urgent danger. Proc. R. Soc. B 287: 20192772.

Meill�ere, A., Brischoux, F. & Angelier, F. 2015. Impact of
chronic noise exposure on antipredator behavior: An
experiment in breeding house sparrows. Behav. Ecol. 26:
569–577.

Mockford, E.J. & Marshall, R.C. 2009. Effects of urban noise
on song and response behaviour in great tits. Proc. R. Soc.
B Biol. Sci. 276: 2979–2985.

Morganti, M. 2015. Birds facing climate change: A qualitative
model for the adaptive potential of migratory behaviour. Riv.
Ital. Ornitol 85: 3–13.

Morton, E.S. 1977. On the occurrence and significance of
motivation-structural rules in some bird and mammal
sounds. Am. Nat. 111: 855–869.

NSW Government. 2022. Managing Traffic Noise From New
and Upgraded Roads Fact sheet Transport. Transport for
NSW. https://www.transport.nsw.gov.au/system/files/media/
documents/2023/berry-bombaderry-fact-sheet-managing-
traffic-noise-from-new-and-upgraded-roads-2022-04.pdf

Oden, A.I. 2013. Changes in Avian Vocalization Occurrence
and Frequency Range During the Winter. Dissertations and
Theses in Natural Resources, 69.

Onsal, C., Yelimlies, A. & Akc�ay, C. 2022. Aggression and
multi-modal signaling in noise in a common urban songbird.
Behav. Ecol. Sociobiol. 76: 102.

Ortega, C.P. 2012. Chapter 2: Effects of noise pollution on
birds: A brief review of our knowledge. Ornithol. Monogr. 74:
6–22.

Osbrink, A., Meatte, M.A., Tran, A., Herranen, K.K., Meek,
L., Murakami-Smith, M., Ito, J., Bhadra, S., Nunnenkamp,
C. & Templeton, C.N. 2021. Traffic noise inhibits cognitive
performance in a songbird. Proc. R. Soc. B Biol. Sci. 288:
20202851.

Partan, S.R. 2017. Multimodal shifts in noise: Switching
channels to communicate through rapid environmental
change. Anim. Behav. 124: 325–337.

Patricelli, G.L. & Blickley, J.L. 2006. Avian communication in
urban noise: Causes and consequences of vocal
adjustment. Auk 123: 639–649.

Phillips, J.N. & Derryberry, E.P. 2018. Urban sparrows
respond to a sexually selected trait with increased
aggression in noise. Sci. Rep. 8: 7505–7510.

Pickett, M. 2000. The Mount Lofty Ranges Southern
Emu-wren Stipiturus malachurus intermedius recovery
program: banding and monitoring 1994–1999 Conservation
Council of South Australia.

Pickett, M. 2002. Status Review and Action Plan for the Eyre
Peninsula Southern Emu-wren Stipiturus malachurus
Parimeda. National Parks and Wildlife SA.

Pickett, M. 2006. Habitat Management Guidelines for the Eyre
Peninsula Southern Emu-Wren. Unpublished document
prepared for the Department for Environment and Heritage,
South Australia.

Pickett, M. 2016. MLR Southern Emu-Wren Conservation
Stratergy Version 2.13. Report. Conservation Council of
South Australia.

Podos, J. 1997. A performance constraint on the evolution of
trilled vocalizations in a songbird family (Passeriformes:
Emberizidae). Evolution 51: 537–551.

Price, T.D., Qvarnstr€om, A. & Irwin, D.E. 2003. The role of
phenotypic plasticity in driving genetic evolution. Proc. R.
Soc. Lond. B Biol. Sci. 270: 1433–1440.

Pytte, C.L., Rusch, K.M. & Ficken, M.S. 2003. Regulation of
vocal amplitude by the blue-throated hummingbird,
Lampornis clemenciae. Anim. Behav. 66: 703–710.

Reed, V.A., Toth, C.A., Wardle, R.N., Gomes, D.G.E.,
Barber, J.R., Francis, C.D. & Candolin, U. 2021. Natural
noise affects conspecific signal detection and territorial
defense behaviors in songbirds. Behav. Ecol. 32: 993–1003.

© 2025 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists’ Union.

14 J. Behrens, D. Colombelli-N�egrel and S. Kleindorfer

 1474919x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ibi.13445 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [14/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf
https://www.transport.nsw.gov.au/system/files/media/documents/2023/berry-bombaderry-fact-sheet-managing-traffic-noise-from-new-and-upgraded-roads-2022-04.pdf


Reed, V.A., Toth, C.A., Wardle, R.N., Gomes, D.G.E.,
Barber, J.R. & Francis, C.D. 2022. Experimentally
broadcast ocean surf and river noise alters birdsong. PeerJ
10: e13297.

Rheindt, F.E. 2003. The impact of roads on birds: Does song
frequency play a role in determining susceptibility to noise
pollution? J. Ornithol. 144: 295–306.

Roca, I.T., Desrochers, L., Giacomazzo, M., Bertolo, A.,
Bolduc, P., Deschesnes, R., Martin, C.A., Rainville, V.,
Rheault, G. & Proulx, R. 2016. Shifting song frequencies in
response to anthropogenic noise: A meta-analysis on birds
and anurans. Behav. Ecol. 27: 1269–1274.

Rochat, J.L. & Reiter, D. 2016. Highway traffic noise. Acoust.
Today. 12: 38–47.

Rudder, A. 2023. Eyre Peninsula Southern Emuwren
Distribution Assessment 2023. The Nature Conservation
Society of South Australia.

Schroeder, J. 2012. Passerine birds breeding under chronic
noise experience reduced fitness. PLoS One 7: e39200.

Searcy, W.A. & Andersson, M. 1986. Sexual selection and
the evolution of song. Annu. Rev. Ecol. Syst. 17: 507–533.

Shannon, G., McKenna, M.F., Angeloni, L.M., Crooks, K.R.,
Fristrup, K.M., Brown, E., Warner, K.A., Nelson, M.D.,
White, C., Briggs, J., McFarland, S. & Wittemyer, G.
2016. A synthesis of two decades of research documenting
the effects of noise on wildlife. Biol. Rev. Camb. Philos. Soc.
91: 982–1005.

Shirani, F. & Miller, J. 2024. Matching habitat choice and the
evolution of a species’ range. Bull. Math. Biol. 87: 1–57.

Skroblin, A. & Murphy, S.A. 2013. The conservation status of
Australian malurids and their value as models in
understanding land-management issues. Emu 113:
309–318.

Slabbekoorn, H. & Ripmeester, E.A.P. 2008. Birdsong and
anthropogenic noise: Implications and applications for
conservation. Mol. Ecol. 17: 72–83.

Sutherland, W.J., Pullin, A.S., Dolman, P.M. & Knight, T.M.
2004. The need for evidence-based conservation. Trends
Ecol. Evol. 19: 305–308.

Swaddle, J.P. & Page, L.C. 2007. High levels of
environmental noise erode pair preferences in zebra finches:
Implications for noise pollution. Anim. Behav. 74: 363–368.

Templeton, C.N., Zollinger, S.A. & Brumm, H. 2016. Traffic
noise drowns out great tit alarm calls. Curr. Biol. 26:
R1173–R1174.

To, A.W.Y., Dingle, C., Collins, S.A. & Candolin, U. 2021.
Multiple constraints on urban bird communication: Both
abiotic and biotic noise shape songs in cities. Behav. Ecol.
32: 1042–1053.

Uy, J.A.C., Moyle, R.G. & Filardi, C.E. 2009. Plumage and
song differences mediate species rocognition between
incipient flycatcher species of the Solomon Islands.
Evolution 63: 153–164.

Waldinger, J. 2020. Anthropogenic noise and noise-adjusted
signals influence territorial-defense behaviors of male
Baird’s sparrows (Centronyx bairdii). Master’s thesis,
University of Manitoba. https://mspace.lib.umanitoba.ca/
items/03f5cc15-ff2a-46ad-a813-7898bee4e75b

Walters, M.J., Guralnick, R.P., Kleist, N.J. & Robinson, S.K.
2019. Urban background noise affects breeding song
frequency and syllable-type composition in the Northern
Mockingbird. Condor 121: 1–13.

Weaver, M., Hutton, P. & McGraw, K.J. 2019. Urban house
finches (Haemorhous mexicanus) are less averse to novel
noises, but not other novel environmental stimuli, than rural
birds. Behaviour 156: 1393–1417.

Wilson, D. & Paton, D.C. 2004. Habitat use by the southern
emu-wren, Stipiturus malachurus (Aves: Maluridae), in South
Australia, and evaluation of vegetation at a potential
translocation site for S. m. intermedius. Emu 104: 37–43.

Wilson, M.W., Ridlon, A.D., Gaynor, K.M., Gaines, S.D.,
Stier, A.C., Halpern, B.S. & Chase, J. 2020. Ecological
impacts of human-induced animal behaviour change. Ecol.
Lett. 23: 1522–1536.

Wood, W.E., Yezerinac, S.M. & Dufty, J.A.M. 2006. Song
sparrow (Melospiza melodia) song varies with urban noise.
Auk 123: 650–659.

Yandell, D.D., Hochachka, W.M., Pruett-Jones, S., Webster,
M.S. & Greig, E.I. 2018. Geographic patterns of song
variation in four species of Malurus fairy-wrens. J. Avian
Biol. 49: jav-01446.

Zhou, Y., Radford, A.N., Magrath, R.D., Sockman, K. &
Sockman, K. 2019. Why does noise reduce response to
alarm calls? Experimental assessment of masking,
distraction and greater vigilance in wild birds. Funct. Ecol.
33: 1280–1289.

Zollinger, S.A., Podos, J., Nemeth, E., Goller, F. & Brumm, H.
2012. On the relationship between, and measurement of,
amplitude and frequency in birdsong. Anim. Behav. 84: e1–e9.

Zwart, M.C., Dunn, J.C., McGowan, P.J.K. & Whittingham,
M.J. 2016. Wind farm noise suppresses territorial defense
behavior in a songbird. Behav. Ecol. 27: 101–108.

Received 19 December 2024;
Revision 7 August 2025;

revision accepted 16 August 2025.
Associate Editor: Stuart Sharp

SUPPORTING INFORMATION

Additional supporting information may be found
online in the Supporting Information section at
the end of the article.

Table S1. Supporting glossary of terminology
with their descriptive definitions used in this
study.

Table S2. Frequency parameters of Southern
Emu-wren songs recorded in this study.

Table S3. Behaviour definitions and instructions
researchers used to verbally record behaviour dur-
ing playback trials.

Table S4. Sample sizes of the total number of
playback trials for each treatment type (‘Control’
and ‘Noise’) and individual Southern Emu-wren
that responded by subspecies across all trials.

Table S5. Southern Emu-wren behavioural
response (mean � se) to playback trials of conspe-
cific local song (control) and conspecific local song
with noise (noise).
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Figure S1. Examples of Southern Emu-wren
songs.

Figure S2. Schematic of playback track (PB)
design.

Figure S3. Spectrograms of playback treatments.
Figure S4. Behavioural response (PC_Behaviour

values shown as mean � 2se) to playback of song
with noise between the Southern Emu-wren sub-
species (Coorong, Eyre Peninsula, Kangaroo Island,
Mount Lofty Ranges) in South Australia. Low
values for PC_Behaviour indicate slow response
(s), less time within 1 m of speaker (s) and fewer
vocalizations.

Figure S5. Song characteristics (PC_Song values
shown as mean � 2se) to playback song with noise
between the Southern Emu-wren subspecies
(Coorong, Eyre Peninsula, Kangaroo Island, Mount

Lofty Ranges) in South Australia. Higher values
for PC_Song indicate higher minimum frequency,
higher maximum frequency, broader frequency
bandwidth and longer song.

Figure S6. Scatterplot indicating the negative
relationship between song characteristics
(PC_Song) and the distance to the closest road
(m) of each territory in Southern Emu-wren. Line
of best fit (R2 linear = 0.125), with confidence
intervals of mean (solid) and individual (dash).
Higher values for PC_Song indicate higher mini-
mum frequency, higher maximum frequency,
broader frequency bandwidth and longer song.

Data S1.
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