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Traffic noise alters individual social connectivity, but not space-use, of 
Red-backed Fairywrens
Carly E. Hawkins a,b, Isabel T. Ritrovatob and John P. Swaddleb,c

aDepartment of Ecology & Evolutionary Biology, UC Davis, Davis, CA, USA; bDepartment of Biology, William & Mary, Williamsburg, VA, USA; 
cInstitute for Integrative Conservation, William & Mary, Williamsburg, VA, USA

ABSTRACT
The prevalence of human-generated noise is posing novel challenges to birds, by changing 
how they communicate or causing them to disperse away from the source of noise. We sought 
to understand how noise affected space-use and social connectivity in a small passerine bird, 
the Red-backed Fairywren (Malurus melanocephalus). As the displaced birds would likely be 
forced to occupy a smaller area that may already have resident individuals, we predicted that 
noise-affected birds would show increased social connectivity that may include new indivi-
duals. To test this, we introduced an experimental point-source of traffic noise to groups of 
fairywrens in an otherwise quiet habitat and compared the change in social connectivity of 
birds in groups exposed to noise to the changes in social connectivity in neighbouring groups 
unaffected by noise. Contrary to our prediction, noise-affected birds had reduced social 
connectivity during experimental noise treatments, as measured by weighted-degree, which 
was driven by a reduction of interactions with birds of neighbouring groups outside the noise 
zone. Additionally, we did not discern a change in space-use in response to our noise treat-
ment. Therefore, we suggest that noise reduces the efficacy of signal transmission and detec-
tion in this species, resulting in the reduction of social connectivity between groups of this 
otherwise highly social songbird.
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Introduction
Anthropogenic noise is increasingly prevalent in pre-
viously unaffected areas of wildlife habitation (Buxton 
et al. 2017). Anthropogenic noise, henceforth referred 
to as ‘noise’, tends to occur at a lower frequency (pitch, 
mostly between 1–2 kHz) and at higher amplitudes 
(loudness) than many naturally occurring sounds 
(Slabbekoorn and Peet 2003; Slabbekoorn and 
Ripmeester 2008). Thus, noise changes the acoustic 
environment and creates novel challenges for wildlife 
in the transmission and accurate reception of acoustic 
signals and cues. Acoustic signals used for attracting 
and retaining mates are often masked by noise 
(Lengagne 2008; Schmidt et al. 2014). This noise- 
related degradation of mating signals can ultimately 
impact aspects of wildlife fitness such as hatching 
success (Kleist et al. 2018), egg production and nest-
ling body condition (Injaian et al. 2018) in birds and 
ultimately reproductive success (Halfwerk et al. 2011). 
Many species of wildlife use auditory cues to warn 
against threats of depredation. Therefore, animals 
occupying noisy environments often increase vigi-
lance, and subsequently reduce time spent foraging 
(Rabin et al. 2006; Meillere et al. 2015; Mahjoub 
et al. 2015; Ware et al. 2015; Kern and Radford 2016; 
Quinn et al. 2017). Beyond the degradation of acoustic 
signals and cues, noise might also be a generalised 

stressor that imposes physiological costs. For example, 
chronic noise exposure is sometimes associated with 
changes in corticosterone stress hormones (Chloupek 
et al. 2009; Crino et al. 2011; Blickley et al. 2012; Kleist 
et al. 2018) and decrease body weight and food intake 
(Alario et al. 1987).

Birds are particularly susceptible to the costs asso-
ciated with environmental noise because they are such 
vocal organisms. Responses of birds to noise include 
(i) adjusting their vocalisations, such as increasing 
number of vocalisations or altering amplitude (loud-
ness) and frequency (pitch), presumably to reduce 
acoustic masking or degradation by environmental 
noise (Potvin et al. 2011; Slabbekoorn 2013; 
Derryberry et al. 2016); (ii) adjusting when they voca-
lise to avoid acoustic masking or degradation (Fuller 
et al. 2007; Cartwright et al. 2014); (iii) huddling, or 
reducing nearest-neighbour distance to increase vigi-
lance efforts (Fernández-Juricic et al. 2005; Owens 
et al. 2012) and perhaps decrease acoustic masking 
or degradation as vocal amplitudes are louder when 
individuals are closer together and (iv) dispersing 
from a noise-affected area entirely (Francis et al. 
2011; Mahjoub et al. 2015; Swaddle et al. 2016).

Disrupting or changing communication and alter-
ing group closeness or membership in response to 
noise could likely also influence social behaviour. 
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Additionally, social interactions are often mediated by 
acoustic signalling. For example, acoustic signals can 
reinforce pair-bonds (Swaddle and Page 2007), influ-
ence extra-pair courtship (Otter et al. 1999), and aid in 
defence of territories (Amy et al. 2010). Thus, we 
suspect that the degradation of acoustic signals by 
anthropogenic noise might influence social interac-
tions of groups of birds.

Habitat disturbance can alter social interactions in 
birds. For example, increasing forest fragmentation for 
mixed-species flocks of birds reduced social connectiv-
ity (weighted-degree; number of social partners and 
frequency of interactions with those partners) between 
species (Mokross et al. 2014), flock size and species 
richness (Maldonado-Coelho and Marini 2004). 
Experimentally presented white noise appeared to 
decrease pair bond strength in Zebra Finches 
(Taeniopygia guttata) (Swaddle and Page 2007). 
Additionally, in Red-backed Fairywrens (Malurus mel-
anocephalus), fire-disturbed habitat decreased social 
connectivity in groups of birds compared to groups 
residing in undisturbed habitat, possibly due to loss of 
grassland cover (Lantz and Karubian 2017). Likewise, 
noise disturbance seems to increase male-male interac-
tions in White-crowned Sparrows (Zonotrichia leu-
cophrys) and could therefore lead to more social 
connectivity (Phillips and Derryberry 2018). Though 
not an avian species, anthropogenic noise (specifically 
noise from pile-driving) resulted in reduced group 
cohesion in European seabass (Dicentrarchus labrax) 
shoals, possibly due to the masking of sensory informa-
tion (Herbert-Read et al. 2017).

In this study, we sought to understand how experi-
mentally introduced traffic noise affects social ties in 
free-living and highly social songbirds, Red-backed 
Fairywrens (Malurus melanocephalus). While some 
species are susceptible to their calls being masked by 
anthropogenic noise due to overlapping frequencies, 
Red-backed Fairywren calls occur between 6–10 kHz 
which does not overlap with typical frequency ranges 
for traffic noise (1–2 kHz) (Slabbekoorn and Peet 
2003; Dowling and Webster 2013; Lowry et al. 2019). 
However, high-frequency songs attenuate faster and 
travel shorter distances, so noise can degrade fairyw-
ren songs by decreasing the range of transmission 
through scattering and fluctuations in amplitude 
(Slabbekoorn and Ripmeester 2008; Brumm and 
Naguib 2009). Additionally, noise disrupts the ability 
for birds to process cross-sensory information such as 
visual stimuli by distracting them from other stimuli 
(Halfwerk and van Oers 2020). Based on the previous 
literature described, we hypothesised that anthropo-
genic noise would affect social connectivity by degrad-
ing acoustic signalling and possibly dispersing birds 
away from the source of noise. We therefore measured 
social connectivity using weighted-degree (Whitehead 
2008; Farine et al. 2015) and measured changes in 

space-use by interpreting utilisation distributions. 
We predicted that noise-affected individuals would 
have increased social connectivity as they would be 
displaced away from the experimental point-source of 
noise, which might bring focal groups into contact 
with other groups of conspecifics. Alternatively, we 
predicted that noise would degrade the calls of birds 
that remain in a noise-affected area, which would limit 
the range of transmission to surrounding birds and 
thus decrease their social connectivity.

Methods

Study system and site

The Red-backed Fairywrens are highly social birds 
that can also serve as an indicator of ecosystem health 
(Rowley and Russell 1997; Skroblin and Murphy 
2013). In the non-breeding season, they form familial 
groups consisting of one social pair and the offspring 
from the previous breeding season (often 4–6 birds 
per group). The species is sexually dimorphic and 
dichromatic. The dominant paired-male of the group 
often moults into their namesake red-black nuptial 
plumage, which consists of black feathers and beak 
with a reddish-orange back plumage, early in the non- 
breeding season. Other males in the group, likely off-
spring from that year or 1-year-old offspring from 
a previous breeding season, maintain dull, light 
brown plumage that resembles females’ plumage. 
During the non-breeding season, both ‘bright’ and 
‘dull’ males will often foray to neighbouring females 
and partake in courtship displays. Non-breeding sea-
son behaviours impact the outcome of subsequent 
breeding seasons in other species of fairywrens 
(Mulder and Magrath 1994, Joseph Welklin unpub-
lished data). Therefore, changes of social structure 
during the non-breeding periods could have longer- 
term implications for mating outcomes.

The focal population was resident and sedentary to 
a field site near Samsonvale, Queensland, Australia (S27° 
16.689ʹ, E152° 51.268ʹ). The field site was located 
between a stretch of road and a large reservoir (Lake 
Samsonvale) and predominantly comprised tall grass-
land with patches of eucalypt-dominated wooded areas 
with understory dominated by invasive lantana (Lantana 
camara). During June and July 2016, we assessed ambi-
ent noise throughout the field site using a calibrated 
sound pressure metre (Extech Instruments model 
407,730, A-weighting on slow setting, reporting an aver-
age of 9 consecutive readings that were 1 min apart) 
using points on transect lines that ran directly west to 
east. We took recordings along transects every 200 m 
and ran transects across the field site 200 m apart from 
north to south (Figure 1). Most of the site did not 
experience human-audible amplitudes of traffic noise 
(< 40 dBA, as our sound metre cannot detect sound 
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pressures below 40 dBA); although there was a thin strip 
of habitat that bordered a road where traffic noise rose 
above 53 dBA SPL (Figure 1). The groups we studied 
resided in areas where traffic noise was apparently inaud-
ible, with the four trials located near transect points 7, 10, 
and 29 (Figure 1). Hence, we assumed that traffic noise 
was not an entirely novel stimulus to the focal birds, but 
none of the individuals in this study were chronically 
exposed to traffic noise before our observations began.

Experimental design

We collected social data from familial groups of Red- 
backed Fairywrens during the non-breeding season in 
two consecutive years (23rd June–3 August 2017, n = 3 
groups studied; 28th June–15 July 2018, n = 1 group 
studied) for a total of four trials. We define a unit of 
sample as a pairing of an experimental group and 
a reference group. To collect social data from 
a familial group, we visually followed the focal group 
for 25 min and systematically recorded all interactions 
within the group as well as between members of the 
focal group and those of neighbouring conspecific 
groups (Whitehead 2008). Each experimental group 
of birds comprised four individuals except for one 
group in 2017 that had five. Based on pilot data 
(Samantha Lantz, personal observation), we defined 

an interaction as coordinated group movement within 
a 20-m radius of each other, where they would main-
tain a maximum of 20-m distance from each other as 
they moved throughout the site. During the 25-min 
observation session, we noted the approximate centre 
(estimated by eye) of the group every 5 min based on 
the location of the individuals and later returned to the 
habitat to obtain GPS coordinates (Garmin GPS) of 
those noted locations. During all observations we 
remained ~20 m away from the birds and made all 
observations through binoculars to minimise the 
effects of the observer’s presence on individual and 
group behaviour. The same observer recorded all 
social data.

Noise manipulation

We divided our observations of each group of birds 
into two 5-day experimental phases: (i) ‘before’, before 
the noise introduction and (ii) ‘noise’, during noise 
introduction. Each trial (hence, each group of focal 
birds) was 10 days and experienced both of these 
experimental phases. The start of this before-noise 
sequence was staggered by 5 days across groups, so 
that as the first group experienced their noise phase 
the second group started their before phase. While the 
first group experienced noise, the other groups did 

Figure 1. Maps for noise gradient across the field site on weekdays (left) and weekend days (right).
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not. Hence, we used these observations of non-noise 
groups over the same 10-day time period as our noise 
groups (i.e. before and noise) as reference observations 
to account for the progression of time throughout the 
field season independent of noise manipulations and 
to demonstrate that natural background noise does 
not affect social connectivity.

To introduce traffic noise, we placed 
a multidirectional playback system (Audio 
Experience AES0003 full-range 200 W speaker) 
connected to a marine-grade BOSS Audio MR 
1002 amplifier, powered by a 12 V deep-cycle bat-
tery that was recharged by an AllPowers 60 W 
SunPower solar panel) in the approximate centre 
of the focal group’s home range and transmitted, in 
a 24-h cycle a continuous loop, an 8-h recording of 
variable highway sounds that varied in maximum 
a m p l i t u d e  ( T a b l e  1 )  ( h t t p s : / / y o u t u . b e /  
AVIDrl4ZNJ4). The speaker emitted an amplitude 
of ~85 dBA SPL 1 m from the source, and about 58 
dBA SPL at 10 m from the source (Table 1). This 
amplitude dropped off to ~50 dBA SPL at about 
22 m from the source and was considered relatively 
indistinguishable from background sounds at this 
latter distance (Table 1). In this way, we introduced 
loud traffic noise at the centre of a group’s home 
range, but this noise dissipated quickly enough that 
there were areas of the original home range that 
did not experience the noise directly. We broad-
casted this noise in a 24-hr cycle across the noise 
phase of the experiment. We determined the centre 
of the groups’ home ranges by estimating the cen-
tre of Minimum Convex Polygons (MCP) derived 
from plotting GPS points (see above) collected dur-
ing the before phase, in Google Earth. We realise 
the limitations of approximating the centre of 
a home range, but the inaccuracies of this metho-
dology should not bias our data towards supporting 
or rejecting hypotheses.

Social network metrics

We used weighted social networks rather than binary 
networks, to account for frequency of interactions 
between individuals. We constructed association 

matrices between every combination of two birds 
using the simple association index (SAI): x

xþyaþybþyab 
(Cairns and Schwager 1987; Whitehead 2008), in 
which x is the number of observations individuals 
A and B were observed together, ya is when only 
individual A was observed, yb is when only individual 
B was observed, and yab is when individuals A and 
B were observed separately. This generated a weighted 
value from 0 to 1 which is the proportion of observa-
tions where the two subjects were observed together 
out of the total observations in which either bird was 
observed, this value then served as the edge between 
nodes (focal birds) in the network. We calculated 
weighted-degree as the sum of the edge weights con-
nected to an individual node to determine social con-
nectivity. Node-level metrics, such as weighted- 
degree, are more robust than network-level metrics 
when studying a limited number of discrete groups 
(Farine et al. 2015). Using a custom Python script, we 
converted raw interaction data to a matrix of associa-
tion indices (Python Core Team 2015). We processed 
these matrices using the ‘igraph’ package in R (Csárdi 
and Nepusz 2006), generating weighted-degree for 
each individual bird throughout the two phases of 
the study (i.e. before and noise). As individuals vary 
in their social connectivity, we calculated the within- 
individual change in weighted-degree between phases 
for each bird (∆WD: noise minus before) so that each 
bird served as its own reference point.

Estimates of space-use

We uploaded the GPS locations of the approximate 
centre of each focal group, at each observation time in 
each phase of the experiment and used ArcMap to 
generate utilisation distributions (UDs). UD values 
are a kernel-based method that create a three- 
dimensional relative frequency distribution of the 
locations used by the birds over time (Worton 1989), 
in order to quantify space-use of each familial group at 
each phase during the study. To quantify the change in 
space-use with the onset of sound, we summed UD 
values within the ‘noise zone’, which we defined as 
a 20-m diameter circle surrounding the speaker, 
before and during noise playback. As total distribution 
of UD sums to 1, summing the UDs in a particular 
area estimate the probability of space-use in that area. 
Therefore, the sum of overlap of UD’s in the noise area 
tells us the probability of birds spending time in the 
space most affected by our speaker.

Statistical analyses

To examine how the introduction of traffic noise 
influenced social ties in individual birds, we calculated 
the change in weighted-degree from before to noise. 
We used a linear model using the afex package in 

Table 1. Average sound pressure readings (dBA SPL) surround-
ing the placed speaker while speaker is ‘on’ (experimental 
traffic noise) and ‘off’ (ambient noise).

Distance 
(m)

Speaker on 
(dBA SPL)

Speaker off 
(dBA SPL)

0–3 85.3 45.5
4–6 72.5 45.8
7–9 62.9 45.6
10–12 58.8 45.7
13–15 55.1 46.4
16–18 52.5 45.6
19–21 50.7 46.0
22–24 48.8 46.4
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R (Singmann et al. 2020) to determine the average 
change in weighted-degree between experimental 
focal birds and reference birds (reference birds 
belonged to the groups that were not presented with 
experimental noise in that trial). The linear model 
included change in weighted-degree as the response 
variable (∆WD: noise minus before) with treatment 
(experimental or reference) and Trial (1, 2, 3 or 4) as 
predictor variables and group ID as a random factor. 
We included Trial as a predictor variable in case the 
time period in which a trial took place influenced 
weighted-degree of birds, as there was a chance that 
social connectivity could change as the field season 
progressed. For our space-use data, we ran a paired 
t-test to compare the probability of finding the experi-
mental group of birds in the noise-affected area (UD) 
before and during noise introduction for each of the 
four trials.

Results

Weighted-degree, which is a metric of individual 
social connectivity, decreased notably during 
noise treatments in all four groups of experimen-
tal birds (n = 17 birds) compared with average 
change in weighted-degree of reference birds 
(n = 20 birds), which remained stable during the 

same experimental phase (Table 2; Figure 2). The 
sample size for experimental and reference birds 
differed as two birds dispersed prior to their 
group being experimentally manipulated and one 
reference group was not manipulated due to 
equipment failure. It is possible that the decrease 
in individual social connectivity (weighted-degree) 
was driven by between-group interactions, inter-
actions between birds of different familial groups, 
as well as within-group interactions, interactions 
between only members of the same familial group 
(Supplemental Material Figure S1). Hence, we re- 
ran the same analyses using weighted-degree data 
that were generated solely from within-group 
interactions (Table 2; Figure 2) and found the 
noise-associated decrease in weighted-degree did 
not occur when analysing within-group interac-
tions alone, despite an apparent downward trend 
(n = 37, P = 0.086). However, when including 
only between-group interactions, weighted-degree 
decreased in association with the noise treatment 
(n = 4, P < 0.01, Table 2). Therefore, the presen-
tation of traffic noise decreases between-group 
social connectivity by limiting the extent of inter-
actions among groups of fairywrens but does not 
strongly affect within-group cohesion. Overall, 
individual birds have fewer social ties, as mea-
sured by weighted-degree, during the noise 
treatment.

For three of the experimental groups, the birds 
generally occupied space further from the noise 
source (20-m radius from the speaker) while the 
traffic sounds were being broadcast compared with 
the period before the traffic sounds were broadcast. 
However, we observed the opposite shift in space- 
use in a fourth group, in which birds moved closer 
to the speaker while the traffic noise was being 
broadcast. Overall, we did not discern a consistent 
pattern in shifts of space-use in association with 
traffic noise (P = 0.940, Table 3).

Table 2. Output of linear models for analysis of change in 
weighted-degree from before to noise treatments.

Sum Sq df Mean Sq F P

Overall
Treatment 2.10 1 2.10 21.3 < 0.001
Trial 1.91 3 0.638 6.47 0.001
Treatment:Trial 3.07 3 1.02 10.4 < 0.001
Residuals 4.14 42 0.099
Between Group
Treatment 0.573 1 0.573 349.7 0.003
Trial 0.265 3 0.088 53.9 0.018
Treatment:Trial 0.379 3 0.126 77.1 0.013
Residuals 0.003 2 0.002
Within Group
Treatment 0.293 1 0.293 3.10 0.086
Trial 0.027 3 0.009 0.097 0.961
Treatment:Trial 2.86 3 0.952 10.1 < 0.001
Residuals 3.49 37 0.094

Figure 2. (a) Overall change in weighted-degree relative to traffic noise (n = 51, P < 0.001), (b) between-group change in 
weighted-degree relative to traffic noise (n = 10, P < 0.01), (c) within-group change in weighted-degree relative to traffic noise 
(n = 45, P = 0.08). The boxplots indicate the median of the data and ± quartiles. The whiskers denote the range of the data and 
open circles indicate outliers.
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Discussion

Contrary to our prediction that individual social 
connectivity (weighted-degree) would increase 
with noise due to more confined space-use, we 
observed an appreciable decrease in individual 
social connectivity for birds exposed to traffic 
noise (Table 2; Figure 2). In comparison, our refer-
ence groups (groups that did not receive additional 
noise at the same time as the focal groups) did not 
demonstrate a comparable change in their social 
connectivity, indicating that our observed effects 
were related to our experimental noise introduction 
and not to other social changes over the course of 
the field season. The reduction in social connectiv-
ity appeared to be driven by reduced between- 
group interactions (Table 2; Figure 2). We recog-
nise that this sample size is small (i.e. we studied 
a relatively small number of groups of birds), but it 
is logistically difficult to have large sample sizes for 
many social network studies in field populations 
(Lantz and Karubian 2017). Despite our small sam-
ple of groups, we feel we have reasonable statistical 
evidence to support our hypotheses from our four 
experimental trials in which we track the within- 
individual change in social behaviour in association 
with noise. We collected data using the same meth-
ods across groups of birds, both reference and 
experimental, and therefore limited the influence 
of confounding changes in the birds and their 
environment with experimental presentations of 
traffic noise.

Despite the increased weighted-degree response 
to fire in this same species, which is thought to be 
a result of reduced habitat availability from burned 
grasslands (Lantz and Karubian 2017), our results 
suggest that traffic noise does not fragment avail-
able habitat, but instead might degrade vocalisa-
tions of birds within noise-affected areas. In 
fairywrens, vocalisations can serve for territory 
defence (Dowling and Webster 2013) and possible 
mate-guarding (Baldassarre et al. 2016). The impact 
of noise on reduced signal detection is well estab-
lished (Pohl et al. 2009; Kleist et al. 2016) and 
therefore, we speculate that social connectivity 
decreased, rather than increased, due to this 

degradation of vocal signals of the noise-affected 
groups. Degradation of vocal signals would limit 
both the transmission of signals to neighbouring 
groups and the reception and accurate decoding 
of vocal signals from neighbouring groups to our 
targeted group.

A reduction of social connectivity can ultimately 
affect vital processes in many organisms. For example, 
in eels (Anguilla anguilla) increased familiarity with 
conspecifics decreases aggressive interactions (Geffroy 
et al. 2014). Of course, there is a large phylogenetic gap 
between eels and fairywrens, so we interpret that pre-
vious study with suitable caution. Nevertheless, it is 
possible that the decline in between-group interac-
tions that we observed in fairywrens exposed to traffic 
noise influenced the perception of familiarity among 
groups. Familiarity of neighbours in great tits (Parus 
major) was positively correlated with reproductive 
output, measured by both clutch size and likelihood 
of successfully fledging offspring (Grabowska-Zhang 
et al. 2012). Therefore, reduced familiarity with neigh-
bouring groups of fairywrens could possibly have 
implications for reproductive success in the subse-
quent breeding season. Furthermore, between-group 
interactions among fairywrens often are in the context 
of seeking extra-pair copulations (Rowley and Russell 
1990). Extra-pair paternity in fairywrens could be 
a mechanism for inbreeding avoidance (Tarvin et al. 
2005; Varian-Ramos and Webster 2012). Thus, we 
speculate that limiting these between-group interac-
tions through noise could have implications for extra- 
pair paternity rates and genetic structure of fairywren 
populations, if the noise was applied chronically to the 
habitat occupied by these groups.

Reduced social connectivity could also decrease the 
likelihood of obtaining new resources. Great tits that 
are less social tend to be less bold explorers, and are 
less likely to find and acquire new resources (Snijders 
et al. 2014). Additionally, in three species of tits 
(family Paridae), closely associating individuals are 
more likely to transfer information about new food 
or habitat resources (Aplin et al. 2012), so those with 
higher weighted-degree will have more access to new 
resources. In our Red-backed Fairywren system, 
helper fairywrens tend to disperse their 2nd or 
3rd year to form their own breeding groups, so this 
decrease in weighted-degree could affect their ability 
to establish their own home range later in life.

Our results also revealed no consistent change in 
space-use with the introduction of noise. Three groups 
decreased their space-use in the noise treatment, while 
one group increased their space-use, indicating that 
these birds are not consistently displaced by noise 
(Table 3). Therefore, we tentatively rule out altered 
space-use as a mechanism for the observed social 
changes, and instead suggest follow-up studies to 

Table 3. Percent overlap (represented as a decimal) of utilisa-
tion distribution within the 20 m radius noise zone for experi-
mental groups, before and during noise introduction. Paired 
t-test revealed no statistically significant change in space-use 
due to noise treatment (t = 0.081, df = 3, P = 0.940).

Before Noise

Trial 1 0.16 0.13
Trial 2 0.19 0.45
Trial 3 0.23 0.11
Trial 4 0.22 0.08
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investigate alternative mechanisms, such as how 
degradation of vocal signals by noise affects between- 
group communication. For example, the role of duet-
ting in Red-backed Fairywrens affects likelihood of 
extra-pair paternity (Baldassarre et al. 2016), and 
while the function of duetting remains up for debate, 
several hypotheses argue its role is involved in mate- 
guarding to prevent females from attracting neigh-
bouring males (Sonnenschein and Reyer 1983) and 
in broadcasting territory (Osmun and Mennill 2011). 
Therefore, it is possible that the traffic noise masked 
the presence and location of experimental groups 
from neighbouring groups of birds by degrading 
their vocal signals, thus the observed decrease in 
between-group interactions.

With noise pollution, specifically traffic noise, 
becoming more widespread and intense with 
expanding urbanisation, this study details the possi-
ble social consequences for Red-backed Fairywrens. 
Fairywrens are useful models in identifying potential 
vulnerabilities of anthropogenic pressures on passer-
ines (Skroblin and Murphy 2013) and, therefore, 
these results inform how noise could affect sociality 
in similar songbirds. Reduction in social connectivity 
could affect many processes in a songbird popula-
tion, from accessing resources to reproductive suc-
cess. Traffic noise is the leading source of 
anthropogenic noise (Ouis 1999) and is continuing 
to expand its influence on natural ecosystems, it is 
therefore important to understand avian commu-
nities will be affected to anticipate conservation 
needs.

Acknowledgements

We are grateful to the leaders, participants, and field 
technicians of the NSF IRES program for their advice 
and expertise. This work was supported by the National 
Science Foundation International Research Experiences 
for Students (IRES) program (award #1460048) and 
a graduate fellowship from the Virginia Space Grant 
Consortium. We also thank the Australian and 
Queensland Government for permission to conduct this 
research.

Disclosure statement

No potential conflict of interest was reported by the authors.

ORCID

Carly E. Hawkins http://orcid.org/0000-0003-0133-6764

Ethics Statement

Research was approved by the College of William & Mary 
Institution for Animal Care and Use Committee (IACUC- 

2015-11-16-10,733-jpswad).

References

Alario, P., Gamallo, A., Beato, M. J., and Trancho, G. (1987). 
Body weight gain, food intake and adrenal development 
in chronic noise stressed rats. Physiology & Behavior 40, 
29–32. doi:10.1016/0031-9384(87)90181-8

Amy, M., Sprau, P., De Goede, P., and Naguib, M. (2010). 
Effects of personality on territory defence in communica-
tion networks: A playback experiment with radio-tagged 
great tits. Proceedings of the Royal Society B: Biological 
Sciences 277(1700), 3685–3692. doi:10.1098/ 
rspb.2010.0598

Aplin, L. M., Farine, D. R., Morand-Ferron, J., and 
Sheldon, B. C. (2012). Social networks predict patch dis-
covery in a wild population of songbirds. Proceedings of 
the Royal Society B: Biological Sciences 279, 4199–4205. 
doi:10.1098/rspb.2012.1591

Baldassarre, D. T., Greig, E. I., Webster, M. S., Griffith, S., 
Owens, I., Thuman, K., Kokko, H., et al. (2016). The 
couple that sings together stays together: Duetting, 
aggression and extrapair paternity in a promiscuous 
bird species. Biology Letters 12, 1–4. doi:10.1098/ 
rsbl.2015.1025

Blickley, J. L., Word, K. R., Krakauer, A. H., Phillips, J. L., 
Sells, S. N., Taff, C. C., Wingfield, J. C., et al. (2012). 
Experimental chronic noise is related to elevated fecal 
corticosteroid metabolites in lekking male greater 
sage-grouse (Centrocercus urophasianus). PLoS ONE 7 
(11), e50462. doi:10.1371/journal.pone.0050462

Brumm, H., and Naguib, M. (2009). ‘Environmental 
Acoustics and the Evolution of Bird Song,’ 1st. 
Advances in the Study of Behavior. (Academic Press 
Inc: Cambridge, MA). doi:10.1016/S0065-3454(09) 
40001-9

Buxton, R. T., McKenna, M. F., Mennitt, D., Fristrup, K., 
Crooks, K., Angeloni, L., and Wittemyer, G. (2017). Noise 
pollution is pervasive in U.S. protected areas. Science 356 
(6337), 531–533. doi:10.1126/science.aah4783

Cairns, S. J., and Schwager, S. J. (1987). A comparison of 
association indices. Animal Behaviour 35(5), 1454–1469. 
doi:10.1016/S0003-3472(87)80018-0

Cartwright, L. A., Taylor, D. R., Wilson, D. R., and Chow- 
Fraser, P. (2014). Urban noise affects song structure and 
daily patterns of song production in Red-winged 
Blackbirds (Agelaius phoeniceus). Urban Ecosystems 17 
(2), 561–572. doi:10.1007/s11252-013-0318-z

Chloupek, P., Voslářová, E., Chloupek, J., Bedáňová, I., 
Pištěková, V., and Večerek, V. (2009). Stress in broiler 
chickens due to acute noise exposure. Acta Veterinaria 
Brno 78, 93–98. doi:10.2754/avb200978010093

Crino, O. L., Van Oorschot, B. K., Johnson, E. E., 
Malisch, J. L., and Breuner, C. W. (2011). Proximity to 
a high traffic road: Glucocorticoid and life history con-
sequences for nestling white-crowned sparrows. General 
and Comparative Endocrinology 173(2), 323–332. 
doi:10.1016/j.ygcen.2011.06.001

Csárdi, G., and Nepusz, T. (2006). The igraph software 
package for complex network research. InterJournal 
Complex Systems 1695, 1–9. doi:10.3724/SP. 
J.1087.2009.02191

Derryberry, E. P., Danner, R. M., Danner, J. E., 
Derryberry, G. E., Phillips, J. N., Lipshutz, S. E., 
Gentry, K., et al. (2016). Patterns of song across natural 
and anthropogenic soundscapes suggest that 

EMU - AUSTRAL ORNITHOLOGY 7

https://doi.org/10.1016/0031-9384(87)90181-8
https://doi.org/10.1098/rspb.2010.0598
https://doi.org/10.1098/rspb.2010.0598
https://doi.org/10.1098/rspb.2012.1591
https://doi.org/10.1098/rsbl.2015.1025
https://doi.org/10.1098/rsbl.2015.1025
https://doi.org/10.1371/journal.pone.0050462
https://doi.org/10.1016/S0065-3454(09)40001-9
https://doi.org/10.1016/S0065-3454(09)40001-9
https://doi.org/10.1126/science.aah4783
https://doi.org/10.1016/S0003-3472(87)80018-0
https://doi.org/10.1007/s11252-013-0318-z
https://doi.org/10.2754/avb200978010093
https://doi.org/10.1016/j.ygcen.2011.06.001
https://doi.org/10.3724/SP.J.1087.2009.02191
https://doi.org/10.3724/SP.J.1087.2009.02191


white-crowned sparrows minimize acoustic masking and 
maximize signal content. PLoS ONE 11(4), 1–17. 
doi:10.1371/journal.pone.0154456

Dowling, J. L., and Webster, M. S. (2013). The form and 
function of duets and choruses in Red-backed 
Fairy-wrens. Emu - Austral Ornithology 113(3), 
282–293. doi:10.1071/MU12082

Farine, D. R., Whitehead, H., and Altizer, S. (2015). 
Constructing, conducting and interpreting animal social 
network analysis. Journal of Animal Ecology 84(5), 
1144–1163. doi:10.1111/1365-2656.12418

Fernández-Juricic, E., Poston, R., De Collibus, K., 
Morgan, T., Bastain, B., Martin, C., Jones, K., et al. 
(2005). Microhabitat selection and singing behavior pat-
terns of male house finches (Carpodacus mexicanus) in 
urban parks in a heavily urbanized landscape in the 
Western U.S. Urban Habitats 3, 49–69.

Francis, C. D., Ortega, C. P., and Cruz, A. (2011). Noise 
pollution filters bird communities based on vocal 
frequency. PLoS ONE 6(11), e27052. doi:10.1371/jour-
nal.pone.0027052

Fuller, R. A., Warren, P. H., and Gaston, K. J. (2007). 
Daytime noise predicts nocturnal singing in urban 
robins. Biology Letters 3, 368–370. doi:10.1098/ 
rsbl.2007.0134

Geffroy, B., Bru, N., Dossou-Gbété, S., Tentelier, C., and 
Bardonnet, A. (2014). The link between social network 
density and rank-order consistency of aggressiveness in 
juvenile eels. Behavioral Ecology and Sociobiology 68(7), 
1073–1083. doi:10.1007/s00265-014-1719-6

Grabowska-Zhang, A. M., Wilkin, T. A., and Sheldon, B. C. 
(2012). Effects of neighbor familiarity on reproductive 
success in the great tit (Parus major). Behavioral Ecology 
23(2), 322–333. doi:10.1093/beheco/arr189

Halfwerk, W., Holleman, L. J. M., Lessells, C. M., and 
Slabbekoorn, H. (2011). Negative impact of traffic noise 
on avian reproductive success. Journal of Applied Ecology 
48, 210–219. doi:10.1111/j.1365-2664.2010.01914.x

Halfwerk, W., and van Oers, K. (2020). Anthropogenic noise 
impairs foraging for cryptic prey via cross-sensory 
interference. Proceedings of the Royal Society B: 
Biological Sciences 287(1924), 20192951. doi:10.1098/ 
rspb.2019.2951

Herbert-Read, J. E., Kremer, L., Bruintjes, R., Radford, A. N., 
and Ioannou, C. C. (2017). Anthropogenic noise pollu-
tion from pile-driving disrupts the structure and 
dynamics of fish shoals. Proceedings of the Royal Society 
B: Biological Sciences 284(1863), 20171627. doi:10.1098/ 
rspb.2017.1627

Injaian, A. S., Poon, L. Y., and Patricelli, G. L. (2018). Effects 
of experimental anthropogenic noise on avian settlement 
patterns and reproductive success. Behavioral Ecology 29 
(5), 1181–1189. doi:10.1093/beheco/ary097

Kern, J. M., and Radford, A. N. (2016). Anthropogenic noise 
disrupts use of vocal information about predation risk. 
Environmental Pollution 218, 988–995. doi:10.1016/j. 
envpol.2016.08.049

Kleist, N. J., Guralnick, R. P., Cruz, A., and Francis, C. D. 
(2016). Anthropogenic noise weakens territorial response 
to intruder’s songs. Ecosphere 7(3), 1–11. doi:10.1002/ 
ecs2.1259

Kleist, N. J., Guralnick, R. P., Cruz, A., Lowry, C. A., and 
Francis, C. D. (2018). Chronic anthropogenic noise dis-
rupts glucocorticoid signaling and has multiple effects on 
fitness in an avian community. Proceedings of the National 
Academy of Sciences of the United States of America 115(4), 
E648–E657. doi:10.1073/pnas.1709200115

Lantz, S. M., and Karubian, J. (2017). Environmental dis-
turbance increases social connectivity in a passerine bird. 
PLoS ONE 12(8), 1–15. doi:10.1371/journal. 
pone.0183144

Lengagne, T. (2008). Traffic noise affects communication 
behaviour in a breeding anuran, Hyla arborea. Biological 
Conservation 141(8), 2023–2031. doi:10.1016/j. 
biocon.2008.05.017

Lowry, H., Lill, A., and Wong, B. B. M. (2019). Do the calls 
of a bird, the noisy miner (Manorina melanocephala), 
need adjustment for efficient communication in Urban 
anthropogenic noise? Animals 9(3), 118. doi:10.3390/ 
ani9030118

Mahjoub, G., Hinders, M. K., and Swaddle, J. P. (2015). 
Using a ‘sonic net’ to deter pest bird species: Excluding 
European starlings from food sources by disrupting their 
acoustic communication. Wildlife Society Bulletin 39(2), 
326–333. doi:10.1002/wsb.529

Maldonado-Coelho, M., and Marini, M. Â. (2004). Mixed- 
species bird flocks from Brazilian Atlantic forest: The 
effects of forest fragmentation and seasonality on their 
size, richness and stability. Biological Conservation 116 
(1), 19–26. doi:10.1016/S0006-3207(03)00169-1

Meillere, A., Brischoux, F., and Angelier, F. (2015). Impact 
of chronic noise exposure on antipredator behavior: An 
experiment in breeding house sparrows. Behavioral 
Ecology 26(2), 569–577. doi:10.1093/beheco/aru232

Mokross, K., Ryder, T. B., Côrtes, M. C., Wolfe, J. D., and 
Stouffer, P. C. (2014). Decay of interspecific avian flock 
networks along a disturbance gradient in Amazonia. 
Proceedings of the Royal Society B: Biological Sciences 
281, 1–10. doi:10.1098/rspb.2013.2599

Mulder, R. A., and Magrath, M. J. L. (1994). Timing of 
prenuptial molt as a sexually selected indicator of male 
quality in superb fairy-wrens (Malurus cyaneus). 
Behavioral Ecology 5(4), 393–400. doi:10.1093/beheco/ 
5.4.393

Osmun, A. E., and Mennill, D. J. (2011). Acoustic monitor-
ing reveals congruent patterns of territorial singing beha-
viour in male and female tropical wrens. Ethology 117, 
385–394. doi:10.1111/j.1439-0310.2011.01887.x

Otter, K., McGregor, P. K., Terry, A. M. R., Burford, F. R. L., 
Peake, T. M., and Dabelsteen, T. (1999). Do female great 
tits (Parus major) assess males by eavesdropping? A field 
study using interactive song playback. Proceedings of the 
Royal Society B: Biological Sciences 266(1426), 1305–1309. 
doi:10.1098/rspb.1999.0779

Ouis, D. (1999). Exposure to nocturnal road traffic noise: 
sleep disturbance and its after effects. Noise Health 1 (4), 
11–36.

Owens, J. L., Stec, C. L., and O’Hatnick, A. (2012). The 
effects of extended exposure to traffic noise on parid 
social and risk-taking behavior. Behavioural Processes 91 
(1), 61–69. doi:10.1016/j.beproc.2012.05.010

Phillips, J. N., and Derryberry, E. P. (2018). Urban sparrows 
respond to a sexually selected trait with increased aggres-
sion in noise. Scientific Reports 8(1), 1–10. doi:10.1038/ 
s41598-018-25834-6

Pohl, N. U., Slabbekoorn, H., Klump, G. M., and 
Langemann, U. (2009). Effects of signal features and 
environmental noise on signal detection in the great tit, 
Parus major. Animal Behaviour 78(6), 1293–1300. 
doi:10.1016/j.anbehav.2009.09.005

Potvin, D. A., Parris, K. M., and Mulder, R. A. (2011). 
Geographically pervasive effects of urban noise on fre-
quency and syllable rate of songs and calls in silvereyes 
(Zosterops lateralis). Proceedings. Biological sciences/The 

8 C. E. HAWKINS ET AL.

https://doi.org/10.1371/journal.pone.0154456
https://doi.org/10.1071/MU12082
https://doi.org/10.1111/1365-2656.12418
https://doi.org/10.1371/journal.pone.0027052
https://doi.org/10.1371/journal.pone.0027052
https://doi.org/10.1098/rsbl.2007.0134
https://doi.org/10.1098/rsbl.2007.0134
https://doi.org/10.1007/s00265-014-1719-6
https://doi.org/10.1093/beheco/arr189
https://doi.org/10.1111/j.1365-2664.2010.01914.x
https://doi.org/10.1098/rspb.2019.2951
https://doi.org/10.1098/rspb.2019.2951
https://doi.org/10.1098/rspb.2017.1627
https://doi.org/10.1098/rspb.2017.1627
https://doi.org/10.1093/beheco/ary097
https://doi.org/10.1016/j.envpol.2016.08.049
https://doi.org/10.1016/j.envpol.2016.08.049
https://doi.org/10.1002/ecs2.1259
https://doi.org/10.1002/ecs2.1259
https://doi.org/10.1073/pnas.1709200115
https://doi.org/10.1371/journal.pone.0183144
https://doi.org/10.1371/journal.pone.0183144
https://doi.org/10.1016/j.biocon.2008.05.017
https://doi.org/10.1016/j.biocon.2008.05.017
https://doi.org/10.3390/ani9030118
https://doi.org/10.3390/ani9030118
https://doi.org/10.1002/wsb.529
https://doi.org/10.1016/S0006-3207(03)00169-1
https://doi.org/10.1093/beheco/aru232
https://doi.org/10.1098/rspb.2013.2599
https://doi.org/10.1093/beheco/5.4.393
https://doi.org/10.1093/beheco/5.4.393
https://doi.org/10.1111/j.1439-0310.2011.01887.x
https://doi.org/10.1098/rspb.1999.0779
https://doi.org/10.1016/j.beproc.2012.05.010
https://doi.org/10.1038/s41598-018-25834-6
https://doi.org/10.1038/s41598-018-25834-6
https://doi.org/10.1016/j.anbehav.2009.09.005


Royal Society 278(1717), 561–572. doi:10.1098/ 
rspb.2010.2296

Python Core Team. (2015), ‘Python: A dynamic, open 
source programming language.’ Python software founda-
tion. Available at https://www.python.org/.

Quinn, J. L., Whittingham, M. J., Butler, S. J., Cresswell, W., 
Quinn, J. L., Whittingham, M. J., Butler, S. J., et al. (2017). 
Noise, predation risk compensation and vigilance in the 
Chaffinch Fringilla coelebs. Nordic Society Oikos 37, 
601–608.

Rabin, L. A., Coss, R. G., and Owings, D. H. (2006). The 
effects of wind turbines on antipredator behavior in 
California ground squirrels (Spermophilus beecheyi). 
Biological Conservation 131(3), 410–420. doi:10.1016/j. 
biocon.2006.02.016

Rowley, I., and Russell, E. (1990). Philandering “ - a mixed 
mating strategy in the splendid fairy-wren MMurus 
splendens. Behavioral Ecology and Sociobiology 27(6), 
431–437. doi:10.1007/BF00164070

Rowley, I., and Russell, E. (1997). ‘Fairy-Wrens and Grasswrens: 
Maluridae.’ (Oxford University Press Inc.: Oxford, UK)

Schmidt, R., Morrison, A., and Kunc, H. P. (2014). Sexy 
voices - no choices: Male song in noise fails to attract 
females. Animal Behaviour 94, 55–59. doi:10.1016/j. 
anbehav.2014.05.018

Singmann, H., Bolker, B., Westfall, J., Aust, F., and Ben- 
Schachar, M. S. (2020). ‘Afex: Analysis of Factorial 
Experiments.’ R package version 0.28-0. https://cran.r- 
project.org/web/packages/afex/index.html

Skroblin, A., and Murphy, S. A. (2013). The conservation 
status of Australian malurids and their value as models in 
understanding land-management issues. Emu 113(3), 
309–318. doi:10.1071/MU12075

Slabbekoorn, H. (2013). Songs of the city: Noise-dependent 
spectral plasticity in the acoustic phenotype of urban 
birds. Animal Behaviour 85, 1089–1099. doi:10.1016/j. 
anbehav.2013.01.021

Slabbekoorn, H., and Peet, M. (2003). Birds sing at a higher pitch in 
urban noise. Nature 424(6946), 267. doi:10.1038/424267a

Slabbekoorn, H., and Ripmeester, E. A. P. (2008). Birdsong 
and anthropogenic noise: Implications and applications 
for conservation. Molecular Ecology 17, 72–83. 
doi:10.1111/j.1365-294X.2007.03487.x

Snijders, L., van Rooij, E. P., Burt, J. M., Hinde, C. A., van 
Oers, K., and Naguib, M. (2014). Social networking in 
territorial great tits: Slow explorers have the least central 
social network positions. Animal Behaviour 98, 95–102. 
doi:10.1016/j.anbehav.2014.09.029

Sonnenschein, E., and Reyer, H. U. (1983). Mate-guarding 
and other functions of antiphonal duets in the slate- 
coloured boubou (Laniarius funebris). Zeitschrift für 
Tierpsychologie 63(2–3), 112–140. doi:10.1111/j.1439- 
0310.1983.tb00083.x

Swaddle, J. P., Moseley, D. L., Hinders, M. K., and 
Elizabeth, S. P. (2016). A sonic net excludes birds from 
an airfield: Implications for reducing bird strike and crop 
losses. Ecological Applications 26(2), 339–345. 
doi:10.1890/07-1650.1

Swaddle, J. P., and Page, L. C. (2007). High levels of envir-
onmental noise erode pair preferences in zebra finches: 
Implications for noise pollution. Animal Behaviour. 
doi:10.1016/j.anbehav.2007.01.004

Tarvin, K. A., Webster, M. S., Tuttle, E. M., and Pruett- 
Jones, S. (2005). Genetic similarity of social mates pre-
dicts the level of extrapair paternity in splendid 
fairy-wrens. Animal Behaviour 70(4), 945–955. 
doi:10.1016/j.anbehav.2005.01.012

Varian-Ramos, C. W., and Webster, M. S. (2012). Extrapair 
copulations reduce inbreeding for female red-backed 
fairy-wrens, Malurus melanocephalus. Animal 
Behaviour 83(3), 857–864. doi:10.1016/j. 
anbehav.2012.01.010

Ware, H. E., McClure, C. J. W., Carlisle, J. D., and 
Barber, J. R. (2015). A phantom road experiment 
reveals traffic noise is an invisible source of habitat 
degradation. Proceedings of the National Academy of 
Sciences of the USA 112(39), 201504710. doi:10.1073/ 
pnas.1504710112

Whitehead, H. (2008) . ‘Analyzing Animal Societies: 
Quantitative Methods for Vertebrate Social Analysis.’ 
(University of Chicago Press: Chicago, IL)

Worton, B. (1989). Kernel methods for estimating the utili-
zation distribution in home-range studies author (s): 
B. J. Worton published by : Wiley on behalf of the ecolo-
gical society of America stable. Ecology 70 (1), 164–168. 
doi:10.2307/1938423

EMU - AUSTRAL ORNITHOLOGY 9

https://doi.org/10.1098/rspb.2010.2296
https://doi.org/10.1098/rspb.2010.2296
https://www.python.org/
https://doi.org/10.1016/j.biocon.2006.02.016
https://doi.org/10.1016/j.biocon.2006.02.016
https://doi.org/10.1007/BF00164070
https://doi.org/10.1016/j.anbehav.2014.05.018
https://doi.org/10.1016/j.anbehav.2014.05.018
https://cran.r-project.org/web/packages/afex/index.html
https://cran.r-project.org/web/packages/afex/index.html
https://doi.org/10.1071/MU12075
https://doi.org/10.1016/j.anbehav.2013.01.021
https://doi.org/10.1016/j.anbehav.2013.01.021
https://doi.org/10.1038/424267a
https://doi.org/10.1111/j.1365-294X.2007.03487.x
https://doi.org/10.1016/j.anbehav.2014.09.029
https://doi.org/10.1111/j.1439-0310.1983.tb00083.x
https://doi.org/10.1111/j.1439-0310.1983.tb00083.x
https://doi.org/10.1890/07-1650.1
https://doi.org/10.1016/j.anbehav.2007.01.004
https://doi.org/10.1016/j.anbehav.2005.01.012
https://doi.org/10.1016/j.anbehav.2012.01.010
https://doi.org/10.1016/j.anbehav.2012.01.010
https://doi.org/10.1073/pnas.1504710112
https://doi.org/10.1073/pnas.1504710112
https://doi.org/10.2307/1938423

	Abstract
	Introduction
	Methods
	Study system and site
	Experimental design
	Noise manipulation
	Social network metrics
	Estimates of space-use
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	Disclosure statement
	ORCID
	Ethics Statement
	References



