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Foraging strategies determine the effect of traffic noise on bats
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Anthropogenic noise is a concern in many ecological systems. One important source of noise pollution is traffic noise as it can
dominate the soundscape in urban and peri-urban environments. Taxa that rely on acoustics for behavioural strategies are likely to
be especially susceptible to noise, as noise can inhibit the perception of informational sounds. Bats use echolocation to hunt prey
while foraging and are therefore prime candidates for adverse effects. Captive studies have shown that foraging efficiency can be
significantly reduced in noisy environments for some bat species, and that these species actively avoid noisy areas. However, it
remains unclear how this selective sensitivity manifests in urban environments. Given that mode of flying and use of echolocation
is entwined with foraging strategies, we hypothesised that different foraging guilds (i.e. fast flyers versus slow flyers) may show
different levels of sensitivity to noisy roads. We used transects running perpendicular to a major traffic route in Sydney, Australia,
to record bat activity and traffic noise levels. Noise amplitude levels across each frequency band dropped by over 50% in the first
50 m, with high frequency components ( > 10 kHz) being especially soft at this distance. Furthermore, all traffic noise above 5 kHz
was lost within the first 150 m from the road. Fast flying bats flew close to the road, despite the traffic noise. In contrast, slow flying
species appeared to fly more often away from the road. However, few calls of slow flyers were recorded, probably reflecting their
difficulty in detecting them using acoustic surveys as well as their earlier decline in these peri-urban environments.
Key words: bats, noise, peri-urban, roads, frequency, foraging, traffic

INTRODUCTION
Anthropogenic noise has become a significant
problem in many ecological systems. This is particularly true in urban environments, where anthropogenic noise can arise from a multitude of sources.
In urban landscapes, traffic noise often dominates
the soundscape (Botteldooren et al., 2006), and excessive traffic noise has been shown to cause physiological stress and changes in behaviour in animals
(Halfwerk et al., 2011; Morgan et al., 2012). While
chronic noise exposure can directly impact on animal health, noise can also inhibit other vital functions, such as the perception of informational sounds
— an effect called acoustic masking (Barber et al.,
2009). Taxa that rely on acoustics as part of their behavioural strategies are likely to be highly susceptible to anthropogenic noise masking. Acoustic masking can prevent prey from avoiding predators (Chan
et al., 2010), can impact on foraging efficiency
(Siemers and Schaub, 2011), and can impact on
courtship behaviour and the successful rearing of
offspring (Parris et al., 2009; Halfwerk et al., 2011).

While the focus of research has mostly been on birds
and amphibians to date, there is growing recognition
that the implications for bats may be considerable.
Two contrasting factors appear relevant to bats in
urban environments: high mobility appears to enable persistence by reducing fragmentation effects
(Threlfall et al., 2011); while urban areas in general
have been shown to reduce species richness and
promote adaptable species (Duchamp et al., 2004;
Avila-Flores and Fenton, 2005; Hourigan et al.,
2006, 2010). The effect of human-modified landscapes on bats has received much attention (e.g.,
Law et al., 1999; Erickson and West, 2003; Duchamp and Swihart, 2008; Law et al., 2011), leading
to growing concern for their persistence in urban
areas (Duchamp et al., 2004; Avila-Flores and
Fenton 2005; Hourigan et al., 2006; 2010; Basham
et al., 2011; Threlfall et al., 2011; 2012). Although
some species show the ability to adapt to the urban
environment, it seems that many more show at least
some level of sensitivity to urbanisation (Threlfall et
al., 2011). Dispersion of resources, lack of roosts,
and disturbance all contribute to this effect, but less
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is known about how human disturbance alters the
behaviour of bats in urban environments (but see
Speakman et al., 1991) and what the implications
may be in contributing to the susceptibility of bats to
urban development. Research to date suggests that
noise pollution (Schaub et al., 2008; Siemers and
Schaub, 2011) and other impacts on sensory modalities, like artificial light (Stone et al., 2009; Threlfall
et al., 2013), can impact on the foraging efficiency
and choice of foraging areas in bats. Because bats
largely rely on hearing whilst foraging, it is assumed
that noise pollution is likely to disrupt their foraging
efficiency (Siemers and Schaub, 2011). Noise has
the potential to mask echolocation calls; and highfrequency anthropogenic noise such as that produced by ultrasonic amplifiers has been shown to be
a deterrent to foraging bats (Szewczak and Arnett,
2008). Rydell et al. (1999) observed bats avoiding
foraging over water that had ripples, postulating that
the ripples disrupted echolocation, either by masking call echoes or creating acoustic clutter. Bats
have also been shown to avoid road environments
(Berthinussen and Altringham, 2011), however, because the reduction in bat activity occurred at distances much greater than the reduction in noise
levels (i.e. traffic noise dropped 89% within the first
50 m from road), the role of traffic noise in this
avoidance has been suggested to only occur within
the first 100 m.
Where new roads are created in previously untouched landscapes, it could be expected that sensitive species may gradually decline and tolerant
species persist, or indeed increase from reduced interspecific competition. However, where roads have
existed for a period of time, it could be expected that
this adjustment in bat diversity and dispersion is
well established. If this was the case, tolerant species should show either positive selection for roads
or no avoidance, while sensitive species should
show avoidance and be less abundant. To investigate
the effect of traffic noise on bats, we examined the
influence of a major road through bushland on bat
activity. We presumed that sensitivity might be linked to the different foraging strategies of bats. It is
likely that species that glean (i.e., slow-flying species that hunt by passive listening to sounds produced by prey, as opposed to actively using echolocation) are more sensitive to the lower frequency
components of anthropogenic noise masking the
prey-produced sounds they listen for whilst foraging. We hypothesised that foraging strategy should
be a good indicator of sensitivity. To do this, we
quantified traffic noise levels and measured bat

activity (for fast versus slow flying guilds) at different distances from the road, throughout multiple
nights. We predicted that traffic noise would dissipate rapidly with increasing distance from the road
and that activity levels would differ between species
guilds, with the activity of slow flying species being
reduced close to the road.
MATERIALS AND METHODS
Study Design
We conducted acoustic surveys in late summer/early autumn 2012, along seven sampling transects that ran perpendicular to a major traffic route, the Wakehurst Parkway, NSW,
Australia (Fig. 1). The Wakehurst Parkway is one of the major
traffic routes from Sydney’s central business district (CBD) to
northern Sydney, carrying over 25,000 vehicles daily (Roads
and Maritime Services, 2012) with a speed limit of 80 km/h.
The road bisects bushland and is predominantly unlit. It is typical of peri-urban environments, where residential housing and
thoroughfares traverse, and are adjacent to, remnant vegetation.
The area is primarily a mix of Hawkesbury Sandstone Open-forest and Sydney Sandstone Ridgetop Woodland communities,
with isolated patches of Coachwood Closed Forest surrounding
small streams (Pittwater Council, 1997). The road traverses the
alluvial flats along a bushland creek, and the presence of water
and fertile soil might suggest that bat activity would be biased
toward the location of the road.
We sampled bats and traffic noise along seven transects that
ran perpendicular to the road on unlit sections of bushland.
Lights were also absent along the road where transects were located. Sampling was carried out on weekdays only (Monday to
Friday) to coincide with weekday traffic levels. Sites were selected from Google Earth imagery by assessing the accessibility
of areas at least 250 m from the road. GPS coordinates of sites
were extracted from Google Earth and entered into a hand-held
GPS (Garmin 60CSx, Olathe, KS, USA), which allowed us to
locate sampling points in the field. Geology and vegetation
communities were further identified using GIS layers provided
by both Pittwater and Warringah Councils. This was to identify
any potential confounding factors caused by differences in natural habitat or soil productivity within and between transects.
The total number and location of sampling points along
each transect varied, depending on factors such as topography
and the extent of urbanisation. All transects were sampled at
points 10 m and 50 m from the road, and then subsequent distances increased by 100 m. Four transects were sampled up to
a distance of 450 m, while the remaining three were only sampled to 250 m due to topographical constraints. Tree height and
canopy cover were also recorded at each detector site, while
vegetation density was estimated between the road and first
(10 m) sampling point at each transect.

Acoustic Surveys
We recorded bat activity over two consecutive nights at each
sampling point with Anabat II detectors (Titley Electronics,
Ballina, NSW, Australia). We set the detectors to a division ratio
of 8 and set them on a timer to begin recording one hour before sunset and conclude one hour after sunrise. A single detector was placed at each sampling point, with the microphone
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positioned one metre off the ground, facing up at a 45° angle
and towards vegetation gaps to optimise sampling of unobstructed air space. Microphones were housed in short s-shaped
PVC pipes to provide protection from rain.
We captured traffic noise levels using automatic Song Meter
recorders (16 bit, 192 kHz sample rate — Wildlife Acoustics
Inc., Concorde, MA, USA). Song Meter microphones had a sensitivity of -36 ± 4 dBV Pa-1 (1 Pa = 94 dB SPL) at 1 kHz, with
a flat frequency response (20 Hz–20 kHz). Devices were set to
record in half hour blocks throughout the night, simultaneously
with Anabats, to record traffic noise at each distance relative to
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the road. Song Meters were placed in trees two meters from the
ground at all sampling points, with the recording microphone
pointed towards the road.
Peak amplitude of a passing vehicle at its closest point to the
microphone was measured in dB relative to full scale (dBFS).
We also measured the average amplitude over the time period of
a vehicle passing (any noise from start to finish of a single vehicle heard at 10 m) because traffic noise remained at constant
levels at distances above 50 m from the road. To convert traffic
noise amplitude from dBFS to dB sound pressure level (dB
SPL), we recorded sound levels of vehicles passing a known

FIG. 1. Map of study area showing the seven sampling transects (white lines) along the Wakehurst Parkway
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10 m sampling point using a sound level meter (Sper Scientific
model 840013 — Scottsdale, Arizona, USA) with an A-weighted
filter. Amplitude levels (in dB SPL) were then deduced from peak
amplitude values of the digital recordings from the same site.
We analysed activity and noise levels in hour blocks throughout the night. We used traffic volume as well as peak and average amplitude levels of passing vehicles to quantify traffic
noise. Traffic volume was estimated by recording the number of
vehicles passing the microphone in three 5-minute blocks per
hour (e.g., 20:45–20:50 h, 20:55–21:00 h, 21:05–21:10 h) over
three weeknights.

Acoustical Analyses
The Anabat detection system uses zero-crossings analysis to
process information from the dominant harmonic of calls, with
a frequency bandwidth of 10–200 kHz (Adams et al., 2010).
A bat ‘pass’ is defined as a sequence of at least three echolocation calls (or pulses) of similar shape and frequency, separated
by brief pauses of less than one second (Law et al., 1998). Call
identification was automated using Anascheme software
(M. Gibson, Ballarat University, Ballarat, Victoria, Australia)
with an identification key specific to the Sydney region (Adams
et al., 2010.). Anascheme models calls recorded by the Anabat
using regression analysis and extracts call parameters from both
raw and modelled data (Adams et al., 2010). A standard protocol was implemented within Anascheme to identify test calls
and sequences. Identification of individual calls was only made
when model quality (R2) was > 0.9 (or > 0.8 for Mormopterus
species). For a call sequence to be identified as a species, more
than 50% of the calls in the sequence and at least three calls in
total, had to be identified to the same species. Any files that
Anascheme could not match to these conditions were placed in
an ‘unknown’ category. Unknowns were then classified as either
bat calls or noise, with noise files being discarded.
Most species could be identified to species level in Anascheme with the exception of Nyctophilus (N. geoffroyi and
N. gouldi), hence both species were pooled as ‘Nyctophilus
spp.’. Threatened species (e.g., Chalinolobus dwyeri) were assessed manually using Analook software (C. Corben, version
4.8) and compared to an identification key for the area (Pennay
et al., 2004) to ensure correct identification.
Feeding buzzes were manually distinguished from normal
search phase calls using Analook, and were used to estimate foraging activity. We differentiated feeding buzzes from normal
calls by identifying short sequences of steep linear calls with increased repetition rates (i.e., shorter interval between pulses).
Foraging activity was assessed using the number of bat passes
containing feeding buzzes.
We used Adobe Audition CS6 (Adobe® Systems, Mountain
View, CA, USA) to analyse amplitude levels of traffic noise.
Analyses were reduced to four separate frequency bands: 0–1
kHz, 1–5 kHz, 5–10 kHz and 10–20 kHz. An upper limit of
20 kHz was set as ultrasonic frequencies (i.e. > 20 kHz) were
quiet at 10 m, and negligible at distances greater than 10 m from
the source.

Statistical Analyses
A Poisson generalised linear mixed model (GLMM) was
used to analyse bat activity data from the Wakehurst Parkway road transects, performed using the software package R,
ver. 2.15.1 (R Core Team, 2012). Independent variables were

standardised to have means of 0 and standard deviations of 1 so
as to make interpretation among variables equivalent. Three
variables included in the model were distance from road (m),
tree height (m) and canopy cover (%), with transect treated as
a random factor. As noise and distance from road were highly
negatively correlated (r = -0.833) and we did not have noise
data for all points, noise was not included in the model as a variable. GLMM models were run for total calls across all species,
and then separately for species grouped as fast flying or slow
flying according to Churchill (2008). To determine whether bat
distribution differed along transects throughout the night, a second GLMM was run with time (h) as a factor. Bat passes
were pooled into hour blocks throughout each night (i.e.,
20:01–21:00 h, 21:01–22:00 h). Predictor variables were time
and distance, with transect as a random factor.
We used Spearman’s rank correlation to investigate a direct
relationship between traffic noise and activity between 20:00
and 21:00 h when bat activity levels were at their peak and traffic was relatively constant. Noise data were based on the average amplitude of the lowest frequency band (to avoid confounding effects from other noise sources) across the whole hour,
quantified using Audition. One-way analysis of variance
(ANOVA) was used to detect significant differences in sound
attenuation in the four frequency bands at 10 m from the road
along a vegetation density gradient. The peak amplitude (mean
across 15) of passing cars at each of the three levels of vegetation density was recorded for analysis. Tukey’s HSD post-hoc
tests were used to examine any pair-wise differences between
vegetation categories in each frequency band. Data did not require transformation to meet the assumptions of ANOVA (normality and homogeneity of variances) as confirmed by Kolmogorov-Smirnov and Levene’s tests. Tests were performed in
the SPSS statistical package 19 (IBM Ltd., St Leonards, NSW
2065, Australia).

RESULTS
Levels of Traffic Noise and Volume
Traffic noise levels gradually decreased with distance from the road in each of the four frequency
bands (Fig. 2). Amplitude levels across each frequency dropped by over 50% in the first 50 m, with
high frequency components > 10 kHz being especially soft at this distance. Furthermore, all traffic
noise above 5 kHz was lost within the first 150 m
from the road. The entire audible traffic noise
recorded at distances of 250 m or more was contained within the < 1 kHz frequency band. Vegetation density had a significant inverse effect on traffic
noise attenuation (Table 1), with sound levels decreasing as vegetation density increased (Fig. 3).
Attenuation by vegetation was not homogenous
among frequencies.
Traffic volume along the Wakehurst Parkway
peaked at dusk and dawn (Fig. 4). Volume remained
high at 20:00 and 21:00 h with a mean (± SE) of
50 ± 3 and 40 ± 1 vehicles passing every five
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Bat Activity and Diversity
A total of 1,288 bat passes from at least 11 species were detected across 38 nights of recordings,
and bat activity was recorded at 34 of the 36 sampling points (Table 2). Forty-eight percent of passes
could be identified to either species or a species
complex (i.e., Nyctophilus spp.). The remaining
52% were pooled in an unknown category and
were included in total calls as an index of activity.
Chalinolobus gouldii had the greatest number of
passes (247) and was recorded at the largest number
of sampling points (29 of 36). Other frequently
recorded species were Miniopterus schreibersii with
123 passes recorded at 23 sampling points, and
Mormopterus ridei with 93 passes from 16 sampling
points. Species that were recorded at less than 10%
of the total sites were classed as rare and not included in graphical representation. A total of 110
feeding buzzes were recorded (8.5% of total calls)
from 23 of the 36 sampling points.
The majority of recorded bat passes occurred at
10 m from the road (Fig. 5A). Foraging activity was
also highest, with 53.6% of total feeding buzzes
being recorded at 10 m. Fast flying species (excluding M. ridei) were found to contribute to the higher
activity levels at this distance, with C. gouldii,
M. schreibersii and Tadarida australis calls being
more common at 10 m than at any other distance

90
–20 kHz
10
10–20
kHz
–10 kHz
kHz
55–10
– 5 kHz
11–5
– 1 kHz
00–1

80

Average amplitude (dB SPL)

minutes, respectively. By 23:00 h, traffic volume reduced to a mean of 6 ± 1 vehicles per five
minutes and continued to decrease further into
the night. Traffic volume began rising at 04:00 h
until morning peak hour (06:00 h), which was the
busiest period with a mean of 95 ± 4 vehicles per
five minutes.
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FIG. 2. Average amplitude levels (0 ± SE; dB SPL, decibels
sound pressure level) of traffic noise recorded at five distances
perpendicular to Wakehurst Parkway. Note: noise above 20 kHz
was excluded from analyses

from the road (Fig. 5B). More than 50% of calls
from C. gouldii, and 75% from T. australis, were
recorded in the first 10 m from the road. Interestingly, 17 passes were recorded at 10 m from the road
for the vulnerable and rare Large-eared pied bat
(Chalinolobus dwyeri) and this was the highest
number of passes recorded from this species at any
sampling point. Distance from road and canopy
cover were negatively correlated with total bat activity, while tree height positively influenced total bat
activity (deviance explained, DE = 54.75% — Table
3), however, this was not consistent among species
guilds. Decreasing canopy cover and distance from
the road significantly influenced the activity of fast

TABLE 1. Summary of results of one way ANOVAs testing for differences in sound attenuation between all pairs of vegetation
categories (No = significant gap in vegetation between traffic and microphone, moderate = some vegetation between traffic and
microphone, dense = dense vegetation between traffic and microphone) within each of four frequency bands
Frequency band
0–1 kHz

1–5 kHz

5–10 kHz

10–20 kHz

Vegetation category
No vs. moderate
No vs. dense
moderate vs. dense
No vs. moderate
No vs. dense
moderate vs. dense
No vs. moderate
No vs. dense
moderate vs. dense
No vs. moderate
No vs. dense
moderate vs. dense

d.f.
42

F
144.6

42

57.10

42

34.33

42

19.16

P-level
< 0.001
< 0.001
< 0.050
< 0.001
< 0.001
< 0.050
< 0.001
< 0.001
< 0.010
<0.106
< 0.001
< 0.001
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Peak amplitude (dB SPL)

1–5 kHz
5–10 kHz
10–20 kHz

Vegetation category
FIG. 3. Peak amplitude levels (0 ± SE) of traffic recorded at 10 m from the edge of Wakehurst Parkway across three vegetation
categories (No = significant gap in vegetation between traffic and microphone, moderate = some vegetation between traffic and
microphone, dense = dense vegetation between traffic and microphone; examples in Fig. 2)

Mean number of vehicle passes

flyers, while tree height negatively influenced activty (DE = 43.19%). In contrast, tree height was
positively correlated with the activity of slow flying
species, and there was no relationship between activity and distance from the road and canopy cover
(DE = 14.19% — Fig. 5C).
Bat activity levels across all recorded species
were highest early in the night (2000–2100 h) and
then decreased (Table 4), however, the relationship
between bat activity and distance from the road
weakened when time was included as a factor (total
calls DE = 17.15%). This was also the case for fast
flyers with a weaker negative relationship between

120
100
80
60
40

activity and distance from the road with time being
a factor (DE = 11.38% — Fig. 6A). Additionally,
with time included as a factor, there was a weak
positive relationship between the distribution of
slow flying species and distance from the road (DE
= 13.16% — Fig. 6B). Zero passes were recorded
from slow flying species at 10 m until after 2100 h
when traffic volumes begin to decline, however
activity was recorded at this distance between
0600 and 0700 h when volumes are at their peak.
Unlike overall activity, there was no relationship between foraging activity and time, with feeding
buzzes being distributed at any time throughout the
night. Spearman’s rank correlation confirmed that
there was no direct relationship between traffic
noise and activity across all species (Spearman’s
rho = 0.145, P = 0.203) and across species guilds
(fast flyers: Spearman’s rho = 0.184, P = 0.145;
slow flyers: Spearman’s rho = 0.069, P = 0.347, in
all cases n = 35).
DISCUSSION

20
0
2000 2100 2200 2300 0000 0100 0200 0300 0400 0500 0600

Time (hour)

FIG. 4. Mean number of vehicles passing per five minutes as
measured each hour over an 11-hour period (values are means
of three 5-minute blocks per hour over three nights ± SE)

Contrary to a priori expectations, we found no
evidence of road avoidance in bats. In fact, we found
overall activity to be highest within the first 10 m
from the road, with the vast majority of calls being
produced by three fast flying species (C. gouldii,
M. schreibersii and T. australis). These species
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TABLE 2. Species detected in transect study with total passes across all sites and the total number of sites (n) in which each species
was recorded in (36 in total). * — rare species
Species
Chalinolobus dwyeri*
C. gouldii
C. morio*
Miniopterus australis*
M. schreibersii
Mormopterus ridei
Nyctophilus spp.
Rhinolophus megaphyllus
Tadarida australis
Vespadelus darlingtoni*
V. vulturnus

Common name
Large-eared pied bat
Gould’s wattled bat
Chocolate wattled bat
Little bent-wing
Eastern bent-wing
Eastern freetail
Lesser and/or Gould’s long-eared bats
Eastern horseshoe bat
White-striped freetail bat
Large forest bat
Little forest bat

preferred to forage in productive areas with a significant gap in the canopy. Fast flying species, such as
these, tend to use open areas such as roads (Abbott
et al., 2012) and quiet forest tracks (Lloyd et al.,
2006) as flyways while foraging. Recent studies
have revealed that bat activity is highest in
areas of high productivity, where invertebrate numbers are high (Basham et al., 2011; Threlfall et al.,
2011). Throughout suburban Sydney, insect biomass is highly influenced by landscape and geology
variables (Threlfall et al., 2011). Suburban bushland
habitats in sandstone landscapes support significantly lower insect biomass than suburban bushland
habitats with shale geology, as well as open space
and riparian habitats on either geology. Within our
study area, a gradient exists between low productivity sandstone ridges and the productive moist
gullies and alluvial flats (Collins et al., 2012), consisting of open space and riparian habitats, on which
the road is located. We recorded high foraging activity at one 450 m sampling point excluded as an outlier from analyses. Unlike the other sampling points
far from the road that were located on sandstone

Total passes
26
247
2
5
124
93
6
12
71
2
26

n
3
29
2
3
24
16
5
8
9
2
13

ridges, this point was located in a low-lying productive alluvial flat with a significant gap in the canopy.
Because of the location of the Wakehurst Parkway in relation to soil productivity and, therefore,
insect biomass, we predicted that bats would forage
close to the road. Unexpectedly, however, we found
activity to be highest at times of high traffic volume.
This finding is supported by Abbott et al. (2012),
who recorded high incidences of foraging bats
crossing motorways coincident with passing vehicles. In addition, it is possible that bats hunt insects
that are attracted to vehicle headlights (Adams et al.
2005). Lentini et al. (2012) found that bat activity on
country roads was unaffected by estimated traffic
volume, however, bitumen road surface reduced activity in nearby remnant vegetation. This suggests
that the amount of traffic may not deter bats from
foraging if resources are present. In addition, bats
are most active at dawn and dusk (e.g., Law et al.,
1998), which in our study coincides with peak traffic levels. One consequence of not avoiding traffic
noise could be increased vulnerability of foraging bats colliding with cars (Lesiński et al., 2011).

TABLE 3. Summary from GLMM analysis of transect variables from seven transects. SE — standard error; * — significant at α = 0.05
Species guild
Total calls

Fast flyers

Slow flyers

Variable
(Intercept)
Distance
Canopy cover
Tree height
(Intercept)
Distance
Canopy cover
Tree height
(Intercept)
Distance
Canopy cover
Tree height

Coefficient
3.102
-0.356
-0.582
0.176
2.176
-0.583
-0.888
-0.151
0.387
-0.050
-0.164
0.555

SE
0.318
0.041
0.048
0.051
0.340
0.070
0.084
0.082
0.295
0.141
0.165
0.185

z
9.757
-8.670
-12.010
3.396
6.411
-8.288
-10.600
-1.835
1.315
-0.359
-0.994
2.994

P-level
< 0.001*
< 0.001*
< 0.001*
< 0.001*
< 0.001*
< 0.001*
< 0.001*
0.066
0.189
0.720
0.320
0.002*
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FIG. 5. Number of passes (0 ± SE) from (A) all bat species,
(B) fast flyers and (C) slow flyers recorded at six perpendicular
distances from the edge of Wakehurst Parkway

We recommend this as an important subject for further research, particularly for vulnerable species
such as C. dwyeri.
We predicted that bats would show a level of
avoidance of foraging near busy roads because of
acoustic disruptions caused by traffic noise (Schaub
et al., 2008), but found no evidence of this. In con-

trast, Berthinussen and Altringham (2011) did report
a decrease in activity in proximity to a major road.
These differences point to a role for habitat, landscape elements, and spatial scale in altering effects. At small spatial scales, roads through forested
landscapes like the Wakehurst Parkway provide
a contrast of resources for bats, attracting those that
can exploit those resources. In other environments,
where resource distribution is not driven by road
proximity, bats may choose to avoid roads because
they are a disturbance, not because they prevent foraging. Thus, it is possible that traffic noise does not
disrupt the high frequency calls of echolocating
bats. The majority of sound energy in traffic noise
lies within low frequency ranges (< 5 kHz), with
ultrasonic components (> 20 kHz) being soft and
attenuating rapidly over short distances. Even at
10 metres from the road, we found that ultrasonic
components were often negligible. As most species
echolocate far above this frequency, it is unlikely
that their calls would be masked by traffic noise.
However, the call of T. australis lies between 10 and
15 kHz (Pennay, 2004); a frequency range in which
traffic noise is highly detectable at 10 m. T. australis
is widespread throughout urban Sydney (Threlfall
et al., 2012) and tends to forage in areas high above
the canopy, potentially at altitudes of over 100 m
(Rhodes and Catterall, 2008). At altitudes this high,
traffic noise is largely attenuated, and therefore unlikely to have any effect on echolocation. But even
at 10 m from the road, it is possible that traffic noise
is unable to mask the high intensity of echolocation
calls. Surlykke and Kalko (2008) recorded the calls
of eleven fast flying species in full-spectrum, and
found that the intensity of calls was above 115 dB
SPL for all species. At 10 metres from the road, traffic noise recorded in the lowest (i.e. loudest) frequency band (0–1 kHz) was below 80 dB SPL,
where noise recorded in the highest measured band
(10–20 kHz) was below 60 dB SPL. Therefore, it is
unlikely that the low amplitude levels of traffic

TABLE 4. Summary from GLMM analysis with bat passes grouped in hour blocks across the night. SE — standard error;
* — significant at α = 0.05
Species guild
Total calls

Fast flyers

Slow flyers

Variable
(Intercept)
Distance
Time
(Intercept)
Distance
Time
(Intercept)
Distance
Time

Coefficient
2.606
-0.002
-0.263
1.961
-0.002
-0.264
-1.018
0.003
-0.298

SE
0.285
0.000
0.010
0.263
0.000
0.014
0.454
0.001
0.039

z
9.140
-8.806
-26.760
7.461
-7.408
-18.330
-2.244
4.285
-7.709

P
< 0.001*
< 0.001*
< 0.001*
< 0.001*
< 0.001*
< 0.001*
< 0.025*
< 0.001*
< 0.001*
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A
10m
50m

14
12
10
8
6

Bat passes

4
2
0
0,7

B

0.6
0.5
0.4
0.3
0.2
0.1
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Capacity to test this hypothesis in situ was difficult as only a low number of Nyctophilus spp. calls
were detected. These species are often underrepresented in acoustic surveys (Law et al., 1999)
as they have soft calls and rely on vision and passive listening (Grant, 1991; Hosken et al., 1994).
Future field research should target such species with
more suitable methods where ultrasonic detectors
do not suffice, such as the use of infrared cameras
(Szewczak and Arnett, 2008), radio tracking (Kerth
and Melber, 2009) or greater acoustic sampling effort. Threlfall et al. (2012) found that these species
are less abundant in urban bushland than more extensive bushland, which is possibly in part due to
their sensitivity to noise around roads or other anthropogenic effects such as lights (Threlfall et al.,
2013).
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FIG. 6. Activity of (A) fast flying species and (B) slow flying
species across hourly blocks throughout the night within the first
50 m from the road (values are means across transects ± SE)

noise would be able to effectively mask a call above
115 dB SPL.
Nonetheless, not all species rely on high frequency and high intensity echolocation calls whilst
foraging. Slow-flying gleaning species, such as
Nyctophilus spp., largely rely on passive listening
to sounds produced by prey (Grant, 1991). These
species are likely to be more sensitive to noise,
due to the masking of low intensity sounds produced
by prey animals. Previous studies observed decreased foraging efficiency (Siemers and Schaub,
2011), and even avoidance of noisy areas (Schaub
et al., 2008) in the gleaning Myotis myotis. Therefore, we assumed that Nyctophilus spp. would show
similar avoidance behaviour in the field; noting that
this would only likely be noticeable near the road.
We determined that the majority of traffic noise
was lost within the first 50 m from the road, due in
part to the dense vegetation surrounding Wakehurst Parkway. This allows us to assume that the
potential of traffic noise masking prey-produced
sounds is significantly reduced by 50 m. Kerth and
Melber (2009) found that the gleaning Myotis
bechsteinii often foraged within 50 m from the edge
of a busy motorway, but these bats totally avoided
crossing the road, apart from a few that used an
underpass.
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