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Introduction
Urban wildlife has enormous social and biological value. It is also subject to many novel stressors such as
anthropogenic noise, artificial light at night and an array of chemical pollutants in air, water and soil.
Separately, these stressors are known to interfere with the development, sensory perception, behaviour,
survival and reproduction of fauna (Gaston et al. 2015; Lürling & Scheffer 2007; Parris 2015; Parris et al.
2009; Parris & McCarthy 2013; Sievers et al. 2018). However, the landscape-scale impact of these
stressors has rarely been assessed. This knowledge gap hampers effective management of wildlife in
urban environments, risking the persistence of threatened species (Ives et al. 2016) and the many
benefits that biodiversity provides to billions of people living in cities worldwide (Taylor & Hochuli 2014;
Cox et al. 2017).
Acoustic communication plays a vital role in the social behaviour of many animals including insects, fish,
birds, mammals and frogs. Anthropogenic noise in cities impairs hearing and effective communication in
these groups, impacting behaviour, reproductive success and the detection of both predators and prey
(Halfwerk et al. 2011; Parris 2015; Parris & McCarthy 2013; Shannon et al. 2016). This report describes a
preliminary analysis of the impact of urban noise on acoustic communication in a threatened frog
species, the growling grass frog Litoria raniformis, at wetlands across Greater Melbourne.
The maximum distance over which a frog call can be detected is known as its active space. This distance
is influenced by a range of factors including call amplitude, call frequency, habitat type, the level of
background noise and the auditory acuity of the receiver (Forrest 1994; Marten & Marler 1977; Parris
2002). Acoustic interference or masking occurs when background noise reduces the active space of a
signal by increasing the hearing threshold of the receiver (Brumm & Slabbekoorn 2005). A mathematical
model developed by the senior author predicts that larger frog species with lower-frequency calls will
suffer the greatest loss of active space in urban noise (Parris 2013). Thus, the growling grass frog is
expected to experience substantial acoustic interference at urban wetlands across the study area.

The growling grass frog Litoria raniformis at Jacana Wetlands (photo by Saide Cameron).
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Methods
Study species
The growling grass frog Litoria raniformis is listed as vulnerable to extinction under the EPBC Act and as
endangered by the IUCN, based on significant population declines since the 1970s and a contracting
geographic range (Heard et al. 2012). The species faces a variety of threatening processes including
urban and industrial development, disease, pollution and climate change (IUCN 2021). Despite this, a few
areas of Greater Melbourne continue to provide important habitat for the growling grass frog (Keely et
al. 2015). Male frogs call to attract females for mating and to indicate to other males that a territory is
occupied (Wells 1977). The peak breeding season of L. raniformis occurs in the warmer months of the
year from October to March. Adult males have an average body size of 70 mm snout-vent length (Heard
et al. 2012), producing a characteristic growling advertisement call with a dominant frequency of approx.
1200 Hz and an amplitude of 103 dB sound-pressure level (SPL) at 50 cm (Loftus-Hills 1973).
Study area
The study area includes 34 local government areas in the Greater Melbourne region, stretching from
Moorabool and Greater Geelong in the west to the Yarra Ranges and Cardinia in the east. We accessed
spatial data on the location of wetlands in the study area from the database ‘Victorian Wetland
Inventory (Current)’, via the Department of Environment, Land, Water and Planning’s Spatial Datamart
Victoria, across two catchment-management areas (Corangamite CMA and Port Phillip and Westernport
CMA). These data were made available under a Creative Commons Attribution 4.0 International licence.
The dataset contained 2,994 wetlands: 568 in the Corangamite CMA and 2,426 in the Port Phillip and
Westernport CMA (Fig. 1).

Figure 1. Map of the study area showing the boundaries of the 34 local government areas and the
location of wetlands.
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Data and analysis
We applied the transportation-noise model of Hinze and Tsakiris (in review) to estimate combined
daytime noise levels from road and air traffic, expressed as dB LAeq,12 hr (A-weighted, equivalent
continuous sound level in decibels over a 12-hour period), for each wetland in the dataset (Fig. 2). The
noise model calculates out to a distance of 1 km from the nearest road. Using ArcMap 10.8, we
calculated summary statistics for each wetland to give the minimum, mean and maximum LAeq values
experienced at each wetland. For the purposes of this analysis, we will present the mean values only.
Wetlands with a predicted mean noise level of ≤30 dB were grouped together as quiet sites. Note that dB
LAeq sound levels are logarithmic values: hence, a doubling of sound level results in a measured increase
of 3 dB.

Figure 2. Map of the study area showing daytime transportation-noise levels (as dB LAeq,12 hr)
estimated for each of 2,994 wetlands.
We downloaded occurrence records of L. raniformis across the study area from the Atlas of Living
Australia (https://doi.ala.org.au/doi/10.26197/ala.a935dc53-ba7c-4169-887c-e2ba8a1aec7a, accessed
November 18, 2020). All records since the year 2000 were included in the dataset. Using the intersect
function in the Spatial Analyst extension for ArcMap 10.8, we identified 262 wetlands that had at least
one record of L. raniformis within 250 m of the wetland boundary, and considered these as ‘presence’
sites (Fig. 3). Finally, we applied the model of Parris (2013) to predict the level of acoustic interference
from transportation noise experienced by growling grass frogs at each of these sites. This model uses
data on call frequency (Hz), call amplitude (dB SPL), the attenuation of sound as it travels through the
environment and the auditory acuity of the receiver in urban noise at the relevant frequency (also known
as the masked threshold) to calculate the active space of an individual advertisement call.
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Figure 3. Map of the study area showing transportation-noise levels (as dB LAeq,12 hr) calculated for
each of 2,994 wetlands, overlaid with occurrence records of the growling grass frog from the Atlas of
Living Australia (green circles). This shows the clustering of records to the west, north and south-east of
Melbourne: all known strongholds for the species (Keely et al. 2015).

Results
The active space (communication distance) of the growling grass frog’s advertisement call is predicted to
decline rapidly as the level of transportation noise at a wetland increases (Fig. 4). The model of Parris
(2013) predicts that in quiet conditions (≤ 30 dB of noise), the active space of an individual advertisement
call for this species is 406 m. In 40 dB of transportation noise, this decreases to 153 m, a loss of 63%. In
50 dB of transportation noise, the active space of the call decreases to 52 m, a loss of approximately
90%. Of the 262 wetlands in our dataset with growling grass frogs present, 74 are predicted to
experience mean noise levels ≤ 33 dB LAeq. At these relatively quiet sites, the species maintains > 75% of
its communication distance. However, 120 wetlands are predicted to experience mean noise levels > 40
dB LAeq; at these sites, the species maintains < 40% of its communication distance. Of these 120, 42
experience noise levels of > 52 dB LAeq, which corresponds to a loss of > 90% in the active space of an
individual call. The noisiest site in the study area known to be occupied by the growling grass frog is
Jacana Wetlands on the Moonee Ponds Creek, which is located near the intersection of the Tullamarine
Freeway and the Western Ring Road. It is also in a flight corridor for aircraft approaching the Tullamarine
Airport. Jacana Wetlands has a predicted mean noise level of 69.4 dB LAeq; this translates to an active
space of an individual growling grass frog call of only 6 m, or 1.5% of the active space in quiet conditions.
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Figure 4. The active space of an individual advertisement call of the growling grass frog (m) as a function
of transportation-noise level (dB SPL), predicted using the model of Parris (2013).
Port Phillip Bay (Western Shoreline) and the Bellarine Peninsula support significant wetlands listed under
the Ramsar Convention (Australian Ramsar site no. 18). These include habitat occupied by the growling
grass frog at the Cheetham Saltworks, the Western Treatment Plant near Werribee, Reedy Lake and
Hospital Swamp in the Lake Connewarre Wildlife Reserve and a seasonal wetland in the Portarlington
Flora and Fauna Reserve (Fig. 5). Of these, only the main Western Treatment Plant site is predicted to
experience mean LAeq transportation noise levels > 40 dB, with a calculated mean noise level of 56 dB
LAeq (Fig. 5). In this level of transportation noise, the predicted active space of an individual call of the
growling grass frog is only 26.4 m: 6.5% of the active space in quiet conditions.
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Figure 5. Transportation-noise levels experienced at significant wetlands of Port Phillip Bay (Western
Shoreline) and the Bellarine Peninsula, which comprise Australian Ramsar site no. 18: see text for more
details. Green circles show records of the growling grass frog since 2000.

Discussion
This preliminary analysis demonstrates that the growling grass frog is likely to experience significant
acoustic interference from transportation noise at around half the wetlands it occupies in the Greater
Melbourne area. Of 256 wetlands known to be occupied by the species, 120 are predicted to experience
daytime mean noise levels > 40 dB LAeq, translating to a loss of communication distance of > 60%. Some
wetlands experience such high levels of transportation noise that communication by resident growling
grass frogs will be severely constrained. At 42 occupied wetlands, the active space of an individual call of
this species is predicted be < 10% of that obtained in quiet conditions. Further, noise levels are likely to
increase over time at some wetlands in the study area as new housing areas are developed, new roads
are built and the volume of road traffic grows. The volume of air traffic in the study area has been
substantially reduced throughout the COVID-19 pandemic, but is likely to rise again in future as domestic
and international travel patterns return closer to normal.
The advertisement calls of male frogs are used to communicate with females at two distinct spatial
scales. On the broader or landscape scale, these calls serve to communicate that a particular breeding
site (such as a wetland) is occupied, and to attract females of the correct species to that location.
Depending on the size of the chorus, the local topography and prevailing weather conditions, this longrange communication can occur over distances from hundreds of metres up to a kilometre or more. For
prolonged-breeding species such as the growling grass frog, the advertisement call also plays an
important role in mate selection (Wells 1977). When a female arrives at a breeding site, she uses call
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characteristics such as frequency (pitch), amplitude and call-repetition rate to select between different
males in the chorus and choose the father of her future offspring (Sullivan et al. 1995). This assessment
occurs over much shorter distances, likely in the order of a few metres (e.g., Gerhardt & Klump 1988).
Transportation noise in urban areas could impair the acoustic communication of growling grass frogs at
both these spatial scales, with the following effects: 1) a lower probability that an individual female frog
will hear a calling male or a chorus and respond by moving across the landscape to a breeding site; and
2) at the breeding site, females may have difficulty discerning between the calls of the different males
present, potentially leading to poor mate choices (Parris et al. 2009). At this stage, we know very little
about the impact of acoustic interference from transportation noise on breeding success, survival of
offspring, or other factors that could influence population size over time in any species of frog. This is a
key area for future research.
Measures to reduce road-transportation noise at wetlands in urban environments include engineering
approaches such as sound barriers, the use of quieter paving materials, and improved engine, muffler
and tyre design (Parris 2015). Sound barriers have been used for decades to protect humans from high
levels of traffic noise, but they are rarely used with the intention of protecting non-human species. One
downside of sound barriers is that their physical structure can prevent the movement of ground-dwelling
animals – including frogs – across the landscape, increasing the isolating effect of roads. Barriers made of
dense vegetation, or barriers with a small gap at the bottom to allow animals to pass underneath, can act
as alternatives to solid sound barriers; however, these designs are likely to be less effective at mitigating
noise (Parris 2015). Another approach would be to reduce or exclude the noise-generating activity at a
given time and place where animals of concern are known to be present, or particularly vulnerable to the
effects of noise: e.g., by closing roads or reducing traffic speeds (and thus traffic noise) during the
breeding season (Halfwerk et al. 2011; Parris et al. 2009). This approach is unlikely to be socially
acceptable in a city the size of Melbourne.
Frogs themselves can employ certain strategies to retain or regain communication distance in
transportation noise. A chorus of multiple frogs calling together will be louder than the call of a single
individual, offering some respite from noisy urban conditions. For example, two frogs calling together
will be 3 dB louder than one on its own; four frogs calling together will be 6 dB louder and so on. At a
wetland experiencing 40 dB of transportation noise, the active space of a chorus of four growling grass
frogs is predicted to be approx. 69 m, compared with 38 m for a single frog. Frogs may also take
advantage of quieter periods by calling late at night or between major vehicular movements; this would
be especially beneficial at wetlands that experience significant aircraft noise. Some frog species are
known to change one or more characteristics of their calls to be better heard in urban noise (Hanna et al.
2014; Kruger & Du Preez 2016; Parris et al. 2009), but this ability has not yet been demonstrated in the
growling grass frog. Further research is required to assess behavioural strategies used by growling grass
frogs at noisy urban wetlands, and to explore diurnal variation in noise levels at key wetland sites. This
preliminary report indicates that the acoustic environment available for frogs and other wildlife – in
addition to physical habitat conditions on the ground – must be considered when seeking to conserve
their populations in urban environments.

References
Brumm & Slabbekoorn 2005. Acoustic communication in noise. Advances in the Study of Behavior 35,
151–209.
Cox et al. 2017. Doses of neighbourhood nature: Benefits for mental health of living with nature.
BioScience 67, 147–155.

Page 7

Forrest 1994. From sender to receiver: propagation and environmental effects on acoustic signals.
American Zoologist 34, 644–654.
Gaston et al. 2015. The biological impacts of artificial light at night: The research challenge. Philosophical
Transactions of the Royal Society B 370, 20140133.
Gerhardt & Klump. 1988. Masking of acoustic signals by the chorus background noise in the green tree
frog: A limitation on mate choice. Animal Behaviour 36, 1247–1249.
Halfwerk et al. 2011. Negative impact of traffic noise on avian reproductive success. Journal of Applied
Ecology 48, 210–219.
Hanna et al. 2014. Spring peepers Pseudacris crucifer modify their call structure in response to noise.
Current Zoology 60, 438–448.
Heard et al. 2012. The life history and decline of the threatened Australian frog, Litoria raniformis.
Austral Ecology 37, 276–284.
Hinze & Tsakiris (in review) Transportation noise model of Australia – Quantification of exposure levels
for Victoria. Journal of the Acoustical Society of America.
IUCN 2021. The IUCN Red List of Threatened Species, accessed January 27, 2021.
https://www.iucnredlist.org/species/12152/86177064
Ives et al. 2016. Cities are hotspots for threatened species. Global Ecology and Biogeography 25, 117–
126.
Keely et al. 2015. Genetic structure and diversity of the endangered growling grass frog in a rapidly
urbanizing region. Royal Society Open Science 2: 140255. http://dx.doi.org/10.1098/rsos.140255
Kruger & Du Preez 2016. The effect of airplane noise on frogs: A case study on the Critically Endangered
Pickersgill’s reed frog (Hyperolius pickersgilli). Ecological Research 31, 393–405.
Loftus-Hills 1973. Comparative aspects of auditory function in Australian anurans. Australian Journal of
Zoology 21, 353
Lürling & Scheffer 2007. Info-disruption: Pollution and the transfer of chemical information between
organisms. TREE 22, 374–379.
Marten & Marler 1977. Sound transmission and its significance for animal vocalization I. Temperate
habitats. Behavioral Ecology and Sociobiology 2, 271–290.
Parris 2002. More bang for your buck: The effect of caller position, habitat and chorus noise on the
efficiency of calling in the spring peeper. Ecological Modelling 156, 213–224.
Parris 2013. Anthropogenic noise constrains acoustic communication in urban-dwelling frogs.
Proceedings of Meetings on Acoustics 19: 010055.
Parris 2015. Ecological impacts of road noise and options for mitigation. Pp. 151–158 in van der Ree et al.
(eds), Handbook of Road ecology. Wiley Blackwell.
Parris & McCarthy 2013. Predicting the effect of urban noise on the active space of avian vocal signals.
American Naturalist 182, 452–464.
Parris et al. 2009. Frogs call at a higher pitch in traffic noise. Ecology and Society 14(1), 25.
Shannon et al. 2016. A synthesis of two decades of research documenting the effects of noise on wildlife.
Biological Reviews 91, 982–1005.
Sievers et al. 2018. Impacts of human-induced environmental change in wetlands on aquatic animals.
Biological Reviews 93, 529-554.
Sullivan et al. 1995. Female choice and mating system structure. Pp. 469–517 in Heatwole et al. (eds),
Amphibian Biology Vol. 2: Social Behaviour. Surrey Beatty and Sons.
Taylor & Hochuli 2014. Creating better cities: how biodiversity and ecosystem functioning enhance urban
residents’ wellbeing. Urban Ecosystems 1–16.
Wells 1977. The social behaviour of anuran amphibians. Animal Behaviour 25, 666–693.

Page 8

