
Introduction 

 Northern Australia experiences a monsoon system that gives rise to two main seasonal patterns 

– a wet-season (November through April) and a dry-season (May through October). The wet-season 

promotes prolific grass growth, whereas the dry-season cures the grass which makes it an excellent fuel 

stock for natural fires, especially in savanna regions (Andersen et al. 1998). There has been an increase 

in the frequency, scale, and intensity of fires in Northern Australia (Andersen et al.1998), affecting the 

biodiversity as a whole (Bradstock et al. 2002). These fires range from low intensity which leaves some 

patches of grass to high intensity which destroys almost all parts of the habitat (Nakamura et al. 2010). 

This range in fire intensity, in addition to temporal differences when different localities experience fire, 

results in a heterogeneous landscape. These fires are known to directly affect the physical structure of 

habitats, however, few studies have questioned the effects of fire-altered habitats on sound propagation. 

Birds rely on vocalization to recognize danger and alert group members of invasion, communicate with 

potential mates, and manage territories (Catchpole and Slater 1995; Klump and Shalter 1984; Kight et 

al 2012). Thus habitats that alter sound propagation may either help or hinder avian species. 

 Habitat structure plays a role in the degradation of sound. The distance that sounds propagates 

depends on the amplitude and frequency of the sound and the characteristics of the medium and its 

boundaries (Wiley and Richards 1978). Sound propagation through different habitats is affected in 

multiple ways. Sound waves can be absorbed, diffracted (bending over or around) or scattered by 

vegetation and other obstacles (Morton 1970). These sound waves can also be refracted due to 

temperature gradients or scattered due to wind gradients. A fire-altered habitat could result in a change 

of sound propagation because there are many factors affecting sound propagation which may change 

due to habitat structure. Properties that may influence the sound degradation other than habitat include 

the distance in which the sound is traveling, the height the sound is produced, and the frequency level 

of the sound.  

 The Red-backed Fairy-wren (RBFW - Malurus melanocephalus) is a savanna-dwelling 



passerine bird species negatively affected by dry-season fires (Valentine et al. 2007). Unlike some 

species which are found in higher numbers within 12 months of a fire, RBFWs are rarely found in 

burnt sites during this time period (Valentine et al. 2007). Notably, RBFWs experience a decrease in 

reproductive output in the breeding season following a fire (Murphy et al. 2010).  Losses of suitable 

habitat, immediate incineration or dispersal after fires, stressors causing delayed mortality, or a 

combination of multiple factors  may present explanations for this behavior (Murphy et al. 2010; 

Valentine et al. 2007). Changes in sound propagation could play a role in the lack of RBFWs found in 

certain habitats and/or breeding performance. 

 We focused on how sound propagation is affected by alterations in habitat induced by fires. We 

predicted that sound will be degraded less in burned territories due to less vegetation scattering and 

absorbing sounds. Furthermore, we predicted that sound would be less degraded over a shorter 

distance, sound would be less degraded at higher heights, and sound would be less degraded at lower 

frequencies. We investigated these research questions by performing sound trails including a range of 

frequencies in both burned and unburned territories over various distances and heights.  

 

Methods 

Study Site 

 Our study site was located on Coomalie Farm, 102 km south of Darwin, Northern Territory, 

Australia (13° 02' S, 131° 02' E). The field experiment took place from July 6, 2012 until July 22, 2012. 

Coomalie farm is largely composed of Eucalyptus dominated woodlands and grasslands, with a ground 

cover of tall grasses (Nakamura et al. 2010). The tall grasses are a mixture between a variety of native 

grass, dominantly Sarga spp. and an invasive species termed Anadropogon gayanus.  

 The study site has a long history of fire burns scattered throughout the property, however, there 

was no comprehensive documentation of when these burns occurred. This study required us to sample 

both burned vs. unburned territories, collecting data from 12 of each. Sites that were burned were 



identified by charred grass clumps and abundant new growth.  

Overview 

 Throughout the site, we sampled 36 total plots: 12 of these plots were burned territories and 24 

of them unburned territories. Out of the 12 burned plots, 10 plots had an abundance of new growth and 

were burned previous to this dry-season while 2 plots were burned during our experimental period 

(July 10, 2012) and were identified by charred grass. The unburned plots subdivided into 12 unburned 

territories with an abundance of native, short grass and 12 unburned territories with an abundance of 

invasive, tall grass (Anadropogon gayanus). The 12 unburned territories dominated by Anadropogon 

gayanus were left out of this particular study. The plots were triangles with a length of 35-meters that 

radiated at 30° from the starting point (Figure 1). At each plot we performed a sound experiment and a 

vegetation survey, both described below in further detail. 

Sound experiment 

 The sound experiment was set up to simulate realistic distances (7 m and 30 m) and heights (0.5 

m and 2 m) that we typically observed RBFWs singing or calling to each other. One person stood with 

a directional microphone and recording device pointing towards a speaker placed on a pole located at 

the apex of the triangle. At every combination of distance and height, we recorded the playbacks of a 3 

min. sound file consisting of a range of tones between 2 kHz and 10 kHz (NCH ToneGenerator; NCH 

Software, Inc., Greenwood Village, CO), six different RBFW songs that represented geographic 

variation in RBFW vocalizations (Coomalie Farm, Moomin, Mt Isa, and Mornington), and a recording 

of RBFW contact calls from Coomalie Farm. We replicated sound recordings three times within each 

plot, for every combination of distance and height. 

Before and after all three replicates, we recorded temperature, percent humidity, cloud cover, 

wind direction, and maximum and average wind speed (Kestrel Weather Meter). If the average wind 

speed during any given sound sample was greater than 6.0 m/s we stopped the sound trial. Before 

recording at each distance we calculated percent visibility through the vegetation by placing a 50 x 50 



cm checkerboard with 50 black and white squares (1 x 1 cm squares) at both 2 m and 0.5 m (where the 

speaker is located) and counted the number of squares visible from the given distance (where the 

microphone was) (Nudds 1977). 

Vegetation Survey 

 A vegetation survey was performed at each plot within one week of the sound trials. The 35 m 

plots were also split up into 2 distances – 12 m and 35 m. These distances were 5 m behind where the 

microphone was held to allow for the possibility that vegetation behind the microphone could reflect 

sound. Canopy cover was estimated using a densiometer at both 7 m and 30 m on the far edges and 

central parts of the triangle. Percent of ground cover was categorized into heights of grass, shrubs, and 

saplings. Any tree taller than 1.2 meters (defined as breast height) was notated with its type (i.e. 

species), estimated height (to 0.5 m precision), and diameter at breast height (DBH). Finally we 

calculated the percent cover and height of any ground objects (e.g. termite mounds, fallen logs, or 

metal barrels).  

Data Analysis 

 Back in Williamsburg, each 3 min. sound file was clipped down into the individual tones 

(QuickTime Player 7 and Audacity). These tones were then imported into Raven Pro 1.4 to be 

analyzed. Each tone was filtered to avoid any background noise of the environment to affect the 

measurements taken. The power of each 5 sec. tone was recorded at the 2 sec. mark to measure the 

amount of degradation for that specific tone. A linear mixed model test was performed analyzing 

relationships between the power values measured and habitat, distance, height, and frequency (IBM 

SPSS Statistics). 

 

Results 

Sound Experiment  

 We analyzed 24 sound recordings in total, 12 from unburned plots and 12 from burned plots. To 



ensure validity, we chose one out of the three replicates that was least affected by wind (below 1.5 mph 

during each playback) from each plot. When choosing which replicate to use, we also examined any 

noted external factors which may have interfered with the sound recorded (road/plane noise, birds 

singing loudly, etc).  

 The power measured was affected significantly by the distance the sound was produced from 

(F1,1613=1458.599, P<0.001), height at which the sound was produced from (F1,1613=4.651, P=0.031), 

and which frequency was being produced (F1,1613=4244.096, P<0.001). However, the type of habitat 

did not have an influence on the power value measured (F1,1613=0.080, P=0.777).  

All two-way effects that involved the way habitat influenced a variable's effect on power were 

non-significant (Habitat*Distance F1,1613=3.558, P=0.059; Habitat*Height F1,1613=0.947, P=0.331; and 

Habitat*Frequency F1,1613=0.003, P=0.956). With habitat not being a factor, distance has an influence 

on both the way the varied heights effected the power and the frequencies (Distance*Height 

F1,1613=14.577, P<0.001; Distance*Frequency F1,1613=438.664, P<0.001). 

Vegetation Survey 

 Vegetation differences within the habitats has not been assessed yet. This data will be used to 

help explain why habitat differences did not influence attenuation of power significantly. 

 

Discussion 

 Habitat in Northern Australia is greatly altered by fires. This alteration in habitat can cause 

immediate and long-term effects to the vegetation and it's inhabitants (Andersen et al. 2005; Woinarski 

et al. 2001; Valentine et al. 2007; Murphy et al. 2010). This study focuses on the affects that the fire-

altered habitats have on sound propagation. We predicted that sound would propagate less in unburned 

areas compared to burned areas. We tested many factors to gain a better idea of which elements play an 

important role in this comparison. These factors include habitat type (unburned and burned), distance 

(30 m and 7 m), height (2 m and 0.5 m), and frequency (every 0.5 kHz from 2 kHz through 10 kHz) 



and the way they interact with each other. Our results demonstrated that the amplitude of sound is 

louder at a closer distance than a farther distance, sounds played at higher heights will have less sound 

degradation than lower heights, and lower frequencies travel farther than higher frequencies. 

Surprisingly, our results do not support our initial hypothesis that the amplitude of sound travels better 

through burned territories than unburned territories (Figure 2). Our results showed no significant 

difference between the two types. 

 Two possible explanations could be used to explain why sound did not propagate significantly 

better in one habitat type over the other. First, the plots used in the sound trial may not have been 

different enough. Most of the burned plots used had not been burned within the past year, so the 

similarities between the two habitat types may have been too close. Secondly, although grass has been 

charred in burned plots, trees, saplings, and other objects may not have been affected by the fire 

therefore different surfaces are present which attenuate the sound even though grass is not present. 

These explanations will be further critiqued once the vegetation surveys have been fully analyzed. 

 Because habitat does not significantly affect the power values measured by the microphone, it 

also does not influence other factors (distance, height, and frequency) to have greater affects. Distance 

as a main effect has a very high effect on the amount of sound degradation. When distance is 

influenced by the type of habitat it is traveling through, although the results proved it to be non-

significant, there may be some degradation patterns (Figure 3). 

 Distance has an influence of the way power is affected by height. A possible explanation for 

height having an affect could be that grass is thicker lower to the ground, therefore the way sound 

propagates through heavily dense grass at 0.5 meters tall could be different than the way sound 

propagates through the thinner tops of grass at 2 meters tall. When traveling over farther distances, 

there will be more vegetation in the way to attenuate the sound. 

 Our results illustrated that sound degradation occurs in the habitats sampled, however, the 

results do not support the prediction that fire-altered habitats have an impact on sound degradation. 



Further research might aid in gaining information on how the demonstrated sound degradation affects 

organisms, such as avian species, specifically in vocalization. If our prediction was correct and sound 

propagates less over unburned habitats, birds may be changing the frequency or volume of their songs 

between habitats to produce the best equipped vocalization. But rather changing their song due to 

habitat differences, birds may be changing their vocalization frequencies and amplitudes due to the 

different heights they are perched at or the distance they are from one another. 

 We played a total of 17 tones, ranging from a very low frequency (2 kHz) to a high frequency 

(10 kHz). The extremes of this range resulted in different power values implying that the lower 

frequencies were less degraded in general. Habitat difference did not create an additional variation 

when added into the model with frequency and power. However, both distance and height created 

variations which further support the ideas that sounds degrade more so over farther distances and lower 

heights. 

 Although our initial predictions were not supported by our study, we were able to demonstrate 

other factors that influence sound. The distance and height a sound is produced at and the frequency of 

the sound all have major affects on sound propagation. Less sound degradation suggests farther sound 

propagation which could lead to a higher success rate for mating, territory defining and managing in 

avian species, but potentially could lead to high predator vulnerability. Acoustic properties of the 

environment can also influence avian species to optimize the propagation of their vocalization (Wiley 

and Richards 1978). If lower frequencies propagate farther without being degraded, which our study 

suggests, we can further predict that RBFWs may prefer these frequencies over the higher frequencies.  

 This study indicates the affects fire-altered habitats have on sound propagation. These affects 

may have heavy impacts on behavioral aspects of avian species, specifically vocalizations.  

 

 

 



 

 

 

 

  
  
  
  
 
 
 
 
Figure 1: A diagram of the plot set up including both the sound trail (blue) and vegetation set up (red). 
(Not to scale) 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
 
Figure 2: The average power values for each habitat type. The blue ball represents the burned 
territories while the red ball represents unburned territories. 
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Figure 3: This graph is illustrating the way habitat influences the affect distance has on power. The 
blue lines represent the averages of the burned plots while the orange lines represent unburned plots.  
 
 
 
 
 
 
 
 
 
 



 
Figure 4:  The four graphs demonstrate the influence habitat has on the way frequency affects the 
power recorded. The top left graph has a distance of 30m and a height of 2m, the top right graph has a 
distance of 30m and a height of 0.5m, the bottom left graph has a distance of 7m and 2m, and finally 
the bottom right graph has a distance of 7m and a height of 0.5m. The blue lines represent the average 
of all burned territories while the orange lines represent the unburned territories. 
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