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Abstract:  

 Vegetation is one of many factors that can influence propagation of acoustic signals. The 

red-backed fairy-wren (Malurus melanocephalus) lives in an environment characterized by 

structurally different habitats: taller, invasive gamba grass, and other, shorter grasses. Playback 

experiments were conducted to investigate differences in song transmission by comparing the 

similarity of songs played in the different grass habitats before and after fire events. There were 

no significant differences in song modulation between the gamba habitats and non-gamba 

habitats. Our study suggests that red-backed fairy-wrens should not be exhibiting habitat 

preference based on a difference in signal transmission, since no difference was found by this 

study. Other species-specific grass characteristics may be affecting habitat preference such as 

degree of cover and temperature. Further research may investigate the relationship between 

distance and degradation in various habitats. 
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Introduction 

 Acoustic signaling is an integral aspect of communication for many species. Successful 

signaling is essential for purposes of both survival (i.e. alarm calling) and reproduction (i.e. mate 

attraction). Sound transmission is a physical process that is shaped by the environment, and 

interference in sound transmission may lead to decreased certainty in sender-receiver interactions 

(Wiley & Richards 1978). Factors that influence acoustic communication include the inherent 



physics of sound propagation (Wiley & Richards 1978), climate settings (Eyring 1946), the 

height of the sender and the receiver (Mathevon, Dablesteen, & Blumenrath, 2005), and 

interference from conspecifics (Wollerman 1999).  

 The vegetation composition of a habitat affects song transmission and can be the limiting 

factor for communication range in some species by contributing to both signal attenuation and 

distortion (Lang 2000). It is well documented that selective pressures inherent to individual 

ecosystems shape acoustic signaling of species and subspecies to maximize signal transmission 

in birds (Gish and Morton 1981, Nemeth et al. 2006) and other taxa (Couldridge & Van Staaden 

2004; Fine & Leinhardt 1983). This implies that many signals perform worse in non-native 

habitats (Couldridge & Van Staaden 2004).  

Invasive species can have profound effects on the biotic and abiotic aspects of 

ecosystems (Brooks et al. 2008, Straver 2006). The rapid spread of an invasive grass species 

known as gamba grass (Andropogan gayanus) alters the vegetative composition of savannah 

habitats. Gamba grass has rapidly invaded the savanna grasslands of the Northern Australia and 

it has significantly altered habitats from a structural standpoint (Parr, Ryan, & Setterfield 2010). 

This paper aims to address one of the ways in which the dynamic environment characterized by 

invasive species may be affecting the fitness of avian species – by modifying song transmission.  

For Malurus melanocephalus, the red-backed fairy-wren (RBFW), acoustic signals have 

multiple functions. Like most avian species, songs are important for guarding territories and 

soliciting mates (Catchpole & Slater 1995).  In particular, the dawn song generated by fairy-

wrens is essential to reproductive success; both for mate guarding and mate attraction (Dalziell & 

Cockburn 2008). Acoustic signaling is also essential for contact calls, familial interactions, and 

predator avoidance in fairy wrens (Zelano, Tarvin, & Pruett-Jones 2001).  



 Due to its recent spread, there has been no time for signal evolution to reshape 

characteristics of RBFW song for improved propagation in gamba grass habitats. Vegetation 

density and structure are distinguishing factors when considering environmental effects on song 

transmission (Farina & Pieretti 2014). Because of its different structure, we expect that song 

transmission should be poor relative to the non-gamba grass environment in which RBFWs have 

evolved. In particular, at increased heights where the non-gamba grass may not be present, we 

expect gamba grass to distort RBFW songs significantly. In typical non-gamba grass 

environments, the sender and/or receiver may be able to boost transmission by perching at a 

greater height; such a behavioral modification may no longer be sufficient for communication in 

gamba habitats. We predict that song distortion in gamba habitats will be greater than in non-

gamba grasses, especially at a height of 2 m.    

Methods 

Study Site 

 The study site was located at Coomalie Farm, 102 km south of Darwin, Northern 

Territory, Australia (13° 02' S, 131° 02' E) during the dry season months of June through August 

2014. The site is characterized by fire-prone savanna grassland and eucalypt woodland habitats. 

Controlled and uncontrolled fires create large burned areas that comprise a substantial amount of 

the habitat during the dry season. Areas burned during the dry season often recover quickly 

during the wet season. This study focuses on four classes of vegetation: non-gamba grasses and 

gamba grass, both before and after fire events. 

 Gamba grass grows to a much greater height (a maximum of ~4.5 m) than other species 

in the savanna (maximums ranging from ~1 to 3 m). Homogenous areas of gamba grass are 

already common in savanna areas, and are structurally different from natural habitats (Parr, 



Ryan, & Setterfield 2010). It follows that these structural differences might affect acoustic 

transmission. Although other invasive species are interspersed with native grasses, it is difficult 

to distinguish between the endemic speargrass (Sarga spp.) and other non-gamba invasive 

species. Since non-gamba grasses are more structurally similar to each other than to the gamba 

grass and because of the increased fitness of the gamba grass, we divided the grass vegetation 

types into gamba and non-gamba habitats.  

Recording  

Playback experiments were conducted for 12 gamba and 12 non-gamba grass plots. Post-

burn plots were conducted for 5 non-gamba grass sites and 5 gamba grass sites within 1 week of 

natural fire events, with the orientation of the playback experiment consistent in pre and post 

burn trials. The plots were triangles of 35m length whose sides radiated from the speaker at 30° 

angles (figure 1). Plots were selected so that there would be minimal herbaceous stems in the 

direct path between the speaker and microphone so that non-grass vegetation had a minimal 

impact on signal propagation. However, many plots included trees near the perimeter of the 

triangle, particularly behind the speaker. Such trees may have increased the amount that songs 

were reflected towards the speaker due to their greater density and height compared to other 

vegetation (Farina & Pieretti 2014). We utilized bush fires that passed through the study site as a 

natural manipulation of the habitat groups, and used the data from pre-fire and post-burn sound 

plots to compare the affects of gamba grass on RBFW song transmission relative to other 

grasses. 

 Digital recordings of 13 male RBFW songs recorded at the site in fall 2012 were used for 

playback. Media was played back from an iPod Nano 4th generation through an amplifier 

(Pignose) at a fixed volume controlled on both devices that remained constant throughout all 



recordings. For each sound plot, each individual song was recorded at two different distances 

(30m and 7m) and two different heights (2m and 0.5m). These heights and distances were based 

on methodology used by Curry et al. Microphone height was constant at 1m. The speaker was 

aligned to point directly at the microphone by eye. At each distance and height, a given song was 

played for a minimum of three trials – the two trials for each song with the least amount of 

background noise (interference) were selected for analysis.  

 For each playback session, weather data was recorded using a Kestrel weather meter to 

account for environmental variance that may effect song transmission.  If the wind speed ever 

exceeded 5 m/s, trials were stopped until the wind levels decreased to reduce distortion of the 

recordings.  

Vegetation Surveying  

 Vegetation density was measured at the recording distances (7m and 30m from speaker) 

by observing a 0.5m x 0.5m checkerboard with 50 white and 50 black squares held at 1m, and 

counting the number of squares, akin to density boards used in previous vegetation studies 

(Nudds 1977). 

 Vegetation surveys were performed within one day of the sound trial for each plot. At 

each site two triangular plots were measured with lengths of 12m and 35m from the speaker to 

the base (figure 1). The length of the plot extended 5m behind the microphone distance to 

account for the potential of vegetation behind the microphone to reflect sound. The 12m length 

plot area was included in the 35m plot as the vegetation in the area affected transmission of 

recordings at both distances. Percent cover was recorded to the nearest 5%, and all trees, snags, 

and saplings were recorded in addition to their diameter at breast height (1.2m) and estimated 

height. Plots were also selected to maximize homogeneity for the target vegetation type. 



Analysis  

 Recordings were edited and analyzed in Raven 1.4 Pro (Cornell Lab of Ornithology). 

Two trials of each song were selected for analysis based on examination of the spectrogram to 

assess the amount of noise (interference) in the recordings. Spectrographic cross correlation 

analysis (normalized for amplitude) was utilized to assess the degree of similarity between one 

trial of the song in the gamba habitat before the burn, and one trial in the same location and 

orientation after the burn. This technique attempts to determine the degree to which spectrograms 

(graphs of frequency and amplitude over time) are aligned in the two samples. Our analysis was 

normalized for amplitude and focused on contrasting the frequencies of the transmitted song.  

 Since all habitats were effectively cleared of vegetation after fire events, the post-burn 

recordings have reduced distortion and attenuation compared to grass-dominated habitats. Thus, 

post-burn recordings were used as a control to compare the difference in sound transmission 

between gamba and non-gamba environments. By assessing the similarity between song 

transmission before and after a burn in both gamba and non-gamba grasses, the differences in 

acoustic propagation can be assessed. 

 Twelve RBFW songs, each from a different individual from the study site population, 

were used to compare the effects of gamba and non-gamba habitats on transmission. Each song 

was spectrographically cross-correlated across five pairs of pre-fire and post-burn gamba grass 

sites, as well as five pairs of pre-fire and post-burn non-gamba grass sites. The two similarity 

values from the two different trials of a given song and location were averaged to provide one 

value for each song and setting. Each habitat was compared before and after a fire event to obtain 

a similarity value. The averaged similarity values derived from spectrographic cross-correlation 



analysis were compared between gamba and non-gamba habitats using an unequal variance t-test 

with a two-tailed distribution in StatPlus (build 5.8).  

Results 

 Between gamba and non-gamba habitats, RBFW song transmission before and after fires 

was very similar (table 1). An example of pre-fire and post-burn spectrograms from the same 

song and location exemplifies differences in propagation depending on the presence of 

vegetation (figure 2), but the differences in frequency transmission before and after burns were 

seen in both gamba and non-gamba habitats. The mean similarity value between gamba habitats 

before and after the burn events was 0.408 (± 0.012); in non-gamba grass the mean similarity 

value was 0.417 (± 0.011). The difference in similarity values of gamba and non-gamba grass 

habitats was not significant at a 95% confidence interval (t118 = 0.57, p = 0.56). 

Discussion 

 The data do not suggest that sound propagation in non-gamba grass is less affected than 

in gamba-grass; the variation within the gamba and non-gamba habitats is greater than the 

variation between the two habitats The affect of grass on signal distortion is clear, and evidenced 

in the provided spectrograms (figure 2) but the species-specific density and height of gamba or 

non-gamba grass does not appear to affect the resultant transmission significantly. Our study 

suggests that the type of grass does not affect acoustic transmission, thus, RBFWs should not 

select their habitats due to a difference in song propagation.  

 Previous studies have found that acoustic signal attenuation is greater in gamba habitats 

than non-gamba habitats using pure tunes at frequencies similar to RBFW songs (Curry et al. 

2014). These results do not necessarily conflict with our findings, as we investigate similarity in 

frequency, whereas others investigated effects on amplitude, a fundamentally different aspect of 



sound. The two studies combine to suggest that although the sound may degrade more rapidly in 

gamba habitats, the actual frequencies of the song are not distorted differently between habitats. 

This also leaves open the possibility that RBFWs may prefer non-gamba habitats due to reduced 

song attenuation. Lower frequencies tend to propagate with less attenuation than higher 

frequencies (Wiley & Richards 1978), and further work should investigate attenuation with 

respect to specific frequencies to attempt to fill in missing knowledge of environmental effects 

on RBFW acoustic signaling. 

 There are many other potential factors that may lead RBFWs to prefer non-gamba 

habitats to gamba habitats. Temperature is higher in gamba grass habitats compared to non-

gamba grasses (unpublished IRES data), which may affect individual physiology as well as 

acoustic signaling. The degree of canopy cover in gamba habitats is greater (Parr et al. 2010), 

which would offer more protection from predators. Though preliminary investigation suggests 

that invertebrate species distribution is the same in both habitats (Parr et al. 2010), foraging may 

be easier for insectivores in the less-dense non-gamba grasses.  

 Several factors may have confounded the results of this study. In particular, the fact that 

the microphone height was at 1 m may have reduced the effect of grass type on sound 

transmission. Because gamba grass is characteristically taller than other species, we expected 

there to be a greater amount of grass between the speaker and the microphone at this height. 

However, the sound waves that were received by the microphone were not traveling at a height 

of 2 m for the majority of the song propagation. Instead, the height of sound waves traveling 

from the 2 m speaker to the 1 m microphone should have been steadily decreasing from 2 m 

(speaker height) to 1 m (microphone height). The mean distance above the ground would be 

approximately 1.5 m. Because this average distance above ground is less than 2 m, ground 



attenuation would be the most prevalent form of song modification that the transmissions were 

subject to (Wiley & Richards 1978). In addition, much of the non-gamba grasses could reach a 

height of 1.5 m and would be affecting transmission much the same as gamba for the duration of 

the signal’s path. The lower speaker height may have negated these attempts to find a difference 

in signal propagation. In order to test this possible confound, future work should investigate a 

microphone height of 2 m or greater to avoid ground attenuation and highlight species-specific 

height differences.  

 Further analyses will investigate potential differences in song distortion between gamba 

and non-gamba habitats at different heights and distances, using previously gathered data. The 

relationship between distance and sound degradation may also be investigated in these habitats 

and compared with previous studies. 

Tables and Figures: 

 

  



Figure 1. Diagram of playback sound plots for distances of 30m and 7m. Microphone distances 
are shown on the left. Rear vegetation plot boundaries are shown on the right. 
  
 

 
 
Figure 2. Spectrograms displaying frequency versus time of RBFW song 1 across Gamba and 
native habitats comparing pre and post-burn conditions are shown: Gamba pre-burn (top left), 
Gamba post-burn (top right), native pre-burn (bottom left), native post-burn (bottom right). 
 
 

 
Figure 3. Mean similarity values of RBFW song frequency before and after fire events. 
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Table 1. Averaged results of spectrographic cross correlation for gamba and non-gamba 
habitats before and after fire events.    
 

 
Gamba 

  
Native 

 
Song Plot 

 Average 
Similarity Song Plot 

Average 
Similarity 

1 1 0.3915 1 2 0.3925 
1 2 0.3335 1 3 0.4 
1 4 0.3505 1 6 0.398 
1 5 0.396 1 7 0.3785 
1 6 0.2975 1 8 0.3045 
2 1 0.4985 2 2 0.3495 
2 2 0.546 2 3 0.35 
2 4 0.437 2 6 0.446 
2 5 0.462 2 7 0.412 
2 6 0.305 2 8 0.4875 
3 1 0.451 3 2 0.5105 
3 2 0.452 3 3 0.488 
3 4 0.4575 3 6 0.444 
3 5 0.399 3 7 0.4055 
3 6 0.37 3 8 0.4735 
4 1 0.433 4 2 0.4355 
4 2 0.5755 4 3 0.491 
4 4 0.476 4 6 0.432 
4 5 0.5285 4 7 0.4065 
4 6 0.252 4 8 0.356 
5 1 0.446 5 2 0.396 
5 2 0.3735 5 3 0.4145 
5 4 0.3935 5 6 0.2975 
5 5 0.474 5 7 0.3665 
5 6 0.397 5 8 0.489 
6 1 0.4305 6 2 0.2965 
6 2 0.531 6 3 0.401 
6 4 0.5 6 6 0.5305 
6 5 0.455 6 7 0.4635 
6 6 0.357 6 8 0.441 
7 1 0.3315 7 2 0.3315 
7 2 0.324 7 3 0.324 



7 4 0.3675 7 6 0.3675 
7 5 0.5065 7 7 0.5065 
7 6 0.4385 7 8 0.4385 
8 1 0.379 8 2 0.25 
8 2 0.3895 8 3 0.3925 
8 4 0.3455 8 6 0.431 
8 5 0.451 8 7 0.378 
8 6 0.3975 8 8 0.419 
9 1 0.506 9 2 0.489 
9 2 0.408 9 3 0.4125 
9 4 0.302 9 6 0.5535 
9 5 0.397 9 7 0.5815 
9 6 0.2245 9 8 0.5025 

10 1 0.6295 10 2 0.4365 
10 2 0.384 10 3 0.463 
10 4 0.401 10 6 0.47 
10 5 0.38 10 7 0.2495 
10 6 0.3035 10 8 0.1755 
11 1 0.392 11 2 0.457 
11 2 0.391 11 3 0.404 
11 4 0.379 11 6 0.4965 
11 5 0.543 11 7 0.4875 
11 6 0.2105 11 8 0.624 
13 1 0.6345 13 2 0.3955 
13 2 0.2585 13 3 0.3 
13 4 0.3785 13 6 0.5965 
13 5 0.4315 13 7 0.3675 
13 6 0.204 13 8 0.267 
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