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Introduction 

 Invasive plant species can drastically alter landscapes by replacing native flora 

and ultimately changing the habitat type of a local area (Queensland Department of 

Primary Industries and Fisheries 2008; Petty et al. 2012). Andropogon gayanus Kunth, 

or Gamba grass, was introduced in the Northern Territory of Australia from Africa as 

feed for cattle in 1985 and has rapidly spread. This expansion is causing concern due to 

Gambaʼs damaging effects on native ecosystems reliant on fire, such as tropical 

savannah (Queensland Department of Employment, Economic Development and 

Innovation 2011; Petty et al. 2012). While fire disturbance facilitates Gambaʼs spread, 

this grass grows more vigorously than native grasses and has replaced them even in 

undisturbed areas (Queensland Department of Agriculture, Fisheries and Forestry, 

2008; Parr et al. 2010). Without anthropogenic intervention, Gamba is expected to 

spread throughout Australiaʼs tropical savannah (Petty et al. 2012). Because Gamba 

grass grows taller, thicker, and differs structurally from the native flora it is replacing, it is 

vastly changing vegetative structure in many habitats. Habitat structure heavily 

influences sound transmission through attenuation and scattering of sound waves 

(Wiley and Richards 1978; Kight et al. 2012), thus Gamba invasion is likely to heavily 

alter transmission in affected habitats.  

 The Red-backed Fairy Wren (Malurus melanocephalus, hereafter RBFW) is a 

small, insectivorous passerine bird common in habitats that are being invaded by 



 

 

Gamba. RBFWʼs breed cooperatively and maintain a territory during the breeding 

season but territories dissolve during the non-breeding season and RBFWʼs can form 

flocks of up to 30 individuals (Karubian 2002; Karubian 2008; Webster et al. 2010). 

Vocalization is an important factor of RBFW behavior in both the breeding and non-

breeding season; males and females of many species of fairy-wrens use song in mate 

attraction and territory defense, as well as contact calling for group cohesion (Payne et 

al. 1991; Greig and Jones 2008). As organisms must adapt their vocal signals to 

maximize efficiency and RBFWʼs do most of their vocalizing relatively close to the 

ground, they may be sensitive to changes in sound transmission potentially caused by 

Gamba invasion (Wiley and Richards 1978; Kight et al. 2012). Sudden changes in 

sound propagation may decrease their vocal efficacy, disrupting behavior and leading to 

changes in their vocal strategies.  

 Our research explored how sound propagation varies between natural 

environments dominated by short, native grasses and habitats invaded by Gamba 

grass. To do so, I broadcast known sounds and recorded the properties of their 

transmission in these different habitat types. We predicted that sound would be more 

extensively degraded in Gamba dominated areas while propagating more successfully 

in native grass. This research could help us understand how invasive flora, such as 

Gamba grass, change the environment in less obvious ways and the subsequent effects 

of these changes on RBFW and other animal vocalization and behavior.  

 

Methods 



 

 

 Our research was conducted on Coomalie Farm near Batchelor, NT, Australia 

(13° 02' S, 131° 02' E), during the dry season from July 6 to July 22, 2012. Gamba 

grass is particularly abundant near the township of Batchelor (Queensland Department 

of Primary Industries and Fisheries 2008). Coomalie Farm is mostly composed of 

Eucalyptus dominated woodlands and grasslands consisting predominately of perennial 

spear grasses (Nakamura et al. 2010) but is being invaded by Gamba grass.  

 We collected data on sound transmission and characterized vegetation within 15 

plots of native grass and 12 plots composed primarily of the invasive Gamba grass. At 

each plot, we conducted 3 sound trials. We recorded time, temperature, percent 

humidity, cloud cover, and wind direction before beginning each trial. We suspended a 

speaker on a pole at 2m and 0.5m and played a sound file consisting of 17 5s tones 

between 2 and 10kHz to represent the full range of typical RBFW songs, 6 RBFW songs 

from across the speciesʼ range, and 1 contact call recording with a directional 

microphone from 7m and 30m away. These distances were chosen to simulate 

distances and heights that RBFWʼs were observed vocalizing and listening from. We 

measured average and maximum wind speed during each recording of the trial. We 

repeated this process 3 times but suspended recording if the average wind speed 

exceeded 6.0m/s due to effects on the sound recordings. 

 Within a week of conducting the sound trial, we returned to each plot to perform 2 

vegetation surveys. We laid out a tape measure along the original bearing of the 

speakerʼs direction and laid out string 15 degrees to the left and right of this line creating 

a triangle that included surrounding vegetation which may influence sound transmission.  



 

 

The far edges of the triangles were set at 12m and 35m, 5m behind the original 

placement of the microphone to include any interfering vegetation directly behind the 

microphone (Figure 1). Within each triangle we recorded the percent and type of ground 

cover, the type, height, and DBH of all trees, and the height and percent cover of any 

features including downed trees, termite mounds, metal barrels, etc. We calculated 

visibility at each plot using a checkerboard with 100 10x10cm alternative black and 

white squares centered at 2m and 0.5m high. We also recorded canopy cover 7m and 

30m down the center line and at equivalent points on the right and left boundaries of the 

triangles.  While we conducted the vegetation surveys, we also measured the thickness 

of many stalks of Gamba and native grass at .5m and 2m in height in 0.5m intervals 

across the observed range of grass heights. We used t-tests to analyze the differences 

in vegetative structure.  

 We extracted and trimmed each 5s tone from 2kHz to 10kHz from all sound 

recordings from all plots. Using Raven, each tone was filtered within 0.5kHz of the 

intended tone to eliminate background noise. We measured the amplitude (in Ravenʼs 

units, U) of each tone 2 seconds into the recording to determine the degradation of 

differing frequencies between the two habitat types. We then conducted t-tests to 

compare the amplitudes measured.  

 

Results 

 There were significant differences in sound transmission between the two habitat 

types. When sound was broadcast from 0.5m high and 30m away, transmission was 



 

 

significantly degraded across most frequencies (Table 1, Figure 2). When broadcast 

from  2m high and 30m away, sound was also significantly degraded across most 

frequencies (Table 1, Figure 3). Fewer differences were observed when sound was 

broadcast from 7m away and 0.5m and these all occurred in the upper half of the 

frequency range, greater than 6kHz (Table 1, Figure 4). Sound degradation was nearly 

identical when broadcast from 7m away and 2m up, but sound was more degraded in 

Gamba grasslands than native grasslands in the upper half of the frequency range 

tested, greater than 6 kHz (Table 1, Figure 5).  

 Many differences in vegetative structure were recorded between the two habitat 

types as well. Gamba dominated grasslands differed greatly from native grasslands in 

ground cover, tree cover, and vegetation density. Gamba dominated grasslands 

contained significantly less native grasses and more Gamba grass in both the 12m and 

35m survey triangles (Table 2). Gamba grasslands also contained significantly fewer 

saplings, bare ground and trees in the 35m vegetation survey, but not in the 12m 

vegetation survey (Table 2). Plots of Gamba also contained significantly taller grasses 

on average and significantly less short grass than their native counterparts (Table 3). 

Vegetation density, measured through visibility differed significantly between native 

grass dominated habitats and Gamba dominated habitats (Table 4). Visibility was 

greatly reduced in areas infested with Gamba, signifying a higher vegetation density. 

Because Gamba grass was observed to grow up to 4.5m in height while native grasses 

were rarely observed to exceed 2m in height, a direct comparison between the 

thickness of individual stalks was difficult. However, where comparable, stalks of 



 

 

Gamba grass were significantly thicker than those of native grasses (5.73 ± 1.47 vs. 

4.58 ± 1.47 at .5m high in 1.5m tall grass, t=2.63 df=38 p=0.0122; 3.07 ± 1 vs. 2.09 ± 

.72 at .5m high in 1m tall grass, t=3.57 df=38 p=.0010). 

 

 

Discussion 

  This analysis supports our hypothesis that sound would be more 

extensively degraded in Gamba dominated areas while propagating more successfully 

in native grass. The differences observed in sound transmission were reflected in 

disparities in habitat structure. Sound likely travels more successfully in native 

grasslands due to the decreased height, thickness, and density of the grass compared 

to Gamba dominated grasslands. Gamba grasslands also have more overall ground 

cover with less bare ground and empty space, further degrading sound.  

 The differences observed in bare ground, saplings, and number of trees differed 

significantly in the 35m triangle, but not in the 12m survey triangle. This could mean that 

the 12m vegetative survey was too small to represent the differences found between 

these habitats. This would imply that these habitat differences would have less of an 

impact in the 7m sound trials. This could explain why differences in sound degradation 

found were less pronounced between the two habitat types in these shorter, 7m sound 

trials.  

 Habitat structure has been considered the primary factor in the evolution of bird 

vocalization and it has been shown that vocalizations between species and within 



 

 

species differ by habitat (Wiley and Richards 1978; Sibbekoorn and Smith 2002; 

Nocholls and Goldizen 2006; Tubaro and Lijtmaer 2006; Boncoraglio and Saino 2007; 

Kight et al. 2012). RBFWs were observed in both Gamba and native grasses thus are 

likely influenced by differences in sound transmission found between the two habitats. 

Vocalization is essential to many aspects of fairy wren behavior including mate 

attraction, territory defense and group cohesion (Payne et al. 1991; Greig and Jones 

2008). It is likely that changes to vegetative structure and sound transmission 

associated with Gamba invasion will encourage a shift in RBFW vocal strategy and 

behavior. Further research will be needed to explore this possibility.  

 Risk assessments from the Queensland Department of Primary Industries and 

Fisheries (2008) suggested that Gamba had the long term potential to transform 

habitats. The increased biomass of Gamba growth has been observed to fuel wildfires 8 

times more intense than those fueled by native grass alone. These fires harm trees, 

eliminate saplings and ultimately transform diverse woodlands to monocultured Gamba 

grasslands (Rossiter et al. 2003; DʼAntonia and Vitousek 1992; Queensland Department 

of Primary Industries and Fisheries 2008). Though Brooks (2010) found no significant 

differences in canopy density or tree density between invaded and non invaded plots, 

we found significantly fewer trees and no saplings in invaded plots, supporting the 

potential for habitat conversion. Though we also did not find significant differences in 

canopy density, it was greatly reduced in Gamba grasslands potentially supporting this 

idea as well.  



 

 

 Due to itʼs damaging environmental impacts and fire risk, Gamba grass has been 

declared a class 2 pest in Australia. Landholders are required to declare the presence  

of Gamba on their property and are obligated to control it through physical removal, 

early wet season controlled burns, and treatment with herbicides (Queensland 

Department of Employment, Economic Development and Innovation 2011). Despite 

these precautions, Gamba grass continues to spread throughout Australia. More 

extensive management is necessary to preserve Australiaʼs native woodlands and 

grasslands.  

 To our knowledge, this is the first study to focus on sound transmission in 

habitats invaded by Gamba grass. Gamba grass invasion alters vegetative structure 

and sound transmission, potentially influencing the behavior of the animals that live in 

these threatened habitats. Gamba is a serious threat to Australiaʼs tropical savannah, 

but has invaded other parts of the world as well, including Venezuela, Brazil and the 

Pacific Islands (Klink 1995; Queensland Department of Primary Industries and Fisheries 

2008). The observed changes associated with Gamba grass invasion are potentially 

applicable to other parts of the world, making this an international problem with far-

reaching consequences.  
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Figure 1: This figure illustrates the arrangement of the vegetation surveys conducted in 
this experiment. 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: This table shows the significance of differences in amplitude between the two 
habitats at different heights, distances and frequencies. Significant values (p<.05) 
are bolded and italicized. 

 30m 0.5m 30m 2m 7m 0.5m 7m 2m 
 t DF p values t DF p values t DF p values t DF p values 

2 kHz -0.14 10 0.8891 1.55 10 0.1521 0 10 1.0000 0 10 1.0000 
2.5 kHz 0.28 10 0.7850 1.68 10 0.1234 0.99 10 0.3474 -0.71 10 0.4956 

3 kHz 2.48 10 0.0325 1.72 10 0.1160 -0.59 10 0.5706 0.71 10 0.4956 
3.5 kHz 2.56 10 0.0283 2.44 10 0.0347 -0.21 10 0.8357 0.48 10 0.6399 

4 kHz 2.5 10 0.0316 1.71 10 0.1188 1.36 10 0.2052 -0.65 10 0.5330 
4.5 kHz 2.59 10 0.0271 3.35 10 0.0074 1.21 10 0.2527 -0.84 10 0.4218 

5 kHz 2.37 10 0.0392 2.81 10 0.0185 0.38 10 0.7090 -1.3 10 0.2220 
5.5 kHz 1.64 10 0.1328 2 10 0.0737 1.25 10 0.2397 -0.26 10 0.8034 

6 kHz 2.15 10 0.0568 2.28 10 0.0458 1.35 10 0.2060 0.43 10 0.6776 
6.5 kHz 2.4 10 0.0376 3.25 10 0.0087 3.55 10 0.0052 2.73 10 0.0213 



 

 

7 kHz 2.77 10 0.0199 2.8 10 0.0187 1.99 10 0.0743 0.91 10 0.3852 
7.5 kHz 2.62 10 0.0257 3.17 10 0.0099 3.35 10 0.0074 1.03 10 0.3288 

8 kHz 1.42 10 0.1851 2.77 10 0.0197 3.63 10 0.0046 0.86 10 0.4112 
8.5 kHz 2.17 10 0.0555 2.3 10 0.0443 3.05 10 0.0123 1.02 10 0.3311 

9 kHz 2.46 10 0.0335 3 10 0.0135 3.14 10 0.0106 0.43 10 0.6760 
9.5 kHz 4.43 10 0.0013 3.59 10 0.0049 3.59 10 0.0049 1.5 10 0.1648 
10 kHz 1.35 10 0.2076 2.47 10 0.0330 3.36 10 0.0073 1.6 10 0.1402 

 
 
 
 
 

 

 

 

 

 

 

 

Figure 2-5: The graphs below show the average amplitude of different frequencies 
between the two habitats at each distance/height combination. Blue represents native 
plots while orange represents Gamba invaded plots. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2: This table shows how ground cover differed between the two habitat types. 
Significant values (p<.05) are bolded and italicized.  
 
 Native Gamba Analysis 
Canopy 
Cover 

Average: 5.76 0.21 t value 1.23 
SD: 15.62 1.31 DF 19 
N: 11 12 p value 0.2352 

 12m 35m 12m 35m  12m 35m 
Percent
Native 
Grass 
Cover 

Average: 74.58 78.33 15 18.75 t value 6.98 8.03 
SD: 27.59 22.5 10.66 12.45 DF 20 20 
N: 12 12 12 12 p value <0.0001 <0.0001 

Percent
Gamba 
Grass 
Cover 

Average: 1.25 0 78.75 75.42 t value -20.63 -19.03 
SD: 4.33 0 12.27 13.73 DF 20 20 
N: 12 12 12 12 p value <0.0001 <0.0001 



 

 

Percent
Sapling 
Cover 

Average: 0.83 2.5 0 0 t value 1.48 3.32 
SD: 1.95 2.61 0 0 DF 20 20 
N: 12 12 12 12 p value 0.1536 0.0034 

Percent
Bare 

Ground 

Average: 22.92 19.17 6.25 5 t value 2 2.17 
SD: 28.32 22.34 5.69 3.69 DF 20 20 
N: 12 12 12 12 p value 0.0594 0.0425 

Number 
of Trees 

Average: 3.75 11.83 0.67 1.25 t value 1.41 2.69 
SD: 7.4 13.56 1.56 1.54 DF 20 20 
N: 12 12 12 12 p value 0.1732 0.0142 

 
 
 
 
 

 
 
 
 
 
 
 
 
Table 3: This table shows the differences in average grass height of both native and 
gamba grass in both types of plots. Significant values (p<.05) are bolded and italicized. 
Height  Native Gamba Analysis 

 12m 35m 12m 35m  12m 35m 
4m Average: 0 0 8.75 13.33 t value -1.86 -2.03 

SD: 0 0 16.25 22.7 DF 20 20 
N: 12 12 12 12 p value 0.0770 0.0553 

3.5m Average: 0 0 7.5 10 t value -1.38 -1.62 
SD: 0 0 18.77 21.32 DF 20 20 
N: 12 12 12 12 p value 0.1815 0.1199 

3m Average: 0 0 27.92 24.58 t value -3.27 -2.93 
SD: 0 0 29.58 29.11 DF 20 20 
N: 12 12 12 12 p value 0.0038 0.0084 

2.5m Average: 0 0 22.92 14.58 t value -3.3 -3.34 



 

 

SD: 0 0 24.07 15.14 DF 20 20 
N: 12 12 12 12 p value 0.0036 0.0033 

2m Average: 0.21 0 0.21 0.83 t value 0 -0.71 
SD: 1.02 0 1.02 4.08 DF 20 20 
N: 12 12 12 12 p value 0.9968 0.4877 

1.5m Average: 2.5 3.13 2.71 4.17 t value -0.06 -0.34 
SD: 9.21 6.4 6.59 8.43 DF 20 20 
N: 12 12 12 12 p value 0.9498 0.7366 

1m Average: 7.71 9.17 3.96 4.38 t value 0.61 0.86 
SD: 18.47 17.11 10.73 9.13 DF 20 20 
N: 12 12 12 12 p value 0.5498 0.4022 

0.5m Average: 13.13 14.58 1.25 0.63 t value 2.5 2.37 
SD: 16.14 20.37 3.38 1.69 DF 20 20 
N: 12 12 12 12 p value 0.0214 0.0282 

0.2m Average: 28.75 24.58 10.42 11.67 t value 2.68 2.2 
SD: 20.13 16.44 12.52 11.93 DF 20 20 
N: 12 12 12 12 p value 0.0144 0.0395 

 
 
Table 4: This table shows visibility differed between the two habitats at each 
distance/height combination. Significant values (p<.05) are bolded and italicized.  
 Visibility at 30 m Visibility at 7 m 

 2 m 0.5 m 2 m  0.5 m 
Native Grass Average: 93.25 4.75 99.92 35.42 

SD: 18.6 11.89 0.29 34.67 
N: 12 12 12 12 

Gamba 
Grass 

Average: 2.08 0 53.75 0.08 
SD: 4.98 0 35.23 0.29 
N: 12 12 12 12 

 
Analysis 

t value 16.4 1.38 4.54 3.53 
DF 20 20 20 20 

p value <0.0001 0.1818 0.0002 0.0021 
 
 



 

 

 
 
 

 


