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Abstract 

Natural landscapes are increasingly subjected to anthropogenic pressure and fragmentation 

resulting in reduced ecological condition. In this study we examined the relationship between 

ecological condition and the soundscape in fragmented forest remnants of South-east 

Queensland, Australia. The region is noted for its high biodiversity value and increased 5 

pressure associated with habitat fragmentation and urbanisation. Ten sites defined by a 

distinct open eucalypt forest community dominated by spotted gum (Corymbia citriodora 

ssp. variegata) were stratified based on patch size and patch connectivity. Each site 

underwent a series of detailed vegetation condition and landscape assessments, together with 

bird surveys and acoustic analysis using relative soundscape power. Univariate and 10 

multivariate analyses indicated that the measurement of relative soundscape power reflects 

ecological condition and bird species richness, and is dependent on the extent of landscape 

fragmentation. We conclude that acoustic monitoring technologies provide a cost effective 

tool for measuring ecological condition, especially in conjunction with established field 

observations and recordings. 15 
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Introduction 20 

Forest fragmentation has a profound impact on ecological condition across rural and 

urban landscapes (Lines 1992; Norton 1996; Huber et al. 2011; Bradshaw 2012; Pert et al 

2012). Ecological condition relates to the viability or health of an ecosystem (Gibbons and 

Freudenberger 2006) and in a terrestrial context, is commonly represented by the structural 

and compositional integrity of native vegetation (Wehenkel et al. 2009; Winter et al. 2010; 25 

Yapp et al. 2010). Vegetation is the most apparent component of terrestrial ecosystems, is 

easily described and plays an important role in ecosystem functioning. Vegetation 

composition is closely linked to a range of environmental variables over different scales; and 

floristic patterns are highly associated and causally related to an array of other ecosystem 

components, land uses and land management practices (Juutinen and Monkkonen 2004; 30 

Saetersdal et al. 2004; Yapp et al. 2010).  

Ecological condition may be measured by comparing representative vegetation 

structure and composition to its natural or historical range of variation (Tierney et al. 2009). 

This is defined as the degree to which the current vegetation differs from mature and 

apparently long undisturbed stands of the same vegetation community (Parkes et al. 2006), 35 

and the capacity of the current vegetation to provide habitat for all indigenous species that 

may use it (Gorrod 2006). Comparisons may be based on specific site based attributes 

including the number of large trees, native tree and shrub cover and plant species 

composition (Belnap 1998; Parkes et al. 2004; Gibbons et al. 2009; Tierney et al. 2009), or 

landscape level components such as patch dimensions and context (Oliver et al. 2004; 40 

Tierney et al. 2009).  

Changes in ecological condition are also quantified by the responses of vertebrates 

and invertebrates to fragmentation and other disturbances (Thomas et al. 2001; Hobbs and 

Yates 2003; Driscoll and Weir 2005; Lampila et al. 2005; Kolb 2008; Bauerfeind et al. 2009; 
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Tang et al. 2011; Jackson et al. 2012; Shanley et al. 2013).  Birds are frequently used as a 45 

representative taxonomic group for understanding these impacts and processes primarily 

because they are easily observed and sampled (Drever et al. 2008; Eglington et al. 2012), and 

are varied in habitat selection and life history (Chace and Walsh 2006; Carrascal et al. 2008; 

Schuster and Arcese 2013). Birds also respond to variation in vegetation composition, 

structure and condition (Catterall et al. 1998; Mörtberg 2001; Dures and Cumming 2010; 50 

Skroblin and Legge 2012) and they serve as useful biodiversity surrogates for other taxa 

(Sauberer et al. 2004; Eglington et al. 2012; Larsen et al. 2012). Similarly, insects have been 

employed as indicators of habitat loss and disturbance. Their application is often based on 

their ubiquity and ease of observation (Rodriguez et al. 1998; Blair 1999; Rickets et al. 2002; 

Favero et al. 2011), and their habitat specificity at lower taxonomic levels and susceptibility 55 

to habitat change (Rodriguez et al. 1998; Cabrini et al. 2013). There is also some evidence 

that patterns observed in insect biodiversity are reflected in unrelated taxa (Pearson and 

Cassola 1992; Rodriguez et al. 1998; Bazelet and Samways 2012). In most instances, bird 

and insect sampling methods involve slow and involved field observation and collection, 

often requiring experts to conduct species identification and audio-visual point counts 60 

(Depraetere et al. 2011).  

Advances in acoustic monitoring systems provide a novel alternative to this approach. 

The recording and analysis of acoustic signals produced by birds, insects and other audible 

organisms has been used to assess ecosystem health and biodiversity (Sueur et al. 2008; 

Laiolo 2010; Blumstein et al. 2011; Depraetere et al. 2011; Kuehne et al. 2013; Proppe et al. 65 

2013), and underpin the development of soundscape ecology (Pijanowski et al. 2011) 

Soundscape ecology is the study of biological (biophony), anthropogenic (anthrophony) and 

geophysical (geophony) sounds produced from the landscape, their spatial and temporal 

variation, and their relationships with ecological processes and human activities (Pijanowski 
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et al. 2011). Acoustic technologies are relatively inexpensive tools for examining biodiversity 70 

when compared to traditional field approaches and, in some cases, are more reliable than 

observation and collection alone (Sueur et al. 2008; Celis-Murillo et al. 2009; Wimmer et al. 

2013b)  

Several acoustic indices have been developed in recent years. They may be broadly 

categorised as those that maintain a species or morphospecies focus, including rapid 75 

biodiversity appraisal approaches (Rempel et al. 2005; Celis-Murillo et al. 2009) and those 

that measure the soundscape at a community level  (Gage et al. 2001; Qi et al. 2008; Sueur et 

al. 2008). Though complete species inventories, or representative subsets, are attractive, their 

collation may prove problematic. Acoustic signatures for individual species must first be 

identified and analyses can be complex and time intensive (Sueur et al. 2008). Soundscape 80 

indices, e.g. Acoustic Entropy, Dissimilarity (Sueur et al. 2008), Richness Indices 

(Depraetere et al. 2011) and Power Spectral Density (PSD) (Gage et al. 2001; Kasten et al. 

2012), have the benefit of avoiding these difficulties. The theoretical underpinning of the 

application of acoustic indices is that communities with more audible species have a greater 

acoustic diversity, that biodiversity will correlate positively with acoustic diversity, and that, 85 

in some cases, measures of acoustic diversity will potentially provide an index of ecological 

health (Gage et al. 2001; Qi et al. 2008). The relationship between biological sound, or 

biophony, and ecological condition is founded on the premise that vegetation structure, 

particularly complexity, influences species richness and therefore biophony (Pijanowski et al. 

2011). Natural, rural, peri-urban and urban habitats exhibit a successive reduction in 90 

vegetation complexity, paralleled by a similar reduction in natural acoustic diversity (Joo et 

al. 2011).  

Here we examined the relationship between ecological condition and the soundscape 

in fragmented forest remnants in South-east Queensland, Australia. A series of detailed 
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vegetation condition, landscape and acoustic surveys were conducted and compared in urban 95 

remnant eucalypt forest patches and large, connected forest areas. By linking soundscape 

measurements to a range of attributes commonly used to quantify ecological condition, we 

demonstrate the potential utility of acoustic approaches as a tool for assessing the health of 

fragmented forest landscapes.  
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Methods 100 

Study Area 

The study area was situated in South-east Queensland, Australia; a region characterised by a 

subtropical climate with moderate to high rainfall (800 to1500 mm per annum) and average 

minimum and maximum temperatures of 20 and 28°C in summer and 11 and 21°C in winter, 

respectively (Figure 1).  The predominant physiographic features include coastal plains of 105 

varying width, and hills and ranges (Sattler and Williams 1999). South-east Queensland has 

many rare, threatened and endemic botanical species, a number of which reach their northern 

and southern distributions within this area (Australian Natural Resource Atlas 2009).  South-

east Queensland has the fastest growing population in Australia (Australian Natural Resource 

Atlas 2009), and is characterised by many of the associated impacts including increased 110 

urban and peri-urban pressures, reduced native forest cover and habitat fragmentation. 

Study Sites 

Ten sites were selected within the study area, all located within a 35km radius from Brisbane 

(27°28’4.5”S, 153°0.1’40”E), the capital city of Queensland, to minimise climatic (rainfall, 

temperature) and physiographical (elevation, broad landform patterns) variability (Figure 1). 115 

Sites ranged in elevation from 49m to 238m, and were located in patches of remnant 

vegetation ranging in size from 3ha to 44110ha. Sites were located in spotted gum (Corymbia 

citriodora ssp. variegata) open forest, otherwise known as regional ecosystem (RE) 12.11.5e.  

A regional ecosystem is a vegetation community associated with specific geology, soil and 

landform. RE 12.11.5e was selected as the representative regional ecosystem for this study 120 

because it has a broad distribution within the study area.  

 

#Figure 1 approximately here# 
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Sites were stratified based on patch size and patch connectivity (Table 1). Patch size 125 

and connectivity measurements were derived and modified from aerial photographs and 

satellite imagery, BioCondition V2.1 (Eyre et al. 2011) and a GIS based tool developed by 

the Queensland Herbarium to calculate landscape attributes (Kelley and Kelly 2012). An on-

site foot traverse confirmed the dimensions of each patch and the position and orientation of 

transects. A reference or benchmark site (D’Aguilar 1) was selected based on the knowledge 130 

of a professional botanist with extensive local experience. It is important to note that forest 

patches were not homogeneously composed of RE 12.11.5e, but generally consisted of 

multiple regional ecosystem forest types.  Consequently, in some instances multiple sites 

were located within the same forest patch, as few large patches remain in the area due to 

extensive land clearing.  However where this occurred, sites were always separated by 135 

different vegetation communities and treated as discrete units 

 

#Table 1 approximately here# 

 

Ecological Condition Survey 140 

Ecological condition surveys were conducted between July and September 2012, 

except for Moggill 1 (September 2011) and Moggill 2 (December 2011). Ecological 

condition surveys were based on modified guidelines as outlined by Eyre et al. (2011). 

Transects were laid out within each of the ten sites (Table 2), delineated by a 100m by 50m 

(0.5ha) assessment area. 145 

 

#Table 2 approximately here# 
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A range of site-based vegetation attributes, including number of large trees, recruitment of 

canopy species, tree canopy height, native grass, forb, shrub and tree species richness, native 150 

grass, shrub and tree canopy cover, non-native plant cover, leaf litter and course woody 

debris, were measured, and each vegetation attribute was scored as a comparison to those 

values associated with the reference site (D’Aguilar 1) (Table 3). A total vegetation attribute 

score out of 80 was calculated. Each landscape attribute (patch size, patch connectivity and 

patch context) was derived using the Queensland Herbarium’s GIS landscape tool (Kelley 155 

and Kelly 2012) and scored as a comparison to those values associated with the reference site 

(Table 3). A total landscape attribute score (with a maximum possible value of 20) was 

calculated (Table 3). A condition score between 0 and 1 was computed for each site based on 

the addition of vegetation and landscape attribute scores divided by one hundred (Table 3). 

Soundscape Survey 160 

One of the key challenges in soundscape ecology is to determine and quantify how the 

soundscape and the landscape are interconnected. Acoustic measurements were made using 

Song Meter SM2 recording devices (Wildlife Acoustics 2013), producing recordings in 

WAV file format. Recordings were written to SD cards based on a programmable schedule 

and each file was tagged with a location and date-time stamp. 165 

Song Meters were located near the centre of each site.  Recording devices were 

deployed for a one month period between September 1, 2012 and October 4, 2012. Each 

mono-aural recording was made at 22050 Hz, for one minute in length at a recording interval 

of thirty minutes. Upon collection, the data were transferred to a computer and then 

transmitted to a server at Michigan State University. The audio files were checked for 170 

integrity, linked to project metadata (project, habitat, location etc.) and relative soundscape 

power for each of ten frequency intervals, as well as soundscape indices, were calculated and 

archived in the Remote Environmental Assessment Laboratory’s Digital Acoustics Library 
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System (Kasten et al. 2012). All acoustic files are publicly available and accessible through 

the Remote Environmental Assessment Laboratory’s website (www.real.msu.edu).  175 

In addition to the non-specific soundscape power values, bird species were also 

identified through expert analysis of calls and spectrograms using an online acoustic 

environmental workbench (http://sensor.mquter.qut.edu.au; Wimmer et al. 2013a). Twenty 

randomly selected minutes were sampled and analysed from the dawn chorus (between 0430 

hours and 0600 hours) over twenty separate days for each site. Recent studies in South-east 180 

Queensland forest systems have shown that targeted sampling of recorded bird call data from 

the dawn chorus detected the highest number of species (Wimmer et al. 2013b). 

Analyses 

Acoustic metrics derived from each recording were based on the computation of Power 

Spectral Density (PSD) values from recorded sounds (Welch 1967).  This technique was 185 

applied to each 1 kHz interval in a recording, thus providing ten values (22 kHz/2) for each 

recording. The PSD values (watts/kHz) were normalised to produce a value between 0 and 1 

for each frequency interval (Kasten et al. 2012). These normalised values represent the 

relative soundscape power (RSP) for each frequency interval in each recording made at each 

landscape position, enabling comparison of RSP values across recordings. In addition to RSP 190 

values, indices based on these values were computed for two soundscape components: 

biophony (RSP values between 3–11 kHz) and anthrophony (RSP values between 1–2 kHz) 

(Qi et al. 2008; Pijanowski et al. 2011).  

Two-tailed Pearson correlations were calculated in SPSS (version 19) for the RSP of 

bandwidths representing anthrophony (1–2 kHz) and biophony (mean 3–11 kHz); and 195 

condition, landscape and vegetation attribute scores and bird species richness. Correlations 

were calculated for mean 24 hour, daylight (between 0430 hours and 0600 hours) and night 
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time (between 1800 hours and 0430 hours) periods over the month of recording (Table 3). 

Multiple regressions were used to further explore relationships among acoustic and condition 

variables. 200 

 

#Table 3 approximately here# 

 

 

Multivariate analyses were completed for presence/absence bird data across all sites 205 

using PATN version 3 for Windows (Belbin 2008). Raw presence/absence data remained 

untransformed prior to analyses. The Bray-Curtis association measure (Bray and Curtis 1957) 

was used to quantify the dissimilarity between sites. A two-step function was used to explore 

the relationship between bird species composition and sites and two-way tables were 

produced as a result. Data classification was carried out using agglomerative hierarchical 210 

classification and flexible unweighted pair group arithmetic averaging (UPGMA). A beta 

value of -0.1 was used, slightly dilating the ‘ecological space' defined by the study area’s 

species (Belbin 2004). Principal component correlation (PCC) was used to calculate the 

correlation between species and sites. A Monte-Carlo permutation test was used to test the 

‘robustness’ of the PCC (Belbin 2004). The species lists generated by Monte-Carlo attributes 215 

in an ordination (MCAO) were examined for those species that were statistically significant 

(MCAO values ≤1%). 
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Results 

Analyses of daytime recordings revealed that landscape attributes, patch size, patch 

connectivity and patch context were negatively correlated (p<0.05) with lower frequency 220 

soundscape values (RSP 1–2 kHz), but positively correlated (p<0.05) with higher frequency 

soundscape values (mean RSP 3–11 kHz) (Table 3). Based on night recordings, condition, 

landscape attributes, patch size, patch connectivity and patch context were negatively 

correlated (p<0.05) with RSP 1–2 kHz, but positively correlated (p<0.05) with mean RSP 3–

11 kHz (Table 3). A congruent pattern was observed for the dataset consisting of the full 24 225 

hours of acoustic recordings (Table 4, Figure 2).  

 

#Table 4 approximately here# 

 

#Figure 2 approximately here# 230 

 

There was a significant relationship between mean RSP 3–11 kHz recorded during 

the day and bird species richness from dawn bird surveys (r=0.636, n=10, p=0.048), but this 

was not the case for RSP 1–2 kHz (r=-0.490, n=10, p=0.150). There was no relationship 

between bird species richness and condition (r=0.258, n=10, p=0.471). Bird species richness 235 

was positively correlated with patch size (r=0.778, n=10, p=0.008) and patch connectivity 

(r=0.740, n=10, p=0.014), but not patch context (r=0.377, n=10, p=0.282). 

Site relationships were examined using Bray-Curtis dissimilarity and a two-way 

table was created. Species (MCAO values ≤1%) that led to the formation of different clusters 

between sites were identified (Table 5). A row fusion dendrogram for bird species 240 

presence/absence demonstrated that site clusters were based on landscape attributes 

(ordination stress=0.1136) (Figure 3).  The medium sized patches with low connectivity 
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(White’s Hill 1 and 2) were most dissimilar (BC=0.645) to the remainder of study sites. The 

small, isolated sites (Mount Warren Park, Nursery Road and Weller’s Hill Reservoir) were 

grouped separately to the large, connected sites (D’Aguilar 1,2 and 3 and Moggill 1 and 3) 245 

(BC=0.499).  

 

#Figure 3 approximately here# 

 

#Table 5 approximately here#250 
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Discussion 

Relative Soundscape Power (RSP) in a fragmented landscape 

Acoustic technologies have the potential to serve as a powerful tool for assessing the 

condition of an ecosystem.  Their application may enhance our understanding of the 

conservation significance of any given area. Despite the rise in popularity of using such 255 

technology, most studies have focused on examining the temporal and spatial dynamics of 

the soundscape (Matsinos et al. 2008; Mazaris et al. 2009; Krause et al. 2011; Pijanowski et 

al. 2011). While Joo et al. (2011) showed that acoustic variability was associated with broad 

land cover types along an urban-rural gradient; our study is the first to examine specific 

landscape attributes and to consider the influence of reduced ecological condition on the 260 

soundscape.  Like Joo et al. (2011) we found that anthrophony (RSP 1–2 kHz) and biophony 

(mean RSP 3–11 kHz) were strongly, inversely correlated, however our study was conducted 

across a gradient of different sized forest fragments all consisting of the same vegetation 

community. We also found that anthrophony (RSP 1–2 kHz) was negatively associated with 

ecological condition and this relationship was significant for 24 hour and night recordings, 265 

and was almost significant for the daytime dataset. Inversely, biophony was positively 

correlated with ecological condition across all datasets (24 hours, night and day), with 

acoustic variation (e.g. an increase of audible insects and a reduction of bird vocalisations at 

night) having little effect on these relationships.  

Landscape characteristics, particularly patch size and connectivity, were identified as 270 

significant drivers of acoustic change (Figure 2). No study to date has investigated the effects 

of landscape fragmentation on soundscapes, although Farina et al. (2011 a, b) have proposed 

that the soundscape is likely to vary across different habitats.  More recently, Bormpoudakis 

et al. (2013) have identified habitat type specific acoustic signatures and linked this to 

inferred structural and morphological differences in vegetation. Interestingly, in the current 275 
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study we quantified a range of vegetation attributes and did not find any relationship between 

our overall vegetation score and RSP across sites and when this score was subdivided into 

individual vegetation attributes, only shrub cover and tree species richness were significantly 

correlated with RSP (data not shown).  Unlike Bormpoudakis et al. (2013), our results 

suggest that vegetation characteristics are less important than landscape features in 280 

influencing soundscape heterogeneity.  

Bird species relationships in a landscape context 

Species area (Arrhenius 1921) and island biogeography theory (MacArthur and Wilson 1967) 

predict that with increased area there will be an increase in species diversity. Many empirical 

studies have confirmed this relationship (Major et al. 2001; Mörtberg 2001; Herrando and 285 

Brotons 2002; Pearman 2002; Seddon et al. 2003; Cherkaoui et al. 2008; Smith et al. 2011). 

In our study of the acoustic soundscapes in different sized forest fragments, daytime 

biophony (mean RSP 3–11 kHz) was found to be a strong predictor of dawn bird species 

richness, but there was no relationship with anthrophony (RSP 1–2 kHz). This may be 

explained by the predominance of auditory bird species during daylight hours, the fact that 290 

recordings were sampled for bird species richness over the dawn chorus between 0430 hours 

and 0600 hours, and the ability of some birds, particularly those adapted to urban and peri-

urban areas, to persevere in the face of increased human disturbance.  

Bird species richness was positively correlated with patch size, although species 

numbers were lower in the medium sized patches (an average of 15 species were identified at 295 

White’s Hill) when compared to both small (average of 28 species) and large remnants 

(average of 39 species).  Larger forest fragments typically contain a wider variety of habitats, 

provide more food resources than smaller patches, have adequate area for many species to 

form territories, and are more resilient to anthropogenic and natural disturbance (Mörtberg 

2001; Seddon et al. 2003). The reduced richness of White’s Hill may be the result of site 300 
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location, local effects and patch specific factors. Both sites within the White’s Hill fragment 

were located near hard edges abutting residential development which are associated with 

higher nest predation rates, increased disturbance and pressures related to wind, light and 

temperature exposure (Seddon et al. 2003; Malt and Lank 2007; Zharikov et al. 2007; Malt 

and Lank 2009). Additionally, White’s Hill was the only fragment in which Blue-faced 305 

Honeyeaters were recorded. It has been shown that smaller patches containing high numbers 

of this aggressive species are associated with lower bird diversity (Chan et al. 2004).  

Bird species richness was significantly associated with increased patch connectivity. 

Connectivity is often associated with patch area, and, in this study, highly connected sites 

were found within a single, large forest fragment (D’Aguilar National Park/Moggill 310 

Conservation Park), with poorly connected patches associated with small to medium sized 

urban forest remnants. Connectivity has been shown to be an important factor in the dispersal 

and gene flow of many organisms across the landscape, effectively increasing vegetation area 

and potential habitat from which colonising species can arrive (Mörtberg 2001; Lampila et al. 

2005; Lancaster et al. 2011).  315 

Multivariate analyses suggested that individual bird species clustered mainly due to 

patch size (and related measures of connectivity) and location (Figure 3), mirroring those 

relationships between acoustic measures, condition and landscape attributes. Medium sized 

sites formed a distinct cluster for species presence/absence data due to the absence of several 

ubiquitous species from White’s Hill 1 and 2, including Silvereye, White-throated 320 

Honeyeater and Pale-headed Rosella (Table 5).  

Large and small forest fragments formed separate groups for bird species data (Figure 

3), primarily due to a suite of species found only in the larger, well-connected patches 

including Eastern Yellow Robin, Lewin's Honeyeater and White-throated Treecreeper (Table 

5). These birds are representative of a species group that is common in intact forest, but is 325 
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rare where land has been cleared and disturbance is high. They are mainly insectivorous and 

feed on or near foliage (Catterall et al. 1998). The exclusive presence of Spotted Turtle-dove 

within small fragments also contributed to the distinction between small and large fragments. 

Spotted Turtle-dove is an introduced, ground feeding granivore, and is considered a 

‘developed land’ species (Catterall et al. 1998). It is well-adapted to disturbed and open areas 330 

and is often found where there is reduced native cover and fragmentation. Overall, our results 

suggest that bird species compositional differences are strongly associated with landscape 

features and these differences are reflected in our acoustic biophony measurements. 

Conclusion 

Ideally, if acoustic measures are going to be a useful environmental monitoring tool they 335 

need to provide a robust and scientifically valid proxy for ecological condition.  In this study 

we have recorded the soundscape within the landscape over a one month period from spotted 

gum forest in South-east Queensland, and found that the soundscape reflects differences in 

ecological condition as a consequence of fragmentation. We do not propose that soundscape 

measures should replace traditional biodiversity survey approaches, as many organisms do 340 

not communicate by sound, but rather that acoustic measurement provides a valuable 

complementary tool. Many species that are important contributors to biodiversity do vocalise, 

including birds, amphibians, insects and mammals, as does the one species that directly 

impacts biodiversity and ecological condition: Homo sapiens. Humans generate a great deal 

of sound whether communicating as other vocal organisms do, or by making significant 345 

contributions to the soundscape through the use of mechanical instruments, which are often 

directly involved in inducing land use change.  We have shown an inverse relationship 

between biophony and anthrophony and have linked this to ecological condition and 

landscape fragmentation. We conclude that acoustic technologies have the potential to 

provide a cost effective surrogate for ecological condition in conjunction with established 350 
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field observations and recordings.



 

19 
 

Acknowledgements 

The authors gratefully acknowledge Paul Roe, Michael Towsey and Jason Wimmer for 

technological assistance, expertise and fruitful discussion, Tom Tarrant for expert analysis of 

bird calls, Peter Grace for his enthusiasm in supporting bioacoustics research, and the 355 

Institute for Future Environments, QUT for funding support.  We would also like to thank 

Teresa Eyre and Annie Kelly from the Queensland DEHP for assistance with BioCondition 

and access to spatial data, and Peter Young for expert advice and assistance on locating our 

benchmark site.  We would also like to acknowledge David Williams and his colleagues, 

DPI, in Tatura, Victoria for early work on attempting to relate acoustics to vegetation 360 

condition. The research was never published due to limited acoustic replication as the 

technology was not available at that time.



 

20 
 

References 

Addicott JF, Aho JM, Antolin MF, Padilla DK, Richardson JS, et al. (1987) Ecological 

neighborhoods scaling environmental patterns. Oikos 49:340-346 365 

Alados CL, Navarro T, Komac B, Pascual V, Martinez F, et al. (2009) Do vegetation patch 

spatial patterns disrupt the spatial organization of plant species? Ecol Complex 6:197-207 

Andreasen JK, O’Neill RV, Noss R, Slosser NC (2001) Considerations for a terrestrial index 

of ecological integrity. Ecol Indicators 1(1):21-35 

Arrhenius O (1921) Species and Area. J Ecol 9:95-99 370 

Australian Natural Resources Atlas (2009) Australian Government, Canberra. Available from 

http://www.anra.gov.au (accessed April 2013)  

Bazelet CS, Samways MJ (2012) Grasshopper and butterfly local congruency in grassland 

remnants. J Insect Conserv 16:71-85 

Blair RB (1999) Birds and butterflies along an urban gradient: Surrogate taxa for assessing 375 

biodiversity? Ecol Appl 9(1):164-170 

Bauerfeind SS, Theisen A, Fischer K (2009) Patch occupancy in the endangered butterfly 

Lycaena helle in a fragmented landscape: effects of habitat quality, patch size and isolation. J 

Insect Conserv 13:271-277 

Belbin L (1989) PATN Technical Reference. CSIRO Division of Wildlife and Ecology 380 

Belnap J (1998) Choosing indicators of natural resource condition: A case study in Arches 

National Park, Utah, USA. Environ Manage 22(4):635-642 

Birdlife Australia (2012) Available from http://birdlife.org.au (accessed April 2013) 



 

21 
 

Blumstein DT, Mennill DJ, Clemins P, Girod L, Yao K, et al. (2011) Acoustic monitoring in 

terrestrial environments using microphone arrays: applications, technological considerations 385 

and prospectus. J Appl Ecol 48:758-767 

Bormpoudakis D, Sueur J, Pantis JD (2013) Spatial heterogeneity of ambient sound at the 

habitat type level: ecological implications and applications.  Landscape Ecol 28:495-506 

Bradshaw CJA (2012) Little left to lose: deforestation and forest degradation in Australia 

since European colonization. Journal of Plant Ecology 5:109-120 390 

Bray JR, Curtis JT (1957) An ordination of the upland forest communities of southern 

Wisconsin. Ecol Monogr 27:325-349 

Cabrini I, Grella MD, Andrade CFS, Thyssen PJ (2013) Richness and composition of 

Calliphoridae in an Atlantic Forest fragment: implication for the use of dipteran species as 

bioindicators. Biodivers Conserv 22:2635-2643 395 

Carrascal LM, Seoane J, Palomino D, Polo V (2008) Explanations for bird species range size: 

ecological correlates and phylogenetic effects in the Canary Islands. J Biogeogr 35:2061-

2073 

Catterall CP, Kingston MB, Park K, Sewell S (1998) Deforestation, urbanisation and 

seasonality: Interacting effects on a regional bird assemblage. Biol Conserv 84:65-81 400 

Celis-Murillo A, Deppe JL, Allen MF (2009) Using soundscape recordings to estimate bird 

species abundance, richness, and composition. J Field Ornithol 80:64-78 

Chace JF, Walsh JJ (2006) Urban effects on native avifauna: a review. Landscape Urban 

Plann 74:46-69 



 

22 
 

Chan K (2004) Effect of patch size and bird aggression on bird species richness: A 405 

community-based project in tropical/subtropical eucalypt woodland. Proc R Soc Queensl 

111:1-11 

Cherkaoui I, Selmi S, Boukhriss J, Hamid R-I, Mohammed D (2009) Factors affecting bird 

richness in a fragmented cork oak forest in Morocco. Acta Oecol 35:197-205 

Davidson C (1998) Issues in measuring landscape fragmentation. Wildl Soc Bull 26:32-37 410 

Dennis RLH, Eales HT (1997) Patch occupancy in Coenonympha tullia (Muller, 1764) 

(Lepidoptera: Satyrinae): Habitat quality matters as much as patch size and isolation. J Insect 

Conserv 1:167-176 

Depraetere M, Pavoine S, Jiguet F, Gasc A, Duvail S, et al. (2012) Monitoring animal 

diversity using acoustic indices: Implementation in a temperate woodland. Ecol Indic 13:9-9 415 

Drever MC, Aitken KEH, Norris AR, Martin K (2008) Woodpeckers as reliable indicators of 

bird richness, forest health and harvest. Biol Conserv 141:624-634 

Driscoll DA, Weir T (2005) Beetle responses to habitat fragmentation depend on ecological 

traits, habitat condition, and remnant size. Conserv Biol 19:182-194 

Driscoll DA, Whitehead CA, Lazzari J (2012) Spatial dynamics of the knob-tailed gecko 420 

Nephrurus stellatus in a fragmented agricultural landscape. Landscape Ecol 27:829-841 

Dures SG, Cumming GS (2010) The confounding influence of homogenising invasive 

species in a globally endangered and largely urban biome: Does habitat quality dominate 

avian biodiversity? Biol Conserv 143:768-777 



 

23 
 

Eglington SM, Noble DG, Fuller RJ (2012) A meta-analysis of spatial relationships in species 425 

richness across taxa: Birds as indicators of wider biodiversity in temperate regions. J Nature 

Conserv 20:301-309 

Eyre TJ, Kelly AL, Neldner VJ, Wilson BA, Ferguson DJ, Laidlaw MJ, Franks AJ (2011) 

BioCondition: A Condition Assessment Framework for Terrestrial Biodiversity in 

Queensland. Assessment Methodology Manual Version 2.1 Department of Environment and 430 

Resource Management 

Fahrig L (2003) Effects of habitat fragmentation on biodiversity. Ann Rev Ecol Evol Syst 

34:487-515 

Farina A, Lattanzi E, Malavasi R, Pieretti N, Piccioli L (2011a) Avian soundscapes and 

cognitive landscapes: theory, application and ecological perspectives. Landscape Ecol 435 

26:1257–1267 

Farina A, Pieretti N, Piccioli L (2011b) The soundscape methodology for long-term bird 

monitoring: a Mediterranean Europe case-study. Ecol Inf 6:354–363 

Favero S, Souza HA, Oliveira AKM (2011) Coleoptera (Insecta) as forest fragmentation 

indicators in the Rio Negro sub-region of the Pantanal, Mato Grosso do Sul, Brazil. Braz J 440 

Biol 71:291-295 

Fischer J, Lindenmayer DB (2006) Beyond fragmentation: the continuum model for fauna 

research and conservation in human-modified landscapes. Oikos 112:473-480 

Gage SH, Napoletano BM, Cooper MC (2001) Assessment of ecosystem biodiversity by 

acoustic diversity indices. J Acoust Soc Amer 109:2430 445 



 

24 
 

Gibbons P, Freudenberger D (2006) An overview of methods used to assess vegetation 

condition at the scale of the site. Ecol Manage Restor 7:10-17 

Gibbons P, Briggs S V, Ayers D, Seddon J, Doyle S, Cosier P, et al. (2009) An operational 

method to assess impacts of land clearing on terrestrial biodiversity. Ecol Indic 9(1):26-40 

Gonzalez M, Deconchat M, Balent G (2009) Woody plant composition of forest layers: the 450 

importance of environmental conditions and spatial configuration. Plant Ecol 201:305-318. 

201(1), 305-318 

Gorrod E (2006a) Evaluating the ecological and operational basis of vegetation condition 

assessments. Ecol Manage Restor 7(S1):80 

Herrando S, Brotons L (2002) Forest bird diversity in Mediterranean areas affected by 455 

wildfires: A multi-scale approach. Ecography 25:161-172 

Hobbs RJ, Yates CJ (2003) Impacts of ecosystem fragmentation on plant populations: 

Generalising the idiosyncratic. Aust J Bot 51:471-488 

Integrated Taxonomic Information System (2013) Available from http://www.itis.gov/ 

(accessed November 2013) 460 

Jackson HB, Baum KA, Cronin JT (2012) From logs to landscapes: determining the scale of 

ecological processes affecting the incidence of a saproxylic beetle. Ecol Entomol 37:233-243 

Jamoneau A, Chabrerie O, Closset-Kopp D, Decocq G (2012) Fragmentation alters beta-

diversity patterns of habitat specialists within forest metacommunities. Ecography 35:124-

133 465 

Joo W, Gage SH, Kasten EP (2011) Analysis and interpretation of variability in soundscapes 

along an urban-rural gradient. Landscape Urban Plann 103:259-276 



 

25 
 

Juutinen A, Monkkonen M (2004) Testing alternative indicators for biodiversity conservation 

in old-growth boreal forests: ecology and economics. Ecol Econ 50(1-2):35-48 

Kasten EP, Gage SH, Fox J, Joo W (2012) The remote environmental assessment 470 

laboratory’s acoustic library: an archive for studying soundscape ecology. Ecol Info 12:50-67 

Kelley J, Kelly A (2012) Calculating BioCondition v 2.1 Landscape Attributes (Patch Size, 

Connectivity and Context) using ArcGIS 10 (Software implementation as ArcGIS toolbox): a 

Technical Manual. V1.0. Unpublished Queensland Herbarium report 

Kolb A (2008) Habitat fragmentation reduces plant fitness by disturbing pollination and 475 

modifying response to herbivory. Biol Conserv 141:2540-2549 

Krause B, Gage SH, Joo W (2011) Measuring and interpreting the temporal variability in the 

soundscape at four places in Sequoia National Park. Landscape Ecol 26:1247–1256 

Kuehne LM, Padgham BL, Olden JD (2013) The Soundscapes of Lakes across an 

Urbanization Gradient. Plos One 8(2): e55661. 480 

Lafortezza R, Coomes DA, Kapos V, Ewers RM (2010) Assessing the impacts of 

fragmentation on plant communities in New Zealand: scaling from survey plots to 

landscapes. Global Ecol Biogeogr 19:741-754 

Laiolo P (2010) The emerging significance of bioacoustics in animal species conservation. 

Biol Conserv 143:1635-1645 485 

Lampila P, Monkkonen M, Desrochers A (2005) Demographic responses by birds to forest 

fragmentation. Conserv Biol 19:1537-1546 



 

26 
 

Lancaster ML, Taylor AC, Cooper SJB, Carthew SM (2011) Limited ecological connectivity 

of an arboreal marsupial across a forest/plantation landscape despite apparent resilience to 

fragmentation. Mol Ecol 20:2258-2271 490 

Larsen FW, Bladt J, Balmford A, Rahbek C (2012) Birds as biodiversity surrogates: will 

supplementing birds with other taxa improve effectiveness? J Appl Ecol 49:349-356 

Lines WJ (1991) Taming the great south land: a history of the conquest of nature in Australia, 

William J. Lines. North Sydney: Allen & Unwin 

MacArthur, R. H. and Wilson, E. O. (1967). The Theory of Island Biogeography. Princeton, 495 

N.J.: Princeton University Press 

Major RE, Christie FJ, Gowing G (2001) Influence of remnant and landscape attributes on 

Australian woodland bird communities. Biol Conserv 102:47-66 

Malt J, Lank D (2007) Temporal dynamics of edge effects on nest predation risk for the 

marbled murrelet. Biol Conserv 140: 160-173 500 

Malt JM, Lank DB (2009) Marbled Murrelet nest predation risk in managed forest 

landscapes: dynamic fragmentation effects at multiple scales. Ecol Appl 19: 1274-1287 

Matsinos YG, Mazaris AD, Papadimitriou KD, Mniestris A, Hatzigiannidis G, Maioglou D, 

Pantis JD (2008) Spatio-temporal variability in human and natural sounds in a rural 

landscape. Landscape Ecol 23:945–959 505 

Mazaris AD, Kallimanis AS, Chatzigianidis G, Papadimitriou K, Pantis JD (2009) 

Spatiotemporal analysis of an acoustic environment: interactions between landscape features 

and sounds. Landscape Ecol 24:817–831 



 

27 
 

McRae BH, Hall SA, Beier P, Theobald DM (2012) Where to Restore Ecological 

Connectivity? Detecting Barriers and Quantifying Restoration Benefits. PLoS One 7:e52604 510 

Moran C, Catterall CP, Kanowski J (2009) Reduced dispersal of native plant species as a 

consequence of the reduced abundance of frugivore species in fragmented rainforest. Biol 

Conserv 142:541-552 

Mörtberg UM (2001) Resident bird species in urban forest remnants; landscape and habitat 

perspectives. Landscape Ecol 16:193-203 515 

Norton TW (1996) Conserving biological diversity in Australia's temperate eucalypt forests. 

For Ecol Manage 85: 21-33. 

Ockinger E, Lindborg R, Sjodin NE, Bommarco R (2012) Landscape matrix modifies 

richness of plants and insects in grassland fragments. Ecography 35:259-267 

O'Connor TG, Kuyler P (2009) Impact of land use on the biodiversity integrity of the moist 520 

sub-biome of the grassland biome, South Africa. J Environ Manage 90:384-395 

Oliver I, Holmes A, Dangerfield J M, Gillings M, Pik AJ, Britton DR, et al. (2004) Land 

systems as surrogates for biodiversity in conservation planning. Ecol Appl 4(2):485-503 

Opdam P, Wascher D (2004) Climate change meets habitat fragmentation: linking landscape 

and biogeographical scale levels in research and conservation. Biol Conserv 117:285-297 525 

Parkes D, Newel G, Cheal D (2004) The development and raison d’etre of habitat hectares: A 

response to McCarthy et al. (2004). Ecol Manage Restor 5 (1):28-29 

Pearman PB (2002) The scale of community structure: Habitat variation and avian guilds in 

tropical forest understory. Ecol Monogr 72:19-39 



 

28 
 

Pearson DL, Cassola F (1992) Worldwide species richness of tiger beetles (Coleoptera, 530 

Cicindelidae)-indicator taxon for biodiversity and conservation studies. Conserv Biol 

6(3):376-391 

Pert PL, Butler JRA, Bruce C, Metcalfe D (2012) A composite threat indicator approach to 

monitor vegetation condition in the Wet Tropics, Queensland, Australia. Ecol Indicators 18: 

191-199. 535 

Pijanowski BC, Farina A, Gage SH, Dumyahn SL, Krause BL (2011) What is soundscape 

ecology? An introduction and overview of an emerging new science. Landscape Ecol 

26:1213-1232 

Proppe DS, Sturdy CB, St Clair CC (2013) Anthropogenic noise decreases urban songbird 

diversity and may contribute to homogenization. Global Change Biol 19: 1075-1084. 540 

Qi J, Gage SH, Joo W., Napoletano BN, Biswas S (2008) Soundscape characteristics of an 

environment: a new ecological indicator of ecosystem health. In: Ji, W. (ed) Wetland and 

water resource modeling and assessment. CRC Press, New York, pp 201-211 

Rempel RS, Hobson KA, Holborn G, Van Wilgenburg SL, Elliott J (2005) Bioacoustic 

monitoring of forest songbirds: interpreter variability and effects of configuration and digital 545 

processing methods in the laboratory. J Field Ornithol 76:1-11 

Rodriguez JP, Pearson DL, Barrera R (1998) A test for the adequacy of bioindicator taxa: Are 

tiger beetles (Coleoptera: Cicindelidae) appropriate indicators for monitoring the degradation 

of tropical forests in Venezuela? Biol Conserv 83(1):69-76 

Ruiz-Guerra B, Renton K, Dirzo R (2012) Consequences of Fragmentation of Tropical Moist 550 

Forest for Birds and Their Role in Predation of Herbivorous Insects. Biotropica 44: 228-236. 



 

29 
 

Saetersdal M, Gjerde I, Blom HH, Ihlen PG, Myrseth EW, Pommeresche R, et al. (2004) 

Vascular plants as a surrogate species group in complementary site selection for bryophytes, 

macrolichens, spiders, carabids, staphylinids, snails, and wood living polypore fungi in a 

northern forest. Biol Conserv 115(1):21-31 555 

Sattler PS, Williams RD (1999) The Conservation Status of Queenslands Bioregional 

Ecosystems.  Environmental Protection Agency, Brisbane 

Sauberer N, Zulka KP, Abensperg-Traun M, Berg HM, Bieringer G, Milasowszky N, et al. 

(2004) Surrogate taxa for biodiversity in agricultural landscapes of eastern Austria. Biol 

Conserv 117(2):181-190 560 

Schuster R, Arcese P (2013) Using bird species community occurrence to prioritize forests 

for old growth restoration. Ecography 36: 499-507. 

Seddon JA, Briggs SV, Doyle SJ (2003) Relationships between bird species and 

characteristics of woodland remnants in central New South Wales. Pac Conserv Biol 9:95-

119 565 

Skroblin A, Legge S (2012) Influence of fine-scale habitat requirements and riparian 

degradation on the distribution of the purple-crowned fairy-wren (Malurus coronatus 

coronatus) in northern Australia. Austral Ecol 37: 874-884. 

Smith AC, Fahrig L, Francis CM (2011) Landscape size affects the relative importance of 

habitat amount, habitat fragmentation, and matrix quality on forest birds. Ecography 34:103-570 

113 

SPSS for Windows V 19.0 (2012) Chicago: SPSS Inc 

Sueur J, Pavoine S, Hamerlynck O, Duvail S (2008) Rapid Acoustic Survey for Biodiversity 

Appraisal. PLoS One 3:e4065 



 

30 
 

Tang CQ, He L-Y, Gao Z, Zhao X-F, Sun W-B, et al. (2011) Habitat Fragmentation, 575 

Degradation, and Population Status of Endangered Michelia coriacea in Southeastern 

Yunnan, China. Mountain Res and Develop 31:343-350 

Thomas JA, Bourn NAD, Clarke RT, Stewart KE, Simcox DJ, et al. (2001) The quality and 

isolation of habitat patches both determine where butterflies persist in fragmented landscapes. 

Proc R Soc Biol Sci Series B 268:1791-1796 580 

Tierney GL, Faber-Langendoen D, Mitchell BR, Shriver WG, Gibbs JP (2009) Monitoring 

and evaluating the ecological integrity of forest ecosystems. Front Ecol Environ 7(6):308-316 

Watson JEM, Whittaker RJ, Freudenberger D (2005) Bird community responses to habitat 

fragmentation: how consistent are they across landscapes? J Biogeogr 32:1353-1370. 

Wehenkel C, Corral-Rivas JJ, Castellanos-Bocaz HA, Pinedo-Alvarez A (2009) Is there a 585 

positive relationship between naturalness and genetic diversity in forest tree communities? 

Investigacion Agraria-Sistemas Y Recursos Forestales, 18(1):20-27 

Welch, PD (1967) The Use of Fast Fourier Transform for the Estimation of Power Spectra: A 

Method Based on Time Averaging Over Short, Modified Periodograms. Trans Audio Electro 

15:70-73 590 

Wildlife Acoustics (2013) Available from http://www.wildlifeacoustics.com (accessed April 

2013) 

Wimmer J, Towsey M, Roe P, Williamson I (2013a) Sampling environmental acoustic 

recordings to determine bird species richness. Ecol Appl 23: 1419-1428. 

Wimmer J, Towsey M, Planitz, B, Williamson I, Roe P (2013b) Analysing environmental 595 

acoustic data through collaboration and automation. Futur Gener Comp Syst 29:560-568 



 

31 
 

Winter S, Fischer HS, Fischer A. (2010) Relative quantitative reference approach for 

naturalness assessments of forests. For Ecol Manage 259(8):1624-1632 

Yapp G, Walker J, Thackway R (2010) Linking vegetation type and condition to ecosystem 

goods and services. Ecol Complex 7(3):292-301 600 

Zharikov Y, Lank DB, Cooke F (2007) Influence of landscape pattern on breeding 

distribution and success in a threatened Alcid, the marbled murrelet: model transferability 

and management implications. J Appl Ecol 44: 748-759 



 

32 
 

Figure 1: Map of study area indicating the extent of regional ecosystem 12.11.5e and 

locations of study sites
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Figure 2: Scatterplots depicting the relationship between the landscape attributes, patch size (log10 hectares) and connectivity (scores ranging 

from 0 (no connectivity) to 5 (high connectivity)), and RSP anthrophony (1-2 kHz; solid circles) and biophony (mean 3-11 kHz; open circles) for 

the 24 hour dataset 
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Figure 3: Dendrogram of study sites based on bird presence/absence data constructed using 

agglomerative hierarchical classification and flexible UPGMA based on Bray-Curtis 

dissimilarity (values indicated on the top axis of dendrogram). Site identifications indicated 

on the side of the dendrogram 
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Table 1: Landscape attributes, including patch size and patch connectivity, used to classify 

selected patches 

Patch Size Description Patch Size Area (ha) 

Small 0-25 

Medium  25-200 

Large >200 

Patch Connectivity Description Patch Connectivity Measurement 

Low 

 

Medium 

<50% of its perimeter is connected with 

adjacent remnant vegetation 

>50% and <75% of its perimeter is 

connected with adjacent remnant vegetation 

High >75% of its perimeter is connected with 

adjacent remnant vegetation  
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Table 2: The ten study sites classified by patch size and connectivity 

Site Patch Size 

Description 

Patch Area (ha) Patch Connectivity 

D' Aguilar 1  Large 44110 High 

D'Aguilar 2  Large 44110 High 

D'Aguilar 3 Large 44110 High 

Moggill 1 Large 1438 High 

Moggill 2 Large 1438 High 

Whites Hill 1 Medium 124 Low 

Whites Hill 2 Medium 124 Low 

Wellers Hill  Small 5 Low 

Nursery Road Small 4 Low 

Mount Warren Park Small 3 Low 
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Table 3: Summary table of acoustic, vegetation and landscape attributes and overall vegetation, landscape and condition scores 

  Attribute 

D'Aguilar 

1 

D'Aguilar 

2 

D'Aguilar 

3 

Moggill 

1 

Moggill 

2 

Mount 

Warren Park 

Nursery 

Road 

Wellers 

Hill 

Whites 

Hill1  

Whites 

Hill 2 

Acoustics 24hr RSP 1–2kHz 0.47 0.46 0.54 0.55 0.46 0.81 0.75 0.86 0.63 0.82 

 

Day RSP 1–2kHz 0.48 0.37 0.52 0.59 0.49 0.84 0.75 0.83 0.60 0.86 

 

Night RSP 1–2kHz 0.44 0.59 0.56 0.51 0.43 0.78 0.74 0.90 0.68 0.77 

 

24hr Mean RSP 3–11kHz 0.24 0.21 0.22 0.23 0.25 0.14 0.16 0.09 0.19 0.14 

 

Day Mean RSP 3–11kHz 0.21 0.19 0.20 0.20 0.23 0.12 0.14 0.10 0.17 0.11 

 

Night Mean RSP 3–11kHz 0.28 0.24 0.25 0.27 0.28 0.17 0.19 0.08 0.21 0.19 

Vegetation # large trees 40 37 38 52 25 33 39 26 34 61 

 

course woody debris (m) 45.73 41.25 44.15 31.7 32.4 70.14 19.22 16.6 29.27 19.16 

 

% leaf litter 24 33.4 20.8 34 38 27.2 73 20 23.2 47 

 

% weed cover 0 3 35 0 15 25 1 25 1 2 

 

% ground cover 67 65.4 56.8 50 43 56.8 22.8 56 71.4 52.6 

 

% shrub cover 22.6 34.45 30.35 13.1 24.2 54.6 71.05 71.3 42.65 53.55 

 

% tree cover 47.9 56.1 76.6 81.9 90.4 57.25 34.8 62.5 74.5 74.8 

 

ground species richness 37 17 22 27 28 27 10 19 16 17 

 

shrub species richness 10 9 9 10 14 5 13 13 11 13 

 

tree species richness 7 6 7 6 7 8 7 8 9 10 

 

Overall Score (out of 0.8) 0.8 0.65 0.59 0.69 0.59 0.65 0.62 0.6 0.7 0.73 
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Landscape Size of patch (ha) 44110.1 44110.1 44110.1 44110.1 44110.1 3.4 3.9 5.2 125.1 125.1 

 

Size of patch (0–0.1) 0.1 0.1 0.1 0.1 0.1 0 0 0.02 0.07 0.07 

 

Connectivity (0–0.05) 0.05 0.05 0.04 0.05 0.04 0.04 0 0 0.04 0.02 

 

Context (0–0.05) 0.05 0.05 0.04 0.05 0.05 0 0 0.02 0 0 

 

Overall Score (out of 0.2) 0.2 0.2 0.18 0.2 0.19 0.04 0 0.04 0.11 0.09 

Condition Overall Score (out of 1.0) 1 0.85 0.77 0.89 0.78 0.69 0.62 0.64 0.81 0.82 
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Table 4: Two-tailed Pearson correlations between RSP 1-2 kHz, mean RSP 3-11 kHz (day, night, 24 hours) and condition score, vegetation 

attributes, combined landscape attributes, patch size, patch connectivity and patch context (**Significant 0.01 level *Significant 0.05 level n=10) 

  Day  Night  24 Hours  

  RSP 1-2 kHz Mean RSP 3-11 

kHz 

RSP 1-2 kHz Mean RSP 3-11 

kHz 

RSP 1-2 kHz Mean RSP 3-11 

kHz 

Condition Score r -0.617 0.624 -0.720 0.724 -0.683 0.685 

 p value  0.057 0.054  0.019* 0.018*  0.029* 0.029* 

Vegetation Attributes r -0.055 0.067 -0.208 0.292 -0.119 0.179 

 p value  0.880 0.853  0.564 0.414  0.743 0.620 

Landscape Attributes r -0.861 0.860 -0.880 0.813 -0.903 0.853 

 p value  0.001** 0.001**  0.001** 0.004**  0.000** 0.002** 

Patch Size r -0.863 0.876 -0.899 0.797 -0.912 0.853 

 p value  0.001** 0.001**  0.000** 0.006**  0.000** 0.002** 

Patch Connectivity r -0.810 0.781 -0.806 0.641 -0.841 0.727 

 p value  0.005** 0.008**  0.005** 0.046*  0.002** 0.017* 

Patch Context r -0.708 0.713 -0.756 0.780 -0.755 0.759 

 p value  0.022* 0.021*  0.011* 0.008**  0.012* 0.011* 
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Table 5: Table of significant bird species driving numerical classification of bird species presence/absence across all sites (MCAO values ≤1%) 

Significant Species (MCAO values ≤1%) Two-Way Table Interpretation 

Eastern Yellow Robin (Eopsaltria australis) Present in large, intact, well connected patches 

Fairy Gerygone (Gerygone palpebrosa) Only present in White's Hill 2 (medium sized, isolated patch) 

Golden Whistler (Pachycephala pectoralis) Present in D'Aguilar 1, Moggill 2, White's Hill 1 and Mt Warren Park 

Lewin's Honeyeater (Meliphaga lewinii) Present in large, intact, well connected patches 

Magpie Lark (Grallina cyanoleuca) Present in D'Aguilar 3, White's Hill 2, Nursery Road and Weller's Hill  

Olive-backed Oriole (Oriolus sagittatus) Ubiquitous; present in all sites 

Pale-headed Rosella (Platycercus adscitus) Present in all sites except D'Aguilar 2, White's Hill 1 and White's Hill 2 

Rainbow Lorikeet (Trichoglossus haematodus) Ubiquitous; present in all sites 

Scaly-breasted Lorikeet (Trichoglossus chlorolepidotus) Ubiquitous; present in all sites 

Silvereye (Zosterops lateralis) Present in all sites except White's Hill 1 and White's Hill 2 

Striated Pardalote (Pardalotus striatus) Present in all sites except White's Hill 2 

Torresian Crow (Corvus orru) Ubiquitous; present in all sites 

White-throated Honeyeater (Melithreptus albogularis) Present in all sites except White's Hill 1 and White's Hill 2 

White-throated Treecreeper (Cormobates leucophaea) Present in large, intact, well connected patches 
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Supplementary Table 1: Table of all bird species including common names, scientific names and 

taxonomic serial numbers (Integrated Taxonomic Information System 2013) 

Bird Species Scientific Name Taxonomic Serial Number 
Australasian Figbird Sphecotheres vieilloti NA 
Australian Magpie Gymnorhina tibicen  560338 
Australian King Parrot Alisterus scapularis  177551 
Australian Wood Duck Chenonetta jubata 175236 
Bar-shouldered Dove Geopelia humeralis 177195 
Bell Miner Manorina melanophrys 560988 
Black-faced Cuckoo-shrike Coracina novaehollandiae 559467 
Black-faced Monarch Monarcha melanopsis 561196 
Blue-faced Honeyeater Entomyzon cyanotis 559920 
Brown Cuckoo-dove Macropygia amboinensis 177203 
Brown Goshawk Accipiter fasciatus 175319 
Brown Honeyeater Lichmera indistincta 560811 
Brown Thornbill Acanthiza pusilla 558381 
Bush Stone-curlew Burhinus grallarius 558950 
Collared Sparrowhawk Accipiter cirrocephalus 175315 
Common Bronzewing Phaps chalcoptera 177234 
Crested Pigeon Ocyphaps lophotes 177238 
Crested Shrike-tit Falcunculus frontatus 560069 
Eastern Yellow Robin Eopsaltria australis 559923 
Eastern Koel Eudynamys orientalis  NA 
Eastern Whipbird Psophodes olivaceus 562553 
Fairy Gerygone Gerygone palpebrosa 560265 
Fan-Tailed Cuckoo Cacomantis flabelliformis 554697 
Forest Kingfisher Todiramphus macleayii 692695 
Galah Eolophus roseicapilla 714023 
Golden Whistler Pachycephala pectoralis 561774 
Grey Butcherbird Cracticus torquatus 559557 
Grey Fantail Rhipidura albiscapa NA 
Grey Shrike-thrush Colluricincla harmonica 559385 
Laughing Kookaburra Dacelo novaeguineae 554574 
Leaden Flycatcher Myiagra rubecula 561293 
Lewin's Honeyeater Meliphaga lewinii 561072 
Little Bronze-Cuckoo  Chrysococcyx minutillus 554699 
Little Shrike-thrush Colluricincla megarhyncha 559386 
Magpie-lark Grallina cyanoleuca 560315 
Masked Lapwing Vanellus miles 176495 
Mistletoebird Dicaeum hirundinaceum 559733 
Unknown 1 NA NA 
Unknown 2 NA NA 
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Noisy Friarbird Philemon corniculatus 561988 
Noisy Miner Manorina melanocephala  560987 
Noisy Pitta Pitta versicolor 562249 
Olive-backed Oriole Oriolus sagittatus 561710 
Pale-headed Rosella Platycercus adscitus 554873 
Pheasant Coucal Centropus phasianinus 554752 
Pied Butcherbird Cracticus nigrogularis 559555 
Pied Currawong Strepera graculina 563152 
Rainbow Bee-eater Merops ornatus 554660 
Rainbow Lorikeet Trichoglossus haematodus 177431 
Red-backed Fairy-wren Malurus melanocephalus 560978 
Red-browed Finch Neochmia temporalis 561563 
Rufous Whistler Pachycephala rufiventris 561777 
Sacred Kingfisher Todiramphus sanctus 692705 
Scaly-breasted Lorikeet Trichoglossus chlorolepidotus 177427 
Scarlet Honeyeater Myzomela sanguinolenta 561458 
Shining Bronze-cuckoo Chrysococcyx lucidus 554703 
Silvereye Zosterops lateralis 563845 
Spangled Drongo Dicrurus bracteatus 559762 
Spotted Pardalote Pardalotus punctatus 561833 
Spotted Turtle-dove Streptopelia chinensis 177134 
Striated Pardalote Pardalotus striatus 561836 
Sulphur-crested Cockatoo Cacatua galerita 177815 
Tawny Grassbird Megalurus timoriensis 561020 
Torresian Crow Corvus orru 559508 
Varied Triller Lalage leucomela 560658 
Variegated Fairy-wren Malurus lamberti 560976 
White-bellied Cuckoo-shrike Coracina papuensis 559469 
White-browed Scrubwren Sericornis frontalis 562918 
White-browed Woodswallow Artamus superciliosus 558768 
White-throated Gerygone Gerygone olivacea 560264 
White-throated Honeyeater Melithreptus albogularis 561083 
White-throated Treecreeper Cormobates leucophaea 711580 
Wonga Pigeon Leucosarcia melanoleuca 177240 
Willie-wagtail Rhipidura leucophrys 562746 
Yellow-faced Honeyeater Lichenostomus chrysops 560786 

 

  


