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ABSTRACT 

Aim To assess spatial relationships between avian community similarity and level of urbanization. 

We tested the following hypotheses for taxonomic similarity: Hypothesis A – the decline in 

taxonomic similarity with distance is stronger for the least urbanized locations compared to the 

most urbanized locations; Hypothesis B – the converse of Hypothesis A; and Hypothesis C – the 

decline in taxonomic similarity with distance is stronger for the most and least urbanized locations 

compared to locations with intermediate levels of urbanization.  We also determined if increasing 

urbanization led to increased functional similarity within bird communities.    

Location South-eastern Australia. 

Methods Bird species occurrence and density were sampled across 18 towns and 72 

neighbourhoods occupying a spatial gradient of up to 882 km. We calculated pairwise values in 

taxonomic similarity among each town and neighbourhood using the Sørenson coefficient and a 

similarity measure that accounts for differences in species richness among locations. These values 

were plotted against pairwise distances among towns and neighbourhoods using linear regression to 

measure similarity–distance relationships. Neighbourhoods were categorized into four levels of 

urban development based on dwelling density, urban intensity, vegetation cover, or the density of 

native, nectar-rich plants. Variation in bird species density across neighbourhoods and frequency of 

occurrence across broad habitat types (habitat specialization) was used to assess functional 

similarity of bird communities in each neighbourhood.  

Results Among the 18 towns, the decline in taxonomic similarity with distance was weak and 

significantly less than among regional bird communities that occurred within a 1° grid square 

around each town. Among the 72 neighbourhoods, similarity–distance relationships differed 

substantially depending on the level of urban development. Generally, the strongest decline in 

similarity with distance was for neighbourhoods with the highest and lowest dwelling density, urban 

intensity and vegetation cover, supporting Hypothesis C. The functional similarity of bird 
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communities increased significantly with dwelling density, and decreased significantly with an 

increasing density of nectar plants.  

Main conclusions At the town level, urbanization appears to homogenize regional bird 

communities. Among neighbourhoods, similarity–distance relationships are substantially influenced 

by the level of urban development, and increasing urbanization leads to greater functional similarity 

within bird communities. 

Keywords: Australia, birds, beta-diversity, community similarity, distance-decay, functional 

similarity, homogenization, species turnover, taxonomic similarity, urbanization.  

 

INTRODUCTION  

A negative relationship between geographic distance and the similarity of ecological communities is 

a fundamental principle in ecology and biogeography (Nekola & White, 1999). Turnover in the 

identity of species along spatial gradients has interested researchers for decades (e.g. McCoy & 

Conner, 1980; Lennon et al., 2001; Luck & MacCallum, 2007) and differences in species 

assemblages between sites is an important spatial pattern in biodiversity (Wilson & Shmida, 1984, 

Blackburn & Gaston, 1996). Studies of the decay of community similarity with distance (the 

‘distance-decay effect’) were recently reviewed by Soininen et al. (2007). They found that factors 

such as spatial scale, organism characteristics, study area and ecosystem type all influenced the rate 

of distance decay.  

Recently, attention has been drawn to the impacts of urbanization in potentially 

homogenizing ecological communities (e.g. Clergeau et al., 2006; McKinney, 2006, Sorace & 

Gustin, 2008; Magura et al., 2010). Homogenization is a time-dependent process, expressed 

through species extinctions and invasions, whereby locally distinct species communities are 

increasingly dominated by wide-ranging (often exotic) generalist species (McKinney & Lockwood, 

1999). It can be expressed in three ways, as taxonomic homogenization, functional homogenization 

and/or genetic homogenization (Olden et al., 2004; Olden & Rooney, 2006).  
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Taxonomic homogenization is an increase in species compositional similarity among a set of 

locations over time (Olden & Rooney, 2006; Olden et al., 2006). Functional homogenization is a 

decrease in functional diversity among communities in each location and can be assessed through 

species traits such as habitat use (Olden & Rooney, 2006; Devictor et al., 2008). Rigorous 

assessments of taxonomic homogenization require data on species communities from multiple 

locations at different points in time. While the process of homogenization may be inferred from 

variation in the spatial pattern of present-day community similarity among locations, examination 

of spatial patterns is only a tentative assessment of homogenizing effects (Olden & Rooney, 2006). 

Here, we focus on spatial variation in taxonomic and functional similarity with differing levels of 

urbanization. This variation may have resulted from variable homogenization or differentiation 

processes, but this cannot be confirmed without historical data on species communities pre-

settlement. Nevertheless, improved understanding of how urbanization influences community 

similarity across space is vitally important for assessing the impacts of human settlements on 

biodiversity conservation and the manifestation of biogeographic patterns.  

Increasing urbanization may lead to increasing community similarity among locations 

through localized extinction of urban sensitive species and the spread of urban-adapted species. We 

would expect that communities occupying highly urbanized landscapes should be more 

taxonomically similar across space than those occupying, for example, forested landscapes 

occurring along a similar spatial gradient. McKinney (2006) demonstrated a steeper decline in 

similarity with distance for plant communities occupying sites located in state and national parks 

compared to urban landscapes. Yet, the degree of similarity among species communities may vary 

with urbanization level (e.g. Blair, 2001; Crooks et al., 2004; van Rensburg et al., 2009) suggesting 

that the relationship between urbanization and similarity is decidedly complex.  

For example, Jokimäki & Kaisanlahti-Jokimäki (2003) found that avifaunal similarity was 

lower among more urbanized (town centres) compared to less urbanized locations (apartment 

blocks and single family houses) in five European towns, while the inter-continental study of 
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Magura et al. (2010) concluded that there was no difference in the level of similarity among ground 

beetle assemblages occupying urban or rural locations. Differing results may reflect variation in 

urbanization levels or how urbanization is measured, the size of the sampling unit (e.g. 

neighbourhoods or towns) and the extent of the spatial gradient, underscoring the need for greater 

examination of these patterns. Moreover, some studies (e.g. Jokimäki & Kaisanlahti-Jokimäki, 

2003; Sorace & Gustin, 2008) compare mean similarity values among landscape types rather than 

assess how similarity among locations of a given type (e.g. highly urbanized) varies with distance 

compared to locations of a different landscape type (e.g. less urbanized). Comparing mean 

similarity values does not address important spatial patterns in similarity with distance or test for 

the impact of urbanization on the distance-decay effect.   

In this study we examine the decline in the taxonomic similarity of bird communities with 

distance, comparing similarity–distance relationships for locations categorized by urbanization 

level. Based on the literature, we offer the following three hypotheses of how level of urbanization 

may influence the similarity–distance relationship (the null hypothesis is that urbanization level has 

no impact on this relationship).   

Hypothesis A The decline in taxonomic similarity with distance will be stronger for the 

least urbanized locations compared to the most urbanized locations (Fig. 1a). 

This would be expected if increasing urbanization favours the establishment 

of the same suite of urban-adapted species among spatially disparate 

locations.   

Hypothesis B The converse of Hypothesis A (Fig. 1b). This could occur if regional bird 

communities are very similar and urbanization promotes the establishment of 

different species in different locations.  

Hypothesis C The decline in taxonomic similarity with distance will be stronger for the 

most and least urbanized locations compared to locations with intermediate 
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levels of urbanization. This would result in a U-shaped pattern across 

urbanization levels (Fig. 1c).  

We also assess the degree of functional similarity among bird communities, and hypothesize that 

increasing urbanization will result in increasing similarity. 

 

MATERIALS AND METHODS 

Study area 

Our study was conducted in 18 regional centres (towns) across Victoria and New South Wales in 

south-eastern Australia (Fig. 2). Population size ranged from 16,182 to 78,221 in 2006. We 

surveyed four neighbourhoods in each town (total 72 neighbourhoods) with neighbourhood 

boundaries defined by census collection districts, the smallest sampling unit (≈ 200 houses) used by 

the Australian Bureau of Statistics in its 5-yearly census of the Australian population. 

Neighbourhoods were selected using stratified random sampling to capture the full range of 

variation in key factors such as dwelling density and vegetation cover (see Luck et al., 2009). 

Neighbourhoods in the same town were separated by at least 1 km, each neighbourhood was within 

10 km of a town centre, predominant land use was residential and dwelling density ranged from 0.5 

to 11 houses/ha.  

We conducted analyses at the town and neighbourhood level, as the similarity among 

locations may vary with scale. The distance between towns ranged from 6 km to 879 km, measured 

from the centre of each town. The distance between neighbourhoods ranged from 1 km to 882 km, 

measured from the centroid of each neighbourhood. We also attempted to control for differences in 

neighbourhood age to reduce the likelihood of spatial variation in similarity being more a factor of 

temporal rather than spatial variation (see Appendix S1 in Supporting Information).  

 

Bird species occurrence and density 
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Birds were surveyed in each neighbourhood over two consecutive days in spring and two 

consecutive days in summer in 2008 and 2009 by L.S. (for a total of four sampling periods per 

neighbourhood). We measured species occurrence using an active search method and a results-

based stopping rule (Miller & Cale, 2000; Watson, 2003; Appendix S1). To measure species density 

we used the point transect method and a distance sampling procedure to account for differences in 

detectability among species (Buckland et al., 2001; Appendix S1). Species density values were used 

in our assessment of functional similarity (see ‘Functional similarity’).  

 

Urbanization measures 

We used the following measures to represent differences in the degree of urbanization across 

neighbourhoods: dwelling density (dwellings/ha); urban intensity; vegetation cover (proportion of 

neighbourhood covered in woody and non-woody vegetation); and the density of native, nectar-rich 

plants (plants/1000 m2). Dwelling density is commonly used to represent variation in urbanization 

levels and in our study area it was strongly correlated with the percent cover of impervious surfaces 

(r = 0.58, n = 72), another common measure of urbanization. Urban intensity was based on an index 

developed by Hahs & McDonnell (2006) and is simply human population density divided by the 

proportion of urban land cover (we used the proportion of impervious surface cover in each 

neighbourhood). This index represents the intensity of urban land use (see Hahs & McDonnell, 

2006 for details). Vegetation cover and nectar-rich plants were included because vegetation has a 

strong influence on bird communities in urban areas (Chace & Walsh, 2006; Luck & Smallbone, 

2010) and these measures may be more directly related to variation in community similarity than 

factors such as dwelling density. Vegetation cover was measured using satellite imagery and the 

density of nectar plants was measured in the field (Appendix S1).  

  

Taxonomic similarity 
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We measured taxonomic similarity using the Sørenson coefficient (βsor) and a similarity measure 

(βsim) proposed by Lennon et al. (2001). The former is commonly used to measure community 

similarity (Vellend, 2001), but values of βsor are influenced by differences in species richness 

between locations (values are higher when differences in richness are large). The latter is not 

influenced by local differences in richness and more strongly reflects compositional differences 

between locations (Lennon et al., 2001, Koleff et al., 2003). We used both measures to assess how 

much differences between locations were influenced by differences in species richness, but only 

results for βsim are presented in the text, while the results for βsor are included as Supporting 

Information (Table S1 & Fig. S1 in Appendix S2).   

The measures can be expressed as follows:  

cba
a
++

=
2

2β sor   Eqn. 1 

 

acb
cb
+

−=
),min(

),min(1β sim  Eqn. 2 

Here, a is the number of species found in both locations, b is the number of species found only in 

the second location, and c is the number of species found only in the first location. As expressed 

here, these are measures of similarity between locations; therefore, given the distance-decay effect, 

we expect smaller values as the distance between locations increases.     

We identified similarity–distance relationships by plotting pairwise values of similarity 

against pairwise distances between locations, and compared differences in the slope of these 

relationships among urbanization levels using linear regression. The application of linear regression 

is common in studies of distance-decay effects, although log-transformed values of similarity and/or 

distance may be used to improve the fit of the regression line (e.g. Vellend, 2001; La Sorte et al., 

2008). We explored these possibilities, but found that untransformed data provided the best fit.  



10 
 

 

Town-level analyses 

At the town level, we examined the decline in similarity with distance among the 18 towns by 

plotting 153 pairwise values of similarity against 153 pairwise values of the Euclidean distance 

between towns. Data from the four neighbourhood bird surveys in each town were pooled to 

represent a town’s bird community. To assess the similarity–distance relationship, we compared the 

slope of the regression from the observed data with 10,000 randomly generated slopes (Appendix 

S1). Pairwise values among locations are not independent because multiple comparisons are 

conducted using the same location. Therefore, randomization tests were used to determine if 

observed slopes differed significantly from random, and to compare differences in slopes among 

contexts (e.g. high dwelling density neighbourhoods vs. low dwelling density neighbourhoods). The 

level of significance was determined by comparing the actual slope value with the distribution of 

values from the 10,000 random slopes. We conducted analyses for all species and for native species 

only to determine the influence of exotic species (introduced to Australia) on the similarity–distance 

relationship. We determined if there was a significant difference in the regression slopes for all 

species vs. native species only by comparing the actual difference in slopes with the distribution of 

values from 10,000 random differences (Appendix S1).  

We also compared the observed data with that generated from ‘regional’ species pools 

associated with each town. A regional pool of bird species was derived from the Australian Bird 

Atlas data (Barrett et al., 2003) at a spatial resolution of 1° grid squares (≈ 100 x 100 km). The 

regional pool for each town was the species recorded in the 1° square in which the town was 

embedded, derived from the same survey effort (10 surveys) in each grid square (see Luck et al., 

2010). From each regional pool, we selected x species at random and without replacement, where x 

is the number of species recorded in the associated town. We recorded similarity–distance 

relationships among the 18 randomly selected species assemblages as above, and repeated the 

process 100 times. This provided us with a distribution of values, the mean of which could be 
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considered as the ‘baseline’ level of change in taxonomic similarity with distance that might be 

expected among the regions we studied given differences in environmental conditions. Comparing 

this baseline with the observed similarity–distance relationship recorded for the 18 towns provides a 

tentative indication of the impact of urbanization on the homogenization of regional bird 

communities.  

 

Neighbourhood-level analyses 

We assessed similarity–distance relationships for the 72 neighbourhoods combined by plotting 

pairwise values of similarity against pairwise values of the Euclidean distance between 

neighbourhoods (2556 pairwise values). Neighbourhoods were also split into four categories of 

urbanization level using the four measures described above (dwelling density, urban intensity, 

vegetation cover, and nectar plants) based on quartiles or distinct cut-points yielding similar 

samples sizes in each of the four groups. For example, neighbourhoods were assigned to the 

category of high, medium, low or very low dwelling density. We then recorded change in 

similarity–distance relationships within these different urbanization categories (typically 153 

pairwise comparisons in each category). We compared the slope of the regression from the 

observed data with the distribution of values from 10,000 randomly generated slopes, and compared 

differences in actual slope values among urbanization levels with random differences (Appendix 

S1). 

 

Functional similarity 

To assess functional similarity, we used the methods of Julliard et al. (2006; also see Devictor et al., 

2008). We calculated a species specialization index (SSI) for each species based on habitat use (i.e. 

habitat specialization). This is simply the coefficient of variation of species density across habitats. 

More specialized species (those occurring in fewer habitats) have higher values for SSI.  
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We defined habitat use in two ways. First, we calculated an SSI for each species by considering 

each neighbourhood as a distinct ‘habitat’. This measures the variation in species density across 

neighbourhoods, and reflects the extent to which a species is recorded across all neighbourhood 

types or confined to a few neighbourhoods. Second, we calculated another SSI based on broader 

habitat use by each species. We recorded the frequency of habitat use by each of our species across 

thirteen different habitat types ranging from forest to grassland, freshwater to agricultural areas 

(Appendix S1). By taking these two approaches to the calculation of SSI, we were able to 

differentiate between, for example, species that were broad habitat generalists (occurring across a 

range of habitat types) and urban generalists (occurring across a range of neighbourhoods) or 

habitat specialists (e.g. only occurring in agricultural or urban habitats) and urban generalists (see 

Discussion).   

Values for SSI were used to calculate a community specialization index (CSI), which is the 

average SSI of species at a given location. This is an estimate of the functional similarity of a 

particular community; larger values of CSI reflect a community with more specialists. A CSI was 

calculated for each neighbourhood as follows (from Devictor et al., 2008):  

∑
∑

=
=

=

n
i ij

n
i iij

j a
a

1

1 )SSI(
CSI      Eqn. 3 

where n is the total number of species recorded, and aij is the abundance of individuals of species i 

in site j. We calculated two measures of CSI based on our two sets of SSI values (see above): 

‘neighbourhood CSI’ based on variation in species density across neighbourhoods; and ‘habitat 

CSI’ based on variation in the frequency of species across the broad habitat types. Neighbourhoods 

with small values of neighbourhood CSI have more species occurring across a range of 

neighbourhood types (urban generalists), while neighbourhoods with small values of habitat CSI 

have more species occurring across a range of habitats.  

If urbanization leads to increased functional similarity of bird communities, we expect a 

negative relationship between urbanization level and CSI, and conversely a positive relationship 
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with measures such as vegetation cover or plant density. To test for this relationship we first 

calculated spatial correlations (Dutilleul, 1993) between each independent variable and CSI to 

account for the likelihood that neighbourhoods closer together in space had more similar CSI values 

irrespective of differences in urbanization level. We then determined the best combination of 

predictors of CSI from the four measures of urbanization and vegetation using simultaneous 

autoregressive models that have been shown to perform well in a variety of spatial pattern scenarios 

(Kissling & Carl, 2008). To improve model fit the following transformations were conducted prior 

to modelling: neighbourhood CSI – log10; urban intensity – log10; vegetation cover – arcsine(square-

root); and density of nectar plants – square root. We included an interaction term for dwelling 

density:nectar plants and looked for simple nonlinear relationships by including quadratic terms. 

The same analyses were conducted on neighbourhood CSI and habitat CSI.  

Models were ranked using an information theoretic approach (ITA) based on Akaike’s 

information criterion (AIC; Burnham & Anderson, 2002). We compared the difference in the 

criterion values of the best ranked model to model i (Δi), and calculated Akaike weights (wi) for 

each model and summed Akaike weights for each predictor and interaction term (i.e. summing wi 

across the models that the predictor/interaction term occurred in; see Burnham & Anderson, 2002 

for details). Data analysis was undertaken using R (version 2.10.1) and Spatial Analysis in Macro-

ecology (SAM, version 3.1; Rangel et al., 2006). 

 

RESULTS 

Town-level analyses 

Total species richness varied from 20 to 45 across towns (x̄ = 32; SD = 8.3). Native species richness 

varied from 16 to 39 (x̄ = 27; SD = 7.8) and exotic species richness varied from 3 to 8 (x̄ = 5; SD = 

1.3). Taxonomic similarity among towns declined with distance when considering all species and 

natives only (Fig. 3a, b). The relationships were weak, although the slope of the regression line 

differed significantly from random. There was no significant difference in the slope of the 
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regression for all species vs. natives only (P > 0.9). Stronger relationships were recorded when 

using βsor (as was the case in most analyses; Table S1 & Fig. S1), reflecting differences in species 

richness among towns. Importantly, the decline in similarity among towns was significantly less 

than that recorded among regional species pools (Fig. 3c) providing some evidence that, at the town 

level, urban development may have substantially homogenized bird communities.   

 

Neighbourhood-level analyses 

Taxonomic similarity 

Total species richness varied from 9 to 37 across neighbourhoods (x̄ = 19; SD = 5.6). Native species 

richness varied from 6 to 32 (x̄ = 15; SD = 5.6) and exotic species richness varied from 2 to 8 (x̄ = 

4; SD = 1.2). For all neighbourhoods combined, taxonomic similarity declined weakly with distance 

for all species and natives only, although this decline was significantly greater than random (Fig. 4a, 

b). Also, the slope of the regression for native species only was significantly steeper than for all 

species (P = 0.007) indicating that exotic species were important in increasing the level of similarity 

among neighbourhoods.  

The similarity–distance relationship differed substantially among neighbourhoods with 

different levels of urbanization or vegetation cover (Fig. 5). What is most striking about these 

results is that in almost all cases a ‘U’-shaped pattern was recorded, consistent with Hypothesis C 

(see Introduction and Fig. 1c). That is, the decline in similarity with distance was strongest for the 

most and least urbanized locations compared to those with intermediate levels of urbanization (Fig. 

5). The same pattern was found when categorizing neighbourhoods based on vegetation cover, 

although splitting neighbourhoods based on the density of nectar plants yielded indistinct patterns.  

While trends were quite distinct, the difference was not always statistically significant when 

making pairwise comparisons between neighbourhood categories. For example, based on statistical 

significance, the slight U-shaped pattern recorded for native species among categories of dwelling 

density would be interpreted as no difference among categories, supporting the null hypothesis. 
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Measuring similarity–distance relationships using βsor yielded a much greater diversity of patterns 

among different neighbourhood categories (Fig. S1).  

 

Functional similarity 

Urbanization increased the functional similarity of bird communities. There was a negative 

relationship between neighbourhood CSI and dwelling density (spatial correlation; r = –0.285, F76.51 

= 6.77, P = 0.01) and a weaker negative relationship with urban intensity (r = –0.198, F39.29 = 1.60, 

P = 0.21). An increased density of nectar plants in each neighbourhood substantially reduced the 

level of functional similarity (r = 0.517, F46.96 = 17.13, P < 0.001) while the effect of vegetation 

cover was weaker (r = 0.176, F63.83 = 17.13, P = 0.16). Similar trends were recorded based on 

habitat CSI, although the relationships were much weaker except for the density of nectar plants 

(spatial correlations: dwelling density r = -0.130, F82.50 = 1.43, P = 0.24; urban intensity r = -0.040, 

F52 = 0.09, P = 0.76; nectar plant density r = 0.408, F50.46 = 10.07, P = 0.003; vegetation cover r = 

0.101, F65.73 = 0.68, P = 0.41).  

The highest ranked model explaining variation in neighbourhood CSI included nectar plants, 

dwelling density and the interaction between these factors (Table 1). However, the likelihood that 

this model was the best in the set being considered was low (wi = 0.22) and a number of models had 

similar support (Δi < 4). Nectar plants had the highest summed Akaike weight (0.78) followed by 

the interaction term (0.54) and urban intensity (0.49). Similar results were obtained using habitat 

CSI (Table S3).  

 

DISCUSSION 

Taxonomic similarity among towns 

There was a weak decline in taxonomic similarity with distance among towns, and this decline was 

substantially less than that recorded for the regional species pools. This provides some evidence that 

urbanization has homogenized spatially disparate communities and weakened the distance-decay 
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effect. However, this result should be interpreted cautiously as spatial patterns may or may not 

reflect the outcome of a homogenization process, and our comparison of town and regional bird 

communities was based on data sets collected using different methods at different scales.  

Nevertheless, it was clear that our results were not driven by introduced species, as 

similarity–distance relationships did not differ between all species and natives only. This effect 

appears to be scale dependent, because there was a significant difference when comparing all 

species vs. natives at the neighbourhood level. The difference between towns and neighbourhoods 

probably also reflects the fact that introduced species were a smaller proportion of the total bird 

community at the town level (ranging from 7% to 27%; x̄  = 17%) compared to the neighbourhood 

level (9%–45%; x̄  = 24%).  

The weak decline in taxonomic similarity for native species among towns suggests that 

urbanization is a process that results in a non-random filtering of regional bird communities and/or 

the introduction and establishment of the same species in different locations. This process can occur 

over relatively large spatial extents. The likelihood of increased similarity among urban bird 

communities is supported by research showing that particular types of species with particular life-

history traits are either favoured or disadvantaged by urbanization. For example, in some regions of 

the United States, forest specialists, territorial species and Neotropical migrants tend to decline with 

increasing urbanization (Mills et al., 1989; Friesen et al., 1995; Green & Baker, 2003). More 

generally, insectivores also appear to be adversely affected by urbanization, whereas omnivores and 

granivores are better able to adapt to human settlements (Allen & O’Connor, 2000; Lindsay et al., 

2002; Lim & Sodhi, 2004). In Australia, urbanization may favour behaviourally aggressive and 

medium- to large-bodied bird species, particularly large honeyeaters that are attracted to 

streetscapes with a high density of flowering native trees and shrubs (Garden et al., 2006).  

In our study area, species common to most towns (recorded in ≥ 15 towns) were large 

granivorous species [e.g. crested pigeon (Ocyphaps lophotes) and galah (Cacatua roseicapilla)], 

large aggressive honeyeaters able to exclude smaller species from nectar resources [e.g. red 
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wattlebird (Anthochaera carunculata)], or omnivorous species [e.g. Australian magpie 

(Gymnorhina tibicen)]. Most of these species are common to open habitats (e.g. grasslands with 

sparse tree cover). Small insectivores recorded in most towns also commonly occur in open habitats 

[e.g. willie wagtail (Rhipidura leucophrys)] or have readily adapted to living in home gardens [e.g. 

superb fairy-wren (Malurus cyaneus)]. Our results suggest that a distinct suite of ‘urban’ birds 

characterizes regional towns in south-eastern Australia and this suite is common to towns hundreds 

of kilometres apart.   

 

Taxonomic similarity among neighbourhoods 

There was a weak decline in taxonomic similarity among all neighbourhoods, although it was 

significantly higher among native species compared to all species. This suggests that exotic species 

make a substantial contribution to increasing bird community similarity among neighbourhoods. A 

striking result from our comparison of neighbourhood types was that in almost all cases the decline 

in similarity among the least developed neighbourhoods was the same as that among the most 

developed neighbourhoods. The relatively steep decline in similarity among locations with very low 

dwelling density was not unexpected given these areas have higher vegetation cover and are 

generally closer to remaining native vegetation. Hence, they should be characterized by relatively 

diverse bird communities and would be more likely to reflect regional differences in bird 

assemblages among locations. A similar decline among high density neighbourhoods was more 

surprising.  

It is possible that a sampling artefact contributed to the result for high density 

neighbourhoods. Nekola & White (1999) suggested that, across the same spatial extent, community 

similarity may be lower among smaller sampling units because these units sample a smaller 

proportion of the total bird community. This increases the chance of each sample capturing a 

different proportion of the community and could lead to lower levels of community similarity 

owing simply to sampling effects. In our study, dwelling density was negatively related to 
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neighbourhood area (r = –0.80) and bird surveys in high density neighbourhoods may have sampled 

a smaller proportion of the total bird community, resulting in enhanced differences among these 

locations. Yet, we argue that the magnitude of this effect is likely to be small for a number of 

reasons. First, if our results were influenced entirely by sampling effects we would expect 

similarity–distance relationships across neighbourhood types to follow Hypothesis B (Fig. 1b) with 

the strongest decline in similarity with distance recorded among high density neighbourhoods, with 

this trend weakening as dwelling density declined (and sampling-unit area increased). Second, other 

measures of urbanization were less correlated with area (urban intensity, r = –0.56; vegetation 

cover, r = 0.41), but yielded comparable results to dwelling density.  

When comparing mean similarity values among locations, Sorace and Gustin (2008) found 

that the similarity of urban bird communities was lower among the most (urban centres) and least 

(scarcely built areas) developed locations (comparable to our high and very low density areas) of 26 

Italian towns and cities compared to the inner and outer peripheries. In an analysis similar to ours, 

Clergeau et al. (2006) regressed similarity among peri-urban, suburban and urban centre sectors 

across towns against difference in latitude between towns (equivalent to distance between towns), 

and found that similarity declined more sharply for peri-urban bird communities, followed by 

suburban communities and town centres (in support of Hypothesis A). This result differs from ours 

and may reflect the influence of town size. For example, Jokimäki & Kaisanlahti-Jokimäki (2003) 

recorded the lowest community similarity among town centres and suggested this may have resulted 

from focusing on towns with < 110,000 inhabitants (similar to our study). In small towns, town 

centres may be less isolated from the surrounding, non-urban landscape and therefore subject to 

greater influence from broader-scale factors. Clergeau et al. (2006) tested for a town-size effect by 

comparing results for towns with < or > 350,000 inhabitants, but found no difference in similarity 

patterns. The interaction between town size and fauna communities occurring in neighbourhoods 

deserves much greater attention because it has substantial ramifications for human settlement 

planning and managing the impacts of urbanization on biodiversity.  
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The decline in taxonomic similarity with distance was relatively weak among 

neighbourhoods with low–medium dwelling density. The result for medium density 

neighbourhoods was strongly influenced by exotic species, as removing these species resulted in no 

significant difference between neighbourhood types (Fig. 5). A similar trend was recorded when 

splitting neighbourhoods by the density of nectar plants. However, analyses restricted to native 

species for neighbourhoods categorized by urban intensity or vegetation cover only enhanced the 

differences in the similarity–distance relationship between neighbourhoods at the extremes of these 

values vs. those in the mid-range. In our study area, neighbourhoods with ‘mid-range’ values of 

urban development are comprised mostly of single-storey dwellings on standard house blocks. 

These were generally built from 1970 to 1985 and we hypothesize that the substantial similarity in 

neighbourhood design among these neighbourhoods contributed to the similarity in bird 

communities.  

 

Functional similarity 

The functional similarity among bird communities was greater in more urbanized neighbourhoods.  

This was particularly true when functional similarity was represented by the neighbourhood CSI 

compared to the habitat CSI. This means that bird communities in highly urbanized neighbourhoods 

were generally characterized by species that were common across a range of neighbourhood types, 

more so than species common across a range of broad habitat types. This reflects the fact that some 

species are urban specialists, and occur across the range of urban environments (see below). 

Although the results of our modelling were not clear-cut, they generally indicated that a high 

density of nectar plants (a strong indicator of the nativeness of neighbourhood vegetation) was 

important in supporting species that were unable to exploit a range of neighbourhood types. 

Interestingly, nectar plant density was the only variable significantly positively correlated with 

habitat CSI, suggesting that it also plays a role in supporting species with limited capacity to use a 

broad range of habitats.  
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Habitat disturbances such as urbanization are expected generally to favour generalist species 

over specialists (e.g. Julliard et al., 2006; Devictor et al., 2007). While the specialist–generalist 

continuum is a useful ecological concept, classification of species along this continuum has been 

variously applied and is likely to be context specific (Devictor et al., 2010). The results of our study 

suggest that more developed neighbourhoods are characterized by species able to exploit a range of 

habitat types within an urban context. In one sense, these are habitat generalists. However, in a 

broader context they may be considered specialists of urban habitats.  

For example, based on variation in species density among neighbourhoods, species with the 

lowest SSI values (‘urban generalists’) were the exotic house sparrow (Passer domesticus) (0.73), 

common blackbird (Turdus merula) (1.13) and common starling (Sturnus vulgar) (1.23), and the 

native red wattlebird (0.87), magpie lark (Grallina cyanoleuca) (0.97) and crested pigeon (1.18).  

However, based on the frequency of occurrence of species across the thirteen broad habitat types, 

the house sparrow recorded the largest SSI (2.47) as it is confined mostly to agricultural or urban 

habitats. Conversely, the magpie lark (0.45) and common starling (0.53) recorded two of the lowest 

SSI values. Hence, the house sparrow is an urban generalist but habitat specialist, while the latter 

two are urban and habitat generalists.   

Some species that are generalists of a range of habitat types may only occur in certain urban 

contexts. For example, the yellow thornbill (Acanthiza nana) and grey currawong (Strepera 

versicolour) were primarily recorded in neighbourhoods with low dwelling density and high 

vegetation cover, but these species use a range of habitat types across our study area. The domestic 

pigeon (Columba livia) was only recorded in the most urbanized neighbourhoods and, more 

broadly, this species is considered a specialist of agricultural and urban landscapes.  

This comparison highlights contextual variation in species categorization depending on how 

‘habitat’ is defined. For example, the grey currawong could be considered a broad habitat generalist 

and an urban specialist (occurring only in certain types of urban habitats), whereas the domestic 

pigeon is a habitat and urban specialist. Rather than considering the entire urban landscape as a 
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single habitat, our approach of acknowledging that habitat characteristics vary across 

neighbourhoods yielded much greater insights into the response of avian communities to 

urbanization. 

 

CONCLUSIONS 

While we focused on relative differences among regression slopes, the slope of the similarity–

distance relationship may not be a good indicator of the actual level of spatial turnover among 

communities. Morlon et al., (2008) argued that, for example, steep declines in similarity with 

distance may occur when abundant species are aggregated rather than reflect strong spatial turnover. 

This highlights the problem of comparing regression slopes when intercepts differ (i.e. the intercept 

influences the relationship between the steepness of the slope and degree of community similarity) 

and comparisons across studies should consider the influence of the intercept when interpreting 

similarity–distance relationships using regression slopes. 

The natural and built features of local urban environments can have a strong influence on 

the strength of the distance-decay effect, and it is vital to account for the small-scale heterogeneity 

of urban landscapes in assessing the impact of urbanization on flora and fauna. The importance of 

neighbourhood-level factors in influencing similarity–distance relationships provides some 

guidance to urban planners wishing to improve conservation outcomes across a region. Replicating 

suburb design among towns is likely to result in the establishment of very similar bird communities 

despite large geographic distances among suburbs. Structural diversity of natural and built features 

across neighbourhoods may improve regional fauna diversity. Achieving this goal requires 

coordination among local governments; a substantial challenge given the demands of meeting both 

local and regional objectives.   

Birds have lower dispersal limitation generally than other taxonomic groups. This may lead 

to greater similarity among communities across space relative to other taxonomic groups, although 

this relationship is complex (Soininen et al., 2007). Research on other groups is required to get a 
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broader picture of the impact of urbanization on community similarity. A particular interesting 

question is whether the similarity–distance relationships recorded among particular neighbourhood 

types for one taxonomic group is mirrored by other groups. Addressing this question would yield 

further valuable insights into the consequences of urban development for biodiversity conservation.  
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SUPPORTING INFORMATION 

 
Additional Supporting Information may be found in the online version of this article: 
 
 

Appendix S1 Supporting methods for study area, bird species occurrence and density, vegetation 

cover and plant density, randomizations and habitat use.  

Appendix S2 Supporting results as follows: Table S1 Relationships between similarity (βsor) and 

distance among the 18 towns and 72 neighbourhoods; Table S2 All spatial models of the 

neighbourhood community specialization index; Table S3 All spatial models of the habitat 

community specialization index; Figure S1 Values of the slope of the regression (βsor vs. distance) 

for each category of dwelling density, urban intensity, vegetation cover and nectar plants. 
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Table 1 Spatial models of the neighbourhood community specialization index (neighbourhood CSI; 

n = 72) among urban bird communities in south-eastern Australia. The 99% confidence set of 

models are shown; see Table S2 in Appendix S2 for all models. Model coefficients and standard 

errors are in brackets. Also shown are r2 (incorporating the effects of the predictors and space), 

Akaike’s information criterion (AIC), the difference in criterion values (Δi) and Akaike weights 

(wi). The full (saturated) model is indicated by †.  

 
Response variable: neighbourhood CSI r2 AIC Δi wi 

Nectar plants (0.05; 0.06) + Dwelling density (–0.05; 0.02) + Nectar 

plants:Dwelling density (0.02; 0.01) 

0.40 -24.90 0 0.22 

Nectar plants (0.05; 0.06) + Urban intensity (-0.08; 0.10) + Dwelling density (–

0.04; 0.02) + Nectar plants:Dwelling density (0.02; 0.01) 

0.41 -24.12 0.77 0.15 

Nectar plants (0.16; 0.03) + Urban intensity (–0.12; 0.09) 0.37 -23.83 1.07 0.13 

Nectar plants (0.05; 0.06) + Vegetation cover (0.28; 0.13) + Urban intensity (–

0.22; 0.12) + Dwelling density (–0.03; 0.02) + Nectar plants:Dwelling density 

(0.02; 0.01) † 

0.43 -23.75 1.15 0.12 

Nectar plants (0.14; 0.03) + Vegetation cover (0.21; 0.11) + Urban intensity (–

0.16; 0.09) 

0.38 -23.13 1.77 0.09 

Nectar plants (0.16; 0.03) 0.33 -22.48 2.42 0.06 

Nectar plants (0.14; 0.03) + Dwelling density (-0.01; 0.01) 0.35 -22.43 2.47 0.06 

Nectar plants (0.04; 0.06) + Vegetation cover (0.14; 0.11) + Dwelling density (–

0.05; 0.02) + Nectar plants:Dwelling density (0.02; 0.01) 

0.39 -22.11 2.79 0.05 

Nectar plants (0.15; 0.03) + Urban intensity (–0.08; 0.10) + Dwelling density (–

0.01; 0.01) 

0.37 -21.65 3.25 0.04 

Nectar plants (0.15; 0.03) + Vegetation cover (0.26; 0.14) + Urban intensity (–

0.21; 0.12) + Dwelling density (0.01; 0.01) 

0.38 -20.87 4.03 0.03 

Nectar plants (0.42; 0.03) + Vegetation cover (0.17; 0.11) 0.34 -20.57 4.33 0.02 

Nectar plants (0.13; 0.03) + Vegetation cover (0.13; 0.12) + Dwelling density (–

0.01; 0.01) 

0.35 -19.65 5.25 0.02 
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Figure 1 A diagrammatic representation of the three alternative hypotheses of the influence of 

urbanization level on spatial patterns in taxonomic similarity among bird communities in south-

eastern Australia. (a) Hypothesis A: the decline in taxonomic similarity with distance is strongest at 

the lowest levels of urbanization and becomes weaker as urbanization increases. (b) Hypothesis B: 

the converse of Hypothesis A. (c) Hypothesis C: the decline in taxonomic similarity with distance is 

strongest among the least and most urbanized locations.  

 

Figure 2 The location of the study area (encompassed by dashed line) and each town in south-

eastern Australia.  

 

Figure 3 The decline in taxonomic similarity with distance among bird communities in the 18 

towns in south-eastern Australia for (a) all species, (b) native species only, and (c) among the 18 

regional species pools. The solid line is the line of best fit and dashed lines are 95% confidence 

intervals. For (a) and (b), the level of significance is derived by comparing the observed slope with 

the distribution of random slope values (i.e. P < 0.05 indicates the observed slopes are significantly 

different from random), and for (c) it is derived by comparing the slopes for all species and natives 

with the distribution of slope values for the 100 regional species pools (i.e. P < 0.05 indicates that 

these slopes are significantly different).   

 

Figure 4 The decline in taxonomic similarity with distance among bird communities in the 72 

neighbourhoods in south-eastern Australia for (a) all species and (b) native species only. The solid 

line is the line of best fit and dashed lines are 95% confidence intervals. The level of significance is 

derived by comparing the observed slope with the distribution of random slope values (i.e. P < 0.05 

indicates the observed slopes are significantly different from random).   
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Figure 5 Values of the slope of the regression between avian taxonomic similarity (measured using 

βsim) and distance for each category of dwelling density, urban intensity, vegetation cover and 

nectar plants. The solid line illustrates the pattern among categories and does not indicate a 

relationship among data points. Letters above data points indicate significant differences between 

slope values (P < 0.05) except for the following (*): urban intensity natives – medium is different to 

very low (P < 0.1); vegetation cover all species – medium is different to low (P < 0.1). Values for 

each category are as follows: dwelling density – very low (< 4), low (4 – 5.7), medium (5.8 – 7.4) 

and high (≥ 7.5); urban intensity – very low (< 0.20), low (0.20 – 0.28), medium (0.29 – 0.44) and 

high (≥ 0.45); vegetation cover – very low (< 17), low (17 – 29.9), medium (30 – 47.9) and high (≥ 

48); and density of nectar plants – very low (≤ 1), low (1.1 – 1.9), medium (2 – 3.9) and high (≥ 4). 

 
 
 
 
 
 
 
 
 


