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Summary 22 

1. Cities are rapidly expanding worldwide and there is an increasing urgency to protect urban 23 

biodiversity, principally through the provision of suitable habitat, most of which is in urban 24 

green spaces. Despite this, clear guidelines of how to reverse biodiversity loss or increase it 25 

within a given urban green space is lacking.  26 

2. We examined the taxa- and species-specific responses of five taxonomically and functionally 27 

diverse animal groups to three key attributes of urban green space vegetation that drive 28 

habitat quality and can be manipulated over time: the density of large native trees, volume of 29 

understorey vegetation and percentage of native vegetation.  30 

3. Using multi-species occupancy-detection models we found marked differences in the effect of 31 

these vegetation attributes on bats, birds, bees, beetles and bugs. At the taxa-level, 32 

increasing the volume of understorey vegetation and percentage of native vegetation had 33 

uniformly positive effects.  We found 30–120% higher occupancy for bats, native birds, 34 

beetles and bugs with an increase in understorey volume from 10 to 30%, and 10–140% 35 

higher occupancy across all native taxa with an increase in the proportion of native vegetation 36 

from 10 to 30%. However, increasing the density of large native trees had a mostly neutral 37 

effect. At the species-specific level, the majority of native species responded strongly and 38 

positively to increasing understorey volume and native vegetation, whereas exotic bird 39 

species had a neutral response.  40 

4. Synthesis and applications. We found the probability of occupancy of most species examined 41 

was substantially reduced in urban green spaces with sparse understorey vegetation and few 42 

native plants. Our findings provide evidence that increasing understorey cover and native 43 

plantings in urban green spaces can improve biodiversity outcomes. Redressing the 44 

dominance of simplified and exotic vegetation present in urban landscapes with an increase 45 

in understorey vegetation volume and percentage of native vegetation will benefit a broad 46 

array of biodiversity. 47 

 48 
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Introduction  52 

Biodiversity in cities is under increasing threat (Aronson, La Sorte, Nilon et al. 2014) from habitat loss, 53 

the introduction of competitive or predatory exotic species, climate change and ecosystem 54 

degradation (Grimm, Faeth, Golubiewski et al. 2008). By 2030, urban land cover is expected to triple 55 

what is was in 2000, leading to loss of locally significant or threatened habitats, especially in highly 56 

biodiverse regions of the world (Seto, Güneralp & Hutyra 2012). Devising ways to protect and 57 

increase biodiversity in cities, whilst allowing for continued urban growth is critical as nearly 60% of 58 

required urban land cover is yet to be built (Fragkias, Güneralp, Seto et al. 2013). 59 

  60 

The retention of native vegetation is an effective strategy to conserve urban biodiversity (Hahs, 61 

McDonnell, McCarthy et al. 2009; Aronson, La Sorte, Nilon et al. 2014). A recent meta-analysis of 62 

factors influencing urban biodiversity (Beninde, Veith & Hochkirch 2015) concluded that remnant 63 

vegetation patches had to be >50 ha to retain threatened or urban-sensitive species. Additionally, city 64 

governments worldwide are planting vegetation in streets, parks, gardens and on roofs to help offset 65 

the negative impacts of increased urban density (Tzoulas, Korpela, Venn et al. 2007). Collectively, 66 

protecting existing and planting new native vegetation has great potential to curb urban biodiversity 67 

loss. However, despite the costs of managing urban green spaces and the widespread planting of 68 

new vegetation, little is known about which vegetation attributes provide quality habitat for a wide 69 

range of taxa (Lin & Fuller 2013).  70 

 71 

Urban green spaces often contain simplified habitats that lack large hollow-bearing trees, 72 

decomposing logs or native ground and mid storey vegetation (Le Roux, Ikin, Lindenmayer et al. 73 

2014; Threlfall, Ossola, Hahs et al. 2016). Urban green space managers need information on how to 74 

better manage vegetation to retain complex habitats but to date, research has focussed on habitat 75 

quality for birds (Chace & Walsh 2006; Beninde, Veith & Hochkirch 2015). The loss of large, native 76 

trees (Chace & Walsh 2006; Stagoll, Lindenmayer, Knight et al. 2012) and declines in habitat 77 

complexity (Evans, Newson & Gaston 2009) have a negative impact on urban bird communities but 78 

little is known about the impacts on other taxa (Beninde, Veith & Hochkirch 2015). 79 

 80 
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We examine the extent to which vegetation attributes in urban green spaces influence the taxa- and 81 

species-specific responses of insectivorous bats (Suborder Microchiroptera), bees (Order 82 

Hymenoptera; Superfamily Apoidea), nine beetle families (Order Coleoptera), heteropteran bugs 83 

(Order Hemiptera; Suborder Heteroptera) and birds (Subclass Neornithes). We focus on three key 84 

vegetation attributes known to influence fauna habitat quality; 1) large native tree density; 2) 85 

understorey volume; and 3) percent of native vegetation (Chace & Walsh 2006; Stagoll, Lindenmayer, 86 

Knight et al. 2012; Beninde, Veith & Hochkirch 2015). Our previous research suggests these variables 87 

are important drivers of species richness and community composition between green space types for 88 

bees (Threlfall, Walker, Williams et al. 2015), bats and birds (Threlfall, Williams, Hahs et al. 2016) and 89 

bugs (Mata, Threlfall, Williams et al. in press). However, aggregate community measures such as 90 

species richness may not adequately account for species-specific responses to vegetation quality. 91 

Here, we use multi-species site occupancy-detection models to provide a more nuanced 92 

understanding of urban biodiversity patterns by accommodating both taxa-level and species-specific 93 

responses. We use this approach to identify beneficial management actions to support a wide range 94 

of taxonomically and functionally diverse native biodiversity.  95 

 96 

MATERIALS AND METHODS 97 

Study design and location 98 

The study was conducted in Melbourne, Australia’s second most populous city (4 million people). A 99 

large proportion of metropolitan Melbourne is covered in low density single storey detached houses. It 100 

also has a relatively high density of public parks and nearly 50 km2 of golf courses. Differences in soil 101 

type, rainfall, topography and native vegetation were minimised by restricting the study area to the 102 

Gippsland Plain bioregion in south-eastern Melbourne. This bioregion also occupies a significant 103 

portion of metropolitan Melbourne. 104 

  105 

We sampled biodiversity within the three dominant urban green space habitats in south-east 106 

Melbourne (Figure 1): golf courses, public parks and residential neighbourhoods. These habitats have 107 

the greatest scope for management intervention to improve urban biodiversity. We did not sample 108 

remnant habitats as these are not a dominant or evenly distributed feature in the study area. We 109 

identified triplets of green spaces (golf course, public park and residential neighbourhood) that were 110 
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developed in the same decade and suburb by examining historical aerial imagery, and consulting 111 

municipal land release and construction records. This allowed us to standardise green space age, 112 

location and type (See Appendix A1 for a description of each site). We excluded sites that contained, 113 

or were within one kilometre of natural waterways. We selected 39 green spaces for sampling (13 golf 114 

courses, 13 public parks and 13 residential neighbourhoods) to maximise variation in vegetation 115 

structure and composition. Our focus was to sample from a range of green spaces that differed 116 

substantially in relation to our three key vegetation attributes, rather than to focus on a comparison of 117 

green space type per se.  118 

 119 

Survey methods 120 

Urban green space vegetation  121 

Within our 39 green spaces, we randomly established 247 plots to measure vegetation variables: 104 122 

in golf courses, 104 in residential neighbourhoods and 39 in small urban parks. A minimum of two 123 

plots were established in green space sites <5 ha in size. Two additional plots were established for 124 

every 5 ha increase in green space size, up to a maximum of eight plots in large residential 125 

neighbourhoods or golf courses (for details of plot placements see Appendix A2). In golf courses and 126 

urban parks plots were 20 x 30 m in size (600m2). To represent residential neighbourhoods, plots 127 

consisted of the front garden, the pavement and road verge (if present) out to a midway point of the 128 

road directly in front of the property. The width and depth of each front garden primarily dictated the 129 

size of each plot in the residential neighbourhoods (ranging from 211 to 870 m2) as we could only 130 

sample properties for which we had permission. To characterise the effect of management practices 131 

on vegetation within each green space plot, we measured: 1) the density of all trees; 2) volume of 132 

ground- and mid-storey vegetation, hereafter referred to as understorey vegetation and 3) vegetation 133 

composition (native and exotic). Vegetation at the plot level was used to calculate the average for that 134 

green space site via averaging the values recorded for plots within each green space (n=39). 135 

 136 

Density of trees 137 

For each tree (defined as having a diameter >8 cm) within a plot we measured stem diameter at 138 

breast height (DBH) at 1.3 m above ground level. We then categorised each species as being native 139 

or exotic to Australia. Preliminary analysis suggested the density of all native trees per hectare had a 140 
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mostly neutral effect at the taxa and species level (data not shown), hence we decided to focus only 141 

on large native trees, because they have been shown to have significant positive impacts on urban 142 

fauna (Stagoll, Lindenmayer, Knight et al. 2012). To assess the impact of large native trees on 143 

biodiversity, we calculated the per hectare density of large native trees only (>81 cm DBH).  144 

 145 

Volume of understorey vegetation 146 

Vegetation volume within a plot, was measured by sampling at five metre intervals (0, 5, 10, 15, 20, 147 

25 and 30 m) along four parallel transects (e.g., 4 transects x 7 locations = 28 points sampled). At 148 

each sampling point, we recorded the lifeform of any vegetation (native and exotic) intercepting a 149 

vertical pole at either: 0.0-0.2 m; 0.2-0.5 m; 0.5-1.0 m; 1.0-2.0 m; and > 2.0 m. The sum of vegetation 150 

intercepts in each height interval was used to calculate vegetation volume: 151 

 152 

VVEGHX = ((PNIHX / PTHX) × VSHX)   [Equation 1] 153 

 154 

where VVEGHX is the vegetation volume occupying a specific height interval, PNIHX is the actual 155 

number of times vegetation intercepted the pole for that height interval, PTHX is the number of pole 156 

point locations surveyed (usually 28 for a 600 m2 plot), and VSHX is the total volume for that height 157 

interval based on the area of the plot multiplied by the height interval. To calculate total vegetation 158 

volume, VVEGHX for each height interval were summed. To account for irregular plot sizes within 159 

residential areas, we divided the sum of the estimated volumes by the total available volume (area 160 

sampled multiplied by total height) to produce a percentage estimate of vegetation volume in that plot. 161 

To understand the contribution of understorey vegetation specifically, we removed all ‘tree’ intercepts. 162 

We also removed all ‘spreading grass’ intercepts at 0.0-0.5 m, as this normally consisted of mown turf 163 

grass that was not of primary interest in this study.  164 

 165 

Vegetation composition 166 

Within each plot we identified all plants to species where possible. For each plot, we then calculated 167 

the proportion of plant species (including trees) native to Australia.  168 

 169 

Fauna biodiversity  170 
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We sampled five fauna taxa (bats, birds, bees, beetles and bugs) as they represent broad taxonomic 171 

and functional groups. The spatial scale at which we sampled a taxonomic group varied to account for 172 

differences in the way each uses the landscape, and their mobility. We sampled bats, bees, beetles 173 

and bugs in 52 plots within 13 golf courses; in 52 plots within 13 residential neighbourhoods, and in 174 

26 plots within 13 public parks; totalling 130 plots. Bugs were also sub-sampled in an additional 52 of 175 

the vegetation plots within the 13 golf courses that contained tall-grass vegetation and no tree over-176 

storey. All plots sampled were a sub-sample of those sampled for vegetation attributes. A summary of 177 

the techniques used can be found in Table 1, with additional detail below and in Appendix A2. A 178 

comparison of sampling adequacy for each taxa can also be found in Appendix A3, which indicates 179 

our sampling regime was sufficient. We have also accounted for different levels of detection between 180 

species and between taxonomic groups by including detection in our analyses (see below).   181 

 182 

Bats 183 

Insectivorous bat activity was quantified using Anabat ultrasonic detectors (model SD II, Titley 184 

Electronics) attached to trees, light poles or posts within the plot for one full night from sunset to 185 

sunrise (8.00 p.m. - 6.00 a.m.). To minimise nightly variation, sampling was conducted on warm 186 

nights, avoided rainy or windy nights, and avoided the two nights either side of the full moon. To 187 

ensure that green space sites were sampled under similar conditions, up to eight detectors were 188 

operating on any one night within at least two plots within the three different green space types.  189 

 190 

Birds 191 

We surveyed each urban green space site for birds using timed area searches and stopping rules 192 

(Watson 2003). Instead of using plots, each entire green space site was surveyed by searching all 193 

habitats within its boundaries, for a minimum of 20 minutes, and up to a maximum of 60 minutes. 194 

Surveys were stopped if we recorded only one, or no, new bird species, in consecutive 10 minute 195 

periods, after an initial 20 minute observation period. This ensured that all urban green space sites 196 

had equal sampling effort based on bird species accumulation, irrespective of size (Watson 2003). 197 

We repeated these timed area searches three times throughout Spring/Summer, avoiding windy or 198 

rainy days. We recorded all birds seen or heard and categorised each species as being native or 199 

exotic to Australia. 200 
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 201 

Bees and bugs 202 

To sample bees we placed six, 15 cm diameter coloured pan traps (two yellow, two blue and two 203 

white) randomly on the ground throughout each plot for a 24 h period, leading to the deployment of 204 

1,560 coloured pan traps throughout the study. Pan traps were 1/3 filled with water containing a few 205 

drops of detergent to break the surface tension and cause trapped insects to sink to the bottom. On 206 

the same day, we collected bees and heteropteran bugs within each plot through 200 sweeps of an 207 

entomological net. Sweeps were allocated evenly across all vegetation present within the plot 208 

boundary to a height of 2 m. We limited our bee and bug surveys to warm sunny days (average 209 

temperature 24.7°C) with low wind speeds and little to no rain. 210 

 211 

Beetles 212 

To sample flying nocturnal beetles we used a black-light insect trap (8-W fluorescent tube, Australian 213 

Entomological Supplies, Bangalow, Australia) placed within each plot. The black-light trap was 214 

deployed at ground height overnight, on the same night and under the same environmental conditions 215 

as bat activity data collection (although in a different plot within each site, to avoid any effect of 216 

additional light on bat activity). We also operated up to four traps concurrently to ensure green space 217 

sites were sampled under similar conditions. Black-light traps were timed to activate for four 218 

hours/night (9.00 – 11.00 p.m. and 3.00 – 5.00 a.m.). 219 

 220 

Modelling framework and implementation 221 

We analysed our data using a multi-species site occupancy-detection model (based on Zipkin et al. 222 

(2009) and Mata et al. (2014)) as these have potential to assist urban landscape managers prioritise 223 

conservation actions and because they estimate species-specific site occupancy rates whilst 224 

accounting for imperfect detection (Royle & Dorazio 2008; Zipkin, DeWan & Royle 2009).  225 

 226 

Given our sample size (n=39), we took a conservative approach and modelled the effect of only three 227 

explanatory variables. This limited our ability to test the interactive effects of different vegetation 228 

attributes. We also did not test for the effect of green space type, as this is addressed in detail for 229 

bees, bats, birds and bugs in Threlfall et al. (2015; 2016) and Mata et al. (in press), and vegetation 230 
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attributes, rather than green space type, are the focus of this study. Model parameters were estimated 231 

under a Bayesian mode of inference. For a full description of the model implementation see Appendix 232 

A2. The R and stan code are given in Appendix B. 233 

 234 

RESULTS 235 

Our surveys recorded 407 species: 10 insectivorous bats, 71 birds, 18 bees, 191 beetles and 118 236 

heteropteran bugs. We only considered species that were observed in at least two sites and our 237 

model included 196 species (10 bats, 58 birds, seven bees, 84 beetles and 37 bugs).  Five percent of 238 

these species were exotic species (seven bird species, one species of bee and two bug species), 239 

although beetle species have been insufficiently described in Australian systems to allow a reliable 240 

designation on origin. Due to the ubiquity of exotic birds, we considered them separately to native 241 

birds. The average density of large native trees was 5 ha-1 (range 0 – 17 ha-1). The average 242 

understorey volume was 15 % (range 0 – 50 %) and percent native vegetation was 34 % (range 10 – 243 

71 %). See Appendix A4 for a breakdown of vegetation in each green space, and a more detailed 244 

description in Threlfall et al.(2016). 245 

 246 

At the taxa-level, bats, exotic birds, bees and bugs showed high mean occurrence probabilities (> 247 

0.7), while those for beetles and native birds were lower (≤0.6; Table 2). Taxa-level mean detection 248 

probabilities (p(det)) were very low (≤ 0.1) for insect taxa and intermediate (0.3 < p(det) < 0.6; Table 249 

2) for bats and birds. Species-specific occurrence probabilities varied considerably. Species with the 250 

highest occurrence probability were the Gould’s wattled bat Chalinolobus gouldii (0.997), Rainbow 251 

Lorikeet Trichoglossus haematodus (0.997), Australian Magpie Cracticus tibicen (0.997), Little Raven 252 

Corvus mellori (0.997), European Honeybee Apis mellifera (0.996) and Grey Cluster Bug Nysius 253 

caledoniae (0.939). A number of Scarabaeidae and Carabidae beetle species had the highest 254 

occurrence probability for that taxa (0.699 – 0.743). All species-specific occurrence and detection 255 

probabilities are presented in Appendix A5. 256 

 257 

How do different taxa respond to urban green space vegetation? 258 

The density of large native trees (> 81 cm DBH) had a mean negative effect on exotic birds and 259 

beetles, and no overall effect upon all other taxa, as their associated 95% credible interval (CI) 260 
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contained zero (Table 2). Understorey volume had a mean positive effect on bats, native birds, 261 

beetles and bugs (Table 2). However, the mean effect of understorey volume on exotic birds and 262 

bees was neutral, with a 95% CI that contained zero (Table 2). Proportion of native vegetation had a 263 

positive effect on native birds, bees and beetles, but a neutral effect on bats, exotic birds and bugs 264 

(Table 2).  265 

 266 

We used our model’s estimates to predict taxa-level occupancy for 500 values within the range of the 267 

three measured vegetation variables. We removed the 2.5% most extreme values from each end of 268 

the explanatory variable’s original range to ensure reasonable predictions. These predictions 269 

graphically represent the relationships between vegetation variables and bat, bird, bee, beetle and 270 

bug occupancy (Figure 2, Appendix A6). Changes in the density of large native trees had a negligible 271 

impact upon the occupancy of all taxa (Figure 2a). The presence of 0-4 large native trees per hectare 272 

led to a 1-3% increase in occupancy of bats, bees and bugs (Figure 2a, Table 3). There was a 30 – 273 

120% increase in occupancy of bats, native birds, beetles and bugs with increasing understorey 274 

volume from 10 to 30% (Figure 2b, Table 3), after which the effect diminished. Similarly, there was a 275 

10 – 140% increase in occupancy of bats, native birds, bees, beetles and bugs as the proportion of 276 

native vegetation increased from 0 to 30% (Figure 2c, Table 3). Conversely, exotic bird occupancy 277 

declined in sites with a high proportion of native vegetation.   278 

 279 

What are the species-specific responses to key aspects of urban green space vegetation? 280 

We used the same approach to investigate the occupancy response of individual species to the three 281 

vegetation variables (Figure 3). Species specific responses with 99%, 95% and 75% CIs that did not 282 

overlap zero were interpreted as having a strong response to the given vegetation attribute (Appendix 283 

7). No bat or bug species showed a strong response to increasing density of large native trees, 284 

whereas 10% of native birds, all exotic birds and 95% of beetle species showed strong negative 285 

responses (Table 4; Appendix A7). Four taxa contained species that responded strongly and 286 

positively to increasing understorey volume, including all species of bats and native birds, one exotic 287 

bird species (Common Blackbird; Turdus merula), and 39% and 62% of beetle and bug species, 288 

respectively (Table 4; Appendix A7). All taxa contained species that responded strongly and positively 289 

to an increasing proportion of native vegetation, including 40% of bat and bee species, 22% of native 290 



 
 

11 
 

bird species, 92% of beetle species and 16% of bug species (Table 4; Appendix A7). Fifty-seven 291 

percent of exotic birds displayed strong negative responses to native vegetation (Table 4; Appendix 292 

A7). 293 

 294 

DISCUSSION 295 

Urban green spaces provide the opportunity to conserve native biodiversity in cities. However, 296 

vegetation in urban areas is continuing to be simplified and native vegetation and complex 297 

understorey habitat is largely missing (Le Roux, Ikin, Lindenmayer et al. 2014). Our results suggest 298 

these attributes of vegetation in urban green spaces critically impact their habitat suitability for a 299 

variety of taxa. 300 

 301 

We found marked differences in the magnitude of the effect of urban green space vegetation 302 

attributes across a range of taxonomically and functionally diverse animal groups. At the taxa-level, 303 

low levels of understorey volume and native vegetation corresponded with a disproportionately low 304 

occupancy of fauna across all taxa. We found 30 to 120% higher occupancy for bats, native birds, 305 

beetles and bugs with a 10 to 30% increase in understorey volume, and 10-140% higher occupancy 306 

across all native taxa with an increase in the proportion of native vegetation from 10 to 30%. 307 

Surprisingly, we observed that the density of large native trees had a neutral effect across taxa. This 308 

highlights a huge opportunity for urban green space managers, as the benefits to biodiversity are 309 

most pronounced with small and achievable improvements in vegetation quality, via increasing 310 

proportion of native plant species, and the volume of understory vegetation, especially if larger trees 311 

are already present in the landscape. 312 

 313 

We found understorey vegetation volume to be the most influential vegetation attribute, with 60% of 314 

species having a strong positive response. The diverse array of habitats associated with complex 315 

vegetation may in turn allow many species to obtain the different resources they need during their 316 

lifecycle. Like previous studies we found a strong association between understorey vegetation and 317 

insectivorous bird species (White, Antos, Fitzsimons et al. 2005; Threlfall, Williams, Hahs et al. 2016), 318 

in addition to predatory, granivorous and nectar feeding species such as the Grey Butcherbird 319 

Cracticus torquatus, Red-browed Finch Neochmia temporalis, and New Holland Honeyeater 320 
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Phylidonyris novaehollandiae. All these native bird species use resources found in the understorey, 321 

such as grasses, sticks and twigs, to build their nests, and rely on food resources and shelter from 322 

competitors that understorey vegetation affords (Higgins 1999; White, Antos, Fitzsimons et al. 2005). 323 

The strongest responses from beetles were mainly from morpho-species within the Scarabaeidae 324 

dominated by the sub-families Melolonthinae and Aphodiinae, likely because their mostly root-feeding 325 

larvae occur in the ground (Lawrence & Britton 1991). 326 

 327 

Interestingly, the occupancy of all bat species increased with increases in understorey vegetation 328 

volume, in contrast to the findings of Threlfall et al. (2016) which found that bat species richness and 329 

flight activity was less sensitive to this variable. These differences may have arisen because bat 330 

occupancy and activity reflects different aspects of their biology. While bat species may be more likely 331 

to be present in sites with greater understory vegetation volume, their activity levels may be similar at 332 

all sites. The greater presence of bats in sites with greater understory vegetation volume could reflect 333 

their insectivorous diet, including beetles and bugs (Churchill 2008), which also increased with 334 

increasing understorey. Whilst the presence of complex vegetation has been repeatedly shown to be 335 

of great importance to urban biodiversity (Beninde, Veith & Hochkirch 2015), our results suggest a 336 

peak in species response at a threshold of 30% understorey volume for bats, native birds, beetles and 337 

bugs. This indicates that even a modest amount of understorey vegetation can have profound impacts 338 

across many taxa. 339 

 340 

Native vegetation was the second most influential variable across taxa, with 54% of species 341 

responding strongly to increases in the proportion of native plants. This is in agreement with previous 342 

studies (Chace & Walsh 2006), especially those conducted in Australia (White, Antos, Fitzsimons et 343 

al. 2005; Ikin, Knight, Lindenmayer et al. 2013). Increasing the proportion of native vegetation had a 344 

positive effect on all species of Colletidae bees (Euhesma fasciatella, Pachyprosopis kelleyi and 345 

Hylaeus sp 1) who rely heavily on native Myrtaceae floral resources (Threlfall, Walker, Williams et al. 346 

2015). Similarly, native vegetation had a strong positive effect on the heteropteran bug Amorbus sp, 347 

an endemic herbivore closely associated with native Eucalyptus trees (Steinbauer, Yonow, Reid et al. 348 

2002). To date, few studies have investigated how urban food webs are affected by green space 349 

management. Our finding that primary consumers (e.g. herbivorous bugs and beetles, bees) and 350 
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secondary consumers (e.g. predatory birds, insectivorous bats) responded positively to native 351 

vegetation suggests that management actions to increase native vegetation in green spaces could 352 

potentially influence the composition of urban food webs.  353 

 354 

Contrary to expectations, we found little effect from the density large native trees on the occurrence of 355 

these taxa. All exotic bird species and the majority of beetle species had a strong negative response 356 

to native tree density, but other taxa had a neutral response. The negative response of exotic birds 357 

may be because many of those that have invaded urban landscapes prefer open habitats (e.g. 358 

Common Starling Sturnus vulgaris, House Sparrow Passer domesticus), and were found in sites with 359 

few trees (native or otherwise). The negative response of beetles may also be explained by this 360 

preference for open habitats, or could be a sampling artefact. Light traps at ground level have been 361 

shown to attract beetles from only a few metres (Sotthibandhu & Baker 1979) and surrounding large 362 

trees may have impacted their effectiveness in this study. 363 

 364 

Counterintuitively, the lack of a strong response for birds and bats to large native trees may be related 365 

to the rarity of these trees in urban landscapes. The presence of an individual animal species may be 366 

more strongly related to the presence of these trees, rather than their abundance. Since large native 367 

trees are a limited resource, if they are present they are likely to be used by species of birds and bats 368 

– albeit in low numbers. This may explain the negligible effect of the density of large native trees on 369 

native fauna occupancy. Furthermore, small and medium sized trees (DBH 20 – 80 cm) have 370 

significantly positive effects on native bird communities in urban parks and residential areas (Barth, 371 

FitzGibbon & Wilson 2015), where the combined effect of many small and medium trees may equal 372 

that of a single large tree (Le Roux, Ikin, Lindenmayer et al. 2015). Trees of this size were found in 373 

our study sites (Threlfall, Ossola, Hahs et al. 2016) and to some extent may act as surrogates for 374 

large trees.  375 

 376 

Managing urban green space vegetation to maximise fauna biodiversity 377 

Despite the multiple and potentially conflicting goals of the many management actions employed in 378 

urban green spaces, our results highlight opportunities to improve biodiversity through widely 379 

applicable actions. Taxa- and species-specific responses generally did not have one to one 380 
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relationships with the vegetation attributes. Consequently, there may be diminishing returns on 381 

investment once a threshold level of vegetation habitat quality is achieved. However, maintaining 382 

remnant areas that have higher densities of native vegetation and understorey in the landscape will 383 

be important for a smaller set of urban sensitive species with more specialised requirements. In 384 

general, top-down policies that promote green space management practices that increase planting of 385 

native vegetation and maintenance of a complex understorey  will have strong, positive impacts on 386 

most fauna species we examined, ranging from sedentary invertebrates to highly mobile vertebrate 387 

species. Our results concur with other recent studies (Shwartz, Muratet, Simon et al. 2013) that 388 

suggest these management practices can have a positive impact at the site scale (e.g. individual 389 

park, garden or golf course). Such actions may be easier to implement in green spaces planned for 390 

new urban subdivisions, rather than in existing green spaces, although opportunities to reinstate 391 

these features into existing landscapes should still be sought. In either case, local municipalities must 392 

ensure conservation actions feature in urban green space management plans, as they are too often 393 

overlooked (Feinberg, Hostetler, Reed et al. 2015).  394 

 395 

Co-ordinated efforts may be more achievable in publicly managed green space, such as parks. Parks 396 

are often managed for the same purpose (e.g. recreation or amenity), which can create homogeneous 397 

habitats (Threlfall, Ossola, Hahs et al. 2016). Currently the value of these habitats is generally low 398 

and there are opportunities for park managers to improve habitat quality in parts of each park across 399 

the municipal network. This may be welcomed by the public, as urban residents in our study area 400 

preferred areas of dense vegetation in public parks (Harris, Kendal, Hahs et al. in press). In contrast, 401 

the un-coordinated actions of many individual decision makers in privately managed spaces, such as 402 

residential gardens, can create more heterogeneous urban vegetation (Loram, Thompson, Warren et 403 

al. 2008; Threlfall, Ossola, Hahs et al. 2016). Co-ordinating ‘bottom up’ management by individuals is 404 

likely to be more challenging, and whilst some suggest biodiversity would benefit from co-ordinating 405 

the actions of private residential gardeners across large spatial scales (Goddard, Dougill & Benton 406 

2010), such as wildlife gardening programs, others argue that the high plant species and structural 407 

diversity present in gardens are the product of individual actions (Kendal, Williams & Williams 2010). 408 

Both approaches are likely to play an important role in urban biodiversity conservation. Furthermore, 409 

as the outcomes of management activities on biodiversity are likely to be context dependant, future 410 
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studies should include a specific focus on landscape context and green space type, comparing the 411 

outcomes of these efforts in dense urban areas, as well as in urban fringe environments. 412 

 413 

CONCLUSION 414 

Vegetation management that secures the presence of understorey vegetation and higher native plant 415 

diversity is required to improve fauna biodiversity conservation across urban green spaces. These 416 

vegetation attributes strongly influence habitat quality, and can be easily manipulated by urban 417 

landscape managers. Research suggests that at the city-level the retention of vegetation can increase 418 

species richness of many taxa (Beninde, Veith & Hochkirch 2015), but, few studies assess what 419 

aspects of vegetation promote this response. Here, we demonstrate the combination of vegetation 420 

attributes required to maximise benefits to bat, bird, bee, beetle and bug communities in a network of 421 

urban green spaces, demonstrating achievable ways urban vegetation can be managed to improve 422 

habitat for a broad array of taxa.  423 
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Table 1: Summary of the fauna groups examined within urban green space sites, including sampling 

method used and sampling effort per taxa. See Appendix A2 and A4 for further details on sampling 

methods and design. 

Taxa Spatial replication Temporal replication Sampling method 

Bats 
130 plots, nested within 

39 green space sites 

Sampled one full night per plot in 

Summer: Jan - March 2012 

Ultrasonic detectors 

(Anabat) 

Birds 39 green space sites 

Sampled entire green space three times 

in Spring and Summer: Dec 2012 - Feb 

2013 

Timed area searches 

with stopping rules 

Bees 
130 plots, nested within 

39 green space sites 

Sampled plots twice in Spring and 

Summer: Jan - March 2012 and Sept - 

Nov 2012  

Coloured pan traps 

and sweep net 

Beetles 
130 plots, nested within 

39 green space sites 

Sampled plots once in Summer: Jan - 

March 2012 
Black-light trap 

Bugs 
182 plots, nested within 

39 green space sites 

Sampled plots once in Summer: Jan - 

March 2012 
Sweep net 
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Table 2: Taxa-level summary of model estimates for the taxa-level probabilities of occurrence and detection for the taxa-level effects of vegetation covariates 

on occupancy. The 95% credible intervals (2.5, 97.5) for each estimate are given within parentheses. 

 Occurrence probability Detection probability 
Effect of large native 

tree density 

Effect of understorey 

volume 

Effect of native 

vegetation 

Taxa Mean  
Lower 

CI 

Upper 

CI 
Mean  

Lower 

CI 

Upper 

CI 
Mean  

Lower 

CI 

Upper 

CI 
Mean  

Lower 

CI 

Upper 

CI 
Mean  

Lower 

CI 

Upper 

CI 

Bats 0.848 0.584 0.971 0.545 0.345 0.701 0.231 -0.309 0.948 1.417 0.422 2.676 0.487 -0.059 1.189 

Native 

Birds 
0.555 0.332 0.764 0.332 0.225 0.445 -0.198 -0.467 0.055 1.537 1.150 2.045 0.421 0.083 0.791 

Exotic 

Birds 
0.742 0.444 0.927 0.530 0.208 0.785 -0.477 -0.976 -0.020 0.201 -0.688 1.222 -0.665 -1.456 0.397 

Bees 0.853 0.520 0.985 0.146 0.046 0.363 0.008 -0.838 1.009 0.050 -1.185 1.464 1.313 0.015 2.920 

Beetles 0.627 0.458 0.772 0.103 0.082 0.130 -0.565 -0.928 -0.221 0.751 0.292 1.343 1.496 0.825 2.173 

Bugs 0.736 0.528 0.891 0.095 0.062 0.144 0.071 -0.320 0.466 1.493 0.612 2.714 0.438 -0.104 1.154 
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Table 3: Taxa-level summary of the percent change in taxa-level probability of occurrence per unit change in each vegetation covariate. 

 Large Native Tree Density per ha Understorey Volume (%) Nativeness (%) 

 0-4 4-8 8-12 12-16 0-10 10-20 20-30 30-40 40-50 10-20 20-30 30-40 40-50 50-60 

Bats 3.09 2.64 2.25 1.91 41.57 17.37 6.59 2.40 0.86 9.71 7.35 5.47 4.01 2.91 

Native Birds -6.35 -6.91 -7.47 -8.02 120.07 64.43 26.63 9.52 3.21 19.63 16.98 14.36 11.88 9.63 

Exotic Birds -7.83 -10.24 -12.98 -15.90 4.29 3.85 3.44 3.06 2.72 -5.52 -8.15 -11.60 -15.74 -20.22 

Bees 0.10 0.09 0.09 0.09 0.55 0.54 0.52 0.50 0.49 64.50 33.66 15.13 6.28 2.51 

Beetles -12.97 -16.84 -20.81 -24.52 31.89 22.62 15.05 9.54 5.84 143.46 96.59 49.43 20.38 7.50 

Bugs 1.52 1.46 1.40 1.34 74.77 33.70 12.82 4.52 1.55 13.47 10.91 8.66 6.75 5.19 
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Table 4: Percentage of species from each taxa with the strongest responses to the three vegetation variables. We interpreted species with 99, 95 or 75% 

credible intervals that did not contain zero as having a strong response. Symbols in parentheses indicate the direction of the response. 

Taxa 
Response to increasing 

large native tree density 

Response to increasing 

understorey volume 

Response to increasing percent native 

vegetation 

Bat 0 100 (+) 40 (+) 

Native Bird 10 (-) 100 (+) 22 (+) 

Exotic Bird 100 (-) 14 (+) 57 (-) 

Bee 0 0 57 (+) 

Beetle 95 (-) 39 (+) 92 (+) 

Bug 0 62 (+) 16 (+) 
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Figure 1: Location of study area and the 39 green spaces sites where bats, birds, beetles, bees and bugs were surveyed in Melbourne, Australia. 

 

 

 



 
 

25 
 

 

Figure 2: Predicted relationships between taxa-level occupancy and a) density of native trees greater than 81 cm DBH; b) understorey volume; and c) native 

vegetation. Predictions for each independent variable were calculated separately while holding the mean value of the other two variables constant. The 

credible intervals for each relationship are given in Appendix A6.
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Figure 3: Predicted relationships between bat, native bird, exotic bird, bee, beetle and bug species-

specific probabilities of occurrence and density of native trees greater than 81 cm DBH (left); 

understorey volume (middle); and native vegetation (right). Black lines represent the mean predicted 

response of each species within taxonomic groups. 

 


