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ABSTRACT  22 
Networks of urban green space can provide critical resources for wild bees, however it is 23 
unclear which attributes of green spaces provide these resources, or how their management 24 
can be improved to benefit a diversity of bee species. We examined bee communities in three 25 
dominant urban green space habitats: 1) golf courses, 2) public parks and 3) front gardens and 26 
streetscapes in residential neighbourhoods in Melbourne, Australia and assessed which local 27 
and landscape attributes influenced bee communities. There was a greater abundance and 28 
richness of bee species in public parks compared to golf courses and residential 29 
neighbourhoods, where the latter habitat was dominated by European Honeybees (Apis 30 
mellifera). The occurrence of A. mellifera was positively associated with increases in 31 
flowering and native plants. Ground-nesting Homalictus species occurred more frequently in 32 
older golf courses and public parks surrounded by low impervious surface cover, and with a 33 
low diversity of flowering plants. Cavity nesting, floral specialists within the Colletidae 34 
family occurred more often in green space habitats with greater native vegetation, and 35 
occurred infrequently in residential neighbourhoods. The lack of appropriate nesting habitat 36 
and dominance of exotic flowering plants in residential neighbourhoods appeared to 37 
positively impact upon the generalist A. mellifera, but negatively affected cavity and ground 38 
nesting floral specialist bee species (e.g. Halictidae and Colletidae). Our results highlight the 39 
need to include urban areas in pollinator conservation initiatives, as providing resources 40 
critical to diverse bee communities can assist in maintaining these key pollinators in urban 41 
landscapes. 42 
 43 
Keywords: Bees; pollinators; urban ecology; urban landscapes 44 
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1. INTRODUCTION 45 
Wild and managed bees are the most economically important pollinators in natural and 46 
managed landscapes (Garibaldi et al. 2013; Klein et al. 2007), contributing to the pollination 47 
of up to 87% of the world’s flowering plants (Ollerton et al. 2011). Consequently, reports of 48 
bee declines due to increasing land use change, spread of parasites and pathogens, increased 49 
use of pesticides, and climate change are of concern (Potts et al. 2010). Much of our 50 
understanding of the impacts of land use change and habitat loss on bee communities has 51 
come from studies in forested and agricultural environments (Winfree et al. 2009), whereas 52 
the impacts of urbanisation are less well understood. Because the extent of urbanised areas is 53 
increasing rapidly (Seto et al. 2013), management of urban bee assemblages will become 54 
increasingly important as they play a vital role in the persistence of wild and managed plants 55 
in urban areas (Cane et al. 2006; Williams and Winfree 2013). Many native plant species 56 
have gone locally extinct in cities worldwide (Hahs et al. 2009) and altered biotic interactions 57 
are one of the proposed drivers of these extinctions (Hahs et al. 2009; Williams et al. 2009). 58 
This was highlighted by Pauw et al (2007; 2011), who documented the parallel declines of 59 
insect pollinators and associated insect pollinated plants in urban conservation reserves in 60 
South Africa. Taken together these studies highlight the importance of understanding the 61 
persistence of insect pollinators in cities and the potential consequences of pollinator loss on 62 
other components of the urban ecosystem. 63 
 64 
Most studies of bees in urban landscapes have focussed on bee communities within discrete 65 
land uses such as home gardens or remnant habitats (Cane 2005; Hinners et al. 2012; 66 
Matteson and Langellotto 2010; Matteson et al. 2008; Matteson et al. 2012; McIntyre and 67 
Hostetler 2001; Pardee and Philpott 2014). They suggest that traits, including flight ability, 68 
floral specialisation and nest location shape urban bee communities (Cane et al. 2006; 69 
Hinners et al. 2012; Pardee and Philpott 2014). However, there is little consensus regarding 70 
how urban bee communities are shaped by habitat attributes, or what management actions 71 
could promote urban bee diversity. Some authors report that urban intensity has a negative 72 
impact upon bee species richness and abundance (Bates et al. 2011; Fortel et al. 2014), 73 
whereas Matteson (2012) found no direct influence of urban development intensity on bee 74 
and other insect pollinator communities. Many types of urban habitats appear to support 75 
abundant and diverse bee communities, especially residential gardens (Banaszak-Cibicka and 76 
Żmihorski 2012; Fetridge et al. 2008; Matteson et al. 2008). However, the value of residential 77 
gardens and other recreational green spaces (e.g. parks and golf courses) for bees is likely to 78 
be dependent upon the quality of foraging and nesting habitat (Cane, 2005). While some 79 
studies have found that increases in the cover of green spaces such as golf courses and parks 80 
are positively associated with bee abundance (Pardee and Philpott 2014), others show a 81 
negative relationship (Tonietto et al. 2011), most likely due to differences in floral quality 82 
across different green space types (Matteson et al. 2012) and the floral specialisation of 83 
certain bee genera (Cane et al. 2006; McIntyre and Hostetler 2001). 84 
 85 
A common strategy used to conserve bees in agricultural landscapes is the preservation of 86 
networks of remnant or ‘wild’ habitat (Ricketts et al. 2008; Steffan-Dewenter et al. 2002). 87 
However, in most urban landscapes, few patches of remnant habitat remain, and they are 88 
often small and fragmented. As an alternative, networks of urban green spaces could be 89 
managed to provide bee habitat in otherwise resource-poor environments. These networks 90 
may include natural, planted and managed vegetation in public and private spaces such as 91 
residential gardens and recreation fields (Tzoulas et al. 2007).   92 

 93 



4 

 

There is currently a lack of consensus about which attributes of green spaces support bee 94 
communities, or whether patterns observed to date are consistent in different parts of the 95 
world. To assess the potential contribution of networks of green spaces to urban bee 96 
conservation efforts, we examined 1) bee community composition in a range of urban green 97 
space habitats and 2) how local and landscape variables influenced bees with differing floral 98 
and nesting requirements, in Melbourne, Australia. 99 
 100 
2. MATERIALS AND METHODS 101 
 102 
2.1 Study Area and Experimental Design 103 
Melbourne is Australia’s second most populated city with  approximately 4 million human 104 
inhabitants. Melbourne spans several bioregions, so to minimise soil type, rainfall and 105 
vegetation variation we restricted the study to the south-eastern suburbs within the Gippsland 106 
Plain bioregion. This area is characterised by sandy soils, dominated by grassy woodland and 107 
heathland vegetation communities. Urbanisation began in the early 1900’s, but this region 108 
continues to experience  rapid urban expansion as 85,000 new houses are to be built between 109 
2005 and 2030 (Victorian Department of Sustainability and Environment 2005). Suburbs 110 
built in the early 1900’s, closer to Melbourne’s city centre, contain more trees and are 111 
characterised by larger residential gardens (Hall 2010) than those in the outer suburbs.  In 112 
recent decades, urban development styles have changed to smaller single detached dwelling 113 
residential blocks with larger building footprints, and much less garden area (Hall 2010). 114 
Hence, the  arrangement and extent of urban green spaces vary considerably between 115 
suburbs.  116 
 117 

We sampled 130 20 m x 30 m (600 m2) plots across 39 green space sites located in 13 118 
suburbs of different development age (1890s to 2000s), which varied in the cover of woody 119 
vegetation and impervious surfaces (Fig 1).  The decade each suburb was established was 120 
determined by examining historical aerial imagery, and consulting municipal land release and 121 
construction records. We sampled bees in three dominant green space habitats: 1) golf 122 
courses (13 golf courses: 52 plots), 2) public parks (13 public parks: 26 plots) and 3) 123 
residential neighbourhoods (13 neighbourhoods: 52 plots comprised of front gardens and 124 
streetscapes). We did not sample remnant or agricultural habitats as these land covers are not 125 
dominant in the study area, and remnant habitat cannot be re-instated in urban landscapes. In 126 
addition, the diversity of vegetation communities present in different remnants made it 127 
difficult to establish a consistent reference bee community. Instead, we sampled the dominant 128 
urban green space habitats in our study area, as these have significant opportunities for 129 
habitat improvement through changes to vegetation management.  Within each suburb, the 130 
selected suite of three green space habitats (residential neighbourhoods, public park and golf 131 
course) were on average greater than one km apart. 132 
 133 

Within golf courses and public parks, we established 78 plots randomly (52 and 26 134 
plots respectively) within the ‘out of play’, wooded areas. In residential neighbourhoods, we 135 
established the remaining 52 plots by randomly selecting four streets within each residential 136 
neighbourhood, and mailing invitations to households on those streets to take part in the 137 
study. Plots were usually greater than 100 m apart within each green space (residential 138 
neighbourhood, public park and golf course). To adequately represent residential 139 
neighbourhoods these plots consisted of the front garden, the pavement and road verge (if 140 
present) out to a midway point of the road directly in front of the property. The width and 141 



5 

 

depth of each front garden primarily dictated the size of each plot in the residential 142 
neighbourhoods as we could only sample properties for which we had permission.  143 
 144 
2.2 Bee Sampling 145 
Within each plot we used two standard methods to sample the bee species present, both of 146 
which have been recognised for their ability to representatively sample bee species across 147 
varied habitats (Westphal et al. 2008). We placed six coloured pan traps (two yellow, two 148 
blue and two white; 15 cm diameter) randomly on the ground throughout each plot for a 24 hr 149 
period, leading to the deployment of 1560 coloured pan traps throughout the study. Pan traps 150 
were 1/3 filled with water containing a few drops of detergent to break the surface tension 151 
and cause trapped insects to sink to the bottom.  On the same day, we collected bees from 152 
flowers within each plot through 200 sweeps of a sweep net allocated evenly across all 153 
vegetation present within the plot boundary to a height of 2 m, leading to a total of 390 hours 154 
of sweep net sampling. We limited our bee surveys to warm sunny days (average temperature 155 
24.7°C) with low wind speeds and little to no rain.  We sampled all plots twice in austral 156 
spring and twice in summer during 2012, totalling four bee data collection periods over two 157 
seasons. Bees were stored in 70% ethanol, and returned to the laboratory for sorting and 158 
subsequent identification to species where possible, and otherwise to morphospecies. We air-159 
dried and pinned representative specimens from each species for taxonomic verification. 160 
 161 

For golf course and public park plots, we calculated the number of individuals per 162 
plot for 600 m2 (20 m x 30 m plot). To account for the smaller and variable plot sizes within 163 
residential neighbourhoods, we scaled the abundance of individual bees within these plots to 164 
an area of “available and suitable” green space habitat within a 600 m2 area of residential 165 
matrix, to be able to compare these plots to those containing available habitat in golf courses 166 
and public parks. As the residential matrix is characterised by impervious building structures, 167 
it would be inappropriate to scale up each residential plot to an equivalent 600 m2 area, as 168 
much of this area would comprise the interior of single or double storey buildings, unsuitable 169 
as bee habitat. We scaled up each residential plot after accounting for the percentage area of 170 
unsuitable impervious building roof surface within that residential area. We used i-Tree 171 
canopy (i-Tree, 2013; USDA Forest service, USA) to estimate impervious building roof area 172 
from Google Earth imagery. We classified 200 randomly selected points as roof, grass, 173 
pavement, roads, soil or trees. As residential neighbourhoods ranged in age from 5 to 110 174 
years old, the ratio of building roof to other land surfaces varied considerably. The percentage 175 
area of building roof per site varied between 25% and 41%, and was used to estimate the area 176 
of available and suitable bee habitat within the equivalent of 600 m2 area of a residential 177 
neighbourhood. As an example, if a residential plot was 400 m2 and situated in a residential 178 
neighbourhood with an average of 25% roof cover, instead of scaling up the number of 179 
individual bees caught within the plot to a 600 m2 equivalent, we scaled it up to 75% of 600 180 
m2 (i.e. 450 m2) to account for the 25% of building space unavailable to bees.  181 

 182 
2.3 Environmental Variables 183 
We measured several variables in the field to describe the floral resources and nesting habitat 184 
available to bees (Table 1). We identified all plants within each plot to species where 185 
possible, noting which species were flowering during bee sampling, and whether it was 186 
native to Australia or exotic. We then calculated the proportion of native plants per plot as a 187 
function of all species recorded. We also calculated the number of plant species in flower per 188 
square metre, by dividing the number of recorded flowering plants by the area (m2) of the 189 
plot.  We removed plant families dominated by wind-pollinated species (e.g. grasses) from 190 
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this metric, as these do not provide foraging resources for bees. Nesting habitat was 191 
characterised by recording the presence or absence of bare ground and tree hollows using the 192 
intercept method outlined below, and health of all trees within each plot (category ranging 1 193 
to 8 from healthy tree with no dead limbs to dead stump less than 5 m high).  194 
 195 
To measure vegetation structure within a plot, we established four parallel 30 m transects at 196 
five metre intervals, and measured the vegetation at 0, 5, 10, 15, 20, 25 and 30 m point 197 
locations along four of the transects (i.e. 4 transects x 7 locations = 28 points sampled). At 198 
each sampling point, we recorded: 1) the nature of ground cover (presence of bare ground, 199 
pavement, litter, rock, gravel, mulch, vegetation)  and 2) the growth form of any vegetation 200 
(i.e. tree, shrub, grass, forb etc) that intercepted a vertical measurement pole at five height 201 
intervals: 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 202 
intercepts in each height interval was used to calculate vegetation volume (Eq. 1): 203 
 204 

VVEGHX = ((PNIHX/ PTHX) ×VSHX)   [Equation 1] 205 
 206 

where VVEGHX is estimated vegetation volume occupying a specific height interval, PNIHX is 207 
the actual number of times vegetation intercepted the pole for that height interval, PTHX is the 208 
number of pole point locations surveyed (usually 28 for a 600 m2 plot), and VSHX is the total 209 
volume for that height interval based on the area of the plot multiplied by the height interval. 210 
To estimate total vegetation volume, the VVEGHX for each height interval were summed 211 
together. To account for irregular plot sizes, we divided the sum of the estimated volumes by 212 
the total available volume (area sampled multiplied by total height) to produce a percentage 213 
estimate of vegetation volume in that plot.  214 
 215 

To quantify the urban landscape surrounding each site, we calculated the percent 216 
impervious surface cover within a 1 km radius buffer around the centre point of the site using 217 
Arc Map (ESRI, Redlands, California, USA, version 10.1) and a ‘Directly Connected 218 
Imperviousness’ GIS data layer obtained from Melbourne Water. We chose one kilometre as 219 
it complemented our site selection methodology, as associated residential neighbourhoods, 220 
public parks and golf courses were located 1 km or more away from one another, and to 221 
reflect a distance bees are capable of flying. Impervious surface cover ranged from 3 – 63 %. 222 
 223 
2.4 Data Analysis 224 
 225 
2.4.1 Bee community composition in urban green space habitats 226 
We  first calculated sample completeness by comparing sample coverage within each green 227 
space habitat, following Chao and Jost (2012). Using the software iNEXT (version 1.0) we 228 
plotted sample completeness (as measured by sample coverage) with respect to sample size 229 
(Hsieh et al. 2013). 230 
 231 
To examine the distribution of the bee community amongst green space habitats, we used 232 
generalized linear mixed models (GLMMs), an approach that allowed us to account for the 233 
nested nature of the experimental design. We specifically examined differences across green 234 
space habitats for six measures of the bee community: 1) bee species richness; 2) total bee 235 
abundance; and the occurrence of 3) Apis mellifera; 4) Homalictus species; 5) Lasioglossum 236 
species and 6) bees within the Colletidae. The latter four taxonomic groupings reflect species 237 
that share ecological traits (Appendix A1), and are predicted to respond in a similar manner 238 
to the environment. Indeed, trait based RLQ and clustering analyses (results not presented 239 
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here) indicate the bee community separated into these four groups. We fitted the species 240 
richness model with a Poisson error distribution, the abundance model with a normal 241 
distribution, and the occurrence models with a binomial distribution.  In all models, ‘Site’ 242 
was specified as a random effect, to account for multiple plots within each of the 39 green 243 
spaces sampled.  244 
 245 
Non-metric multidimensional scaling (NMDS) was performed to explore how similar the bee 246 
community was between the different green space habitats, using a Bray-Curtis similarity 247 
index, including only the bee species present in more than one site. We tested for differences 248 
between green space habitats using a one-way analysis of similarities test (ANOSIM). 249 
 250 
2.4.2 The effect of local and landscape variables on bees in urban green space habitats  251 
To understand what specific attributes of green spaces provide important habitat for bees, we 252 
examined the four groups of bees identified above, as these groups represent sets of species 253 
that share similar responses to the environment based on shared traits. To evaluate the best 254 
predictors of the presence of each of the four groups we again used generalized linear mixed 255 
models (GLMMs), using the same structure as stated above. In these models, environmental 256 
variables listed in Table 1 were specified as fixed effects. To avoid over parameterization, the 257 
number of predictor variables was restricted based on the number of presence sites, with one 258 
variable added per 10 presence sites per functional group (Wintle et al. 2005). To reduce the 259 
number of variables used in each model, we created sets of predictor variables based on the 260 
scale at which they occurred, and their possible impact on bee distributions (Rhodes et al. 261 
2009). Predictor variables described 1) sampling conditions (the diversity of plants in flower 262 
at the time of sampling), 2) floral resources (the composition and volume of vegetation 263 
present), 3) nesting resources, 4) age since establishment and 5) per cent impervious surface 264 
cover within 1 km radius. The environmental variables were not strongly co-linear (Pearson 265 
correlation coefficient < 0.5), and therefore were included together in regression models. 266 
Skewed explanatory variables were log-transformed prior to analysis, and all continuous 267 
variables were standardised to have a mean of zero and standard deviation of one. Initial 268 
exploratory analyses revealed that average daily temperature, average daily humidity, 269 
calendar date of sampling and the area of each site (ha) had no significant correlation with 270 
bee responses (Pearson correlation coefficient < 0.1, p-values > 0.2 in all cases), and hence 271 
these variables were not considered further.  272 
 273 

We constructed our GLMMs using all combinations of the five variable groups (e.g. 274 
sampling conditions, floral resources, etc.) resulting in a maximum of 31 possible alternate 275 
models, including a null model made up of random effects only. We assessed the fit of each 276 
model using an information theoretic approach by calculating the Akaike Information 277 
Criterion corrected for small sample size (AICc), using package ‘AICcmodavg’ (Mazerolle 278 
2013). For each bee response group, a 95 % confidence set of models was constructed listing 279 
all models that have a summed Akaike weights (wi) >0.95 (Burnham and Anderson 2002). 280 
The “relative importance” of each variable group was then calculated by summing the weight 281 
for all of the models incorporating that predictor set (Burnham and Anderson 2002). We 282 
selected our final model based on the lowest AICc and the highest model wi (Burnham and 283 
Anderson 2002). Model residuals were also checked for spatial autocorrelation using Moran’s 284 
I (Moran 1950). 285 

 286 
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All statistical analyses were conducted in ‘R’, version 3.0.1 (http://www.r-287 
project.org/). GLMMs  were fitted using the ‘glmer’ function in package ‘lme4’ (Bates et al. 288 
2008). 289 
 290 
3. RESULTS 291 
 292 
We collected 736 individual bees representing 19 species or morphospecies of Apidae, 293 
Colletidae, Halictidae and Megachilidae (Appendix A1). Most individuals were sampled by 294 
sweep net, followed by white and yellow pan traps, with few individuals being sampled by 295 
blue pan traps. The sweep net caught a broad range of bee species and families, whereas the 296 
majority of species caught by pan traps were exclusively in Halictidae and Apidae. The most 297 
abundant native Australian bee species or groups were the short-tongued ground-nesting bees 298 
including Homalictus (Homalictus) sphecodoides, Homalictus (Homalictus) punctatus 299 
complex, and Lasioglossum (Chilalictus) brunnesetum (Appendix A1). The European 300 
Honeybee Apis mellifera was also abundant, although it is unknown whether these 301 
individuals came from feral or managed colonies (Appendix A1). Six of the 19 302 
morphospecies found were represented by a single individual (31%), and an additional three 303 
species were found at only one site. An assessment of sample completeness for each of the 304 
three green space habitats was comparable after collection of 100 individuals, indicating 305 
sufficient sampling effort within each land use (Appendix A2).  306 

 307 
3.1 Bee community composition in urban green space habitats 308 
We recorded totals of 13 bee species in public parks, 12 in golf courses and nine in residential 309 
neighbourhoods. On average public parks had significantly higher bee species richness in 310 
comparison to golf courses (z = 2.01, p = 0.038) and residential neighbourhoods (z = 2.20, p 311 
= 0.028), which did not differ from each other (z = 0.14, p = 0.89) (Table 2). Bee abundance 312 
was twice as great in public parks in comparison to golf courses (t = 3.01, p = 0.003) and 313 
residential neighbourhoods (t = 3.78, p = 0.0002), which again did not differ from each other 314 
(t = 0.82, p = 0.41) (Table 2).   315 
 316 
Apis mellifera was significantly more likely to occur in residential neighbourhoods and public 317 
parks in comparison to golf courses (RG vs GC z = 3.4, p <0.001; UP vs GC z = 2.0, p = 318 
0.045), and equally likely to occur in the former two green spaces (z = 0.96, p = 0.34) (Table 319 
2).  Homalictus spp. were significantly more likely to occur in golf courses and public parks 320 
in comparison to residential neighbourhoods (GC vs RG z = 2.6, p = 0.009; UP vs RG z = 321 
2.84, p = 0.004), and equally likely to occur in the former two green spaces (z = 1.26, p = 322 
0.21). Lasioglossum spp. were equally likely to occur in all three green spaces (p>0.05 all 323 
comparisons). Bees within the Colletidae were least likely to occur in residential 324 
neighbourhoods in comparison to public parks (z = 2.71, p = 0.007), and were also more 325 
prevalent within golf courses (Table 2), however no other significant pairwise differences 326 
occurred (p>0.05). 327 
 328 
Bee community composition significantly differed amongst green space habitats (Fig 2). 329 
ANOSIM analysis revealed that the bee community present within residential 330 
neighbourhoods was significantly different to the community present within golf courses (p = 331 
0.01) and public parks (p = 0.01). However the latter two green space habitats contained a 332 
similar bee community (p = 0.11).  333 
 334 
3.2 The effect of local and landscape variables on bees in urban green space habitats  335 

http://www.r-project.org/
http://www.r-project.org/
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Floral resources were the highest-ranking predictor variable for three of the bee functional 336 
groups (Table 3; Appendix A3). Plots with more native vegetation had higher occurrence of 337 
A. mellifera, Lasioglossum spp. and bees within the Colletidae (Fig 3a, c and d), whereas 338 
plots with a greater volume of understorey vegetation had a negative impact on the 339 
occurrence of these three groups of bees (Fig 3a, c and d).  The diversity of plants in flower 340 
was also ranked as a good predictor of A. mellifera and Homalictus spp. (Table 3), where 341 
increasing floral diversity was positively associated with greater occurrence of these two 342 
groups (Fig 3a and b).  Age and impervious surface cover were also ranked as good 343 
predictors of Homalictus spp. where this group was more likely to occur in older plots with 344 
lower impervious surface cover (Table 3, Fig 3b). The large number of models included in 345 
the 95% confidence table for A. mellifera and Lasioglossum spp. (Appendix A4), which 346 
included the ‘null model’ in the case of Lasioglossum spp., indicated that there was a very 347 
high degree of uncertainty in predicting occurrence of these two groups of bees. There was no 348 
evidence of spatial autocorrelation in the residuals for any final model for either of the three 349 
bee response groups (p ≥ 0.1 in all cases). 350 
 351 
4. DISCUSSION  352 
 353 
Given the severe ecological impact of urban land transformation, reported plant extinctions in 354 
cities, and the possible causal connection between declining plant populations and their 355 
pollinators, it is imperative to understand the biodiversity value of different urban land uses 356 
for pollinator conservation. The results of our study not only inform local conservation efforts 357 
to help develop management strategies to improve habitat for a range of bee species, they 358 
also point to the opportunity for landscape-scale pollinator conservation in cities worldwide. 359 
Our results suggest that established green spaces that contain native flowering plants (planted 360 
or remnant), which are situated in relatively green landscapes with lower surrounding 361 
impervious surface cover, support greater bee abundance and a greater richness of bee 362 
species, especially ground nesting and floral specialist bees. We found that residential 363 
neighbourhoods supported a distinctly different community of bees, dominated by the 364 
European Honeybee Apis mellifera. This was likely due to the floral resources in this land 365 
use, which were dominated by exotic flowering plants, leading to greater occurrence of this 366 
generalist bee species.  367 
 368 

We found that ground nesting native Australian bee taxa, such as Homalictus spp., 369 
had a significantly higher probability of occurrence in older green space habitats with less 370 
surrounding impervious surface cover, including golf courses and parks that contained a 371 
lower diversity of plants in flower. However, we found that large bodied generalist 372 
Lasioglossum spp. were not significantly likely to occur in one green space habitat over 373 
another, and that these bees were not strongly correlated with any of our site or landscape 374 
variables. Public parks and ‘out of play’ areas in some golf courses had a reduced presence of 375 
exotic plant species, and appeared to experience less intensive management than that found in 376 
many residential gardens (C. Threlfall personal observation). The combination of appropriate 377 
floral resources and less intense management may provide suitable habitat for  ground nesting 378 
Homalictus species, particularly as they require areas of undisturbed soil to build nests 379 
(Michener 1965). The availability of suitable nesting habitat in urban green spaces may help 380 
explain why this group occurred significantly less in residential neighbourhoods, where the 381 
ground has a high frequency of management and disturbance compared to parks and golf 382 
courses which have areas that are less intensively managed. Indeed, nesting resource 383 
availability has been shown to significantly influence the composition of bee communities in 384 
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Mediterranean landscapes (Potts et al. 2005). Our findings are consistent with Tonietto et al 385 
(2011) who suggest that compacted soils can discourage ground nesting bees, highlighting 386 
the importance of unmanaged, little managed or ‘wild’ patches within urban green spaces to 387 
ground nesting bee species. Creating refuge areas of undisturbed soil such as field margins, 388 
untilled areas and semi-natural habitat has helped to conserve bees in highly modified 389 
agricultural landscapes (Kremen et al. 2002; Lentini et al. 2012) and similar management 390 
strategies could be promoted to conserve bee diversity in urban landscapes. 391 

 392 
We found that the highly endemic bees within the Colletidae were almost absent from 393 

residential landscapes, instead being significantly more likely to occur in public parks and 394 
green spaces with greater proportions of native vegetation, including planted native 395 
vegetation. These Australian bee species have co-evolved with Australian plants over long 396 
periods (Michener 1965), are short tongued and considered floral specialists. These bees are 397 
especially dependent upon accessing nectar from shallow flower cups, such as those found 398 
within the Myrtaceae (Michener 1965) a dominant family in the Australian flora. Hence, it is 399 
not surprising that the occurrence of Colletid bees significantly increased in those green 400 
spaces with more than 50% cover of native Australian plant species.  401 

 402 
These Colletid bees are also cavity-nesting, and their reliance on existing holes in 403 

reeds, stems and dead wood may further explain their low occurrence in residential 404 
neighbourhoods. The nesting success of taxa that nest in wood and pith cavities has been 405 
reported to decline in urban areas where vegetation is highly maintained and woody debris is 406 
often frequently removed (Matteson et al. 2008). Although, some studies have reported a 407 
greater abundance of cavity nesting species in more urban habitats (Fortel et al. 2014), this is 408 
likely dependent upon the substrate in which each cavity is located and the ability of species 409 
to utilise man-made materials.  410 
 411 

The occurrence of A. mellifera was significantly higher in residential neighbourhoods, 412 
where it was positively associated with increases in the diversity of plants in flower, and 413 
negatively associated with increasing vegetation structure. This is of conservation concern, as 414 
insect-dependant native plants in urban landscapes may suffer from limited pollination if the 415 
functional diversity of bee communities is reduced. Our findings agree with previous studies 416 
that found A. mellifera is common in many urban habitats (Bates et al. 2011; Matteson et al. 417 
2008; Smith et al. 2006), due to the dominance of non-native vegetation and the ability of A. 418 
mellifera to forage widely on many types of flowers. Residential neighbourhoods in our study 419 
area did not contain any more managed or unmanaged hives of A. mellifera than observed in 420 
other green spaces (the authors, personal observation), and instead we believe our results 421 
suggest that residential neighbourhoods provide adequate foraging grounds for this species, 422 
particularly if dominated by flower beds, as our’s were. The dominance of A. mellifera in 423 
residential neighbourhoods may actually present a risk to pollination services in this habitat 424 
type should the bee parasite Varroa destructor enter Australia and lead to the dramatic 425 
reductions in bee populations and pollination services observed elsewhere (Le Conte et al. 426 
2010). Communities of native bee pollinators may offer insurance for the retention of 427 
adequate pollination services in urban landscapes, and should be encouraged by introducing  428 
more suitable green space management regimes.  429 
 430 

While a recent study found a similar richness and abundance of bees between nearby 431 
remnant heathland patches and the golf course and public park plots we sampled (Baumann 432 
2014),  our study only recorded around 15% of the diversity of bee species that have been 433 
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historically recorded in the region (Walker 2009). The  reduced diversity may be partly 434 
explained by seasonal variation and spatial variability in bee species occurrences, as well as 435 
potentially due to declines associated with urbanisation.  In our study, the number of 436 
individual bees collected was similar to that reported for many other urban bee studies 437 
(Ksiazek et al. 2012; Matteson et al. 2012; Pardee and Philpott 2014; Tonietto et al. 2011), 438 
and agrees with recent findings that urban areas can support similar bee abundance and 439 
richness to surrounding farmland and nature reserves (Baldock et al. 2015). To account for 440 
the expectation that bee abundance may be lower in urban green space habitats as compared 441 
to more natural landscapes, we implemented a sampling regime that far exceeded that of 442 
previous urban bee studies (e.g. McIntyre and Hostetler 2001). Regardless, we did not collect 443 
as many individual bees as studies in regions dominated by social bees, such as bumblebees 444 
(e.g. McFrederick and LeBuhn 2006). Our results may reflect 1) that the majority of bee 445 
species in our study region are solitary, 2) that the green space habitats present do not provide 446 
all the resources required for certain bee species of this bioregion, or 3) that toxins and 447 
pesticides detrimantal to bees may be present. As such, our findings appear to contradict 448 
those of recent northern hemisphere studies that suggest urban areas may harbour rich 449 
communities of wild bees (Fortel et al. 2014). Whilst remnant habitats in cities have been 450 
suggested to support diverse pollinator communities (Cane et al. 2006; Hinners et al. 2012), 451 
our study suggests that the far more dominant forms of urban green space habitat in our cities 452 
(gardens within residential neigbourhoods, parks, golf courses) also provide opportunities for 453 
urban bee conservation. Remnant vegetation is likely to be very important to urban bee 454 
communities, so remnant areas should be conserved where possible. However, in areas where 455 
remnant vegetation has all but gone, alternative green space habitat must be prioritised. 456 
Further research is required on urban bees in remnant habitats within urban landscapes, 457 
including an examination of the movement of bees between habitat patches, to elucidate 458 
foraging and nesting habitat requirements and to more fully understand the importance of 459 
different urban habitats for urban bee conservation.   460 
 461 
4.1 Considerations for the conservation of bees in urban green spaces 462 
If the decline in bee diversity seen in agricultural landscapes (Potts et al. 2010) is mirrored in 463 
urban landscapes, it could have far reaching consequences for the continued reliable 464 
pollination of urban remnant vegetation, horticultural plantings and urban food production, 465 
threatening the viability of some plant populations in the urban landscape. Furthermore, 466 
pollination services provided by A. mellifera supplement, rather than substitute, pollination 467 
services provided by native bees (Garibaldi et al. 2013).  Considering the high occurence of 468 
plant extinctions reported globally (Hahs et al. 2009), and potential link between declining 469 
pollinators and their associated insect dependant plant species (Biesmeijer et al. 2006; Pauw 470 
2007), it is imperitive that alternative management strategies be considered to improve the 471 
suitability of habitat for a wider range of bee species than is currently being supported. 472 
 473 

Internationally, current strategies to conserve and restore pollinator communities are 474 
mostly focussed on agricultural landscapes, however our data supports recent suggestions that 475 
pollinator conservation programmes need to include initiatives in urban areas (Baldock et al. 476 
2015). This is especially important considering the rapidly increaing urban population, and 477 
the increasing extent of urban areas worldwide (Seto et al. 2013). Pollinator conservation 478 
initiatives could include actively designing habitats to be more beneficial to a variety of bee 479 
species  (Hernandez et al. 2009), and enormous potential exists for such programmes to be 480 
implemented in a range of urban green space habitats. Due to the diversity of bees recorded 481 
utilising urban areas and their various nesting and foraging requirements, we recommend any 482 
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pollinator conservation programme incorporate actions to create or maintain a wide variety of 483 
nesting and native plant forage resources. For example to create bee nesting habitat, 484 
undisturbed or unmanaged vegetation can be created by removing mowing or reducing its 485 
frequency. Less managed, uncompacted patches of bare soil should be encouraged through 486 
restricting public access to some areas or encouraging vegetation types which lack a 487 
continuous ground cover e.g. tussock rather than rhizomatous grasses. Dead or dying 488 
vegetation, such as logs and reeds should be retained for cavity-nesting bees, in addition to 489 
installing articifical habitat where nesting resources are lacking, such as bee nesting boxes, 490 
although the utility of bee hotels for native bee conservation needs further research attention 491 
(MacIvor and Packer 2015). Bee foraging habitat could be created by encouraging native 492 
plantings in residential neighbourhoods. This will not only provide foraging resources for a 493 
greater number of endemic bee species, it will also assist the conservation of many other 494 
fauna groups, such as birds and butterflies which are known to respond positively to native 495 
vegetation in urban residential landscapes (Burghardt et al. 2009; Ikin et al. 2013). Ensuring 496 
our cities continue to support diverse and abundant bee communities is a critical step towards 497 
building the resilience of urban ecoystsems and the essential network of plant-pollinator 498 
interactions. Simple, low cost changes in urban green space management will improve habitat 499 
suitability for bees, helping to strengthen the ability of green space networks to provide 500 
critical pollination services, which ultimately will contribute to national efforts to conserve 501 
pollinator communities.  502 
 503 
ACKNOWLEDGEMENTS 504 
 505 
We would like to thank our volunteers for their field assistance, and participating residents, 506 
municipalities and golf courses for granting access to their properties. This study was funded 507 
by the Australian Research Council (LP110100686), the Australian Research Centre for 508 
Urban Ecology at the Royal Botanic Gardens Melbourne and the Australian Golf Course 509 
Superintendents Association, who also provided invaluable logistics support. We particularly 510 
acknowledge John Geary for his assistance. LM wishes to acknowledge the support of 511 
funding from the Agència de Gestió d’Ajuts Universitaris i de Recerca (AGAUR) and the 512 
Australian Research Council Centre of Excellence for Environmental Decisions (CEED).  513 
AKH would like to acknowledge funding from The Baker Foundation. 514 
 515 



13 

 

REFERENCES 516 
 517 
Baldock, K.C.R., Goddard, M.A., Hicks, D.M., Kunin, W.E., Mitschunas, N., Osgathorpe, 518 
L.M., Potts, S.G., Robertson, K.M., Scott, A.V., Stone, G.N., Vaughan, I.P., Memmott, J., 519 
2015. Where is the UK's pollinator biodiversity? The importance of urban areas for flower-520 
visiting insects. Proc R Soc Lond (Biol) 282, 20142849-20142849. 521 

Banaszak-Cibicka, W., Żmihorski, M., 2012. Wild bees along an urban gradient: winners and 522 
losers. J. Insect Conserv. 16, 331-343. 523 

Bates, A.J., Sadler, J.P., Fairbrass, A.J., Falk, S.J., Hale, J.D., Matthews, T.J., 2011. 524 
Changing bee and hoverfly pollinator assemblages along an urban-rural gradient. PLoS ONE 525 
6, 1-11. 526 

Bates, D., Maechler, M., Dai, B., 2008. lme4: Linear mixed-effects models using S4 classes. 527 
R package version 0.999375-22. http://lme4.r-forge.r-project.org/. 528 

Baumann, J., 2014. Response of exotic and native bees to floral resources within urban green 529 
spaces, In Department of Resource Management and Geography. The University of 530 
Melbourne.Honours Thesis 531 

Biesmeijer, J.C., Roberts, S.P.M., Reemer, M., Ohlemüller, R., Edwards, M., Peeters, T., 532 
Schaffers, A.P., Potts, S.G., Kleukers, R., Thomas, C.D., Settele, J., Kunin, W.E., 2006. 533 
Parallel declines in pollinators and insect-pollinated plants in Britain and the Netherlands. 534 
Science 313, 351-354. 535 

Burghardt, K.T., Tallamy, D.W., Shriver, W.G., 2009. Impact of native plants on bird and 536 
butterfly biodiversity in suburban landscapes. Conserv. Biol. 23, 219-224. 537 

Burnham, K.P., Anderson, D.R., 2002. Model selection and multimodel inference: A 538 
practical information-theoretic approach, 2nd edn. Springer, New York. 539 

Cane, J.H., 1987. Estimation of bee size using intertegular span (Apoidea). J. Kans. Entomol. 540 
Soc. 60, 145-147. 541 

Cane, J.H., 2005. Bees, pollination, and the challenges of sprawl, In Nature in fragments: The 542 
legacy of sprawl. eds E.A. Johnson, M.W. Klemens, pp. 109-124. Columbia University Press, 543 
New York. 544 

Cane, J.H., Minckley, R.L., Kervin, L.J., Roulston, T.H., Williams, N.M., 2006. Complex 545 
responses within a desert bee guild (Hymenoptera: Apiformes) to urban habitat 546 
fragmentation. Ecol. Appl. 16, 632-644. 547 

Chao, A., Jost, L., 2012. Coverage-based rarefaction and extrapolation: standardizing 548 
samples by completeness rather than size. Ecology 93, 2533-2547. 549 

Fetridge, E.D., Ascher, J.S., Langellotto, G.A., 2008. The bee fauna of residential gardens in 550 
a suburb of New York City (Hymenoptera: Apoidea). Ann. Entomol. Soc. Am. 101, 1067-551 
1077. 552 

http://lme4.r-forge.r-project.org/


14 

 

Fortel, L., Henry, M., Guilbaud, L., Guirao, A.L., Kuhlmann, M., Mouret, H., Rollin, O., 553 
Vaissière, B.E., 2014. Decreasing abundance, increasing diversity and changing structure of 554 
the wild bee community (Hymenoptera: Anthophila) along an urbanization gradient. PloS one 555 
9, e104679. 556 

Garibaldi, L.A., Steffan-Dewenter, I., Winfree, R., Aizen, M.A., Bommarco, R., 557 
Cunningham, S.A., Kremen, C., Carvalheiro, L.G., Harder, L.D., Afik, O., Bartomeus, I., 558 
Benjamin, F., Boreux, V., Cariveau, D., Chacoff, N.P., Dudenhöffer, J.H., Freitas, B.M., 559 
Ghazoul, J., Greenleaf, S., Hipólito, J., Holzschuh, A., Howlett, B., Isaacs, R., Javorek, S.K., 560 
Kennedy, C.M., Krewenka, K.M., Krishnan, S., Mandelik, Y., Mayfield, M.M., Motzke, I., 561 
Munyuli, T., Nault, B.A., Otieno, M., Petersen, J., Pisanty, G., Potts, S.G., Rader, R., 562 
Ricketts, T.H., Rundlöf, M., Seymour, C.L., Schüepp, C., Szentgyörgyi, H., Taki, H., 563 
Tscharntke, T., Vergara, C.H., Viana, B.F., Wanger, T.C., Westphal, C., Williams, N., Klein, 564 
A.M., 2013. Wild pollinators enhance fruit set of crops regardless of honey bee abundance. 565 
Science 339, 1608-1611. 566 

Hahs, A.K., Mcdonnell, M.J., Mccarthy, M.A., Vesk, P.A., Corlett, R.T., Norton, B.A., 567 
Clemants, S.E., Duncan, R.P., Thompson, K., Schwartz, M.W., Williams, N.S.G., 2009. A 568 
global synthesis of plant extinction rates in urban areas. Ecol. Lett. 12, 1165-1173. 569 

Hall, T., 2010. Goodbye to the backyard?—The minimisation of private open space in the 570 
Australian outer-suburban estate. Urban Pol Res 28, 411-433. 571 

Hernandez, J.L., Frankie, G.W., Thorp, R.W., 2009. Ecology of urban bees: a review of 572 
current knowledge and directions for future study. Cities Environ 2, 3. 573 

Hinners, S.J., Kearns, C.A., Wessman, C.A., 2012. Roles of scale, matrix, and native habitat 574 
in supporting a diverse suburban pollinator assemblage. Ecol. Appl. 22, 1923-1935. 575 

Hsieh, T.C., Ma, K.H., Chao, A., 2013. iNEXT online: interpolation and extrapolation 576 
(Version 1.0). Accessed October 2014, http://chao.stat.nthu.edu.tw/blog/software-download/ 577 

Ikin, K., Knight, E., Lindenmayer, D.B., Fischer, J., Manning, A.D., 2013. The influence of 578 
native versus exotic streetscape vegetation on the spatial distribution of birds in suburbs and 579 
reserves. Divers. Distrib. 19, 294 - 306. 580 

Klein, A.-M., E. Vaissière, B., Cane, J., H., Steffan-Dewenter, I., Cunningham, S., A. , 581 
Kremen, C., Tscharntke, T., 2007. Importance of pollinators in changing landscapes for 582 
world crops. Proc R Soc Lond B 274, 303-313. 583 

Kremen, C., Williams, N.M., Thorp, R.W., 2002. Crop pollination from native bees at risk 584 
from agricultural intensification. Proc Natl Acad Sci 99, 16812-16816. 585 

Ksiazek, K., Fant, J., Skogen, K., 2012. An assessment of pollen limitation on Chicago green 586 
roofs. Landscape Urban Plann. 107, 401-408. 587 

Le Conte, Y., Ellis, M., Ritter, W., 2010. Varroa mites and honey bee health: can Varroa 588 
explain part of the colony losses? Apidologie 41, 353-363. 589 

http://chao.stat.nthu.edu.tw/blog/software-download/


15 

 

Lentini, P.E., Martin, T.G., Gibbons, P., Fischer, J., Cunningham, S.A., 2012. Supporting 590 
wild pollinators in a temperate agricultural landscape: Maintaining mosaics of natural 591 
features and production. Biol. Conserv. 149, 84-92. 592 

Macivor, J.S., Packer, L., 2015. 'Bee Hotels' as tools for native pollinator conservation: A 593 
premature verdict? PloS one 10, e0122126. 594 

Matteson, K., Langellotto, G., 2010. Determinates of inner city butterfly and bee species 595 
richness. Urban Ecosyst 13, 333-347. 596 

Matteson, K.C., Ascher, J.S., Langellotto, G.A., 2008. Bee richness and abundance in New 597 
York city urban gardens. Ann. Entomol. Soc. Am. 101, 140-150. 598 

Matteson, K.C., Grace, J.B., Minor, E.S., 2012. Direct and indirect effects of land use on 599 
floral resources and flower-visiting insects across an urban landscape. Oikos 122, 682-694. 600 

Mazerolle, M.J., 2013. Model selection and multimodel inference based on (Q)AIC(c). R 601 
Package ‘AICcmodavg’ version 1.35 http://cran.r-project.org/web/packages/AICcmodavg/. 602 

Mcfrederick, Q.S., Lebuhn, G., 2006. Are urban parks refuges for bumble bees Bombus spp. 603 
(Hymenoptera: Apidae)? Biol. Conserv. 129, 372-382. 604 

Mcintyre, N.E., Hostetler, M.E., 2001. Effects of urban land use on pollinator (Hymenoptera: 605 
Apoidea) communities in a desert metropolis. Basic Appl. Ecol. 2, 209-218. 606 

Michener, C.D., 1965. A classification of the bees of the Australian and South Pacific 607 
regions. Bull. Am. Mus. Nat. Hist 130, 1 - 362. 608 

Moran, P.a.P., 1950. Notes on continuous stochastic phenomena. Biometrika 37, 17-23. 609 

Ollerton, J., Winfree, R., Tarrant, S., 2011. How many flowering plants are pollinated by 610 
animals? Oikos 120, 321-326. 611 

Pardee, G.L., Philpott, S.M., 2014. Native plants are the bee's knees: local and landscape 612 
predictors of bee richness and abundance in backyard gardens. Urban Ecosyst, 641. 613 

Pauw, A., 2007. Collapse of a pollination web in small conservation areas. Ecology 88, 1759-614 
1769. 615 

Pauw, A., Hawkins, J.A., 2011. Reconstruction of historical pollination rates reveals linked 616 
declines of pollinators and plants. Oikos 120, 344-349. 617 

Potts, S.G., Biesmeijer, J.C., Kremen, C., Neumann, P., Schweiger, O., Kunin, W.E., 2010. 618 
Global pollinator declines: trends, impacts and drivers. Trends Ecol. Evol. 25, 345-353. 619 

Potts, S.G., Vulliamy, B., Roberts, S., O'toole, C., Dafni, A., Ne'eman, G., Willmer, P., 2005. 620 
Role of nesting resources in organising diverse bee communities in a Mediterranean 621 
landscape. Ecol. Entomol. 30, 78-85. 622 

http://cran.r-project.org/web/packages/AICcmodavg/


16 

 

Rhodes, J.R., Mcalpine, C.A., Zuur, A.F., Smith, G.M., Ieno, E.N., 2009. GLMM applied on 623 
the spatial distribution of koalas in a fragmented landscape, In Mixed effects models and 624 
extensions in ecology with R. pp. 469-492. Springer New York. 625 

Ricketts, T.H., Regetz, J., Steffan-Dewenter, I., Cunningham, S.A., Kremen, C., Bogdanski, 626 
A., Gemmill-Herren, B., Greenleaf, S.S., Klein, A.M., Mayfield, M.M., Morandin, L.A., 627 
Ochieng, A., Viana, B.F., 2008. Landscape effects on crop pollination services: are there 628 
general patterns? Ecol. Lett. 11, 499-515. 629 

Seto, K.C., Parnell, S., Elmqvist, T., 2013. A global outlook on urbanization, In Urbanization, 630 
biodiversity and ecosystem services: Challenges and opportunities: A global assessment. eds 631 
T. Elmqvist, M. Fragkias, J. Goodness, B. Güneralp, P.J. Marcotullio, R.I. McDonald, S. 632 
Parnell, M. Schewenius, M. Sendstad, K.C. Seto, C. Wilkinson, pp. 1-12. Springer, 633 
Netherlands. 634 

Smith, R.M., Warren, P.H., Thompson, K., Gaston, K.J., 2006. Urban domestic gardens (VI): 635 
environmental correlates of invertebrate species richness. Biodivers. Conserv. 15, 2415-2415-636 
2438. 637 

Steffan-Dewenter, I., Munzenberg, U., Burger, C., Thies, C., Tscharntke, T., 2002. Scale-638 
dependent effects of landscape context on three pollinator guilds. Ecology, 1421. 639 

Tonietto, R., Fant, J., Ascher, J., Ellis, K., Larkin, D., 2011. A comparison of bee 640 
communities of Chicago green roofs, parks and prairies. Landscape Urban Plann. 103, 102-641 
108. 642 

Tzoulas, K., Korpela, K., Venn, S., Yli-Pelkonen, V., Kaźmierczak, A., Niemela, J., James, 643 
P., 2007. Promoting ecosystem and human health in urban areas using Green Infrastructure: 644 
A literature review. Landscape Urban Plann. 81, 167-178. 645 

Victorian Department of Sustainability and Environment, 2005. A plan for Melbourne’s 646 
growth areas. Government of Victoria. 647 

Walker, K., 2009. PaDIL Website: Australian Pollinators.  2013. Accessed 30th October, 648 
http://www.padil.gov.au/pollinators/Search?queryType=all 649 

Westphal, C., Bommarco, R., Carré, G., Lamborn, E., Morison, N., Petanidou, T., Potts, S.G., 650 
Roberts, S.P.M., Szentgyörgyi, H., Tscheulin, T., Vaissière, B.E., Woyciechowski, M., 651 
Biesmeijer, J.C., Kunin, W.E., Settele, J., Steffan-Dewenter, I., 2008. Measuring bee 652 
diversity in different European habitats and biogeographical regions. Ecol. Monogr. 78, 653 - 653 
672. 654 

Williams, N., S. G. , Schwartz, M., W. , Vesk, P., A. , Mccarthy, M., A. , Hahs, A., K. , 655 
Clemants, S., E. , Corlett, R., T. , Duncan, R., P. , Norton, B., A. , Thompson, K., Mcdonnell, 656 
M., J. , 2009. A conceptual framework for predicting the effects of urban environments on 657 
floras. J. Ecol. 97, 4-9. 658 

Williams, N.M., Winfree, R., 2013. Local habitat characteristics but not landscape 659 
urbanization drive pollinator visitation and native plant pollination in forest remnants. Biol. 660 
Conserv. 160, 10-18. 661 

http://www.padil.gov.au/pollinators/Search?queryType=all


17 

 

Winfree, R., Aguilar, R., Vázquez, D.P., Lebuhn, G., Aizen, M.A., 2009. A meta-analysis of 662 
bees' responses to anthropogenic disturbance. Ecology 90, 2068-2076. 663 

Wintle, B.A., Elith, J., Potts, J.M., 2005. Fauna habitat modelling and mapping: A review and 664 
case study in the Lower Hunter Central Coast region of NSW. Austral Ecol. 30, 719-738. 665 

666 



18 

 

Table 1: Environmental variables used generalised linear mixed models (GLMMs). 667 

Variable Scale Description Variable 
group 

Floral 
diversity Plot 

The number of animal pollinated plant 
species in flower divided by plot area (m2): 
flowering plants/m2 per sampling event 

Sampling 
conditions 

Vegetation 
volume Plot Vegetation volume intercepted (per cent) 

using the structure pole  
Floral 

resources 

Proportion 
Native Plants Plot 

Proportion of plants native to Australia per 
plot (no. native species/total number of 
species) 

Floral 
resources 

Tree Health Plot Median tree health (median tree senescence 
score for all trees per plot) 

Nesting 
opportunities 

Bare Ground Plot Proportion of structure pole intercepts 
classified as containing bare ground per plot 

Nesting 
opportunities 

Age Site Age since establishment (nearest decade, in 
years) Age 

Impervious 
Cover  Landscape Per cent impervious surface cover within a 1 

km buffer of each site 
Impervious 

Cover 
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 668 
Table 2: Mean (± standard error) values for each bee response variable, recorded in 600m2 669 
plots within the three focal green space habitats. 670 

Land Use Golf 
Courses 

Residential 
Neighbourhoods 

Public 
parks 

Bee Species Richness  1.88 ± 0.18 1.85 ± 0.19 2.62 ± 0.22 
Bee Abundance 4.83 ± 0.66 3.94 ± 0.63 10.96 ± 2.53 
% plots with Apis mellifera 17.0 50.0 38.5 
% plots with Homalictus spp. 80.8 55.8 92.3 
% plots with Lasioglossum spp. 32.7 28.8 42.3 
% plots with Colletidae 15.4 5.8 30.8 
 671 
 672 
 673 
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Table 3: Model parameters for the final generalised linear mixed models (GLMMs) analyses 674 
of the occurence of bee functional groups. For each model, we present the variable groups 675 
included in models, the coefficient, standard error (SE) and p-value. Bold values denote 676 
significant difference at α = 0.05.  677 

Bee Response 
Group Variable Group Term Estimate SE p-value 

Apis mellifera  Intercept -0.69 0.20 <0.001 

 Sampling 
conditions 

Floral diversity 0.33 0.22 0.125 

 Floral Resources 
Prop Native 
Plants 0.34 0.23 0.142 

  
Vegetation 
Volume -0.58 0.22 0.007 

Homalictus 
spp.  Intercept 1.32 0.27 <0.001 

 Sampling 
conditions 

Floral diversity -0.50 0.23 0.033 

 Age Age 1.14 0.34 0.001 

 Impervious Cover 
Impervious 
Cover -0.49 0.32 0.131 

*Lasioglossum 
spp.  Intercept -0.80 0.22 <0.001 

 Floral Resources 
Prop Native 
Plants 0.12 0.22 0.583 

  
Vegetation 
Volume -0.45 0.23 0.053 

Colletidae  Intercept -1.89 0.27 <0.001 

 Floral Resources 
Prop Native 
Plants 0.63 0.26 0.015 

  
Vegetation 
Volume -0.15 0.26 0.562 

* Listed is the model which contained variables with the greatest relative importance to this 678 
bee group, however, there was a high degree of uncertainty surrounding estimating 679 
relationships for Lasioglossum spp. 680 
 681 
 682 
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 683 
Figure 1: Location of study area and the 39 sites containing the 130 plots where bees were 684 
surveyed in Melbourne, Australia. 685 
 686 
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 687 

Golf Course Residential NeighbourhoodPublic Park

2D Stress: 0.09

 688 
 689 
Figure 2: Non-metric multidimensional scaling (NMDS) of the bee community sampled in 690 
plots within golf courses, public parks and residential neighbourhoods, using a Bray-Curtis 691 
similarity index, including only the bee species present in more than one site.692 
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 693 
Figure 3: Predicted relationships between bee functional groups: a) Apis mellifera; b) 694 

Homalictus spp.; c) Lasioglossum spp.; and d) Colletidae  and explanatory variables in the 695 
final ‘best’ model. Refer to Table 3 for model parameters. Solid lines represent the mean 696 

response and dashed lines the associated 95% confidence interval. Solid circles represent the 697 
data points. 698 
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Supplementary Material:  699 
 700 
Appendix A1: Number of each bee species collected in this study and their traits. We compiled data on bee traits from our knowledge of bee 701 
biology, published literature, and a database of bee records from Victoria (PaDIL database, Walker 2009). Number of plant families is the 702 
number of plant families each species has been recorded foraging on, as detailed on the PaDIL (Walker 2009). Body size was measured as the 703 
inter-tergular distance (ITD) between wing bases (Cane 1987).  704 

 Individuals Plant 
Families 

Floral 
specificity 

Nesting 
Substrate 

Nest 
Construction Sociality Tongue 

Length 
Body Size 

(mm) 

Apidae   
       Apis mellifera 91 13 Generalist Above 

ground Renter Eusocial Long 3.25 

Exoneura angophorae 2 3 Generalist Above 
ground Excavator Social Short 1.1 

Amegilla asserta 1 1 Specialist Below 
Ground Excavator Semi-

social Long 4 

Colletidae         
Euhesma fasciatella 5 1 Specialist Above 

ground Renter Solitary Short 1 

Euryglossina sp1 1 1 Specialist Above 
ground Renter Solitary Short 0.8 

Euryglossina sp2 2 1 Specialist Above 
ground Renter Solitary Short 0.8 

Euryglossina  adelaidae 1 1 Specialist Above 
ground Renter Solitary Short 1.75 

Euryglossina  fuscesens 3 1 Specialist Above 
ground Renter Solitary Short 0.75 

Hylaeus sp1 4 1 Specialist Above 
ground Renter Solitary Short 1 

Hylaeus sp2 3 1 Specialist Above 
ground Renter Solitary Short 0.8 
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Hylaeus sp3 5 1 Specialist Above 
ground Renter Solitary Short 1.13 

Hylaeus honestus 1 1 Specialist Above 
ground Renter Solitary Short 2 

Pachyprosopis kelleyi 7 1 Specialist Above 
ground Renter Solitary Short 1.35 

Megachilidae         
Megachile heriadiformis 1 5 Specialist Below 

Ground Excavator Solitary Long 2.2 

Halictidae         
Homalictus (Homalictus) 
dotatus 1 13 Generalist Below 

Ground Excavator Semi-
social Short 1 

Homalictus (Homalictus) 
complex: punctatus, 
brisbanensis and megastigmus 

342 12 Generalist Below 
Ground Excavator Semi-

social Short 1.16 

Homalictus (Homalictus) 
sphecodoides 195 11 Generalist Below 

Ground Excavator Semi-
social Short 1.5 

Lasioglossum (Chilalictus) 
brunnesetum 69 8 Generalist Below 

Ground Excavator Semi-
social Short 1.5 

Lasioglossum (Parasphecodes) 
hilactum 2 5 Generalist Below 

Ground Excavator Semi-
social Short 2.5 



26 

 

Appendix A2: Sample completeness curves and 95% confidence intervals for bees sampled 705 
within three green space habitats: golf courses (black), public parks (green), and residential 706 
neighbourhoods (red), produced using iNEXT (Hsieh et al. 2013), following Chao and Jost 707 
(2012). 708 
 709 

 710 
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Appendix A3: Relative importance indices, following Burnham and Anderson (2002), 711 
calculated from AICc values of the 95 % confidence set of the GLMMs for bee functional 712 
groups. The response variable modelled was the likelihood of occurrence of each functional 713 
group. See Table 1 for a description of variable groups, and Appendix S4 for further details 714 
of each model. The highest values for each functional group is highlighted in bold. 715 

Response Apis 
mellifera 

Homalictus 
spp. 

Lasioglossum 
spp. 

Colletidae 
spp. 

Sampling conditions 0.41 0.79 0.25 0.11 

Floral resources 0.67 0.09 0.37 0.45 

Nesting 
opportunities 

0.4 0.35 0.17 0.00 

Historic context 0.34 0.92 0.29 0.14 

Urban context 0.52 0.51 0.29 0.07 

 716 
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Appendix A4: Summary from generalised linear mixed model (GLMM) analysis of bee response groups. Summary shows the 95% confidence 717 
set of models, variable groups included in models, corrected Akaike’s Information Criteria (AICc), corrected model weights (Wi), and the 718 
relative importance of each variable group, calculated using the AICc weights from each model as per Burnham and Anderson (2002). The 719 
response variable modelled was the likelihood of occurrence of each functional group. ‘Season’ = sampling conditions (the diversity of plants in 720 
flower at the time of sampling); ‘Floral’ = floral resources that related to the composition and structure of the vegetation present; ‘Nesting’ = 721 
nesting resources for below ground and above ground nesting species; ‘Historic’ = historic context (age since establishment); ‘Landscape’ = 722 
urban context (impervious surface cover in the area). 723 

Response Model Season Floral Nesting Historic Landscape AICc Wi 
Apis mellifera occurrence mod8 x x 

   
166.62 0.1 

 mod4 
 

x 
   

166.84 0.09 

 mod14 
 

x 
  

x 166.96 0.09 

 mod17 
   

x x 167.39 0.07 

 mod20 x x 
  

x 167.76 0.06 

 mod22 
 

x x 
 

x 167.91 0.05 

 mod30 x x 
 

x x 168 0.05 

 mod23 
  

x x x 168.39 0.04 

 mod12 
 

x x 
  

168.44 0.04 

 mod19 x x 
 

x 
 

168.7 0.04 

 mod16 
  

x 
 

x 168.71 0.04 

 mod5 
  

x 
  

168.74 0.04 

 mod18 x x x 
  

168.88 0.03 

 mod26 x 
  

x x 168.9 0.03 

 mod13 
 

x 
 

x 
 

169.01 0.03 

 mod31 
 

x x x x 169.23 0.03 

 mod28 x x x 
 

x 169.36 0.03 

 mod9 x 
 

x 
  

170.09 0.02 

 mod29 x 
 

x x x 170.48 0.01 

 mod21 
 

x x x 
 

170.53 0.01 
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 mod1 x x x x x 170.65 0.01 

 mod25 x 
 

x 
 

x 170.7 0.01 

 mod15 
  

x x 
 

170.82 0.01 

 mod3 x 
    

171.13 0.01 
  mod27 x x x x   171.15 0.01 
Homalictus spp. occurrence mod26 x 

  
x x 138.99 0.23 

 mod10 x 
  

x 
 

139.07 0.22 

 mod29 x 
 

x x x 140.47 0.11 

 mod24 x 
 

x x 
 

140.51 0.11 

 mod17 
   

x x 141.27 0.07 

 mod23 
  

x x x 141.83 0.05 

 mod30 x x 
 

x x 142.55 0.04 

 mod9 x 
 

x 
  

143.3 0.03 

 mod19 x x 
 

x 
 

143.35 0.03 

 mod15 
  

x x 
 

143.81 0.02 

 mod6 
   

x 
 

144.2 0.02 

 mod1 x x x x x 144.45 0.01 

 mod27 x x x x 
 

144.93 0.01 
  mod5     x     145.26 0.01 
Lasioglossum spp. occurrence mod2 

     
166.11 0.14 

 mod6 
   

x 
 

166.74 0.1 

 mod4 
 

x 
   

166.87 0.09 

 mod7 
    

x 167.17 0.08 

 mod14 
 

x 
  

x 167.83 0.06 

 mod3 x 
    

168 0.05 

 mod12 
 

x x 
  

168.09 0.05 

 mod13 
 

x 
 

x 
 

168.58 0.04 
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 mod10 x 
  

x 
 

168.67 0.04 

 mod11 x 
   

x 168.74 0.04 

 mod17 
   

x x 168.77 0.04 

 mod8 x x 
   

169 0.03 

 mod5 
     

169.47 0.03 

 mod22 
 

x x 
 

x 169.52 0.02 

 mod20 x x 
  

x 169.8 0.02 

 mod15 
  

x x 
 

169.9 0.02 

 mod21 
 

x x x 
 

169.97 0.02 

 mod18 x x x 
  

170.2 0.02 

 mod26 x 
  

x x 170.57 0.01 

 mod19 x x 
 

x 
 

170.7 0.01 

 mod16 
  

x 
 

x 170.86 0.01 

 mod9 x 
 

x 
  

171.21 0.01 

 mod28 x x x 
 

x 171.37 0.01 
  mod24 x   x x   171.56 0.01 
Colletidae spp. occurrence mod3 

 
x 

   
110.36 0.45 

 mod1 
     

112 0.2 

 mod5 
   

x 
 

112.74 0.14 

 mod2 x 
    

113.21 0.11 
  mod6         x 114.07 0.07 
 724 
 725 


