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Chapter 14. Invertebrates on Green Roofs  

J. Scott MacIvor and Kelly Ksiazek 

Abstract   Insects and other invertebrates provide essential ecosys-
tem functions in designed habitats including green roofs. Services 
offered by invertebrates in these novel environments include pollina-
tion for plant reproduction and yield in cultivated crops, pest control 
to reduce damage to green roof vegetation, decomposition to retain 
organic matter and cycle nutrients in the substrate, and contribution 
to food webs for species like birds that frequent green roofs. 

Although we may assume that beneficial invertebrates are desirable 
on green roofs, it is not clear whether they adequately provide habi-
tat or not. Green roof design can vary, as can their suitability as 
habitat, some supporting almost no species and others meeting both 
the foraging and nesting requirements of many. When designers in-
clude plant, substrate and other microhabitat conditions to support 
certain at-risk species or functionally important groups, green roofs 
may act as analog habitat where it is limited at ground level. Green 
roofs are uniquely isolated and exposed to sun and wind and their 
relative value will ultimately depend on the invertebrate taxa in 
question. If green roofs are to support invertebrate communities, 
elucidating habitat requirements and monitoring wildlife design suc-
cesses are as essential as public outreach that encourages urban bio-
diversity conservation. 

14.1. Introduction 

Invertebrates (including insects, spiders, and soil arthropods) are a common sight 
on green roofs. One can often observe bees visiting Sedum flowers when in 
bloom, or a jumping spider scurrying along the edge of a green roof module in 
search of prey. One’s first impression is usually “how did it get up here?” espe-
cially if the green roof is high above ground level. Although some invertebrates 
will colonize during installation as hitchhikers on plants and in growing substrate, 
others have mechanisms that enable them to reach green roofs on their own while 
in search of suitable habitat (Figure 114.1). Many invertebrates on green roofs are 
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already abundant in the surrounding environment and among the earliest coloniz-
ers of new or recently disturbed or constructed habitat (McIntyre et al. 2000). 
Taxa having flexible habitat requirements, such as the ability to substitute native 
resources for novel or exotic ones after landscape change, are the most successful 
colonizers in urban areas (Savard et al. 2000), and tend to be the most prevalent on 
green roofs.  

Green roofs provide habitat for many invertebrates, although the community may 
not be representative of those at the ground level. Studies sampling invertebrate 
communities on a variety of green roof types have found many hundreds of spe-
cies (Mecke and Grimm 1997, Mann 1998, Jones 2002, Gedge and Kadas 2005, 
Brenneisen 2006, Schindler et al. 2011, Ksiazek et al. 2014), including rare, and 
red listed species of conservation concern (Brenneisen and Hänggi, 2006, Kadas 
2006, Kaupp et al. 2004); even a new record for a province in Canada (Majka and 
MacIvor 2009). These findings support the idea that green roofs can contribute to 
regional biodiversity by providing resources to a variety of species. Despite many 
studies conducted that compare invertebrate populations between different types 
of ground level urban green spaces (e.g. parks, community gardens, home gar-
dens; see McIntyre 2000), few have compared diversity in these habitats to that of 
green roofs. In those that have used comparative studies, none recorded diversity 
on green roofs to be equivalent to or greater than sites at ground level (Colla et al. 
2009, MacIvor and Lundholm, 2011a, Tonietto et al. 2011). Thus, despite devel-
opers’ and industry’s touting of the benefits to bees and butterflies, green roofs do 
not compensate for habitat lost at ground level when a building is constructed 
(Chap. 15, Williams et al. in review). 

Because no two green roofs are alike, they cannot be expected to provide habitat 
or resources equally (Dunnett and Kingsbury 2004). The abundance and diversity 
of invertebrate species recorded on a green roof can vary greatly due to site-
specific factors, such as plant and substrate composition (Brenneisen 2006, Madre 
et al. 2013), height (increase with proximity to ground level, (MacIvor 2013), or 
age (older roofs harboring different species but similar diversity; Schrader and 
Böning 2006). Landscape-scale factors also shape invertebrate communities on 
green roofs as they do in urban green spaces at ground level; for example, butter-
flies (Blair and Launer 1997), bees (Cane 2006), and beetles (Niemelä et al. 2002). 
Even green roofs not designed specifically to support invertebrate communities 
can unintentionally do so (MacIvor and Lundholm 2011a). Despite the design ob-
jectives, new niches develop on green roofs as they do in urban green spaces at 
ground level; adding substrate and plantings that interact with infrastructure cre-
ates unique microhabitats. However, features exclusive to green roofs including 
limited substrate depths and vertical isolation from ground level create wholly 
unique urban niches. The mobility and resource requirements of particular taxa 
will determine which species benefit from green roof habitat.  
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Invertebrates can be categorized according to how they use green roofs; either 
they permanently find refuge on a green roof for multiple generations over a sin-
gle season or over multiple years, or they use a roof temporarily as part of a range 
of local habitats. Moreover, invertebrates can be categorized by their mechanisms 
of dispersal onto green roofs (Figure 1). Taxa having low mobility, such as soil 
dwelling organisms that are common in ground level urban green spaces (McIn-
tyre et al. 2000) can also be surprisingly abundant on green roofs (Schrader and  

Böning 2006). These organisms are not likely to move between roofs and the 
ground within a generation, and many are probable decedents of populations 
found in the substrate and planting material prior to installation. Other inverte-
brates use green roofs temporarily or in addition to other nearby habitats. Bees, for 
example, are central place foragers, nesting in one location and foraging within a 
range around the nest (Michener 2007). Many bee species could access resources 
on a green roof while nesting at ground level, or, conversely, could nest on a green 
roof while utilizing resources in the surrounding landscape.  

To better understand the uniqueness of green roofs as habitat and their role in 
strategies that enhance the management of urban green space for biodiversity, re-
searchers have begun to direct their studies towards ecological theory and empiri-
cally collected data. Green roofs, like other urban green spaces, are modified habi-
tat, such that habitat structure and productivity rates are altered from that of 
natural areas (Shochat et al. 2006, Gaston, 2010). Thus, we can apply relevant 
general trends in the ecology of urban green spaces to green roof design and 
maintenance in order to enhance urban wildlife. 

In this chapter, we review the benefits provided by invertebrates on green roofs, as 
well as the contribution of green roofs as habitat for local species and for inverte-
brate biodiversity conservation strategies (Chap. 15, Goddard et al. 2010). Inver-
tebrates play a central role in ecosystem functions such as nutrient cycling, polli-
nation, and stabilization of complex food webs (Wilson 1987). Preliminary 
findings suggest that local and landscape-level variables important in determining 
invertebrate diversity and community structure in urban green spaces at ground 
level (e.g. floral diversity, structural heterogeneity, habitat isolation, Frankie and 
Ehler 1978, McIntyre 2000) also apply to green roofs. Given the rapidly expand-
ing body of literature on trends in urban ecology and biodiversity (Forman, 2014), 
these studies can shed light on how invertebrate communities assemble and im-
prove the ecological and economic performance of green roofs.  
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Fig. 14.1. Invertebrates colonize green roofs through various mechanisms both during and after 
installation: at installation, invertebrates may arrive on vegetation or in substrate; once installed, 
invertebrates will arrive by climbing or flying onto the roof, getting blown there by the wind or 
by human intervention 

14.2. Invertebrate Communities in Urban Areas 

The composition and structure of invertebrate communities in urban areas typical-
ly differ from those in natural areas. Urban development reduces the amount of to-
tal green space and fragments natural habitats, thereby reducing connectivity of 
metapopulations of some taxa and subsequently decreasing their reproductive out-
put (Hanski and Gilpin 1991). Although urban landscapes are referred to as heter-
ogeneous (Grimm 2008), in part due to diversity of ownership and partitioning of 
land by users (Colding and Barthel 2013), when aesthetics is a criteria in designed 
or restored urban landscapes, urban green spaces can become homogenized. For 
example, one study in Montreal found that garden design differed with increasing 
distance: neighbors tended to have similar vegetation, thereby creating pockets of 
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homogenized habitat (Zmyslony and Gagnon 1998). Such homogenization in 
habitat may not provide sufficient resources to invertebrates. Many populations 
experience biotic homogenization in urban landscapes as a result of generalist 
species (often non-native) thriving and specialist species becoming locally extir-
pated (McKinney 2006, Hahs et al. 2009, Duncan et al. 2011). A loss of plant di-
versity in urban areas generally leads to a decrease in invertebrate diversity result-
ing in an uneven distribution of common and rare species (Burghardt et al. 2009, 
Crisp et al. 1998). For example, Shochat et al. (2004) found that urban ‘produc-
tive’ habitats like mesic yards had high spider abundance but low diversity. 
Deichsel et al (2006) found only a few beetle taxa most common in urban habitats 
with urbanization a limiting factor for flightless species and forest specialists.  

Altered environmental conditions typical of urban landscapes favor non-specialists 
that are flexible in their resource requirements in type, space and time. The vacan-
cies created by the loss of native species due to urban pressures increases available 
habitat for non-specialist colonizers, such as cosmopolitan and exotic species that 
have physiological traits better adapted to both colonization and survival in dis-
turbed habitats (Myers et al. 2000). Several traits have been linked to recruitment 
and tolerance in urban insect communities. For example, Banaszak-Cibicka and 
Żmihorski (2012) found that among urban bee assemblages ‘winners’ tended to be 
non-solitary, polylectic, smaller bodied bees whose foraging activity peaks in late 
summer. Bees (Banaszak-Cibicka 2014) and ants (Menke et al. 2010) that are 
thermophilic have also been found to be more suited to the warmer and drier con-
ditions typical of urban landscapes due to the urban heat island effect (Oke 1973). 

At the local level, many biotic and abiotic factors influence invertebrate communi-
ty assembly. In natural habitats, the structure and diversity of invertebrate com-
munities are often coupled with that of vegetation (Root 1973, Siemann et al. 
1998, Siemann 1998, Smith et al. 2005). Different plant species and functional 
types provide the template upon which arthropod communities develop. The effect 
of vegetation can shape urban invertebrate communities at both local and land-
scape levels. Edge effects, fragment size and area, and dominant species all play a 
role in the diversity and abundance of invertebrates that are found in vegetated ur-
ban patches (Bolger et al. 2000). For example, local factors such as available sun-
light (Matteson and Langellotto 2010) and habitat patch size (Williams and Win-
free 2013) have been shown to affect pollinator diversity. Additionally, Pawelek et 
al. (2009) found that enhancing floral diversity in urban gardens resulted in in-
creased bee diversity year after year.  

Invertebrates are mostly mobile species, and many utilize several habitats within a 
landscape to obtain the resources needed to successfully mate and produce viable 
offspring. The need for several habitats to fulfill foraging, mating and nesting re-
quirements make some species less suited to fragmented urban landscapes. For 
example, dragonflies that depend on both aquatic and terrestrial environments (for 
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reproduction and predation, respectively) are particularly sensitive to human land 
use (Samways and Steytler 1996). Such taxa with these types of diverse habitat 
requirements might not benefit from the proliferation of urban green spaces unless 
they are also near freshwater aquatic environments. At the landscape scale, habitat 
isolation, measured as the distance from proximal natural areas, results in declin-
ing pollinator diversity and visits to flowers in agroecosystems (Schüepp et al. 
2014) and in urban areas (Hennig and Ghazoul 2011). More broadly, isolation 
from native habitat results in a decline in stability of insect pollinators (Kennedy 
et al. 2013).  

14.2.1. Trends in Green Roof Invertebrate Communities 

Green roofs are engineered habitats with designs constrained by factors such as 
industry standards, client desires, and weight restrictions. How these restrictions 
directly impact invertebrate communities remains unknown; however green roofs 
limit the types of invertebrate communities they support because of local and 
landscape factors common to all urban green spaces (Figure 14.2). Local factors 
such as the diversity of vegetation is often linked to the assembly of the inverte-
brate community but studies have found few empirical correlations, possibly due 
to a lack of sampled sites. In Switzerland, Brenneisen (2006) found invertebrate 
populations were promoted on green roofs by increasing plant diversity. Addition-
ally, Madre et al. (2013) found that increasing plant diversity and structure result-
ed in more diverse insect assemblages on green roofs throughout France. Although 
multi-decade plant community data has been collected from very few green roofs 
to date, one study indicates that green roofs experience seasonal and successional 
changes over time, just like at ground level (Köhler 2006). That is, initial coloni-
zation will include disturbance-tolerant species and those arriving during installa-
tion, followed by diversity that increasingly resembles the local urban community, 
with some adventive species whose occurrence is haphazard, all influenced by mi-
croclimate or other local or landscape factors. Other, theoretical concepts (Box 1)  
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Fig. 14.2.  Different biotic and abiotic factors affect invertebrates’ colonization of 
green roofs 

in ecology might also apply to the colonization, establishment, and persistence of 
invertebrate communities on green roofs in cities. Assembly of invertebrate com-
munities on green roofs will also be a function of which niches are created and not 
yet occupied. Green roofs often do not resemble the ground level habitat replaced 
by a building. Many local habitat types, such as wetlands and forests, could be dif-
ficult or cost prohibitive to mimic on a green roof. For example, installing a green 
roofs on top of a large building constructed over a former wetland would likely 
not replicate all conditions of the original environment and the diversity of availa-
ble aquatic niches would not represent that found on the site pre-construction. De-
spite this, many taxa, even native species, can find refuge among green roof vege-
tation, including exotics such as Sedum that dominate many extensive green roofs. 
Many macro-invertebrates like springtails, millipedes, and centipedes have been 
found colonizing the substrates of Sedum-based green roofs, likely because they 
provide shade and moisture on rooftops where these resources are limited 
(Schrader and Böning 2006). Some bee species, including honey bees, and both 
native and non-native bumble bees, leaf cutting bees and sweat bees visit Sedum 
flowers (MacIvor et al. in review). In their natural habitat, other insects will visit 
Sedum for pollen and nectar, including several species of ants, moths, butterflies, 
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Box 1. Widely accepted concepts in ecology applicable to green roof study  

Island biogeography explains the effect of habitat size and isolation on species di-
versity (MacArthur and Wilson, 1967), and has been used to describe the impact 
of habitat fragmentation in urban areas on the decay and dispersal of different as-
semblages of flora and fauna (McIntyre, 2000). As an application of this theory, 
green roofs have been referred to as ‘stepping stone habitat’ (Kim, 2004), connect-
ing several fragmented patches throughout the landscape. In this scenario, green 
roofs replace unsuitable spaces (e.g. conventional rooftops) with habitat, thereby 
improving emigration and immigration between source habitat (e.g. large continu-
ous urban parks or natural areas) and sink habitat (isolated urban green spaces, 
such as small gardens).  

Invasion theory explains why sampled green roof populations tend to be dominat-
ed by a few mobile species and are more homogenous compared to ground level. 
Green roofs are new and novel habitat where habitat would not normally be found. 
Despite some green roofs designed using templates or characteristics of local xeric 
and exposed, rocky habitats (Lundholm, 2006, FLL, 2008, Sutton et al 2012), 
there are no true green roof analogs in nature. Thus, new green roofs could repre-
sent ‘vacant niches’ (Herbold and Moyle, 1986), where species can establish and 
multiply. Many of these established introduced species will not impact species in 
the surrounding area (Simberloff, 1981). However, where enemies are limited or 
absent (Liu and Stiling, 2006) and/or resources are abundant, certain species could 
spread and impact the local ground level landscape (Elton, 1958). Although inva-
sion theory has been used to examine green roof design that resists invasion from 
plant colonizers (Nagase et al. 2013), studies have not yet examined invertebrate 
invaders on green roofs. 

flesh flies (Diptera: Sarcophagidae) and bottle flies (Diptera: Calliphoridae) 
(Clausen, 1975). These taxa are expected to frequent Sedum on green roofs as 
well.  

Microclimatic effects, caused by water, wind and substrate conditions exclusive to 
rooftop habitat in cities, will limit some invertebrate species. Such effects include 
xeric conditions prevalent at certain times of the year and winds that move across 
flat roofs at high speeds that can disturb substrate and roofing materials. Water can 
be designed to pool in certain areas on the green roof, but in general, excess water 
will run off the roof through drainage layers and roof drains or return to the at-
mosphere quickly through evapotranspiration. High winds may prevent some 
smaller species, such as small bees and flies, from flying up to the surface of a 
roof in search of resources or, once recruited, from remaining on a roof for more 
than a few seconds. Large bodied bumble bees and honey bees, both among the 
most capable of flying insects and able to forage more than a kilometer from the 
nesting site (Greenleaf et al. 2007), are often more common on green roofs than 
other species (Tonietto et al. 2011). Wind could also promote the colonization of 
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other wind-dispersed species, such a web building spiders and aphids, from green 
roofs to new habitats.  

Although all green roof substrates will be suitable for some species depending on 
their specific preferences, properties of substrates can limit the diversity of soil-
dwelling invertebrates. The depth, texture of aggregates, and other biological fea-
tures will also contribute to the success or failure of different colonizing inverte-
brates. For example, providing areas of bare substrate can promote perching and 
burrowing habitat, the latter consisting of more fine and non-compacted aggre-
gates that could promote the nesting of solitary bees or pest controlling wasps. 
Shallow substrates in combination with exposure to sun and wind, can create very 
dry conditions hostile to many of the soft-bodied annelids and invertebrates typi-
cal of urban soils. In a survey of two extensive Sedum-based green roofs, Rumble 
and Gange (2013) noted dominance by a few and mostly xerophilic species. Peri-
odic drought conditions, as well as the absence of deeper, warmer soil in the win-
ter, likely limit survival of common urban soil organisms, such as many ant spe-
cies and earthworms. Although exotic in many regions in North America, 
earthworms are the primary soil architects in terrestrial soil environments (Lee 
1985). In contrast, they are rarely encountered on green roofs, in part because 
earthworms like other soil invertebrates have a limited ability to disperse to green 
roofs. Those that reach the roof may perish due to lack of moisture at peak sum-
mer periods or freezing temperatures in winter with restricted ability to move to 
deeper soil due to the shallow depth of extensive green roof substrates.  

Including a diversity of substrate design on green roofs may allow for increased 
colonization and survival of invertebrates. Heterogeneity in soil properties has 
been linked to organismal diversity in ground level habitats (Ettema and Wardle 
2002). To date, little published data support the conservation of these trends in 
green roof substrates (often designed to be uniform in depth and composition). 
However, it is possible that colonizing soil invertebrates might move between mi-
crohabitats created by roof features (e.g. machinery, parapets providing shade; 
drainage areas) to survive during extreme weather, thereby repopulating other, 
more exposed spots. Creating heterogeneity in substrate depths so that inverte-
brates can move to deeper areas during dry or cold conditions could enhance their 
populations in the future and therefore increase the degree to which they provide 
ecosystem services. 

The surrounding landscape is also a primary driver affecting the assembly of in-
vertebrates and, consequently, the services that such communities are able to pro-
vide (Isaacs et al., 2009). For example, in agricultural landscapes, the abundance 
of sheet web spiders (Linyphiidae), a highly mobile taxa, increases with the addi-
tion of native plantings in the region (Schmidt and Tscharntke 2005) and high bee 
abundance and species richness are correlated with a moderate amount of regional 
human disturbance (Winfree et al. 2007). On green roofs, the structure of the sur-
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rounding urban landscape is a more important predictor of invertebrate community 
than the size of the roof, especially for highly mobile species of bees and weevils 
(Braaker et al. 2013). Building height appears to limit pollinator-nesting activity 
(MacIvor 2013) however, bees are frequently observed foraging on green roofs 
(MacIvor et al. in review). Therefore, in heavily urbanized areas, the retrofitting of 
green roofs onto existing buildings could have a positive impact on invertebrate 
populations at the landscape scale (Braaker et al. 2013), extending the urban habi-
tat to include buildings that support urban biodiversity conservation goals. 

14.3. Ecosystem Services of Invertebrates on Green Roofs 

Invertebrates play a central role in ecosystem functions such as nutrient cycling, 
pollination and food web structuring (Wilson 1987). As green roof habitat increas-
es the amount of vegetated spaces in cities compared to non-vegetated infrastruc-
ture, invertebrates can provide a variety of ecosystem services in urban environ-
ments. Research regarding the full potential of services provided by green roof 
invertebrates has not been given much attention to date but is becoming more 
widespread. Here, we highlight some of the ecosystem services provided by inver-
tebrates that live on or use green roofs and explore possible contributions at both 
the site and landscape levels. 

14.3.1. Substrate stabilization 

Invertebrates contribute to the maintenance and stabilization of soils. The physical 
and chemical breakdown of organic matter (plant, animal and microbial material) 
in soils is one of the principal factors determining the structure and function of 
ecosystems (Odum 1971). Invertebrates, in particular, play a critical role as agents 
of litter fragmentation and breakdown of coarse organic debris (Chapin et al. 
2002). Fragmentation breaks down larger detritus to create increased surface area 
for microbial colonization and activity (Chap 6, Chap. 7). Together, the activity of 
microflora (fungi), microfauna (e.g. bacteria), mesofauna (e.g. collembolans) and 
macrofauna (e.g. arthropods and earthworms) transform the composition of litter 
and form new substrate. This process increases the amount of nutrients that are 
then available for plants and other organisms (Singh and Gupta 1977). Inverte-
brate communities can be used as indicators of soil quality in urban areas (Hartley 
et al. 2008, Santorufo et al. 2012), and their movement through soil (e.g. burrow-
ing) creates channels that reduce compaction and improve pathways for water to 
flow. In natural systems, larvae from many invertebrates, for examples, flies (Cal-
liphoridae and Muscidae) scarab beetles (Scarabaeidae) and carrion beetles (Sil-
phidae) contribute to the breakdown of organic matter and soil respiration (Kim 
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1993). Soil invertebrates should be encouraged on green roofs to aid in substrate 
stabilization and maintenance. 

Although substrates used on green roofs are often sterilized prior to installation to 
inhibit weeds, the colonization of green roofs by detrivorous organisms will even-
tually occur. Thus, studies on older roofs record high numbers of soil invertebrates 
(primarily collembolans) than younger roofs (Davies et al. 2010, Schindler et al. 
2011, Rumble and Gange 2013). Other studies record more collembolans on older 
green roofs but no significant difference between older and younger roofs 
(Schrader and Böning 2006, MacIvor and Lundholm, 2011a). Nevertheless, all 
green roofs, even Sedum-based extensive habitats contain soil biota involved in 
decomposition and nutrient cycling. The extent to which these communities need 
to be encouraged will depend on the level of maintenance. For example, green 
roofs containing cultivated crops could benefit from natural nutrient fixation (e.g. 
phosphorus, nitrogen, carbon) by soil organisms in the substrate, thereby reducing 
the need for manual fertilization. Low maintenance meadow-like or Sedum-based 
green roofs, often designed initially with a low-organic content to minimize weed 
proliferation, could benefit in perpetuity from decomposition and subsequent nu-
trient availability and soil formation provided by invertebrates in the substrate. 

Biomass accumulation and decomposition contribute to ecological change inher-
ent in natural habitats and including these functions in design and maintenance 
strategies on green roofs could promote diverse soil biota. The removal of excess 
accumulated biomass on green roofs, especially prior to and after the winter sea-
son, occurs primarily by human agency in response to aesthetic demands. Leaving 
some of this material for the invertebrate soil community benefits the plant com-
munity, thereby creating more niches on the roof and conferring benefits to a wid-
er variety of species. The slow decomposition of this material will also enable oth-
er niches once decomposition is completed. Methods used to introduce 
mychorrizal fungi onto new green roofs to enhance soil productivity and plant 
growth (McGuire et al. 2013) could also be used to increase soil invertebrates that 
support decomposition and nutrient cycling in the substrate. 

14.3.2. Pest control 

Predatory invertebrates that eat one another can reduce the threat of pests to plant-
ings in urban environments. Numerous known pest-controlling invertebrate 
groups, such as spiders (Kadas 2006, Brenneisen 2006), assassin and damsel bugs, 
dragonflies, solitary wasps (MacIvor and Lundholm 2011a), and predatory ground 
beetles (Meierholfer 2013), among many others, have been documented on green 
roofs. These pest-controlling invertebrates are essential for the regulation of hy-
per-abundant and phytophagous insects (Kim 1993), yet there has been no study 
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of their impact on control of pests affecting vegetation on green roofs. Pest control 
in agriculture and horticulture is well studied and management of local habitat in 
support of natural pest enemies appears to be the most effective strategy (Landis et 
al. 2000). Pests are most prevalent where their host is most abundant, for example 
in monoculture plant systems (Altieri and Nicholls 2004). Therefore, landscape 
designs that include homogenous plantings of one or a few similar species, such as 
extensive green roofs with Sedum mats, could be the most susceptible to pest 
damage. 

Although little research to date has directly measured invertebrate pest control on 
green roofs, the presence of many organisms from representative guilds has been 
documented (Figure 14.3a, b). On green roofs with low plant diversity, a pest out-
break could impact both aesthetics and performance. Aphids, as well as their lady-
bug predators, were common on green roofs in one study in London (Kadas 2006), 
and leafhoppers and aphids (both of which feed on the liquid contained in plant 
stems and leaves) were among the most collected species by Coffman and Waite 
(2011). Aphids, which are capable of moving great distances by wind, can be par-
ticularly damaging to many forbs including Sedum in natural environments 
(Clausen, 1975), and are sometimes observed on Sedum on extensive green roofs, 
in particular Sedum spurium and Sedum kamtchaticum (synonyms: Phedimus 
spurius and Phedimus kamtschaticus) (MacIvor, pers. observation). Pests can also 
include those that are a nuisance to human users of green roofs. Outbreaks are not 
described in the green roof literature to date, but for example, ants and their nests 
can occur in high numbers on green roofs (MacIvor and Lundholm 2011a, Madre 
et al. 2013). Although there is little study of pest insects on green roofs, the fre-
quency at which they occur is expected to increase as green roofs increase in 
number. 

14.3.3. Pollination 

Pollinating insects are often encouraged in home and community gardens to aug-
ment cultivated crop yield, produce seeds and proliferate native plants (Figure 
14.3 c, d). Bees are the most significant pollinators in terrestrial environments, but 
are in decline worldwide (Potts et al. 2010). In general, positive sentiments toward 
bees are growing among urban citizens. Often these translate into action in land-
scape design and enhancement strategies that reduce vulnerability to pollinator de-
clines by considering alternative pollinators for management (e.g. not just honey 
bees). As this paradigm shift in viewing bees as essential and not just as stinging 
insects gains momentum, explicit designs for pollinating insects on green roofs is 
expected to increase. 
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In urban landscapes, many taxa including bee pollinators tend to be less diverse 
and less abundant than in non-urban areas (Winfree et al. 2011). Disentangling 
which factors are most important is challenging but land use change and subse-
quent lack of native forage and nesting resources are among the main reasons for 
this trend. Many plant-pollinator interactions co-evolved regionally (Kearns et al. 
1998) and insect pollinators are often more effective at using pollen and nectar 
from native plants than from exotic species (Corbet et al. 2001). When plant re-
sources are not abundant enough or are not available at the right times as a result 
of land use (Kearns et al. 1998) or even climate change (Hegland et al. 2009), bees 
that depend on these floral resources must adjust their behavior, adapt or perish.  

Human intervention can also have a significant role not only in pollination levels 
on a green roof but with the contribution of the roof to the necessary pollination 
services in the surrounding landscape. Honeybees (Apis mellifera), commonly 
kept in hives on both green and conventional roofs, can forage in many conditions 
and for long distances. Thus, a vertical flight of several stories poses only a minor  

 

Fig. 14.3. Invertebrates provide many ecosystem services on green roofs   a. Ladybeetles, com-
mon as larva and adults on green roofs, control pest populations of aphids   b. Many spider spe-
cies, such as this individual perched on some exposed root stabilization mat, predate on various 
phytophagous insects  c. Butterflies pollinate native plants, such as this coneflower   d. Pollina-
tion of Sedum species can improve population stability and resilience by increasing genetic di-
versity (JS MacIvor)    
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challenge for honeybees that forage both on green roofs and in the surrounding 
urban landscape. While the service of pollination provided by honeybees can in-
crease pollen deposition and seed set in some species, many plants are adapted to 
visit flowers. For example, beardtongue Penstemon hirsutus, found on green roofs 
in the Midwest U.S. has small flowers and depends on megachilid bees (e.g. Hop-
litis) and species in the genus Ceratina for pollination and seed production 
(Crosswhite & Crosswhite 1966). Design for pollinators can benefit green roof 
plant communities, but could also improve the important presence of pollinators 
for flowering urban vegetation in the surrounding landscape. In this way, green 
roofs contribute to regional resources for many pollinating insects. 

Green roofs are often promoted as habitat for pollinators, particularly, bees and 
butterflies (Williams et al. in review). This is partly justified by reports of many 
pollinating bees, moths, butterflies, wasps and flies, presumably foraging, on 
green roofs (Figure 3C, D: Mann 1998, Colla et al. 2009, Coffman and Waite 
2011, Schindler et al. 2011, Tonietto et al. 2011, Ksiazek et al. 2012, Ksiazek et 
al. 2014, Braaker et al. 2013, MacIvor, 2013, Madre et al. 2013). MacIvor et al. (in 
review) found no difference in the number of exotic and native bee visitors to a 
green roof in downtown Toronto, but there were significantly more large and me-
dium sized bees than small bees, similar to studies in Chicago (Tonietto et al. 
2011, Ksiazek et al. 2012, Ksiazek et al. 2014). Despite the fact that many bees 
visit green roofs for floral resources, few species have been observed nesting on 
green roofs (MacIvor 2013).  

Insect pollinators play a vital role in horticulture and urban agriculture, as they are 
essential to the yield of food and seed crops (Klein et al. 2007). Pollination ser-
vices are increasingly required and urban agriculture practices, including those on 
green roofs, are becoming more widespread in cities around the world (Whit-
tinghill and Rowe 2012). Numerous successful green roof agriculture initiatives 
are currently underway (Gorgolewski et al. 2011) and many of the planted crops 
depend on insect pollination for fruit yield (peppers, tomatoes, squash, etc.). Polli-
nating insects are also essential to ensure adequate seed set of many flowering 
non-food species on green roofs (Ksiazek et al. 2012), particularly those that are 
self-incompatible and rely on pollen from another floral donor. In the absence of 
insect pollinators, these plants may produce too few seeds or seeds that are of in-
sufficient quality to germinate and survive to reproductive maturity. For green 
roof owners and maintainers, successful pollination and plant reproduction ensures 
the future regeneration or seeding and germination of plants, including native spe-
cies that may be expensive to replace. 
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14.3.4. Food web enhancement 

In all ecosystems, the flow of energy between organisms can be observed in high-
ly complex relationships known as food webs. Invertebrates are essential compo-
nents in all terrestrial food webs as primary convertors of plant material to protein, 
providing food to organisms at higher trophic levels including mammals, reptiles 
and birds. Many urban bird species, being highly mobile, frequent green roofs 
while either passing over or foraging in urban landscapes (Fernandez-Canero and 
Gonzalez-Redondo 2010). As the number of green roofs increases, they may con-
tribute to boosting regional invertebrate populations and, subsequently, the insec-
tivorous species that depend on invertebrates as a food source. 

While the food webs that are supported within the confines of a typical green roof 
are likely reduced compared to a diverse natural environment, the presence of 
thousands of invertebrate species on green roofs suggests that food webs could be 
quite large and complex. Nevertheless, as mobility restricts some species from 
gaining access roofs, green roof food webs are altered from those at ground level. 
For example, homogenized urban bird populations may be able to use the green 
roofs for feeding in areas where their mammalian predators are absent, thereby be-
ing released from this regulating pressure and allowing the population to grow 
rapidly (Chap. 15). Additionally, although many insectivorous bird species are 
generalists in their selection of prey, encouraging all insects equally as food for 
other species could result in dominant or nuisance species.  

14.3.5. Other services: Providing opportunities for education 

Humans have an innate desire to experience and connect with nature; a phenome-
non first described by E.O. Wilson (1984) as “biophilia”. Green roofs can provide 
valuable opportunities for the general public to do so and educate them about the 
ecological processes. Those processes while occurring both in their neighborhoods 
and in large ecosystems often become only accessible and one-step removed 
through television, newspapers or the internet (Miller and Hobbs 2002). Essential-
ly, local gardens foster the urban public’s interest in biodiversity conservation 
(Andersson et al. 2007, Goddard et al. 2010). Green roofs supporting invertebrates 
allow for environmental educational where people might not otherwise engage in 
experiential, positive, and informative interactions with nature. 

Broadly, conservation concern in non-urban areas is linked to individuals’ experi-
ences with urban flora and fauna (Faeth et al. 2011). However, in urban areas, 
where natural space is increasingly rare, disconnect between people and nature 
termed ‘nature deficit disorder’ (Louv 2008), is coupled with disinterest in nature 
among young people and less interest in conservation efforts by the general public 
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(McKinney 2006, Miller 2005). There is also a widening gap in the understanding 
of biodiversity perpetuated by the stories presented in the media. For example, 
most people are familiar with honey bees due to the recent coverage of colony col-
lapse disorder but many are unaware of the over 20,000 other species of bees 
worldwide. Green roofs that target invertebrate habitat may be one effective 
means of complementing efforts to connect citizens to nature and biodiversity in 
urban green spaces at ground level (Fuller et al. 2007, Lindemann-Matthies et al. 
2010). Making these roofs accessible to the public for education, leisure, or, at the 
least, for viewing, could promote increased connectedness to nature and natural 
processes.  

14.4. Monitoring and Managing for Success 

Regardless of the design of a green roof, some invertebrates will arrive and thrive. 
However, many questions still remain as to which and how many species will col-
onize in addition to the type and duration of services they will support (Box 2). 
Answering these questions will provide insight into the conservation value of 
green roofs, as well as the measureable benefits of initiatives to enhance roofs for 
invertebrates. The fundamental challenges are first to distinguish between “desira-
ble” and “undesirable” taxa (such as native solitary bees from aggressive paper 
wasps), and then to understand the ecology of these invertebrate species within the 
context of green roofs. 

Monitoring invertebrate populations on green roofs could be achieved through 
both scientific and citizen-based data collection. Both methods aid in improving 
scientific understanding of green roof ecology. Typical monitoring incorporates 
complex as well as simple experimental designs. Examples include timed sweep-
ing with an insect net on flowers, using liquid-filled pan traps set out on sunny 
days, or simply heading out with a camera and systematically photographing the 
active fauna. All methods have the potential to provide very informative data. The 
full utility of these data can then be realized when the sampled organisms are iden-
tified to the finest taxonomic resolution by local invertebrate experts and, perhaps 
most importantly, also shared with interested parties through international scien-
tific publications, conference presentations and freely accessible sources. 

Citizen science monitoring, in particular efforts that include partnering with ex-
perts in invertebrate identification at scientific institutions, could elucidate the 
presence of important taxa. Good examples of this exist today that incorporate cit-
izen science programming. Bumble bee watch (www.bumblebeewatch.org) and 
BeeSpotter (www.beespotter.mste.illinois.edu) are two such programs that en-
courages citizens to upload images of bees that are then identified by experts. This  



17 

 

Box 2. Future questions for research  
Research on urban invertebrate ecology and specifically that on green roofs is be-
coming more widespread but many questions remain unanswered. While not an 
exhaustive list, addressing these general research questions and examples of relat-
ed, more-specific sub-questions below would permit future green roofs to be de-
signed to more effectively in support of invertebrates, encouraging the ecosystem 
services that they provide.   
1. How do interactions between invertebrates, plants and substrates contribute to 
green roof performance? 

To what degree can herbivory impact roof cooling functions that are augmented 
by cover and density of vegetation? 

Could substrate-burrowing invertebrates enhance horizontal water movement on 
green roofs, thereby enhancing plant water capture and survival? 

2. To what extent do green roofs contribute to invertebrate conservation? 

At what scales can green roofs influence invertebrate diversity, both on roofs and 
at ground level? 
 
Can green roofs act as stepping-stone habitat throughout urban space for urban-
intolerant species? 

Do green roofs increase dispersal, recruitment and colonization by invasive spe-
cies? 

What is the conservation value of invertebrate communities on green roofs?  

3. How do site-specific properties of a green roof influence its potential to serve as 
invertebrate habitat? 
 
Does geographic and/or vertical isolation from natural habitat cause some green 
roofs designed for invertebrate diversity to become sink habitats?  

In a diverse natural landscape, does designing a green roof for biodiversity have 
measureable impacts? 

4. How do design considerations for green roof invertebrate diversity hold up em-
pirically? 
 
Does varying plant diversity, substrate topography, aggregate size, and other abi-
otic factors (e.g. Brenneisen, 2006) have a significant and measureable impact on 
invertebrate community assembly, reproduction and persistence? 

Do relationships between green roof design and invertebrate communities  

apply globally? 
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helps create digital geographic species ranges and local abundance data for cli-
mate change research in conjunction with thousands of museum specimen records 
without harming new specimens. Implemented on green roofs this program and 
other similar projects could monitor invertebrates. 

Public awareness of urban biodiversity through monitoring efforts provides anoth-
er way of increasing acceptance and appreciation of invertebrates by humans 
(Isaacs et al. 2009, Guiney and Oberhauser 2009, Dearborn and Kark 2010). Arti-
ficial nesting sites for some solitary bees and butterflies are even patented, mar-
keted and sold with the intention of enhancing pollinator populations. Additional-
ly, the number of urban honeybee colonies managed by hobbyists is increasing, 
especially those kept on green roofs. Aside from physical implementations of in-
frastructure to directly support the nesting requirement of some invertebrates on 
green roofs, signage is one useful way to make citizens aware of such projects and 
encourage them to become involved with monitoring and management efforts.  

Both experimental design and citizen science monitoring of invertebrate popula-
tions can also improve techniques for design and maintenance, and help elucidate 
how “green” our green roofs are through the monitoring of taxa that serve as envi-
ronmental indicators. Invertebrates are often used in urban landscapes as indica-
tors of environmental quality. For example, Fountain and Hopkin (2004) used 
springtail diversity and the presence of a ‘standard’ springtail species to determine 
the level of metal contamination in urban soils, and Ishitani et al. (2004) suggested 
ground beetles to be useful indicators of environmental quality along an urban 
gradient in Japan. Sheffield et al. (2013) used cleptoparasites of bees as indicators, 
suggesting that their presence reflects both the food web’s complexity and stabil-
ity. Green roofs may also harbor similar indicator species but extensive research in 
this area has not yet been conducted.  

Reporting on limitations for invertebrate success on green roofs can also help to 
inform future design and maintenance practices. This can be achieved by embed-
ding designed experiments into green roof planning that permit observational and 
manipulated studies of the plant community and substrate (Felson and Pickett, 
2006). Few examples of empirical evidence currently demonstrate that green roofs 
designed to be ‘biodiverse’ provide habitat for invertebrates (Brenneisen 2006). 
More evidence through replicated research is required to elucidate the role of in-
tent in green roof biodiversity design. Failure to do so runs the risk of ‘biodiverse’ 
green roofs becoming a weakly informed template for designers (e.g. “brownfield 
roof”, “Sedum mat”) without scientific evidence that diversity of local and desira-
ble invertebrates and other organisms of concern are in fact supported.  

Ideally, monitoring would evaluate the support that green roofs provide at all stag-
es of invertebrate life cycles. Given the difficult environmental conditions present 
in green roof habitat for various species (e.g. vertical isolation and high levels of 
exposure to wind and sun), local factors could contribute to green roofs acting as 
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habitat sinks for some species. In the absence of research, attempts to increase 
habitat value on vertically isolated green roofs may merely create a habitat façade 
where for particular taxa, crucial life cycle stages are interrupted by the extreme 
nature of green roof environments. This can be especially problematic on roofs 
with shallow substrate, and those that have low vegetative and microhabitat diver-
sity. For example, beetles that colonize and lay eggs in the roof substrate in spring 
might not sense that the eggs will overheat on the roof, as a result of conditions 
being much hotter and drier in the middle of summer than ground level habitat 
(Chap. 15). Monitoring of species- and community-scale changes over time will 
determine how best to make adjustments to substrate topography, irrigation and 
planting in order to support invertebrates and other wildlife.  

Green roofs intentionally designed to support diverse ecosystems may increase 
habitat available to invertebrates. Many new design strategies have been imple-
mented in North America, the United Kingdom and Germany where meadows, 
brown fields, and even wetlands have been mimicked on extensive green roofs 
(Gedge and Kadas, 2005, MacIvor et al. 2011b, Ksiazek 2014, Chap. 10). In To-
ronto, the city has published guidelines for enhancing biodiversity in green roof 
design (Torrance et al. 2013) to illustrate opportunities that exist to create micro-
habitats for invertebrates and other fauna. These strategies reference the habitat 
template approach described by Lundholm (2005), which suggests that green roof 
designers consider nearby habitats with similar microclimates to the xeric and ex-
posure conditions on green roofs, for example, rock alvars in Southern Ontario or 
the coastal barrens in Atlantic Canada (Lundholm et al. 2009). Building upon the 
habitat template approach, green roofs have been described as opportunities for 
reconciliation ecology in urban landscapes; that is, they can provide habitat that 
supports natural floral and fauna and human infrastructure in tandem (Francis and 
Lorimer 2012). Recognizing the potential for green roofs as wildlife habitat early 
on in the design development phases can increase reconciliation of habitat space in 
cities (Eversham et al. 1996, Lundholm and Richardson 2010). Designing novel 
green roof habitat (Chap. 15) using abiotic and vegetation characteristics of re-
gionally rare or climatically similar environments may benefit fauna more than 
conventional green roof installations, but more research is needed to fully under-
stand the relationship between analogous habitats and invertebrate communities.  

14.5. Conclusion 

At this time, the relationship between green roof habitat and invertebrate commu-
nities is only beginning to be understood. Clearly, multi-regional, coordinated, and 
deliberate research efforts are needed to fully comprehend the extent to which 
green roofs provide habitat for invertebrates and, in turn, the extent to which these 
fauna contribute to ecosystem functions that positively impact green roof perfor-
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mance. While ecological theory predicts that a subset of species found within the 
larger urban environment may dominate green roof habitats, the many local and 
landscape factors that contribute to community structuring will result in each 
green roof providing a unique set of niches available for invertebrate colonization 
and usage.  

On green roofs, as in other urban and natural habitats, invertebrates are inextrica-
bly linked with important ecosystem services. They build and stabilize soil in the 
substrate, control unwanted pests, pollinate crops and native plants, and act as 
food for other organisms in food webs. As the amount of natural habitat available 
for this critical group of organisms decreases, urban green roofs have a potentially 
larger role to play in supporting diverse fauna.  

Works Cited 

Altieri M Nicholls C (2004) Biodiversity and pest management in agroecosystems. 
CRC Press, Boca Raton 

Andersson E Barthel S Ahrné K (2007) Measuring social-ecological dynamics be-
hind the generation of ecosystem services. Ecol Appl 17:1267–1278  

Banaszak-Cibicka W Żmihorski M (2012) Wild bees along an urban gradient: 
Winners and losers. J Insect Conserv 16:331-343. 

Banaszak-Cibicka W (2014) Are urban areas suitable for thermophilic and xe-
rothermic bee species (Hymenoptera: Apoidea: Apiformes)? Apidologie 
doi:10.1007/s13592-013-0232-7 

Blair RB Launer AE (1997) Butterfly diversity and human land use: Species as-
semblages along an urban gradient. Biol Conserv 80:113-125 

Bolger DT Suarez AV Crooks KR et al (2000) Arthropods in urban habitat frag-
ments in southern California: Area, age and edge effects. Ecol Appl 10:1230-1248  

Braaker S Ghazoul J Obrist MK Moretti M (2013) Habitat connectivity shapes ur-
ban arthropod communities - the key role of green roofs. Ecology doi:10.1890/13-
0705.1 

Brenneisen S (2006) Space for urban wildlife: designing green roofs as habitats in 
Switzerland. Urb Habitats 4:27-36 

Brenneisen S Hänggi A (2006) Begrünte Dächerökologische Charakterisierung 
eines neuen Habitattyps in Siedlungsgebieten anhand eines Vergleichs der Spin-
nenfauna von Dachbegrünungen mit naturschutzrelevanten Bahnarealen in Basel 
(Schweiz) [Green roofs - ecological characterization of a new habitat type in urban 
areas based on a comparison of the spider fauna on green roofs with conservation 



21 

 

railway areas in Basel (Switzerland)]. Mitteilungen der Naturforschenden Gesell-
schaften beider Basel, 9:99–122 

Burghardt KT Tallamy DW Shriver WG (2009) Impact of native plants on bird 
and butterfly biodiversity in suburban landscapes. Conserv Biol 23:219–224 

Cane JH Minckley RL Kervin LJ et al (2006) Complex responses within a desert 
bee guild (Hymenoptera: Apiformes) to urban habitat fragmentation. Ecol Appl 
16:632-644 

Chapin FS Matson PA Mooney HA (2002) Principles of terrestrial ecosystem 
ecology. Springer, New York 

Clausen RT (1975) Sedum of North America north of the Mexican plateau. Cornell 
University Press, New York 

Coffman RR Waite T (2011) Vegetated roofs as reconciled habitats: Rapid assays 
beyond mere species counts. Urban Habitats, 6:1–10 

Colding J Barthel S (2013) The potential of ‘Urban Green Commons’ in the resili-
ence building of cities. Ecol Econ 86:156-166 

Colla SR Willis E Packer L (2009) Can green roofs provide habitat for urban bees 
(Hymenoptera: Apidae)? CATE 2:1–12 

Corbet SA Bee J Dasmahapatra K et al (2001). Native or exotic? Double or single? 
Evaluating plants for pollinator-friendly gardens. Ann Bot 87:219–232 

Crisp PN Dickinson KJM Gibbs GW (1998) Does native invertebrate diversity re-
flect native plant diversity? A case study from New Zealand and implications for 
conservation. Biol Conserv 83:209–220 

Crosswhite FS Crosswhite CD (1966). Insect pollinators of Penstemon series 
Graciles (Scrophulariaceae) with notes on Osmia and other Megachilidae. Am 
Mid Nat 76:450-467  

Davies R Simcock R Toft R. (2010) Islands in the sky urban biodiversity en-
hancement in NZ on indigenous living roof landscapes. In: 44th Annual Confer-
ence of the Architectural Science Association, ANZAScA, Auckland, New Zea-
land, 24-26 November 2010 

Dearborn DC Kark S (2010) Motivations for conserving urban biodiversity. Con-
serv Biol 24:432-440 

Deichsel R (2006) Species change in an urban setting—ground and rove beetles 
(Coleoptera: Carabidae and Staphylinidae) in Berlin. Urb Ecosyst 9:161-178 

Duncan RP Clemants SE Corlett RT et al (2011) Plant traits and extinction in ur-
ban areas: a meta-analysis of 11 cities. Global Ecol Biogeogr 20:509–519 



22  

 

Dunnett N Kingsbury N (2004) Planting green roofs and living walls. Timber 
Press, Portland 

Elton CS (1958) The ecology of invasions by animals and plants. Methuen, Lon-
don 

Ettema CH Wardle DA (2002) Spatial soil ecology. Trends Ecol Evol 17:177-183 

Eversham BC Roy DB Telfer MG (1996) Urban, industrial and other manmade 
sites as analogues of natural habitats for Carabidae. Ann Zoo Fennici 33:148–156 

Faeth SH Bang C Saari S (2011) Urban biodiversity: Patterns and mechanisms. 
Ann NY Acad Sci 1223:69-81 

Fernandez-Canero R Gonzalez-Redondo P (2010) Green roofs as a habitat for 
birds: A review. J Ani Vet Adv 9:2041–2052 

Forman RTT (2014) Urban Ecology: Science of Cities. Cambridge University 
Press 

Forschungsgesellschaft Landschaftsentwicklung Landschaftsbau e.V. (FLL) 
(2008) Guidelines for the Planning, Construction and Maintenance of Green Roof-
ing, Bonn 

Fountain MT Hopkin SP (2004) Biodiversity of Collembola in urban soils and the 
use of Folsomia candida to assess soil ‘quality’. Ecotoxicology 13:555-572. 

Francis RA Lorimer J (2011) Urban reconciliation ecology: the potential of living 
roofs and walls. J Environ Manage 92:1429-1437 

Frankie GW Ehler LE (1978) Ecology of insects in urban environments. Ann Rev 
Entomol 23:367-387 

Fuller RA Irvine KN Devine-Wright P et al (2007) Psychological benefits of 
greenspace increase with biodiversity. Biol Lett 3:390-394. 

Gaston KJ (2010) Urban Ecology. Cambridge University Press 

Gedge D Kadas G (2005) Green roofs and biodiversity. Biologist 52:161–169. 

Goddard MA Dougill AJ Benton TG (2010) Scaling up from gardens: Biodiversity 
conservation in urban environments. Trends Ecol Evol 25:90–98  

Gorgolewski M Komisar J Nasr J (2011) Carrot city. Monacelli Press, New York  

Greenleaf SS Williams NM Winfree R et al (2007) Bee foraging ranges and their 
relationship to body size. Oecologia, 153:589-596 

Grimm NB Faeth SH Golubiewski NE et al (2008) Global change and the ecology 
of cities. Science 319:756-760 

Guiney MS Oberhauser KS (2009) Insects as flagship conservation species. Terr 
Arthro Rev 1:111-123 



23 

 

Hahs AK McDonnell MJ McCarthy MA et al (2009) A global synthesis of plant 
extinction rates in urban areas. Ecol Lett 12:1165–1173  

Hanski I Gilpin M (1991) Metapopulation dynamics: brief history and conceptual 
domain. Biol J Linn Soc 42:3-16 

Hartley W Uffindell L Plumb A et al 2008. Assessing biological indicators for re-
mediated anthropogenic urban soils. Sci Total Environ 405:358–369 

Herbold B Moyle PB (1986) Introduced species and vacant niches. Am Nat 
128:751-760 

Hegland SJ Nielsen A Lázaro A et al (2009) How does climate warming affect 
plant‐pollinator interactions? Ecol Lett 12:184-195 

Hennig EI Ghazoul J (2011) Plant–pollinator interactions within the urban envi-
ronment. Perspect Plant Ecol Evol Syst 13:137-150 

Isaacs R Tuell J Fiedler A et al (2009) Maximizing arthropod-mediated ecosystem 
services in agricultural landscapes: the role of native plants. Front Ecol Environ 
7:196–203  

Ishitani M Kotze DJ Niemelä J (2003) Changes in carabid beetle assemblages 
across an urban‐rural gradient in Japan. Ecography 26:481-489 

Jones RA (2002) Tecticolous invertebrates: A preliminary investigation of the in-
vertebrate fauna on green roofs in urban. English Nature, London 1–36 

Kadas G (2006) Rare invertebrates colonizing green roofs in London. Urban Habi-
tats 4:66-86 

Kaupp A Brenneisen S Klausnitzer B Nagel P (2004) Eco-faunistic characteristics 
of the beetle fauna of vegetated roofs (Insecta: Coleoptera) Entomol Blätter, 
100:47–83 

Kearns CA Inouye DW Waser NM (1998) Endangered mutualisms: the conserva-
tion of plant-pollinator interactions. Annual review of ecology and systematics, 
29(1), 83-112 

Kennedy CM Lonsdorf E Neel MC et al (2013) A global quantitative synthesis of 
local and landscape effects on wild bee pollinators in agroecosystems. Ecol Lett 
16:584-599 

Kim KC (1993) Biodiversity, conservation and inventory: Why insects matter. Bi-
odivers Conserv 2:191–214  

Kim KG (2004) The application of the biosphere reserve concept to urban areas: 
The case of green rooftops for habitat network in Seoul. Ann NY Acad Sci 
1023:187-214 



24  

 

Klein AM Vaissiere BE Cane JH et al (2007) Importance of pollinators in chang-
ing landscapes for world crops. Proc R Soc B Biol Sci 274:303-313 

Köhler M (2006) Long-term vegetation research on two extensive green roofs in 
Berlin. Urban Habitats 4:3-25 

Ksiazek K Fant J Skogen K (2012) An assessment of pollen limitation on Chicago 
green roofs. Land Urb Plan 107:401–408 

Ksiazek K (2014) The potential of green roofs to support urban biodiversity. In: J 
Briz M Köhler and I de Felipe (eds.) Green cities in the world. (Chapter 6, pages 
101-124). Madrid: Pronatur 

Ksiazek K Tonietto R Ascher J (2014) Ten bee species new to green roofs in the 
Chicago area. The Great Lakes Entomologist. 47(1-2):47-52 

Landis DA Wratten SD Gurr GM (2000) Habitat management to conserve natural 
enemies of arthropod pests in agriculture. Ann Rev Ent 45:175-201 

Lee KE (1985) Earthworms: Their ecology and relationships with soils and land 
use. Academic Press Inc., Florida 

Lindemann-Matthies P Junge X Matthies D (2010) The influence of plant diversity 
on people’s perception and aesthetic appreciation of grassland vegetation. Biol 
Conserv 143:195-202 

Liu H Stiling P (2006) Testing the enemy release hypothesis: A review and meta-
analysis. Biol Invasions, 8:1535-1545 

Louv R (2008) Last child in the woods: Saving our children from nature-deficit 
disorder. Algonquin Books, New York 

Lundholm JT (2006) Green roofs and facades  : A habitat template approach. Ur-
ban Habitats 4:87–101 

Lundholm JT MacIvor JS Ranalli MA (2009) Benefits of green roofs on Canada’s 
east coast. In Proceedings of the CitiesAlive Annual Green Roof and Wall Con-
ference, Atlanta, GA 

Lundholm JT Richardson PJ (2010) Habitat analogues for reconciliation ecology 
in urban and industrial environments. J Appl Ecol 47:966-975 

MacArthur RH Wilson EO (1967) The theory of island biogeography. Princeton 
University Press, New Jersey 

MacIvor JS Lundholm J (2011a) Insect species composition and diversity on in-
tensive green roofs and adjacent level-ground habitats. Urb Ecosyst 14:225–241  

MacIvor JS Lundholm J (2011b) Performance of dryland and wetland plant spe-
cies on extensive green roofs. Ann Bot 107:671-679 



25 

 

MacIvor JS (2013) Constraints to bee and wasp nesting habitat on green roofs. In 
Proceedings of the CitiesAlive Annual Green Roof and Wall Conference, San 
Francisco, CA 

MacIvor JS Ruttan A Salehi B (In review) Exotics on exotics: Pollen analysis of 
urban bees visiting Sedum on a green roof . Urb Ecosyst 

Madre F Vergnes A Machon N Clergeau P (2013) A comparison of 3 types of 
green roof as habitats for arthropods. Ecol Eng 57:109–117  

Majka CG MacIvor JS (2009) Otiorhynchus porcatus (Coleoptera: Curculionidae): 
A European root weevil newly discovered in the Canadian Maritime Provinces. J 
Acad Entomol Soc 5:27-31 

Mann G (1998) Vorkommen und Bedeutung von Bodentieren (Makrofauna) auf 
begrünten Dächern in Anhängigkeit von der Vegetationsform [Occurence and sig-
nificance of soil organisms (macrofauna) on green roofs in response to vegetation 
type]. Doctoral Dissertation, Eberhard Karls Universität Tübingen 

Matteson KC Langellotto GA (2010) Determinates of inner city butterfly and bee 
species richness. Urb Ecosyst 13:333-347 

McGuire KL Payne SG Palmer MI et al (2013) Digging the New York City sky-
line: Soil fungal communities in green roofs and city parks. PloS one, 8:e58020. 

McKinney ML (2006) Urbanization as a major cause of biotic homogenization. 
Biol Conserv 127:247–260 

McIntyre NE (2000) Ecology of urban arthropods: A review and a call to action. 
Ann Entomol Soc Am 93:825-835 

Mecke R Grimm R (1997) Fauistichökologische Untersuchung begrüter 
Dachflächen im Hamburger Stadgebiet [Faunal ecology investigation of greened 
roofs in the Hamburg urban area]. Nat schutz Landsch plan 29:297–302 

Meierholfer D (2013) Ground beetles on San Francisco green roofs. In Proceed-
ings of the Cities Alive Annual Green Roof and Wall Conference, San Francisco, 
CA 

Menke SB Guénard B Sexton JO et al (2011) Urban areas may serve as habitat and 
corridors for dry-adapted, heat tolerant species: An example from ants. Urb Eco-
syst 14:135-163 

Michener CD (2007) The bees of the world. John Hopkins University Press, Bal-
timore 

Miller JR (2005) Biodiversity conservation and the extinction of experience. 
Trends Ecol Evol 20:430–434 

Miller JR Hobbs RJ (2002) Conservation where people live and work. Conserv 
Biol 16:330–337 



26  

 

Myers JH Simberloff D Kuris AM Carey JR (2000) Eradication revisited: Dealing 
with exotic species. Trends Ecol Evol 15:316-320 

Nagase A Dunnett N Choi MS (2013) Investigation of weed phenology in an es-
tablishing semi-extensive green roof. Ecol Eng 58:156-164 

Niemelä J Kotze DJ Venn S et al (2002) Carabid beetle assemblages (Coleoptera, 
Carabidae) across urban-rural gradients: An international comparison. Land Ecol 
17:387-401 

Odum EP (1971) Fundamentals of ecology. W. B. Saunders Co., Philadelphia, PA  

Oke TR (1973) City size and the urban heat island. Atmos Environ 7:769-779 

Pawelek J Frankie GW Thorp RW Przybylski M (2009) Modification of a com-
munity garden to attract native bee pollinators in urban San Luis Obispo, Califor-
nia. CATE 2:1-7 

Potts SG Biesmeijer JC Kremen C et al (2010) Global pollinator declines: trends, 
impacts and drivers. Trends Ecol Evol 25:345-353 

Root RB (1973) Organization of a plant-arthropod association in simple and di-
verse habitats: The fauna of collards (Brassica oleracea). Ecol Mono 43:95–124 

Rumble H Gange AC (2013) Soil micro-arthropod community dynamics in exten-
sive green roofs. Ecol Eng 57:197-204 

Samways MJ Steytler NS (1996) Dragonfly (Odonata) distribution patterns in ur-
ban and forest landscapes, and recommendations for riparian management. Biol 
Conserv 78:279-288 

Santorufo L Van Gestel CAM Rocco A Maisto G (2012) Soil invertebrates as bio-
indicators of urban soil quality. Environ Pollut 161:57–63 

Savard J.-PL Clergeau P Mennechez G (2000) Biodiversity concepts and urban 
ecosystems. Land Urb Plan 48:131–142  

Schindler BY Griffith AB Jones KN (2011) Factors influencing arthropod diversi-
ty on green roofs. CATE 4:1–20 

Schmidt MH Tscharntke T (2005) Landscape context of sheetweb spider (Arane-
ae: Linyphiidae) abundance in cereal fields. J Biogeogr 32:467–473 

Schrader S Böning M (2006) Soil formation on green roofs and its contribution to 
urban biodiversity with emphasis on Collembolans. Pedobiologia 50:347-356 

Schüepp C Herzog F Entling MH (2014) Disentangling multiple drivers of pollina-
tion in a landscape-scale experiment. Proc R Soc B: Biol Sci 281:20132667 

Sheffield CS Pindar A Packer L Kevan PG (2013) The potential of cleptoparasitic 
bees as indicator taxa for assessing bee communities. Apidologie 44:501-510 



27 

 

Shochat E Stefanov WL Whitehouse MEA Faeth SH (2004) Urbanization and spi-
der diversity: influences of human modification of habitat structure and productiv-
ity. Ecol Appl 14:268-280 

Shochat E Warren PS Faeth SH et al (2006) From patterns to emerging processes 
in mechanistic urban ecology. Trends Ecol Evol 21:186-191 

Siemann E Tilman D Haarstad J Ritchie M (1998) Experimental tests of the de-
pendence of arthropod diversity on plant diversity. Am Nat 152:738–750  

Siemann E (1998) Experimental tests of effects of plant productivity and diversity 
on grassland arthropod diversity. Ecology 79:2057–2070 

Simberloff D (1981) Community effects of introduced species. In: Nitecki MH 
(ed) Biotic Crises in Ecological and Evolutionary Time, pp 53–81. Academic 
Press, New York 

Singh JS Gupta SR (1977) Plant decomposition and soil respiration in terrestrial 
ecosystems. Bot Rev 43:449-528 

Smith RM Gaston KJ Warren PH Thompson K (2006) Urban domestic gardens 
(VIII): Environmental correlates of invertebrate abundance. In Human Exploita-
tion and Biodiversity Conservation (pp. 175-205). Springer, Netherlands 

Sutton RK Harrington JA Skabelund L MacDonagh P Coffman RR Koch G (2012. 
Prairie-based green roofs: literature, templates and analogs. J Green Build 7:143-
172 

Tonietto R Fant J Ascher J et al (2011) A comparison of bee communities of Chi-
cago green roofs, parks and prairies. Land Urb Plan 103:102–108  

Torrance S Bass B MacIvor JS McGlade T (2013) City of Toronto guidelines for 
biodiverse green roofs. Toronto City Planning, Toronto, ON 

Whittinghill LJ Rowe DB (2012) The role of green roof technology in urban agri-
culture. Renew Ag Food Syst 27:314-322 

Williams NM Winfree R (2013) Local habitat characteristics but not landscape ur-
banization drive pollinator visitation and native plant pollination in forest rem-
nants. Biol Conserv 160:10-18 

Williams NSG Lundholm JT MacIvor JS (In review) Can green roofs support bio-
diversity conservation goals? J Appl Ecol 

Wilson EO (1984) Biophilia. Harvard University Press, Cambridge, M  

Wilson EO (1987) The little things that run the world (the importance and conser-
vation of invertebrates). Conserv Biol 1:344–346  

Winfree R Griswold T Kremen C (2007) Effect of human disturbance on bee 
communities in a forested ecosystem. Conserv Biol 21:213–23 



28  

 

Winfree R Bartomeus I Cariveau DP (2011) Native pollinators in anthropogenic 
habitats. Ann Rev Ecol Evol Syst 42:1-22 

Zmyslony J Gagnon D (1998) Residential management of urban front-yard land-
scape: A random process? Land Urb Plan 40:295-307 


