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Abstract – Green roofs, which have become mandatory on new flat-topped buildings in many cities, increase
habitat connectivity for wildlife and have contributed to a boom in urban beekeeping. The ecological benefits or risks
of green roofs for wild bees (bee species other than the domesticated honey bee, Apis mellifera ), however, have not
been comprehensively analyzed. We therefore reviewed studies on insects caught on green roofs in Asia, Europe, or
North America between 1992 and early 2017 and extracted information on wild bees. The resulting species list
includes 236 Apidae identified in 35 studies, with thermophilic species probably overrepresented because roofs
provide warm and dry habitats. The percentage of cavity-nesting bees on roofs is higher than that on nearby ground,
while the percentage of pollen specialists is lower. Data are almost completely lacking on the reproductive success of
bees on green roofs, the effect of roof age on bee diversity, and the genetic or demographic benefits of increased
habitat connectivity. Our list of the bee species so far reported on green roofs will help in the selection and
implementation of suitable soils, nesting aids, and plantings.
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1. INTRODUCTION

The past 20 years have seen a dramatic increase in
research on green roofs (reviewed in Bowler et al.
2010 and Blank et al. 2013), which are now manda-
tory on flat-topped buildings in Switzerland and a few
other European countries and supported by incentives
in the USA (Brenneisen 2006; Stutz 2010). Although
there are different types of green roofs, one can
generally distinguish between intensive and extensive
roof greening. Intensive green roofs usually have a
soil layer of at least 15 cm and sometimes up to

60 cm or more (Mann 1994), while extensive green
roofs have only a thin layer of soil (5–15 cm),
supporting mostly mosses, herbs, succulents, and
grasses (Gedge andKadas 2005). Roofswith shallow
soil layers are a difficult growing environment for
plants because of moisture stress, severe drought, and
full exposure to sun and wind (Schneider and
Riedmiller 1992; Dunnett and Kingsbury 2008). On
the other hand, extensive roofs requireminimalmain-
tenance and can be self-sustaining.

Ecosystem services from green roofs include
storm-water management (Getter and Rowe 2008;
Berndtsson 2010), moderation of the urban heat
island effect (Takebayashi and Moriyama 2007;
Tabares-Velasco et al. 2012), lower building temper-
atures (Oberndorfer et al. 2007), and a role as urban
wildlife habitat (for reviews, see Fernandez-Canero
and Gonzalez-Redondo 2010, Williams et al. 2014,
and Gonsalves 2016). An important aspect for the
latter role is that green roofs are undisturbed by
humans during most of the year, making them quiet
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habitats with low pesticide loads (Hui and Chan
2011). They also increase habitat connectivity for
certain arthropods (Braaker et al. 2014).

Of the many arthropods living on green roofs,
bees stand out because of their role as pollinators
and because urban beekeepers tend to find bee-
keeping Brestorative and empowering^ (Moore
and Cost 2013). While urban beekeeping has led
to an increase of the density of honey bees in
cities, the past 50 years have seen a decline in
the abundance of wild bee species, attributed
mostly to habitat loss and pesticides (Goulson
et al. 2008), although hard data on change in bee
abundances in urban spaces over time are scarce.
Wild bees, most of which are solitary bees, are
expected to benefit from the newly created habitat
on green roofs because they may be able to forage
both on the ground and on green roofs, and ther-
mophilic species might also find nesting opportu-
nities on green roofs. Surprisingly, however, the
effects of green roofs on the diversity and abun-
dance of wild bees in cities have received little
attention despite repeated calls for bee-targeted
green roof research (Zurbuchen and Müller
2012; Witt 2016). We here provide the first list
of bee species recorded from green roofs, summa-
rize key ecological traits of these bees, and point
to important open questions about the role of
green roofs as habitat for solitary bees.

2. MATERIALS AND METHODS

We searched relevant keywords, such as Bgreen
roof^ (or Bliving roof,^ or BGründach^), and Bbee^
(or hymenoptera or Wildbienen), using the search
enginesWeb of Science (http://www.isiknowledge.
com), ScienceDirect (http://www.sciencedirect.
com), Google Scholar (https://scholar.google.de),
and Google (https://www.google.de). We also in-
cluded online-only journals, B.Sc., M.Sc., and di-
ploma reports, and doctoral theses. Abstracts were
checked to see whether a study covered wild bees
on green roofs, and studies exclusively dealing
with urban beekeeping were excluded because
honeybees are a managed species.

Each found study was scanned for the follow-
ing information: (i)Where and whenwas the study
conducted? (ii) Howmany roofs were investigated
and which sampling technique was used? (iii)

Which roof type (extensive or intensive) was in-
vestigated and were there non-roof reference
areas? (iv) Which taxa were found? Were the
specimens identified to species level? Results were
tabulated and a species list was created as a basis
for future work on green-roof-occurring species.

3. RESULTS AND DISCUSSION

Based on the criteria laid out above, we found
35 studies dealing, at least partially, with wild bees
on green roofs (Table S1, Supplementary Materi-
al). Compared to the 300 peer-reviewed studies
about green roofs available by 2013 (Blank et al.
2013; a number supported by our search) and the
large numbers of hits when searching for Bgreen
roof^ on ScienceDirect (n = 1982, accessed 1
March 2017) or the Web of Science (n = 916,
accessed 1 March 2017), a number of just 35
studies mentioning wild bees on green roofs is
low. Almost 40% of these 300 publications on
green roofs deal with engineering aspects, and
another 37% with general aspects of the environ-
ment and ecology. Only 3% are assigned to the ISI
category biodiversity conservation (Blank et al.
2013), a category that encompasses studies on
plants, birds, beetles, collembolans, soil arthro-
pods, spiders, and other invertebrates (Williams
et al. 2014). Of the 35 studies, eight fully focus
on wild bees (Brenneisen 2005; Colla et al. 2009;
Tonietto et al. 2011; Ksiazek et al. 2012, 2014;
Kratschmer 2015; MacIvor et al. 2015; Walker
2016); the remaining 27 included hymenopterans
other than bees. The longest species lists contain
77 (Brenneisen 2006), 79 (Colla et al. 2009), 91
(Kratschmer 2015), or 126 species (Braaker et al.
2014), showing that green roofs are indeed an
important habitat for wild bees.

Especially thermophilic species (not only bees
but also other arthropods) adapted to living under
dry conditions have been reported from green
roofs, including a few rare species (Jones 2002;
Kadas 2006; MacIvor and Lundholm 2011;
Kratschmer 2015). Generally, intensive green
roofs, have a higher bee diversity and abundance
than extensive green roofs (Brenneisen 2006;
Madre et al. 2013; Kratschmer 2015; Witt 2016),
and unsurprisingly green roofs with a higher
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number of plant species tend to have a higher
number of bee species (Köhler 2014).

So far, 236 species have been recorded on
green roofs (Table S2, Supplementary Material),
with several additional species present, but not
identified to species level (at least n = 13). Several
studies, unfortunately, mention species lists in the
text, but fail to make them available (Mann 1996a,
b; Köhler 2014; Braaker et al. 2014, 2017). Of the
236 species, 151 are from Europe and 72 from
North America. Eleven species were found both
in Europe and America. The only Asian study of
bees on green roofs reported three species, includ-
ing the honey bee (Nagase and Nomura 2014).
For Africa and Australia, no studies about wild
bees on green roofs were found.

Only three studies provide data on bee foraging
behavior (Mann 1994; Kratschmer 2015; Witt
2016). All showed that oligolectic species are
underrepresented on green roofs. While it is not
known how many of the estimated 20,000 species
of wild bees worldwide are oligolectic (Michener
2007), green roofs appear to be used by few
oligolectic bees: Thus, 11% of the species found
on green roofs in Vienna, Austria, and Hannover,
Germany, were oligolectic (Kratschmer 2015;
Witt 2016) and 4% of those on a roof in
Böblingen, Germany (Mann 1994), while the
number of oligolectic species in the Austrian,
German, and Swiss bee faunas overall is ca.
30% (Zurbuchen and Müller, 2012: p. 26), which
for Germany would be 193 (Schmidt et al. 2015).
These findings fit with a noted decrease in forag-
ing specialists among insect species in urban com-
pared to rural areas (Hernandez et al. 2009).

Another Bgreen roof bee fauna^ characteristic is
the high proportion of cavity-nesting compared to
ground-nesting species. Of the ca. 580 wild bee
species in Germany, Liechtenstein, Austria, and
Switzerland (Schmidt et al. 2015), some 50% breed
in the ground, 23% above ground, and 25% are
parasites, but even in Europe, the nesting sites of at
least 23 species are unknown (Zurbuchen and
Müller, 2012: p. 57). On green roofs in Vienna,
31% of the wild bee species nested above ground
(Kratschmer 2015) and in Chicago 30 to 35%
(Tonietto et al. 2011; Ksiazek et al. 2014). By
comparison, 40% of the green roof species in Vi-
enna nested in the ground (Kratschmer 2015) and

60 to 70% of those in Chicago (Ksiazek et al. 2014;
Tonietto et al. 2011). The latter high percentages
may be partly a collecting artifact, since ground-
nesting species are more likely to be caught in pan
traps, which was the method used in these studies.
Artificial nesting aids on green roofs may increase
the species diversity of cavity-nesting bees, but if
they are installed on the roofs of high raises, repro-
ductive success, measured as finished brood cells,
may be low (MacIvor 2016). Artificial nesting sites
for ground-nesting bees, consisting of sand and
earth layers with a thickness of 20 cm, can be
sufficient for bees to nest (Brenneisen et al. 2014).

Regarding body size, one would expect rela-
tively many large species on green roofs, since
they have larger foraging distances and therefore
may detect vertically distant foraging grounds
more readily than small bee species (Greenleaf
et al. 2007). Indeed, MacIvor et al. (2015) found
more medium and large than small bees on green
roofs in Toronto, Canada, but small bees dominat-
ed the species spectrum on roofs in Chicago and
Vienna (Ksiazek et al. 2012; Kratschmer 2015).
These different results may be partly explained by
these authors’ different collecting methods, name-
ly netting vs. pan trapping. Small bees were espe-
cially frequent, when the soil depth exceeded
20 cm (Kratschmer 2015). Further studies are re-
quired to understand the correlation of green-roof
nesting and bee body size, itself related to foraging
distance, which is of prime importance in the
successful reproduction of bees nesting on roofs.

Few of the plants that do well on green roofs are
good nectar and pollen sources for wild bees, most
important among them probably the species of
Sedum (MacIvor et al. 2015), but the number of
plant species on green roofs is extremely low com-
pared to that on ground-level habitats (MacIvor and
Lundholm 2011; Tonietto et al. 2011; Ksiazek et al.
2012, 2014; Braaker et al. 2014, 2017), and in spite
of Bhabitat connectivity^ (enhancing both gene
flow and numbers of individuals) being among
the most often quoted benefits of green roofs, only
a single study so far has provided data supporting
this notion (Braaker et al. 2014, 2017).

Table I summarizes expectations and findings
about the species diversity and life history types of
bees on green roofs. Based on the available data
(Table I; Supplementary Material: Tables S1, S2),
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more work is needed to better understand the
potential of green roofs as an urban bee habitat.
Thus, there are still no solid data on how readily
wild (solitary and semi-social) bees change be-
tween roofs and ground-level habitats for foraging
or nesting or whether they ever travel between
different roofs (i.e., whether roofs connect habi-
tats). Marking experiments are urgently required,
such as have long been successfully applied in
studies of other insects (Walker and Wineriter
1981; for reviews see Hagler and Jackson 2001).
There are also only anecdotal observations of
roof-breeding bees (e.g., Kratschmer 2015), rather
than hard data on the breeding success or failure
of bees that have accepted the nesting aids
installed on green roofs. If green roofs are
intended as an alternative habitat for bees, it is
crucial to understand howwell they can reproduce
there. Otherwise, the risk that green roofs may
become an Becological trap,^ that is, habitats that
cannot sustain reproducing populations (Donovan
and Thompson 2001), is high, meaning that spe-
cies accept green roofs for nesting, but then fail to
rear their brood. This is the case in some ground-
breeding birds, such as lapwings (Vanellus
vanellus ), that built nests on green roofs, but with

low chick survival due to insufficient food and
water on the roofs (Baumann 2006).

Another open question is the speed of coloni-
zation by wild bees of newly established green
roofs and their development as bee habitat over
time. Studies on this topic so far have focused on
plants (Köhler 2006; Emilsson 2008; Nagase and
Nomura 2014; Deng and Jim 2016; Lundholm
2016; but see Kadas 2006).

4. CONCLUSIONS

Despite public awareness of the importance of
wild bees as pollinators of most flowering plants
and the current enthusiasm for urban beekeeping
(Moore and Kosut 2013), little is known about the
role of green roofs as a habitat for wild bees, in
terms of both foraging and for successful nesting.
Small-scale local conditions determine the nest-
site selection by bees in general as well as in urban
areas (Everaars et al. 2011), and artificial nesting
aids matching the preferences of specific bee spe-
cies could promote bee reproduction on green
roofs. Our list of the 236 species of wild bees that
have so far been reported on green roofs
(Table S2, Supplementary Material) will help in

Table I. Trends observed in bee size, diet, and nesting habitat when comparing bees from green roofs and nearby
ground-level habitats

Green roof features Predicted consequences for bee
diversity

Results from the 35 studies reviewed here

Green roofs are hot and dry
habitats.

Thermophilic species predominate
on green roofs.

Increased proportion of thermophilic species
(Jones 2002; Kadas 2006; MacIvor and
Lundholm 2011; Kratschmer 2015)

Intensive roofs have higher plant
diversity than extensive roofs.

Higher plant diversity can support
higher bee diversity.

Higher abundances and species numbers
on intensive, biodiverse green roofs
(Köhler 2014; Brenneisen 2006; Madre
et al. 2013; Kratschmer 2015; Witt 2016)

Reduced plant species numbers
compared to ground-level
habitats

Insufficient food supply for
specialist bees

Oligolectic bee species are underrepresented
on green roofs (Mann 1994; Kratschmer
2015; Witt 2016).

Extensive green roofs have a
thin soil layer.

Ground-nesting species, especially
larger species with deep nests,
cannot breed on green roofs.

Increased proportion of cavity-nesting
species compared to ground-nesting
species (Tonietto et al. 2011; Ksiazek
et al. 2014, Kratschmer 2015)

Green roofs are planted on
buildings, thus more or less
high above ground.

Vertical isolation from ground
habitats is especially hard to
overcome for small bee species.

Large and medium-sized species are some
times overrepresented (MacIvor et al.
2015) but not always (Ksiazek et al.
2012; Kratschmer 2015).
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the selection and implementation of suitable soils,
cavity-providing structures, or plants addressed to
species managing to breed on green roofs. The
promise of green roofs as urban bee habitat will
only be fulfilled with more research on wild bees’
requirements for successful reproduction.
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Espèces d’abeilles inventoriées entre 1992 et 2017 sur les
toits végétalisés en Asie, Europe et Amérique du Nord,
avec leurs principales caractéristiques et des questions
de recherche ouvertes

Abeilles / espèces nichant dans des cavités / espèces
nichant au sol / diversité des espèces / habitats urbains

Bienenarten, die zwischen 1992 und 2017 auf
Gründächern in Asien, Europa und Nordamerika
nachgew i e s en wurden , e in s ch l i eß l i ch von
Schlüsselmerkmalen und bisher ungeklärten
Forschungsfragen

Solitärbienen / höhlenbrütende Arten / bodenbrütende
Arten / Artenvielfalt / urbane Habitate
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