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Abstract Green roofs have recently gained recognition for
their potential contribution to urban ecosystems by providing,
among other services, habitat for plants and animals,
and stepping stones for mobile organisms, thereby en-
hancing permeability among habitat patches across
densely built cities. In Switzerland, investigations over
the past 20 years on more than one hundred distinct
green roofs across six cities have provided an unprece-
dented dataset on ground beetles, albeit with informa-
tion that is scattered across unpublished reports and lo-
cal databases. We present here for the first time a syn-
thesis of the state of knowledge of ground beetle com-
munities from green roofs in Switzerland. We describe
91 ground beetles species (19,428 individuals) and high-
light patterns of species occurrence and composition
across green roofs and cities. Most of the roofs host
ground beetle communities dominated by five common mo-
bile species with quite diversified ecological requirements. In
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addition, we observed nine species (10% of all species
collected) that are conservation concerns in Switzerland
and Central Europe as well as numerous stenotopic spe-
cies (from grasslands and pioneer vegetation). This in-
dicates that, besides sustaining local populations of
common species, green roofs can also offer suitable
ecological conditions of high conservation interest. We
suggest both improving the design of green roofs (com-
position and configuration of vegetation, as well as soil
depth and substrate composition) to increase their eco-
logical value for species with the most different ecolog-
ical needs, and to integrate green roofs into urban plan-
ning to make them more efficient as biodiversity
supports.

Keywords Biodiversity - Urban ecology - Urban green -
Vertical green - Endangered species - Carabid beetles - Green
infrastructures - Red list species

Introduction

In the last two decades, implementing green roofs in
urban planning and on new flat roof buildings has be-
come an important ecological measure of compensation
for loss of urban green. In Switzerland, as one of the
leading countries implementing green roofs systematical-
ly (Brenneisen 2015), green roofs are mandated by
building regulations in most large cities based on the
numerous benefits they provide for the building itself
(e.g., insulation, water retention, pollution removal) but
also for residents (e.g., recreation, aesthetics, life quality), and
urban biodiversity (e.g., habitat compensation for plants and
animals) (Getter and Rowe 2006; Oberndorfer et al. 2007,
Kadas 2010).
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In the 1990s, energy savings and improved storm water
retention were the main incentives for creating green roofs.
Recently their role in reducing urban heat-island effects and
provisioning urban habitats for a specific flora and fauna be-
came additional important drivers for green roof implementa-
tion, thus contributing to improved urban biodiversity
(Oberndorfer et al. 2007).

Nonetheless, only few studies are known to have ad-
dressed arthropod biodiversity issues (e.g., Brenneisen
2003, 2006a/b; Kadas 2006; Colla et al. 2009;
Maclvor and Lundholm 2011; Tonietto et al. 2011;
Williams et al. 2014). Recent studies have shown that
green roofs can also improve connectivity between ur-
ban habitats, particularly for mobile arthropods (Braaker
et al. 2014, 2017). A recent review has also demonstrat-
ed that the height of the roof or the distance to other
green areas (Blank et al. 2017) does not influence rich-
ness or similarity.

Studies on several arthropod groups such as Arachnidae,
Coleoptera (Carabidae, Curculionidae, Staphylinidae, etc.)
and Hymenoptera (Apoidea, Vespoidea, Formicoidea, etc.)
have additionally revealed the presence of endangered species
on green roofs (Brenneisen 2003; Kaupp et al. 2004;
Brenneisen 2006a/b; Kadas 2006; Tonietto et al. 2011).
Ground beetles have been studied on green roofs in
Switzerland (Brenneisen 2003; Kaupp et al. 2004; Braaker
et al. 2014; Gerner 2015), in Germany (Klausnitzer et al.
1980; Darius and Drepper 1983; Klausnitzer 1988; Miiller
1988; Hirschfelder and Zucchi 1992; Achtel 1995; Mecke
1996) and worldwide (Paill and Holzer 2004; Maclvor and
Lundholm 2011; Kadas 2006; Meierhofer 2013). The ground
beetle is a widely studied family of beetles because of
their sensitivity to environmental changes, such as man-
agement and disturbances, which makes them suitable
indicators of habitat quality (Rainio and Niemeld
2003). The ecology of many species is relatively well
known. They occur in almost all terrestrial environ-
ments, are geographically widespread (Lovei and
Sunderland 1996; Kotze et al. 2011) and have a partic-
ular function in ecologically sustainable farming, as
many species are good generalist predators of agricul-
tural pests (Kromp 1999). Considering the increasing
losses of dry habitats, such as dry meadows/grasslands
or riverbanks following the intensification of landscape
use in rural areas during the twentieth century (Lachat
2010), patches of urban areas may become an alterna-
tive habitat for some xerophilic species (i.e., species
adapted to aridity), especially because urban and agri-
cultural carabid communities seem to share many spe-
cies (Sattler et al. 2011). In cities, such species can find
some particularly dry habitats such as gravel pits, waste-
lands or road verges. A very rich and diverse carabid
community can inhabit urban areas as shown by
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Czechowski (1981) in Poland, Hirschfelder and Zucchi
(1992) in Germany and Niemeld et al. (2002) and
Deichsel (2006) in forested patches in different cities
around the world. Urban dry meadows have also been
shown to support significant ground beetle diversity in
Helsinki, Finland, including some specialised xerophilic
and seed-consuming (granivorous) species (Venn et al.
2013). Finally, green roofs with structural diversity in
terms of vegetation and substrate may also function as
substitutes for brownfield sites considering invertebrates’
abundance and diversity (Kadas 2010). A green roof is
a specific habitat where surface temperatures will most
likely be the same as on ground (soil) sites in hot pe-
riods but where the period of completely dry conditions
(without water in the soil/substrate) is longer than in
ground-level habitats since no capillary water flow from
the lower parts of the soil is possible. When the weather
is hot (35 °C air temperature) and the substrate is dry, it
can be assumed temperatures of up to 40 °C (Niachou et al.
2001) or even more (up to 60 °C on bare ground) at the surface
of the roof depending on the surface colour (albedo) and rate
of evaporation (Brenneisen 2003).

Recent studies have investigated ground beetles on green
roofs in different cities in Switzerland, particularly in Zurich,
Luzern, Basel, Winterthur, Aarau and Geneva (Brenneisen
2003; Braaker et al. 2014; Gerner 2015; Pétremand and
Rochefort 2016). In this paper, we review the results of these
studies and highlight possible patterns of species occurrence
and species composition across the different cities by
answering the following specific questions: i) Which
dominant and subdominant species live on green roofs? ii)
Are carabid communities consistent between cities? iii) Do
green roofs support species of conservation concern in
Switzerland? iv) Which (semi-) natural ecosystem and natural
habitat are species of conservation concern sampled on urban
green roofs usually associated with?

We expected to find a consistent assemblage of dominant
and subdominant eurytopic carabid species across cities
because of the harsh thermic and ecologic conditions on
green roofs. We also expected some of the species on
green roofs in Switzerland to be of conservation inter-
est. These species and other scarce and stenotopic spe-
cies were expected to be associated with grassland or
pioneer vegetation patches.

To address these questions we compare the carabid
species collected in Swiss cities during different inves-
tigations by the authors of this paper and investigate the
occurrence and patterns of the most abundant species.
We also highlight the occurrence of rare and endangered
species in the communities and discuss the conservation
value of green roofs. Finally, we characterise the carabid
communities occurring on green roofs based on the hab-
itat and ecological preferences of species and define the
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role of green roofs to provide habitat for a specific
fauna.

Methods

Ground beetles were sampled in six of the largest cities in
Switzerland over the past 20 years, i.e., in Basel
(1999, 2000, 2001, 2003; 2013 and 2014), in Luzern
(2001) in Zurich (2010 and 2014), in Winterthur
(2014), in Aarau (2014), and in Geneva (2014 and
2015). All these cities are situated on or near the border
of the Swiss Plateau, a biogeographic region situated
between the Jura Mountains and the northern slopes of
the Swiss Alps (Gonseth et al. 2001; Fig. 1).

A summary of the ground beetle studies conducted
on green roofs in Switzerland and sampling details are
shown in Table 1. Sampling effort was highly variable
between cities with Basel as the most investigated city
in terms of roofs, traps and years. The green roofs in-
vestigated in these studies differ in structure and vege-
tation composition, including moss and sedum, herba-
ceous, grassy and even shrubby green roofs. Most green
roofs were considered extensive, being covered by se-
dums and/or herbaceous vegetation growing on a thin
substrate layer usually composed of a high percentage
volume of mineral matter such as lava-pumice, sandy
gravel or brick fragments, and around 10-20% organic
matter. Some extensive green roofs in Basel contained
substrates based on natural soils (Brenneisen 2003).
Finally, some green roofs with substrates consisting of
more soil-content and intensively managed grassy

Fig. 1 Localization of the
sampled cities (black dots) in
Switzerland. Biogeographic
regions according to Gonseth
etal. (2001) are indicated with
numbers (1 = Jura, 2 = Plateau,

3 = Northern foothills of the Alps,
4 = Western Central Alps,

5 = Southern foothills of the Alps,
6 = Easter Central Alps)

vegetation (regular mowing) were also investigated
(e.g., in Geneva: Pétremand and Rochefort 2016). For
the purpose of the present review, we did not consider
such differences in the analyses, despite the fact that
soil conditions may influence the egg deposition and
larval development of some ground beetle species.

All green roofs in the studies in our review were sampled
with pitfall traps (Barber 1931), a standardised method suit-
able to collect ground dwelling arthropods including ground
beetles (Greenslade 1964). In Zurich (2010) and in Geneva
(2014-2015), non-directional yellow window traps (funnel
diameter: 42 cm; window high: 50 cm) were also used to
collect flying insects (Duelli et al. 1999). Data from both trap
types were pooled in these two cities.

Dominant species were defined as those with a relative
abundance greater than 5%, subdominant as those with a rel-
ative abundance between 2 and 5% (Tischler 1949). We con-
sidered a species as “frequent” in one city if it occurred on
more than 25% of the green roofs investigated.

We defined species as endangered if mentioned in the
Swiss Red list (RL) (Marggi 1994; Huber and Marggi 2005;
adapted by Luka et al. 2009). Some of these are also specified
in the Swiss List of National Priority Species (SLNPS, BAFU
2011).

Species nomenclature follows Lobl and Smetana (2003).
Two cryptic species, Harpalus anxius and H. subcylindricus,
are considered here as one aggregate species.

Ground beetle communities were characterised based
on (i) demographic parameters, such as dominance
(dominant and subdominant species) and frequency (on
roofs) of the different species within the communities, (ii)
degree of threat (based on the RL), and (iii) the ecological
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Table 1
investigated per distinct study within a given sampling period

Summary of the studies on ground beetle communities occurring on green roofs in six Swiss cities. N. of roofs is the number of green roofs

City Elevation N. ofroofs Total N. traps (N. traps/roof) Sampling period N.sampling References
(ma.s.l) weeks
Zurich 408 40 240 pitfalls (6) + 40 May-Sept 2010 10 Braaker et al. 2014 and Braaker et al. 2017
window traps (1)
6 120 pitfalls Apr-Oct 2014 28 Unpublished
Basel 244 11 110 pitfalls (10) Apr-Nov 1999 28 Kaupp et al. 2004
40 pitfalls (10) May—July 2000-2001 12 Brenneisen 2003
6 60 pitfalls Apr-Oct 2003 28 Brenneisen and Hanggi 2006
16 280 pitfalls (10-30) Apr-Oct 2013 28 Gerner 2015
20 360 pitfalls (10-30) Apr-Oct 2014 28 Gerner 2015
Geneva 374 30 122 pitfalls (3-6) Apr-June 2014 Apr- 3 Pétremand and Rochefort 2016
122 pitfalls (3-6) June 2015 3
122 pitfalls (3-6) Aug-Sep 2014 3
10 window traps (1) Apr-June 2015 7
Winterthur 439 2 70 pitfalls (20-50) Apr-Oct 2014 28 Unpublished
Aarau 381 30 pitfalls (30) Apr-Oct 2014 28 Unpublished
Luzern 437 7 70 pitfalls (10) Apr-Oct 2001 26 Brenneisen 2003

and functional traits of the species. Functional traits included
habitat affinity (hygrohil = humid habitat dweller vs.
xerophil = dry habitat dweller), habitat tolerance (stenotop-
ic = tolerating only a narrow range of environmental condi-
tions vs. eurytopic = tolerating a broad range of environmental
conditions), and wing morphology (brachypterous = short
wings or wingless vs. macropterous = long wings vs. dimor-
phic = long or short wings depending on the environmental
conditions and population parameters) as a proxy of flight
ability (non-flying vs. flying species, respectively; Kromp
1999). Trait values were extracted from Luka et al. (2009)
and Homburg et al. (2014).

Results

Our review of faunistic investigations conducted on green
roofs in six Swiss cities over the past 20 years covers 19,428
sampled ground beetles belonging to 91 species. Overall,
these communities consisted of 78% macropterous and 22%
dimorphic species, while none were brachypterous
(Appendix). Concerning habitat affinity, about 35% of the
sampled species were xerophilic, 21% hygrophilic and 44%
mesophilic. Regarding habitat tolerance, 31% were stenotopic
and 69% eurytopic.

Dominant and frequent species on green roofs
in Switzerland

Table 2 shows the 21 most common ground beetle species,
which were sampled on green roofs of at least four out of the
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six investigated cities. Six of these were collected in all cities (in
bold) and were mainly dominant: Bembidion
quadrimaculatum, Tachyura parvula, Amara aenea, Harpalus
affinis, Harpalus rubripes and Anisodactylus binotatus.

Overall the most dominant species are eurytopic and either
xerophilic or mesophilic (Luka et al. 2009). For example,
B. quadrimaculatum and A. aenea are two highly abundant
xerophilic species that are usually found in pioneer vegetation,
grassland or crops (Luka et al. 2009). Only one very abundant
species is stenotopic, H. affinis, and it is only associated with
pioneer vegetation (Luka et al. 2009). The only hygrophilic
species, Tachyura quadrisignata, is usually associated with
riverbanks and wetlands.

All species that were found on at least 25% of the
roofs sampled in the three main cities (where at least
ten green roofs were investigated) are given in Table 3.
The first five species listed were highly frequent on the
green roofs of the three main cities. Most of these were
xerophilic and eurytopic. All were also found in each of
the six cities (Table 2, top rows). A few species differ
considerably in frequency between cities: Pterostichus
vernalis, Anisodactylus binotatus, Bembidion properans,
Microlestes minutulus and Amara tibialis.

Of the species listed in Table 3, six are missing in Table 2.
While three of these (Harpalus anxius/subcylindricus,
Tachyura sexstriata and Parophonus maculicornis) were pres-
ent in only two or three cities, they were sometimes frequent
within one or several cities. All of these are stenotopic species
(Table 4), and may be more present regionally or were unfor-
tunately not caught on the green roofs sampled. The three
other species (Amara tibialis, Harpalus attenuatus,
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Table 2 Relative abundance (%)
of the most common ground
beetle species found in at least
four of the six Swiss cities
investigated in the past 20 years
(BS = Basel, LU = Luzern,

ZH = Zurich, AR = Aarau,

WI = Winterthur, GE = Geneva).
Species labelled in bold were
sampled in all six cities, i.e., Freq.
(frequency) = 6. Bold abundance
percentages indicate that a species
is dominant in a city (> 5%).
When the same city was sampled
over several years, the number of
individuals is accumulative across
all years. Habitat tolerance (Luka
et al. 2009): E = eurytop;

S = stenotop. Habitat affinity
(Luka et al. 2009): H = hygrophil;
M = mesophil; X = xerophil

Table 3 List of species and the
percentage of roofs on which
frequent ground beetles occurred
on at least 25% of the 102 green
roofs investigated in the three
main Swiss cities. n = number of
roofs sampled. + = species occurs
on <25% of investigated green
roofs; — = species was not found)

Species names Relative abundance (%) Freq.  Habitat Habitat
tolerance  affinity
BS LU ZH AR WI GE
Bembidion 6.6 122 99 66.8 627 2.6 6 E X
quadrimaculatum
Tachyura parvula 135 302 79 0.6 0.4 141 6 E X
Amara aenea 120 04 193 0.6 1.5 122 6 E X
Harpalus affinis 166 1.3 4.2 3.7 94 104 6 S M
Harpalus rubripes 135 213 153 0.8 1.5 9.9 6 E M
Anisodactylus binotatus 1.7 22 6.9 1.0 0.6 0.3 6 E M
Pterostichus vernalis 0.9 5.0 165 0.2 0.5 5 E M
Tachyura quadrisignata 5.0 35 3.1 0.4 0.3 5 S H
Bembidion lampros 0.2 0.6 35 6.3 0.1 5 E M
Tachys bistriatus 0.3 0.1 37 5.9 04 5 E M
Harpalus rufipes 0.4 0.4 39 49 2.3 5 E M
Microlestes minutulus 3.1 0.0 0.6 0.2 3.8 5 E X
Harpalus griseus 0.3 0.1 3.7 1.9 0.2 5 E X
Trechus quadristriatus 0.3 0.1 1.2 04 0.1 5 S M
Agonum muelleri 0.0 0.2 0.9 35 0.9 5 E M
Stenolophus teutonus 0.4 0.2 13 0.2 04 5 S M
Bembidion properans 1.0 13.0 7.6 6.1 4 E M
Acupalpus meridianus 0.1 9.1 0.1 0.2 4 E M
Lionychus quadrillum 0.7 0.1 1.0 0.2 4 E X
Ophonus azureus 0.3 0.1 0.2 0.6 4 S X
Species names Zurich 2010 Basel 2013-2014 Geneva 20142015
n=40 n=232 n=230
Tachyura parvula 83% 67% 88%
Harpalus rubripes 70% 72% 59%
Amara aenea 63% 66% 55%
Bembidion quadrimaculatum 63% 58% 40%
Harpalus affinis 30% 72% 40%
Pterostichus vernalis 60% 34% +
Anisodactylus binotatus 58% 44% +
Harpalus rufipes 25% + 26%
Parophonus maculicornis 28% + 26%
Stenolophus teutonus 50% + +
Trechus quadrisignatus + 25% +
Bembidion properans 48% - 55%
Harpalus anxius/subcylindricus - 33% 29%
Microlestes minutulus - 28% 51%
Tachyura quadrisignata 35% + -
Tachyura sexstriata - + 29%
Amara tibialis - 66% -
Harpalus attenuatus - 30% -
Syntomus foveatus - 27% -
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Table 4 Stenotopic ground
beetle species sampled on green
roofs in at least two out of six
investigated cities in Switzerland
(BS = Basel, LU = Luzern,

ZH = Zurich, AR = Aarau,

WI = Winterthur, GE = Geneva).
The number of individuals
sampled in each city as well as
species-specific characteristics
based on Luka et al. (2009) are
given, i.e., habitat preference
(GL = grassland, PV = pioneer
vegetation, RW = riverbank and
wetland, FD = field) and habitat
affinity (SH = steno-hygrophil;
H = hygrophil; M = mesophil;
X = xerophill); RL (Red List)
status in Switzerland (R = very
rare species, 1 = nearly extinct)

Species names RL Habitat Habitat ~ BS LU AR WI GE ZH
status  preference  affinity

Amara fulvipes R GL X 3 14 1

Amara lucida GL M 3 1

Amara similata PV M 3 1

Amara tibialis 1 GL X 385 2

Bembidion femoratum RW H 3 3 17

Harpalus affinis PV M 2019 6 18 64 196 165

Harpalus GL X 474 337
anxius/subcylindricus

Harpalus attenuatus R PV SH 215 6

Harpalus distinguendus PV X 117 1 7

Ophonus azureus PV X 55 1 12 4

Ophonus puncticeps PV X 1

Parophonus maculicornis GL M 172 7 33

Poecilus versicolor GL M 20 1

Stenolophus teutonus PV M 43 1 1 7 52

Tachyura quadrisignata RW H 598 16 2 2 124

Tachyura sexstriata RW H 456 2 145

Trechus quadristriatus FD M 37 6 3 1 3

Syntomus foveatus) were frequent in Basel but were not sam-
pled at all in Zurich and Geneva. This can be explained, at
least partially, by the restricted biogeographical distribution of
the populations (as it is the case for A. tibialis).

Stenotopic species on green roofs

Table 4 shows the 17 stenotopic ground beetle species found
on green roofs in at least two out of the six investigated cities.
Most of these are either xerophilous or mesophilic and prefer
grassland habitats and pioneer vegetation. Only three species
are hygrophil, and one of these, Trechus quadristriatus, is
associated with agricultural fields. Almost all these species
were collected on green roofs in Basel, the city investigated
most intensively (Table 1).

Fig. 2 Some of the rare and
endangered species collected on
green roofs in Switzerland. From
the left: Bembidion
atrocaeruleum (a), Panagaeus
bipustulatus (b), Harpalus
attenuates (c) and Amara fulvipes
(d) (Photos: Andreas Sanchez)

5 mm
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Endangered ground beetle species on green roofs

Among the 91 ground beetle species collected, four
were of particular conservation interest, i.e., Amara
tibialis, Bembidion atrocaeruleum (Fig. 2), Bembidion
prasinum and Panagaeus bipustulatus (Fig. 2). These
species are listed on the Red List (RL) of endangered
species in Switzerland (Luka et al. 2009) and on the
Swiss List of National Priority Species (SLNPS)
(BAFU 2011) (see Appendix). Although they are not
currently threatened, Amara cursitans, Amara fulvipes
(Fig. 2), Amara kulti, Harpalus attenuatus (Fig. 2) and
Harpalus progrediens are considered as “very rare spe-
cies” (R) in Switzerland and are therefore of particular
interest as well.

5 mm
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Discussion

Ground beetles are well represented on green roofs in
Switzerland with 91 out of the 532 species (17%) known to
Switzerland (Luka et al. 2009; Chittaro and Marggi
2016) being recorded on the green roofs in the present
study. Eleven ground beetle species (ca. 10% of the
species sampled) are either endangered or very rare in
Switzerland. This shows, especially for carabids, that
green roofs may provide an interesting habitat for many
species and thus should be taken into consideration by
urban planners. Brenneisen (2003) and Gonsalves
(2016) showed higher numbers of red listed beetle spe-
cies on green roofs with higher structural vegetation
diversity (i.e., moss, sedum, herbaceous, shrubby layers)
and those with higher substrate thickness. Nevertheless,
due to very high variability in the conditions on green
roofs and in the vicinity, their benefit from a conserva-
tion perspective is not necessarily guaranteed.

The ecological characteristics of the species show
that green roofs support a specific ground beetle com-
munity composed of one third stenotopic species. For
more than one third, a xerophilic trend is visible.
Given that only winged individuals seem to access
green roofs, short-winged species are either unable to
colonize green roofs or are filtered out by isolation. While it
cannot be ruled out that eggs or larvae are brought in with roof
soil at the time of green roof construction, flight ability seems
to be the main filter for viable populations of ground beetles
on green roofs.

Common ground beetles species

The five most frequent and dominant ground beetle spe-
cies on the sampled green roofs (i.e., Amara aenea,
Bembidion quadrimaculatum, Harpalus affinis,
Harpalus rubripes, and Tachyura parvula) mainly struc-
ture the ground beetle communities living on green
roofs in Switzerland. Previous work has shown that
these species have been found in all developmental
stages (adult, immature and/or larvae) on green roofs,
suggesting that they reproduce and maintain populations
on roofs (Kaupp et al. 2004). These species can also be
expected to be frequent on green roofs in other cities in
northern and central Europe. With the exception of
T. parvula, they have also been found on green roofs
in London (Kadas 2006), in Germany (Miiller 1988; see
Kaupp et al. 2004) and H. affinis specifically, also in
Canada (Maclvor and Lundholm 2011). The other 15
species listed in Table 2 can be considered as part of
a more general assemblage of species common on green
roofs across Switzerland. Thus, their presence does not
indicate a special quality of a particular green roof, but

attests to green roof minimal habitat conditions required
for common species to exist. Some of these 15 more
general species have also been collected at larval or immature
stages in Basel, namely, Acupalpus meridianus, Anisotactylus
binotatus, Bembidion properans, Tachyura quadrisignata,
Lionychus quadrillum and Pterostichus vernalis (Kaupp
et al. 2004). Some of these (A. binotatus and P. vernalis) and
others (Microlestes minutulus and Trechus quadristriatus)
have also been found in several cities throughout Germany
(Miiller 1988; see Kaupp et al. 2004).

Our results on the distribution and frequency of the domi-
nant species among the six investigated cities (Tables 2 and 3)
suggest that some species have a highly variable distribution
on green roofs across cities. This can be explained in some
cases by a restricted distribution in Switzerland (e.g.
A. tibialis), but in other cases, causes that are difficult to iden-
tify may contribute, such as habitat heterogeneity within green
roofs, the surrounding environment (parks, trees, etc.), the
adaptation of local populations to human infrastructures, and
the origin of the soil on the green roof. All these factors may
lead to the highly variable distribution of some sampled spe-
cies across cities.

Stenotopic species on green roofs

The presence of stenotopic species substantiates the re-
stricted ecological conditions encountered on green
roofs (e.g., high temperatures, strong winds and low
vegetation cover). Some species with only a small num-
ber of individuals collected in this study may also have
been caught during dispersal and consequently could not
establish themselves and reproduce on green roofs. The
presence of some hygrophilic species suggests that some
green roofs may have water drainage problems causing
partly wet conditions. The stenotopic species found pre-
fer mostly grassland and pioneer vegetation (Table 4,
Appendix). Green roofs thus provide an environment
that not only has grassland habitat characteristics but
also those of pioneer vegetation. Accordingly, depend-
ing on their management type (intensive or extensive)
and vegetation composition (sedums, herbaceous, grassy
and even shrubby), green roofs can represent a habitat
for numerous stenotopic and scarce species (see 4.1) in
the urban ecosystem as already shown by several stud-
ies on various other taxonomic groups (Brenneisen
2003; Brenneisen and Hianggi 2006; Kaupp et al.
2004; Kadas 2006; Colla et al. 2009; Maclvor and
Lundholm 2011).

Conservation interest of green roofs for ground beetles

Amara tibialis is a highly endangered species (RL: 1) in
Switzerland with a high conservation priority (SLNPS: 2).

@ Springer



126

Urban Ecosyst (2018) 21:119-132

This species is known in fewer than ten localities in
Switzerland (CSCF database), mostly located around Basel.
According to Luka et al. (2009), this xerophilic and stenotopic
species occurs in dry and nutrient-poor grassland. It prefers
sunny locations with dry grass-covered ground. The large
number of specimens collected shows that green roofs in the
Basel region are very valuable habitats for this species. Its
larvae have been found on green roofs in Basel, suggesting
that it is a permanent inhabitant (Kaupp et al. 2004).

Panagaeus bipustulatus is also a threatened species (RL: 3)
in Switzerland. This xerophilic and stenotopic species
lives in dry, gravelly sand, on xerothermic slopes and
in ruderal habitats (Luka et al. 2009), often in very
restricted areas (Marggi 1992). Green roofs appear to
satisfy its environmental requirements but only four in-
dividuals were found on two green roofs (in Basel and
Aarau), implying that these records are occasional, not
necessarily affirming a permanent colonization. Amara
cursitans, Amara fulvipes and Amara kulti also favour
dry ruderal habitats (Luka et al. 2009) and find compa-
rable ecological conditions on green roofs. Green roofs
also provide a suitable habitat for Harpalus attenuatus
(215 individuals collected in Basel and 6 in Aarau),
which was previously only known in about ten Swiss
locations (all situated in the 100-200 km distant cantons
of Valais and Geneva). This species had never been
found before in Northern Switzerland, even though it
has been identified in Southern Germany (Trautner
1994) and Alsace (Callot 2016). Its occurrence hints
towards green roofs as valuable in the conservation of
this species.

Fifty-two specimens of Harpalus progrediens were
collected on green roofs in Basel. This species is known
to be hygrophilic and to occur on vegetated riverbanks
and riparian forests (Luka et al. 2009). Its presence on
green roofs might be due to the fact that some green
roofs provide wet conditions during some periods of the
year depending on the drainage situation. Two addition-
al riparian species listed on RL and SLNPS were also
collected on green roofs in Winterthur: Bembidion
atrocaeruleum and Bembidion prasinum. Since, in these
cases, only a single specimen each was collected, they
can be considered as vagrant individuals on green roofs.
Thus, green roofs are likely of lesser conservation value
for these species.

Application and guideline issues
The specific habitat conditions (e.g., soil quality, drain-

age conditions) that support the successful and long-
lasting colonisation of green roofs by ground beetles is

@ Springer

a topic of great importance for future research in order
to facilitate the detailed planning of targeted habitat
compensation with such roofs. While our analyses indi-
cate that green roofs appear to provide suitable condi-
tions for some species of conservation interest, the rel-
evant factors involved have not been clearly identified
to date.

The results show that, compared to other cities, a
remarkable number of stenotopic and rare species of
conservation interest have been recorded on green
roofs in Basel. This city regulates substrate composition by
means of mandatory guidelines. Green roof substrates
must contain sandy gravel and additional organic as
well as mineral material. These guidelines are based
on the initial findings of Brenneisen (2003) and
Brenneisen and Héanggi (2006) that demonstrated that
species living naturally on riverbanks benefit from
green roofs. Consequently, the substrate composition
for extensive green roofs should be natural soil-based
or closely mimic such habitat conditions by being com-
posed principally of sandy gravel.

Another important factor supporting biodiversity
and conservation aspects may be that green roof
guidelines in Basel mandate a diverse setup of roof
substrates with thicknesses of 8, 12 and 15 cm, divid-
ing the surface into different habitat conditions and
vegetation structures (Fig. 3). In any case, to fully
account for the high richness of valuable species in
Basel, further research is needed to disentangle the
combined effects of the biogeographically particular
location of Basel, the rich ground beetle community
on the surrounding green roofs, the role of the city’s
guidelines, and, possibly most importantly, the rela-
tively high sampling effort compared to other cities
(for example, the number of years, or the number of
traps/roof).

Conclusion

This analysis provides a list of common ground beetle species
occurring on green roofs in Switzerland, as well as a list of
uncommon stenotopic species. In Switzerland, green roofs
appear to have a high conservation interest for several
species of ground beetles on which they find suitable
ecological conditions for their development. For this
reason, and also because they improve the connectivity
of habitats in urban ecosystems, this beetle family
should be considered in further studies on biodiversity
on green roofs. In addition, the rather diverse ecological
requirements of the carabid community investigated
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Fig. 3 Green roof of the
University Hospital Basel,
Klinikum 2. The pictures show
the different substrate types used,
such as sandy, slightly-loamy
gravel and top soil in different
thicknesses (8, 15 and 20 cm), in
line with mandatory guidelines
for the city of Basel. The picture
on the left was taken just after
installation in 2003 and on the
right after three vegetation
periods in June 2006. This green
roof had very high carabid species
richness (> 20 species), most
likely occurring because of the
variation of microhabitats and the
use of natural soil

emphasize the value of green roofs for their diversity in
terms of vegetation, substrate composition and structure.
Finally, this study identifies two characterization criteria
that may be used in the evaluation of roofs, with no
particular priority between the two: i) roofs with domi-
nant and frequent species that are important to maintain
viable and functional populations/communities in densely
urbanised areas (which may be due to suitable local habitat
conditions but also well-connected urban landscape surround-
ings); ii) roofs with rare, endangered and stenotopic species
that contribute in a particular way to the meta-population dy-
namics of such species.

The surveys reviewed here show that a high number of
green roofs in Switzerland may be suitable for only common

species. They might be improved towards sustaining more
species, and especially those of conservation concern, by
slightly increasing the substrate thickness and/or locally vary-
ing the substrate compositions.
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