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ARTICLE INFO ABSTRACT

Keywords: Studies on biodiversity on green roofs have been carried out in parallel to the degree to which these in-

Arthropods frastructures have been implemented in different countries. There are no studies about biodiversity of fauna in

Green roofs these habitats in Spain and other countries of Mediterranean Europe, except France. This study compares the

Biodiversity . . . .

Medit arthropod community of a green roof to that of a conventional flat roof with gravel covering and two ground-
editerranean . . . . . . .

SUDs level gardens, in a geographical area where the territory is a matrix of urban and agricultural lands. The in-

terest of the results is twofold: no such work is available in this Mediterranean region, and the stressful envi-
ronmental conditions. No significant differences appeared for relative abundance, taxa richness, Shannon Index,
and effective number of taxa between the studied habitats. However in taxa composition and abundance terms,
the arthropod community on green roofs differed significantly from that of ground-level gardens, and exclusive
species were captured in both habitats. The relative abundance of the different functional groups captured
showed different seasonal patterns in ground level gardens and green roof. Our results also confirm that green
roofs significantly increase biodiversity compared to conventional roofs. Thus, in the climate conditions of
Mediterranean region, our study suggests that green roofs may also be suitable solutions to increase and improve

the arthropods biodiversity in urban areas.

1. Introduction

The main problem that the human population faces, and which acts
in combination with climate change, is biodiversity loss on our planet.
Before the onset of global warming, human populations were already
causing biodiversity loss in the natural environment [1,2]. In simple and
practical terms, biodiversity can be defined as "the number of species",
although more detailed definitions have been proposed by Ref. [3] or by
the Convention on Biological Diversity [4]. The main causes of biodi-
versity loss are pollution, hunting, invasive species, overexploitation of
some species, climate change, natural disasters and habitat loss, the last
of which is the most important [5-9]. The fact that wildlands, that is
those lands with no human occupation or land use, occupy 22% of the
Earth’s ice-free surface [10] is sufficiently illustrative. Biodiversity loss
consequences directly affect human populations because our lives
depend on good ecosystem status [11,12]. The value of biodiversity and
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the need for its conservation are beyond doubt [13].

Although habitat loss is a global phenomenon, it has been especially
important in certain areas of the planet that have undergone intenser
anthropic occupation. In geographical areas like the Spanish coast in the
western Mediterranean Basin, intensive agriculture together with the
urbanisation of residential and industrial zones, have meant that the
natural environment in very large areas has been totally or partially
eliminated, or has been degraded or fragmented. In Spain, as in many
other countries, legislation defines protected areas and land stewardship
initiatives ([14]). Yet despite all the existing protection initiatives, the
planet is far from achieving the conservation of an area (estimated to be
half of the planet) that could save a very large part of existing life forms
[15].

In these circumstances, it is necessary to resort to all resources to
mitigate loss of natural habitats, and this involves the proper manage-
ment of all available urban spaces, such as landscaped areas, green walls
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and green roofs, which can be valuable for the conservation of all
wildlife types [16,17]. Of these urban habitats, green roofs are especially
innovative structures, and are one specific solution in sustainable urban
drainage systems (SUDS), utilizing a range of technologies and tech-
niques more sustainable than conventional solutions. This is based on
the philosophy of replicating as closely as possible the natural prede-
velopment drainage of an urban environment. Although green roofs
were initially based on energy saving, aesthetic aspects, runoff regula-
tion, water quality management and control of heat island effects
[18-23], it has subsequently been recognised as a suitable habitat for
many fauna types, especially arthropods [24-29]. However, few studies
have investigated the contribution of green roofs to arthropod biodi-
versity compared to that of unvegetated roofs [30,31].

Several studies have characterised the fauna found in these in-
frastructures and its abundance, the factors that condition it, the re-
lations and dependence that it establishes with conventional landscaped
areas, and how they complement them, as well as relations with sur-
rounding areas [30,32-46]. Thus green roofs may be of far greater
ecological importance than initially imagined, because they could act as
complementary habitats to support biodiversity in urban areas, and in
such a way that they could constitute reserves of diverse fauna types in
intensely anthropic landscapes.

Studying these functionalities would be particularly interesting in
some countries of the western Mediterranea Basin, and specifically on
the Spanish coast. There are two circumstances of special interest in this
region: on the one hand, climate conditions are quite stressful during
part of the year, which will be exacerbated by climate change; on the
other hand, the natural habitat in this territory has undergone intense
loss and fragmentation.

There are no studies on the biodiversity of the fauna associated with
green roofs in Spain, nor in other Mediterranean countries, except
France, but this country is further north and its climate conditions are
not as demanding. Perhaps this is because the development of SUDS in
Mediterranean countries, specifically in Spain, is recent. Nonetheless,
SUDS have found their way in urban drainage because many barriers
have been overcome, especially in technical terms [47].

The aim of this work is to obtain a first characterisation of arthropods
biodiversity (specific richness, abundance, functional groups) on a green
roof and to compare it to an adjacent conventional roof and two sur-
rounding ground-level gardens in a semirural village in the Valencian
Community (Spain). The objective of the research is to check under

Building and Environment 228 (2023) 109865

these climatic conditions if green roof could complement the arthropod
fauna of ground-level gardens and to what extent they could constitute a
habitat that improves the conditions of conventional roof to host
biodiversity.

2. Materials and methods
2.1. Study area

Fieldwork was carried out in the town of Benaguasil (Valencia,
Spain) (Fig. 1) in spring and summer 2018 in two urban ground-level
gardens (GLG1 and GLG2), and also on the roof of a Town Hall build-
ing employed for social services. The building is 10 m high with a flat
roof covering 950 m?, of which one part consists of an extensive green
roof (GR) covering 241 mz, and the other part is a conventional roof
(CR) of 632 rnz, with a layer of non-structural concrete and a water-
proofing membrane covered with a 10 cm gravel layer. From north-east
to south-east the roof is oriented facing agricultural fields from which it
is separated by 20 m. In other orientations it is surrounded by buildings.
The GR has a substratum depth of 15 cm and was planted with four
species of Sedum L., 1753 non. Adans., 1763, (S. sediforme (Jacq) Pau,
S. acre L., S. album L., and S. spurium M. Bieb.) in the same proportions
(Fig. 2). A detailed description of the GR’s hydrological performance can
be found in Ref. [48].

GLG1 consists in a sunny south-oriented garden with vegetation
consisting mainly of Spartium junceum L., and Lavandula sp.pl., and with
trees of the species Salix babylonica L.. GLG2 is a shadowed north-
oriented garden with Salix babylonica and Ceratonia siliqua L., whose
soil has a dense cover of Hedera helix L. (Fig. 2). From the hydraulic
perspective, GLG1 is an infiltration basin whose main function is to
reduce runoff in an industrial area with public space availability. GLG2
is a detention-infiltration set of interconnected basins used to detain
sediment and reduce runoff peaks. Both sites perform well from the
hydrological perspective and help to cushion negative effects down-
stream [49].

The territory in this region consists of a semirural intensive agri-
cultural area, with orange tree orchards and vegetable crops surround-
ing the town. We define it as semirural because of its high-density
urbanisation. The studied habitats (GR, CR, GLG1 and GLG2) had similar
connectivity with neighbouring vegetated habitats in terms of the
possible transfer of organisms from these environments, because are on

Fig. 1. Images of the geographical location of the city of Benaguasil (Valencia, Spain) and the study sites in 2018. GR + CR (green roof and conventional flat roof),
GLG1 and GLG2 (ground level-gardens 1 and 2 respectively). (GoogleEarth, Image Landsat/Copernicus, 2022). (For interpretation of the references to colour in this

figure legend, the reader is referred to the Web version of this article.)
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Fig. 2. Images of the studied sites in Benaguasil (Valencia, Spain) in 2018. (A) Building with the green roof and conventional roof (red dots represents trap location).
(B) Sedum sp. on the green roof. (C, D) Ground-level gardens GLG1 and GLG2 respectively (red circle marks the sticky trap). (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)

the edge of the city, a few metres from the crops and with no obstacles or
barriers separating them. The distances between the three studied
habitats (GLG1, GLG2 and the studied roof) were 1.2-1.3 km (Fig. 1).

Benaguasil has a typical Mediterranean climate, with minimum
temperatures in winter that drop slightly below 0 °C and maximum
temperatures in august of up to 35 °C. The average annual rainfall is
quite low, with 13 mm during the rainy season and 6 mm during the
driest season (June-August). A good climatic characterisation of Bena-
guasil can be found at Weather Spark [50] .

2.2. Insect sampling and processing

Five surveys were carried out on 10 May, 6 June, 26 June, 18 July
and 26 August at all the sampling sites (GLG1, GLG2, GR, CR). They
consisted in locating two yellow sticky traps at each site and date, which
were replaced on the indicated dates. The traps were always placed in
the same point at each sampling site. On the roofs and ground level
garden 2 these were located at 30 cm above the ground (Fig. 2 D), and in
the ground level garden 1, hanging on the shrub vegetation at approx-
imately 50 cm in height (Fig. 2 B). The location of the traps on the green
and conventional roof is showed in Fig. 2 A. At the laboratory, the
specimens in traps were identified with the help of a stereomicroscope
(Leica MZ16) at the lowest possible taxonomic level. The specific taxo-
nomic keys were consulted. The taxonomic adscription of fauna was
done according to Refs. [51,52]. The obtained taxa were assigned to the
functional groups, phytophagous, parasitoids, predators and pollinators.
A group called “Other” was created to include Psocoptera, Diptera and
Hymenoptera (Formicidae).

2.3. Data processing and diversity metrics

As taxonomic resolution was not the same for all the specimens, to
assess biodiversity we worked with family level and some superfamilies.
Number of families, the Shannon Entropy (H') [53,54], Effective Num-
ber of families (from Exp H’), Gini-Simpson Index and Effective Number
of Families (from 1/1-Gini-Simpson index) [55,56] were calculated. In
this way, we contemplate the circumstances of considering more scarce

and less frequent families (zero-order diversity), all families as equally
likely (order 1 diversity) and considering more abundant and frequent
families (order 2 diversity), according with [55].

The representativeness of the sampling procedure [57] was tested
with the species richness estimators, Chao 1 [58,59], Jackknife 1
[60-63], ACE [64,65] and Bootstrap [63], calculated by means of the
open-access EstimateS 9 software application [66]. Species dominance
at each sampling site was calculated by the Biologic Value Index (BVI)
[67] according to the methodology proposed by Ref. [68].

To statistically process data, ANOVA, MANOVA and canonical
discriminant analyses were carried out using the SPSS statistical package
[69]. The similarities and clustering of samples were calculated by the
Bray-Curtis test [70] with the PRIMER-E v.6 software [71]. The data
were transformed to fit the normality prior to analysis.

3. Results
3.1. General sampling results

In tis study 99 taxa were identified corresponding to 5 orders, 1
suborder, 8 superfamilies, 24 families, 1 subfamily, 35 genera and 24
species. The largest total number of captured taxa was obtained in GLG1,
and the values for GLG2 and GR were similar (Table 1). This number was
considerably lower on CR.

The mean abundance per trap of the captured taxa is shown in

Table 1
Number of taxa captured throughout the study of the different functional
groups, and ratios of beneficial taxa to total and phytophagous taxa.

GLG1 GLG2 CR GR
Phytophagous taxa 13,00 10,00 9,00 8,00
Predator taxa 12,00 12,00 8,00 12,00
Parasitoid taxa 50,00 47,00 36,00 45,00
Pollinator taxa 5,00 5,00 5,00 5,00
Other 3,00 3,00 3,00 3,00
Beneficial taxa/total taxa 0,81 0,83 0,81 0,85
Beneficial taxa/Phytofagous taxa 5,15 6,40 5,44 7,75
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Supplementary Table 1. Significant differences (F = 3.24, p = 0.0344)
were found among the mean number of taxa per trap captured at GLG1
(34.6 £+ 2.6), GLG2 (33.4 + 2.6), GR (32.9 + 2.5) and CR (24.4 + 2.6).
On CR, values were significantly lower than at the other sites (p < 0.05).
In spring, the traps on GR captured more taxa than in the GLGs, with the
opposite pattern shown in summer (Fig. 3).

The total taxa richness corresponding to the different functional
groups was 56 for parasitoids, 16 for predators, 16 for phytophagous, 8
for pollinators and 3 taxa included in other group. The two ratios,
beneficial taxa/total taxa, and beneficial taxa/phytophagous taxa, were
higher on GR. For beneficial arthropods, GLGs and GR registered the
same number of predator and pollinator taxa, and in in the first habitat,
the number of parasitoid taxa was slightly larger (Table 1).

Exclusive taxa were captured in all sampled habitats (Table 2), being
more numerous in GLGs than in GR. All the exclusive taxa on GR were
beneficial insects. It should be emphasised that some taxa were caught
only in GLG1 and on GR, but none was common only to GLG2 and GR.
Sixteen taxa of those captured on GR, were not found on CR. On CR, only
one taxon was exclusive, not captured in the o ther habitats (Supple-
mentary Table 1).

3.2. Abundance and occurrence of functional groups

According to the mean relative abundance of arthropods per trap
(Fig. 4), a different pattern was observed depending on season and
sampling sites. Phytophagous showed the highest relative abundance in
all the habitats in spring, and also on GR and CR in summer. Diptera
(other group) were the most abundant in the two GLGs also in summer.
Parasitoids were always the second most abundant group. Pollinators
were always the least abundant, and were slightly more abundant dur-
ing both seasons in GLGs than on GR. The relative abundance of pred-
ators on GR was always higher than in GLGs. On CR, the pattern
observed for all the functional groups followed that of GR.

3.3. Biologic value index (BVI)

This index combines the temporal constancy and abundance of taxa
to describe community structure. Table 3 shows the values obtained for
this index at each sampling site for the 25 more dominant taxa, which
represented between 95 and 100% of the captured arthropods and
constituted 25% of all the taxa obtained in this study. Assuming that the
differences in taxonomic categories that we have been able to achieve
could change the order of importance of the taxa at each site, the basic
objective of this section is to compare the results between the different
sites studied. The criteria for classifying specimens have been the same
for all habitats and each specimen has only been recorded in one
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Fig. 3. Mean number of taxa per trap at sampling sites and season in 2018 in

Benaguasil (Valencia, Spain). GLG1 and GLG2 (ground-level gardens), green
roof (GR) and conventional roof (CR).
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Table 2
Number of taxa of functional groups caught exclusively at a sampling site, and
taxa in common only present in the indicated relationships.

Phytophagous Predators Parasitoids Pollinators
GLG1 3 1 3 0
GLG2 2 3 2 1
GR 0 1 3 1
CR 0 0 0 1
GLG1- GLG2 1 0 5 1
GLG1-GR 1 1 2 0
GLG1-CR 1 0 0 0
GLG2-GR 0 0 0 0
GLG2-CR 1 0 0 0
GR-CR 0 0 0 0
100
90
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Fig. 4. Relative abundance of funcional groups depending on season and
sampling sites in 2018 in Benaguasil (Valencia, Spain).

taxonomic category.

The values obtained in GLG2 were higher, with a value above 100 for
practically all 25 taxa. This means that taxa abundance remained over
time. The values for GLG1 and GR were lower than in the previous
habitat, and 12 and 10 taxa were, respectively, above the value 100. At
both the GLGs and GR sites, the dominance of Diptera, Thysanoptera and
Aphididae coincided, and Ceraphronoidea was also dominant. At GLG2,
four more taxa were fairly dominant: Cicadellidae, Ichneumonoidae,
Cynipoidea and Metaphycus. Of the 25 most frequent and abundant taxa
on GR, four (Anagyrus sp, Mymaridae, Polynema and Encarsia) were not
found in both GLGs, Encarsia and Coccidae were not found at GLG1 and
Encarsia, Trichogramma, Polinema, Pollistes gallicus and Syrphophagus, did
not appear at GLG2. However, only Formicoidea and Aphytis were
observed in GLGs, but not on GR.

3.4. Composition of the arthropod community on roofs and ground-level
gardens

To establish the existence of differences between the habitats stud-
ied, a MANOVA test was carried out. The data used were the abundances
of all the taxa in the traps at each site. The taxonomic resolution is as
shown in Supplementary Table 1. The MANOVA analysis showed sig-
nificant differences in the faunal composition of the sampling sites at
level F Pilai (9, 99) = 1.98, p < 0.1.

When all the captured taxa were ordered according to relative
abundance and total abundance, the first 36 taxa coincided with both
criteria with few variations in the ordering (Supplementary Table 2). In
all the studied habitats, these 36 taxa accounted for almost 100% of the
captured arthropods. By performing the MANOVA analysis with these
36 taxa, significance increased (F Pilai 15, 93 = 2.807, p < 0.05). A
discriminant analysis confirmed that the communities at the GLGs, GR
and CR sites were significantly different (p < 0.005) (Fig. 5), and
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Table 3

Values obtained for the Biological value index (BVI) at each sampling site, GLG1, GLG2, GR and CR.(Ph: phytofagous; Pa: parasitoids; Pre: predators; Po: pollinators; O:

other).
Functional group Taxa IVB GLG1 Functional group Taxa IVB GLG2
(0] Diptera 242 Ph Frankinella occidentalis 304
Ph Frankinella occidentalis 225 Ph Aphis sp. 298
Ph Aphis sp. 225 Ph Cicadellidae 295
Pa Ceraphronoidea 186 O Diptera 276
Pa Platygastroidea 146 Pa Ichneumonidae 251
Pa Aphelinus 130 Pa Ceraphronoidea 203
Pa Metaphycus 127 Pa Cynipoidea 203
Po Polistes gallicus 124 Pa Metaphycus 204
Ph Cicadellidae 120 Pa Platygastroidea 181
Pa Syrphophagus 111 Pr Scymnus sp. 178
Pa Braconidae 100 Pa Braconidae 166
Pre Araneae 110 o Psocoptera 163
Pre Scymnus sp. 97 Pa Gonatocerus 152
Pa Idris 9% Pa Aphytis 151
(0] Formicidae 86 Pa Eulophidae 134
Pa Cynipoidea 85 Ph Coccidae 131
Pa Ceranisus menes 84 Pa Stethynium triclavatum 129
Pa Trissolcus 84 Ph Aleyrodidae 129
Pa Trichogramma 81 Pr Araneae 128
Pa Gonatocerus 81 Pa Ceranisus menes 126
Pa Alaptus 75 Pr Staphyllindae 126
Pa Encyrtidae 75 Pa Vespa germanica 929
Pa Aphytis 72 (0] Formicidae 115
Pa Eulophidae 72 Ph Miridae 101
Pa Aphiinidae 68 Po Aphiinidae 86
Functional group Taxa IVB GR Functional group Taxa IVB CR
Ph Frankinella occidentalis 225 Ph Aphis sp. 129
(0] Diptera 201 Ph Frankinella occidentalis 116
Ph Aphis sp. 191 (0] Diptera 107
Pa Ceraphronoidea 127 Ph Cicadellidae 73
Pr Scymnus sp. 127 Pa Ceraphronoidea 73
Pa Aphelinus 125 Pa Ceranisus menes 68
Pa Encyrtidae 118 Pa Aphelinus 64
Pa Anagyrus sp. 117 Pa Aphiinidae 59
Ph Cicadellidae 106 Pa Platygastroidea 56
Pa Platygastroidea 100 Pa Encarsia 46
Pa Aphiinidae 99 Pr Scymnus sp. 46
Pa Cynipoidea 92 Pa Trichogramma 41
Ph Miridae 86 Pr Staphyllindae 36
Pa Gonatocerus 82 Pa Encyrtidae 35
Pa Mymaridae 79 Ph Coccidae 34
Pa Syrphophagus 77 Pa Eulophidae 31
Pa Metaphycus 74 Pa Anagrus atomus 30
Po Polistes gallicus 62 Pa Polinema 27
Pa Braconidae 56 Pa Megastigmus 27
Pa Polinema 55 Pa Syrphophagus 27
Ph Coccidae 52 Pa Agaonidae 26
Pa Trichogramma 51 Pa Cynipoidea 26
Pr Araneae 51 Pa Baryscapus 24
Pa Encarsia 39 Pr Cecidomyiidae 22
Pa Eulophidae 38 Po Polistes gallicus 22

Supplementary Table 3 provides the most influential species for the
differences between sampling sites. A Bray-Curtis similarity analysis
(Supplementary Fig. 1) reported that the samples from roofs (GR and
CR), and GLGs showed faunal composition, in which the effect of habitat
and seasonality was noted. The samples belonging to the same habitat
type had more similarities.

3.5. Taxa richness

In order to obtain meaningful results when comparing the biodi-
versity of the studied habitats, calculations were carried out using the
family category. Zero order, order one, and order two diversity, were
considered in order to cover the three possibilities: more scarce and less
frequent species (number of families); all species as equally likely
(Shannon entropy); and more abundant and frequent species (Gini-
Simpson index), according with [55]. These metrics and the mean
number of individuals per trap are shown in Fig. 6.

No significant differences were found for the number of individuals
captured per trap between sites nor between number of families (F =
1,21, p = 0,3228and F = 2,45, p = 0,0813 respectively). The true di-
versity values (effective number of families), according Gini-Simpson
and Shannon indexes were significantly lower in CR than in GLG1,
GLG2 and GR (F = 5,72, p = 0,0029 and F = 7,04, p = 0,0009 respec-
tively), and for both metrics the values in GR were also significantly
lower than in GLG2.

Sampling representativeness (probable number of existing families)
was over 85% for all the estimators in all the habitats. Thus, the sam-
pling effort provided representative results in this study at the level of
families (Table 4).

4. Discussion

This study, as part of a larger research project, evaluated the di-
versity of flying arthropod fauna (using sticky traps) on a green roof, and
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Fig. 5. Results of discriminant analyses according arthropod composition of the
sampling sites in 2018 in Benaguasil (Valencia, Spain). (Samplig sites: 1:GLG1;
2: GLG2; 3: GR; 4: CR).

assessed the contribution of this type of habitat to urban biodiversity by
comparing its population to those of a conventional flat roof and two
ground-level gardens. We found that no study of this type has been
carried out in countries of the Mediterranean Basin, except in France,
where climate conditions differ from those in warmer southern countries
like Spain. Our results are the first to be reported in our geographical
area, which represents climate circumstances for green roofs that may
condition the arthropod communities that they host and their dynamics.
In the taxonomic characterisation, it was not always possible to reach
the species category. For that reason biodiversity metrics were applied at
the taxonomic family level. It has been suggested that higher taxonomic

7000
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resolution levels can be representative of patterns at a lower level in
terrestrial invertebrate communities [72].

In our study, fewer arthropod families per trap were captured on the
conventional non-vegetated roof, and their effective number also was
significantly lower than in GLGs and on GR. This is consistent with [30];
who reported significantly greater abundance and diversity of arthro-
pods and other invertebrates on green roofs than on conventional roofs,
and although no significant differences were found in community
composition, the dominant taxa varied between roof types [73]. also
reported more abundance of arthropods in green roof than in a bare roof.
All the findings reflect conventional flat roof structural simplicity as well
as lack of vegetation and foraging resources for arthropods.

The studied sites (GLG1, GLG2, GR and CR) had similar connectivity
with the neighbouring vegetated areas because they were located in the

Table 4
Diversity methrics and sampling representativeness estimators calculated for
each study site.

Hébitat

GLG1 GLG2 GR CR
Number of families 43 43 37 35
ACE 50,10 48,20 39,10 36,75
ACE SD 0 0 0 0
Chao 1 46,59 47,99 37,74 35,49
Chao 1 SD 3,85 5,54 1,42 1,02
Jackknife 1 50,11 50,11 41,5 39,44
Jackknife 1 SD 2,81 3,38 1,5 1,93
Bootstrap 46,54 46,32 39,12 37,23
Botstrap SD 0 0 0 0
Eficience ACE (%) 85,82 89,21 94,62 95,23
Eficience Chao 1 (%) 92,29 89,60 98,82 98,61
Eficience Jacknife 1 (%) 85,81 85,81 89,15 88,74
Eficience Bootstrap (%) 92,39 92,83 94,58 94,01
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Fig. 6. Biodiversity metrics obtained at the sampling sites, GLG1 and GLG2 (urban ground-level gardens), GR (green roof) and CR (conventional roof). The dotted
line represents the values calculated with all samples from each habitat. Box-and-whisker plots contain the values of all samples in each habitat.
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outer part of the urban area. Consequently the surrounding vegetation
equally influenced all the sites we studied in Benaguacil. It is generally
agreed, that the existence of vegetated habitats in the vicinity of green
roofs and their size and composition, can positively influence overall
arthropod species richness or that of specific taxa [36,38,41-43,45,
74-81]. Thus, the taxa we captured in CR would correspond to the
"background" arthropod fauna on the roofs, which come almost entirely
from the surrounding areas, and in this case especially from the GR.

Regarding the comparison of arthropod communities on green roofs
with those on ground level habitats, our results match the general pat-
terns of higher abundance of individuals and taxa richness generally
reported at the ground level [32,33,35,39,42,43,82]. Although these
metrics did not showed significant differences between GR and GLGs,
the effective number of families we reported in GR was significantly
lower than in GLG2 and also lower than in GLG1, supporting the above
model.

Patterns of composition, distribution and abundance of arthropod
fauna on green roofs have been related to some ecological factors
influencing terrestrial ecosystems in general. One of them is the habitat
area, which in our study sites was smaller on GR than in GLGs. Species
richness and abundance generally increased with habitat area [83]. This
has also been demonstrated for urban green spaces and green roofs [43],
where a larger surface area favours a greater diversity of the plant
community [35,84-86]. The area has been also related to the structural
complexity hypothesis [87], which has been used to explain how more
structurally complex vegetation favours richness for some taxa. Another
influencing factor could be the altitude. [36]; pointed out that altitude is
considered a determinant of colonisation, and which taxa may exist, and
[42] stated that higher green roofs have been associated with less total
invertebrate abundance and dipteran family richness due to lower ver-
tical connectivity. In spite of the altitude and smaller extension, the
results we have obtained for arthropod abundance and diversity on GR
are not so different from those recorded in GLGs, being very similar to
those of GLG1. Therefore, we did not find the area nor the height
influenced our results in the way that previous authors suggested. Spe-
cifically with respect to height [33], reported that a wide variety of
insects (not necessarily the most mobile), can colonise green roofs. It
could be that other factors were influencing GR to compensate for the
effect of height or smaller area.

The stressful dryness conditions could have been another cause to
consider influenced invertebrate richness and abundance. GR was no
longer irrigated and managed, and dryness was important in summer.
Dryness in GLG1 was also intense because this garden was not conve-
niently irrigated and received considerable insolation. GLG2 was the
habitat that maintained the most constant and good humidity conditions
because of its orientation and tree coverage. It has been suggested that
green roofs are associated with stressful dryness conditions in relation to
thin substrate, which conditions vegetation, and the environment be-
comes more inhospitable for fauna than in ground-level gardens [29,88,
89]. This would be consistent with the values we obtained for the BVI,
that reflected GLG2 was a more equilibrated habitat in terms of a greater
constancy for higher abundance taxa, than GLG1 and GR, that were
more stressed by dryness.

Concerning functional groups, our results showed a general pattern
that in both, GLGs and GR, parasitoids were the most diverse group, but
phytophagous were the most abundant, followed by parasitoids. For the
relative abundances, the general pattern showed phytofagous and
predators dominated in GR and pollinators and parasitoids in GLGs.
These results agree with those in the literature [43,45], in that
phytophagous and parasitoids were the most diverse and abundant
groups in both habitats (green roofs and ground level). While there is
consensus that parasitoids dominate on green roofs, in some studies
phytophagous, have been cited as dominating at ground level or in green
roofs. For relative abundances there is agreement that predators are
more abundant on green roofs. In some cases, no differences in func-
tional diversity between ground level and greenroofs, have also been
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reported for some arthropod taxa [39]. Regarding specific groups [33],
found a higher abundance for leafthoppers (Cicadellidae) on green roofs
than at ground level, as did [27,44]; contrary to our results. This
discrepancy could be due to the different vegetation types.

We observed that all functional groups presented variable relative
abundances in GLGs and GR depending on the season (spring or sum-
mer). This suggests that the variations observed in different studies
could be related to seasonality. Seasonality directly affects the vegeta-
tion as it conditions its growth cycle and the availability of plant or
preys/hosts, and this could influence the presence of the great majority
of functional groups but perhaps not all. The total and relative abun-
dance of diptera was always higher in GLGs than in GR, which is
consistent with [42]; who also reported significant differences in the
composition of the diptera families between the two habitats. From their
results, it appears that most dipterans find most favourable habitat
conditions at ground level and that only some groups such as chirono-
mids find suitable circumstances on green roofs. We have not been able
to verify this.

For green roofs, it has been indicated that habitat area would in-
crease the richness and abundance of phytophagous, parasitoids and
predators, and reference has also been made to “natural enemies” hy-
pothesis, according to which higher plant diversity (related with the
area), favours predators and parasitoids because the offer of feeding
resources and shelters is bigger [45,90,91]. . Other authors have re-
ported higher bee diversity to be positively related to plant diversity on
green roofs [35,84-86]. In our view, logic suggests that all of the above
will apply equally to habitats at ground level. On this point, we obtained
the same number of pollinator taxa in all three habitats despite the fact
that in GLG2 flower availability was scarce, and the relative abundance
of this functional group was clearly higher only in GLG1, while G1G2 and
GR presented similar values. Concerning the other functional groups
(phytofagous, predators, and parasitoids), GR only showed a lower taxa
number for the phytofagous, while the other groups showed a similar
richness to that found in GLGs. Thus, the interpretation of the effect of
habitat size on our results, taking into account functional groups, does
nothing to clarify the effect of area discussed above. There must be
factors whose effect we have not assessed which compensated for the
effect of the smaller GR area. This aspect needs to be tested in the future.

One of the most important results of this study is that significant
differences existed between the arthropod communities of the GR and
GLGs. These differences were due to two phytophagous taxa (Hetero-
ptera, and Thysanoptera), and a larger group of beneficials (the para-
sitoids Aphelinus, Encyrtidae, Gonatocerus, the predators Scymnus and
Araneae, and the pollinator Pollistes gallicus). The higher beneficial taxa/
phytophagous taxa ratio found in the GR was due to the lower number of
phytophagous taxa in the GR, as the number of pollinators, predators
and parasotoids taxa was similar in all three habitats. The analysis of
differences in the faunal composition of the sampling sites were
consistent with the results we obtained in the calculation of the Bio-
logical Value Index, and the taxa in common, which showed more
similarities in community composition and abundance between GR with
GLG1 than with GLG2. These similarities between GR and GLG1 could
be due to similar environmental conditions and to more structurally
similar vegetation type.

In addition to the differences between the arthropod communities of
Gr and GLGs, another factor to be taken into account is the presence of
exclusive taxa in these habitats. Five exclusive taxa recorded in the GR,
all of them beneficials (one pollinator, three parasitoids and one pred-
ator) [33]. recorded 65 species not present at the ground level on green
roofs that also included phytophagous. [30,31]; pointed out that green
roofs extends the areas available for the many arthropod populations
present in ground-level habitats, also allowing the presence of species
not found in them. It can thus be concluded that the existence of taxa
exclusive to green roofs is evidence that this habitat adds to the biodi-
versity found in urban habitats at ground level.

Although more confirmatory data are needed, green roofs may have
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a better number of beneficial species/number of phytophagous species
ratios than ground-level urban habitats. The latter advantage might be
important in two aspects: one is that it could provide support in pest
control in urban vegetated areas, while in periurban agricultural envi-
ronments where these stressful territories are affected by frequent
pesticide and herbicide treatments, it could act as a refuge for fauna. The
vegetated urban habitats in our study area might introduce more spatial
heterogeneity than neighbouring agricultural areas, and also better
environmental quality [92]. indicated that land-use heterogeneity fa-
vours diverse arthropod fauna in urban habitats. The opposite could
actually be happening in our study area due to the intense anthropic
pressure on the territory (occupation, monocultures and chemical
treatments), so this is an aspect, that should be taken into account in
future studies in our geographical.

It has been pointed out however that the creation of new urban
habitats may also involve functional drawbacks as to the way it can
affect population dynamics and community structure, and organisms,
given the alteration to their behaviour, selection processes, and the
population’s genetic structure [93]. There are also records that urban
habitats are global homogenisers of biodiversity and that actions to be
performed must aim to restore the diversity of native species to not lose
regional biotic singularity [94]. In our study area, apart from a harsh
climate during part of the year, natural habitat loss is intense and
widespread, and the use of biocides is substantial. So even with the
considerations made by previous authors, and under the stressful con-
ditions described for our region, green roofs and ground-level gardens
could have a clearly positive effect. This subject needs to be more
studied.

In this study only yellow sticky traps were used, however, a combi-
nation of several methods would have better determined how many
species may actively use a habitat [43], and ensure a complete com-
munity characterisation (McIvor and Lumdholm, 2011). In future
studies, we will use a combination of invertebrate trapping systems to
obtain as most of the fauna present on green roofs as possible, in order to
assess its true potential to host biodiversity.

Climate change projections indicate an increase in insect populations
and the number of annual generations, their geographic expansion,
overwinter survival, changes in their relation with host plants and nat-
ural enemies, increases in invasive species, and pest intensifications
[95], with diverse effects on the natural enemies of pest species [96].
There is growing concern about a response involving the instense use of
insecticides, which would lead to beneficial arthropod diversity loss
[97]. In this context, the role that green roofs could play as arthropod
refuges, especially for beneficial fauna species, could be very important.
This may be more relevant in semirural areas, like those areas with
substantial urban development in territories with intense agricultural
activity, such as Mediterranean parts of Spain and especially the
Valencian Community.

Our data constitute the first approach to study green roof arthropod
populations in southern European countries, where climatic conditions
are warmer and more stressful throughout the year. Many more studies
will be necessary to acquire good knowledge of the communities that
colonise these habitats and their ecological functioning under these
environmental conditions. The herein presented results provide us with
a message of hope about green roofs being useful in this Mediterranean
region for enhancing urban biodiversity.

5. Conclusions

This is the first study in the Mediterranean basin focused on
arthropod biodiversity on green roofs. Given the results, it has been
demonstrated that green roofs are a suitable habitat for arthropod fauna
in Mediterranean climate conditions. Under these circumstances, this
type of habitat enhances the biodiversity of arthropods in urban areas
compared to conventional roofs, and complements the biodiversity of
ground-level gardens. Although more studies are needed, our results and
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those of other authors suggest that there is a basis to consider that green
roofs favour beneficial arthropod populations. In this work we have
realized that in order to adequately assess the contribution of green roofs
to urban biodiversity a combination of sampling methods must be used.
It is also important to dedicate efforts to study the importance of green
roofs in territories with an intense loss of natural habitat and with
stressful conditions like intensive agriculture, as seen in our case. In
these circumstances, green roofs may act as refuges for wildlife.
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