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Abstract 

The present three-year study traces the diversity of four bee
communities in fragmented pedemontane areas of Volcano Etna
(Catania province, Sicily) near the Metropolitan City of Catania,
under different land management regimes. The selected areas
comprise two different urban parks within Catania (Parco
Gioeni and Parco degli Ulivi), a Nature Reserve (Complesso
Immacolatelle e Micio Conti, San Gregorio di Catania), and an
agroecosystem (a citrus orchard, Aci Catena). Previous data
obtained from a well-investigated area (Leucatia, north of
Catania) have been used as a control for bee diversity for this
study. The results include an outline of bee species richness,

data on the composition of bee communities, and seasonal pat-
terns, using several diversity indexes. The study of bee diversity
shows a total of 163 species, arranged in five families. The four
investigated locations include 104 species arranged in four fam-
ilies: Andrenidae (20 species), Halictidae (15 species),
Megachilidae (31 species), and Apidae (38 species); with a sim-
ilar number of species (102) recorded in the control site
(Leucatia). The study highlights strong seasonal variations of
bee communities in all investigated sites, with differentiated
seasonal patterns, whose compositions are affected mainly by
forage sources, suitable nesting sites, as well as human activi-
ties. The data obtained provide a rough but basilar framework to
assess management strategies to maintain adequate levels of bee
diversity, especially for those areas with moderate to high envi-
ronmental fragmentation. Our findings highlight the importance
of season-long sampling of bee population factors if used as
indicators in ecological studies.

Introduction

Bees (Hymenoptera, Apoidea, Anthophila) represent the most
important pollinator group worldwide and are considered the best
indicators of overall species richness in agroecosystems together
with the Coleoptera and Heteroptera (Duelli & Obrist, 1998;
Oertli et al., 2005; Westphal et al., 2008), due to their complex life
histories, habitats, and specific requirements for nutrition and
nesting (Orr et al., 2020). The scientific studies on using bees as
indicators of biodiversity or landscape structure have recently
increased (Tscharntke et al., 1998; Steffan-Dewenter et al., 2002;
Steffan-Dewenter & Leschke, 2003). Bees need habitats rich in
flowering plants, as large proportions of the species only collect
pollen from very specific plants (Westrich, 1990; Müller, 1996;
Wcislo & Cane, 1996). In addition, bees have specific nesting
sites, such as dead wood, bare soil, plant stems, or rock fissures.
As bees are typical ‘central-place foragers’, which return to their
nests after foraging, feeding and nesting sites must be close to one
another, and this represents an important ecological trait affecting
local diversity, distribution and abundance (Westrich, 1996;
Steffan-Dewenter et al., 2006).

Bees simultaneously represent a mega-diverse taxon that is
extremely challenging to sample thoroughly and an important
group to understand because of their pollination services (Wilson
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& Jamieson, 2019). The destruction and fragmentation of their nat-
ural habitats and the consequently increasing dominance of heavily
anthropogenically disturbed habitats, such as agricultural intensifi-
cation and urban expansion, have been considered major causes for
the large-scale losses of bee biodiversity in the past decades
(Romano & Zullo, 2012). Their decline is a great concern as they
provide a critical ecosystem service with their pollination activities
(Wilcove et al., 1986; Terayama & Murata, 1990; Corbet et al.,
1991; Matheson et al., 1996; Westrich, 1996; Porrini et al., 1998;
Dobson et al., 1999; Hanski, 1999; Robinson & Sutherland, 2002;
Steffan-Dewenter, 2002, 2003; Henle et al., 2004; Steffan-
Dewenter et al., 2006; Brown & Paxton, 2009; Hernandez et al.,
2009; Patiny et al., 2009; Winfree et al., 2009; Le Feon et al.,
2010; Wilson & Jamieson, 2019).

Therefore, a better knowledge of their local diversity, and sea-
sonal ecological patterns over time are crucial for the use of bees
as bio-indicators (Oertli et al., 2005; Patiny et al., 2009; Wilson &
Jamieson, 2019), and extensive studies on bee composition in dif-
ferent areas whether natural, semi-natural or anthropogenic are
highly needed to establish how environmental transformation
affects bee diversity also to evaluate ecological resilience under
correct management. 

The southeastern slope of Volcano Etna (Eastern Sicily) is
currently under a high anthropogenic stress and has experienced
dramatic biodiversity loss mainly from habitat destruction, alter-
ation, and fragmentation. These ecological factors in this region
and their putative negative effects on its insect communities,
especially pollinators, have never been investigated (Turrisi et
al., 2006). In the present contribution, the results of a pilot study
in various locations around Etna are discussed with three main
aims: i) to reconstruct the composition of the bee communities in
different selected sites; ii) to determine and compare the main
ecological traits of the bee communities; iii) to highlight the eco-
logical aspects affecting the conservation of bee communities in
a fragmented context. 

Materials and Methods

The previous studies on faunistic and ecological aspects
of bees of Volcano Etna 

The current knowledge of bee diversity of Volcano Etna should
not be considered fully satisfactory. There are several scattered
faunistic data dispersed in many different specialistic papers and
only within the last three decades, some faunistic and taxonomic
investigations have been carried out, mainly by Nobile (1987,
1988, 1989, 1990, 1991, 1993a, 1993b, 1994, 1995a, 1995b, 1996,
2001); Nobile & Turrisi (1997, 1999, 2004, 2013, 2015, 2016);
Nobile & Campadelli (1998); Nobile & Tomarchio (1998a, 1998b,
2001); Bella et al. (2020). Other studies have focused on ecologi-
cal aspects, such as trophic relationships with special references to
pollination and agro-ecological management (Mazzeo et al. 1999,
2001, 2002, 2004, 2007a, 2007b, 2015, 2019; Longo 2002;
Quaranta et al. 2004; Seminara et al. 2009).

Study sites
The province of Catania, covering about 3500 km2, has two

main areas: i) Volcano Etna, itself, and ii) the mountain’s foothills
which have a wide alluvial plain originating from the sediment dep-
osition of the Simeto River and its tributaries. The study was carried
out on Etna’s southeastern Pedemontane slope, chosen as it has been
strongly affected by human activities due to the presence of a huge
and complex urban center and its wide agro-ecological systems. Its

extended and diversified road networks introduce a further ecologi-
cal factor creating significant environmental fragmentation.

The selected sites (Figure 1) were chosen to take into account
different habitats, anthropic influences, and differentiated manage-
ment practices. All investigated sites share three main characteris-
tics: i) they have an area no less than 8.000 m2; ii) they are located
in the foothills of Volcano Etna, with altitudes ranging from 100 to
300 m a.s.l.; iii) they are located in a more or less developed urban
network. In detail, we investigated four sites, one agroecosystem,
one Nature Reserve, and two urban parks: 
1 – AC, Aci Catena (municipality), 225 m a.s.l., 37°36’28.49”N,

15°8’22.18”E (Figure 2A). 
AGROECOSySTEM. A citrus orchard about 10 hectares in size,
organically managed. It is very close to urban areas and is sur-
rounded by fallow cultivated fields. It is characterized mainly
by abundant flowering weed plants (e.g., Cyperus rotundus L.,
Fumaria capreolata L., Galactites tomentosus Moench,
Glebionis coronaria (L.) Spach, Malva spp., Oxalis pes-
caprae L., Poa annua L., Urtica spp.).

2 – SG, Riserva Naturale Integrale “Complesso Immacolatelle e
Micio Conti”, 280 m a.s.l., 37°33’43.52”N, 15°6’53.35”E
(Figure 2B).
NATURE RESERVE. A natural area entirely comprised within the
Special Conservation Area (ZSC) ITA070008, of San Gregorio
di Catania and Acicastello municipalities. About 68 hectares in
size and characterized by relicts of deciduous thermophilous
woods filled with Quercus virgiliana (Ten.) Ten., and Q.
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Figure 1. Localisation of the study sites in Eastern Sicily: Volcano
Etna southeastern slope (acronyms in the text).
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amplifolia Guss., and broad open areas dominated by
Asphodelus cerasiferus J. Gray, Euphorbia dendroides L.,
Ferula communis L., Olea europea L., Pistacia terebinthus L.,
and Rhamnus alaternus L.

3 – PG, Parco Gioeni, 120 m a.s.l., 37°31’40.06”N, 15°4’52.30”E
(Figure 2C).
CENTRAL URBAN PARK. Entirely comprised within Catania’s
city limits, it is about 75 hectares in size. It is one of the largest
parks in Catania with thermo-mediterranean vegetation and
several allochthonous species (Bella & Musmeci, 2004). 

4 – PU, Parco degli Ulivi, 190 m a.s.l., 37°31’33.14”N,
15°3’25.98”E (Figure 2D).
PERIPHERAL URBAN PARK. Located on the outskirts of Catania,
about 65 hectares in size. It’s located on an abandoned olive
orchard and thus comprised of mainly thermo-mediterranean
vegetation (Bella & Musmeci, 2004). 
Further data regarding another well-investigated site, LE –

Timpa di Leucatia, 210 m a.s.l., 37°32’34.56”N, 15°5’8.98”E
(Figure 2E) were used as a control for this study, based on the
irregular but continuous collecting efforts by V. Nobile over a
twenty-year period (V. Nobile, unpubl.). The area straddles the
northern limits of Catania and the southern limits of Sant’Agata Li
Battiati municipalities. The area is characterized by thermo-
mediterranean vegetation and cultivated areas after the post-coltur-
al abandonment of previously citrus and olive orchards. It also
holds a relevant water source forming a very short perennial
stream with Arundo formations. 

The selected sites, based on their geographic position, and their
land management could be considered as fragments of wider areas
under low to medium-high anthropogenic pressure. 

The data presented in this study are part of the results of the

Ph.D. Thesis of P. La Greca, debated on December 2010,
University of Catania (La Greca, 2010), with preliminary results
presented in La Greca et al. (2011).

Collecting protocol and identification of material 
The study covers a three-year period from February 2007 to

February 2010 with an extension covering most of the seasonal
activity until the end of October. Sampling followed the standard-
ized protocol suggested by the Italian Project A.M.A. (Ape, Miele,
Ambiente) (Quaranta et al., 2004), and was based mainly on
selected walking line transects (Banaszak, 1995; Prendergast et al.,
2020). Thus, collecting was done by integrating several methods as
suggested by Prendergast et al. (2020). The collecting efforts were
carried out in the four investigated sites during the same period.
Each transect was precisely established to cover the heterogeneity
of the site environments with a fixed length of 200 m and width of
1 m. The transects were visited four times per day, at selected
hours covering the almost entity of the sun-filled day, 9:00, 12:00,
15:00, and 18:00 to collect all the seen specimens on flowers (a so-
called fixed generic survey). During the field research, the flower-
ing plants were identified, and the observed bees were collected
and counted for subsequent registration. Simultaneously, collect-
ing efforts were improved by adopting variable transect walks to
integrate the data obtained from standardized transect walks.
During the spring, several nesting traps were made of Arundo
stems of different diameters and placed in selected habitats within
each site. After the summer, each trap was brought to a laboratory
under local environmental conditions to obtain the traps’ speci-
mens. The material of the present study was identified by V. Nobile
based on the most relevant taxonomic literature: Ebmer (1974);
Schmid-Egger & Scheuchl (1997); Scheuchl (2000, 2006). The
collections of G.F. Turrisi, V. Nobile and the Department of
Biological, Geological and Environmental Sciences, Section of
Animal Biology “Marcello La Greca”, University of Catania were
examined for comparisons. The systematic and nomenclature fol-
lowed mainly Michener (2007), with some subsequent updates.

Statistical analysis
The starting point in characterizing the bee community of each

selected site came from the creation of a checklist based on the
overall identified species. The data obtained throughout the three
years for each site were pooled to create robust datasets on bee
diversity and phenology as well as the local abundance of the
species. For the characterization of the bee communities, we uti-
lized several ecological indexes: 
1) The Shannon-Weaver Diversity Index (H’), was used to estimate

the bee diversity across each site using the algorithm: H’= - ∑i
pi ln(pi), where: H’ is the Shannon-Weaver Diversity Index; pi
proportion (frequency) of each species in the sample over the
total considered; ln(pi) is the natural logarithm of this propor-
tion. In general, the H’ index ranges from 1.5 to 3.5, and values
less than 1.5 are applicable to community with a low species
richness and a very low number of dominant species. Whereas
values exceeding 3.5 correspond to communities with a high
species diversity and similar dominance (Magurran, 2004). 

2) Pielou Evenness Index (J’), calculated as: J’= H’/log(S), where
H’ is the Shannon-Weaver Diversity Index and log(S) is the
decimal logarithm of the species number by assuming a similar
dominance of the recorded species. The J’ index is comple-
mentary to the previous H’ index and shows how the commu-
nity is homogeneous with regard to abundance. This index
varies from 0 to 1, with values increasing depending on domi-
nance equipartition (Pielou, 1984).

3) Simpson Index (SI), calculated through the algorithm: 1-λ= 1-
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Figure 2 (A-E). Satellite map of the four investigated sites (A-D),
and control site (E).
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(∑pi
2), where pi is the proportion of species over the total. This

index measures the equipartition within a community, with
values ranging from 0 to 1 (Magurran, 2004).
The faunistic similarity was obtained through a simple multivari-

ate analysis (cluster analysis using the Ward Algorithm and neighbor-
joining based on the Jaccard Algorithm), by using a presence/absence
matrix of the species in each site (Hammer et al., 2001).

To characterize nesting behavior, species were divided into three
main categories: 1) “endogeic” (EN), nesting in the ground with
actively built galleries; 2) “hypergeic” (Hy), nesting in a variety of
substrates above ground, e.g., rocky walls, vegetal stems; 3) “nesting
less” (NL), bees with parasitic behavior. These nesting biological
divisions are mainly based on Brooks (1988), Vicidomini (1995),
Levermann et al. (2000), Pesenko et al. (2000), Michener (2007),
Nicoli Aldini (1994, 2007), Intoppa et al. (2009), Terzo & Rasmont
(2011), Erbar & Leins (2017), and Müller (2019).

To characterize their social behaviour, species were divided
into the following categories: 1) “solitary” (SO), females build
their own nests and provide it with food for their offspring; 2)
“eusocial” (ES), forming temporary colonies with divisions of
labor; 3) “pre-social” (PS), nesting separately in the same place,
sometimes with rough divisions of labor; 4) “gregarious” (GR),
nesting in aggregation without distinct colonies; 5) “social para-
sitic” (PAS), nesting within a colony of other social species; 6)
“cleptoparasitic” (CP), searching for other bee species to place
their own eggs. Data on social behavior are mainly based on:
Westrich (1990), Nicoli Aldini (1994, 2007), Pesenko et al. (2000),
Michener (2007), Intoppa et al. (2009), Erbar & Leins (2017), and
Müller (2019).

Finally, the species were divided based on buccal apparatus
length, as follows: 1) short-tongued (S-T) and 2) long-tongued (L-
T). This morpho-functional trait is relevant for the trophic activity
of adults and is determined by directly observing the collected
specimens.

Results

Characterization of bee communities 
Over the three years, a total of 1140 bee specimens were col-

lected in the four selected sites. They belong to 104 species, which
is 15.16 % of the 686 species recorded in Sicily (Comba, 2019).
The sampled species comprise of four families: Andrenidae (20
species), Halictidae (15 spp.), Megachilidae (31 spp.), and Apidae
(38 spp.) (Appendix 1). The species were distributed among the
sites as follows: 46 species in the agroecosystem (AC); 63 species
in the Nature Reserve (SG); 54 species in the central urban park
(PG); and 53 in the peripheral urban park (PU). 

The total of 1140 specimens were collected, as follows: 247 in
the agroecosystem (AC); 313 in the nature reserve (SG); 354 in the
central urban park (PG); and 226 in the peripheral urban park (PU)
(Figure 3). 

Out of the bee species recorded, 9.61% were parasitic (CP +
PAS). The species collected in all four sites are: Andrena ovatula,
Anthophora balneorum, A. crinipes, A. plumipes, Bombus horto-
rum, B. terrestris calabricus, Eucera caspica, E. eucnemidea, E.
nigrescens, Habropoda tarsata, Halictus asperulus, Hoplitis adun-
ca, Megachile parietina, Osmia caerulescens, O. melanogaster,
Panurgus siculus and Xylocopa violacea (Appendix 1). 

The most represented of the bee families were Apidae, with
566 specimens (49.7%), and Megachilidae, with 404 specimens
(35.4%). The other families included Andrenidae with 103 speci-
mens (9.0%), and Halictidae with 67 specimens (5.4%) (Figure 4).

The genus Eucera was the most represented with 182 speci-
mens: agroecosystem (AC) (50 specimens), nature reserve (SG)
(39 specimens), central urban park (PG) (62 specimens), peripher-
al urban park (PU) (31 specimens) (Figure 5). The most abundant
species in all sites were Eucera nigrescens Pérez, 1879 (Figure 6),
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Figure 3. Number of bee specimens collected in the four selected
sites.

Figure 4. Number of bee specimens, under families, collected in
the four selected sites.

Figure 5. Number of bee specimens, under genera, collected in the
four selected sites.
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an hypogeic, polilectic, and long-tongued species, with 38 speci-
mens in the agroecosystem (AC), 28 specimens in the nature
reserve (SG), 34 specimens in the central urban park (PG), and 20
in the peripheral urban park (PU).

In the control site in Leucatia (LE), the most speciose genera
were Andrena, Halictus, Lasioglossum, Megachile and Osmia
(Appendix 1).

The specimens collected in the four investigated sites belong to
24 genera (Figure 6): Amegilla (2 species, 11 specimens), Andrena
(19 spp., 71 specimens), Anthidium (1 sp., 40 specimens),
Anthophora (7 spp., 105 specimens), Bombus (6 spp., 80 speci-
mens), Ceratina (6 spp., 40 specimens), Dioxys (1 sp., 1 speci-
men), Eucera (6 spp., 182 specimens), Habropoda (2 spp., 43
specimens), Halictus (9 spp., 32 specimens), Heriades (1 sp., 2
specimens), Hoplitis (5 spp., 78 specimens), Icteranthidium (1 sp.,
3 specimens), Lasioglossum (5 spp., 19 specimens), Megachile (5
spp., 86 specimens), Melecta (3 spp., 14 specimens), Nomioides (1
sp., 5 specimens), Osmia (11 spp., 142 specimens), Panurgus (1
sp., 32 specimens), Pseudoanthidium (2 spp., 11 specimens),

Rhodanthidium (2 spp., 40 specimens), Stelis (1 sp., 1 specimen),
Thyreus (3 spp., 10 specimens), and Xylocopa (3 spp., 81 speci-
mens). Of these genera, the following 14 are shared by the four
investigated sites, the other being restricted to one on more sites:
Anthidium, Anthophora, Bombus, Ceratina, Eucera, Habropoda,
Halictus, Hoplitis, Lasioglossum, Megachile, Osmia, Panurgus,
Thyreus and Xylocopa (Figure 5; Appendix 1).

Comparative analyses of the investigated bee communities
The quantitative comparison of the four bee communities is pre-

sented in Figures 3-5. A total of 46 species were recorded in the
agroecosystem (AC): Andrenidae (7 species), Apidae (23 spp.),
Halictidae (5 spp.), and Megachilidae (11 spp.) (Figure 7A). A total
of 67 species were recorded in the nature reserve (SG) including:
Andrenidae (8 species), Apidae (24 spp.), Halictidae (10 spp.), and
Megachilidae (21 spp.) (Figure 7B). A total of 54 species were
recorded in the central urban park (PG) as follows: Andrenidae (12
species), Apidae (20 spp.), Halictidae (6 spp.), and Megachilidae (16
spp.) (Figure 7C). A total of 53 species were recorded in the periph-
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Figure 6. Absolute abundance of species collected in the four selected sites.
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eral urban park (PU) with: Andrenidae (9 species), Apidae (17 spp.),
Halictidae (6 spp.), and Megachilidae (21 spp.) (Figure 7D).

The 1140 collected specimens are arranged as follows with
regard to sites and families: 1) the agroecosystem (AC) includes 23
specimens of Andrenidae, 8 specimens of Halictidae, 73 specimens
of Megachilidae, and 143 specimens of Apidae; 2) the nature
reserve (SG), 18 specimens of Andrenidae, 33 specimens of
Halictidae, 90 specimens of Megachilidae, and 172 specimens of
Apidae; 3) the central urban park (PG), 26 specimens of
Andrenidae, 16 specimens of Halictidae, 154 specimens of
Megachilidae, and 158 specimens of Apidae; 4) the peripheral
urban park (PU), 36 specimens of Andrenidae, 10 specimens of
Halictidae, 87 specimens of Megachilidae, and 93 specimens of
Apidae (Figure 4).

In detail, Andrena hesperia, A. kamarti, A. limata, A. morio, A.
panurgina, Anthophora crassipes, Eucera algira, Nomioides
facilis and Stelis nasuta were recorded only for the central urban
park (PG), whereas Andrena fumida, Bombus bohemicus, B. max-
illosus, Lasioglossum laeve, Megachile albisecta, Osmia notata,
O. rufohirta and Xylocopa valga were found only in the peripheral
urban park (PU) (Appendix 1). The following species were found
in similar variance in both urban parks: Amegilla albigena,
Andrena agilissima italica, Hoplitis anthocopoides, Megachile sic-
ula, Osmia aurulenta, O. kohli, O. latreillei, Rhodanthidium
sticticum and Xylocopa iris, whereas the following species were
more varied: Amegilla albigena, Andrena agilissima italica,
Hoplitis anthocopoides, Megachile sicula, Osmia aurulenta, O.
kohli, O. latreillei and Rhodanthidium sticticum; these species
were not exclusively present in one site or the other one but had
differing frequency and abundance between them. In the control

site Leucatia (LE), the bee community included: Colletidae (10
species), Andrenidae (10 spp.), Halictidae (23 spp.), Melittidae (1
sp.), Megachilidae (32 spp.) and Apidae (26 spp.) (Appendix 1).
Leucatia’s total number of recorded species in this study was 163,
of which 104 were collected in the four investigated sites and 60
exclusively found in Leucatia (LE). 

Diversity indexes
The statistical comparison of the bee communities was based

on the different ecological indexes as shown in Figures 8A-C,
where the deviances of the values from the average have been
highlighted. 

The Shannon-Weaver Diversity Index (H’) of the investigated
sites shows values ranging from 2.0 to 2.5 (Figure 8A); it is higher
in the two urban parks, and this indicates a higher diversity. Over
the three years, and in the different months, the values of H’ do not
show significant statistical differences (Figures 8B-D). 

The Pielou Evenness Index (J’) (Figure 9) and the Simpson
Index (SI) (Figure 10) are high in all four investigated sites, with
values near to 1.0; these two values are slightly higher in the two
urban parks (PG, PU), highlighting a balanced occurrence of
species within communities.

During 2009 the agroecosystem (AC) was subjected to
mechanical herbaceous removal, and this negatively affected the
abundance of bee specimens, albeit not in a significant amount to
ecological indexes. 

Seasonal patterns
In terms of species diversity, analyzing the overall data, the bee

fauna showed a marked peak in April-May, clearly related to the

                                Article

Figure 7 (A-D). Bee richness of the four investigated sites; A: Agroecosytem (AC); B: Nature Reserve (SG); C: Central urban park (PG);
D: Peripheral park (PU).
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most and abundant presence of flowering plants. The number of
species showed a significant reduction in June, and markedly in
July-August as flowering plant availability became less abundant
(Appendixes 2, 3). 

The abundance, in terms of the number of specimens, shows an
increase at the beginning of February, with a peak in middle April
which remains high until middle June. Abundance then decreases

significantly, especially after September (Figure 11). A summary
of the seasonal abundance of each species is presented in detail in
Appendix 2. The 30 most abundant species are represented by a
number of specimens ranging from 10 to 120. 

The most abundant species were Eucera nigrescens and E.
caspica in March; E. nigrescens, Anthophora balneorum, A.
plumipes, Bombus terrestris calabricus and Habropoda tarsata in
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Figure 8 (A-D). A: Shannon-Weaver Diversity Index (H’) calculated for the investigated bee communities; Seasonal variation of the
Shannon-Weaver Diversity Index (H’) calculated for the investigated bee communities for the year 2008 (B), 2009 (C), and 2010 (D).

Figure 9. Pielou Evenness Index (J’) calculated for the
investigated bee communities.

Figure 10. Simpson Index (SI), calculated for the investigated bee commu-
nities.
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April-May; Anthidium manicatum, Pseudoanthidium scapulare
and Halictus fulvipes in June-August. A separate analysis shows a
circadian abundance of bee species for each transect (Appendix 3).
Overall, 64 species were recorded at 9:00 (247 specimens), 76 at
12:00 (313 specimens), 58 at 15:00 (354 specimens), and 48 at
18:00 (226 specimens).

Nesting behaviour and floral relationships
The highest proportion of recorded species was hypogeic (50%,

52 spp.) and this confirms that a variety of suitable and relatively
undisturbed substrates were avaliable for bee nesting. A relevant
proportion of bees (40.38%, 42 spp.) were hypergeic and this con-
firms that suitable above-ground nesting areas were well represented
in the four investigation sites (Appendix 4). Only a few species were
nestless (9.61%, 10 spp.). With regards to social behavior, “solitary
species” were the most prevalent of the recorded bees, with propor-
tions varying from 29.80 to 83.65% A significant number of bee
species (2.88 to 16.34%) showed a pre-social behavior, nesting sep-
arately in the same place sometimes with a rough division of labor.
The social species showed a relatively low proportion with values
varying from 2.88 to 17.30%. The parasitic species (CP+PAS) rep-
resented 9.61%. The species of genus Bombus are primitively social,
and B. bohemicus, and B. maxillosus belonging to the subgenus
Psithyrus are parasitic (Appendix 4).

The largest proportion of bee species showed a ‘long-tongued’
buccal apparatus (66.34%), whereas the ‘short-tongued’ species
were less represented (33.65%). In the four investigated sites, the
families Apidae and Megachilidae (with 970 specimens and 85%
of the total population), represent the most prevalent proportion of
bee communities, mostly having a ‘long-tongued’ buccal apparatus
with the ability to forage a wide variety of trophic floral sources,
whereas the ‘short-tongued’ Halictidae and Andrenidae were sig-
nificantly less represented.

The results obtained from the nesting trap were too fragmen-
tary for robust, quantitative analysis and comparisons. However, it
is noteworthy to point out that from these artificial nests placed in
the peripheral urban park (PU), and collected in October 2008, a
total of 185 specimens of Osmia latreillei were obtained, 124
males and 61 females (sex ratio: 2.03); they emerged between
17.03.2009 and 28.04.2009. Several specimens of Osmia
latreillei’s putative parasitoid Sapyga quinquepunctata (Fabricius,
1781) (Hymenoptera, Sapygidae) were obtained as well. This par-

asitoid has a circummediterranean distribution and was found
within a few localities in Sicily (Turrisi, 1999). It is recorded as a
parasitoid of several Colletidae and Megachilidae of the genera
Hylaeus, Heriades, Hoplitis, Megachile and Osmia (Ceccolini &
Cianferoni, 2018), but never as a parasitoid of Osmia latreillei.

Discussion

Characterization of the bee fauna 
Based on the sampling efforts in the four selected sites over

three years of research, the areas’ bee communities include a total
of 104 species (Appendix 1), corresponding to about 15% of the
Sicilian bee fauna (Comba, 2019), and about 25% of the species
known from Volcano Etna (Turrisi & Turrisi, 2007; Nobile, per-
sonal communication). This is a relevant amount of richness within
the Sicilian context, especially due to the relatively small size of
the investigated sites and the anthropic factors which reduce, in
general, diversity and have negative influences on plant diversity
and soil suitability. The relatively high richness of the bee commu-
nities in the four sites is relevant by comparing the bee diversity
with other wider Etnean areas, like the southwest slope of the vol-
cano as highlighted (Turrisi & Turrisi, 2007). 

The bee community at the control site Leucatia (LE), is the
richest and most diversified. Analyzing its presence/absence
matrix (Appendix 1), the multivariate analysis based on neighbor-
joining (Jaccard algorithm) shows a low similarity compared with
the other four sites appearing quite distinct on dendrogram based
on cluster analysis (Figure 12). This is most probably due to the
effectively wider area and more diversified habitat, but this is also
putatively affected by collection efforts over a longer significant
time. The dendrogram also highlights three well-differentiated
subgroups highly congruent with affinity predicted by geographic
location, area, and vegetational patterns of similar sites, as well as
land management regimes. Two subgroups were represented in the
nature reserve (SG) and the agroecosystem (AC), whereas the two
urban parks formed a quite different cluster (Figure 12). It is very
interesting to find the richness and diversity of the bee fauna of the
two urban parks, and thus confirms their role in pollinator conser-
vation and biodiversity in general, especially within the dense
urban context of Catania, under high anthropic pressure. 
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Figure 11. Cumulative seasonal abundance of bees in the four
selected sites.

Figure 12. Dendrogram based on cluster-analysis of the five bee
communities.
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Most of the recorded species are widely distributed within the
Mediterranean basin, but in several cases, there were some with
restricted distribution or even endemic, such as Pseudoanthidium
gregoriense, known to only a few localities in Eastern Sicily
(Nobile, 1989, 1996; Haris & Józan, 2018). It is remarkable to
highlight that Bombus bohemicus, collected at the central urban
park (PG), is newly recorded for Sicily. 

The most abundant and widespread species in all four sites was
Eucera nigrescens, having a wide floral preference and in general
a highly plastic ecology.

Our research in the agroecosystem highlights that agricultural
practices can seriously affect bee composition and local popula-
tions of species. During spring 2009, this site underwent mechani-
cal herbaceous removal although the area’s species composition
was not seriously influenced. This population resiliency is proba-
bly due to two main factors: 1) citrus-orchard flowering has a very
long duration period, especially in April-May, entailing adequate
trophic resources for most both short-tongued and long-tongued
bees and, 2) several significant areas were left safe within the site,
thus leaving existing trophic sources unaffected.

Fragmentation and bee communities 
One of the biggest, generally accepted threats claimed to bee

communities is habitat fragmentation, which creates a limiting fac-
tor for bee population growth (Patiny et al., 2009). The recent cur-
rent of connectivity conservation pursues the general aim of miti-
gating the effects of environmental fragmentation on species, com-
munities, ecosystems, and ecological processes by adopting appro-
priate strategies on territory management (Vuilleumier & Prélaz-
Droux, 2002; Crooks & Sanjayan, 2006; Opdam et al., 2006;
Selman, 2006; Girvetz et al., 2008). Volcano Etna covers a wide
area north of the city of Catania with an extension of about 1250
km2, bordered by the Alcantara Valley to the north, and the Simeto
Valley to the west. The south has a wide border with the broad allu-
vial plain of Catania. These foothill areas have been subjected to
pernicious and sometimes dramatic fragmentation due to the effects
of the city expansion northward as well as the consequent expan-
sion of many other urban centers along the volcano southern edge.
This has caused the loss of significant, natural areas and especially
a tremendous and varied assemblage of agroecosystem patches
much of which containing citrus orchards (D’Urso et al., 2001). 

The expansion of Catania’s metropolis is claimed to be the most
serious threat against the ecological interconnectivity of all these
investigated sites, although to different degrees (Figures 1-2).
Biopermeability may be defined as the ability to host and allow the
transit of animal and plant species within a certain area (Romano &
Zullo, 2012). The ongoing fragmentation processes around
Catania’s urban metropolis have created a very complex aggrega-
tion of different environmental patches, some completely urbanized
(zero to low biopermeability), others cultivated or abandoned, as
well as small urban public and private parks (medium to high biop-
ermeability) (La Greca et al., 2011). By analyzing these geographic
and ecological contexts (Figures 1-2), it is possible to roughly
ascertain the degree of fragmentation and ecological isolation of
investigated sites. Both of the two urban parks (PG, PU) occur in
densely inhabited areas of Catania with low biopermeability
(Figures 1, 2C-D), thus they are more exposed to prevalent micro-
geographic isolation and ecological threats. Despite their pro-
nounced ecological sensitivity, the two urban parks host relatively
rich and diversified bee communities, although with a preponder-
ance of widespread and generalist species. These characteristics can
also apply to Leucatia (LE) (Figure 2E), albeit occurring in a signif-
icantly urbanized context that is moderately isolated. The nature
reserve (SG) occurs in a less fragmented context with a medium-

high biopermeability (Figure 2B), although it appears quite isolated
along its eastern and northwestern borders. The agroecosystem
(AC) occurs in a low to moderate fragmented context with a medi-
um to high connectivity around its borders, especially due to the
presence of traditional citrus-orchards having a medium to good
biopermeability (D’Urso et al., 2001; Ciaccia et al., 2019). 

An important ecological trait of bees is represented by the dis-
junction of the foraging area and the nesting site (Westrich, 1996;
Lundberg & Moberg, 2003; Oertli et al., 2005). Most bees have
specific nesting preferences, such as dead wood, bare soil, plant
stems, or rock fissures. As bees are typical central-place foragers,
who return to their nests after foraging, feeding and nesting sites
must be nearby one another. These circumstances are a manifest
weakness for their ecology. In general, the investigated sites host
both a significant availability of foraging areas and nesting sites,
closely placed within. The relatively rich and diversified bee com-
munities of these sites that are located close to each other. The rel-
atively rich and diversified bee communities of these sites have
undoubtedly been affected by changes over time, and most of the
recorded species were generalists in regard to flowering plants and
nesting preferences.

Conclusions

The results obtained over a three-year study of four selected
bee communities, and a long-term investigation in the control site
at Leucatia, highlight the richness and diversification of bee com-
munities even in a highly fragmented territory like the southeastern
slope of Volcano Etna, the wide urban area of Catania city. 

The amount of parasitic (CP+PAS) bees observed in our inves-
tigation over the total of species is 9.61%. This is considered as a
significant finding to evaluate this local bee community, as the
diversity and abundance of cleptoparasites in relation to all bees is
indicative of their community’s ecological state and monitoring
them should form an integral part of assessing bee communities.
They represent the apex of bee communities and are the first guild
to respond to disturbances and play a stablizing role within bee
communities (Sheffield et al., 2013).

Our research confirms the most important threats outlined by
Patiny et al. (2009) affecting bee communities in Europe, such as
fragmentation, presence of physical barriers, diversity of flower-
ing plants, use of biocides, and invasive species. Of the above-
mentioned species, all threats excluding the latter could be fully
applied to the bee communities studied on the southeastern slope
of Etna.

The results clearly show that the seasonal maximum of activity
for foraging and nesting is mainly during March-May and into
June. Especially in urban parks and agroecosystems, it is crucial
for bee conservation to avoid practices that reduce herbaceous
flowering during that period, either by mechanical removal or
chemical treatments. Another threat affecting the peripheral urban
park (PU) is the negative impact of frequent fires, which dramati-
cally reduce its trophic resources. The maintenance of suitable
nesting sites is crucial for the conservation of bee communities,
and this can be done effectively by reserving several designated,
undisturbed areas within the site. This is particularly necessary for
urban parks and agroecosystems. The maintenance of undisturbed
marginal areas with a good floral variety and suitable nesting sites
have been proven to be the best practices for enhancing bee com-
munities in Europe (Le Féon et al., 2010). 

Our findings show that bees are crucial faunal components
whose composition and dynamism allow observers to evaluate: i)
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the rough degree of the location’s reactions to environmental
changes (e.g., mechanical removal of the herbaceous layer); ii)
the identification of the most ecologically significant habitats
within an environmental context; iii) the relevant ecological roles
of marginal abandoned areas for biodiversity purposes, specifi-
cally for bee communities; iv) the overturning of conventional
environmental planning concepts taking that does not take into
account biodiversity conservation; v) a resolution’s scale of
improvement, at the microgeographic level, to understand the
efficacy of an ecological network. 

Marginal areas such as abandoned cultivations, urban parks,
and traditional agroecosystems, together with already protected
areas like the Complesso Immacolatelle Nature Reserve, play an
important role as nodal areas. However, this is not enough to cre-
ate a healthier ecological network without attending to the many
other currently unprotected areas which are under further frag-
mentation or destruction due to urbanization (Turrisi et al., 2006;
La Greca et al., 2011). 

As widely confirmed by literature (Tommasi et al., 2004;
Hennig & Ghazoul, 2011; Wilson & Jamieson, 2019), the negative
ecological effects of fragmentation could be mitigated by enhanc-
ing floral sources and inter-connectivity through environmental
patches, of which urban and private parks could play a significant
role in creating thriving bee communities (Tommasi et al., 2004).
As confirmed by this research, and by other recent studies in dif-
ferent geographical contexts, marginal areas and urban settings can
contribute significantly to the conservation of bee communities
(Rollin et al., 2015; Sirohi et al., 2015). 
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