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Biogeographical patterns of the genus Merodon
Meigen, 1803 (Diptera: Syrphidae) in islands of the
eastern Mediterranean and adjacent mainland
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Abstract. 1. The objective of this study was to obtain a biogeographical per-
spective on the hoverfly genus Merodon (Diptera, Syrphidae) based on data
from 32 islands in the Aegean and lonian archipelagoes vis-a-vis the adjacent
mainland. In this part of the world, the genus comprises 57 species, out of more
than 160 species described worldwide.

2. The importance of eco-geographical variables (area, elevation, distance to
the nearest island and distance to the nearest mainland) and the species—area
relationship (SAR) were studied in order to explain patterns of species richness.
All tests supported the dynamic equilibrium concept.

3. The area and distance to closest island were found to be the most impor-
tant drivers of species richness on the Aegean and Ionian archipelagoes. Out of
three SAR models evaluated in this study, the exponential function fitted our
data best. It was found that a power model with no intercept value (C = 1)
performed even better by using symbolic regression for non-linear equation opti-
misation.

4. The cluster and null-model analyses performed to detect inter-island simi-
larities and origins of the insular Merodon fauna indicated a clear influence of
colonisation history of the species on different islands.

5. The results imply that the current distributions of Merodon species in the
study area exhibit the combined effects of historical and present-day processes.

Key words. Biogeography, distribution patterns, eco-geographical variables,
hoverflies, islands, species—area relationship.

Introduction

Correspondence: Ante Vuji¢, Department of Biology and Ecol- The genus Mer.()d.on Meigen, 1803 (Diptera: Syrphic}ae:
ogy, University of Novi Sad, Trg Dositeja Obradoviéa 2, 21000 Eumerini), consisting of more than 160 species (Stahls
Novi Sad, Serbia. E-mail: ante.vujic@dbe.uns.ac.rs et al., 2009), distributed over the Palaearctic and
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Afrotropical biogeographical regions, is one of the most
widespread and abundant hoverfly genera in the Mediter-
ranean region (Dirickx, 1994). Merodon species are flower
visitors and most probably, as most hoverflies, provide
important ecosystem services as pollinators, both in conti-
nental and island systems (Pérez-Banon et al., 2003, 2007,
Petanidou ez al., 2011). Most of the species are associated
primarily with geophytes in various ways: the adults are
involved principally in the pollination of flowers which
they visit for nectar and pollen while the phytophagous
larvae are associated with their bulbs or other storage
organs to feed on, being restricted to areas rich in bulbous
plants (Hurkmans, 1993; Popov, 2001; Ricarte et al.,
2008).

Islands are natural laboratories that are ideal for stud-
ies on species distribution patterns. A theoretical model
accounting for the variation in species diversity on islands
was provided by MacArthur and Wilson (1963, 1967).
Their ‘equilibrium theory of island biogeography’ revolu-
tionised scientific thought in ecological biogeography,
explaining variation in species richness with area and geo-
graphical isolation as the primary determinants.

The Mediterranean region is considered to be one of
the most geographically complex areas in the world, espe-
cially because of its archipelagoes, the richer and most
emblematic being that of the Aegean (Blondel et al.,
2010). This archipelago consists of 7852 islands and islets,
of which 95% are smaller than 1 km? (Triantis er al.,
2008). High species richness and endemism of the Aegean
flora and fauna is the result of a combined influence of
the adjacent mainland as source areas, a multifaceted geo-
logical history, and a diverse geomorphology (Lymberakis
& Poulakakis, 2010). Furthermore, this region has been
noted as the only one in the world comprising flora and
fauna originating from three different geographical conti-
nents: Europe, Asia and Africa (Triantis et al., 2008).

Numerous studies have investigated biogeographical
patterns of particular invertebrate taxa in the Mediter-
ranean region, and especially in the Aegean archipelago:
terrestrial mollusks (Mylonas, 1982; Vardinoyannis, 1994;
Welter-Schultes & Williams, 1999); terrestrial isopods
(Sfenthourakis, 1996a,b; Sfenthourakis & Giokas, 1998;
Gentile & Argano, 2005; Triantis ez al., 2008); centipedes
(Stathi & Mylonas, 2000; Simaiakis et al., 2005, 2012);
ground spiders (Chatzaki et al., 2002); beetles (Trichas &
Legakis, 1987; Fattorini, 2002, 2006; Chatzimanolis et al.,
2003); and butterflies (Dennis et al., 2000). Many of the
studies considered both island area and isolation as
important factors explaining the historical events in faunal
diversity (Dennis et al., 2000; Hausdorf & Hennig, 2005;
Dapporto & Cini, 2007). Geological events also shaped
the present distribution patterns of the species occurring
in the Aegean archipelago to a large degree (e.g. Hausdorf
& Hennig, 2005).

Due to a large number of islands of diverse sizes and
distances from their adjacent continents or between them,
and a very long history of human inhabitation, the
Aegean archipelago has proved to be an excellent natural

system for analysing species diversity and distribution.
The archipelago also represents one of the world’s hotspot
areas for pollinators, both bees and hoverflies (Potts
et al., 2006; Vuji¢ et al., 2007, 2012, 2013; Nielsen et al.,
2011; Radenkovic et al., 2011).

The Aegean islands have a particularly complex history,
as they were in contact with each other and with their
neighbouring land masses for various periods at different
times during Plio-Pleistocene (Strid, 1970; Dermitzakis &
Papanikolaou, 1981). Numerous studies mostly supported
the hypothesis of a relictual character of the different ani-
mal groups: terrestrial isopods (Sfenthourakis, 1996a),
land snails (Welter-Schultes & Williams, 1999) and tene-
brionid beetles (Fattorini, 2002). Such a relict distribution
pattern cannot be expected in the case of Merodon species,
which are good fliers and potentially highly mobile
insects. Due to this mobility, the current species diversity
and distribution patterns of Merodon species in the archi-
pelago might therefore be the result of more recent coloni-
sation events. This study tries to explain the observed
distribution patterns of Merodon species by testing vari-
ables that are related to migration capacity, viz. the island
size and the distance to the mainland.

Based on our comprehensive dataset collected from the
eastern Mediterranean, the biogeographical patterns
exhibited by Merodon species in the area were explored.
The particular objectives of the study were to: (i) consoli-
date the knowledge of the distribution and species rich-
ness of the genus by assigning a zoogeographical
classification to all species occurring in the eastern
Mediterranean islands; (ii) elucidate which of the tested
eco-geographical variables (i.e. area, elevation, distance to
the mainland, distance to the nearest island) correlate
and/or best explain the observed species richness and dis-
tribution; (iii) find the best model explaining the species—
area relationship; (iv) examine the patterns of island fau-
nal similarities among Merodon species; and (v) establish
the relationship between each island’s fauna and its possi-
ble origins.

Materials and methods
Surveyed area and sampling

The surveyed area is situated in the eastern Mediter-
ranean and comprises 32 islands that are larger than
100 km? (Fig. 1). The study material was collected on 28
Aegean islands, three lonian islands, Cyprus, as well as
on the mainland of Greece, and the Aegean coast of the
Anatolian Peninsula (Turkey) (Fig. 1, Table S1).

The paleo-geographical history of the study area, espe-
cially of the Aegean, is very complex. Today’s archipelago
is situated in an active geological region, a subduction
zone where the African plate moves under the Eurasian
plate. The Aegean started to form about 13 million years
ago (Mya) (Dermitzakis, 1990) with the breaking apart of
a continuous landmass (Agéiis), which had appeared at

© 2016 The Royal Entomological Society, Insect Conservation and Diversity, 9, 181-191

85U80|7 SUOWW0D aA 8.0 (qeol(dde au Aq pausenob aJe seone VO ‘@S J0 Sa|nJ 10} A%eiq)8uljuO 43I UO (SUORIPUCO-pUe-SWLRY/LICO" A8 1M AReIq 1 Ul |UO//:SANY) SUORIPUOD pue swd L 8y} 88s *[£202/20/ET] uo Areiqiiauiiuo feim ‘Aisieniun uesbey Aq 9STZT Peol/TTTT OT/I0p/W0 A8 | IM Aleiq 1 euluo'S feuinokau//sdny wo.y pepeojumod ‘€ ‘9T0Z ‘865125,



East Mediterranean Merodon biogeography

183

20°0'0°E (1 { 24°00°E _—_— ’“‘\\ 28°0
FYROM. b~ TURKEY
ALBANIA
g THASSOS <P =
= SAMOTHRAKI =
3 l % B
=S w =
g Ly { g
. B
o G
®
A ()
s
TURKEY
, EUBOEA
N
5 KEFALONIA ANDROS
% ] @KEAG TINOS
smos@ E’T’ s
MYKONOS
@ . DELOS NAXOS
® RiFos 4 PAR%@ L
. |miLos 10S 4»&«@ %’f
50 g PY Y
FOLEGANDROS
SANTORINI 5. e ’ s b 7
=213,/ RHODES 7
-2
KaRPATHOS (/]
CRETE ) { CYPRUS
17 - -
= 7 =
g il : 4 g
) Q - \’_\(—/ﬁ" =
34°00E
0 50 100 200
T —
20°0'0"E 24°0'0"E 28°0'0"E

Fig. 1. Map showing the surveyed islands with the number of Merodon species shown on each island. Mid-Aegean dividing line drawn in

black.

the northern coast of the Tethys Ocean during the early
Miocene about 23 Mya (Lymberakis & Poulakakis, 2010).
Tectonic, eustatic, and volcanic activity have been dynam-
ically shaping the region and thus also affecting the spe-
cies inhabiting it. Most of today’s Aegean islands became
isolated at least twice in their history, once during the
Messinian salinity crisis (Krijgsman ez al., 1999) about 5
Mya ago and most recently after the Last Glacial Maxi-
mum (Perissoratis & Conispoliatis, 2003; Triantis &
Mylonas, 2009) some 26 000 years ago. The islands of the
archipelago vary significantly in maximum elevation, with
the highest peak occurring on Crete (2456 m). Larger
islands comprise complex relief patterns with mountains
and gorges. Situated within a typical Mediterranean cli-
mate zone, most of the islands climax vegetation used to
be Mediterranean open deciduous, conifer, and mixed for-
ests (dominated by Quercus and Pinus) before the human-
induced deforestation, most excessive during the classical
times, e.g. Kouli (2012). More than 4500 years of human
presence on most islands have led to habitat degradation
and conversion (Blondel ez al., 2010). Thus, as a result of
intensive grazing, logging and burning, original forest

vegetation remains only in small and often isolated pock-
ets, with phrygana being the dominant type of vegetation
nowadays (Blondel ef al., 2010). Phrygana, together with
other semi-open arid rocky habitats rich in bulbous plant
species, constitute the main habitats for Merodon species
(Speight, 2013). Such Merodon-friendly habitats are widely
distributed throughout the whole study area.

Data set

Species distribution data were based mainly on recent
collections of Merodon from the study islands and the sur-
rounding mainland areas (Greek and Anatolian Peninsu-
las). Collecting was carried out by hand-netting, pan-
trapping, and Malaise trap setting between the years 2003
and 2014. The total number of specimens amounted to
8863 belonging to 53 species.

Additional data were obtained from museum collections
and other repositories during several repeated visits to
these facilities to check species taxonomy and record local-
ity data. The visited facilities were: American Museum of
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Natural History, New York, USA; Natural History
Museum, London, UK Faculty of Sciences, Department of
Biology and Ecology, University of Novi Sad, Serbia; The
Melissotheque of the Aegean, University of the Aegean,
Mytilene, Greece; Muséum National d’Histoire Naturelle,
Paris, France; Finnish Museum of Natural History, Zoology
unit, Helsinki, Finland; Naturhistorisches Museum Wien,
Austria; Nationaal Natuurhistorisch Museum, Leiden,
Netherlands; World Museum Liverpool, UK; Zoologisches
Museum of the Humboldt University, Berlin, Germany; and
private collections (Martin Hauser collection, USA; Menno
Reemer collection, The Netherlands; J. Smart collection,
UK:; John Smit collection, The Netherlands; Axel Ssymank
collection, Germany; Mike Taylor collection, UK; Van
Weyer collection, The Netherlands). The number of Mero-
don records obtained from these collections amounted to
3245 belonging to 42 species, of which 25 were additional
species.

The entire dataset consisted of 12 108 Merodon speci-
mens or records belonging to 78 species. Out of these
data, 57 Merodon species occurring on the 32 study
islands were used in the analyses (Fig. 1, Table S1). As
the Aegean islands and the adjacent mainland areas are
tightly interconnected, 21 taxa occurring only on main-
land areas were also stored in the data base, although
these taxa were not considered in our analyses. Only the
islands that were sampled for a minimum of three times
during Merodon adult flight season and for a minimum of
two collecting days per visit were included. Based on our
extensive experience with Merodon in the entire Mediter-
ranean area, the sampling effort conducted on the 32
study islands was sufficient to have recorded a very large
proportion if not all species occurring on respective
islands. To test efficiency in species sampling effort, spe-
cies accumulation curves (plotting cumulative species
numbers of against collecting days) were generated for
each island (Fig. S1). They indicate that the sampling
effort was sufficient, since saturation has been shown for
most of the islands. The Merodon species lists presented
here for the different islands are therefore considered
nearly complete.

Zoogeographical classification of Merodon species
occurring in the eastern Mediterranean

All Merodon species analysed (Table S1) were assigned
to seven zoogeographical categories (Table 1): three of
them (viz. Balkan, Anatolian, and widely distributed spe-
cies) are according to Fattorini (2002), the remaining four
were added to cover all the observed distribution patterns
of our Merodon database. The zoogeographical classifica-
tion also included species already recognised as taxa new
to science based on our morphological and/or molecular
evidence, but not yet taxonomically formalised as
indicated by the addition of the epithet ‘aff’. In
some cases, groups of closely related new taxa that are
morphologically very similar are identified as ‘aff. 1, 2, 3’

(Table 1). These taxa will be described as species new to
science in separate studies.

Eco-geographical variables

Data on island area and maximum elevation were pro-
vided by Hellenic Military Geographic Service (HMGS),
Institute for the Management of Information Systems of
the ‘Athena’ (http://geodata.gov.gr/geodata) and Labora-
tory of Cartography and Geoinformatics of the Depart-
ment of Geography of the Aegean University. For each
island included in the analyses, the smallest distance from
its coastline to the nearest adjacent mainland and to the
nearest island larger than 1 km? was measured using
Google Earth software (Table S1).

Data analysis

Species richness drivers.  The following eco-geographical
variables were chosen and tested as predictors of Merodon
species richness on the eastern Mediterranean islands: log
(area), elevation, distance to the nearest island and distance
to the nearest mainland. The Pearson product-moment corre-
lation coefficient was used to estimate the correlations among
eco-geographical variables and the species richness. Linear
regression with richness as dependent variable was then per-
formed. The best subset among all possible combinations of
independent variables was chosen according to the corrected
Akaike’s Information Criterion (AICc) values using the R
package MuMIn (Barton, 2015) after excluding variables with
variance inflation factor VIF >5 using R package car (Fox &
Weisberg, 2011). Variation partitioning was used to quantify
the individual and combined contributions of the different
variables using R package vegan (Oksanen et al., 2015).
Finally, using symbolic regression (SR, Cardoso et al., subm.),
an attempt was made to find an alternative non-linear model
that would better fit the species richness of islands depending
on the same four variables. The software Eureqa (Schmidt &
Lipson, 2015) was used for SR function discovery. This was
compared with the linear model above using AICc in R (R
Core Team, 2015).

Species—area relationship.  The species—area relation-
ship was investigated in this study using three different
models (for a review on species—area functions see Den-
gler, 2009; Triantis et al., 2012). These mathematical mod-
els have been widely used for species—area analysis, but
the best-fit model for the specific data can usually be
determined empirically (cf. Connor & McCoy, 1979).

The models used in this investigation were the linear
(S = C + zA), exponential (S = logC + zlogd), and
power (S = CA%) models (Dengler, 2009). In all models,
S is the species richness, 4 is the area, and C and z are
constants representing the intercept (C) and slope (z).
Models were fitted using the R package BAT (Cardoso
et al., 2015) and compared based on both #* and AlCc.
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Table 1. Zoogeographical categories of eastern Mediterranean Merodon species.

Category

Distribution range Merodon species

Balkan (BAL) 12 species

Anatolian (ANA) 19 species

Levant (L) one species

Western Mediterranean
(WM) two species

Island endemic
(END) seven species

Continental and large island
(COL) 13 species

Species distributed over the Balkans and eastern ~ Merodon abberans, M. albifasciatus, M. aureus,
Mediterranean Islands, but not in the M. aff. aureus 1, M. auripes,
Anatolian Peninsula M. aff. bessarabicus, M. clavipes, M. equestris,
M. minutus, M. moenium, M. natans,
M. aff. puniceus
Merodon aff. albifasciatus 1,
. aff. albifasciatus 2, M. aff. avidus,
. aff. chalybeus, M. aff. constans,
. crassifemoris, M. aff. desuturinus,
. hamifer, M. nanus, M. aff. nanus,
aff. nigritarsis, M. papillus, M. planiceps,
. pulveris, M. puniceus, M. sapphous,
. spinitarsis, M. telmateia, M. testaceus
Merodon hirtus (Israel, Cyprus)

Species present in the Anatolian Peninsula and
on the eastern Mediterranean Islands, but
absent in the Balkan Peninsula

STXXKRRX

Occurring in the Levant (area in Southwest
Asia covering Cyprus, Israel, Jordan,
Lebanon, Palestinian Territories, Syria and
Hatay in Turkey)

Predominantly western distribution but also
found on single islands in the eastern
Mediterranean

Local species restricted to one or two islands

Merodon femoratus (only on Crete),
M. trochantericus (Corfu)

Merodon caerulescens (Rhodes and Crete),
M. aff. aureus 2 (Peloponnese),

M. aff. aureus 3 (Naxos), M. aff. aureus 4 (Andros),

M. aff. sapphous 1 (Rhodes),

M. aff. sapphous 2 (Crete), M. aff. sapphous 3 (Cyprus)

Comprising species present on both peninsulas
and islands larger than 420 km? (like Naxos,
Samos, Lesvos, Cyprus, Crete, Euboea)

Merodon alagoesicus, M. chalybeatus, M. clunipes,
M. erivanicus, M. femoratoides, M. funestus,
M. italicus, M. latifemoris, M. loewi, M. nigritarsis,

Widely distributed
(WD) three species
occur on small islands

M. pruni, M. serrulatus, M. velox

Species distributed over both peninsulas and the ~ Merodon albifrons, M. aurifer, M. avidus
eastern Mediterranean Islands. These taxa also

In addition, and again using symbolic regression, an
attempt was made to find a novel model that would out-
perform the hitherto described, using area as the single
explanatory variable. The software Eureqa was again used
for SR function discovery. The new model was compared
with all previous using AICc.

Similarity of the Merodon fauna between islands. — The
Serensen Similarity Index was used to examine the simi-
larity of the Merodon fauna among the study islands. In
order to obtain a clear picture of similarities and connec-
tions not only among the islands, but also among groups
of islands, a hierarchical cluster analysis (UPGMA) was
performed using BAT and core R functions. The statisti-
cal support to groups in the dendrogram was tested using
the kgs penalty function (Kelley et al., 1996), whose mini-
mum value identifies consistent and distinct clusters of
sites. The R package maptree was used for kgs analysis
(White & Gramacy, 2012).

Origins of island faunas.  To test if the origins of the
fauna of each island could be significantly related with
Western or Eastern faunas, all species were primarily
divided into the four main categories: Wide distribution,

Balkan (western), Anatolian + Levant (eastern) or Island
endemics. The number of western and eastern species was
quantified for each island. Using a null-model approach,
the numbers expected if species were randomly spread
over all the islands were tested, with the total species
richness per island being kept constant. The observed and
expected values were compared and the P-values
calculated.

Results
Species richness drivers

The Merodon species richness per island showed a
positive  correlation  with log (area) (r= 0.643,
P <0.001), as well as elevation (r=10.529, P = 0.002).
On the other hand, species richness was negatively corre-
lated with distance to the nearest mainland (r = —0.407,
P =0.021) and no statistically significant correlation was
found with distance to the nearest island (r = —0.109,
P =0.553).

The best linear model according to AICc and after
excluding elevation due to high vif (due to correlation

© 2016 The Royal Entomological Society, Insect Conservation and Diversity, 9, 181-191

85U80|7 SUOWW0D aA 8.0 (qeol(dde au Aq pausenob aJe seone VO ‘@S J0 Sa|nJ 10} A%eiq)8uljuO 43I UO (SUORIPUCO-pUe-SWLRY/LICO" A8 1M AReIq 1 Ul |UO//:SANY) SUORIPUOD pue swd L 8y} 88s *[£202/20/ET] uo Areiqiiauiiuo feim ‘Aisieniun uesbey Aq 9STZT Peol/TTTT OT/I0p/W0 A8 | IM Aleiq 1 euluo'S feuinokau//sdny wo.y pepeojumod ‘€ ‘9T0Z ‘865125,



186  Ante Vujic et al.

with area) was (> = 0.538, AICc = 99.618):
S = —7.360 + 2.779logA — 0.057Di

Where S = species richness, 4 = area and Di = distance
to nearest island. The variable Dm (distance to the main-
land) was excluded from this model. The variation parti-
tioning (Fig. 2) reveals that in fact the individual
contribution of Dm is minimal, as its total contribution is
mostly shared with 4. Area is by far the factor individually
contributing most to explained variance, followed by Di.

The symbolic regression method did find a non-linear
model that outperforms any linear model (= 0.706,
AlICc = 85.181):

S =1.394"¢1 4 1ogA4 /logDm — \/(Di)

In this case, Di is deemed important to the model after
square root transformation, as is the interaction between
A and Dm, both after log transformation.

Species—area relationship

The best fitting SAR (species—area relationship) model
of the three tested (linear, exponential and power) was the
exponential (> = 0.414, AICc = 109.665):

S = —5.548 +2.314logA4

The SR method did, however, find a better fitting
equation, a simplification of the power model without
the intercept (equivalent to ¢=1) (°=0.388,
AlCc = 108576) S = A0'313

Residuals = 0.493

Fig. 2. The variation partitioning: A — area; Di — distance to
nearest island; Dm — distance to the nearest mainland.

With one less fitting parameter this new model explains
almost as much variance as the exponential.

Similarity of the Merodon fauna between islands and
origins of island faunas

The cluster analysis followed by separation of groups
using kgs identified six distinct clusters (Fig. 3). Our
results showed that Merodon faunas of big islands that
are situated closer to the Anatolian mainland and belong
to the groups of North Aegean or the Dodecanese Islands
(Lesvos, Chios, Samos Rhodes and Kos) cluster together.
Joining them are Cyprus and the Ionian islands Ithaca
and Kefalonia. Most of the Cycladic islands form sepa-
rated cluster which also includes Aegina and Euboea.
Another cluster brings together group of small Cycladic
islands and joining them are Peloponnese, Corfu (Ionian
island), Crete and northern Aegean island of Thassos.
Cycladic Islands of Syros and Delos clustered indepen-
dently. The last cluster brings together Cycladic island
Serifos, Dodecanese island Karpathos, and one of North
Aegean (Ikaria). Samothraki, a small, fairly isolated
North Aegean island is the most independent and did not
cluster with any of the study islands, but as a separate
first off-shoot in the dendrogram.

0.0 0.2 0.4 0.6 0.8 1.0

L 1 1 1 )

Samothraki —

Ikaria
Karpathos :;’7
Serifos
Delos
Syros —1

Iraklia
Mykonos
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Paros
Thassos
Crete
Corfu
Peloponnese

Euboea

Aegina
Folegandros
Anafi
los

Tinos
Santorini

Naxos
Andros
Kea

Cyprus

Ilthaca ——
Kefalonia ——
Rhodes
Samos
Chios
Lesvos

Fig. 3. The relationships of the study islands based on Merodon
species composition, obtained by Serensen Similarity Index and
cluster analysis.
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Regarding the zoogeographical classification of the taxa
and their presence on individual islands (Table S2), faunas
of some islands are examples of how the faunal composi-
tions formed from the different distributional elements,
but none of the islands harbour taxa from all seven zoo-
geographical categories. The most diverse islands harbour-
ing species of different zoogeographical origin are Crete
with six, Naxos with five, and some islands (Rhodes,
Corfu, Andros) encompassing a Merodon fauna of four
different distribution categories (the latter recorded for
the Peloponnese as biological island sensu Blondel et al.,
2010, Table S1). Some other islands have very high num-
bers of species belonging to only few zoogeographical cat-
egories: Lesvos (25 species from three categories), Chios
(17 species from three categories), and Samos (19 species
from three categories).

The four main zoogeographical categories of eastern
Mediterranean Merodon species on the study islands
(Table S3) are presented on Fig. 4. Of the endemic spe-
cies, 62% occur on the more isolated islands situated on
the southern border of the eastern Mediterranean islands,
i.e. Cyprus, Rhodes and Crete, while Peloponnese and
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eastern Cycladic islands Andros and Naxos harbour one
different endemic taxon each.

The fauna from seven islands can be considered as pre-
dominantly Western: Anafi, Corfu, Crete, Euboea, los,
Peloponnese and Samothraki. Mainly, eastern origins
could be attributed to three islands: Delos, Lesvos and
Samos. The fauna from the other 22 islands could not be
significantly related to any specific origin, although the
typically low number of species does make it hard to
reach significance.

Discussion

This study shows that the eastern Mediterranean hoverfly
fauna of the genus Merodon is mainly influenced by the
current eco-geographical variables, namely island area and
distance to the nearest island. This supports the equilib-
rium model which predicts that species richness increases
with island area and decreases with distance from the
source pool (MacArthur & Wilson, 1967). A similar pat-
tern was also noted in a comparable study on the Aegean
butterfly fauna by Dennis ez al. (2000). In this study, the
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Fig. 4. Four main zoogeographical categories of eastern Mediterranean Merodon species on investigated islands. The size of each pie is
analogous to the total diversity (number) of Merodon species of the island. Mid-Aegean dividing line drawn in black.
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variation partitioning analysis (Fig. 2) has shown that
contribution of the distance to the nearest mainland is
mostly shared with island area, which is the factor indi-
vidually contributing most to the explained variance, fol-
lowed by distance to the nearest island. Although
elevation showed positive correlation with species rich-
ness, this factor has been excluded in further analyses
because of its high correlation with area. Habitat hetero-
geneity on islands often appears as a result of variation
along an elevational gradient and the underlying envi-
ronmental factors such as temperature and precipitation,
thus elevation can be considered as at least a rough indi-
cator of habitat heterogeneity (Muhlenberg et al., 1977;
Nussbaum, 1984; Steinbauer ez al., 2013). It is not easy
to disentangle the effects of island area and elevation
since they are confounded by the positive correlation
between them; however, positive correlation of these
variables with species richness can indicate the impor-
tance of increased habitat heterogeneity in explaining
species area relationships. These results highlight the
importance of contemporary geographical features in
governing species richness.

Whether on islands or continents, the species—area rela-
tionships are of crucial biogeographical importance (Whit-
taker & Ferndndez-Palacios, 2007). Indeed, studies on
island biogeography have shown that species with relict
patterns are not in accordance with the equilibrium mod-
els because species richness in such relict faunas is not
influenced by the distance of the island from the source
pool (Fattorini, 2002). On the other hand, some faunal
patterns are better explained by present ecological and
geographical factors (area, isolation) than by historical
geographical changes (Dapporto & Cini, 2007). The mod-
els tested in our study clearly showed a positive relation-
ship between species richness and island area. The
exponential and power function models (Baldi & Kis-
benedek, 1999; Lobo & Martin-Piera, 1999) fitted our
data best. The latter agrees with Dengler (2009) and
Triantis et al. (2012), who suggested that the power func-
tion was the most appropriate model for different species—
area data, based both on theoretical considerations and
literature data. In their comprehensive study of the island
species—area relationship, Triantis ez al. (2012) have con-
firmed the scale dependence of the shape of this relation-
ship, i.e. SAR form variation could be related to the
array of causal mechanisms and processes (e.g. evolution-
ary history, habitat diversity effect, random placement
and area-based incidence functions) that shape the ecolog-
ical space available in an the archipelago and the geo-
graphical context within which islands are located. The
majority of the islands studied here were larger than
70 km?, and the observed relationship is in accordance
with the hypothesis that larger islands tend to be more
topographically diverse. This also results in complex habi-
tats and thus more available niches for potential colonists
leading to a higher number of species (MacArthur &
Wilson, 1967; Lomolino et al., 2010). Another hypothesis
(MacArthur & Wilson, 1963, 1967) suggests that the

number of species increases with the island size due to the
increase in the size of populations, which reduces the
probability of extinction. Most probably both factors,
habitat availability and increased abundance, have a role
in shaping species richness.

In this study, islands with recorded endemic species are
Andros, Crete, Cyprus, Naxos, Peloponnese and Rhodes.
Crete and Cyprus are the largest and most isolated islands
of the eastern Mediterranean, and both islands have been
isolated since the Miocene (Sondaar & van der Geer,
2002). The long-term isolation along with their size and
geographical separation could therefore be expected to
support a high species diversity and endemicity (Losos &
Schluter, 2000; Whittaker & Ferndndez-Palacios, 2007;
Losos & Ricklefs, 2009). Dennis et al. (2000) found that
endemic butterfly species and subspecies were concen-
trated on larger southern islands (such as Cyprus, Chios,
Crete, Karpathos and Rhodes) in the periphery of the
eastern Mediterranean area, which is in accordance with
our results. The Aegean endemic butterfly fauna is small,
comprising only 5.2% of the occurring species (6 out of
116 species; Dennis et al., 2000). It was found here that
the percentage of endemic Merodon species in the eastern
Mediterranean islands is more than twice the percentage
of the butterfly fauna, namely 12.3% (7 of 57 species).
Additionally, endemic Merodon species occur also on
smaller islands of the Cyclades (Andros and Naxos)
(Table S1), while no endemic butterflies were found on
these islands (Dennis et al., 2000). The observed percent-
age of Merodon endemicity is in accordance with the level
of plant endemics (12%) in the eastern Mediterranean
(Dennis et al., 2000).

Analyses of the origins of island faunas revealed that
fauna of certain island could be considered as of eastern
or western origins, which was in accordance with zoogeo-
graphical classification of the taxa and their presence on
individual islands (Fig. 4, Tables S2 and S3). Namely,
mainly eastern origins were attributed to islands Lesvos
and Samos, which have approximately half of the Mero-
don species previously classified as Anatolian. On the
other hand, fauna of Peloponnese, Corfu and Crete was
shown to be predominantly western and these islands are
characterised with the highest percentage of Balkan spe-
cies. These results comply with those of the analysis of
the similarity of Merodon fauna between islands, which
clusters given islands in the dendrogram (Fig. 3).

Cluster analysis indicated dominant influence of histor-
ical factors in the Merodon distribution patterns.
Although Pleistocene events, such as the lowering of the
sea level and resulting land bridges between islands and
islands/mainland have likely influenced the processes of
colonisation of these species, the possibilities of overseas
dispersal should not be ignored, considering the good
dispersal abilities of some Merodon species. The analysis
of between-island similarities in this study potentially
indicates the importance of historical events for relation-
ships of geographical variables with species numbers for
Merodon. Such a case was shown previously (Fattorini,
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2011) and could be interpreted with regard to interac-
tions of historical and present factors, and their complex
impact on current distribution of organisms on islands.
Paleo-geographic and paleo-ecological events, along with
present geographical and ecological features, affect exist-
ing distributional patterns (Fattorini, 2009).

Our cluster analysis results imply that there are two
main tendencies regarding the similarities of the Merodon
faunas on eastern Mediterranean islands (Fig. 3). The
fauna of bigger islands is closely related to the adjacent
mainland fauna, thus belonging to separate clusters in
the dendrogram (Chios, Lesvos, Rhodes, Samos and
Kos, close to the Anatolian mainland; and on the other
hand Corfu, Peloponnese and Crete close to the Balkan
Peninsula). These areas also harbour the highest Mero-
don species numbers. Lesvos has the highest number of
Merodon species among the islands of the whole study
area (25 species), while also Samos and Rhodes have
high species numbers (Table S1), which fits well with the
high number of species found in the adjacent mainland
area (western Turkey with 34 recorded species). Pelopon-
nese, Crete and Corfu also have high species numbers,
in congruence with the high species diversity recorded
from Central Greece (Table S1). Smaller islands form
faunal similarity clusters consisting of geographically clo-
sely situated islands (such as Cyclades group and
Euboea) or clusters of islands depending on nearest
mainland (island cluster of Ithaca and Kefalonia close to
the Balkan Peninsula; and cluster with Ikaria and Kar-
pathos, near the Anatolian mainland).

There were two exceptions to these general trends. The
first one being the classification of Syros and Delos, which
are small islands in the middle of the Cyclades with small
numbers of recorded Merodon species (three and one
respectively). Both islands share Merodon aff. albifasciatus
2, a species with Anatolian origin, present on many other
Cyclades islands, but without any species originating from
Balkan Peninsula which is the closest mainland (Figs 1
and 3). It could be acknowledged that a clustering based
on the Serensen Similarity Index is not optimal for plac-
ing Syros and Delos, islands with a low species number,
with other geographically proximate islands, but with
different faunal compositions. The second exception is
Samothraki, which is a somewhat larger island but with
only three Merodon species recorded, as opposed to the
higher Merodon species numbers found on some islands
smaller than Samothraki (Table S1). The cluster analysis
suggests it as an independent island, isolated from all
others (Fig. 3). The island could be an example of an
island previously rich in species, but presently harbouring
only remnants of this fauna, reduced by extreme human
influence such as domestic animal overgrazing and other
land use considerably altering natural habitats (Theodora
Petanidou pers. observ.). Analogous to Samothraki, Malta
is an example of a larger island that was under intensive
human impact for many centuries and presently only one
Merodon species can be found on the island (FSUNS data,
unpublished database).
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Lastly, there are certainly other factors that can influ-
ence the richness of Merodon species, such as high habitat
heterogeneity and diversity of certain host plant groups
(geophytes) which have not been studied here. Further
knowledge of feeding ecology of the immature stages of
Merodon species, the migration abilities as well as
resource and habitat requirements among particular spe-
cies is undoubtedly needed, in order to make species—
specific conclusions more comprehensive.

Additionally, the presence of 21 other Merodon species
on the mainland areas (FSUNS data, unpublished data-
base) surrounding the eastern Mediterranean islands with
its 57 species, is a potential source of future colonisations
and/or introductions. Thus, this study could be identified
as an important platform on which future follow-up stud-
ies could be based.
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