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ABSTRACT

The Balkans is considered a hotspot of hoverfly diversity and endemism, and
Eumerus Meigen, 1822 one of its most species-rich hoverfly genera. Here, the account
of a limited number of species within the genus and their geographic distribution in
the Balkans (and adjacent regions) were addressed by implementing an integrative
taxonomical approach employing morphological characters (viz. wing geometric
morphometry), molecular markers (mitochondrial and nuclear DNA), and
phylogeographic and biogeographic approaches. MtDNA was adequate to (a)
diagnose and delimit species; (b) reveal monophyletic lineages and taxon groups; (c)
infer high number of mitochondrial haplotypes; and (d) detect star-like patterns.
Integrative taxonomic approach methods lead to identification and description of five
new species, revealed one cryptic species complex, resolved one synonymy, revised
the geographical range of one species, and suggested that the formation of the mid-
Aegean Trench and the Messinian Salinity Crisis were related to speciation processes
within a taxon group. Finally, spatial genetic structure analyses inferred the presence
of (a) two genetic clusters ascribed to allopatric and peripatric processes, as well as to
landscape discontinuities formed due to palaeogeological and palaeoclimatic events;
(b) one genetic cluster, pointing to the hypothesis of relict taxa; and (c) high- and low-
genetic divergent regions.

H Boikavikn Xepodvnoog éxet yopakmmpiodel mg Oeppd onueio Promoucthdrag kot
EVONUIGLOD Y10 TNV OIKOYEVELL TOV ZupPidwv, e to Yévog Eumerus Meigen, 1822 va
glval and ta mAéov mAovola oe €N oty meployr]. Me okomd v diepehivnon e0mV
tov Eumerus, kot v yeoypoapikn Kotavopr] Tovg otnv gupvutepn BoaAkavikn,
epappooctnke N nEBOSOG TG EVOTOMTIKNG TASIVOLUKNG E TNV XPNOT LOPPOLOYIKMV
(7. YEOUETPIKY] LOPPOUETPIO TTEPVY®V) KO LOPLOKDV (LTOYOVOPLUKS KOl TUPTVIKO
DNA) gpyareiov, oe cuvovacud pe pebodovg puoioyéveong kot poioyewypaoioc. To
MIDNA deiybnke xatdAinio vy v (a) Owdyvoworn kot oprobétnom ewav, ()
avadelEn LOVOPUAETIKGOV KAAOWV Kot OUAd®V €10V, () aviyxvevorn vyniol aptBpod
LLTOXOVOPLOK®Y  amAOTOTT®OV, Kol (8) JlIKPlon 0oTeEPOosddV doumv. Bdost g
EVOTOMTIKNG TASIVOIKNG, TOVTOTOMONKOY Kot Teptypaenkoy mEvTe véa 10N Yo v
EMOTNUY, OMOKAADEONKE £€vog KPLMTIKOG eCeAKTiKOg KAAdOC, emAvOnke o

cuvovuuia, avabewpnnke N yewypapikn eEanimon evog idovg, kot omodeiyOnke

16



0Tt 0 oynuatiopdg ¢ peco-Aryonokng Tdaepov war mn Kpiong Alatdétntog
Meoonviov oyetilovion pe dlepyociec €100YEVEONC OUASOS WMV EVTOG TOVL YEVOUC.
TEAOG, Ol VOAVGELS YOPIKMV YEVETIKOV dOUDV GE EVVEQ €101, £de1&av TNV Vtapén (o)
d00 YEVETIKOV OpAd®V, THAVOV AOY® OALOTOTPIKAOV KOl TEPITATPIKMY SIEPYACLOV 1
TOAUOYEDMAOYIK®OV KOl TOACLIOKAUATIKOV YeYOVOT®V, (B) H0G YEVETIKNG OnddaG,
VTOONA®VOVTOG OTL TOL €101 OVTA €lval VTOAEWUOTIKA €10M, Kol V) TEPLOYDY LYNANG

KO YOUNANG YEVETIKNG TOWKIAOTNTAG,.
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CHAPTER 1

General Introduction, Scientific objectives & Thesis
outline
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Molecular systematics and phylogenetics towards species delimitation
The science of taxonomy reflects our way of perception of the diverse units of life as
it encompasses identification, description, and nomenclature of species. Taxonomy is
often associated with molecular systematics, i.e. the employment of molecular
genetics tools to infer phylogenetic relationships among individuals and species, and
the use of such information to classify species and to provide insight into an
organism’s natural history and evolutionary processes. The latter is related to
cladistics or phylogenetic systematics, through which a phylogenetic tree is
reconstructed based on the affinity and dissimilarity of the share-derived characters of
the organisms under study. Phylogenetic trees show the evolutionary, ancestor—
descendant relationships among OTUs, and unveil the patterns of relationships among
them. Based on the type of data (character states or distance matrix), a variety of
phylogenetic trees can be applied with Maximum parsimony, Maximum likelihood
and Bayesian inference to pilot (for a thorough review see Yang & Rannala, 2012).

The role of molecular tools in molecular and phylogenetic systematics is
invaluable; they have assisted and accelerated species identification, diagnosis of new
species, and species delimitation; revealed cryptic species complexes; and shed light
into species evolution and biology (Rubinoff, 2006). The most popular molecular tool
is the ‘DNA barcode’, i.e. the retrieval of a short DNA sequence from a standard part
of the genome (gene-specific region) of the study specimen (Folmer et al., 1994;
Hebert et al., 2003; Hajibabaei et al., 2007). Mitochondrial DNA (mtDNA) has taken
precedence over other molecular markers because it is maternally inherited (haploid)
lacking recombination, less prone to degradation, easy to isolate and assay (high
number of copies with limited sample required), and it is quite variable among
individuals (evolution rate is 5-10 times faster than in nuclear DNA) (Avise et al.,
1987). MtDNA deficiencies (reduced effective population size and introgression,
maternal inheritance, lacking of recombination, inconsistent mutation rate,
heteroplasmy and compounding evolutionary processes; Moritz & Cicero, 2004;
Rubinoff, 2006) should also be considered when inferring species diagnosis and
delimitation, as mtDNA may result to false positive or negative signals when used
alone.

In addition to the above, species inference from molecular data transcends over
morphological/ physiological traits for several reasons (see Table 1; Graur & Li,

2000). In order to conclude on species delimitation and infer evolutionary
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relationships or driving forces of speciation, it is fundamental to use more than one
molecular marker or other complementary disciplines. Nowadays, there is a trend to
employ an integrative taxonomical approach by employing morphological (e.g.
structure of genitalia, wing morphometry), molecular (DNA, RNA and proteins) and
biochemical data (e.g. alloenzymes), sometimes vis-a-vis environmental (e.g.

temperature) and/or ecological (e.g. habitat use) factors (Dayrat, 2005).

Table 1. Comparative table of molecular vs. morphological/ physiological traits
(based on data from Graur & Li, 2000).

Mivoxkog 1. Zuykptikdg mivokog TOV  HOPLOK®DY  EVAVTL TOV  HOPPOAOYIKOV/
QUOLOAOYIKGV YopakTnploTik®V (Bdoet dedopévav and tovg Graur & Li, 2000).

Molecules Morphological/ physiological traits

Strictly inherited May also result due to environmental
factors

No Relies on subjective criteria and
scientists may disagree

Evolution is characterized by regularity No

Quantitative (statistical) analyses Qualitative (more often) analyses

Easier to deduct apomorphic traits No

Easier to study evolutionary relationships Few morphological characters can offer

even between remote organisms that

Abundant characters Not many available characters

Species, speciation and mtDNA phylogeography
What is a species? It is extremely difficult to define the concept of the species so that
it applies to all living organisms, as there are numerous species ‘concepts’, probably
even more than 24, major ones referred and explained in Table 2 (Mayr, 1996;
Mayden, 1997; De Queiroz, 2007). The phenomenon of confrontation about species
delimitation is known as species problem (Mayr, 1957). Scientists accept that
‘species’ is the basic unit of biological classification and taxonomic rank. The species
classification criteria anticipate that individuals of the same species: (a) originate from
a common ancestral population (common origin); (b) share similar/ common
(molecular and morphological) features; and (c) interbreed and produce fertile
offspring (Mayr, 1996).

Speciation events occur often in nature, i.e. the formation of new species from
species that become reproductively isolated and eventually, diverge. Based on the

type and degree of geographic and reproductive isolation, four types of speciation are
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distinguished (Fig. 1a, Lemey et al., 2009): (1) Allopatric speciation occurs when
populations are geographically isolated due to a physical barrier, e.g. a mountain or a
river. Populations start to adapt to the new environment, and progressively become so
different that cannot breed with each other. (2) Peripatric speciation occurs when the
populations adjacent, but still geographically isolated; although it resembles
allopatric, it differs from this because, here, one population consists of few
individuals. (3) Sympatric speciation occurs when within a population there is an
instant or progressive reproductive isolation (gene polymorphism) without geographic
isolation, e.g. feed in different habitats, interact with different host or mate in different
seasons. (4) Parapatric speciation is a sub-type of sympatric, relatively rare to happen,
and is due to extreme change in the habitat, e.g. soil contamination in mines due to
heavy metals. In this case, the natural selection favors different, rare alleles in two
adjacent or parapatric populations, reduces the fitness of the heterozygotes, and
eventually leads to selection of reproductive behaviors or mechanisms that prevent the
interbreeding of the populations. The founder effect, i.e. the loss of genetic variation
within a new population established by a very small number of individuals from a
larger population, appears also to play a role in speciation (Fig. 1b; Lemey et al.,
2009). The founder effect can cause genotypic and/or phenotypic variations and in
extreme cases, to lead to speciation.

In a phylogenetic tree, we can detect monophyletic groups (a clade of an ancestral
species and all its descendants), paraphyletic (all the descendants of a common
ancestor minus one or more monophyletic groups), and polyphyletic (all the
descendants sharing convergent, not inherited from a common ancestor, features or
habits) (Fig. 2; Baldauf, 2003). The formation of monophyletic group may indicate
either the presence of speciation or events such as population expansion, population
bottlenecks, vicariance and migration. The inferred conclusions from phylogenetics
and population genetics can be interpreted and integrated in light of the science of
mtDNA phylogeography, where micro- and macro-evolutionary phenomena, liable
for species geographic distribution, are considered (Avise et al., 1987).
Phylogeography encounters great admirers as, by choosing the appropriate molecular
marker, the genetic information can be associated to historical processes of a
geographic area (palaeoclimatic and palaeogeological events), and interpret and
predict the species occurrence and distribution (Hickerson et al., 2010; Chan et al.,
2011).
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From the biogeography perspective, vicariance and dispersal are the two main
processes tightly involved to phylogenetic and phylogeographic inferences. Through
the dispersal process, species move spontaneously from their ancestral habitat for a
matter e.g. of breeding, while in vicariance, a habitat discontinuity occurs due to a
physical barrier e.g. a river, leading to forced species relocations (Crisp & Cook,
2005).

Table 2. Pros and cons of the major concepts of species definition (based on data
from De Queiroz, 2007).

IMivaxag 2. EvvoloAoyikd TAEOVEKTALOTA KOl LELOVEKTHLOTO TOV POCIKOV EVVOLDV
OYETIKG [LE TOV 0plopd TV €100V (Pdoet dedouévmv amd tov De Queiroz, 2007).

Species concept  Application  Pros and cons

Biological Difficult Works well for most members of the Animalia
Kingdom in which strong barriers to interbreeding
exist (common gene pool, reproductive isolation);
fails to describe hybrids, fossils and species that
reproduce asexually.

Phenetic Common Identified most species to date; defines species by
structural (morphological) features, which reflect,
but not always, the real clustering and relationships
of the individuals; can be applied to asexual
organisms and fossils; problematic with the cryptic

species.
Ecological Difficult Views a species in terms of its ecological niche.
Phylogenetic Increasing Species delimitation can be successfully achieved,

no specific statistical threshold

Molecular clock

Molecular divergence time estimations are based on a molecular clock that ticks on a
constant rate over time or across phylogenetic lineages (Yang & Rannala, 2012), and
can be fast or slow depending on the employed genes. The molecular clock was
assumed after the Neutral Theory (Kimura, 1968; 1983) stating the intra- and
interspecific variation is due to genetic drift of mutant alleles (neutral mutations) and
not to natural selection. According to this hypothesis, each gene or protein with a
conservative function to organism can serve to calibrate the molecular clock, with
cytochrome c to be the first protein ever used to estimate divergence times (Fitch &
Margoliash, 1970).
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allopatric peripatric parapatric sympatric

original
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physical genetic
bayrrler entered entered polymorphism

first step of
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differentiation differentiation differentiation by mutants
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can no longer
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(a) (b)

Fig 1. (a) The different modes of speciation: allopatric, peripatric, parapatric and
sympatric; and (b) the founder effect. Figure (a) reproduced from Dr Dana Krempels
(included in Lecture notes for Evolution and Biodiversity-BIL 160 Section HJ at
University of Miami, Spring 2006) with permission by herself.

Yyqpo 1. (o) Ilpoétvma  ewdoyéveonc: aAlomdtpio, TEPMATPIO, TOPOTATPLN,
ocoumatpa, kot () n apyn tov Wputy. To oynua (o) TPOEPYETUL QO TIC CNUELDCELG
¢ Ap Dana Krempels yw to pabnua EEEMEN kot Bromouwadotnta (BIL 160) tov
[Movemompiov tov Maiqut (AvoiEn 2006), kot eivor ghevBepo  dKOOUATOV
COUPOVO UE TNV 10101

A Monophyletic
B

C

D Paraphyletic
E Polyphyletic

Fig 2. Possible groups encountering in a phylogenetic tree: monophyletic,
paraphyletic and polyphyletic.

Tyqpa 2. ZynUoTikn oardd00n TOV GUAOYEVETIKMV TPOTHTMOV TNG LOVOPLAETIKOTNTAG,
TOPOPLAETIKOTNTAG KOl TOAVQLAETIKOTNTOG TMV taxa.
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A mutation rate is required for the calibration, which can be extracted from either
a fossil record or a palaeogeographic event. The existence of such a clock has assisted
to better comprehend the evolutionary relationships and to correlate them to historic
processes, though it has provoked much debate regarding its application as the
hypothesis of a mutation rate consistency comes in contrast to e.g. the inconstant
evolutionary rate on morphological and physiological aspects (Kimura, 1969;
Goodman, 1981), or inconsistencies in divergence time rates on human mtDNA
(Howell et al., 2007, and references therein) or the relative constant rate observed on
proteins’ sequences to support the neutrality theory (Kimura, 1969).

Even though the molecular clock is the only approach (when fossils are not
available) to track down and see over time an organism’s evolutionary history, much
attention is required. The choice of the appropriate gene(s), the way the gene(s) are
subjected to mutations, and their adequacy as to visualize the molecular clock
(whether the chosen gene display or not temporal signal, and therefore, the data are
suitable to perform the molecular clock models; Rambaut et al., 2016) while
considering the wright way of measuring the substitution rate will reassure the
validation of as much as possible accurate molecular clock. One should not forget the
issues arising from the employment of a universal substitution rate between distant
lineages (there are cases of genes evolving with a different mutation rate between
lineages e.g. the case of the insulin; King & Jukes, 1969), but rather dispute, and
further explore the acquired divergence times in relation to e.g. the palaeogeology of
an area (Papadopoulou et al., 2010). All these imply that a ‘global’ molecular clock
(where substitution rate is constant over time and all lineages share the same rate)
does not exist, but rather a ‘local’ one, where rate shifts infrequently over the tree

(closely related lineages have equivalent rates).

The genus Eumerus (Diptera: Syrphidae) as study model

Hoverflies or flower flies (Diptera: Syrphidae) is an insect group notable for its
species diversity, encompassing four subfamilies (Microdontinae, Eristalinae,
Pipizinae and Syrphinae; Fig. 3 from Young et al., 2016), 200 genera and more than
6100 species recorded worldwide (Thompson et al., 2010). The family is common
throughout the world, and can be found in all continents except Antarctica. Hoverflies

provide substantial ecosystem services as pollinators in a wide range of flowering
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plants, predators of plant pests, herbivores and effective nutrient recyclers from dead
matter (Rotheray & Gilbert, 2011).

Study group in the present dissertation is the genus Eumerus Meigen, 1822
(Diptera: Syrphidae: Eristalinae: Merodontini). The genus is widely distributed in
Palaearctic, Afrotropical, Oriental and Australian regions (Stackelberg, 1961),
recently imported also to Nearctic and Neotropical regions through commercialized
import of plant bulbs (Marinoni & Morales, 2007). There are 256 Eumerus species
worldwide (Pape & Thompson, 2015) of which 140 occur in the Palaearctic; among
the latter 75 species are encountered in Europe, the majority of them occurring in the
southern regions (Doczkal, 1996; Chroni et al., unpubl.; Grkovi¢ et al., 2015, 2017,
Markov et al., 2016; Speight et al., 2016; Grkovié, in prep.). It is worth mentioning
that many of these species were described only recently or will be described soon,
which explains the rapid increase of their species number known for Europe (i.e. 50
species according to Speight et al., 2016).

One of the main difficulties in studying the genus is the successful diagnosis and
delimitation of the included species, caused by the lack of updated identification keys
for European species, and to existing obscurities regarding nomenclature including
synonymies (Peck, 1988). The only existing comprehensive key for Eumerus is that of
Stackelberg (1961), which is based on a fraction only of the Palaearctic taxa. From the
morphological viewpoint, species of Eumerus vary a lot: small to medium-sized,
blackish or reddish, often with white or black markings on tergites, and with a
distinctive habitus showing strong metalegs and a narrow or broadly oval abdomen
(for more details see Grkovic et al., 2015; Doczkal et al., 2016).

Up to the present dissertation, there was a limited study focus on Eumerus, mainly
oriented to taxonomic and ecological viewpoints (Ricarte et al., 2008, 2012, 2013;
Doczkal & Pape, 2009; Speight et al., 2013). For example, studies were focused on
life cycle and habitat preferences of Eumerus species, revealing e.g. restriction to
larval dependence on plant underground storage organs (Ricarte et al., 2008 and
references therein) or adults usual preference for warm and sunny places for resting,
while visiting flowers (Apiaceae, Asteraceae, Euphorbiaceae and Ranunculaceae;
Speight, 2016). On the contrary, other hoverfly genera, such as Merodon Meigen,
1803 (Milankov et al., 2008a, b; Stéhls et al., 2009; Sasi¢ et al., 2016), Cheilosia
Meigen, 1838 (Stahls et al., 2004; Milankov et al., 2010a, b), Chrysotoxum Meigen,
1803 (Nedeljkovi¢ et al., 2013) and tribe Pipizini (Vuji¢ et al., 2013), are more
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thorough studied from molecular, morphological and phylogeographic aspects by
using multiple disciplines, e.g. mtDNA and/or nuclear gene fragments, alloenzymes,
wing morphometry. Therefore, recent studies on Eumerus (Doczkal & Pape, 2009;
Speight et al., 2013; Chroni et al., 2017; unpubl.) have also implemented multiple

disciplines under the service of Eumerus, e.g. DNA barcoding, wing morphometry,
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Fig. 3. A Maximum likelihood tree that shows the phylogenetic position of the
subfamilies within the hoverflies; outgroups (black), Microdontinae (green),
Eristalinae (orange), Pipizinae (red) and Syrphinae (blue). Bootstrap support values
are depicted above the nodes. The phylogenetic method employed was RAXML under
the model GTR+G. Figure reproduced from Young et al. (2016) with permission by
the corresponding author.
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phylogeography, which have indicated the existence of monophyly and of several
taxon groups (groups of species morphologically and genetically similar) as well as
several new species and one cryptic species complex within the genus. All
aforementioned findings on Eumerus indicate for an urge investigation and genus
revision, where species identification, nomenclature clarifications, and insights about

speciation processes will be granted.

Balkans, the study area

Study area of this dissertation is the Balkan Peninsula (hereinafter the Balkans)
including the Aegean Archipelago, and adjacent countries within the Mediterranean
Basin (hereinafter Mediterranean). To discuss the Balkans species-richness and its
drivers, one must first consider the geographical context the Balkans are placed, i.e.
the Mediterranean. The contemporary species distribution of the Mediterranean is
often referred as the outcome of the special palaeogeography, and unique location in
the crossroad of three continents (Africa, Asia and Europe). Two major
palaeogeological events shaped the Basin: (1) continuous collision of the African and
the European tectonic plates, with (2) simultaneous eastward displacement of the
Anatolian plate, driven from the northward displacement of the Arabian plate, with
the latter causing in turn a fan-like expansion of the Aegean southward (Fassoulas,
2000; Lymberakis & Poulakakis, 2010).

The Balkans were connected to Anatolia through the Hellenic Peninsula, a united
region called Agdis at mid-Miocene (~ 16-12 Mya; Philippson, 1898). At the onset of
the mid-Miocene, Agiis was connected to Asia and Central Europe, and through land
bridges, species relocations were facilitated (Steininger & Ro6gl, 1984). Four
geological events that occurred between Miocene (23 Mya) and Holocene (0.0117
Mya) are responsible for the fragmentation of Agais and the consolidation of the
region in its present form, including the islands of the Aegean Archipelago: (1) the
formation of the mid-Aegean Trench (MAT) in the middle Miocene (12-9 Mya), (2)
the Messinian Salinity Crisis (MSC) in the late Miocene (5.96-5.33 Mya), (3) an
extensive segregation and widening of the Aegean Sea and the separation of
Karpathos—Kassos island group from Rhodos in the Pliocene (5-2 Mya), and (4)
orogenetic and eustatic sea-level changes during the Pleistocene (2-0 Mya)
(Dermitzakis, 1990; Perissoratis and Conispoliatis, 2003; Lymberakis & Poulakakis,
2010; Kougioumoultzis et al., 2017; Sfenthourakis & Triantis, 2017).
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Anatolia, in the east, is also a significant neighbor of the Balkans and the Aegean.
It is located among three acknowledged global biodiversity hotspots (viz. Caucasus,
the Irano-Anatolian hotspot and the Mediterranean; Myers et al., 2000), encompassing
significant mountain ranges: the Western Anatolian, the Taurus ranges in the south,
the Northern Anatolian, and the Anatolian Diagonal running from the northeast to the
Mediterranean (Sekercioglu et al., 2011). These mountains have sheltered
Mediterranean species during glaciations, with Western Anatolia, Taurus and Amanus
being the main ones (Médail & Diadema, 2009), while the Anatolian Diagonal
constituted a dispersal corridor for many plant and animal species (Davis, 1971,
Ansell et al., 2011). Indeed, Anatolia has been regarded as the potential biodiversity
center for several biota including bats (Furman et al., 2010), insects (Ciplak et al.,
1993; Rokas et al., 2003; Dapporto, 2010; Coruh et al., 2014; Mutun, 2016), reptiles
(Veith et al., 2003; Joger et al., 2007; Akin et al., 2010), fungi (Sesli & Denchev,
2008), shrews (Dubey et al., 2006, 2007) and plants (Biltekin et al., 2015).

The palaeoclimatic events from the Cenozoic until the Holocene Period have also
played a major role in speciation and species distribution within the study area
(Blondel et al., 2010; Feliner, 2014; Vogiatzakis et al., 2016). There were continuous
climate alternations (coolings and warmings), stabilized and shaped to their present
form after the Last Glacial Maxima (for a thorough review see Hewitt, 2011). Many
phylogeographic studies have pointed out the Balkans as the major source of
postglacial colonization of Central and Northern Europe, which engendered and
contributed to the species diversity of the Peninsula (including cryptic and endemics;
Poulakakis et al., 2015 and references therein). As regards the genus Eumerus, the
Balkans is very species-rich, with new species being described and cryptic species
complexes recorded (e.g. Chroni et al., unpubl.; Grkovi¢ et al., 2015).

Another factor that enhanced the biodiversity of the study area is the alterations
of the topographic relief. An example is the impact of the continuous collision of the
African northwards, which resulted to great orogenesis and generated the Dinaric
Alps, Mts Pindus, Mts Taurus etc. In addition, the occurred erosions of the climatic
oscillations during the Late Cenozoic caused uplifts of the relief, and eventually
shaped it (Westaway et al., 2009).

Finally, the great impact of human’s presence and life on the Mediterranean must
be considered when accounting for studies related to e.g. biodiversity, ecosystems etc.

The location of the region as well as the Mediterranean Sea facilitated the interaction
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between diverse civilizations, the formation of new settlements, and the trade
development. As a consequence, the Mediterranean endured landscape and
ecosystems’ alterations in a great scale from human, and in many ways; hunting,
agriculture, livestock, deforestation (and soil degradation), active or passive transport
of plant or animal species to name a few (Blondel, 2006).

All the aforementioned factors have led to the formation of the Mediterranean
peninsulas of Iberia, Italy and the Balkans, and isolation of Anatolia, each region with
its own different, diverse and complex geological history, landscape and species
distribution. These landscape discontinuities are granted for species divergence,
speciation and ultimately, for today’s high species diversity and endemism. All in all
they have rendered the Mediterranean as one of the 36 global hotspots (Myers et al.,

2000; CEPF.net-The Biodiversity Hotspots, www.cepf.net).

Scientific objectives and emerging questions of the thesis

In the current dissertation, the genus Eumerus is studied for the first time from the
perspective of molecular taxonomy, phylogenetics and phylogeography. More
specifically, the main aim is to address the account of a limited number of species
within the genus and their geographic distribution in the Balkans by implementing an
integrative approach of morphological characters (male genitalia, antenna segments
etc), molecular markers (viz. two fragments of the mitochondrial cytochrome-c
oxidase subunit I gene, COI; one fragment of the nuclear 28S D2 ribosomal DNA
gene, 28S), wing geometric morphometry as well as in combination with
phylogeographic and biogeographic approaches. Directed by the above framework,
the dissertation seeks to answer questions related to the genus phylogeny and
phylogeography, as well as to the historic processes accounted for the inferred
evolutionary and biogeographic relationships in the Balkans. In pursuit of the above

goal, the emerging questions and objectives of the dissertation are:

1. Are the mitochondrial COI sequences sufficient to achieve species diagnosis
and delimitation within the genus Eumerus? Is the inclusion of morphological
features meaningful regarding the species identification?

2. Can the molecular markers (COI, 28S) detect cryptic species complexes and
indicate evolutionary forces that have led to the observed biogeographic

patterns and speciation processes?
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3. Are there spatial patterns of genetic diversity within Eumerus? What is the
role of the landscape discontinuities (e.g. mountain), isolation by distance,
palaeogeological events or palaeoclimatic alterations on the observed spatial
genetic patterns?

All results and conclusions stemming from the above questions will (a) assist to the
taxonomic revision of the genus Eumerus, (b) encourage the study on Eumerus in the
Mediterranean Basin and worldwide, (c) enhance and contribute general hoverfly
research (e.g. ecology and biogeography), and (d) determine the status within the

genus Eumerus, as to the level of endemism, and conservation priorities in area.

Thesis outline

The following chapters sought to answer the abovementioned questions. As the
species diagnosis and delimitation within the genus Eumerus has been proven a
challenge, Chapter (2) explores the effectiveness of a molecular identification system
employed to assist with species diagnosis and delimitation of the genus. Chapters (3)
— (4) display the practical potential of such a molecular identification system to
delimit (new) species, resolve synonymies and revise the range of one species of
Eumerus, and account for a more integrative approach. Chapter (5) discourses the use
of integrative taxonomy on the detection of cryptic species complexes within
Eumerus, and the correlation of phylogeographic inferences to the speciation
processes. Finally, Chapter (6) is a broad- and large-scale data analysis on the
hoverfly genus Eumerus and considers for the intraspecific genetic differentiation in
relevance of phylogeography and historical biogeography.
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Abstract

Eumerus is one of the most diverse genera of hoverfly worldwide. Species
delimitation within genus is considered to be difficult due to: (a) lack of an efficient
key; (b) non-defined taxonomical status of a large number of species; and (c) blurred
nomenclature. Here, we present the first molecular study to delimit species of the
genus by using a fragment of the mitochondrial cytochrome-c oxidase subunit | gene
(COI) gene. We assessed 75 specimens assigned to 28 taxa originating from two
biogeographic zones: 22 from the western Palaearctic and six from the Afrotropical
region. Two datasets were generated based on different sequence lengths to explore
the significance of availability of more polymorphic sites for species delimitation;
dataset A with a total length of 647 bp and dataset B with 746 bp. Various tree
inference approaches and Poisson tree processes models were applied to evaluate the
putative ‘taxonomical’ vs. ‘molecular’ taxa clusters. All analyses resulted in high
taxonomic resolution and clear species delimitation for both the dataset lengths.
Furthermore, we revealed a high number of mitochondrial haplotypes and high
intraspecific variability. We report two major monophyletic clades, and seven
‘molecular’ groups of taxa formed, which are congruent with morphology-based
taxonomy. Our results support the use of the mitochondrial COIl gene in species

diagnosis of Eumerus.

Keywords: DNA barcoding, COI, species Key Delimitation, hoverflies, Eumerus

Introduction

Hoverflies (Diptera: Syrphidae), also known as flower flies, constitute a cosmopolitan
and highly diverse insect group with more than 6100 taxa described globally
(Thompson et al., 2010). Hoverflies influence ecosystems in many ways, such as: (a)

pollinating a wide range of flowering plants; (b) controlling plant pests of which they
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are effective predators; (c) having phytophagous larvae feeding on bulbs; and (d)
effectively recycling nutrients from dead matter (Rotheray & Gilbert, 2011). Because
of their heterogeneous character and their wide distribution, hoverflies constitute an
important and diverse group for ecological and biogeographical studies.

One of the most species-rich of the hoverfly genera is Eumerus Meigen, 1822,
with 256 species recorded worldwide (Pape & Thompson, 2015), of which 89 occur in
the western Palaearctic region (total species number of the entire Palaearctic is 140:
Peck, 1988; Speight, 2014) and 72 in the Afrotropical region (Pape & Thompson,
2015). The only existing comprehensive key for Eumerus is that of Stackelberg
(1961) based on only some of the Palaearctic taxa, which was used by Speight (2014)
to compile a list of European Eumerus. Due to the lack of an up-to-date European
identification key, species delimitation is often not feasible, especially for poorly
studied areas, e.g., the Mediterranean. In addition, the taxonomic status of a
considerable number of taxa is uncertain, with confusing nomenclature and
synonymies frequently present (Peck, 1988). It is often unclear to which taxon many
names refer, and a broad revision of the genus is needed, perhaps employing more
sophisticated taxonomical tools, e.g., molecular systematics.

Over the last two decades, DNA barcoding has been introduced to taxonomy and
has greatly expedited species identification, assisted in species delimitation and
elucidated species evolution and biology (Rubinoff, 2006). DNA barcoding can be a
fast and efficient way to identify species, to diagnose new species, and to provide
molecular operational units for ecological and biodiversity studies (DeWalt, 2011).
However, opposing opinions exist regarding the application of DNA barcoding as a
primary means of species delimitation. Rubinoff (2006) claimed that mitochondrial
DNA (mtDNA) is not adequate as a sole source of species-defining data because of
reduced effective population size and introgression, maternal inheritance,
recombination, inconsistent mutation rate, heteroplasmy and compounding
evolutionary processes. As a consequence, there are cases where some sister taxa
cannot be identified because they have identical or nearly identical DNA barcodes,
giving a false negative signal of species differentiation (Moritz & Cicero, 2004). In
contrast, taxa with a wide geographical distribution may exhibit relatively large
genetic divergence and, thus, might present a false positive signal (i.e., incorrectly
indicating the occurrence of differentiated taxa) (Avise, 2000). Notwithstanding the

controversy about its effectiveness, DNA barcoding has been highly effective in
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species identification, especially for resolving insect taxonomy (Ball et al., 2005;
Smith et al., 2005). To overcome any false phylogenetic signal, it is recommended to
use multiple and complementary tools to better delimit biodiversity (‘integrative
taxonomy’: Dayrat, 2005). This implies that morphological features, and molecular
(e.g., DNA sequences) and biochemical (e.g., alloenzymes) data, as well as
morphometric data should be utilized for species delimitation (Mengual et al., 2006).

The mitochondrial cytochrome-c oxidase subunit | gene (COIl, cox1) is widely
used in species identification due to its phylogenetic signal, which can discriminate
species (Hebert et al., 2003a, 2010; Hebert & Gregory, 2005). A fragment of
approximately 650 bp of the 5’ end of the COI, i.e., the ‘Folmer’ fragment (Folmer et
al., 1994), is the most frequently used gene fragment in DNA barcoding of animals,
and this approach has been successfully applied to hoverflies (Pérez-Bafion et al.,
2003; Stahls et al., 2009; Gibson et al., 2011; Marcos-Garcia et al., 2011; Radenkovié
et al., 2011). Furthermore, primers amplifying a fragment of the 3" end of the COI
have been effectively applied to obtain longer sequences, i.e., >800 bp. According to
Hebert et al. (2003b) COI-3’ regions present similar sequence divergence profiles as
COI-5" fragments, which imply that COI-3’ can be used as an alternative DNA
barcode. Indeed, the COI-3' region has proven valuable for solving taxonomical
uncertainties in various hoverfly genera (Milankov et al., 2005, 2008a, 2009, 2010a,
b, 2013; Mengual et al., 2006; Vuji¢ et al., 2012; Francuski et al., 2013).

Molecular and morphological studies have been carried out on many hoverfly
genera such as Merodon (Milankov et al., 2008a, b; Stahls et al., 2009), Cheilosia
(Stahls et al., 2004; Milankov et al., 2010a, b), Chrysotoxum (Nedeljkovi¢ et al.,
2013) and tribe Pipizini (Vuji¢ et al., 2013). In these studies, an integrative taxonomic
approach was applied, i.e., complementary use of molecular markers (mtDNA and/or
nuclear gene fragments) and morphological characters, which often provided rather
good taxonomic resolution (Milankov et al., 2008a, b). However, in certain cases,
different taxa shared the same haplotypes (Milankov et al., 2008b, 2010a, b; Stahls et
al., 2009) or possessed character differences of solely one nucleotide (Stahls et al.,
2009; Milankov et al., 2010b). In the latter cases, this outcome indicated the
insufficiency of a COl-based identification system alone, to delimit species or species
complexes within the genus Merodon (Milankov et al., 2008b; Stahls et al., 2009),

and underlined the importance of integrative taxonomic inference.
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Here, our aim is to validate usage of COI-3' region for species delimitation of the
genus Eumerus using different sequence lengths in order to identify species and
explore intra- and interspecific variability. We address two specific questions: (1) Can
COI-3' barcoding reveal intra- and interspecific genetic variation in Eumerus? (2) Is a
short sequence of COI-3' (647 bp) sufficient to accurately resolve species taxonomy

compared to a more elongated one (746 bp)?

Materials and Methods

Taxon sampling

We used dry pinned specimens deposited in two entomological collections: the
Melissotheque of the Aegean located at the University of the Aegean, Greece (M-
UAegean; Petanidou et al., 2013); and the collection of the Faculty of Sciences at the
Department of Biology and Ecology of the University of Novi Sad, Serbia (FSUNS).
The specimens used in this study were collected from 2009 to 2014. In total, 75
specimens were used from two geographical areas: 69 derived from the western
Palaearctic and six from Afrotropical region (RSA) (table S1). Initial species
identification was based on morphology. Specimens were assigned to 28 taxa (table
S1) of which three had been previously undescribed (Eumerus aff. barbarous
Coquebert, 1804; E. aff. rubiginosus Lyneborg, in litt. and E. aff. tarsatus Lyneborg,
in litt.). The selected taxa are mainly of Palaearctic origin (22 taxa), while six taxa
originated from the RSA. Identifications were carried out by Dieter Doczkal
(Afrotropical taxa) and Ante Vuji¢ (Palaearctic taxa). Taxa identification for
specimens derived from the RSA was based on Lyneborg’s revision (Lyneborg, in
litt.). A list of the specimens used in the analysis, together with their GenBank
accession numbers and collection data, is given in table S1.

To detect intraspecific variation, Eumerus amoenus Loew, 1848 was analyzed,
since its broad distribution in the Mediterranean appears to be the widest within the
genus. Two populations from the Aegean islands of Lesvos (three specimens) and
Samos (seven specimens) were assayed. Measurements of interspecific variation were
determined through the taxa, E. pulchellus Loew, 1848 and E. pusillus Loew, 1848 by
comparing the genetic distances between adjacent and distant populations. For E.
pulchellus, molecular diversity indices were calculated by using one specimen for
each geographical area (i.e., Chios, Dadia, Lesvos, Limnos, Rhodes, Samos and

Sardinia). Molecular diversity indices were also calculated for E. pusillus, but in this
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case, two or more samples per geographical area (Chios, Crete, Karpathos and Naxos)

were selected.

DNA extraction and PCR amplification

Total genomic DNA was extracted using the head and/or two to three legs from each
specimen. We used the protocol by Chen et al. (2010) for Sodium Dodecyl Sulfate
(SDS) extraction with the following modifications: (a) RNase A solution was not
added; (b) the concentration of proteinase K solution was 40 mg ml—1; and (c) an
additional step of chloroform/isoamyl alcohol (24:1) was applied. Samples were re-
suspended in 30 ul of TAE buffer.

PCR amplifications of the COI-3" were performed in a total volume of 25 pl,
containing 25 ng pl-1 template DNA, 5 pmol pl-1 of each primer, 0.08 mM of
dNTPs, 1x Reaction Buffer (Thermo Scientific, USA) and 1.25 units of Polymerase
(Taq poly or Dream Taqg poly, Thermo Scientific, USA). Amplifications were
performed in an Authorized PCR Thermal Cycler (Mastercycler® personal,
Eppendorf, Germany). Thermocycling conditions consisted of initial denaturation at
95°C for 2 min, 29 cycles of 30 s denaturing at 94°C, 30 s annealing at 49°C, 2 min
extension at 72°C, followed by a final extension of 8 min at 72°C (Vuji¢ et al., 2013).
We employed universally conserved primers toamplify and sequence the COI-3"
forward primer C1-J-2183 (5-CAACATTTATTTTGATTTTTTGG-3") (alias
JERRY) and reverse primer TL2-N-3014 (5'-
TCCAATGCACTAATCTGCCATATTA-3') (alias PAT) (Simon et al., 1994).
Amplified products were run on 1.5% agarose gels for visual inspection. Purification
of the PCR products was done with the ExoSap-IT kit (USB, Cleveland, OH, USA)

and clean products were thereafter Sanger sequenced in both directions on an ABI

3730 DNA analyzer (Applied Biosystems, USA) at the Sequencing Service laboratory
of the Finnish Institute for Molecular Medicine (http://www.fimm.fi).

Sequence alignment

Two datasets of different sequence length were produced. Dataset A comprised
sequences of 647 nucleotides in total length, obtained by forward sequencing of the
COI-3’ region, from 75 Eumerus specimens and four outgroups. We chose
Platynochaetus setosus Fabricius, 1794 (Accession No. KM224512), Merodon

erivanicus Paramonov, 1925 (Accession No. KT157919) and two species of the genus
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Megatrigon Johnson, 1898 (Accession No. KT157920 and KT157921) as outgroups.
Dataset B consisted of full length of the COI-3" (746 nucleotides), acquired through
bidirectional sequencing, for the aforementioned 75 Eumerus taxa and outgroups. All
trees were rooted based on P. setosus sequence.

As required, sequences were edited by eye using BioEdit 7.2.5 (Hall, 1999). For
multiple sequence alignment we employed the L-INS-i algorithm, which is considered
to be more accurate as an iterative refinement method incorporating local pairwise
alignment information (Katoh et al., 2005). Alignments were implemented using
MAFFT version 7 (http://mafft.cbrc.jp/alignment/server/index.html). Both datasets
were trimmed to their final lengths using BioEdit 7.2.5 (Hall, 1999). Polymorphic
sites, DNA polymorphism and basic molecular diversity indices were calculated using
DnaSP 5.10.01 (Librado & Rozas, 2009), which also generated nexus files. Sequences
were checked for possible presence of stop codons (Buhay, 2009) using the Mesquite
2.75 system for phylogenetic computing (Maddison & Maddison, 2011). All
sequences were translated using the invertebrate mitochondrial code. The
evolutionary models used for maximume-likelihood (ML) and Bayesian inference (BI)
analyses were implemented in the HIV sequence database
(http://www.hiv.lanl.gov/content/sequence/findmodel/findmodel.html)  (Posada &
Crandall, 2001).

Molecular data analysis

PTP models

Several studies have highlighted the ability of Poisson tree processes (PTP) models to
reveal and resolve taxonomic issues (Leasi & Norenburg, 2014; Soldati et al., 2014;
Tang et al., 2014). Because this approach does not require ultrametrization of trees
(and its associated biases), it constitutes a reasonable alternative to other species
delineation models such as the General mixed Yule coalescent model (Pons et al.,
2006). In PTP models, the numbers of substitutions (branch lengths) represent
speciations or branching events and, therefore they only require a phylogenetic input
tree. PTP models have previously been implemented to reveal putative molecular
species clusters (Zhang et al., 2013). PTP analyses were conducted on the web server
for PTP (available at http://species.h-its.org/ptp/) using the best ML tree resulting

from the RA xML analysis (see below).
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Maximum parsimony (MP)

MP analyses were performed in the program NONA (Goloboff, 1999), spawned in
WINCLADA version 1.00.08 (Nixon, 2002). A heuristic search algorithm with 1000
random addition replicates (mult x 1000) was performed, holding 100 trees per round

(hold/100), max trees set to 100,000, and applying TBR branch swapping.

Table 1. Results generated for dataset A (i.e. forward sequencing of the COI-3'
region) and dataset B (i.e. bidirectional sequencing) in DNaSP 5.10.01, after
excluding the outgroups.

Mivaxkag 1. Ta amotedéopato tov mpoypdupatog DNaSP 5.10.01 y t1g opddeg
dedopévav A (aAlnrodyton pe eunpocbio ekkvnty e kmowkng mepoyxng COI-3),
kot B (apeidpoun ariniodyion), £xovtag amokAeicet Tig eEMOUAOES.

Dataset A Dataset B
1. Polymorphic sites
Number of sites 647 746
Tc_)ta! number of sites (excluding sites with gaps / 629 717
missing data)
Invariable (monomorphic) sites 421 474
Variable (polymorphic) sites 208 243
Total number of mutations 268 325
Singleton variable sites 30 37
Parsimony informative sites 178 206
2. DNA polymorphism
2.1 without gaps
Number of Haplotypes, h 53 56
Haplotype (gene) diversity, Hd 0.976 0.983
Variance of Haplotype diversity 0.00008 0.00005
Standard Deviation of Haplotype diversity 0.009 0.007
Nucleotide diversity, Pi 0.07111 0.07350
Theta (per site) from Eta 0.08717 0.09273
Average number of nucleotide differences, k 44,731 52.699
2.2 with gaps
Number of pairwise comparisons 2775 2775
Average number of sites analyzed 646.31 745.07
Average number of differences 48.586 57.865
Nucleotide diversity, Pi 0.07517 0.07766
Analysis at Individual Sites (column by column)
Number of sites analyzed 647.00 746.00
Number of polymorphic sites, S 221 261
Average number of differences 48.720 58.055
Nucleotide diversity, Pi 0.07530 0.07782
Theta-W, per sequence 45.22285 53.40954
Theta-W, per site 0.06990 0.07159




Maximum likelihood

ML trees were generated using RAXML 8.0.9 (Stamatakis, 2006; Stamatakis et al.,
2008) in the Cipres Science Gateway (Miller et al., 2010) under the general time-
reversible (GTR) evolutionary model with a gamma distribution (GTR + G)

(Rodriguez et al., 1990) and 1000 bootstrap replicates.

Bayesian inference

Bl topologies were assessed using MrBayes 3.2.6 (Huelsenbeck & Ronquist, 2001) in
the Cipres Science Gateway (Miller et al., 2010) with the GTR + G nucleotide
substitution model (Rodriguez et al., 1990) proposed by the Akaike information
criterion (AIC). For BI, two analyses were run based on codon partition models: (1)
partitioned (MBP), i.e., each codon position was treated separately, as they are subject
to different evolutionary rates, and (2) nonpartitioned (MBUP). The settings for the
Bayesian Markov chain Monte Carlo (MCMC) process for the non-partitioned dataset
A and partitioned datasets A and B included two runs of 10 x 106 MCMC generations
(x4 chains) with a sampling frequency of 1000 generations. For the non-partitioned
dataset B, the same settings were applied except that the number
ofMCMCgenerations, i.e.,, 15 x 106, was increased in order to diminish the
autocorrelation. The relative burn-in was 10%. MCMC results were checked with the
program Tracer 1.6.0 and all trees were displayed using FigTree 1.4.0 (both available

at http://tree.bio.ed.ac.uk/software/).

Median-joining (MJ) network

The software NETWORK 4.6.1.2 (Bandelt et al., 1999) (http://www.fluxus-
engineering.com/sharenet.htm) was applied to construct the MJ networks aiming to
multistate the characters. For MJ reconstructions the mitochondrial haplotypes of

outgroups were excluded.

Results

The proportion of gaps and completely undetermined characters in the alignment as
generated in RA xML was 0.09 and 0.06% for datasets A and B, respectively; the
relevant distinct alignment patterns were 250 and 274. The genetic polymorphism of

datasets A and B is shown in table 1.
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Fig. 1. Maximum parsimony analysis for dataset A produced 72 equally parsimonious
trees; the strict consensus tree is illustrated here. Length 989 steps, Consistency index
(Cl) = 33, Retention index (RI) = 71; filled circles denote unique changes, open
circles non-unique. Bootstrap support values (>50) are illustrated above the branches.

Yympo 1. Anotedéoparto avdivong pe v uébodo g péyiomg eedmrdtrag (MP)
v v opada dedopévov A, n omoila mapnyaye 72 e&icov QWAL dEvipa €00
dtvetan 10 cvvovetikd d€vdpo. Mnkog 989 efehktikd Prjnata, Agiktng Opomiaciog
(CI) = 33, Acixtng Retention (ekppdlel T0 10600TO TOV taxa ta omoia, dgv epeavilovv
opomhacia, Rl) = 71. Ot povadikég VOUKAEOTIOKES VITOKATACTAGELS GTUEIDVOVTOL LLE
podpo KOKAO, KO Ol UN-HOVAOIKES He omAn meprpépela KOKAov. [Ma va eheyyBel n
OTOTIOTIKY] oTHPIEN TV KAAd®V, Tpaypatorombnkay 1000 emoavoainyelg bootstrap,
TOV 0TolV 01 TIHES Tapovotdlovtal Téve amd Tovg kKAAdovus Tov MP dévtpou (udvov
TIEG peyolutepes tov 50).
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Fig. 2. Maximum parsimony analysis for dataset B produced 30 equally parsimonious
trees; the strict consensus tree is illustrated here. Length 1153 steps, Consistency
index (CI) = 32, Retention index (RI) = 71; filled circles denote unique changes, open
circles non-unique. Bootstrap support values (>50) are illustrated above the branches.

Yympo 2. Arotehécparto avdivong pe v péBodo g péytotng eewwrdmrog (MP)
v TV opdda dedopévov B, 1 omoia 1 onoia mapnyaye 30 e&icov peldwAd dévipar
€0 ofvetal To ocvvoveTikd 0évopo. Mnkog 1153 efehktikd Prpota, Asgiking
Opomhaciog (Cl) = 32, Asiktng Retention (ek@pdlel T0 T0c06TO TOV taxa To omoia
dgv gpoaviCovv opomracio, RI) = 71. Ot povadikés VOUKAEOTIOKEG VITOKOTAGTAGELS
ONUELOVOVTOL LE LOPO KUKAO, KOl Ol UN-HOVAOIKES IE amAn TePLpEPELn KUKAOV. o
va  eheyyfel n otatotiky ompiEn tov KAGWov, mpoypotomomOnkav 1000
emovainyelg bootstrap, Tov omoiwv ot TYég mapovstdlovtal v and Tovg KAAS0LS
tov MP Sévtpov (povov Tég peyardtepeg tov 50).

Molecular analyses vs. morphological delimitation
Initial assignment to species level was based on morphology, with the 75 study

specimens classified into 28 taxa. PTP models included the Eumerus taxa plus the
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four outgroups and predicted 3249 taxa for dataset A and 31-46 taxa for dataset B.
MP (figs 1 and 2), ML (figs S1 and S2) and Bl analyses (figs 3, 4, S3 and S4) yielded
similar tree topologies for both A and B datasets, with two main clusters and the
nodes of the putative taxa strongly supported. Bootstrap values in MP and ML trees
were generally low for both datasets, whereas posterior probability values were much
higher for BI trees.

In all trees, i.e., those generated by MP, ML and BI, the two major clades
comprised the same groups of taxa in each dataset (table 2; figs 1-4 and S1-S4). One
clade consisted of taxa belonging to the tricolor group (six taxa) with the second
comprising the remaining 22 taxa. Our molecular-derived topologies revealed seven
different groups of taxa, with all but eight of the 28 taxa assignable to one of these
groups. We named these seven groups basalis, minotaurus, ornatus, pulchellus,
strigatus, sulcitibius and tricolor (for more details see table 2). The eight ‘ungrouped’
taxa were E. torsicus Grkovi¢ & Vuji¢, 2015, E. aff. rubiginosus, E. aff. tarsatus, E.
alpinus Rondani, 1857, E. argenticornis Lyneborg, in litt., E. clavatus Becker, 1923,
E. hungaricus Szilady, 1940, and E. tarsatus Lyneborg, in litt. (table 2). Slight
differences were apparent in the topologies generated by datasets A and B. In dataset
B, E. argenticornis, E. tarsatus, E. aff. rubiginosus and E. aff. tarsatus clustered
together, close to the ornatus group (see figs 2, 4, S2 and S4), but in dataset A they
appeared altogether, dispersed or clustered differently (see figs 1, 3, S1 and S3). Other
observed discrepancies were as follows: (a) E. clavatus was in the sulcitibius group in
all but the MP analysis of dataset B (fig. 2); (b) the position of E. alpinus differed in
each analysis, and (c) branching topology for the tricolor group was only similar in
MP, MBP and MBUP analysis of dataset A (figs 1, 3 and S3) and ML and MBUP
analyses of dataset B (figs S2 and S4). Branching topology for the ornatus group was
consistent across all analyses.

Among the 28 taxa, three were previously undescribed, but were closely related to
known taxa and, thus, were named E. aff. barbarus (collected in Morocco), E. aff.
rubiginosus and E. aff. tarsatus (both collected in South Africa). Both molecular (high
nodal support) and morphological (clear diagnostic features) aspects strongly
supported the species delimitation of these three taxa. The E. aff. barbarus was
included in the sulcitibius group, whereas the other two taxa were not collapsed to any
of the seven supported groups (table 2).
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We noted artifacts of Long Branch Attraction (LBA) artifacts in the ML and Bl
analyses of both datasets, but not in MP. LBA was due to sequences EU106, EU108,
EU109, EU111, EU115 and EU117 (figs 1-4 and S1-S4). MJ network
reconstructions supported our other analyses with sequences from both datasets
grouping similarly to the clusters present in MP, ML and BI trees. Furthermore, the
number of mutational steps between haplotypes was consistent with our phylogenetic

reconstructions (figs 5 and 6).

Intra- and interspecific variability

In both datasets A and B, we recorded a high number of mtDNA COI haplotypes and
very rich haplotype (Hd > 0.95) and nucleotide diversity (Pi > 0.005) (table 3). No
shared haplotypes between delimitated species were obtained (table 3).

The basic molecular diversity indices for E. amoenus, E. pulchellus and E.
pusillus were calculated and are shown in table 3. For E. amoenus, the MJ network for
dataset A showed one to nine mutational steps among haplotypes detected in the
Lesvos population, and one to three mutational steps among haplotypes in the Samos
population (fig. 5). The MJ network constructed using dataset B revealed one to eight
mutational steps among E. amoenus haplotypes from Lesvos and one to four among
haplotypes found in the Samos population (fig. 6). When selecting one specimen of E.
pulchellus from each of seven geographical origins the MJ network analysis of dataset
A showed one to six mutational steps, and dataset B one to seven mutational steps
(figs 5 and 6). For E. pusillus, two or more samples from four different geographic
origins were analyzed and MJ network reconstructions showed one mutational step

for both datasets among different E. pusillus haplotypes (figs 5 and 6).

Discussion

A COI gene-based system has been successfully employed for species delimitation in
various hoverfly genera such as the ruficornis group of the genus Merodon (Milankov
et al., 2008b; Vuji¢ et al., 2012), the Cheilosia vernalis complex (Stahls et al., 2008),
the genus Chrysotoxum (Suk & Han, 2013; Nedeljkovi¢ et al., 2015), the Afrotropical
hoverflies (Jordaens et al., 2015) and the genus Platycheirus (Young et al., 2016). Our
study is the first implementation of molecular tools to infer species delimitation in the
genus Eumerus. We assessed the feasibility of using COI-3’ fragment for Eumerus

taxonomic inference on 75 specimens assigned to 28 putative ‘taxonomical’ taxa
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clusters. Various tree inference approaches on genetic data conformed to
morphological species assignment. Since species delimitation (through conventional
classical taxonomy) of Eumerus has proven challenging in the past, generation of
barcode sequences to diagnose species within this genus can prove very useful. A
DNA barcode library for Eumerus is currently under construction, with more than 130
sequences having been generated in the last 6 months. The present study contributes
to enriching accessible barcode records; an assessment of GenBank records on 11
March 2016 revealed that this study has provided more than 50% of the available
Eumerus sequences and species to date. In addition, our study extends representation
of both the number and geographic distribution of Eumerus species.

We generated two datasets that differed in terms of sequence length in order to
test whether longer sequences improved taxonomic resolution by support values for
nodes. Dataset B was 99 nucleotides longer and possessed 28 more parsimony-
informative sites compared to dataset A. However, dataset A still provided high
taxonomic resolution, confirming the efficacy of a COI system based on approx. 650
bp for species delimitation. Due to sample unavailability arising from fieldwork
limitations (and the absence of available sequences in barcoding databases), few
sequences — in some cases even only one — were obtained for some taxa. Ahrens et al.
(2016) discussed the issue of the singletons’ (the only representative sequence of a
species) issue in DNA-based species delimitation studies and ascertained that ‘a high
proportion of singletons has little impact on the accuracy of inferred species limits,
and thus rarity (and singletons) should not be conflated with the much more pertinent
population genetics parameters’.

The outcomes of our analyses were congruent for both datasets and indicated that
the genus Eumerus is divided into two main lineages: the tricolor group and a lineage
consisting of all the other taxa (both grouped and the ‘ungrouped’). Tree topologies
differed slightly within and between dataset(s). Although longer sequences improved
phylogenetic resolution, they did not fully resolve the position of some taxa, e.g., E.
argenticornis, E. tarsatus, E. aff. rubiginosus and E. aff. tarsatus. As singletons were
used in a few cases, employment of replicate reference specimens could be beneficial
in determining the phylogenetic positions of unresolved Eumerus taxa. Our is only the
second study to date presenting a hypothetical Eumerus phylogeny; Doczkal & Pape
(2009) found indications of the genus being paraphyletic based on morphological

characters (although this was not corroborated nor further investigated by them). Even

50



EU27F | E.amoenus
EU49F
EU50F
EU77F
EU48F
EU28F
EUS1TF
EU21F
99,99% EU72F )
EU25F strigatus
EU68F
EU22IIF
EU24F
100% EU26F
EU76F
EU69F
EU70F
EU46F
EU73F E. consimilis
EU66IIF | E. pusillus
57:42% EUGAF P
EU61F
EU62F
EU65F
—190% gy gqr
EU8SF basalis
53,56%) EU90F
EUS7F
72.5% EUSOF
EU63F
410O%QEU75F E. basalis
EU94F

100% ﬂ EU17aF | E. torsicus
EU18F

EU57F E. pulchellus
EU91F

EU82F

EUS8IIF

EUS6F pulchellus
91,57% EUS9F
EUB3F

EU34F  E emarginatus
62,67% EU35F
EU71F
EU117F | E. aff. rubiginosus
EU11F E. sulcitibius
EU31F
100%; | gy3aF sulcitibius
74,96% 28.5% Eﬁ;?;F
o7,77% EU121F [ E aff. barbarus
100%qEU33F E. clavatus
60,29% EU92F
EU14IIF | E hungaricus
'OO%QEU15F I
EU60F
93,27% 100%]EU3aF E. alpinus
EU10F
M|:EU16F E.minotaurus | _.
i EU37IIF | E. niehuisi immomurus
M EU106F | E. tarsatus
EU108F | E. argenticornis
100% 100%_-— EU99F E.ornatus
EU100F
EUS55F E.argyropus | ornatus
EUT09F [ E.paulae
EU111F | E. politus
9% EU115F | E. aff. tarsatus
100%_~EUSF ' E. grandis
EU4aF E. tricolor
97,83% 100% EU6aF E. niveitibia tricolor
0 EU125F E. sinuatus
EU7F E. armatus
EU8F | E. aurofinis

Merivanicus " Merodon erivanicus

100% GUNSE | Megatrigon tabanoides
GUN2ZE | Megatrigon sp.
Y1711E | Platynochaetus setosus

Fig. 3. Bayesian analysis of the dataset A (partitioned data). Values indicate Bayesian
probability.

Yyqpo 3. AmoteAéopota  avaivong  pe v péBodo g Mmeigosiavig
Yvumepacpatoroyiog (Bl) yio v opdda dedopévav A (dtayopiopdg dedopévav). Ot
apBpoi 6Tovg KAAGOLG SNAMVOLYV TIG €K TMV VOTEPWOV TOAVOTNTES.

outgroup
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Fig. 4. Bayesian analysis of the dataset B (partitioned data). Values indicate Bayesian
probability.

Yypo 4. AmoteAéopato  ovaivong pe v uéBodo g  Mmeieciavig
Yvumepacpatoroyiog (Bl) yio v opdoa dedopévev B (Srtoxmpiopnog dedopévav). Ot
apBpoi 6Tovg KAAGOLG SNAMVOLYV TIG €K TMV VOTEPWOV TOAVOTNTES.
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Table 2. Taxa grouping as formed after the implementation of the MP, ML and Bl analyses and the MJ network reconstructions. The
groups are in concordance with the taxa morphology. Taxa groups are separated with >19 mt steps.

IMivaxkag 2. Opadomoinon €W0®V OT®G SHOPPOONKE PETE TNV EPAPUOYT TOV PLVAOYEVETIKGOV avaAidoewv tov MP, ML, Bl kot tov
StV Zovdeonc Nertdovov. Ot opddec GLUE®VOLY e TV popeoioyia. Ot opdoeg e0mV (taxa groups) dlaywpilovrtal pe >19 e&ehktikd
fMuoata.

‘Molecular’ taxa groups Taxa

(supported by morphology)

basalis E. basalis Loew, 1848 & E. pusillus Loew, 1848

minotaurus E. minotaurus Claussen & Lucas, 1988 & E. niehuisi Doczkal, 1996

ornatus E. argyropus Loew, 1848, E. ornatus Meigen, 1822, E. paulae Herve-Bazin, 1913 & E. politus
Lyneborg, in litt.

pulchellus E. emarginatus Loew, 1848 & E. pulchellus Loew, 1848

strigatus E. amoenus Loew, 1848 & E. consimilis Simi¢ & Vuji¢, 1996

sulcitibius E. aff. barbarus Coquebert, 1804 & E. sulcitibius Rondani, 1868

tricolor E. aurofinis Grkovi¢, Vuji¢ & Radenkovi¢, 2015, E. armatus Ricarte & Rotheray, 2012, E.

grandis Meigen, 1822, E. niveitibia Becker, 1921, E. sinuatus Loew, 1855 & E. tricolor
(Fabricius), 1798

‘Ungrouped’ taxa E. torsicus Grkovi¢ & Vuji¢, 2015, E. aff. rubiginosus Lyneborg, in litt., E. aff. tarsatus
Lyneborg, in litt., E. alpinus Rondani, 1857, E. argenticornis Lyneborg, in litt., E. clavatus
Becker, 1923, E. hungaricus Szilady, 1940 & E. tarsatus Lyneborg, in litt.

Table 3. Results generated for dataset A (i.e. forward sequencing of the COI-3' region) and dataset B (i.e. bidirectional sequencing) in
DNaSP 5.10.01 for E. amoenus (18 sequences), E. pulchellus (7 sequences) and E. pusillus (11 sequences).

IMivaxag 3. Ta amotelécuata tov Tpoypappoatoc DNaSP 5.10.01 yw tig opddeg dedopévav A (aliniovyion pe eumpochio ekKvnT g
Kodwng meployng COI-3"), kot B (apeidpoun aiiniovyion), ya ta €idn E. amoenus (18 aAiniovyieq), E. pulchellus (7 oAinAiovyiec) ot
E. pusillus (11 oAAnAovyiec).

Dataset A Dataset B

E. amoenus E. pulchellus E. pusillus  E.amoenus E. pulchellus  E. pusillus

1. Polymorphic sites

Total number of sites (excluding sites with gaps/missing data) 636 645 646 737 746 746
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Invariable (monomorphic) sites 636 636 642 716 736 740
Variable (polymorphic) sites 11 9 4 21 10 6
Total number of mutations 16 10 4 22 11 6
Singleton variable sites 8 5 4 12 11 5
Parsimony informative sites 8 4 0 9 4 1

2. DNA polymorphism
2.1 without gaps
Number of Haplotypes, h 13 7 5 16 7 6
Haplotype (gene) diversity, Hd 0.928 1.000 0.618 0.987 1.000 0.727
Variance of Haplotype diversity 0.00268 0.00583 0.02701 0.00053 0.00583 0.02084
Standard Deviation of Haplotype diversity 0.052 0.076 0.164 0.023 0.076 0.144
Nucleotide diversity, Pi 0.00554 0.00568 0.00113 0.00616 0.00530 0.00166
Theta (per site) from Eta 0.00731 0.00633 0.00211 0.00868 0.00602 0.00275
Average number of nucleotide differences, k 3.523 3.667 0.727 4.542 3.952 1.236
2.2 with gaps
Number of pairwise comparisons 153 21 55 153 21 55
Average number of sites analyzed 645.27 646.43 646.82 744.59 746.00 746.00
Average number of differences 5.163 3.667 0.927 5.863 3.952 1.236
Nucleotide diversity, Pi 0.00800 0.00567 0.00143 0.00787 0.00530 0.00166
Analysis at Individual Sites (column by column)
Number of sites analyzed 647.00 647.00 647.00 746.00 746.00 746.00
Number of polymorphic sites, S 22 9 5 26 10 6
Average number of differences 5.587 3.667 0.927 6.184 3.952 1.236
Nucleotide diversity, Pi 0.00863 0.00567 0.00143 0.00829 0.00530 0.00166
Theta-W, per sequence 6.45560 3.67347 1.71915 7.60792 4.08163 2.04850
Theta-W, per site 0.00998 0.00568 0.00266 0.01020 0.00547 0.00275
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if it was not the purpose of this study to deliberate the genus’ phylogeny, based on our
results Eumerus could be monophyletic with two main lineages. In addition, the
formation of several groups within the genus reveals certain affinities among the
species. Such affinities have never been discussed before, except in Speight (2014)
who only commented on the strigatus group that included the taxa E. consimilis Simi¢
& Vuji¢, 1996, E. narcissi Smith, 1928, E. ruficornis Meigen, 1822, E. sogdianus
Stackelberg, 1952, and E. strigatus (Fallen), 1817. Based on our data, strigatus group
iIs composed of at least two taxa (E. amoenus and E. consimilis) but we did not have
sequences for the other taxa considered by Speight (2014) to incorporate them into
our analyses. However, our findings do suggest that E. amoenus has a probable
(genetic) affinity with the other taxa of Speight’s (2014) strigatus group, but this
needs further verification.

The large number of mitochondrial haplotypes we generated underlines the high
genetic diversity of Eumerus, despite the employment of only one genomic region.
Species did not exhibit shared haplotypes and were well separated as shown by the
number of mutational steps in the MJ networks. This is not always the case for
hoverflies (e.g., the genus Melanostoma Schiner, 1860, Haarto & Stahls, 2014).
Therefore, in Eumerus, a COI gene-based system can yield unique, distinguishing
mtDNA haplotypes between species.

We also studied intraspecific variation for E. amoenus, E. pusillus and E.
pulchellus for which we had more abundant sequences and geographic spread. These
taxa are considered ‘common’, i.e., they are widely distributed in all the
Mediterranean peninsulas (Anatolian, Apennine, Balkan and Iberian). Eumerus
amoenus, E. pulchellus and E. pusillus were analyzed further, for intraspecific genetic
diversity. Eumerus pulchellus exhibited the highest haplotype diversity, with each
single specimen per geographic origin having a different haplotype. Genetic distances
among haplotypes inferred from the number of mutational steps and geographic
distances between sampling locations (Greece, Italy and Montenegro), showed no
clear pattern. Eumerus amoenus also presented very high haplotypic diversity, which
was to be expected because sampling was performed over a wider geographical area.
MJ network analysis of haplotypes generated a star-like pattern for this latter taxon,
suggestive of past expansion (Bandelt et al., 1995). Nucleotide diversity values were
similar for E. pulchellus and E. amoenus for dataset A, whereas they appeared to be a

bit higher for E. amoenus and E. pusillus based on dataset B. Eumerus pulchellus and
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E. pusillus were represented by more than two specimens from neighboring and
remote geographical areas, and in general showed the lowest values for molecular
diversity indices among the three analyzed taxa. The star-like patterns observed for
MJ haplotype networks for both datasets for E. pusillus may indicate a recent
expansion of this taxon, resulting in the observed lower genetic diversity. Eumerus
pusillus specimens originating from Crete, Karpathos and Naxos (one sequence,
EUG66) shared the same haplotypes in datasets A and B. Specimens from Chios and
others from Naxos presented different haplotypes in both datasets. Further
conclusions from these discrepancies are limited due to the low sample sizes for the
population genetic analyses and, in order not to be speculative, we encourage further
intraspecific analyses.

LBA is a sensitive issue in phylogenetic analyses. We used maximum parsimony
and likelihood based methods (including BI), with these latter having been proven to
be less sensitive to LBA-artifacts compared with maximum parsimony (Bergsten,
2005). Nevertheless, long branches appeared in both ML- and Bl-derived
phylogenetic trees, but not for MP, with datasets A and B sharing the same LBAs.
LBA-artifacts can arise due to several factors, such as poor taxon sampling and
selection of highly divergent outgroups (for more details, see the review by Bergsten,
2005). Here, our MJ network reconstructions for each dataset explain the LBAs as
those taxa having the highest numbers of mutational steps. In addition, the geographic
origins of samples should be taken into account. It is important to clarify that the
ornatus clade included taxa from very geographically distant areas, i.e., Greece
(Dadia) and South Africa (KwaZulu-Natal), so LBASs were to be expected. Given that
long branched taxa occurred in all trees, we claim that our topologies remain robust.
Adding more samples for LBA taxa could lessen the impact of the LBAs. However,
taxon sampling can remain an issue for molecular and other data. We felt that
inclusion of as many taxa as possible in our analyses was paramount and so we chose
not to exclude any taxa.

To conclude, the present study reveals the adequacy of the COI gene fragment to
delimit species in the genus Eumerus. Forward and bidirectional sequencing datasets
led to similar results; the forward sequencing dataset appeared to be sufficient to
identify taxa within Eumerus and the more enriched sequence dataset, i.e.,
bidirectional, provided slightly more information and mitigated certain (though not

all) analytical problems. Moreover, we reveal high intraspecific diversity and a high
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number of mitochondrial haplotypes. Our findings confirm the potential of an
integrative approach — combined usage of a COI barcoding system and morphological
characters — to diagnose and delimit species within the genus Eumerus. For a
complete revision of the genus, including phylogenetic inferences, we endorse the
usage of additional molecular markers and/or longer mitochondrial sequence (>800
bp). More taxa and more specimens per taxa should also be sought in order to

overcome the drawbacks faced in the present study.
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Abstract

A list of 25 species of the genus Eumerus Meigen (Diptera: Syrphidae) from the
eastern Mediterranean islands is presented. Descriptions are given for three new
species: Eumerus aurofinis Grkovi¢, Vuji¢ & Radenkovi¢ sp. n. from Lesvos, Samos,
Rhodes islands (Greece) and Bozdag mountain (Turkey), E. torsicus Grkovi¢ & Vuji¢
sp. n. from Chios Island (Greece) and Cyprus; E. crassus Grkovi¢, Vuji¢c &
Radenkovi¢ sp. n. from Lesvos Island (Greece). In addition to classical morphological
characters, mitochondrial COIl barcode sequences were generated for several
specimens of two available taxa. The status of Eumerus alpinus Rondani, 1857 is
revised, and the taxon is resurrected from synonymy of E. olivaceus Loew, 1848. The
zoogeographical significance of the described endemic taxa to the biodiversity of the

Aegean islands is discussed.

Résumé

Une liste de 25 espéces du genre Eumerus Meigen (Diptera: Syrphidae) de 1’est des
fles de la Méditerranée est présentée et trois nouvelles espéces sont décrites: Eumerus
aurofinis Grkovi¢, Vuji¢ & Radenkovié¢ sp. n. des iles de Lesvos, Samos et Rhodes
(Gréce) et des montagnes Bozdag (Turquie), E. torsicus Grkovi¢ & Vuji¢ sp. n. d’ile
de Chios (Grece) et de Chypre; E. crassus Grkovi¢, Vuji¢ & Radenkovi¢ sp. n. de I’ile
de Lesvos Island (Grece). En plus des caracteres de la morphologie classique, des
séquences COI de barcoding ont été générées pour plusieurs specimens disponibles de
deux taxa. Le statut de Eumerus alpinus Rondani, 1857 a été revisé. La signification
z0o0-géographique des taxa endémiques décrits ont été discuté dans le contexte de la

biodiversité des Tles Egée.

66



Keywords: hoverflies; Eumerus aurofinis; Eumerus torsicus; Eumerus crassus; DNA
barcoding; COI

Introduction

Genus Eumerus is one of the most species-rich hoverfly genera, originating from the
Old World with 256 registered species worldwide (Pape & Thompson 2015). It is
widely distributed in Palaearctic, Afrotropical, Oriental and Australian regions
(Stackelberg 1961). Recently, it has been introduced into the Nearctic and Neotropical
regions due to commercialized import of plant bulbs (Marinoni & Morales 2007).

This is one of the largest hoverfly genera in the Palaearctic region, with 140
species listed by Peck (1988). In Europe, there are more than 50 species recorded
(Speight 2014), with the highest species richness in the Mediterranean region (Ricarte
et al. 2008). Species diagnosis and identification within Eumerus is not always
feasible and face impediments such as (a) the existing key is not sufficient
(Stackelberg 1961); (b) a large number of species are of obscure taxonomic status;
and (c) the nomenclature of others is blurred (Peck 1988; Speight 2014). During
recent decades, to overcome these shortcomings the traditional morphology-based
taxonomy has become more integrative, and includes the use of molecular and
biochemical data, morphological features (including morphometric data), ecological
indices and biogeographical parameters (Dayrat 2005). One very popular tool in
species identification and diagnosis is the generation of DNA barcodes of the
mitochondrial gene cytochrome c oxidase | (COl); therefore it was implemented here.

Despite its wide geographical distribution and rich biodiversity, the genus lacks
recent and comprehensive studies in systematics, biodiversity, ecology and
biogeography. This is not the case for the related genus Merodon in the eastern
Mediterranean region, for which many studies have been carried out during the last
decade revealing its importance in e.g. pollination services, or resulting in
descriptions of multiple new taxa (Vuji¢ et al. 2007, 2011, 2013; Popov 2010;
Radenkovi¢ et al. 2011).

Eumerus are either blackish or reddish small to medium-sized hoverflies, usually
with white or black markings on tergites. They have a flattened face without
prominence. The femur is swollen and simple, without projections. The apical part of
the ventral surface of the hind femur has two rows of stout spines, usually one row

anterolateral, the other row posterolateral. The M1 wing vein is recurved.
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Early stages of Eumerus can be found in underground storage organs of plants, as
is also the case in the genus Merodon (Ricarte et al. 2008). Based on the
morphological characters established for the mouthparts of the larval stages, Rotheray
(1993) indicated that Eumerus larvae are fed on semi-liquid food and partially
decaying plant bulbs and that their survival rate increases when fungal decay is
present. Rotheray and Gilbert (1999) inferred the phylogeny of the Palaearctic
Syrphidae by applying 187 larval morphological characters and considered that the
genus Eumerus is the basal hoverfly taxon. There is a lack of more detailed
information about the larval stages of the genus Eumerus, with only a few
descriptions and observations available, primarily regarding economically important
species (Pérez-Bafion & Marcos-Garcia 1998).

Eumerus adults usually prefer warm and sunny places for resting, while they visit
a range of different flowers, from families Apiaceae, Euphorbiaceae, Asteraceae and
Ranunculaceae (Speight 2014). Eumerus species are usually fast flying and easily
overlooked insects, and can be found near to the ground in association with their
preferred flowers. Their ecological role is crucial, e.g. in pollination and nutrient
cycles (Rotheray & Gilbert 2011).

In the present study, we aimed to: (a) document the diversity and distribution of
Eumerus species in the eastern Mediterranean region (i.e. islands and adjacent
regions); (b) describe three new species recorded in the eastern Mediterranean islands,
both morphologically and genetically by generating DNA barcodes for the available

taxa.

Materials and Methods

The present study is based on examination of newly collected specimens deposited in
the collections of the Faculty of Sciences in the Department of Biology and Ecology
at the University of Novi Sad (Serbia (FSUNS)) and in the Melissotheque of the
Aegean at the University of the Aegean (Mytilene, Greece (MAegean)). The sampling
method employed was hand netting pan-trapping, and Malaise trap. Sampling was
carried out from spring 2010 to autumn 2014 and covered 28 islands in the eastern
Mediterranean (Fig. 1) and several sites adjacent to the surveyed islands on the Greek
and Anatolian mainland. Islands and mainland localities were sampled for a minimum
of three times during Eumerus adult flight season and for a minimum of two

collecting days per visit. The total number of specimens was 2192.
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Additionally, we studied collections deposited in the following European
museums: MZUF — Museum of Zoology and Natural History of Firenze (Museo
Zoologico “La Specola”), Italy; RMNH — Nationaal Natuurhistorisch Museum,
Leiden, the Netherlands; ZHMB — Museum fir Naturkunde, Von Humboldt
Universitat of Berlin, Germany; and ZMUC - Zoological Museum, Copenhagen
University, Denmark. All available types of western Palaearctic species were checked
and material from the collections of ZMHB and MZUF were considered here (types
of Eumerus alpinus Rondani 1857 and E. olivaceus Loew, 1848). Identity of
particular species was confirmed by A. Ricarte, D. Doczkal, and J. Smith as
mentioned in Table 1.

The morphological characters used in descriptions and drawings were based on
the terminology established by Thompson (1999), and those relating to male genitalia
by Hurkmans (1993) and Doczkal (1996). Colour characters are described from dry
mounted specimens. To study male genitalia, specimens were relaxed in a closed pot
with a high level of humidity and the genitalia were extracted using an entomological
pin with a hooked tip. Genitalia were stored in microvials containing glycerol after
clearing in warm 10% potassium hydroxide (KOH) for a few minutes and washing in
distilled water. Drawings were created by using photographs of characters taken with
a Leica DFC 320 (Wetzlar, Germany) camera attached to a Leica MZ16 binocular
stereomicroscope and then processed in Adobe Photoshop CS3 V 10.0 software
(Adobe Systems, San Jose, CA, USA), using drawing tablet EasyPen i405 (Genius,
KYE Systems America Corporation, Miami, FL, USA).

Each specimen subjected to molecular analysis was labeled as a DNA voucher
specimen and deposited in the insect collections of the FSUNS, the MZH (Insect
collection of the Zoology unit, Finnish Museum of Natural History, Helsinki, Finland)
or the MAegean. Table S1 (online supplementary information) provides the list of the
specimens used for the species description, their collection data and the GenBank
accession numbers of the generated DNA barcodes for E. aurofinis sp. n. and E.

torsicus sp. n.

DNA analyses
Total genomic DNA was extracted using two or three legs from each specimen,
performing the Chen et al. (2010) protocol for SDS extraction, slightly modified: (a)

RNase A solution not added; (b) 40 mg ml-1 concentration of proteinase K solution;
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and (c) two additional steps of chloroform/isoamyl alcohol (24:1). DNA samples were
re-suspended in 30 ul of TAE buffer.

A standard primer pair was used to amplify the DNA barcodes of the
mitochondrial cytochrome c¢ oxidase subunit | gene fragment (COI, cox1); LCO-1490
(5'-GGTCAACAAATCATAAAGATATTGG-3) and HCO-2198 (5'-
TAAACTTCAGGGTGACCAAAAAATCA-3) (Folmer et al. 1994). PCR
amplifications were performed in a total volume of 25 pl, containing 25 ng pl-1
template of DNA, 5 pmol pl-1 of each primer, 0.08 mM of dNTPs, 1x reaction buffer
(Fermentas, Thermo Fisher Scientific, Kent, UK) and 1.25 units of Polymerase
(Dream Taq poly, Fermentas). We performed touchdown PCRs in an authorized PCR
thermal cycler (Mastercycler®personal, Eppendorf, Hamburg, Germany), comprised
of four steps: (a) initial denaturation at 94°C for 5 min; (b) denaturation at 94°C for 30
s, annealing at 60°C for 30 s with 0.5°C decrease per cycle and extension at 72°C for
1 min (total repetition of 18 cycles); (c) denaturation at 94°C for 30 s, annealing at
51°C for 30 s, extension at 72°C for 1 min (total repetition of 14 cycles); and (d) a
final extension at 72°C for 10 min. Amplified products were visually inspected on
1.5% agarose gels. The ExoSap-IT kit (USB, Cleveland, OH, USA) was used for the
PCR products purification and clean products were thereafter Sanger sequenced in
both directions on an ABI 3730 DNA analyser (Applied Biosystems™, Thermo
Fisher Scientific, Waltham, MA, USA) at the Sequencing Service laboratory of the

Finnish Institute for Molecular Medicine (http://www.fimm.fi).

The obtained sequences were edited by eye, where required, using BioEdit 7.2.5
software (Hall 1999). The dataset included 12 DNA barcode sequences (eight
sequences of E. aurofinis sp. n. and four sequences of E. torsicus sp. n.) with final
length 601 nt. Pairwise distances between the species E. aurofinis sp. n. and E.
torsicus sp. n. were conducted in MEGA version 6 (Tamura et al. 2013) and the
computations were run by default using the p-distances model with 1000 bootstrap
replicates. Basic parameters of intra and interspecific genetic diversity were calculated
in DNASP v5 (Librado and Rosas, 2009).
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Table 1. Eumerus species on eastern Mediterranean islands (species described here are not included).

IMivaxkag 1. Ta €idn Eumerus tov vnowov g Avatolkng Mecoyeiov (dev cvpmeptloppdvoviot to €i0n To 0moio TEPTYPAPOVTOL Y10 TPATN
QOpa GTNV TAPOVGA EPELVAL).

Species Type(s) Distribution Endemics
1 Eumerus alpinus Rondani, 1857  Studied (MZUF) Corfu, Lesvos no
2  Eumerus amoenus Loew, 1848 Studied (ZMHB) Aegina, Anafi, Crete, Chios, Corfu, Euboea, no
Iraklia, Karpathos, Lesvos, Peloponnese,
Rhodes, Samos, Thassos
3 Eumerus argyropus Loew, 1848  Studied (ZMHB) Chios, Corfu, Crete, Peloponnese no
4 Eumerus armatus Ricarte & Not studied, identity confirmed by  Lesvos, Peloponnese, Rhodes, Samos yes (limited to
Rotheray, 2012 A. Ricarte mentioned islands)
5  Eumerus basalis Loew, 1848 Studied (ZMHB) Aegina, Anafi, Chios, Crete, Folegandros, no
Ikaria, los, Iraklia, Karpathos, Lesvos, Naxos,
Peloponnese, Rhodes, Samos
6  Eumerus claripennis Coe, 1957  Not studied, identity confirmed by  Lesvos yes (Balkan
A. Ricarte endemic)
7 Eumerus clavatus Becker, 1921  Studied (ZMHB) Corfu no
8  Eumerus consimilis Simi¢ &t Studied (FSUNS) Peloponnese no
Vuji¢, 1996
9  Eumerus emarginatus Loew, Not studied, identity confirmed by  Corfu, Crete, Lesvos, Peloponnese, Rhodes, no
1848 D. Doczkal Samos
10 Eumerus lucidus Loew, 1848 Studied (ZMHB) Aegina, Chios, Lesvos no
11 Eumerus minotaurus Claussen & Studied (RMNH) Corfu, Crete, Peloponnese yes (Balkan
Lucas, 1988 endemic)
12 Eumerus niehuisi Doczkal, 1996  Studied (ZMHB) Chios, Lesvos, Samos no
13 Eumerus niveitibia Becker, 1921  Studied (ZMHB) Crete, Lesvos, Peloponnese, Zakynthos yes (limited to
mentioned islands)
14 Eumerus obliquus (Fabricius, Studied (ZMUC) Corfu no

1805)
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15

16

17

18

19

20

21

22

Eumerus pulchellus Loew, 1848

Eumerus pusillus Loew, 1848

Eumerus sogdianus Stackelberg,
1952
Eumerus strigatus (Fallen, 1817)

Eumerus sulcitibius Rondani,
1868

Eumerus tricolor (Fabricius,
1798)

Eumerus truncatus Rondani
1868

Eumerus vestitus Bezzi, 1912

Studied (ZMHB)

Studied (ZMHB)

Not studied, identity confirmed by
D. Doczkal

Not studied, identity confirmed by
D. Doczkal

Studied (MZUF)

Types destroyed (ZMUC), identity
confirmed by D. Doczkal
Studied (MZUF)

Not studied, identity confirmed by
J. Smith

Aegina, Anafi, Andros, Chios, Corfu, Crete,
Folegandros, los, Iraklia, Karpathos, Kea,
Lesvos, Mykonos, Naxos, Paros, Rhodes,
Samos, Samothraki, Santorini

Aegina, Anafi, Andros, Chios, Crete, Euboea,
los, Iraklia, Karpathos, Kea, Lesvos,
Mykonos, Naxos, Paros, Rhodes, Samos,
Santorini, Sifnos

Peloponnese

Peloponnese

Andros, Chios, Crete, Ikaria, Lesvos, Paros,
Peloponnese, Samos

Corfu, Euboea, Lefkada, Peloponnese

Crete, Lesvos, Naxos

Santorini

no

no

no

no

no

no

no

no
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Fig. 1. Map of Eastern Mediterranean with investigated islands and number of
Eumerus species per island.

Yympo 1. Xéptng g Avatolkng Mecoyeiov pe ta vmd perétn vnoid. Aivetatl o
apBudc tov oV Eumerus avéd vnoi.

Results
Diversity of the genus Eumerus on the eastern Mediterranean islands
We recorded 25 species in the 28 islands of the eastern Mediterranean. Of these, 22
species are previously known taxa (Table 1), whereas the three additional species are
new and are described here. Moreover, regarding the two new species E. aurofinis sp.
n. and E. torsicus sp. n., the pairwise distance computations showed a clear
differentiation between them (0.115). Seven species are recorded for the first time for
Greece: Eumerus alpinus Rondani, 1857, Eumerus clavatus Becker, 1921, Eumerus
consimilis Simi¢ et Vuji¢, 1996, Eumerus obliquus (Fabricius, 1805), Eumerus
sogdianus Stackelberg, 1952, Eumerus truncatus Rondani, 1868 and Eumerus vestitus
Bezzi, 1912.

Islands with the highest diversity of Eumerus species are (Table 1): Lesvos (14
species), Peloponnese (12), Crete (10), Chios, Corfu, Samos (all with nine), Rhodes
(seven) and Cyprus (six). Endemics are recorded on nine islands: Lesvos (four),
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Peloponnese (three), Crete, Rhodes and Samos (all with two) and Cyprus, Chios,

Corfu, and Zakynthos (all with one endemic taxon).

Taxonomy

Eumerus alpinus Rondani, 1857 n. stat.

Based on our study of type specimens of West Palaearctic species of the genus
Eumerus a new valid species is proposed from the list of synonyms of Eumerus
olivaceus Loew, 1848.

Peck (1988) has cited E. alpinus Rondani, 1857 as a synonym of E. olivaceus. It
was described from Piedmont in ltaly as E. alpinus Bellardi (in litt.) in the paper of
Rondani (1857). In the Rondani collection (MZUF) there is one male specimen with
the original name label and corresponding data (as mentioned in the original
description, this specimen was received from Professor Bellardi). We accept this
specimen as the holotype. We also studied types of E. olivaceus in the Loew
collection from ZMHB described from an unspecified number of males and female
from Sicily in Italy. The morphological characters of examined types of these two
taxa are clearly different, and we accepted E. alpinus as a name for populations on
other parts of Apennine and Balkan peninsulas (E. olivaceus of authors). E. olivaceus

remains as the name of the endemic species of Sicily.

Description of new species

Eumerus aurofinis Grkovié, Vuji¢ & Radenkovié sp. n.

Material examined. Holotype. Greece (Samos Island): 1 male, Koumaradhei, coll.
06.V1.2012, Vuji¢ & Likov. Holotype is deposited in University of Novi Sad
(FSUNS). Paratypes. Greece: Samos, Kosmadei, 1 male, 1 female, coll. 10.VV1.2010,
Rojo, Vuji¢ & Stéhls; 1 male, coll. 12.VL.2010, Rojo, Vuji¢ & Stdhls, 1 male, 1
female, coll. 07.V1.2012, Vuji¢; Koumaradhei, 1 male, 3 females, coll. 06.V1.2012,
Vuji¢ & Likov; Chora, 1 female, coll. 06.V1.2012, Vuji¢; Manolates, 1 female, coll.
15.V.2010, Stéhls; near Manolates, 1 male, coll. 08.V1.2010, Rojo, Vuji¢ & Stéhls;
Marathokambos, 1 female, coll. 06.V1.2012, Vuji¢ & Likov; near Kastanea, 1 male, 1
female, coll. 12.VL1.2010, Rojo, Vuji¢ & Stahls; near Kondeika, 2 males, coll.
09.VI1.2010, Rojo, Vuji¢ & Stahls; near Leka, 1 male, 2 females, coll. 10.V1.2010,
Rojo, Vuji¢ & Stihls; near Neochori, 2 males, coll. 17. V.2010, Stdhls & Rattel; 1

male, 1 female, coll. 07.V1.2012, Stahls & Rattel: near Platanos, 3 males, 1 female,
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coll. 09.V1.2010, Rojo, Vuji¢ & Stahls; near Stavrinides, 2 males, 3 females, coll.
08.V1.2010, Rojo, Vuji¢ & Stahls; Pyrgos, 1 male, 1 female, coll. 06.V1.2012, Vuji¢;
3 males, 2 females, coll. 08.V1.2012, Vuji¢ & Likov; Rhodos, Kalathos, 1 male, 1
female, coll. 29.V.2014, Vuji¢; Lesvos, Skala Kallonis, 1 female, coll. 10.VV.2006,
Hull; Turkey: Mountain Bozdag, near Camurhamami Koyii, 6 females, coll.
07.V1.2014, Vuji¢ & Acanski; Mugla, 1 male, 1 female, coll. 06.111.2014, Vuji¢ &
Acanski (FSUNS).

General description. Robust species (9—11 mm), with very short body hairs, dark
appearance, and golden reflection on top of abdomen (Fig. 2A, B).

Male. Head: Eyes (Fig. 3A) dichoptic, three ommatidia spaced, eye contiguity
bare, black colour. Eye with sparse hairs of medium length. Eye margin slightly
broadening ventrally. Lower facial margin anteromedially not protruding in lateral
view (Fig. 3C). Anterior ocellus more distant from posterior ocelli than the later are
from each other (Fig. 3E). Distance from posterior ocellus to the upper eye corner is
slightly longer than to anterior ocellus. Face and frons black with whitish and gold
pollinosity, especially along the posterior eye margin. Posterolateral eye margin with
white pollinosity. Vertex and postocular orbit black with gold socket at the hair bases.
Dense white hairs on face and more yellow on the frons. Ommatidia closed to the eye
contiguity enlarged. Hairs on vertex yellow except on ocellar triangle, where they are
black. Hairs denser and shorter anterior of anterior ocellus. Posterior of anterior
ocellus obscure groove which extends behind posterior ocelli. Antenna rounded,
brown to reddish. Sensory pit rounded, located in the centre of outer side of distal part
of antennal third segment. Long ventral hairs of pedicel length about half depth of
pedicel, inner side with short pale hairs. First flagellomere little deeper than pedicel.
Arista dark brown.

Thorax. Scutum and scutellum black with blue metallic lustre and dense
punctuation, short pale hairs, little longer on anterior margin of presutural area.
Prescutum with bronze pruinosity. Anterior part of presutural area with two white
triangles of pruinescence and short white line in the middle, shorter than the length of
triangle. Triangles sometimes extend behind the transverse suture. Posterior margin of
scutellum broad with serration. Subscutellum small. In the middle of scutellum small
depression. Presence of groove on scutellum parallel with its posterior margin.
Pleurae black with gold pruinosity. Anepisternum with yellow hairs, posteriorly with

longer yellow bristles directed backwards. Presutural cali with few yellow bristles.
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Katepisternum with pale hairs, slightly longer in posterior part. Halter yellow. Wing
with brownish tinge with gradual shadows in the area posterior of intersection of Rs1
+ 2 and Rs3 + 4. Wing entirely microtrichose. Calypter white in contrast to the dark
appearance of the body. Legs dark, basal half and apical part of tibia, ventral side of
tarsus red. Two rows of black spines on ventral preapical part of femora. Hind
trochanter simple, hind femora thick (Fig. 4E).

Abdomen. Twice as long as wide. Tergites black with metallic blue reflection
medially and metallic green laterally. Punctuated, interspaces bigger than the puncture
diameters, on tergite 3-4 denser punctuation. Tergites 2-4 with pairs of white
pruinose lunules, separated in the middle. Abdomen pale haired, laterally with longer
erect hairs. Sternites 2 and 3 with white hairs. Abdomen with gold pollinosity
laterally. Tergite 4 with gold hairs laterally and on posterior part.

Male genitalia. (Fig. 4A-D). Cercus small, rounded, recurved (Fig. 4A). Interior
accessory lobe of posterior surstyle lobe covered with dense microtrichia. Posterior
surstyle lobe elongated, simple, on ventral apical ridge with short bristles, on dorsal
side with longer sparse microtrichia. Hypandrium broad, curved, on dorsal side with
sparse microtrichia (Fig. 4B). Ctenidion situated apically. Aedeagus (Fig. 4C, D: ae)
and associated structures shown in Fig. 4C, D: lateral sclerite of aedeagus (Fig. 4C, D:
Is); ejaculator apodeme (Fig. 4C, D: ea) narrow and elongated; aedeagal apodeme
very expanded, kite shaped in ventral view (Fig. 4C, D: ap).

Female. Similar to the male except normal sexual dimorphism and for the
following characteristics: Head. Face and frons (Fig. 3B) black, covered with white
and gold pollinosity. Short yellow hairs from anterior ocellus to antennal socket and
brighter hairs from antennae to mouth edge. From anterior ocellus obscure groove
which extends to antennal socket. Ocelli in equilateral triangle (Fig. 3F). Antenna
oval, red (Fig. 3D). Eye sparse haired. Abdomen. Wide as thorax. Tergites black,
tergites 2—4 with a pair of grey pollinose lunules, tergite 4 entirely covered with short
yellow hairs.

Diagnosis. It differs from the all the other species of the genus in having very
short body hairs, golden reflections and short golden hairs on the top of the abdomen.
Male genitalia with specific shape of surstyle lobe (Fig. 4A) and aedeagal apodeme
(Fig. 4C, D: ap); sternum 4 in male simple without any additional structure.

Etymology. The epithet is derived from the Latin words aurum (gold) and finis

(end) and refers to the golden reflection of the tip of abdomen.
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DNA voucher specimen. All DNA voucher specimens are deposited in the DNA
voucher specimen collection of FSUNS, and specimens voucher, GenBank accession
numbers as well as locality information can be found in Table S1 (online supporting
information).

In total three different haplotypes were recorded for E. aurofinis (Table 2). Basic
indices of genetic diversity are given in Table 2. The most frequent haplotype was
found in four specimens from Samos Island and one from Turkey (Mt Bozdag). One
haplotype was also detected in Samos Island (1 specimen), while the third occurred

exclusively on Rhodes Island.

Fig. 2. Eumerus aurofinis sp. n. (A) male; (B) female. Photo: A. Grkovic.
Yyfqna 2. Eumerus aurofinis sp. n. (A) dppev (B) v, dotoypapia: A. Grkovic.

Table 2. Basic genetic diversity indices for Eumerus aurofinis sp. n. and E. torsicus
sp. n. based on DNA barcode sequences.

IMivakog 2. Baowkoi dgikteg yeveTikng TokihotnTog Yo to, €idn Eumerus aurofinis sp.
n. kou E. torsicus sp. n. pe Bdon tov yevetiko ypappmtd kodiko (DNA barcode).

Parameter E. aurofinis E. torsicus Total
N 8 4 12

h 3 2 5

Hd 0.607 0.667 0.803
T 0.0039 0.0022 0.059
k 2.036 1.333 35.227

N — number of specimens; h — number of haplotypes; Hd — haplotype diversity; © —
nucleotide diversity; k — average number of nucleotide differences.
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Fig. 3. Eumerus aurofinis sp. n., head. Frontal view: (A) male; (B) female. Lateral
view: (C) male, (D) female. Dorsal view: (E) male, (F) female.

Yyfquno 3. Eumerus aurofinis sp. n., kepain. Metomkn oyn: (A) appev: (B) 6niv.
IMevpucn oyn: (C) appev, (D) OMAv. Payaia dyn: (E) appev, (F) Oqiv.

Eumerus torsicus Grkovié & Vujic¢ sp. n.
Material examined. Holotype. Greece (Chios Island): 1 male, Elinta, coll. 9—
11.X1.2012, Nakas. Holotype is deposited in University of Novi Sad (FSUNS).
Paratypes. Greece: Chios, Elinta, 2 males, coll. 9-11.X1.2012, Nakas. Cyprus:
Troodos Mountains, Almirolivado, 4 females, coll. 18.1X.2011, Hionistra, Xioni, 6
males, 12 females, coll. 18.1X.2011, Kakopetria, 1 male, 17.1X.2011; Makria
Kondarka, 1 male, 3 females, 18.1X.2011.

General description. Large species (9—11 mm), with long and narrow abdomen
(Fig. 5A, B).

Male. Head. Eyes bare, holoptic, 10-11 ommatidia long contiguity. Eye margin

almost parallel. Lower facial margin flattened. Vertex and postocullar orbit black with
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white pollinosity anterior of anterior ocellus and posterior of posterior ocelli, to upper
eye margin (Fig. 6A). Ocelli form an equilateral triangle. Anterior ocellus smaller
than the posterior two. Vertex and postocullar orbit with long white hair, except on
ocellar triangle, which are black. White pollinosity behind upper eyes margins. Face
black with white pollinosity and long white hairs. Antenna fanshaped, slightly
elongated on ventral corner, reddishbrown (Fig. 6C). Scape and pedicel dark, except
distal margin of pedicel which is reddish. Sensory pit on brighter area, at the ventral
base of third antennal segment. Long white ventral hairs of pedicel are longer than
depth of pedicel, dorsal hairs black and white, as long as depth of pedicel. Arista dark

brown.

0.5 mm

Fig. 4. Eumerus aurofinis sp. n., (A—D) male genitalia: (A) epandrium, lateral view;
(B) hypandrium, lateral view; (C) aedeagus and accessory structures, lateral view; (D)
aedeagus and accessory structures, ventral view (ae — aedeagus, Is — lateral sclerite of
aedeagus, ap — aedeagal apodeme, ea — ejaculator apodeme). (E) Hind leg, male.
Xympa 4. Eumerus aurofinis sp. n., (A-D) yevvnticog omhopdc dppevog: (A)
endvdplo (televtaiog votiaiog tepyitng), mievpikh dyn: (B) vadvdpro (9°° kothiokog
otepvitg), mhevpikn oyn: (C) adoraydc ko Bondntikd e&opthpata, TAELPIK Oy’
(D) awdowoyds ko Pondnrikd e€aptiuata, kotkokn oyrn (ae — adolayog, Is —
TAEVPIKOG GKANPITNG TOV adolayoD, ap — amdOEN TOV 0dolyoD, €a — EKGTEPUATIKO
anddepa). (E) [Micw modt, appev.
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Thorax. Scutum and scutellum black with gold-green lustre, with dense
punctuation and short pale hairs which are a little longer on the scutellum. Scutum
with two pairs of white stripes, the pair in the middle spreading toward the full-length
of the scutum, the lateral pair of shorter stripes extending from the transverse suture to
the posterior margin of the scutum. Posterior margin of scutellum with narrow edge.
Pleurae black with gold pollinosity and long yellow pilose. Halter pale yellow. Wing
entirely transparent; vena spuria well expressed, ending at rm crossvein. Legs dark,
yellow haired. Ventral side of hind tarsus yellow-gold, apical part of femora and basal
part of tibia reddish. Fore and middle tarsi entirely gold. Hind trochanter slightly
tapered ventrally, femora thick. Hind tibia twisted in apical fifth (Fig. 6E). Hind
basitarsus long, as long as half of hind tibia; tarsal segments 2—-5 extremely short (Fig.
6E).

Abdomen. Three times as long as wide, with dense punctuation, white haired.
Tergite 1 with white pollinosity laterally. Tergites 2—4 with pairs of white pruinose
lunules separated in the middle. Posterior margin of tergite 4 colourless. Sternite 2—3
with pale hairs in the middle. Sternite 4 in specific form (Fig. 7E).

Male genitalia. (Fig. 7A-D). Cercus small, rounded. Interior accessory lobe of
posterior surstyle lobe covered with dense microtrichia. Posterior surstyle lobe very
elongated, narrowing toward the top, slightly recurved with short bristles laterally and
few long bristles dorsally (Fig. 7A). Hypandrium narrow, simple, ctenidion situated
apically (Figu. 7B). Aedeagus (Fig. 7C, D: ae) and associated structures shown in Fig.
7C, D: lateral sclerite of aedeagus (Fig. 7C, D: Is), aedeagal apodeme three-pointed on
the top, keel-shaped ventrally (Fig. 7C, D: ap); ejaculator apodeme broad, with
narrow edge (Fig. 7C, D: ea).

Female. Similar to the male except normal sexual dimorphism and for the
following characteristics: Head. Face and frons black with white pollinosity toward
eye margin and behind posterior ocelli, except in the area of vertex (Fig. 6B). Gold
pollinosity from vertex to antennal socket. Face from antennae to mouth densely
covered with white pollinosity and white hairs. Antenna oval, almost round, reddish-
brown (Fig. 6D). Abdomen. Tergites black covered with white hairs and with pairs of
white lunules on tergites 2—4.

Diagnosis. The male differs from all the other species of the genus in the twisted
apical fifth of the hind tibia andextremely short tarsal segments 2-5 on hind leg (Fig.

6E); male genitalia with very long and two timescurved posterior surstyle lobe (Fig.
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7A); sternum 4 with two broad apical prolongations (Fig. 7E). In female, pollinose
areas on frons with black undusted dots (Fig. 6B); sternites 2—-3 very narrow, about 5
times longer than broad (Fig. 6F).

Etymology. The epithet is derived from the Latin verb torqueo and relates to the
twisted apical part of hind tibia in male.

DNA voucher specimen. All DNA voucher specimens are deposited in the DNA
voucher specimen collection of FSUNS, and specimens voucher, GenBank accession
numbers as well as locality information can be found in Table S1 (online supporting
information).

Two haplotypes were found for Eumerus torsicus (Table 2). Basic indices of
genetic diversity are given in Table 2. One haplotype is exclusive for Cyprus (2
specimens), and the other for Chios Island (2 specimens).

Fig. 5. Eumerus torsicus sp. n. (A) male; (B) female. Photo: A. Grkovic.
Yympa 5. Eumerus torsicus sp. n. (A) appev: (B) 0iv. @otoypapio: A. Grkovic.

Eumerus crassus Grkovi¢, Vuji¢ & Radenkovic sp. n.

Material examined. Holotype. Greece (Lesvos Island): Ag. Ermogenis Beach, 1
male, coll. 02.V.2008, Vuji¢ (antennae lacking, only right scape and pedicel present).
Holotype is deposited in University of Novi Sad (FSUNS).

General description. Male. (Fig. 8A) Head. Eyes holoptic, covered with dense
hairs, with 3-4 ommatidia long contiguity. Eye margins almost parallel, slightly
broadening ventrally. Face and frons black with sparse gold and white pollinosity
except on ocellar triangle. Ocelli in almost equilateral triangle, anterior ocellus only
slightly farther from posterior ocelli than the latter are from each other (Fig. 9G). Face
and frons with dense white hairs. Lower facial margin protruding (Fig. 9F). Pedicel

elongated, longer than deep. Ventral hairs of pedicel a little longer than dorsal hairs.
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Thorax. Scutum and scutellum black with gold lustre, covered with dense pale
hairs. Scutum with a pair of white pruinose triangles which are expanding in obscure
lines extending almost to the end of scutum. White pinstripe with grey pollinosity in
the middle of the scutum. Pleura black with very short yellow dense microtrichia and
longer pale hairs on katepisternum, anepisternum and anepimeron. Wing transparent
with dense brown to yellow microtrichia. Leg. Hind femur black with long yellow
hairs and covered with gold pollinosity; hind tibia black and yellow at the base.
Tarsus with silver pollinosity.

Abdomen. Abdomen oval, slightly tapering toward the top, wide as the width of
the thorax, with white short hairs (Fig. 8B). Tergites 2—-3 with pairs of white pollinose
lunules. Tergite 4 as long as wide, covered with white dense hairs, quite longer than
those of the tergites 2 and 3.

Male genitalia. (Fig. 9A, C). Most similar to genitalia of Eumerus sogdianus,
Stackelberg, 1952 (Fig. 9B). Cercus rounded, with the notch on posterodorsal margin.
Posterior surstyle lobe elongated, with folded dorsal margin covered with hairs.
Ventral margin inside with dense long hairs. Interior accessory lobe of posterior
surstyle lobe covered with microtrichia. Hypandrium simple (Fig. 9C). Aedeagal
apodeme ray-shaped in ventral view.

Female. Unknown.

Diagnosis. Morphologically related to ““strigatus” group of species (sensu Speight
et al. 2013), differs from all related species of the genus in more robust body (Fig. 8B,
C), clear differences in structure of male genitalia and shape of sternite 4. Male
genitalia similar to Eumerus sogdianus from which it differs in cerci with the notch on
posterodorsal margin, broad posterior surstyle lobe with straight margins, narrower
and bent in E. sogdianus (Fig. 9A, B); and broad sternite 4, with two apical
prolongations, narrower in E. sogdianus (Fig. 9D, E).

Etymology. The epithet is derived from the Latin word crassus (solid)
demonstrating the body habitus more robust comparing to the related taxon.

82



0.5 mm
/,/"""—'_QZ:\\\\ g i
/ N SR (o
35 R
= _‘lj. L |' et 71:»'7 ‘Tws,a’; ,I ,."I
/’ \.Y 1 /£ ! f "."
' \\\_' S \ N } | j{_‘//
_.,/ I /,/
{ / { /
R
i - //z \~ /
N A R

Fig. 6. Eumerus torsicus sp. n., head, dorsal view: (A) male; (B) female. Head, lateral
view: (C) male; (D) female. (E) Hind leg, male. (F) Sternites 2-4, female.

Yyfqunoe 6. Eumerus torsicus sp. n., kepaAr, poyaio oym: (A) appev: (B) 09v.
Kepoln, mievpwcry oyn: (C) appev: (D) . (E) Ilicw nddt, appev. (F) Ztepviteg
Onieog 2—4.

Discussion

We present a survey of the diversity and distribution of Eumerus species in the eastern
Mediterranean region, where a high number of species, i.e. 25, was recorded (see
Table 1). This is almost three quarters (71%) of all Eumerus species known for south-
eastern Europe accounting for 35 species in total (Vuji¢ et al. 2015). The latter
highlights the significance of the eastern Mediterranean region as a hotspot for the
genus. Indeed, our findings support the expectation of Petanidou et al. (2013) to
encounter a considerable number of species new to science in the Aegean Islands.
Among the 25 species in the eastern Mediterranean, seven are endemic as their

geographical distribution is limited to the Balkan Peninsula and/or only to the eastern
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Mediterranean islands. Four species out of the 25 were previously known (Eumerus
armatus Ricarte and Rotheray, 2012, E. claripennis Coe, 1957, E. minotaurus
Claussen & Lucas, 1988, E. niveitibia Becker, 1921) and three species are new to
science and are described here (E. aurofinis sp. n., E. torsicus sp. n. and E. crassus sp.
n.). Islands with the highest number of recorded species belonged to the group of
large islands (area >420 km2, based on Vuji¢ et al. Forthcoming 2016). Islands with
the highest diversity of Eumerus species usually harbour endemics as well (Crete,
Cyprus, Lesvos, Peloponnese, Rhodes and Samos), although two islands with high
diversity (Chios and Corfu) lack endemic species. Among the small islands (area
<420 km2), it was only on Zakynthos where we registered one endemic taxon (E.

niveitibia).

Fig. 7. Eumerus torsicus sp. n., (A-D) male genitalia: (A) epandrium, lateral view;
(B) hypandrium, lateral view; (C) aedeagus and accessory structures, lateral view; (D)
aedeagus and accessory structures, ventral view (ae — aedeagus, Is — lateral sclerite of
aedeagus, ap— aedeagal apodeme, ea — ejaculator apodeme). (E) Male sternite 4.
Xympa 7. Eumerus torsicus sp. n., (A-D) yevvntikog omAopog appevos: (A) emdvoplo
(tehevtaiog votwaioc Tepyitng), mievpikn oyn (B) vmdvépro (9og kothokdg
otepvitg), mhevpikn oyn: (C) ardoraydc ko Bondntikd e€opthpata, TAEVPIK Oyn’
(D) awdowoyds ko Pondnricd e€aptiuata, kotloxn oyrn (ae — adolayog, Is —
TAEVPIKOG GKANPITNG TOV 0do1ayoD, ap — amdOEN TOV 0do1yoD, €a — EKGTEPUATIKO
anddepa). (E) Ztepvitng appevog 4.
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1 mm

Fig. 8. Eumerus crassus sp. n. (A) male; (B) tergites; (C) Eumerus sogdianus,
tergites. Photo: A. Grkovic.

Yympa 8. Eumerus crassus sp. n. (A) appev: (B) tepyiteg (C) Eumerus sogdianus,
tepyitec. Potoypaeio: A. Grkovic.

Fig. 9. Epandrium: (A) E. crassus sp. n.; (B) E. sogdianus. (C) E. crassus sp. n.
hypandrium. (D, F) Sternite 4: (D) Eumerus crassus sp. n.; (E) E. sogdianus. (F, G) E.
crassus sp. n., head, male: (F) lateral view; (G) dorsal view.

Yyfqua 9. Endvoplo (televtaiog votioiog tepyitng): (A) E. crassus sp. n.- (B) E.
sogdianus. (C) E. crassus sp. n. vravdpio (9% kothaxdg otepvitng). (D, F) Ztepvitng
4: (D) Eumerus crassus sp. n.- (E) E. sogdianus. (F, G) E. crassus sp. n., kepaln,
appev: (F) mhevpikn oyn: (G) poayraio oym).
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Only three species are restricted to particular island(s) (and thus can be considered
as island endemics): E. niveitibia (Crete, Lesvos, Peloponnese and Zakynthos), E.
torsicus sp. n. (Chios and Cyprus) and E. crassus sp. n. (Lesvos). Comparing the
percentage of the island endemic species (12%) with recent results for the hoverfly
genus Merodon (12.3%) in eastern Mediterranean islands (Vuji¢ et al. submitted), the
level of endemicity is essentially the same, and twice the percentage of the endemic
butterfly fauna reported by Dennis et al. (2000).

Considering the species richness of the genus and its great significance to
ecosystems, many studies should have been published, but this is not the case for
Eumerus; few taxonomical studies exist, and DNA barcodes are deficient or absent;
very few Eumerus sequences can be found in GenBank. The latter is an issue as the
species delimitation within Eumerus has proven a challenge, and there is no
appropriate key for identification of the European Eumerus species, so DNA barcodes
would be useful in species identification in addition to diagnostic features and figures
of the important morphological characters. This could be even more useful when it
comes to newly described species, as in the present study for E. aurofinis sp. n. and E.
torsicus sp. n. For these two species an integrative approach, i.e. a blend of
morphological characters and DNA sequences, was applied to achieve and confirm
species delimitation. The determined pairwise distance (0.115) and average number of
nucleotide differences between these two species (70.625) significantly contribute to
species delimitation and also reveal slight intraspecific divergence. For an island
endemic species E. torsicus sp. n., recorded haplotypes also showed exclusive
occurrence for each island (Chios and Cyprus).
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Abstract

The genus Eumerus Meigen (Diptera: Syrphidae) is considered one of the most
species-rich hoverfly genera. Here, we present two new species, E. montanum
Grkovi¢, Radenkovi¢ & Vuji¢ sp. n. (Montenegro, Greece) and E. rubrum Grkovi¢ &
Vuji¢ sp. n. (Greece), and one species, E. uncipes Rondani, 1850, recorded for the
first time in southeastern Europe. The species are members of three different taxon
groups, respectively E. strigatus sensu Speight et al. (2013), E. tricolor sensu Chroni
et al. (2017) and E. clavatus as defined here. Diagnostic characters for each of the
three taxon groups and descriptions of the two new species are provided. In addition,
we employed morphological and molecular data for available taxa of the E. strigatus
taxon group in order to corroborate their taxonomical status and systematic position.
Finally, we discuss the diversity of these taxon groups (E. clavatus, E. strigatus and
E. tricolor) and give a detailed overview of the differences between closely-related

species.

Keywords: Eumerus, new species, Eumerus strigatus group; Eumerus tricolor group;

Eumerus clavatus group; DNA barcoding

Introduction

During the last glaciations, southeastern Europe, including all countries south of
Alpine region and Pannonian plain, harboured a tremendous number of animal
species, serving as a center of biodiversity and endemism (Dzuki¢ and Kalezi¢, 2004;
Gaston and David, 1994; Hewitt, 1999; 2000, 2011; Poulakakis et al., 2014, Schmitt,
2007). Various projects have explored the biodiversity, ecology and biogeography of
southern parts of Europe, revealing the conservation and evolutionary statuses of

different species; amphibians and reptiles (Dzuki¢ and Kalezi¢, 2004; Marzahn et al.
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2016), beetles (Drees et al., 2016), flies (Vujic et al., 2016; Stahls et al., 2016),
molluscs (Psonis et al., 2015), spiders (Sagonas et al., 2014) to name a few. One very
species-diverse target group of such studies is the family of hoverflies (Speight,
2014). Thompson et al. (2010) stated that hoverflies consisted of 6100 species
worldwide whereas, five years previously, only 6000 species were known (Thompson,
2005). Studies on hoverfly taxonomy and systematics have increased tremendously
over recent years; an assessment of Web of Science records (keywords:
hoverflies/syrphidae and taxonomy or systematics) on 07 November 2016 revealed
that the number of papers produced during the last decade is almost equal to the
number produced from 1970 to 2005. Besides the vast amount of papers the number
of newly described species is even higher during the last decade compared with the 35
years period mentioned before. This is partly a consequence of new methods (e.g.
DNA barcoding) and approaches (e.g. integrative taxonomy) that have assisted and
facilitated species diagnoses and delimitations where species identifications were
previously complicated (Chroni et al., 2017; Jordaens et al., 2015; Nedeljkovi¢ et al.,
2015; Stahls et al., 2008; Suk & Han, 2013; Young et al., 2016).

The genus Eumerus Meigen, 1822 is an example of high hoverfly species diversity
(Speight, 2014) and endemism (Grkovi¢ et al., 2015; Ricarte et al., 2012) in
southeastern Europe. To date, the European fauna of Eumerus comprises more than
50 described species (Speight, 2014; van Steenis, pers. comm.), of which 31 listed by
Speight (2016) occur in southeastern Europe (as well as an additional three species
that are not on that list, Grkovi¢ et al., 2015). Notwithstanding the considerable
species diversity of Eumerus, the genus faces taxonomic challenges posed by the lack
of an up-to-date European identification key. In addition, there are still uncertainties
about nomenclature (e.g. synonyms) and unclarified taxonomic statuses to be resolved
before a clear view of the genus’ species diversity can be perceived.

Eumerus species exhibit considerable morphological variability; they are
generally medium-sized flies, with a distinctive habitus showing strong metalegs and
a narrow or broadly oval abdomen (Doczkal et al., 2016). Doczkal and Pape (2009)
studied the adult morphology of the tribe Eumerini (Eumerus Meigen, 1822, Azpeytia
Walker, 1865, Lyneborgimyia Doczkal and Pape, 2009, Merodon Meigen, 1803,
Platynochaetus Weidemann, 1830) and provided strong support for Eumerini
monophyly, but not for the genus Eumerus. Doczkal and Pape (2009) concluded that

Eumerus is paraphyletic, but did not assign any taxon groups (hereafter called as
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‘group’) except for the Eumerus maculipennis group. Following this, Speight et al.
(2013) presented the “E. strigatus group” of morphologically similar species. Doczkal
(1996) had previously mentioned the E. tuberculatus group, with some species that
were subsequently covered by the E. strigatus group sensu Speight et al. (2013).
Recently, DNA sequences were used to infer species delimitation within Eumerus
(Chroni et al., 2017), and that analysis suggested the presence of two major clades and
seven groups within the genus based on tree inference approaches. One clade, named
as Eumerus tricolor group, consisted of species with red parts on the tergites to an
entirely red abdomen: E. armatus Ricarte and Rotherey, 2012, E. grandis Meigen,
1822, E. sinuatus Loew, 1855, E. tricolor (Fabricius, 1798), as well as E. niveitibia
Becker, 1921 (a species with a blue appearance), and E. aurofinis Grkovié, Vuji¢ &
Radenkovi¢, 2015 (a species endemic to eastern Mediterranean islands) (Grkovi¢ et
al., 2015). The remaining species formed the second clade, in which six groups were
assigned: E. basalis Loew, 1848, E. minotaurus Claussen & Lucas, 1988, E. ornatus
Meigen, 1822, E. pulchellus Loew, 1848, E. strigatus (Fallen, 1817) and E. sulcitibius
Rondani, 1868 (Chroni et al., 2017).

In the current study, we present two new species (E. montanum sp. n. and E.
rubrum sp. n.) and one new record (E. uncipes Rondani, 1850) for southeastern
Europe. These species are members of three different groups: E. strigatus sensu
Speight et al. 2013, E. tricolor sensu Chroni et al. 2017 and a E. clavatus group
defined here (for more details on Eumerus groupings, see Chroni et al., 2017; Doczkal
and Pape, 2009; Speight et al., 2013). Our objectives are to: (a) provide descriptions
for the new species; (b) revise the geographic distribution of E. uncipes; and (c)
discuss and overview the assignments of the aforementioned species to groups based

on morphological and molecular data for the available taxa.

Material and methods

2.1 Taxon sampling

The insect material that we considered in this study was collected over the past few
decades from Southeastern Europe, including the following countries: Bulgaria,
Croatia, Greece, Romania, Serbia, Slovenia and FYR Macedonia. Insects were
collected by researchers from the Laboratory for Biodiversity Research and

Conservation of the University of Novi Sad, using hand nets. Specimens belonging to
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new species (E. montanum sp. n. and E. rubrum sp. n.) were collected from
continental parts of the Balkan Peninsula (on Mt Pindos in Greece and Mt Durmitor in
Montenegro) and in the Peloponnese (Mt Chelmos and Mt Taygetos, Greece),
respectively. Specimens of E. uncipes were collected in Greece (Corfu Island).
Several specimens of each assessed taxon were studied, and these have mainly been
deposited in the collections of the Department of Biology and Ecology of the
University of Novi Sad. We also considered the female holotype of E. tauricus
Stackelberg, 1952, from Crimea, coll. 10.V.1905, leg. Kirichenko.

For molecular analyses, we examined DNA barcodes (mitochondrial cytochrome
¢ oxidase subunit I, COIl/cox1) for E. montanum sp. n. and E. uncipes with 13
additional Eumerus species. We were unable to obtain DNA barcodes for E. rubrum
sp. n. The sequenced material originated mainly from Greece and Turkey, as well as
from Germany, Italy, Montenegro, Russia and Serbia (for more details see Table S1).
The sequence used for E. funeralis Meigen, 1822 (Accession No. GMGMJ702-14)
was retrieved from GenBank. Outgroup taxa consisted of Megatrigon tabanoides
Doczkal et al. (2016) (Accession No. KX083393), Merodon erivanicus Paramonov,
1925 (Accession No. KX083391) and Platynochaetus setosus (Fabricius), 1794
(Accession No. KM224512).

All specimens studied are deposited in the collections of the following institutions:
FSUNS — Department of Biology and Ecology, Faculty of Sciences, University of
Novi Sad, Serbia; NBC — Natural Biodiversity Centre, Leiden, The Netherlands and
MAegean — The Melissotheque of the Aegean, University of the Aegean, Mytilene,
Greece.

2.2 Morphological characters

The morphological characters used in the descriptions and drawings are based on the
terminology established by Thompson (1999), and those related to the male genitalia
by Hurkmans (1993) and Doczkal (1996). Colour characters are described from dry-
mounted specimens. Male genitalia were extracted from specimens using standard
methods for studying male hoverfly genitalia, as explained in detail in Grkovi¢ et al.,
2015. Drawings were created by using photographs of characters taken with a Leica
DFC 320 (Wetzlar, Germany) camera attached to a Leica MZ16 binocular
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stereomicroscope and then processed in Adobe Photoshop CS3 V 10.0 software
(Adobe Systems, San Jose, CA, USA).

2.3. DNA extraction and PCR amplification

Total genomic DNA was extracted using 2 to 3 legs from each specimen and
following the Chen et al. (2010) protocol for DNA extractions, with slight
modifications (Grkovi¢ et al., 2015).

DNA barcodes were generated by amplifying the mitochondrial COIl gene
fragment, using the primer pair LCO-1490 (5°-
GGTCAACAAATCATAAAGATATTGG-3) and HCO-2198 (5°-
TAAACTTCAGGGTGACCAAAAAATCA-3’) (Folmer et al. 1994). PCR
amplifications and DNA sequencing were performed as described in Grkovi¢ et al.
(2015).

2.4. Molecular analyses

We used BioEdit 7.2.5 (Hall, 1999) to edit sequences by eye and to trim to their final
length of 612 bp. Multiple sequence alignments were implemented in MAFFT version
7 by employing the L-INS-i algorithm (Katoh et al., 2005; available at
http://mafft.cbrc.jp/alignment/server/index.html). We implemented K2P genetic

distance analyses in MEGAG6 (Tamura et al., 2013) to corroborate species delimitation
for E. montanum sp. n. (15 species, outgroups were excluded from the analyses; Table
S2).

In order to resolve the phylogenetic positions of E. montanum sp. n. and E.
uncipes, we produced a dataset of 41 Eumerus DNA sequences plus three outgroup
sequences (the ‘total’ dataset). All trees were rooted based on the P. setosus sequence.
We employed Neighbor-Joining (NJ), Maximum likelihood (ML) and Maximum
parsimony (MP) phylogenetic methods. The NJ analysis was performed in MEGA6
(Tamura et al., 2013) with the Tamura-Nei nucleotide substitution model with a
Gamma distribution, which was the second-best nucleotide substitution model (the
first one was GTR+G+l) proposed by the Akaike Information Criterion (AIC
5601.91). Evolutionary distances were computed using the Maximum Composite
Likelihood method (Tamura et al., 2004) and are presented in units of number of base
substitutions per site. All positions containing gaps and missing data were eliminated,

resulting in a total of 601 positions in the final dataset. The ML analysis was executed
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in RAXML 8.0.9 (Stamatakis, 2006; Stamatakis et al., 2008) in the Cipres Science
Gateway (Miller et al., 2010) under the general time-reversible (GTR) evolutionary
model with a gamma distribution (GTR+G) (Rodriguez et al., 1990) with 1000
bootstrap replicates. The MP analysis was performed in NONA (Goloboff, 1999),
spawned in WINCLADA version 1.00.08 (Nixon, 2002). A heuristics search
algorithm with 1000 random addition replicates (mult x 1000) was performed, holding
100 trees per round (hold /100), max trees set to 100 000 and applying TBR branch
swapping.

The generated NJ and ML trees were merged into a split network in order to
extract a united tree topology. The split network was produced in SplitsTree4 4.14.3
(Huson and Bryant, 2006) (http://www.splitstree.org/) under SuperTree, Z-closure

super-network from partial trees and heuristic analysis (number of runs: 1000).

Additional MP analyses were performed in order to further evaluate species
systematic positions (tree topology) within the E. strigatus group with reference to
species morphology. We included seven species from within that group (for which
DNA sequences were available): E. amoenus Loew, 1848, E. consimilis Simi¢ and
Vuyji¢ (1996), E. montanum sp. n., E. funeralis, E. pannonicus Ricarte, Vuji¢ &
Radenkovi¢, 2016, E. sogdianus Stackelberg, 1952 and E. strigatus, and 21 additional
Eumerus specimens (plus the three outgroup sequences). We performed MP analyses
(with run settings as described above) separately and in combination for the
morphological and DNA sequence datasets. The morphological matrix scored 24 male
characters, related to size, head, thorax and genitalia (Table S3), which was created in
Mesquite v2.73 (Maddison and Maddison, 2011).

Results
3.1. The E. clavatus group
Diagnosis. Medium-sized species, dark-coloured, with parallel-sided elongated
abdomen having lunulate shaped oblique maculae of silver-to-white pollinosity on
tergites 11-1V (Fig. 4C, D). Distinctive processus on distal margin of abdominal
sternite 11l in males (Fig. 4A, B). Male abdominal sternite 1V with characteristic
pliers-like shape. Antenna in females oval with more or less noticeable groove
medially (Fig. 2D).

Male. Head. Eyes holoptic, eye contiguity 8-10 omattidia long. Eye with very

scattered and short pile. Eye margins slightly broadening ventrally. Face black,
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covered with white pollinosity and long white or yellow pile. Frons and postocular
orbit black with long yellow pile, except ocellar triangle with black pile. Ocelli
forming an equilateral triangle, longer than wide (Fig. 2A). Antenna yellowish-brown.
Basoflagellomere slightly longer than broad (Fig. 2C), with straight anterior margin
and deep central incision (sensory pit). Long ventral pile of pedicel yellow to white.

Thorax. Thorax black with golden lustre. Mesoscutum covered with short golden-
yellow pile, reclined posteriorly, medially with two vittae of silvery pollinosity.
Scutellum black with short yellow pile, pile slightly longer along posterior margin.
Pleurae black with metallic golden lustre and covered with golden pollinosity.
Anepisternum, posterior katepisternum and anepimeron covered with long yellow
pile. Wing transparent, entirely microtrichose. Calypter and halter white to yellow.
Metafemur swollen, black with metallic lustre. Long white pile on hind femur
ventrally, as long as three-quarters the depth of the femur (Fig. 2E). Metatibia dark-
coloured, yellow in proximal part.

Abdomen. Abdomen elongated, black with short white pile, tergites I1-1V with
pairs of white to silver pollinose lunulate shaped oblique maculae (Fig. 4C, D).
Tergite IV long, almost twice the length of tergite Ill. Sternite Il with medial
prominence, covered with long whitish pile, and a characteristic processus ventro-
medial of the posterior margin (Fig. 4A, B). Sternite IV with a specific pliers-like

shape.

2 mm

Fig. 1. E. uncipes: A) male; B) female. Photo: A. Grkovic.
Yympa 1. E. uncipes: A) dppev: B) 0iv. dotoypagia: A. Grkovic.

Genitalia. Cerci oval, flattened laterally, with a row of strong setae dorsally (Fig.
3A, B). Interior accessory lobe of posterior surstylar lobe densely covered in pilosity.

Posterior surstylar lobe simple, tapered, with short spines laterally and on apicoventral
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ridge. Hypandrium broad, curved, and simple (Fig. 3C, D). Aedeagal apodeme with
dorsal processus (Fig. 3E, F).

Female. Similar to the male, except for usual sexual dimorphism (Figs. 1B, 2B,
D, F) and the following characteristics: face and frons black and covered with yellow
to golden pile, white and golden pollinosity on the face; frons flattened; silver
pollinosity along eye margin anterior to ocellar triangle and at the eye corner posterior

to ocellar triangle (Fig. 2B).

3.1.1. Species of the E. clavatus group in southeastern Europe

The following two species belonging to the E. clavatus group have been recorded on
the Balkan Peninsula and on eastern Mediterranean islands: E. clavatus Becker, 1923
(Bradescu, 1991; Vuji¢ and Simi¢, 1999) and E. uncipes recorded during research
presented here.

Taxonomic notes about Eumerus uncipes Rondani, 1850 (Fig. 1)

Remark. This is first record of E. uncipes in southeastern Europe. To clarify the
relationship between the related species E. uncipes and E. clavatus, we present here
diagnoses and molecular data for both species.

Material examined. 233, 19, Greece [Corfu], Strinilas [39°44°20.4“N
19°50°13.2“E], [642 m.a.s.l.] coll. 08.VIIL.2014, 13, 292 coll. 10.VIIL.2014,; 19,
Stroggili [39°30°43.7“N 19°55°00.2“E], [153 m.a.s.l.], 10.VIIL.2014. leg. Vuji¢ A.
(FSUNS).

Diagnosis. This species is closely related to Eumerus clavatus, from which it
clearly differs in the shape of the processus on abdominal sternite 111 (Fig. 4A, B);
quadratic in E. uncipes and as a triangular thorn in E. clavatus. In addition, E. uncipes
has a pointed triangular extension apico-ventrally on the metatibia (Fig. 2G), which is
absent in E. clavatus. Male genitalia of both species are very similar (Fig. 3). The
posterior surstyle lobes are slightly differently shaped (Fig. 3A, B). Dorsal spines on
the posterior surstyle lobe of E. clavatus are longer than in E. uncipes. A row of
strong bristles is present dorsally on the cercus of E. uncipes (Fig. 3A); in E. clavatus,
the pile on the cercus is not so distinctive (Fig. 3B). Aedeagal apodeme in E. clavatus
has a spine-like process dorsally (Fig. 3F), whereas in E. uncipes the same process is
keel-shaped (Fig. 3E).
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Females are very similar, but in E. uncipes antennae are more reddish-brown than
in E. clavatus (which are more yellowish-brown) and basoflagellomere with a
noticeable arced groove medially.

In both sexes, the abdomen of E. clavatus is more robust and broad with
noticeable silvery-white pollinose lunulate oblique maculae, which contrasts with E.

uncipes that has a narrower abdomen with grey maculae on its tergites (Fig. 4C, D).

Fig. 2. E. uncipes, head: Dorsal view: (A) male; (B) female. Lateral view: (C) male;
(D) female. Leg: (E) male; (F) female; (G) Apicoventral part of male metatibia with
conspicuous notch.

Yympoa 2. E. uncipes, kepain: Poyaio oyn: (A) dppev: (B) OMiv. [Tievpikr oyn: (C)
Gppev: (D) MAv. T16ow: (E) appev: (F) v (G) AkpokotMoky| TepLloyn g KVAUNG
TOV OPOEVIKOV, LE ELPAVT EYKOT.

3.2. The E. strigatus group

Diagnosis. The E. strigatus group was named by Speight et al. (2013) in assigning a
group of species related to E. strigatus. Chroni et al. (2017) presented the same group
in their studies based on molecular data. The E. strigatus group comprises relatively

small, inconspicuous species with usually a bronze shine and without coloured
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markings on their tergites; basoflagellomere usually rectangular and from reddish to
dark-brown or black coloured; sternites simple, without distinct apomorphic structures
(as in the E. clavatus group — Fig. 4); legs connections, apex of femora and basal
thirds of tibiae bright yellow; abdominal sternite 1V in males differently shaped but
always with a v-shaped notch on the posterior margin (Fig. 8); cerci elongated (Fig.
7A, D-H). The main diagnostic character is the shape of the male genitalia:
epandrium in all examined species has an elongated, posterior surstyle lobe with
species-specific shape (Fig. 7A, D—H).
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Fig. 3. Male genitalia. Epandrium: (A) E. uncipes; (B) E. clavatus. Hypandrium: (C)
E. uncipes; (D) E. clavatus. Aedeagus and accessory structures: (E) E. uncipes; (F) E.
clavatus.

Yyqpo 3. Tevwnrikdg omMopds appevog. Emdvopilo (tedevtaiog vortiaiog tepylitg):
(A) E. uncipes: (B) E. clavatus. Yzavdpio (9o¢ kothiaxdg otepvitng): (C) E. uncipes:
(D) E. clavatus. Awowayog ko Pondntikd e€optiuata: (E) E. uncipes: (F) E.
clavatus.

99



Fig. 4. Third abdominal sternite in male: (A) E. uncipes; (B) E. clavatus. Male
tergites: (C) E. uncipes; (D) E. clavatus. Photo: A. Grkovic.

Yympa 4. Tpitog xothakog otepvitng appevog: (A) E. uncipes: (B) E. clavatus.
Tepyiteg appevog: (C) E. uncipes' (D) E. clavatus. dotoypagia: A. Grkovic.

2mm

Fig. 5. E. montanum sp. n.: (A) male; (B) female. Photo: A. Grkovic.
Yympa 5. E. montanum sp. n.: (A) appev: (B) 0qiv. dotoypapia: A. Grkovié.

Male. Head. Eyes holoptic, eye contiguity 7-9 ommatidia long. Eye with 24
ommatidia-long scattered pile. Distance from anterior ocellus to posterior ocellus
approximately equal to the distance from posterior ocellus to eye corner. Distance
between posterior ocellus and eye margin is equal to the diameter of ocellus or less.
Face with white to yellow pile and silver to grey pollinosity (in some species, ranging
to golden). Vertex black with metallic shine (in some species with pollinose maculae
from posterior ocellus to upper eye corner along eye margin and sometimes in front of
anterior ocellus). Basoflagellomere slightly longer than wide, oval to rectangular with
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ventral margin pointed, reddish to dark brown coloured. Depth of pedicel is about
four-fifths the depth of the basoflagellomere medially. Longest pile on pedicel as long
as the depth of pedicel.

Thorax. Black, weakly punctuated, with bronze to golden shine. Pile of thorax
from white to yellow, ranging to golden, slightly longer on scutellum than pile of
mesonotum. Mesonotum with two vittae of silvery-white pollinosity, which extend
almost its entire length or are clearly visible only on the anterior part of mesonotum.
Pleurae black with bluish or bronze to golden metallic shine and pale pile, longer than
pile on scutum. Metafemur enlarged, 1.5 to 2 times wider than metatibia, black with
yellow apex. Metatibia black, yellow to yellowish-brown in basal quarter to third.
Metatrochanter simple, metafemur with anterolateral row of 6-7 spines and
posterolateral row of 10-12 spines. Pilosity on legs from white to yellow, ranging to
golden.

Abdomen. Tergites entirely shiny black with bluish or bronze tinge, weakly
punctuated. Pairs of white to grey lunules of pollinosity on tergites 11-1V, usually
more grey-coloured in the middle of the tergite and white to silver laterally. Posterior
margin of sternite IV with a sharp to shallow v-shaped notch and sometimes with two
spatulate or sharp projections laterally (Fig. 8).

Genitalia. Hypandrium simple, with apically-situated ctenidion (Fig. 7B). Cerci
simple, more or less curved posteriorly (Fig. 7A, D—H). Posterior surstyle lobe more
or less elongated and always spatulate in some way (Fig. 7A, D-F, H), with the
exception of species related to E. bactrianus Stackelberg, 1952 that has a specifically-
shaped surstylus (bifurcated apically, Fig. 7G). Anterior lobe of surstylus is well-
developed (Figs. 7A, D—H, 111).

Female. Head. Head. Pile on face and frons white-yellow to golden, black in
region of ocellar triangle, this contrast in pile colour is more distinctive than in males
(Fig. 5B). Face covered with silver-grey to bronze pollinosity (Fig. 6D). Frons with
dense vitta of bronze-green pollinosity from face anteriorly to anterior ocellus, along
eye margin. Some species have a triangular macula of pollinosity adjacent to the
dorsal eye corner and posterior to the posterior ocellus, usually with pollinosity along
the dorsal eye margin.

Thorax. Black with metallic bronze to golden shine. Two vittae of grey pollinosity

on mesoscutum, extending from half to almost the entire length of the mesoscutum.
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Scutellum black with bronze to golden reflection. Metafemur black with yellow apex.

Metatibia black, yellow in basal quarter to a third. Pile of legs yellow to golden.
Abdomen. Tergites with two or three pairs of white lunulate shaped oblique

maculae of pollinosity. Tergite IV posteriorly with slightly longer white to yellow

pilosity.

3.2.1. Species from the E. strigatus group in southeastern Europe

The species belonging to the E. strigatus group that have been recorded from the
Balkan Peninsula and eastern Mediterranean islands are: E. amoenus, E. consimilis
(Figs. 7D, 8C), E. funeralis (Figs. 6H, 7H, 8D), E. montanum sp. n. (species described
below; Figs. 5, 6A-G, 7A-C, 8A), E. strigatus (Figs. 7F, 8B), E. sogdianus (Figs.
7E, 8E, 11l) and E. pannonicus (Fig. 7G) (Bradescu, 1991; Simi¢ and Vujié, 1996;
Vuji¢ & Simi¢, 1999; Ricarte et al., 2012; Markov et al., 2016).

3.2.2. Description of Eumerus montanum Grkovi¢, Radenkovi¢ & Vujié sp. n.

Material examined. Holotype. 13, Montenegro [Durmitor Mountain], Komarnica,
beside Pos¢ensko Lake [42°58°39.2“N 19°04°15.9“E], [1045 m.ass.l.], coll.
16.VIIL.2015, leg. Vuji¢ A. (FSUNS). Paratypes. 13, Greece [Epirus], Pindos, Mt
Smolikas, Paleoselli [1365 m.a.s.l.], coll. 04.V111.1994, leg. Renema W. (NBC); 443,
292, Montenegro [Durmitor Mountain]: Komarnica, coll. 23.VIL.2014, 13, 19,
Posc¢ensko Lake, [42°58°39.2°N 19°04’15.9“E], [1045 m.a.s.l.], coll. 16.VI11.2015,
leg. Vuji¢ A., 5848, 399, coll. 1-04.V1.2016, leg. Vuji¢ A. et al., 13, coll.
08.VI1.2016, leg. Grkovi¢ A., 2183, 529, coll. 30.VI1.2016, leg. Vuji¢ A., 23343,
coll. 31.VI11.20186, leg. Vuji¢ A.; Canyon Susica, Skakala, 13, coll. 13.VI11.2015, legs.
Vuji¢ A. and Velickovi¢ N.; 633, 399, coll. 06.V11.2017, legs. Vuji¢ A. et al. (all in
FSUNS).

Diagnosis. It differs from other species of the E. strigatus group in the shape of
sternite 1V in the male: posterior margin of sternite 1V with v-shaped, shallow notch
with two spatulate projections laterally with tufts of golden pile (Fig. 8A). The new
species has distinctive golden pilosity on the posterior ventral part of its metafemur
(Figs. 5, 6E, F). Despite these differences, E. montanum sp. n. can easily be confused
with similar species, so the most valid identification character is that of the male
genitalia; the epandrium has cerci curved backwards and an elongated posterior

surstylar lobe (Fig. 7A). Females of E. montanum sp. n. are extremely similar to
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females of other species of the group, differing by a darker appearance and golden
pile particularly noticeable on the posteroventral side of the metafemur and the
posterior half of tergite IVV. Further, females of this species have similar antenna to the
males, i.e., slightly elongated and dark (Fig. 6C-D). More detailed differences
between females of this group are given below in the taxonomic notes.

General description.

Male. Head. Eyes holoptic, eye contiguity 9—11 omattidia long (Fig. 6A). Face,
frons and postocular orbit black with long yellow pile except on ocellar triangle where
the pile is black. Face with white pollinosity anterior to antennal socket, golden
pollinosity posteriorly. Ocelli making an isosceles triangle, slightly longer than wide
(Fig. 6A). Distance from anterior ocellus to posterior ocellus equal to distance from
posterior ocellus to eye corner. Face margin slightly protruding (Fig. 6C). Antenna
dark; basoflagellomere brown to brownish-red, slightly elongated, covered with white
velvet pollinosity. Arista dark-brown, inserted dorsomedially of basoflagellomere,
thickened basally. Ventral pile of pedicel yellow on median side, dark on lateral side,
and as long as depth of pedicel. Dorsal pile of pedicel short, yellow and dark.

Thorax. Black, weakly punctuated, with golden metallic lustre, entirely covered
with yellow pile and with two vittae of white pollinosity, sometimes barely visible.
Anepisternum and anepimeron yellow pilose, katepisternum posteriorly with white
pile. Scutellum simple, black, with yellow pile. Pleurae with metallic golden shine.
Wing with brownish tinge, entirely trichose; halters white. Calypter white to bright
yellow. Legs dark, with connections, basal thirds of tibiae and basal tarsi brown.
Metatrochanter angular, in distinctive characteristic shape (Fig. 6G), metafemur black
with reddish to black tip, covered with long white to yellow pile, longer at inner side,
posteriorly with distinctive golden pile (Figs. 5A, 6E). Metatibia black, brown in basal
quarter to third. Tarsi with golden pile ventrally.

Abdomen. Black, white pilose with golden lustre. Tergites II-1V with pairs of
lunulate shaped oblique maculae of pollinosity. Tergite 1V apically with slightly
longer grey to golden pile (Fig. 5A). Abdominal sternite IV on posterior margin with
two spatulate projections (Fig. 8A). Distal margin of sternite 1V with longer erect
golden pile laterally.

Genitalia. Cerci oval, elongated backwards (Fig. 7A). Interior accessory lobe of
posterior surstyle lobe covered with dense pile. Posterior surstylar lobe very long,

expanded like a paddle, with dense pile, particularly in the lateromedial part (Fig. 7A).
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Hypandrium simple, broad, curved (Fig. 7B). Ctenidion situated apically. Lateral
sclerite of aedeagus slightly enlarged (Fig. 7C). Aedeagal apodeme without dorsal
processus.

Female. Similar to the male (Figs. 5B, 6B, D, F-G). Antenna dark,
basoflagellomere oval, slightly darker apically. Arced groove extends transversally to
the apical fourth of basoflagellomere. Face metallic bronze with white pollinosity
(Fig. 6D). Frons with dense white to yellow pollinosity along eye margin (Fig. 6B).
Ocelli making an isosceles triangle, longer than wide (Fig. 6B). Distance from
anterior ocellus to posterior ocellus twice as long as distance from posterior ocellus to
upper eye corner. Thorax with golden lustre and golden pile, anepisternum posteriorly
with a fringe of longer golden pile. Metatrochanter not rounded, angular. Metafemur
ventrally and postero-laterally with golden pile, as in males but more distinctive (Fig.
6F). Tergite IV with bronze shine and golden pile in the posterior one third.

Taxonomic notes. Since females of E. montanum sp. n. are very similar to females
of related species, we summarize in Table 1 the differences between females of E.
amoenus, E. consimilis, E. strigatus, E. montanum sp. n., E. sogdianus and E.
funeralis. Females of E. montanum sp. n. have a more robust abdomen, a distinctive
bronze-golden shine on the posterior third of tergite IV (the anterior margin of which
forms a reversed v and has distinctive golden-yellow pile), and narrow pollinose
markings on tergites. In E. montanum sp. n., the ocellar triangle is clearly isosceles
and pollinosity behind the posterior ocelli is absent or almost invisible in this species
(Fig. 6B). What is also characteristic of the species is the rectangular shape of the
metatrochanter, but this feature is not always as clearly visible as it is in males (Fig.
6G). Females of E. amoenus can be quite easily distinguished from E. montanum sp.
n. and the other species by the lunules of tergite IV that are clearly visible but short,
tear-shaped, mid-positioned, and about half the length of the lunules on tergite IlI.
Both males and females of E. amoenus have a pair of shallow depressions on tergite
IV, in an area of white spots, which are more conspicuous than in other species where
this feature is present. Also, females of E. pannonicus are easy to distinguish by the
absence of pollinose markings on T4, the elongated basoflagellomere and the small
ocellar triangle. In contrast to E. montanum sp. n., females of E. sogdianus have
moderately narrow pollinose markings on the tergites, an almost equilateral ocellar
triangle, and pollinose patches behind the posterior ocelli that extend behind the eye

line. Females of E. sogdianus have characteristic antenna, similar to those in males,
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which are slightly peaked ventrally. Females of E. strigatus have a characteristic
ocellar triangle that is always equilateral or even wider than long. Pollinosity near and
behind the posterior ocelli in this species is usually limited to the eye line and the
pollinose markings on the tergites are quite broad.

More problematic is to distinguish females of E. montanum sp. n. and E.
consimilis by morphological characters. Females of E. consimilis have broad lunulate-
shaped oblique maculae on tergites 1I-1V, and the width of the crescent-shaped spots
on tergite 111 are approximately a quarter of the length of the tergite and wider than
the distance between two lunules of the same tergite. However, this feature is quite
variable, with some females of E. consimilis having narrower markings; although, in
that case, the distance between two markings of the same tergite is not larger than the
width of the markings. In E. montanum sp. n., the maculae on the tergites are more
linear, and the width of the spots on tergite Il are about 5-6 times shorter than the
length of the tergite and they are shorter than the distance between lunules of the same
tergite. Although the morphology is very similar between the species, molecular data
clearly defined all analyzed taxa.

Etymology. The name reflects that the species is found in mountain habitat.

3.3. The E. tricolor group
Diagnosis. Chroni et al. (2017) defined the E. tricolor group based on DNA
sequencing and named the group after E. tricolor. Species belonging to the group are
large-sized, predominantly black and usually with red markings on the tergites, but
sometimes with a metallic blue shine. The basoflagellomere is characteristic by:
square shaped with more or less marked wrinkles; sometimes it is very small and oval,
but in some females oval, extremely enlarged. Eyes dichoptic or only slightly
holoptic. The main synapomorphic character connecting all analyzed species is the
poorly developed anterior surstyle lobe of the male genitalia (Fig. 11E-H) and the
usually large wing-shaped interior accessory lobe of the posterior surstylar lobe which
is densely pilose (Fig. 11E-H). The less pronounced differentiation of the male
genitalia is characteristic of the group.

Male. Head. Eyes dichoptic to holoptic. If holoptic usually slightly dichoptic with
a space of 1-4 ommatidia in breadth between eye margins and an eye contiguity of 3—
7 ommatidia long. Eyes with long dense pile or almost bare. Ocelli in an equilateral or

isosceles triangle. Antenna usually dark brown to black, but yellow in some species.
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Basoflagellomere more or less square distally with a flattened ellipsoidal area and
more or less wrinkled from the base to the top. Face, frons and postocular orbit black,

but with a blue shine in some species.

/

Fig. 6. E. montanum sp. n., head. Dorsal view: (A) male; (B) female. Lateral view:
(C) male; (D) female. Leg: (E) male; (F) female. (G) Metatrochanter, lateral view, in
this order: male, female; (H) Leg of E. funeralis.

Yyfqua 6. E. montanum sp. n., kepoln. Poylaio oyn: (A) appev: (B) 0niv. TThgvpicn
oymn: (C) appev' (D) Miv. I165u: (E) appev: (F) Oiv. (G) Metatrochanter, mievpikn
oy, ue autn TV oelpd: appev, Miv: (H) 16t tov E. funeralis.
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Thorax. Black, sometimes with a golden or metallic blue shine. Legs usually dark-
coloured. Metafemur moderately swollen, postero-ventrally with two rows of 7-9
distinctive sharp spines.

Abdomen. Black, tergites 11-1V usually red-coloured to differing degrees (Fig. 10),
but entirely black or with metallic blue shine in some species.

Genitalia. Posterior surstylar lobe of epandrium simple, oval to square with strong
bristles dorsally. Genitalia do not differ much between species, but they remain the
best diagnostic character for species identification (Fig. 11A—H).

Female. Similar to the male, except for normal sexual dimorphism. In some

species, basoflagellomere strongly enlarged (for instance in E. armatus).

Fig. 7. Male genitalia, E. strigatus group. Eumerus montanum sp. n.: (A) epandrium,
(B) hypandrium, (C) aedeagus and accessory structures; epandrium: (D) E. consimilis,
(E) E. sogdianus, (F) E. strigatus, (G) E. panonnicus, (H) E. funeralis.

Yyfquo 7. Tevwnrikdg omMopdg dppevog tng opdadag wdmv E. strigatus. Eumerus
montanum sp.n.: (A) endvéplo (tehevtaiog votiaiog tepyitg), (B) vadvdpro (9og
Kotmokog otepvitng), (C) awdowaydc kot Pondntikd e€aptipata enavoplo: (D) E.
consimilis* (E) E. sogdianus, (F) E. strigatus, (G) E. panonnicus, (H) E. funeralis.
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3.3.1. Species of the E. tricolor group in southeastern Europe

Eleven species belonging to the E.tricolor group have been recorded from the Balkan
Peninsula and eastern Mediterranean islands: E. armatus (Figs. 10D, 11C, G), E.
aurofinis, E grandis, E. richteri Stackelberg, 1960, E. niveitibia, E. sinuatus, E.
ovatus Loew, 1848, E. tarsalis Loew, 1848 (Figs. 10B, 11B, F), E. tauricus, E.
tricolor (Figs. 10C, 11D, H) and Eumerus rubrum sp. n., described below (Vuji¢ and
Simi¢, 1999; Ricarte et al., 2012; Grkovi¢ et al., 2015).

Fig. 8. Males 4th abdominal sternite: (A) E. montanum sp. n., (B) E. strigatus, (C) E.
consimilis, (D) E. funeralis, (E) E. sogdianus.

Yyfquna 8. Tétaptoc kothakog otepvitng dppevog: (A) E. montanum sp. n., (B) E.
strigatus, (C) E. consimilis, (D) E. funeralis, (E) E. sogdianus.

3.3.2. Description of Eumerus rubrum Grkovié & Vuji¢ sp. n.

Material examined. Holotype. 13, Greece [Peloponnese], Achaia, from Chelmos
Mountain above Kalavryta [38°00°30.9“N 22°07°08.3“E], [1700 m.a.s.l.], coll.
16.V.2007; legs. Dils, Faes and Langemark (NBC). Paratype. Laconia: 19 from
Varvara, shelter of Taygetos, [37°02°12.4“N 22°23°00.8“E], [843 m.a.s.l],
02.V1.1993; leg. Den Hollander G. (NBC).

Diagnosis. Belongs to the E. tricolor group. E. rubrum sp. n. is clearly different
from all other European species of the E. tricolor group by having an almost entirely
reddish-yellow abdomen (more extensively red coloured and brighter than in other
similar species) (Fig. 10), with a small yellow basoflagellomere (Fig. 9B), and by the
long pile of abdominal sternite IV in males that are longer than half the length of the
metabasitarsus and the long yellow ventral pile of the metafemur. Male genitalia are
different in all similar species (Fig. 11A—H), except in E. tauricus, the genitalia of

which are identical to those of a new species (see Barkalov, 1990, as E. carasukensis
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sp. n.). Excluding E. tauricus, the genitalia of E. rubrum sp. n. and E. tarsalis are the
most similar, which suggests that these too are closely related species (Fig. 11A, B, E,
F). In contrast to E. tarsalis (Fig. 11B), the setae of the posterior lobe of the surstylus
in E. rubrum sp. n. are very strong, more dense and almost transparent, and the
posterior lobe is entirely covered with alveolae (Fig. 11A). Since the male genitalia of
E. rubrum sp. n. and E. tauricus are practically identical, the features that distinguish
these two species are the following: pile on the ocellar triangle are yellow in E.
rubrum sp. n. and black in E. tauricus; ventral pile on the metafemur in E. tauricus
are denser and longer compared to the new species; and, most distinctively, tergite I in
E. rubrum sp. n. is broadly yellow at the posterior margin (Figs. 10A, 12D), whereas
in E. tauricus tergite | is black or only narrowly orange-red in the posterolateral
corner. This last feature is also present in females. In addition, females of these two
species can be distinguished by the wide ocellar triangle in E. rubrum sp. n. (wider
than long and with the anterior angle greater than 90°) (Fig. 9D, 12A), whereas in
females of E. tauricus the anterior angle of the ocellar triangle is closer to 80° (Fig.
12B), and by the conspicuous transverse suture in E. rubrum that envelops the whole
metafemur anteriorly (Figs. 9F, 12C).

General description.

Medium-sized species (10-11 mm) with a characteristic reddish-yellow abdomen.

Male. Head. Eyes bare, slightly dichoptic, spaced two ommatidia apart, eye
contiguity 3—4 ommatidia long, almost bare; ocelli form an isosceles triangle, slightly
wider than long (Fig. 9A). Face and frons black with long pale pile. Eye margins
broadening ventrally. Scape and pedicel brownish-yellow, bristles of pedicel pale;
basoflagellomere small, yellow, oval with rough margin, slightly extended ventrally
(Fig. 9B). Arista dark, basally thickened.

Thorax. Scutum, scutellum and pleurae entirely black with barely visible golden
shine, densely and roughly punctuated. Scutum and scutellum with dense yellowish
pile. Pleurae with longer yellowish pile. Legs dark with bases of tibiae and basal tarsi
of front and mid legs paler. Metafemur slightly swollen (Fig. 9C), simple with long
white to gold pile, ventrally as long as the depth of femur. Antero-laterally with barely
visible transverse suture. Metafemur apically with a row of 9-10 sharp black spines
on anterior ridge and a row of 7-8 spines on the posterior ridge. Tarsi with golden pile

ventrally. A row of dense black spinulae on mesonotum above the wing. Wing
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entirely microtrichose, transparent with gentle shading apically. Calypter white to
gold. Halter whitish, almost transparent.

Abdomen. Tergite | black with broadly reddish-yellow posterior margin; tergites Il
and 111 entirely reddish-yellow, tergite 1V dark brown with reddish anterior and lateral
part (Fig. 10A). Tergite Il and 111 with pairs of barely visible lunulate shaped oblique
maculae of white pollinosity, covered with white pile. The rest of the tergites covered
with very short black pile, except the postero-lateral part of tergite Il which is covered
with long white pile. Abdominal sternites reddish-yellow covered with pale pile.
Sternite IV darker, covered with long white pile, particularly on lateral margins.

Genitalia. Posterior lobe of surstylus slightly pointed posteriorly and with strong
long, almost transparent setae, almost entirely covered in alveolae (Fig. 11A). Inner
accessory lobe of surstylus with short dense pile (Fig. 11E). Hypandrium simple and
thin (Fig. 11A).

Female. Head. Eyes bare (Fig. 9D-E). Frons moderately wide, almost two times
wider than the width of basoflagellomere. Ocelli arranged in an isosceles triangle,
wider than long (Fig. 9D). Anterior angle of ocellar triangle in female paratype is
about 95 (Fig. 12A). Face, frons and postocular orbit shiny black with shorter yellow
pile. Pronounced longitudinal notch from antennal socket to anterior ocellus. Scape
and pedicel brownish-yellow. Basoflagellomere moderately small, oval, yellow (Fig.
9E). Arista dark, basally thickened.

Thorax. Mesonotum and pleurae black, densely punctuated, with short, yellow
pile. Mesonotum anteriorly with rudiments of three vittae of white pollinosity. A row
of dense black spinulae on mesonotum above the wing, more pronounced than in
males. Scutellum black, striated transversely. Legs predominantly brown with
yellowish coxae, yellow to translucent metafemur (Figs. 9F, 12C), tips of tibiae and
ventral side of tarsi yellowish. Metafemur anteriorly with conspicuous transversal
suture that envelops the whole femur (Figs. 9F, 12C). Metafemur apico-ventrally with
rows of sharp black spines, 9-10 on anterior row and 7-8 on posterior row. Pile on
legs short and yellow, only slightly longer ventrally on metafemur.

Abdomen. Tergite | black with broadly reddish-yellow posterior margin (Fig.
12D), as in males. Tergites 11-111 completely and tergite 1V anteriorly reddish-yellow.
Tergites with short yellow pile with intermingled brown pile and three pairs of

crescent-shaped lunules of pollinosity on tergites 11-1V. Tergite V dark with brown
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pile. Sternites -1V reddish with short sparse yellow pile. Sternite V dark with brown

pile.
Etymology. The Latin adjective “rubrum” indicates that it is a species with a ruby

appearance.

Fig. 9. E. rubrum sp. n., Male: head: (A) dorsal view, (B) lateral view. Leg: (C);
Female: head: (D) dorsal view, (E) lateral view. Leg: (F).

Yympo 9. E. rubrum sp. n., Appev: kepadn: (A) payaio 6ym, (B) mievpwry oynm.
[1661: (C): Onhv: xkepoAn: (D) payraia oy, (E) mhevpikcn oym. I1661: (F).

1 mm

Fig. 10. Male tergites of the E. tricolor group: (A) E. rubrum sp. n.; (B) E. tarsalis;
(C) E. tricolor; (D) E. armatus. Photo: A. Grkovic.

Yyfquoa 10. Tepyiteg appévav g opddag ewav E. tricolor: (A) E. rubrum sp. n.- (B)
E. tarsalis (C) E. tricolor- (D) E. armatus. ®wotoypopio: A. Grkovic.
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Table 1. Characters to distinguish adult females of E. amoenus Loew, 1848, E. consimilis Simi¢ & Vuji¢ (1996), E. strigatus (Fallen, 1817), E.

montanum sp. n., E. sogdianus Stackelberg, 1952 and E. funeralis Meigen, 1822.

Hivaxag 1. Eidomotof yapaxtipec tov evilikav Onivkodv yio ta £idn E. amoenus Loew, 1848, E. consimilis Simi¢ & Vujié, 1996, E. strigatus
(Fallén, 1817), E. montanum sp. n., E. sogdianus Stackelberg, 1952 a1 E. funeralis Meigen, 1822.

E. amoenus E.consimilis E. strigatus E. montanum sp. n.  E. sogdianus E. funeralis
Tergite 4 sharply tapering to the top Tergite 4 Tergite 4 Tergite 4 slightly Tergite 4 slightly Tergite 4
slightly tapering  sharply tapering to the top  tapering to the top sharply
to the top tapering to tapering to the
the top top
Tergite 4 black with short white pile Tergite 4 with Tergite 4 with  Tergite 4 in Tergite 4 sharp pointed  Tergite 4 black
bronze shinein  barely visible  posterior 1/3 with with bronze shine in with short
posterior half, bronze shine  bronze-gold shine  posterior half, below white pile
below lunules, and golden- which anterior lunules, golden-yellow
golden-yellow yellow pile margin forms pile slightly longer
pile slightly slightly reversed v-shape posteriorly
longer longer in and distinctive
posteriorly posterior half  golden-yellow pile

Tergite 5 black with pale pilosity

Abdomen black, sometimes with a blue
tinge and with a bronze shine on lateral
margins, short white pile

Tergite 5 bronze
with yellow
pilosity
Abdomen black
with bronze
shine and blurry
blue tinge, pale
to yellow pile

Tergite 5
bronze with
pale pilosity
Abdomen
black with
bronze shine
and blurry
blue tinge,
pale to yellow

in that part, other
parts with dark pile
mixed with yellow
Tergite 5 bronze
with yellow to gold
pilosity

Abdomen black
with bronze-gold
shine, particulary
on lateral parts of
tergites with pale to
yellow ranged to

Tergite 5 bronze with

pale pilosity

Abdomen black with

bronze shine and blurry

blue tinge, pale to
yellow pile

Tergite 5 black
with pale
pilosity
Abdomen black
with blurred
blue tinge and
unobtrusive
bronze shine,
pale short
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pile gold pile sparse pile

Scutum with bronze-shine and pale short Scutum with Scutum with  Scutum with gold Scutum with gold shine  Scutum with

pilosity gold shine and gold shine to bronze shine and and pale to yellow pile  bronze shine
yellow to gold and yellow to  dense gold pilosity and pale to
pilosity gold pilosity yellow pilosity

Pleural pile pale to white Pleural pile from Pleural pile Pleural pile from Pleural pile from white  Pleural pile
pale to gold frompaleto  white tovery gold  to yellow pale to yellow

gold

Ventral pile of hind femur white, long Ventral pile of Ventral pile Ventral pile of hind  Ventral pile of hind Ventral pile of

about 1/4 of depth of the femur hind femur of hind femur  femur yellow to femur pale, long about  hind femur
yellow, long yellow, long  gold, long about 1/3 of depth of the pale, long more
about 1/3 of about 1/3 of half of depth of the  femur then half of
depth of the depth of the femur depth of the
femur femur femur

Ocelli Ocelli Ocelli Ocelli making Ocelli making almost Ocelli making equilateral triangle

making making making isoscale triangle, equilateral triangle

isoscale almost equilateral longer then wide

triangle, equilateral triangle

longer then  triangle

wide

Space Space Space Space between Space between posterior  Space between posterior ocellus and eye

between between between posterior ocellus  ocellus and eye margin is margin is about 1 ocellus wide

posterior posterior posterior and eye margin  about 1 ocellus wide

ocellus and ocellus and ocellus and is about 1
eye margin  eye margin is eye marginis ocellus wide
is about 2 about 1 about 1

ocelliwide ocellus wide  ocellus wide
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Fig. 11. Male genitalia of the E. tricolor group, lateral view: upper- epandrium,
lower-hypandrium: (A) E. rubrum sp. n.; (B) E. tarsalis; (C) E. armatus; (D) E.
tricolor; ventral view of epandrium: (E) E. rubrum sp. n., (F) E. tarsalis, (G) E.
armatus, (H) E. tricolor; (I) E. sogdianus. Abbreviations: pl, posterior lobe of
surstylus; il, interior accessory lobe of surstylus; al, anterior lobe of surstylus.

Yyquna 11, Tevvnuikdg omMopdg appévav g opddag ewdmv E. tricolor, migvpikn
oyn: Gvo-emdvdplo (televtaiog votiaiog tepyitng), katw-vmavdpio (9% kothakog
otepvitng): (A) E. rubrum sp. n.- (B) E. tarsalis: (C) E. armatus: (D) E. tricolor,
Kotk 6ym tov enovdpiov (televtaiog vortiaiog tepyitg): (E) E. rubrum sp. n., (F)
E. tarsalis, (G) E. armatus, (H) E. tricolor- (I) E. sogdianus. Xvvtopoypoieg: pl,
omicBiog AoPog otvAov il, ecwTepKdc BondnTikdg AoPdc otvdov: al, mpdcsBioc Aoog
GTOAOV.

Fig. 12. Some diagnostic characters of females: ocellar triangle: (A) E. rubrum, (B) E.
tauricus; (C) metafemur, lateral view: E. rubrum; (D) tergite I: E. rubrum. Photo: A.
Grkovié.

Yyqpo 12. Ewdomotol yapoktipes TV eVAMKOV ONAvKov: Tpiyovn Teployn Tov
oppotwdiov: (A) E. rubrum, (B) E. tauricus: (C) metafemur, mlevpwcr oym: E.
rubrum; (D) Tepyitng I: E. rubrum. dwtoypagio: A. Grkovic.
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3.4. Molecular analyses

The ML alignment of the ‘total’ dataset contained 0.06% gaps and completely
undetermined characters, and 164 distinct alignment patterns. The NJ, ML and MP
tree topologies can be viewed in the Supplementary material (Figs. S1 and S3) and in
Fig. 13, respectively. The genetic distance (K2P) computed for the different species of
Eumerus in the ‘total” dataset was found to be 0.023-0.107 (Table S2).

In all phylogenetic trees, E. uncipes was clustered with E. clavatus (E. clavatus
group) and together these taxa were highly differentiated, with bootstrap support
values of 87 (ML) and 85 (MP). E. montanum sp. n. was clustered within the E.
strigatus group and close to E. strigatus, with bootstrap support values of 75 (ML)
and 59 (MP). The split network analysis identified the E. strigatus and E. clavatus
groups, indicating the phylogenetic relationships between the species constituting
these groups (Fig. 14). Regarding the E. strigatus group, the MP tree topologies
showed a clear clustering of the seven studied species (Figs. 15-17), with separate
and combined DNA/morphological analyses supporting the affinity between the

species E. montanum sp. n. and E. strigatus.

Discussion

To date Eumerus has been considered as encompassing 34 species in southeastern
Europe. Here, we introduce and provide descriptions of two new species (E.
montanum sp. n. and E. rubrum sp. n.). We revise the geographic distribution of E.
uncipes, thereby increasing the total number of Eumerus species to 37 in southeastern
Europe. In addition, the assignment of Eumerus species into groups is discussed and,
where feasible, based on an integrative approach.

Based on morphology, we found that E. montanum sp. n. belongs to the group
defined as E. strigatus which consists of species “closely similar morphologically in
the adult stage to E. strigatus”, sensu Speight et al. (2013). Based on the study of
Speight et al. (2013), in Europe, the E. strigatus group includes five species: E.

consimilis, E. funeralis, E. narcissi Smith, 1928, E. sogdianus and E. strigatus.
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Y1711E Flatynochaetus setosus
GUNS5 Megatrigon tabanoides
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Fig. 13. Maximum parsimony analysis for the ‘total’ dataset (total length 612 bp); 27
equally parsimonious trees were produced from which the consensus tree is illustrated
here. Length 442 steps, Consistency index (Cl) = 48, Retention index (RI) = 76; filled
circles denote unique changes, open circles non-unique. Bootstrap support values are
illustrated above the branches.

Yyqpoe 13. Anotedéopata avirvong pe v péEBodo g péytomg pedwrdtrag (MP)
ENMl TOV GLUVOMKOV deOUEVOV (GVVOAIKOD UNKOVG oAAnAovyidv 612 bp), n omoia
napnyaye 27 e&icov Ped®Ad dévtpa £d® diveTal To cLVOVETIKO 0EVOpo. Mnkog 442
eEehitikd Prpota, Agiktng Opomiaciog (Cl) = 48, Asiktng Retention (ekppdlet to
ToGooTO TV taxa ta omoio dev gppaviCovv opomiacia, RI) = 76. Ot povadikég
VOUKAEOTIOKEG VITOKATOGTAGELS GUELOVOVTOL [LE LoPO KOKAO, KOl O L1 -LOVOOIKEG
pe amAn mepipépeta KOKAov. o var eheyyBel n ototiotikn ot)pin TV KAGO®V,
npaypoatoromOnkav 1000  emavoAnyelg  bootstrap, twv omoiwv ot TEG
napovstaloviot Téve amd Tovg KAAdovg tov MP dévtpov.

According to the same study, the similarity between species of the E. strigatus group
was based on morphology not on phylogenetic hypotheses. Here, we found that the
aforementioned species belong to one monophyletic group that also encompasses E.
montanum sp. n. Besides our species description of E. montanum sp. n., we attempted
to morphologically define the E. strigatus group after corroborating through DNA
barcoding that all species considered by Speight et al. (2013), with the addition of E.
amoenus (Chroni et al., 2017) and E. pannonicus, really belong to one monophyletic
group. We have included neither E. narcissi nor E. vanderbergei Doczkal, 1996 in our
molecular analyses due to lack of available DNA barcodes, but we have considered

them part of the E. strigatus group based on morphological similarity. E. narcissi was
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initially described from North America (Santa Cruz, California). Speight et al. (2013)
recorded E. narcissi for the first time in Europe (France) and redescribed the species,
both males and females. We have used the detailed description of Speight et al. (2013)
to compare E. narcissi with other species of the group. We have also assigned E.
vanderberghei to the same group based on Doczkal (1996), who described E.
vandenberghei as an endemic species to Corsica and Sardinia and mentioned its
affinity to E. funeralis.

In order to conclude phylogenetic positioning and clustering, as well as to confirm
species assignments within the E. strigatus group, we conducted various analyses
(separately and combined for morphological characters and DNA sequences).
Analyses with morphological characters alone did not cluster E. montanum sp. n. with
E. strigatus, probably due to the insufficient number of morphological features
considered. However, DNA sequences alone and the combined analyses did reveal the
strong similarity between E. montanum sp. n. and E. strigatus. After examining more
thoroughly the morphology of adults of these two species, we found considerable
similarity in the shapes of the fourth abdominal sternite in males (Fig. 8A, B). Our
analyses showed E. amoenus and E. pannonicus to be the most distinct from the other
species of the E. strigatus group, which is indeed reflected in the morphology of the
males (specific shapes of sternite 1V and distinctive morphology of the genitalia).
According to Speight et al. (2013), E. narcissi can be distinguished from other species
of the group by the arrangement of the ocelli that form an equilateral triangle, whereas
in other species the ocelli form an isosceles triangle. We found that this feature is also
present in E. strigatus, but in this species it has a tendency to be wider than long. As
mentioned previously, species related to E. bactrianus (such as E. pannonicus) also
belong to the E. strigatus group, but since the shape of the surstylar lobe of the
epandrium of those species is so distinct, we suspect that they probably form a
separate subgroup (Fig. 7G).

We present a new record for the species E. uncipes occurring in Greece. E.
uncipes is related and morphologically similar to E. clavatus; a species with a
relatively wide range in Europe (northeast France south to Spain, Germany, Danube
floodplain of Romania, the former Yugoslavia, Ukraine and the Caucasus; Speight,
2014). According to Speight (2014), the range of E. clavatus overlaps with that of E.

uncipes (whose range is imperfectly known: from the Rhine valley south to the
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Fig. 15. Maximum parsimony analysis for the dataset of 21 Eumerus plus the 3
outgroups; 24 morphological characters were included (characters numbered 0 to 23).
One tree was produced and is illustrated here. Length 79 steps, Consistency index (ClI)
= 68, Retention index (RI) = 86; filled circles denote unique changes, open circles
non-unique. Bootstrap support values are illustrated above the branches.

Yyqpo 15. Anotedéopata avaivong pe v péBodo g péytotg eewmiottog (MP)
Yoo v opddo dedopévev pe to 21 gidn Eumerus won tic 3 e&mopddec.
Soumepinednkov 24 popeoroyikoi yopaktpes (xapaxtmpeg 0 emg 23). Tapnyn
éva, 0évtpo, 1o omoio kot mapovstdleTon £dm. Mnkog 79 e€ghktikd Pripata, Asiktng
Opomiaciog (Cl) = 33, Asiktng Retention (ek@pdlel 10 T0c00TO TV taxa T omoia
dgv gpoaviCovv opomracio, RI) = 86. Ot povadikés VOLKAEOTIOKES VITOKOTAGTAGELS
GNUEOVOVTOL LE LOPO KOKAO, KOl Ol UN-HOVOIIKEG LE amAT TEpLPEpelo KOKAOL. [
va eleyxBel M otatiotikn ompin tov KAMwv, mpaypatomomdnkayv 1000
enovainyelg bootstrap, Tov onoiwv ot TYéG Tapovstdlovral Thve amd ToVG KAAGOLG
tov MP 6évtpov.

Mediterranean in France, Germany, northern and central Italy, Romania), but also
extends to North Africa. We found that Corfu Island (Greece) probably represents the
southeasternmost point of the distribution of E. uncipes. Our phylogenetic analyses
clustered these two species together, highlighting that they form one monophyletic
group that we named E. clavatus. From a morphological point of view, this group
contains species with a distinctive projection on the posterior margin of abdominal

sternite 111 of males.
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In summary, our study contributes to systematic studies of the genus Eumerus in
Europe by introducing two new species and one new record for a species in
southeastern Europe, thereby increasing the total number of Eumerus species in this
region to 37. We make further conclusions regarding genus clustering and species
assignments, with the existence of a new group (E. clavatus, defined here) and two
other groups being discussed based on morphological and molecular features. An

overview of the morphological characters that cluster species into specific groups is

provided.
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Fig. 16. Maximum parsimony analysis for the dataset of 21 Eumerus plus the 3
outgroups (total length 612 bp). One tree was produced and is illustrated here. Length
233 steps, Consistency index (CI) = 71, Retention index (RI) = 81; filled circles
denote unique changes, open circles non-unique. Bootstrap support values are
illustrated above the branches.

Yyqpo 16. Anotedéopota avaivong pe v péBodo g péytotg eewmiottog (MP)
Yo TV opdoa dedopévev pe ta 21 €idn Eumerus kon tig 3 e€mopddeg (GuvoAkon
unKovg aAiniovyiwv 612 bp). apnydn éva dévipo, 10 omoio Kot TapovstaleTol £6M.
Mnkog 233 e&ehktikd Prparta, Aeiktng Opomiaciog (Cl) = 71, Asiktng Retention
(exppalel 10 T0c00Td TV taxa o omoio dev gpgoaviCovv opomracia, RI) = 81. Ot
HOVAOTKEG VOUKAEOTIONKEG VITOKOTAGTACELS CTUELDVOVTOL LE HOVPO KVKAO, KOl Ol Un-
HoVadKEG pe amAn mepleépeto. kKoKAov. [a va gheyybel m otatiotikn otpién TV
KAwv, mpaypotomomOnkay 1000 emavaAnyelg bootstrap, Ttov omoiwv ot TUES
TopoVc1alovTal TAVe ard Toug KAAdovs Tov MP dévipov.
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Fig. 17. Maximum parsimony analysis for the dataset of 21 Eumerus plus the 3
outgroups; 24 morphological (character states 1-24) and 612 molecular characters
(character states 25-636) were included. One tree was produced and is illustrated here.
Length 317 steps; filled circles denote unique changes, open circles non-unique.
Bootstrap support values are illustrated above the branches.

Yympa 17. Anotehéopota avaivong pe v péBodo g péytotg eewmiotrog (MP)
Yo v opddo dedopéveov pe to 21 eidn Eumerus wor tic 3 e&mopddec.
Soumepinencav 24 popeoloywol yapoktipes (yopokmmpeg 1-24) xkoar ov 612
popaxoi (yopoktipeg 25-636). TTapnydn €va 6évipo, to omoio Kot TapovolaleTol
€0®. Mnkog 317 e&ehktikd Prpata. Ot HOVOSIKEG VOUKAEOTIOKEG VITOKOTAGTAGELS
onueldvovTaL e Lohpo KUKAO, KO OL UN-LOVOIIKES LLE OmAT TEPLPEPELD. KOKAOL. 1o
va eleyxfel m otatiotikn ompin TV KAGwv, mpaypatomomOnkov 1000
emavaAnyelg bootstrap, v omoiwv ot THéEG mapovctalovtol Tave omd Toug KAAGO0LG
tov MP dévtpov.
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Abstract

This study provides an overview of the Eumerus minotaurus taxon group, by
diagnosing a new species, E. anatolicus Grkovi¢, Vuji¢ & Radenkovi¢ sp. n. (Mugla,
Turkey), and unravelling three cryptic species within E. minotaurus: E. karyates
Chroni, Grkovi¢ & Vuji¢ sp. n. (Peloponnese, Greece), E. minotaurus Claussen &
Lucas, 1988 (Crete and Karpathos, Greece) and E. phaeacus Chroni, Grkovi¢ & Vujié
sp. n. (Corfu and Mt Olympus, Greece; Mt Rumija, Montenegro). We applied an
integrative taxonomic approach based on molecular, morphological and wing
geometric morphometry data to corroborate and delimit the cryptic species within the
complex. In addition, we studied and discussed the latent biogeographic patterns and
speciation processes leading to the configuration of the E. minotaurus group based on
the palaeogeographic evolution in the Aegean. Mitochondrial phylogeographic
analysis suggested that the formation of the mid-Aegean Trench and the Messinian
Salinity Crisis are accountable for the speciation within the E. minotaurus group,
which was integrated at the Pleistocene. We showed that more accurate estimations of
divergence times may be accounted based on geological events rather than on the

standard arthropod mtDNA substitution rate.

Keywords: hoverflies; geometric morphometry; DNA sequences; MAT; Aegean

Introduction

Integrative taxonomy is a multisource approach that takes advantage of
complementarity among disciplines and tends to gain ground more and more in
species delimitation and diagnosis of cryptic diversity (Dayrat, 2005; Padial et al.,

2010; Schlick-Steiner et al., 2010). Single-method approaches in taxonomic and
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systematic studies pose many limitations especially in diagnosis of cryptic species
and, as a result, (two or more) distinct species are erroneously classified (and hidden)
under one species name (Bickford et al., 2007; Pfenninger and Schwenk, 2007).
Cryptic species are morphologically indistinguishable with genetically distinct
lineages, and a combination of molecular, biological and morphological approaches,
as well phylogeographic and population genetic analyses have been proposed (and are
required) as a framework to diagnose and separate cryptic species (Pérez-Ponce de
Ledn and Nadler, 2010). Mitochondrial (DNA barcodes; Hebert et al., 2003) and
nuclear molecular markers (e.g. 28S, Belshaw et al., 1998) have added to the effort to
tally up the total species diversity, leading to the prosperity of integrative taxonomy
(e.g. hoverflies, Mengual et al., 2008) and the detection of new species (beetles,
Soldati et al., 2014; butterflies, Kirichenko et al., 2015; cone snails, Puillandre et al.,
2014; flies, Diaz et al., 2015) as well as cryptic species complexes (earthworms,
Martinsson and Erséus, 2017; flies, Dias et al., 2016; Sasi¢ et al., 2016; lizards, Rato
et al., 2016; plants, Perez et al., 2016; rotifers, Papakostas et al., 2016).

The hoverfly genus Eumerus Meigen, 1822 (Diptera: Syrphidae) accounts of its
great diversity (256 species recorded worldwide, Pape and Thompson, 2015, of which
37 occur in southeastern Europe, Grkovi¢ et al., 2017), yet we know little about its
fauna (unknown total species number as e.g. new species are constantly being
described: Doczkal, 1996; Speight et al., 2013; Grkovi¢ et al., 2015, 2017; Markov et
al., 2016), habitat preferences (Speight, 2016), life cycle (often strictly connected to
plant species, Arzone, 1971, 1973; Pérez-Bafion and Marcos-Garcia, 1998; Speight,
2016), and foraging behaviour (pests of vegetables, Doczkal, 1996; Pérez-Bafion and
Marcos-Garcia, 1998; flower visitors, Petanidou et al., 2011; Speight, 2016). In
addition, the nomenclatural history and the unclarified taxonomic status within the
genus are complicated, pointing out the need of a revision of the genus taxonomy.
Considering the importance of hoverflies in ecosystems (as pollinators, predators of
plant pests, herbivores, etc.; Rotheray and Gilbert, 2011), and subsequently of
Eumerus, further ecological and biogeographic studies are required; there might be
more out there that we are missing which should be taken into account in, e.g.
conservation outlines.

Heretofore, few studies revisit unresolved problems of the genus Eumerus with
DNA barcoding, let alone integrative taxonomy that has rarely been employed; new

species, some of them endemics, have been described during the past decade
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(Doczkal, 1996; Ricarte et al., 2012; Grkovi¢ et al., 2015, 2017; Markov et al., 2016),
and several taxon groups (hereafter named as ‘group’) have been proposed within the
genus (Chroni et al., 2017). The latter study suggested the configuration of the
Eumerus minotaurus group with two related species: E. crassus Grkovi¢, Vuji¢ &
Radenkovi¢, 2015 (species range: Lesvos Island, Greece; originally identified as E.
niehuisi Doczkal, 1996, and treated as such in the relevant publication; specimen
EU37) and E. minotaurus Claussen & Lucas, 1988 (species range: Crete and
Thessaly, Greece; and parts of the former Yugoslavia; Speight, 2016) (Fig. 1A).
Doczkal (1996) had discussed the issue, and suggested an affinity for E. longicornis
Loew, 1855 (species range, requiring confirmation: southern and central Germany,
Slovakia, Hungary and the Mts Caucasus; Speight, 2016), E. minotaurus, E. niehuisi
(species range: Corsica and Sardinia; Doczkal, 1996) and E. sibiricus Stackelberg,
1952 (species range: Siberia; drawn by Stackelberg, 1961; Doczkal, 1996; Fig. 1B).
Within the frame of this study, we also considered all aforementioned species
(Doczkal, 1996; Chroni et al., 2017) to belong to the E. minotaurus group (Fig. 1C),
and we intended to study the species and specimens (collected and available in our
disposition) that originated from southeastern Europe. We have contemplated an
integrative approach of molecular, morphological and wing morphometric data (E.
crassus and E. minotaurus) or morphological data (E. longicornis, due to
unavailability of DNA sequences). Our current analyses denoted a cryptic species
complex within E. minotaurus and one undescribed species within E. minotaurus
group. Cryptic diversity is not something new when dealing with hoverflies as such
examples exist in the genera Chrysotoxum (Nedeljkovi¢ et al., 2013, 2015), Merodon
(M. aureus group, Sasié et al., 2016; M. avidus, Popovié et al., 2015, Acanski et al.,
2016; M. nanus group, Vuji¢ et al., 2014), Microdon (M. myrmicae, Bonelli et al.,
2011) and Pipiza (Vuji¢ et al., 2013).

The Aegean archipelago and its adjacent regions (Balkan Peninsula, Greek
mainland and Anatolian coast) are well-known for the high diversity of both cryptic
and endemic species (Poulakakis et al., 2015), as well as for the multiple and complex
alterations that have occurred since the Miocene (23 Mya) until Holocene (0.0117
Mya to present) (Poulakakis et al., 2015; Gkontas et al., 2016; Kougioumoutzis et al.,
2017; Sfenthourakis and Triantis, 2017). In the Aegean region, four major geological
events are considered liable for the important species dispersal barriers: (1) the
formation of the mid-Aegean Trench (MAT) at the middle Miocene (12-9 Mya)
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during which a sea interference separated the eastern from the central-western regions
(Sfenthourakis and Triantis, 2017); (2) the isolation of Crete from Peloponnese (5.5-5
Mya) after the Messinian Salinity Crisis (MSC) in the late Miocene (5.96-5.33 Mya)
when the Mediterranean Sea almost desiccated allowing every species to travel
anywhere wanted; (3) an extensive segregation and widening of the Aegean Sea and
the separation of Karpathos—Kassos island group from Rhodos in the Pliocene (5-2
Mya); and (4) orogenetic and eustatic sea-level changes during the Pleistocene (2-0
Mya) (Kougioumoutzis et al., 2017; Sfenthourakis and Triantis, 2017). A series of
phenomena including geological (geotectonic forces), climatic events (sea-level
oscillations) and human pressure (first evidence of human settlement in Palaeolithic,
ca.130.000 years ago, Strasser et al., 2010) have shaped everything as known today;
the configuration or isolation of landmasses allowed or impeded the dispersal of
organisms, driving speciation or species extinction (Poulakakis et al., 2005;
Parmakelis et al., 2006; Poulakakis and Sfenthourakis, 2008; Akin et al., 2010;
Simaiakis et al., 2012; Gkontas et al., 2016; Sfenthourakis and Triantis, 2017).

The aims of our paper are threefold: (a) to define and delimit cryptic species
within E. minotaurus by integrating molecular markers (mtDNA and nDNA), subtle
morphological characters and wing geometric morphometrics; (b) to provide an
overview of the species in the E. minotaurus group and explore the existence of
potential new species within the group; and (c) to investigate the speciation processes

and suggest a biogeographic pattern for the E. minotaurus group.

Materials and Methods

Specimen collection and morphological analysis

The study relies on collections assembled by hand net during the years of 2003 and
2016, deposited in the entomological collections of the Faculty of Sciences of Novi
Sad (FSUNS), the Melissotheque of the Aegean (University of the Aegean, Mytilene,
Greece, MAegean) and the Finnish Museum of Natural History (Zoological Museum,
Helsinki, Finland, MZH). The specimens of E. anatolicus sp. n. were collected by
Malaise trap and belong to Miroslav Bartak collection (Faculty of Agrobiology, Food
and Natural Resources, Czech University of Life Sciences, Prague). A total of 52
specimens belonging to 19 species of Eumerus, representing 33 sampling localities,
were used for the molecular analyses (Fig. 2; Appendix): 15 specimens of

representative Eumerus species and 37 of E. minotaurus group. The number and
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provenance of the E. minotaurus group study specimens used in morphological/
molecular/ wing morphometry analyses were, respectively, as follows (Fig. 2): E.
crassus (Greece: Chios, Evros, Lesvos, Mt Rhodope, Samos, Thassos; Turkey: Mt
Bozdag; 40/ 4/ - specimens), E. anatolicus sp. n. (Turkey: Mugla; 7/ -/ - specimens),
E. karyates sp. n. (Greece: Peloponnese; 8/ 8/ 9 specimens), E. minotaurus (Greece:
Crete, Karpathos; 11/ 7/ 7 specimens) and E. phaeacus sp. n. (Greece: Corfu, Mt
Olympus; Montenegro: Mt Rumija; 24/ 18/ 17 specimens). The additional material of
representative Eumerus species used in the molecular analyses derived from four
countries (for more details see Appendix). Furthermore, we have borrowed two
paratypes of E. minotaurus from the Zoological Museum of Amsterdam (The
Netherlands, ZMAN) and studied one specimen from Austria determined by Schiner
(FSUNS) as a representative of E. longicornis (which possesses two labels,
“longicornis det. Schiner” and “Austria Alte Sammlung”). Outgroup taxa used in the
phylogenetic analyses consisted of Platynochaetus setosus Fabricius, 1794 (Accession
No. KY865491, KY865444, KM224496), Merodon erivanicus Paramonov, 1925
(Accession N0.LN890909, KY865445, KY865575) and Megatrigon tabanoides
Johnson, 1898 (Accession No. KY865492, KX083393, KY865574). Two sequences
used for P. setosus (28S) and M. tabanoides (COI) were retrieved from GenBank.
More details regarding the locality information and GenBank accession numbers for
the specimens employed in the molecular analyses are enlisted in the Appendix.

The morphological characters used in the descriptions and drawings are based on
the terminology established by Thompson (1999), and those related to the male
genitalia by Doczkal (1996). Colour characters are described from dry-mounted
specimens. Male genitalia were extracted from specimens using standard methods for
studying male hoverfly genitalia, as explained in detail in Grkovi¢ et al. (2015).
Figures as well as drawings were created by using photographs of characters taken
with a Leica DFC 320 (Wetzlar, Germany) camera attached to a Leica MZ16
binocular stereomicroscope and then processed in Adobe Photoshop CS3 v10.0
(Adobe Systems, San Jose, CA, USA). An ocular micrometer attached to a
stereomicroscope has been used for measurements. All measurements were carried
out in such a way that both ends of all distances bound to the same view are situated
in the same plane. The width of the face and the width of the head have been
measured in line with the lower margin of the antennal sockets, in frontal view. The

proportions of the antennal segments have been measured from the outside. The width
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of the vertex is defined as the distance between the eyes at the posterior margins of
the posterior ocelli. The length of the frons has been measured from eyes to upper
margin of antennal socket. The widths of tergites 3 and 4 have been measured in line
with anterior margin and the width of abdomen in widest part. The lengths of the
tergites have been measured in medium line, as well as the length of abdomen.
Abbreviations used in descriptions are: T - tergite, S - sternite, IL - interior accessory

lobe of posterior surstyle lobe.

A —— E. minotaurus B —— E. minotaurus

E. crassus |

E. niehuisi
E. minotaurus group sensu Chroni et al., 2017

E. sibiricus

E. longicornis

E. longicornis and related taxa sensu Doczkal, 1996

E. karyates sp. n.

C ——— FE. phaeacus sp. n.

E. crassus

E. longicornis
—T— E. niehuisi

E. sibiricus

E. anatolicus sp. n.
E. minotaurus group sensu Chroni et al., presented here

Fig. 1. (A) E. minotaurus group sensu Chroni et al., 2017; (B) E. longicornis and
related taxa sensu Doczkal, 1996; and (C) E. minotaurus group sensu Chroni et al.,
2017 presented here (species in grey were not included in integrative taxonomy
approach due to unavailability of DNA sequences). The branches of species discussed
in the present study are marked with different colours: E. anatolicus sp. n. (orange), E.
crassus (grey), E. karyates sp. n. (green), E. minotaurus (blue) and E. phaeacus sp. n.
(red) (for interpretation of the references to color in this figure legend, the reader is
asked to refer to the web version of this article).

Tympa 1. (A) Opdado ewdodv E. minotaurus sensu Chroni et al., 2017- (B)E.
longicornis kot oyetikd taxa sensu Doczkal, 1996 ko (C) opdada eidodv E. minotaurus
sensu Chroni et al., 2017 6nw¢ mapovsidleral otnv Tapovoa Epgvva (To €i0M pe yKpt
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dgv €yovv avoivbel GOUE®VO LE TNV TPOGEYYION TNG EVOTOMTIKNG TOEVOLIKNG AOY®
un dabeociudtrag aAlnriovyidv DNA). Ot kAGdol TV €100V To 0moio LEAETOVTAL
OTNV TOPOVGO £PELVO. CNUELOVOVTOL UE OlapopeTikd ypoua: E. anatolicus sp. n.
(mroptokaAi), E. crassus (ykpi), E. karyates sp. n. (mpdowo), E. minotaurus (umke)
kot E. phaeacus sp. n. (kokkivo) (yio v gpunveio Tov YpoOUOTIKOV GVopop®Y TOV
GYNMOTOS OVTOV, O OVOYVMOOTNG TOPUTEUTTETOL OTNV MAEKTPOVIKY] €£KOOGN TOL
GpOpov).

N
,’Vj’i‘e«
ke
et
A
WL

200 km

Fig. 2. Distribution of all the specimens used for the morphological, molecular and
wing morphometry analyses. m E. minotaurus, a E. karyates sp. n., ®E. phaeacus sp.
n., # E. crassus, « E. anatolicus sp. n.

Yyqpo 2. Feoypo@ikn Kotovoun ToV SEIYUATOV EVIOU®V, TOV YPNCILOTOMOnKoy
OTIG LOPPOLOYIKES KOl LOPLOKEG OVOAVGELS, KOOMG KOl TNV YEMUETPIKY| LopPOUETPia
ntepOyov. m E. minotaurus, a E. karyates sp. n., eE. phaeacus sp. n., « E. crassus, «
E. anatolicus sp. n.

Sequence analysis

Raw sequences were examined and proofread by employing BioEdit v7.2.5 (Hall,
1999). The multiple sequence alignments were implemented in the MAFFT v7 by
employing the L-INS-i algorithm (see supplementary information, Data S1, S2; Katoh
et al, 2005; available at http://mafft.cbrc.jp/alignment/server/index.html).
Polymorphic sites, parsimony informative sites and number of haplotypes were
calculated using DnaSP v5.10.01 (Librado and Rozas, 2009).
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Phylogenetic analyses and tree-based species delimitation

We have constructed three datasets to elucidate and corroborate the phylogenetic
position of the four species (E. anatolicus sp. n. was not included due to unavailability
of DNA sequences) within the E. minotaurus group: (1) COI dataset, based on
concatenated 3’ and 5° fragment of COIl gene (19 Eumerus taxa, 1238 bp); (2) 28S
dataset, based on 28S gene fragment (4 Eumerus taxa, 510 bp); and (3) COI subset,
based on concatenated 3’ and 5’ fragment of COI gene (only species of the E.
minotaurus group, 4 Eumerus taxa, 1238 bp) (for more details see Table 2).
Representatives of other species of Eumerus (15 species) were only considered for
COl dataset in order to properly display the phylogenetic position and relationships of
the species encompassing the E. minotaurus group. The phylogenetic position and
species delimitation of these 15 species have been confirmed and discussed in Chroni
et al. (2017) and Grkovi¢ et al. (2017), and thus we argue that the singletons used here
do not jeopardize the phylogenetic inferences. The morphology of these species were
also accounted in species delimitation (confirmation by the taxonomists Ante Vujié
and Ana Grkovic).

Regarding the COIl dataset, we have inferred Maximum parsimony (MP),
Maximum likelihood (ML), Neighbor joining (NJ), Bayesian inference (BI) and split
network analyses. MP analyses were performed in NONA (Goloboff, 1999), spawned
in WINCLADA v1.00.08 (Nixon, 2002). A heuristics search algorithm with 1000
random addition replicates (mult x 1000) was performed with holding 100 trees per
round (hold/100), max trees set to 100 000 and applying TBR branch swapping. The
ML analyses were executed in RAXML v8.0.9 (Stamatakis, 2006; Stamatakis et al.,
2008) in the Cipres Science Gateway (Miller et al.,, 2010) with 1000 bootstrap
replicates. ML analysis was implemented under the general time-reversible (GTR)
evolutionary model with gamma distribution (GTR+G; Rodriguez et al., 1990) since
it is the most accurate substitution model for datasets with approximately 50 taxa. The
estimation of the best-fit substitution model for COIl dataset in MEGA v6.06 (Tamura
et al., 2013) resulted to GTR+G+Il model as proposed by the Bayesian Information
Criterion (BIC). We employed MEGA v6.06 (Tamura et al., 2013) to perform NJ
analyses, but under the Tamura-Nei (TN93) nucleotide substitution model with a
Gamma distribution (second-best nucleotide substitution model proposed by BIC;
GTR model is not included in MEGA for NJ trees), and with a bootstrap test of 1000
replicates. We assessed Bl tree in MrBayes v3.2.6 (Huelsenbeck and Ronquist, 2001)
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at the Cipres Science Gateway (Miller et al., 2010) under the GTR+G+I model as
proposed by the BIC (Rodriguez et al., 1990). We have partitioned by codon (2
partitions: positions 1st+2nd; 3rd) as it is recommended for protein encoding genes
and considered the third codon position to be susceptible in higher mutational rates
(Shapiro et al., 2006; Simmons et al., 2006; Bofkin and Goldman, 2007). The settings
for the Bayesian Markov chain Monte Carlo (MCMC) process included two runs of
10*10e-6 MCMC generations (x4 chains) with a sampling frequency of 1000
generations and a relative burn-in of 10%. MCMC results were checked with
TRACER v1.6 (http://tree.bio.ed.ac.uk/software/tracer/; Rambaut et al., 2014) and the
tree was displayed in FigTree v1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/;

Rambaut, 2013). The generated ML, NJ and Bl trees were merged into a split network
in order to extract a united tree topology. The split network was produced in
SplitsTree4 v4.14.3 (Huson and Bryant, 2006) (http://www.splitstree.org/) under
SuperTree, Z-closure super-network from partial trees and heuristic analysis (number
of runs: 1000). Regarding the 28S dataset, we employed MP analysis, as described
above. All phylogenetic trees were rooted on P. setosus.

In addition, Poisson tree processes (PTP) models were implemented in order to
highlight putative molecular species clusters (Zhang et al., 2013; also Chroni et al.,
2017 for a minor review) based on the best ML tree resulting from the RAXML
analysis of the COI dataset; PTP analyses were conducted on the web server for PTP

(available at http://species.h-its.org/ptp/).

Non-tree-based species delimitation
The average pairwise Kimura 2-parameter (K2P) distances between the taxa of the
COl dataset and the overall sequence divergence (under the TN93+G+I model in COI
dataset and in COI subset, and the Tamura 3-parameter in 28S; estimated in MEGA
v6.06 and proposed by BIC, Tamura et al., 2013) for both datasets was estimated and
performed in MEGA v6.06 (Tamura et al., 2013). We have considered a threshold of
2% sequence divergence (the barcode gap) while assessing the species delimitation
(outgroups were excluded; Ratnasingham and Hebert, 2013).

Network approaches can be more effective than classical phylogenetic ones for
representing intraspecific evolution (Posada and Crandall, 2001). In this sense, the
genealogical relationships between haplotypes of the COI subset were assessed with

haplotype networks constructed using the statistical parsimony algorithm
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implemented in the program TCS v1.21 (Clement et al., 2000) under the 95%

connection limit of parsimony (gaps treated as missing data).

Table 1. Primers used for the amplification of the mtDNA and nDNA gene fragments.
IMivaxag 1. Exkivntéc evioyvong Opavopudtov ToV HITOXOVOPLIK®Y Kol TUPTVIK®V

Yovidimv.
Primer pair  Primer sequence Source
3’-end C1-J-2183 5-CAACATTTATTTTGATTTTTTGG-3’ Simon et
fragment of (alias Jerry) al., 1994
COl
TL2-N-3014 5’-TCCAATGCACTAATCTGCCATATTA-3 Simon et
(alias Pat) al., 1994
5’-end LCO-1490 5’-GGTCAACAAATCATAAAGATATTG-3’ Folmer et
fragment of al., 1994
COl
HCO-2198 5’-TAAACTTCAGGGTGACCAAAAAATCA-3* Folmer et
al., 1994

28s D2 rDNA  28S (F2) 5’-AGAGAGAGTTCAAGAGTACGTG-3’ Belshaw et
al., 1998

28S (3DR) 5’-TAGTTCACCATCTITCGGGTC-3’ Belshaw et
al., 1998

Table 2. Characteristics for each analysed dataset; in the ‘Sequences no’ the number

of outgroups is not considered.

Mivoxkag 2. Xopaxtmplotikd yww v KabBe oudda dedopévov: otov apBpd
aAAndovyldv dev cuvBewpnOnkay ot eEwoNAdE.

Dataset COl 28S subset COI
Gene fragment(s) 3’- and 5’-end 28s D2 rDNA  3’-and 5’-end
fragment of COI fragment of COI
Taxa no 19 4 4
Sequences no 52 29 37
Sequence length (bp) 1238 510 1238
Singleton variable sites 86 11 18
Parsimony informative sites 258 100
Sequence divergence (%) 6.1 0.3 2.8
Haplotypes no (with gaps/missing data: 41 3 26
not considered)
Geographical clusters no (BBM - - 4

analysis)
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Fig. 3. Maximum parsimony analyses for the concatenated 3” and 5’ fragment of COI gene fragment (COI dataset). Only the condensed tree is
illustrated here. Filled circles denote unique changes and open circles non-unique. Bootstrap support values are illustrated above the branches:
60 trees, Length 1122 steps, Cl=44, RI=72.

Xypae 3. Arotedéoparta avdivong pe v péBodo g péytotg pedwrdtrag (MP) yuo v opdda dedopévaov COl, 1 ortoia cupmeprappave ta
ovlevyuéva Opavcopata tov COl yovidiov. Alvetar 10 cuvoveTikd 6évtpo. Ot HOVOSIKEG VOUKAEOTIOKEG VTOKATAGTACEL, CUELDVOVTOL LE
pahpo KOKAO, Kot Ol PUN-HoVOOIKES Le amAr] meptpépeta KOKAov. [a va eleyyBel 1 ototiotikn) ompiEn tov KAGdwv, Tpaypatomomdnkay 1000
emovaAnyelg bootstrap, Tov omoiwv ot TéG mapovotdlovtol mhve amd Tovg kKAAdovg tov MP dévipov. 60 dévipa, Mrkog 1122 eEghiktikd
Bnuata, Cl=44, RI=72.
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Molecular divergence time estimates

A COI subset was created in order to estimate a time-calibrated species tree, and
reconstruct the biogeographic history for the species encompassing the E. minotaurus
group: E. crassus, E. karyates sp. n., E. minotaurus and E. phaeacus sp. n.

Initially, we explored the temporal structure in the COI subset, a necessary
prerequisite for the reliable estimation of substitution rates, by performing a
regression of root-to-tip genetic distances in TempEst program (Rambaut et al.,
2016). As input file we have used the NJ tree (NJ analysis for the COI subset was
conducted as described above).

Subsequently, we estimated the divergence times using BEAST v1.8.4
(Drummond et al., 2012). The input file (xml) was created using BEAUi v1.8.4, and
we integrated the BEAGLE library (Ayres et al., 2012) into BEAST runs to achieve
high-performance computing. Prior specifications applied were as follows: Relaxed
Uncorrelated Lognormal Clock; Birth Death process of speciation; TN93 model with
G rate heterogeneity. We have also partitioned by codon (2 partitions: positions
1st+2nd; 3rd, Shapiro et al., 2006; Simmons et al., 2006; Bofkin and Goldman, 2007).
To calibrate the molecular clock, we have considered three approaches, with
employment of: (a) one calibration point based on MAT event that separated the
Aegean archipelago to its western and eastern parts (10.5 + 1.5 My, MAT analysis,
Papadopoulou et al., 2010); (b) two calibration points where the root height was based
on MAT event and the prior of the taxon subset E. karyates sp. n./E. minotaurus was
based on the end of the MSC event that represents the permanent isolation of Crete
from the Greek mainland (5.3 £ 0.3 My, MAT&MSC analysis, Kasapidis et al., 2005;
Kamilari et al., 2014); and (c) 2.3% pairwise evolutionary rate per million years (My),
the standard arthropod substitution rate for the mtDNA (mtDNA-rate analysis,
Brower, 1994). We have also created: (i) four taxon subsets based on the estimation of
the four species within the E. minotaurus group for the MAT and mtDNA-rate
analyses; and (ii) two taxon subsets, one with E. crassus sequences and one with the
E. karyates sp. n./E. minotaurus, for the MAT&MSC analysis, in order to log the time
to the most common ancestor tMRCA for each taxon subset and also to set the prior
distributions on the corresponding divergence times. Three independent runs were
performed with a chain length of 10*10e-6 iterations for the MAT and MAT&MSC
analyses and of 5*10e-6 iterations for the mtDNA-rate analysis, sampled every 1000

generations. The program TRACER v1.6 (http://tree.bio.ed.ac.uk/software/tracer/;
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Rambaut et al., 2014) was employed to confirm stationarity. Independent runs were
combined using Logcombiner v1.8.4 (in BEAST). The final tree with divergence time
estimates was summarized with TreeAnnotator v1.8.4 (in BEAST; 10% of trees were
discarded as burn-in; Maximum clade credibility tree; and Mean heights) and
visualized with FigTree v1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/; Rambaut,
2013).

E. strigatus .

E. sogdianus E. longicoris group.

E. pulchellus

GUNS
Megatrigon tabanoides

yirie  Platynochaetus setosus

Fig. 4. A phylogenetic network from ML, NJ and BI tree results of the concatenated
3> and 5’ fragment of COI gene fragment (COI dataset).

Yympo 4. Ovioyevetikd diktvo, mpoiov towv ML, NJ kot Bl dévipov g opddog
oedopévov COl, 10 omoio cvumepierapupave ta cvlevyuéva Bpavcopata tov COI
yovidiov.

Biogeographic analyses

To reconstruct the biogeographic history and to predict biogeographic ancestral
ranges of the E. minotaurus group (COI subset), we conducted the statistical approach
of Bayesian Binary MCMC (BBM) Method For Ancestral State (Ronquist and
Huelsenbeck, 2003), as employed in RASP v3.2 (Yu et al., 2015). The MCMC chains
were run by default, and the annotated trees from the BEAST analyses were used as
input tree files. Four geographical areas were defined based on the clustering and
distribution of the E. minotaurus group lineages as well as on the (recorded) plant
distributions (Brummitt et al., 2001; Strid, 2016): (A) Crete and Karpathos, (B)
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Peloponnese, (C) Balkan Peninsula, and (D) East Aegean islands (Appendix).

Ancestral ranges were assumed to include from one to four areas.

Geometric morphometric analysis

Geometric morphometric analysis of wing shape was conducted on 33 specimens of
the E. minotaurus complex (Table S1). To reduce the statistical errors due to the low
number of specimens (Arngvist and Martensson, 1998), each wing was digitized three
times. The right wing of each specimen was taken off by means of micro-scissors and
then mounted in Hoyer’s medium on a microscopic slide. Wings are archived and
labeled with a unique code in the FSUNS collection, together with other data relevant
to the specimens. High-resolution photographs of the wings were made using a Leica
DFC320 video camera attached to a Leica MZ16 stereomicroscope. Twelve
homologous landmarks at vein intersections or terminations, —that could be reliably
identified— were selected using TpsDig v2.05 (Rohlf, 2006). Generalised least squares
Procrustes superimposition was performed to minimise non-shape variations in
location, scale and orientation of wings, and to superimpose the wings in a common
coordinate system (Rohlf and Slice, 1990; Zelditch et al., 2004) by employing
CoordGen v7.14 (part of IMP package, Sheets, 2012). Regarding the wing shape
analysis, we calculated partial warp scores (thin plate spline coefficients, Rohlf and
Slice, 1990) in CVAgen v7.14a (part of IMP package, Sheets, 2012). MorphoJ v2.0
was used to visualize the thin-plate spline deformation (Klingenberg, 2011).

To explore wing shape variation among the specimens, we employed principal
component analysis (PCA) without a priori defining groups. Analysis of variance
(ANOVA) conducted on principal components (PC) was used to explore whether
observed variations were connected with shape differences between taxa.
Additionally, canonical variate (CVA) and discriminant function (DA) analyses were
employed to test the significance in wing shape differences, to produce distance
matrices and to graph results. Thereupon, we determined the phenetic relationships
among taxa by UPGMA analysis based on squared Mahalanobis distances computed
from the DA applied to wing variables and graphically represented using GenGIS
v2.4.1 (Parks et al., 2013) All statistical analyses were performed in Statistica for
Windows (Dell Statistica, 2015).
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Correlation among wing shape, genetic, spatial and environmental differentiation

We have addressed the correlation between squared Mahalanobis distances of wing,
as well as geographic, environmental and genetic distances (uncorrected p distance,
for more details see above) by employing Mantel test (Mantel, 1967) with 10.000
permutations in PaSSaGe (Rosenberg and Anderson, 2011). The two tailed Mantel
tests were performed to test pairwise correlation among four distance matrices, while
partial Mantel tests were used to explore relationship between (i) wing shape and
genetic differentiation while holding the effect of geographical distance and
separately environmental distances and (ii) wing shape and geographical distances
while holding the genetic distance. Geographic distance was calculated as the
minimum distance between two species using QGIS (Quantum GIS Development
Team, 2012). Environmental distances were represented as Euclidean distances of the
factor scores calculated based on 19 bioclim variables generated for each locality

from WorldClim dataset (2.5 arc-minutes resolution) (Hijmans et al., 2005).

Results
Molecular analyses
Phylogenetic analyses: tree-based and non-tree-based species delimitation
All tree-based (MP, ML, NJ, BlI, split network and PTP models, high bootstrap and
probability support values; Figs 3, S1, S2, S3 and 4, respectively) and non-tree-based
(K2P, TCS) species delimitation analyses of the COI dataset (1238 bp) indicated four,
well-supported, clusters-species within the E. minotaurus group and three species
within E. minotaurus, revealing the E. minotaurus complex. The PTP analysis
returned an estimation of 22 to 26 lineages, with four within the E. minotaurus group.
The interspecific genetic distance (K2P) for the COI dataset was found to be 0.025-
0.117 (except for the specimen TS241, 0.014). The sequence divergence was
calculated for both COI and 28S datasets, as well for COI subset (Table 2). The TCS
analysis for the COI subset led to four independent networks, one for each species
within the E. minotaurus group (Fig. S4).

The nuclear molecular marker (28S dataset) did not duly distinguish the
evolutionary lineages as denoted from the mitochondrial marker (COI dataset; Fig.
S5). Adding to this fact the low sample size (4 species, 29 sequences; multiple

specimens failed to amplify the 28S marker) and the short length of sequences (510
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bp), we considered of no account to further analyse the 28S dataset (as we did for the
COl dataset).

Table 3. The morphological differences between E. minotaurus complex and E.
longicornis.

IMivakog 3. Ot popporoyikég dropopés peta&d Tov cvumAéypatog E. minotaurus ko
Tov gidovg E. longicornis.

E. longicornis Loew, 1855 E. minotaurus complex
Eyes almost bare Eyes covered with moderately long and
dense pile

Ventral margin of basoflagellomere linear Ventral margin of basoflagellomere
slightly convex

Ventral pile of pedicel shorter than the Ventral pile of pedicel longer than the
depth of pedicel depth of pedicel

Ventral pile of scape distinctly longer than Ventral pile of scape about the same
ventral pile of pedicel length as ventral pile of pedicel

Ventral pile on femur short as the dorsal Ventral pile on femur longer than the
dorsal

Pollinose maculae on tergites 1I-1V wide, Pollinose maculae on tergites II-1V

well expressed, third pair clearly oblique  narrow, linear, third pair often absent

Molecular divergence time estimates and biogeographic analyses

Our root-to-tip regression revealed relatively strong temporal structure in the COI
subset with correlation coefficients of 0.1586 (R squared= 0.02514), allowing us to
implement a molecular clock model. This analysis also indicated that the sequences
EU37, EU149 (E. crassus) and TS240 (E. minotaurus) are less divergent than the rest,
while the EU297 (E. minotaurus) is the most divergent. The indication of few more or
less divergent sequences was not considered as the quality of those sequences was
checked and confirmed.

The time-calibrated species tree and results from the BBM analysis are both
depicted in Fig. 5. Due to the similar probability values and out of simplicity, the
Figure 5 depicts only the results from the BBM analysis based on the annotated tree
produced from the MAT analysis. The species-tree topology is congruent with the one
inferred by the phylogenetic analyses. Divergence time estimations, as assessed from
MAT and MAT&MSC approaches are well-nigh consistent; according to the inferred
dates, the diversification of the E. minotaurus group dates back to the Miocene, while
the speciation start within the E. minotaurus complex to be dated approximately

during the MSC (Fig. 5). The pairwise substitution rates obtained were 0.882% and
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0.706% for MAT and MAT&MSC analyses, respectively. In the case of the mtDNA-
rate analysis divergence times were estimated much lower, and placed the
diversification of the E. minotaurus group and the E. minotaurus complex to the
Pliocene and Pleistocene, respectively. All obtained posterior probability values per
lineage exceeded 0.95 (and were up to 1). The substitution rates were approximately
0.80 based on codon positions 1+2, and 1.36 based on codon position 3.

The BBM analyses from all annotated trees were congruent and suggested that in
total six dispersal and three vicariant events have shaped the current distribution of the
E. minotaurus group, and that speciation events have occurred within areas as follow:
A:6, B:7, C:17 and D:3. Dispersal events may have occurred between areas; A to B
(Crete and Karpathos to Peloponnese), C to A (Balkan Peninsula to Crete and
Karpathos) and D to C (East Aegean Islands to Balkan Peninsula). Three possible
dispersal routes are proposed for each node; I: A—~BA—B | A, II: C>CA—-C | A, III:
D—CD—C | D (Fig. 5).

Geometric morphometric evidence

Wing shape variations of entire sample without a priori defined groups were studied
using PCA, which produced eight PCs with an eigenvalue greater than 1. The
ANOVA conducted on factor scores revealed that the observed wing shape variations
were linked to shape differences among three species within the E. minotaurus
complex in six of eight PCs (Table S2). Moreover, DA showed that all species differ
highly significantly in wing shape (p < 0.01). Importantly, all specimens were
correctly classified (100%) to a priori defined groups, which confirms wing shape as
a reliable character for interspecific discrimination.

The CVA produced two highly significant axes (CV1: Wilks’ Lambda = 0.021; %2
= 359.746; p < 0.01; CV2: Wilks’ Lambda = 0.165; 42 = 166.502; p < 0.01). CV1
described 58% of total shape variation and clearly separated E. minotaurus from E.
phaeacus sp. n. and E. karyates sp. n. (Fig. 6). The latter two species were clearly
separated by CV2 with 42% of total shape variation (Fig. 6).

Based on the squared Mahalanobis distances produced by DA, E. minotaurus has the
most distinct wing shape (Fig. 7A). The superimposed outline drawings showed major
wing deformations between the three cryptic species, which occur in the central and

apical part of the wing (Fig. 7B). E. minotaurus has the narrowest apical part, contrary
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to E. phaeacus sp. n., which has the broadest apical and narrowest basal part of the

wing. E. karyates sp. n. has the broadest basal part of the wing (Fig. 7B).

Table 4. Results of simple and partial two-tailed Mantel tests for correlation among
phenetic distance (wing shape) and genetic, geographic and environmental distances.

Iivaxoag 4. Amoteléopoto GLOYETIONG, YPNOLUOTOIOVTOS OTAO KOl LEPTKOV
appimievpo Mantel test, peta&d @oavetikng oamdotacng (oynuo mTeEPLYI®V) Kot
YEVETIKNG, YEWYPOAPIKNG Kol TEPPAALOVTIKNG OTOGTAONC.

r P
Simple Mantel test
wing - genetic 0.96247 0.1805
wing - geography 02724 1
wing - ecology 0.85954 0.4811
Partial Mantel test
wing - genetic - holding geography 1 0.6677
wing - genetic - holding ecology 1 0.698
wing - geography holding genetic -1 0.4479

Correlation among wing shape, genetic, spatial and environmental differentiation

Simple Mantel tests revealed that genetic, geographic and environmental distances
exhibited no association with wing shape distance among the E. minotaurus, E.
karyates sp. n. and E. phaeacus sp. n. (Table 4). Additionally, partial Mantel test
showed that genetic distance has no impact on wing shape differentiation while
holding geographic and environmental distances, as well as geography while holding

genetic distance (Table 4).

Morphological analyses

Eumerus minotaurus group

Diagnosis. Species with elongated pedicel, at least 1.5 times longer than deep. Short
body pile. Metafemur moderately swollen. Ventral pile on metafemur not longer than
the half of depth of the femur. Abdomen black with bronze to gold tinge laterally,
about two times as long as wide. S4 in males flat, with invaginated posterior margin
(Fig. 8K), very similar in shape in all species of the group. Posterior surstyle lobe in
males genitalia simple, oval (Fig. 8A—C); it does not vary noticeably in shape between
species, except in E. crassus and E. niehuisi (slightly different). The group includes
the following species in Europe: E. crassus (Fig. 8E), E. longicornis (Figs 8B, E, M,

143



9F), E. niehuisi and E. minotaurus cryptic species complex (E. karyates sp. n., E.
minotaurus and E. phaeacus sp. n.; hereafter called E. minotaurus complex); and in

Turkey: E. anatolicus sp. n. and E. crassus.

Eumerus minotaurus cryptic species complex

Diagnosis. Dark appearance, body blackish-bronze. Eyes covered with long white
scattered pilosity (Fig. 9G, H), while eyes in E. longicornis are almost bare. Second
and third antennal segment elongated, with almost the same width (Fig. 9A-C),
similar as in E. longicornis, while in later one ventral margin of basoflagellomere is
linear (Fig. 9F) and in E. minotaurus complex is slightly convex. White to grey
pollinose maculae on tergites very narrow, linear, often absent on T4, especially for
females, while this maculae in E. longicornis in particular, but also in other species of
the group are well expressed and more lunulate. Females of the E. minotaurus
complex, can be easily distinguished from the females of E. crassus by well-
developed and wider pairs of maculae on T2-4 and conspicuously developed
pollinosity behind posterior ocellus in E. crassus. The Table 3 shows the
morphological differences between E. minotaurus complex and E. longicornis, which
are clearly visible. The male genitalia of these two taxa are shown in Figure 2.

Distribution. Eastern Mediterranean (Greece, Montenegro).

General description. Male. Head. Eyes holoptic. Eyes contiguity about 6
ommatidia long. Eye with scattered long white pilosity, bare near the margins. Face,
vertex and occiput black to bronze, moderately punctuated. Face with uneven white to
bronze pollinosity, less or more expressed but usually with prominent silver
longitudinal median stripe of pollinosity. Ocellar triangle isosceles, longer than wide
(Fig. 9G). Face slightly convex, covered with white pile (Fig. 9A). Pile on vertex and
occiput yellow, in ocellar triangle mixed with black. Scape and pedicel dark brown
covered with yellow pile, ventrally long as the depth of pedicel. Pedicel elongated,
long almost as the basoflagellomere (Fig. 9A—C). Basoflagellomere elongated, brown,
from almost yellow to dark, covered with grey pollinosity. Sensory pit located
ventrally near the distal margin of basoflagellomere. Arista reddish-brown.

Thorax. Scutum, scutellum and pleurae black to bronze, moderately punctuated.
Mesonotum anteriorly with fine white pollinosity which extends in two pollinose
vittae, reaching 2/3 of the length of scutum. Median vitta present only in anterior part.

Pile on thorax yellow to white, short on scutum and scutellum and longer on pleurae.
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Fig. 5. Trees inferred with BEAST for
the concatenated 3’ and 5’ fragment of
COI gene fragment (COI subset) of the
E. minotaurus group. Values on the left
and above of the branches are mean
ages as estimated by the uncorrelated
lognormal clock based on (a) MAT, (b)
MAT&MSC (bold), and (c) 2.3%
mtDNA-rate (italics), in Mya (a/b/c).
The four defined areas are presented
with different colors, percentage values
(on the right side of the nodes of the
tree) and pie charts at nodes I, Il and
I1I; (A) Crete and Karpathos (blue),
(B) Peloponnese (green), (C) Balkan
Peninsula (red), (D) East Aegean
Islands (grey), and (*) Unknown
(black) (for interpretation of the
references to color in this figure
legend, the reader is asked to refer to

Xyqpa 5. To ypovoypappa tpoékvye and to npoypoappo BEAST (vro-opdda dedopévav COI), kot mapovstdlovial ot PUAOYEVETIKEG GYEGELS
KOl Ol EKTIUAOUEVOL ¥POVOL OTOCYIONG TV EEEMKTIKOV YPOUU®V Yio TV oudda eddv E. minotaurus. Ot apBpol apiotepd Kot mve and Toug
KOUPBOVG aVTIGTOLOVV GE XPOVOLS, VITOAOYILOUEVOL BAGEL TOL XAAAPOD LOPLAKOV POAOYLOD (U cLVOEdEUEVN AoyaplOpuokavovikn katavoun). H
Babuovounon tov poprokov poroylov eivar o¢ €&ng: (a) MAT, (b) MAT&MSC (évtovn ypappatocepd) kot (c) 2.3% mtDNA-rate (mAdyo
YPoppoTosEPd), Ko divetor o€ ekat. ypdvia (a/b/c). Ot téooepig kabopiopéveg meployEg TapovctdlovTon Pe SLPOPETIKE YPDOUOTO, TOCOGTIONES
Tég (ota de&ld twv KOuPwv) kot oaypaupata mitag otovg kopuPovug I, 1T o I (A) Kprmn kot Kaprabog (umie), (B) IMehomdvvnoog
(mpdowo), (C) Baikavikn Xepodvnoog (kdkkvo), (D) vnoid tov Avatolikov Aryaiov (ykpt), kot (*) Ayvooto (pavpo) (yio v epunveio Tov
YPOUATIKOV AVOPOPDOV TOV GYNUATOS QVTOV, O AVOYVAOGTNG TOPATEUTTETOL GTNV NAEKTPOVIKT £KO0GT TOL GpBpov).
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Fig. 6. Scatter plot of individual scores of CV1 and CV2 illustrating wing shape
differences among species of the Eumerus minotaurus complex.

Tyqpa 6. Awdypappa dtacmopds pepovouévov Baduoroyiwy CVI kour CV2, to omoio
Tapovotdlel TIC SPOPES O0TO OYNUO TV TTEPHY®V UETOED TOV EOMV  TOL
ocvumAéypotog Eumerus minotaurus.
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Fig. 7. Wing shape differences among species of the Eumerus minotaurus species
complex. a) UPGMA geo-phenogram constructed using the squared Mahalanobis
distances of wing shape. b) Superimposed outline drawings showing wing shape
differences between analysed species. Differences between the species were
exaggerated five-fold to make them more visible.

Yympa 7. Awgopéc oto oynpa TV tephymv Hetald Tov 00V Tov cuumiéypatog E.
minotaurus. a) To YewUETPKO  Qawvoypappo  (geo-phenogram)  UPGMA
KOTOOKEVAGTNKE YPNOLOTOIDVTAG TIG TeTpoymvikég Mahalanobis dwactdoelg tov
ntepOywv. b) EmkoAvppévo oyédio meptypappaTos, To omoio Topovctdlovy Tig
OLLPOPES GYNUATOG TOV TTTEPVY®V UETOED TV VIO HEAETN €10®V. Ot d1opopéc HeTaEy
TOV 0OV Exovv peyebuvOel mévte popéc.
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Fig. 8. Male genitalia. Epandrium, lateral view: A) E. minotaurus complex, B) E.
longicornis Loew, 1855, C) E. anatolicus sp. n., ventral view: D) E. minotaurus
complex, E) E. longicornis, F) E. anatolicus sp. n.; G) E. minotaurus Claussen and
Lucas, 1988, aedeagus with accessory structures; distal part of aedeagal apodeme: H)
E. karyates sp. n., I) E. phaeacus sp. n., J) E. anatolicus sp. n., aedeagus with
accessory structures; K) E. minotaurus complex, males IV abdominal sternite;
hypandrium, lateral view: L) E. minotaurus complex, M) E. longicornis, N) E.
anatolicus sp. n. Scale 0.2 mm. ae — aedeagal apodeme, as — anterior lobe of surstylus,
il — interior lobe of posterior lobe of surstylus, ia — inner lobe of anterior lobe of
surstylus, ps — posterior lobe of surstylus, vp — ventral margin of posterior surstyle
lobe.

Yyqpa 8. T'evvntikdg omAiondg appévav. Endvopio (tekevtaiog votiaiog tepyitg),
[MAevpwcny 6yn: A) ooumieypo E. minotaurus, B) E. longicornis Loew, 1855, C) E.
anatolicus sp. n., kotuaxn 6yn: D) coumieyua E. minotaurus, E) E. longicornis, F) E.
anatolicus sp. n.© G) E. minotaurus Claussen xot Lucas, 1988, adotayog Kot
Bondntikd e&opmuata © M akpoio TEPOY TOL AmodERNTOG ToL ardotayov: H) E.
karyates sp. n., 1) E. phaeacus sp. n., J) E. anatolicus sp. n., aidotoydg kot fondntika
eEaptiuata © K) ocbumieypo E. minotaurus, dppev, IV kotMokdc otepvitng vaavopilo
(90¢ kowmakde otepvitng), IMhevpikny 6ym: L) ooumieypo E. minotaurus, M) E.
longicornis, N) E. anatolicus sp. n. KXipaxo 0.2 mm. ae — anddepa tov aidotoyov, as
— mpdoBlog AoPog Tov otvAov, il — ecwtepicdg Aofog Tov onicBiov Aofovd Tov oTHAOV,
la — ecmTEPKOC AoPog Tov TPAGOiov AoPov Tov 6TOAOV, PS — omicHiog AoPdOg TOL
6TOAOV, VP — KoMk mep1Bmplo Tov omicBiov oTuAkoh AofoY.
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Pleurae black with bronze to golden sheen, covered in silvery-white pollinosity
and long white pile. Scutellum roughly transversely striated. Legs black to brown with
reddish connections between segments, covered with gold pollinosity and moderately
long white pile (Fig. 91). Metafemur moderately swollen, ventral pile yellow to white,
long about half of the depth of the femur. Metatibia a little narrower than metafemur,
slightly curved. Tarsi covered with dense, golden short pile ventrally. Wing with
brown tinge, entirely covered with microtrichia.

Abdomen. Length: the width of abdomen = about 0.7. Tergites black, densely
punctuated, covered in short white pilosity which turns into yellow in proximal half of
T4. T1 with scarce white pollinosity laterally. T2-3 with pairs of silvery-white
maculae of pollinosity, narrow, almost straight. Maculae on T4 barely visible,
sometimes absent. Sternites light brown, covered with bronze pollinosity and
moderately long white to yellow pile. S3 wide, on posterior margin with longer
yellow to golden pile. Pregenital segment covered with golden pilosity.

Male genitalia. Posterior surstyle lobe large, covered with long scattered pile (Fig.
8A, D). IL covered with dense short pilosity (Fig. 8D). Hypandrium simple (Fig. 8L).
Distal part of aedeagal apodeme with processes that differ in shape in different species
of complex (Fig. 8G-1).

Female. Similar to the male with normal sexual dimorphism (Fig. 9B, H, J). Frons
less or more longitudinally wrinkled, in narrower part wide approximately as one
fourth of the width of the head in dorsal view or twice wider than the width of ocellar
triangle. White pollinosity along eye margin less or more expressed. Pollinose
maculae on T4 usually absent.

We have resolved three cryptic species within the E. minotaurus complex: E.

karyates sp. n., E. minotaurus and E. phaeacus sp. n.

Eumerus minotaurus Claussen & Lucas, 1988

Material studied. Paratypes. One male, Greece: Crete, one male, Lasithi, Sissi,
08.iv.1983, leg. Claussen; Heraclion, 7.iv.1975, leg. Lucas, (NBC). Additional
material. Greece: one female, Crete, Rethimnon, Bali, 06.v.2003, leg. Tkalcu; one
female, Orne-Agia Galini, 25.iv.2014, leg. Vuji¢; 2 males, Fotinos, 26.v.2014, leg.
Vuji¢; Chania, one male, Armeni, 25.iv.2014, leg. Vuji¢; one female, Imbors,
27.v.2014, leg. Vuji¢; one male, one female, Omalos plain, 28.v.2014, leg. Vuji¢;
Karpathos, one male, Avlona, 02-04.v.2012, leg. Vavitsas.
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Diagnosis. Differs from other species of E. minotaurus complex by shape of distal
part of aedeagal apodeme (Fig. 8G), wing morphometric characters (distal ventral part
of the wing, Fig. 7B) and molecular data (see accession numbers in Appendix).
Basoflagellomere is usually pointed (Fig. 9A).

Distribution. Greece: Crete and Karpathos.

Description. Size: body length 10-11.5 mm; wing length 7-9 mm.

Male. Width of face: the width of head = 0.25 to 0.3. Width of the vertex: the
width of the head = from 0.21 to 0.22. Length of contiguity of eyes: length of frons =
from 0.47 to 0.62. Basoflagellomere usually conspicuously pointed (Fig. 3A). The
width of pedicel: the width of basoflagellomere = about 0.8. The width of pedicel: the
length of pedicel = about 0.6. Thorax. Length: the width of scutellum = 0.5.

Female. Width of the frons: width of the head = from 0.24-0.27. The width of
pedicel: the width of basoflagellomere = about 0.94. The width of pedicel: the length
of pedicel = from 0.5 to 0.8. Abdomen. The height: the width of T4 = 0.7. The height:
the width of T3 = 0.46 to 0.49.

Eumerus karyates Chroni, Grkovi¢ & Vuji¢ sp. n.

Type material. Holotype. Male. Greece: Peloponnese, Karyes, 20.v.2016, legs. Vuji¢,
Nedeljkovi¢, Acanski, Likov, Mili¢i¢. Paratypes. Greece: Peloponnese, Karyes, three
females, 20.v.2016; one male, 22.v.2016; two males, two females, 23.v.2016, legs.
Vuji¢, Nedeljkovi¢, Acanski, Likov, Milici¢.

Diagnosis. Differs from other species of E. minotaurus complex by shape of distal
part of aedeagal apodeme (Fig. 8H), wing morphometric characters (distal ventral part
of the wing, Fig. 7B) and molecular data (see accession numbers in Appendix).
Basoflagellomere is slightly pointed, but less pronounced than in E. minotaurus (Fig.
9C).

Distribution. Greece: Peloponnese.

Description. Size: body length 10-11 mm; wing length 7-8 mm.

Male. Head. Width of face: the width of head = 0.27 to 0.32. Width of the vertex:
the width of the head = from 0.19 to 0.21. Length of contiguity of eyes: length of
frons = from 0.29 to 0.42. Basoflagellomere usually slightly pointed (Fig. 9C). The
width of pedicel: the width of basoflagellomere = from 0.8 to 0.9. The width of
pedicel: the length of pedicel = about 0.7. Thorax. Length: the width of scutellum =
0.6.
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Female. Head. Width of the frons: width of the head = from 0.24 to 0.27. The
width of pedicel: the width of basoflagellomere = from 0.8 to 1. The width of pedicel:
the length of pedicel = about 0.7. Abdomen. The height: the width of T4 = 0.7. The
height: the width of T3 = 0.46.

Etymology. Karyatides mainly known as the model figures sculptured as columns
of the Erechtheion on the Acropolis of Athens were the priestesses of Artemis at
Karyae (today’s Karyes) in ancient Laconia, Peloponnese. As all our Peloponnesian
specimens derive from Karyes, we considered the male adjective “karyates” to be an

adequate name for the species.

Eumerus phaeacus Chroni, Grkovi¢ & Vujic sp. n.

Type material. Holotype. Male. Greece: Corfu, Ano Korakiana, 24.v.2016, leg. Vujic¢,
Nedeljkovi¢, Acanski, Likov, Mili¢i¢. Paratypes. Montenegro, Rumija, one male,
42.11201 Lat., 19.21739 Long., 02.v.2011, leg. Vuji¢; Greece: Mt Olympos, one
male, one female, Ag. Paraskevi, 17.v.2011, leg. Vuji¢; Corfu, Ano Korakiana, 14
males, 24.v.2016, leg. Vuji¢, Nedeljkovi¢, Acanski, Likov, Mili¢i¢; four males, one
female, Liapades, 24.v.2016, leg. Vuji¢, Nedeljkovi¢, Acanski, Likov, Mili¢i¢; one
male, Strinilas, 24.v.2016, leg. Vuji¢, Nedeljkovi¢, Acanski, Likov, Mili¢i¢.

Diagnosis. Differs from other species of E. minotaurus complex by shape of distal
part of aedeagal apodeme (Fig. 81), wing morphometric characters (distal ventral part
of the wing, Fig. 7B) and molecular data (see accession numbers in Appendix).
Basoflagellomere is rounded, which is quite stable character in this species (Fig. 9B).

Distribution. Montenegro: Mt Rumija, Greece: Corfu, Mt Olympos.

Description. Size: body length 10-11 mm; wing length 7-8 mm.

Male. Width of face: the width of head = 0.28-0.32. Width of the vertex: the
width of the head = from 0.19-0.23. Length of contiguity of eyes: length of frons =
from 0.28-0.4. Basoflagellomere almost always rounded (Fig. 9B). The width of
pedicel: the width of basoflagellomere = about 0.8. The width of pedicel: the length of
pedicel = about 0.8. Thorax. Length: the width of scutellum = 0.5-0.6.

Female. Width of the frons: width of the head = 0.27. The width of pedicel: the
width of basoflagellomere = 0.8. The width of pedicel: the length of pedicel = 0.6.
Abdomen. The height: the width of T4 = 0.7. The height: the width of T3 = 0.45.

Etymology. The Phaeacians (®aiokeg, in Gr.), the ancient inhabitants of Corfu

Island, were famous for their nautical skills, and renowned for their ability to travel
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and reach fast any place. We selected this name as to the origin of the majority of the

insect specimens (Corfu) and as to their wide geographic range.

Taxonomy notes

Doczkal (1996) denoted the morphological affinity between E. minotaurus and E.
longicornis and their dissimilarity as to E. niehuisi, with the latter to be closely related
and morphologically similar to E. crassus. The first two species can be separated from
the latter two based on a slightly shorter body pile, the pruinose supra-alar area
without transverse striae and the scutum without black pile. E. crassus and E. niehuisi
have pedicel about 1.5 as long as deep (Fig. 9E), while in E. longicornis (Fig. 9F) and

E. minotaurus complex (Fig. 9A—C) pedicel is about two times as long as deep.

New species for Eumerus minotaurus group
Eumerus anatolicus Grkovi¢, Vuji¢ & Radenkovic¢ sp. n.
Type material. Holotype. Male. Turkey: Mugla, University campus (720 m), iv.2011.
leg. Kavak. Paratypes. Mugla, University campus (720 m), one female, 17-22.v.2011.
legs. Bartak and Kubik, 3 males, iv.2011, 2 males, 26.v.-26.vi.2015 leg. Kavak.
Diagnosis. Species is similar to E. minotaurus complex. It can be distinguished by
patches of grey to white pollinosity on vertical triangle anteriorly and near the
posterior ocelli as well as distinctive pollinose maculae on T2-4. In E. minotaurus
complex, these markings are linear on T3, while in E. anatolicus sp. n. they are more
wide and lunulate. This character is also present in females. Additionally, vertex in
new species is moderately punctuated and shiny, while in E. minotaurus complex, is
roughly punctuated and matte. Also in females of E. minotaurus complex, frons is
wrinkled, covered in white pollinosity along eye margin which is interrupted in front
of ocellar triangle, while in E. anatolicus sp. n., frons is shinier with continuous line
of pollinosity along eye margin, up to wide pollinose patch behind posterior ocelli.
Regarding male genitalia, they are very similar with those in E. minotaurus complex
but with denser pilosity of posterior surstyle lobe (Fig. 8C). Pilosity extends along
almost entire length of ventral margin of surstylus (Fig. 8F), while in species of E.
minotaurus complex, is restricted in upper part, sometimes with only few pile beneath
(Fig. 8D). Anterior surstyle lobe is with inner lobe more oval in lateral view than in E.
minotaurus complex, covered with fine short pilosity (Fig. 8C).

Distribution. Turkey: Mugla.
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Description. Size: body length 10-12 mm; wing length 7-8.5 mm.

Male. Head. Width of face: the width of head = 0.30 to 0.33. Width of the vertex:
the width of the head = from 0.22 to 0.24. Length of contiguity of eyes: length of
frons = from 0.40 to 0.47. Eyes contiguity 6-8 ommatidia long. Eyes covered in long
dense white pilosity, bare near posterior margins. Face, frons, vertex and occiput
black with bronze sheen. Face and frons covered in very dense silvery-white
pollinosity and white pile. Frons laterally often with few long black pile mixed with
black. Face convex. Vertex and occiput moderately punctuated. Pile on vertex and
occiput yellow mixed with black. Ocelli arranged in isosceles triangle, longer than
wide. Scape and pedicel brown, covered in dense yellow pile, ventrally sometimes
longer than the depth of the pedicel. Pedicel elongated, long approximately as
basoflagellomere, in some specimens even longer (Fig. 9d). The width of pedicel: the
width of basoflagellomere = about 0.9. The width of pedicel: the length of pedicel =
about 0.7. Basoflagellomere is usually pointed but in some specimens it is oval, with
ventral margin quite convex. Thorax. Scutum, scutellum and pleurae black to bronze,
densely punctuated. Pleurae, scutum anteriorly and supra-alar area with fine white
pollinosity. Mesonotum with two longitudinal vittae of pollinosity extending up to 4/5
of the length. Narrow median vitta present, long almost as lateral vittae. Pile on thorax
white to yellow. Scutellum roughly transversely striated. Length: the width of
scutellum = 0.5-0.6. Legs black, tips of femora at both sides brownish. Base of tibiae
brownish. Metafemur slightly swollen, ventral pile long approximately as half of the
depth of the femur. Metatibia curved in the middle. Wings with dark tinge, entirely
microtrichose. Abdomen. Tergites black, densely punctuated, covered in short white
pilosity which turns into yellow to gold in posterior half of T4. T2—4 with clearly
visible, wide, lunulate maculae of pollinosity. Maculae on T4 narrower. Sternites
brown with long white to yellow pile. S4 broad, with yellowish pile posterolaterally.
Genitalia. Posterior surstyle lobe large, covered in long dense pilosity evenly
distributed (Fig. 8C). IL covered with dense short pile (Fig. 8F). Ventral margin of
surstylus densely pilose, almost in entire length.

Female. Similar to the male with normal sexual dimorphism. Head. Width of the
frons: width of the head = 0.3. Frons shiny, moderately punctuated with continuous
line of pollinosity along eye margin, up to wide pollinose patch behind posterior

ocelli.
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Fig. 9. E. minotaurus group, head, lateral view: A) E. minotaurus Claussen & Lucas,
1988, male, B) E. phaeacus sp. n., female; antenna: C) E. karyates sp. n., D) E.
anatolicus sp. n., E) E. crassus Grkovié¢, Vuji¢ & Radenkovié, 2015, F) E. longicornis
Loew, 1855; dorsal view: G) E. minotaurus, male, H) E. phaeacus sp. n., female. E.
minotaurus complex, leg: 1) male, J) female. Scale: Imm.

Yympoa 9. E. minotaurus group, keeodr, mhevpicn oyn: A) E. minotaurus Claussen &
Lucas, 1988, appev, B) E. phaeacus sp. n., 0niv- kepaieg: C) E. karyates sp. n., D) E.
anatolicus sp. n., E) E. crassus Grkovi¢, Vuji¢ & Radenkovi¢, 2015, F) E. longicornis
Loew, 1855 Payaion 6ym: G) E. minotaurus, appev, H) E. phaeacus sp. n., 6niv.
Youmieyua E. minotaurus, oot 1) appev, J) OnAv. Kiipoaka: 1mm.

Discussion

Despite Eumerus high species diversity, both described and continuously piling on
through new species introduction, and its critical role in ecosystems, there are still
taxonomic implications to confront. Studies (Doczkal 1996; Ricarte et al., 2012;
Grkovi¢ et al., 2015, 2017; Markov et al., 2016) have disclosed new species within
the genus that should further be considered in phylogenetic and biogeographic studies.
To date, only one phylogenetic study (Chroni et al., 2017) exists, and was the first to
support the configuration of two major monophyletic lineages and seven ‘molecular’
groups within Eumerus based on DNA sequences, with E. minotaurus group among

them.
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The present study is the first to provide conclusions about the E. minotaurus
group revealing one new species and unveiling E. minotaurus cryptic species complex
within the genus by employing an integrative framework (Figs 10, 11); evidences for
the new species are based on morphological data and cryptic species complex are well
supported by mtDNA sequences, discrete features in morphology (antennas, male
genitalia), wing morphometry and biogeographic reconstructions. We have also
employed a nuclear marker (never used before in Eumerus) to infer the phylogenetic
relationships between the species of E. minotaurus group. Below, we discuss all the
above, and further conclude with contingent biogeographic patterns and speciation
processes within the E. minotaurus group in relation to the palaeogeography of the

broad region of the Aegean.

Taxonomical and molecular implications

The first published study that grouped and indicated the affinity of Eumerus species
with elongated pedicel (E. minotaurus group) was of Doczkal (1996) when he
described E. niehuisi. Taxonomical and phylogenetic analyses of E. crassus, E.
anatolicus sp. n., E. minotaurus complex and E. longicornis have showed their
separate position from other Eumerus species (Doczkal, 1996; Chroni et al., 2017).
We proffer all the aforementioned species to belong to the same taxon group (E.
minotaurus group) due to the elongated pedicel and the shape of male genitalia, their
major common feature differentiating them for the remaining Eumerus species and
groups. Our suggestion is based on the finding by Hasson et al. (2009) and House et
al. (2013) that natural and sexual selection and their interaction may promote insect
genital evolution.

Our morphology-based results were further tested on the basis of mtDNA and
nDNA markers (where DNA sequences were available). The competence of a
molecular marker is rendered on the ability to infer a high resolution of phylogenetic
relationships of the under study organism(s), an ability related to the mutation rate of
the coding region. MtDNA phylogenetic reconstructions (tree-based species
delimitation) and molecular putative species limits analyses (non-tree-based)
reaffirmed the morphology assignments (species prediction), clustered all these
species within the same phylogenetic group with quite high bootstrap and probability
values, and supported the configuration of the E. minotaurus group. In addition, the

employed mtDNA sequences clearly granted three lineages representing three
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different species within E. minotaurus, proven its suitability to resolve cryptic species.
The revealing of the three mitochondrial lineages led us to further examine our
specimens and identify the presence of subtle differences on the male genitalia which
we considered crucial as to the differentiation of the cryptic species (see above). Tree
topologies within the E. minotaurus group were consistent; in all cases, E. crassus
was clustered separately from E. minotaurus complex, and within the complex, E.
karyates sp. n. and E. minotaurus were clustered together, apart from E. phaeacus sp.

n.

ale genitalia
ing geometric
stribution

= O N : =)

Fig. 10. Summary of the results of the integrative species delimitation within the
Eumerus minotaurus complex: morphological characters (male genitalia), molecular
markers (COIl and 28S gene fragments), wing geometric morphometrics and
geographical distribution. Each species is presented by different colour; E. karyates
sp. n. (green), E. minotaurus (blue) and E. phaeacus sp. n. (red). Solid colour boxes
indicate successful species delimitation by particular approach. Multicolor boxes
depict clusters formed by multiple species.

Yyqpa 10. Zovoyn tov omoteAespATOV TNG oplofétnong 10mV Tov cuumiéypatog E.
minotaurus péow TG EVOTOMTIKNG TOEWOUIKNG:  LOPQOAOYIKOL  YOPOKTNPES
(yevvntikog omMopds appevog), poplakoi ogikteg (Opavopato twv COI kou 28S
YOVIOL®OV), YEOUETPIKY] HOPQOUETPIOL TTEPVYWV, KOl YEOYPOEIKY Katovour. Kdabe
€ldo¢ amodidetar pe drapopetikd ypoua: E. karyates sp. n. (zpdoivo), E. minotaurus
(umke) wor E. phaeacus sp. n. (kokkwvo). Tetpdymvo pe copmaynq ypoUOTO
vrodNA®vovy emTuyn opoBétnon €idovg amd v cvykekpévn néBodo, evad Ta
TOAVYP®UO. EKOVILOVV OUEOEG TOALUTADY ELODV.

Ol gene fragment

85 gene fragment
morphometric
Species delimitation
Final results

W

E. minotaurus

E. phaeacus sp. n.

E. karyates sp. n.

A combination of mitochondrial and nuclear gene fragments is often preferred to
discriminate evolutionary lineages, therefore we intended to merge a nuclear marker

into our phylogenetic analyses. The 28S nuclear marker has shown genetic divergence
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in the hoverflies (Mengual et al., 2008), and not only (e.g. Olsen & Woese 1993,
Awasthi et al., 2016). In our study, the 28S marker resulted in low tree resolution and
lineages’ admixture. The amplification in most of the Eumerus species was not
successful, and for those it was successful, the produced topology was not very
distinct. We detected a partial (six out of eight sequences) clustering in one species of
the E. minotaurus complex (E. karyates sp. n.) in MP tree, denoting a recent
speciation event, most likely not complete yet. Regarding the rest of the species of the
E. minotaurus complex, 28S marker proved not to be informative as species diagnosis
failed. For the E. minotaurus group (or any other Eumerus species apart of the E.
minotaurus complex), we had only one 28S sequence (E. crassus) which was
separated from the E. minotaurus complex, but the limitation of the number of
sequences did not allow us to further conclude of the significant utility of the 28S
marker in species diagnosis within Eumerus. We speculate that the differences in the
lineages’ clustering between the two molecular markers are due to the faster
evolutionary (mutation) rate of the employed mitochondrial gene fragment comparing
to the nuclear one.

Our molecular and morphological inferences were also supported by high
significant morphological wing differentiation for the species within E. minotaurus
complex. Even though species assignment for the wing shape estimations was
established based on phylogenetic inference, we consider wing shape heritability as a
part of an integrative approach, and hence a significant and additive contribution to
diagnosis of the cryptic species complex. Previous studies on hoverflies have shown
that wing shape is a reliable predictor of interspecific discrimination. So far, wing
geometric morphometry was mainly carried out on the genus of Merodon (Milankov
et al., 2009; Francuski et al., 2009, 2011; Adanski et al., 2016; Sasi¢ et al., 2016), but
there were also examples of successful implementation of this method in other
hoverfly genera, such as Cheilosia (Ludoski et al., 2008) and Chrysotoxum
(Nedeljkovi¢ et al., 2013; 2015), as well as the hoverfly tribe Pipizini (Vuji¢ et al.,
2013). This is the first study that includes wing shape analyses on the genus Eumerus.
The most divergent wing shape was detected between E. karyates sp. n. and E.
minotaurus, while the most similar wing shape was between E. karyates sp. n. and E.
phaeacus sp. n. The most obvious wing shape differences occur in central and apical
parts of the wing affecting the length and width of the wing. Documented wing shape

disparities are not uncommon among hoverfly species (Aéanski et al., 2016; Sasi¢ et
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al., 2016; Acanski, 2017) and we can assume that they influence flight ability and
male species specific courtship song as shown in some insect species (Cowling and
Burnet, 1981; Stubbs and Falk, 1983; Sacchi and Hardersen, 2012; Menezes et al.,
2013; Outomuro et al., 2013).

The results from the Mantel test demonstrated that wing shape was not influenced
by current environmental factors, which is not surprising considering the high
heritability of wing shape (Moraes et al., 2004; Mezey and Houle, 2005; Yeaman et
al., 2010). Recently, wing shape conservatism in relation to environmental factors, as
well as to geographic proximity, were established within the genus Merodon (Sasi¢ et
al., 2016; Acanski, 2017). The lack of correlation between measured phenetic, genetic
and geographic distances (in both simple and partial Mantel tests) implies that other
factors, as e.g. genetic drift in fragmented ancestral populations, could be liable for

wing shape differences among the cryptic species.

Mitochondrial dating, biogeographic history and divergence time estimates

An important issue for the mitochondrial phylogeography of hoverflies (viz Eumerus)
is the absence of fossil records and/or of an accurate mitochondrial substitution rate
per gene fragment that could be treated to calibrate the molecular clock. Here we
essayed three different approaches, based on the two major geological events
occurred in the Aegean Archipelago (MAT and MSC) and the standard mitochondrial
substitution rate existing in literature for arthropods (mtDNA-rate, Brower, 1994).
The mtDNA-rate is not always feasible for all insect groups, has been proven to
produce unreliable results, and hence, potential pitfalls should be taken into account
(Papadopoulou et al., 2010). Indeed, in Eumerus case, the assessed values from the
mtDNA-rate analysis were rather low and not consistent with any major geological
event of the Aegean region that could explain the speciation within the E. minotaurus
group, confirming its reputation to give ‘unrealistic ages’. On the other hand, the
MAT and MAT&MSC time estimations were more close, with the latter approach to
concur a bit more with the biogeographic events in the region. We posit that the
MAT&MSC divergence times (i.e. the two calibration points analysis) might reflect
better the occurred diversification times and events. The estimated pairwise
substitution rates from the latter two approaches are not negligible of discussion; low
COI pairwise substitution rates have been found in other insects as well, in e.g. ants
(1.5%, Quek et al., 2004) and Drosophila species (1.54%, Nunes et al., 2010),
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supporting the conclusion that we should be more cautious while calibrating the

molecular clock under the 2.3% rate.

T ~0.021 Mya

Fig. 11. Mitochondrial phylogeographic pattern of the E. minotaurus taxon group.
The specimens were grouped corresponding to each species/ geographical cluster: E.
crassus/East Aegean Islands, D; E. karyates sp. n./Peloponnese, B; E.
minotaurus/Crete and Karpathos, A; and E. phaeacus sp. n./Balkan peninsula, C. The
major geological events occurred in the Aegean Archipelago, that led on the
speciation within the group, are shown, the formation of MAT (12-9 Mya) and
separations of Crete from Peloponnese (5.5-5 Mya), Peloponnese from the Greek
mainland (5-3 Mya) and Karpathos from Crete (3.5 Mya). Until the end of
Pleistocene (0.021 Mya), there are evidences that the Greek mainland, Anatolia and
the East Aegean Islands were still consolidated (for interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article).
Yympo 11, Mitoxovoplokd @ULAOYE®YPOEIKO TPOTLTO TG Opadag cwav E.
minotaurus. H opadomomon tmv detypdtov ovilcolyei oe kKabe €idog/ yemypapikn
opdda: E. crassus/iymoid tov Avatohkod Aryaiov, D- E. karyates sp.
n./Ilehondovynoog, B- E. minotaurus/Kpf kaw Képrabog, A- kar E. phaeacus sp.
n./Boikoviky Xepoovnoog, C. Tlapovcidlovior to onuUavTiKOTEPO YEOAOYIKA
veYovoTa mov cuvéPnoav oto Atyaio, ta onoio 0dnyNncav otov oynuaticpd g MAT
(12-9 exat. ypdévwa) kar otovg dwaympropovg Kpnmn/Tlehondovvnoog (5.5-5 exar.
ypovia), Tehomdbvvnoo/EAAnvikn Xepodvnooc (5-3 ekat. ypoévia) ko Kapmabog/
Kpim (3.5 exat. ypoévia). Ymapyovv evdeielg o6tt n EAAnvikn Xepoovnoog, M
Avatolio kot To vIiold TOL AVOTOAIKOU Alyoiov TopEREVaY EVOUEVO LEXPL TO TEAOG
tov IMkewotokavov (0.021 ekot. ypovia) (yioo TV EPUNVEID TOV YPOUATIKOV
aVOQPOPAOV TOL GYNUATOG OVTOV, O OVOYVACTNG TOPOUTEUTTETOL GTNV NAEKTPOVIKY|
£€Kdoom tov GpbHpov).
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Heled and Drummond (2010) have pointed out the necessity of implementing
multiple samples per species when inferring speciation times and that ‘two or more
sequences per species are necessary for a complete estimation of speciation times,
given enough loci’. We have employed from 4 to 18 sequences per species, which
originated from different localities (except for E. karyates sp. n. which has been
recorded only in Karyes of Peloponnese, and thus specimens from one locality were
used). Since the tree topology obtained from the BEAST was congruent to the ones
obtained from the mitochondrial phylogenetic inferences (COIl dataset) and the
obtained molecular divergence time estimates were close to the geological events
occurred in the Aegean region, we claim that the estimations about speciation events
of the species of the E. minotaurus group most likely reflect to reality. Certainly,
more sequences/ taxa or more loci would further assist to elucidate the
phylogeography of the E. minotaurus group, but unfortunately, insect sampling or
gene amplification always remain a challenge.

The phylogenetic assessment of the four species within the E. minotaurus group is
contingent with their geographic distribution, with each species to occur in specific
region and belong to a geographical. As the initial diversification event occurred at
11.08 Mya (hereinafter all values are based on the MAT&MSC analysis), we
speculate that there was a single species during the Miocene in Agais, which served
as the first ancestor for the rest of the species of the E. minotaurus group as known
today. When the MAT occurred, eastern populations were splitted from the western,
and progressively one population dominated the eastern part of the Aegean, leading to
the speciation of E. crassus. Historical biogeographic reconstruction analyses
suggested an east-to-west (from the East Aegean towards the Greek mainland and the
Balkan Peninsula) species diversification of E. crassus, with dispersal and/or
vicariant events to be accounted for, confirming the MAT scenario. In the
biogeographic context, the Greek mainland was isolated from Anatolia and the East
Aegean Islands at 0.18-0.14 Mya (and were most likely consolidated until the end of
Pleistocene at 0.021 Mya), whereas some of the Aegean Islands started to acquire
their current configuration ca. 0.03-0.018 Mya and were finally shaped at 0.008 Mya
(for a thorough review see Kougioumoutzis et al., 2017). We have estimated the
speciation of E. crassus at 0.91 Mya (mid Pleiostocene), reflecting that period of
momentous geological and climatic occurrences in the Aegean accountable for

species speciation and/or extinction.
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Another diversification event was detected at 7.6 Mya by our analyses, which led
to the separation of the north-western population (Balkan Peninsula) from the south-
western one (Peloponnese/ Crete and Karpathos); our biogeographic analyses
confirmed that ‘north-to-south’ division. Distribution patterns in the Aegean Islands
are far more complex than those of the lonian because of their larger numbers and
greater topographic, palaeogeographic, and environmental complexity (Gillespie and
Clague, 2009; Kougioumoutzis et al., 2017). On the other hand, ‘the fauna and flora
in the lonian Islands are expected to be more “harmonic”, without profound gaps in
their taxonomic composition’ (Gillespie and Clague, 2009); there are found to contain
few endemic taxa and the existing taxa are more similar to those of the adjacent
mainland. Indeed, E. phaeacus sp. n. was identified as an insular (Corfu: lonian
Archipelago, Greece) and montane species (Balkan Peninsula: Mt Olympus, Greece;
and Mt Rumija, Montenegro). Similar speciation forces that acted on E. crassus must
have also influenced speciation of E. phaeacus sp. n. (which was estimated at 0.67
Mya).

The second major event that acted on the Aegean was of the Messinian Salinity
Crisis, during which Crete was isolated from the Greek mainland, but maintained the
land connection to the Peloponnese until 5 Mya. During the Pliocene and because of
the intense tectonic phenomena, the Aegean region was fragmented and changed
considerably. Crete was permanently isolated from the Peloponnese and other inland
areas, and a wide sea-barrier (aka the Corinthian channel) separated Peloponnese
from the mainland Greece (5-3 Mya, Dermitzakis, 1990). Later on, during the
Pleistocene, climatic oscillations and sea-level fluctuations led to repeated
connection/ disconnection cycles (8 cycles of glaciation events; for a review see
Perissoratis and Conispoliatis, 2003), altered the size and isolation of the areas (e.g. of
the islands) by forming temporal land bridges/corridors, and connecting the insular
with the mainland during which animals could disperse. These sea-level fluctuations
continued until late Pleistocene (0.021 Mya) and Holocene times (Dermitzakis, 1990),
and induced species diversification and distribution (Perissoratis and Conispoliatis,
2003). It was then that a diversification event occurred (5.2 Mya) within the southern
populations of the E. minotaurus complex which gave rise to two species: E. karyates
sp. n. (Peloponnese cluster) and E. minotaurus (Crete and Karpathos cluster), their
speciation to be dated at 0.49 Mya and 2.26 Mya, respectively. We speculate that the

gene flow between the Peloponnese and Crete and Karpathos populations was
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impeded at the end of the MSC, when the Mediterranean Sea was refilled, and the
speciation was favoured when the sea level started to stabilize. It is worth mentioning
that the disconnection of Crete and Karpathos Islands (5-2 Mya) did not seem to
affect the distribution of E. minotaurus (the same species was recorded in both
islands) and no further speciation has taken place.

Based on other phylogeographic studies carried out in the Aegean in order to
explore the driving forces of animal speciation and biogeographic patterns,
Poulakakis (2014) highlighted the importance of MAT for the species distribution in
the area and categorized the species distribution based on the MAT. According to
their classification, the species belonging to the E. minotaurus group can be
characterized as post-MAT colonizers, i.e. ‘species that reached the region after the
creation of the MAT, and whose diversification is due to the MSC, intense tectonism
during the Pliocene and the climatic oscillations in these periods’ (Poulakakis et al.,
2014). Molecular clock is not applied very often in insects groups in the Aegean, and
when it does, it concerns mostly beetles (Papadopoulou et al., 2009; 2010) or crickets
(Allegrucci et al., 2009; 2011) or termites (Luchetti et al., 2005; 2007) or sand fly
(Kasap et al., 2015). Here, we present for the first time phylogeographic and
mitochondrial dating inferences about the hoverfly genus Eumerus in the Aegean,
firmly supported by integrative taxonomic data, which may foster similar studies for
other hoverflies genera in relation to the palaeogeographic evolution of the Aegean.
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Appendix

List of the specimens used for the molecular analyses, their locality information and GenBank accession numbers. GenBank accession numbers

of newly-generated sequences (this study) are in boldface, of previously-generated are in normal and of obtained from the GenBank in italics.

FSUNS: Faculty of Sciences of Novi Sad, Serbia. MAegean: The Melissotheque of the Aegean, University of the Aegean, Mytilene, Greece.

MZH: Finnish Museum of Natural History, Zoological Museum, Helsinki, Finland.

Hapaptnpae. Katdroyog tov derypdtov eviopmy, to omoie Yp1cILoTomOnKay Yo TG Loplakés avaAdoelc. Afvovtal TANpopopieg oyeTIKES e

™V Tom00EGI0L GLAALOYNG TOV EVIOUMV KOl 01 KMIKOL KaToydpnong otn Pdon dedopévav GenBank. Ot kmdikoi GenBank twv aAAniovyumv, ot

omoieg mapNyOnoav oty mwapoHoo Epevva, divoviar pe EVTOvr YPOUUOTOCEPd, He Kovovikn divovtal ot kwdwoli GenBank moAoidtepov

aAANAOLYIOV KOl pE TAGYO ouTdV Tov ovaktHOnkav amd v Pdaon dedopéveov GenBank. FSUNS: Xyol Ostikov Emomuov, Tpuquo

Buoroylag kor Oworoyiag, TMavemommuo tov NOPr Zavtr, XepPia. M-UAegean: Meilooodnkn tov Aryaiov, Ilavemomuo tov Atyaiov,

Mvutiiqvn, EAAGda. MZH: EvtopoAioyikn cuiioyn, @viavdikd Movoeio Duoikng Iotopiag, EAcivit, @viavdia.

Sequence  Specimen 3’-end 5’-end 28S Species hame Species group  Species Sex Field data
ID voucher fragment of  fragment of subgroup
Col col
EU10 FSUNS:G1147  KY865493 KX083349 none Eumerus alpinus E. alpinus none F Italy, Toscana, Mts
Rondani, 1857 Apuane, near Orto
Botanico, 44.056359,
10.19884
EU132 FSUNS:60653 KY865499 KX083380 none Eumerus strigatus E. strigatus none M Germany, Unknown
(Fallen, 1817)
EU135 FSUNS:G3018 KY865500 KY865450 none Eumerus tricolor E. tricolor none F Italy, Baragazza,
(Fabricius), 1798 44.13217,11.19112,
09/06/2013
EU146 FSUNS (loanby KY865501 KY865451 KY865546 Eumerus minotaurus E. minotaurus E. minotaurus M Greece, Karpathos,

Maegean):E078 Claussen & Lucas,

Avlona, 35.7689,
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EU149

EU16

EU17

EU211

EU212

EU221

EU223

EU276

7,
UOTA_MEL02
6180
FSUNS:G3025

FSUNS:G0278

MAegean:UOT
A_MELO0746,
E0746

FSUNS:G0277

FSUNS:G0269

FSUNS:G0271

FSUNS:G1020

FSUNS:08910

KY865502

KY865494

KT221020

KY865503

KY865504

KY865505

KY865506

KY865507

KY865452

KY865446

KT221006

KY865453

KY865454

KY865455

KY865456

KY272852

none

KY865545

none

KY865550

none

none

none

none

1988

Eumerus crassus
Grkovi¢, Vuji¢ &
Radenkovié¢, 2015

Eumerus phaeacus
Chroni, Grkovi¢ &
Vuji¢, sp. n.

Eumerus torsicus
Grkovi¢ et Vuji¢,
2016

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus sinuatus
Loew, 1855

Eumerus armatus
Ricarte & Rotheray,
2012

Eumerus pannonicus

E. minotaurus

E. minotaurus

torsicus

E. minotaurus

E. minotaurus

E.tricolor

E.tricolor

E.strigatus

none

E. minotaurus

none

E. minotaurus

E. minotaurus

none

none

none

27.1849, 2-4/05/2012

Greece, Chios,
Kambia Gorge,
38.578499,
25.979666,
14/05/2009

Greece, Mt Olympus,
Ag. Paraskevi,
kanjon, 39.8785,
22.5863, 17/05/2011
Greece, Chios,
Elinda, 38.393,
25.9914, 9-
11/11/2012

Greece, Mt Olympus,
Ag. Paraskevi,
kanjon, 39.8785,
22.5863, 17/05/2011
Montenegro, Mt
Rumija, okosredine
(deokajezeru, uz put),
42.11201, 19.21739,
02/05/2011

Serbia, Fruska Gora,
Glavica, 45.153999,
19.834681,
17/06/2011

Greece, Samos, near
Platanos, 37.740527,
26.742116,
09/06/2010

Serbia, Mokrin,
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EU297

EU298

EU300

EU302

EU303

EU320

FSUNS:06366

FSUNS:06452

FSUNS:06557

FSUNS:06710

FSUNS:06728

FSUNS:06561

KY865508

KY865509

KY865510

KY865511

KY865512

KY865513

KX083386

KY865457

KY865458

KY865459

KY865460

KX083382

none

none

KY865549

none

KY865547

none

Ricarte, Vuji¢ &
Radenkovié, 2016

Eumerus minotaurus
Claussen & Lucas,
1988

Eumerus minotaurus
Claussen & Lucas,
1988

Eumerus karyates
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus minotaurus
Claussen & Lucas,
1988

Eumerus minotaurus
Claussen & Lucas,
1988

Eumerus sogdianus
Stackelberg, 1952

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. strigatus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

none

Pasnjacivelikedroplje
, 45.90615, 20.3018,
11/06/2014

Greece, Lassithi,
Iraklion, 7 km
prePlateau of
Lassithi, 35.211883,
25.461649,
22/04/2014

Greece, Chania, 3 km
pre Armeni,
35.285761,
24.468983,
25/04/2014

Greece,
Peloponnese, Karyes,
25km N from Sparti,
37.304145,
22.421241

Greece, Chania,
Imbors, 35.252332,
24.174351,
27/05/2014

Greece, Chania,
Omalos plain,
35.322592,
23.930496,
28/05/2014

Greece,
Peloponnese,
Karyes2, 25km N
from Sparti,
37.30416, 22.42106
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EU37

EU406

EU459

EU469

EU499

EU73

EU75

EU99

GUN5

FSUNS:G2286

FSUNS:E1333

FSUNS:E1260

FSUNS:07982

FSUNS:G0O290

FSUNS:G0292

FSUNS:G0992

FSUNS:G2219

FSUNS:GUN5

KY865495

KY865514

KY865515

KY865516

KY865517

KY865496

KY865497

KY865498

KY865492

KY865447

KY865461

KY865462

KX083351

KY865463

KX083373

KY865448

KY865449

KX083393

none

none

none

none

none

none

none

none

KY865574

Eumerus crassus
Grkovi¢, Vuji¢ &
Radenkovié¢, 2015

Eumerus sulcitibius
Réndani, 1868

Eumerus amoenus
Loew, 1848

Eumerus clavatus
Becker, 1923

Eumerus crassus
Grkovi¢, Vuji¢ &
Radenkovié¢, 2015
Eumerus consimilis
Simi¢ &Vuji¢, 1996

Eumerus clavatus
Becker, 1923

Eumerus ornatus
Meigen, 1822

Megatrigon
tabanoides Doczkal,
Radenkovié,

. minotaurus

. sulcitibius

. strigatus

. clavatus

. minotaurus

. strigatus

. basalis

. ornatus

Outgroup

none

none

none

none

none

none

none

none

none

Greece, Lesvos,
Argennos,
39.357622,
26.254769, 03-
04/06/2012

Greece, Lassithi,
Psichro, 35.15,
25.4666667,
Unknown

Greece, Mt Taygetos,
Lok I, 37.066156,
22.265413,
06/08/2014

Turkey, Mt Davraz,
ski center,
37.781694, 30.75871
Greece, Samos,
Neochori, 37.707965,
26.769917, Unknown
Serbia, Djerdap,
4454104, 22.02024,
01/09/2011

Greece, lkaria, near
Hristos, 37.601523,
26.084755,
11/06/2010
Montenegro, Boka
Kotorska, Morinj
Bay, 42.490394,
18.648914,
08/10/2010

South Africa,
Unknown
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Y1711E

EU558

TS240

TS241

MN1

MN2

MN3

MZH:Y1711

MAegean:UOT
A _MEL082471,
10064

FSUNS:06666

FSUNS:6724

FSUNS:11413

FSUNS:11415

FSUNS:11419

KY865491

KY865518

KY865520

KY865521

KY865522

KY865523

KY865524

KY865444

KY865464

KY865466

KY865467

KY865468

KY865469

KY865470

KM224496
(GB)

none

KY865552

none

KY865558

KY865572

KY865565

Lyneborg & Pape,
2015

Platynochaetus
setosus Fabricius,
1794

Eumerus pulchellus
Loew, 1848

Eumerus minotaurus
Claussen & Lucas,
1988

Eumerus minotaurus
Claussen & Lucas,
1988

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

Outgroup

. pulchellus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

none

none

E. minotaurus

E. minotaurus

E. minotaurus

E. minotaurus

E. minotaurus

France, Banyuls-sur-
Mer, Pyrenées-
Orientales,
JardinMediterranéen,
42.474144, 3.117728
Greece, Anafi,
Helicodrome,
36.3565, 25.7736, 15-
17/06/2013

Greece, Rethymnon,
Fotinos, 35.285762,
24.468983,
26/05/2014

Greece, Chania,
Omalos plain,
35.322592,
23.930496,
28/05/2014

Greece, Corfu, nr
Ano Korakiana,
39.69882, 19.786956,
24/05/2016

Greece, Corfu, nr
Ano Korakiana,
39.69882, 19.786956,
24/05/2016

Greece, Corfu, nr
Ano Korakiana,
39.69882, 19.786956,
24/05/2016
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MN4

MN5

MNG6

MN7

MN8

MN9

MN10

MN11

FSUNS:11458

FSUNS:11457

FSUNS:11546

FSUNS:11461

FSUNS:11460

FSUNS:11448

FSUNS:11430

FSUNS:11459

KY865525

KY865526

KY865527

KY865528

KY865529

KY865530

KY865531

KY865532

KY865471

KY865472

KY865473

KY865474

KY865475

KY865476

KY865477

KY865478

KY865566

KY865570

KY865569

KY865555

KY865548

KY865551

KY865559

KY865561

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vuji¢, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vuji¢, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vuyji¢, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

Greece, Corfu, nr
Liapades, 39.673537,
19.756369,
24/05/2016

Greece, Corfu, nr
Liapades, 39.673537,
19.756369,
24/05/2016

Greece, Corfu, nr
Strinilas, 39.739862,
19.837306,
24/05/2016

Greece, Corfu, nr
Liapades, 39.673537,
19.756369,
24/05/2016

Greece, Corfu, nr
Liapades, 39.673537,
19.756369,
24/05/2016

Greece, Corfu, nr
AnoKorakiana,
39.69882, 19.786956,
24/05/2016

Greece, Corfu, nr
Ano Korakiana,
39.69882, 19.786956,
24/05/2016

Greece, Corfu, nr
Liapades, 39.673537,
19.756369,
24/05/2016
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MN12

MN13

MN14

MN15

MN16

MN18

MN19

MN20

FSUNS:11432

FSUNS:11436

FSUNS:11426

FSUNS:11437

FSUNS:11310

FSUNS:11411

FSUNS:11412

FSUNS:11572

KY865533

KY865534

KY865535

KY865536

KY865537

KY865538

KY865540

KY865539

KY865479

KY865480

KY865481

KY865482

KY865483

KY865484

KY865485

KY865486

KY86555

KY865567

KY865562

KY865560

KY865573

KY865556

KY865564

KY865554

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vuji¢, sp. n.

Eumerus phaeacus
Chroni, Grkovi¢ &
Vuji¢, sp. n.

Eumerus crassus
Grkovi¢, Vuji¢ &
Radenkovié¢, 2015

Eumerus karyates
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus karyates
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus karyates
Chroni, Grkovi¢ &
Vuji¢, sp. n.

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

. minotaurus

E. minotaurus

E. minotaurus

E. minotaurus

E. minotaurus

none

E. minotaurus

E. minotaurus

E. minotaurus

Greece, Corfu, nr
Ano Korakiana,
39.69882, 19.786956,
24/05/2016

Greece, Corfu, nr
Ano Korakiana,
39.69882, 19.786956,
24/05/2016

Greece, Corfu, nr
Ano Korakiana,
39.69882, 19.786956,
24/05/2016

Greece, Corfu, nr
Ano Korakiana,
39.69882, 19.786956,
24/05/2016

Greece, Lesvos,
Neochori I,
39.024073,
26.321613, 03/5/2016
Greece,

Peloponnese, Karyes,
25km N from Sparti,
37.304145,
22.421241

Greece,

Peloponnese, Karyes,
25km N from Sparti
37.304145,
22.421241

Greece,

Peloponnese, Karyes,
25km N from Sparti,
37.304145,
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MN21

MN22

MN23

MN24

TS24

FSUNS:11573

FSUNS:11574

FSUNS:11571

FSUNS:11410

FSUNS:08451

KY865541

KY865542

KY865543

KY865544

LN890909
(GB)

KY865487

KY865488

KY865489

KY865490

KY865445

KY865557

KY865563

KY865571

KY865568

KY865575

Eumerus karyates
Chroni, Grkovi¢ &
Vuji¢, sp. n.

Eumerus karyates
Chroni, Grkovi¢ &
Vujic, sp. n.

Eumerus karyates
Chroni, Grkovi¢ &
Vuji¢, sp. n.

Eumerus karyates
Chroni, Grkovi¢ &
Vujic, sp. n.

Merodon erivanicus
Paramonov, 1925

E. minotaurus

E. minotaurus

E. minotaurus
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Connecting the dots: Bridging genetic to spatial differentiation of the genus

Eumerus (Diptera: Syrphidae) in the Mediterranean Basin and the Balkans

Antonia Chroni, Milomir Stefanovi¢, Mihajla Djan, Ante Vuji¢, Llilja Sasié¢ Zori¢,

Natasa Ko¢i§ Tubié¢ and Theodora Petanidou

Abstract

Aim The Mediterranean Basin and the Balkan Peninsula have been recognized as
hotspots of a high hoverfly diversity and endemism. Considering, however, the high
importance of the region for this insect group, the number of biogeographic and
phylogeographic studies conducted therein is very low. Here we (i) explore the
intraspecific genetic differentiation of hoverfly species of the genus Eumerus in
relation to isolation-by-distance, landscape discontinuities, palaeogeological and
palaeoclimatic events, (ii) unveil high- and low- genetic divergent regions, and (iii)
discuss the potential driving forces which led to observed spatial genetic patterns.
Location Mediterranean Basin (8 countries, and 23 islands included therein);
continental Balkan Peninsula (three countries; Bulgaria, FYRO Macedonia, and
Serbia).

Methods DNA barcodes for 274 individuals from nine Eumerus species sampled
from 58 localities were generated. We performed spatially-explicit Bayesian
clustering of individuals and tested the correlation between geographic and genetic
distances (presence of isolation-by-distance), and constructed Median Joining
networks from the haplotypes to examine and corroborate the inferred spatial genetic
structure. We employed Landscape Shape Interpolation analyses to visualize areas of
high and low genetic distances between individuals within each species.

Results We observed high mtDNA haplotype diversity consisting of unique and
shared haplotypes. In four species, the pattern observed by the haplotype network was
consistent with species distribution and Bayesian clustering. The Bayesian clustering
showed one to three (genetic) clusters membership with high posterior probability
values. Mantel tests confirmed there was no presence of isolation-by-distance between
the sampling areas (except for two species). In all species, areas with high- and low-
genetic divergence were detected through Landscape Shape Interpolation analyses.
Main conclusions Our study represents the first broad- and large-scale study for nine

Eumerus species in the Mediterranean and the Balkans. It reveals the occurrence of a
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spatially genetic clustering in four species, and associates the relative driving forces
liable for that such as evolutionary processes (e.g. allopatric), palaeogeological events
etc. Five species displayed neither spatial genetic patterns nor isolation-by-distance
presence, indicating relict taxa (long term stable populations); for three out of these

five species, star-like mtDNA haplotypes were affirmative.

Keywords
Balkans, Bayesian clustering, biogeography, DNA barcode, Eumerus, genetic

differentiation, isolation-by-distance, Mediterranean, phylogeography, Syrphidae

Introduction

The term of phylogeography was outlined for the first time three decades ago (Avise
et al., 1987), and ever since, the discipline has flourished considerably, encountering
many followers. By conjoining phylogenetics and population genetics,
phylogeography is keen to explore the driving forces of the geographical distribution
within or among species (Avise, 2009; Hickerson et al., 2010; Chan et al., 2011).
Historical biogeography intends to shed light into the species distribution too, but it
does so in the context of evolutionary history such as vicariance and dispersal
processes (Ronquist, 1997) or the impact of the Quaternary climatic oscillations
(Sanmartin, 2012). Both phylogeography and historical biogeography are
complementary to each other, and may contribute to reconstruct and infer the
population’s demographics through time (gene flow, migration etc.) or to associate the
contemporary species distribution to historic evolution of landscape discontinuities
(e.g. mountains) and/or isolation-by-distance (Chan et al., 2011).

With a high species diversity and a wide distribution worldwide, hoverflies
(Diptera: Syrphidae) have a crucial impact on ecosystem structure and functioning
(Rotheray & Gilbert, 2011). Hitherto, there are some phylogeographic and
biogeographic studies on hoverflies as study organisms (Milankov et al., 2013; Sasi¢
et al., 2016; Stahls et al., 2016; Vuji¢ et al., 2016; Radenkovi¢ et al., 2017; Chroni et
al., unpubl.). Here, we employ species of the genus Eumerus Meigen, 1822, which is
noteworthy for its contribution to pollination among other services (e.g. predation of
plant pests, nutrient recycling from dead matter; Rotheray & Gilbert, 2011). Further
attention to the genus has been drawn recently because of the ingress of DNA

barcoding in the arena of Eumerus taxonomy (Grkovi¢ et al., 2015, 2017; Chroni et
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al., 2017, unpubl.). The latter has launched (i) species diagnosis and delimitation, as
well as phylogenetic inferences (Chroni et al., 2017); (ii) identification of new species
and endemics (e.g. Grkovi¢ et al., 2015, 2017; Chroni et al., unpubl.); and (iii)
exposure of a cryptic species complex with speciation events affiliated to the
palaeogeographic evolution of the Aegean (due to the formation of the mid-Aegean
Trench and Messinian Salinity Crisis; Chroni et al., unpubl.). Aggregating these
findings to the genus species diversity, endemism and role in ecosystems,
phylogeographic and biogeographic considerations will be valuable and auxiliary as
to identify and comprehend the potential drivers of e.g. species distribution or
speciation within the genus.

The Mediterranean Basin and the Balkan Peninsula are both regarded as
remarkably diverse in species (including endemic and cryptic taxa), and spatially
heterogeneous in their biota. Indeed, the Mediterranean is classified as one of the 36

global biodiversity hotspots (CEPF.net-The Biodiversity Hotspots, www.cepf.net).

Such a delineation is explained by the vicinity of three continents representing diverse
ecogeographical zones with their own biota, high relief and insularity/peninsularity,
(palaeo)geological history (e.g. collision of the African and the European tectonic
plates, orogenic processes; Lymberakis & Poulakakis, 2010), and (palaeo)climatic
events (climatic oscillations from Quaternary to Holocene; Vogiatzakis et al., 2016).
In addition to that, a sustained human pressure has acted on the area (for a thorough
review see Hewitt, 2011). All aforementioned events have favored the formation/
emersion or loss of land bridges that either connected or isolated areas, or operated as
refugia (Hewitt, 2011), and subsequently led to a high landscape heterogeneity
(Hughes et al., 2006). As a consequence, high species diversity and endemism were
ensued in the region for many biota, such as insects and other invertebrates (e.g.
Hewitt, 2011), mammals (e.g. Barros et al., 2016), and plants (e.g. Médail & Myers,
2004).

The present study is the first endeavorment to (1) assess the intraspecific genetic
differentiation in Eumerus species in the Mediterranean and the Balkans by
employing DNA barcodes; (2) test for a spatially-explicit Bayesian clustering within
these nine species, and to evaluate the acquired results based on landscape
discontinuities (e.g. Aegean Archipelago, Dinaric Alps & Pindos Mts) and the

presence of isolation-by-distance; (3) reveal potential high- or low- genetic divergent
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regions within the study area; and (4) discuss and provide more insights regarding the

driving forces which led to observed spatial genetic patterns.

Materials and Methods

Taxa and geographic distribution

A total of 274 specimens belonging to 9 Eumerus species were used for the analyses.
The species were chosen on the basis of their geographic distribution in the entire
study area (Anatolia, Apennines, Balkan and Iberian peninsulas) encompassing
species of relatively wide or very wide distribution within the study area. The species
with their geographical distribution in the Palearctic region are as follows; E. amoenus
Loew, 1848 from southwestern Mediterranean and central Europe to Asia (our
sampling ranged from Italy to Turkey); E. argyropus Loew, 1848 from south
Mediterranean, central Europe, through the Balkans to Turkey (the Balkans, Turkey);
E. armatus Ricarte & Rotheray, 2012 has been recorded in Greece so far, but here we
had one record from Turkey as well (Greece and Turkey); E. basalis Loew, 1848 from
south Europe to Turkey and Iran (the Balkans); E. clavatus Becker, 1923 from central
Europe and southwestern Mediterranean to North Africa (the Balkans, Turkey); E.
phaeacus Chroni, Grkovi¢ & Vuji¢, in litt. in the Balkans (the Balkans); E. pulchellus
Loew, 1848 from south Mediterranean, the Balkans, Turkey and N. Africa (our
sampling covered all these areas); E. pusillus Loew, 1848 shows a similar range as E.
pulchellus (we covered almost all this range); and E. sulcitibius Rondani, 1868 from
southwestern Mediterranean to Turkey, Asia and to Azerbaijan (our sampling was
restricted to the Aegean Islands, Greece). For more details in each species distribution
see Grkovi¢ et al., 2015, Speight, 2016, and Chroni et al., unpubl. The list of the
specimens used, including their field data, GenBank accession numbers and
haplotypes codes, are shown in Table S1 (Supporting Information).

All study specimens are deposited in the entomological collections of the Faculty
of Sciences of Novi Sad (University of Novi Sad, Serbia, FSUNS) and the
Melissotheque of the Aegean (University of the Aegean, Mytilene, Greece,
MAegean).
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Fig. 1. Sampling sites of the study species: E. amoenus (red), E. argyropus (green), E.
armatus (pink), E. basalis (brown), E. clavatus (orange), E. phaeacus (purple), E.
pulchellus (light blue), E. pusillus (olive), and E. sulcitibius (black).

Yyquna 1. Tleproyég mpoélevong towv vmo perétn €wddv: E. amoenus (koxkwvo), E.
argyropus (mpdoivo), E. armatus (poC), E. basalis (kagé), E. clavatus (moptoxaAi), E.
phaeacus (uwp), E. pulchellus (yolalio), E. pusillus (Ladi) ko E. sulcitibius (poavpo).

MtDNA data analyses

We performed DNA extractions after the Chen et al. (2010) protocol, with slight
modifications as described in Grkovi¢ et al. (2015). We sequenced the 5’-end
fragment of the mitochondrial gene Cytochrome c oxidase subunit I (COl, DNA
barcode). For the PCR amplification and sequencing, we employed the primers LCO-
1490 (5'-GGTCAACAAATCATAAAGATATTGG-3') and HCO-2198 (5'-
TAAACTTCAGGGTGACCAAAAAATCA-3") (Folmer et al., 1994). PCR reactions
and purification of the PCR products were carried out as Grkovi¢ et al. (2015). DNA
sequencing was performed at Sequencing Service Laboratory of the Finnish Institute

for Molecular Medicine (http://www.fimm.fi/) and at Macrogen Inc. (The

Netherlands; http://www.macrogen.com/eng/).
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We created nine datasets, each corresponding to the aforementioned species and
named after them, e.g. dataset E. amoenus and so forth. The multiple sequence
alignments were performed in the MAFFT 7 (Katoh et al., 2005; available at
http://mafft.cbrc.jp/alignment/server/index.html). The sequences were edited where
needed (by eye) by using BioEdit 7.2.5 (Hall, 1999). We have implemented DnaSP
5.10.01 (Librado & Rozas, 2009) to calculate singleton and parsimony informative

sites, as well as the number of haplotypes and to generate the haplotypes files per
dataset. We have inferred Median Neighbor Joining networks for each dataset based
on the haplotypes by implementing POpART (mtDNA haplotype networks; Bandelt et
al., 1999, http://popart.otago.ac.nz).

Spatial genetic structure analyses

The genetic structure of each dataset individuals (viz. genetic clusters) was examined
in relation to their geographic locations by performing a spatially-explicit Bayesian
cluster membership (hereinafter cluster membership) of individuals in the
GENELAND 4.0.5 (Guillot et al., 2005) of the R-package. We implemented the
uncorrelated model based on multinomial distribution of genotypes, population
memberships and linkage equilibrium. We estimated the K value with the following
settings: 5 replicates of 1,000,000 iterations, thinning interval of 100 and range of
genetic clusters’ number K from 1 to 5 and 1 to 10. Then we assessed the consistency
of suggested number of genetic clusters inferred from each replicate for each dataset.
The final assignment of individuals (conclusion for the cluster membership) was
performed in a separate run with the fixed (suggested) K value to the inferred number
of clusters membership under the same parameters, but with three replicates
conducted.

Safner et al. (2011) have pointed out the importance of the evaluation of the
cluster membership in order to avoid detection of incorrect barriers, and suggested
testing the cluster membership as a potential consequence of isolation-by-distance, i.e.
to test whereas genetic differentiation increases with the increase in geographic
distance (Wright, 1943). Thus, the relationship between the genetic and geographic
distances was tested by a Mantel test (Mantel, 1967) and implemented in ALLELES
IN SPACE (AIS; Miller, 2005), with 1,000 permutations for accessing the

significance of the correlation coefficient.
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To visualize spatial patterns of genetic diversity, we produced a Landscape Shape
Interpolation analysis (LSI), where, in a three-dimensional surface plot, the
geographic coordinates (X and Y) can be related to the genetic distances (surface plot
heights, Z). Peaks represent areas of high genetic distances between individuals, and
therefore they can be considered areas of restricted gene flow (likewise troughs point
out low genetic distances). The Landscape Shape Interpolation analyses were
performed in AIS, with distance weighting parameter (o) of 1 and grid settings of
150x150. For all the analyses implemented in AIS, we have used sequences as input
matrix (raw genetic distances), and coordinates in UTM system.

The ArcMap 10.2.2 (Gorr & Kurland, 2012) was implemented to construct the
maps per each dataset, and the information of the cluster membership was
incorporated into the visualization of the sampling points of individuals (Figs 2a—
10a).

Table 1. Characteristics for each analyzed dataset per species; cluster membership as
assigned from Geneland; Mantel test results and the relative p values.

IMivaxag 1. Xopaxtpiotikd Tmv vd HeAET opad®mV 0edopévav avd 100G o1 opdoeg
(cluster membership) 6nwg TovtomomOnkav amdé T0 TPdHypappo Geneland:
Amoteléopata T@v Mantel test ko o1 GYeTIKES TIUES P.

B é § E /g i) 1% Q
[ (5] D m
e 5% g3 £ 8T & o - 3 z
S 22 g5 €8 g2 8 S ° € =
- g 28 B8 2% 22 © .35 8 S S
g $ €8 E£E 35 8 & 88 £ 2. 2o
= Z S = o o O o 2 & & Q% Q%
a) = T Z 0Ot o 22 Q3
E. amoenus 59 16 25 41 0.942 39 1 no 0.14 0.0429570430
E. argyropus 36 4 8 12 0.83 12 3 yes 0.28  0.000999001
E. armatus 10 7 3 10 0.8 5 2 no 0.04 0.236763237
E. basalis 43 11 6 17 0.449 10 1 no 0.03  0.198801199
E. clavatus 13 7 3 10 0.795 7 no 0.40 0.024975025
E. phaeacus 18 4 0 4 0.314 4 1 no 0 -18 0.128871129
E. pulchellus 41 63 16 79 0.902 26 2 no 0.06 0.240759241
E. pusillus 33 1 3 4 0.665 6 2 yes 0.38  0.000999001
E. sulcitibius 21 7 3 10 0.614 6 2 no 0 63 0.403596404
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Fig. 2. Analyses of the E. amoenus dataset: (a) geographic distribution of the
identified clusters, numbers above the circles indicate the cluster membership; (b)
median-joining network analysis based on the haplotypes, colours of the circles are
according to the cluster membership, circle sizes are proportional to haplotype
frequencies, number of mutational steps is depicted by lines; and (c) genetic landscape
interpolation plot depicting the areas with high- or low-genetic differentiation in
relation to the geographic coordinates using a 150x150 grid and a distance weighting
parameter a=1. Darker shading and higher peaks show areas of greater genetic
diversity.

Tympa 2. AvaAdcelg g opdoog dsdopévav E. amoenus: (a) yeoypapikn Katavoun
TOV TOVTOTOMNIEVOVY KAAS®V, ot aplfpol mhve omd Toug KOKAOVE VITOSNAMYVOVY TOV
KAado" (b) diktva XHvoeong I'ertdovav (NJ) tov amlotiTtoV, T YPOUOTE TOV KUKA®OV
elvar ovpeova pe Tov KAGOo otov omoio avikovv, 1o péyebog kdabe wkvkhov eivor
avdAloyo pe TN oLYVOTNTO TOV OTAOTOTOV (OPOUOC ATOUW®V TOL EXOVV OVTOV TOV
anmAdTLTO), 0 APBUdC TV e€eMKkTiK®OV Pnpdtov divetar avd (ebyog amAoTOm®V: Kol
(c) ypagik| amekdvion tov yevetikov tomiov (genetic landscape interpolation plot)
oL amekovilel TEPOYEG LYMANG- KO YOUNANC-YEVETIKNG O10pOpOTTOINoNG GE
GLGYETION LE TIG YEMYPAPIKES CLUVTETAYIEVES XpNoomoldvTag 150X 150 mAdypa kot
TapapeTpo otobotikng amdotaong o=1. Ot okotewdtepeg oKlAGES Oglyvouv
TEPLOYESG LEYOADTEPNG YEVETIKNG TOIKIAOTNTAG.

Results
Genetic diversity and mtDNA haplotype network
Each dataset was of total length 610 bp, and numbers of sequences per dataset ranged
from 10 to 59. The alignments did not comprise gaps. Based on polymorphic sites, we
observed a range of genetic polymorphism from 4 to 79 (for more information to each
dataset's characteristics see Table 1).

We detected high mitochondrial haplotype diversity (> 50%) in all species apart
of E. basalis and E. phaeacus (Table 1). As shown in Figs 2b—10b, unique and shared
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haplotypes appeared across the entire study area. There were shared mtDNA
haplotypes between different sampling areas (E. amoenus, E. basalis, E. phaeacus, E.
pusillus and E. sulcitibius) or multiple (unique) haplotypes for one area (E. argyropus,
E. armatus, E. clavatus, E. phaeacus, E. pulchellus, E. pusillus and E. sulcitibius). For
the datasets E. argyropus, E. armatus, E. pulchellus and E. pusillus, the observed
distribution of the mtDNA haplotypes corresponded to the clustering membership as
indicated from GENELAND (Figs 3a-b, 4a—b, 8a—b & 9a-b, respectively). The
dataset E. argyropus presented one shared haplotype (Earg7) for three specimens
originated from Corfu Island (lonian Islands), Pieria (Central Greece), and Mt Davraz
(Turkey). Finally, 13 specimens of the dataset E. sulcitibius showed one shared
haplotype (Esl1) originating from three islands of the Aegean (Andros, Lesvos and
Paros) and Crete (Greece).

Spatial genetic structure

Spatially-explicit Bayesian clustering of individuals identified one to three clusters
membership with high posterior probability values: one genetic cluster in E. amoenus,
E. basalis, E. clavatus and E. phaeacus; two genetic clusters in E. armatus, E.
pulchellus, E. pusillus and E. sulcitibius; and three genetic clusters in E. argyropus
(Table 1 and Figs 2a—10a). There was an exception for three sequences, for which
uncertainty has risen as to these individuals’ appropriate clustering: EU307 (E.
argyropus), EU438 (E. pulchellus) and EU67 (E. sulcitibius).

Mantel tests revealed the correlation of genetic divergence to geographic distance
in two out of the nine species (E. argyropus and E. pusillus), raising questions about
the observed clustering of these two species (p < 0.01; Table 1). Based on Jenkins et
al. (2010), the probability of isolation-by-distance presence can be increased in
respect to a rather large sample size than to e.g. selection of molecular marker (for
more details on sampling size per species see Table 1). This deduction is partially
corroborated by E. pusillus, where two sequences were included from western
Mediterranean (Malta and Morocco), a sample rather low comparing to the very
distant eastern Mediterranean (29 sequences; the Balkans and Anatolia), indicating an
uneven proportion of the samples between west and east. In the other case of species
with similar wide range (E. pulchellus), we did not observe isolation-by-distance (the
number of sequences was 7 from the west and 34 from the east). The sequences of

these two species were derived from different peninsulas (e.g. Anatolia, Apennines
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etc), known also for their differences in species. Considering this, we claim that the
clustering of E. pusillus is genuine, and discuss below its spatial genetic patterns
ascribed to landscape discontinuities, and not to isolation-by-distance. We argue that
the presence of isolation-by-distance in E. pusillus might be blunt by increasing the
sampling size of the west, and certainly, further studying for this species is
encouraged. In the case of E. argyropus, things were a little bit different. Again, we
had a more condensed sampling size for the west and center (>15 sequences per each,
the Balkans) than for the east (3 sequences, Anatolia). An uneven sampling occurred
in E. amoenus in similar sampling area, however there, we observed one genetic
cluster (which was not correlated to presence of isolation-by-distance). The latter fact
made us sceptical, and thus, for E. argyropus, even that GENELAND analyses
indicated three genetic clusters, we consider that there is one genetic cluster due to
presence of isolation-by-distance. As for the rest of the datasets, sampling between

areas was more equal.

>z

0 250 500 1,000 Kim

Fig. 3. Analyses of the E. argyropus dataset: (a) geographic distribution of the
identified clusters, numbers above the circles indicate the cluster membership
(asterisk represents individual with low posterior probability clustering, EU307); (b)
median-joining network analysis based on the haplotypes, colours of the circles are
according to the cluster membership, circle sizes are proportional to haplotype
frequencies, number of mutational steps is depicted by lines; and (c) genetic landscape
interpolation plot depicting the areas with high- or low-genetic differentiation in
relation to the geographic coordinates using a 150x150 grid and a distance weighting
parameter a=1. Darker shading and higher peaks show areas of greater genetic
diversity.

Yympo 3. Avaivoelg g opadag oedopévey E. argyropus: (a) yewypo@ikn KoTovoun
TOV TOVTOTOMUEVOV KAAO®V, ot aplfpol mhve omd Toug KOKAOVS VITOSNAMVOLY TOV
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KMo (pe aotepioko @aivetar to deiypa EU307 yio 10 omoio eEnyOnke yopumAn
OTATIOTIKY] LIWOCTNPIEN OYETIKA pe TNV opadomoinon tov)' (b) diktva ZVvoeong
I'ertovov (NJ) tov amhotdnov, To YpOaTe ToV KOKA®V elval cOUP®VE PE TOV KAGSO0
oToV omoio avikovv, 10 péyebog kdbe kbhklov eivar avdAoyo pe tn cuyvoTTA TOV
amAoTOTTOV (aplBpdg atdépmV oL £YoLV ALTOV TOV OTAOTLTO), O OPlOUOC TV
eEeMKTIKOV Prudtov dtveton avd (evyog amAoTOTTMV: Kot (C) YPAPIKT OTEIKOVICT) TOV
yevetikov tomiov (genetic landscape interpolation plot) mov amewkovilel meproyég
VYNANG- Kol YOUNANG-YEVETIKNG Ol0POPOTTOINGNG GE OYECN UE TIS YEWYPOUPIKES
ocvvtetaypéveg  ypnotpomotdvrog 150%150 mAéypo kol mopdpeTpo OTUOUOTIKNG
amoctoong 0=1. Ot oKOTEWOTEPES OKIAGELG OElYVOLV TEPLOYES LEYOADTEPNG YEVETIKNG
TOKIAOTNTOG,
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Fig. 4. Analyses of the E. armatus dataset: (a) geographic distribution of the identified
clusters, numbers above the circles indicate the cluster membership; (b) median-
joining network analysis based on the haplotypes, colours of the circles are according
to the cluster membership, circle sizes are proportional to haplotype frequencies,
number of mutational steps is depicted by lines; and (c) genetic landscape
interpolation plot depicting the areas with high- or low-genetic differentiation in
relation to the geographic coordinates using a 150x150 grid and a distance weighting
parameter a=1. Darker shading and higher peaks show areas of greater genetic
diversity.

Yympo 4 Avoidoelg g opdoag dedopévav E. armatus: (a) yewypagikn koTovoun
TOV TOVTOTOMUEVOV KAGO®V, ot aplfpol mhve amd Toug KHKAOVS LTOONAMVOVY TOV
KAado" (b) diktva XHvoeong ['eitovav (NJ) tov anlotiTomv, To YPOUATO TOV KOUKAM®V
glval ocopemva pe Tov KAAdo 6tov omoio avikovv, to péyefog kabe kdKAov givar
avdAloyo pe TN oLYVOTNTO TOL OTAOTOTOV (OPOUOC ATOU®V TOL EXOVV OVTOV TOV
anmAdTLTO), 0 aPUOC TV e€eMKkTIK®OV Pnpdtov divetor avd (ebyog amAoTOT®V" Kol
(c) ypopikn amewoOvion Tov YeveTikov tomiov (genetic landscape interpolation plot)
OV amEKOVILEL TEPLOYES LYNANG- KOl YOUNANG-YEVETIKNG SOPOPOTOINCNG O GYEOM
LLE TIG YEOYPOUPIKEG GUVTETAYUEVEG YpNotpomoldvTag 150%150 TAéypa kot TopapueTpo
otafuoTikg amodotaong o=1. Ot oKkoTEWOTEPEG OKLAGES Oelyvouy TePLoyEg
UEYOAVTEPTG YEVETIKTG TOIKIADTNTOG,
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Fig. 5. Analyses of the E. basalis dataset: (a) geographic distribution of the identified
clusters, numbers above the circles indicate the cluster membership; (b) median-
joining network analysis based on the haplotypes, colours of the circles are according
to the cluster membership, circle sizes are proportional to haplotype frequencies,
number of mutational steps is depicted by lines; and (c) genetic landscape
interpolation plot depicting the areas with high- or low-genetic differentiation in
relation to the geographic coordinates using a 150x150 grid and a distance weighting
parameter a=1. Darker shading and higher peaks show areas of greater genetic
diversity.

Yyfqua 5. Avolvoelc e opdadog dedouévov E. basalis: (a) yeoypagikn katovoun
TOV TOVTOTOMUEVOV KAAOWV, ot aplfpol mive amd Toug KHKAOLG LTOONADVOLV TOV
KAado" (b) diktva XHvdeonc 'ertovav (NJ) tov anlotiTtomv, To YPOUATO TOV KOUKA®V
glvol ocopemva pe Tov KAASo 6tov omoio avnkovv, to péyefog kabe kdKAoL givar
avdAoyo pe T cuyxvOTTA TOL ATAOTVTOL (UPOUOG ATOUWVY oV £XOVV AVTOV TOV
amAOTUTO), 0 OPlOUOC TV EEEMKTIK®V Prudtwv dlvetor avd (edyog amAOTOTOV: Kot
(c) ypoikn amewoOvion Tov Yevetikov tomiov (genetic landscape interpolation plot)
oV amelkovilel TEPLOYES VYNANG- Kot YOUNANG-YEVETIKNG dOPOPOTOINCNG GE GYEGN
LE TIC YEOYPOPIKEG CLVTETAYUEVES YPNoomoldvTag 150150 TAéypa kot TapapeTpo
otafuotikg amodotaong o=1. Ot okoTeWOTEPEG OKLAGES Oelyvouy TePLoyEg
UEYOADTEPTG YEVETIKNG TOIKIAOTNTOG,

The Landscape Shape Interpolation analyses yielded different levels of genetic
divergence, indicating high- and low-genetic divergent regions per each species. The
genetic diversity appeared to: (1) be homogeneously plain (E. phaeacus, Fig. 7¢); (2)
decrease from (a) northwest (NW) to southeast (SE) (E. armatus and E. clavatus, Figs
4c & 6¢) and (b) SE to NW (E. basalis, E. pulchellus and E. pusillus, Figs 5c, 8¢ &
9c); (3) present high peaks on east (E) and west (W) with troughs in the center (E.
amoenus and E. argyropus, Figs 2c & 3c); or (4) present high peaks in the center with
troughs on E and W (E. sulcitibius, Fig. 10c).
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Discussion

Notwithstanding the importance of hoverflies in the Mediterranean, the evolutionary
processes that stimulated speciation and shaped species distribution are still largely
unknown. This brings in the foreground the need for studies in the context of
phylogeography and biogeography that could elucidate the role of the Mediterranean
on spatial genetic patterns of hoverflies. The current study intends to fill this gap,
using for the first time (so far known to the authors) a broad- and large-scale data
analysis on the hoverfly genus Eumerus. We have implemented DNA barcodes for
nine Eumerus species sampled throughout the Mediterranean including continental
Balkans. Our results show that intraspecific genetic differentiation was successfully
related to species distribution. The survey of spatial genetic patterns was confirmed
(in four species), and potential high- and low-divergent regions within each of the
nine species considered. MtDNA haplotype networks were consistent to spatial
patterns and unveiled cases of star-like structuring expansions. Finally, we
documented all the results in relevance to landscape discontinuities, presence of
isolation-by-distance, evolutionary processes, palaeogeological and palaeoclimatic

events.

Spatial genetic patterns
Most variations in genetic cluster structure of the species distributed in the
Mediterranean can be anticipated as a consequence of landscape discontinuities that
may have facilitated or impeded gene flow, species migration, or species dispersal
between individuals from adjacent populations. Species distribution may depend on
landscape topography, rendering species prone to population subdivision. The
implementation of the spatially-explicit Bayesian clustering of individuals is a
powerful tool to indicate contingent genetic clusters. When inferring genetic cluster
structure, it is also essential to regard whether the geographical/ physical distance
between obtained divides into genetic clusters have affected the pattern of the genetic
variation (presence of isolation-by-distance), and to identify the landscape features
elevating the ‘genetic’ barriers.

In order to understand the obtained species population divides into genetic
clusters, we firstly need to take a glance in the Mediterranean’s history. A blend of
palaeogeological and palaeoclimatic events have endured in the Mediterranean and

rendered the relief and landscape of the region as complex, with various habitats,
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mountain ranges and a plethora of islands and islets (Hewitt, 2011). Everything
started with the collision of the African and European plates (65 Mya), where a series
of eustatic and tectonic motions generated phenomena of orogenesis (formation of
Alps, Dinaric Alps etc), land bridges, sea straits, land configurations and
fragmentations (Hewitt, 2011). At the onset of the mid-Miocene (~ 16-12 Mya), the
Balkans were connected to Anatolia through the Hellenic Peninsula (Agdis) (Hewitt,
2011). Four major geological events, from the Miocene (23 Mya) to Holocene (0.0117
Mya to present), are rendered for the fragmentation of Agais and consolidation of the
Aegean as known today (including the islands of the Archipelago; Lymberakis &
Poulakakis, 2010; Kougioumoutzis et al., 2017; Sfenthourakis & Triantis, 2017).

The Mediterranean peninsulas played an important role as refugia and natural
barriers for species dispersal and colonization during the Pleistocene glaciations, as
suggested by a large number of studies postulating the impact of the Quaternary
climatic oscillations on species diversity and distribution in the area (e.g. Taberlet et
al., 1998; Hewitt, 2011; Feliner, 2014). During the glaciations, Central Europe was
hostile to most of the species as a cold and dry climate was prevailing. Species
relocated towards the southern peninsulas, where the Balkans served as the main
refugium, and Apennines and Iberian as subsidiaries (Hewitt, 2011). The peninsulas
were isolated during the glacial maxima due to the extended and icy mountain chains,
whereas during the warm periods species could move to Central and Northern Europe
(Taberlet et al., 1998). For example, the Alps caused difficulties to the northward
species expansion, isolated species and arise endemism (Taberlet et al., 1998) or the
Pyrenees have been accused for the same regarding the Iberian populations, even
though in a lower extent, in contradistinction to the Balkans (Hewitt 1999, 2000). In
the Balkans, species expansion did not face great obstacles, populations could easily
move back and forward to the north and hence, many northern populations of today
own their origin in the Balkans.

The biogeographical and evolutionary history of all Eumerus species studied
herewith follows the history of the natural environment. The genetic structure of E.
armatus was divided in one northern genetic cluster (Lesvos and Samos, East Aegean
Islands, Greece; Asia Minor, Turkey) and one southern (Rhodes Island, Greece). The
northern genetic cluster can be explained by the fact that East Aegean Islands have
been continuously connected to Anatolia until their recent separation (approx. 0.04

Mya; Kougioumoutzis et al., 2017). On the other hand, Rhodes was permanently
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isolated from Anatolia and all surrounding islands between Pliocene and Pleistocene
(Kuss, 1975). We presume that allopatric processes have acted on E. armatus, and that
genetic degradation of Rhodes’ genetic cluster might imply presence of the founder
effect or genetic drift.

E. sulcitibius consisted of one western genetic cluster with sequences from two
islands of the East Aegean (Lesvos and Chios), three of Cyclades (Andros, Naxos and
Paros) and western Crete (Chania and Rethymnon provinces); and one eastern genetic
cluster with one sequence from one island of the East Aegean (Samos) and few
sequences of eastern Crete (Lasithi province). Considering that the support values
inferred from GENELAND for Samos sequence were low, two explanatory scenarios
are probable: one that agrees with the GENELAND clustering of the Samos’ sequence
to the eastern genetic cluster, and one that rejects the clustering, assigning the
sequence to the western genetic cluster. There is no landscape or seascape feature that
could corroborate the first scenario (i.e. separate Samos from the other East Aegean
Islands). We claim that the genetic cluster structure of E. sulcitibius is not that
apparent, and the pattern might be rectified, and further clarified by adding more
sequences derived from Samos and/or from Crete, as well as the in between islands
(where/ if the species occurs). We argue that there might be two genetic clusters
within Crete (western — eastern), isolated and formed due to the mountains and
peripatric processes; evolutionary processes may shape a species genetic structure
(e.g. on hedgehogs, Bolfikova et al., 2017). At the Pliocene, Crete was composed of at
least six islands that corresponded to the current island’s mountains which appeared
when the island lifted up (during the Pleistocene; Fassoulas, 2001), a
palaeogeographical event causing a west-east divide of the populations of E.
sulcitibius within the island.

The disjunction of E. pulchellus and E. pusillus into two genetic clusters with a
west-east divide was congruent to the expected division of the Mediterranean
considering other species distributions (Blondel & Aronson, 1999; Vigna Taglianti et
al., 1999). Even though these studies disagree for a strict, accurate delimitation of the
Mediterranean, they do agree in the division of the area into two chorotypes: the
Eastern part (eastern countries of the Mediterranean, east to the Black Sea and the east
of the Italian Peninsula and the Gulf of Sirte) and the Western (western countries of

the Mediterranean and west of the Italian Peninsula and the Gulf of Sirte; for more
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details see Vigna Taglianti et al., 1999). Here, the Quaternary climatic oscillations
might be responsible for the species’ divide into two genetic clusters.

Contrary to the aforementioned species, E. amoenus, E. argyropus, E. basalis, E.
clavatus and E. phaeacus displayed one genetic cluster, even though their sampling
covered wide and complex geographic regions. The genetic clustering in four of the
five species (i.e. except for E. argyropus) was not affected from isolation-by-distance
between the sampling areas. We postulate that the absence of spatial genetic pattern
reflects long term stable populations of these species, and indicate relict or remnant
taxa that persisted through all palaeogeological and palaeoclimatic alterations. Relicts,
defined by Grandcolas et al. (2014) as ‘‘the survivors of clades with a large
proportion of extinct members’’, can be designated from the perspective of phylogeny
(as an indication of long-branch-attraction) or biogeography (once a widespread
species, but now with a narrower distribution, often due to the frequent allopatric
events).

An important issue to discuss is the sampling size for each dataset. We may not
have succeeded to involve specimens from all the regions of each species range
(except for E. phaeacus), but a thorough insect sampling is often a challenge for
scientists. Uncertainty due to low support values was raised in only three specimens
(one per species: E. argyropus, E. pulchellus and E. sulcitibius). We entrust the
assignment of cluster membership in E. argyropus and E. pulchellus because they are
in accordance to the haplotype networks and to the expectancy of biogeography, but

not for E. sulcitibius, as explained above.

Are there high- and low- divergent regions?

Disentangling potential spatial genetic patterns in Eumerus, we came across with
areas of different genetic differentiation of the identified genetic clusters that
suggested high- and low- divergent regions (Landscape Shape Interpolation analyses).
On the one hand, the Aegean Islands (in particular the East Aegean), Anatolia (except
for E. clavatus), Croatia (except for E. basalis), Malta, Montenegro and Serbia were
identified as high-divergent regions in all study species. These are insular and
montane regions that are featured with great fragmentation and isolation, both liable
factors of restriction of gene flow and increased genetic variability. On the other hand,
the Balkans (in particular the Hellenic Peninsula), northern Italy, Morocco and Spain

were acknowledged as low-divergent regions for Eumerus. The Apennines and the
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Balkans are two continental peninsulas where the species movements and gene flow
might have been facilitated therein. In both high- and low-divergent regions,
landscape discontinuities due to palaeogeological and palaeoclimatic events appear to
have impacted the genetic diversity within these nine species of Eumerus.

>z

0 250 500 1,000 Kim

Fig. 6. Analyses of the E. clavatus dataset: (a) geographic distribution of the
identified clusters, numbers above the circles indicate the cluster membership; (b)
median-joining network analysis based on the haplotypes, colours of the circles are
according to the cluster membership, circle sizes are proportional to haplotype
frequencies, number of mutational steps is depicted by lines; and (c) genetic landscape
interpolation plot depicting the areas with high- or low-genetic differentiation in
relation to the geographic coordinates using a 150x150 grid and a distance weighting
parameter a=1. Darker shading and higher peaks show areas of greater genetic
diversity.

Yypa 6. Avaidoeig g opddog dedopévev E. clavatus: (a) yewypagikn kotavoun
TOV TOVTOTOMUEVOV KAAOWV, ot aplfpol mhve omd Tovug KOKAOVS VITOSNAM®VOLY TOV
KAGOo" (b) diktva Xovoeong [Nertovav (NJ) tov anmhotdinmv, Ta xpOUATO TOV KOKA®V
elvar ovpeova pe Tov KAGOo otov omoio avikovv, to péyebog kdabe wkvkhov eivor
avdAoyo pe T cuyxvOTTA TOL ATAOTVTOL (UPOUOG ATOUWVY oV £XOVV AVTOV TOV
amAOTUTO), 0 aPlOUOC TV EEEMKTIK®V Prpdtwv dlvetor avd (edyog amAOTOTOV: Kol
(c) ypagikn| amekdvion tov yevetikov tomiov (genetic landscape interpolation plot)
oV amekovilel TEPLOYES VYNANG- Kot YOUNANG-YEVETIKNG dOPOPOTOINCNG GE GYXEGN
LE TIC YEOYPOPIKEG CUVTETAYUEVES YpNoomol®vTag 150150 TAéypa Kot TapapeTpo
otafotikig amodoctaons o=1. Ot okotewoTEPES OKIIoELS Ogiyvouv mEPLOYES
UEYOADTEPTG YEVETIKNG TOIKIAOTITOG.
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Fig. 7. Analyses of the E. phaeacus dataset: (a) geographic distribution of the
identified clusters, numbers above the circles indicate the cluster membership; (b)
median-joining network analysis based on the haplotypes, colours of the circles are
according to the cluster membership, circle sizes are proportional to haplotype
frequencies, number of mutational steps is depicted by lines; and (c) genetic landscape
interpolation plot depicting the areas with high- or low-genetic differentiation in
relation to the geographic coordinates using a 150x150 grid and a distance weighting
parameter a=1. Darker shading and higher peaks show areas of greater genetic
diversity.

Yyfqua 7. Avolvoelg g opddag dedopévav E. phaeacus: (a) yeoypagikn katavoun
TOV TOVTOTOMUEVOV KAAOWV, ot aplfpol mive amd Toug KHKAOLG VTOONADVOLV TOV
KAado" (b) diktva XHvdeonc 'ertovav (NJ) tov anlotiTtomv, To YPOUATO TOV KOUKA®V
glvol ocopemva pe Tov KAASo 6tov omoio avnkovv, to péyefog kabe kdKAoL givar
avdAoyo pe T cuyxvOTTA TOL ATAOTVTOL (UPOUOG ATOUWVY oV £XOVV AVTOV TOV
amAOTUTO), 0 aPlOUOC TV eEEMKTIK®V Prudtwv dlvetor avd (edyog amAOTOTTOV: Kol
(c) ypoikn amewoOvion Tov Yevetikov tomiov (genetic landscape interpolation plot)
oV amelkovilel TEPLOYES VYNANG- Kot YOUNANG-YEVETIKNG dOPOPOTOINCNG GE GYEGN
LE TIC YEOYPOPIKEG CUVTETAYUEVES YpNoonolmvTag 150150 TAéypa kot TapapeTpo
otafuotikg amodotaong o=1. Ot okoTeWOTEPEG OKLAGES Oelyvouy TePLoyEg
UEYOADTEPTG YEVETIKNG TOIKIAOTNTOG,

mtDNA haplotype networks

Inferences of MtDNA haplotype networks were congruent to the formation of genetic
cluster(s) in the study species of Eumerus. An interesting disclosure of the mtDNA
haplotype networks (and shared haplotypes) was the delineation of areas where
species expansion events and colonizations might have occurred (star-like
structuring). The plots from Landscape Shape Interpolation analyses indicated areas

with high and low genetic distances, and were auxiliary as to conclude.
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More specifically, the mtDNA haplotype network of E. amoenus indicated a
partial star-like structure (Eam3 haplotype) originated from high-divergent regions
(Aegean, the Balkans, Malta and Turkey). Regarding the haplotype network of E.
basalis, all haplotypes originated from the Eb1 haplotype, which included individuals
from the Balkans (Croatia and Hellenic Peninsula; low-divergent regions). Early
stages of E. amoenus and E. basalis have been found to be connected with decayed
bulbs or other parts of widely distributed plants, e.g. E. amoenus in Allium
(Alliaceae), potato tubers, watermelon, grapes, rotten paw-paw and damaged
rhizomes of Iris germanica (Ricarte et al., 2008). The shared haplotypes between
different sampling areas of E. amoenus and E. basalis may be the result of trade with
their host plants, which can cause gene flow between allopatric populations, and have
rendered doubtful to conjecture for the origin of each species expansion.

The star-like structure in the haplotype network of E. clavatus resulted from the
shared haplotype Ecl between two distinct geographic areas, with individuals from
the Balkans (Serbia) and Turkey (high- and low-divergent regions, respectively). We
argue that Turkey may constitute the species origin of E. clavatus, and that expansion
was promoted towards Central Balkan with the diversification in Turkey to be
occurred afterwards. A more extensive sampling that would include more individuals
from Greece, and specimens from Bulgaria and Romania could elucidate the
migration route of E. clavatus, pinpointing whether the migration from Serbia to
Turkey has taken place through Greece, Bulgaria or Romania.

Concerning E. phaeacus, the star-like structure was due to the Ephl haplotype
with individuals from the Balkans and lonian Islands (high-divergent regions).
Considering that specimens from lonian displayed higher mitochondrial diversity than
specimens from the other two sampling sites (of the Balkan mainland), we posit that
the lonian might be the place of origin of E. phaeacus.

The star-like pattern in the haplotype networks can be suggestive of recent or
ongoing expansion events (in geological terms) within the genetic cluster/population.
In the case of the latter four species, the lack of spatial genetic structure confirms and
supports that their dispersal was followed after recent expansion event(s). The high
genetic variability reflects a good adaptive potential of the genetic cluster/population.
We consider E. amoenus, E. basalis and E. phaeacus as young relicts or neoendemics
(a relict is not necessarily an old species or does not always suffer low genetic

diversity; Grandcolas et al., 2014), a conclusion generated hereabove, whereas we
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hesitate to conclude for E. clavatus (for reasons explained above). An additional
supportive information for E. phaeacus as a young relict is that the species is
considered of being the source of two more species (speciation event dated at 0.6695
Mya; Chroni et al., unpubl.).
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Fig. 8. Analyses of the E. pulchellus dataset: (a) geographic distribution of the
identified clusters, numbers above the circles indicate the cluster membership
(asterisk represents individual with low posterior probability clustering, EU438); (b)
median-joining network analysis based on the haplotypes, colours of the circles are
according to the cluster membership; circle sizes are proportional to haplotype
frequencies, number of mutational steps is depicted by lines; and (c) genetic landscape
interpolation plot depicting the areas with high- or low-genetic differentiation in
relation to the geographic coordinates using a 150x150 grid and a distance weighting
parameter a=1. Darker shading and higher peaks show areas of greater genetic
diversity.

Yypa 8. Avolvoeig g opddag dedopévav E. pulchellus: (a) yeoypagixn katavoun
TOV TOVTOTOMUEVOV KAGO®wV, ot aplfpol mhve arnd Tovg KHKAOVG VTOONADVOLY TOV
KAado (pe aotepioko @aiveror to Ostypo EU438 yio 10 omoio €&nybnke younin
OTOTIOTIKY] LTOGTNPIEN OYETIKA pe v opadomoinon tov): (b) diktva Xvvdeong
I'ertovov (NJ) tov amhotdnov, To YpapaTe ToV KOKA®V elval cOUP®VA PE TOV KAGSO0
oToV omoio aviKovv, 10 péyebog kdbe kOkAov eivar avdAoyo e tn cuxvOTNTA TOVL
amhotdomov (apBuog atdpwv mov €yovv avTdV TOV OmMAOTLTO), O apPBUdS TV
eEeMKTik®V Pnudtov dtveton avd (evyog amAoTOTTOV: Kot (C) YPAPIKT OTEWKOVICT) TOV
vevetikov tomiov (genetic landscape interpolation plot) mov amewovilel meployég
VYNANG- Kol YOUNANG-YEVETIKNG OPOPOTTOINGNG OE GYECN UE TIS YEOYPOUPIKEG
ocuvtetaypéveg  ypnotpomotdvrog 150x150 mAéypo kot mopdpetpo oTOOUOTIKNG
amoctoong 0=1. Ot oKOTEWOTEPES OKLAGELS OElYVOLV TEPLOYES LEYOADTEPNG YEVETIKNG
TOKIAOTNTOG,
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Fig. 9. Analyses of the E. pusillus dataset: (a) geographic distribution of the identified
clusters, numbers above the circles indicate the cluster membership; (b) median-
joining network analysis based on the haplotypes, colours of the circles are according
to the cluster membership, circle sizes are proportional to haplotype frequencies,
number of mutational steps is depicted by lines; and (c) genetic landscape
interpolation plot depicting the areas with high- or low-genetic differentiation in
relation to the geographic coordinates using a 150x150 grid and a distance weighting
parameter a=1. Darker shading and higher peaks show areas of greater genetic
diversity.

Yyfqua 9. Avaidoeig e opddag dedopévav E. pusillus: (a) yeoypoeikh katoavoun
TOV TOVTOTOMUEVOV KAAOwV, ot aplfpol mive and tovg KHKAOLG LTOONADVOVY TOV
KAado" (b) diktva XHvdeonc 'ertovav (NJ) tov anlotiTtomv, To YPOUATO TOV KOUKA®V
glvol ocopemva pe Tov KAASo 6tov omoio avnkovv, to péyefog kabe kdKAoL givar
avdAoyo pHE TN cLYVOTNTA TOL OmTAOTVUTOL (OPOUOS ATOU®Y OV £€XOVV AVTOV TOV
amAOTUTO), 0 OPOUOC TV EEEMKTIK®V Prpdtwv dlvetor avd (edyog amAOTOTTOV: Kol
(c) ypoikn amewoOvion Tov Yevetikov tomiov (genetic landscape interpolation plot)
oV amekovilel TEPLOYES LVYNANG- Kot YOUNANG-YEVETIKNG dOPOPOTOINCNG GE GYEGN
LE TIC YEOYPOPIKEG CUVTETAYUEVES YpNoomolmvTag 150x150 TAéypa kot TapapeTpo
otafuotikg amodotaong o=1. Ot okoTeWOTEPEG OKLAGES Oelyvouy TePLoyEg
UEYOADTEPTG YEVETIKNG TOIKIAOTNTOG,

Conclusion

Overall our study was based on genetic and geographic data, and highlighted the role
of allopatric and peripatric evolutionary processes, as well as of landscape
discontinuities formed due to palaeogeological events and palaeoclimatic alterations
in delineating high- or low-genetic divergent regions in the Mediterranean, and
forming spatial genetic clusters within four species (E. armatus, E. pulchellus, E.
pusillus and E. sulcitibius) of the hoverfly genus Eumerus. For the remaining five

study species, the identified one genetic cluster pointed into the hypothesis of relict
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taxa, and recent or ongoing expansion events were disclosed for these species. We
encourage a more comprehensive sampling with more individuals or sampling sites
(to corroborate the clustering of E. clavatus, E. pusillus and E. sulcitibius), and further
studies, e.g. on demographic and population level, that could assist into clarification

of species origin and expansion events.
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Fig. 10. Analyses of the E. sulcitibius dataset: (a) geographic distribution of the
identified clusters, numbers above the circles indicate the cluster membership
(asterisk represents individual with low posterior probability clustering, EU67); (b)
median-joining network analysis based on the haplotypes, colours of the circles are
according to the cluster membership, circle sizes are proportional to haplotype
frequencies, number of mutational steps is depicted by lines; and (c) genetic landscape
interpolation plot depicting the areas with high- or low-genetic differentiation in
relation to the geographic coordinates using a 150x150 grid and a distance weighting
parameter a=1. Darker shading and higher peaks show areas of greater genetic
diversity.

Yyquoe 10, Avolvoelgc ™ opdadog dsdopévov E. sulcitibius: (a) yeoypagiknm
KATOVOUN TOV TOVTOTOMUEVOV KAAOwV, ot apBpol madve amd Tovg KOKAOLG
vrodnidvovv tov KAAdo (ne aoctepioko ¢aivetor to oetypo EU67 v 1o omoio
eENyOnke younAn otatioTiK VROGTNPIEN GYETIKA pe TNV opadomoinon tov) (b)
dtktva XOvoeong Iertévov (NJ) tov amhotdnov, to YpoORLTe TOV KOKA®V lval
CUUPOVO e TOV KAAJ0 oTov omoio avikovy, to péyefoc kdbe kKdKAov givor avaroyo
HE TN oLy vOTNTO TOL ATAOTOTOL (aPOUOS OTOUMY TOL £YOLV AVTOV TOV ATAOTVTO), O
apBpdc Tov egeMktikodv Priudtov divetar avd (evyog amAotdmwV: Kot (C) YPOPIKN
ameEKOVIoN TOL YeveTIKOV Tomiov (genetic landscape interpolation plot) mov
amelkovilel TePLoyEG VYNANG- KO YOUNANG-YEVETIKNG SLOPOPOTOINCNG GE GYECT UE TIG
YEQYPOPIKES cuvTETAYUEVEG  ypnoomoldvtag 150x150 mAéypa kot mopdpetpo
otafotikig amdoctaons o=1. Ot okotewoTEPeS OKUIoELS Ogiyvouv mePLoyEg
UEYOAVTEPTG YEVETIKTG TOIKIADTNTOG,
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Fig. S1. Maximum likelihood analysis of the dataset A: Forward sequencing of the
COI-3' region, 79 sequences, total sequence length 647 bp. Values above branches
(>50) indicate bootstrap replicates.

Yyqpo S1. AmoteAéopata avaivong pe v pébodo g Méyiotng [TiBavopdvelog
(ML) yia v opdda dedouévov A: ailniolyion pe sunpdcobo exkvney g COI-3'
KOJKNG meployng, 79 aiiniovyieg, cuvolkd pnkog aAiniovyidv 647 bp. T'a vao
eleyyBel n otatotikny oTPIEN TV KAASwV, TpaypatoromOnikoyv 1000 eravaiyelg
bootstrap, T@v omoiwv ot TéS mapovsidlovion Thve amd Tovg kKAGdovg tov ML
OEVTpOoV (LOvoV Tég peyolvtepeg Tov 50).
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Fig. S2. Maximum likelihood analysis of the dataset B: Bidirectional sequencing of the
COI-3' region, 79 sequences, total sequence length 746 bp. Values above branches (>50)
indicate bootstrap replicates.

Yympa S2. Arotedéopata avaivong pe v péBodo g Méyiomg [libavoedaveiag (ML) yuo
v opdda dedopévev B apeidpoun ariniovyon g COI-3' kwdkng meproyng, 79
aAANAovYiec, GLVOAIKO PNKOG aAAnAovyidv 746 bp. T vo eleyybei n ototiotiky otpién
TV KAGwv, mpaypatoromdnkav 1000 emavoAnyelg bootstrap, twv omoiwv ot Tiuég
Tapovstaloviol Tave amd tovg KAGOovg Tov ML 6évtpov (LOvov TIHES HeEYOADTEPES TOV
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Fig. S3. Bayesian analysis of the dataset A (non-partitioned data). Values indicate Bayesian
probability.

Yympo S3. Amotehécpato ovaivong pe v puébodo g Mrmeieciovig Zopumepacuatoloyiog
(BI) v tv opdda dedopévev A (un-dwywpiopds dedopévav). Ot aptBpol 6toug KAAdovg
ONADVOLV TIG €K TOV VOTEPWV TOAVOTNTEG.
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Fig. S4. Bayesian analysis of the dataset B (non-partitioned data). Values indicate Bayesian
probability.

Yympo S4. Amotedéopata avdivong pe v néBodo e Mmeiesioving ZupmepacoToroyiog
(B1) vy v oudda dedopévov B (un-droympiopds dedopévav). Ot apbpoi otovg kKAGSovg
ONADVOLV TIG €K TOV VOTEPWV TOAVOTNTEG.
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Table S1. List of the study samples: sequence ID and specimen voucher (M-UAegean: collection of the Melissotheque of the Aegean located at the
University of the Aegean, Greece; FSUNS: Faculty of Sciences at the Department of Biology and Ecology of the University of Novi Sad, Serbia; and
MZH: Insect collection of the Zoology unit, Finnish Museum of Natural History, Helsinki, Finland) together with details on the specimen origin.
GenBank accession numbers are also given (in boldface: newly generated sequences within this study).
MMivaxkag S1. KatdAoyog Tov SelyHATOV TV EVIOU®V: KOIKOS aplipnodg aArniovyiog, Kootkdg aplpuog delylatog kot mANpopopieg oYETIKEG LE TV
npoélevon tov dstypatog (M-UAegean: Melooobnkn tov Atyaiov, IMavemotiuo tov Atryaiov, Mutiinvn, EAAGoa: FSUNS: XyoAn Ostikdv
Emomuav, Tunua BioAoyiog kot Oworoyiog, Ioavemotiuo tov NPt Zavr, XepPia kor MZH: EvtopoAoyikr] cvidoyn, @wiavéikdé Movoeio
dvoug Iotopiac, EAcivil, @viavdia). Atvovior ot Kmdtkol Kataympnong ot Paon dedopévav GenBank (pe évtovn ypoppotooelpd: alinAovyieg ot

omoieg mapnyONcov oTNV TaPoVca LEAETT).

Sequence ID Specimen voucher Accession no  Genus Species name Country Nearest place name
EU10 FSUNS:G1147 KT157845 Eumerus alpinus Rondani, 1857 Italy Toscana
EU100 FSUNS:G0279 KT157904 Eumerus ornatus Meigen, 1822 Montenegro Boka Kotorska
EU101 FSUNS:G2250 KT157875 Eumerus sulcitibius Rondani, 1868 Greece Lesvos

EU106 FSUNS:G2208 KT157908 Eumerus tarsatus Lyneborg, in litt. South Africa KwaZulu-Natal
EU108 FSUNS:05772 KT157907 Eumerus argenticornis Lyneborg, in litt. South Africa KwaZulu-Natal
EU109 FSUNS:G2106 KT157905 Eumerus paulae Herve-Bazin, 1913 South Africa KwaZulu-Natal
EU11 FSUNS:G3002 KT157871 Eumerus sulcitibius Rondani, 1868 Greece Andros

EU111 FSUNS:G2117 KT157906 Eumerus politus Lyneborg, in litt. South Africa KwaZulu-Natal
EU115 FSUNS:G2104 KT157915 Eumerus aff. tarsatus Lyneborg, in litt. South Africa KwaZulu-Natal
EU117 FSUNS:G2101 KT157909 Eumerus aff. rubiginosus Lyneborg, in litt. ~ South Africa KwaZulu-Natal
EU121 FSUNS:D38 KT157876 Eumerus aff. barbarus Coquebert, 1804 Morocco Middle Atlas
EU125 M-UAegean:G2735 KT157917 Eumerus sinuatus Loew, 1855 Serbia Fruska Gora
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FSUNS:0731

FSUNS:1017

FSUNS:0900

FSUNS:G2220
FSUNS:G2258
FSUNS:G2260
FSUNS:G2262
FSUNS:G1143
FSUNS:G2292
FSUNS:G2288
FSUNS:G1957
FSUNS:G2261

KT157912
KT157899
KT157900
KT157869

KT157916
KT157896
KT157877
KT157888
KT157889
KT157887
KT157891
KT157879
KT157880
KT157844
KT157872
KT157873
KT157897
KT157846

Eumerus
Eumerus
Eumerus

Eumerus

Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus

Eumerus

grandis Meigen, 1822
hungaricus Szilady, 1940
hungaricus Szilady, 1940

minotaurus Claussen & Lucas,
1988

torsicus Grkovi¢ & Vuji¢, 2015
torsicus Grkovi¢ & Vuji¢, 2015
amoenus Loew, 1848

amoenus Loew, 1848

amoenus Loew, 1848

amoenus Loew, 1848

amoenus Loew, 1848

amoenus Loew, 1848

amoenus Loew, 1848

alpinus Rondani, 1857
sulcitibius Rondani, 1868
sulcitibius Rondani, 1868
clavatus Becker, 1923

emarginatus Loew, 1848

Serbia
Serbia
Serbia

Greece

Greece
Greece
Greece
Greece
Greece
Montenegro
Greece
Greece
Greece
Italy
Greece
Greece
Serbia

Greece

Derdap
Derdap
Derdap
Mt Olympus

Chios
Chios
Chios
Dadia
Karpathos
Boka Kotorska
Lesvos
Lesvos
Lesvos
Toscana
Lesvos
Lesvos
Derdap

Lesvos
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EU46
EU48
EU49
EUS
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FSUNS:G2263
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FSUNS:G2218
FSUNS:G0293
FSUNS:G0996
FSUNS:G0997
FSUNS:0994
FSUNS:G3003
FSUNS:0742
FSUNS:0797
FSUNS:G2248
FSUNS:G0955
FSUNS:G0291
FSUNS:0912
FSUNS:0835
FSUNS:0863

KT157847
KT157870
KT157910
KT157893
KT157878
KT157881
KT157911
KT157886
KT157885
KT157902
KT157849
KT157850
KT157855
KT157853
KT157913
KT157901
KT157856
KT157858
KT157859

Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus

Eumerus

emarginatus Loew, 1848
niehuisi Doczkal, 1996
tricolor (Fabricius), 1798
amoenus Loew, 1848
amoenus Loew, 1848
amoenus Loew, 1848
grandis Meigen, 1822
amoenus Loew, 1848
amoenus Loew, 1848
argyropus Loew, 1848
pulchellus Loew, 1848
pulchellus Loew, 1848
pulchellus Loew, 1848
pulchellus Loew, 1848
niveitibia Becker, 1921
hungaricus Szilady, 1940
pusillus Loew, 1848
pusillus Loew, 1848
pusillus Loew, 1848

Greece
Greece
Serbia
Greece
Greece
Montenegro
Serbia
Greece
Greece
Greece
Italy
Greece
Greece
Greece
Bulgaria
Serbia
Greece
Greece

Greece

Lesvos
Lesvos
Tara
Chios
Samos
Boka Kotorska
Derdap
Samos
Samos
Dadia
Sardinia
Chios
Dadia
Lesvos
Nessebar
Derdap
Karpathos
Karpathos
Chios
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EU64
EUG5
EUG6
EUG67
EUGS
EUGY
EU7

EU70
EU71
EUT72
EU73
EU75
EU76
EU77
EUS8

EU82
EU83
EU86

FSUNS:0739
FSUNS:0879
FSUNS:0861
FSUNS:G0999
FSUNS:G1003
FSUNS:G1004
FSUNS:G1014

FSUNS:G0282
FSUNS:G0283
FSUNS:G0288
FSUNS:G0292
FSUNS:G0992
FSUNS:G1178
FSUNS:G1202
FSUNS:G1001

FSUNS:G3005
FSUNS:G3006
FSUNS:G3009

KT157863
KT157860
KT157861
KT157874
KT157892
KT157894
KT157914

KT157890
KT157848
KT157883
KT157895
KT157867
KT157884
KT157882
KT157918

KT157851
KT157854
KT157862

Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus

Eumerus

Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus

Eumerus

Eumerus
Eumerus

Eumerus

pusillus Loew, 1848
pusillus Loew, 1848
pusillus Loew, 1848
sulcitibius Rondani, 1868
amoenus Loew, 1848
amoenus Loew, 1848

armatus Ricarte & Rotheray,
2012

amoenus Loew, 1848
emarginatus Loew, 1848
amoenus Loew, 1848
consimilis Simi¢ & Vuji¢, 1996
basalis Loew, 1848

amoenus Loew, 1848

amoenus Loew, 1848

aurofinis Grkovi¢, Vuji¢ &
Radenkovi¢, 2015

pulchellus Loew, 1848
pulchellus Loew, 1848
pusillus Loew, 1848

Greece
Greece
Greece
Greece
Greece
Greece

Greece

Greece
Greece
Greece
Serbia
Greece
Italy

Italy

Greece

Greece
Greece

Greece

Chios

Naxos
Naxos
Samos
Samos
Samos

Samos

Samos
Samos
Samos
Derdap
Ikaria
Toscana
Toscana

Samos

Rhodes
Samos

Crete
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EU87
EU88
EU89
EU90
EU91
EU92
EU94
EU99
EU9
GUN2
GUNS

Y1711E

FSUNS:G3010
FSUNS:G3011
FSUNS:G3012
FSUNS:G3013
FSUNS:0836

FSUNS:G3014
FSUNS:G2283
FSUNS:G2219
FSUNS:G0998
FSUNS:GUN2
FSUNS:GUNS

MZH:Y1711

KT157864
KT157865
KT157866
KT157857
KT157852
KT157898
KT157868
KT157903
KT157919
KT157920
KT157921

KM224512

Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Eumerus
Merodon
Megatrigon
Megatrigon

pusillus Loew, 1848
pusillus Loew, 1848
pusillus Loew, 1848
pusillus Loew, 1848
pulchellus Loew, 1848
clavatus Becker, 1923
basalis Loew, 1848

ornatus Meigen, 1822
erivanicus Paramonov, 1925
sp. Johnson, 1898

tabanoides Doczkal, Radenkovi¢,
Lyneborg & Pape, 2015

Platynochaetus setosus Fabricius, 1794

Greece
Greece
Greece
Greece
Greece
Serbia
Greece
Montenegro
Greece
South Africa
South Africa

France

Crete

Athens

Crete

Samos

Limnos

Pcinja

Lesvos

Boka Kotorska

Samos

Pyrenées-
Orientales
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SICHAPTER 3

Table S1: List of the specimens used for the species description for the taxa E. aurofinis sp. n. and E. torsicus sp. n.: locality information and
GenBank accession numbers for the DNA barcodes of the mtCOI gene. The symbol of (-) represents the non-acquisition of a gene fragment

sequence.

IMivaxoeg S1. KatdAoyog T@v SElyHAT®V TOV EVIOU®V, TO 0TTOi0 YpNoIHomomOnKay yio v meptypan| 00V tov Eumerus aurofinis sp. n. kot E.
torsicus sp. n. Aivovtor mAnpo@opieg oyeTikéG e v tonobecio GLALOYNG Kot o1 Kmdikoi apBpoi GenBank tov yevetikod ypapumtod KooK,
(DNA barcode). To copuporo (-) avamaptotd v Un-Anyn oAAniovyiog.

DNA Specimen  Accession  Disposition  Genus Species Sex Country  Nearest place name  Locality Latitude Longitude  Collection
specimen  voucher no name Date
voucher
EU138 G2279 KT221008 FSUNS Eumerus  aurofinis  Male Greece Samos Kosmadei-Kastanea 37.750271  26.672824  6/7/2012
EU213 G1785 KT221009 FSUNS Eumerus aurofinis Female Greece Samos Pyrgos 3 37.707809  26.8013 6/7/2012
EU284 06784 O] FSUNS Eumerus  aurofinis Female Turkey  Mugla near Mugla 37.187559  28.365279  06/03/2014
EU285 06798 KT221011 FSUNS Eumerus  aurofinis Female Turkey = Mountain Bozdag near Camurhamami  38.452905  28.057068  06/07/2014
Koy
EU286 06800 KT221012 FSUNS Eumerus  aurofinis Female Turkey = Mountain Bozdag nea¥ Camurhamami  38.452905  28.057068  06/07/2014
Koy
EU287 06803 KT221013 FSUNS Eumerus  aurofinis Female Turkey = Mountain Bozdag nea}; Camurhamami  38.452905  28.057068  06/07/2014
Kayi
EU288 06746 KT221014 FSUNS Eumerus aurofinis  Male Greece Rhodes KaI);thos 36,116748  28,058878  29/05/2014
EU289 06748 KT221015 FSUNS Eumerus  aurofinis Female  Greece Rhodes Kalathos 36,116748  28,058878  29/05/2014
EU8 G1001 KT221005 FSUNS Eumerus aurofinis  Male Greece Samos near Stavrinides 37.797440  26.806723  8/6/2010
EU17 EQ746 KT221006 Maegean Eumerus  torsicus Male Greece Chios Elinta 38.399166  25.997776  9-11/11/2012
EU18 E0744 KT221007 Maegean Eumerus  torsicus Male Greece Chios Elinta 38.399166  25.997776  9-11/11/2012
EU208 EOQ745 ) Maegean Eumerus  torsicus Male Greece Chios Elinta 38.399166  25.997776  9-11/11/2012
EU356 E0500 KT221017 Maegean Eumerus  torsicus Female Cyprus Mts Troodos Makria Kondarka 34.909620 32.913370  9/18/2011
EU245 E0489 ) Maegean Eumerus  torsicus Male Cyprus Mts Troodos Hionistra 34.935995  32.861964  18/9/2011
EU246 E0493 KT221010 Maegean Eumerus  torsicus Male Cyprus Mts Troodos Makria Kondarka 34.909620 32.913370  18/9/2011
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SICHAPTER 4

|EU425

E. montanum sp. nov.
EU428 :
|Eu426
EU427
EU130 E. strigatus
EU131
EU132
EU401
E. consimilis
GMGMJ702-14 E. funeralis

EU23
EU29
EU45
EU422
EU381
EU279

—
0.01

EU274
EU276

E. pannonicus

EU503 E. sogdianus
EU320
EU321
E. amoenus

A EU169 E. sulcitibius
EU10 E. alpinus
EU434 E. uncipes
EU441
T EU432
EU431
EU436
[ EU473 E. clavatus
_| — EU474
EU472
EU470
EU476
EU92
I~ EU475
EU469
—EU483
EU297 E. minotaurus
‘|— EU17 E. torsicus
— EU243 E. basalis
EU395 E. ornatus
EU9 Merodon erivanicus
GUNS Megatrigon tabanoides
Y1711E Platynochaetus setosus

Fig. S1. Neighbor-Joining analysis for the ‘total’ dataset (total length 612 bp). The
optimal tree with the sum of branch lengths = 0.65033298 is shown. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances
used to infer the phylogenetic tree.

Yympo S1. Amotedéopata avaivong pe v uébodo g Xovoeong IN'ertovov (NJ) eni
TWV GLVOMK®OV 0E00UEVOV (GUVOAKOD pnKkovg aAAniovyidv 612 bp). [TapovcidleTon
10 PBéAtioto dévipo (optimal tree) pe daBpocpa punkov Bpaydvev 0.65033298. To
OEVTPO amodidel TV TPAYUOTIKY KMok, e UNKN Bpoydvev va ovtavakAoOV Tig
€EEMKTIKEG OMOGTAGELS GTO PUAOYEVETIKO OEVTPO.
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| 73EU428 | E. montanum sp. nov.

| 99[TEU425 |
|
|
E. strigatus
9% Eut32
EU401
96,EU321 E. sogdianus
991'EU320
EU503
E. consimilis
GMGMJ702-14 E. funeralis
EU279 E. amoenus
EU422
EU29
1001 E 13+
74 EU45
EU23
100~ EU276 E. pannonicus
EU274
EU169 E. sulcitibius
EU92 E. clavatus
EU483
EU474
EU472
EU475
g0 |EU476
EU473
EU470
87 EU469
EU434 E. uncipes
63 |EU441
98|EU432
EU431
51-EU436
EU17 E. torsicus
EU395 E. ornatus
52 EU243 E. basalis
EU297 E. minotaurus
EU10 E. alpinus

EU9 Merodon erivanicus
GUNS Megatrigon tabanoides
Y1711E Platynochaetus setosus

Fig. S2. Maximum likelihood analysis for the ‘total’ dataset (total length 612 bp).
Values above branches indicate bootstrap replicates (only values >50 are illustrated).

Yyqpo S2. AmoteAéopata avaivong pe v péBodo tg Méyiotng ITibavoedvelag
(ML) eni t0ov cuvoMK®OV 0£d0UEVOV (GLUVOAKOV UnKovg aAiniovyidv 612 bp). Ot
LOVOSIKEG VOUKAEOTIOIKEG VITOKOATAGTACELS GNUELDOVOVTOL LE HOOPO KOKAO, KoL O1 Un-
HOVAOIKEG He omAn mepleépela kKOKAoL. [ va gdeyyBel n otatiotiky) otpign tov
KAadwv, mpoypatoromOnkav 1000 emavainyelg bootstrap, twv omoiwv ot Tuuég
mapovstaloviotl Thve amd Tovg KAAdovg Tov ML dévipov (Ldvov Tiég peyadTepes
tov 50).
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Table S1. List of the specimens used for phylogenetic analyses, their locality information and GenBank accession numbers for DNA barcodes.
GenBank accession numbers of newly-generated sequences (this study) are in boldface.

IMivaxag S1. Katdhoyoc tov OSeyUITOV TOV EVIOU®MV, TO OTOio YPNOILOTOMONKOY Yo TIG (UAOYEVETIKEC OVOAVGELS, EUTEPIEXOVTOGC
TANPOQOPies oyeTIKA He TNV Tomobesio GLALOYNG, KAOMDS KOl TOVG KOIKOVG katoydpnong ot Pdon dedopévaov GenBank tov yevetukon
ypoppwtov kmdike (DNA barcode). Ot kwdwkoi GenBank twv oliniovyidv, ot oroieg mapiydnocav oty mapodoa Epgvva, divovtal pe Eviovn

YPOUUATOGELPAL.

Sequence Specimen  Accession no Disposition  Genus Species name  Species Sex Country Nearest Latitude Longitude Collection

1D voucher LCOF group place name Date

EU10 G1147 KX083349 FSUNS Eumerus alpinus E. alpinus F Italy Toscana 44.056359  10.198840 12/5/2012
Rondani,
1857

EU130 NJ17 KX083378 FSUNS Eumerus strigatus E. M Russia Mt Altai 51.689 87.562 23-
(Fallen), 1817  strigatus 25/06/2013

EU131 42-504 KX083379 FSUNS Eumerus strigatus E. M Germany
(Fallen), 1818 strigatus

EU132 60653 KX083380 FSUNS Eumerus strigatus E. M Germany
(Fallen), 1819  strigatus

EU169 G3034 KX083387 FSUNS Eumerus sulcitibius E. M Greece Andros 37.845616  24.904967 25/05/2012
Rondani, sulcitibius
1868

EU17 UOTA_ KT221006 MAegean Eumerus torsicus E. torsicus M Greece Chios 38.393 25.9914 9-11/11/2012

MELO746 Grkovi¢ &

Vuji¢, 2016

EU23 1002 KX083364 FSUNS Eumerus amoenus E. M Greece Dadia 41.124600  26.238948 10-12/8/2012
Loew, 1848 strigatus

EU243 G3054 KX083385 FSUNS Eumerus basalis Loew, E.basalis M Greece Rhodes 36.230879  27.852756 16/10/2012
1848

EU274 08909 KY272851 FSUNS Eumerus pannonicus E. M Serbia Mokrin 45.90615 20.3018 21/5/2014

Ricarte, Vuji¢  strigatus
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EU276

EU279

EU29

EU297

EU320

EU321

EU381

EU395

EU401

EU422

08910

06828

G2265

06366

06561

06562

E0792

E0801

G0296

E0862

KY?272852

KY272854

KX083365

KX083386

KX083382

KX083383

KY272853

KX083388

KX083381

KY272855

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

MAegean

MAegean

FSUNS

FSUNS

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

&
Radenkovié,
2016
pannonicus
Ricarte, Vuji¢
&
Radenkovic,
2016
amoenus
Loew, 1848

amoenus
Loew, 1848
minotaurus
Claussen &
Lucas, 1988
sogdianus
Stackelberg,
1952
sogdianus
Stackelberg,
1952
amoenus
Loew, 1848
ornatus
Meigen, 1822
strigatus
(Fallen), 1817
amoenus

E.
strigatus

E.
strigatus

E.
strigatus
E.
minotauru
S

E.
strigatus

E.
strigatus

E.
strigatus
E. ornatus

E.
strigatus
E.

Serbia

Turkey

Greece

Greece

Greece

Greece

Greece
Greece
Serbia

Greece

Mokrin

(near
Camurhama
mi1 Koyu)
Samos

Lassithi

Lakonia

Lakonia

Evros
Evros
Stara

Planina
Karpathos

45.90615

38.452905

37.712686

35.211883

37.30416

37.30416

40.9943

41.0296

43.169254

35.741306

20.3018

28.057068

26.79914

25.461649

22.42106

22.42106

26.0933

26.1513

22.793908

27.17488

11/6/2014

06/07/2014

15/04/2011

22/04/2014

23/05/2014

23/05/2014

20-
22/09/2012
21-
23/09/2012
11/07/2011

8-10/06/2012
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EU425

EU426

EU427

EU428

EU431

EU432

EU434

EU436

07522

07519

07518

07516

E1312

E1308

E1307

E1309

KX083374

KX083375

KX083376

KX083377

KX083359

KX083360

KX083361

KX083362

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Loew, 1848

montanum
Grkovié,
Radenkovié¢
& Vuyjié sp. n.
montanum
Grkovi¢,
Radenkovié¢
& Vujic sp. n.
montanum
Grkovi¢,
Radenkovié¢
& Vujié sp. n.
montanum
Grkovié,
Radenkovié¢
&Vujic sp. n.
uncipes
Rondani,
1850

uncipes
Rondani,
1851

uncipes
Rondani,
1852

uncipes
Rondani,
1853

strigatus
E.
strigatus

E.
strigatus

E.
strigatus

E.
strigatus

E.
clavatus

E.
clavatus

E.
clavatus

E.
clavatus

Montenegro

Montenegro

Montenegro

Montenegro

Greece

Greece

Greece

Greece

Mt Durmitor

Mt Durmitor

Mt Durmitor

Mt Durmitor

Corfu

Corfu

Corfu

Corfu

42.98897

42.98897

42.98897

42.98897

39.739862

39.739862

39.739862

39.512151

19.06862

19.06862

19.06862

19.06862

19.837307

19.837307

19.837307

19.916724

7/2014

7/2014

23/07/2014

23/07/2014

8/8/2014

8/8/2014

10/8/2014

8/8/2014
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EU441

EU45

EU469

EU470

EU472

EU473

EU474

EU475

EU476

EU483

EUS503

EU73

EU9

E1311

0752

07982

07984

07985

07986

07987

07988

07989

07993

06548

G0292

G0998

KX083363

KX083366

KX083351

KX083356

KX083358

KX083357

KX083353

KX083355

KX083352

KX083354

KX083384

KX083373

KX083391

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Eumerus

Merodon

uncipes
Rondani,
1854
amoenus
Loew, 1848
clavatus
Becker, 1923
clavatus
Becker, 1923
clavatus
Becker, 1923
clavatus
Becker, 1923
clavatus
Becker, 1923
clavatus
Becker, 1923
clavatus
Becker, 1923
clavatus
Becker, 1923
sogdianus
Stackelberg,
1952
consimilis
Simié
&Vuji¢, 1996
erivanicus
Paramonov,

E.
clavatus

E.
strigatus
E.
clavatus
E.
clavatus
E.
clavatus
E.
clavatus
E.
clavatus
E.
clavatus
E.
clavatus
E.
clavatus
E.
strigatus

E.
strigatus

Outgroup

Greece

Greece
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey
Turkey

Greece

Serbia

Greece

Corfu

Chios

Mt Davraz

Yenisarbade
mli
Mt Davraz

Yenisarbade
mli
Mt Davraz

Yenisarbade
mli
Yenisarbade
mli
Yenisarbade
mli

Lakonia

Djerdap

Samos

39.739862

38.393

37.781694

37.697777

37.781694

37.697471

37.782694

37.697471

37.697471

37.697777

37.30416

44.54104

37.75305

19.837307

25.9914

30.75871

31.2954

30.75871

31.29407

30.75925

31.29407

31.29407

31.2954

22.42106

22.02024

26.735127

10/8/2014

9-11/11/2013

21/07/2014

26/07/2014

21/07/2014

04/09/2014

03/09/2014

04/09/2014

04/09/2014

26/07/2014

23/05/2014

01/09/2011

9/6/2010
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EU92

GUNS5

Y1711

GMGMJ70
2-14

G3014

GUNS5

MZH:

Y1711

BOLD:
AAG4654

KX083350

KX083393

KM224512

GMGMJ702-
14

FSUNS

MZH

MZH

BOLD:
AAG4654

Eumerus

Megatrigon

Platynochaet
us

Eumerus

1925

clavatus
Becker, 1923
tabanoides
Doczkal,
Radenkovic,
Lyneborg &
Pape, 2015
setosus
Fabricius,
1794

funeralis
Meigen, 1822

E.
clavatus
Outgroup

Outgroup

E.
strigatus

Unkn
own

Serbia

Republic of
South Africa

France

Germany

P¢inja 42.342952  21.92442

Banyuls- 42.474144  3.117728
sur-Mer,
Pyrenées-
Orientales
Rhineland-

Palatinate

50.552 7.17

06/09/2012

16/04/2012

02/06/2014

220



Table S2. The number of base substitutions per site between DNA barcode sequences. Analyses were conducted using the Kimura 2-parameter
model on 41 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing gaps or missing data were
eliminated. There were a total of 601 positions in the final dataset. The Table S2 has been trimmed after the 21% column as a matter of
convenience, and is continued in the next page.

MMivaxkag S2. O aptBpudg TV VOUKAEOTIOIKAOV VTOKATAGTACE®V avd Béon petald tv aAANAOV IOV TOV YEVETIKOD YPaUU®TOV KOotke (DNA
barcode). Ot avaivoelg owe&nydnoov pe Pdaon 10 efediktikd poviéAo Kimura 2-parameter oe 41 aiiniovyiec. Ot kwdwéc 0éoelg
ovpmepthappavay tig 1+2"+3+Mn kodikég (1st+2nd+3rd+Noncoding). Ot Béoeic, ot onoieg cvpnephdppavay kevd 1§ eldeimovta dedouéva,
kotapynOnkav. To odvoro g opddog dedopévav ftav 601 Oéoeig. O IMivaxac S2 éyetl komel petd v 21" 6TAAn Yoo Adyovg evkpivelac, Kot
ovveyiletor 6TV endpeEVT GEADQL.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 EUI0LCOF
2 EU92LCOF 0.060
3 EU469LCOF 0.060 0.000
4  EU476LCOF 0.060 0.000 0.000
5 EUA474LCOF 0.060 0.003 0.003 0.003
6 EUA483LCOF 0.062 0.002 0.002 0.002 0.005
7 EU475LCOF 0.062 0.002 0.002 0002 0.005 0.003
8 EU470LCOF 0.060 0.000 0.000 0.000 0.003 0.002 0.002
9 EU473LCOF 0.058 0.002 0.002 0.002 0.005 0.003 0.003 0.002
10 EU472LCOF 0.060 0.000 0.000 0.000 0.003 0.002 0.002 0.000 0.002
11 EU431LCOF 0.066 0.030 0.030 0.030 0.034 0.032 0.032 0.030 0.032 0.030
12 EU432LCOF 0.066 0.030 0030 0030 0034 0032 0032 003 0032 0030 0.003
13 EU434LCOF 0.066 0.030 0030 0030 0034 0032 0032 003 0032 0030 0.003 0.000
14 EU436LCOF 0.066 0030 0030 0030 0033 0031 0032 003 0031 0030 0003 0.003 0.003
15 EU441LCOF 0.066 0.030 0030 0030 0034 0032 0032 003 0032 0030 0003 0000 0.000 0.003
16 EU243LCOF 0.079 0.064 0.064 0064 0.068 0.066 0.064 0064 0062 0064 0064 0.064 0.064 0.068 0.064
17 EU23LCOF 0.088 0.069 0.069 0.069 0.073 0.071 0.071 0069 0071 0069 0.080 0.080 0.080 0.084 0.080 0.088
18 EU29LCOF 0.088 0.069 0.069 0.069 0.073 0.071 0.071 0069 0071 0069 0.080 0.080 0.080 0.084 0.080 0.088 0.000
19 EU45LCOF 0.088 0.069 0.069 0.069 0.073 0.071 0.071 0069 0071 0069 0080 0.080 0.080 0.084 0.080 0.088 0.000 0.000
20 EU422LCOF 0.088 0.069 0069 0069 0073 0071 0071 0069 0071 0069 008 008 008 0084 0080 0.088 0.000 0.000 0.000
21 EU381LCOF 0.088 0.069 0069 0069 0073 0071 0071 0069 0071 0069 0080 0080 0080 0084 0080 0088 0.000 0.000 0.000 0.000
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22 EU279LCOF 0.088 0.069 0.069 0.069 0.073 0.071 0.071 0.069 0.071 0069 0080 0.080 0.080 0.084 0.080 0.088 0.000 0.000 0.000 0.000
23 EU73LCOF 0.084 0.068 0.068 0.068 0.072 0.070 0.070 0.068 0.070 0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.042 0.042 0.042 0.042
24 EU425LCOF 0.093 0.072 0072 0072 0.077 0.074 0.074 0072 0.074 0072 0071 0071 0.071 0.075 0.071 0.068 0.057 0.057 0.057 0.057
25 EU426LCOF 0.090 0.072 0.072 0072 0.077 0.074 0.074 0.072 0.074 0072 0068 0.068 0.068 0.073 0.068 0.066 0.054 0.054 0.054 0.054
26 EU427LCOF 0.090 0.072 0.072 0.072 0.077 0.074 0.074 0.072 0.074 0072 0.068 0.068 0.068 0.073 0.068 0.066 0.054 0.054 0.054 0.054
27 EU428LCOF 0.093 0.072 0.072 0072 0.077 0.074 0.074 0072 0.074 0072 0071 0071 0.071 0.075 0.071 0.068 0.057 0.057 0.057 0.057
28 EU130LCOF 0.087 0.077 0.077 0.077 0.077 0.079 0.079 0077 0.079 0077 0068 0.068 0.068 0.068 0.068 0.072 0.064 0.064 0.064 0.064
29 EUI131LCOF 0.087 0.077 0.077 0.077 0.077 0.079 0.079 0.077 0.079 0077 0068 0.068 0.068 0.068 0.068 0.072 0.064 0.064 0.064 0.064
30 EU132LCOF 0.089 0.079 0.079 0079 0.079 0.081 0.081 0079 0081 0079 0070 0.070 0.070 0.070 0.070 0.074 0.066 0.066 0.066 0.066
31 EU401LCOF 0.089 0.079 0.079 0079 0079 0.081 0.081 0079 0081 0079 0070 0.070 0.070 0.070 0.070 0.074 0.066 0.066 0.066 0.066
32 EU320LCOF 0.095 0.074 0.074 0074 0079 0.076 0.076 0.074 0.076 0074 0073 0073 0.073 0.073 0.073 0.068 0.050 0.050 0.050 0.050
33 EU321LCOF 0.095 0.074 0074 0074 0.079 0.076 0.076 0.074 0.076 0074 0073 0073 0.073 0.073 0.073 0.068 0.050 0.050 0.050 0.050
34 EUS5S03LCOF 0.102 0.076 0076 0076 0081 0078 0078 0076 0078 0076 0070 0070 0.070 0074 0070 0066 0051 0.051 0051 0.051
35 GMGMJ702-14 0.097 0.078 0.078 0.078 0.078 0.080 0.080 0.078 0.080 0.078 0.079 0.079 0.079 0.079 0.079 0.081 0.050 0.050 0.050 0.050
36 EU297LCOF 0.092 0080 0080 0080 008 008 008 008 0078 008 0073 0073 0073 0077 0073 0078 0.099 0.099 0.099 0.099
37 EU274LCOF 0.101 0.086 008 008 0091 008 008 008 008 008 0081 0081 0081 0081 0081 008 0062 0.062 0062 0.062
38 EU276LCOF 0.098 0.088 0.088 0.088 0.088 0.090 0.090 0.088 0.090 0.088 0.08 0.08 0.086 0.086 0.086 0.082 0.064 0.064 0.064 0.064
39 EU169LCOF 0.086 0.074 0.074 0074 0.079 0.076 0.076 0.074 0.072 0074 0077 0077 0.077 0.077 0.077 0.079 0.076 0076 0.076 0.076
40 EU395LCOF 0.108 0.095 0.095 0.095 0.095 0.098 0.095 0.095 0.098 0.095 0.107 0.103 0.103 0102 0103 0.101 0125 0.125 0.125 0.125
41 EU17LCOF 0.072 0.054 0.054 0.054 0.058 0.056 0.056 0.054 0.052 0.054 0.060 0.060 0.060 0.060 0.060 0.058 0.083 0.083 0.083 0.083
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41

1 EUI10LCOF

2 EU92LCOF

3 EU469LCOF

4  EU476LCOF

5 EUA474LCOF

6 EU483LCOF

7 EUA4T5LCOF

8 EUA470LCOF

9 EU473LCOF

222



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

EU472LCOF
EU431LCOF
EU432LCOF
EU434LCOF
EU436LCOF
EU441LCOF
EU243LCOF
EU23LCOF
EU29LCOF
EU45LCOF
EU422LCOF
EU381LCOF
EU279LCOF
EU73LCOF
EU425LCOF
EU426LCOF
EU427LCOF
EU428LCOF
EU130LCOF
EU131LCOF
EU132LCOF
EU401LCOF
EU320LCOF
EU321LCOF
EU503LCOF
GMGMJ702-14
EU297LCOF
EU274LCOF
EU276LCOF
EU169LCOF
EU395LCOF
EU17LCOF

0.000
0.042
0.057
0.054
0.054
0.057
0.064
0.064
0.066
0.066
0.050
0.050
0.051
0.050
0.099
0.062
0.064
0.076
0.125
0.083

0.042
0.057
0.054
0.054
0.057
0.064
0.064
0.066
0.066
0.050
0.050
0.051
0.050
0.099
0.062
0.064
0.076
0.125
0.083

0.025
0.023
0.023
0.025
0.025
0.025
0.027
0.027
0.028
0.028
0.030
0.037
0.083
0.044
0.047
0.070
0.109
0.068

0.002
0.002
0.000
0.023
0.023
0.025
0.025
0.038
0.038
0.036
0.037
0.086
0.052
0.055
0.070
0.115
0.068

0.000
0.002
0.021
0.021
0.023
0.023
0.036
0.036
0.034
0.039
0.083
0.050
0.052
0.068
0.112
0.066

0.002
0.021
0.021
0.023
0.023
0.036
0.036
0.034
0.039
0.083
0.050
0.052
0.068
0.112
0.066

0.023
0.023
0.025
0.025
0.038
0.038
0.036
0.037
0.086
0.052
0.055
0.070
0.115
0.068

0.000
0.002
0.002
0.041
0.041
0.042
0.034
0.085
0.046
0.044
0.068
0.117
0.070

0.002
0.002
0.041
0.041
0.042
0.034
0.085
0.046
0.044
0.068
0.117
0.070

0.003
0.042
0.042
0.044
0.036
0.087
0.048
0.045
0.070
0.119
0.072

0.042
0.042
0.044
0.036
0.087
0.048
0.045
0.070
0.119
0.072

0.000
0.005
0.044
0.083
0.052
0.056
0.065
0.124
0.066

0.005
0.044
0.083
0.052
0.056
0.065
0.124
0.066

0.046
0.082
0.053
0.058
0.071
0.129
0.066

0.099
0.050
0.048
0.065
0.124
0.072

0.086
0.093
0.088
0.117
0.068

0.005
0.076
0.114
0.079

0.079
0.117
0.081

0.107
0.075

0.100
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Table S3. The morphological matrix scored 24 characters of males related to size, head, thorax and genitalia.
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sp.l

E. funeralis
E. sogdianus
E. strigatus
E. amoenus

sp.2

sp.3

sp.4

sp.5

E. montanum
E. consimilis
E. narcissi

sp.6

sp.7

sp.8

E. vanderbergei
E. pannonicus

sp.9

3

sp.10

Platynochaetus

setosus

sp.11 3
tabanoides

Megatrigon
Merodon

3

sp.12

erivanicus
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SICHAPTER 5

89 EU221 E. sinuatus
100 EU135 E. tricolor
l—EU223 E. armatus
EU17 E. forsicus
EU499 E. crassus
100 EU149
EU37
MN16
MN12 E. phaeacus sp. n.
“MN15
[|mnz
||Euz12
[ |mne
[ i
“ MN9
100 ‘| MN8
100 | |MN3
| [MN14
| mnto
‘I MN7 -
‘I MN4 §
| [MN1 x 2
2 "‘ NS t s
\‘MN13 8 lg
|EU1E s | E
10 EU211 3 |u
MN18 E karyatessp.n. | g
[Imnz0 u
[ImN21
99/ |MN24
53 | |MN19
|[mN23
| MNz2
82 EU300
TS240 E. minotaurus
EU146
EU297
L EU298
EU303
EU302
51 TS241
EU406 E. sulcitibius
E. pulchellus
EU469 E. clavafus
EU459 E. amoenus
EU320 E. sogdianus
68‘_7&”32 E. strigatus
EU73 E. consimilis
EU276 E. pannonicus
EU10 E. alpinus
EU99 E. onatus
EU75 E. basalis
GUNS on tabanoides

.

Fig. S1. Maximum likelihood analysis for the concatenated 3” and 5° fragment of COI

gene fragment (COI dataset); values above branches indicate bootstrap replicates
(only values >50 are illustrated).

Yympo S1. Amotehécpato aviivong pe v pébodo tg Méywotg ITibavopdveiog
(ML) yw v opdda odedopévov COIl, n omoion ocvumepiddpPave ta cvlevyuéva
Opavopata tov COIl yovidiov. T va gheyyBel n otatiotikn ot)pi&n 1OV KAAS®V,
npaypotorombnkav 1000  emavaAnyelg  bootstrap, twv omoliwv ot TUECS

Topovctdlovtal Tave and Toug KAAdovg Tov ML 6évipov (LOVOV TIHEG PEYOADTEPES
Tov 50).

TS24 Merodon erivanicus

Y17T11E Platynochaetus setosus

225



MN1 E. phaeacus sp. n.
MN8
MNT
MN4
MN3
MNg
MN10
B MN1 1
MN14
MN13
MN5
EU212
MNG
100f; EU16 3
*g']{EUZH E3
- MN12 8|,
MN2 E
s .§ z
. ;r EU303 E. minotaurus § E
TS241 w8
EU302 g
EU208 w
8| L Euaor
EU146
TS240
MN21 E. karyates sp. n.
100 EU300
MN18
MN20
MN22
MN23
MN19
MN24
M 8 EU37 E. crassus
MN16
100L- EU149
EU499
” EU406 E. sulcitibius
EU558 E. pulchellus
EU276 E. pannonicus
EU459 E. amoenus
EU320 E. sogdianus
EUT3 E. consimilis
EU132 E. strigatus
EU469 E. clavatus
& EU99 E. ornatus
E. torsicus
E. basalis
EU135 E. tricolor
EU221  E. sinuatus
EU223 E. armatus

TS24

Merodon erivanicus

GUN5 Megatrigon tabanoides
Platynochaetus setosus

Fig. S2. Neighbor-Joining analysis for the concatenated 3’ and 5 fragment of COI
gene fragment (COI dataset); values in the branches indicate bootstrap replicates (only
values >50 are illustrated).

Yymqpa S2. Anotedéopata avdivong pe v pébodo g Zuvoeong ['ertdvov (NJ) yuo
v opdda dedopévev COl, n omoia cvumepiddpPave ta culevypévo Opavdouato tov
COl yovidiov. Tw va eheyybei m  otatiotkny ompiEn TtV KAAS®V,
npaypatoromOnkav 1000  emavoAnyelg  bootstrap, twv omolwv ot Tég
Tapovstalovial Tave amd Tovg KAGOoVS Tov NJ dévipov (LOvov TéEg LeyoAdTEPES
tov 50).
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Fig. S3. Bayesian analysis for the concatenated 3’ and 5’ fragment of COI gene
fragment (COI dataset); values indicate Bayesian probability.

Yympno  S3.

AmoteAéopato  ovOALONG e

mv

puébodo

m¢  Mmneiesiovng

Yvunepacpatoroyiog (BI) yio v opdda dedopévav COIL, n omola cvunepirapfove
ta sulevypéva Bpavopata Tov COIl yovidiov. Ot apiBpol 6Tovg KAAGOLG ONADGVOLV TIg
€K TOV VOTEPWV TOAVOTNTEG.
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E.

crassus

E. karyates sp. n.

(MN24
— E. minotaurus
MN3 Eu149)
A
EU212 (MNS)  (MN13)
—_ \M,S/ Y
Prr
{ MNZ/
EU303)
AN —
(MN12) EooR ;
Euash) (Ts4) Eusol

E. phaeacus sp. n.

Fig. S4. Haplotype networks constructed using the statistical parsimony algorithm for
the concatenated 3’ and 5° fragment of COI gene fragment (COI subset) of the E.
minotaurus group.
Xyqna S4. Amotedéopata avAAvong TV OKTOMV GTOTIOTIKNG QPEW®AITNTIS TO
omoia aPopohV 6T SPOPOTOINGT TOV HUITOYOVOPLIKADV OTAOTOTMV Y10 TNV Opdd
edov E. minotaurus (vmo-opddo dedopévov COIl), n omoia cvumeplaufove to

cvlevypéva Opavcpata tov COl yovidiov.

100

YIT1E

Flatynochaetus setosus

Hees00 0000000000000 0000080 GUN5 Megatrigon tabanoides

—eeeee—T524
—ecesssss—|IN1G
— EU16*
—EU146

—Eu211*
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Merodon erivanicus
E. crassus

E. minotaurus

E. minotaurus
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E. karyates sp. n.

E. karyates sp. n.

E. minotaurus complex

Fig. S5. Maximum parsimony
analysis of the 28S gene fragment
(28S dataset); only one tree was
produced (Length 90 steps, CI=93,
R1=81); filled circles denote unique
changes and open circles non-
unique. Bootstrap support values are
illustrated above the branches.

Yyqpoe S5. AnoteAéopota avaivong
pe v pHEBodo ™ PEWVWAOTNTOG
(MP) ywo v opdda dedopéveov 28S,
n  omoio  ocvumepAaupove  TO
Opavopo  tov 285  yovidiov.
[Mopnydn éva dévipo, to omoio Kot
nmopovotdletar €00  (Mnkog 90
eEehktikd Prpota, CI=93, RI=81).
Ot LOVOOIKEG VOUKAEOTIOKEG
VTOKOTOOTACEL  ONUELOVOVTIOL
Hohpo KOUKAO, KOl Ol UN-HOVOOIKES
ne amAn meprpépela kokiov Ia va

E. minotaurus group

eleyyOel n ototiotikn otpiEn TV KAGS®V, Tpaypoatoromdnkay 1000 smovolyelg
bootstrap, T®v omoi®v ot TéEG mapovotalovrol Tave omd Tovg KAAdovg tov MP
OEVTPOV.
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Table S1. List of specimens used for wing geometric morphometric analysis by
geographical area and species.

IMivaxkag S1. Katdloyog tov derypdtov T@V eVION®V, To. 0ol ypnotpomomonkay

YO TV YEOUETPIKT LOPPOUETPIO TTEPVY®V OVA YEMYPOPIKN TEPLOYN Kot E100C.

Nearest

Species place name Locality g Q Y
E. karyates sp. Peloponnese Karygs, 25km N from 4 5 9
n. Sparti
Chania 2 1 3
E. minotaurus Crete Heraclion 1 / 1
Rethymnon 2 1 3
Ano Korakiana 10 / 10
Corfu .
E. phaeacus Liapades 3 1 4
sp. n. Mt Olympos Ag. Paraskevi 1 2
Montenegro Rumija near lake / 1
Total 24 9 33

Table S2. Results of PCA and ANOVA conducted on wing shape variables.

Mivaxkag S2. Amotehécpato tov ovoldocewv PCA ko ANOVA, ot omoieg
deEnynoav pe petafAntn To GYNUA TV TTEPVYW®V.

PCA ANOVA
. Total variance Cumulative variance
Eigenvalue F p
(%) (%)

PC1 4.07 20.35 20.35 15.59 0.000001
PC2 3.08 15.41 35.75 15.22 0.000002
PC3 2 10 45.75 11 0.000047
PC4 1.69 8.44 54.19 46.65 0
PC5 1.51 7.54 61.73 3.31 0.040316
PC6 1.31 6.57 68.3 1.6 0.206824
PC7 1.08 5.41 73.72 1.16 0.317677
PC8 1.04 5.18 78.9 4.38 0.015009
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SI CHAPTER 6

Table S1. List of the specimens used for the molecular analyses, their locality information and GenBank accession numbers. GenBank accession
numbers of newly-generated sequences (this study) are in boldface and of previously-generated are in normal.

Mivaxkag S1. KatdAoyog Tov detypdtmv eVIOU®V, To. 0Toio ¥PNOLLOTOMONKAY Yol TIC HOPLOKES OVOAVCELS. ATvovTol TANPOPOPIES OYETIKES e
Vv Tomofecio. GLALOYNG TV EVIOU®V Kol 01 Kmowkol kataympnong otn Pdon dedopévov GenBank. Ot kmdikoi GenBank tov aAAniovyiwv, ot

omoieg mopNyOncav otV mapovca £pguva, dvovial Le EVTOVN YPOUUOTOGEPE, EVA e KOvOViKY, divovtal ot kwdwoi GenBank molatdtepwv

OAANAOLYLOV.
a) o Y— o (&) 3]
= c c S} @ = = = (<2} c
s 25 sgE- 2o SR 3 . 55 & 75 g g S,
c = s AN () o £ o N n DO %) 3 © & c ju 1~ = o=
g g 3 £in EO g g 2~ &t S - = 3 g8 = 3 =0
7 ] © © Q
§ n = 2’ S g T § a R o = A - O
Eumerus Greece-
EU101 G2250 MG560030 sulcitibius Esl 2 FSUNS M Greece  Lesvos 26.199104 39.228701  10/04/2011
. . Aegean
Rondani, 1868
Eumerus Greece-
EU1l  G3002 MG560025 sulcitibius Esl 2 FSUNS M Greece  Andros 24.800773 37.893197  09/10/2012
. . Aegean
Rondani, 1868
Eumerus
EU136 G3027 MG559812 argyropus Loew,  Eargl 3 FSUNS F Serbia  Serbia Fruska gora  19.85498 45.18593 08/08/2013
1848
EU142 AG12  MG559858 Eg;”vs”i;jg“’enus Eami5 1 FSUNS M Serbia  Serbia  Dubasnica  21.9492  44.02281  23/08/2013
EU143 AK68  MG559859 Eg;“vs“i%jgoenus Eaml6 1 FSUNS M Turkey Turkey ﬁaﬁa Lake 95487806  37.469806  20/09/2013
Eumerus amoenus . . Vucemilovic
EU144 G3022 MG559860 Loew, 1848 Eaml7 1 FSUNS M Croatia  Croatia i (Grgic) 15.255082  44.50428 26/06/2011
EU145 AJ1l  MG559948 Eumerus clavatus ¢ ) 1 FSUNS M Turkey Turkey  (Milac) 27.729654 37.342639  09/2013

Becker, 1923
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EU159

EU16

EU160

EU161

EU162

EU167

EU169

EU170

EU173

EU174

EU175

EU176

G3028

G0278

UOTA
_MELO
42237,
G2870
UOTA
_MELO
42377,
G2871
UOTA
_MELO
42519,
G2872

G3032

G3034

G3035

b42

AJ46

AJ37

AJ3l

MG559813

KY865446

MG559814

MG559815

MG559816

MG560031

KX083387

MG560032

MG560001

MG560002

MG560003

MG560004

Eumerus
argyropus Loew,
1848

Eumerus
phaeacus Chroni,
Grkovi¢ & Vujic,
in litt.

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
sulcitibius
Rondani, 1868
Eumerus
sulcitibius
Rondani, 1868
Eumerus
sulcitibius
Rondani, 1868
Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eargl

Ephl

Earg3

Eargl

Eargl

Es4

Esl

Esl

Epus3
Epus2
Epusl

Epusl

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Greece-
Aegean

Greece-

Contine
ntal

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Crete

Greece-
Aegean

Greece-
Aegean

Morocc
0

Turkey
Turkey

Turkey

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Morocco
Turkey
Turkey

Turkey

Andros

Mt Olympus

Chios

Chios

Chios

Lassithi

Andros

Lesvos

Middle Atlas
Turkeyl
Turkeyl

Turkeyl

24.915047

22.5863

25.9914

25.9915

25.9916

25.479969

24.904967

26.3725

-5.138577

27.419082

27.41908

27.419078

37.839642

39.8785

38.393

38.394

38.395

35.20236

37.845616

39.070833

33.501592

37.471953

37.471951

37.471949

25/05/2012

17/05/2011

9-
11/11/2012

9-
11/11/2012

-
11/11/2013

16/10/2012

25/05/2012

25/05/2009

01/05/2013

18/09/2013

18/09/2013

18/09/2013

231



EUL177

EU178

EU179

EU180

EU181

EU182

EU183

EU184

EU185

EU186

EU187

EU188

EU189

EU190

AJ64

G3036
G3037
G3038

G3039

G3040

UOTA
_MELO
91485
UOTA
_MELO
91475

G3041

AKT7

AK90

AKS88

AK78

AL2

MG560005

MG560006

MG560007

MG560008

MG560009

MG560010

MG560011

MG560012

MG559914

MG559915

MG559916

MG559917

MG559918

MG559919

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Epus2

Epus2

Epus2

Epus2

Epus2

Epus4

Epusl

Epus5

Eb3

Eb4

Ebl

Ebl

Eb4

Ebl

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Turkey

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Pelopo
nnese

Greece-
Aegean

Greece-
Aegean

Croatia

Greece-
Contine
ntal
Greece-
Contine
ntal
Greece-
Contine
ntal
Greece-
Contine
ntal

Greece-
Contine

Turkey
Greece
Greece
Greece

Greece

Greece

Greece

Greece

Croatia

Greece

Greece

Greece

Greece

Greece

Cesme

Andros

Andros

Andros

Samos

Mt
Erymanthos

Lesvos

Lesvos

Rijeka

Dubrovacka

Chalcidice

Chalcidice

Chalcidice

Chalcidice

Evros

26.285194

24.901763

24.901765

24.901767

26.651697

21.776045

26.53359

26.53361

18.086173

23.438159

23.43816

23.438161

23.438162

26.073889

38.313972

37.842993

37.842995

37.842997

37.775094

37.95039

39.074815

39.074817

42.667778

40.023235

40.023236

40.023237

40.023238

41.050278

09/2013

08/10/2012

08/10/2012

08/10/2012

19/10/2010

02/09/2012

25/9/2013

25/9/2013

28/06/2011

21/09/2013

21/09/2013

21/09/2013

21/09/2013

10/09/2013
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EU191

EU192

EU193

EU195

EU197

EU198

EU20

EU200

EU201

EU202

EU203

G3042

G3043

UOTA
_MELO
91457 i
G

AJ58
G3048
G3049

0560

UOTA
_MELO
42544
UOTA
_MELO
42502,
G2877
UOTA
_MELO
85018
UOTA
_MELO
85039

MG559920

MG559921

MG559922

MG559959

MG559960

MG559961

MG559899

MG559962

MG559963

MG559923

MG559924

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus
pulchellus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus armatus
Ricarte &
Rotheray, 2012
Eumerus
pulchellus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Ebl

Eb5

Ebl

Epul8

Epul9

Epul10

Earm2

Epulll

Epul8

Eb6

Eb7

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS
2013

FSUNS
2013

FSUNS
2013

FSUNS

ntal

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Turkey

Italy

Italy

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece

Greece

Greece

Turkey

Italy

Italy

Greece

Greece

Greece

Greece

Greece

Samos

Samos

Lesvos

Baffa Lake |

Sardinia

Sardinia

Lesvos

Chios

Chios

Lesvos

Lesvos

26.651697

26.7656

26.53359

27.403972

8.5926832

8.5926833

26.197467

25.9914

25.991

26.5933

26.5935

37.775094

37.7102

39.074815

37.481944

39.558

39.557

39.255628

38.393

38.39

39.0142

39.0144

19/10/2010

17/05/2010

25/9/2013

17/09/2013

26/05/2008

26/05/2008

2/5/2008

0-
11/11/2012

9-
11/11/2012

31/8/2013

31/8/2013
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EU204

EU21

EU211

EU212

EU22

EU222

EU223

EU224

EU23

EU234

EU238

EU24

EU240

UOTA
_MELO
95166

0731

G0277

G0269

1017

G1775

G1020

G1789

1002

G3064
G3066

E0900

UOTA
_MELO

MG559964

MG559845

KY865453

KY865454

MG559846

MG559900

KY865456

MG559901

KX083364

MG559861

MG559862

MG559847

MG559965

Eumerus
pulchellus Loew,
1848

Eumerus amoenus
Loew, 1848

Eumerus
phaeacus Chroni,
Grkovi¢ & Vujié,
in litt.

Eumerus
phaeacus Chroni,
Grkovi¢ & Vuji¢,
in litt.

Eumerus amoenus
Loew, 1848

Eumerus armatus
Ricarte &
Rotheray, 2012
Eumerus armatus
Ricarte &
Rotheray, 2012
Eumerus armatus
Ricarte &
Rotheray, 2012

Eumerus amoenus
Loew, 1848
Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus
pulchellus Loew,

Epul12

Eaml

Ephl

Ephl

Eam2

Earm3

Earm3

Earm3

Eam3

Eam18
Eam19
Eam4

Epull3

FSUNS
2013

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Greece-
Aegean

Greece-
Aegean

Greece-
Contine
ntal

Monten
egro

Greece-
Contine
ntal

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Contine
ntal

Greece-
Aegean

Bulgari
a

Greece-
Crete

Greece-
Aegean

Greece

Greece

Greece

Montene
gro

Greece

Greece

Greece

Greece

Greece

Greece
Bulgaria
Greece

Greece

Lesvos

Chios

Mt Olympus

Rumija

Dadia

Samos

Samos

Samos

Dadia

Samos
Melnik
Karpathos

Samothrace

26.53359

25.9916

22.5868

19.21739

26.238949

26.664797

26.742116

26.800574

26.238947

26.683611

23.3927

27.1849

25.509109

39.074815

38.394

39.8788

42.11201

41.124601

37.730927

37.740527

37.709742

41.1245

37.786944

41.52303

35.7689

40.463322

26/10/2013

9-
11/11/2013

17/05/2011

02/05/2011

10-
12/8/2012

06/6/2012

9/6/2010

08/6/2012

10-
12/8/2012

23/10/2010

09/09/2012

8-
10/6/2012
21-
22/4/2012
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EU241

EU242

EU243

EU244

EU25

EU26

EU279

EU281
EU700

EU291

EU292

EU293

EU294

41757,
E0887

UOTA
_MELO
41754,
E0886
UOTA
_MELO
41761
E0885

G3054
G3055
G2220

G2258

06828
06768
06738
06740
06743

06747

MG559966

MG559967

KX083385

MG559925

MG559848

MG559849

KY272854

MG559902

MG559903

MG559904

MG559905

MG559906

1848

Eumerus
pulchellus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus armatus
Ricarte &
Rotheray, 2012
Eumerus armatus
Ricarte &
Rotheray, 2012
Eumerus armatus
Ricarte &
Rotheray, 2012
Eumerus armatus
Ricarte &
Rotheray, 2012
Eumerus armatus
Ricarte &
Rotheray, 2012

Epul3

Epul3

Eb1l
Eb8
Eam5

Eam6

Eam3

Earm5

Earm4

Earm4

Earm4

Earm4

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Unk
now

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Crete

Monten
egro

Greece-
Aegean

Turkey

Turkey

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece

Greece

Greece

Greece

Montene
gro

Greece

Turkey

Turkey

Greece

Greece

Greece

Greece

Samothrace

Samothrace

Rhodes

Kampos,
Crete

Boka
Kotorska

Lesvos

(near
Camurhama
mi1 Koyu)

(near
Davutlar)

Rhodes

Rhodes

Rhodes

Rhodes

25.509111

25.509114

27.852756

25.674112
000000001

18.648915

26.453

28.057068

27.29633

28.058878

28.05888

28.058889

28.058892

40.463323

40.463325

36.230879

35.016129
999999997

42.490395

39.055

38.452905

37.7025

36.116748

36.11675

36.116751

36.116746

21-
22/4/2012

21-
22/4/2012

16/10/2012

12/10/2012

08/10/2010

13/04/2011

06/07/2014

06/02/2014

29/05/2014

29/05/2014

29/05/2014

29/05/2014
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EU30

EU305

EU307

EU31

EU313

EU314

EU315

EU317

EU318

EU32

EU323

EU327

EU328

0738

06454

06436

G2292

06433

06447

06449

06699

06744

G2288

06683

07029

07028

MG560026

MG560033

MG559817

MG560027

MG560034

MG560035

MG560036

MG559968

MG559863

MG560028

MG559969

MG559970

MG559971

Eumerus
sulcitibius
Roéndani, 1868
Eumerus
sulcitibius
Réndani, 1868
Eumerus
argyropus Loew,
1848

Eumerus
sulcitibius
Roéndani, 1868
Eumerus
sulcitibius
Roéndani, 1868
Eumerus
sulcitibius
Roéndani, 1868
Eumerus
sulcitibius
Réndani, 1868
Eumerus
pulchellus Loew,
1848

Eumerus amoenus
Loew, 1848

Eumerus
sulcitibius
Rondani, 1868
Eumerus
pulchellus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus
pulchellus Loew,
1848

Es2

Esl

Earg4

Esl

Esl

Es5

Esl

Epull4

Eam20

Esl

Epull5

Epull6

Epull6

1*

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Greece-
Aegean

Greece-
Crete

Greece-
Crete

Greece-
Aegean

Greece-
Crete

Greece-
Crete

Greece-
Crete

Greece-
Crete

Greece-
Aegean

Greece-
Aegean

Greece-
Crete

Morocc
0

Morocc
0

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Morocco

Morocco

Chios

Rethymnon

Rethymnon

Lesvos

Rethymnon

Chania

Chania

Chania

Rhodes

Lesvos

Lassithi

Middle Atlas

Middle Atlas

25.9914

24.633061

24.67051

26.254769

24.67051

24.468983

24.468984

24.018428

28.058877

26.254768

25.436796

-4.180925

-4.180927

B335 11110010
35152495  25/04/2014
e 25004/2014
30357622 (06012
3013800 25/04/2014
35285762  25/04/2014
35285763  25/04/2014
35231311 27/05/2014
36116747  29/05/2014
3035762 Quoeroons
35172534  25/05/2014
34.071142  23/06/2014
34071145  23/06/2014

236



EU333

EU335

EU336

EU337

EU338

EU340

EU341

EU343

EU346

EU347

EU353

EU358

EU366

06468

06753

06400

06345

06352

06349

06439

E1277

E1299

E1337

AJ85

AK7

E1266

MG559864

MG559926

MG559972

MG560037

MG560038

MG560039

MG560040

MG559927

MG559973

MG559865

MG559974

MG559975

MG559818

Eumerus amoenus
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus
pulchellus Loew,
1848

Eumerus
sulcitibius
Roéndani, 1868
Eumerus
sulcitibius
Roéndani, 1868
Eumerus
sulcitibius
Roéndani, 1868
Eumerus
sulcitibius
Roéndani, 1868

Eumerus basalis
Loew, 1848

Eumerus
pulchellus Loew,
1848

Eumerus amoenus
Loew, 1848

Eumerus
pulchellus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus
argyropus Loew,
1848

Eam5

Ebl

Epull7

Es6

Es6

Es6

Esl

Ebl

Epul3

Eam21

Epul18

Epul19

Earg5

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Unk
now

Greece-
Pelopo
nnese

Greece-
Aegean

Greece-
Crete

Greece-
Crete

Greece-
Crete

Greece-
Crete

Greece-
Crete

Croatia

Greece-
Aegean

Greece-
Aegean

Turkey

Turkey

Greece-
Pelopo
nnese

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Croatia

Greece

Greece

Turkey

Turkey

Greece

Achaia, near
Erimanthos
1

Rhodes

Chania

Lassithi

Lassithi

Lassithi

Chania

Rijeka
Dubrovacka

Andros

Naxos

(Marmaris
NP)

(Marmaris
NP)

Kalentzi

21.772531

27.938431

24.01843

25.433274

25.433275

25.433276

24.468985

18.086175

24.904967

25.561416

28.185722

28.185719

21.767333

38.115177

36.284938

35.231315

35.183053

35.183054

35.183055

35.285764

42.66778

37.845616

37.11825

36.828722

36.828719

37.949917

20/04/2014

06/01/2014

24/04/2014

22/04/2014

22/04/2014

22/04/2014

25/04/2014

28/06/2011

23/05/2012

28/05/2012

19/09/2013

Unknown

02/09/2012
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EU373

EU374

EU376

EU379

EU380

EU381

EU382

EU383

EU385

EU389

EU39

EU390

EU391

E1339

E1340

E1342

E0790

E0791

E0792

E0794

E0796

07431

E1326

0830

E1327

E1328

MG560041

MG559819

MG559949

MG559976

MG559820

KY272853

MG559866

MG559867

MG559977

MG559950

MG559907

MG559951

MG559868

Eumerus
sulcitibius
Roéndani, 1868
Eumerus
argyropus Loew,
1848

Eumerus clavatus
Becker, 1923

Eumerus
pulchellus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus
pulchellus Loew,
1848

Eumerus clavatus
Becker, 1923

Eumerus basalis
Loew, 1848

Eumerus clavatus
Becker, 1923

Eumerus amoenus
Loew, 1848

Es7

Earg5

Ec2

Epul20

Eargl

Eam3

Eam22

Eam23

Epul21

Ec3

Ebl

Ec2

Eam19

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

M-Uaegean

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Greece-
Aegean

Monten
egro

Greece-
Contine
ntal

Greece-
Aegean

Greece-
Contine
ntal
Greece-
Contine
ntal
Greece-
Contine
ntal
Greece-
Contine
ntal

Spain

Serbia

Greece-
Crete

Serbia

Bulgari
a

Mt Durmitor

Greece Naxos
Montene

gro

Greece

Greece Limnos
Greece Evros

Greece Evros

Greece Evros

Greece Evros

Lugros
Spain Sierra

Nevada
Serbia Vojvodina
Greece Karpathos
Serbia Vojvodina
Bulgaria  Melnik

Mt Olympus

25.43333

19.06862

22.406949

25.116

26.1726

26.09328

26.0933

26.1012

-3.257778

22.015413

27.1849

22.015414

23.3926

37.11667

42.98897

40.083744

39.861

41.023

40.9942

40.9943

40.9887

37.183056

44.543226

35.7689

44543227

41.52302

13/10/2012

30/08/2012

04/09/2013

05-
07/04/2012

21-
23/09/2012

20-
22/09/2012

20-
22/09/2012

20-
22/09/2012

18/06/2014

Unknown

8/6/2012

Unknown

09/09/2012
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EU393

EU394

EU396

EU398

EU399

EU400

EU402

EU403

EU404

EU405

EU406

EU408

EU412

EU413

E1330

E0799

E0786

E1331

G0285

G0281

G1158

G0987

G1797

E1332

E1333

E1335

E0992

E0945

MG559869

MG559821

MG559978

MG559870

MG559871

MG559872

MG559873

MG559822

MG559979

MG559874

KY865461

MG559875

MG559980

MG559876

Eumerus amoenus
Loew, 1848

Eumerus
argyropus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus
argyropus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus amoenus
Loew, 1848
Eumerus

sulcitibius
Réndani, 1868

Eumerus amoenus
Loew, 1848

Eumerus
pulchellus Loew,
1848

Eumerus amoenus
Loew, 1848

Eam24

Eargl

Epul3

Eam25
Eam26
Eam3

Eam27

Earg6

Epul22

Eam3

Esl

Eam3

Epul3

Eam28

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Greece-
Crete

Greece-
Contine
ntal

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Monten
egro

Italy

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Crete

Greece-
Contine
ntal
Greece-
Contine
ntal

Greece-
Contine

Greece

Greece

Greece

Greece

Greece

Montene
gro

Italy

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Lassithi

Evros

Thassos

Andros

Samos

Boka
Kotorska

Toscana

Samos

Rhodes

Rhodes

Lassithi

Volos

Evros

Evros

25.466666
7

26.1513

24.6788

24.940205

26.769917

18.648914

10.016754

26.828611
1

27.945683

28.058878

25.466666
7

22.974453

26.1699

26.1795

35.15

41.0296

40.6538

37.825861

37.707966

42.49039%4

44.140409

37.784444
4

36.274662

36.116748

35.15

39.390946

41.0398

40.9959

16/10/2012

21-
23/09/2012

20-
21/05/2012

10/10/2012

16/04/2011

31/04/2011

14/5/2012

8/6/2010

16/04/2012

15/10/2012

13/10/2012

06/10/2012
11-
13/08/2012

20-
22/09/2012
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EU42

EU420

EU422

EU423

EU430

EU435

EU438

EU439

EU44

EU440

EU442

EU444

EU445

G2247

E0834

E0862

G1000

E1257

10

0749

11

13

15

16

MG559952

MG559981

KY272855

MG559877

MG559878

MG559879

MG559982

MG559823

MG559850

MG559880

MG559881

MG559824

MG559928

Eumerus
pulchellus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus
pulchellus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848
Eumerus

argyropus Loew,
1848

Eumerus basalis
Loew, 1848

Epull

Epul3

Eam3
Eam3
Eam3

Eam29

Epul23

Earg7

Eam7
Eam30

Eam31

Earg5

Ebl

1*

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

ntal

Greece-
Aegean

Greece-
Crete

Greece-
Crete

Greece-
Aegean

Greece-
lonian

Greece-
lonian

Greece-
lonian

Greece-
lonian

Greece-
Aegean

Greece-
lonian

Greece-
lonian

Greece-
Pelopo
nnese
Greece-
Pelopo
nnese

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Lesvos

Karpathos

Karpathos
Samos
Corfu

Corfu

Corfu

Corfu

Chios
Corfu

Corfu

Mt Chelmos,
1736m

Tripoli

26.282572

27.187303

27.17488

26.828611
1

19.837308

19.916724

19.837307

19.837307

25.9915

19.837309

19.837307

22.198873

22.121539

39.363437

35.767996

35.741306

37.784444
4

39.739863

39.512151

39.739862

39.739862

38.394

39.739864

39.739862

38.005689

37.82588

12/04/2011

08/06/2012

8-
10/06/2012

6/6/2010

8/8/2014

8/8/2014

10/8/2014

10/8/2014

9-
11/11/2012

10/8/2014

10/8/2014

07/8/2014

4/8/2014
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EU446

EU447

EU448

EU449

EU45

EU450

EU451

EU452

EU453

EU454

EU455

EU456

EU457

17

18

19

20

0752

21

22

23

24

25

26

27

28

MG559825

MG559826

MG559827

MG559828

KX083366

MG559829

MG559830

MG559831

MG559832

MG559833

MG559834

MG559835

MG559882

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus amoenus
Loew, 1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus amoenus
Loew, 1848

Earg5

Earg8

Earg5

Earg6

Eam3

Eargl

Earg6

Earg8

Earg5

Earg5

Earg5

Earg5

Eam32

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Greece-
Pelopo
nnese
Greece-
Pelopo
nnese
Greece-
Pelopo
nnese
FYRO
Maced
onia
Greece-
Aegean

FYRO
Maced
onia
FYRO
Maced
onia
Greece-
Pelopo
nnese
Greece-
Pelopo
nnese
Greece-
Pelopo
nnese
Greece-
Pelopo
nnese
Greece-
Pelopo
nnese
Greece-
Pelopo
nnese

Greece
Greece

Greece

FYRO
Macedon
ia

Greece

FYRO
Macedon
ia

FYRO
Macedon
ia

Greece
Greece
Greece
Greece

Greece

Greece

Mt Maenalo,
1664m

Mt Maenalo,
1664m

Mt Maenalo,
1664m

Kozuf-
Konsko

Chios

Kozuf-
Konsko

Kozuf-
Konsko

Mt Maenalo,
Kardaras

Mt Maenalo,
Kardaras

Mt Maenalo,
Kardaras

Mt Maenalo,
Kardaras

Mt Maenalo,
Kardaras

Mt
Taygetos,
Kod Kafica

22.260191

22.260192

22.260193

22.33559

25.9914

22.33558

22.33557

22.290722

22.290723

22.290724

22.290725

22.290726

22.265414

37.659227

37.659228

37.659229

41.1866

38.393

41.18658

41.18657

37.626489

37.62649

37.626491

37.626492

37.626493

37.066157

5/8/2014

5/8/2014

5/8/2014

3/8/2014

O-

11/11/2013

3/8/2014

3/8/2014

5/8/2014

5/8/2014

5/8/2014

5/8/2014

5/8/2014

6/8/2014
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EU458

EU459

EU460

EU461

EU462

EU464

EU466

EU467

EU469

EU47

EU470

EU472

EU473

29

30,
E1260

31
32
33
07979
07980

07653
07982
1092

07984
07985

07986

MG559836

KY865462

MG559837

MG559838

MG559839

MG559840

MG559841

MG559842

KX083351

MG559851

KX083356

KX083358

KX083357

Eumerus
argyropus Loew,
1848

Eumerus amoenus
Loew, 1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus clavatus
Becker, 1923

Eumerus amoenus
Loew, 1848

Eumerus clavatus
Becker, 1923

Eumerus clavatus
Becker, 1923

Eumerus clavatus
Becker, 1923

Earg5

Eam33

Earg5

Earg9

Eargl0

Eargll

Eargl2

Earg7

Ecl

Eam8

Ecl

Ecl

Ec4

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Greece-
Pelopo
nnese
Greece-
Pelopo
nnese
Greece-
Pelopo
nnese
Greece-
Pelopo
nnese
Greece-
Pelopo
nnese

Turkey

Turkey

Turkey

Turkey

Greece-
Contine
ntal

Turkey
Turkey

Turkey

Greece

Greece

Greece

Greece

Greece

Turkey

Turkey

Turkey

Turkey

Greece

Turkey
Turkey

Turkey

Mt
Taygetos,
Kod Kafica
Mt
Taygetos,
Kod Kafica

Mt Maenalo
ski center

Mt Maenalo
ski center

Mt Maenalo
ski center

Mt Davraz

Mt Davraz

Mt Davraz

Mt Davraz

Dadia

Yenisarbade
mli

Mt Davraz

Yenisarbade
mli

22.265413

22.265413

22.266275

22.266276

22.266277

30.75871

30.75872

30.75925

30.75871

26.238948

31.2954

30.75873

31.294071

37.066156

37.066156

37.646359

37.64636

37.646361

37.781694

37.781695

37.782694

37.781694

41.1246

37.697777

37.781696

37.697471

6/8/2014

6/8/2014

5/8/2014

5/8/2014

5/8/2014

21/07/2014

21/07/2014

03/09/2014

21/07/2014

10-
12/8/2012

26/07/2014

21/07/2014

04/09/2014
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EU474

EU475

EU476

EU483

EU52

EUS3

EU54

EU56

EUS8

EUS9

EUG1

EU62

EUG3

EU64

07987

07988

07989

07993

0933

0966

0986

G3003

0797

G2248

0912

0835

0863

0739

KX083353

KX083355

KX083352

KX083354

MG559809

MG559810

MG559811

MG559953

MG559954

MG559955

MG559992

MG559993

MG559994

MG559995

Eumerus clavatus
Becker, 1923

Eumerus clavatus
Becker, 1923

Eumerus clavatus
Becker, 1923

Eumerus clavatus
Becker, 1923

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Ec5
Ec6
Ecl

Ec7

Eargl

Eargl

Earg2

Epul2

Epul3

Epuld

Epusl
Epusl
Epusl

Epusl

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Unk
now

Turkey
Turkey
Turkey

Turkey

Greece-
Contine
ntal
Greece-
Contine
ntal
Greece-
Contine
ntal

Italy

Greece-
Contine
ntal

Greece-
Aegean
Greece-
Crete

Greece-
Crete

Greece-
Aegean

Greece-
Aegean

Turkey
Turkey
Turkey

Turkey

Greece

Greece

Greece

Italy

Greece

Greece

Greece
Greece
Greece

Greece

Mt Davraz

Yenisarbade
mli

Yenisarbade
mli

Yenisarbade
mli

Dadia

Dadia

Dadia

Sardinia

Dadia

Lesvos

Karpathos
Karpathos
Chios

Chios

30.75925

31.294072

31.294073

31.2955

26.201644

26.18777

26.201645

8.5926834

26.238948

26.28257

27.1849

27.1845

25.9914

25.9911

37.782694

37.697472

37.697473

37.697778

41.126203

41.123651

41.126204

39.551

41.1246

39.363435

35.7689

35.7686

38.393

38.39

03/09/2014

04/09/2014

04/09/2014

26/07/2014

11-
13/8/2012

20-
22/9/2012

11-
13/8/2012

26/05/2008

20-
22/9/2012

12/04/2011

8-
10/6/2012

8/6/2012

19-
22/5/2012

-
11/11/2012
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EUG5

EU66

EUG7

EUGS

EU7

EU74

EU75

EU76

EUT77

EU78

EU80

EUSB1

EU82

EU85

0879

0861

G0999

G1003

G1014

G0991

G0992

G1178

G1202

G1155

G1198

G0986

G3005

G3008

MG559996

MG559997

MG560029

MG559852

MG559898

MG559908

KY865448

MG559853

MG559854

MG559956

MG559855

MG559957

MG559958

MG559856

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus
sulcitibius
Roéndani, 1868

Eumerus amoenus
Loew, 1848

Eumerus armatus
Ricarte &
Rotheray, 2012

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus
pulchellus Loew,
1848

Eumerus amoenus
Loew, 1848

Eumerus
pulchellus Loew,
1848

Eumerus
pulchellus Loew,
1848

Eumerus amoenus
Loew, 1848

Epusl

Epus2

Es3

Eam9

Earml

Ebl
Ebl
Eam10

Eamll

Epul5

Eam12

Epul6

Epul7

Eam13

1*

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Italy

Italy

Italy

Italy

Greece-
Aegean

Greece-
Aegean

Greece-
Contine
ntal

Greece

Greece

Greece

Greece

Greece

Greece
Greece
Italy

Italy

Italy

Italy

Greece

Greece

Greece

Naxos

Naxos

Samos

Samos

Samos

Ikaria
Ikaria
Toscana

Toscana

Toscana

Toscana

Ikaria

Rhodes

Magnissia

25.5198

25.5195

26.660015

26.825633

26.845875

26.084756

26.084755

10.30408

10.30407

10.1907

10.30406

26.084756

27.852752

22.974454

36.9958

36.9955

37.760447

37.783533

37.787948

37.601523

37.601522

43.73424

43.73425

44.0579

43.73423

37.601523

36.230875

39.390947

15-
17/5/2009

12-
14/6/2012

12/06/2010

8/6/2010

7/6/2010

11/6/2010

11/6/2010

10-
11/5/2012

10-
11/5/2012
12/5/2012

10-
11/5/2012
11/6/2010

16/10/2012

06/10/2012
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EU87

EU88

EU89

EU92

EU93

EU9%4

EU95

EU96

EU97

EU98

EU510

EU511

EU516

EU517

G3010

G3011

G3012

G3014

G0276

G2283
0551
0829
0822

G2215

UOTA
_MELO
94835
UOTA
_MELO
62483
UOTA
_MELO
94029
UOTA
_MELO
94037

MG559998

MG559999

MG560000

KX083350

MG559857

MG559909

MG559910

MG559911

MG559912

MG559913

MG559929

MG559883

MG559884

MG559885

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848

Eumerus pusillus
Loew, 1848
Eumerus clavatus
Becker, 1923

Eumerus amoenus
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Epusl

Epusl

Epusl

Ecl

Eam14

Ebl

Eb2

Ebl

Ebl

Ebl

Ebl

Eam3

Eam5

Eam34

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS

FSUNS
2015

FSUNS
2015

FSUNS
2015

FSUNS
2015

Greece-
Crete

Greece-
Contine
ntal

Greece-
Crete

Serbia

Greece-
Contine
ntal

Greece-
Aegean

Greece-
Aegean

Greece-
Crete

Greece-
Crete

Croatia

Greece-
Pelopo
nnese
Greece-
Pelopo
nnese

Greece-
Aegean

Greece-
Aegean

Greece

Greece

Greece

Serbia

Greece

Greece

Greece

Greece

Greece

Croatia

Greece

Greece

Greece

Greece

Lassithi

Attiki

Chania

Pcinja

Mt Olympus

Lesvos
Lesvos
Karpathos
Karpathos

Umag

Aegina

Aegina

Iraklia

Iraklia

25.680493

23.641944

23.892027

21.924421

22.5863

26.254769

26.4197

27.185

27.186

13.514941

23.543

23.4871

25.468

25.469

35.189494

38.008056

35.513917

42.342952

39.8785

39.357622

39.1706

35.769

35.7691

45.458234

37.7515

37.7266

36.8288

36.8289

14/10/2012

07/10/2012

11/10/2012

06/09/2012

17/05/2011

03-
04/06/2012

23/10/2008

8/6/2012

8/6/2012

03/10/2010

9-
11/08/2013

15-
17/06/2013

4-
6/04/2013

4-
6/04/2013
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EU518

EU519

EU520

EU521

EU522

EU523

EU524

EU525

EU526

EU527

EU528

EU530

EU531

UOTA
_MEL1
20066
UOTA
_MEL1
17050

FSUNS
09297

FSUNS
09298

UOTA
_MEL1
29453

FSUNS
10094

UOTA
_MELO
83250
UOTA
_MELO
83078
UOTA
_MELO
99003
UOTA
_MEL1
15046
UOTA
_MEL1
15065
UOTA
_MEL1
16327
UOTA
_MELO
62537

MG559886

MG559887

MG559888

MG559889

MG559843

MG559844

MG559930

MG559931

MG559932

MG559933

MG559934

MG559935

MG559936

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848

Eumerus amoenus
Loew, 1848
Eumerus
argyropus Loew,
1848

Eumerus
argyropus Loew,
1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eumerus basalis
Loew, 1848

Eam35

Eam3

Eam3

Eam3

Earg7

Eargl

Ebl

Ebl

Ebl

Ebl

Eb9

Ebl

Ebl

FSUNS
2015

FSUNS
2015

FSUNS

FSUNS

FSUNS
2015

FSUNS

FSUNS
2015

FSUNS
2015

FSUNS
2015

FSUNS
2015

FSUNS
2015

FSUNS
2015

FSUNS
2015

Unk
now

Greece-
Aegean

Greece-
Aegean

Malta

Malta

Greece-
Contine
ntal

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Contine
ntal

Greece-
Aegean

Greece-
Aegean

Greece-
Aegean

Greece-
Pelopo
nnese

Greece

Greece

Malta

Malta

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Greece

Chios

Folegandros

Malta

Malta

Pieria

Chios

Anafi

Anafi

Pieria

Folegandros

Folegandros

Chios

Aegina

25.9283

24.853

14.352046

14.345659

22.4822

25.9283

25.7438

25.744

22.4989

24.9169

249171
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CONCLUSION

The results of the current dissertation support that the mitochondrial gene fragment
COl is adequate to (a) diagnose and delimit species in the hoverfly genus Eumerus;
(b) reveal monophyletic lineages and ‘molecular’ taxon groups (two major lineages
and seven taxon groups); (c) infer high number of mitochondrial haplotypes and show
the high genetic diversity within the genus; and (d) detect star-like patterns, which
may indicate expansion events. Notwithstanding, mtDNA phylogenetic analyses
suggested phylogenetic affinities between Eumerus species, in some cases, they were
not conclusive; the employment of additional molecular markers (even of
microsatellites), more species and/ or more sequences per species should be sought to
determine any unresolved tree topology or confirm the inferred ones.

Phylogenetic analyses based only to morphological characters succeeded to
diagnose species within the genus, however they were not always sufficient to
conclude for phylogenetic affinities among species, pointing out the necessity
employing of DNA barcodes, or a combination of morphological and molecular data.
Indeed, integrative approach methods supported identification and description of five
new species within Eumerus (E. aurofinis Grkovi¢, Vuji¢ & Radenkovi¢, 2015; E.
torsicus Grkovi¢ & Vuji¢, 2015; E. crassus Grkovi¢, Vuji¢ & Radenkovi¢, 2015; E.
montanum Grkovi¢, Radenkovi¢ & Vuji¢, 2017; E. rubrum Grkovi¢ & Vuji¢, 2017),
resolved one synonymy (E. alpinus vs. E. olivaceus) and revised the geographical
range of one species (E. uncipes Rondani, 1850 in Corfu Island, Greece). The
aforementioned results point out to the necessity for a revision of the genus by
employing integrative taxonomy approaches, which will seek to answer questions
arisen from the current dissertation: why two major lineages were noticed within the
genus? how many species and taxon groups exist within the genus?

Morphological (male genitalia, antenna segments, wing geometric morphometry),
molecular (COl and 28S gene fragments) and mtDNA phylogeographic and
biogeographic analyses were employed to study the species and their phylogenetic
relationships within the E. minotaurus taxon group. All analyses (alone or in
combination), apart of the ones of the nuclear marker, indicated one species (E.
anatolicus sp. n.) and one cryptic species complex (E. karyates Chroni, Grkovi¢ &
Vuji¢ sp. n.; E. minotaurus Claussen & Lucas, 1988; and E. phaeacus Chroni,

Grkovi¢ & Vuji¢ sp. n.). MtDNA phylogeographic analysis of the species of E.
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minotaurus group suggested that the formation of the mid-Aegean Trench and the
Messinian Salinity Crisis were related with the speciation within E. minotaurus group.
The acquirement of mtDNA sequences of all species encompassing the E. minotaurus
group, and their inclusion to phylogenetic and phylogeographic inferences could
clarify further the speciation processes acted on the species of E. minotaurus group,
and enhance the consideration of the constructive role of the historical processes
consolidated the Aegean on species distribution.

The spatial genetic structure analyses inferred the presence of (a) two genetic
clusters ascribed to allopatric and peripatric processes, as well as to landscape
discontinuities formed as a result of palaeogeological and palaeoclimatic events (in
four species); (b) one genetic cluster, pointing to the hypothesis of relict taxa (in five
species); and (c) high- and low-genetic divergent regions in the Mediterranean. A
better representation of the species range with inclusion of (more) specimens from the
Mediterranean peninsulas (where/ if the species occur) would succor to shed light on
any observed obscurities in the spatial genetic patterns, and undertake the formation
of the Mediterranean peninsulas in shaping the population structure of Eumerus

species.
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[TEPIAHYH

H povadikdémra tov opyavicpuodv £xel omoteAécel TOALOTAO OVTIKEILEVO £pPEVVOG.
Am6 Broroyikn dmoyn, 1 HOVASIKOTNTO 0VTH EKQPALETOL MG TOIKIAOTNTO YOPOKTPOV
OV OVTAVOKAODV TNV TOPUAAUKTIKOTTO TOV YOVISUDUIATOG, 1) 07010, TEMKA GUYKPOTEL
mv Pactkn €keavon e PlomoiAdTTog, T0 amOTEAEGHO €EEMENG EKOTOUULPIDV
etov. H avéykn vyia Siepedvnon g Promowiddmrag vrmootnpiletalr amd v
ook, oo TG omoiag Ta £10n avayvopilovtal, TeptypaeovTol Kot ovopatilovot.
H poploxn ovotupotikn amotedel €0k taSwvoutky] pébodo kotd tmv omoio
YPNOLOTOIOVVTOL EPYUAEID TNG LOPLOKNG YEVETIKNG MOTE Vo TaStvounfovv €idn, va
e€ayBoOV GLUTEPAGLOTO TOV APOPOVY OTIC PLAOYEVETIKEG O)ECELS HeTalD atopwmy 1/
Kol €0V, Kou vo moapaydel emopkng TANPoeopicc TOL VO TEPLYPAPEL TNV PLGLKY|
wotoplo Kol TG €EEMKTIKEG OYECES TOL VWO UEAETN OPYAVIGHOV HE GAAOVLG
ovyyevikoug. Ot @UAOYEVETIKEG OYECELS AmOOIdOVTOL HEG® TV QUAOYEVETIKOV
Oévipwv, ta omoia Paciloviol 6e OPOIOTNTES KOl ATOKAIGELS TV KOWWAV TPOYOVIKAOV
YOPAKTNPOV. AVOAGY®G TOV YEPIGUOV TOV JEOOUEVOV KOl TNG TPOCEYYIONS TOL
aKoAOVLOEITOL YO TNV KATOGKELY] TOV (QPLAOYEVETIKOD OEVIPOV, dlakpivovtal Ovo
katnyopleg peBOOV @LAOYEVETIKNG aviaivong: ot pébodotr opadomoinong (m.y.
uébodog ovvdeonc yerrtdvwv, Neighbor Joining, NJ), kot ot pébodor depedhvnong
oévipov (Méyiom OedwAidtta, Maximum Parsimony, MP- Méyiom ITiBavopaveta,
Maximum Likelihood, ML- «o Mnreiecovy Zvunepoacpatoroyie, Bayesian
Inference, BI), pe tig puloyevetikéc pebodovg MP, ML kot Bl va tpwtoctatovv.

‘Eva amd 1o molvtyudtepa poplokd  epyoieion yuoo TNV OlEpeLlvNoN TV
(LAOYEVETIKMV GYEGEMV ELVaL 1) XPNON TOV HOPLOK®V OEIKTMOV, ONAOT GLVTNPNUEVEG,
KoO1KEG Teployég Tov DNA, pe OnpogiAéotepo tov YeveTikod Ypouumto kodwo (DNA
barcoding). Ot poplakoi deikteg €xovv, avap@ifora, cuoufdilel otV avayvopion
ATOUMOV/EDOV, GTN dAYVOON VEOV E0MV, GTNV AVOKAALYN KPLTITIKOV YEVEOAOYIK®OV
YPOUU®V Kot TNV SOAEVKAVOT) BLOAOYIKOV Kol EEEMKTIKMOV depyactdv. Ot meployég
YOVIOI®V TOV  YPNGILOTOIOVVIOL EVPEMG, Kol YPNoonombnkoay oty moapodoa
OWaKTopkn oTpPn, eivar dvo Opavcpata Tov Yovidiov TNG HUITOXOVOPLOKNG
vropovadag g o&ewdons I tov kvtoypdpatog ¢ (éva amd avtd NTOV 1 KOOKN
neployn yvootn kot g DNA barcode, COl) kot g petapintig meproyne D2 tov
TopNVIKOL procoutkod yovidiov 28S (nuclear 28S D2 ribosomal DNA gene, 28S).
Ewwotepa, to puroyovoprokd DNA (MtDNA) éxel yvopicel peydin amodoyn Aoym
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TOV ~ TAEOVEKTNUATOV 7oL  Owbétel:  EAAElyM  OVOGLVOLOOUOD,  UNTPIKN
KANPOVOLUKOTNTO, (OTAOELDES), EVKOALN GTNV ATOUOVIOGT KOl TPOGIOPIoUd (HeydAog
aptOpoc avtlypdemv mov amottel pikpd péyebog OeiyloTog), TOAVUOPEIKOTNTO Kot
VyYNAo poOud petodhoéryéveong (5-10 @opég meplocdOTEPO GLYKPLTIKG LUE TO TVPNVIKO
DNA).

Ta poplaxd oedopéva €govv amoderybel mo oEOMOoTO Kol KATAAANAQ Yio
QLAOYEVETIKEG MEAETEC ot oyxéon pe OAAa Oedopéva, m.y. Poaoclopeva otnv
popeoroyic M 1  @uolohoyio, O10TL  APOPOLV  YOPOKINPIOTIKE  ALGTNPDS
KAnpovopovpeva mov oev  emmpedlovtal amd mePPUAAOVTIIKODS TAPAYOVTES, M
TEPLYPOPN] TOVG Oev elval VTOKEWEVIKN, €lval deBova k.Am. Dduowkd, Katd v
oproBétnon evog €100VG, TNV CLVOY®YN CLUTEPAGLATOV Y10l TIG EEEMKTIKEG GYEGELS N
TIG outieg OV odNynoav G €W00YEVEST, €ival ONUOVTIKO va Adpfdvovior veoym
TEPLOCOTEPOL TOV €VOC poplokol delkteg, 1/ xor va cuvBewpovvtor GAleG
ocopuminpopotikés pébodor. IIAéov, WAGUE Yo TNV EVOTOMTIKY]  TOEWVOLUKTY
(Integrative Taxonomy), otnv omoia cuvOempoldviol dedouéVe LOPPOAOYIKA (7.,
YEOUETPIKN popeopeTpia mtepOywv), poplakd (DNA, RNA kot tpoteivec), Bloynuukd
(. oAhoévloua), mOAEC @opég, avtumapaPdiroviog TEPPAAAOVTIKODS (T,
Beppokpaocia) 1)/ Kot 0ukoAoyos (T.y. YPNoN EVOLILTILATOG) TOPAYOVTES.

Ot mAnBvopol amoteAovV SLVOIKEG OVTOTNTEG, KAODS £Y0oLV TNV 1KAVOTNTO VO
petapdrrovror  wpocappoldpevor otic mepParlovrikés  aAloyéc.  Amotéleocuo
TETOLOV  TTPOCOPUOYDV  €lvar 1 €100YEVECT, TO ONMOTEAEGUO TNG  EEEMKTIKNG
dwdkaciog, Katd v omoia and Eva €100 mpokvmtel £va 1 mepiocdtepa. ['evikd, yio
va opioBel éva (vEo) €idog, mpémel Ta dTopa oL 1O amapTilovy Vo TPOEPYOVTOL Od
évav Koo mpdyovo, va SfETovy amd Koo TapOpotlo. (LoPLokd Kot LOPPOAOYIKA)
YOPOUKTNPICTIKE, KOl VO Hrropodv va avoroapdyovtor petald tovg divovtag yOviovg
amoyOdvous. Ymapyouv T€00EPIC UNYOVICLOT EWD0YEVESC OG ATOTEALEGILO OTOUOVMOCNG
Tov  TAnfuoudv  (CLVERMC, WHE TEPLOPIGUO  OVIOAAOYNG  Yovidi®mv), TOGO
avomapay®yKng (cuopmdtplo. Kol mwopamdTplo €100YEVeEST) OGO Kol YEOYPOUPIKNG
(0AAOTTATPIOL KO TEPITATPL EIOOYEVEDT)).

‘Eva. @uloyevetikd O6évipo pmopel vo avadeifer v mapovcio €00yEveong 1M
QovOpEVO OIMG 1 YEVETIKY OTEVAOTOG, OOTOPE — Pikoploviciog 1 LETOVAGTELO.
Yuyval, YPMNOCUOTOIOVVTAL LTOYOVOPLOKA dEdOUEVA, OYl LOVO Y10, TOV TPOGOIOPIGHO
TOV QUAOYEVETIKOV OYEcE®V UETAE) TV €10MV, OAAL KOL YO TNV YEOYPOUQOIKN

AmOTUTIMON, Kot avadeln g e&eMkTikng Kot Proyemypagikng totopiag tovg. O
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EMOTNUOVIKOG 00TOG KAGOOG ovopdletar @uioyewypoeio, kot yvopiler paydoio
eEEMEN ta tedevtaia ypdvia. H  @uAoyewypaeia, cvyvd, eppoviletor oteva
oLVOEdEUEVT] UE TNV €QaPUOYN TG LIOBeoNg tov poplakod poroywov (molecular
clock hypothesis). H vtofeon vty vmootpilet mv dmapén evog otabepod pvOpon
eEEMENC (PLOUOC VOUKAEOTIOIK®Y 1 OUIVOEIKDV VITOKOTAGTAGEWV), TOL UTOPEL V.
glvol ypfyopog M| mo apydc avdioya pe to vwd peAétn yovidwn. H epoappoyn g
VTO0EONG TOV HOPLOKOD POAOYIOD GUUPBAAAEL GTNV EKTIUNOT TOV YPOVOV ATOGYIONG
TOV EWOV.

v mopovoo ddaktoptkn dworpiPny peletdror to Eumerus Meigen, 1822, éva
TAOVG10 o€ €idN Yévog NG olkoyévelng tov Xupeidwv. Ot Zvpeideg (Diptera:
Syrphidae) ovykpotodv o peydin oudda evtopmv, pe meprocdtepa amd 6100
TEPLYPOAUUEVE EIOT, TOV TPOGPEPOVY GNUOVTIKEG OIKOGVOTNUOTIKEG VAN PETIES (TT.).
otV emkoviaon tov eutav). Edikotepa, to yévog Eumerus epeoavifel svpvrtatm
Katavoun, apdpadviag mepimov 256 €ion moaykoouimg, pe 140 and avtd va €yovv
kataypaeel oy Iodowopktiky Zovn, 75 and to onoio otnv Evpann, kuping otig
votieg meproyég te. A&ilel va avapEépovpe OTL TOAAL amd vt T €101 TEPTYPAPNKOY
TPOCOUTO, 1 TPOKELTOL VO TEPLYPOPOLV, HE KAmMOw amd ovtd 610 TAoiGlo TNg
Swatpipnig avtig (PA. Kepdioua 3 —5).

[Teproyég peiétng g dwpiPrg amotelodv Kupiog N Boikaviky Xepodvnoog,
ocvunepthapfoavopévev twv vinowidv tov Atyaiov, kaBmdg Kol GAAEC YOPES TNG
Mecoyeiov. Ot meproyég avtég yopaktmpilovior amd pio. TOAVTAOKN YEMAOYIKN Kot
KMpoTikn wotopia, 1 omoio emNnpEace TV LAOYEVEST] Kol QLAOYEDYPOPI0. TOAADY
OPYOVIGUAOV Kol GUVEBOAE ot GUYYPOVa PBloyewypagikd TPOTLTTA BLOTOIKIAOTNTOG
Kol evonuopov. H Promokidomnta g Mecoyeiov eival GppnkTo GLVOEOEUEVN LE
aALOYEG TOAOLOYEDYPAPIKES (VTOVO QUIVOUEVO TEKTOVIGUOV KOl EVCTOTIGLOV) Kot
TOAQLOKAMUOTIKEG (eVOAAAYES KALOTOC, TOYETMVES) MOV LWESTN 1) TEPLOYN UETA TO
Tetaproyevég (§mg To ONOKOVO, OTTOTE Kol OAOKANP®ONKAY). ENUOVTIKY ETIOpaoT
ot PromowiddtTa giyov, emiong, T0 AVAYALPO TNG TEPLOYNG KOl 1 TOPOLGIN TOL
avOpdTOL. XaPOKTNPIOTIKA TOPASEYHOTA TTEPLOYDOV UEYOANG PLOTOKIAOTNTOG Kot
gvonuopov g Meocoyeiov AOY®D TV TOPOTAVEO TOpOoyOVIOV, GCULVIGTOOV 1)
BoAkavikn Xepodvnoog kot 11 Avatorio. Ot meployéc avtéc £xovv yapaktnpiobel mg
Oepud onueio Promowiddmrog, AOY® TOL POAOL TOVG MG KATAPOYL KOTA TNV
OUIPKELNL TOV TOYETOV®V, Kot TNyES dtaomopdsg 0V mpog v Kevrpun kot Bopeia

Evponn xatd 11 pecomayetwvikég mepiddovg. Ta vnold tov Atyoiov amoteAovv
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Meocoyelokn mepoyn He VYnAn  PomowiAdtnTo Kot EVOMUIoUO,  omdppola
YEOYPOPIKNG OE0MC KOl TAAOOYEDYPAPIKNG 10TOPIG: EVIOVOS KOTUKEPUATIGUOS TNG
TePLOYNG, onuovpyia ¢ peco-Aryarokng Taepov (mid-Aegean Trench, MAT),
Kpion Alatoémrtag tov Meoonviov (Messinian Salinity Crisis, MSC) k.Ax.

H mapovca dwatpipn tpocsPAEnEL va d1epeLVNGEL VO TEPLOPICUEVO aPOUO E0MOV
Tov Yévoug Eumerus kot v yewypagikn Katovour toug otnyv Baikavikny Xepodvnco
(koaw o€ mopoakeipeveg mEPLOYES), €@apudloviac TV HEB0SO TNG EVOTOUTIKNG
tawvoptkng. o mpd popd oto yévog Eumerus emyeipeiton n gpfon LOPPOAOYIKDV
KOl  HOpPlOKOV  gpyareiov o€  ovvovaoud pe  peBddove  @uAoyéveong Kot
evAoyewypoeiog. AtepguviOnkav to kbtwbt epotiuata: (1) Eivor ot prtoyovoplakéc
aAAndovyiec emapkelg yio TNV ddyveon kot oplobéton wmv oto yévog Eumerus;
[Mog pmopel n cuvBe®pnon TOV HOPPOLOYIKADV YOPAKTNPICTIKAOV Vo, GUUPAAAEL GTNV
avayvopion tov ewdov; (2) Mmopodv ot poplakoi OgiKTteg Vo aviyveLGOLV
CUUTAEYUOTO. KPLTTIKOV €0OV KOl Vo LTOdEIEouy T1g eEeMKTIKEG dlepyacieg mov
£€YOVV 00N YNOEL GTO TOPATNPOVLEVO TPOTLTO. E100YEVEST|G Kot Proyemypapiog; kot (3)
Ymapyovv yopikd mpOTLTA YEVETIKNG TOKIAOTNTOG oT0 Yévog Eumerus; Ilowog o
POLOG TV OCLVEYEIDV TOL TOTMOL (m.). €vOG Povvov), TG amOpOVOSNS AGY®
andotacng (isolation by distance) N T@v TAAAOYEOLOYIKOV Kol TAOLOKALLOTIKOV
OALOYDV GTO TOPATIPOVUEVO YOPIKE YEVETIKA TPOTLTTAL

‘Eva and 1o Bacwd mpoPfAquoata oty perlétn tov yévovg Eumerus eivor m
dvokorio TowToToinong Kot TaEVOUNONG TOV E0MV TOV, TOGO J10TL OEV VTLAPYEL Lo
oAokAnpopévn kot a&lomotn kieida, 660 Kot d10tL 1 BipAoypaeio Bpifet cuvovipwy
ovopdtov tav meptypapéviav mv. 'Etol, oto Kepdiowo 2, dnuovpyndnke éva
HOPLIKO GUGTNUE ToVTOToinoTg Pdost Tov pitoxovoplakol yovidiov COIl (Bpavdoua
COI-3") wote vo ypnouorombei oty ddyvmon kot oprofémon (VEwv) eld®V Tov
vévoug Eumerus, omv avobedpnon WOV Kol OGNV  EMALGN GLVOVOU®V.
XpnoworomOnkav 75 detypoata and 28 €iom, mpoegpydueva and v Iloloopktikh
Kot Appotpomtikr] Zavn. EmmAéov, dnuovpyndnkov dvo opddeg dedopévav (A, B),
dtapopetikod pnKovg vovkieotdiov (A pe 647 bp- B pe 746 bp), pe otoxo vo
dtepeuvn el n onpacio TOV TEPIGGHTEPOV TOAVUOPPIKAOV TOT®V GTNV TAVTONOINGCT
ewnv. Koataokevdotnkov @uAoyevetikd oévipo pe v péBodo g dlepevviong
dévipov (MP, ML ka1 BI), gpopuootnkov poviélo ‘Poisson tree processes’ (PTP

models) o1 diktva avdAivong Xovdeong lertovov (NJ) yuoo v mpofieym,
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aSloAdynon kot oOykpion opbng opadomoinone ‘TaSVoUKAV' ®G TPOG TMV
‘uoplakadv’ €1ddmv (taxa clusters).

Oleg or  mpoavapepdueves péBodor  katéAn&av otV emTuy  HOPLOKY|
TOVTOTOINGCT TOV EVIOUOAOYIKMV detypdtov. To amoteAéopata amd Tig 00V0 OUAdEG
ogdopévev NTav TopoOpoln, pe TNV opdda dedopéveov A va mopEyel opKETOVG
TOAVHOPPIKOVG  YOPOKTNPES YO TNV OvVOYyVOPIoN €0OV, OAAL HE TNV oudda
dedopévov B va Avel kdmota wpoPAnpato otny Tonoloyio TV SEVTIP®V Kot Vo, piyvel
TEPIOCOTEPO PMOG OTIG PLAOYEVETIKES OYEGES HETOEL TV W0®V. Eviomiotnkov kot
ocu{nTtONKav 01 VO HLOVOPVAETIKOL KAADOL, 1] TOTOAOYIN TV SEVIP®VY KoL 1 TOPOVGial
€QTA opddmV €MV (taxon groups) cOUPOVL HE TNV PLAOYEVETIKT] TOVG GLYYEVEL.
[MopatnpnOnke peydroc aplOuoc PToyovoploKdV ATAOTUTTOV, Kot T €101 ELPAVIGOV
HOVOSIKOVS amAOTUTTOVG, Ol Omoiol dwoywpiomnkay pe apkeTd eelkTikd Pripoto
peta&d toug ota dlktva NJ. To gdpnua avtd givor oyetikd acvvnbeg 6Tig cLPELdES
(m.x. oto yévog Melanostoma Schiner, 1860), kafiotdvtag to Pacildpevo oto COI
Yovidolo poploKd cOOTNUO, KOTAAANAO Yoo TNV OdKplon HETAED TOV €W0OV TOV
Eumerus. Xto 1510 kepdrato, diepevvnOnke kot culntnOnkKe N €vO0EISIKN TOKIAOTNTO
prdv ed®v (E. amoenus Loew, 1848, E. pulchellus Loew, 1848 ko E. pusillus Loew,
1848).

Ta mopoamdve svpnuato ovESEEOVY TNV ONUOGI0 €QPOPUOYNG EVOG HOPLOKOD
GUOTNHLOTOG TOVTOTOINGONG, KOl O0NYNCAV GTNV TEPAUTEP® EPOPUOYN TOV GTNV
duyvaon kot oprofétnon (vémv) edmv evtog tov Eumerus, pe andtepo okomd o
oMotk mpocéyylon ™G (evomomtikng) toavopkng (PA. Kepdhowo 3 — 4).
Meletovtag (LopPoroykd M/Kon poplokd/@uAoyevetikd) Jelypato kot €ion Tov
YEVOLG Eumerus TPoEPYOLEVA and ™m VOTLO0VOTOALKT Evpdmn
(ovumeprlapPavorévev tov ynoumv s Avatolkng Mecoyeiov), Bpédnkav véa €idn
Yo TV EMGTHUN, avobewmpnOnke to dvopa evog €100Vg e BAon TNV YEOYPOPIKT TOVL
eEAmAmoN, Kal £yve TPMOTN KATAYpapn VOGS £100VG GTNV TEPLOYN.

Yvykekpyéva, oto Kepdiaio 3, mapovsidlovion tpio véa €10M Yo TNV ETIOTAUN,
OV KOTOypaenKav oe mepoyes g Avotolkng Mecsoyeiov: Eumerus aurofinis
Grkovi¢, Vuji¢ & Radenkovi¢ 2015 (AéoPog, Zdapog, Podog kar to Opog Bozdag g
Tovpkiag), E. torsicus Grkovi¢ & Vuji¢ 2015 (Xioc, Kompog) kou E. crassus Grkovic,
Vuji¢ & Radenkovi¢ 2015 (AéoPoc). H oproBétnon tmv 600 npdtov edmv Paciotke
o€ HOPPOAOYIKOVS (divovtor ol TEPYypaeEs €W0MV) Kol HOPLOKOVS YOPOKTNPES
(Opavopa Folmer COI-5', vtodoylopdg YEVETIKOV OMOTACE®MY K.AT.), EV® Y10 TO TPITO
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€ldoc povo oe popeoloyikovg (Adym odvvapiog StobECIHOL YEVETIKOD VAIKOD).
EmmAéov, avabewmpnOnke 1o gidog E. alpinus Rondani, 1857, kot dwaympiotnke amod
to E. olivaceus Loew, 1848, pe 10 mp®d@T0 VO KOTOYPAQPETOL OTIG AATEC KoL GTNV
BoAxkoavik Xepodvnoo, kot 1o dgbtepo, ¢ evonuikd g Xikedog (ItaAia).
[Tapovoialetor Katdhoyoc pe 25 xoatayeypouuévo €idn tov yévovg Eumerus ota
ynotd g AvatoAkng Mecoyeiov, copmeptiapudvovtog to evOnuIKa ion.

Y10 Kepdrawo 4, mapovoialovior 0o akoun véa €idn, E. montanum Grkovié,
Radenkovi¢ & Vuji¢ sp. n. (MavpoBovvio, EALada) ko E. rubrum Grkovi¢ & Vuji¢
sp. n. (EAAGSQ), kot yivetar mpmtn kataypagn tov E. uncipes Rondani, 1850 yiwo
votioavatolkn Evpomn. Ta £i0n avtd eivar péAn Tpidv S10popeTIKOV OUAd®mY E0MV,
tov E. strigatus sensu Speight et al. (2013), E. tricolor sensu Chroni et al. (2017), kot
E. clavatus, 6mwc mpocdiopiotnke otV mapodoa EPELVNTIKY EPYOUGIH, OVIIGTOUYO.
Opilovror owyvootikol yopoktipeg Yoo v kdOe opdoda &idovg kol divovral
TEPLYPAPES TV VE®V €100V. H @uioyevetikny 0éon tov E. montanum sp. n. ko E.
uncipes (un Swbéoipo yeverikd vikod ywoo to E. rubrum sp. n.) dwamotobnke kot
emoAnfevnke péom puioyevetik®mv dévipov (MP, NJ kot ML) kat gvog diktvov “split
network’. XpnowomomOnkav 41 arinlovyieg (kou 3 aAiniovyieg wg eEmwopdda) omod
15 &idn Tov yévoug Eumerus. Xe ddeg tig avardoelg, to E. uncipes opadomomdnke pe
1o E. clavatus, oynuatiCovtag v opdda gidovg E. clavatus, kot to E. montanum sp.
n. ue to E. strigatus oynpatiCovrag v opdda eidovg E. strigatus.

210 MAOIGLO0 NG E€VOMOMTIKNG TASWVOUIKNG OlEpeLVAONKE 1 TOSWVOLUKY Kot
evloyevetikn 0¢om tov E. montanum sp. n. oe oyxéon pe dAro €idn g opddag E.
strigatus. XpnowomomOnkayv popPoAoyikd (24 yopaktnpes: KeQOAl, Odpakag,
KOWAMA, YEVWITIKOG OTAMOUOG Appevoc) Kot poplakd dedopéva (612 bp, 21 aliniovyieg
Eumerus amd 7 €idn, 3 aAiniovyies wg eéwopdda). Emione, vmoAoyiotnkav ot
vevetikég oamootdoels (K2P  genetic distance) peta&d avtdv TV E0GOV.
Koartaokevdomrav tpioc MP dévtpa, 6mov 610 éva vmpyav wovo popokd dedopéva,
G6TO O€VTEPO HOVO HOPPOAOYIKA KOl GTO TPITO GLVOLOGUOS KOl TV Ovo TOHT®V
dedopévaev, mote va aglohoyndel n mowdtnta ™G TANPoopiag oty Eaxpifwon g
evloyevetikng 0éong tov E. montanum sp. n. Ot avaAdcelg Tov TPAOTOL Kot TPITOV
MP 6évtpov emaAnBevcayv TV ELAOYEVETIKY cvyyévela petald tov E. montanum sp.
n. ko E. strigatus, evd 1 avaivon tov devtepov MP dévipov dev opadomoince avtd

Ta dvo €10m, mBovoTaTa AOY® OVETOPKOLS OPLOLOV HOPPOAOYIKMV YOPOKTNPWV.
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[Tpoocektikny popeoroywkny e&étaom £0€1e OpOOTNTA OTO CYNUATO TOL TETAPTOL
KotMoKoh oTEPViTN 0T0 apoevikd dtopa Tmv E. montanum sp. n. kot E. strigatus.

Ta Kepdrowo 3 — 4 adénoav tov cuvorkd apBud eddv tov Eumerus yio
votloavatolky] Evpomn and 31 oe 37, avadeikvbovtag v PlomokiAdTnTa Kot ToV
evonuopd ¢ mepoyns. H meproyn avtn, ocvykekpyuéva n Baikoavikn Xepodvnoog
Kol to. vinowd tov Atyaiov, €xovv avayvopiotel ¢ TEPLOYEG HE LYNMAL emimeda
BromowilotnTog cupeidwv, .y, Tov Yévovg Merodon, cuvumepthopufavovtag KpumTikd,
Kot evonuikd €idn. Katd tv popuokn tavtomoinon derypdtov  Eumerus,
amokaAOPONKE Evog KpLITIKOG eEeMKTIKOG KAGSOC oTo gidog E. minotaurus Claussen
& Lucas, 1988. Q¢ xpuntikd opilovtar to €0n TOV HOPPOAOYIKA eivor wapdpota,
aALG GUVICTOOV J10KPITEG YEVEQAOYIKES YPOUUES. Ta KpumTikd €10m elvan amotéleca
apYNG QOVOTLTIKNG OPOpOTOinNoNg 1 €EEMKTIKNG GUYKAMONG, ®OC OMOTEAECUO
LOPPOAOYIKNG TPOCAPLOYTG OE £V GUYKEKPIUEVO TTEPIPAALOV.

Aoppdvovtag vroyn ta mopandve, oto Kepdiaio 5 peletdnke n opdoda 0mv
(taxon groups) Eumerus minotaurus, kot dtayvocnkay evtog g opddag eldmv Eva
véo €idog, E. anatolicus Grkovi¢, Vuji¢ & Radenkovi¢ sp. n. (Mofoiid/Mugla,
Tovpkia® divetor m meptypan &€idovg), kot tpion KpvmTikd €idn eviog tov E.
minotaurus: E. karyates Chroni, Grkovi¢ & Vuji¢ sp. n. (ITehomdvvnoog), E.
minotaurus (Kpnm kot Kaprabog) xar E. phaeacus Chroni, Grkovi¢ & Vuji¢ sp. n.
(Képkvpa kor Opog Olvumog: Opog Rumija, MavpoBovvio). H opdda edmdv E.
minotaurus yoapoaktnpifetar HOPEOLOYIKA Omd EMUNKLUEVO WIoXO OTNV Kepoia
(elongated pedicel) ka1 06 0 GYALE TOV YEVWNTIKOD OTAIGHOD TOV OPPEVOV.

Mo v dwmictwon kot eraAnfevon ™ LAOYEVETIKNG Béong TV €10MV NG
opddag ewwomv E. minotaurus, coureptinednkay ta €i0n omd ta omoia amoptileTon
avtn 1 opdda edmv (E. crassus, E. karyates sp. n., E. minotaurus ka1 E. phaeacus sp.
n.: dev ovumepAednke to E. anatolicus sp. n. Adym un d100ec1udTTOC YEVETIKOD
vAkov), ko 15 emumAéov €idn Eumerus. Xpnowomoidviag Ttov HUITOYOVOPLOKO
poplakd ogiktn tov yovidiov COI (Opavouata COI-3" ko COI-5"- 1238 bp),
eQOpUOCTNKAY pe emTVyio OLVO TOMOL OVOAVCE®V TOL &ite mpovmébetav TV
KOTOGKEVT) LAOYEVETIK®OV 6évipov (tree-based species delimitation: MP, ML, NJ, Bl,
split network a1 PTP models), esite oyt (non-tree-based species delimitation:
vevetikég amootaoelg, K2P pairwise distances kot 6iktvo amloTOm@V pE TOV
aAyoplOpo G otoToTiKNG eeWoAoTNTog, TCS network). Oleg ov mopoamdvem

avodvoelg £0el&av Opota Tomoloyia 6Evipov oty opdda ed@v E. minotaurus, pe to
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E. crassus va opadomoteiton Egympiotd amd 1o cvumieypa E. minotaurus. Evtog tov
ovumAéypoartog, ta €idn E. karyates sp. n. kot E. minotaurus opadoromOnkay poli, kot
Eeymprotd and to E. phaeacus sp. n. Zyetikd pe tov mopnviko degiktn 28S (510 bp),
Katackevaotnke MP dévipo, 10 omoio 6P AOYm TG advvapiog Tov va dtakpivel
olec TG efehkTikég ypouuée (aAAG Kol TG OLOKOMOG OTNV OmOUOVMOGT TOV
YOVI510V), TEAIKA amoppipOnKe.

[No v eaxpifoon kot 0plofEon TOV KPLTTIK®OV €100V GLUTEPIANPONGOY
puévo ta €idn g opddag €ddv E. minotaurus, kot 6to TAQIGLO TNG EVOTOUWTIKNG
Ta& VoK, cuvlewpnONKav popeoloyikd (kepaieg, YeEVVNTIKOG OTAIGUOC GppeEVOC)
Ko poprakd (COI) yapaktnplotikd, Kabmg Kol 1 YEOUETPIKT LOPPOUETPIL TTEPVYM®V.
H tehevtaio pébodog €xer amoderybel 1dwitepa SMUOEIANG Kot a&lOTIOTH OTNV
OLKOYEVELL TOV GUPPIO®V aVOPOPIKA HE SLEOKES d10pOPOTOGELS, Kol emPBePainoe
o poplokd evprjuata. Bdacer g molawoyemypoaeiog tov Atyoiov, peietnOnkov
mBové Proyewypapikd mpoOTLTOL KOl Olepyacieg €W0yéveons  (Lutoyxovoplokd
QLAOYEDYPOPIKE TPOTVTO), KOl KOTUOKELAGTNKE 1M PlOYE®YPOUQIKT 1oTOpiot TNG
opdadag ewwv E. minotaurus @ote va mpoPrepBoldv ot mpoyovikég meployEg
YEWYPAPIKNG Katavouns. E&etdotnioay tpeig dtapopetikés epapproyés faduovounong
oV poplakod poroylod (molecular clock calibration) ot extyunOnkav ot ypdvor
amooyons. H pabpovéounon tov poptokod poroytod mov cuureptlhapufavel mive amd
£va, YEOAOYIKG YEYOVOTA GaiveTal va gival o a&lOTIoTN GUYKPITIKA pe To va onpeio
Babpovounonc 1 tov pulud eEEMENC tov mtDNA TV apBpomddmv. Zvykekpluéva, e
Baon tovg xpovoug amdcyong, Ppédnke OTL M SPOPOTOINCT EWMV TPOEKLYE MG
amotédecpa. (o) tng peco-Aryatokng Tappov (12-9 exat. ypdvia), Tov dloydPIoE TOVG
avaTOMKOVG amd Tovg dVTIKoVG TANBvouovg, kau (B) g Kpiong Alatdtntog tov
Meoonviov (5.96-5.33 exat. ypoévia), OmMOL ©TO TENOG TG TEPLOSOL  AVTNG
dwywplomke o mANBvoudg Kpnmg ko KaprdBov, and avtév g [elomovvicov
(yeoypagum omoudvoon e Kpntng and v [elomdvvnoo ota 5.5-5 gkat. ypovia).
Daiveton 6T 1 €100yEveon kabe gidovg g opddag ewdmv E. minotaurus svvonnke ce
petémetta xpovo (katd to téAog tov I[TAgdkawvov), kot oAokANpdONKe Koatd tov
[TAerotoKOVO. O1 YpdVOL OMOGYIoNS Kol EWO0YEVECTG GUUMITTOVV LE TNV OTOUOVAOOT
NG YEWYPAPIKNG TEPLOYNG OO OOV TPOoEPYETAL TO KAOE €1d0C.

Téhog, to Kepdhato 6, cuviotd pio GUVOAKN Kol gvpeia LeAETN o€ evvEa 1o
tov yévoug Eumerus: E. amoenus Loew, 1848, E. argyropus Loew, 1848, E. armatus
Ricarte & Rotheray, 2012, E. basalis Loew, 1848, E. clavatus Becker, 1923, E.
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phaeacus Chroni, Grkovi¢ & Vuji¢, in litt., E. pulchellus Loew, 1848, E. pusillus
Loew, 1848 «xou E. sulcitibius Rondani, 1868. Ta €idn avtd emiéydnkov Aoy g
gVPElDg YEYPAPIKNG TOvg e&amlwong omv Mecdyeio (Avatoio, Boikaviky,
IBnpuc) kon Itadikny Xepoodvnoor) kabag katl og yopeg tov Boikaviov (BovAdyapioa,
FYRO Macedonia ka1 ZepPia). Xto kepdAiato avtd: (1) extyumbnke n evooedikn
YEVETIKY 010(pOPOTOINoT 6T Tapamdve evvéa €101 Eumerus pe tv ypnon tov DNA
barcodes péow vroloyiopol povadiimv Kot TANPOPOPIIK®V Yo, TN PEBMAOTNTA
0écewv (singleton kou parsimony informative sites), apiOuov amlotomev KabdS Kot
Kataokevng Oktomv oavdivong NJ)- (2) e€etdommkav mbavd yopikd mpdTLTTOL
£v00£101kNG mokiAotnToG (optOpdg yevetikmv opddwv: genetic clusters) péow tng
Mmreieotovig  pebddov  yuoo yopikn opadomoinon  (Spatially-explicit Bayesian
clustering) o¢ cvvaptnon acvveyeldv Tov tomiov (fovvd, OdAacceg: Atyaio, Ipnpkn
ko Itadikn Xepoovnoot, Awapikég Admelg kar Opooepd Ilivoov: landscape
discontinuities), amoudvoong Adym amndotacng (isolation by distance), 7M/xo
TOAOLOYEMAOYIKMY KOl TOANOKAUOTIKOV YeYyovoTtov: (3) Towtomomdnkov meptoyég
VYNNG Ko xaunAng yevetikng amoxiong (high- and low-divergent regions): ko (4)
cu{nmbnkav ot mBavoi yevestovpyol TAPAYOVTEG TOV 0ONYNGAV GTA TOPATPOVUEVO.
YOPIKA YEVETIKA TPOTLTAL.

H dmapén yopikdv yeveTikdv mpotinmv (600 yevetikég ouddes) emPePformdnke
oe téooepo €idn (E. armatus, E. pulchellus, E. pusillus kot E. sulcitibius), ot
eoaivetor va givon amotéheopo oAlomatpikmv (E. armatus) kot mEpUTATPIKGV
depyaoidv (E. sulcitibius) | moalaioyemAoyikdv kot moAookApatikdy yeyovotmv (E.
pulchellus ka1 E. pusillus), kot 6yt amopudveong Aoym amdotaong. 1o VIO TEVTE
eion (E. amoenus, E. argyropus, E. basalis, E. clavatus ka1 E. phaeacus sp. n.)
OYNUOTIOCTNKE [0 YEVETIKY Oopada, 1 omoio dev cvoyetiletar pe amopdvoon AOym
andoTaoNs, VIOdNAdVOVTOG OTL Ta £(01 avTd gival mBavov vroispatikd gidn (relict
taxa).

E&etalovtog to ywpikd yevetikd mpdtumo, ToTOmomONKoy TEPLOYES LVYNMANS
YEVETIKNG amodkMong (vnowd Tov (Avatoiikov) Atyaiov, Avatoio (ektdc amd to €100G
E. clavatus), Kpoatia (extog amd 1o €idog E. basalis), MdAita, Moavpofodvio kot
XepPBia), ko yapning (Baikavikr Xepoodvnoog, votwo Itario, Mapdxo kot lomavia).
Ot meployég pe LYNAN YEVETIKY] amOKAOT €lval VNOLOTIKEG Kol OPEWVEG TEPLOYES UE
HEYAAO KOTAKEPUOTIGUO KOl OMOHOVOGCT, 7TOL €LOHVOVTIOL Yo TOV TEPLOPIGUO
AVTOAAOYNG YOVIOLIKNG pONG K.AT. ATO v GAAN, Ol TEPLOYEG LE YOUNAT YEVETIKY|
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amokAon, 0nwg ot Baikaviky kou Itolkn Xepodvnoot, eivol NrelpmTikéc TeployEs
OOV Ol WETOKIVAOELS €10MV/ TANOLGUOV NTOV TO €OKOAEC, Kol OLELKOALVAV TNV
avTaAAoyn YOVIOLOKNG PONG LETOED TV TANOVGUOV.

Ta ptoyovoplakd SikTvo aTAOTOTOV ETUANDELGOV TO TOPATPOVUEVO YOPIKH
TPOTLTA, €V TaPATNPNONKOV VYNAN Hrtoyovoplakn molkihotnto (ue povadikovg,
OAAG KOU KOWOUG OMAOTUTOVC) Kol TEPMMTOOEL, aoTPOoed®V doumv (star-like
structures), mov VrEdEEAY TPOGPaTo 1 €V efellel EMEIGOOIN EMEKTAONG TNG

TPOYOVIKNG YEMYPAPIKNG KOTavVouNG (expansion events).
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